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No matter where you are or where you

!

are going, stay totally connected. The Philips
NINO ~ puts e-mail, scheduling, dates and
numbers in the palm of your hand, For
even more performance there's the amazing
Philips VELO ", The fastest handheld PC
Need to be there 24/77 The Philips Myna

-

P.lgL" lers you create ""Ull' own l"llf.l(.;ll
b or tone alerts. And when you're ready
to check in, the Philips ISIS ~ cell phone
gives you up to six hours of talk time

I've got to admit it's getting better.

www.PhilipsUSA.com

&  PHILIPS
Leté wake things bettor

NINO 300 Palm-pize M
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Pretry bold statement coming from a car company, don't you chink?
Well, when you put ARWheel Drive on every vehicle you make, you

can say things like that. The AllWheel Driving System is a unique

combination of three components, all working together to keep
vou in control. The horizontally opposed boxer engine provides better stability. The independent suspension helps
smooth out the road ahead. And the full-time AlF'Wheel Drive constantly monitors changing road conditions for
maximum traction and control, no matter where you find yourself, So stop by your Subaru dealer for a testdrive, visit

www.subaru.com or call L-S0OWANTAWD. Because rain or shine, a new Subaru will put you in places you can only imagine.




he sun don’t shine.

The Beauty of AllVheel Drive.




that simple.

When faced with the wide selection of PCs out there, how do vou know if you're
choosing the right one? 1t7s simple. Start with the brain of your computer-the
microprocessor. Intel® microprocessors are designed for exceptional performance,
quality and compatibthty, So it's no wonder they're found in most of the world's
PCs. To make sure there's one inside vour PC, just look for

-
the Intel Inside® logo on the outside. | » waw intal.con 'nU
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Moon Lander
Cosmonauts sighed
in relief when this
craft was scrapped.

29 Science & Technology Newsfront [hree-
dimenstonal cabling for super-long bridges.

74 Got Milk? New cloning

techniques produce cows that

secrete medicine in their milk.

82 COVER STORY Secret Soviet Spacecraft New

photosand drawings of killer satellites, monster space

1998
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12 WHAT'S NEW
Tough buttiny camera; a
betta |etta; blonic eyes;
remote-controlled rifle;
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feathered dinosaurs.

|

Haw solar power works;
can Earth be weighed?

i

Letter to Lindbergh;
rescuing Skylab.

49 Home Technology Newsfront Demystifving the

microwave; voltage synthesizer for just enough power.

reads vour mind; code-operated gun lock.

94 Space Calls With the lsunch of the Iridium

satellite system, easy-toset-up mobile phones

can make calls from anywhere on the planet,
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- You'll need more than a standard level.
=i Draft beer and gutter balls eighty vertical feet above the
— Pacific Ocean? Why not? Mankind is already building space stations
- hundreds of miles above the earth. With Stanley’s full line of IntelliTeals,”

= 5 R

Y

n M

Tataw! » s Cavguiond™ | ot

b T

Vo

2

AUTOMATIC DOCAS

STANLEY

3 tha mast technically advanced electronic measuring products available, there'’s
no such thing as an impassible blueprint. As a matter of fact, bring it on
. 1-800-Stanley. www.stanleywarks.com.

MAKE SOMETHING GREAT™
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we'll take you there.

Panic's about to set {n, Lucky for you, the GARMIN StreetPilot
can get you out of that jam and guide you vhere you vant %o go. GPS satellites pinpoint your location on an
electronic map, Insert s data card and sccess detailed street information and & huge eity database,
But don't let the technology scare you, You'll find the StreetPilot easy to use right out of the dox,

an address. When you see what you like, drive 1o it StreetPilot takes navigation technology %o the

Enter an address and using Street Pk directions. streets. Its around 1own peace-of-mind thar's

the Street Pl 1akes m your way home. v S poriable, affordshie and easy 1
you there. It shows Best of all, with StreetPilot L Sovthenst on 1315 270 @3350) 10 use. Call S33-4-GARMIN,

tha destinston on the youll mever be lost. It shows f m.' aw sad| ool your eearest GARMIN

map, Your position on the map, eaxctly whene 1...!!!."-”:" ARSI dealer. It just might be the bt

and directions between the two

nearby services.

Push the FIND butzon and [ollow

youmecnthe (P MwestBoss ASEIS0Y 1ime you ask for directions

wap. You can

store your favorite Jocatons

o
&0 you can atways get back ﬁ Gam ' N

00 Bt 15098 Semet, Ok, KS 66062

BEE A GARMIN Ao 913 3997 KI8T wwne preein (omy

the prompts 1o view the nearest busi-

nesses, aitractions, shoppang or food
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Rewriting the Past and the Future

OUR COVER STORY THIS MONTH WILL INTRODUCE you to Zaryi, Polyus, and
Zond. No, these are not characters from a forthcoming Superman sequel. Rather,
they are a few of the recently revealed super-secret space vehicles of the former
Soviet Union, Historians are having a field day with this new information and the
dissemmation of untibnow hidden drawings and photographs. A virtual rewrite of
the history of the cold war 15 in the offing. A rewrite of the future, meanwhile, is
taking on feverish proportions among programmers working on the so-called Y2K
{Year 2000) bug, which has been targeted as a ticking time bomb for computers

large and small come the new millennium, Managing Editor Willlam G. Phillips reports on the fixes that are in the
works, but tells us that many will be short-Ived—metrely shorteuts to patch a problem that was itself caused by a
shorteut. There are sunply too many machines and not enough time to fix and test them all. Worse, some computers
could come down with Y2K complications well ahead of the next century—as carly as Apnil 1999, —Fred Abatemarco

No Sweat

I FOUND INTRIGUING the relation-
ship between hot foods and climate
in “Some Like It Hot" [Science and
Technology Newsfront, Aug.]. The
rescarchers stated that hot foods may
be linked to hot climates because
the foods" antibacterial properties
allow longer, safer keeping. 1 have
noticed, however, that such foods
also create a sweating response—
and sweating cools the body. Have
people living in equatorial regions
also used spices to help keep cool?
Matt Applegate
Columbus, Ohio

Scientists have considered this theory.
But, according to Paul Sherman of
Cornell University's department of
neurobiology and behavior, recent
studies of people in equatorial regions
have shown that many spices, such
as garlic, onion, ginger, lemongruss,
and even chili, do not cause them to
sweat. Besides, sweating burns a lot
of energy and depletes the body of
water. “You're better off simply sit-
ting in the shade,” he says.

Saving Fuel —Again

*FUEL-SAVING COMBO” [Automo-
tive Newsfront, Aug.| discussed
how BMW and Citroén are plan.

m OCTONER 19%9

ning to use the old idea of combin-
ing the starter and zalternator in an

automobile engine to save fuel. We
remember this idea well: Our 1958
BMW Isetta 300 had a combination
starter/generator mounted directly
on the crankshaft, The combination
worked on the little car’s normal 12
volt battery.
John and Sherry Bumgarner
Morgan Hill, Calif.

What Millennium?

1 WAS SURPRISED that your intro-
duction to “Life in the Extreme”
said the millennium was a mere 17
months away. Because there was no
year zero, the current millennium
ends on December 31, 2000—not
on December 31, 1999,
Ken Paulson
Duxbury, Mass,

Mathematically, you are correct. By
common consensus, however, people
throughout the world have chosen
the year 2000 to mark the new mil-
lennium, with celebrations and
events scheduled for that year. We
are simply following suit,

1 LIKED your science-fiction short
story “Life in the Extreme” [Aug.].
It was a break from the world of
technology and gave me something

HOW TO CONTACT US

Address: 2 Park Ave.,
New York, NY 10016
Fax: 212-481-8062

ARTICLE INQUIRIES

We have listed the city and state for
companies mentioned in our articles.
For further assistance:

E-mail: reader@ popsci.com
www.popsci.com/context/resources
Fax: 2124818062

LETTERS

Comments may be edited for space
and dlanty. We regret that we cannot
answer unpublished letters.

£-mail: letters@popsci.com

QUESTIONS FOR FYI

We answer your questions in the Ask
Popular Science section of FYI, Daly
letters for publication can be answered.

E-mail: askpopsci@popsci.com

SUBSCRIPTION INQUIRIES

For subscription or delivery problems,
or change of address, please contact:
Popular Schence

P.0. Box 51286

Boulder, CO 80322

Phone: 800-289-9399

Web: www.popsci.com/subscribe
Back issues: 800-647-9964

POPULAR SCIENCE ONLINE
Visit our World Wide Web site at
www.popsci.com

Or check us out on ADL at
keyword: popsci



LETTERE

to ponder. Please include more sto-
ries like that in upcoming editions
of the magazine.

loiS@aol.com

Choppers Save Lives

THANK YOU for the excellent cov-
erage of helicopters and tilt-rotors
and their importance in rescue mis-
sions [*Choppers to the Rescue,”
June). As Igor Sikorsky said in 1947:
“If you are in trouble anywhere in
the world, an airplane can fly over
and drop flowers, but a helicopter
can land and save your life.” No-
thing but a helicopter, also, could
have lifted the Freedom statue from
the dome of the U.S. Capitol in 1993
and then returned the refurbished
statue unharmed. They are truly
incredible inventions, To learn more
about helicopters, readers might visit
our Hehicopter Association Interna-
tional Web site at www.rolor.com.
Frank L. Jensen Jr.
President Emeritus
Hehcopter Associafion Int’l
Alexandria, Va.

A Life of Invention

YOUR STORY about Jacob Rabinow
[“Gadget Master,” Aug.] brought
back memories of my early davs at
the National Bureau of Standards.
There, I worked for Rabinow as an
expenimental machinist. As | read
your story, I couldn’t help but
remember many of his early ideas
that have now become practice: how
he tried many different types of oil
seals on the magnetic fluid clutch;
tested ways to move film through
high-speed motion picture ciameras
that projected across the room; and
developed a proximity fuse for rock-
ets that sensed acceleration and
gauged time as well before detonat-
ing the rocket. Rabinow always rec-
ognized a need before there was a
requirement, In my book, he's in a
class with Thomas Edison,
peterbee@aol.com

10

Home Energy Redux

YOUR ANSWER about how many
solar panels a person would need
to reduce his clectric bill to nothing
[Letters, Aug.] s in error. You said the
average household uses 6 kilowatt
hours (kWh) of electricity per day. 1
think the number is closer to 30,
O.R. Detraz
Fort Wayne, Ind.

Manufacturers and designers typically
do not include HVAC systems, water
heaters, and washer/dryers when cit-
ing energy requirements, because these
appliances—depending on if they're
electric or gas—may not draw power,
Leaving them out of the equation,
the average older home uses about 15
kilowatt-hours of electricity per day,
says Joseph Wichagen, an engineer
with the National Association of
Home Builders Research Center in
Upper Marlboro, Maryland. Newer
homes use about half that.
Photovoltaic (PV) makers typically
cite even lower requirements because
they assume homeowners interested
in PV would have a newer home and
insist on the latest in energy-efficient
lighting, appliances, windows, and so
on. These homes could use only 6
kWh per day, says Wiehagen.
However, when you include all
appliances and average it out for the
entire nation, usage comes to about 27
k\Wh per day, says the Edison Electric
Institute in Washington, D.C,

Ship Shape

THANK YOU for your interesting arti-
cle “Long on Luxury” [July]. Hav-
ing just completed a cruise on the
newly stretched Norwegian Wind in
Canada, | enjoyed a fantastic oppor-
tunity to see the work up close.
Anthony Testino
Jamestown, N.C.
CORRECTION: The length of the
Pony Express mailservice route was
2,000 miles [Looking Back, Sept.].
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It goes about a country mile.

(City mileage may vary.)

The longest-distance cordless phone there is.

Panasonic introduces GigaRange, the world’s first 2.4 gigahertz digital cordless phone.
Never before has a cordless phone been able to go so far and sound so good.
For more info call 800-211-PANA or visit www.panasonic.com/gigarange

Panasonic

just slightly ahead of our time
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Swim Like
a Dolphin

TURN YOUR legs into a fish

tail with the Wave Monofin.

The flexible thermoplastic
blade weighs less than 2

pouncs and 1oats when not

in use. A release built into

the foot pocket enables a
guick escape from the fin,
Fits male shoe s12e4 1 o
9, Price: $40. Finis Inc.
3941 Holly Dr., Suite F,

Tracy (A 95376,
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HAT'S NEW

EDITED BY SUZANNE KANTRA

Card-size Camera

THE WORLD'S tiniest 26mm
APS (Advanced Photo Sys-
tem) camera, the Endeavor
10001x MRC Tiara is about
the size of a credit card—
and it's only as wide as

a roll of film, Its tough
titanium shell slides open
to reveal the lens and flash.
While the Endeavor is tiny,
it's full featured: APS capa-
bilities include mid-rotl
change, print quality im-
provement, and print format
selection. Price: $479. Fuji
Photo Film U.S.A., 555 Tax-
ter Rd,, Elmsford NY 10523.

Dinos of a Feather

TWO SPECIES of dinosaur

found in Chir

recently

Protorchoeopteryx ith 1
feathered tail plume, and (
(reconstruction shawr

on its tail and forearms

theory that birds evolved fron

beyond the dinasaur feathers
for some scientists is that the
similar anatomically to birds than

dinosaurs found to date, www.s

l."" ..'.‘
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Bone Phone

NOW THAT'S USING your noggin': Unilike other
phones for the hearing impaired that amplify sound,
the Miracle Phone transmits the sound through the
bones in the head to avold picking up static

‘ and background noise. Place the handset
- against a bony area of the skull, such as be-
hind the ear, and the handset’s pulsator cre-

. ates vibrations that transmit straight to the
innes ear to recreate the sound of the caller.
° Price: $200. Daewoo Electronics, 120

Chubb Ave., Lyndhurst NJ 07071,

il

SERAVIFE
Compact Powerhouse

A NEW SHAFT DRIVE system, wider transmission
ratios, and an improved continuously variable
automatic transmission make Kawasaki's
Prairie 300 all-terrain vehicles simpler to
operate and better able to claw up steep
hills and tow heavy loads than other 300¢c-
engine ATVs. And while ATV owners have
long complained that grate-style cargo racks
let small items fall through, the Prairie 4X4's
table-style composite racks can carry even
your lunch safely. Price: $5,299; two-wheel-
drive version costs $4,499. www. kawasoks.com

S ocTener 1998

HAT'S NEW

Quieter Blower

THE QUIETECH corded etectric blower/
vac Is the first to feature a muffler.
Foam padding in the blower tube plus
a pacdded intake reduce noise by 50
percent—from 70 to 63 on the expo-
nential decibel scale. The 7.5-pound
blower produces airspeeds of 195 mph,
which makes it one of the fastest as well.

Price; $79. The Toro Co., 8111 Lyndale Ave.
S.. Bloomington MN 55420.

Note Card

FIRST CAME the Rex PC
Companion, a clever
PC Card display and
storage device for
contact and cal-
endar informa-
tion [“Best of
What's New,”
Dec. '97]. Now

the Rex Pro moves from

a display-only program to a package
that lets you enter appointments and
addresses, making it a fully functional
electronic organizer, Price: $230,
Franklin Electronic Publishers, One
Franklin Plaza, Burlington NJ 08016.

13






lzlrepid ES’ aluminum powerplant
generates a stout 225 horsepower
from a lean 3.2 liters of displace-
ment. Its aerodynamically raut
metal skin stretches smoothly over
the most advanced example of
cab-forward architecture yet con-
ceived, the thrift of the car’s form
belying the abundance of space
within. lts passenger cabin is
ergonomically efficient, fitted with
bright, white analog driving
instruments, and tastefully free of
plastic-wood veneer. The exterior
is free of excessive chrome and
extraneous geegaws. The entire
automobile is stuffed with innova-
tive thinking.

Dodge Intrepid. This changes

everyvthing. Again.

Intrepid &%) The New Dodge

1-800-4-A-DODGE or www.4adodge.com




WHAT'S NE[J

Big Little Car

TOYOTA'S Progrés is a com-
pact sedan with big-car
luxury. Measuring a mere
177 inches long, it has a
109-inch wheelbase—more
than the 11-inch-longer
Camry—so go ahead and
stretch your legs. Options
include a radar cruise con-
trol that maintains a set
distance from the car
ahead, and curtain-style
side airbags ["Fighting
Whiplash,” What's New,
Aug. ). Available only in
Japan. Price: $23,800.

Balanced Blows

WITH ITS SLIMMED-down neck,
the Sharkgrip Homing Hammer de-
tivers more force to a striking sur-
face, creating a larger sweet spot.

Even if you strike a nail with the
edge of the hammer, you'll deliver
enough force to prevent slip-
ping—and those aching sore
thumbs. A side head lets you
reach into tight spaces. Price:
$34. Takagi Tools, 337-A Figueroa
St., Wilmington CA 90744,

Wrist Checker

CARPAL TUNNEL SYNDROME—damage to the nerves in the wrist—is
difficult to diagnose, often masquerading as a sprain or arthritis. But
NC-stat chacks for damaged nesves near-instantly by sending an electric
current down the wrist and into the hand via a flexible strip embedded
with electrical sensors and a tiny micro-
pracessor, The strip measures the
reaction speed—60 meters
per second is normal, but
it can be as slow as 30
atong CTS-damaged
nerves. Available to
physicians from
NeuroMetrix Inc.,

of Cambridge,
Massachusetts,

later this year,

Finally: ADVD-Quality TV

YOU CAN NOW WATCH DVD MOVIES the way they were meant to be seen
on Toshiba TVs with ColorStream PRO Component inputs—like the The.
aterWide TW65HS0 projection TV (shown)—because they display the
original noninterlaced signal. When a signal comes from a digital source
with component video outputs, it's usually converted from a non-
interlaced to an interlaced signal, which can lower picture quality, Price:
$4,100 to $7,300. www. toshiba.com/tacp

ccromam aown R0




Works better. Plays better.

Where do you want to go today?’ M
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Get the great games and
products these partners
make, and you'll discover why
Windows 98 is the piatform
for hardcore gaming.

Be caref
forces are
to cajole anc
if necessar

(e:

Kingston Logitech GOLF 1% |

Create the ultimate gaming Experience your games with A hot new title for Windows 98.
machine with Windows 98 and  Logitech WingMan* Force™ USS Other games ready to roll are
plenty of Kingston® memory. Jowstick, From subtie effects to Baseball 3D, Outwars™ and
Play to win. Play to rule. huge explosions, WingMan Force Monster Truck Madness® 2,

delivers incredible realism.




The ADA70 Digital PowerCube
speakers feature streaming True
Digital Audio for crisp, clean and
clear multimedia excitement.

ATI XPERTEPlay 98 30 accelerator
offers the ultimate gaming
experience for Windows 98 with
incredible 30 graphics, TV.out
and 8 MB of memory,

DIAMOND

L BN B R B )

Maore speed, roalism and power!
Choose Monster 3D |1, Steasith |1
or Monster Sound acoelerator &
audio cards from Diamond, the
leader in Windows acceleration.

ELECTRONIC ARTS

The world's largest interactive
entertainment software company
with hit franchises such as

EA SPORTS,™ Need for Speed™
and SimCity™

And Microsoft Windows 98
Is making it easy for them.

SoEhEE,

With USB compatibility,
programmable buttons and
digital-optical technotogy,
Microsoft SideWinder Precision
Pro joystick unleashes speed
and accuracy for every game,

U.S. Robotics

Experience gaming on the
Internet like nover before with

our S6K* Faumodem! Compatibie

with V.90 standard and x2™
technology. World's #1 selling
modem.

T e L L L
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WHAT'S NET

EAD ACX BAT takes the sting out of an off-
cold day with the world's first electronic vi-
damper in a bat. The electronic shock
absorber, & modified version of tech-

noloay already applied to skis and
bike shocks [What's New, Feb.}, con-
| yerts the mechanical vibrations into
electrical energy. This energy is then
? to heat and dissipated. So now you can hit the bat-
3 s all winter long. Price: $300. www, worthinc.com
Flattest Speakers
Blgger. Better MEASURING A MERE quarter-inch thick, the three-piece
Booster ' x-Space speaker system from Mission Electronics
i of England is the flattest hang-on-the-
THE FIRST new expendable + wall system in the world, It employs
booster made in the United ¢ technology developed by NXT ["Best
States in decades, the Boe- . of What's New,” Dec. "97], which uses
ing Delta ITI will make its ' complex vibration pattems spread
maiden flights this year. With . over a panel surface to reproduce
more powerful strap-on solid music, The two x-Space satellite
racket motors and a cryo- | speakers are 8'% by 12 inches, and
genically propelled single- the subwoofer is about the size of a
engine upper stage, the 128- laptop computer, Available this fall. Price: $899,
foot launch vehicle can  Denon Electronics, 222 New Road, Parsippany NJ 07054.
deliver 18,400 pounds

into low-Earth orbit
or 8,400 pounds
into higher orbit—
twice the pay-
load of its
predecessor,
the Delta IL.
wiww. boe
ing.com

Pickup for Passengers

SCHEDULED FOR THE 2000 model year, Nissan's concept Fron-
tier pickup truck marmes car comfort with pickup practicality.
Four forward hinges—a first for a compact truck-—and an over-
size cabin make passengers feel like they're riding in a car. The
vehicle will likely be powered by a 3.3-liter V6 engine, Nissan
North America, Box 191, Gardena CA 90248.

-
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DO YOU CELEBRATE CREATIVITY?

ten and yo




wHAT SN

‘;A

Bionic Eyes

SOMEDAY, artificial light receptors, or photoreceptors, may
be inserted under damaged retinas to help patients regain
sight. Normally, the brain creates images by interpreting
signals relayed from
the retina via the
optic nerve; the
signals contain
information
about color
and bright-
ness. Now
ok —— ; researchers at
¥ : Optobionics
of Wheaton,
Iltinois, have
demonstrated
in animals that
their artificial re-
ceptors can transmit
image information to the
brain. Human trials are ex-
pected within a few years,

Inner retina

Outer reting

Implant in
subretinal space

D L L L AR T

Hydrofoil Trimaran

IN 10 KNOTS OF WIND, THE HYDROPTERE cruises along like a trimaran; at 15
knots, it rises out of the water on three foils, The unique 60-foot vessel has
2 90-foot mast and 2,700 square feet of sail and can attain speeds of 40

knots. Under development by Frenchman Alain
Thébault since 1994, it's now ready to cross
the Atlantic—maybe even later this year,

Going Steady

CANON'S VISTURA DIGITAL CAMCORDER is the first to use the
compamy’s recently developed lens shift technology that opti-
cally—for greater accuracy—rather than digitally corrects
for inadvertent body matsons that cause your videos to blur,
The camcorder operates in two modes, photo and movie, and
both can be downloaded to a computer via a Firewire connec-
tion. The $1,999 camcorder comes with a viewfinder and a
2.8«inch swiveling LCD screen, Weight is less than 2 pounds.

Betta than Jetta

VOLKSWAGEN'S 1999 JETTA, called the Bora in Europe, fea-
tures an all-new body and a sports suspension for better
handling. Power aptions include 2 90-horsepower turbo-
diesel, a 100-hp four-cylinder, and a distinctive 150-hp V5.
Safety features include seat-mounted side airbags and
antilock brakes, Available in December. Price not yet set.

ocTonEnr 190a RS




Big Baby

IT MAY NOT BE quite as long
as Godzilla, but New York
City’s American Museum

of Natural History has a 25-
foot monster of its own, a
baby giant squid. Caught
last winter by fishermen

in New Zealand, the squid
is one of the best-pre-
served specimens of this
rare and most mysterious
animal. Scientists at the
museum plan to study the
squid and eventually put

it on public display.

Power Assist

HOMES in Westchaster
v, New York, are testing
their
owners one headache: In the
event of a blackout, the
entry system
automatically informs the
local power company, Con
Edison. The credit-cand-size
Power Sentry, which haoks
up to an et and phone
line, calls weconds &
the power ¢ i, and then
15 restored.
Sentry soon could be
by other power com

panies with voice-response

systems, www.coned.cam
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Running Flat Out

COMPAQ'S NEW Presario 5600 series marries the
power of a loaded Pentium II computer with
the visual pizzazz of a flat-screen display.
The 5610 moedel ($1,999) zips along at
350MHz and comes with 64MB of memory
and an 8GB hard drive, while the 5630
($2.499) runs at 400MHz and has 128MB
of memory and a 12GB drive. Each also
comes with a Zip drive and DYD-ROM
player, and USB and Firewire ports up
front. The 14-inch active-matrix color
LCD display adds $999 to the total sys-

tem price. www.compag.com

MHAT'S NEW,

Massageto Go

TALK ABOUT creature comforts: Cadillac now
offers the first massaging lumbar seat.
Your back is soothed by a series of 20
independent massage rollers that are
each 19 millimeters in diameter and
travel 50mm up and down in one
8.5-second cycle. Lower rollers
sage. Available on the '
1999-model Seville
STS, Eldorado Tour-
ing Coupe, DeVille
d’Elegance, and De-




\jwﬁ what | need— soﬁum ot lets me make the most ot WW\ bi% mouth.

| admit it. | ove the sound of my own voice
And now, when | say things like "start
dictation.” “delete paragraph.” “launch

e-mall” my computer does it Does as its

told. Philips FreeSpeech '98 software makes it possible

Put your mouth to work. Visit www.FreeSpeech?8.com

or call 1-877-856-4154, toll free

¥ Padpe Cominrmy Dectrenics Cuonparsosn




Two Comets and a Sun

IN A RARE celestial spactacle, two comets were captured plunging into the sun’s atmos-
phere in close succession with the LASCO coronagraph on the Solar and Heliospheric 0b-
servatory, a joint project of NASA and the European Space Agency to study the interac-
tion of Earth and the sun. Many of these so-called sungrazers have been sighted, but none
in such close succession. umbra. nascomm. nasa. gov/comets /SOHO_sungrazers. html

Pocket
Zoom

THE Olympus
Epic Stylus
Zoom 80 is
the world's
smallest 35mm
z00m camera, In
fact, Olympus shrunk
its zoom lens so much that it fits into the
original non-zooming Stylus body (4.5 by 2.3 by 1.6
inches). The weatherproof Epic Stylus Zoom 80 weighs 6.3
ounces without battery. Price: $180. Olympus America, Two
Corporate Center Dr., Melville NY 11747, waw.olympus.com

Electronic Gun

DESIGNED TO KEEP POLICE and soldiers out of
harm's way, the Trap T-2 rifle can be operated
from a handheld remote control device equipped
with a viewing screen, The rifie is more accurate aver
longer distances than a sharpshooter with a conven-
tional weapon, tracks moving targets, and focuses in on
multiple targets in less than 1 second. A network of weapons

could be operated by a single person. Precision Remotes, 1230

Brickyard Cove Rd., Point Richmond CA 94801,

Long-Life
Disposable

HAVE A CELLULAR phone in
your car for emergencies?
If you haven’t been charging
its battery every month, it
may not work when you
need it, Now Electric Fuel's
zinc-alr battery, the world’s
first disposable cellular
phone battery, offers a shelf
life of two years. Available
this month, the battery fits
Motorola flip, Nokia 2100
series, and Ericsson 300
and 600 sertes phones.
Price: $7 to $10. Electric
Fuel Ltd., 885 Third Ave.,
New York NY 10022,

Microcar with
a Microchip

IT MAY LOOK like a typical
Hot Wheels toy car, but pop
the hood and you'll find a
miniature computer inside.
The computer calculates
speed, number of laps, and
reaction time, and displays
them on a LCD screen embed-
ded into the chassis (shown),
The $15 Cyber Racers come
in ‘A-scale NASCAR and GT
models, wwwhotwheels, com




Some Folks Think Their Playing Days Are Over.
Others Believe The Game’s Just Begun.

sunpoLE

DuraShield® construction. They're put to the test every day to be as reliable,
as dependable and as true as the follks who choose them.




MHAT'S NEW

TOSTROST SEMntE

Solar System Hot Spots

RECENTLY RELEASED DATA from the Galleo spacecraft’s
1997 swingby reveals that volcanoes on Jupiter's moon
To sizzle at the highest recorded surface temperatures
anywhere in our solar system, except at the sun. They
measure as high as 3,100°F, Dark spots on the image at
left mark the sites of current volcanic activity. Regular
temperatures on o average about minus 243°F.
pirtwww. {pl.orizona.edu/hiips/science

Beep a Date

THE WEEKEND looms, but "
you haven't got a date. &
Even worse, with the &
opposite sex at least,
you don't have a clue. :‘
But with Lovegety, & 3 o

Ambidextrous Mouse

THE INTUOS 4D MOUSE is the first mouse that's ergonomically
designed for either the right or left hand. It can be tilted and
locked into place on either side, so the slope on which your now you do. If a

hand rests is exactly where it should be. Right now, the mouse pink (female) s
($70) works only beeper with the .
with an Intuos same interest settings as CA
graphics tablet blue (male) device comes
($200). Wacom within 15 feet, the devices
Technology, 1311 will beep. At least it may be

i
» 1

SE Cardinal Ct., good for a laugh, and some-
Vancouver WA times that's all you need.
98683, www Available in Japan, with a
.Wocom.com .S, introduction planned
later this fall. Price: $22.
% G Sound Beauty
v 90

WHY PAY $7,000 for the Transport 3 CD Turn-

table CD player? Aside from solid steel

and aluminum-alloy construction

and custom-made electronic com-
ponents linked by high-quality
military-specification wiring, its
design makes a statement to any-
one wha's looking as well as lis-
tening. Built to resemble an
old-fashioned vinyl record player,
the Transport 3's five-bladed iris
hatch opens to load a compact
disc from the top (inset). Sonic
Frontiers, 2790 Brighton Rd.,
Oakville, Ontario, Canada L6H 574.
www.sonicfrontiers.com
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SONY

This is This is This is
your camenra. your film. your post office.

(So Nno

Diqital IV

You're looking at the world's first digital camera

to store images on a standard floppy disk.*

e digital camera that makes e-malling pictures
as easy as putting a floppy into your omouts
No expensive storage media or software to buy. No
adapters to Use and no wires or cables to
conneace St the eassast way to delver pictures
that e realy something to see, For the dealk
Nearest you, ca B00-222-7669
It's As Easy As
N Juick Acar 2x Floppy D Dirive * [
¢ Bultn Intelhgs Flash » i LCK r'W . f
* Compat With Vir ] t * Bu Soft
* Free Dne-Yea = n
www.sOony.com / mavica

HONY
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Ouch-less Injections

THE PHYSICIAN of the future -
may administer drugs usingn ar-
ray of hundreds of tinvilicon nee
dles, each much.thinner than a
human hais-=An imection from a

micrancedle array would be painless, 4

An array of 400 painless microneedies fits
on a fingertip. Above Is a colorized slectron
microscope image of the needies.

because the needles would pene-
trate only the outer layer of skin,
which contains no nerve endings.

Developed by a group of resear-
chers at the Georgia Institute of
Technology in Atlanta, the micro-
needle arrays poke holes about 1 mi-
cron in diameter in the skin. Mark
R. Prausnitz, an assistant professor
at Georgia Tech's School of Chemi-
cal Engineering, says the holes are
so small that bacteria have trouble
squeezing through, so the risk of in-
fection is minimal. Drugs delivered
by the microneedles diffuse into the
skin and are absorbed by capillaries
and carried into the bloodstream,

“Preliminary tests on humans have
shown that insertion of microneedles
into the skin does not cause pain,”
says Prausnitz. He envisions micro-
needle arrays that would be as easy
to use as nicotine patches. Patients
would peel a liner off the array and
stick it onto the skin.

Microneedles could prove partic-
ularly useful in delivering new pro-
tein-based drugs developed by bio-
technology companies, Many of

™
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these drugs

cannot be

taken orally

but must be
administered
often enough

, to make traditional
needle injection impractical.

The silicon microneedle arrays are

made using fabrication techniques
oniginally developed for manufac

turing electronic circuits. Prausnitz
expects that high-volume produc-
tion would make the arrays cost-
competitive with existing disposable
drug-delivery devices.

The first use of the microneedle
arrays will be for one-time injec-
tions. Prausnitz says several drug
companies have expressed interest,
but no agreements have yet been
reached.—Edward D. Flinn

Open House

THIS MONTH, a full-scale version of an
inflatable fabric structure called Trans-
Hab (short for Transportation Habitat)
will be set up inside a thermal vacuum
chamber at NASA's Johnson Space Cen-
ter for tests that simulate the conditions
found in space. If the tests go well, a
TransHab module may be sent to the
Intemational Space Station to serve as
living quarters for astronauts.,

Project manager Donna Fender says
TransHab has a number of advantages
over the Habitat module it would re-
place, which is a conventional steel
cylinder. TransHab is lighter, yet it has
2.7 times the interior volume of the
Hab, according to Fender. Engineers
envision it as a future base camp for
exploring the moon or Mars,

TransHab would be sent to the
space station inside the shuttle's cargo
bay. For protection against dangerous
space debris, the module’s shell is
made from multiple layers of air blad-
ders, foam, Keviar webbing, a fabric-
like material called Nextel, and
Mylar. In one demonstration, the
layered TransHab wall stopped a
ball bearing shot at a speed of
more than 15,000 mph; the
bearing left a large hole in a
2-inch-thick steel wall.

The foot-thick TransHab

The TransHab design includes
private crew quarters, an exercise
room, and & dining ares. Astronauts—used

to cramped quarters—are excited sbout Trans-

Hab's mesting table, which seats 12.

walls squeeze down to about an inch
when packed for transport, says Fender.
Once in space, TransHab would be in-
flated, and a set of “sheives” stored in
its core would be repositioned to be-
come structural interior walls.

The public will have an opportunity
to see TransHab on October 14 to 16
at Johnson Space Center’s Inspection
'98 in Houston, During this annual
event, the center opens its doors to
businesspeople, teachers, and anyone
else interested in inspecting ongoing
work. NASA hopes the visits will lead
to spinoffs, TransHab technology, for
example, could be used to create
portable shelters here on Earth, More
information about the event can be
found at inspection. jsc.nasa.gov.—D.5.




PC-DVD" E anruadlliof your favorite

Ask anyone and they'll tell you PC-DVD"™ Encore is a better way to watch
movies. And they're right. Because DVD movies use digital technology so you
experience every action, every sound,and every color. But PC-DVD " isn't just
about movies. With PC-DVD " Encore, you can use all your existing CD's

' because Encore looks, works, and acts just like a CD-ROM

' drive, It runs your multimedia applications, plays audio CD’s, . gf"
& ;\ and accesses encyclopedias. PC-DVD " Encore also allows sva:
ﬁ you to access |7 gigabytes of information that's 25 times more than a CD-ROM. With all that ;

S extra space, you get more words, more action, more video, and more sound. Just add popcorn.

Yisit our Website at www.soundblaster.com/ad/pcdvd/ for more information.

CREATIV

WWW.SOUNDBLASTER.COM




LIEWSFRONTS

EDITED BY DAWN STOVER

Bridge to the
21st Century

BRIDGE DESIGNERS around the
world are studying a brilliantly simple
concept that may allow far longer
spans to be built than previously
possible. An intricate spider’s web of
cables can permit spans of 2 miles
or more, says designer Gordon Rose,
a British engineer who heads the

London-based firm Rose Associates.
Currently, the longest suspension
bridge is the 1.25-mile central span of vk With Space Wb
the Akashi Kaikyo Bridge near Kobe, ) 3.0 cabling creates a
Japan [*A Bridge So Far,” March], ""‘,:""_""' ::'WI:’"”'
) - mechamism at allows
Traditionally, long bridges are ? the bridg® 10 bette: resist
prone to wind and earthquake dam- high winds and casthquakes

age, so heavy decks and tall towers are
required for strength and stiffness.
Rose gets around that problem with | way deck can be built outward one

The city's Golden Gate Bridge is

was erected in the 1930s, although
bridge lengths have grown steadily.
But the Space Web design would

f Coater span make il possible to bridge huge dis-

Si3s2aths Sidisae W tances, Rose says, including the 53-

mile Bering Strait between Russia

suspension bridges. *Huge, expensive | lected to replace San Francisco’s
piers are not required, and the road- | earthquake-damaged Bay Bridge.

a chain of three-dimensional arches | section at a time rather than [using] | already a major tourist attraction. :
made from cabling, which createsa ¢ the cumbersome process of towing : “My design would give the city two
honzontal suspension mechanismre- | out sechions on barges and hifting i of the most innovative designs any-
sistant to wind and earthquake forces, them into place—a process depen- E where in the world,” Rose says.

The design, named Space Web, is | dent on good weather,” Rose says. : Suspension bridge design has
potentially cheaper than conventional He hopes Space Web will be se- E changed little since the Golden Gate

Space Weh Concept  span: 2 miles Bridge spans of 2 miles or mon and the United States, Sea depths
@ u!’h ;:. passible ;"" the SP“; 5 there are only 160 feet, and could
o — . - - . system, its designer ¢ . y
SP— , . Key o Uie 00 g be smnqed by 20 Space Web arches,
Akashl Xalkyo Bridge  span: 1.25 miles tal cables that enable the bridge Rose claims. “Such a structure could
to withstand wind and earth- istorv.”
M....w.. et Brooklyn Bridge span: 0.3 miles W;D h,::.- " changs the course of history,” he

asserts.—Marcus Gibson
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The Long Way Home

BIOLOGISTS AT Wake Forest University
have used satellites to track alba-
trosses for almost 25,000 miles over
three months, as the birds flew in
search of food for their chicks, That's
the equivalent of circling the alobe,

In the first study that has used
satellites to track albatrosses in the
North Pacific, the researchers taped
radio transmitters between the wings
of 29 birds nesting on Tern Island, an
atoll that is part of the Hawaiian Islands
National Wildlife Refuge. The results
so far show that the Laysan and black-
footed albatrosses make repeated flights
ta the mainland coast to feed, some-
times leaving their chicks home alone for
weeks at a time. “It’s a mystery why a
bird nests that far away from a conti-
nent but goes there to feed,” says pro-
ject leader David Anderson,

Signals from the radio transmitters
are picked up by orbiting Argos System
satellites and relayed to a processing
station in France, which then e-mails
the birds’ coordinates to the Wake For-
est researchers in Winston-Salem, North

Albatrosses, the largest seabirds, some-
times fly thousands of miles in search of
squid and other food for thelr chicks.

Carolina. Thousands of schoolchildren
are participating in the Albatross Pro-
ject by plotting the birds' flight paths,
some of which are displayed on the pro-
ject's Web site, www. wiu. edu/atbatross.
Supported by a grant from the Na-
tional Science Foundation, the project
aims to find ways to reverse worldwide
declines in albatross populations.
Once biologists determine where the
birds are feeding, they may be able to
identify what's killing them.—0.5.

Better Noise Barriers

MORE THAN 1,000 miles of highway
sound barriers—costing $1 million
to $2 million per mile—have been
erected in the United States, most
since the passage of a 1972 law re-
quiring noise controls for new road-
ways exceeding 67 decibels. But even
after a wall goes up, sound waves
diffracted by the top edge spill over
to the neighboring side.
Researchers at the University of
Texas at Austin are Jooking at ways
to make barriers more effective with-
out increasing their imposing height
and cost, A conventional 12-foot
concrete barrier with a flat top can
reduce noise by as much as 10 deci-
bels, which cuts the perceived noise
in half. Jagged edges, says engineer
llene J. Busch-Vishniac, can further
reduce noise by spawning random
sound waves—
which don’t rein-
force each other
the way waves
diffracted along
a straight edge do.
Building scale
models of jagged
barners, Busch-
Vishniac and
her colleagues
improved noise
reduction by as
much as 7 deci-
bels. More re-
cently, the team
has developed
a mathematical
model to calculate
the noisc heard be-
hind a wall—saving the time and
expense of butlding scale models.
Using the mathematical model,
which treats the upper edge of the |
wall like an array of small speakers,
engineers may someday be able to
customize the shape of that edge
to deflect sound away from nearby
houses.—Elisabeth M. Kirschner
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Coarear! Landscaper
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Being hands on with whatever you do is the only way you'll do things. It's you. It's how you live and play.
Here's the line of watches committed to whatever direction your passion takes you.
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Sea Assault

INSTEAD OF CAMPING its forces
at allied military bases, the U.S. De-
partment of Defense could orches
trate its next battle entirely from sea,
Technology developed by the off
shore oil industry could help Uncle
Sam park a mile-Jong military base
off any coastline within 30 days of
deployment. Onboard would be
enough room for 10,000 troops,
300,000 tons of supplies, 150 aircraft,
and 3,000 military vehicles

The Pentagon is propos-
Ing to bulid Moating
modules that

could be con-

nected at sea to
create a gigantic
offshore military base.

Dubbed a logisti-
cal support platform, the
mobile offshore base would be
the largest manne structure ever
built, about 10 times as large as an
aircraft carrier. Its mission: supply
and launch military operations and
provide logistical support for disas
ter relief and humanitarian efforts.

For now, the Department of De-

ENVIRONMENT

MYRTLE, A 550-POUND green sea

turtle, is hovering in the giant ocean
tank of Boston’s New England Aquar-

jum, Two speakers, one emitting a

low-frequency hum, the other silent,
are suspended before her. She stares

at each before swimming over and
touching her nose to the one mak-
ing the noise. The choice earns her
a prize: a piece of squid.

Welcome to the world’s most
unique hearing study. “We know al-

most nothing about turtles’ hearing

ability because we've never been
able to train one to participate in
a test,” says Arthur Popper of the

Myrtio the turtie is. /) 7,
/

32

University of Maryland. “They aren’t
consistent eaters, so it's difficult to
give them positive reinforcement.”
Enter Myrtle, who, after living
at the aquarium for 28 years, is as
consistent an eater as a turtle can
be, allowing researchers from the
University of Maryland and the
aquarium staff to train her to go to
a speaker when she hears it making
a noise. “When she can pick out the
correct speaker on a regular basis,
we'll begin varying the pitch and
volume of the noise to determine
her full range of hearing,” says
Robert Dooling, also of the Univer-
sity of Maryland.
The training hasn't
been without its prob-
lems, The hundreds
of fish in the tank with
Myrtle can distract her,
and she has gone
on occasional fasts,
but her progress
has nonetheless
been remarkable.
The researchers’ ulti-
mate goal is to determine
whether human-made noises in
the ocean are harming turtles, and
also to find out whether sounds
could be used to ward turtles away
from fishing nets.—Jerry Shine

fense has no plans to build the base,
but the Office of Naval Research is

reviewing design concepts developed
by several leading offshore platform
manufacturers. Initial cost estimates
are S6 hillion to $10 bilhon

I'he designs rely on multiple self
propelled modules that link to form
a 5,000-foot-long, 500-foot-wide
movable military warehouse and
landing strip. Each section can op-
erate independently under its own
power, Hull-shaped pontoons keep
each 250foot-high module afloat
en route to the battle zone, Once
the module reaches its destination,
the pontoons are sunk 125 feet be
neath the waterline for stability.

I'he megaplatform can be posi-
tioned using electrically driven
thrusters in the pontoons, Maxi
mum speed for the base is 5 knots.
When disconnected, each module
can travel at 15 knots, about as fast
as today's largest cargo ships.

lo survive hurricanes and ty-
phoons, the modules would be dis-
connected when waves reach 15
feet or more. Designs proposed for
linking the platforms include rigid
puzzle-like connectors, flexible
bridges, hinges, and steel plates
that rest between decks.

To date, the military has spent
about $23 million researching the
possibility of floating a gargantuan
mobile base. As the Defense Depart-
ment finds locating foreign bases
more difficult, the only choice may
be to build one at sea.—Brian Fortner
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Inkjets: The Next
Generation

HOW MUCH BETTER can inkjet
printers get at reproducing color
photos? Probably not a lot in the
short term, But there's plenty of
room for improvement when it
comes to how quickly
they print digital pho
tos—and text—and
what kind of paper
is required,

Epson's new &
Stylus Color 850
($379) attempts to
enhance the standard-
setting 800 madel, which will re-
main on store shelves at least
through the end of the year at a
lower price. The new model suc-
ceeds, albeit modestly, The 850
claims to be as much as 20 percent
faster than the 800, and we did find
it faster, but only slightly, especially
for text pages. As with most other
inkjets, many color photos still take
a minute or more to print. And
while an improved printhead design
that produces smaller, more precise
ink droplets allows you to print on

EDITED BY CHRIS O'MAL

Epson
lile the 800, but is siightly faster.

T

LEY

plain paper at the maximum resolu-
tion of 1,440 by 720 dots, that's usu-
ally more ink than common copier/
printer papers can handle well,
High-resolution photos still require
thicker, coated papers to look their
brightest and sharpest. As with the
800, the Epson 850
delivers skin tones
and other subtle-
ties better than
most printers,

N

As in previous models, Canon uses
multiple ink cartridges to produce its
best photos with the new BJC-5000
($299). And now it uses the same
approach to achieve higher speeds,
The 5000°s flexible dual-cartridge
system lets you put in two black ink

's Stylus Color B50 has great photo quality

[IEWSFRONTS

cartridges that each shuttle across half
the page to greatly improve mono-
chrome printing speeds. [t can do
the same for color printing with two
color cartridges. The best color mode,
however, comes with one standard
color and one “photo” cartridge,
which allows for more refined seven-
color printing at slower speeds, All
of these cartridges can be more con-
fusing and less convenient, but they
give you maore control over how you
print. The 5000 promises photoreal-
istic printing (as many as 720 dots per
inch) on plain paper, but rivals film
photos only on glossy papers.—C.O.
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Because the sky
Is always falling.

Incredtbiy strong, yet incredibly light, car covers of DuPont Tyvek® can protect your car from whatever
Mother Nature has in store. Tyvek® spunbonded olefin keeps cars cool by reflecting heat, and blocks
99.8% of the sun’s UV rays which cause paint and interior colors to fade. It can withstand high water pressure,
helping to protect your car’s finish from acid rain and other pollutants. Tyvek® is also a shield against dust
particles as small as two microns, and stains from the falling debris of trees, birds and insects. Yet the
unique breathable spunbonded structure of Tyvek® allows condensation to pass through so trapped
water evaporates away. And now there are three ways to get unmatched protection: Tyvek®
Tyvek® Plus™ and Tyvek® Reflektra™ covers. Tyvek® Plus™ is a combination of Tyvek® bonded to a soft
inner lining while Tyvek® Reflektra™ offers enhanced heat reflection and

water resistance with a new metallized coating. As the world leader in <__p—m‘\

auto finishes, DuPont is uniquely qualified on how best to protect them,
preserving your car's looks and value, For more information, or for the I

retailer nearest you, pleasecal: 1-800-44-TYVEK.
for Car Covers

T1968 DuPore. Tyvek® is o DaPont regstered ademark for is Brand of spunbended olefn. Onty Dufoet makes Tyvek® Tovok® Pis™ and Tevek® Seflaira™ are DuPore vadenarks




Organizing the
Digital Shoebox

THANKS TO digital cameras and
scanners, many of us are now filling
hard drives and Zip disks with a
dizzying array of digital pictures,
But like the photo albums we keep
on our shelves, new programs like
PhotoRecall Deluxe 2.0 and Photo
Org can help you organize your pic-
tures—and share them in ways no
paper album can,

PhotoRecall ($50), from G&A
Imaging, takes the photo album
metaphor quite literally, enabling

You can e-mail self-running albums to famity
members with G&A's PhotoRecall Deluxe.
you to place pictures into onscreen
albums that can be stacked on shelves
and organized into libraries. You
can add captions and attach sound
files to your pictures, and even do
some basic editing, such as chang-
ing brightness and contrast, with an
easy adjust-by-example feature that
lets you see how these changes af-
fect your picture before deciding to
make them. But PhotoRecall may
be even better at letting you share
your pictures. Its “portable player™
lets you create self-running picture
albums, with or without sound, that
you can e-mail to others. And the
program has stock page layouts you
can use to publish vour pictures on
the Web, assuming that you have a
personal site.

[ ocTonen 1998
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Photo Org ($50), from Canon
Software Publishing, extends the
metaphor a bit by arranging digital
photos into “rolls of film” first and
then into albums. Its album pages

Canon’s Photo Org lets you bring in photos
as “rolis of flim™ and put them Into albums.

lack a sound option and an obvious
spot for captions (though you can
add text anywhere on a page), but
the product does have a visual editor
and the ability to create and e-mail
self-running slide shows, as it calls
them, with a music soundtrack.
Photo Org can help you create
Web pages as well, and Canon
even offers to post them free
for 30 days on its site.

Neither program offers a
direct voice-recording feature,
which would be a natural com-
plement to multimedia photo
albums. But each makes orga-
nizing your digital photos an
easy, enjoyable, and sharable
family experience.—C.O.

Really Big Screens

IF THE RULE FOR PC monitors is the
bigger the better, then we've got
something new to aspire to. Pixel-
Vision, a fat-panel display company
based in Acton, Massachusetts, re-
cently demonstrated what it claims
is the world’s largest PC display, at
least in pixel count: & video wall com-
prised of 20 separate 15-inch panels
that can act as a single monitor and
be driven by a single computer.
Using a technalogy the company
calls SmartGlas, the video wall can
show as marty as 16 million pixels—
many times what a
typical PC video card
can produce. In
fact, PixelVision
used five Matrox
video cards inside a
single PC to create
the 4,096- by 3, 840-
pixel walt display.
The wall can show
either a single image
Wdo
recent trade show, the
PixeiVision yideo wall
is comstructed from 20

separate LCD panels.

as a mosaic af screen tiles, or be seg-
mented to display information from
Mmormm
kmmecammmm
smdbtwm call centers, and
mmmm:m
for example.

Pixel¥ision says its technology
permits screen walls of almost any -
size. The 20-panel display would
cost about $40,000. The company’s
existing SmartGlas products can
merge information from several com-
puters onto a single display, or run
multiple displays from a single video
card inside 2 PC.—C.0.
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COMPUTERS & SOFTWARE

Seeing, Hearing, and
Smelling the World
www.hhmi.org/senses
What scientists now know, in
digestible detail, about how our
primary senses help us make
sense of the world around us.
AlrtineSafety.Com Microsoft HomeAdvisor
airlinesafety.com www.homeadvisor.com
How safe are our skies? This site offers  Track mortgage rates, or track
some thoughts from the experts. down your dream home,
The Nobel Channel Webopedia
www.nobelchannel.com www.webopedia.com
Know your Nobels? Relive the history A comprehensive quide to Web tech-
of the Nobel peize and its winners. mologies and terms,
EBlast Yellowstone Geographic
www.eblast.com www.yellowstonegeographic.com
This online encyclopedia picks the Scientific research, geological events,
best sites on topics from A to 2. and tourist info for the park.
U.S. Coast Guard Office of U.S. Historical Census Oata Browser
Boating Safety {cg.fas.harvard.edu/~census
www.USCGBoating.org Dig into the demographics compiled
‘Boating tips, safety regulations, at the Census Bureau.
and navigation information. —Suzonne Kantra Kirschnar
| R&D |
Technology Lives! Maoving a step bevond remote con-

IF YOU THINK artificial intelligence—
getting machines to think like hu-
mans—is a challenge, the prospect
of creating artificial e is even
more daunting. Still, fresh evidence
suggests it may only be a matter of
time before we see the emergence
of what some are calling “hving
technology” or “cyberbiology.”
CyberLife Technology Ltd. of
Cambridge, England, onc of the
pionecers in the artificial-life Beld
and host of the international Digital
Biota conference in September,
recently announced that it has a
contract with Bntain's Ministry of
Defence research agency to develop
a simulated fighter plane that's
flown and controlled entirely by an
“autonomous virtual organism,”

trol, the cvberpilot will require no
human intervention and be capable
of not only sustaining flight, but
pursuing enemics, evading attacks,
and making reasoned decisions
about its mission, according to the
company. It is, however, only a sim-
ulation. It may be many years bes
fore such a computer pilot controls
a real plane,

In the meantime, you can live a
bit of the artificzal life with the sequel
to Creatures, the popular software
created by CyberLife that presents
a virtual world of fuzey characters
called Norns that hatch from cggs
and live in vour computer, Noms in
Creatures 2 will “evolve™ in more ad-
vanced ways than before, It will be
published by Mindscape and is
slated to be available this fall. —C.O.
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RUGER DOUBLE-ACTION REVOLVERS

uger mid-si
msatile ha
fice with ineert
PGPI(D:MLSPIOI mpmmuumw
p-emodayncvdvumm

b-ccnon uvolvmnue the most

hmmd:huthcmgestmlhcluue

aliber, high-pressurc revolver category. As
nnﬂknwduﬂemhnmlm both

found in the GP100 and SP101.
of all hand sizes have a
-hold that greatly helps to cushion the recoil of powerful
m Joads. Fatigue is reduced, thereby tmym\ mg shooting
(he proven cylinder ejection, system invented for the Ruger
bedhawk revolver is incorporated in both the GP100 and SPIO!
igns, The cylinder crane Jocks directly to the )

with an offset shrouded ejection rod design
allows Ruger to build a thicker, stronger
Fame under the barre! threads.

1) Ruger barrels, cylinders, and frames, arc

maﬂud from otdnance quality 4140
moly alloy steel or 400-series stinless-steel.

Ger GP100 RevoLver

Ruger GP100 Revolver
GP-160

[ Ruger SP10] Revolver
Ksp.821

Easily dismounted withowt 1ools for cleaning, the
cylinder and crane arsenably thows the patented Rager
crane latch, wiick securely locks the front of the
cylinder in proper alignment—a Ruger exclusive!

Rucer SP101 RevoLver

Juatog Number  Caliber  Finsh*  Sights Sheoud Bamel Length Appe. We Price
| I ASTMeg. B Ad. Rl 4" 4lax 44000
jGr141 ASTMmg, SS Ad Full 4 410z 4M00
| EL 57Mg. B Adi  Shm 6 4oz 42000
for-ie 357Mag. 55 Adj Shee & Bor 4400
fp-161 ASTMm B AdL Rl 6 or 4300
fGr-161 MTMag S Ad. Rl 6" oz 4400
-330 357Maz. SS  Fied  Shomt ¥ 350z 45700
El;sl 5TMag B Faed Fll ¥ 360z 42300
fGPE-331 Mg 5SS Fed Rl ¥ or 45700
JPE-340 A5TMagz B Fixed Shom 4" FTox 42300
JGPE-380 357 Mag.  SS Fiuod  Shet 4" Iox 45700
JPE-341 357Mg. B Fuad Rl & Mor 4230
| ] 35TMag. S§  Fond  Full 4 3Box 45700
| 38Sp. . S5 Fiwd Shat A oz 45700

- revolvers chambered for the 357 Magoum cartridge also acoepe all factory 38 Special
3 .33 Spl. 1s caliber 38
(B staisless-sieel (S5) »

Y .

lm;'cwmuy See your desder.

' instruction manuals are available forall Ruges m
uest. Please specify model for which you require VAR

Ve

urm, Ruger & Company, Inc.
Lacey Place

buthport, CT 06490

Iww .ruger-firearms.com

Mok

C s e . .

e Caliber ﬁa-cmymwm"m‘m
KSP2a1 LR 55 GRab. Ad.  Fall 27 oz MO0
KSP-240 FILR 55 GRad Ad. Shon & d3az 44300
KSP-241 22LR $S G6Rads Ad). PFal 4" Moz 44300
KSPAJI1 " 31Mag_ S5 OReds A4 Full 37 oz 44300
KSPId1  32Map S5 GRmds Ad). Full 4" 3o #4300
KSP921 Omm 5SS Redw Fned Full 37 25z 4300
KSP9| omm 5SS Reds Fed Full 37, 270 44300
KSPai 3P 5§ SRek Faed Pull 2, Doz 4000
KSPRIL 6P S5 SRed Paed Full 2V 6oz 40300
KSP1 PSS SRed Foed Full 37,0 Doz 4300
KSPAZIX 337 Mag_ S5  SRods Pued Full 2V 250z 400
KSPWIX  357Mag 5SS 5 Rod Fued Full 37 270z #4300
KSP-R2IXL 357 Mag. S5 5 Rods. Fxed Full 27/ 250z 44300

"Caliber: The 357 Magnum version of the SP101 handies all 357 Magoum factory foads and i |
desigrned by an “X" in the Catalog Nember These revolvens also socept Bactoey 33 Special car- -

“Flalsk suinless-sweel (SS).
NOTE: Spurless-hasmumer models are desigrated by az “L” in the Catalog Number

RUGER

Arms Makers for Responsible Citizens
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1. Always use the best tool for the job.

2. The best isn’t always the most expensive.

3. The best isn’t always the most well-known.

4. Buy Husky and forget the other rules.

The toughest name in tools.
Guaranteed for life and only at The Home Depot.



Top-Down Porsche

WITH BOTH the roof and the acceler-
ator pedal in the down position, the
new Porsche 911 Carrera Cabriolet
provides a wind-in-your-hair driving
experience like no other,

Like the new 911 Coupe, the
Cabrialet is longer and wider than
its predecessor. That, as you might
expect, adds up to more leg- and
cargo room, The basic shape is still
recognizable as a 911 but is now
based on the Boxster, albeit retain-
ing the classic rear engine rather
than the Boxster's midship drive-
train, Its drag coefficient has been
cut from 0,34 to 0.30. Speed, how-

ever, comes at the expense of amen-
ities like rain gutters; if you happen
to open the window while it's rain-
ing, you'll get drenched.

On our test drive in the Columbia
River Garge near Spokane, Washing-
ton, the 911 flowed around bends in
the road as smoothly as the river it-
self, and climbed steep ridges with-

The Porsche 911 Cabrlolet retalns the chassis stiffness of its closed top sibling.

LDEWSFRONTS

out the slightest hesitation. When
the road flattened out a bit, and
both speedometers (analog and digi-
tal) slid past 75 miles per hour, the
top edge of a spoiler popped inta
view in the rearview mirror. The
spoiler, which helps prevent the car
from turning into an airplane at
speeds ranging as high as 175 mph,
is smaller now than in previous ver-
sions of the car.

If you buy the Cabriolet version
of the 911, you'll need another per-
son to help you remove the hasdtop.
But the softtop folds up automati-
cally, tucking itself under a rigid
cover in about 20 seconds.

For added safety, the Cabriolet
also has spring-loaded bars that de-
ploy behind the rear seats

when a sensor detects

that the car is about to roll over.
The 911 began showing up in
Porsche showraams in mid-April, but
few Cabriolets were available ini-
tially. The ragtop costs about $9,500
maore than the $65,000 coupe. The
removable hardtop and 17-inch
wheels are now included as standard
components,—Daewn Stover
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AutomoTIVE

Test-Driving the Future

CHRYSLER IS EVALUATING new technol-
ogy in a series of operational concept
cars. A short turn behind the wheel of
each demonstrated that the technology
of the future can provide ample driving
pleasure today,

The steel-bodied Pronto Spyder—
powered by the transversely mounted 225-horsepower 2.4-
liter dohc four from the Dodge Stratus—eventually could
be made out of an inexpensive plastic called polyethylene
terephthalate (PET). The material has the potential to lower

turmed around and

manufacturing costs, because
the entire car could be molded in as few as six pleces. This
approach also includes molded-in color, eliminating the
need for an expensive paint shop. (So far, however, the fin-
ish is dull,) Using PET in a production version would keep
retail pricing in the low $20,000 range.

For a concept car to move under its own steam is un-
usual. But aside from some unnerving creaks and groans in

with

The Pronto chassis

is composed of two
Neon front ends, one

welded to the other

Pronto Spyder

Dodge Intrepid ESX2

The ESX2 is & continua-
tion of Chrysler's re-
soarch Into hybrid power-
trains, The latest version
featwres a combination
of 8 1,.58ter thewe-cylin-
der diesel engine and a

Jeep Jeepster

amount of wheel
travel.

the suspension, the diminutive roadster steers, stops, and
handles almost like a showroom-ready production car,

Chrysler calls the Dodge Intrepid ESX2 a mybrid (for mild
hybrid) because it relies more on the diesel engine than
typical hybrids. As we drive the ESK2,
development engineer Steve Buckley
monitors its systems with a laptop
computer. “Right now, you're running
on the diesel engine,” he informs us.
We accelerate, “Now the electric motor
is kicking in," That is the essence of
the ESX2: you use the 20-hp electric
motor only when the 74-hp diesel
needs hetp during hard acceleration,
With this approach, the battery pack
can be much smaller, cheaper, and
lighter {133 versus 500 pounds) than
what you'd find in 2 conventional hy-
brid or an electric vehicle.

The ESX2's acceleration is impres-
sive: 0 to 60 mph in 12 seconds. The
concept car is not intended to reach
an especially high top speed, but its
ultrasleek bodywork (coefficient of drag

15 just 0.19) gives it the potential to be fast.

Though the concept is made of high-priced carbon fiber,
Chrysler also plans to use PET in the ESX2. Even so, the
ESX2 would still cost about $15,000 more than a similar-
size sedan. That price should fall as the technology evolves.
In fact, the original ESX concept was priced $60,000 higher,

The Jeep Jeepster [Looking Back, Sept.] holds a few
clues as to the future of the venerable Jeep Wrangler. The
Jeepster can raise or lower itself by an impres-
stve 4 inches, using electric ball-screw motors
similiar to those on aircraft to extend flaps.

single electric motor,
both mounted
up front.

The Jeepster . £ .
concept fea- Why make the Jeepster so vertically mobile?
tures double The answer has to do with the concept’s raison
wishbones at

d'étre, which is to combine traditional off-road
ability with high-speed freeway capability, The
Jeepster's substantial 9.75-inch ground clear-
ance and short front and rear overhangs give it
good off-road potential.—John McCormic

each comer in
order to cope

its umusunl
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| ENGINES |
GM Joins the Club

THE INTRODUCTION of
General Motors' new 3.5 liter
dual-overhead-cam V6 en-
gine, which debuts in the
1999 Olds Intrigue, marks
something of a turning point
in engine strategy for the

4 Q

to " 4

world's largest automaker, In resp

The new engine, which is
nicknamed the “shortstar” because
of design similarities with Cadillac's
popular Northstar engine, is a mod-
ern high-output engine that utilizes
the latest in engine technology.

The two-piece block and cylinder
head are all aluminum. The twin
overhead camshafts are chain-dri-
ven, which promises lifetime dura
bility, while roller bearings on the
camshaft followers reduce valvetrain

3.6-lIter dualoverhead-cam V6 engine.

friction. A single powertrain module
combines engine and transmission
control and predicts oil life based on
the different habits of every driver,
And power from the new V6 is sub-
stantial—215 horsepower and 230
foot-pounds of torque.

In the broad scheme of things,
the emergence of such a dohe en
gine—which differs very little from
most V6 engines in today’s midsize

i Motors is Intreducing »

NUTOMOTIVE|

cars—doesn't seem partic-
ularly noteworthy, But
General Motors has been
one of just a few auto-
makers maintaining a
large portion of simple
pushrod engines, The
reason? The company be-
heves that the simplicity,
compact packaging, and
lower cost of these en-
gines offset the loss of
power that results from
inefficiencies at high rpm.

The pushrod CGM 3800 produces
200 hp; a supercharged version of
it makes 240 hp with 280 ft..1bs, of
torque, Insiders at the company say
that the supercharged pushrod is
less expensive than the new over-
head-cam engine. So why do an
overhead cam, then? It all comes
down to image. “People want it,”
says one insider.—D.M.

Daewoo Set to Open U.S. Operations

DAEWO0 MOTOR AMERICA is introducing three car lines this
fall in 14 Southern California, eastern seaboard, and greater
Chicago markets. Daewoo is a Korean automaker that once
supplied Pontiac with the lackluster LeMans subcompact,
The company’s new effort is distinguished by its decision
to offer the new cars through company-owned stores rather
than conventional dealers, Daewoo is also promoting them
through college “student advisors,” who will sell cars in
exchange for a training trip to Korea, commissions, and
discounts on the purchase of their own Daewoas.

The three-model Daewao lineup encompasses four body
styles and eight trim levels. All are powered by dohc four-
cylinder engines. An automatic transmission is standard in
the top two editions, The Lanos subcompact [What's
New, Aug.] combines a Porsche-tuned
chassis with ItalDesign styling. The
three-door hatchback is especially
attractive. Basic dimensions are
stightty smaller than a Honda Civic
and the 1.6-liter engine delivers a
competitive 105 horsepower. This
Daewoo feels light, agile, and
eager to go. The Nubira (Korean
for “to go everywhere”) is Daewoo’s

OCTYORER L1300

compact offered in sedan, five-door hatchback, and wagon
body styles, The exterfor is & dead ringer for the previous-
generation Mazda 626. Interior and exterior dimensions are
comparable to 3 Honda Civic. Keyless entry and power as-
sists are standard. Except for 3 tinny-sounding door slam
and high-rpm engine noise, the Nubira Is a congenial family-
transportation machine, Daewoo’s flagship Leganza, also
styled by ItalDesign, is about the size of a Ford Contour.
Rubber-isolated chassis components and an engine tuned
for torque help connote a luxury maod. Unfortunately, con-
trols for the entertainment and climate systems are need-
lessly complex. Prices should start at $9,000 for a base Lanos
S and top $20,000 for the Leganza CDX.—0on Sherman

The Nebira, sitting in the middie
of Daewoo s model linsup, comes
8% & hatchback; sodan, or wagon.
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Expand your universe with the
revolutionary Meade’' ETX" Telescope

Observe land, sea or sky in stunning
high-resolution detail with the
world's best-selling modern
telescope.

Explose  hidden
comoers of the universe with
the Meade ETX. As S& &
Telewape  seported,  “The
Cassini  Divigion i Serwrni
rings popped inte wew. . [ conld
we every wisy of velvet ow e
,mdm of & drer 50 free ausy, , the
ETX [i] an ideal all-purgose selescope
Sor amyonr wmting &0 inpert pagler ar 100
ands or shery 23 100 light-yewrs. . 3 compait, porsatle telescope wink fint-olan
oprics. ™ The Meade ETX: there's no other telescope like it in the wodd.

Seo i now at over 1000 Mesde dealer locations natural
in the US.A sad Canads, mcduding wonders*
1-B00-2-WONDER
bl 180062 MEADE foe 3 fve cops of Moads Sebacepe Caraleg #126 or foe
wthes deaber locitions nesr pos. U IX Lidacge: 5999 dharwn wirh opoenal camens
sdprer. Oves poorsom quabiy Meade tebescoqus Do $100 coroplers, Meads
Inenumsenin Corp.. 6001 Ok Cargoen. livise, CA 928000 FAX: (9] 4501460

MEADE  wwameadccom O 1=

== ATOMIC TIME® ()

IT Time Meces Smcivontoed 1o the US Aok
Zt Armnl'immmwmq'asm

You can now have the waork!'s most accurate time 24 hours a day. These smart clocks
tune Into the radio signal emitted by the US Atomic Codk In Colorado, which deviates
less then 1 second over a million year period. They synchronize themselves
automatically to the precise time and adjust for daylight savings. These predsion ZEIT
tmepieces are engineered In Cermany and are casy 1o use using
the latest In radio-controlled technofogy. Just set the
time zone and the bult-in microchip does the rest.
“ZEIT Atormic Thve” Precise, Rellable. Convenlent

ZEIT Atomic Dual Alarm 8 ZEIT Atomic PC
Sleek European design with large 2 line LCD desplay
with exact ime In hours, minutes, seconds, month and date, or
any two US and workd times, At 8oz ideal for travel; incl dual
alarm with nighttime lemination, time zones and lithium battery
backup. Super sensitive bulitin recetver. 2AA. Ind. Black or Silver SALE $69.9
arch design at 5°x47x2 1/2° Salel $69.%, Buy arry two Cocks & get 209 off 2nd.

ZEIT PC with serial cable and software for WIN. Also shows UTC Time In 24 hrs mode. Sale! $99.%%
ZEIT Atomic Wall Gocdk ZEIT Atomic Watches are the workd's most
wih regular or Roman acorate watches, Shodkresistant polymes case

numerals. Far home with bulltin recelver, hardened P
or office. One AA mineral lens, water resistant —

Battery, Large 12° Black or white disl 8 leather 4
Only $797 band. Only $149.% '
{$99.% In wood) NEW ZEIT Digital Atomic
Sportswutch with UTC etc.
Just $99.

Calll for full line of atomic dodks & watches
THE FUTURE IN TIME KEEPING
Credit Card Orders call toll free 800-339-5901 24hrs

send chwoks / mamay orders for the Sokal aroasnt int § 8 N 700 toc ATOMIC TIME, INC
526 W. Cormark Selie 300 West Chester, L 0154 - Please mestion promotional Cade BABE when ardering

Rz TRABL 108 htp/ furere sdeanictisas cors
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gl PREVIEW DRIVE
G20 Reborn

AFTER A two-year absence, the
Infinits G20 is back, The 1999
G20, like the original, is based on
the Nissan Primera sold in Japan
and Europe. Its 2.0-liter dohc 16-
valve 4-cylinder engine, which
has a lightweight aluminum block
and head, develops 140 horse-
power and 132 foot-pounds of
torque at 4,800 rpm.

During our test drive on the
rolling hills and twisty roads near
Seattle, the G20 demonstrated its
surefootedness. The front inde-
pendent multilink design is simi-
lar to that of the original G20. In
the rear a multilink, torsion-beam
axle replaces the original strut/
paraltel link system—which helps
the car's 15-inch aluminum-alloy
wheels maintain solid grip.

The G20 comes with a stan-
dard five-speed manual transmis-
sion; a four-speed automatic is
optional. Despite some refine-
ments, the automatic did some
gear hunting as the car scaled the
1,300-foot Tiger Summit,

Safety improvements include
a side-airbag system that pro-
tects the head and chest. There's
also more rear legroom and trunk

The new Infiniti G20 festures safety
Improvements and more space.

space—the latter partly because
of clever new hinges. A Bose 100-
watt audio system is standard,
leather seating optional.

The G20 went on sale in July.
Base price ranges from $22,000
to §25,000.—Mariette DiChnsting
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Mood Music

FEELING DOWN? Sure you can hide
it from your spouse, but your stereo
is onto you.

Rosalind W. Picard, a professor at
the Massachusetts Institute of Tech-
nology’s Media Lab, is developing
the Digital D), a stereo with a built-in
computer processor that “reads” your
mood. Based on your state of mind,
the stereo would then play the music
you'd like to hear most—mellow for
the manic, metal for the morose,

Picard's concept, which is at Jeast
several years away, could be applied
to devices ranging from appliances
to home computers as well, allowing
these devices to react to touch, voice
inflection, or a visual cue—such as
a furrowed brow or a smile, “Instead
of pressing a button that says you're

m OOTORER 1900

-

happy or sad,” Picard
says, “we're giving
the computer the
ability to sense it."

The Digital D) might,
for example, sense your
mood from the amount
of pressure you apply to
the play button and then
choose from among prepro:
grammed musical choices.
The prototype gives listen-
ers three choices for each of
two moods; a production ver
sion could have as many as 12
moods. Eventually, with access
to the Global Positioning System,
the DJ would be able to determine
what environment you're in and make
a musical choice accordingly —classi-
cal music for the office or rock 'n’
rol! for the commute home.

Lest you worry, Picard is quick to
point out that the computer doesn't

[IEWSFRONTS
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actually read your mind. Just be
careful about lending out your DJ;
you never know what someone
might do with the information that
you listen to the Spice Girls when
angry.—Christopher Miller
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Electronic Lifesavers

THE NATIONAL debate about gun
safety continues Lo spawn some
innovative technological solutions
to the problem. One of the latest
comes from a patent filed by In-
traloc of La Jolla, California, and
involves the use of a battery-oper-
ated trigger lock.

The Intraloc plan incorporates
a three-button lock powered by a
lithium ion battery into the gun
handle; the lock would be operated
by thumb. When the correct code is
entered, a gnp safety collapses, sig-
naling that the gun is operational.
Intraloc claims this sequence of
events takes less than 2 seconds.

Multiple entries of the wrong
code cause a complete lockout, de-

Signs of the Future

THE DAYS OF HAVING to climb a ladder
to change a printed sign will be over
ifamm:ﬂhdﬂnl:gﬂsmm
»Mmmlmdm
E Ink is the commercial incarmation
of electronic ink developed at the
Massachusetts Institute of Technology
["Electric Tales,” June ‘97]. This elec-
tronic ink can be coated onto any sur-
face using standard printing processes.
To change a message, an electronic
signal is .pmmmm»m
ink can change colors and form num-
bers and letters, for example.

E Ink proposes to take the idea
even further by linking the display to
an existing paging system. Doing so

would allow a
:mhly‘&ntlnkdismam

Intraloc would employ a
three-button lock that
would release & safety grip,

terning curtous children, for exam-
ple. The company says its system is
better than standard trigger locks
because the latter require a key to
be hidden in a safe place. This
means a delay in reaction time in
threatening situations.

Once the grip safety is released,
whether it be dropped, taken away,
or simply reholstered, the pistol is
automatically relocked. Assuming
the owner is the only one who
knows the code, the gun effectively
can be used by one person only.

The company is currently talk-

ing to gun makers about incorporat-

be as thin a5 a sheet of paper, use

very little power during updates, re-
‘quire mmbm and be
‘as readable as an existing sign. And
“because electronic ink can be printed

mmdﬁmwm

and the displays updated remately,
they would be advantageous in diff-

cult-to-access spots.
Elnllesnan

‘a “radio paper” that looks and feels

maWMMMw
matically be updated each day—the
newspaper would essentially typeset
itself upon receiving
‘transmitted informa-
tlon.'lhumaw

ing its lock into pis-
tols. It believes an
Intraloc-equipped
pistol would sell

for about $500.
Unfortunately,
however, in the ab-

sence of a law compelling them to
do so, “we doubt any major hand-
gun manufacturer will adopt smart
gun technology into mass-pro-
duced hand guns,” says Intraloc
president Robert M. Allan.—F.V,

| TRANSMITTERS |
Chip Radio

CAN'T FIND THE REMOTE? Just
wait—it's about to get even smaller,

Micrel Inc. of San Jose, Cahifornia,
recently demonstrated the ability to
put a radio on a single chip. The dis-
covery could eventually reduce the
size of radio-based remote controls,
garage door openers, kevless entry
devices, and security controls,

Micrel's new chip, inelegantly
named MICRF00I, does the work
normally required by several discrete
radio-frequency components and
manually tuned circuit boards, al-
lowing it to eliminate performance
variations among similar products.
The chip operates in the 300- to
450MHz radio spectrum and has a
range of about 500 feet. The chip
connects directly to monopole, heh-
cal, or loop antennas for use in a va-
riety of package sizes. Best of all, the
chip should reduce prices for radio-
based remote controls. It costs about
$3, half that of the separate compo-
nents previously used.—F.V.
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Predicting Failure

WHEN YOU BUY a laptop computer,
a cellphone, or any other gadget with
a rechargeable lithium ion battery,
chances are good that you'll replace
that battery sooner than you think,
That's because companies test bat-
tery life span merely by taking a small
portion of a group of batteries man-
ufactured at the same time and
charging and discharging them until
they die. They then measure the av-
erage life span for that test group
and apply it to the entire bunch,

Engineering professor Mirna
Urquidi-Macdonald of Penn State
University wants to make battery life
more predictable. She has designed
software that can “learn” to predict
a battery’s life span faster, more ac-
curately, and less expensively, The
software is built on artificial neural
networks—mathematical tools in-
spired by the behavior of brain cells
that can predict outcomes when
given a large body of data on which
to train themselves,

By referring to historical data de-
tailing how specific characteristics
such as operating temperature, ap-
plied current, time between charges,
and voltage during discharge affect
a battery's performance aver time,
the software can predict with almost
100 percent accuracy how long a
battery will last, according to Urquids-
Macdonald, Right now, the software
is in its *baby stages,” she says, be-
cause she hasn't compared the ac-
curacy of its predictions for batteries
designed to last many years.

Upcoming experiments, however,
are intended to test long-term pre-
dictions and also the software’s effec-
tiveness in predicting failure of such
other rechargeable batteries as nickel
cadmium and polymer-based types.

The hope is that this research,
supported by the U.S, Department
of Energy, will lead to the production
of better batteries.—Gunjan Sinha
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Jack Daniel’s using the same methods

A TENNESSEE HAY WAGON, seldom seen
these days, reminds us of the way Jack Daniel got
his whiskey business rolling.

A young Jack Daniel often traveled the road to
Huntsville, Alabama in a wagon much like this
one. (He would hide his whiskey under the bales
to protect it from highwaymen.) If you
appreciate a smooth sippin’ whiskey,
you'll be happy to know we still make

Mr. Jack did. And, perhaps, even
happier that we've found faster
ways to deliver it.

SMOOTH SIPPIN’
TENNESSEE WHISKEY

Your friends ar Jack Danéel’s remind you 10 drink responsibly

Terresses Weathey » A043% shoonol by voherw |B0-E5 procl) « Detled and Botted by
Jack Dasied Dstlery, Lem Notiow, Propeetor, Soute 1, Lmchburg Pog. 3610, Tessesses 37352
Placed i the Nanonsd Reguter of Hisome Places by the Ulsted States Gowerronent
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and venting technology, so there's

no rushing air or rattling when

it's turned on or running. You
get reliable comfort without
all the noise. We also gave

it a flexible design so you

can Install it quickly and

supply of hot water,

no matter what the size

of your family or
COMPLETEMBAYY
residence, And CompleteHeat's high
efficiency rating of 90% means lower

heating bills for you. To hear more

about our versatile natural gas home

LL YOU ABOUT

OUR NATURAL

GAS HOME HEATING SYSTEMS, PLEASE TELL US:

DOES YOUR FAMILY
TEND TO YELL A LOT?

Do they shout to be heard over a

noisy furnace? Or howl when the

water turns cold midshower? If

so, you'll be glad to hear about
WhisperHeat® and
CompleteHeat® two
natural gas heating

WHISPERMEAT"
systems from Lennox. We

engineered our WhisperHeat

furnace with exclusive insulation

LENNOX

ONE LESS THING TO WORRY ABROUTS

www.Lennox.com

6 inexpensively
where it fits best

Oun natural m» in your home.
Think what you'll
And because WhisperHeat runs on

clean-burning, efficlent natural gas,
It's economical to operate. Just like
our CompleteHeat home heating
system. This efficlent product heats
both your home and your water,

giving you a virtually unlimited

comfort systems from a Lennox
dealer near you, give us a shout

at 1-800-5-LENNOX.
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| uRBAN KOUSING |
Affordable City Living

CITIES ARE IN again. By the year
2000, nearly 50 percent of the
world's population will reside in
urban areas—some by choice,
others by necessity. [n developing
countries, where the trend is most
pronounced, the population of

-

cities is growing two to three
times faster than it is in
rural areas, Only one prob-
lem, and it’s a big one: a
worldwide shortage of af-
fordable urban housing,
Forty-two students
representing five continents
—and three U.S. universities—tack-
led this very issue in the 1998 Global
Design Challenge, sponsored by
Owens Coming, while they com-
peted for $12,000 in prize money.
The contest's goal: Design an en-
ergy-efficient concept home afford-
able to 90 percent of the people
living in a specific area.
Taking first prize was a team from

- ocTeomEN 1908

he prize-winning home designs include locally produced materials like wire mesh and siate,

Tsinghua University in China, a
country that—as it shifts economic
emphasis from agriculture to tech-
nology—sees 60 million job-seeking
peasants move to urban centers each
year. The winners designed their
concept for Anping County in Bei-
jing, where many residents make
their living preducing mesh, wire
netting, and slate,

The students designed a neigh-

borhood of homes, each containing
a workspace connected to a living
space by a large atrium. The homes
capitalize on local industry—wire
mesh holds the exterior concrete
walls in place, and the courtyards are
paved with slate, The 1,500- and
2,400-square-foot homes also feature
solar electricity, large windows for
ample daylight, shade trees, and a
rooftop yard.

Though there are no current
plans to build the concept neigh-
borhood, the student designers say
it could be done for about $10 per
square foot, substantially less than
$75 per square foot median in the
United States.—W.G.P.
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Supermarket at Home

DON'T FEEL like trudging to the gro.
cery store? Join the club. No wonder
online grocery shopping is booming
—and it’s not limited anymore to lo-
cal grocers who happen to offer Inter-
net buying. The popular www.peapod
.com site continues to expand, while
www.netgrocer.com now delivers gro-
cenes anywhere in the conti.
nental United States and
to military addresses.
NetGrocer offers a
selection of more
than 5,000 national
brands, but perish-
able foods—
milk, bread,
meats, and
eggs, for ex-
ample—are
not available,
Peapod, mean
while, can offer
perishable and non-
. penishable foods be-
¢ cause it works through
 local stores. After trans-
H mitting your order, the gro-
¢ ceries are delivered nght to your

door, But it's not available in all areas,
including near our offices.

POPULAR SCIENCE tested online
grocety shopping by buying the same
25 items from NetGrocer and from a
local ShopRite, the largest chain in
the Northeast United States.

At NetGrocer, the products are
arranged in virtual aisles—everything
from baby needs and pasta to house-
hold cleaners. Clicking “buy” loads an
item into a virtual cart; a running tab
appears on the screen, Pay
ment is by credit card,
and delivery—within
two to four business

days—casts be-
tween $3 and $5.
Our virtual
shopping trip took
about 45 minutes,
compared to well
over an hour at

ShopRite. The gro-

ceries arrived on

schedule and were
packed securely in
3 large boxes.

The bottom line?
\We saved $2 at NetGro-
cer, including delivery
charges.—Patti and
William Feldman

S rey

Generation Next

YOU WOULDN'T KILL a fly with a sledge-
hammer, so why power a hot plate with
a heavy-duty generator? Because tradi-
tional generators run at onty one speed.
Running slower dims lights, reduces
frequency, and drops voltage, which
can damage motors hooked to them.
Not a problem for the new Craftsman
computer-controlled 3,600-

Microprocessor

Semiconductor

watt generator. It runs only fast enough
to satisfy current electrical loads, reduc-
ing noise and saving fuel, Its secret:
voltage synthesization, a fancy term
that means a computer adjusts output
to meet changes in demand.

The portable generator has a 16-
pole permanent magnet alterator that
produces between 300 and 600 hertz
of alternating current, depending on
engine speed. A microprocessor
collects pieces of

the high-fre-

quency waveforms and, with the help
of a semiconductor switch, builds a
60-hertz waveform. Alternator speed
fs continuously adjusted to match out-
put demand, using a tiny electronic
stepper motor to position the engine
throttie precisely.

In a PopuLar Scrence test of loads
from 100 to 3,500 watts, the engine
speed varied from idle to about 3,700
rpm, but the voltage held at between
118 and 120 volts. Frequency ranged
from 59 to 62 hertz, as advertised,

With the 4-gallon fuel tank, the
generator will run for 29 hours on a 25
percent load, 7 hours on full load. It
costs $1,000.—Phil McCofferty
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New products for indoor and outdoor
home improvement projects




en days grow short, nights

become crisp and other familiar
signs of fall appear, smart home owners
know it's time to wrap up the last few
outdoor projects before the weather
takes a final turn to winter. It’s also a
good time to start on projects that put
a home’s Interlor back into top shape
for the upcoming holiday season,

Typical home improvement projects
for this time of year include final repairs
and touch-up painting to exterior areas,
servicing or upgrading heating systems,
and sprucing up interior rooms and
furnishings. This special Home
Remodeling Ideas section contains
helpful tips and information on all of
these projects, along with some useful
new tools and products that can make
the work go faster with better results,

PURPOSEFUL
TOOLS

One outdoor area that should be
checked carefully at the beginning and
end of each season is a wooden deck,
particularly if It is bullt at any signifi-
cant elevation above ground level.
Decks usually get lots of use over a
summer, and all that wear and tear
combined with continual exposure to
the elements gradually weaken their
structures. Even so-alled “outdoor
wood” such as redwood, cedar and
pressure-treated wood are not totally
impervious to the effects of weather
and wear. Check for wood rot where
deck boards meet joists, signs of
deterioration where posts penetrate
the ground, corroding metal fasteners,
popped nails or loose bolts, especially
at stalr and handrall connections.

During our inspection, we discov-
ered that the old handrails on our rear
deck needed replacement. This can be
a complicated job, but thanks to the
amazing variety of materials available at
The Home Depot, it turned out to be a
fairly easy project. We used a handrail

The right tools increase your speed as well as
precision. Accurate, sepetitive cuts, including
difficolt miter cuts, are no problem
for this Delta 10-inch Compound Miter Saw.

New high-tech tools, like this Porter-Cable Bammer
cordless pneumatic nailer from The Home Depot,
let you wark whese conditions make it most
difficalt. Bach self-contained fuel cell (inset)
fires up to 3.000 nails
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Home Remodelingldeas

Mounting beackets for the Ralmhandler Raln Dispersal
System are attached to the siding fascia board

below the roofl's drip edge, then the louver sections
simply snap into place.

system that comes in precut, premor-
tised lengths that are quickly tailored
to fit any size deck, The tools we
purchased there also made assembling
and installing the rails a snap.

For example, all of the balusters had
to be cut to identical lengths—a tedious
and time-consuming task. The right tool
for this job is a Delta 10-inch Compound
Miter Saw, which can breeze through
repetitive cuts with absolute precision,
including critical angle cuts on stair
railings. And it’s so lightweight and
portable, it's as handy as bringing a
table saw to every job. Another tool
that gives all-new meaning to the term
“portable power" is our Porter-Cable
Bammer cordless pneumatic nailer. Air-
powered nailers usually require an air
hose attached to a heavy compressor.
When you're on a ladder or working in a
tight situation, dragging an air hose can
be as impossible as swinging a hammer,
The Bammer is completely cordless,
however, and doesn’t run on batteries.
Instead, it uses a pressurized-gas fuel
cell for power-up to 3,000 nails per fuel
cell, which is easy to replace and deliv-
ers consistent power from shot to shot.

READY FOR RAIN

In the early spring, we removed the
old gutters and downspouts along the
front of our house, and installed a
Rainhandler Rain Dispersal System in
their place. We're so happy with their
performance that we installed
Rainhandlers around our new porch
extension as well. Unlike conventional
gutter systems, which routinely clog
with leaves, twigs and other debris,
Rainhandlers have open louvers that
Intercept ralnwater and snow—or lce—
melt where it runs off the roof. These
louvers break up the flow into small
droplets which disperse naturally away
from the house walls, eliminating
driplines and preventing erosion and
damage to a home's landscaping.

contvund o paxw 54 53



Gutters can actually contribute to
erosion and worse kinds of home

There are some tools that do it

2ll. Plunge cuts into plywood

of peecision trimming are easy
with the reduced-vibration
features built into the pew
heavy-duty Super Sawzall.

damage when they become blocked,
because the water has nowhere to

f0 but over their tops or back up into
the house under the roof shingles.

Rainhandlers are ingenious in every
respect, including the ease with which
they are installed. Each 5-foot-long
louver section is held in place by a
series of clips screwed to the fascia,
QOur Ralnhandlers took less than an
hour to install, and once up they are
all but invisible against the house trim.
Made of durable allbweather aluminum,
they are available in white, brown
or natural finish to match any home,
and because they're virtually mainte-
nance-{ree they never need cleaning.

It's a fact: More people who make a living with their tools buy their tools at The Home Depot® That's because w
carry all the best brands of power tools that are available anywhere. Everything from light-duty to heavy-dut

Widwasskee, RYOBI. BOSCH
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DRIVING IT HOME

If there is one indispensable tool in
everyone's tool box today, it's a cord-
less drill/driver. These hard-working
helpmates are versatile enough to bore
large holes for, say, installing a door-
knob, and powerful enough to drive
long deck screws Into dimenslonal
lumber. Variable-speed models give
added control for precision work, while
those with clutch features let you s
preset the amount of torque to embed T8
screws at specific depths, such as for -t
drywall installation. Battery power has \'
greatly improved from earlier models, ‘
which allows longer run-time per
charge and more freedom to work.

costinand on page 57

With a Skil Warrior cordless rechargeable
drill /driver, you have the freedom and the
power to go wharever the wok s, without
dragging along an electrical extension cord.

PORTER - (RBLE

wnd with our everyday low price guarantee, it's easy to see why you should be shop-
ing at Home Depot too. The place where people who know their stuff buy their stuff.

Thakital PORTER+CABLE ADELTA
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NOW
POWER
T0 PUT HOLES
IN ANYTHING.

INCLUDING
. EXCUSES. 4

THE SKIL DRILLS

o Level Guide for mors The drills from Skil are part of cur
.. Bocurate driling entirely new line of power tools.
o Variable Spead Dial With more features and up to 4.5 amps,

#cjusts to varicus tasks | (hese drills blast through almost anything. So
o Improved Ergoncenics whatever the job, there's no reason to say no,

te reduce fatigue
THE LEGEND
KEEPS BUILDING™

www.akillools com
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One of the most famillar names
in power tools, Skil, recently intro-
duced a line of Warrior Drill/Drivers
that are especially appealing 1o
home owners because they
combine power and versatility with
comifortable, easy-to-grip T-handle
styling. Available in 9.6 volt and

12 volt models, each comes with a

With & worklight to
guide your way and
2.4 volts of power
turning at 140 rpm,
the rechargeable
Craftsman Power
Screwdriver is a
handy tool to have
around, day or night

on i¢ critical whenever you paint exterior susf
area well, and always use a quality primer to seal new wood before finis

n Labex

¢ & Trin

cet. Scrape, power-wash o

long-lasting 1.3 amp-hour battery
and 3-hour charger. Smart buyers
will opt for the kit that comes with a
second battery, so that while you
work you'll alwavs have power in
reserve, These drill/drivers also
have 5-position torque clutches for
versatile screwdriving plus a full
lock-up position for drilling.

olriand o pagw SY

GRAND PRIZE
Win a mint "85 Corvette

FIRST PRIZES

+5 Vintage
Leather Skil Logo

N Jackess

OTHER PRIZES INCLUDE:
*100 Skitsaws

© 1995 59 POWTR TOCL COUPRY

-

To enter, look for the di at your
nearby hardware store or @ center,
visit www.skiltools.com,
or fill out the entry blank below.

OFFICIAL RULES-NO PURCHASE NECESSARY
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WORK LIKE A PRO

Anything that's worth doing is worth
doing right, as they used to say. And if
you want to do it right, you need tools
that are equal to the job, Home owners
who buy cheaply made tools—thinking
they'll “only need this once”—are only
kidding themselves and making their
work more difficult. Poor tools produce
poor results, and an imitation or
“knock-off” product can break when
its strength is needed most, causing
damage to the materlals and Injury
to the user. Remodeling is the most
demanding type of construction work,
requiring hand and power tools that
can withstand hard use under adverse
conditions.

That's why one of the most-used
portable power tools among both
professional and home remodelers
Is the original Milwaukee Sawzall recip-
rocating saw, In addition to being
dependable and rugged, this tool has
Incorporated Improvements over the
years that make it more versatile than
ever. The new heavy-duty Super Sawzall
we used on our deck and porch
projects has a 10-amp motor, the most
powerful avallable in this type of tool.
A unique impact-protection gear system
and patented counter-balance mecha-
nism make this tool virtually vibration-
free, even when cutting through tough,
blade-resistant materials like corroded
pipes and heavy plywood. And its
Quik-Lok blade clamp allows for fast,
wrench-free blade changes, which is
especially handy when you're working
under difficult conditions.

NOT JUST COLOR

The final step in most home improve-
ment projects is adding a coat of paint
to give the materials a finished look,
but more importantly to protect them
from weather and wear. That's why it's
important to choose a high-quality paint
every time, More than just decorative

coninsnd o0 page 62

Theae's nothing like a fresh coat of paint to
brighten interior reoms. There are more than
1,000 Ace paint colors to choose from, or bring
a swatch to match on the color computer.
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Working in a dark corner can be difficalt,
especially when you're driving small screws.
The new Craftsman lighted power scrowdrives

is & bright idea that fixes this problem.
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WARM & COZY

if your home heating costs are
high and your hot water system
has trouble keeping up with
demand, this is perhaps the best
time to do something about it.
Lennox, one of the oldest and
most trusted names in home
heating, has introduced two new
gas-ired heating systems that
can improve both your household
budget and your comfort level.

The WhisperHeat gas furnace
offers one of the quietest, most
efficlent units avallable in forced-
air heating. With direct-drive
blowers, a unigue heat exchanger
design and exclusive Insulation
and venting technology, these
systems virtually eliminate the
rushing and rattling noises that
accompany the heat in typical
ducted systems. WhisperHeat's
flexible design also reduces
installation time and cost for
further savings.

Super-quiet operation is
matched with efficient energy use
In the Lennox CompleteHeat gas
system, a combined air-and-water
heating unit that provides virtual-
Iy unlimited hot water to meet
all of a family’s needs. With a %0
percent Combined Annual
Efficiency rating, this unit has
the capacity to keep pace with
a steady 3 gallons-peraninute,
[20-degree water demand and
never run out. Think of all the
showers your family takes—and
then think of what you could be
saving on energy bills.

10 AMP. 0-3200 SPM.
IMPACT PROTECTION.

The industry’s best reciprocating saw just got better. Nothing
cuts faster or lasts longer. Milwaukee's

powerful new 10-amp Super Sawzall*

features exclusive impact protection,

anti-vibration, 0-3200 spm, 1-1/4" stroke

and keyless blade clamp.

You work harder, faster and

virtually vibration-free.

Call toll-free

1-877-729-3878,

when nothing but

heavy-duty will do.

MLWALIEE ELECTRIC TOOL CORPORATION * AN ATLAS COPOO COMPANY
WAW, MIL-ELECTRIC-TOOL COM S8



I/l NASCAR
CRAFTSMAN.
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TRUCK s
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THE NASCAR CRAFTSMAN TRUCK SERI
TOUGHNESS RIGHT OUT OF THE BOX.

The NASCAR Craftsman Truck Series. Only one brand of tools is tou

enough to bring It to you, And only one pit box Is tough enough to hol
them. Made with heavy-duty, slam-shut construction. Smooth-glide bal
bearings for long life and durability. And with over 21,000 cubic inche:
of drawer space, storage by the truckload. Craftsman pit boxes an

the NASCAR Craftsman Truck Series. The toughest things on wheel

MAKES ANYTHING POsSsIBLE™

TR
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3
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www.sears.com/craftsman
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gy,

color, paint forms a protective

barrier that seals out moisture,
prevents insects from burrowing into
wood, and actually slows the natural
deterforation of many types of matert-
als. On Interior surfaces, paint forms
a washable “skin” that's also a first
line of defense against minor damage.

When it comes to buying paint,
don’t be fooled into thinking you
have to pay a higher price for the

highest quality. Choosing a depend-

able source Is a better way. We use
Ace Royal Paints because we know
that Ace makes their own paints,

ensuring that only the best materi-

SHOOTS STAPLES &

High Performance
Solki State Crcultry

Trigger Safety Lock

Flush Front Gets
nto Tight Comers

10 Foot Coro

All-Steel
Charmed § Track

High Carbon Heat-
Treateo Working Parts

Patented Jam
Proof Mechanism

One Year Limited
Contractor's Warranty

The powerful ETFS0PBN Electric

Staple and Nail Gun shoots

BRIVES NAILS

ETF50PBN”
PROFESSIONAL

6 different size staples: 174", 5/16°, 3/8",

1/2%,17/32" Ceiltile and 9/16". It also

drives a 5/8 nail.

HECHO BN EMLA

One heavy duty versatile tool lets you do
thousands of jobs from installing insulation and USTED

carpeting to trimming a door or building a toy.
The dual purpose Professional ETF50PBN is available

wherever fine tools are sold.

)

ARROW FASTRMRE COMPANY, INC 7 WA-SL STEEE T SADCul B0 ) Dol
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The innovative Arrow StaplesNail Gun is
equally adept at typical heavy-duty stapli
jobs like installing insulation, or nailing
trim—without the damaging hammes n

als are used and our satisfaction

s guaranteed

At Ace we can also choose from
over 1,000 colors—they have color
computers that will match any
color swatch you bring in-and get
all the brushes, rollers and other
painting tools we need, so there's
no reason to shop around when
we're ready to begin.

LIGHTING THE WAY

Yet another item that has
worked it way into many home
owners' tool boxes in recent years
is the cordless power screwdriver,
It's easy to see why. Reach for a
typical screwdriver and it's often
the wrong type. The number of
screws on any given object often
outlasts your patience. And, all too
often, the one screw you can't get
at easily is in some dark recess
which makes it a much tougher job
than you bargained for.
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Power screwdrivers, on the
other hand, have interchangeable
bits so you don't have to go
looking for the right one. And
because they're powered, they
make repetitive tasks like screw-
driving almost bearable, However,
until recently they didn't help
much when yvou were groping in
the dark for that one hidden screw.

That'’s why the Craftsman
Rechargeable Cordless Power
Screwdriver is a real improvement
over all other tools of this kind—
it's got a built-in “headlight” to help
you see what you're doing, and
not only in the dark. Even in broad
daylight, screwheads deep inside

an electrical outlet box, or under

a dashboard, or in your stereo
cabinet, can be difficult to see.

This tool's worklight puts a focused
beam of light right at the point of
contact, 50 you can see where the
driver tip is going and what it's
doing. With 2.4 volts of power,
reversible actlon, and I-hour run
time with a 3-hour recharging cycle,
it's easy to see that the Craftsman
cordless screwdriver leads the way.

DUAL FUNCTION make it into the kit you carry with

you at all times. A typical "A”" tool

kit will have a hand saw that can

crosscut as well as rip, multi-tip

screwdrivers, adjustable wrenches

and locking pliers, an all-purpose

claw hammer, and so forth.

Another “staple” in this kit is a sta-
oosnoned 60 page 64

Home renovatlons generally
require many different tools, and
toting them around the house
from job to job can become a job
in Itself. That’s why tools that can
do more than one task well often

Age Deepens
The Character.

Nothing compares to the
warm, rich look of wood
furniture that only comes
with age. But often, it's

hidden by a dark. worn finish.
To uncover that natural beauty, rely on
Formby's® quality refinishing products.

From foolproof finish removers to
protective tung oll, our time-honored
formulas have all you
need for an exquisite
\o\":'f:;-, hand-rubbed look.

p % Trust Formby's,
because restoring wood

Furniture

Refinisher is a beautiful tradition.

Uncover Wood's Natural (horm”

O Fomibsy's & a registered tademark. SFoomby's 1998




‘Before you erder;
try the
‘Banana Split,
Pineapple Fluff
and Rich Mustard.

Bonano Split

Pinsapple Fluff

Rich Mustard

The perfect color paint in the store
may surprise you when it’s on your
walls at home. Here's a color check
tip from the folks in the red vests,
your helpful hardware
folks at Ace. When you
think you've picked the
right color, take home 3
or 4 chips and a few colors that are

close. Do the same with accent colors.

Tape them to different walls, next to
windows and in corners, (Colors
look different in different light,) Look
at them by day, then by night. Now,
before you buy gallons of custom
mixed paint, you'll have a better idea
you picked the perfect color for your
taste. You'll be happier with the
results, and you could save some

money along the way.

Your delpful bardware folks 2t ‘

Hardware

© % At Hwre Coposten

ple gun tacker, which comes In
handy for many tasks such as
putting up temporary sheeting or
installing insulation.

Now there's a gun tacker that not
only staples, but also switches func-
tions instantly to become a nall dri-
ver, which adds stlll more versatility
to this already versatile tool. The
Arrow Staple+Nailer shoots six sizes

ome Remodelingldeas

of flat-crown staples, from 1/4inch
up to 17/32-inch In length. Then
simply remove the staples and
replace them with a strip of 5/8-inch
nails and this tool also lets you
install door or window trim, build
picture frames and do other close-
nalling tasks without a hammer—
and without the hammer marks and
damage such fine work often entails

HI, HO, SILVERADO

“Bigger, laster, stronger and
smarter” is how the new-design
1998 Chevy Silverado full-size
plckup Is described, and a first
look at this muscular yet svelte,
work-and-play vehicle shows
that’s no idle boast. Available in
both standard- and extended-cab
versions, this is a pickup that
can take it-whatever “it" means
to you or the entire family

How big is the Silverado? Inside,
it has the roomiest cab of any
1/2-4ton pickup today, Compared to
its predecessor, the Chevy C/K
pickup, it has bigger door openings
for better accessibility, a wider
frame with a longer wheelbase,
and greater load-carrylng capacity.
It's also faster as well as stronger,
in more ways than one—with
smoother hauling at any speed
thanks to the power and torque

of its new Vortec V8 engines,
along with faster stopping due
to standard antiHock disc brakes
on all four wheels,

And smart? The Sliverado offers a
Tow/Haul mode that lets the driver
adjust the transmission to cope
with demanding road conditions,
and a Dynamic Proportioning
System that automatically
regulates rear-wheel braking to
suit the pavload. But as tough as
this pickup is, creature comforts
were not overlooked in its design.
A standard curbside third door
on extended cab versions, comput-
er<controlled driver lockout and
battery rundown protection, and
more interior refinements than
can be listed here, make this a
working-class pickup that's more
fun to own and drive than the
family car.

Years of yesearch and development have produced the new 1999 Chevy Silverado
a “higger. fastes, stronger and smarter” pickup than all of its predecessors
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Tahiti Blue Salmen Mousse Rich Mustard Allure Bok Choy
Tea N Cream Tender Pink Bread Pudding Fliation litle Boy Blue

Have you tried Banana Split
and Bek Chay v the Bedroom?

'

Loke Placid Peser Pan Limesicle Glint O’ Gold Banana Split
Calfskin Lobster Bisque Shrimpy Cacius Flower Pineapple Fluff

Or Cactus Flower in the kitchen? The names we give Ace Royal Paints
are just the first indication of what they can do for your walls.
And when you consider durability, one coat coverage

and quality that guarantees your satisfaction, pr E ;t\!;il(‘ fﬁmn;

it isn't surprising that there’s one name that's S B e
always been a household word. “gaﬁ lf]":l\ll( "#' ey
e axcsivly 3t AMCIE Hardware S

wwsacehardware com

Cotors may vary shghely from acoul pare cobers
ST Ace Mardware Carporation



Take Better care of your
antiques and collectibles
with Formby's Furniture
Refinishee, which condi-
tions wood as it gently
dissolves old vamish,
lacquer and shellac. A
hand-rubbed Bnish coat
of Formby's Tung Ol
gives the wood a soft,
streak-free sheen and a
natural look and feel
that you dont get with
other finishes.

Home Remodeling ldeas Product Information

Quality and affordabdlity are the haltmarks
of Ace Royal Paints, Ace manufactures a
full Lisme of paint produocts, Including inte-
rhoe and exterior paint, woed stains and
firishes, enamels and spedalty products,
For more information visit your local Ace
Hasdware stove.

New for 1998 from ARROW FASTNER is
thels STAFLE+NAIL GUN serses of tools.
The 70-year old American Compary offers
thess new items in manual and electric
models, It has also introdoced a unique
RIVET TOOL with a head that rotates 360
deqrees, The “TWISTER," lets you rivet

in namrow and difficolt-to-reach areas,
Information on ARROW tools for the
knowledgeable Do-It-Yousselfer is avadlable
from their website: ww.ammow-
fastner.com.

CRAFTSMAN

Orver 2,200 Craftsman hand tools, made in
Amezica, quaranteed forever. Avadlable at
Sears, Sears Hardware Stoces, and via the
internet at www,seass.com/ craftsman, or
call 1-800-377-7414, 24 hours a day,
seven days a week-to order your free
copy of the “Craftsman Power and Hand
Tool™ cataleg.

With over 40,000 products in stock, The
Home Depot has everything you need for
home improvement. Vizit our web site any
time at www.HomeDepot.com. or stop by
your local Bome Depot today!

w

Milwaukee Hectric Tool's new catsiog fea-
tuses over 400 heavy-duty powes tools
and 2,500 accessories such as crde saw
blades, Sawzall' and jig saw blades, hole
saws, wire brushes, sanding disks and
belts and dnli bits, Call 1-800-729-3878,
Free catalog

Formby's", makers of a complete line

of refinishing and wood care peoducts,
presents this attractive new 16-page,
colorful booklet which includes great
project ideas and tipe on how 1o find and
refinish furndture, Free. Send booklet
requests toc Simple Refinishing Ideas, P.O.
Box 1295, Grand Rapids, MN 64745-1295,
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A FAST FINISH

Moving indoors as the weather
cools offers lots of opportunities
for home improvement, and few
projects are more rewarding than
refinishing antique, collectible or
just hand-me-down furniture. A
piece doesn't have to be costly to
be valuable, and there are plenty
of gems to be found hidden under
layers of old, age-darkened finishes.

You don’t have to be an refinish-
Ing expert to get great results,
either. Here's an easy test to
determine what type of finish is on
the wood: Dampen a cotton ball
with acetone (nail polish remover),
then touch it to the finish in an
inconspicuous spot. If the cotton
sticks or the finish softens, the
plece was finished with varnish,
lacquer or shellac, All are easy to
remove with Formby's Furniture
Refinisher. Unlike many chemical
strippers, Formby’s gently
dissolves even stubborn finishes

yet is gentle enough to preserve
the natural patina that develops in
wood as it ages, This refinisher is
also different from others because
it contains natural oils that mois-
turize, condition and protect the
wood against drying and cracking.
And Formby's makes a Paint & Poly

Remover that’s just as effective s
on other finishes that don't react
to the cotton ball test,

For more information on
products shown in this special
Home Remodeling ldeas section,
see pages 66-67.

FRANHANDLER
HAN
e [ngerd Sewes

The Gutter Alternative. Patented, better
than gutters, better than no guttess, On
thousands of homes. No clogging, clean-
ing, or ground evosion. Rugged aluminum
construction with a 25 year waranty.
Free information. Call 1-800-542-3004.

SK/L

SKIL's 100-page catalog mustxam‘;g the
entire SKIL line of power tools and acces-
sories outlimes all features, benefits and
specifications, Free, call 1-800-815-8665.
Visit our web site at www.skiltools.com,

Get Rid of Your Gutters!

RAINHANDLEA

Self-Cleans.

Unigue lo desien 2
lezoves und debris o blow or
wash .

Protects Property.

e Rainhandler self-Cleaning
system eliminages Gagged, over
flowing goters and downspouls
No ground erosion. No more de-
structive ice dams from frozen
Lgullers

Protects You,

e Rulnbandler self-ceaning
system prosects you from the
need o climb ladders and roofs

10 chean clogeed guiers

Prevents Erosion,
Ramolf & convertedt0a 210 3
foot wide hand of solt rain-sind

droplets sprinkling the I:llldx:urnl"

Maintains Itself.

The all-slumisnm, never-rustisg,
maintenance-free Rainhandber
lowvers make myessy, deseriorating
gutiers and downspoets hesiry

Beautifics.

The Radnhandler sy

cally imvisshle. N

'.l’l uls I! o

detrac " the matural beanty

il your home

Installs Easily

Guarantees,

Rair fer comes with 2 25-yeur
urer’s warranty. Perform

ance satistaction is guaranieed «

return RainhandSer within nimety

fays for 2 [ull refund

Phooe or Write for FREE Information

RAINHANDLEA
[rom Sesetime Corp
Dept. PS 1B
2710 Nond sermeReidgeport, CT 06504
1800942 3004/ Fax 1-800-606- 2028
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Matching - Ees
Wits i
Unabomber

The inside story of how an elite bomb squad
dismantled the Unabomber’s last deadly device.




I'T WAS THE CASE OF A LIFETIME, and it had taken

nearly a generation to unfold. Federal authorities finally ar-
rested Theodore . Kaczynski, known as the Unabomber, in
a one-room cabin deep in the Montana

By Frank Vizard : ivi i '
y rrank Vizard  wildemess, after receiving a tip from his

brother. For 17 years, Kaczynski, a math whiz and former
college professor, had outwitted the law, waging a war against
what he perceived to be the evils of technology. His battle
had claimed three lives and injured 22. Many of his bombings
had victimized individuals associated with universities or air-
lines, hence the Un-a-bomber moniker given him by the FBI.

SRR LR 19%0

With Kaczynski’s arrest, however,
another battle of wits began, one that
matched scientific genius gone astray
against a three-man team of bomb
disposal specialists armed with the
latest in technological gadgetry. Al-
though Kaczynski was arrested in
April 1996, the role of this special
bomb squad was merely hinted at
when President Clinton officially
thanked them for their work this past
February, Only now, following the
May sentencing of Kaczynski to life
imprisonment, can their story be told.

The war of wits began when FBI
agents peered inside Kaczynski's tiny
cabin and discovered a live bomb,
packaged and ready for mailing but
unaddressed. Normally, this wouldn’t
be cause for too much excitement. A
bomb disposal squad would remove
the device and explode it harmlessly.

This time was different. The FBI
needed the bomb defused but also
intact for forensic evidence, The
Unabomber had built his devices so
they couldn’t be linked to him, and

FBI analysis of debris fragments had
viclded few clues, The only common
threads were the initaals “FC." for
Freedom Club, inscribed on eight of
the 16 bombs ultimately attributed to
the Unabomber, letters from FC to
newspapers, and a lengthy mani-
festo published by The Washington
Post and The New York Times in
September 1995

To its credit, the FBI had already
realized that defusing a bomb intact
wis beyond its capabilities. In Au-
gust 1995, FBI agents turned for
help to Chnis Cherry, a researcher at
Sandia National Laboratories, a fed-
eral weapons research facility in Al
buquerque, New Mexico. Cherry, a
Department of Defense veteran of
classified operations, is considered by
those in the secretive bomb techni-
clan community to be the dean of
bomb disposal experts. For the next
nine months, Cherry would be on
standby in case a Unabomber device
wis intercepted before it exploded.
Cherry’s team would include veteran

PHOTOGRAPHED BY JOHN B. CARNETT




Sandia assistant Rod Owenby and Vic Poisson, a long-
time friend and associate with the Riverside, California,
police department.

Shorthy after Kaczynski's arrest, Cherry and Poisson were
on the phone discussing the case when Cherry's other line
buzzed. It was 6:30 p.m. on Good Friday, and Cherry was
looking forward to Easter with his wife. Cherry put Poisson
on hold and picked up the other line. It was the FBI.

“We have a device,” said the agent on the other end of
line, “It's under the bed [in Kaczynski’s cabin].”

Cherry quickly switched the line back to Poisson.
“Don’t hang up.”

The FBI immediately dispatched planes to bring Cherry's
team members and their gear to the scene, Owenby was
excited on the plane. The airport pickup had been con-
ducted like a clandestine operation. Only first names were
used, and no questions were asked.

“Isn’t this neat?” Owenby asked Cherry.

“Tt will be if we're successful,” replied Cherry, who was
beginning to sense the pressure. At that point, Cherry
thought he would be gone from home for two days at most.
He hadn't anticipated what lay ahead.

By 7 a.m. the next morning, the three men had armved
at the site in Lincoln, Montana, The cabin was a few miles
south of town, 500 yards up a narrow trail through a forest.
It sat astnde the Great Divide of the Rocky Mountains at
6,376 feet above sea level,

The three passed through multiple checkpoints, each
manned by federal agents toting machine guns. Finally, they
saw the cabin in the light of a beautiful spring momning. “It
looked like a storage shed at one of our houses,” remembers
Owenby. Since 1971, it had been Ted Kaczynski's home.

Accompanied by a FBI agent, each of the three was led
one at a time to the door of the 10- by 12-foot cabin. It was
crammed with books, boxes, jars, and—ominously—chem-

Simple but Deadly

THE UNABOMBER constructed 16 bombs, using the
simplest of materials with deadly effectiveness,
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icals. A later inventory would reveal that the chemicals
included bottles of sulfur, saltpeter, ammonium nitrate,
and sodium chlorate; the boxes contained zine, aluminum,
and lead, One old cereal box contained 23 bomb igniters,
each made from a piece of cord pulled through a wooden
plug. Other boxes contained batteries; wiring; and pieces
of metal, copper, and plastic pipe.

The cabin lacked running water, electricity, and a bath-
room. [t had a pot-bellied stove for heat; a table, a chair,
and what appeared to be an army cot were the only furni-
ture. The bomb was under the cot,

All three also noticed two other items lying in plain
sight—the hooded sweatshirt and sunglasses depicted in
the FBI's sketch of the suspect, which had been widely
circulated in the media. The sketch was based on an eye-
witness description following a February 1987 bombing
in Salt Lake City,

The cabin and all of its contents would be saved as ev-
idence, but the first order of business was to get the bomb
out of the cabin and moved to a safe location. The bomb,
like many of the Unabomber's past devices, was packaged
in a rectangular wooden box, the size of a thick book,
that would fit inside a mailbox,

Cherry’s team constructed wooden ramps up and into
the cabin, and a remote-controlled robot carefully carried
the device to a nearby field. The bomb was then placed on
a wooden stool; the team built an igloo of heavy timbers
around the stool, cavering the structure with a blue tarp
held down by sandbags. Nobody was overly concerned that
the bomb would detonate while it was being moved, be-
cause Kaczynski’s bombs were always designed to explode
when they were opened. But from this point on, the wooden
structure would contain any explosion, with the blue tarp
acting like a big tablecloth to capture any forensic crumbs.

The cabin, meanwhile, turned out to be a treasure trove
of clues. Perhaps most important were 10 notebooks au-
thored by Kaczynski, “His notebooks were like a technical
memoir,” says Cherry. "My main focus was on how he

thought about explosives and bombs. He had a very elabo-

—~
BATTERIES SCREWS SPRINGS WIRE
Four 9-volt batteries bound together and The bomb was placed Inside » A spring-londed triggering switch Commen multistrand dupley
stripped of their outer casings served as wooden box held together by was connected to the igniter placed wire was used to make Im-
the power source. screws that doubled as shrapnel. Inside the pipe. provised loop switches.
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SOLDERING WIRE

Shock wave

rate set of notes wntten in Spanish,
It was just unbehevable”

Fortunately, Cherry was able to
have Kaczynski's notes immedi-
ately translated, and what he
leamed helped him understand
Kaczynski's approach to bomb-
making and gave him great cause for concern. “His notes
told me that he was a mathematician,” says Cherry. “In
one entry, he was trving to calculate heat transfer on a
bridge wire of the type used in detonators, looking at the
electric current relationship involved. He was looking at
bomb-building from a scientific viewpoint. And that’s
what impressed us,”

Cherry would soon be informed that Kaczynski had
received a Harvard degree at 20, carned a doctorate at the
University of Michigan, and had been a mathematics pro-
fessor at the University of California, Berkeley, His math-
ematical treatises, published in the 19605, were considered
by his peers to be the work of a genius.

I'he notebooks only confirmed what Cherry already
knew, Kaczynsk was a formidable bomb builder who had
improved his technique with cach succeeding device be-

tween 1978 and 1995, Cherry also was one of the few peo-
ple who realized that Kaczynski had recently achieved a

COPPER WIRE

Used to make a solid connection A paile of wires that were routed
between the actual explosive through a wooden dowel served
and the battery terminals. s the bomb igniter
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Disrupting the Bomb BoMB SQUAD technicians have anly ene scientifically tested tool, the PAN disrupter.

HOW 1T WORKS: An explosive charge is set off inside
1he PAN disrupter. A shock wave travels the length
of the tube, exiting with enough force to disable a
timer, battery, or other key component of 3 bomb.

No more spdp-and-run: The PAN disrupter’'s shock
tube can be as long as 5,000 fest for remote use,

technical breakthrough that doubled
the destructive power of his bombs
without increasing the size of the
package. Cherry savs this technigue
was known to only a small number
of people, and that number did not
include any FBI agents.

“Kaczynsks was right on target, technically,” says Cherry,
“What amazed me was that this guy was doing all this by
himself. You're dealing with a guy who has no electricity.,
He's using hand tools, But at the same time he's produc-
ing devices that are extremely deadly. As he progresses, the
fatalities increase.”

Cherry was also impressed with Kaczynski's patience.,
Every component of his bombs was handmade, “He may
have spent weeks working on one little component, He was
so careful about not leaving a trace, other than the Free-
dom Club inseription.”

Porsson agrees with Cherry's assessment, “It was very
clear that Kaczynski thought out each and every minor
detail, and had probably gone through extensive testing
of cach device. He was truly unique.” Ironically, Poisson,
Cherry, and Kaczynski all had the same hobby in high school:
building fireworks,

Ihe team decided that the job would be handled in two

STAMPS LEAD PIPE
Boenbs were mailed using A length of pipe was usad as
L [ d yoars beh the howsing for & mixtere of

often with a Priceity Mail label.

explosive powders.
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phases: The first would render the bomb inactive, while
the bomb would be dismantled in phase two. *Our goal
was to go backward from the completed item to what was
existing on the table when it was started,” explains Poisson.
Phase two would be as dangerous as phase one, however,
since many of the individual components were explosive.
Essentially, the team was looking at bombs within a bomb.

By Sunday, the team was ready to begin disarming the
bomb, but only after spending most of the preceding
night arguing about how to proceed—a discussion punc-
tuated by lack of sleep and too much coffee. Each team
member had a different opinion. X-ray imaging systems
had provided them with some idea of the intenor layout
of the bomb, but the two-dimensional pictures proved hard
to interpret in three dimensions, so the exact location of
the triggering device was difficult to pin down.

“The whole device was hard to interpret,” says Owenby.
“Things in it were odd, and the way it was put together
was odd.”

The team was at an impasse, The FBI Laison, Tom J.
Mohnall, an explosives examiner from the FBI's laiboratory
in Washington, D.C,, looked at Cherry. *You're in charge.
You're calling the shots.” Cherry's interpretation of the
bomb's interior would stand.

The gear needed for the job was ready to go. The team
is reluctant to reveal details about the equipment they use,
concerned that such knowledge may give future bombers
an edge. Much of it, however, involves remote video sys
tems and robotic manipulators of various sizes that can
be operated from a safe distance.

“The days when vou see a guy cutting a red or green
wire, like in the movies, are over,” says Cherry. *We can do
that type of task from a mile away.”

One key device, in use for only a few years and mvented
by Cherry under an FBI contract, is called the Percussion
Actuated Nonelectric (PAN) distupter. [t hovers over the
bomb like a praying mantis about to devour a bug, “[t ba-
sically allows us to use an explosive to disarm an explosive,”
says Cherry, but that is as much as he will say about it, even
though it is now used by bomb squads nationwide since
the FBI distnibuted 500 free of charge last year. As descnbed
by Patrick J. Webb, a counterterrorism supervisor for the
FBI who was also on the scene and had tracked the Una-
bomber since 1982, the PAN disrupter is a long narrow
stainless steel tube about an eighth of an inch in diameter,
through which many different kinds of high-powered charges
can be fired. The shock tube, as it is called, is manufactured
in lengths up to 5,000 feet, so it can be cut to any desired
length, letting the bomb squad remain at a safe distance
from the explosive. When fired with a basic black powder
round, as was used in this case, the PAN disrupter creates
a flash that looks like a bolt of lightning, signaling that a
shock wave is traveling down the tube, When the device
performs correctly—Webb can't recall it ever misfiring—
the shock wave will disable a key component of the
bomb, such as the trigger, timer, or battery. The PAN dis-
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rupter, says Webb, is the only scientifically verified tool
available to bomb technicians. It has been tested so many
times with a vanety of charges that technicians need only
consult a guidebook that will correlate a bomb type to
the correct charge, approach angle, and stand-off distance
in which to use the disrupter. Fortunately, most bombs
seen in the United States, about half of which are pipe
bombs, are of simple construction. “We haven't seen a

The whole
Interpret

ramping up of sophisticated technology,” says Webb. “We're
still in the bomber Stone Age.” Nevertheless, he acknowl.
edges, the Unabomber had proved how deadly even prim-
itive materials can be in a2 bomber's hands.

With the PAN disrupter in place, Cherry allowed Jim
Freeman, head of the FBI's San Francisco office and who,
along with Terry D. Turchie, headed the Unabomber in-
vestigation, to fire the device.

“Is it going to be loud?” asked Freeman.

“We hope it 1s a quict, joyful noise,” replied Owenby.

A few seconds later, a small, muffled thump caused all
three team members to grin. Cherry was the first to inspect
the Unabomber package. The operation was a success: The
package had barely moved. *It was so surgically defused, you
coukdn’t tell it was defused,” savs Cherry. Phase one was over.

As expected, phase two proved more difficult. The
team had prepared a number of special tools for the task
of dismantling the bomb, most of which were invented
for the assignment and wouldn’t be immediately compre-
hensible even to vour average bomb techmician. Again,
the team is circumspect about details, *\We may need cer-
tain technologies tomorrow,” says Owenby.

Still, what the team knew about the Unabomber's pre-
vious bombs wasn’t reassunng. “He was unusual in that
most bombers have a particular way of doing business,”
says Poisson. *He was exceptionally difficult to deal with,
because he did whatever appealed to him at the time.”

Adding to the difficulty were the Unabomber's hand-
made components, which included even the screws. |
Kaczynski's homemade glues were manufactured from
animal hooves and tended to react unpredictably compared
with store-bought matenal.

In taking apart a bomb, the general idea is to apply
heat extremely slowly over a period of hours, in incre-
ments of as litthe as one-tenth of a degree, in the hope
that this will cause the components to eventually sepa-
rate. The difficulty with this approach is that the bombs
tend to be so tightly constructed that moving even a sin-
gle element takes a precise amount of energy. Too much
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heat or too much movement will cause an explosion.

Each move on the bomb prompted a lot of discussion,
but slowly the components begin to peel away, one by
one, much as the team had expected based on their
analysis of previous Unabomber devices.

Then they hit a wall.
“Thhis guy was unbelievably
clever,” says Cherry. “\We

levice
[hings {in

trained so that when we
got to any given point, we
would know a certain set
of tools and gear were
needed. Well, guess what?
He threw us for a 180-dc-
gree turn, We said; Now
what do we do?™

Cherry won't say ex-
actly what the problem
was, for secunity reasons,
but he likens it to expect-
ing to see something in lig-
uid form, then discovering
that it is reinforced con-
crete and that the cup you
brought is useless. Nothing
in the technicians” toolbox
would allow them to proceed. Cherry felt as if he were on
third base, prepared to score the winning run of the base-
ball game, only to learn that all the bats were now broken,

Poisson, the team’s primary gadget maker, was unde-
terred. After studying the problem for the better part of
a day, Poisson stole into a nearby farmer’s toolshed while
its owner was away, and improvised a tool on the spot.
Working with an untested tool can be extremely danger-
ous, and Poisson recalled the old bomb squad adage: “It's
either initial success or complete failure.” Nonetheless,
the team decided to continue.

Making matters worse, the bomb began to behave er-
ratically. An initial application of heat would vield no re-
action, then suddenly there would be a spike in the temp-
erature reading that could cause an explosion. Heat was
dissipating from one part of the bomb but not from another,
No one knew the temperature threshold that would cause
the bomb to explode. Temperatures rose, and the team
backed off until the device cooled, Again and again, they
followed the same procedure. “Add energy” and “stop”
became a mantra. After cach pause, Cherry would per-

Datelme: Uradember's reign of tarrer wiw j

sonally inspect the bomb, looking for signs of discol-
oration or residue buildup.

“The TV systems could give us a look but they couldn’t
tell us certain things,” says Cherry. “We needed a three-
dimensional view of how the energy was affecting the

The Unabombers's snountoin
caliin, Lol in 1971, war both
his hrome anc laboratory, yet it
was sl poaouph 1o be -
ned away by inyestigatons.

device. Every second, we were concerned because we
were putting so much energy into something that was
so sensitive, And we didn’t know exactly how sensitive
it was. I could only speculate on what T saw, what was in
Kaczynski’s notes, and what 1 thought we had, based on
my past experience.”

Slowly, over a peried of hours that stretched into one
nerve-wracking day after another, the bomb came apart.
Potsson's untested, perry-rigged tool had worked like a charm.

Nine days had passed since the team'’s arrival at Kaczyn-
ski's cabin. And piece by piece, they had handed over the
Unabomber’s last bomb into evidence,

A little more than two years later, on May 4, 1998, Ted
Kaczynski pleaded guilty in federal court in Sacramento,
California, and was sentenced to life imprisonment without
any possibility of parole. By agreeing to the plea, Kaczyn-
ski avoided the death penalty. The case never came to trial,
The dismantled bomb was never presented to the court,
and 1t's stored at the FBI's Washington, D.C.,, lab. Kaczyn-
ski's cabin now sits in a warehouse in a former Air Force
base outside of Sacramento, P
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By Gunjan Sinha

Got M

Cloning Versus Microinjection

THE PREDOMINANT method of creating animals that secrete medicine in “Female fetal cow cells are incubated with a
their milk is by microinjection-injecting human DNA directly into animal solution containing human genes, such as serum-
embryos. But this is laborious and, in large animals such as sheep and albumin, a component of buman biood. The
cows, expensive. Cloning also creates animals that produce medicing in genes have already been linked to another gene
their milk, but at a fraction of the cost. What's mare, cloning enables that imparts resistance ta an antibiotic,

scientists to selectively work with cells they know have taken up human
DNA. And because the process starts with a fetus whose sex 15 known,

scientists can select for females—the future milk producers. Microinjec-
tion does not give scientists either option. Here'’s how they both work:

current opens the
cell membranes,
allowing the hu
z e o man DNA and the
- S nle fetul ~ R antibiotic resis- |
cows.cell s tance gene to
slip through,

Serum-albumin and
antibiotic resistance genes

o Scientists start with eggs
taken from the ovares of

cows marked for slaughter,

MICROINJECTION

€ e eqgs are fertil-

and become embryos.
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yroduce cows with life-giving medicines in their milk.

JUST BEYOND THE GREASY burger joints lining the main street of

Worcester, Massachusetts, is a laboratory where a small group of scientists is
tinkering with a technology that might forever transform the way medicines

’ are made. The scientists at this lab are creating a new kind of drug factory,

| one without a single piece of machinery.

I" It will be made from skin, bones, and udder: a very ordinary framework for

' a genetically engineered cow that secretes medicine for humans in its milk. »

> e

o The nuclei from
surviving cells are
fused with eggs whose
nuclei have been re-
moved. The eggs are
implanted in surrogate
mothers. The resulting
calves are clones, be-
cause all are derived
from the same fetus.

Qme cells are transferred to a glass
dish containing an antibiotic, Only the Surviving cells Egg and
cells that have taken up the buman DNA nucleus fuse
and the antiblotic resistance gene sur-

vive, It is the nuclei of these surviving

cells that scientists clone,

Serum-albumin genes

scientists can't
which embryos have
taken up the human DNA,
nor can they tell the sex of
the embryos, all of the em-
bryos must be implanted in
surrogate mothers. Only af-
ter the calves are born can
the scientists determine
which ones are females car-
rying the human genes,

such as serum-albumin,

but only a few of the em-

bryos tzke up the DNA.
75
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Steven Stice hovers over a micro-
scope, eyeing a single bovine cell that
he hopes will grow into a medicine-
making cow, If this experiment is suc-
cessful, the cow will join growing herds
of sheep, goats, and pigs at the forefront
of a revolution in biology. A combina.
tion of two new technologies—gene
insertion and cloning—is making this
revolution possible, It’s all happening so
quickly that the first drugs made from
animal milk could be ready for the
market within a year.

Stice and a group of fellow scientists
formed Worcester-based Advanced Cell
Technology (ACT) four years ago. They
knew that many human discases are
caused by defective proteins, and that
the blueprints for these proteins are
defective genes. The scientists rea-
soned that if they could insert healthy
human genes into a cow, and then
clone that cow, they might be able to
create an entire herd of animals capa-
ble of producing healthy human pro-
teins in their milk. These proteins
could then be extracted from the milk
and packaged as medicines. ACT sci-
entists chose cows because the ani-
mals pump out enormous quantities
of milk and would consequently pro-
duce large amounts of medicines.

ACT's first target drug is human

serum-albumin, a protein component
of blood that, among other functions,
gives blood enough pressure for the
heart to pump it efficiently through
the body. Doctors inject the protein
into patients undergoing vanious types
of surgeries to maintain their blood
pressure. The annual worldwide de-
mand for serum-albumm 15 between 400
and 500 metnc tons, according to Stice,
Currently, serum-albumin is ex-
tracted from human blood. But with
mounting concerns over infectious
human pathogens such as the HIV
virus, human blood has become a sus-
pect source. What's more, ngid screen-
ing procedures have shrunk the blood
donor pool so dramatically that the
protein is becoming scarce, which is
driving up the cost. Stice estimates
that a herd of between 2,000 and
3,000 cows coukl produce enough pro-
tein to satisfy the current demand at a
reasonable cost, without the risk of
transmitting infectious agents.
Producing medicines in animal milk
holds so much promise that even non-
profit agencies like the American Red
Cross (ARC) are interested, ARC has
recently teamed up with the Dutch
drug company Pharming to produce
human fibrinogen—a blood protein
responsible for blood clotting—in cow
milk. ARC is working with the
Virginia Polytechnic Insti-
tute in Blacksburg to in-
corporate fibrinogen
into a sophisticated
new bandage that
stops bleeding al-
most instantly.
“We're talking
about a ban-
dage that could
revolutionize emergency medical care,”
says William Drohan, head of ARC's
Plasma Derivatives Laboratory in

Washington, D.C. “We can also for-
mulate the fibnnogen sealant into
an expandable foam or powder that
could be sprayed on deep gouges to
plug severe bleeding,” he adds.

Fibrinogen is currently extracted
from human blood, but there just aren’t
enough donors to supply the protein
in the amounts necessary to make the
sealant, The only way of producing
huge quantities is to use animals that
have been genetically engineered to
carry the human gene responsible for
the production of fibrinogen.

Milk isn't the only vehicle for pro-
ducing medicine. James Petitte at Noeth
Carolina State University in Raleigh
is trving to insert human genes into
chickens, prompting them to make
human proteins in their eggs. And
Bob Wall of the Agricultural Research
Service in Beltsville, Maryland, is
popping human genes into mice, and
hoping that the mice will produce hu-
man proteins in their urine,

The ability to mix and match
genes from different species—known
as transgenics—has been around for
more than a decade. Mice, goats, and
sheep that carry genes from other
species, including humans, are almost
commonplace, Scientists make these
animals by injecting human DNA into
animal embryos, a process that involves
a lot of trial and error.

Combining transgenic technology
with dloning, however, speeds up the
process and cuts costs by eliminating
a lot of guesswork. To create a herd of
transgenic cloned calves that produce
serum-albumin, for example, the sci-
entists at ACT splice human genes into
fetal cow cells and then fuse the nuclei
of these cells with eggs that are im-
planted in surrogate mothers.

Cloning also gives scientists better
control over the transgenic technique

didn’t start wit




by allowing them to not only add genes,
but also take them away. That could
make it possible to engineer animals
to preduce other medically useful prod-
ucts—such as organs and tissues for
transplantation into humans. In fact,
Stice is trying to perfect a technique
to genetically modify and clone pigs
for precisely that purpose.

Pigs have proven good donors be-
cause the sizes and shapes of their
organs match those of humans, But
because porcine tissue is so different
from human tissue, it immediately tums
black when transplanted: Human im-
mune cells, recognizing the pig tissue
as foreign, choke its blood supply. By
turning off the genes responsible for
this problem, doctors might be able to
transplant pig organs directly into hu.
mans without giving patients toxic
immune-suppressing drugs.

Novartis Pharmaceuticals Corp. of
East Hanover, New Jersey, has already
had some success in transplanting ge-
netically engineered pig hearts and
kidneys into monkeys. In preliminary
studies, the monkeys have been able
to hold onto the transplanted organs
for as long as 70 days.

Stice himself has been cloning ani-
mals since the late 1980s. *The big-
gest misconception about cloning is
that evervthing started with Dolly,”
he says. In fact, the basic cloning tech-
niques used today were developed more
than a decade ago. At the time, the
goal was to clone prized animals for
agricultural purposes. Scientists hoped,
for example, to clone cows with the
highest milk yiclds, the most tender
meat, and the best flavor, But most of
these efforts flopped after experiments
showed cloning large animals to be more
difficult than anticipated. The physi-
ology and embryology of each species
varies tremendously, and the payoff

yelief,
Jolly.
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Product *

was too low to justify the expense.

Combining cloning with transgen-
ics to produce medicines makes bet-
ter economic sense, because the end
product, a drug, 1s worth a lot more
than a prime cut of meat, In fact,
Dolly herself was the result of an ef-
fort to create a sheep that would se-
crete medicine in its milk.

Today, a number of biotechnology
compames around the world are pur.
suing this idea, using sheep and other
animals in attempts to produce a
variety of medicines.

Although Dolly’s birth proved that
an animal could be cloned from an
adult cell, making copies of adult
animals is not the focus of scientists try-
ing to produce medicine in animal

Vaccines against ~ The World Health Organization esti-
malaria, blood mates that up to 5 million people
~ GENZYME anticoagulants,  contract malaria every year, and
TRANSGENICS  antibodies more than 2.5 million die. A vaccine
Framingham, against HIV, and = would present the biggest boon to
Massachusetts blood compo- travelers who have no natural immu-
nents such as nity to malaria and often need to
serum-albumin be hospitalized upon contracting it.
Proteins to treat | Hemophilia is & hereditary blood- ,J
, hemaophilia, clotting disorder that mostly affects
PHARMING muscle disease, = males. The National Hemophilia f
~ HOLDING NV intestinal infec- = Foundation estimates that 1 in
 Leiden, tions, and 10,000 LS. males are born with f
- Netherands rheumatoid the disorder. Blood-clotting proteins
) arthritis are currently extracted from blood,
Making them in animals will provide
larger quantities at lower cost.
Proteins to treat = The Cystic Fbrosis Foundation esti-
PPL cystic fibrosis mates that 1 in 3,300 people are
. THERAPEUTICS and emphysema; = born with cystic fibrosis, the most
) proteins that common fatal hereditary disease in
Rostin, help digest fats; = the United States today, It causes
Sostiand proteins to serve | the body to produce a thick mucus
as nutritional that clogs the lungs and causes fatal
supplements for = infections. The average lifespan of
infants patients is only 31 years, PPL's treat-
ment would prevent fatal lung dam-
age caused by mucus buildup.

milk. “Why use an adult cell when we
have much greater success in making
cloned transgenic anmals with younger
fetal or embryonic cells?” Stice asks.

But that doesn't mean scientists
aren’t investigating the cloning of adult
cells. There are many unanswered
questions about how cloning works,
and the technology has other appli-
cations such as cloning endangered
species, growing human bissues for
transplants, and generating cloned lab
amimils for rescarch, Making medi-
cine in animal milk is simply the furst
application of cloning. Although some
of the future applications may be eth-
ically troubling, their potential bene-
fits are too tantalizing for scientists
not to forge ahead. P
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An ingenious
night-vision system
for cars illuminates

the scene beyond

the sweep of your
headlights.

By Dan McCosh




YOU DON'T WANT TO THINK about what’s out there be-
vond the reach of vour headlights on a dark road. The oc-
casional deer, for instance, neglecting to wear the mandatory
reflective garb of today's cyclist or jogger, is dead meat for a
car traveling 60 mph. At that speed, the minimum braking
distance is long gone by the time a driver can react to an
animal’s sudden appearance in low-beam headlights,

But next vear, using one of the warm-blooded mammals, And t
more mngenous adaptations of Viet why the engineers walking around
nam-cra military technology ever to in the parking lot show up white
trsckle down to civilian use, € against the dark, cool sky as thesy

1 hopes ta change all th: stand on a hght-gray sea of asphalt
slowly !H*ll'l'.".' 25 d4ccu
lated ea
Out There in the Dark the midday s
It's an eerie view of the
Normal headlights have surprisingly little range, world. @ new way of secing
1 low beam. The Infrared detector things, and it takes

jects about five times farther ting used to, Reflectes

away than most high beam —evervthing from early
acetvlene lanterns and ele
tric bulbs to today's high-in
tensity discharge lamps—has
held sway as the proper wiy
tor drivers to see the roa
ihead for nearly a hundred
years. This new infrared
RGO
of objects
what
pops up in asweeping beam
ot light. Trees, people, an
muost objects are clearly
Ina prototype model-year-Z0D0D ble on the road and oft through t
Cadillac DeVille, a head-up display dark, while the warmed pavement
floats a ghostly image in the air can be seen far beyond the reacl
ahead of the windshield, just below any conventional headlight syste
the normal line of sight. The image until the road disappears over the
is generated by heat in the infrared crest of a hill ahead.
range, at wavelengths longer than Infrared vision gamed the atten
the visible light spectrum. Though ton of the U.S. military in Vietnam
the system detects heat over i During that conflict, mighttime heli
broad range of radiation, it is partic copter maneuvers and infrared’s

ularly sensitive to the heat range of ability to see through jungle foliage
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NRI’s PC Servicin
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DRI

—

Your
Pentium® Il

features the

o Peatinm® 11 technology
o 32 meg RAM

¢ 5 gigabyte hard drive
o 32X CD-ROM drive

o 16-hit sound cand

* VGA color monitor

NRI's PC Servicing course now includes the Pentium® Il 300
computer system—the optimum in PC performance and power.

NRI consistently stays way ahead of the
pack when it comes to putting flexible
training together with cutting-edge tech-
nology. Enroll in NRI's PC Servicing
course and get a Pentium [T 300 personal
computer to train with and keep—and at a
tuition price close to what you'd expect to
pay for the PC system alone,

Your system features MMX™ technology,
3 gigabyte hard drive, 32X CD-ROM, 56K
baud fax/modem, Super VGA color monitor,
and more. Still the best buy around, your
training also includes Windows 95 software
(with free 98 upgrade), ForeFront Trouble-
shooter Diagnostic software, the NRI Dis-
covery Lab, a digital multimeter, CD-ROM
training from Norton Interactive, computer-
aided electronics diskettes, and more.

PC Servicing is one of a number of train-
ing options available from NRI Schools
and the McGraw-Hill continuing educa-
tion division. We specialize in a variety of
educational and multimedia products for
use in consumer and business and in-
dustry training, For more information on
other self-paced, distance leaming train-
Ing courses, contact our website at:
www.mhcec.com

One-on-one instructor support guides
vou through the basics of electronics to
advanced computer servicing techniques.
By the end of your training, you'll have
leamed how to keep today's sophisticated
PCs running at peak performance. And
with NRI's A+ Certification Test Prep on
CD-ROM, you'll gain the confidence and
competence you need to advance at your
current job, begin a new career, or start
your own business.

Now you can reach us
four different ways!

If the card is missing, WRITE to NRI
Schools, 4401 Connecticut Avenue,
NW, Washington, DC 20008

or PHONE us at 1-8003214634,

Ext. 3355

or FAX us at 202-244-2047

or VISIT us on the Web at http://
www.mhcec.com

GET YOUR FREE NRI CATALOG NOW!

: ”ﬂlSOhOOI& 4401 Comecticut Avorue, NW, Washingen, DC 20008
| ¥ Check one FREE catalog only _J Check here foe detadls shout using
. PCSERYIGNG your GI benefits far NRI training
l - Computer Programmung
| TV Video' Aadio Servicing Networking With Windows NT
| J Desktop Publishing With PageMaker | Bookdoeping and Accounting
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l Address
| City Stie Zip
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UNTIL RECENTLY, detailed information about Russian
spacecraft wasn't easy to find. During the cold war, it
took years for even the simplest drawings to be released,
and photographs were often grossly retouched,

The past few yvears, however, have brought a torrent
of revelations about space hardware developed in the for-
mer Soviet Union. Russian historians and journalists,
no longer forbadden to investigate or publish information

about once-secret space programs,
are rewrniting Soviet space history.

Museum directors who squirreled
away secret exhibits, some of which had been ordered de-
stroved, are now revealing their hidden collections. And
Russian space organizations are releasing documents and
photographs in an effort to earn the respect and trust of
potential Western customers

“All of this is aiding in the piecing together of the his-
tory of space flight,” says NASA chief historian Roger D.
Launius. “The Soviet Union had closely guarded mforma-
tion about its space activities, even to the extent of deny-
ing that there had ever been plans to land a cosmonaut
on the moon, but now we are beginning to learn the full
extent of the Soviet space program and its considerable
capabilities. The release of documents and hardware has

RE

prompted a reconsideration that would have been impos-
sible before these materials became available. The result
has been a blossoming of comparative space history, as
new understandings have emerged.”

Soviet pictures, government reports, memoirs, and in
terview transcripts at last provide a full view of what went
on behind the curtain of secrecy. A few of the newly re-
leased images have opened windows on secret Soviet pro-
grams that were suspected but never proven by Pentagon i
experts, For example, images of the Polvus-1 spacecraft
confirm that in 1987 the Soviets were preparing to launch
a space-based anti-satellite weapon that would have set off
a massive arms race in space.

To help ascertain just how formidable the Soviet

space program was and to predict what the new Rus-
sia may contribute to mankind’s continuing quest
in outer space, POPULAR SCIENCE has assem
bled a gallery of secret Soviet spaceships.
Some of these craft actually flew; others
existed only on paper. They represent
some of the most significant space
programs undertaken in the
Soviet Umon during the
1960s, '70s, and "80s.

Killer satellites, monster
space stations, super
spy cameras, and a trip
to the moon were all on
the agenda of the once

“evil empire.”
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cret for

cosmonauts to
p a glant Proton rocket at the

moon. Zond was the precursor to an anti-
unch escape system on its nose. Designed to pull a
t, this system is found only on spacecraft that are intended
aboard. But there were too many booster and spacecraft failures in ‘67
, and the Russians never cleared the Zond spaceship for manned flight.
For their planned lunar landing mission, the Soviets upgraded their Soyuz Earth-orbit
vehicle to take two men into lunar orbit and back. They called the new spaceship the L-1.
At least one such vehicle was prepared for an unmanned test flight in 1969, but the test
failed when the L-1 exploded.
To land on the moon, the Soviets developed a miniature lunar module that would carry
a single cosmonaut. This spaceship, called the L-3, was even tested in Earth orbit without
human passengers. Since the lunar landing would have relied on failure-prone rockets and
would have required a cosmonaut to trans-
fer from one ship to another in
- open space, even the Russian as-

sidered the assignment “sporty.”

Recalls Aleksey Leonov, “It's probably

just as well I didn‘t have to actually try
this on the moon.”




ZARYA LANDING

[ sPACE FerRY | S R

Soviet space ambitions were at an all-time high in the mid-1980s, when the
Mir space station and Buran space shuttle were being built. Looking several
staps beyond these spacecraft, Soviet engineers designed a reusable eight-
person ferry called Zarya, intended to fly to space stations that would be
much larger than Mir. Using a scaled-up version of the tried-and-true Soyuz
capsule, the engineers replaced the “burn-away" heat shield with reusable
tiles like those on NASA's space shuttle, and moved the touchdown-cushion-
ing rockets from the center of the spacecraft to the rim.

The 26,000-pound capsule, twice the weight and size of the Apollo cap-
sule, was intended to carry crews and supplies into space and back. It was
to be launched on the new Zenit rocket or carried into space in the cargo
bay of the Buran shuttle. A two- or three-person version would carry
3 tons of supplies, and an all-passenger model would carry eight
cosmonauts routinely and 12 in an emergency evacuation. /

Begun in 1985, the project was canceled in ‘89 when the
Soviet Union’s economy began to collapse and plans for the
shuttle and future big space stations were scrapped. Zarya
was briefly considered as an escape vehicle for the crew
on the International Space Station but was deemed too

expensive even in that role. ( F

_

ZARYA SUPPLY SHIP

SALYUT 3

SNAPSHOTS FROM SPACE

In the '70s, the Soviets launched a series of 20-ton
Salyut space stations on year-long orbits and sent up
crews to visit them for months at a time. Western ob-
servers suspected that the Salyut name covered two
separate projects, one for civilian scientific research
and one for military applications, including recon-
naissance. The Soviets provided vehicle drawings and
onboard photographs of the civilian version, and even

tary Salyut ground " .
simulators, " ‘3 '._'
This recently : 4 FILM CANISTER
released cutaway
drawing shows why. The space station contained a
massive spy camera for observing U.S. military tar-
gets. At the back end was an ejection chamber for
film canisters that could deliver pictures back to

allowed reporters access to training mockups. But for
the “other” version, only a few fuzzy televised on-
board views were ever released, and it wasn't until
'97—almost a quarter-century after the first flights
—that Western journalists were able to see the mili-

84

Earth while the cosmonauts continued in flight. One
of these canisters was auctioned at Sotheby’s a few
years ago, and brought $42,500. More recently, the
Russians have begun trying to find Western commer-
cial customers for such cameras and entry capsules.

oCTORERN 1990




ANTI-SATELLITE SYSTEMS

Considering its history, Russia’s obsession with defense against intruders is entirely un-
derstandable. So as soon as foreign satellites began orbiting overhead 40 years ago, the
Russians began work on weapons to destroy them. They chose to build a “"co-orbital”
anti-satellite system that could fly into space to seek out and destroy target satellites.

This 3,000-pound spacecraft, the world's first space weapon, was test-flown in 1963.
Its military purpose was disguised. Labeled Polyot-1, the vehicle was said to be a peace-
ful spaceship designed to practice maneuvering in orbit, For 30 years, not a single image
was ever released, until Western visitors to a Russian space factory noticed a strange ob-
ject in a historical display area. After a few photographs KILLER SATELLITE
were taken, later visitors reported the spacecraft was no
longer on display.

Between 1968 and 1983, the Soviets launched a se-
ries of “killer satellite” tests, using a warhead derived
from the Polyot vehicle. In public, these devices were
announced as scientific research satellites, but no
photographs were ever released. Only in the past few
years have pioneering Russian space historians dug out
and published the view shown here.

POLYOT-1
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ARMED SALYUT

STATION DEFENSE

The Soviets always suspected some-
thing sinister from NASA’s professed
peaceful space exploration, which
they feared hid plans to attack So-
viet space vehicles. (That's because
the Soviets knew that their own
“peaceful” proclamations were re-
ally propaganda covers for the secret
development of space weapons.) So
when Soviet engineers designed the
Salyut manned space stations for
military missions, they included ver-
sions carrying defensive weapons,
from cannons to lasers to space-to-
space missiles. This drawing shows

a manned space station armed with
missiles. It was never built.

POLYUS CONCEPT

STAR WARS
POLYUS LAUNCH

e placed in space.
When the Buran shuttle
project was delayed, the
opportunity arose to use
to instead launch a 100-ton payload
rdware. This super-secret weapons pay-
own as Polyus, or Pole. When it was launched
87, Soviet space officials simply called it a “size
ght dummy mockup.”

Polyus was actually a black cylinder 37 meters long and
4.1 meters in diameter, with an off-the-shelf space tug at
one end. Polyus possessed deployable tracking targets and
large tanks of gases to be released into the ionosphere. The
craft also carried a “Skif-DM™ apparatus (probably an anti-
satellite laser) and, according to some reports, a rapid-fire
aircraft cannon.

Although the project had been approved by earlier Soviet
leaders, apparently Mikhail Gorbachev was never fully briefed.
When he traveled to Baykonur to watch the launch, he re-
portedly was horrified to discover that the Soviet Union
was about to orbit a “death star” that would jeopardize his
diplomatic campaigns against Star Wars. Gorbachev allowed
the rocket test to proceed but ordered that the payload never
be activated once it reached orbit. As it turned out, the space
tug misfired, and Polyus fell into the Pacific Ocean. )
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By William G. Phillips

ON A CHILLY MONDAY morning in south<en
tral Virginia, a former motel clerk and an ex-Mc
Donald’s cashier settle in at their desks. Down the
hall, a recently laid-off plant manager pours coffee
for a police officer who's in the midst of a career
change. Just before 8 a.m., they gather to discuss
the day’s mission, which, as they sec it, is to save the
world, Or at least the state of Connecticut.

Welcome to the Software Factory’s Year 2000
remediation facility in South Boston, Virginia, a
town of 7,000 that no one is likely to mistake for
Silicon anything. It is here, however, that a group
of computer neophytes—some of whom hadn't
even heard of the Year 2000 problem until a few
maonths before—are working to ensure that Con.
necticut residents don’t get bitten by the millen-
nium bug on January 1, 2000,

Why South Boston? Why not? With a little more
than a year to go before the change of century,
companies and government agencies are working
feverishly to ensure that their computer systems
don't read the year 2000 as the year 1900, As the

immaovable deadline draws closer, however, many

programmers, mostly because of shortsightedness,
used to save computer memory, which historically
has been extremely expensive, It 1s prevalent in
mainframe computer systems, many of which run
on ancient (by computer standards, anyway) pro.
gramming languages like Cobol, in so-called firm-
ware (tiny chips with simple programs etched into
them that, among other tasks, control many facets
of manufacturing), and even in older PCs. Instead
of depicting years as four digits— 1998, for exam-
ple—years appear in computer code as two digits:
98, The *19" is understood—even after January 1,
2000, when millions of computers around the world
will read *00" as *1900."

Big deal? Actually, it is. In today's society, com-
puters control everything from defense systems to
the clectric grid that powers vour home, So if the
thought of a huge mainframe spewing out bad data
prompts a yawn, consider the consequences. Your
credit card bill is suddenly 99 years overdue, you
owe another century’s worth of interest on your
home, and Grandma gets a notice to enter kinder-
garten {assuming the mail is still moving). Phone
lines are busy, and e-mail 1s down because the clec-
tricity 15 out. You're under a boil-water alert, and
the shelves at the local supermarket are bare. And

Armies of programmers are racing to fix the
Year 2000 problem, but many are using -
shortcuts that merely play for time.

are facing an irresistible force—there's more pro-
gramming to do than programmers to do it. Most
are turning to outside vendors like the Software
Factory—more than 600 have matenalized across
the nation over the past two years alone—for help.
Which underscores the essence of the issue: The
Year 2000 bug is proving so pervasive that some
computers will likely not be ready.

What Is the Problem? ‘5

JANUARY 2000 MARKS the halfway point of your
30-year, $100,000 home martgage, but your latest
statement seems a bit high. Using this mortgage
scenerio as an example, here's how the Year 2000

But perhaps more disturbing is this reality: In bug could iead to loan miscalculations.
many cases, it's too late to fix the problem cor- CURRENT  CORRECTED
rectly. Instead, programmers are reaching into a SOFTWARE SOFTWARE
bag of tricks and pulling out ways to work around CURRENT YEAR 00 2000
the problem—a fact that has more than a few ex- PURCHASE YEAR () 85 (-) 1985
perts worried that we'll be dealing with Year 2000 m OF LOAN (YEARS) -85 15
issues long after the year 2000,

The Year 2000 problem, as you've likely heard, UNPAID BALANCE  $37,187,641 $74,019

is the unfortunate result of years of shortcuts that
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oh yeah

count disappears faster than it did last
time you visited Vegas

Okay, that’s a worst-case scenano
But the Year 2000 bug will likely hit

the money in your bank ac-

Year's Day hangover. Embedded chips,
for example, show up m the unhkeliest
of places, such as on the ocean floor
(oil rigs) and in space (satellites). And
though only a small percentage of them
are affected by the bug—Iless than |

percent—billions are in circulation;

finding the susceptible ones 1s not easy,
A single chip could, say, bring a power
plant to a halt because it detects over-
due maintenance. Or, closer to home,
freeze traffic lights and elevators.

some people harder than their New
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Battling the Bug

THE MILLENNIUM BUG is such a formidable
opponent that programmers are concentrat-
ing on fixing only the computers critical

to a business's operation. Here is where
some key industries are at present.

X

Though only one-third of the FAA's criti-

cal computer systems—air traffic control,

for example—had been fixed as of press

time, administrator Jane Garvey, insisting the
organization will be ready, recently announced

plans to fly across the country shortly after mid-

night January 1, 2000, Boeing and Airbus say their air-
craft have no Year 20003fety issues.

Missiles will not fire without warning, says Army con-
sultant Rich Hoffman. Though these and other weapons
have embedded chips, Hoffman says a malfunction
would disable the weapon, not deploy it. The bigger
issue, he says, is the possibility of a mistaken offen-
sive. Recently, the Clinton administration appointed a
commission to raise awareness in the international
community about this issue.

Billing systcmsﬁ more at risk than operations, says
Steve Rosenstock of the Edison Electric Institute, which
represents America’s publicly owned utilities. Even if
an embedded chip detected a maintenance problem,
Rosenstock says, the chances are slim that it would
shut down the system.

Only 30 percent of U.S, hospitals have formal remedia-
tion plans, yet the effects of Year 2000 could be dire:
Not only could medical records be lost, but IV feeders
could malfunction and dialysis machines could
shut down. On the positive side, pacemakers
and other medical implant devices are not
affected, contrary to popular belief,
) says leading manufacturer Medtronic.

The Year 2000 problem could show
up in two places: the internal clock
or the operating system. All Macin-
tosh computers and operating sys-

tems are compliant, but IBM-compatible PCs built before
1996 with Pentium or older chips could face millen-
nium bugq issues, depending on which version
of the chip you have. As far as operating
systems, Windows 98 has no problems,
but Windows 3.1 and older versions of
Windows 95 will need software patches.
Software to test and fix these older
machines and systems is available on
the Internet. Also, a few software pro-
grams, such as Intuit’s online banking
software, have Year 2000 problems.
v
The major U.S. banks are well along.
Small banks, however, are lagging, prompt-
ing experts to warn that some of them could
be bought out as a result of Year 2000, Even so, they
say, your money should be safe, But if you're looking
for another layer of security, keep copies of old finan-
cial statements—along with copies of credit card,
investment, loan, and tax records—just in case,
v
The Social Security Administration began its efforts
seven years ago and, as such, is the government’s poster
child on how to fix the problem correctly. It is also
working with related agencies—the Treasury Depart-
ment, Federal Reserve, and Postal Service—to ensure
checks are delivered on time.
v
Though the major U.S. long-distance
carriers—AT&T, Sprint, and MC(I—
expect to be ready, their transmission
systems depend on the nations 1,400
regional carriers to work properly. The
Federal Communications Commission
says 98 percent of U.S. coverage areas
will be compliant by mid-1999. Calling
international? Experts warn that some develop-
ing countries will likely not make the deadline.
v
With most aspects of the securities industry reliant
on computers, Year 2000 is a top priority. In July, the
Securities Industry Association sponsored a two-week
test—the first e@mple of an industry coming together to

test for the bug—involving major stock exchanges and
29 brokerage firms, among others. Results are encour-
aging; no major glitches were uncovered.—W.G.P.
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Or make them work improperly, Janu-

ary I, 2000, is a Saturday, but some
embedded chips—such as those used
in some bank vaults and building sys-
tems—will think it's Monday, as it was
in 1900, and operate on a weekday
schedule. Likewise, they'll go into week-
end mode on Thursday, January 6,

And if the Year 2000 problem itself
wasn't challenging enough, a few re
lated issues are complicating matters.
The first is February 29, 2000. The
1900 calendar had no leap day, but the
vear 2000 does, Because leap days dur-
g millenmal vears are somewhat rare,
many programmers mistakenly did not
include one for 2000. As a result, even
Year 2000compliant systems must be
checked for leap day compliance,

In addition, in what can only be
considered a crued joke from the patron
saint of bad timing, the world could
get a taste of a Year 2000-hike fiasco
next vear, Many old-time programmers
used the number 9999 as a signal to
the computer that it has reached the
end of a file, On September 9, 1999,
dates in some code will appear as 9999;
if not corrected, computers, 4s in-
structed, will quit reading the file, frecz-
mw the machine, Likewise, svstems that
use socalled short Jultan dates (the
numernical day of the year instead of
the month and the day) could fail on
April 9, 1999 —the 99th dav of 1999.

All of thas has Bob Remnke prepanng
for the worst. The 49-vear-old program-
mer and Year 2000 consultant has
worked for a number of federal agen-
cies in the Washington, D.C, area dur.
ing his 29%-year career. *1 knowingly put
bugey code in,” he says. “And [ was
quite proud of the fact that [ saved two
bytes of memory every time a date was
used. No one thought these programs
would still be around.” But they are, and
Reinke believes history won’t measure
the effects in dollars. He predicts global
chaos lasting as long as six months. He's
stocking up on food and water, expects
to be without electricity for days, maybe
weeks, and plans to take much of his
money out of the bank. “January |,
2000," he says, “will be remembered
as Black Saturday.”

Though Reinke's dire predictions

ve BAAALLL BER AL

Get date
and time

are by no means common in the in-
formation technology {IT) world, they
do underscore the complexity of a fix
that—at least on the surface—seems
pretty basic: Just find each date field
in a piece of code and expand it to
four digits. The main problem is that
programmers are a wacky sort, not
willingly constrained by either logic
or consistency. So in a medical soft-
ware program, for example, a pa-
tient's date of birth might be defined
as DOB in one place and PDB in an-
other, Or, just for fun, the program-
mer may have defined it as the name

Why You're Taking the Stairs

IT'S THURSDAY, January 6, 2000, and the
elevator in your office building isn't func-
tioning. What's up? Seems the computer
system that operates it is off for the
weekend. Here's why.

To detarmine whes an elova-
tor should operate, a com
puter runs a simple program
like this one. If not ready for
Year 2000, the system would
put the elevator into week-
end mode on January 6—a
Saturday s the year 1900,
Simitar programs operate
door locks, heating and air
conditioning, and other
bullding syntema.

Go to ground

floor and lock

of his golden retriever. Finding all
these dates takes an enormous amount
of time and testing.

As a result, many companies are
looking at alternative approaches, the
mast popular of which is called window-
ing. In fact, it’s become the preferred
Year 2000 methodology around the
world, With windowing, instead of
expanding year fields to four digits,
the existing two-digit field is assigned
two windows that define the century,
Windowing works as long as the data
doesn't span more than 100 years,
which eliminates it as a possible solu-
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Testing the

Assembly Lines

EACH DAY, THOUSANDS of program-
mers descend on America’s factories

to search for the tiny electronic time
bombs that could shut production

lines down. And nowhere in the manu-
facturing sector is Year 2000 reme-
diation more daunting than at the
Big Three automakers, which are

scrambling not only to ensure that
their own houses are in order but
also those of 100,000 suppliers.
What's at stake? Recent tests
offer insight: Technicians at each
automaker independently set factory
computers to January 1, 2000, While
most manufacturing systems contin-
ued to function properly, some did
not. At Ford, assembly line robots
continued as though it was business
a3 usual-—except that they couldn't
be reprogrammed to work on new
models. At General Motors, some ro-
bots stopped completely. At Chrysler,

tion for programs that feature, for
instance, dates of birth (including
Social Security and IRS systems).

Freddie Mac, the multibillion-dol-
lar mortgage buyer based in McLean,
Virginia, is relying heavily on window-
ing. The company purchases more than
one million mortgages each year, most
having a life span of 30 years. Pay-
ment, term, interest, and other infor-
mation about each mortgage is kept on
the company’s vast computer network.
In its windowing scenario, numbers
falling between 50 and 99 in the vear
field are interpreted as occurring in
the 20th century, while numbers be-
tween 00 and 49 are read as the 215t
century. So, for example, 09/01 /98
would be interpreted as September 1,
1998, while 09/01/05 would be read
as September 1, 2005,

The main advantage of windowing
is that programmers do not have to
find and expand every date field in
the code. That’s because each com
puter language has specific words re-
served for date-related functions,

92

a line of stamping presses failed to
operate, requiring a $600,000 fix.

But no one is panicking—at least
not yet. GM, Ford, and Chrysler all
are midway in a multiyear effort to
check every system for the bug, fix
the flaws, then run tests to ensure the
systems run seamlessly into the new
century. (The Big Three are also test-
ing computer controls in cars and
trucks for Year 2000 problems, but
so far have found none.)

Automakers are especially vulner-
able to factory disruptions because
computers control assembly lines,
robots, paint systems, inventories,
and machines that cut, grind, rout,
stamp, mold, and extrude parts, They
also regulate safety systems and
quality control. If computers malfunc-
tion, cars could emerge with faulty
welds, substandard parts, or botched
paint jobs. “That's why we're check-
ing everything,” says Don Costan-
tino, GM’s Year 2000 manager.

The industry’s problems are com-

such as "sort,” "difference,” or “com-
pare.” Programmers scarch for the
keywords, then program the window
over these functions, (They also ensure
that the 00 in the year 2000 won’t mess
up date-related calculations.)

For all its benefits, however, the
industry’s rehance on windowing is
raising a few eyebrows. “It"s a Band-
Aid, or maybe a tourniquet, because
it constrains the useful life of the sys-
tem,” says Robert Martin, head of
Year 2000 efforts for Bedford, Massa
chusetts-based Mitre, a government-
funded organization advising the
Department of Defense and the Fed-
eral Aviation Administration. “Even-
tually, either the code will have to be
expanded, the systems replaced, or
the window moved forward.” Freddie
Mac, for its part, plans to phase out
windowed systems in the early 2000s.

Windowing also raises complexities
when interacting with external data.
Freddie Mac receives electronic infor-

. mation from 2,300 outside sources, all
“2of which must be Year 2000 compliant.

WIB your PC crash en Janaary 1, 20007 www.popsci.com

pounded by its reliance on a single
supplier for almost every part. “It's
virtually impossible to replace a
supplier on short notice,” says Roger
Buck, manager of Chrysler's Year 2000
effort. For suppliers who lag behind
on Year 2000 efforts, automakers will
insist that they stockpile parts be-
ginning late next year.

The Big Three plan to spend most
of 1999 making sure all systems are
running properly. By the end of next
year, GM, the world's largest auto-
maker, will have tested more than
half a million devices and fixed or re-
placed the flawed ones. Cost: up to
$550 million.

The automakers are confident they
will make the deadline, adding that
the bug may be a blessing in disguise
because it's forcing industry to mod-
ermize. So come January 1, 2000,
they say, Americans may wake up to
a partial industrial meltdown—or a
system of mass production more ef-
ficient than ever.—Doug McInnis

At each interface, the company must
check that its computers read the in-
coming data correctly. If, for example,
a particular mortgage lender has ex-
panded date ficlds to four digits, then
Freddie Mac¢ must build in a software
“bridge” to strip the century indicators
from that data before it enters the
company's system.,

Drawbacks aside, there's no deny
ing the cost and time savings of win-
dowing. According to Michael Censky,
head of Year 2000 efforts for Freddie
Mac, the company is spending $75 mil
lion to fix the bug. In addition, 10 per-
cent of its 3,500 employees are working
on the problem. How much more time
and money would it take to do four-

-

digit expansion? “I can’t even guess,”
Censky says, adding that windowing
will allow some companies to make
the deadline that otherwise would not
Rich Hoffman, a member of the
U.S. Army Materiel Command's Year
2000 team in Alexandria, Virgima,
agrees, but wornes that there’s a ten
dency to jump into windowing too
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quickly. The Army’s preferred fix is
four-digit expansion, and Hoffman’s
team makes every effort to employ this
method. However, he admits window-
ing is sometimes unavoidable. “It
buys you time,” he says. “And in cases
where there’s limited documentation
and resources, it’s the best choice.”
Hoffman's bigger concern is the
historic shortsightedness of the I'T
community. “Considering that no one
thought Cobaol would still be around
today, [ wonder how we're going to
follow up after 2000, It would be easy,
especially with the high turnover in
this industry, to let this problem come
back and bite us again.” According to

and adds 28 years to outgong data, Ac-
cording to Hoffman, a time bridge
will likely be used to fix Autodin, the
messaging system used by the military
to send classified e-mail to and from
the battlefield. Years mirror each other
in this 28.year window until 2100, so
the problem doesn’t go away forever
with this approach either.

Though windowing and encapsu-
lation are the most common altermative
approaches, there are several others
that squeeze century information into
the existing six-digit space. One method
involves making the first digit a century
ficld (where the number | equals 19,
2 equals 20, and so on), the next two

When the dust sabil

Hoffman, the post-2000 con-
tingency plans for the De.
partment of Defense
(DoD), of which the
Army is a part, center
around fixing or re-
placing systems that
have been win-
dowed. In the mean-
time, DoD plans to
terminate at least
170 control, com-
mand, communica-
tions, and computer
systems and replace
them with equipment
not infected by the
Year 2000 bug.
Another sidestep
approach, being em-
ploved on a lesser
scale, is a 28-year time
bridge. The 1972 calendar mirrors
2000's exactly. By setting computers
back 28 years, programmers can en-
sure they operate in the same way,
Often called encapsulation, this
method works as long as the actual
year doesn’t influence the functional-
ity of the program, such as with a key-
card access system that uses only
day-of week input, If the system inter-
acts with external sources, program-
mers write a software bridge that
subtracts 28 years from incoming data
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a year field, and the last three a Julian
day-of the.year field. The benefit of
this method is that file size is not af-
fected. The downside: Programmers
still have to find all the date fields.
For vendors like the Software Fac-
tory, the IT community’s reliance on
alternative approaches is a boon. “The
problem is not going away on January
1, 2000,° says Jerry Hill, co-owner of the
Software Factory, whose employees all
went through a month-long unpaid
boot camp” to learn Cobol before

being hired. “We’ll have a strong Year
2000 business into the next century.”
But programmers on the front lines
of the Year 2000 fix are not looking that
far ahead just vet—there's still a lot of
work to be done before January 1, 2000,
According to Hoffman, the Army's
systems are now more than 80 per-
cent compliant—and on schedule to
be completely fixed by the end of this
year—but the organization will spend
most of next vear testing them. “Fix-
ing the code is a small facet,” he says.
“Testing and implementation take
longer than actual code renovation.”
That has Martin concerned. “Even
though organizations will likely address

2000 will be

all their critical
systems before
the century
change,” he says, “they
may not have time to do
proper testing. So the
question becomes, Do

* we really know how our
computers run?”

Bob Reinke is con-
vinced we don't, “Year
2000 going to set the

industry back 30 years,”
he says. “People are going
to blame everything on comv
puters for a long, long time,”
Hoffman is more optimistic, but

does worry that word is not getting
out to small businesses, “Walk into
the local grocery store,” he says, *and
ask them if they've checked their inven-
tory control systems or their credit card
readers, You'll be amazed at the strange
looks you'll get.”

But back at the Software Factory, Jerry
Hill—who himself was writing buggy
code as recently as 1996—sees a silver
lining. “We've learned a tough lesson,” he
says, “After January 1, 2000, technology
no longer will be an unmanaged asset.

*When the dust settles,” he contin-
ues, “Year 2000 will be remembered
as technology’s coming of age.” )
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BY Erank Vizard

FOR MORE THAN a decade now, it has

seemed too good to be true: a satellite telephone

system that will let you make or receive a call
from anywhere in the world. And sitting in a
conference room in Lansdowne, Virginia, watch-
ing a series of diagrams and charts on an

overbicad projector in a conference room does littie to muke
the age of personal satellite communications feel real. Until,
that is, the manager of the facibity nts a switch,

Suddenly, hke a scene from @ James Bond movie, a steel
shutter on one side of the room rises, affording vouo a first
look at the Iridivun control center a floor below. Technicians
man four rows of computer consoles, checking everything
from telemetry to weather, All of them are too busy to even

look up at you, Above their heads are four large soreens that

-
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The Internet Goes to Space

OVER THE NEXT FEW YEARS, the low Earth orbit (LEO) region
approximately 310 to 930 miles above the planet’s surface
promises to become a very busy place. Many companies want
to use LEOD satellites to move large data files containing
audio, video, and graphics via satellite while also providing
Internet access, The goal is to deliver speedy gigabit-per-
second (or better) Internet hookups to and from space for
less than $100 a month,

While a number of projects are in various stages for planned

can display data for all to see, Beneath the screens, ar-
rayed in an arc like a glowing red headband, is a series of
digital countdown clocks for the Baikonur launch site in
Kazakhstan, Taiyuan, in China, and Vandenberg in Cali-
fornia, among others. Before your eyes, the theory of a
system called Indium has become fact.

Iridium tumns on the switch for worldwide commercial
operation on September 23, 1998, a day likely to be remem.
bered as an historic moment in the annals of human com-
munication. From this day on, assuming that [ridium is
granted an operating license in every country, there won't
be a spot on the planet from which you can’t make a tele-
phone call or receive one using a simple handset.

Iridium is actually not the first satellite phone system,
Several other companies already offer briefcase-type satel-
lite phones for ncar-an)\\hcrc communicntion But these

.......

provide trul) mobile wireless phonc ;crhcc that works in
all parts of the world, L

deployments after 2000, the one garnering the most atten-
tion and given the best chance of getting off the ground is
a4 28B-satellite system called Teledesic. Teledesic is backed by
Microsoft’s Bill Gates, among others, and is being built by
Motorola. As currently planned, Teledesic would cost $9 billion
and be completed in 2002. Unlike systems such as Iridium
and GlobalStar, Teledesic is targeting stationary customers in
homes or businesses, and not mobile users.

Nevertheless, with Motorola also the builder of Iridium,
some link between the two seems likely. Teledesic estimates
the number of potential subscribers to be 20 million.—£V.

For making a small world seem even cozier, you may
want to silently thank (or curse) Karen Bertiger for this
marvel of telecommunications, In 1985, Karen com-
plained to hushand Bary, then a mid-level executive with
Motorola, that her cellphone wouldn’t work on their re-
mote island vacation spot in the Bahamas. Bary is now
vice president and general manager of the satellite sys.
tems group of Motorola that built Indium, named for the
77th element of the periodic table since it was originally
thought that that many satellites would be needed. While
the initial vision was Motorola’s, Iridium is now its own
company, comprised of 19 major investment groups world-
wide. Motorola still owns 25 percent of Iridium and has
the contract to build and operate the system for five years.

That it should take 13 years for Bary to provide his wife
with an answer shouldn’t be a surprise considering the
scope of his reply. The Indium system consists of 66

satellites in a low Earth orbit 485 miles into space. These
satellites are Positioned grid-like in a herringbone pattern
across six north-soutdy orbits. Perhaps even more daunting

Call Tracking
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than the technical hurdles—seven satellites were lost early
on due to unspecified operating difficulties, which is con-
sidered part of the normal learning curve—was the price
tag. Iridium cost a whopping $5 billion.

Think of Inidium as a big telephone company in
space—so big, in fact, that it has been granted its own
country code, 881, which vou must dial in order to place
a call, Future satellite systems will have their own coun-
try codes as well, effectively lending a geopolitical iden.
tity to teleccommunications systems that are not earth-
bound. In fact, the next satellite system, called
GlobalStar, is due to start early next year.

Making a call on an Indium phone is about the same
as making one on a cellular phone, Indium phones, in
fact, are dual. mode; They can operate as cellphones or
satellite phones. 1hanks to a series of interchangeable car-
tridges that ship in and out of the phone, Indium phones
will be compatible with any type of cellular system (ana-
log, digital, or PCS), The cellular mode is the first option,
since it is less expensive than a satellite call, but once
you're beyond the range of a cellular system, all you need
do is rotate the satellite antenna on the handset into an
upright position ta make your call.

Once you've dialed in the number for your satellite
call, the signal travels up to the nearest satellite, each of
which covers an area of about 2,000 miles, and is relayed
to your home “gateway” on Earth. A gatew:y is basically
a calling center at which you are registered for verifica-
tion, call routing, and billing. The signal is relayed back to
the satellite network, which then sends it from satcllite
to satellite until its reaches its destination—that could be
another satellite telephone handset or a gateway linked

Next Up: GlobalStar

IRIDIUM WON'T BE the only “country” in space offer-
ing telephone and paging services via satellite, Early
next year, GlobalStar, a partnership between cellular
phone maker Qualcomm and satellite builder Loral
Space & Communications, among others, will have
a similar—though not compatible—service.

The 52.6 billion GlobalStar network uses 48 satel-
lites (plus eight backups) orbiting at 881 miles.
The higher orbital configuration means fewer
satellites are required, But the system re- ’/
quires a larger number of ground statians,
about 60 for worldwide coverage, to route
the signal, since a call can't travel between
satellites as with Iridium,

GlobalStar says its handsets will cost about
$750 to $1,000 and will also work with cel-
lular phone systems, The company says phone
service may average about 35 to 50 cents per
call, not including long-distance charges, —F.V.

m ocroscER 1300

[ ©Quoe

to a landline An alternative to one-plece satellite

or a cell- phone models will be cellular phones
from Kyocera that slip into a satel

phone iite phone receptacie.

system.

Which way

the signal

goes depends

upon the local
gateway operator,
A gateway in
China, for example,
might choose to have

all calls from foreigners
routed through the gate-
way for monitoring rather
than allow a direct, inde-
pendent connection. Either
way, the entire process takes
place n less than 20 seconds,

There are currently 12 gate-
ways around the globe—the U.S.
military has one to itself—with
some capable of handling as many
as 120,000 subscribers, although most
are sized for 60,000 customers. Inidium
expects about 200,000 subscnbers the
first year and 5 million by 2002, a startling
figure since the number of people who use
briefcase-style satellite phones now stands at abhey
170,000 worldwide,

And calling via space will not be cheap, at least in the
beginning. An Iridium phone costs $3,000, and even a
satellite pager costs $300. The price of a call is about
$1.70 per minute, plus long-distance charges. For the
moment, dialing the Iridium “country” is as expensive a
proposition as it is with previous satellite phones. But
while Indium costs are high now, the odds seem good
that like cellphones before them, the cost of phones and
service will quickly decline as more gateways are built
and service expands.

Competition will be a factor, too. Along with Global-
Star, another satellite telecommunications system called
Teledesic will be coming online within a few years. This
288-satellite array will also be built by Motorola, and it
promises to provide broadband or high-capacity links

for transmitting audio, video, and text via the Inter-
net. Already, there is talk within Iridium about how to
link itself with Teledesic, much like vou would con-
nect a celiphone to a laptop computer. Together, the
two systems might loosely be termed a space net for
the flow of information.
Mrs. Bertiger may have forgotten to ask her hus-
hand to make sure Iridium was affordable, much
less to demand that it be linked to a high-speed in-
formation network, But eventually, she may actu-
ally get more than she asked for. P
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Ram Sport
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Shesra sport GM'4 fiest h!
reengineering in a decade.

By

BIG

TRUGKS
COME HOME

The newest family car

comes with a bed.

WITHOUT SACRIFICING the toughness needed for heavy
towing or toting, the pickup truck is migrating toward the
creature comforts and roominess that have been the province
Don Sherman of family sedans. [t's the latest
step in the evolution of a vehicle

that’s something of a chameleon in today's transport world.

Configured for dirty work, full-size pickups are manda-
tory for ranchers and construction chiefs. Equipped with a
tow package and four-wheel drive, they're perfect escape
mechanisms for suburbanites vearning for a taste of wilder-
ness. And now we have the third coloration: an alternative to
those traditional full-size, rear-drive, V8-powered sedans
built on full frames adequate for trailer towing.

GM had such versatility in mind this year when it re-en-
gineered the Chevrolet Silverado and GMC Sierra, the first
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ground-up change in the
company’s full-size pickups
in more than a decade, Ex
panded seating for the
extended cab maodels
ranked high among the
revisions in the new
GM lineup.
Chevrolet and
GMC are follow-
ing a path blazed
by their competi-
tors, The Dodge
Ram was radically
redesigned in 1994
with an oversize cab.
Dodge also debuted a
four-door Quad Cab
edition and Sport pack-
age last year. Ford took
the cue, making four
doors standard on its "99
F-150 SuperCab. The

F-150’s aerodynamic

look has returned for a The F150 retains an acrodynamic extenor,

second season. while the SuperCab adds 4 fosrth dooe.
General Motors - -

trails slightly in the door wars, making three standard for
the "99 Chevrolet Silverado and GMC Sierra extended-
cab models, with a fourth portal planned for 2000,

To compare equitably the full-size pickups—the
Chevrolet Silverado LT, Dodge Ram Sport, GMC Sierra
SLT, and Ford F-150 Lariat—gathered for this test, we or-
dered each with an extended cab, 6.5-foot cargo bed, rear-
wheel drive, and halfton chassis.

We selected a 5.2-liter powerplant for the Ram and a
5.4diter for the F-150, We tested the Sierra with a 4.8
liter VB and the Silverado with a 5.3-liter. Except for
front-end appearance, the Sierra and Silverado are twins;
if the engines in the two were swapped, our performance
figures would flip-flop correspondingly.

The exterior of the Silverado and Sierra is so evolution-
ary that no heads were turned in the hard-core pickup
truck neighborhoods we visited duning our week-dong
evaluation. The revolution is under the skin, including
several genuine innovations for this segment.

Among these are three brand new engines, designed to
satisfy demands for more power and smoothness as well
as tougher federal light-truck emission standards and fuek
efficiency requirements. In addition to the 4.8. and 5.3
liter engines tested here, a 6.0-liter variation is available
for heavy duty,

The two lighter-duty V8s use a deep-skirt iron block
for extra rigidity, and combine it with aluminum eylinder
heads to balance weight, cost, and durability concerns.
(The F-150 shares this approach, while the Ram's 5.2-liter
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VS powerplant uses iron for both the block and heads.)

More controversial was GM's decision to develop and
refine a pushrod valvetrain, eschewing the overhead cams
used by Ford. A free-
breathing induction
system is essential for
hearty power, and one
advantage that the
overhead cam holds to-
ward that end is the ab-
sence of pushrods, CM
addressed this by mak.
ing the intake ports tall
and narrow to slip past
pushrods vying for the
same real estate,

GM also deviates
from the competition
in intake-manifold
design, another
major influence
on engine output,
While both Ford
; and Dodge engines
use long tuned-
length intake run-
ners to augment
torque at certain por-
tions of the rpm range, GM
selected a simpler untuned
manifold, providing a torque
curve that remains fairly flat from 2,000 to 4,000 rpm.

Anticipating the new GM pickups, Ford gave its 5.4-liter
V8 a major boost for "99: new cylinder-head ports, larger
exhaust valves, revised intiake and exhaust manifolds, and
more aggressive valve timing, all aimed at better breathing.
These changes yield a torque curve with twin peaks at
2,300 and 3,700 rpm and approximately 7 percent more
urge across most of the rpm range.

The best way to sort out these engine designs is to mea-
sure flat-out acceleration while keeping a watchful eve on
fuel economy, throttle response, and the noise generated
when powertrains are asked to give their all. The improved-
for'99 F-150 blistered the track with a best-of-class 8.4-
second run to 60 mph and also beat every other truck in
passing acceleration except the Silverado, which wen the
50- to 70.mph test by a nose. So much torque is waiting un-
der the F-150's throttle pedal that care must be exercised
on slippery pavement to avoid fishtailing when a tight turn
follows a stop. Both GM pickups respond to the throttle
progressively because of their tableflat torque curves. Held
back by a few hundred extra pounds of curb weight, the
5.2-liter Ram picked up the tail in a near-dead-heat with
the 4.8-liter Sierra,

The performance balance tips toward General Motors
when fuel economy is factored in. With either engine, the



GM trucks break through the 20-mpg barrier in EPA high-
way estimates to claim a 2- to 3-mpg advantage over Dodge
and Ford. The GM V8s are quietest by far at idle but they
generate the most ruckus during the run-up to cruising
speed. The Ram issues a throaty rumble at idle consistent
with its Sport exterior. The F-150 speaks softly when
wiclding its mighty torque curve,

Prckup truck nde and handling evolved throughout the
"Ns in response to the nising demands of former car own-
ers. All of these trucks make excellent use of their body-
on-frame construction to blunt impact harshness. They
ride better than many unit-construction automobiles over
moderate bumps. As the new kid on the block, GM has
seized the opportunity to raise the ride-handling bar a
major notch. Frames are stiffer by 23 percent and cabs
are two-thirds stronger than previously, thanks to im-
proved joints and a magnesium reinforcement beam be-
neath the instrument panel. While the F-150 and Ram
jggle momentarily after a major bump, the Silverado and
Sierra react with a dull, highly damped thud.

Size also counts. GM stretched the extended-cab wheel-
base and track widths each by approximately 2 inches in
search of additional passenger space, creating the Jongest
full-size trucks on the street. Spreading the wheels fur-
ther apart yields a ride that nears limousine-like smooth-
ness. The downside is a
huge turn circle: All of
these trucks require more
than 45 feet between curbs
to execute a U-turn.

And they're a tight fit
in standard garage bays.

In the past, there's
been no way to rec-
oncile a soft boule-
vard ride carrying
no load with the bt
stiffer suspension o
scttings necessary o
when pickups
buckle down to
work. A novel fea-
ture on the Silverado is
dual-mode, electneally
controlled shock ab-
sorbers, Normal mode
delivers just enough
damping to quell por-
poisc motion after a
long, deep pavement
heave. When vou need
extra damping to snub
beody vibration with a
weighty load in the bed, tapping a button on the dash
switches all four shock absorbers into firm mode. A related
feature exclusive to the GM trucks is an automatic trans-
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trond; the Quad Cab boosts four doors
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The Ram's oversize cab design startod the

mission tow/haul mode: Press a button on the gear lever
to alter shift firmness and timing for heavy work.

GM has also upgraded braking, previously an area of
glaring deficiency. While Chevy and GMC pickups have
had four-wheel ABS as standard since "95 (it’s still a $500
option at Dodge and Ford), other brake problems have
caused a mushy-feeling pedal and lengthy stopping dis-
tances, The new CM trucks have brakes with substantially
greater capacity, along with two significant innovations for
this segment: standard disc brakes in back and electronic
front-to-rear proportioning to compensate for load changes
tvpical with large pickups. The results, demonstrated by
our stopping-distance tests, are tangible. Both the Silver.
ado and Sierra stopped consistently from 60 mph in less
than 160 feet with less fade than cither the Ram (equipped
with ABS on the rear wheels only) or the F-150. The 146 to
148 feet demonstrated by the Silverado with cold or warm
brakes 1s comparable with the stopping distance of cars—
the first time we've ever said that about a big pickup.

The Silverado and Sierra also break the mold in steering.
Light-duty, 2WD versions are rack-and-pinion-equipped.
The benefits are a more precise feel near the center posi-
tion and a nicely linear response during turning. (Dodge,
Ford, and all 4x4 or heavy-duty GM pickups use the more
rustic recirculating-ball steering-gear approach.)

Consistency and predictability of response is especially
helpful while wending these large conveyances through
our tight handling courses. The Silverado and Sierra led
the way through the cones, even though they ride on ra-
dial tires two sizes
smaller than those fit-
ted to the Ram and
one size below the
F-150's rubber. The
speed advantage in
the slalom 1s slight.
But the Silverado/
Sierra lead in the dou-
ble-lane change, which
rewards a chassis cali-
brated with gentle and
predictable understeer,
is a significant 2to 3
mph. The Silverado
and Sierra would

behave even more
hike cars if they had
a quicker steening
ratio. The tall-rid-
ing F-150 was sus-
ceptible to greater
roll angles and fu-
tile inside-rear-tire
spin. The Ram felt
clumsy, particularly when
its power steering was nulli-
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fied by rapid turns of the wheel. Both
the Ram and the F-150 demanded an
occasional reverse-steering correction
to restrain a wagging tail.

In addition to performance gains,
GM has also fashioned a genuinely
comfortable back seat. The cabin is
5.1 inches longer than last year’s; the
rear door opening is half a foot wider
than the competition's; and front
shoulder belts anchor directly to the
adjoining backrest, clearing an entry
path for rear passengers, (The Ram
shares the belts-to-seat feature.) The
extra space allows the backrest to be
canted 18 degrees from vertical ver-
sus 10 degrees in the Ram and 12 in
the F-150, so rear passengers don't
have to assume the dreaded school
bus posture. Cushions are longer and
positioned higher off the floor, Ex-
cept for their temporary lack of a dri-
ver's-side rear door, the Silverado and
Sierra are best suited to perform like
a four-door family sedan. That said,
we'd suggest some additional atten-
Lon to their front seats, They feel
plush and inviting, but you'll start
squirming a few miles down the road
as you notice that the support neces-
sary for long-distance comfort is miss-
ing. By comparison, the Ram’s scats
cradle your backside reassuringly.

Various other bugs are sprinkled
throughout the new GM pickups.
Because of inadequate clearance be-
tween the seat bolster and door panel,
operating the power seat switches is
frustrating. The power plug cover
blocks any view of the accessory sock-
cts contained within, The exteriors
are marred by chintzy-looking rubber
covers over the hood hinges. The top
rear comers of the front fenders are
s0 inadequately supported that they
may be susceptible to vandalism.,

These minor flaws and the tardy
back door don't discredit the fact that
GM has scored a major accomplish-
ment, leaping over the competition’s

best efforts. Embodying major
breakthroughs in chassis, power-
train, and interior design, the Sil-
verado and Sierra are the best
news in this field since pickups left
the farm and moved into town, P
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How much does Earth weigh? SOlar Power Solar |

Ryan Cajewski
Shawaneo, Wis DISCOVERED IN FRANCE IN 1839, the photovoltaic (PV) effect—the process
through which i;ﬂar—pm cell converts sunlight to electricity—was first
STRICTLY SPEAKING. you are prob .mmmmmm‘uhwsummm 1950,
ably looking for Earth's mass, or me.m“m rom watch nd calcula-
density, not its weight mhmﬂmnmhmuﬂhncesa ! '
What's the difference? Well, housos.—wm AT
evervthing vou see around yvou has Power facility

nass——a measure of how many

Solar panels

molecules, the building
locks of matter, com
pnisc anv object
Weaght, as we com

pegative terminal
nonly think of i

N : Sunlight
4 measure ol ow much 3 L -
Earth's gravity is pulling N £) The photons, or light particles, that
-4 Iar panet
on our mass and on the A MIAKS Sp SURKEHE SEike the solar pane
q Photons with cerfala wavelengths, or en
masses of the things around t 3 Javels, Bee Blsorbed in the “p"—for

us at any given place. But in positive—layor of PV.cell semiconductor.

outer space, where Earth resides,

our commaon not un’llr".'.:ldlf Qoes . o‘pmﬂm“""”n,
pply. Just as astronauts are '] . ! is transferred to an
weightless in space, so is Earth, LR . . slectron In an atem of
(14 the PV cell, The PV
26374 X 4 . cells are typically made
of it 276 sept ihon L'E"‘J»‘”"‘ ot \ trons b- - of conted silicon crystal

in fact. That means that Earth

But Larth still has mass, and lots

. . ]
is heavier than more than a million . © With its mewfound
illion 151 -pound people and proba '\ enorgy, the electon

- escapes and becomes
patt of the currant in
of the entire world's population a ; am oloctric cirewit

bly heavier than the combined m

mi ||||" fimes over

Unlike humans, however, Earth

© The departed eloc-
can't be weighed on a bathroom : 1 ' tron leaves a “hole,”

scale. So how were scientists able Freed - : which is filled by other

freed electrons
o compute Farth's mas

The kev 1o the whole problem has

been in understanding and quant
fving a force called universal gravita-
tion, “Unmiversal gravitation means
that there's an attraction between

every pair of obpects,” says Professor
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Owen Gingench at the Harvard-
Smithsonian Center for Astrophvsics
in Cambridge, Massachusetts,

Since Earth could not be weighed
conventionally, an equation—sur-
prise, surprisel—was required. Sir
Isaac Newton, the first scientist to
attempt to determine Earth's mass,
developed the necessary equation,
which 1s called the law of universal
gravitation, in his Philosophiae naty
ralis principia mathematica in 1687,
Newton was stymied, however, be-
cause he could not quantify an elu-
sive element in his formula, a number
that 15 known as the constant of um-
versal gravitation.

It was not until 1774 that Eng-
lish astronomer Nevil Maskelvne
was able to quantify the constant
of universal gravitation as part of
his notable experiments in finding
the gravitabonal pull of Mount
Schiehallion in Scotland. Once
Maskelyne had uncovered the uni-
versal constant, he was finally able
to calculate Earth’s mass,

And now that scientists know
Earth's mass, the sky's the limit—the
same formula used to find Earth's
mass also helps astronomers learn
more about planets, stars, and other
objects in the sky. “By knowing the
constant of universal gravitation,
you can know the mass of the Earth,
of the moon, of the planets, of the
sun, and even of our Milky Way
galaxy,” says Gingerich,

What is the difference between
torque and horsepower?
Sahir Hoda

via e-mail

AN EASY WAY to understand the dif-
ference s to picture yourself leaning
out a window on the tenth story of
a high-rise building, pulling up a
basket full of rocks, The most weight
vou can lift is torque; the speed with
which you can pull it is horsepower.
Torque is a measure of static twist-
ing force, normally measured as the
force on a lever arm 1 foot from the
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“My TV reception is so clear, you'd think
| had a 50-foot antenna on my roof!”

Emerson’s ingenious new antennas are hard to spot, easy to install and
provide clear, powerful reception of broadcast signals...withou! rabbif ears.

I'm amazed at the
way technology
has Improy od tele
vision, Develop-
ments in electronic
crcuitry have re-
sulted in TV sets
that have sharper
pictures, bnlliant
colors and clearer
From the
smallest portables

sound

to wide-screen
home theater systems, televisions continue to
work better and better as optical innovations
are introduced. Unfortunately, a television’s
picture is only as good as the broadcast it's
receiving, and even the world's best televi-
shons cannot make up for a weak or distorted
signal. Antenna technology has not kept pace
with television design, and the rabbit ears
from the 1950's are not far removed from
what's available today. Well, there’s finally
been a quantum leap in the design of antennas,
and it’s the result of two patented components
developed by scientists. These improvements
are the secret behind Emerson’s revolutionary
new antennas.
Picture Imperfect. Cable subscription
solves the problem of getting the signal to your
television, but storms and other factors can
result in cable outages. If vou prefer not to pay
the rising monthly fees for cable or live in an
area wheee it’s not avadlable, your picture is like-
Ly to be weak, undefined and distorted.

One way to improve your reception would
be to mount a large antenna on your roof.
Unfortunately, most roof ansennas
are not particularly pleasing to
the eye and may even be
prohibited in the area
where you live. Rabbit
ear antennas don't im-
prove your picture to
any great degree and
make your room look
like something from an
earlier decade. Most
antennas need to be aimed
at the source of the broadcast
and require turning mecha-
nisms f0 pick up the signal clearly.

Whether you live miles out in the country or
in a concrete building next door to a broadcast
towes, bad reception can rob you of the defini-
tion and color you were intended to see. The
Optima antenna gives you the signal-grabbing

power ol a large antenna in an INCONSPICIIOUS,

| low-profile size
| Stealth antenna. In the past, creating an
} antetina with optimal reception meant mak
ing it big, with a
large amount of sur
face area. This result-
od in products that
were large and un-
sightly or small and
Either
aesthetic

ineffective
the
look of YOur room or
house suffered, Re-
search and develop-
ment tended to focus
on the television,
not on signal recep-
tion...until now.

Recently, a bril-
liant scientist in
Colorado developed
an antenna that
would maxdimese re-
oeption without being
overly conspicuous.
Emerson, a leader in
electronic technology, has now made this
innovation avallable to the public,

At 2 lab in Colorado, they developed two
patented design improvements that made the
Optima antenna possible. First, they created a
flexible circuit board with a serpentine anten-
na, resulting in a large surface area confined to
a small space. Second, they developed a tech-
| nique that converts the copper shielding on
| the attached cable to an additional signal
recelver that results in an antenna almost
10 feet long. This greatly enhances the
antenna’s reception power and

wav,

Your neighbors won't
know iUs there unkess

you 1ed them

Attention mini-dish own-
ors. If you own a mini-dish
satellite system, you are aware
of the off-air ssve and are
probably wondering how you
can pick up local broadcasts.
After all, what good are hun-
dreds of channels If you can’t find
out who won the local city council
race? The Dishmate™ harnesses the
| rame technological innovations as the
Optima TV antenna to give you a powerful
omnidirectional antenna that is virtually
Invisible. It is compatible with a variety of
\ systems and ks easy (o install
WA

allows you to tune the antenna by simply mow-
ing the cable! The antenna works best at a range
of up to 30 miles from the signal source. We rec-
ommend an amplifier for reception up to 45
mibes away. Ask your representative for details.
The handmade assembly is encased in
aircraft-grade plastic and high-density foam,
The weather-resistant cover is a neutral
white and can be painted to match the color
of the house or room. Plus, the omnidirection-
al design allows you to mount the unit any-
where you please. The Optima’s universal
design makes it adaptable to any component,
and installation is a snap. So sit back, relax
and enjoy the clearest picture you can get
from your television.
Get the picture..risk-free. Call now to
order the small antennas that get big reception.
They both come with a S0-day manufacturer’s
limited warranty and Comtrad's exclusive
risk-free home trial. Try them, and if you're not
completely satisfied, retum them within 50
days for a full “No Questions Asked™ refund.
Indoos’Outdoor Antenna . . . . $69.95 5o San
Dishmate™ UHF/VHF Antenna . $69.95 8 38H
The Dishman™ Anterna wil work wit 187 cahas hoes NCA,
Toshvoe, ProSoan, GE. Ewrosat, Uniden, Sony and Mughes
DES™ Seteite sysherns. Pioads specly Moos whon ondenng
Please mention promotional code 3893-13947.

For fastest service, call toll-free 24 hours & day

800-992-2966
-

To ovder by wall. sead check or mowey ovder for the fotel
evosat mchuding S&H. To charge it 10 yoar cradit cird, eo
cfose your acceunt uvmber gnd expiration Jate

Virginia residents anly—please inclade 4.5% sales tay,

%= comtrad
I industries

2800 Watarfond Lake Do Suse 102
Midiothan, Virgenia 23113
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An engine that develops low
torque but revs at a high speed thus
can be rated at the same horsepower
as one with high torque but low rpm,
Torque is felt by the driver as pulling
power, important when hauling heavy
loads. Theoretically, a transmission
can make a high-speed engine feel like
a low-speed, high-torque engine by
multiplying torque by geanng, but
friction losses prevent this from be-
ing truly cfficient. ¥

axis (hence, torque’s measurement
in foot-pounds). Maximum torque
figures for cars are given with the
engine speed at which they occur,
such as 155 ft.Jbs, at 5,500 rpm,
Horsepower is a function of torque
multiplied by rpm, and maximum
horsepower is usually at a higher speed
than maximum torque. (Technically,
a single unit of horsepower is the
energy required to hft 550 pounds to
a height of 1 foot within I second.)

QUESTIONS FORFYI?
We answer your most frequently asked
scince and questions in the

Ask Popular Sckence section of FY1. Only
lettars that are selected for publication
can be answered,

E-mail: AskPopSci@popsci.com
Address: 2 Park Ave., New York NY 10016
Faxr 212-481-8062

Virtual Realities

THE INTERNET WAS CREATED IN 1969, when ﬂltMVlnced
j Agonqofmou&oopammdoefenseﬁndupm
! cnulnetwk(mumﬁnthelpedsdmﬁsﬁwmneﬁshyams.
share data more easily. In its infancy, ARPANET consisted of only four -
~ computers: three in California (Stanford, UCLA, U-C Santa Barbara)
= connected to one in ' (University of Utah). Today the Internet is
ﬁkdmﬂwbmdeupofuﬁllmdmmmz
mamdthemdd&pmpmdbyrhmmq
Era we—

-
LA

o
SITES LIKE YAHOO, NETSCAPE, AND EXCITE ARE CALLED “PORTALS” |
and are a starting paint for many Web surfers logging onto the Internet, They
offer a variety of services, such as personalized news, stock research and quotes,
weather, horoscopes, and sometimes free e-mail.

and 49. Users between the ages of 18 and 34 make up 39 percent of the Web
universe, the highest concentration of any demographic group. In contrast,

Nearly 77 percent of all Web users are between the ages of 18
only 30 percent of the U.S. population is between the ages of 18 and 34, 1

least one personal computer.
ABOUT 57 MILLION PEOPLE IN
the U.S.—out of a population of 270
million—surf the Web. Radio took 30
years to reach an audience of 50 mil-
lion, while TV needed 13 years. The

people worldwide are now online, E
i
Internet required only four years. '

THE CURRENT EXPLOSION IN
Internet use is really about the grow-
ing popularity of one part of the Net
—the World Wide Web. The Web was
developed in 1989 by Tim Berners-Lee
and researchers at CERN, the European
Particle Physics Laboratory near Geneva,
as a better way for physicists around
the world to share data. The Web incor-
porates textual, visual, and audio files
in individual documents that, via hy-
pertext markup language (HTML), can
be linked to other documents and ac-
cessed easily with the click of a mouse.

. While 48 percent of the U.S.

population is male, men account for
56 percent of U.S. Web surfers.

MARRIED WEB USERS IN THE
United States outnumber singles; in
Europe, it's just the opposite.

Estimates put the number of Web sites at about 2.6 million, and

ONLY A QUARTER OF THE U.S.

population has eamed a college degree, ' the number of Web pages somewhere between 300 million and half a billion. Be

while 51 percent of all Web users have | cause hundreds of pages are being added every day, determining the exact num-

college degrees. ber of pages is difficult. Even the best search engines, like HotBot and AltaVista,
index only about 40 percent of the total Web pages.

Net traffic doubles every

hundred days. More than 100 million AMERICANS ARE THREE TIMES MORE LIKELY TO OWN THEIR OWN
computers than Europeans. Nearly 45 percent of all U.S. households have at

According to a recent study of 50,000 American households, 10
million PC users shopped online during the first quarter of 1998, compared with
3.7 million a year ago, Among the ‘98 users, 5.7 million bought PC-related prod-
ucts, 3.9 million bought non-PC electronic products, and 7.7 million bought
other consumer products or services online.

CCTOREN 1900 -
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To advertise in Popular Science Direct call Gena Honigman at 508-421-33686.

WN THE ULTIMATE HOME SHOP

Complete tool systems for woodworking and metalworking

Smithy

= 7 models starting at $965
+ Easy 10 use-

FREE raining
* Versatile-Make amos
anything oul of metal
wood, of plashic

*i0tosnt
compact machine
L «Bult o gt

* Eady ad fun lo use
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Box S99, Hickory. NC 28603

C Tec Commumcahons
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} CABLE TV

Descramblers

1-Year Warranty

‘ 30 day

money
\ back guarantee
Quantity Discount

Dealers Welcome

1.800.463.0880

o CONVERTERS @ TILTIRS o VIDEO STABLIZERS

1000 10 over 4000 square foel. you're sune

W With all these advantages,
isn't it time you discovered the
great indoors? Owr planning
package incledes coloe photos. floor

plans, assembly mstructions. peicing and
techaical mformation. Call or send for our

full color planning package today. E
ﬁ i-8oo-Dome Home |
OF VI uy o the infernet ars :
www.domehome.com p
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A Timberdine [xene can easily be sssembled by two people withost previoes comstruction
expenience. b fact, over 90% of our cestomens mssemshle the dome themeedves. Our patenied
Heavy-Duty Commecior sysiem and pre-cue, color coded lursher make huilding o beoeze.

Now = the time for 3 Tenberine Geodesic Dome. Combinng vashied ceilings with rotural hight, evergy savings |
of up to 4% and m affoecdebl: butldng system, Timberline Domes are perfect for amy location.

O muany desigrs provade an open. spacious fockng with tradional style. With floor plans ramging from
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No Money Down.
As Low As $130/month.

Recreatives Industres, Inc
60 Depot Streat, Bultaio, New York 14206
Call Toll-Free 1-800-255-2511

WWwW. maxatve com
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SAVE MONEY
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WorkSAVER!
BackSAVER!

The DR* POWERWAGON ™ is great mews for
homeowners who are tieed of seraimang thes
bucks and muscles carmvang heavy loads with
inadeguate wheelbarmows and ganden cans. DR
s POWER-DRIVEN 0 # does the work - md
your jens and back MULTIPLE SPEEDAS 1i¢
powering up Ralls! DISC BRAKES

control your speed poing down, Easy -

DUMP BED eliminates z

band unkouding. Perfect |
' .
.‘: -

for vz firewood
AL&s ™

yard and garden
debns, mulch
oMot
gravel, wols,
trash cans/
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v'n;\'

anything
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Learn Moneymaking
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Put the weather
on your wall

The Weather Picture™ is an eye-popping new
will unit that comtimuously displays sl the vitd
weather data you have selected, without having
10 press & simghe button, Big rod numerals are easy
to read from across the room, day or mghe. Avail
able m two sizes, in brashed aluminum oe el
solid teak frume. The separate control unit pro-
vides detalled data—-more than enough 10 sallsfy
even the most dedicaied weather buff.

Purchase the Weather Picture sogethes wigh the in-
corgarable ULTIMETER® Weather Station, start-
ing at under $400. Or add it 10 your existing
ULTIMETER System for Jess than S1700 It's easy
10 add programmable display modales o The
Weather Picture now or kaler ax needed.

For compieie details, Gall, fax, or write us. Or visit

our Web Site to see and ey cur ULTIMETER Sys

terrs. “The best™ nysghmr“iaﬂ magasne,
1-800-USA-PEET

or TA2-531-4615 FAX: 732-517-066%

www.peethros.com

<PEET BROS COMPANY

| SUS S 108 Doris Ave ., Ocean, NJ 07712

TRIMMER
ON WHEELS!

The DR* TRIMMERMOWER ™

rolls frpke ay @ Jeather on two

BIG WHEELS! .
TRIMS far casn or, bemir, more / ‘
precisely A’ul‘ hand-held J S

trommers. MOWS 4
evenths 2 from " ‘ :-"f(

™ Eyco CUTS BRUSH and
| saplings up o S° thick with
opticeal blade! Far safer
than ordrary hresheuliens
B The casiet 10 handie
trmemer, mcmer, or bn ;,
or you've ever used!

G Ml Coupoa Uy
Rt valutionsry  DR*

yincluding

1 Models an

TRIMMER/MOWER
“Off-Season” Saviags now in effect
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make you up 1o

1 Shoas And casuals

€ dl;-'-’n‘.‘r, ¢

Sizes: 5-12. Wioths: B.-EEE. In business over 55
years. MONEY-BACK GUARANTEE, Csl o write

today for your FREE color catalog

ELEVATORS® [l

RICHLEE SHOE COMPANY, DEPT.PS80
PO. BOX 3566, FREDERICK, MD 21705

1-800-290-TALL

for I'RH'. DETAILS boum

ENVIROLET

COMPOSTING TOILET SYSTEN

Waterless & Low Watef Systom
For Cottages, Homes & Busines
v Reduce & Recycls Waste 1o Natural Gaeden ¢
v Efficient, Cean, Sanitary & r‘:uOl Free Operat
v Furction, Elegerce, Simplicty & Convervence

A Sancor"
140-30 Mikwr, Scarberough, ON. Canaca M15 3§
Call For Free Information Kit & Vides

1-877-888-1177

Drganteations can creabe a "'

fundraising v entertalmment it
s upAo-date borse races. A Ny A e T
5 available on video or 16mm monde film
For Prices s free Brochure call

Toll-Free 1-8500-252-7373

4 WHEEL BIKE
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& Weather Band With Alent
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designed for lalk radio, news, sports &
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reception of any radio made foday
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SCIENTIFICS

Call 1-800-728-6999
for a free catalog.

Edmund
Scientific
SCENTIFICS CATALOG DIVISION
Dept. ASBICE11, 301 E Gloucsstr Pl
Earringon, New Jorsay 080071380
Emerl us o scunifcaactec com
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ou can drill your
own water welll

FOR INGROUND SPRINKLER SYSTEMS
Now you don't have to
worry about tremendous
water bills, droughts
Or water rabonang,
Since 1962, thousands
of gardeners and
homeowners around the
workd have dia\mvmd

wells! You can oo
Call or write us today and
well send you a big, free

package of information
about drilling your
own well with the

CdTo&:lyforFREEWMWeﬂ
Drilling Information Package
-800-333-7762

Ask for ()ruln Lrak]
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e Opelika, AL 36805700
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Presenting the ALL-TERRAIN"....

DR® FIELD and o
BRUSH MOWER

—Works like a tractor-drawn brushcutter...
but in a walk-behind version that’s more
maneuverable and much less expensive!
* CLEARS & MAINTAINS meadows, pastures,
roadsides, fences, wooded and rough non-lawn
areas with ease, Mows nearly an acre per hour!
* CUTS tall grass, weeds, brush, brambles, sumac
— even hardwood saplings up to 1" thick!
* Plus CHOPS/MULCHES most everything it
cuts; leaves NO TANGLE of material to trip over
or to pick up like hand-held brushcutters and
sicklebar mowers.
* POWERFUL with up to 14.0 HP....
yet so easy to use thanks to SELF-
POWERED WHEELS.. POWER

REVERSE...and easy turning
DIFFERENTIAL. 4 SPEEDS let
you zip through grass, weeds,
brambles...then c-r-e-e-p into
tough brush without reducing
power or blade speed.
* TRANSFORMS
neglected,
overgrown
areas into
beautiful
park-like
settings!

“The All-Terrawm
Maower 15 @ heavy
duty macfune, |
vl i1 o onf Avavy
frrush and sapisgs
gt S0 aw inck in
diumseter and it
never Aesitated. ™
— Robwrr Kexwed)
Mewyphis,

Tennessee B

“Ir's like & brash hog ow the Back of o tracior
excep! you're guiding i by kand. | wonlds's be
afraid %o go any place and car saaff dowe. The DRt
i ke aunerr A2 Ipaph vegefation

- Jack Hanvey, Anchorage, Alaske

S (6o 544-0222

y So, WHY MESS

4 with a tractor powered
brushcutter that’s too
awkward 1o maneuver
around obstacles and trees you
want to save...OR with an under-
powered hand-held brushcutter
that’s so slow and tiring to use?

CALL TOLL FREE

Reas  Please call or write today
1y for complete FREE
A DETAILS all about the
Amazing DR" FIELD and
BRUSH MOWER!
"Off-Season” Savings now in effect!

1 YES! Please rush complete FREE DETAILS ofy
ithe DR* FIELD and BRUSH MOWER]
tincluding prices and specifications of M.muall
and Electric-Starting Models and “Off-Season™)

Savings now in effect.
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ULTRASONIC PEST REPELLER
G “E‘S Handy. [SQINMCCLBRAVEICE  Hardly.
SQUIRRELS
exceptional energy efficiency
FLEA M ' the AquaStar instantaneous
& M tankless gas water heater. it's the
water heater that's the sie of a
= suitcase, wawghs 42 pounds, and
\|/ o hangs on the wall!
P s = QU4
o < - Aqua oy BOSCH
The Electronic Pest Repeller .~ ~. T XTI RETIA MedrER
with a Proven Record. .. // | \\ CONTROLLED ENERGY CORPORATION
NOT a "CHEAP" imitation! A ’ | 800-642-3199 www st.col
USES NO DANGEROUS POISONS!

The REPEL 2000 is the most advincad design unit ivaiable!
W iz aomalehed By any compatiar’s model - aaywhece. |1s
powerfyl jack hammer like sound levels sasily excaads com-
petitive modals by SO times or more. Mig, by Nal't Pest Con-
trol Assoc. member. Enginserad and 12sted in USA. Over
3,000,000 units in use from coast-o-coast from Atlomeys

On-screen Indoor/Outdoor
Thermometer for your PC

SINGERS!7222"
Calimied, Lon osl, Instantly Aveslalee
o Original Standarnd

2O

offices 1o &alslmfeo'{)d ﬂtsuuvan‘ti.’go REPEL MG"::J«! e T
Rapeler is than Irags, Ban posons, . ™

1o people asd non-10gan pets (Qarbils, hamsters. Yempteax  Templrax=.
gunea pigs may be atlectad). It wil not istarfere with TV, 1Y See hist highs
rado, compulters or electronic equipment. No chemicals, pos- See history, gh o . s &
sons, nsacticides of fumes. Tha small size alows for conve- and lows, alarms, When You Want Somathing
nient and snobtrusive placement. No maintenance. Sale lo : much more!
use everywhers, Guarantend to work or retum within 60 L ! wa/
days tor 1ul refund {less PAM). inchudes 3 3 year mig. = - 59 99 AN
warrenty. idea lor vautl’ig::‘ola.sm aof\s;)&p‘g_vh Y « Incdues 75 NN, of cable, 9' A HSA ) B
Basement - anyplace p by pests. Meas. 2’ bes, serial
phm{.. Imrymmior Each mg"prme‘fgm;?cn[ssu;ﬁs g:ﬂ ';u‘::\g :;'::::;nn Great Gifi!
than 1¢ per day 10 operale Frexh Y B - -
ONE fr $19.98 pae §3. P&, TWO for $35.06 pus 84 PR, | |1 One year warmanty SRV 0B Wndau e g Hime ;
SAVE $37.751 FIVE for $75. posipaid. Send check, MO, VISA, | [+ 3-cay maney back  +Made n USA st OREGON DOM!I
MasterCard, tn":éu\e:c:g w;_u ‘; Ewp[’)‘a_u&Smwmto guarantee * MasterCard o Visa v ik s S

WILL , Dapt 509 ustom and tr onal designs

179 Post Road ?anl. Westport CT 06880 ‘ -800.633. ‘ 033 Flexible spaces for active lifestyles

Charge Orders Call: 1-800-770-1155 TOLL FREE Complete, affordable bullding system
WWW SERINSCO.COom Cotalsg 512  Video 520 » Ce Caide 542
41 Terrill Park Drive, Concord, NH 03301 1S w Ln., Sulte P

wW.domes cons

3 WireiesS

lasealancn made cay’ Dosn Windew ” .
Wenber e o v Sl (Hl"" to ”-"';" by MAY THE
ek data 1o 3 depley comele op %0 58 page Ornamenta
sewey! Pach stmbon commen cumypleosh page tr A SOURCT
pro-ssmerabled and inclades senmary, 3 ldea & Design Book - . BE W \T“
radiacion ki, & weathar-tight ¢ 10 9 ?
soslape
l stwtier, 4l & daglay comsade with $19.% (postage paid)
reveisen, All wilhoost niavaing wires

See in full color some

" o T ey really peat items you
1-800-678-3669 can make. Comes with
Oreyer nommty » S)ow morepbork pvaree full color info on our
Davis Instraments s e s uwe s benders

070 MW o P O PIT00 M o A Dt SO0 « s aane 8 o

MATCH POINT

Always keep a shovel,
rake and water nearby
when burning debris.

REMEMBER, ONLY YOU CAN

PREVENT FOREST FIRES. 605 South Adams St., Dept. PS
Laramie, Wyoming 82070

(307) 745-5999 » FAX (307) 742-5999 | |

getin
Sight ar
muc

So dispel the : g
the source. ( oi-iree 1-888-8
PUEBLO I« 1€ Lalo

SHOP OUTFITTERS




Save

saw your own lumber

WOOD HEAT

® Never be cold apain!
* 20 year warvanty
r ® Heats entire home
Hot Water lornaces
* Uses 1/2 the wood as other brunds
Call or write for foctory direct catalog

* Woed, Wood-ail,
Charmaster:

Wood-gas mudels
2307 C HIGHWAY 2 WEST

GRAND RAPIDS, MINNESOTA 55744
210226-67086 or 210:326-2636

an exciting career as a
lecommunications
chnician

Irain at home in
ir spare time for
CACING New
boer! Earn as
chas §35,000 a
pr and more
rking with fiber
ics, radar and
lular networks
I'his ICS program is endorsed by the
onal Association of Radio and
ccommunications Engincers (NARTE)
! features a voucher for the NARTE
‘w IV Technician Certification exam.
ail Coupon below ?r’::'c FREE facts

or call toll
1-800-595-5595 ext. 9422
W Anpinse — 24 Dodars a dicy, 7 dinys o ek

NEVER RAKE AGAIN!iz
;Cyclone Rake

...TALL WET GRASS...EVEN LAWN DEBRIS!

TOLL FREE 1-(800)-408-0004

INTRODUCING THE INCREDIBLE

EFFORTLESSLY REMOVE LEAVES...

...10 times faster than raking, blowing
and hauling when you use the
revolutionary CYCLONE RAKE™
You'll never dread field or yard clean-up again once you use

the Cyclone Rake.” SHP engine driven vacuum-mulcher hitches
to any riding mower. You can easily sweep and pulverize tons of
leaves, acres of grass cuttings, pine cones, sticks and more with
10 times the lifting power of mowers. Power mulching reduces
volume 5 to 8 times, 200 gallon capacity lets you whiz through

Patonts Pesd.

Umsque design

huge areas without stopping. Automatically bag for curbside
folds ft for — pick-up or power unload to your compost heap even over a wall
ﬁ:’t"ssmsm'f or right up a hill! And when you're done, it folds flat without
hewzi  tools for compact slarage Affordable for home or business.
So. WHY STRUGELE with rakes, YES' Please rush me FULL INFORMATION | 3
mowers, blowers, or mulchers | on the revolutionary CYCLONE RAKE™ and :
that jam and clog? {Spacial phe-SSI0n 8l Prices. :
Mail the coupon at right for | “* i
FULL INFORMATION about the | A0sss i
amazing CYCLONE RAKE! E v SWE___2e i
1 ]
I 1

MAIL TO: WDODLAND POWER PA00UCTS, G Dept. PS1098
ol vt 72 Ae¥en S, West Haven, CT 06516

bap Swawicdeam com  AGOY

k

'.S! Phease send me free informatke onhow lcan 4
1 & home foe a canser 35 3 Tekoommunicadins
o There's no oblgation

- \»

lntemational
Correspondence Schools

\ haiclivoy of Harcourt Brace & Compxiny
(. APOORS, 925 Quk Seseet, Sovanton, PA 15515

-

Lioerty Nicked alo Nickel
of 1883-1913 of 1913-1938

Now! Get 3 Scarce Seldom-Seen Coins

Three seldom-seen coins from
America’s past are yours for only
$295. Own a historic Liberty
Nickel, Indian Head Penny &

nating selections from our
Free Examination Coins-on-
Approval Service, from which
you may purchase any or none

NOW ONLY

$2.95

Buffalo Nickel. All are genuine classic
coins and are now entirely out of
circulation. Clip the coupon and send it with
your payment today! You'll also receive our
fully illustrated catalog, plus other fasc-

~ requmn balance in 15 days — with option to
cancel at any time. Satisfaction guaran-
teed or your money back. ACT NOW -
order your set of 3 Scarce Classic Coins today!
(Limit 1 set per customer, please.)

A S S S S S S G S S S S S G S S R G R G R S ——
I Pk-m send my 3 scarce classic coins in Good condition, as the spectal
] .pnw«uzvslmulmwyssm Now only $2.95
' Save eari

' Sead o mth paymenk lc Gy

I-l w, NH 03501

=
‘fm@ﬂw\r 2o

- KNC33

by e

45-Dxy Money Back Guaramtee of Satisfaction




OPULAR HCIENCE DIIRECT

! To advertise in Popular Science Direct call Vincent White at 1-800-445-2714 today.

CABLE TV
CONVERTERS a

DESCRAMBLERS
pr - iy

www tkaelecironics com o
XS

FOR A FREE CATALOG OR INFORMATION, CALL TODAY

CAEBLE DIRECT

CONVERTERS : FILTERS - DESCRAMBLERS
COPY RENTAL TAPES WITH OUR

VIDED STABILIZERS

EVEN $1080'S on premium
CABLE TV EQUIPMENT

FREE Cable TV Cataleg,

100% MONEY BACK GUARANTEE! i o) e -]
MODERN ELECTRONICS 1-BD0D-906-6664

2609 S YSATH CIRCLE « OMAMA, NE 65130  heip-) www.modemelgctronics.coni

P

CABLE TV CONVERTERS!

» Save 100's » Free Catalog *
* Quality Equipment Shipped in 24 hrs. ¢
* Years of Complete Customer Satisfaction »

Call for free catalog

L&L ELECTRONICS
1(800) 542-9425

“Prechaar rear! 337ee 13 comply Witk any state § Indecl Laws regarsing priate W ¥ cable tv 89
* N0 Tione Wirrset Pieagoe arnia
CABLE EQUIPMENT
bl Monolithic Dome e
o™,

You vew beld & Macsitiec Dome ton

A T e
i 110 5

1 e

O, Bon 08, Owpt § + D, B3 24581 = 1 S00.81T 406

Froe Rrochwes
TOLL FREE
(1-800-221-0793)

A iptere Stairs |
I Spurg, $ 1 and SRR all

« Ameticg's # 1 Aeth-Toe Noasfedurer

*+ 20 Yoor Worremy + Easy Finaedng Avalcbie
+ Eary Da-l-Yaursal Comstrucien

« Fren 14 Page Bsachare

oM
‘Q).. wood r\ m mv
Custom & Shock Kits
Feze Brochures &
Factory Assistance
1 13004312955 ext PS8
fhtpwww.mylen.com O

Mozoc Sales, Inc

JERROLD PANASONI( SA' S ETC

CABLE TV CONVERTERS PLUS

of Decler Prices! *Campore our Low
ina Prices! *Cuaroniend Prices + Worrortia
#Orders shipped immedictely! COD
* WE'LL BEAT ANY PRICE »

Serwy wa N e Bvabers Masid

SAWMILL $3795.
PRER MO

L Wi

l Nmuml TTe

Ext, 101

30 Day Free Trial
Open Every Doy

SAT 10000
(...

MEGA ELECTRONICS
M 1-800-676-6342

CONVERTERS & [QUIPNENT

*WHOLESALE DEALER PROGRAM
*FREE CABLE SURVIVAL KIT

*ALL MAJOR BRANDS
*FULLTECH SUPPORT

STEESLMASTEA.

(PP FUTURE STEEL BUILDING

Y
HERITAGE BUIL Ill\(  SYSTEMS
8300-643-

)))I

Mini pinhole camera $120%

shidden video *vehicle tracking |

wvoice disguiser *bug detectors
sphone tap detectors *"realtime’|
12 hour telephone recorder 5139
*locksmithing * disapperaing Ink|
Wholesale / retail |
We wi¥ not be wndsrsold |

FOR CATALOG SEND 85* TO

SPY OUTLET

POBox 337, Dualo NY 14226 (71 655358

Lot ot g o m e it dimction:




PIONEER STEEL

LOWEST
PRICES!

FACTORY
DIRECT!

'I 800 813-1358

ALL CABLE BOXES!

HONEST PRICES

NEWEST DIGITAL
EQUIPMENT

1-800-665-5017+ |

N Fensts Soves

VISA MC AMEX COD

CABLE TV

CONVERTERS & EQUIPMENT

(800)739-2253

iheracive satsiog Wwww lekview.com

* FRIENDLY SERVICE
* DEALERS WELCOME
* QTY. DISCOUNTS

U‘I’URE ELECTRONICS

388-316-8122

OOO

ged
A

Crazv ﬂall s Price War

E LOWEST PRICE

CABLE TV
CONVERTERS

= ==
& EQUIPMENT
L Lowest Prices
230 Doy Meney
Bock Guarauter
21 Yewr Warraniy
X ealer Pricing

800-582-0989
'l'wo-rim (ombo 899

HTENTAY --.oh-rplu--lhb-

call Electronic City today
FREE CATALOG

1-800-432-5484

SAVE SSS - DONT RENT
CALL FOR FREE CATALOG!

RISK FREE
30 DAY MONEY BACK
GUARANTEE
1YR. PARTS & LABOR
Call AR Electromics TU(’HV'

800-258-9512

http:f www.AAElectronics.com

.m... 1ees

Senvice
VWararty

800- 8‘30 2330

Cv//
Or
Gy E

a/%

* Descramblers
* Converters

° Vndeo Clanhcrs

1-800-600-5049

www.cableondemand.com

[BUILD A BDKECAR weew DG G0

1 Seater Pians Ordy P\
$1285 2 Sester Or A
Pans A3d $

uo'w.wco-nncu PO BOX 72
T IEAEIN s Wlﬁ-‘“‘-‘"

Schnce reserves he fght 1o efuse any
advertising oeter. Only publication of
an sdveriisemenst shall consbtete Anal
occeptance ol on ordar. Pubbceson does not
constiuie an agrearmen! lor comtoued
puticason, Al oders e niyect o e applca-
Dhe rade Card. COpees Of which o avelalée Lpon
werlian recuest sert 1o e ackiws proviced

First Legal

AUTOMOTIVE

JAMMERS

[ Technologies, Box 26024, Las Veges, NV

|| 89126 www.hilechnologhes. com

AMSOIL Synitetc Lubvicimts and Fivatos
Products. Buy Dwect  Free Catalog
| B04-530-1400. nemsail Lo © erchs com

| CARS FOR $100! Trucks, bouts, ATVS, RV
furmiture, eloctionios, computers, oo by FBIL
RS, DEA Avalabl your ama mow. Cab
1-800-430-1304 Ext. §-20025

SEIZED CARS from $175. Porsches, Cadilacs,
Chevys, BUW s, Corvetios. Also Jeeps, 4WD's
Your Ada. Tol Free 150021849000 BEa
A-G508 for curmenl ksdngs.

VAPOR CARBURETOR TRIPLES MPG, Froe
iformaton. HAA, R2PS Bowing Groen, NO
| E334-9350

llll Dlnribuﬁnc MI-ISII
; u u-r ntr

| AlomacoGeneraler  Rebuilding Boock. HH

Factory Parts  Whelesale Prices
1-800-531-27%
EME! 1-800-229-1001

GALE] W ERgaso.com 1AM - )0 PMELT
%] Guaraateed Competitive Pricieg

To advertise your
automotive product,
contact us at
(800) 445-2714

ALARM SYSTEMS

WIRELESS DRIVEWAY ALARM
A beli mm your
house an‘\{ SOMe-
one walks or drives
Inte your place
« Free Liternture -
DAKOTA ALERT, INC,
Box 130, ELX POINT, SD 57025
605-356-2772

ALL. TERRAIN VEHICLES

FPUSH & GO 45609
Msernd Covstn

ALTERNATE ENERGY
SAVERS

FREE ENERGY! Fuel-Loss Mokors and Goner: |
MO |

wiord HAA, FREPS Bowing Green,
633348360,

ALTERNATE ENERGY
SAVERS

FREE GASOUNE made from sacret new proc-
a5 Enertoch P.O. Box 344 Galion, OH 44833,

NEW FREE ENERGYY Fusliess 250tp En-
pnes. Creatve Sciences Bax 557 Now Albary,
IN4TI5

SAVE UP TO B0 ON MEATING BELS WITH
A YUKONEAGLE NULTFUEL FURNACE

Eagle Furnace
1000 Ag Science Orive
Palisade, MN 58580

N of 1-800-153-0060




AUDIO/VIDEO EQUIPMENT

LOUDSPEAKER REPAIR?  Call  Simply
Speakers. 1-888-FOAMROT for ee info. (Toll
#e0- 24 hours.|

www. SPEAKERPARTS com

"@0'??]:3525

!

Propofiens. Hovercraft Flans. irtoats, Ardrves,

Engines.  Catdog  $S5.00Amowprop,  B10P,
Mosker, OK 74255

Hamtustt. HELICOPTERS 24 120wl
T Y Y T —

BETTER HEALTH

{3B2)7e7-8123

BOATS & EQUIPMENT

DOAT KITS - PLANS - PATTEANS - SUP-
PLIES - Al Boat Types, Sizes. HUGE CATA-
LOG - $5.00, CLARKCRAFT, 16-7 Agusiane.
Toramanda, NY 14150 (T16)373-2640
www.clarkcrsfl com

BOAT PLANS- PATTERNS- KITS- 176 page
CATALOG- $5.00. GLEN-L, Box 1804758,
9152 Aosecrars. Beltfower, CA S0707-1804
S62-630-6253. waw ghanLcom

BUSINESS OPPORTUNITIES

$10.000 MONTHLY N YOUR MOME! . EASY
AND HEALTHY... UNIVERSAL.PS BOX
025 BROOKLYN NY 1123 it
WA Lpimim.com

$1,000 WEEKLY STUFFING ENVELOPES AT
HOME. Rocetve $2.000 for every 1,000 en-

opes. FREE samps FREE snvelopes. FREE
suppies. FREE oetads. Wrie Colossaf, Box
DAO1S-PS, Brockiyn NY 11204,

$1,500V THOUSAND immociately. En
velopes. Free Scppbes Send SASE: UM,
Emuprw Dopt. PSS, 114-1027 Davie Stroet,

ey f-’-'-u".‘:,.v G 1 AMD Womtred Plarm:
Jabv Ovideriive. 88 Ml“”l—m

ltd——y.l

LIORAECA. tai. . PO B 8104 Pudiuhen MD 33847

38" Remote Controlled Flying Savcer!
.J’q_'n; ) vachere’ s ndoory’ Sun 4 e whoe
farily' 57 Bmp aise avalabie. 557 20 A% + 53 Shoeg A
Furace Noowy e 3 Cwge

Doa 145 « Odg 5 o
Leng Gresn, MD 21082

BEER/WINEMAKING

BEEAMAKERS Winamakars Frie Catalog
Fast Sorvice, Froe Recipes. CelarS, Box
33525, Seamle, WA 05133, 800-342.1871 E-
mal homebrew @ an net

Beormakers, Winomakers froe "
e kits- graat poces. U-BREW, 1207 Hwy 17
South, Nodh Myrfe Beach, SC 25682
18008454441

WINEMAKERS - BEERMAKERS. Frow Ihus-
rajled Catalog. Since 1967, 1.800-841.7404,
KRAUS. Box 7H50-N, Indepesdencs, MO
64064,

BETTER HEALTH

OIET PHARMACEUTICALS FAT BURANERS
MAILORDER LAB SUPPUES AND
GLASSWARE. ALCHEMY SCENTIFIC &
PHARMACEUTICALS 1526 W. 18TH 177
HOUSTON TX. 77008, 713-8800777.

BC. VBE al2

#1 NONEY MAKER Spare Time! No seling! No
msdory! doourmaning seen  meek
§19.919 income! Free audo casseme and Re-
port revesl averyBing. Real Money, 330-PSAS,
SW Sth Street, Grants Pass, DR 87526

S2000 woekly stuffing 1000 envelopes. RUSH
SASE ELOX-PS POB 182243, Shelby
Township, Ml 45318-224),

EARN $60,000 YEARLY

Repainng (not ) stone dam-
aged windshields and plate glass.
Leam how & 3 minute repair can asn
Yo S\mmh! 4
cawnow  1-800-695-6224 |
FREE REPORT!  Www.glassetiv.com

NVSIOPTIKLEER, LYNN, MASS, 01904 |

BUSINESS OPPORTUNITI

ES

HYDRAULIC JACK REPAIR MANUAL AND
CATALOG $10.00. MYDRAULIC PARTS SUP-
PLY, 20234 SE 100th St., Sawyer, KS 67134

MONEY MAKING MACHINE. Cubmate ma:
chine inslalls beauthul concreie lewn edgng

| CABLE EQUIPMENT

BEWILDERED ABOUT DESCRAMBLERS
Cal for last friendly wxplanaticn on ol ot
roeds. Tech support Wil purchase. Same of
shipping o shipping & FREE. Globw Blechond
| tob-troe 1-828-221-8355. 5-Bpm, mon-sal

BUY IT WHOLESALE & SAVE B8IGSY
ORGINAL RFT-DAM & RFT-PLUS W)
AUTOMODE RFT-PLUS WORKS! BES
QUALITY- NO CHEAP CLONES oi8-307-124

AECOAD VIDEOTAPES AT MOME! Easy
5130000 Weekly hcome! Feo Stamgp In
fosmaion X! CMSWVIDEQ,
DOept. 162, 210 Loma Square, Emingham, AL
ISNESLN

Sroot Photos. Maks 5319.92%0h. Fim Scpples.
Photocorp 2085 Exetor Sute 80-PS Germar-
wown, TN 38138

TURNKEY ADILT WEBSITES only $488
S00¢ NUMEBERS just §39 sach. Froe brochure
Cull 1-888-850-6113

W SIUMCOMMUNCANOnS com

way, Box 433850 -WPS Batimore, NO 21296

PACTORY DIRECT, 1000's Products. TAIWAN, |
PHILLIPINES, MXONGS Save 1o 500%, Cut |

$ng, 3850 Centesd #3070, Fi My, FL 33001 |

LTI-MODE

RFT/DAM
$70.00/10007
30 Day Trial * 1 Year Warranty
(314) 569-4027
WORKS ON ALL
JERROLD SYSTEMS
emall: cbi@fastlynx.com

BOO0-761-1007 Recorded Datais

$65.00+ per hour! Spare Gme @ home! Refling
copler and printer laser carindges. Easy. Muge
demand Complele system only 477.00. Free
Menm Cal  amytme  7H7-205-0404

CLOCK & WATCH REPAM VIDEO COURSES
Loam Fast. Enormous Demand for these dying
ansl Frew LiNrabae S00-853-8553 www.las-
Cone Com

FAMOUS MAILOADER MILLIONARE reveals

ACTIVATION COMMUNCATORS,..- $8500
DIAGNOSTIC- PRICING!

ROCKBOTTOM
mmnmmm YOUR OLD BOX)
UNIVERSAL PANASONIC BOX
woau EVERYWHERE .- $185.00 DEALE
nuooums— 1-T18-261-T796.
1-888-331-1107. 0 38 nchas, 4 bilatie oas, 12
words, 28 points depth

Acthvstion Unit Ssie?! Jenokd & Ponser sulo-
mulimode fest cubes. Deslers Welcome
1-8588-388- CUBE

ALL CABLE TV CONVERTERS/ ACCESSO-
MIES. LOWEST PRICES! 30 DAY TRIAL.
CALL 1-800-538-CABLE.

money-maeng secrets! Frae wecting

Mebvyn Powers, 12015 Srormman Rd, Nodh
rotywood, CA 91606

PHOLOWWWN. MOOWDRS COM

GET PAID S20820° ROLL TAKING EASY
SNAPEHOTS! FILM SUPPLED. PHOTOTEX,
BOX XNG-PS. IDYLLWALD, CA @649
909 659-0757 hipwiww phototeh net

ALL CHIPS $5.00 -$18.00. NOW JERROLD

AWIRES. QUANTITY DISCOUNTS. NO MINK

MUM . 1-000- 1600855,

um DESCRAMBLERS! 30 DAY RISK-
UNCONDITIONAL MONEYBACK |

owuunm CALL NOW! COVERT ELEC- |

Home Based bew snderprsa! $1300 coal. Not
MM, Paoven $100000+ MMEDIATE IN-
COME. Roconding: 1.800-322.6160 axl. 5323

TRONICS 1.800-431-5014.
BEST IEPT SECRET- INCREDBLE
on Descr CALL BUY-

ERSASSOC!ATES 18008605139,

www adealdu. com
_— .-

& FT-DAM

I EXTERNAL ACTIVATOR

lwis mmn

Lol
: Y 4 mm-:wa
|

WAW MISCONPANY COM |

| 1-800-660-CUBE
OUARANTEE

30 DAY MONEY BACK

DL —

|
ﬂ
|

~CABLE DESCRAMBLERS, TURN O

back gueraries, 1 your w
ranty. JCB Elctronics 1-200-575-2255

“800- 827 1115

CABLE DESCRAMBLERS! CONVENTERY
VIDEO CLARIFIERS, WE BEAT EVERYONE
| PRCES GUARANTEED AND OVERMTE ©
| LIVERY AVARLABLE SAVE MONEY C
1-800-630-4678. POWER CABLE COMPANY

CABLE DESCRANMBLERS. AI Models 10 day
money back. Lowest Prces. 1.800226.40¢

| DESCRAMBLER KIT

$14.95

WHY PAY HUNDREDS MORE?
1-800-752-1389
*| (24 HOURS)

Only. Cable On Damand.
CABLE EQUPMENT Brands Lown

Cubes; Jarrord AFT for CFT2200: Tooks: CHIE
4 BITS, 1-800.577.5617

| BLERS. WHY RENT? CALL BASIC ELECTF
CAL SUPPLY. 1-800-577-6775

116

OQCTORER 1938



CABLE EQUIPMENT

| CABLE CONVERTER DIAGNOSTIC TEST CHIP

[LOADS FULL ACTIVATION OF CABLE CONVERTER

(WE STOCK A COMPLETE LINE OF CHPS TOOLS, WIRELESS QUICK INSTALL TEST
BOARDS AND DIAGNOSTIC TRANSNITTERS. WHOLESALE PRICES-DEALERS WANTED
*** ANYONE MPLYING ILLEGAL USE WILL BE DENED SALE. WE SELL PRODUCT ***
ONLY1! TO QUALIFIED BENCH TECHNICIANS OR CABLE REPAIR FACILITIES!!
*LOWEST PRICE & SUPERIOR PRODUCT GUAR, BUY 6 TEST BOARDS & GET 2 FRER
MONDAY- FRIDAY 8AM.JPM EST. WE WILL SHIP UPS/FED-X NEXT DAY PRIORITY

VISUAL COMMUNICATION
FOR CATALOG & ORDERS 1-800-GO-CABLE
| TECHNICAL SUPPORT DEPT. 717-620-4363

CABLE DESCRAMBLERS
$185.00 DELIVERED

ALL EQUIPMENT IS NEW AND
IGUARANTEED. BUY DIRECT FROM
THE WHOLESALERS!!!

FCALL CRAZY LIZ'S ELECTRONIC WAREHOUSE-

1-800-391-7803

CABLE EQUIPMENT

UNMODIFED $ Lot Jerrold DPT112 832
Tocom VIP 5§28 Pionser 6310 595 5130 525
Zecith 1622 $25 SA 8570 $75 6500 $110.00
Call 1-800-500-9825

DO-IT-YOURSELF
LASERS NEW SUPPUES! PARTS KITS &
COMPLETE UNITS... FROM $10. FREE CATA-
LOG. MERED(TH INSTRUMENTS
(B021-834-COHT waw stidiiers com

CALLER ID

CATALOGS

ADVANCED JCENCES
250 Century Technokagy Todey”

PO Box 2017-P, Paim Springs, CA 92263
Phone (140

COMPUTERS /SOFTWARE

BUILD YOUR OWN PC: Save hundrods of
dolies! Buid 10 own o budld 10 sall. Insuctions

Auth Ave, Cuyshoga Fals, Otwo 44221

cetves ol Fraquency Lt inchuded $175.00. 30
day tal. § monty samany. MO VISA/ COD
(AA585- 1860

UNUSUAL PUBLICATIONS! Syange st
Waind plans! FREE catalog 185+ amazing gud-
licators! € . Box 49, Carthage, TX
756330004,

AIMAZING g

ELECTRONIC DEVICES

ULTRA BRIGHT LASERS

NEW ENGINEERING TOOLS TO HELF WITH
YOUR CALCULATIONS.  ENGINEERING
SOFTWARE (301)-540-3805, Nip 0
mambers aol com'engware

WORLD WIDE WEB

8

(ARRYALL NAKES ANDMOCEL TEST

usa d'sH
KITS LOWEST PRICES GUARANTEED.
CALL T100AY:{800)861~4565 Compore o Coble

NOTE.We do rot sell Bg.mms, | %% 500/0

e
MOAL INTERTA M IVT O 098

ALL THE HET AZZISSORSY
Py (ESS

| TIONS  EXPLAINED, BEST  PRICES,
SEAVICE. TWO YEAR WARRANTY! FREN
| CATALOGUE 1-800.-854-1674,

mwcmtuvmm
new peoducts. Converiers, Full
mwammaamm
7 days o week. 1-800-676-6342

| TR CITY WIDEC IS NOW  SELUNG
| CONVERTERS! EQUIPNENT DIRECT AT
| WHOLESALE PRICES. 1-800-542-0080

Cable T.V.

Converters & Equipment
1-(800) 888-5585

IPMENT AND TEST CHIPS* BEST SER- |
(000)630-41 80

ALERS.CONVERTERS DESCRAMELERS
D55 4 $160.00 IN 10 LOTS, ALL PROOUCTS
W AND GUARANTEED, FEDEX DELIVERY
0 D. OTHER PRODUCTS AT SMSLAR SAV- |
S 1-800-801-8660, CABLE 2000

ELE TV' SPECIAL DEALERS PRICES'

CH SUPPORT ELECTRONKS Cal Tol
e 1-885-273-1343 Bask cable TV comvert-
, porsonal securky equicmarnt. Froe catalog

MC, Visa, AMEX, COD

o, PO Bor & Seatlord, NY 13470
1 -E85-J40-432%

LLVIS Cptce Mpowrer Ao (AXIN WANDO W SOUNTE
LAETENEN SPY TEM MWasts WAS Abeww Lasirs 90 84

CONTACT LENSES

CONTACT LENSES. Abschuite lowest pices on
your contact lenses, Geamanised Call 1-800-
CONTACTS.

PUGGED? PHONE TAPPED? FREE Catalog
of CounterScrvalience Egquipment wils you
Fast (300) 732-5000

Cover It Now.. -
Pay Later!*

FSTRCTURALLY ENGINEERED 1O PROPECT

o L rdoaw
rows, Crerruses A Moy

5 o Wy Setn

s ,99 \Mrhnq Mrce

o SIEBONS B0 R 3T A g

INSTANT GARAGES

COVEHm 1-800-932.9344 o

WO&D!RLMI‘B’C’?“
TECH LINE 1 603 673 4730 11 EST

*MWCOMN CO(C&OC VISA,
Ceatomers Plaase Add 20% Shipping

INFORMATION UNLIMITED

PO BOX 716 AMHERST NH USA 06031
WEB SITE AT M dwww amazingT1.com

K Mok Ouar 30 Avy Poaon
Iy A5 Setws Mheates Mool

Fax: 203-93%-4754 2035014777
wwwooweiticcan = 2
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DO-IT-YOURSELF

UPHOLSTERY TRANING VIDEOS, FREE
BROCHURE. YUE, BOX 128FS. El VERAND.
CA 25403 000-835-3400)

hapYwww upholsier comivae

TELEPHONE LISTENING DEVICE

W12 MR. RECORDER
Automatcally oot Al
. NCOMNG 300 SADOING caks!
- e as. YO0 S
Tebephone Lstenng Dewoe
$15 85+ 52 00 sh (separalody)

TWONE E Ay VD D A faw
asevtle ML Lp & W ) SN0 n
ot e ve »ot(mu‘m
\M:Mhm: Surveiacs A Coartn
Pt Aoer’ Berd S3 00
Call 4377351000 CO0% 0K
US COx>
PO Sou PRIAD Weinouwre, By 3wy

®

DON'T THROW AWAY THAT USED
COPIER OR PRINTER CARTRI DGE'

00 it yowsedt
SAVE OVER YN

'S sy
-

INSTRUCTION

EDUCATION &

ACCREDITED B.S AND M.E. N COMPUTER
SCENCE THAOUGH DISTANCE EDUCA.
TION. Obtject onermed 8.5, Now
coursas in Javi, Natworking, HTML, MIS. Free
cot 1-B00-7G7-2427, Mg Owwrw 2ics o
AMERICAN INSTITUTE FOR COMPUTER SCI.
ENCES

CASINOG RESEARCH TEAM dscovers abec-
itely proven sysiom. Verrtable S600+ dady
Literatore: 1-800-341.5448

Codege Ragons. 19278 papers avalable! 306.
page caftalog- rush $200 Ressarch, 11322
Mato, V20EKT, Loa Angeles 90035, TOLL.
FREE HOTUNE: 2002510222 or
AW SRR - R EA NS COm

Columbia Sowuthern University. Accredied’

HELP WANTED

$800 WEEKLY POTENTIAL PROCESSING
GOVERNMENT REFUNDS AT HOME. NO EX-
PERENCE. 1-800-026-4775 EXT 553

EARN MONEY. Roadng books! $30,000 / yr
incormm potential. Detais 1-800-5134343 Ent
¥-20025

EASY WORK! EXCELLENT PAY! ASSEMBLE
PROOUCTS AT HOME TOLL FREE
18004575586, EXT. BOGS.

GREAT EXTRA INCOME IDEA! ASSEMBLE
PRODUCTS AT HONE' CALL NOW
1800377 4000 an 6050

HOME TYPMSTS, PC usan neaded. $45.000
ncome polerial. Call 1-800-513-4343. £t
B 20025

FINANCIAL

FREE CASH GRANTS! Colege Scholarships.
Busnees Madic tels. Newar Repay. Toll Free
1.800-218-5000 Ext. G-6586

FOR INVENTORS

DEAL DIRECTLY WITH REGISTERED PAT-
ENT AGENT mnd qualbed US Puwet Offcs
Examiner. DON'T BE FOOLED 8Y PHONIES.
Froe patest mooraton- «Pateel, Direslop, Mar

ket Your lwention_ .. Richard L. Méer, 12 F)-j
%che Orive, Sue-N, Dix Hits, NY 117484879 |
(516436-4343, 1-800-242.-83563,
HTTPAWWW. INVENTGOLD COM

FREE prolection forme and information Mt
Trusted by ivertons sisce 1975, Afiated -
vemors Foundaton, 1-800-525-5585

Inventiony/ new products. ISC, America's
feading invention firm, helps submi % com-
panka. Patent Services. 1-800-288IDEA.

INVENTORS" DIGEST. #1 Invarmors’ | Answers
ALL your questions. Satstaction Guarantoed
$22/ywar. 1-800-835-8806 £

INVENTORS: Free riormaton package’ nial
consuftation. Atlomey JP Havoni. Washingron
OC wen 0-876-6670

FREE CASH GRANTS - Nv-wﬁmoy'»lom
avaiable from foundations v Business, Mod

e, Dutt Consobdaton, Educaton. Cal for ree
nlrmaton: 18004130941

FREE MONEY NEVER REPAY GRANTS FOR
ANY PURPOGE. FREE INFORMATION PACK,
AGE 1-810-377-5229

NMONEY AVAILABLE NOW! Let the Govermment
Finance your business idea. Satistaction Guar.
soleod 1-800-226-2601 ext BFEOSH

MONEY SUPERMARKET! Loans- Ary Reason,
Any Amoun® Coadt No Problem! 72 Hour
Processing Beokors Neoded 800-399-7197
o013

MONEY TROUBLES? OVERDUE BILLS? RE-
DUCE WTEREST, CUT PAYMENTS, RE
STOAE CREDIT, CALL 1-900-SAVE-ME-2,

NO EXPENSVE TRICKS! Falr, honest, com-
plote credk repair at 16157912834, FREE
INFORMATION

OVERDUE BILLS Y 1-800-708-1141, Bar oo
s ro problen' LicarsadBonded singe 1077,
Apghcators to $50.000. Not oen company
Town & Coustry

Licersed Degroe Frograms S5MS. Credt for
Wort/ Lile Fapecencs, Fres Catslogue
1-800-577-8448 x778 Oange Boach, AL 56!

PARALEGAL GRADED CURRICULLM. Ao
proved Mome Stady. Alcrdable snd Compee-
hensise. 100 yoars of fogal traning Free catalog
(B00-828-0028) Blackstons Schoal of Law, PO
Box 701448, Dapariment PS, Dalas. TX 75370

PhD's 517500, MA's 513575 BA'S
§0475, FOR FREE INFORMATION. CALL

| Dighoma, Seorodation
1857 AMERICANSCHOOL®, Dept 174
200K 1ORS1 Lareng L0 1.800.531,9268

Im I
LGW swn >

ey |

ELECTRONIC SUPPLIES
& EQUIPMENT

PESTS ARE GONEY Mice. maix, squamels, and
thousands repor feas, ants, spédors, roaches,
Ry, crckets GONE'  Technological
breaktheough

www. hanieys 0

EMPLOYMENT
INFORMATION

$320 84 Weekly Assamting Our Producs Al
Home. Cak Toll Froe 1-800-333-3294 (Mes-
Aage)

TOO MANY BILLS? Freo, Easy Detnt Corsok:
dation. One monthly payment- reduced up ©
50%! Genus Credt Maragement- Nompeoft
BOO-ZH0LTT8 (1014)

FOR INVENTORS

Affordabls Qualty. Futuetng. indusry pee-

Frem n-

mm !6(1).'!31 225&
wiew, kankinfongs com

BORSARI and Assockales, prowdes patend and
rademare serviors. Fam meeniods  pachot
B00-226-2452 or WWW BORSASSOC COM

r WORK DIRECTLY WITH
REGISTERED PATENT ATTORNEY
& DEGREED ENGINEER
36 YRS COMANTD ENGNIERING &
PATENT EXPERIENCE
U.S. & FOREIGN PATENTS

PATENT AND DEVELOR OEAS WITH
W EXPERENCE OF AN EXPENT
FREE

228 PAGE DROCMURE.
CONFIDENTIAL Aavx:z AND FOAMS
INTROCUCTION TD WDUSTHY.
MAFKE TV PLANS, OFF BHORE
PRODUCTION A PROTOTYPES
Ao 5 yrights &
Associates located near Patent Office
CREDIT CARDS ACCEPTED » OPEN 24 NOURS
MICHAEL |. KROLL
REGISTERED PATENT ATTORNEY
US PATENT REGISTRATION #26,755
171 STRAWELL LA, SYOSSET, NY 11791

roue rree uscanana 800-367-7774
Tofl Froe FAX - US & Canada BOO-387-7773
Htmnmu PronuFax 516-692.2795

met-hitp rwendion.com
k €. Mau patert @ invention.com ‘

Have a Bright Idea?
Now OWN ll foccnly $129
P Crasrrun & Hoviserore rorw |
* Provices “panent

pordng” status

o Easy. QUK 10 OO

¢ Avoids attormey fees

» Fing 1oa only $75 )
Do-b-Youreell ACTION KIT™ i
Provisional Patent A ion ||| |
(Congrons’ huse 98 serglihiad applcation) |

M2 rex \Wdeo, Woddook Cowroles and Foers

Folent Low AVenlure Creup
1-S00-7-4-PATENT » |- 800-747-2336

INVENTORS- FREE INFOANATION PACK.
AGE For customized a58S50N00 0N your proc-
uct or ideas, cab Duvson 1-800-677-6362,

INVENTORS ~ NEVER SEND IDEAS TO
STRANGERS! LEARN  AFFORDABLE
PROTECTION MARKETING METHOO. NON-
PROFIT ORGANIZATION. FREE INFORMA-
TION: 1-800-846-3228.

PATENT PENDING only 575 New Law helps
sl svesdors. Fren beochors, B00-548-3721

REGISTERED PATENT ATTORNEY. Fomse:
patent axaminer. 31 yoars aspenence. Domald
Kotdestrings. 1.300.966. 7577,

SELL YOUR IDEA.... Free lo on Patents,
Licaraing, based on 30 ys Exp.
Harsharw Ressarch S00-451-1326

SELL YOUR INVENTION TO INDUSTRY.
AFFORDABLE MELP AVAILADLE FREE
CONSULTATION. GUARANTEES. |
1-800-341-1 708

GAMES /TOYS/PUZZLES

PlayStation MOD chwps. Plary Japanese imports
and CO-R coples. §25.00 EMAIL pax @ tgu.ong
phone: (308 -654- 7252

GIFT IDEAS

PRODUCTS FOR LIVING Dinstnctws Gits
Caniog wiew, TSt 70100 @ wcl com
18005097224

HEARING AIDS

Hearing Aids. Deal Direct, save hundreds,
mmnmmm.rmmm

MEARING AIDS- FREE CATALOG. Top name |
Bowscts, Wl stybes, POWERFUL CUSTOM AIDS, ‘
REPAIR SERVICE. SAVE /2 or mose. Poser
Hadring, PO BOX 13885 Chesapasks, VA
233250885  1-B00-2604135  www.power-
haaring com

| weew smarthoms

HEARING AIDS

HEARING  AIDS- GUAMNY!tD LOW!!
PRICES! No huge commissions Homa il
e, AL ke, We e e o \ml tagyom|
best. Cu rayumant specaists. Froe |
formation (5001 3231212 Loy - PSC

FREE CATALOG
New Hearing Aids

MINI CANAL

e 45 Day Trial eHuge Savings
TRY BEFORE YOU BUY!
1-800-320-3300 EXT R31
Write: RHODES HEARI

201R31 Ohilo St.,
Brookport, IL 62910

HOME AUTOMATION

Make Yow Home Smart, DIY

ome. Touchacreens

~n‘n\.||n1 ]

10 wwrche
4 .u-.--a,.-c
5. Froe 144 ooy

| SMIPE HUNTING Fran huning sapanence, b
svorystore. Creade Peotme momones. T
doie i $6 50 pasipaia Fy
url 1 Soumvrs, Sulee 2690

parks

INVENTIONS WANTED

Apply for & Patent! FREE Infarmanon KA &
18008468362 Ent. 11

rverinry: Free informaion nl-Nc-w
your Imvmbmlo« ule foense. e
421 yours 1-800

r"l

3 or hekdw B el
GOLD JEWELRY

10a God
Wanarpeos

“

MNGS' HP-TECH DESIGNS. Amy
ng Reotums, FREE Callkg B oMy
1608 'nl Morroe, LA 712014202

tmanrch

KlTE.S NN

FREE CG.OG CATALOG

et 200 wnes
uil &

Call of write for yo

@ lameaco net

‘.'.l Ty s OVIOVE Seum

 CMAOG totkay!

1
l Into The Wind « j800) 541034 |
MOS8 P Pear! S1.. Boutder. CO 80302

MISCELLANEOUS
MEN’

EEE-EEEEEE, SIZES 5-13
« FREE catalog
* High quality
* 160 styles

HITCHCOCK SHOES, INC,
Dept. 46M Hingham, WA

OE WWW_ wdesh on

1-HO0-232 W
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MISCELLANEOUS

|

JURIED TREASURE - Sersitve cqupment
dows locating bom distance. Free trochume
Jmmons, Boax 10057-KA, Wimngos, NC
B405

MONEYMAKING

OPPORTUNITIES

RAPS! Amazing, ssvolutonary systas. Thou-
ands of satised customers, Free recosded
homaton. 1800217.7711.

fOU CAN GET PEQPLE TO MAIL YOU
PONEY. PROVEN METHOD. SEND $200
PHIFFING AND HANDUNG TO: WILLIE JOHN,

X 12745, DALLAS, TX 75225

MOTORCYCLES/BICYCLES

ENSION EDGE BICYCLE ENGINES: Ausi-
ry Power Supply Fits Bioydes, Recumbants
oidwps, Ensly, Auminized System Out-

ors, Outchimbs, Ouipaces Compettors. Froe
ochure. 4066526766

GNETIC MADNESS. THE MOST EXCITING
HALLENGE GAME BGINCE THE CUBE
15+85 S (CCCSHAMO) MONEY BACK
LAR. MAIL TO PO BOX 17115, LAMIRADA,
A DOBST,

B Pt & Ve
B o e SN0 W
’b‘nFJG YO gRTe
wcsor ’Q)'.\"

& g -—uhe-
’nh“"ﬂi * Dufowiie, WA 24060 + | 500077 AN

OF INTEREST TO ALL

B Hod Woms S6PPO, Merchant Inquimes
ncouraged White Hawks Worms. 232.247PE
ke, Quakertown, PA 1854515341

ﬁm TALLER! FREE REPORT. SHARP
Qus , 100 New State Mgwy. Rayham MA
767

AD i magcan T208M11 504730
hiaking number socret! Wrka:
wpolon, Bax BOBPWF, Union Ciy, NJ

roar

SLOT JACKPOTS. 47 ways 0 boat e
ts. FREE cwmals. Winning, Box 121295,
rwsion, NY 140528212

ma Homes - Pro-ct kits - Supennsulaled -
e Towr Video Noual  Spaces
O-7%-T07

ULL SIZE PLANS MUSICAL JEWELRY BOX/
MIDOR. $16.50 PPD, INFOXIT! MICTURE
DO NOAMANY CONSTRUCTION 2 E

MANDY DRIVE, CHICAGO HIEGHTS, IL
n

REAL ESTATE

GOV'T FORECLOSED homes from pennies on
$1. Debquent Tax, Repo's, REC's. Your Acea.
Tol Frew 1-800-218-9000, Bt H-6588 lor cur-

rent isBngs.

GOVERNMENT LAND

US CITIZENS ONLY
20160 acre claire program il aeaiatie . gt youry b
£20 goveswrent les. in A AT, AR, CA. CO, 1D MT,
NNV, OR, UT WA, WY For sonmgiets, $300-by 4000

PUBLIC LANDS TITLE, PO Box 2945 Ps !‘o'l
Angeion, WA S GEM e B 1l Hormesisedng.
I8 Pt arsker o) vy 00mis 81 v dieal

P Y Clypet COMDRchar Yy

MONTANA ‘\ WYOMING
mmu

Call Toll Free: 1-800-46052-0000

et "CUSTOM MADE

RUBBER STAMPS

SATELLITE

0SS TEST CARD wthortoes al chanomis. For
informason call 1ol froe 18384167296

DSS TEST CARD INFORMATION, PLUS
SOFTWARE. CALL BOXOOM 1-800-858.2553
o 1-013-754-5021

SN CASTING and Mokd Making Suppbes
ProduCe YoUr Own designs o parts no longer
s, Polyesier resns, ey, colory, sl
pne  rutbers. $3.00. CASTOUITE,
joct. SBMIPS, 4015 Dean Woodsiock IL
065

ubber, plasc  compounds.  lechngues,
soes. Froe Iinformason: Castcraltl, Box
DOXVSY), Memphes, TN 38167-1000

REAL ESTATE

JARGAIN HOMES - Foroclosed, HUD, VA, SSL
Jalout propenies. Low Down. Fantasse saw
bge. Cak 1-800-430-1304 Ext. H-2002% for kst

ALFORNIA. Acresge. Lots $50 down $50
;:nfw 4502 Ethol Ave., Sherman Oaks, CA
423

OCTORER 1302

'Co'ls'lﬁliejé é;.lsteha
) v
gm‘s; m.s'vmﬂ %.r
wPREE SUTpRINe
30 DAY ! BACK GUARANTEE

CEDCK O60 WERNTE WWNILIWORLD JATCEN  CK 10

SATELLITE

DESCRAMBLED DS$

LEARN HOW TO GET MREE ACESS TO

™

OVER 285 SATELLITE BROADCASTS
088 TiaT/AcEss Cao DaoenaTion Pactasé

PO Box 2T12-PS
Framont, CA Sa536

SCIENCE & CHE TRY {

ANAZING LITTLE PYRAMID! & scale model
pyramsd na roaky works htpo
MeNDass a0k combapians

STAMP COLLECTING

FAREE LIST, MAL.EIDS, DISCOUNT STAMPS,
PACKETS. VA, BOX 1978, HANFORD, CA
sazaz

TOOLS & MACHINERY

4. Mewal Cuming Lathe $141.25 Taig, 1241
Nightingsle Lane, Chandler, AZ 85248

BOLTS, SCREWS, TOOLS, WHOLESALE, D
§2.00 (refundable).
€3, Bristol Wi 53104

Duskiog CNC Niting Machines, Lathes. Fout-
ers. CadCam. Prototyping and Manutacturing
Bobcad (S03)-381-4342

CHEM.LAB SUPPLIES. DIET SUPFLEMENTS,
CATALOG $£.00 ALCHEMY SCIENTIFIC &
PHARMACEUTICALS 1826 Wost 13th #1177,
Houston, TX 77008, 715-860-0777

EXPERMENTERS.. CHEMICALS - APPA-
AATUS - GLASSWARE. CATALOG $2.00 -
ESTABLISHED 1953 HAGENOW LABORA
TORES, 1302 WASHINGTON, MANTOWOC,
Wi 54220

P BLUEKIDGE

[ON / MACH WY MO

¥

HIG#H POWER ROCKETS. Pights brom 100010 |
20,000 %ot Sate and logal Totally reusable.
waw pubbcrmissding com

LABORATORY CHEMICALS, GLASSWARE,
INSTRUMENTS, STUDENT KITS, 240 PAGE
CATALOG $5.00. (REFUNDABLE!) ADVANCE
SCIENTIFIC, 2345 5 W, 34TH STREET, FORT
LALUDERDALE, FL 33312 {954)327.0000

MAKE YOUR OWN ROCKET MOTORS!IN
HOMEMADE FUELS.. CHEMICALS,, Lab
Glassware, Acids, Suppliies, Instructional
Bocks, Eilc...HUGE CATALOG...82.00.
PYROTEK, PO. BOX 300, SWEET VALLEY,
PA 18858. (717) 2563087

SCIENCE & HOBBIES

LATHES

* Mils = Momls =Books
= Frocson lastrumants
* Socam Kits

YN R 1

Campbell Tools Company
J100-F Selras R4, Springfiald, OM 43503
www campbeliocls com

UNUSUAL ITEMS

40 CALIBER BLOWGUNS AND ACCESSO-
RIES. SEND §1.50 CHECK OR MONEY OR-
DER FOR CATALOG TO: JK ENTERPRSES
18337 DURAND AVE, UNION GROVE, Wi,
53182

WATER PURIFICATION

T s g & D g, Uses no
chamicals, installs  wih g work,
moneyb 5.8+

SPORTING GOODS

15 YOUR CROTCH KILUNG YOU?T The . Tita;
Rumpa.... reduces pressune points by maintaining
oen wagh datrbution on the bka  seal
WAWNON000 00m BE3-67 44485,

Oy Gwvne's tavcrte
DARAg pAp0hie ' & M
SOLOMTTIR The wosd's
Oy W CORNG DA

Cal TOLLFREE % 2 FREE DROCHURE!

1-800-886-7774

SECURITY/SURVEILLANCE

STAMP COLLECTING

| Ponry Samp Approvals,

Cheatin Spouse? s midnight, do you know
where your spouse i57 Hdden n the car, the
WYW”HWM“MW

Sirpke Irstalation. $505

| 1-00)-240-9770

DOORBLOCKER- PERSONAL TRAVEL SE-
CURNITY. Powarkd Pomabie Door
Lock. (8778728116 fam- Jpm.

Surveitance Equpment, Night Vision Telephons
Seourtty, Counter - surveliance, Minkature Cam-
ey Owie 300 Products www apySase com
B00-570-56562

Compite 03
m.n"mom (TM)501-TT94

Regaeciess Catalog.
Kioster 16269 Bunny Drive, Jamu, CA 91035,

guaameed \
shipping. EcoSot Engineening 1.800-275-7070

—

_ P Home Appliance Makes

U
| R | FREE Waterwise Catalog
' E | useneons s mnn
. | hitp: www. walerwise .com

WIRELESS TV

S B Avis - B - DN - Buetty Py

Ask us how
to reach over
6 million
responsive
readers
800-445-274
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