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FROM THE EDITOR

Mental Abs of
Steel: Got ‘'Em?

MCKENZIE FUNK’S FEATURE IN THIS ISSUE, “MENTAL MUSCLES
of Steel,” is an homage to all those muscle-building regimens found
in men’s magazines: the washboard-abs, lats-of-iron, pecs-of-stone
workouts designed to make a man more mighty than he already is.
Evidently, the thighs-of-titanium, glutes-of-depleted-uranium re-
search is always turning up new breakthroughs, because fresh rou-
tines are published every month to considerable hoo-ha.

But is it possible to exercise the brain, beyond the workout it
already gets as the mainframe and server for body and mind?
Does sitting in traffic and meetings, watching TV, and processing
hamburgers not already keep the IQ organ in peak shape? Funk’s
research says more can be done, and his piece offers intriguing
tips and exercises, both mental and physical (you try brushing
your teeth with the wrong hand for a week: not easy).

I especially like the section on fine-tuning the mind as a b.s.
detector for arguments about science. Beware, he says, the mushy
use of terms like “paradigm shift” and “theory.” Our own letters
department frequently observes “theory” deployed as a term of
disparagement by people who oppose absolutely the ideas and
evidence used in the construct of complex explanations. The word
serves to cut an argument off at the legs, not enrich it: “That’s just
a theory. It’s not proven.” As if the state of being unproven is not
the precondition for a theory to be, well, a theory. Of course one
shouldn't cite theory as absolute fact. But neither should one
dismiss well-established theory for not being fact—that’s like
ridiculing a very fit set of biceps for not being steel: a mark of
conceptual flabbiness, and likely to get you roughed up if you're in
a tough bar in a nerdy part of town.

The brain’s function, rather than its fitness, is the subject of another
feature in this issue, “Mind over Machine,” by Carl Zimmer. The
prospect that scientists will be able to use brain signals to
operate machines—indeed, they have already made significant
progress toward doing this—is hugely important. Imagine a pros-
thetic arm directed by the thoughts of a quadriplegic. Although
spinal-cord regeneration may be the long-term vision of those who
seek to restore body function to the terribly injured, the ability to
forge a man-machine connection would open new worlds of experi-
ence to both the injured and the well. Science isn’t stranger than
science fiction, but in areas such as this it is altogether more marvelous.

bcott.mowbray@time4.com|
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Never let it be said that

shies away from a challenge,
whether it be moving to
Japan without speaking the
language, dealing with a
dodgy landlord in Berlin (“I
swear he was a Bulgarian
weapons frader”), or trying to
parse the lingo of NASA bu-
reaucrats. We asked Adams,
a space architect who has
worked on several NASA
projects, to suggest how the
agency might remake itself to
regain its footing in the wake
of the Columbia fiasco.

After working on large-
scale urban design projects in
Japan and Germany, including
the area along Berlin’s famed
Friedrichstrasse, Adams
moved to Houston in 1997 to
work at the Johnson Space
Center. Her assignment: help
design the TransHab, an inflatable module that would serve as living quarters for
astronauts during a long voyage, such as one to Mars. Initially Adams was stunned
to find that the talented engineers who were her collaborators had never given much
thought to the physical or mental discomforts that might be endured by space travelers.
Over time, though, a healthy dialogue led to mutual respect—and to a better prod-
uct than either architects or engineers could have created in isolation. “There are no
good guys and bad guys in this field,” she says. “We're dll trying to get to Mars.”

has brains on his mind. Monkey brains.

Human brains. In “Mind over Machine” he
writes about a research effort in which monkeys are learn-
ing to control robotic arms with their thoughts. “What
struck me most about brain-machine interface research,”
says Zimmer, “is that in the past, people were speaking
hypothetically: If, if, if. Now the tone has shifted to when.”

“I'm interested in the interpretation of symbols by different
cultures—like half-remembered British symbols that turn up
in African art,” says , an illustrator based in
Glasgow, Scotland, whose work accompanies Zimmer's
feature story. “In the new age of the machine, the [cursor]
arrow is a powerful symbol.” Cairns's illustrations have
also appeared in The Atlantic Monthly and Mother Jones.

The surreal images, such as the unnerving torso-face hybrid
on that photographer created
for “Mental Muscles of Steel,” our brain-building regimen,
are the photographic equivalent of Magritte paintings. He
spent 14 hours on the photography alone. “The lighting,
skin tones had to be exactly the same,” says Kretschmer,
whose work has appeared in Vanity Fair and GQ.

While was bulking up on science to write
“Mental Muscles of Steel” he found plenty to
raise his skeptic’s ire, including undue claims to “revolution-
ary” research. But Funk, a contributing editor at National
Geographic Adventure, couldn't get too smug: He realized
he'd believed some doozies, like that a penny dropped
from the Empire State Building would kill a person below.

FROM “ANOMALY=DISASTER"

TO “ZEBRAFISH"

Your guide to this month’s PopSci

ANOMALY =DISASTER * PAGE 96

B.S. METER ° 61
BADLY SPOOKED SQUIRRELS ° 79
BAPTISM OF FIRE ° 79
CLOWN CAR °78
COORDINATED RODENTS ° 59
DESIGNER STEROIDS ° 41
DEUCES WILD ° 92
EARNSHAW'S THEOREM * 90
ETHYLENE GAS ° 58
FLYING CLOCKS ° 62
GREAT-PROJECTS PROBLEM ° 74
HALF-BAKED IDEAS ° 61
INFLGHT REFUELING ° 116
LARGE HADRON COILLIDER ° 94
LEMON BATTERY e 67
LEVITRON * 90
MARIO ANDRETTI ° 78
MATRIOSHKA DOLL * 30
MECHANICAL COCKROACH ° 51
MENTAL TELEPHONE ° 48

MIND-CONTROLLED ROBOTS ° 51
MOLARRATTLING VIBRATION ° 81

NANOGUITAR ° 42
OCCAM'S RAZOR e 61
OPTICALFIBER FABRIC ° 15
ORBITAL SPACE PLANE ° 71
PHONON ° 58
PRIMORDIAL SOUP ° 62
PURPLE BRUISES ° 81
RAYLEIGH SCATTERING ° 63
RUNAWAY BLACK HOLE ° 94
SIN CITY ° 92
SOUSAPHONE ° 49
SUPERSTRING THEORY ° 65
TACHYON ° 58
THE LIGHTNING FIELD ° 87
TRANSHAB * 70
TWO-STROKE ENGINE ° 82
ULTIMATE SAFE CAR ° 20
VIRTUAL DRAG ° 32
VISION CAPTURE ° 71
ZEBRAFISH ° 40

6

POPULAR SCIENCE FEBRUARY 2004

SATIHIWNH LINIY¥G A9 AIHIVIDOLOHd SWVYAY IDNVISNOD



0L U0 %0119 pue wosAisncosip 0 06 ‘sapi 10y 810w N0 308y o)

A3aLdIdOSNNIHI

)
— E
9
¥
[ N i Y
ko ! B
La e

‘susiweld e saauesap ) uids e Joy 1No siyl 8l 480 e axe] 1snl 3, uop NoA "SMVIr SdOoHd OS1Y

——— /[ — |

sNd@ SAVASENL

‘SAdvdH SNdrlL


www.discovery.com



www.nissanusa.com

i
V)
<
-
L
=)
o}
3
=
z
<




LETTERS

[ETTERS@POPSCL.COM

Best of the Best Ofs

I'm a regular subscriber
to POPULAR SCIENCE, and I'd say
the December Best of What's
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New issue is your best yet. The great innovations
you showed convince me that now is truly the
golden age of engineering—an era in which laser
systems guide cars, the Internet is accessed
wirelessly, and entire music collections fit into
minuscule MP3 players. I'm currently studying
to be an electrical engineer; your magazine
motivates me to work harder and go further into
the ever expanding field that I love.

I just finished reading your excel-
lent Best of What's New issue. In
the engineering section you gave
the Grand Award to the Shanghai
Transrapid, built, you said, by the
Chinese. The Chinese did build the
track from downtown Shanghai to
Pudong Airport; however, the
Transrapid maglev was designed,
developed, built, and tested by the
German consortium of Siemens &
Thyssen. The testing alone, at the
Transrapid Test Facility in north-
western Germany, took almost

25 years. The Shanghai maglev
was transported by a heavy-lift
ship from Hamburg, Germany, to
Shanghai Harbor and was installed
under the supervision of Siemens
& Thyssen engineers and tech-
nicians. From your article your

LR K o]\

The photo of the Nimitz-class carrier
on page 95 in the December ‘03
issue was courtesy Jeffrey G. Katz/
Northrop Grumman Newport News.
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readers might incorrectly get the
impression that the Chinese in-
vented the Transrapid.

I rode the Transrapid myself
in Germany at the Hanover World’s
Fair in 2000. Totally awesome.
No sound. Just a swoosh . . .
Hoke Mueller
Montreal, Quebec, Canada

What's New editor Scott Alexander
responds: You are correct. The
Shanghai Transrapid uses German-
developed technology. The Chinese,
however, were the first to put it into
commercial use (and foot the bill for
same). We felt they deserved credit
for making that kind of commitment
to a technology weve been waiting
for decades to see in everyday use.

Making Burt Rutan’s Tier One the
Best of What's New Grand Award
winner [“Best of Space and Avia-
tion,” Dec. ‘03| was a great decision.
Rutan is going to succeed at build-
ing the first private spaceship, just

as he has succeeded with every other
of his aeronautical enterprises.
Please, God, after he launches this
vessel, let there be a billionaire out
there who will fund him to build a
private manned orbital spaceship.
Many of us space enthusiasts are sick
of NASA spending huge amounts

of money to bore 200-mile orbits
around the Earth.

Roger Brannon

Austin, Texas

Your article on Tier One says that at
a height of 60 miles the craft would
be in “the realm of zero gravity.” Actu-
ally, the force of gravity at this height
above the Earth is only slightly less
than it is at the surface. If you were
able to stand on the top of a structure
that extended to 60 miles high, you
wouldn’t notice much change in your
weight. Your author appears to have
mixed up the concepts of zero-gravity
weightlessness and apparent weight-
lessness due to free fall.

Sandra Kayser

Austin, Texas

Aviation editor Eric Adams responds:

Ms. Kayser is absolutely right. Though

the terms “weightlessness” and “zero
(LETTERS, CONTINUED) b
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LETTERS

gravity” are often used interchange-
ably in the shorthand of space
travel, the distinction is neverthe-
less critical.

The Nanny-Car Diaries

Bless Stephan Wilkinson for
affirming my pent-up frustration
over how each new car I buy takes
more authority over me [“Warn-
ing! Here Comes the Nanny-Car,”
Man & Machine, Dec. '03]. I've
had this wacky idea that I'm
supposed to be the one in charge
and doing the thinking. Manufac-
turers, however (no doubt driven
by their liability lawyers), are
putting me more and more into
a position of being dictated to,
and I don’t like it! Being babysat
behind the wheel brings a whole
new meaning to “My Mother the
Car”—or should we say “Big
Brother the Car.”

Ron Taylor

Black Diamond, Wash.

Thank you for your marvelous
article on nanny-cars. I've won-
dered how far you could get if you
introduced a genuinely low-tech
line of products, designed to per-
form their function and stay out
of your way. Don't test my water
for chemicals, just brew my coffee!
Dave Oatley

Canal Winchester, Ohio

I respect your article on bossy auto-
motive technology but question its
focus. Do trivial convenience fea-
tures such as rain-sensing wipers
and timed headlights deserve so
much criticism? I have faith in Mr.
Wilkinson'’s ability to evaluate the
quality of his different bells and
whistles; however, did he consider
testing the features on various
makes and models before poking
fun? I was amused, but as the
proud owner of a reasonably priced
C-Class Benz, I will vigorously
defend the functionality of all its
convenience and safety equipment.
But, hey, I'm a Jersey driver—
what do I know?
Jason G. LaCorte
Cherry Hill, N.J.

Yes, Nuke the Sun

I don't think the idea of sending
our nuclear waste into the sun
should be dismissed so quickly
[“The Bad Things That Would
Happen If We Launched Nuclear
Waste into the Sun,” FYT, Dec. '03].
I agree with the author’s assess-
ment of the problems that may
occur with rockets during trans-
port, but that doesn’t mean these
problems will persist. Advances in
rocket tech will continue as they
have for several decades. What's
the alternative to getting nuclear
waste off the planet? Burying it
under a mountain in Nevada and
“hoping” that no one will disturb
it for several thousand years?
Nathan Reggish

Plano, Texas

_FROM THE BLOGS

Last month, over 300 Web logs
linked to popsci.con]. A sample:

PorSci 2003 Best of What's New_
Really nice 2003 Best of What's

New list. Exceedingly cool, with some-

thing novel for everyone, something
clever for everyone, and at least one
product that every type of reader will
want. Seriously, this is the broadest
and best list of cool stuff that | have
seen in many years.

posted by Bill Cockayne, Future Now
blogger.iftf.org/futurd

Best of General Innovation: Discovery
Kids Ultimate Labs DNA Explorer_

All right, I'm officially scared. Talented
kids can now discover who their
daddy is in the privacy of their own
bedroom. When I'm older, my kids
will be splicing a firefly and a goldfish
or cloning the cat while | tootle away
on my computer.

posted by CodePoet, Code Poetry

I'd suggest keeping your junior
Einstein away from small pets and
younger siblings.

posted by Jodi Red Wolf,
Opinions of the Wolf
Fedwolf.com.au/column/opinior|

Uberpainfully awesome DNA Explorer
kit. So cool it hurts. *lust*lust*lust*
posted by Angyl Bender,

Flug auf dem Gliicksdrachen
livejournal.com/users/being_angyl
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JACKET AND SCARF STYLING BY KIRSTY MOGENSEN

GREAT VIDEO ON STILL CAMERAS

The Light Guide's
acrylic body can be
shaped using a PVC

heating blanket.

Luminex achieves its
inner glow thanks to
thousands of inter-

~ woven optical fibers.

BREAKING THE BULB

NEW TECH TAKES LUGHT NEWV PLACES.

The traditional globe-and-filament bulb turns 150 this year.
Not a bad run for a device invented in the horse-and-buggy
days. But new material and conduction technologies are set to
break lighting out of the bulb, weaving and embedding illumi-
nation right into everyday objects, art, even clothing. Here's to
a future that emits more light than heat. —ELZABETH SVOBODA

PHOTOGRAPHS BY LUIS BRUNO

ULTIMATE SAFE CAR OF THE FUTURE

GOGGLE-FREE 3-D DISPLAYS

The LED Stool’s 96 tiny
lights glow without
wires thanks to a
clear conductive film.

EL Phenomenon
provides enough light
to read a map or
signal your presence.

Luxaura’s shapable and tough offers

neon effects in a solid-acrylic LED-powered light conductor. $30 for a
21-inch length;

Durable, low-heat LEDs can be embedded in
objects using a clear conductive film, as in Ingo Maurer’s

(which is actually more of an end table). $4,600;

Flexible electroluminescent panels on Marmot's

jacket prototype glow on command. Not yet for sale.

The sparkle in this fabric comes from woven
optical fibers illuminated by LEDs. $330 per yard;
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_ WhatsNew

Now Still Cameras
Shoot Real Video

Full-motion video comes to the compact digicam.

Unfil now, digital still cameras have produced shoddy video (with only 240
lines of resolution and 15 frames per second). Now, thanks fo faster and
cheaper chips, digital shooters are starting to boast VGA full-motion
video (that is, 480 lines of resolution at 30 fps). You won't get DVD-
quality video out of these units—most lack image stabilization,
lights and the ability to zoom, and all use MPEG-4 com-
pression, which degrades images somewhat—but the
quality is very respectable, and the ability fo shoot

an hour of video on a 1GB flash memory card is not
to be underestimated. Dedicated camcorders offer
better quality, but if you want a single device for stills
and video, these new hybrids’ balancing act will defi-
nitely impress. —SUZANNE KANTRA KIRSCHNER

y)

FISHER FVD-C1
CAMERACORDER
The most versatile (and
most expensive) pock-
etable imager in the
group, the FVD-C1
combines a 3.2MP
digital camera and
VGA recorder in a
comfortable pistol-grip
housing that feels
more like a camcorder
than a camera (though
it comes with an
impressive 5.8x opti-
cal zoom lens for stills).

$900; fisherav.con}

FUJIFILM FINEPIX
$7000

Perhaps assuming that
someone who cares
about top-quality stills
is likely to be equally
picky about video
quality, manufacturers
have shied away from
putting video on their
high-end digital cam-
eras. The $7000, how-
ever, offers great stills
(thanks to a 6.3MP
sensor and 6x optical
zoom lens) and strong

video capability.
$800:Foim.cor
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PANASONIC
SV-AV50

The SV-AV50's deck-
of-cards size belies

the powerful video
recorder hidden
inside. In fact, small
hands are a bonus
when getting a grip on
this model. Bear in
mind, though, that its
diminutive size comes
at the expense of sill-
picture quality—its
2MP stills are barely
acceptable these days.
Style-wise, however,
it's one of the sexiest
we've seen. $400;

panasonic.co

KODAK
EASYSHARE LS743
A 4MP sensor, Schnei-

der lens and trade-
mark Kodak ease of
use make the LS743 a
great all-around cam-
era. Throw in this
model’s high-quality
video as a bonus,
along with a very rea-
sonable price, and it's
quite the compelling

package. $400;
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P Person who downloads movies and watches them anywhere, anytime.

THE NEWEST WAY TO GET MOVIES: DOWNLOAD THEM. www.movielink.con | s IVIOViIElink™

movies on demand



www.movielink.com

All-New Toyota Tundra Double Cab. Not just big. Life-sized.

Damage control is serious business. That's why the All-New Toyota Tundra Double Cab has a bed with more
cargo-carrying volume™ than both Ford and Chevy and a maximum payload up to 1,875 Ibs* Because whether
you're fixing the roof, the plumbing or the occasional fence, you need a truck that makes no apologies.
& ‘
tnynta.com 2004 Tundra Double Cab Limited 4x4 shown with available equipment. *43.88 cu.ft. for 2004 Tundra Double Ax2 and dxd v, 43,42 cuft. forFord F15'D

4x2 and 4x4. Comparison data from ford.com 12/10/03, 38,66 cuft. for Chevrolet Crew Cab 1500 442 and 4«4 hased on manufagturer’s press relaase 7/1/03, ** 1875 Ibs. for Tundra
Double Cab SRS 4x2 4. Titer VB, Including the weight of occupants, available equipment and carge; limited weight distribution. ©2003 Tayota Motor Sales. U.S.A, Inc, -
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Nothing says you're sorry like flowers,
1500 pounds of Texas flagstone and
enough lumber to build a gazebo.
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A DARK AND STORMY
DRIVE, 2025

THERE ARE LIMITS TO HO CAREFUL
YOU CAN MAKE A DRIVER, BUT WITH
CARS WE'VE ONLY JUST BEGUN.

There are two approaches to making safer cars: The brain
approach and the brawn approach. In
the case of collisions, the evolution
toward ever brawnier vehicles has made
driving safer for the people who drive
these monsters—and more dangerous

for everyone else. The best way to save all the lives in an

accident is to prevent it from happening in the first place.

In recent years safety-smart technology (such as traction-

Tired after a long day, Joe begins to nod off soon

control systems and the like) has evolved to enable drivers after hitting the cruise control. His car’s alertness
to better control their cars; now the focus is on systems that monitor beeps him awake, only to have him execute
will allow vehicles to take control when drivers fail to do so. an ill-advised swerve as he exits the freeway.

In the coming years expect to see a long list of integrated

active cruise control systems, vision aids and collision Adti . . .

! . ctive cruise control systems, which use traditional or laser-based
avoidance sensors. Here those systems combine as Joe radar fo detect your distance from the car in front of you, then adjust
Commuter takes a drive in 2025. —DAN LENERT the throttle and brakes to keep you from hitting that car, are now
available on a variety of luxury models. Nissan also offers a lane-
keep system in Japan, which detects lane dividers and keeps the car
on track. Many other companies are researching along similar lines.

BMW and Mercedes are working on ways to gauge aleriness by
monitoring metrics such as the driver’s blink frequency, pupil dila-
tion, and how much he looks around. An infrared camera mounted
just above the windshield determines whether the driver is falling
asleep at the wheel, and sounds an alarm as necessary.

Valeo Raytheon is working on a blind-spot detection system that [
emits radar beams from each side of the car, and uses them to detect
when another vehicle is in your car’s blind spots. When a vehicle is
in a blind spot, a small red light on the side-view mirror on that side
of the car lights up, letting the driver know that there is something
there. Look for systems like this to be on the market by 2006.

Adaptive headlights increase visibility by aiming into turns, which
illuminates more of the road. They were first available in the Lexus
RX 330 in the spring of 2003. BMW also offers adaptive headlights
in their 2004-model 5- and 7-Series sedans.

Head-up night-vision systems act like infrared headlights: A laser
shoots a beam of invisible infrared light from the grill. As it reflects, it
; is captured and projected visibly onto the car’s windshield. Cadillac

ead“up night introduced this feature as an option on its 2000 DeVille.
gsvision display The most promising upcoming devices are automated collision
warning sensors. The systems, under development by a variety of
manufacturers, including the Big Three, use an accident avoidance
camera and radar to detect and track “potential collision part-
ners” —that is, things you're well on your way to hitting. The hardest
task for these devices is classifying objects —for example, determin-
ing if that thing rolling across the road is a harmless plastic bag or a
kid on a skateboard. Once your car identifies that you're on track to
hit something better avoided, the next step is to stop you from doing

After his near miss, Joe pulls off to grab a coffee, but it. Motorola, in partnership with DaimlerChrysler, is integrating these
the dark side road is just as perilous. While his night systems with automatic braking. “Once we gain confidence in these,
vision and adaptive headlights help, only his accident we'll stop the car before it bumps into something,” says Don Rem-
avoidance sensor prevents him from hitting a deer. boski, director of the Motorola Automotive Innovations Center.
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Joe's bad night gets worse on the two-lane road.

A car going the opposite way attempts fo pass over
a blind ridge. Joe has no time to react, but his car
anticipates the crash and prepares for the worst.

Most safety systems available now and in the near term avoid takin
control of%eycor—unbss it's already too late to avoid a crash. For o THE All-SEElNG CAR
years Mercedes has featured a rollover sensor and pop-up roll bar
in its SL-Class convertibles. In 2003 it infroduced the Pre-Safe system - -3 For the most part, active
in S-Class Sedans, which and ; o safety systems will remain
to an optimum safety position (backrest raised, seat bottom { invisible—to both driver
lowered and moved rearward) when it . A _ and onlooker. But a close
Other systems under development from Honda, BMW, Toyota . A eye will be able fo spot

and others use a combination of data both from the vehicle itself (for \d N the myrlod sensors in
example, the stability control system may sense if understeer is ] upcoming designs.
uncontrollable) and from radarbased systems in the grill. Just before :

a crash, the car will cut the fuel pumps, adjust the seats and seat

belts, and . Hondd's system is available on the Japan-

only Inspire, and Toyota’s should be introduced in the U.S. within the

next model year.

ILLUSTRATIONS BY GREG CAPULLO, TODD MCFARLANE & JAY FOTOS POPULAR SCIENCE FEBRUARY 2004 21



Into the 3rd Dimension

Display innovations make 3-D imaging a reality. No glasses required.

3-D technology has traveled a long and sometimes ugly road. In recent years, red-and-blue
glasses and bulky LCD headsets made moving images pop off the screen, but fashion-wise
landed somewhere short of fabulous. The Holy Grail has always been true 3-D without extra
eyewear, and now several companies are bringing headgearfree 3-D displays to market, for
applications ranging from gaming to medical imaging to battlefield simulations. Here's a look
at the leading contenders in the race to get us out of flatland. — SUZANNE KANTRA KIRSCHNER

SHARP ACTIUS RD3D NOTEBOOK 10, TECHNOLOGY HELIODISPLAY PERSPECTA SPATIAL 3D SYSTEM

=
o=
gg Available now Prototypes available Available now
a
% $3,000 $22,500 $40,000
= A3-Di f 150
=8 3-D pictures appear to float in incl;eslz‘i:gi; ;ﬁm i:msio 3-D models, up to 10 inches
S front of or inside this laptop’s clagonaty, in diameter, enclosed in a
= . . float in midair above a
= 15-inch flat-panel display. N glass dome.
= projection box.
=
A switching LCD attached fo a Heliodisplay agitates air to One hundred ninety-eight
normal LCD panel creates a create a surface upon which it | layers of 2-D images are pro-
2 barrier that controls the direc- can project a 2-D image. jected onfo a rotating screen
= tion of each pixel’s light, aim- Since the image does not at 5,940 frames per second to
= ing it af one eye or the other. appear on a physical object, | create depth. The viewer's eye
2 3ality is working on a similar the eye interprets it as a 3-D merges the 100 million data
solution that can be appliedto | image (although it has only a points into a 3-D image that
CRT monitors. single viewable side). can be viewed from all sides.
g
= Videos, games, molecular Not yet in products but will Medical imaging, air traffic
4 modeling, computer-aided likely be seen in both home- control, battlefield visualiza-
2 design. The technology has entertainment and tion. You can even see plays
=31 been sighted on PDAs in Asia. teleconferencing devices. performed inside it.
=

BRIEF HISTORY OF 3-D

—o 1838: Charles Wheaistone invents
the stereoscope. The device uses two
slightly different drawings to create
the illusion of three dimensions.

—e 1858: Joseph D’Almeida creates the
anaglyphic process, which uses red
and blue lenses to make 3-D images.

—o 1859: Mass-marketed handheld
stereoscopes hecome a national
obsession. Viewers sell for S1. Pictures
for 10 cents.

— 1922: The first anaglyphic feature
film, The Power of Love, debuts, using
two projectors to create the effect.

—o 1939: The View-Master, a souped-up
stereoscope, goes on sale, featuring
seven 3-D images on asingle disc.

—= 1947 Hungarian scientist Dennis
Gabor develops holography.

—e 1952: A single-projector anaglyphic
film, Bwana Devi premieres, spark-
ing a new 3-D film craze.

—e 1953: Three Dimension Comics
No. 1, the first 3-D comic book, hits
newsstands, starring Mighty Mouse.

—= 1960:The laser is invented, allowing
scientists to create far better holo-
graphic images.

— 1983: Mastercard s the first to put a
hologram on a credit card.

—e 1986: (aptain Fo, one of the first
films to use LCD shutter glasses to cre-
ate stunning, frue-color 3-D, debuts at
Epcot Center in Orlando, Florida.
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Discover the
difference.

A cigarette that
may present less
risk of cancer
chronic bronchitis
and possibly

emphysema.*

No lingering odor. 80% less secondhand smoke.
The difference is worth discovering.

eclipse.rjrt.com

Log on to find retailers near you and get a special introductory offer.

SURGEON GENERAL'S WARNING: Smoking Box: 3mg. tar, 0.1 mg. nicotine, Menthol Box: 4 mg.
Causes Lung Cancer, Heart Disease, tar, 0.1 mg. nicating, av. per cigarette by FTC method.
Emphysema, And May Complicate Pregnancy. For more product information, visit www.rirt.com.



www.rjrt.com
eclipse.rjrt.com

of the world’s population is

24

[BIlLI.OQ YOU’VE

GOT EVEN
MORE
MAIL

How a day of
U.S. email

breaks down?

Numbers
that count.

IAmerican households

with broadband:

18 million [30%]*

on the Internet.!

American households
using narrowband:

42 million [70%1*

of Americans are
on the Internet.?

ALERTS AND NOTIFICATIONS

Total worldwide e-mails sent in 2003: approx. 12.6 frillion

TV TO GO. KINDA.

Streaming video makes an under-
whelming debut on cellphones.

Nokia 3650

For the true info-junkie or sports nut, no screen is
too small for getting caught up on the news or
watching highlights of the game. But while
diehards might put up with the new video
services available on select Sprint PCS and
AT&T Wireless cellphones, for the rest of us it's
really a stretch to even call them video.
Although AT&T’s RealOne performed best in
our fests, it served up only four to seven frames
per second (full-motion video is 24 fps). The
resulting footage is painfully jerky, with sound
akin to crackly AM radio. Sprint's MobiTV delivered
just one frame per second (as did Sprint's RealOne service), play-
ing like a slide show with FM-quality audio.

Viewing programming from the Learning Channel or Toon-
World TV Classics at such low frame rates may be masochistic,
but MobiTV’s and RealOne’s decent audio quality redeem them
for news and sports, with clips available from CNN, MSNBC,
FOX Sports, and more. However, it would have been nice fo be
able to recommend these TV services with higher praise than
“they work well as radios.” — SUZANNE KANTRA KIRSCHNER

NEED YOUR HD FIX?

A new satellite- TV service for starved fans.

For all the hype about HDTV, there’s been a dearth of high-def

programming on the dial. This month, how-
ever, satellite TV startup Voom

POPULAR SCIENCE FEBRUARY 2004

FIRE-RESISTANT GERM FIGHTER

A California couple build their safe house.

Wildfires came within a mile of Madeleine Landry’s Simi Valley,
California, home last October, but she and her husband, Ed,
weren't budging. “When | asked the firefighters what to do if the
fire came closer, they said, ‘Go inside, close the windows and
doors, and let it go by,”” she recalls. Unconventional advice,
perhaps, but then again, this is not just any house. The Landrys’
11,000-square-foot homestead is equipped with vacuum-sealed
doors, a steel frame, and an exterior clad only with steel and
concrete—that is, it can survive the odd brush with fire.

The home protects against more than just heat. In an effort to
reduce the need for cleaning chemicals (Madeline became
extra-sensitive fo them after the Landrys'’
previous home was treated for termites),
the steel used for the home's touch sur-
faces—doorknobs, handrails, refrigera-
tors—is coated with an antimicrobial
compound, called AgION, intended to
inhibit mold, mildew, bacteria and
yeast. Silver ions in the compound kill
microbes by disrupting their respiration.

The coating also does something else
well: It masks the finger-
prints that are usually so
visible on stainless steel, a
quality that may get it info
stores sooner rather than
later. Take a full, multi-
media tour of the house at
bkconcepthome.cond.
—CHARLES WARDELL

channels of HDTV (competitors DirecTV and DISH Network
have six and seven HD channels, respectively). Voom will
supplement the usual HD fare with 21 exclusive commercial-
free channels devoted to music, sports, movies and more.
The service also includes 88 regular channels. Monthly costs
are competitive ($40/month), but the setup

is a killer— $750 for a dish, receiver and
installation. — SUZANNE KANTRA KIRSCHNER

1 UN Conference on Trade and Development, Nov ‘03; 2 Nielsen NetRatings Oct. ‘03; 3 IDC, Oct. ‘03; 4 Gartner G2, Oct. ‘03
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@ 2003 Oldemark, LLE. The Wendy's name and design and other trademarks and/or slogans vsed herein are owned by Oldemark, LLC and are licensed to Wendy's Intermational, Inc.
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night oasis - -+~

Wendy's Late Night Pick-up Window
is open 'til midnight or later.
So, you can get a
hot ‘n juicy Classic Single,
Classic Double with cheese
or Classic Triple with cheese,
eat great, even late.




What'sNew popscr’s HAIKUS OF HIGH TECH
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20 HOT PRODUCTS ON JUST TWO PAGES. MORE INFO AT POPSCI.COM.

XPC ST61G4
Media Center PC

Screaming PC with
Hot price, great graphics chip, seeks
Loving home. Call me.

$900;

5.8GHz Digital
Expandable Phone
Cordless phones that when
Away from home also work
As walkietalkies.

$170; bniden.con]

£100 (U.

Q1 Digital
CD Player2 No.

A crossdressing digital
Camera. Nice curves.

K only);

ﬁf
Livingstation

47" HD
This TV hides a

Surprise inside: a printer
For pics from the screen.

$3,500;

Reverse Pivot

Ergo Pruner
Reversed action lets
Stronger fingers make the cut.

8y 2
2]

M3500 Bluetooth Headset

Surrounded by sound?
With active noise cancelling

You'll hear all your calls.
$150; plenonics.con
= @
P %

World’s smartest pruner?
$15,
j -

1=

o :
Car-Fiti
The weekend's Day-Glo

Detailing washes off for
Your Monday commute.
$6; kveryaftermarket.conl

26

POPULAR SCIENCE FEBRUARY 2004

ANV1ld NOY¥VV A9 SNODI


http://www.amestruetemper.com
http://uniden.com
http://plantronics.com
http://averyaftermarket.com
http://shuttle.com
http://fujifilm.com
http://epson.com

Fitness & Reoreation
MSN Search

endar

Entertamment

1SN Hotmail



msn.com

WhatsNew 1HF coobps

Athlete’s Foot
Is athlete’s foot cute?
Maybe not on your feet, but

As a plush toy, sure.
6

Nog

kiloWatt

Game Controller
A way to work out

By playing PS22 Now
We're getting somewhere.

$700; pbowergridfitness.con]

v

Symphony Breastpump
New machine’s two modes
Mimic babies to express

More milk in less time. 5

$1,050;
Professional

Disc for Data

TEE Hope for data hogs.

Blue-laser disc stores 30

- - Times more than CDs.
$3,000;

4 ¥ % &4 SEE PREVIOUS PAGE FOR ICON LEGEND
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Nokia 5140
= Tough walkie-talkie
Cell with flashlight and compass. = (g
Pretend you're James Bond. %

Price not set; lnokia.co

HRX Mower

Choose exactly how

Much grass to bag and how much
To mulch. Mow smarter.

$640;
(%
3=

RoadStor

Music, pics, movies.

One device plays and burns files
From cards to CD.

$250;

ZQI

Kaleidescape System
Rips DVDs, keeps
Over 400 on tap.

Three terabytes2!2! Zounds.
$33,000; Feleidescape.cor]
S (G =

0 @ &

SyncMaster 172X
This LCD screen
Cuts refresh time in half, and
Makes gamers happy.

$600; samssngusa.con

® e

-
—

D70

Get a digital
SIR for a grand? We're
So fond of this frend.

$1,000;

& O

Tour NXGraphite

No drilled string holes means
More spin, more velocity.

Run your foes ragged.
5200,

Vo

A candy-bar cell
""" But with a hidden keyboard.
Tap your text with ease.

Price not set;

-
1
Mr. Clean AutoDry

Spray car, scrub down, rinse.
You're done, thanks to this spotfree

Drip-drying system.
30,
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And you thought we only made cars.

Sure, Honda is best known for its automobiles. But we are, first and foremost, an
engineering company. As well as the worlds largest engine manufacturer. Today, we
build some of the most dependable motorcycles, personal watercraft, lawnmowers,
marine engines, generators, snowblowers, tillers and all-terrain vehicles out there,
And, yes. We also manufacture those world-renowned cars.

From our low-emission automobiles to our clean and quiet marine engines, every
Honda is designed to balance the thrill of fun and performance with societys need
for fuel efficiency and cleaner air. Ultimately, its the kind of thinking that improves
the quality of life. And, certainly, the adventuresome quality of your weekends.

HONDA

The power of dreams:


honda.com
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CRIME
SEEN
BY JESSICA SNYDER SACHS

AT THE INTERSECTION OF
SCIENCE & CRIME

AUGUST 14, 2003: ON THE NIGHT

of the great blackout, as the last
waves of New York City workers
walked over East River bridges and
those with no way home settled down
to sleep in lobbies or on sidewalks, a
faint computer glow emanated from
an 11th-floor window of One Police
Plaza in downtown Manhattan. The
light was barely noticeable, filtered as
it was through the smoked-glass door
of a tiny room that is nestled like a
matrioshka doll inside the larger space
that houses the NYPD’s computer-
crime squad.

If you'd followed the light to the
door and stood outside it on that
remarkable night, you would have
heard the tapping of a keyboard, the
periodic sound of a wheeled office
chair moving about within the small
room, and the occasional mutter. If
you'd gone inside, you would have
found one man, Detective Mike Smith,
working long after his usual daytime
shift had ended, because it seemed
to him that the blackout offered a per-
fect opportunity to engage in a solo,
marathon, 24-hour sweep for pedo-
philes, drug dealers, identity thieves
and scam artists.

“I had backup power,” Smith says.
“I had coffee. Where else would I want
to be?” The 18-by-14-foot room is filled
with computers, webcams, caller-ID
machines, VCRs, boxes overflowing
with case files, and empty Starbucks
Venti cups, all the gear a cop needs
when he moves into an almost
unbounded universe crowded with
millions of people—and their multiple
avatars—who deal and file share and

POPULAR SCIENCE FEBRUARY 2004

Hi, Pedophile...! Meet
Yur Worst Nitemare :-)

In the dark and chatty world of avatars and assumed identities,
this cybercop is a virtual Sybil, trolling for creeps and thieves.

CALL ME MR. S Defective Mike Smith, of the New York City Police Department computer-
crime squad, in his lair. Smith prowls Internet chat rooms, hunting for online criminals.
Virtual drag is one of his specialties. “He talks well o men,” says a fellow officer. Often
that means consulting women in the building for the little details that count, like ring size.

chat and date and, yes, hunt for prey
in the virtual universe.

One reason the door to the cyber-
crime unit’s little room is always
closed, Detective Smith explains, is
that “for all we know, there are times

when I'm chatting with someone in
this very building.”

Over the past eight years, most major
metropolitan police forces have begun
fielding online investigation units.
But the breadth of Smith’s criminal
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Exceptional. Extraordinary. Escort.

The Most Advanced Radar/Laser Detection Systems Ever.

L]
Only one radar/laser detection system has been
honored as the world’s best...only Escort!
Only Escort has the longest range against every form of radar and laser.
Only Escort owns more than 85% of the industry patents
Only Escort detectors are designed with sophisticated processors that can be re-programmed to meel

future radar/1aser threats

When vou want the very best in radar/laser protection, there is only one choice. . .Escort!

Passport 8500
“World's Best"

— radartest.com
Designed for the serious driver,
the Passport 8500 sets the stan-
dard for long range detection,
quiet performance and user-
friendly features. It lets vou
drive with complete peace of
mind. Forbes.com said it “might be the best detec-
tor ever made!” Own one and vou'll agree,

Gontien "

Cordless Convenience. |8
Escort Performance.
Never before has any detector combined world-class
performance with the convenience and 2
portability of a cordless design. But,
then, there's never been a detector
like the battery-powered SOLO S2.
400% more range, a remarkable high-reso-
lution display, and ultra performance against any
radar/laser threat. , .all powered by 2 AA batteries,

RADAR & L DETECTION

Fast and Easy
Escort detectors are easy to use. They're pre-programmed with our recommended factory settings. Or, with
our EZ Programming feature, you can customize your Escort detector to meet your driving needs.
World Class Performance - Guaranteed!
[ test after test, experts agree that only Escort delectors provide the most advanced radar/laser protection,
We're so confident that you'll love it as much as the experts do, we'll let you drive it for 30 days completely
risk free! Order yours today. Only one company makes the world's best detectors. . .Ascort,

Passport 8500  $299.95
Cordless Solo §2 $329.95

Plus S&H. OH residents add 6,5% sales tx

=

B Department 6016N3

Toll Free 1-888-8 ESCORT

I-888-837-2678

ESCORT

DETECT THE DIFFERENCE
fwww.escortradar.conl



www.escortradar.com

CRIME
SEEN

32

investigations and the range of his
online personas make him something
of a virtuoso in the cyber-gumshoe
world. “I am an Internet Sybil,” he
says. While Smith’s two partners,
Travis Rapp and Michael Gischner,
tend to concentrate on cracking online
identity-theft rings, Smith is just as
happy to spend his days in the chat
rooms, juggling multiple online identi-
ties, bumping into naive little girls,
and coaxing information from young

HOW YA BLEN KEAYLAAAAAAAAAA
I MEADOOOD

[

.

= L MAOOOOOO0O0000000
B | MEAOO00DD

has left the room
HELLOOOOO000000000
- GOOD BYEEERERREEEE
- LMAOOOO0000000000000

] _l..,'_ left the room
[ ] has entered the room
I s all

jenttlt

arranged a sexual tryst with a 9- to 17-
year-old who turned out to be Detec-
tive Smith.

A 10-year veteran of the NYPD
narcotics squad, Smith retains some-
thing of the towheaded, surfer-boy
good looks that no doubt proved a bit
of a hindrance in his years working
undercover on the streets of upper
Manhattan. Smith discovered the
appeal of virtual identities in 1994,
when a bad case of chicken pox

| BEEN OK | GUESS JENNNNNNNNNNNHNNNNNNNNNN
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B ove...

B B cotered the room
B o i know you?
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B you sound familiar
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]
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has left the raom

<] m2)E (3] @@

TALK 2 ME Going undercover online requires that Smith and partners master the Web
equivalent of street talk, a strange mix of emoticons, stuttering letters, CAPS for emphasis,
and lingo peculiar to the passions of chat-room participants. Then, the cops build trust.

women, drug dealers, insecure teenage
boys and, of course, no shortage of
predatory men.

Smith’s pedophile cases have in
recent months included a prominent
rabbi, an Army MP, a four-star chef
and the owner of a multimillion-dollar
manufacturing company—each of
whom found himself in trouble when
he engaged in sexually explicit conver-
sation, sent pornographic photos, or
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contracted from a teenager he had
arrested sent him home.

“After 102 hours playing computer
hockey—I won the Stanley Cup four
times—I discovered the Internet,” he
says. Specifically, Smith began reading
postings on electronic bulletin boards
and newsgroups, and uncovered a pub-
lic forum for soliciting, marketing, and
smuggling illegal drugs—a forum that
was, at the time, largely unmonitored.

“I came back to work telling them this
is where we need to be.”

Smith’s online drug busts often
involve impersonating men—a gay
stud boasting of all-night orgies, for
example, who received offers of black-
market Viagra; that case led to the
arrest of a college student who was
smuggling mass shipments from
India. One challenging impersonation
involved assuming the online identity
of a real drug dealer he had just sent
to prison. The masquerade culminated
in the arrest of a major online suppli-
er. “People dealing drugs on the Inter-
net knew this guy like you or I know
Derek Jeter,” says Smith.

Still, Smith admits, he is at his best
in virtual drag.

“Mike talks to men well,” says Rapp
of Smith’s special role within the unit.

As a 160-pound blonde named
Ingrid, he recently helped nail a finan-
cial scam artist preying on plus-
size women in a BBW (big beautiful
women) newsgroup. As a 30-some-
thing female marketing rep for a New
York sports team, he gathered evi-
dence that sent Internet ecstasy king
Wagner “House of Beans” Bucci to
Oneida State Prison in June 2000.

In none of his cases, claims Smith,
does he solicit any of the criminal
activity he encounters online. “I don’t
have to,” he says. “Guys love to brag to
women.” The anonymity of screen
names only greases their bravado.

But of course that anonymity is an
illusion. After a Web user has crossed
a legal line, Internet service providers
cooperate with police by supplying
the real name and address behind a
screen alias. And Smith and partners
generally have an easy time fleshing
out their pen pals’ dossiers: The tools
that make the Internet a handy aid to
criminal activity also help the police;
Google is as useful to them as it is to
anyone. “‘Before the guy is sitting in
front of me in handcuffs, I usually
know more about him than I do my
best friends,” Smith says.

Turning back to a monitor, he
scrolls down a seemingly endless list
of chat rooms. “Pick one, any one, it
doesn’t matter,” he says. “I can find
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crime in any of them.” Selecting a dis-
cussion on the illegality of marijuana,
he enters as a 30-year-old, part-time
topless dancer (“just for college, ya
know”) who hates her life:

“I am in a lousy mood today. . . just
got a summons. . . jt in the park on my
lunch hour.”

Smith backs up repeatedly to cor-
rect typos. If he were impersonating a
kid, he says, he would leave the mis-
spellings—maybe even play with the
type fonts, make some letters bigger,
others smaller, all quirks he’s picked
up while watching the children of
friends as they chat online.

Although Smith likes the fact that
online undercover work is physically
safer than the street variety, he finds it

me keeping track of index cards in
this mess?” Instead, Smith bases each
of his online personalities on an actual
friend or acquaintance—morphed
down in age and size as needed.

“When you leave, I may even base
one on you,” he teases.

Meanwhile, Smith is convinced that
his new buddy in the marijuana chat
room is a man, despite the slinky,
open-blouse picture he just received
via instant messaging.

“yur a guy,” Smith types. “pantyhose
size quick . .. name one brand of nail
polish . .. ok lipstic . . . bra size.”

Smith cracks his neck left and right,
then rests his chin on his hands in
front of the keyboard to stare at the
monitor, waiting for a reply.

As a160-pound blonde named

Ingrid, he recently helped nail a financial
scam artist who preyed on plus-size women.

a greater mental strain. “On the
streets, if you trip up on your story,
you can deny having ever said some-
thing, claim the guy heard you
wrong,” he explains. “But now my
guys have everything in writing. And
if they catch me, they can get out the
word to a thousand people, real fast.”

And they do try to catch Smith, of
course. What kind of mascara does he
use? Panty size? How many tampons
in a box? Name a brand of makeup
remover. “They’re always testing me,”
he says.

But female officers and workers at
One Police Plaza provide cover, feed-
ing him data. Recently, for example,
he interrupted an online chat that he
was conducting in the persona of a 14-
year-old girl to run across the office to
ask a petite detective her ring size. A
sketch of her hand now sits on top of
Smith’s computer monitor, every fin-
ger labeled as to size.

As for the challenge of keeping his
identities straight, Smith disdains the
conventional filing methods taught in
law-enforcement seminars for online
pedophile investigators: “Can you see

After a long pause comes an uncon-
vincing offering: “34C.”

“He just wants a nude picture of
me,” says Smith. Nothing illegal about
that. But if Smith can get the guy to
come clean, it could be the start of a
less guarded conversation.

Drug cases take weeks to months to
cultivate, and often go nowhere, he
says. By contrast, Smith says, trolling
for pedophiles is “like shooting fish in
a barrel.” Three out of five guys will
continue chatting with Smith even
after he tells them he’s an underage
girl, he says. One in five if he’s an
underage boy.

Given the number of online preda-
tors Smith encounters, does he get
depressed or discouraged? Just the
opposite, says Smith. “Every time we
put one guy away, we may be stopping
his contacts with hundreds of kids.” In
fact, investigators found contacts with
over 300 children recorded on the
computer hard drive of a recently
arrested suspect. And, Smith adds, “if
the guy’s wife stays with him once he
gets out of prison, we know he’ll have
a parole officer for life.” m
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“Restore Works!”

Every engine wears out as a result of friction during normal
driving. Friction causes wear of the cylinder walls which leads to
substantial compression loss over time. Your vehicle’s engine
has less power, sluggish acceleration, and burns more oil.

RESTORE Engine Restorer and Lubricant is a unique engine
additive that repairs those worn out areas of the cylinder wall.
RESTORE is the only product with the technologically advanced CSL
formulation that actually fills in and seals micro-leaks on
the cylinder walls. The result is increased engine compression
and more engine power. Your vehicle will have better performance
by restoring and balancing the compression across all cylinders.
Independent lab tests prove that RESTORE really works o increase
cylinder compression as shown in the graphs below.

SATISFACTION GUARANTEED

“A few days ago | added RESTORE to my 1990 VW Jelta with over 127,000 miles
on it. | just wanted to tell you that it only took a few miles before |
noticed a marked improvement in my car’s performance. | noticed a drastic
improvement on pick-up and it idled much smoother. It feels like a new car
again! Thank you for a great product!” - T1.8., Anaheim, CA

“I used your product RESTORE for the first time in May of this year. The vehicle
had an engine that wouldn’t stay running because 3 of the 8 cylinders had horrible
compression. After using RESTORE, the engine idles smoothly and hardly smokes
anymore. | am so impressed with the resulls, that | purchased a can for every
vehicle | own. Thank you for this excellent product!” - G.S., Henneker, NH

“I want ta tell you of my complete satisfaction with your product. | drive a 1986
Chevrolet S-10 pickup with over 200,000 miles on it. | have used RESTORE for
well over 100,000 miles of these 200,000 miles and | have had no engine problems.
The oil is clean after every oil change and the engine is as strong foday as it was in
1986. No smoke, no leaks, and at 70 mph | still get over 20 miles per gallon.
| see a lot of different oil additives advertised, but your product works for me every
mile | drive. Thanks and keep up the great work!” - C.G., Topeka, KS
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COURTESY EHP

Cheaper,
faster and destined for
your home.

NASA eyes a “down-
to-Earth” concept.

A killing
machine that snuffs out
flames.

In defense of
Frankenpets.

s

Discoveries, Advances & Debates in Science and the World

FRESH FEARS

OVER CELLPHONES

A Swedish study links mobile phones to brain damage. In rats, anyway.

The safety of cellphones has

Cerebrum

NORMAL RAT BRAIN

Protein leakage from
blood vessels

been called into question,
again. This time the scientific
community is paying very
close attention.

Last summer neurosur-
geon Leif Salford and col-
leagues at Lund University
in Sweden published data
showing for the first time an
unambiguous link between
microwave radiation emitted

. Hippocampus

—

RAT BRAIN AFTER CELLPHONE EXPOSURE

Brain stem

by GSM mobile phones (the
most common type world-
wide) and brain damage in
rats. If Salford’s results are
confirmed by follow-up stud-
ies in the works at research
facilities worldwide, includ-
ing one run by the U.S. Air
Force, the data could have
serious implications for the
one billion—plus people
glued to their cellphones.

CAN YOU HEAR
ME NOW?
Researchers at
Sweden’s Lund
University say these
rat-brain cross-
sections show first-
ever evidence of
brain damage from
cellphone radiation.
While the controls
(example, top)
appear healthy, the
test subjects (bot-
tom), which were
exposed to a
2-hour dose of
cellphone radiation
of varying intensi-
ties, are heavily
spotted with pro-
teins (dark patches)
leaked from
surrounding blood
vessels, and show
signs of significant
neuronal damage.

The findings have
re-ignited a longstanding
debate among scientists and
cellphone manufacturers
over cellphone safety.

Many of the hundreds of
studies performed during the
past decade suggest cellphone
use may cause a host of
adverse effects, including
headaches and memory loss.
Other studies, however, have
shown no such effects, and no
scientific consensus exists
about the effect of long-term,
low-level radiation on the
brain and other organs. A
comprehensive $12 million
federal investigation of cell-
phone safety is currently
under way but will take at
least five years to complete.

Meanwhile, the research
world is scrambling to repli-
cate Salford’s surprising
results. His team exposed 32
rats to 2 hours of microwave
radiation from GSM cell-
phones. Researchers attached
the phones to the sides of
the rats’ small cages using
coaxial cables—allowing
for intermittent direct expo-
sure—and varied the inten-
sity of radiation in each treat-
ment group to reflect the
range of exposures a human
cellphone user might experi-
ence over the same time
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period. Fifty days after the 2-hour
exposure, the rat brains showed
significant blood vessel leakage,
as well as areas of shrunken,
damaged neurons. The higher
the radiation exposure level, the
more damage was apparent.

The controls, by contrast, showed
little to no damage. If human
brains are similarly affected,
Salford says, the damage could
produce measurable, long-term
mental deficits.

“THE CELLPHONE IS A MARVELOUS
INVENTION,” SAYS NEUROSUR-
GEON LEIF SALFORD. “BUT
GOVERNMENTS SHOULD BE
SUPPORTING MORE RESEARCH.”

The cellphone industry so far
has been quick to dismiss the
data, saying emissions from cur-
rent mobiles fall well within the
range of radiation levels the FCC
deems safe (body-tissue absorp-
tion rates of under 1.6 watts per
kilogram). “Expert reviews of
studies done over the past 30
years have found no reason to
believe that there are any health
hazards whatsoever,” says Mays
Swicord, scientific director of
Motorola’s Electromagnetic Energy
Programs. Dr. Marvin Ziskin,
chair of the Institute of Electrical
and Electronics Engineers’ Com-
mittee on Man and Radjiation, is
similarly skeptical. “The levels of
radiation they used seem way too
low to be producing the kinds of
effects they're claiming.”

Salford is the first to admit that
it’s too early to draw any conclu-
sions, but contends the unusual
results deserve a closer look. “The
cellphone is a marvelous inven-
tion; it has probably saved thou-
sands of lives,” he says. “But gov-
ernments and suppliers should
be supporting more autonomous
research.” Meanwhile, Salford ad-
vises users to invest in hands-free
headsets to reduce radiation expo-
sure to the brain.—elzAseTH svoBODA

CLIMATOLOGIST AT SOUTHERN OREGON UNIVERSITY/// 11.10.03
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RISE OF THE REPLICATORS

From car parts to coffee cups, faster 3-D printers make it all.

When his wife's coffee mug wouldn't squeeze into the puny cup holder in the
couple’s camper, engineer Mervyn Rudgley didn’t buy a new mug. He simply
printed out a new cup holder. And he just as easily could have printed out

a new mug as well. Rudgley works for 3D Systems, a Valencia, California,
maker of three-dimensional printers for rapid prototyping. These rudimentary
Star Trek replicators spit out models of nearly anything an engineer can conjure
in CAD software, shaving time and money from the design process. Motorola
creates cellphone mock-ups with 3-D printers. NASCAR whips out model car
parts. And Rudgley’s wife now sips from her favorite cup on road trips.

Though commercial 3-D printers are still prohibitively expensive for con-
sumer use, prices are plummeting. Five years ago most machines cost between
$100,000 and $500,000, says Marina Hatsopoulos, CEO of Z Corporation in
Burlington, Massachusetts. Last October, 3D Systems unveiled a $39,900 device
called InVision (shown below) which squirts photosensitive acrylic plastic to
build 3-D models. Z Corporation’s ZPrinter 310, also unveiled last year, sells for
$29,900, and can print out color models. And Hewlett-Packard has reportedly
created a prototype 3-D printer that could sell for as little as $1,000.

Like others in the industry, Rudgley thinks 3-D printers will eventually sit on
everybody’s desktop. “You want a kitchen implement and you’ll buy the data
rather than going to the store,” he says. —MICHAEL STROH

INVISION 3-D PRINTER

printing
platform

Support-wax
cariridge ~

Umbsilical cord ——

Waste bin for
spent cartridges

THE COMPUTER VIRUS CELEBRATES ITS 20TH YEAR /// 11.28.03




HOW TO PRINT A MUG

A 3-D printer works much the way its 2-D
cousin does, though the process is far
more impressive. The heart of 3D Sys-
tems’ ATM-size InVision is the jet-studded
printhead. Rather than ink, the head’s 448
jets blast either photosensitive gel or puri-
fied wax onto a sliding aluminum plat-
form. The platform can accommodate
models up to 12 inches by 7 inches by 8
inches. One slick consequence: As long as
they all fit, InVision can print several jobs
at once. So while it's building your coffee
mug, it can also print out a toy dragon.

GROUNDWORK Guided by a CAD blueprint, InVision first lays down a thin wax pedestal to build
on. The jets then spray one 0.0016-inch-thick layer of photosensitive gel on top of another.

FINE PRINT Each layer also contains areas made of wax, which support fragile parts, such as the
mug’s handle. As each layer nears completion, an ultraviolet light winks on to harden the gel.

BUFF AND SHINE Six hours of printing later, the mug is complete. Almost. It still needs a quick
bake in the oven to melt away the wax. Estimated cost: $12. Clearly, buying a mug at Wal-Mart
is still faster and cheaper. But many in the industry think that won’t always be the case.

AFTER STUDYING 100 MEMBERS OF A FAMILY CLAN PRONE TO CORONARY ARTERY DISEASE, SCIENTISTS AT CLEVELAND CLINIC REPORT THAT A MUTATION OF THE MEF2A GENE >

HOT OFF
THE PRESS

3D Systems’ InVision
uses UV light to solder
plastic droplets. The
process creates detailed
models but takes longer
than Z Corporation’s
ZPrinter, which sprays
out starch or plaster
powders and liquid
binders to make low-
cost, rough models. A
sampling of the goods:

Z CORPORATION
PRINT TIME: 5 HOURS

3D SYSTEMS
PRINT TIME: 7 HOURS

3D SYSTEMS
PRINT TIME: 7.5 HOURS

Z CORPORATION
PRINT TIME: 4 HOURS
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BACK TO THE FUTURE

Space-plane bidder puts winglets on vintage capsule design.

Retro tech is in fashion at NASA.
As Congress and the White
House debate the agency’s future,
NASA is pushing its big con-
tractors to build a new “space
taxi” as soon as possible, to get
astronauts to and from the Inter-
national Space Station more
safely than the shuttle does [see
“It Doesn’t Take a Rocket Scien-
tist,

“Safe,” “soon” and “simple” are
the watchwords, according to
Mike Coats, the former shuttle
pilot who leads the Lockheed
Martin team competing to build
the orbital space plane (OSP).
NASA is expected to choose
between Boeing and Lockheed
Martin (which is working with
Northrop Grumman and Orbital
Sciences) this summer.

Don’t expect to see OSP
emerge as the “mini-shuttle’—

a reusable craft that lands like
an airplane—envisaged before
the Columbia accident, says
Coats. NASA’s astronaut commu-
nity is leaning toward a simple

Winged capsule

p

cone- or sphere-shaped capsule,
like the Apollo or Russia’s Soyuz.
It's seen as the safest solution
and the most likely to be ready by
2008, when NASA wants the OSP

MIKE COATS ADMITS THAT CAP-
SULES LOOK OLD-FASHIONED
BUT ARGUES THAT THE MIS-
SION IS TO GET PEOPLE INTO
AND OUT OF ORBIT SAFELY.

to be in service as a lifeboat for
the space station.

But a winged spacecraft has its
advantages, Coats says. NASA
wants a vehicle that can get a sick
astronaut to a U.S. hospital within
24 hours. Because a winged vehi-
cle can glide when it hits the
atmosphere, it doesn't have to
wait until the space station’s orbit
takes it directly across the U.S. In
the case of an aborted launch, the
winged vehicle also has a better
chance of finding a landing spot.

But a simple capsule is gaining
favor, according to Coats, because
it’s stable and forgiving when
things run amok. In May, when

rnational Space-Stdtion.

U.S. astronauts rode a Soyuz
down from the station, the cap-
sule’s guidance system broke
down. The Soyuz tumbled, put-
ting the crew through loads equal
to eight times the force of gravity,
and landed about 300 miles off
target, but what impressed NASA
was that the crew survived a
major failure. Another issue is
the life span of the vehicle. A
winged vehicle is too complex to
be thrown away, but some at
NASA like the idea of a one-shot
or short-lived vehicle, says Coats,
because it’s possible to incorporate
improvements on the production
line, rather than periodically
grounding a mini-shuttle OSP

for upgrades.

Boeing is still studying both
a capsule and a winged mini-
shuttle and won’t say which it
will finally offer to NASA. The
Lockheed Martin team is looking
at both a capsule and a hybrid
design that it calls a lifting cap-
sule (see graphic below).

While Coats admits that cap-
sules look old-fashioned, he
argues that the mission is to get
people into and out of orbit safely:
“The sexy part of spaceflight
ought to be what you do when
you're out there.—silL SWEETMAN

THE LIFTING CAPSULE: LOCKHEED’S HYBRID SPACE PLANE

Lockheed Martin’s “lifting capsule” should be small and light enough for a medium-lift rocket

to launch without extra side-mounted boosters (1). An attached service module, equipped
with fuel and small rocket thrusters, will maneuver the four-person space plane for docking
to the space station (2). With a bigger service module, the winged capsule could be used for
longer missions, such as delivering crew to a future Mars or Moon craft. The capsule’s flat
bottom will give it a better glide range than an Apollo-type cone, but the small wings will
not be big enough for a runway landing, so the final recovery will use parachutes (3).

WEAKENS ARTERIAL WALLS AND LEADS TO HEART ATTACKS /// 12.01.03
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First patented dish antenna
brings in broadcast signals
other antennas can't find.

The XiumAir's" Spilateral technology conquers ghosts,
fuzzy pictures and rooftop monstrosities.

{ you live in an area where TV reception
Iis weak, 'rabbit ears’ and ugly rooftop
anlennas may only bring in fuzzy signals that
aren't worth watching, Enter the XiumAir
Antenna -- the world's first spilateral antenna
designed to bring in strong video and audio
signals [rom all directions for great
TV/stereo reception. Patented spilateral
technology lets the XiumAir grab signals
coming from all directions from as far away
as 50+ miles. Its 18" parabolic retlective /
ground element increases signal strength and
stability to give you local broadcast reception
as good as, or better than, cable TV or
satellite reception. There's no expensive
installation required, and it's fully compatible
with any TV or stereo tuner for high-energy
VHE / UHF / FM reception.

No aiming, rotating or tuning.
XiumAir's new 83-channel technology
combines an all-in-one device for receiving
high-energy TV reception. Unlike most
external antennas, the XiumAir doesn't have
to be pointed in the direction of transmitters.
That's the beauty of spilateral technology.
You can mount the dish-like antenna indoors
or outside (on your roof or a horizontal
mast). The higher the elevation,

The world's first dish-type TV
antenna - the last antenna you'll

ever neea

UNSIGHTLY
ROQFTOP
ANTENNAS

* CLEARER PICTURE
AND SOUND

® NO MORE HUGE,

ADVERTISEMENT

XiumAir Works!

akthrough

World's first dish-type TV antenna for greal local recephun

No matter where you live, the Xium

spilateral "dish" antenna will collect all of the signals available,
frant any direction withour the need for rotating or tuning.

jum
Rural Areg_ o

the better signal-grabbing
performance you get. You don't have
to aim it in any direction or rotate it
for different stations. The XiumAir
gives (ully automatic multi-
directional tuning in any direction
for great TV viewing.

The versatile antenna with many uses.
If you have a DSS satellite system, the
XiumAir is the ideal complement for receiving
local channels without monthly fees. And
when high definition broadcast TV arrives in
a few years, you will be ready, Plus you can
use the antenna now for AM / FM stereo,
home-based CB systems, and shortwave radio.
The XiumAir Antenna features compact,
modern styling that will blend in with almost
any decor. The UV-protected housing is made
of impact-resistant copolymer, making the
exterior resistant 1o weathering and color
change. Tt includes a standard cable connector
for any cable-ready hookup. The XiumAir
Antenna delivers maximum local broadcast
receplion to any television, stereo or any other
audio or video receiver, without the use of
unsightly, ugly or ‘wind damaged’ antennus.

Enjoy better TV reception - risk free!
This unique design is the result of years of
research and testing, and now you can try it for
yourself risk-free. Each XiumAir Antenna
System is handcrafted and individually tested

Local broadcast Tower

Before

e Lhe:-e"

for high quality performance. With the
XiumAir Antenna, you'll eliminate those
unsightly antennas for good. The XiumAir
Antenna comes with a 30-day manufacturer's
limited warranty and Xium's exclusive risk-
free home trial. If you are not satisfied for any
reason, just call us for free expent stallation
assistance, or simply return it within 30 days
for a full refund, less S&H.

Order Yours Today!

XiumAir
ltem# XMA20T ...cvcrrcnrnersiaseenenrs $129.95

plus SI8 540
Please mention source code: 100124

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

800-342-3206
SRSEEE
T arder try manid, semd check or money order for the

totad antonnt including S&H. To charge i to your credie card,
enclase your account number and expirarion date

m 4720 N.E. 24th, Amarillo, Texas 79107

re Online Ordering available at Www.goxium.com



www.goxium.com

| OPINION

TECH TRENDS

ZERO
CENTS A
MINUTE

V0|ce mail in your inbox,
caller ID on l>)/ourTV What
can’t broadband do?

Could the landline be going the
way of the telegraph? To find
Web-tech enthusiasts who think
so, just ask any one of the two
million—plus people who have
downloaded Skype, peer-to-peer
software that allows users to
make calls anywhere in the
world, for free, over the Internet.
“I'm speaking to you through a
headset connected to my regular
telephone, connected to my lap-
top, which is wireless,” says
Skype CEO Niklas Zennstrém,
calling an ordinary phone in New
York from Sweden. “Like a very
big cordless telephone.”

That “very big cordless” is
threatening to further rock the
already battered telecom indus-
try. Thanks to today’s critical
mass of broadband connections,
Voice over Internet Protocol (VoIP),
the nine-year-old technology

IN DEFENSE OF

PSTN

Public Switched
Telephone
Network

LANDLINE VS.
INTERNET CALLING:

A standard phone call,
placed on PSTN, requires
its own dedicated line—
an open circuit between
two phones. Fidelity is
near guaronteed but the

PSTN also requires more upkeep and data space—roughly 960K a sec-

Voice over
Internet
Protocol

ond versus 300K for a call over the Internet. VoIP takes voice data (minus
the silence that constitutes half of any conversation), breaks it into data

packets, and sends it alongside billions of other bytes which can instantly
change routes when a server is down. Result: more space for other calls.

behind Skype, is finally going
mainstream. So much so that
some experts predict that 40 per-
cent of the world will be using
VoIP within the next five years, a
prospect that has telecom giants
scrambling to keep pace, and
profits. Already MCI, AT&T and
SBC offer some type of VoIP call-
ing plans to their customers. And
while the big guys play catch-up,
smaller players like Packet8 and
Vonage are winning over callers
at breakneck speed with long dis-
tance Internet calling plans as
low as $20 a month.

Skype plans to cash in as well.
This winter the company will
introduce a new fee-based service
that will allow users to make and

receive calls over the Internet
from regular phones.

But there are still a few techni-
cal hurdles on the road to ubig-
uity. The extra equipment VoIP

requires—at minimum, an analog-

to-digital converter to patch your
phone into the Internet—feels
cumbersome, and service can be
spotty. From his oversize “cord-
less,” Zennstrom is barely audible
as he speaks about becoming the
leading player in VoIP. “VoIP is
notorious for poor quality,” says
Andrew Odlyzko, director of
University of Minnesota’s Digital
Technology Center. “But in the
long run, it has the potential to
transcend the limitations of
telephony.”—nicole pavis

ast month pet stores began selling genetically engineered fluorescent zebra fish,

called GloFish, and | was first in line. Never mind that California has banned

transgenic pets, and animal-rights activists nationwide cry foul: What's the point2
The fish are technological marvels—that's the point. Scientists began adding fluores-
cence genes plucked from jellyfish and coral to zebra fish during the late '90s to make

them glow in the presence of toxins, and thus help keep our waterways clean. The $5
§ gen-mods also happen to look spectacular beneath a black light; they fluoresce neon
red. In this case, environmentalism delivers a bankable fringe benefit. —JENNY EVERETT
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BALLISTICS: KOOPMAN/CORBIS; FLAME SNUFFER: COURTESY METAL STORM

DESIGNER STEROIDS, BY THE NUMBERS

For a stealthy boost, athletes turn to the bathtub chemists.

2,000

30
THG
4

0

100

1

219,500
17

$2 MILLION
| $2.5 MILLION

Estimated number of substances banned by the
International Olympic Committee (IOC)

Percentage of banned substances that are steroids
The only designer steroid ever detected

Number of hydrogen atoms added to known steroid
gestrinone to make THG

Advanced science degrees held by accused THG
developer Victor Conte

Number of athletes suspected of consulting “Dr.” Conte
Number of U.S. testing labs accredited by the IOC
Annual number of U.S. teens who use steroids

Age of recent steroid-linked suicide victim Taylor Hooton
Annual research budget for the U.S. Anti-Doping Agency
Average annual salary for major-league baseball player

SOURCES: International Olympic Committee; Don Catlin, professor of pharmacology, UCLA,; National
Institute on Drug Abuse; U.S. Anti-Doping Agency; National Household Survey on Drug Abuse

FLAME SNUFFER

BALLISTICS TECH

URBAN FIREFIGHTING GETS A KILLER EDGE

A new rapid-ire gun could save lives rather than take them.

u Metal Storm, an Australian-made weapon in development for the U.S. mili-
tary, is notorious for its terrifying rate of fire: a million rounds per minute.
When you press “fire” on the weapon’s laptop computer, sequenced elec-

tronic signals are sent fo shells preloaded into a grid of 24 projecting barrels,

and the mayhem begins. With no clumsy moving parts—ammo feeders,
breeches, firing pins—Metal Storm can blast out bullets much like an inkjet
printer sprays dots on a page. The gun’s primary purpose is “to kill, stop,

destruct, harm the target,” says Arthur Schatz, Metal Storm'’s senior vice pres-
ident of operations. But now the company is working on a peacetime applica-
tion: to fight high-rise fires. Swap out the ammo for Pyrogen, a novel flame
suppressant that is far lighter than other chemical agents, and Metal Storm
guns “could be a valuable adjunct to existing firefighting methods,” says
Captain Larry Collins, a helicopter operations specialist for the Los Angeles
County Fire Department. Firefighters reach a blaze by scaling stairs, averag-
ing a minute per floor, precious time in which the fire above them can spiral
out of control. Crews equipped with Metal Storm guns mounted on trucks or
on the skids of a helicopter could shoot Pyrogen canisters through the sky-
scraper’s windows—a hundred into Window A, Floor 34, 50 into Window B,
Floor 46, and so on—thus buying time for the crews on foot. —iames viaros
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SHRINKAGE DEPT.
RESEARCH UPDATES ON THE QUEST
TO MAKE REALLY TINY THINGS

DEFENSE INFLATION

Meet the homeland security blimp, flying high by 2006.

u Being oversize has its advantages.
Just ask researchers at the U.S.
Missile Defense Agency, which
recently dished out $40 million to
arms maker Lockheed Martin to
design what could soon be the
world’s largest pilotless airship.
Measuring 500 feet long, with a
volume of 5.2 million cubic feet,
the prototype high-altitude air-
ship, or HAA, will be 25 times
larger than the Goodyear blimp.

From a military perspective,
such an XXL craft may seem like
an inviting target, especially since

miles in any direction, allowing
it to spy most incoming military
threats. A fleet of 10, says the
MDA, could provide an early-
warning curtain for the conti-
nental United States.

Compared to high-altitude
unmanned aerial vehicles, such as
NASA’s ill-fated Helios, the air-
ship should be able to carry a
heavy payload; its 4,000-pound
capacity makes it ideal for toting
heavy surveillance and communi-
cations equipment. Another big
advantage: HAA's solar panels

keep the airship
within a mile of
3 PAYLOAD its assigned
The missile-defense airship might carry laser radars for pin- location.

and fuel cells will allow it to loi-
ter above the jet stream in a geo-
stationary position for up to a
year, something no drone or spy
plane can do.—MATTHEW sTisBE

its top speed is only 8o mph. How-
ever, parked 12 miles up, it will be
immune to most ground-launched
missiles, and its onboard sensor
systems will “see” at least 350

1 POWER SUPPLY

The helium airship will generate enough electricity from
thin-film photovoltaic solar cells to power the engines
and generate at least 10kW for the payload. On the
prototype, batteries keep the juice flowing at night, but
production airships will use lightweight fuel cells.

Satellite

/1™

2 ENGINES
Four electrically
powered
engines, each
driving two 30-
foot-wide blade
propellers, will
provide forward
thrust. The -
“steerable” pro-
pellers will help
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Strumming the strings of
the world’s smallest gui-
tar requires more than
just nimble fingers. Better
factor in some deft laser
work and a very attuned
ear. Cornell University
scientists crafted the
blood-cell-size Strato-
caster in 1997 using
e-beam lithography on
silicon wafers. But it fook
them seven years, and a
new Gibson Flying V, to
actually play a note. To
do it, the scientists
bounced focused laser
light on the guitar’s sili-
con “strings,” causing
them to vibrate and alter
the light they reflect. The
resulting “tunes” were
screeched out in Es and
As, 17 octaves above
what a normal guitar
produces. A wee xylo-
phone and drum now
round out the band. Sci-
entists say these clever lit-
tle research tools may
help improve electronics:
Energy-efficient nanorods,
similar to the Gibson’s
“strings,” could replace
power-hogging quartz

pointing ballistic missiles or relay mirrors to extend the range
of the 747-derived airborne laser. Other possible payloads:
radar systems to detect low-flying cruise missiles, weather
sensors, communications relays and cellphone base stations.

ASTRONAUTS ABOARD /// 2.02.04 THE NASA STARDUST SPACECRAFT, LAUNCHED IN 1999, IS SET TO BE THE FIRST PROBE TO COLLECT DUST PARTICLE SAMPLES >
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oscillators in wireless
devices. —MARTHA HARBISON
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JRIVE TO BE YOUR BEST

< r L :
' No other ED treatment is proven to work
better the first time” than LEVITRA®

LEVITRA is a treatment for erectile dysfunction

(ED) that consistently improves erection quality
for most men:

e LEVITRA works the first time, time and again
Some men may require additional attempts

e LEVITRA works to improve the quality of
— erectile function

h LEVITRA improves duration, hardness, and
the ability to attain an erection

o LEVITRA works fast

It doesn’t matter if the ché
be the best. For ED, | found

2nge is on the field or off — I always strive to
mething that works for me, LEVITRA.

— Mike Ditka, NFL Hall of Famg player and coach

* Among orally administered ED treatments.
! Individual results may vary.
Please see t Patient Information for more about

LEVITRA (2.5 mg, 5 mg, 10 mg, and 20 mg) tablets.



www.levitra.com

Patient Information

LEVITRA® (Luh-VEE-Trah)

(vardenafil HCI) Tablets

0B6E2034IP 803

Read the Patient Information about LEVITRA before you slart taking it
and again each timg ?af a refll, There may be newy information.
also find it helptul to share this information with your partner.
rr% 1 does not take the place of talking with your doctor. You
nn& your doctor should talk about LEVITRA when you start taking it
and at reguiar checkups. If you do not understand 1he information, or
have questions, talk with your doctor or pl

WHAT IMPORTANT INFORMATION SHOULD YOU KNOW ABOUT
LEVITRA?

LEVITRA can cause your biood pressure in drw wddenly to an
unsale level if it is taken with certain ather medicines. With a sudden
drop in blood pressure, you could get dum falnl or have a heart
attack or stroke.

Do mol take LEVITRA if you:

= take any medicines called "nilrates.” = »

= use recreational drugs called “poppers” like amyl nitrate an
butyl nitrate. L

= take medicines called alpha-blockers.

{(See "Who Should Not Take LEVITRAT)

Tell all your healthcare providers thal you lake LEVITRA. |f you
need emergency medical care for 2 haart problam, 1t will be important
for your healthcare provider to know when you last took LEVT

WHAT IS LEVITRA?

LEVITRA is a prescription medicine taken by mouth for the traatment
of erectile dysfunction (ED) in men.

ED is a condition where the penis does not harden @nd expand when
amian I sexudlly excited, or when he cannol keep an erechion. A man
whao has trouble getting or Iaeepmg an erection shoukd see his doctor
IOI help If the condition bothers him. LEVITRA may help & man with

ED get and keep an erection when he i sexually excited.

LEVITRA does nol:

= cure ED

 increase a man's sexual desire
® protect @ man o¢ his partner from sexually transmitted diseases,
Including HIV, Speak to your doctor about ways 1o guard against
sexually transmitted diseases.

» senve as a male form of birth control

LEVITRA is only for men with ED, LEVITRA is not for women or

children. LEV st be ysed enly under a doctor's care.

HOW DOES LEVITRA WORK?

When a man is sexually stimulated, his bodys normal physical
response |5 1o increase fiow to his penis, This results in an
erection. LEVITRA helps increase biood flow to the penis and may
help men with ED get and keep an eremrurl samslacturg for sesl
actrvity, Once a man has completed sexual activity, blood flow to his
penis decreases, and his erection goes away

WHO CAN TAKE LEVITRA?

Talk to your doctor to decide if LEVITRA ks right for you.

LEVITRA has been shown to be effective m men over the age of 18
years who hava erectile dystunction, inchuding men with di 5 O
who have undergone prostatectomy:

WHO SHOULD NOT TAKE LEVITRA?

Do not take LEVITRA if you:

+ lake any medicines called “nitrates” ﬁee “What important infor-
mation should you know about LEVITRA?"). Nitrates are
commonly used o treat anging. Angina is a symptom of heart dis-
ease and can cause padn in your chest, jaw, or down your anm
Medicines called nitrates include nitroglycerin that is found in
tablets, sprays, aintments, pastes, or patchas. Mitrates can also be
found in other medicings such as isosorhide dinftrate or isosarbide
manonarate. Some recreational drugs called “poppers” also contain
nitrates, such as amyl nitrate and butyl nitrate. Do not use LEVITRA
if you are using these drags. Ask your doctor of pharmacist if you
are not sure if any of your medicings are nitrates.

'ﬂte medicines called “alpha-blockers.” Alpha-hlockers are some-

gxesulbed for prostate Erohlem or high blood pressure. i
taken with alpha-blockers, your biood Drassure could
suddenty drop to an unsate level. You could get dizzy and faint.

-mmmmmlzmmnumpmwumm senual
activity because of health problems. Sexual acthvity can put an
extra strain on your heart, especially if your heart is already weak
from a heart atiack or heart disgase.

» are allergic to LEVITRA or any of its ingredients. The active ingre-
dient in LEVITRA is callad vardenafil. See the end of this leaflet for a
complete list of ingredients

WHAT SHOULD YOU DISCUSS WITH YOUR DOCTOR BEFORE
TAKING LEVITRA?

Belore taking LEVITRA, tell your doctor about all your medical

problems, including if you:

= have heart problems such as anﬂsrna_ heart tailure, Irregular haart-
beats, ar have had a heart attack Ask your doctor if it is safe for you
10 have sexual activity,

= have low blood pressure or have high blood pressure that is not
conirolled

 have had a stroke

=or any family members have 3 rare heart condition known as
prolongation of the QT inlerval (long OT syndrome)

= have liver problems

= have kidney problems and require dialysis

= have redinitis pigmentosa, a rare genetic (runs in families) eye dissase

» have stomach ulcers

= have a hleeding problem

= have a deformed penis shape or Peyronie’s diseass

= have had an erection that lasted more than 4 hours

=have blood cell problems such as sickle cell anemia, multipie
myeloma, or keukemia

CAN OTHER MEDICATIONS AFFECT LEVITRA?

Tell your doctor about al the medicines you take including prescription
and non-prescription medicines, vitamens, and herbal supplements.
LEVITRA and other madicines may affect each other. Always check
with your doctor before starfing or stopping any medicings,
Especiaily tell your doctor if you take any of the following:

« medicines called nitrates ;?Seu “What important information should
you know about LEVITRAT")

« medicines called alpha-blockers. These include Hytnn® [terazosin
HEI), Fomax® (tamsulosin HE), Cardura® (doxazosin mesylate),
Mingpress® (prazosin HE) or Uroxatral® (alfuzosin HCI).

» medicines that treat abnormal heartbeat. These include guinidine,
precainamice, amiodarone and sotalol

» ritomavir (Norvir®) or indinavir sulfate {Crodvan®)

* ketoconazole or fraconaznde (such as Nizoal® or Sporanox®)

= gryihromycin

« other medicings or treatments for ED

HOW SHOULD YOU TAKE LEVITRA?
Taka LEVITRA exactly as gnur doctor prwmbes LEVITRA comes in
different doses (2.5 mg, . For most men,
1he recommended starting dnsels1 mu ah N0 more
than once a day. Dum should be taken at least 24 hours apart.
Some men can only take a low dose of LEVITRA because of medical
condifions or mediings they take. Your doctor will prescribe the
dose that is right for you,
+|f you are older than 65 or have liver problems, your doctor may
start you on a lower dose of LEVITRA,
= If you are taking certain other madicines your doctor may p’rescnhe
a lower starting dose and limit vou to one dose of LEVITRA in a
72-hour (3 days) period.
Take 1 LEVITRA tabiat abot 1 hour (60 minutes) before sexual actwity.
Some form of sexual stimulation i needed for an erection 1o happen
with LE'u't'FHA LEVITRA may be taken with or without meals
Da not change your dose of LEVITRA without talking to your doctor.
‘Your doctor may |ower your dose or raise your dose, depending on
how your body reacts to LEVITRA
It you taks too much LEVITRA, call your doctor or emergency rocm
fight away,

WHAT ARE THE POSSIBLE SIDE EFFECTS OF LEVITRA?

The most comman side effects with LEVITRA are headache, flushing,

sluﬂy or !unny nose, indigestion, upset stomach, or dizziness. These

effects mwgum after a fow hours. Cai your doctor it you

qetwds effect that bothers you or one that will not go away.

LEVITRA may uncommonly cause;

= an erection that won't go mr{mgn} It [t an erection
thiat lasts more than 4 hours, h'I away, Priapism
must be treated as soon as pnssnhle or las! can happen
fo yaur penis including the inability o have ereulms

« vision changes, such as sesing a blue tinge to objects or having
difficutty telling the difference betwean the colors biue and green

Thess are not all the side effects of LEVITRA, For more informition,

ask your docior or pharmacist.

HOW SHOULD LEVITRA BE STORED?

» Store LEVITRA at room temperature between 537 and 86° F
(15 to 30° C)

* Keep LEVITRA and all medicines out of the reach of children.

GENERAL INFORMATION ABOUT LEVITRA.

Medicines are sometimes prescribed for conditions other than those
described In patient information leaflets, Do not use LEVITRA for a
condition for which it was not ﬁrescnbed. Do not give LEVITRA to
other people, even i they have the same symptoms that you have. it
miay harrm them.

This keaflet summarizes the mast important information aout LEVITRA
It you would like more information, falk with your healthcare
provider. You can ask your doctor or pharmacisl for information
about LEVITRA that is written for health professionals.

For more information you can also visi www LEVITRA.com, or call
1-866-LEVITRA,

WHAT ARE THE INGREDIENTS OF LEVITRA?

Active Ingredient: vardanafil hydrochloride

Inactive Ingredients: microcrystaliing callulose, crospovidone, colloidal
silicon diowide, magnesium stearate, hypromeliose, polyettylene
glycol, titanivm dioxde, veliow ferric cmda and red femc avide

Norir (ritonavir) is a trademark of Abbott Laboratories
Crisivan (indinavir suffate) is a trademark of Merck & Co, Inc.
Nizoral (ketoconazole) is a trademark of Johnson & Jahnson
Sporanox (jtraconazola) is a trademark of Johnson & Johnson
Hytrin {terazosin HCI) is a trademark of Abbott Laboratories

Fomax (tamsulasin HCI) is 2 trademark of Yamanouchi
Pharmaceutical Co., Lid

Cardura {doxazosin mesylata) is a tradermark of Mizer Ing.
Minipress (prazosin HCI) 15 a trademark of Pfizer Ing
Uroatral (alfuzosin HCI) is & trademark of Sanofi-Syntheiabo

Manufactured and Markated by:

Bayer HealthCare

Bayer Pharmaceuticals Corporation
400 Morgan Lane

West Haven, CT 08516

Made in Germany

Marketed by:

- . .
GlaxoSmithKline
GlexoSmithKine
Research Trangle Park
NG 27709

1% Only
0BGE2034IP  BO3  D2003 Bayer Pharmaceuticals Corporatio
12030 Printed in 1.5, n.

SPACE BOY

For $50,000, he could
be the first kid in orbit.

In a bid to become the first
teen in space, 18-year-old
Justin Houchin has booked
a berth on the Solaris X.
Interorbital Systems (I0S)
is building the rocket to
compete for the X Prize, the
$10 million jackpot for the
first civilian team to put
humans into space on a
reusable vehicle. Even
though IOS has yet to
launch a rocket—let alone a
human—higher than
10,000 feet, they're already
selling tickets for 25-minute
suborbital rides.

POPULAR SCIENCE: How are
you preparing?

JUSTIN HOUCHIN: The ticket
is $50,000, and I'm hoping
to get cosmonaut training
in Russia, so I need to raise
a good amount of money.
PS: Are you nervous?

JH: The capsule can sepa-
rate and land on its own if
something goes wrong.
And the people at I0S will
be riding the rocket too. So
it’s in their best interest to
make it safe.

PS: What do you do for an
encore after the space trip?
JH: Make movies. I'm defi-
nitely not going to let this
astronaut thing be the peak
of my career.

—INTERVIEW BY PRESTON LERNER

FROM COMET WILD 2 DURING A CLOSE APPROACH. ®
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TOYOTA

Innovation + Technology

;’DES In addition to developing high quality vehicles, Toyota has contributed to
some major developments in the automotive industry, including Hybrid Synergy
Tuesdays gpm e/p Drive® technology and fuel-cell-powered vehicles. For more information

on Toyota innovations and technologies that positively impact the world,

visit us at |toyota.com!t0morrow|

Space 2100

SPACEZI00

Will there be a manned mission to Mars? 10 WA A0 BEYOMD 1 11 CHURY 10 D

folned

What are NASA's plans for a multigener-
Buckle up for the newest ational spacecraft? Popular Science's
x . Space 2100 looks at the technology, the
series from TLC. Rides
challenges and the global politics that can
puts you in the driver’s make space exploration a pawn of
earthbound conflicts.

seat for a high-speed Call 1-800-692-1133 to order.
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MOViE' i I'I k " Online Entertainment

Among the tech-savvy, the newest way to get movies is to download

builds them? Who buys

them. Movielink gives broadband users an easy way to enjoy hundreds of hit

them? Most of all, who movies and classics online. Entertainment has truly gone portable.

www.movielink.com|

gets to drive them?

Vector Manufacturing
The Smart Battery Charger™ (VEC|088A) from Vector Manufacturing, Ltd.,

utilizes 3-stage “Pure DC Output” charging to charge batteries in a safer,

more efficient way. These high-frequency chargers charge 2-3 times faster

than conventional chargers and are UL-listed. With a built-in digital

display, diagnostic features and a 5-Year Limited Warranty,Vector's
battery chargers deliver the quality, innovation and affordability

that today's consumer demands. Retail prices start at $50.

www.vectormfg.com v JE
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robotic soldiers, and communicate across thousands of miles—using nothing but our thoughts.
ILLUSTRATION BY BRIAN CAIRNS

Some monkey business in a Duke University lab suggests we'll sson be able to move artificial limbs, control



\ _— - J

SOMETHING INCREDIBLE IS HAPPENING IN A LAB AT DUKE
University’s Center for Neuroengineering—though, at first,
it’s hard to see just what it is. A robot arm swings from side
to side, eerily lifelike, as if it were trying to snatch invisible
flies out of the air. It pivots around and straightens as it
extends its mechanical hand. The hand clamp shuts and
squeezes for a few seconds, then relaxes its grip and pulls
back to shoot out again in a new direction.
OK, nothing particularly astonishing here—
robot arms, after all, do everything from
building our cars to sequencing our DNA. But
those robot arms are operated by software;
the arm at Duke follows commands of a dif-
ferent sort. To see where those commands are
coming from, you have to follow a tangled
trail of cables out of the lab and down the hall
to another, smaller room.

Inside this room sits a motionless macaque
monkey.

The monkey is strapped in a chair, staring
at a computer screen. On the screen a black
dot moves from side to side; when it stops, a
circle widens around it. You wouldn’t know
just from watching, but that dot represents
the movements of the arm in the other
room. The circle indicates the squeezing of
its robotic grip; as the force of the grip
increases, the circle widens. In other words,
the dot and the circle are responding to the
robot arm’s movements. And the arm? It’s
being directed by the monkey.

Did I mention the monkey is motionless?

Take another look at those cables: They
snake into the back of the computer and then
out again, terminating in a cap on the monkey’s
head, where they receive signals from hun-
dreds of electrodes buried in its brain. The
monkey is directing the robot with its thoughts.

For decades scientists have pondered, speculated on, and
pooh-poohed the possibility of a direct interface between a
brain and a machine—only in the late 1990s did scientists
start learning enough about the brain and signal-processing
to offer glimmers of hope that this science-fiction vision
could become reality. Since then, insights into the workings
of the brain—how it encodes commands for the body, and
how it learns to improve those commands over time—have
piled up at an astonishing pace, and the researchers at Duke
studying the macaque and the robotic arm are at the leading
edge of the technology. “This goes way beyond what’s been
done before,” says neuroscientist Miguel Nicolelis, co-director of
the Center for Neuroengineering. Indeed, the performance
of the center’s monkeys suggests that a mind-machine merger
could become a reality in humans very soon.

Nicolelis and his team are confident that in five years they
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will be able to build a robot arm that can be controlled by a
person with electrodes implanted in his or her brain. Their
chief focus is medical—they aim to give people with para-
lyzed limbs a new tool to make everyday life easier. But the
success they and other groups of scientists are achieving has
triggered broader excitement in both the public and private
sectors. The Defense Advanced Research Projects Agency has
already doled out $24 million to various brain-machine
research efforts across the United States, the Duke group
among them. High on DARPA’s wish list: mind-controlled
battle robots, and airplanes that can be flown with nothing
more than thought. You were hoping for something a bit
closer to home? How about a mental telephone that you could
use simply by thinking about talking.

HE NOTION OF DECODING THE BRAIN’S COMMANDS
a can seem, on the face of it, to be pure hubris. How

could any computer eavesdrop on all the goings-on
that take place in there every moment of ordinary life?

Yet after a century of neurological breakthroughs, scien-
tists aren’t so intimidated by the brain; they treat it as just
another information processor, albeit the most complex one
in the world. “We don't see the brain as being a mysterious
organ,” says Craig Henriquez, Nicolelis’s fellow co-director of
the Center for Neuroengineering. “We see 1s and os popping
out of the brain, and we're decoding it.”

The source of all those 1s and os is, of course, the brain’s
billions of neurons. When a neuron gets an incoming stimu-
lus at one end—for example, photons strike the retina, which
sends that visual information to a nearby neuron—an elec-
tric pulse travels the neuron’s length. Depending on the
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BRIAN FINKE

signals it receives, a neuron can crackle with hundreds of
these impulses every second. When each impulse reaches the
far end of the neuron, it triggers the cell to dump neuro-
transmitters that can spark a new impulse in a neighboring
neuron. In this way, the signal gets passed around the brain
like a baton in a footrace. Ultimately, this rapid-fire code gives
rise to electrical impulses that travel along nerves that lead
out of the brain and spread through the body, causing mus-
cles to contract and relax in all sorts of different patterns, let-
ting us blink, speak, walk, or play the sousaphone.

In the 1930s, neuroscientists began to record these impulses
with implantable electrodes. Although each neuron is coated in
an insulating sheath, an impulse still creates a weak electric
field outside the cell. Researchers studying rat and monkey
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impossibility. “If you wanted to have a robot arm move left,”
Chapin explains, “you would have to find that small set of
neurons that would carry the command to move to the left.
But you don’t know where those cells are in advance.”

Thus everything that was known at the time suggested
that brain-machine interfaces were a fool’s errand. Every-

thing, it turned out, was wrong.

e at Hahnemann University in Philadelphia, intent
on cracking the neural code, regardless of how com-

plex it might prove to be. At Hahnemann he found the per-

fect collaborator in John Chapin, who had spent the previous

decade working on a device that could take 12 separate
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brains found that by placing the sensitive tip of an electrode
near a neuron they could pick up the sudden changes in the elec-
tric field that occurred when signals coursed through the cell.

The more scientists studied this neural code, the more they
realized that it wasn'’t all that different from the on-off digi-
tal code of computers. If scientists could decipher the code
to translate one signal as “lift hand” and another as “look left,”
they could use the information to operate a machine. “This
idea is not new,” says John Chapin, a collaborator with the
Duke researchers who works at the State University of New
York Downstate Health Science Center in Brooklyn. “People
have thought about it since the "60s.”

But most researchers assumed that each type of movement
was governed by a specific handful of the brain’s billions of
neurons—the need to monitor the whole brain in order to
find those few would make the successful decoding a practical
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recordings from the brain at once; if the two of them could
perfect it, they’d be the first to be able to listen to more than
one neuron at a time.

Every aspect of the project posed new challenges. To work
adequately, the electrodes needed to be tiny enough to be
safely inserted into the brain, and precise enough to send a
reliable stream of data to a computer. Conventional elec-
trodes would get covered in scar tissue. The problem, Chapin
and Nicolelis found, was that the electrodes, designed as rigid
spikes, were damaging the surrounding brain tissue—so the
scientists subbed in electrodes with flexible tips. “They have
to float around,” Nicolelis says. “But if they are rigid and move
around, the brain can be dissected.”

By the mid-'9os, Nicolelis and Chapin finally were inserting
their arrays of electrodes into the brains of living rats—and
what they discovered instantly challenged the conventional



wisdom on the way neurons send their messages. What they
found was that the commands for even the simplest of move-
ments—twitching a whisker, for example—required far more
than just a tiny cluster of neurons. In fact, a whole orchestra
of neurons scattered across the brain played in synchrony.
And the neurons behaved like an orchestra in another impor-
tant way. Beethoven'’s Fifth Symphony and Gershwin’s Rhap-
sody in Blue sound nothing alike, even if many of the same
musicians are playing both pieces, on many of the same
instruments, using many of the same notes. Likewise, many
of the same neurons, it turned out, participated in generating
many different kinds of body movement.

With this discovery, the biggest supposed roadblock to
making a brain-machine interface suddenly disappeared.
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A multi-electrode cap [1]
enables researchers to
match a monkey’s inten-
tions—to manipulate a
computer cursor by mov-
ing a joystick—with its
brain waves. After re-
cording which patterns of
neuronal activity corre-
spond to that action,
researchers translate the
monkey’s thoughts into
robotic motion. The cap
holds five to 10 elec-
trodes, each with 16 to
128 microwires [1a]. The
electrodes are implanted
in the brain at a rate of
about 0.1 millimeters per
minute, to a depth of only
2 millimeters. Once inside,
each of the blunt-tipped
microwires, which are
only 50 microns wide,
acts like a miniature
antenna, capable of
recording the electrical
activity of one to four
local neurons [1b]. The
joystick is disabled. Now,
when the monkey thinks, ”Move cursor,” the microwires record
the electrical activity, then transmit it to a neural signal processor,
which plots each neuron’s impulses [2]. A computer correlates
these patterns with the pre-recorded data on the monkey’s actual
arm motion: If the signals match, the robot arm moves down [3].

Rather than needing to find the tiny handful of neurons
responsible for a particular movement, scientists could, by
listening to a small fraction of neurons in a brain, generate
enough information to recognize many different com-
mands. Think again of the brain as an orchestra: You don't
need to set up a microphone next to every instrument to tell
whether the orchestra is playing Beethoven’s Fifth or Rhap-
sody in Blue. You could probably figure it out by listening to
just a handful of musicians.

To test this supposition, Chapin and Nicolelis inserted elec-
trodes into a rat’s brain and began monitoring 46 neurons.
They then trained the rat to press a lever to get a drink of
water, and used the electrodes to record the pattern of signals
the animal produced to move its arm. Then Chapin and
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Nicolelis disconnected the lever from the water supply, so that
pressing the lever did nothing. The rat went on pressing the
lever, but now the scientists gave the rat a drink of water
when it simply produced the “press lever” command in its
brain. After a while, the rat stopped bothering to lift its arm,
and just thought about lifting it.

OT LONG AFTER THE RAT BREAKTHROUGH, Nicolelis
m got a job at Duke and began setting up a new lab to
take the research to a higher level. There he began to

implant electrodes into monkeys instead of rats, hoping to get
them to operate more complex equipment with their brains.
Nicolelis teamed up with biomedical engineers at Duke to
design new arrays of electrodes, along with high-capacity signal

processors, that could handle the new challenge. “Miguel always
wants more channels,” says biomedical engineer Patrick Wolf
with a grin. “It’s like, More power, Scotty.””

By 2000, Nicolelis and his colleagues had invented a sys-
tem that could recognize patterns in monkey brains well
enough to let the animals swing a robot arm to the left or to
the right with their thoughts. The success gave the
researchers the confidence to set themselves a goal: to design
a system that would allow paralyzed people to operate a pros-
thetic arm with a set of implanted electrodes. The arm
wouldn't let people play a piano sonata, but it would let them
do simpler things like drink a glass of water. “That’s a fairly
complicated action,” says Henriquez. “Going out, grabbing a
glass, grabbing with enough pressure to not let it slip, raising
it, drinking from it, and putting it back.”

The next steps toward that goal would be to make the robot
arm move in more intricate ways, and then to add a simple
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hand that could also follow a monkey’s commands. This is the
system that’s online today: A monkey learns how to use it by
sitting at a computer screen and using a joystick to move a cur-
sor across the screen. When a dot appears on the screen, the
monkey drags the cursor on top of it in order to get a squirt of
juice through a tube rigged up next to its mouth. The elec-
trodes in the monkey’s brain record the signals from its motor
neurons as they form the commands that move its arm.

The signals are piped into a computer, which compares
them to the joystick’s movements and figures out how to pre-
dict the latter from the former. Once the computer has grown
familiar enough with the monkey’s brain patterns, it uses
those signals rather than input from the joystick to move the
cursor across the screen.

“After a while, like the rats before her, she realizes she
doesn’t have to move her hand,” says Nicolelis. The monkey
simply thinks the cursor across the screen.

Then the monkey learns to use its mind to control a robot.
(The monkey, however, doesn't realize the robot even exists;
it is simply focused on moving the cursor to gain rewards.)
The monkey operates the joystick again, but the signals from
the joystick go to the robot arm. The cursor still moves across
the screen; now, however, it’s responding to the robot’s move-
ments rather than the joystick’s. The switch is awkward at
first for the monkey—it’s a bit like learning to type with the
tips of two pens instead of your fingers. But by watching the
cursor move on the screen, the monkey manages to control
the robot with its brain signals alone.

When a monkey has learned this skill, it’s ready for the
third and final challenge: reaching plus grabbing. When
the monkey moves the cursor to the dot, it now has to
squeeze the joystick. Sensors measure how hard the mon-
key squeezes, and the computer screen displays the force
as an expanding disc on the screen. By watching the disc
expand, the monkey learns how to apply different amounts
of force in order to get its reward. “She has to squeeze very
precisely,” says Nicolelis.

No one knew if a monkey could meet this challenge. Clearly,
the electrode arrays could recognize commands to move the
arm back and forth. But what if squeezing was controlled by
neurons too far away from the electrodes to be monitored?
Nicolelis put his faith in the orchestral nature of neurons—
and he wasn’t disappointed. The system could predict how
hard the monkey was squeezing as well as it could predict
where it was moving the arm. “The predictions,” he says with

pride, “are unbelievably good.”
@ research comes from DARPA, which in 2003 ratch-
eted up its long-standing interest in brain-related
research to a new level by launching the Brain-Machine
Interface Program (BMI) with an initial grant of $24 million
divided among six different labs. “Imagine how useful and
important it could be for a war fighter to use only the power
of his thoughts to do things at great distances,” says Tony
Tether, the director of DARPA.

DARPA is famous for funding futuristic technology of all
sorts, from the precursor to the Internet to the ill-fated ter-
rorist futures market, which was attacked by Congress last
summer. And according to former BMI program director
Alan Rudolph, DARPA is well aware that there’s no guarantee

UCH OF THE MONEY THAT FUNDS NICOLELIS’S

that the brain-machine interface research will ever make it
onto the battlefield. “There’s plenty of risk,” he says. “If there
wasn't a lot of risk, we wouldn’t be involved.”

In addition to the Duke research, DARPA’s funding is help-
ing other scientists pursue the linkage of brain and machine.
At the University of Michigan, for example, it’s supporting re-
search that may eventually let humans control a more classic
free-standing robot with their thoughts. The robot in ques-
tion, known as RHex, can scurry around on six legs like a
mechanical cockroach. Researchers are investigating how to
teach rats to control the movement of RHex by pressing
levers that steer the robot left and right. Then, in a process
similar to the one employed at Duke, scientists will decode
the brain patterns the rats use to press the different levers,

“YOU COULD
IMAGINE
THINKING
ABOUT TALKING
AND HAVING IT
PROJECTED INTO
A ROOM 2,000
MILES AWAY,
SAYS CRAIG
HENRIQUEZ. “1
DON'T SEE THAT
THAT WILL BE
A PROBLEM.

and enable the rat to guide RHex by thought alone. Humans
could someday use the same system to guide robots into col-
lapsed buildings or across rough terrain on distant planets—
or, DARPA hopes, into battle.

Not all of DARPA’s research is limited to manipulating
machines. The brain does more than just move arms and
legs—it also sends out complex commands that control mus-
cles in the throat, tongue and mouth, creating speech. It’s
conceivable that a computer could learn to recognize those
commands before they leave the brain and then translate
them into words. “You could imagine thinking about talking
and having it projected into a room 2,000 miles away,” says
Craig Henriquez. “I don’t see that that will be a problem. It’s
very, very possible.”

But Henriquez and other neuroengineers do see one par-
ticularly enormous roadblock in the way of DARPA’s goal.
According to Rudolph, it would be unethical to implant



electrodes in the heads of healthy sol-

diers. He’s betting that future technology |

will be able to read brain signals without
actually being inside the brain. Today
the most common way to attempt this is
with electroencephalography (EEG), in
which electrodes are placed on the scalp.
But EEG has a serious drawback: It can
only pick up a blurry, weak signal com-
pared to what electrodes nestled in the
brain can record. People can learn to con-
trol a computer by altering their EEG
patterns, but it takes months of training
to type just a few letters a minute. That’s
not the sort of bandwidth you want for
operating an arm. “To the best of our
knowledge, that doesn’t look very prom-
ising at the moment,” Henriquez says.
Rudolph expects other approaches to
pay off down the road. “Out at 20 years
I have a lot of hope,” he says. He points
to a new kind of brain imaging known
as magnetoencephalography, or MEG,
that uses magnets to pick up electrical
activity in the brain. MEG has the sort of
speed and resolution that might make a
brain-machine interface possible. In
their current form, MEG scanners have
to be protected by shielded walls and
cooled with giant tanks of helium.
But Rudolph speculates that room-
temperature superconductors and other
materials of the future will make MEG
portable. “If you think about using
superconducting magnets, maybe you
could figure out how to make a helmet,”
he says. It might be possible in a few
decades to design a helmet-like scanner
that a soldier could wear along with a
signal-processing supercomputer in his
backpack. “At least DARPA’s got some
people looking at that,” Rudolph says.

NE OF THE WAYS YOU CAN tell
@ that the monkey-controlled

robot arms at Duke aren't sci-
ence fiction is that sometimes they don’t
work. Some days the circuit boards fry,
and other days the prospect of a reward
of juice just isn’t enough to motivate
monkeys to play the game. For all the
progress the researchers have made in
recent years, the work is still hard, and
there’s a lot more hard work ahead
before they see their research making a
difference in people’s lives.

RAIN-MACHINE BETA TESTING

Devices that harness brain or nerve impulses fo help patients see, hear,
move, and communicate are already available—though for now they
remain relatively primitive.

Electrode Amplifier & FM FREEING “LOCKED-IN” PATIENTS

Receiving/'}(.‘" e Neurologist Philip Kennedy has created
coil 3 o a device to help totally paralyzed people

Pas % control a computer cursor—and thereby
communicate —with their thoughts. An
electrode is surgically implanted into the
patient’s motor cortex, the movement-
controlling part of the brain; the electrical
signals it picks up are converted to soft-
ware commands. Learning to use the
device is a process of mental trial and
error: Patients think about making vari-
ous movements and watch how those
thoughts affect the cursor; over time they
learn which thoughts make the cursor move up, down, right and left. The
brain data is sent to the computer via an FM transmitter, so no wires are nec-
essary. So far six people have tried the $100,000 Brain Communicator, which
is made by Kennedy’s company, Neural Signals, in Atlanta, Georgia.

X-ray of Brain Communicator

MACHINE-GENERATED VISION

Surreal-looking spectacles designed by ophthalmologist Mark Humayun of
USC are helping blind people regain some sight. Artificial retinas are implanted
in patients’ eyes, then connected via wires to a small magnetic disc sutured
onto the scalp. When a person dons the glasses, miniature video cameras pick
up ambient light and turn it into electrical impulses, which are transmitted
wirelessly to the magnetic discs and, from there, sent via the retinal implant to
the brain’s optic nerve, recreating the natural sight pathway. The device offers
patients only fuzzy spots of light in a limited field, but Humayun hopes to
improve resolution by determining which patterns of electrical pulses most
effectively stimulate the optic nerve.

ELECTRONIC EARS
Cochlear implants, small electronic devices
implanted under the skin behind the ear, have

Transmitting coil

helped 59,000 people worldwide regain \ Ear hook
some hearing. In a healthy person, the inner : ?/

ear converts sound waves into electrical Microphone
impulses, which activate a nerve that sends - -

sound signals to the brain. A cochlear implant

mimics this natural process. The device’s

speech processor turns sounds picked up

from a microphone into electronic bursts, N
which stimulate the auditory nerve to create

the perception of sound in the brain. Speech processor

BIONIC ARM

Three years ago utility-line repairman Jesse Sullivan touched a live wire, burn-
ing his arms so badly they had to be amputated. But a technique devised by
biomedical engineer Todd Kuiken, director of amputee services at the Rehabili-
tation Institute of Chicago, enables Sullivan to control his artificial left arm with
his mind alone. Kuiken grafted nerve endings from Sullivan’s shoulder onto his
chest muscle. When Sullivan thinks about raising his arm, his brain sends sig-
nals to the nerves that once initiated this function; the nerves spur his chest
muscle to contract; and electrodes on the graft pick up those twitches and
translate them into prosthetic-arm movements. —ELIZABETH SVOBODA

connected by cables to a robot arm. The Duke researchers will

Take the equipment itself. Wires sprout from the implants  need to design a far more portable, unobtrusive system to
in a monkey’s head and are jacked into a big signal processor, make it practical for humans. They envision implanting an
which in turn is plugged into a computer, which in turn is  array of electrodes in key regions of a quadriplegic patient’s

brain. The signals detected by the electrodes would travel

u More human-machine-interface research: popsci.com/exclusive

through a wire to a small processor embedded in the skull.
From there, the processor would (CONTINUED ON PAGE 102]»
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Granted, even a SureFire flashlight is not quite capable of
spontaneous nuclear fusion, but if you want the brightest
illumination tool this side of a solar flare, you want a SureFire.

Science makes a flashlight into a Surefire. We use a
tungsten incandescent lamp, high-pressure filled with Xenon
gas. We metallic vapor coat the reflector We CNC-machine
all components from aerospace-grade aluminum. We
add an optically coated Pyrex™ window. This is the
science of SureFi

And introeducing a
new generation of LED flashlights, including the
LED-based flashlight ever made, the L4
LurmaMax.™ More cool SureFire science.

Were also pioneering new technologies like the A2
Aviator,™ a “smart flashlight”’ featuring Digital Plus™ technology
incorporating a dedicated microprocessor to regulate the
current between a triad of LEDs and a 50-lumen Xenon lamp.
The A2 gives you both a subdued night-vision-safe setting (in
red, green or blue) and a scorching bright main beam, all from
ane cleverly designed four-stage tailcap switch.

now were whole

brightest

www.surelire.com

888.936.6642

learn more about the world's
finest illumination tocls, call
or log-on for a free 100-
page color catalog.

And then there's the |0X Dominator; the world's most
advanced handheld rechargeable flashlight. It utilizes a dual lamp
arrangement to give you the cheice of a long-running task light
or a powerful searchlight that produces over 500 lumens of
dazzling light—that's 33 times the output of a typical two D-cell
flashlight and enough to trigeer photosynthesis.

But we'll leave that to our closest competitor:

SUR@’IRE,

smaller. brighter. better.


www.sunfire.com




Introducing
high performance technology

that’s also
good
for the environment. ...

planet on track. Hybrid Synergy Drive", a revolutionary power train from Toyota, combines a gasoline engine with a powerful electric motor that
never needs 1o be plugged in. The result? Super-efficient, super-charged performance.

Hybrid Synergy Drive has already hit the roads in the all-new Toyota Prius. And soon, we'll be introducing this groundbreaking, affordable
technology in even more Toyota products.

Far example, a Hybrid Synergy Drive system developed for SUVs will provide a dramatic boost in power, injecting a V6 engine with the
horsepower of a VB. Incredibly, this system will also deliver the fuel efficiency of a four-cylinder compact car and the cleanest emissions rating
avalable for a gasoline-powered vehicle.

It's all about accelerating progress — for you and the planet.

ltoyota.com/tomorrow o202
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—LOOKING TO BOOST YOUR SCIENCE SMARTS? FIRST TEST YOUR
|Q ORGAN, THEN FOLLOW OUR 6-POINT BRAIN REGIMEN. SOON YOU'LL
BE CRUNCHING BOGUS CLAIMS AND CITING STATS WITH THE BEST.

MUSCLES

MENTAL.

BY McKENZIE FUNK
PHOTO ILLUSTRATIONS BY HUGH KRETSCHMER

impressive as beefy pecs and triceps may look, they won't help you cite the evidence for Einstein’s special theory

of relativity, rattle off pi to the 20th decimal place, or liberate yourself from the mass delusion that a penny dropped
from the Empire State Building will gather enough speed to kill a hapless pedestrian. We at PorSct believe the body part
most worth stretching and toning—not to mention showing off—is the brain. You need to ensure that yours is flexible
enough for creative problem solving, strong enough to run the occasional intellectual mini-marathon, and most of all, free
of pseudoscientific flab. ® You say the brain isn’t really a muscle? Irrelevant. Recent studies indicate that it can bulk up:
The hippocampus, a brain region responsible for thought and memory, produces new cells throughout a person’s life,
and some neuroscientists believe other parts of the brain also regenerate. The trick to keeping those new neurons? Use
‘em or lose 'em. So take our scientific-aptitude quiz, learn the mental muscle groups, and get pumping.

' If you want to go from scrawny to brawny in 30 days, there is no shortage of miracle shape-up programs. But as
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YOUR BRAIN
RIGHT NOW?

The first step in your regimen

O
is assessment. It’s time to apply
the fat calipers to your gray
matter. Gauge your mental condi

|

tioning with this PoprScr quiz.

Which of the following could you

hold in your hands, were it not

inside a swirling cauldron of liquid

helium that would freeze them off

within microseconds?

a] A quark

b] A SQUID (superconducting
quantum inferference device)

c] A quasar

d] A phonon

The most contentious scientific

debate surrounding global warm-

ing concerns:

a] Whether Earth’s atmosphere is
getting warmer

b] How much Earth’s atmosphere
is warming

c] To what degree man-made,
not natural, causes are respon-
sible for the warming of the
atmosphere

d] Whether the consequences of
significant global warming
would be severe

Which is the most important tool
currently used to enforce the
nuclear test ban treaty?

a] Oscilloscope

b] Imaging satellite

c] Geiger counter

d] Seismometer

Which is true of all life on Earth?
a] It either takes in or emits oxygen
b] It watches reality TV shows

c] It consists of one or more cells
d] lis cells have distinct nuclei

Rank the images below in size order, from smallest to largest.
]C,B, D, A; d]A, C, B, D

a]B, A, C,D;b]B,C, A D;c

Which of the following has been
found?

a] A tachyon

b] A bozino

c] Dark energy

d] A room+emp. superconductor
e] Element 118

Your wife is a guinea pig in a
double-blind experimental drug
trial. Who knows if she is getting
the actual drug or a sugar pill?

a] Your wife

b] Your wife’s doctor

c] Researchers overseeing the trial
d] b and c only

e]a and b only

f ] None of the above

ANSWERS
viet‘alet‘alin‘violale‘algolzolo!vIsDlriale oz all
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The most effective weather satel-

lites continuously monitor one part

of the Earth to track atmospheric

changes. Engineers place them in
orbit.

a] Polar

b] Geostationary

c] Low-Earth

d] Sun-synchronous

e] Elliptical

If a Texan oil baron drilled through
the center of the Earth and out the
other side, then jumped into the
hole, what would happen to him?
a] He would travel through, gath-

ering speed; upon reaching the

other side he'd launch hundreds

of feet into the air

b] He would get enough of a boost
from his Earth “fly-through” to
launch into the outer solar system

c] He would speed up, slow
down, then stop just as he
reached Earth’s center

d] He would speed up as he
approached Earth’s center, and
slow down going away from it,
forever oscillating between the
two ends of the hole

Scientists scanning your genome

find three mutations, in areas

associated with Huntington’s dis-

ease, alcoholism and a tumor-

suppressor protein. This means:

a] You are predisposed to cancer
and alcoholism, and you'll defi-
nitely get Huntington'’s disease

b] You'll end up a cancer-ridden
alcoholic suffering from Hunt-
ington’s disease

c] You have a predisposition to all
three conditions

d] Nothing

Why does one bad apple spoil the

barrel?

a] Bacteria migrate from the
spoiled apple to the others

b] The spoiled apple releases a
gas, ethylene, which causes the
others to spoil

c] The spoiled apple attracts flies,
which cause the others to spoil

d] That's just an old wives' tale

What is the relationship between
the distance and the speed (red-
shift) of a distant galaxy?

a] Planck’s constant

b] Hubble constant

c] Einstein’s constant

d] No relationship at all

The Mébius strip pictured here has
side(s).

2009
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| WEBLINK: For expanded answers to quiz questions: popsci.com/exclusive
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INFOGRAPHIC BY JASON LEE

THE MENTAL MUSCLES ]

) ~ MIND GAINS: ]
EXERCISES FOR | Ees
THEIQORGAN | ===

language its syntax, is

The first lesson from your neu- your intellectual core.
robics instructor: Like any [ HAMSTRINGS @
muscle, the brain can be limbered, A seat of strength and flex-
) ibility, Wernicke’s area im-
shaped, and expanded. Here’s bues words with meaning.
L J a smart workout routine. [ GLUTEALS (@

Cerebral power is found in

processes information so it
can be stored as memory.

° e Larry Katz suggests getting up
Train Your Cranium from your desk every hour for a 5

Elghf activities that build beeﬁer brains change of scenery, even if it's just For scientific sprints, the
’ a trip to the water cooler. Unfa- inferior parietal region pro-
miliar sensory stimulation can vides mathematical, visual

COMPETITIVE SPORTS GYMNASTICS increase the production of brain and logical reasoning.

In 2003, University College Alter training rats to cross rope chemicals called neurotrophins,

London researchers found that bridges and pencil-wide balance  he says. In a 1996 study, Duke

middle-aged people who regu- beams, and to master the see- University researchers found that

larly engaged in logic and mem-  saw, University of lllinois neurotrophins increase the size

ory games such as cards, bingo  researchers found in a 1990 and complexity of dendrites—the

and chess performed better on study that the coordinated tendrils on a neuron that receive

short-term memory, mathemati- rodents’ neurons possessed 25 and process information.

cal reasoning and vocabulary percent more connections to

tests than those who did not. other brain cells than did those REFLEX TUNING

Animal studies have shown that of treadmill-running rats. In 2003, researchers at Hong

mentally enriching environments Kong’s Chinese University con-

increase the likelihood that new ~ BRAIN BREAKS cluded that playing the piano or

brain cells will survive. Duke University neurobiologist another instrument significantly
MORNING WARM-UP Brush your teeth with the wrong hand. Take @ AEROBICS Jogging may boost your ability to produce and main-
new route o work. “Rarely activated pathways in your brain’s asso- tain new brain cells. Researchers at the Salk Institute for Biologi-
ciative network [will be] stimulated, increasing your range of mental cal Studies reported in 1999 that running doubled the number of
flexibility,” says Larry Katz, a Duke University neurobiologist. new brain cells that survived in adult rodents.
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rest between workouts

improved subjects’ verbal mem-
ory. And dfter studying the
leisure activities of almost 500
subjects over the course of 21
years, researchers at New
York’s Albert Einstein College of
Medicine reported last year that
playing a musical instrument

is associated with a reduced
risk of dementia.

BELLY CRUNCHES

“Two hydrogen atoms are walk-
ing down the road. One says,
‘I've lost an electron.” “You sure?
the other asks. "Yes,” the first
answers, ‘I'm positive.”” Silly
joke? Yes, but jokes are not just
silly. A 1999 University of Toronto
study showed that processing a
verbal joke exercises cognitive

abilities such as abstract reason-
ing and the use of |ong-ferm
memory fo reinterpret informa-
tion in working memory. “If
solving math problems in your
head is like doing sit-ups,
sharing jokes is like playing
Frisbee,” explains linguist

David Gamon, coauthor of
Building Mental Muscle.

REST BETWEEN WORKOUTS

Many studies suggest that when
people fall into rapid-eye-
movement (REM) sleep soon
after learning something new,
they are more likely to retain the
new knowledge. And non-REM
sleep may give inactive neurons
a chance to repair damage
caused by free radicals.
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- BOOST

YOUR

B.S. METER

Any trainer will tell you bad tech-

nique leaves you vulnerable to

injury. Assess data with a healthy

dose of skepticism, or you might
] pull a conceptual hamstring.

Spot the Junk
rds are powerful. Know how fo use them
correctly—and how fo recognize jargon abuse.

RELATIVE VS. ABSOLUTE RISK

In 1995 thousands of women
shunned oral contraceptives alto-
gether after a study showed users
of a recently introduced form of
“the pill” were twice as likely to
develop blood clots as were
women taking older versions.

Yet though the relative risk had
indeed doubled, the increase in
absolute risk was still tiny: Mor-
tality reportedly climbed from 1.5
to 3 women per million. Mean-
while, in the months following

the “pill scare,” pregnancy rates
in England and Wales jumped

7 percent over those for the

same period the previous year.

WHO'S AN EXPERT?

Though a Ph.D. doth a doctor
make, it doesn’t always make an
expert. Someone with a degree
in oceanography is not automati-
cally an authority on other topics.
If people were more aware of the
distinction, Nobel Prize-winning
chemist Linus Pauling might not
have gotten so much attention for
recommending massive (and, it
turns out, unhealthy) doses of
vitamin C to treat everything from
the common cold to cancer.

THEORIES

A disclaimer appeared in the bio-
logy textbooks of Cobb County,
Georgia, in 2002: “Evolution is
a theory, not a fact, regarding

the origin of living things.” In an
absolute sense, this is true: Theo-
ries are proposed or accepted
explanations based on assem-
bled evidence. But in science,
many theories—the theory of
gravity, for example—enjoy near
universal acceptance, based on
the preponderance of evidence
and the success of the model. The
term “theory” does not imply
doubts about a phenomenon'’s
fundamental existence.

NANO-THIS, NANO-THAT

The boom in nanotechnology has
led to a corresponding boom in
nano-babble, rendering the pre-
fix virtually meoning|ess Take the
recent fad of “nano-reefs” for
small home aquariums: If they
were actually sized in nano-
meters (billionths of a meter, or
1079), they'd be invisible o fish
and their owners. What's next,
pico-reefs? (Pico: 10712))

NATURE VS. NURTURE

Is human behavior genetically
predetermined or is it a result
of environmental influences?
Dogmatism on both sides of
this “debate” has led to innu-
merable wrong turns, such as
social Darwinism on one side
and Soviet-era training pro-
grams on the other. The correct
answer: We are products of
both genes and environment,

and understanding their com-
plex interactions remains
beyond our limited ken.

THE UNCERTAINTY PRINCIPLE

Werner Heisenberg's uncertainty
principle, formulated in 1927,
states that a small bit of matter—
an electron, for example—cannot
have both a well-defined position
and a well-defined momentum at
the same time. What's more,
measuring one of those proper-
ties inexorably disturbs it—you
can never know what an elec-
tron’s position was before you
measured it, because the act of
measurement changes its posi-
tion. Dime-store philosophers

have had a field day with this

Werner _'
Heisenberg

concept, using it to exp|ain all
manner of things. Pundits have
been known to maintain, for
example, that since the presence
of a reporter exerts an influence
on the people being observed,
the journalistic endeavor is an
example of the uncertainty prin-
ciple. But in practice, Heisen-
berg’s principle only applies to
the subatomic world.

CLEAN YOUR FILTERS

Adhere to these basic
principles at all times.

1
In the 1930s Viennese
philosopher Karl Popper
stated that for a claim to be
considered scientific, it must
be conceivable to prove it
wrong by observation or
experiment. For instance,
the statement “All elephants
are gray” would be falsi-
fied by a single sighting of
a pink elephant.

OCCAM’S RAZOR @]

When choosing between
two competing theories to
describe a phenomenon,
medieval philosopher
William Occam said, the
simplest explanation is the
best. Sure, maybe dachs-
hunds exist on Earth not
because of selective breed-
ing but because aliens
brought them here, but why
make more assumptions
than necessary?

| SAMPLE SUFFICIENCY @)
The smaller the sample size,
the less believable the find-
ings. It's not enough to
know that one in 10 study
subjects developed adverse
reactions to a medication;
you must find out how
large the pool was. If there
were just 10 subjects and
one fell ill, the significance is
unclear. But if 100 out of
1,000 people got sick, you
should avoid that pill.

PARADIGM-SHIFT PRINCIPLE @]

Philosopher of science
Thomas Kuhn coined the
phrase “paradigm shift” to
describe rare, profound
shifts in the way the world
is understood by science:
Earth at center of universe,
Earth not at center of uni-
verse, for example. Para-
digm shifts are rare, but use
of the phrase to pump up
an idea’s importance is fre-
quent. When a theory is
trumpeted as revolutionary,
part of a paradigm shift,
this is usually a red flag for
half-baked ideas; be skepti-
cal. Everyday science is
more evolutionary than
revolutionary; established
ideas are upended less
often than media reports
would have you believe.
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DON'T BE A CARRIER

FIVE MISCONCEPTIONS EVEN YOU (YES, YOU) HAVE BEEN KNOWN TO SPREAD.

Are insidious tidbits of folk science |urkin§ in the

ark corners of your burgeoning brain2 Begone!
FALSE: Toilets and bathtubs drain counterclockwise in the
Northern Hemisphere, clockwise in the Southern Hemisphere.
The Coriolis effect, caused by the rotation of the Earth, can be
seen in the spin direction of weather systems such as hurricanes
and cyclones. But in the short-lived flush of a foilet, the force

is far too weak to have an impact; the direction of the water’s
rotation depends on the toilet’s design.

FALSE: No two snowflakes are alike. Snowflakes are six-sided
crystals composed of about 1018 water molecules, giving them
unimaginable —but not infinite—potential for variation. In 1988,
Nancy Knight, a meteorologist at the National Center for Atmos-
pheric Research, discovered two identical snowflakes that had
been collected from clouds above Wisconsin. The snowflakes
apparently formed as conjoined twins.

FALSE: Humans use just 10 percent of their brains. MRI and PET
scans show that a much larger portion of the brain is engaged
during complex thought processes. And biologists scoff at the idea

that we would evolve such an oversize brain—it eats up 19 per-
cent of the fuel in our bloodstream—only to use but a fraction of it.

FALSE: A penny dropped from the Empire State Building would
kill someone below. A few calculations tell us that a penny
falling edge-on from the 1,050-foot-high observation deck on
Floor 86 of the 102-story skyscraper would fall 500 feet before
reaching maximum velocity: 57 miles an hour. This is about 1/10
the speed of a low-caliber handgun bullet—fast enough to hurt
but, except in freak circumstances, not to kill. It's a moot point
anyway: Thanks to updrafts, coins tossed from the observation
deck generally land on the setback roof of Floor 80.

FALSE: The Moon appears larger when it’s on the horizon
becavse it's magnified by the atmosphere. This is an optical illu-
sion. You can confirm that fact by taking photographs of the
Moon as it tracks across the sky: It will appear the same size on
the negatives, no matter where it is. The cause of the illusion is the
subject of considerable debate, but the leading theory is that it's a
classic Ponzo illusion: The brain mentally magnifies objects near
the horizon because it interprets them as far away; thus the Moon
appears larger to us when it is closer to the horizon.

-

[

- BEEFUP
ON THE
FUNDAMENTALS

You've shed counterproductive
and backward notions. Now it’s
time to absorb some of the basic
knowledge that distinguishes the

|

science literati from the ignorati.

Know the Major Milestones

The worldview-shaping experiments everyone should understand.

FLYING CLOCKS

The most celebrated experimental
backing for special relativity
came in 1971, when four cesium
atomic beam clocks were flown
around the world. Einstein’s
theory predicted the clocks would
lose 40 + 23 nanoseconds com-
pared with reference clocks on

the ground when circling the
globe eastward, and gain 275 +
21 nanoseconds when traveling
west. The results: a loss of

59 + 10 nanoseconds eastbound
and a westbound gain of 273 +
7 nanoseconds—evidence that
time is not absolute but depend-
ent on frame of reference.

PRIMORDIAL SOUP

Could life have emerged from the
conditions on early Earth without
divine intervention? In 1953
chemists Stanley Miller and
Harold Urey of the University of
Chicago filled a glass bulb with
hydrogen, methane, ammonia
and water to simulate the early

atmosphere, then heated it with a
Bunsen burner “sun” and bat-
tered it with electric “lightning
bolts.” After a few weeks, the
bulb held a reddish-brown soup
containing amino acids—the key
building blocks of life. Scientfists
now believe ammonia may not
have been present in the Earth’s
early atmosphere, but updated
studies conducted sans ammonia
have yielded similar results.

THE DOUBLE SLIT

In 1801, British physicist Thomas
Young decided to test whether
light is a wave or a stream of
particles. He cut two slits in @
screen, put a second screen
behind it, then shone light
through the slits. If light was a
stream, it would appear as two
dots on the second screen. But if
it was a wave, it would spread
out as it traversed the slits, creat-
ing an interference pattern—a
series of light and dark bands—
on the second screen. Young
observed an interference pattern.
More than a century |ater,
researchers found that electrons
also create an interference pat-
tern, and concluded that particles
can also act like waves.
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MANJUL BHARGAVA,
MATHEMATICS,
PRINCETON UNIVERSITY

BUGSTUNT

Here’s a trick that’s guar-
anteed to wow your
camping budc lies: Listen
for a cricket, count

the number of chirps the
insect makes in 15
seconds, then add 40,
and—uvoilal-—you've got
the ambient temperature
in degrees Fahrenheit.

OH, THE PESKY QUESTIONS
YOUR CHILDREN ASK

OF COURSE YOU KNOW THE ANSWERS. STILL, HERE'S A REFRESHER.

Q: Why is the sky blue?

THE SHORT ANSWER Because of the way sunlight scatters when it hits the air.

THE FULL ANSWER: The sky appears blue because of a phenomenon known as Rayleigh scattering.
When sunlight passes through the atmosphere, the longer yellow, orange and red wavelengths
(in the 570-to-700-nanometer range) pass through air molecules virtually unobstructed. But blue
(475 nm) and violet (400 nm) light is scattered by air molecules in all directions.

Q: Why is the ocean salty?

THE SHORT ANSWER Because sodium and chloride, the two ingredients in salt, flow into it.

THE FULL ANSWER: Rivers erode sodium-containing rock and carry it out fo sea; undersea volcanoes
spit up chloride. Sea creatures absorb many of the other minerals found in the ocean, such as
calcium and sulfur, but have litile use for sodium or chloride, so the salt gets concentrated.

Q: Is it hot in the summer because the Earth is closer to the Sun?

THE SHORT ANSWER: No.

THE FULL ANSWER: The Earth is actually farthest from the Sun in July, closest in January. Seasons
occur because of the 23.5-degree filt of Earth’s axis. In summer the axis is pointed toward the
sun, so days are longer and the energy hitting any one spot is more concentrated.

pesky questions your kids ask



MNEMONICS
The cheater’s guide fo
scientific erudition.

T
SET UP NINE PLANETS
The first letter of each plan-
et’s name, in increasing dis-
tance from the Sun: Mer-
cury, Venus, Earth, Mars,
Jupiter, Saturn, Uranus,
Neptune, Pluto.

) CHNOPS |

From this alternate spelling
of a favorite liqueur, the six
elemental building blocks
of life: carbon, hydrogen,
nitrogen, oxygen, phospho-
rus, sulfur.

t) ROY G. BIV

The name of this nonexist-
ent person holds the first
letter of each color in the
visible spectrum, in order:
red, orange, yellow, green,
blue, indigo, violet.

[J) OH, BE A FINE GIRL, KISS ME!

The first letters of these
words provide the stellar
classifications, from ultrahot
O stars to cool M stars.
More PC version: Oh, Be a
Fine Guy, Kiss Me! Better
yet: Only Boys Accepting
Feminism Get Kissed Mean-
ingfully.

5 R D AR A

Encoded in second-rate
poetry: the transcendental
number pi to 20 places. Just
count the number of letters
in each word: three, one,
four, one, five, nine . . .
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- SHORTCUTS
T0 MENTAL
SHARPNESS

Feeling sore and achy? Ready to
C
bag your workout regimen? Wait!
C C
These exercises will help you
reach your fitness goals with the
J barest minimum of effort.

Couch Potato Science

Seven movies for the, er, passive leamer.

The Fly (1958)

This outlandish story of a human-
fly hybrid is not beyond the pale:
Scientists have injected multiple
human genes into flies to study
diseases, and strange “mosaic”
creatures have been created,
including a sheep-goat with wool
and hair interspersed in its coat.

(2]%% %) A Space Odyssey

A team of astrophysicists helped
director Stanley Kubrick add
gravity fo his sci-fi fantasy. The
sound of silence is overpowering,
as it should be—in the relative
vacuum of space, there’s no
medium to transmit sounds. And
the movie's space station rotates
on its axis, capitalizing on cen-
trifugal force fo keep its astro-
nauts’ feet on the floor—an idea
first proposed by Russian scientist
Konstantin Tsiolkovsky in 1920.

Jaws (1975)

Real sharks don't hold grudges,
and they certainly don’t make
repeat assaults on specific boat
captains, no matter how crusty.
But biologists celebrate Jaws
because a bearded Richard
Dreyfuss acts and talks like a true
scientist, clinical even when con-
templating the shredded body of
the first victim: “It indicates the
non-frenzied feeding of a large
Squalus, possibly longimanus or
Isurus glaucus . . "

Boys from Brazil (1976)

This sci-fi classic, featuring an
army of Hitler copies, paints a
remarkably accurate picture of
cloning methods for the time. A
hitch: Just because the clones are
genetically identical to Hitler
doesn’t mean they'll act like him.

Contact (199/)

Based on the book by Carl
Sagan, this film hews reason-
ably to fact. At Sagan’s request,
astrophysicist Kip Thorne con-
ceived the story’s greatest
conceptual leap: Ellie Arroway’s
18-hour, 26-light-year worm-
hole journey to Vega. Thorne
then published a Contact-
inspired paper about these
theoretical tunnels in space-time
in the prestigious journal
Physical Review Letters.

Gattaca (1997)

This futuristic vision of genetic
segregation is both far-out and
near at hand. Already, human
embryos that are created in the
lab can be scanned for genetic
defects so that only healthy ones
will be implanted in the mother’s
womb. But it'll be years before
we can build security systems

that grant or deny entry based

ﬂ on an instantaneous DNA test.

Titanic (1997)

OK, so Leo’s motor skills are
impossibly intact after sloshing
through a ship full of ice water.
But director James Cameron
compensates for that with near-
perfect physics in his depiction
of the sinking vessel. Realistically,
gravity’s downward force is
barely larger than the upward-
acting buoyancy of trapped air
pockets, causing a gentle des-
cent, not the typical Hollywood
maelstrom.
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AFP/CORBIS

BRAINFOOD?
mor St Tl SCIENCE: THE CLIFFS NOTES

on supposed brain-boost-

ing supplements in 2002. HOW TO FAKE IT WHEN THE CONVERSATION GOES OVER YOUR HEAD.
$ il suBect: TIME TRAVEL

13 O miion WHAT T0 SAY: I think Stephen Hawking’s chronology protection conjecture is dead on.”
MULTIVITAMINS: WHAT YOU JUST SAID: Time travel into the past isn’t impossible according to classical physics and the
33 mllhon general theory of relativity, but Hawking proposed that quantum-level effects conspire to always

prevent it and its associated paradoxes. His most famous science-fiction-writer-befuddling ques-

COMBINATION HERBS: . . . . .
. A tion: If time travel is possible, why haven’t we been overrun by tourists from the future?

$22 million
PLANT AND FISH OILS WHBKF% SSAyPERSTE!IzING THEORY |
1115 - “The problem is, no one’s ever seen a supersymmetric particle.”

$ 1 4’ mllhon WHAT YOU JUST SAID: Superstring theory —the leading candidate for a “theory of everything” that can
describe gravity, electromagnetism and the strong and weak
forces with a single set of rules—posits the existence of a slew of
undiscovered “supersymmetric” particles, such as selectrons and
squarks. But physicists sfill haven’t seen evidence of them.

suleCr: EXPANDING UNIVERSE

WHATTO SAY: “Isn’t it wonderful that after all these years, Einstein’s
greatest mistake may not have been so great?”

WHAT YOU JUST SAID: Straining to balance equations in his relativity
theory, Einstein decided in 1917 that an unknown cosmological
force was counteracting gravity—an idea he later called his
greatest blunder. Then in 1998, two studies showed that the uni-
verse is accelerating—and hence that some new force (now
called dark energy) must indeed be acting against gravity.

OTHER SINGLE HERBS:

$12 million

Source: Nutrifion Business Journal

"
Wy

suJec: TACHYONS
WHAT TO SAY: “But wouldn’t tachyons violate causality?”

WHAT YOU JUST SAID: This putative class of faster-than-light particles has never been observed exper-
imentally, but physicists keep looking. And there’s another problem: According to special relativity,
tachyons would turn fime on its head. If you used tachyons to send a message from Point A to Point
B, certain observers would see the message being received before it had been sent. Effect would
precede cause: a violation of causality.

suJec: HUMAN GENOME PROJECT

WHAT T0 SAY: 30,000 genes can’t be enough to generate the complexity of a human being.”

WHAT YOU JUST SAID: Before the Human Genome Project published maps of the human genome in
early 2001, researchers expected that the full complement of human DNA would contain as many
as 100,000 genes. The surprise figure—roughly 30,000 —means that humans possess only slightly
more genes than the lowly wall cress plant (25,000).

// THE BASIC WEB //

WHERE TO TURN ON THE NET FOR SCIENTIFIC BOLSTERING.

owstuffworks.com: A great basic resource for everything from car engines to CAT scans.

ath.ucr.edu/home/baez: This physics reference covers everything from quarks to kinetic energy.
But the real gem is the Crackpot Index, useful for evaluating “revolutionary” physics.
hap.edd: Dull? Perhaps. But with browsable online editions of more than 3,000 books from the
National Academy of Sciences and its ilk, this is a dense Web cluster of trustworthy science.
buackwatch.ord: Dedicated to fighting medical frauds, Quackwatch identifies misleading health
information on the Internet—and provides a handy, seven-step method for spotting bogus science.
kcienceworld.wolfram.cont: The self-proclaimed “best resource for math and science” on the Inter-

103443 JOIVW V JAVH NVO
WHLSAS dHL NI JONVHO dONIW
vV S4INN4d d4HOVIS OML SV
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AZADEH TABAZADEH net is a simple and reliable quick-reference guide that doesn’t gloss over details.
ATMOSPHERIC SCIENCE, : Collaborative, open-source Wikipedia is the encyclopedia equivalent of a peer-
NASA AMES RESEARCH CENTER reviewed journal—except that anyone can post a definition, or correct an existing posting.
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howstuffworks.com
math.ucr.edu/home/baez
nap.edu
quackwatch.org
scienceworld.wolfram.com
wikipedia.org
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. - SIRUT
YOUR
STUFF

Before you got fit, you wouldn't
have dared meet geeks and
eggheads on their own turf. Now
these are your people. So

chat, flirt, and don't forget to flex.

L ]

TopNerd Bars

Science abs pumped? Here's
where fo show them off.

MIRACLE OF SCIENCE, CAMBRIDGE, MA

GEEK FACTOR: Harvard and MIT profs and local
biotech workers lounge t fireslate tables surrounded
by microscopes and other lab paraphernalia. A
giant, wall-mounted menu is modeled affer the peri-
odic table of elements.

GUARANTEED PICK-UP LINE: “Want to experiment
with coupled-wave theory2”

QUTPOST TAVERN, HOUSTON, TX

GEEK FACTOR: Johnson Space Center astronauts
have been knocking back brews here for more than
20 years. Every April 12 is Yuri's Night—celebrating
cosmonaut Gagarin’s historic jaunt into space.
GUARANTEED PICK-UP LINE: “Ever wonder what
Earth looks like from the back of a Ford Explorer2”

AMIGO'S, PASADENA, (A

GEEK FACTOR: Every other Wednesday is Quantum
Margarita Night, when physicists from Caltech and
NASA's Jet Propulsion Lab meet to drink strawberry
margaritas and talk shop.

GUARANTEED PICK-UP LINE: “What's a nice girl like
you doing in an n-dimensional space like this2”

DNA LOUNGE, SAN FRANCISCO, CA

GEEK FACTOR: A “no Microsoft zone,” this dance
club equipped with Linux-based Internet kiosks and
live webcasts offers its source code to patrons for free.
GUARANTEED PICK-UP LINE: “Every now and then
two numbers meet, link, and become forever binary.”

CELTIC BAYOU, REDMOND, WA

GEEK FACTOR: This Irish pub features a wireless net-
work and lunch discounts for Microsoft employees.
GUARANTEED PICK-UP LINE: “Hey, nice GUI. Want
to integrate our matricese”

SCI-FI CAFE, NEW HAVEN, (T

GEEK FACTOR: Yalies meet here to sip Hale-Bopps (a

POPULAR SCIENCE FEBRUARY 2004

nonalcoholic mix of cranberry, orange and lime
juices) or Saturn Hemisphere martinis.
GUARANTEED PICK-UP LINE: “If you were a phaser,
you'd be set on “stunning.”

KOA HOUSE GRILL, KAMUELA, HI

GEEK FACTOR: The Koa House is so close to the
W.M. Keck Observatory that local astronomers refer
o its lounge as the Koa boardroom.

GUARANTEED PICK-UP LINE: “I've heard Uranus
rofates on its side. True?”
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MICHAEL MANGA,
EARTH SCIENCE, UC BERKELEY




Lemon from
bartender

C.
Galvanized nail
and copper wire
found in strange

place

Cut holes, insert nail
and penny, an
attach wire

Mébius Strip

Mark the bottom-right and
top-left corners of a long, thin
strip of paper with X's, and
the other two corners with
O's. Twist and roll the paper
such that X meets X and O
meets O, and tape the ends
together. Ask the drunk next
to you how many sides this
strip has. If he says two,
draw a line along the middle
of the strip until you're back
where you started to show
him that a M8bius strip is
one-sided. Now punch a
hole in the strip and ask: “If
there’s only one side, where
does the hole lead?” Raise
your eyebrows meaningfully.
The science: Welcome to the
weird mathematical field of
topology. The hole in the strip
suggests how wormholes—
hypothetical shortcuts
between distant points in the
universe—could work.

Illustrations by JAMESON SIMPSON

BARSTOOL SCIENCE

THREE TRICKS TO MAKE YOU THE LIFE OF THE NERD PARTY.

= Lemon Battery
Grab a penny, bum a lemon
from the bortender, and
wrassle up a galvanized nail
and some copper wire.
Squeeze the lemon until it's
soH, then make two small
cuts. Insert the nail and
penny in the holes, attaching
separate lengths of wire to
each. Make the guy next to
you touch his fongue to the
free ends of the wire. It ll tin-
gle. The science: In this
makeshift voltaic battery, the
zinc-coated nail is the nega-

m N\
)

coated penny the positive.
The electrolyte is lemon juice,
whose positively charged
hydrogen ions react with
zinc: Zn + 2HY— Zn2+ + H,.
The penny helps channel
electrons through the circuit
and your neighbor’s tingly
tongue.

A real crowd
pleaser!

Tingling

Floating Needle v

Using a couple of toothpicks, lower a steel
sewing needle (brought from home) onto the
surface of a bowl of water. It will stay on top
thanks to surface tension, the huddling together

Surface tension

of po|orizeo| water mole- a. At the bar. 4 )
cules due to hydrogen O\ /A4
bonding. Next, get some \ _)K ; P N
powdered soap from the \ S‘ 71 N S
bathroom, sprinkle it into | ( ==

the bow|, and watch the
needle sink to the bottom.
The science: Soap has
an electrically charged

‘ * | \ / ‘Tt floats! 5

carboxylic-acid structure O .

at one an of each mole- ~ @ E Toothpick Needle
cule. These structures N—/

vigorously attract water

molecules, pulling them Needle sinks

from their mutual attrac-

tions and thereby break- y

ing the surface fension. b.

(SRR
DVRDS 20\ WRID)
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tive electrode and the copper-

67



_ L’ﬁ%\"ﬁk‘lhwm _
| i) Jie SRS i e

e ‘" o e e
. -"‘?-ﬁ'—*h:{.r-ll?{'-‘. el ] Nt s ¢ - o
T - s




It Doesn’t Take a Rocket Scientist

9
%

Architect Constance Adams was a certified
outsider within NASA's classically hardcore
engineering culture when she started working
there in 1997. In the seven years since, she has
taken a whirlwind tour through the worlds of Mars
exploration, mission science, space “human fac-
tors engineering,” and the conceptual design of
vehicles like the X-38 and the Orbital Space
Plane. And she’s developed a unique perspective
on what NASA—and the country—need to do
to set the space agency back on the right course.
Here's her prescription. e Photographs by Brent Humphreys
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Good news/bad news:
The Columbia disaster
has brought renewed
attention to spaceflight,
but so far, much of that
attention lacks any real
clarity of understanding.
Rather than train the
spotlight on our space
program’s fairly desper-
ate need for both fund-
ing and vision, Colum-
bia seems to have ushered in open season on NASA.
Congressional hearings rehash hoary old debates about the
value of our space program, chastizing the agency and calling
for hastily conceived reforms. Many people with whom I've
been privileged to work closely inside and around NASA
share my concern that we may be on the verge of making irre-
versible decisions that future generations will regret. The
Bush administration’s announcement of a redirection of the
space program, which was pending at press time, may address
some issues raised by the Columbia investigation, but it’s sure
to miss some more fundamental problems, problems that are
deep, structural and, if you believe in the value of space explo-
ration, critical to our place in the 21st century.

THE “KNOWLEDGE CAPTURE” PROBLEM

In a decade of professional practice in large-scale urban, med-
ical and institutional architecture, I have always started any
new project with an investigation into institutional memory.
I need to know how previous programs arrived at their final
designs before I feel qualified to propose next-generation solu-
tions. But almost immediately after I arrived at NASA in 1997,
I learned that trying to gather such information in the 18,000-
employee, 16-facility agency was tough going. The
standard response when I requested data on old
projects was a quizzical stare. As I began working
on the design of the TransHab, an inflatable habitat
for long crew expeditions like a Mars mission, I real-
ized I needed solid dimensions for Skylab interiors
and furnishings. Those drawings always seemed
archived somewhere beyond reach. Eventually I just went over
to the Skylab 1G Trainer at Space Center Houston'’s visitor cen-
ter with a tape measure and some gum-soled shoes. I'm sure it
gave a few tourists a real thrill to come into the Trainer exhib-
it and find me dangling from the ceiling.

In its collective knowledge and in the individual history
and experience of its employees, NASA is a unique, living
national treasure of know-how. But the know-how is frustrat-
ingly hard to access. Think of NASA as a computer with
virtually no interface and rusty hard drives. Furthermore, its
storage media are getting old: The only American men and
women who have ever successfully designed and flown a
spacecraft are retired or retiring; many others are no longer
with us. Without a conscious program of mentoring within
the organization, this knowledge is only intermittently and
imperfectly transmitted to new generations of engineers and
scientists. The result is that young engineers constantly
redesign programs without being aware that previous designs
for the same item already exist. They may thereby introduce
anew problem or layer of risk, and this gets to the heart of the
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matter: As has been pointed out with regard to the Columbia
disaster, there is within NASA a creeping lack of interest in
real expertise. When any bureaucracy supports its mandarin
culture over real intellectual capital—precisely what the board
that investigated the Columbia disaster accused NASA of
doing—it becomes stagnant rather than productive.

What NASA needs to do is establish an active mentoring
program, whereby new hires are apprenticed to senior tech-
nical staff for a certain period of time; allow real engineers
(not a recruiting team) to select graduate students for intern-
ships; and open a direct line between each project office and
the central archives so that records of a team'’s decision-
making process and detailed information on the final
product are readily available.

But even these measures won't fully address the squander-
ing of hard-won expertise, because the problem isn’t confined
to a failure of archiving. Any team that takes on a project is
going to amass some truly valuable information. What happens
then? At NASA, more often than not, project teams get dis-
banded and people with unique knowledge get poached away.
Whereas other industries actively encourage the capture of
knowledge in team environments—where the sum of knowl-
edge is measurably greater than any individual effort—NASA
seems unaware of the value of a stable, successful team and its
ability to store, transmit, and use accumulated knowledge.

Our TransHab project team was ultimately able to get far
enough in our testing and design to warrant what NASA calls
an Independent Technical Assessment. In our case, this meant
that NASA invited some of the old guard (including Charlie
Feltz, chief engineer of the X-15; Chris Kraft, Mission Control
pioneer and former Johnson Space Center director; George
Jeffs, chief engineer on the space shuttle; and Johnson Space
Center director George Abbey) to come out of retirement for
a few days and formally assess the project. Such events seem
relatively rare, yet in their intensity, methods and
relentless pace, they hearken back to the early days
of human spaceflight. The panel picked apart our
reasoning and process just as surely as they tackled
the technologies we had developed, and in so doing
taught us how they themselves had pulled off
the feats that made NASA great. Finally earning
their approval after three days of vigorous work felt like the
greatest achievement of my life.

Our final task, a six-week feasibility study on a different
vehicle, was particularly exhilarating. By then we had absorbed
all the questions and critiques from our advisers, and we
started using their assessment tactics on one another. Now
able to anticipate how our teammates would work, we came
up with solutions that produced a truly elegant spacecraft.

And then we were disbanded. The dissolution of a project
team that could produce a vehicle like TransHab on a shoe-
string budget is a great loss to the space program, not neces-
sarily because any one of us is particularly special but because
the team’s accumulated knowledge represented nearly
40 years of spaceflight, the results of thousands of failures
large and small. As Charlie Feltz told us, “engineers learn by
failures. We've had a lot of failures.”

Here’s an idea: Why don’t we borrow a pattern from design
disciplines like architecture and industrial design, and develop
“studios” populated by specialists from different fields—and
when one project is done, try keeping the team together.
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OUTSIDER IN

THE “VISION CAPTURE” PROBLEM

NASA has a bigger problem than the knowledge-capture failure
noted above: It has an institutionalized inability to capture
vision. Post-Columbia, more Americans than ever have sensed
this. “The space shuttle is unsafe, and we should stop flying it
now,” they say. “Why hasn’t NASA developed anything to
replace it?” It’s a question that insiders ask as well. Most folks
I've talked with in advanced engineering at NASA agree that the
United States should have started building a next-generation
shuttle in the mid-1990s, when Columbia and Discovery, the
oldest shuttles, had reached their 10-year minimum life
span. Max Faget, the chief engineer on the Mercury, Gemini
and Apollo capsules, told the press last spring that it’s a
shame we haven’t built a new spacecraft. With today’s tech-
nologies and materials, we could make something much

lighter and cheaper to fly and maintain than the shuttle.

It's not that NASA hasn'’t taken first steps toward developing
a meaningful shuttle replacement—it’s just that those steps
invariably ended in a stumble. In the past three years, we've
seen three separate programs proposed: the Second Generation
Reusable Launch Vehicle (2GRLV), the Space Transportation
Architecture Study (STAS) and the Space Launch Initiative
(SLI). Each set forth overarching new strategies and architec-
tures for human spaceflight that differed only slightly in scope.
And each took a few toddling steps before the rug was pulled
out. (Just three months before the Columbia accident, NASA
diverted the SLIs $4.5 billion budget to help cover the needs of
the shuttle and International Space Station programs.)

Now NASA is pushing a new program dubbed the Orbital
Space Plane, which is widely touted as the plan to replace the
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PRE-EXISTING DESIGN

A group of structural engineers had drawn up the ini-
tial designs before the architects got involved. There
was no up or down in these plans—astronauts in dif-
ferent areas would be inverted relative to one another.
Besides being disorienting for the crew, this design also
constituted an inefficient use of the total volume.

space shuttle. There is some confusion in
this, since not one of the specifications of
the Orbital Space Plane as currently envi-
sioned could match the shuttle’s capacity
for crew support, nor its sheer power as a
high-tonnage launch system.

To be sure, the OSP’s requirements have descended directly
from aspects of the three major initiatives mentioned above.
But the OSP inherited just three components—for crew
return, crew transfer, crew rescue—from complex systems
that included launch platforms, light- and heavy-lift capabili-
ties, vehicles for science payloads, cargo and exploration sup-
port, as well as the more ordinary, everyday support features
for the ISS and its crew.

The inherited crew-transfer component had originally been
conceived as one element of a broad, upgradable, long-term sys-
tem, capable of carrying up to 10 passengers for full-up mis-
sions, and of active docking and orbital operations. As the OSP
emerged last spring, it had fewer and fewer of those charac-
teristics, until it became the pint-size version of a passive-crew-
rescue vehicle envisioned today. A competition that was already
under way—and from which several potential bidders had
been eliminated—had been radically rescoped to meet imme-
diate political goals within soaring budgetary shortfalls.

Why? Probably because there wasn’t enough vision or com-
mitment behind the shuttle-replacement plans to begin with.

What should have happened? NASA should have continued
to develop the architecture for a true shuttle-replacement
system and requested that the crew-transfer part of the pro-
gram be fast-tracked; or, if that approach didn’t seem respon-
sive enough to the needs of the day, the table should have
been swept clean and the process started afresh with a new
set of problems on the boards.

ADAMS:

“It was clear that
the horizontal
variation really
wasn’t going to
do it. They were
having a hard
time even draw-
ing a picture that
showed both
sides, where one
person would be
upright and the
other would be
upside down.

If you can’t
imagine it, don’t
design it.”

ADAMS’S CRITIQUE

Adams first worked to improve the original
proposals, rearranging certain elements to
suit the crew. Here, she shows two potential

seating arrangements meant to enhance so-
cialization. Even these layouts, however,
would be too cramped and awkward.

One result of the retrofitting rush that gave us the OSP ini-
tiative is that the smaller, more risk-taking and often more
dynamic companies were knocked out of the bidding before
it even got going. Now that the OSP only need accommodate
four people and ride atop an expendable, commercial launcher,
it's beginning to look to me an awful lot like the various vehi-
cles being developed by the contenders for the X Prize. Yet by
the nature of the bidding, none of those 25 teams has any
chance of bringing its space-plane concepts to OSP. What would
be the result if NASA were to enable this sharing of ideas by
inviting competition and reopening the field of design solu-
tions? Most likely cost savings and superior design.

Here is the recent history of shuttle-replacement systems in
a nutshell: Propose and study a succession of systems, then
fight to keep a single subcomponent going when the budget
is slashed—without considering its long-term compatibility
with the rest of the human spaceflight program. All these sep-
arate pieces somehow need to be made to fit the next wave of
big-picture plans. And the Big Plan bogey keeps shifting—it’s
anyone’s guess how the OSP will fit into the Bush Adminis-
tration’s new space initiative. When the components’ utility
in a new scenario is hard to prove, they get shot down—no
matter how much effort has already gone into their develop-
ment. They become ideas that go back on the shelf, only to get
reinvented by future generations.

ADAMS:
“When you're buying a family home, you don’t want
one where the dining room is only four feet wide.”
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popsci.com/exclusive

REDESIGN: ROOM
TO MOVE AND BREATHE

Adams factored in the two possible roles for Trans-
Hab: as a long-duration spacecraft and as an 1SS
extension node. She included a central core in
which crew would travel to and from the ISS,

a radiation shelter
surrounded by potable
water for a Mars flight,

social and meeting
rooms, vertical sleeping

quarters, and enough
space within the rooms
for astronauts to siretch
out their arms. Another
of Adams'’s goals was to
design a space that
could house a total of 12
astronauts—six ISS and
six Mars-bound crew—
for the pre-mission
periods when Trans-
Hab is docked.

ADAMS:

“What are these
guys going to
need fo do during
their six-month
trip to Mars?
With a horizontal
scheme, you
couldn’t draw dll
these people
doing all these
things. Here,
every single
cubic meter of
the volume is
being utilized.”

ADAMS:
“There’s a
harmonious
sense about the
structures and
the design that
doesn’t come
just from the
architects.”

FINAL PROPOSAL

The final design incorporated the changes suggested by
the architects—the astronauts can move, work, exer-
cise, sleep, and socialize freely—while also adhering to
the engineering requirements. Adams contends that the
final product was a success because each team internal-
ized the guiding principles of the other.
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THE “GREAT PROJECTS” PROBLEM

As many wise space pundits have said in recent
times, NASA needs a challenge. Without a broad,
external challenge backed up by consistent support
and political will, it seems unlikely that the kind of
heroic effort and vision that characterized the first
decade and a half of NASA's existence will re-emerge.

What these pundits are really bemoaning is the lack of con-
sistent vision, which ultimately stems from an issue that is
much larger and older than NASA, and whose nature is of pro-
found interest to architects and master planners, because it
has a powerful effect on the kind and scale of projects we may
build. Simply put, undertaking what we call Great Projects—
projects of a large, public scope whose completion will require
10 years or more—is very difficult in a democracy.

In an autocratic society, it is common for rulers to make their
mark by commissioning massive works such as roads, fortifi-
cations, elaborate religious or magisterial structures. And once
the order has been given, it becomes a goal of the government
to see that the works are completed, and in such a way that they
stand to the glory of the rulers who brought them into being.

Under our democratic system, it is inherently impossible to
ensure that any long-term program will receive funding, or
remain consistently funded, from year to year. From this per-
spective, the four terms of FDR’s nearly unchallenged adminis-
tration may well have been critical not only to the establishment
of the Works Progress Administration but, more important, to

the completion of many individual WPA projects.

Certainly in today’s politically polarized environ-
ment, a shift from a Democratic to a Republican
administration (or vice versa) often portends the can-
cellation of many unfinished public projects—for
example, the several major human spaceflight pro-
grams axed before the end of February 2001, less
than a month after George W. Bush'’s inauguration.

When budgets are cut, the public needs to be aware that
this will result in the loss of valuable programs and personnel.
But for those losses to matter to the American people, a truly
inspiring vision for NASA must be articulated. And when
politicians announce new NASA initiatives, whether to the
Moon or Mars or beyond, the public must listen hard within
the announcement for a coherent plan and a powerful com-
mitment—including, of course, the funding—to deliver the
mission itself and not just the idea of mission.

On this point, the Columbia Accident Investigation Board’s
report is very clear: “It is the view of the Board that the previ-
ous attempts to develop a replacement vehicle for the aging
Shuttle represent a failure of national leadership.”

NASA proved a long time ago that it can answer a profound
and improbable challenge, as it did with the great Moon mis-
sion announced by President Kennedy in 1961. But it is not up
to NASA to supply the vision itself. That falls to our leaders. If
they do supply the vision, it’s a safe bet that a truly renewed
NASA will do an extraordinary job of bringing it to fruition. m

NASA: Snapshot of a Bureaucracy

“To understand and protect our home planet. To explore the umverse and search for life. To inspire the next generation

of explorers . . .

as only NASA can.” That's the avowed mission of the U.S. space agency. But to understand what

NASA actually does on a day-to-day basis, you need to look at the agency’s organization and budget.
Established in 1958, the National Aeronautics and Space Administration has grown into a sprawling enterprise with
research centers and flight facilities across the country. NASA employs more than 18,000 civil servants, and that's not
counting people on the payroll of aerospace contractors hired by the agency.

NASA 2004
BUDGET REQUEST*
Spaceflight (space shut-

tle, space station and
flight support) $6,110
Space science (including
solar system exploration,
the search for life, and
space-based telescopes)
$4,007

Crosscutting technologies
(including the develop-
ment of new launch
vehicles) $1,673

The agency's
budget seems even
more modest once
you realize that the
lion’s share goes to
the International

AMES RESEARCH CENTER
MOFFETT FIELD, CA
Information technology

Earth science $1,552
Biological and physical
research $973
Aeronautics $959
Education $170

Space Station and
the space shuttle (see
chart). Together, they

consume more than

NASA's entire
budget for exploring
Mars and our solar
system, for searching
for extraterrestrial life, for studying
the structure and evolution of the
universe, and for observing Earth
with remote-sensing and weather
satellites. —DAWN STOVER

Inspector general $26
TOTAL $15,470

*(in millions)
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JET PROPULSION LABORATORY
PASADENA, CA
Robotic exploration

Most of the work is done at 11 centers, each of which has a particular focus and expertise (see map
below). NASA also has field-testing facilities at Wallops Island, Virginia, and at Las Cruces, New Mexico.

President Bush’s budget for fiscal year 2004, which began on October
for NASA, about 3 percent more than in 2003. If that sounds like a lot of money, consider this: It's less than
1 percent of the total federal budget, and less than the Department of Defense will spend on space this year.

1, 2003, earmarks $15.5 billion

GLENN RESEARCH CENTER
CLEVELAND, OH

Aircraft engines GODDARD SPACE

FLIGHT.CENTER
GREENBELT, MD
MARSHALL SPACE Earth observation
FLIGHT CENTER
HUNTSVILLE, AL
Space propulsion
systems

DRYDEN FLIGHT
RESEARCH CENTER
EDWARDS, CA
Flight testing

L NASA HEADQUARTERS
WASHINGTON, DC
I Management

LANGLEY
RESEARCH CENTER
HAMPTON, VA

[ { Aviation

JOHNSON SPACE CENTER KENNEDY SPACE CENTER
HOUSTON, TX CAPE CANAVERAL, FL

Human spaceflight Launches and landings

STENNIS SPACE CENTER
BAY ST. LOUIS, MS
Rocket-engine testing

S3LVO 1¥391N9



Why you should pay $499 for the Wave® radio/CD.

Obviously, it better not be just
another radio. This one isn’t.
Quite simply, the Bose” Wave"
radio gives you sound that's
richer, more natural, more lifelike
than you'd expect to hear from a
radio. Sound Forbes FYI called
“worth every penny.” It’s no exag-
geration to say you have to hear it
to believe it.

Bose sound
from a small radio.

The Wave" radio/CD is from Bose,
one of the world’s leading makers
of audio equipment. When we
undertook the task of gerting Bose
quality sound from a small radio,
we used our patented acoustic
waveguide speaker technology. Just
as a flute strengthens a breath of air
to fill an entire concert hall, the
waveguide produces room-filling
sound from a small enclosure,
Touch a button and hear your
favorite music come alive in rich,
lifelike stereo sound —
sound thart lets you
hear every note
the way it’s
meant to be
heard.

No matter whar kind of
music you enjoy, the Wave” radio/CD
will truly increase your listening
pleasure. Consider that Forbes ASAP
rated the Wave” radio next to
the light bulb and the compacrt disc
on their exclusive list of 15 technol-

ogy breakthroughs that have changed
the world. And yer the Wave'
radio/CD>» measures just 4% "H x
14"W x 81,"D, so it’s small enough
to fit almost anywhere. You can listen
in your bedroom, living room, kitchen
or any room. And with your choice
of Graphite Gray or Platmum White,
the Wave” radio/CD not only fits any
room, it fits nearly any décor,

Great

sound
made
easy.

In addition to
great sound,
we built in an
array of easy-
to-use features.
Operate the CD
player or radio from
across the room with
the credit card-sized
remote control. Preset your
favorite six AM and six FM
stations and switch between
them at the touch of a butron.
Bring great sound to your favorite
recordings by connecting the Wave'
radio/CD to a cassette player or
computer. Connect it to your TV,
VCR or DVD player to make your

favorite programs and movies
come alive.

Satisfaction
guaranteed.

— We don't expect you to take

“ our word for how good the

Wave” radio/CD sounds. You

really have to hear it to believe it,
The Wave" radio/CD is available
directly from Bose, the most respected
name in sound. Call 1-800-581-2673,
ext. T'C952 to learn more abour our
30-day in-home trial and 100%
satisfaction guarantee. If you're not
completely satisfied, you may return
your purchase for a full refund. No
questions asked. Be sure to ask about
our financing options when you call.

You've owned a lot of radios -

small ones, portable ones, It’s time
you owned an award-winning radio
— the Bose Wave" radio/CD,

For FREE Shipping

order by

March 31, 2004.

Call Today

1-800-581-2673
ext. TC952

For information on all our products:
|www.bose.c0mhc95§|

IMrdMsiMrs, )

Name | Please Print)

Address

Ciry Stare Zip

Day Telephone Evening Telephone

E-mail Adddress (Optional)

Ml eoe Bese Coeparatm, Depr. DMCG-TCSSZ,
The Muountain, Framigham, MNA 01709168

S

Better sound through research:

D204 Bose Corporanon, Patent rights issucd andfor pending. The Wave” radio design 15 also a registered rademark of Bose Corporation, Finaneng and free shipping offer not o
be combined with any other ofter or applied to previous purchases, and subject to change withour notice, Risk free refers to 30-day trial offer only. Delivery is subject 1o product
availability. Quotes reprinted with permission: Forfes FYT {in reference to the ariginal Wave® radio, 5349, Winter 1999, s ASAP (in reference 1o the original Wave® radio), 112780,


www.bose.com/tc952

-----------------

\ ULTIMATE ' RACING ' MACHINES ' |

They look like lawnmowers on steroids, but superkarts can keep pace with milliondollar Ferraris— 150 mph on the
straights and crazy Gs in the tums. The best value in racing is starting fo gef respect.
By Preston Lerner // '
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SCENES FROM A RECENT RACE AT
LAGUNA SECA

¥ Superkarts are miniature marvels

M I of performance engineering,

featuring metal-matrix-compound
brake rotors and
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Frankel is a mechanical engineer whose company machines
implausibly complex aerospace components to improbably
precise tolerances. So it’s surprising to find him in the pad-
dock of Mazda Raceway Laguna Seca wrenching on an earth-
bound vehicle whose puny wheels wouldn't look out of place
on a clown car and whose engine is no bigger than the ones
powering garden mowers. He carefully maneuvers the vehi-
cle onto a set of scales—one for each low-profile tire—that
have been leveled with a laser to within 30 thousandths of an
inch. Accuracy is critical; the chassis responds to differences
in corner weights of as little as 2 pounds. The ride height,
meanwhile, is adjusted in increments of 16 of an inch.

“You're looking at the convergence of the highest imagina-
ble performance in the smallest possible package,” Frankel
says. “This is not a go-kart.”

Actually, it’s a superkart, and it’s
not to be confused with the putt-
putt-mobile your father slapped
together out of leftover steel tub-
ing and a misfiring chainsaw
motor. Powered by a race-proven
250cc motorcycle engine with a
sequential-shifting six-speed gear-
box, a superkart has as much in
common with an amusement
park ride as an F-22 has with the
Wright Flyer. Carbon-fiber body-
work is commonplace. So are alu-
minum components, titanium
fasteners, disc brakes, electronic
engine management and onboard
data-logging computers. What we're talking about is the most
bang for the buck in the motorsports universe—racetrack per-
formance that costs less than a minivan but makes a Lam-
borghini look lumbering.

“It’s such a rush to drive. In fast corners, you feel like your
head is going to be ripped off,” says Eddie Lawson, who races
the superkart Frankel is preparing. “If I could afford it, I'd have
my own Indy car to play with. But that would cost a couple of
million dollars, and I'd need a whole team of guys to work on
the car. With the superkart, I can head out to the track
by myself, and it stops, goes, turns in, and corners just like a
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THE LAST LAUGH After winning four motorcycle world championships
in the 1980s, “Steady Eddie” Lawson turned to superkarts for kicks.
“The sports car guys look down on us, but we're way faster.”

]
[
[
\

proper open-wheel racecar. In some respects, it’s even more
fun than an Indy car because you can really toss it around
without losing control, and a good driver can make up for a
bad ride. It’s a real kick in the butt to drive.”

This isn’t some Mario Andretti wannabe blowing smoke.
Lawson, 45, is a four-time 500cc motorcycle World Champion
who raced Indy cars for a season before retiring from profes-
sional motorsports. He now scratches his racing itch by
trouncing the competition at selected amateur events in his
state-of-the-art superkart. He’s here at Laguna Seca, in Mon-
terey, California, in early September to compete in the most
prestigious international event on the superkart calendar. This
race—which is interspersed with more traditional automobile
race events over a three-day weekend—is the crown jewel of
the five-part World SuperKart Series, which southern Califor-
nia kart builder J.R. Clasen founded in 2001 to raise the sport’s
lower-than-low profile in the United States.

Despite a top speed of nearly 150 mph, superkarts don’t get
much respect. “Considering how much fun they are, they
aren’t as popular as they ought to be,” Lawson says. “For the
big-time sports car guys, a superkart is less than their tire
budget for the year. But when they fly into town in their pri-
vate jet with their girlfriends, they don’t think the superkarts
look as cool as their Ferraris.”

ALTHOUGH THE RACE THIS WEEKEND is officially known as the World
SuperKart Challenge, it could be billed more properly as the
Beat Eddie Lawson Invitational. More than 50 drivers from
England, France, Australia, Canada and all over the United
States are here to see how they measure up against the sport’s
living legend. Most of them are well-heeled middle-aged thrill-
seekers out for a good time. “This is like having sex all week
long,” jokes Bill Busacca, a dentist
who drives for Old Farts Racing.
(Team slogan: “The older we get,
the faster we used to be.”) Only a
handful of drivers have a legiti-
mate shot at defeating Lawson.
Even reigning European champ
Damien Payart has his doubts. “He
is very fast,” the sad-eyed French-
man says ruefully.

Lawson’s most formidable
opponent appears to be Mark
Owens, a Brit who, at 29, is already
a hard-bitten veteran of the kart
wars. His crew chief (and father)
Paul Owens worked for decades
designing open-wheel racecars, and helped develop the first
carbon-fiber chassis to be used in anything other than For-
mula 1. “I'm here to knock [Lawson]| off his pedestal,” the
younger Owens says.

Laguna Seca begins Friday with a qualifying session.
Today, Saturday, there’s a preliminary race whose results
will determine the starting grid for Sunday’s 30-minute
main event. Lawson and Owens start 1-2 and run that way
until Owens falls back with a gearbox problem. Lawson
wins, averaging 97.89 mph around the 11-turn, 2.38-mile
road course; Payart is second, Owens third. Twenty-three-
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MIKA GRONDAHL

The Superkart: Stripped & Streamlined for Speed

The premise of the superkart is simple: Throw maximum power into the lightest package possible, and watch it go. In addition to an
intrinsically high powerto-weight ratio, the superkart also features a low center of gravity and riF?id, wheels-bolted-to-chassis suspension,
both of which help it rip through corners. The final touch: carbon-fiber body panels for efficient high-speed aerodynamics.

Rear spoiler Steel-tube
Seat back chassis

Exhaust pipe Air filter

Two-stroke
engine

ENGINE As there’s no exhaust valve,
engineers fune the shape of the exhaust
pipe [A] to create optimal pressure in the
two cylinders [B]. A sequential manual
gearbox [C] sends power to the wheels.

year-old American tyro Ron White is a fighting fourth; his
kart, made for him by Los Angeles dentist-cum-racer Pat
Yoshikane, invokes envy from rivals (“many of the parts are
magnifique,” says Payart). Fifth goes to Lawson’s close bud
and teammate Wayne Rainey, 42, a three-time 500cc motor-
cycle World Champion who races a superkart with hand
controls developed after he was paralyzed from the chest
down in a 1993 bike crash.

The results aren’t unexpected. But the speeds are mind-
boggling. Jaw-dropping. Awe-inspiring. Although the super-
karts max out at about 130 mph on the relatively short uphill
front straight, they carry an insane amount of momentum
through the sweeping turns, generating lateral cornering

COCKPIT Carbon-fiber dash with tach [A]
sits above the brake pedal [B]—operated
with driver’s left foot—and gas tank [C].
The brakes’ adjustable master cylinder
[D] is within reach, as is the shifter [E].

Steering wheel

Front fairing

Pedals

SUSPENSION This is nonexistent, really,
just the wheel assembly bolted to the
chassis [A] and the steering arm [B]. Four-
wheel disc brakes [C] make for efficient
stops, and slicks [D] hold on during turns.

loads of 2 Gs. (That’s half the G-load of a Champ car but
twice that of most sports cars.) The chassis are so light and
nimble that drivers dart around like badly spooked squirrels
on a caffeine high. “The first [practice] session on Thursday
was really frightening,” says 24-year-old Kyle Martin, a
perennial champion in smaller 125cc shifter karts who's
getting his baptism of fire in a superkart.

The headline attraction this weekend is the American Le
Mans Series, which features sports cars racing on the same
track as the superkarts (though at different times). The stars
of this series are multimillion-dollar thoroughbreds known as
Le Mans Prototypes, or LMPs. But the Audi R8, winner of
three consecutive 24 Hours of Le Mans, is only 7.6 seconds, or



10 percent, quicker than Lawson’s superkart over a 76-second
lap. And Lawson is just as fast as the ex-F1 studs driving Fer-
rari 550 Maranello racecars—machines that go for $1 million
a pop—in the GTS class behind the Audis. As for the less
exotic Ferrari 360 Modenas and Porsche 911 GT3s, they seem
to wallow around the track like pregnant cows.

The crowd can’t believe what it’s seeing. Neither can the
sports car drivers. After a session in his comparatively mon-
strous BMW M3, Boris Said comes over to gawk at Lawson’s
kart. Said, the reigning Trans-Am champion, is accustomed
to honking 650-horsepower pony cars massive enough to
reduce a superkart to roadkill. “Awesome!” he says, shaking
his head. “Yep, one of these days, I'm going to get one of
these things for myself.”

Pitting the SuperkarIAgalnsI Rivals

Hail to the superkart! It leaves
a standard sports car like the
Mazda Miata in the dust,
and even a muscle car like the
Corvette, with its beefy hp
and flashy top speed, is a
pokey 25 seconds slower per
lap. The superlight superkart
(just 462 pounds) accelerates
faster than the Corvette and is
nimbler in the curves. The
Champ car bests the kart, but
there’s no shame in that: It
costs 20 times more and re-
quires an entire support crew.

THE COMMONLY ACCEPTED CREATION MYTH of the go-kart is set in Glen-
dale, California, a suburb of Los Angeles, in 1956. Here, in
the shop of the mighty Kurtis-Kraft company, birthplace of
the roadsters that dominated the Indianapolis 500 during
the 1950s, a fabricator by the name of Art Ingels spotted a
surplus lawnmower engine in one corner and steel tubing in
another. He put the two together and fashioned the world’s
most inexpensive high-performance wheeled vehicle.
Go-karts developed along much the same lines as racecars.
The need for speed spawned more complex technology,
which cost more money, which funded better gizmos, which
generated higher speeds, which is how we got from Ingels’
crude contraption to Lawson’s high-tech rocket ship in less
than 50 years. “In terms of training, I could jump directly
from a superkart to an LMP car,”
says 24-year-old Alan Rudolph,
who’s competing at Laguna Seca
in both a superkart and an open-
wheel racecar called a Star
Mazda. “But in the eyes of car
sponsors, a superkart is just a
go-kart, so I have to drive the
Mazda to be taken seriously.”
Whereas in the United States
go-karts are generally dismissed
as toys, in Europe and South
America they've long served as
stepping-stones to careers in
auto racing. For many years, the
preferred model was a single-
speed, direct-drive 100cc mach-
ine that raced on special kart
tracks that were much shorter
and twistier than auto-racing

° ° ® ° circuits. Karts with bigger en-

. CHAMP CAR CORVETTE SUPERKART  MIATA gines—the first generation of

(] j superkarts—were introduced in
Price | $600,000 $50,000 $30,000 $25,000 ) Europe in 1969, but their popu-

C Enginetype | Turbo V8 \% Two-stroke Inline-4 larity Wan?d' Then, about. 'S

: years ago, in the never-ending

Displacement | 2.65 liters 5.7 liters 0.25 liter 1.8 liters ) quest for speed, enterprising

; karters in southern California
C Peak power 700 hp 350 hp 90 hp 142 hp started stuffing motocross en-
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Hp/liter 264 61 360 79 ) gines and gearboxes into their
: : : chassis. These 125cc shifter
C Weight  1,5651b. | 3,100lb. = 4621b. . 2,400 Ib. Karts were such a hit that it was
i i i just a matter of time before
Hp/pound 0.45 O.11 0.19 0.06 ) Lomebody decided that bigger

C Lateral acceleration | 4 Gs 092G ! 2 Gs 0.88G was bound to be even better.
3 3 3 3 But the twin-cylinder 250cc
0-to-60 32.2 seconds 4.8 seconds 4 seconds ! 8 1 seconds) shifter karts that resulted proved
C Quarter mile ' 10 seconds | 13.2 seconds| 12 seconds ' ]6 3 seconds too powerful fo.r kart tﬁracl.<s.
; ; : Moving to full-size car circuits
Topspeed | 240 mph 175 mph 150 mph 121 mph D was a no-brainer, but the higher
C . . speeds achieved on these longer
Lap time (2.38 miles) 1110 1:50 1:25 2:00 racetracks spotlighted several
Cost per ) deficiencies in existing kart
: : : chassis: The short wheelbase
(F] O O O O made the machines diabolically

Performance data for production models from Car and Driver. Some performance data for Champ car and superkart are estimates.
*The additional amount of money driver must spend to gain each second on the racetrack, using the Miata as a baseline.
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twitchy, and their width added
scads of drag. As a result, the
Commission Internationale de
Karting, based in Switzerland,
developed a formula for 250cc
shifter karts designed to race on
automobile circuits, and the
modern superkart was born.
Superkarts have longer wheel-
bases than conventional karts
(for better stability through
high-speed corners) and heavier
minimum weights (to promote
more robust chassis), and they
are narrower (to generate higher
straight-line speed).

In many respects, a superkart
is a car writ small. One fun-
damental difference is that
superkarts don’t have springs to
suspend the wheels or shock
absorbers to dampen them.
Instead, the chassis serves as the
suspension. While a lot of race-
cars are built around carbon-
fiber tubs designed to minimize
chassis flex, kart frames are
still welded together the old-
fashioned way out of steel tub-
ing, because a certain amount of
chassis flex is required. Driver
flex, too, is par for the course.

“One thing that makes the rac-
ing experience so exciting is that
you feel like you're part of the
kart,” says J.R. Osborne, a 36-
year-old real estate developer
and ex—Formula car racer who
drove 26 hours straight from his
home in Denver to make the
race at Laguna Seca. “The down-
side is that karts are much more
extreme than cars, much more
violent,” he adds, referring to the
formidable G loads and molar-
rattling vibration. “If the track is
too rough, you literally can’t see.”

The other big point of depar-
ture between automobiles and
superkarts is the powerplant.
The four-stroke engine technol-
ogy that is found in virtually all
street cars is used mostly in

slower karts. The hot setup is a two-stroke engine. That’s
right, the annoyingly whiny, smelly, smoky buzz-boxes that
power many lawnmowers, chainsaws, dirt bikes, even radio-
controlled model airplanes. Two-strokes spew out a lot of
pollutants, suck down a lot of fuel, and don't last very long.

JOHN RETTIE

But they sure go like stink.

A BRUISED & DIZZY DRIVER

When Eddie Lawson told me his superkart was “a kick in the butt,” | didn’t think he
meant it literally. My mistake. After driving it for 90 minutes, my body was dotted
with ripe purple bruises—though | was having too much fun to notice. The only rea-
son | called it quits was that all the lateral Gs | was pulling had my head flopping
around like a newborn baby’s. Not to mention that I couldn’t focus my vision on the
road in front of me—no small concern when
you're zipping along at better than 110 mph with
your keister two inches from the pavement.

Lawson had generously arranged this test
session at a racetrack carved from the Mojave
Desert a few miles west of Edwards Air Force
Base. The first order of business was to warm up
the high-strung engines, which tend to explode if
not romanced properly. Before long, the air was
redolent with the aroma of burnt castor oil, which
is mixed with 110-octane race gas to lubricate the
internal moving parts of the two-stroke motors.

After Lawson turned a few shakedown laps, |
squeezed into the formfitting seat. He gave me a
push start; once rolling, | shoved the shift lever forward to engage first gear, goosed
the gas pedal, and the kart scooted forward like something out of a Road Runner
cartoon. Affer about, oh, two seconds, it was time to upshift. When | pulled the lever,
second gear engaged with a satisfying thunk. Downshifting was easier sfill: | banged
the lever forward and —voila! —no muss, no fuss, no clutch and no need to master
the tricky racecar technique of heel-and-toeing to match engine and gearbox revs.

At low speed there was nothing fo it. But when I nailed the throttle, | was like,
“Holy horsepower, Batman!” Third gear, fourth gear, fifth, sixth and still pulling
strong. | was too overwhelmed to scan the digital tach on the steering wheel, but |
later realized that the power-band began around 8,000 rpm, and the screaming little
engine didn’t run out of steam until closing in on 13,000 rpm.

Approaching a corner, | squeezed the brake and the superkart slowed so dramati-
cally I lurched forward in my seat. Emboldened, | went deeper into the next turn and
hammered the brakes. The rear wheels locked and the tail started to come around.
No problem: | made a quick steering correction and the kart snapped smartly back
info line. Soon | was sliding around like a stunt driver on a frozen lake. Nothing I'd
ever driven responded so intuitively. There were no springs or shocks or complex
aerodynamics to muddy the conversation: | felt a direct, almost telepathic connection
between my nerve endings and the contact patch where tires met pavement.

Superkarts come with awkward baggage: Limited racing opportunities. Minimal
sex appeal. Zero driver protection. They’re also hard on the wallet (by kart stan-
dards) and even harder on the body (by car standards). But short of spending hun-
dreds of thousands, if not millions of dollars, a superkart is as close as most of us
will come o the experience of driving a Formula 1 car. By the way, | was a full 12
seconds slower than Lawson. Talent, unfortunately, doesn’t come with the kart.—P.L.
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I For example, Lawson’s Yamaha TZ250 develops 9o horse-
power from a 250cc engine: That’s 360 horsepower per liter.
A stock Corvette makes less horsepower—350—out of close
to 6 liters. Even Jeff Gordon’s Nextel Cup stock car produces
only 130 or so horsepower per liter. And with the Yamaha
I engine shoehorned into a container not much larger than a
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breadbox, Lawson’s superkart boasts a power-to-weight
ratio better than virtually every production car in the world
short of the $670,000 Ferrari Enzo.

A two-stroke engine is less-is-more philosophy in motion.
A cylinder in a four-stroke requires two revolutions of the
crankshaft to complete its four distinct cycles—intake, com-
pression, combustion and exhaust. In two-strokes, intake
and compression are combined in one cycle and combus-
tion and exhaust in another, so each cylinder produces
power with every revolution of the crank. Also, two-strokes

' KARTS ARE MORE

=4

CARS, MUCH MORE

FORTYNINE SUPERKARTS STREAM ONTO THE TRACK Sunday morning, form-
ing what appears to be a long, multicolored snake as they buzz
around on their warm-up lap. By virtue of winning yesterday’s
prelim, Lawson starts the race from the pole—the inside posi-
tion of the front row. But when he sees the green flag and
floors the throttle, his Yamaha sputters and his kart bogs
down. (He finds out later that the fuel line had come loose,
allowing gasoline to spray out.) White, a 125¢cc-shifter-kart ace,
surprises everybody by barging into the lead, and he, Lawson
and Owens run in feisty formation. Then Owens slices past

Il Il Il Il I Il Il Ny
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don’t have conventional intake and exhaust valves, which
means they don't need camshafts to actuate a complicated
(and often fragile) valvetrain.

Top-of-the-line superkarts are motivated by twin-cylinder
250cc two-strokes, some of which spin faster than 13,000
rpm. Typically, an extra carburetor jet enhances top-end per-
formance, while the exhaust port stays closed longer at
slower speeds to produce low-end grunt. Special attention
is paid to the shape of the exhaust pipe, which is technically
known as an expansion chamber. “You can put on bigger
carbs and you can run higher compression,” says longtime
engine builder Sandy Rainey, Wayne’s dad, “but the pipes
are where most of the power comes from.”

Superkarts stop as well as they go, thanks to disc brakes
front and rear. (Frankel fabricates Lawson’s rotors out of an
aluminum-based metal matrix compound to save weight.)
They also generate oodles of mechanical grip through wide,
treadless tires. Aerodynamically, though, superkarts are rel-
atively primitive, because the drivers must punch a huge
hole in the air. (Sure, you can run fully enveloping body-
work, and some racers have, but that’s problematic too—"“It
stiffens the chassis too much,” says Paul Owens.) Still,
superkarts are very sensitive to aero tuning. The standard
practice is to adjust the nose of the kart, lowering the ride
height to increase downforce, and balance the aerodynam-
ics by trimming the angle of the rear wing.

A good superkart costs about $15,000; figure 30 grand
for one with every option known to man. It ain’t cheap,
obviously, but it’s a bargain by motorsports standards. ‘I
hate to say it, but it comes down to ego,” says Randy Taylor,
47,an American Airlines Boeing 767 pilot who’s another car
racer turned superkart fanatic. “If everybody had zero ego,
everybody would be racing superkarts.”

u Become a superkarter. Go to popsci.com/exclusive

82

POPULAR SCIENCE FEBRUARY 2004

both of his rivals with a bold move, and White falls back as
his engine loses power.

Owens leads despite another gearbox problem. Lawson
can’t take advantage because every time he buries the gas
pedal, his engine stumbles. He resorts to feathering the throt-
tle, which compromises acceleration and top-end speed, so he
makes up for it by pushing harder in the corners. Racers often
rate their effort in terms of tenths, with nine-tenths being an
aggressive race pace and ten-tenths a banzai lap. As he and
Owens scythe through lapped traffic, Lawson’s going eleven-
tenths. At one point, he draws alongside the Brit, but Owens
hangs tough, and Lawson can’t make the pass stick.

With two laps to go, Lawson’s kart runs out of gas and rolls
to a stop at the end of the front straight. By this time, Payart
is second, but he’s too far behind to challenge for the lead.
Owens wins by 17 seconds. Back in the paddock, he’s hailed
like a conquering hero. His father hands him a cellphone; his
brother is calling from England to congratulate him. Owens
pronounces himself well satistied. “Eddie Lawson has never
ever been beaten—until now,” he says.

Over in the Lawson pit, the atmosphere is surprisingly
upbeat. Rainey is stoked after finishing fourth after a race
full of slicing and dicing. And Lawson is pleased with his
performance even though he’s disappointed by the result. “If
I'd had a wide-open throttle, I think I would have had
[Owens| covered,” he says. “After all, we were quickest
through the whole weekend. Then again, if my aunt had
balls, she’d be my uncle.”

Owens may be king for a day, but Lawson’s got nothing left
to prove. He's out here strictly for grins, and for a racer, life
doesn’t get much better than Laguna Seca in a superkart. “Try
one yourself,” he says, “and you'll know what I mean.”m

Preston Lerner, a contributing writer for Automobile, races his
own Nissan 2405X in amateur events. He's looking forward to
his next chance to drive a superkart, as soon as his bruises heal.

FINISH
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Is much of college wasted on the young?

ADVERTISMENT

What would a great university education mean to you now?

Now thousands of adult learners are finding out, through
college courses by top teachers captured on audiotape,
videotape, CD, or DVD for enjoyment in your home or car.

How often have you looked back on
vour college learning years and thought
about how much more that time would
mean to you now? What if you could
spend each day in the company of great
minds, ideas, events, and insights?

For more than a decade, The Teaching
Company has been recording the finest
lecturing university professors in the
world in order to make a vast curriculum
in the arts and sciences available to every-
one. It adds up 1o over 1.800 hours of
material in literature, philosophy, history,
fine arts, and the sciences.

If you listened to or warched just one
30-minute lecture each day you would,
in one month, complete what would be
abour 500 pages of course material in
written form, roughly two full-sized
books. In a year, 6,000 pages of material
would be yours. In five years, youd have
absorbed more than a five-foot shelf of
the finest university education in the
world. And it need never end—we add
hundreds of hours of new material cach
year.

Oh, and there is no homework and
there are no exams. The joy of learning
would become a treasured part of every
day and the centerpiece nIP a life well-
lived.

“The Teaching Company... has become a
force in adult education by distributing
lectures by professors from some of the
nation’s leading universities.”

—The New York Times

Great Professors

Who are the Great Teachers? They are
gifted scholars, explainers, enthusiasts,
communicators—and, yes, entertainers.
Everyone who has ever experienced the
sheer pleasure of learning Eom just one
great teacher knows what we mean.

There are nearly 500,000 college pro-
fessors in America. Since 1990, we ll:ave
identified the top 1% of college profes-
sors based on teaching performance. Our
list is based on teaching awards, pub-
lished evaluations of professors, newspa-
per wrirc-ucrs of the best teachers on
campus, and other sources.

Each year, our recruiters travel the
country—Harvard to Stanford, UCLA
to UNC—listening to hundreds out of
the top 1%. Of those, about one in 20
are selected to give an audition lecture.
The audition is then reviewed by hun-
dreds of our customers. Those who get a

high score from our customers make The
Great Courses. More than 15,000 of our
customers have voted on audition lec-
tures to select our faculty.

In the end, we and our customers select
about one in 5,000 professors. We've
been searching for more than a decade
and, with our customers, have chosen
about 100 professors to make our cours-
es. Why only these? Because we want
only those professors who will make your
time in the world of ideas a daily plea-
sure. Members of our faculty have won
many honors including the Pulitzer
Prize, the Carnegie Foundation’s
Professor of the %ear award, and
Fulbright and Guggenheim Scholarships.
But what matters is that they are clear,
devoted scholars with a passionate zeal 1o
teach others what their disciplines have
discovered.

“The Teaching Company offers only
brilliant teaching... lectures by the best
that Harvard, Y&ﬁc and other top univer-
sities have to offer.”

—The Wall Street Journal

The average Great Course
scores 8.97 out of 10

Once a professor is selected, each
course is craffed—not merely recorded—
for the customers of The Teaching
Company with the needs of imcl]iécm,
engaged adults foremost in mind. Every
course is designed to be comprehensive,
richly dttai]cg. and extremely well-pre-
sented.

Recently, an outside service surveyed
3,600 of our customers and asked them
to rate the course they had most recently
completed on a ten-point scale, where 10
is “extremely satistying.” The average
course scored 8.97.

Lifelong Learning That Fits Your Life

Where do our customers find the time
to become “renaissance” people in this
time-pressed age? Often, they have
enriched their lives by taking back “lost”
time with The Great Courses, You can
use The Grear Courses when you com-
mute, exercise, or work around the
house.

We once asked a heart surgeon who
had watched hundreds of hours of lec-
tures how he found the time in his career
for The Great Courses, He answered, “1
skip the first half hour of junk TV each
evening and warch a Teaching Company
lecture instead.”

Another customer echoes whart we have
card many times: “Since ['ve discovered
The Teaching Company, I look forward
to my driving time. Thank you for
changing my commute from frustrating
to fascinating.” And many of our cus-
tomers have made The Great Courses the
cornerstone of a rewarding retirement.

“Why the Guarantee?”

The price for shipping and handling of
our products includes a lifetime satisfac-
tion guarantee. What does this mean? It
means that if a course is ever less than
completely satisfying, you may exchange
it for another or we will refund your
moncy promptly.

Most publishers and booksellers do not
guarantee that you will be completely
satisfied with their product. We do. And
we guarantee your satisfaction for a |ife-
time because we want you to be our cus-
tomer for a lifetime uf}Eeaming.

One customer published his view of

our guarantee, which we have repro-
duced below:

*It was just a plain jane mailer from
The Teaching Company. They offer taped
lectures by prominent professors on
subjects that get my heart racing. I
rememberad receiving mailers from this
company before, though I had never pur-
chased anything., As I glanced at this
one, though, scmething caught my eye.
They offerad a lifetime satisfaction
guarantea on every tape in their cata-
log.
What? I had to read that again. But
there it was right on the front page
and again on the order form:

LIFETIME SATISFACTION GUARANTEE.
To understand how powerful this is,
keep in mind what this company sells.
Thess aren't litcle audio tapes with 30
minutea of fluff, they're HUGE, in-
depth taped lectures from some of the
best minds in the country.
When I saw the guarantes,
Where'a my ecredit card?
But there's another resascn for the
guarantese - ethics. Thomas Rollina,
president of The Teaching Company, said
his company values clisnts sc much, he
simply doesn't want them to have any
product thay don't absolutely love. In
our lively phone conversation, he said,
"We <call our Jlectures The Great
Courses, and if we don't deliver great
courses, we don't deserve the money.*
Wow! Most people think of customer loy-
alty as customers being loyal te a
business, But how about a business
being loyal te customers?”

1 was mold.

—Dean Rieck,
Direct Marketing magazine
April 2000
About Value

The best college professors in America
teach The Great Courses, but you don't
pay anything like private school tuition
to hear or see their lectures.

Compare The Grear Courses to any

other product available: when on sale,
our average compact disc (CD) course is



$49.95 for 12 CDs, 12 hours. That’s only
$4.16 per CD. Compare $4.16 for cach
CD to what you pay elsewhere—$10? Or
more?

In fact, in any format, these courses are
much less than most audiobooks or any
other video you can buy. And, with each
6-hour segment of The Great Courses,
you receive 50- to 80-page Course Guide
Booklets with an il'l-dCP[%l course outline,
bibliography, and course summary
authored by the professor. This is an
exceptional value in educational marerial,
taugﬂt by the best professors in America.

About Pricing

Every course is offered to our customers
at its sale I!Ericc at least once per year;
many are offered on sale even more often.

ADVERTISMENT

Frankly, most of our courses do not sell in
large numbers; only a small percentage of
Americans are interested in higher learn-
ing. To make our courses available ar
exceptional values, we pur a fraction of
our courses on sale at a given time, they
sell in larger numbers than usual, and we
can make large barches of them econom-
ically. We then pass those savings on to
our customers by putting those courses
on sale for up to 70% off.

Why you should start today
The value in the offer at the bortom of
this page is available for a limited time o
introduce you to The Grear Courses.
Call or write us today with your order.

You'll receive your Course Srarter
Materials and your order confirmation

via e-mail just minutes after placing your
order. Your tapes or discs will arrive in
just a few days. Next week your car or liv-
ing room can become one of the best
classrooms in the world.

At the bottom of this page is a perfect
example of what we mean, chosen from
our extensive curriculum in Science, and
offered to you now ar an exceptional

value until March 15, 2004,
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THE Tucamé; CoMPANY®
The Joy of Lifelamg Learning Every Day
Guedr Teacems, Gaexr Counses, Grekr VALUE
GUARANTEED.

EINSTEIN deciphered the mysteries of the

universe. Isn’t it about time someone
deciphered them for you?

Now you can learn the basic ideas behind
the theory of relativity and quantum
hysics from 24 vibrant, expertly delivered
ectures that require no special background
in math or science.

Professor Richard Wolfson has a gift for
explaining the awe-inspiring concepts of
modern physics in ways that anyone inter-
ested in E-aming can readily master.

The 20* century brought two revolution-
ary changes in our understanding of the
physical universe. Relativity and quantum
theory touch the very basis of physical real-
ity, altering our common-sense notions of
space and time, cause and effect.

Time Travel, Black Holes, and the
Raisin That Lit New York

Is time travel into the future possible?
Yes—but if you don't like what you find,
you can't come back! Does a single raisin
contain enough energy to power New York
City for a day? Absrﬁztu[y! Do black holes
and wormholes exist? Quite possibly! Is the
universe governed by laws that strictly pre-
dict what will happen in the furure, or by
chance? In part, by chance. These and other
consequences flow from relativity and
quantum physics.

The Theory of

Relativity in One Sentence?

The basic ideas of relativity and quantum

hysics can be mastered by anyone.
Einstein’s theory of relativity, for example,
can be stated in a concise English sentence.

Professor Wolfson shows how inquiry
into matter ar the atomic and subatomic
scales led to quandaries that caused even
the great physicist Werner Heisenberg to
wonder whether “nature [can] possibly be
as absurd as it seems to us in these atomic
experiments?”

=m ® m

You will see how these quandaries are
resolved by quantum mechanics. Professor
Wolfson explains the basics of quantum
theory and explores the “zoo” of particles
and forces that compose everything.

A Great Teacher

Richard Wolfson (Ph.D., Dartmouth
College) is Professor of Physics ar
Middlebury College in Vermont. Decades
of teaching at Middlebury, with its strong
emphasis on the humanities, have made
him an expert at demonstrating the logic
and significance of physics to students from
many fields. His writings have appeared in
Scientific American, and he is the author of
Physics for Scientists and Engineers.

Lecture Titles

Time Travel, Tunneling, Tennis, and Tea
Heaven and Earth, Place and Moton
The Clockwork Universe

Let There Be Light!

Speed ¢ Relative o What?

1

2.
B
4.
3

E=me-=

Earth and the Ether—A Crisis in Physics

Einstein to the Rescue

Uncommon Sense—Stretching Time

Muons and Time-Traveling Twins

Escaping Contradiction—Simultaneity

Is Relarive

. Faster than Light? Past, Furure, and
Elsewhere

12. What about E=m¢c’, and [s Everything
Relative?

. A Problem of Gravity

. Curved Spacetime

. Black Hurcs

. Into the Heart of Matter

. Enter the Quantum

. Wave or Particle?

. Quantum Uncertainty—Farewell o
Determinism

. Particle or Wave?

1. Quantum Weirdness and Schrodinger’s
Cat

22. The Particle Zoo

23, Cosmic Connections

24. Toward a Theory of Everything

Do NS

10.

~ SAVE UP TO $185!
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4151 Lafayewe Cenrer Dirive. Sule 104
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Priority Code 15927
Please send me Einstein's Relativity and the Quantum
Revolution: Modern Physics for Non-Scientists, which
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So rare that only a handful were made in 1923

In 1923, a Swiss watchmaker crafted the most advanced watch of its time. After 80 years, the
Steinhausen watch has finally been “reborn,” preserving its mastery of technology and classic design.
Once only displayed in high priced collections, this rare timepiece from history can now be yours .

Steinhansen, Switzerland cirea 1923,

A master walchmaker is huddled over
his sturdy wooden table, the lools of his trade
neatly arranged 1o either side, For conntless
hours, the craftsman dedicates himself to his
trade. He creates the perfect watch - the first
of its kind to display [JIL: date. dav, and month.
and the only one to designate ANYPNL From
such humble beginnings came one of the
most sought alter watches in the world -
now recreated.

I magine a Swiss walchmaker's shop in

Rarest of Rare

With only a handful of these distinctive
handmade imepieces in cirenlation, this
exquisite wristwateh conld enly be found in
the collections of the world's most distinguished
eentry, That was, until now. Reborn with the
same classic stvling and updated with the
kinetic automatic movement, this handsore
watcli has once again become the envy of
maodern sociehy, I fael, it is estimated an
original kinetic timepiece could command
a price in upwards 01l 5300.000.

Not Lost in the History Books

Painstakingly reproduced in its original
form for you, the Steinhansen is as unigue
today as it was 80 vears ago, SHll manufactured
by hanel and put through two weeks of rigorous
festing before delivered to your door, this 21s1-
century reproduction carries the same graceful
styling and sweeping second hand movement as
the ornginal, The scratch-resistant glass is made
nf|m1i~ﬁm| mineral ervstal and comforlably rests
in a1 surgical grade stainless steel case and bezel,
which provides the ultimate in precision and
pratechion, The ageless ivory face with Roman
numerals and broshed stainless steel crowns
complete this masterful portraval of perfection.

Automatic Kinetic Movement

Developed in the 15th century, autonuatic
inovernenls tse l{ihulir motion \\'1;|I|1|| !1_\' the
motion of the wearer’s arm. On the basis of
terrestrial altraction, a rotor turns and transmils
energy. The kinetic movement consists of
precision crafted gears and las 185 parts, which
are assembled entirely by hand. As a resull, the
Steinhansen never needs winding or batteries!

One of the Worlds Most Accurate

The most elite Swiss names in automatic
movernent allow for an aceuraey of +23427 sec.
per/day. The Steinhausen movement has been
h11u tumed fora rating of +3£7 sec., making it one
of the most accurate in the world. The lesting for
Maws and acenraey is so strenuous that only 6% of
movernents lu.‘ldL: ever end Lp ina .‘;IL:i]bll.:I.ll.\t.'[l,

Tty prevent wear on gears, fine watches use
tiny gemstones to reducee friction. A munber of the
world's most elite watehes consists of upward of 20
tewels and cost thousands of dollars. Steinhavsen
watches contain up to 35 jewels.

THE STEINHAUSEN REBORN
0ld world craftsmanship & new world technology

= Transparent rear crystal displays movement.
* Kinetic movement — requires no hattery or manual winding

» 18R precision parts assembied
by hand

wimn,
-
. * Interchangeable 8.257 leather
T black or brown bands.
S, = Mahogany Starage Case.

* Polished stainiass steel
construction.,

* Watar resistant to 50 meters.

G

gl

L=
Kinetic movement..never needs batteries...
never needs winding!

Adapted from Swiss Technology

A Swiss engineered movement comparable
to the Steinhausen has never been produced
at this low price. By combining the hand made
cruﬁsnu;ms’iip of the Steinhausen with the latest
watch muking technologies. this masterpiece is
now within vour reach.

'|i1(];|)', SONTIE '\'H_\::;ux after s creation, vou can
once again enjoy a replica of the Steinhansen
masterpiece reborn in its original glory, Each
waltch comes housed i mahogany storage case
and includes two interchangeable |L’:I.]1.|’IL’F
wristhands in black and brown.

Special "Risk Free” Direct Offer

Far a limited time we are :rﬂ},‘ril:g the
Stenthausen walch for 4 equal pavments of
(“1',\' ‘.ﬁ'l't}_-; ]JIHN Nt{'h. Ir\ [HlIFL' not l'{]“]l'.llL'lL'i_\'
satisfied, send the Steinhausen wateh back
within 30 davs for a full refund of the purchase
price. You nisk absolutely nothing.

THE STEINHAUSEN CLASSIC

4 Easy Payments ofﬂ%ﬁ $49.75 . saH
Mention Promational Code PS12242
To order call toll-free 24 hours a day!

1-800-441-9256
=

T wrder by madl,
frllf.'ﬂ L r.rJH h“' “l"h It |l".

1923Watch.con

Mastering Technology & Classic Design
3400 South Crater Road = Petersburg, VA 23805
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POPULAR SCIENCE

“ANY INDIVIDUAL BETTING SESSION MAY BE 90 PERCENT LUCK, BUT WHEN YOU PLAY 500,000 HANDS A YEAR, IT’S 90 PERCENT SKILL.” PAGE 92
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Ben Franklin Slept Here

New Mexico’s high desert is a hotbed for electrical storms.
Where better to camp among 400 lightning rods? By Charles Graeber

INSIDE THE LITTLE WOODEN CABIN IN A VAST OPEN FIELD, on the wooden desk by the
wooden chairs, you'll find a list of suggestions for your stay. And at the bottom of that
list you'll find one simple fact, underlined for emphasis: The invisible is real.
ELECTRICAL ART See for yourself. Step beyond the table to the back porch, out into the blazing sun-
The Lighining Field, shine. Now look around. All the way around. It’s a beautiful nothing, 360 degrees of
Walter De Maria's — scrub brush and sage framed by distant mountains and a robin’s-egg sky. You could be
”eurths.‘cupl(,a instal- anywhere—the Sahara, the Moon—but in fact you're somewhere outside the town of Quemado, New
thJﬂ:::&s ﬂ;(:ms Mexico, a dozen or so miles from the Continental Divide. You've been dropped here to spend the night
science and  at this remote desert cabin with four perfect strangers, and to wait for the lightning to strike.
extreme-weather It happens, when it happens, just beyond the porch, along a grid of 400 equidistant stainless steel
tourists every year.  poles, extending a mile this way and a kilometer that. Despite the rough terrain, each pole has been
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Adventure

painstakingly engineered to
reach to exactly the same
height, such that a mile-long
pane of glass might be rested
evenly on their tips. These
tapered tips point to the sky
like the male ends of electrical
plugs facing an enormous
potential outlet. They are de-
signed to attract the invisible,
and make it explosively real.

At 7,200 feet above sea
level, the high desert of New
Mexico is one of the most fre-
quently lightning-struck places
in the country. Sometimes,
when passing clouds get
within 200 feet of the poles,
they feel the tug of the steel
and—kaboom! Sometimes the
pole tips are surrounded by
auroras of St. Elmo’s Fire and
blaze like plasma tiki torches
in the desert. And sometimes
nothing happens. Sometimes
you sit here, in the middle of
nowhere, thinking about what
you can't see.

This is The Lightning Field,
an installation by earthscape
artist Walter De Maria. In the
27 years since De Maria’s team
first laid its computer-modeled grid on
this high desert, the work has evolved
from a boutique destination for a hand-
ful of art aficionados into a popular pil-
grimage for a growing conglomeration
of art, science and extreme-weather
tourists. Reservations, booked up to a
year in advance, are essential. The Field
offers a rare opportunity to actively con-
front a phenomenon so deadly and
majestic that it has become a universal
metaphor for God’s wrath. In the nor-
mal world, it’s the sort of encounter that
thinking people generally avoid.

At any given moment, our planet is
being sizzled by an estimated 1,800
thunderstorms. In this country alone,
lightning touches down 25 million
times a year, along bolts extending up to
10 miles and carrying up to a hundred
million volts. In the U.S. these strikes
kill an average of 73 people a year;
thousands more are injured, more than
700 seriously. Over your lifetime there’s
a 1in 3,000 chance that you'll get struck
yourself. It’s not just for quaint rusticity
that this little cabin is made of wood.

Set amid rolling terrain,
The Lightning Field's 400
rods have been individu-
ally engineered to rise to
exactly the same height.

2 inches

PLAYING WITH ZEUS'’S FIRE

Lightning formation begins when condensation and freezing create a charge separation in storm
clouds, with electrons clustered near the bottom of the cloud [11. The electric field around the cloud
repels electrons on the ground deep into the earth, creating a strong positive charge at the surface
[2]. The voltage difference between the base of the cloud and the ground ionizes the surrounding
air, making it much more conductive [3]. When the resistance of the air drops sufficiently, electrons
race to the ground in a violent discharge we see as lightning [4]. The Lightning Field's equidistant
steel rods provide the lowest-resistance path to the ground for these massive olts of electricity.

As luck would have it, my reservation coincides with a prediction for a stormy
weekend, and sure enough, by 6 p.m. the horizon is promising, with a hard western
wind pushing thunderheads across the vast desert space. Thin fingers of lightning
stripe the distance. The five of us crowd out behind the house, staring in wonder.
There’s a feeling in the air—something big is coming. How can we be so sure?
Maybe it’s just intuition, or the clouds. Most probably, though, it’s the ions.

Every schoolkid is taught that lightning is simply a discharge of potential elec-
tric energy, positive meeting negative between clouds and earth. The juice is
generated in conditions unique to the upper reaches of the thunderheads them-
selves, which billow as high as 10 miles into the atmosphere. Low temperatures
and violent winds conspire to mash microscopic ice crystals one against the
other, shucking electrons, building a charge differential. The positively charged
crystals gravitate to the top of the cirrus anvil, and negative crystals to the bot-
tom, where they occasionally, violently, discharge to the ground.

But fewer people realize what is happening simultaneously on the ground,
where masses of positively charged ions are flowing in from all directions, drawn
to the negatively charged mothership above. To get closer, these particles climb
whatever is handy—trees, steel poles, people. It’s this movement of billions of pos-
itive ions up your head that causes your hair to stand on end just before a light-
ning strike. Well . . . that and the riveting fear.

In the distance, the storm clouds are like an advancing army of purple airships.
I wrap a blanket around myself and start to walk into the field, between the
poles, as a lasso of electricity flashes from one side of the heavens to the other.
I'm not certain whether this is protocol, or safe, and without the protection of the
cabin, I feel naked, exposed on all sides. Especially up. The lighting is now a Close
Encounters light show, which makes it easy to forget to breathe. Steady pulses of
heat and light burn toward the earth, hitting it, bang, and again, bang-bang, the
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electricity cutting the air over and over.
The wind grows stronger, my ears are
warm, the hair on my neck is standing
up. I'm thinking of the science, the ion-
ization, the cirrus anvil. But mostly I'm
thinking: holy s—.

The storm gallops along the plain
until what were electric saplings of
distant lightning bolts are now thick
trunks striking the desert beyond the
poles, bang, bang-bang, filling the air
with spasms of 50,000-degree air.
This is an intimate weather moment,
and I'm duly self-conscious. I find
myself thinking about the metal
in my watch, about my height, the
fillings in my teeth. I think about
standing on one leg, the way old-time
electricians used to when testing new
powerplants, to keep the voltage dif-
ferential from crossing from leg to leg
and frying their wedding tackle. And
then I think about going back inside,
to the cabin.

My new companions and I watch
the show all night as it slowly ap-
proaches, rages, then sweeps back
into the desert and behind the hills.
It’s dark then, and quiet. Then the
moon rises, full and close, followed by
a seamless desert of pinprick stars,
each a burst of light from a place
we've never seen—a stream of
ancient wave energy, beautiful and,
apparently, quite real. m

WEATHER VEINS

LOOKING FOR a hair-raising experi-
ence? Don't know enough fo get in out
of the rain2 Read on.

ELECTRICAL STORMS

The Lightning Field, Quemado, NM ¢ A
night of cabin camping amid nature’s
light show. May-October; $110 ($135
in July and August);

TORNADOES
Storm Chasing Adventure Tours e Five-
and 10-day tours through America’s

Tornado Alley between April and July.
$1700-52,900;
HURRICANES

Hurricane Chase Safaris e

Tag along with weather videographer

Richard Horodner. $2,500;
hurricanevideo.citymax.com

Families Have Saved Up To 50% On Heating Costs.

Never buy fuel—wood, oil, gas, kerosene—ever again! m
Hydro-Sil is a unique room-by-room heating sys- 2

tem that can save qu hundreds of dollars in
home heating costs. It can replace or supplement

your electric heat, gas or oil furnace and wood-
stoves. Hydro-Sil is designed for whole house or oo

individual room comfort. Hydro-Sil heating works
like this: inside the heater case is a sealed copper
tube filled with a harmless silicone fluid that will
never spill, leak, boil or freeze. I's permanent.
You'll never run out. Running through the liguid
is a variable wall hydroelectric element that is

. Order your Hydro-Sil Heater

today and SAVE!

Two models lo choose from:

PERMANENT 220 Volt

ot
PORTABLE 110 Volt

only being supplied a proportional amount of
power on an as-needed basis. When Hydro-Sil is
turned on, the silicone liquid is quickly heated, and

with its heat retention qualities, continues to
heat after the Hydro element shuts off. Hydro-

Sil's room-by-room technology greatly increases

energy savings and comfort.

Your benefits with Hydro-Sil:

+ Slash Heating Cost

DEp vt | dear . | pice. | Quantiy
B’ 2000 watts 250-300 sq. ft. 5279
&' 1500 watts 180-250 sq. fi. | $249
5 1250 watts 130-180sq.1t. | 5229
4' 1000 watts 100-130 sq. f1. §209
3 750 watts 75-100 sa. ft. 5189
2' 500 watts 50-75 sq. ft. 5169

« Lifetima Warranty - no service calls

Thermostats — CALL for options and exact heater needed

+ Safe - cumFFete peace of mind

: B'f_ﬂﬂl_,—tﬂg umes - enviro safe PORTABLE 110 Volt - Thermostat Included

. Pfeés;;;med B 5 Hydro-Mox 750 -1500 watts | 5219

« No furnaces — ducts — chimnsy 4’ Convector - Dual watt 5179

* Portable (110V) or permanent (220V) 3 750 watts - Siicone 5179

+ Whole House Heating or Single Room P

+ Room by Room Control $15,00 shipping per heater ]
Total Amount S

Order by phione, web ov mail:

800-627-9276 » www.hydrosil.com = Hydro-Sil, P.0. Box 662, Fort Mill, SC 29715
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EXCLUSIVE

This dramatic, photo-real computer illustration of blended-wing-body
front of a futuristic New York CIWZM’JM was praduoed by The Eml:nssy a visual-effects

company, for PopSci’s November issue

has a PoruLar Scienc

[27 INCHES BY 39 INCHES ON
HIGH-QUALITY POSTER PAPER]
514,957 + $4 POSTAGE AND HANDLING
PAYMENT BY MC, VISA, CHECK OR
MOMEY ORDER ONLY:

PLEASE DO NOT SEMND CASH
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] BIG, STUNNING POSTER

jumbo jets taxiing in

the centenary of flight. The poster

Science logo and the words "111eFuh.|re'E Flight” in the upper-left corner.

POPULAR SCIENCE POSTERS
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10016
NAME STREET APT #
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Ignorance=Maglev=Bliss

For 150 years scientists believed that stable magnetic
levitation was impossible. Then Roy Harrigan came along.

IF YOU'VE EVER TRIED TO FLOAT one magnet over another (and who
hasn’t?), you know that the stupid thing just keeps flipping over—
an irritation formalized in 1842 when the Rev. Samuel Earnshaw
published his famous theorem establishing mathematically that
such magnetic levitation just can’t be done. From that point on, any
experimenter caught playing with magnets courted the derision of
his colleagues: “Ha, ha, look at Fred over there trying to balance magnets! I guess he
never heard of Earnshaw’s theorem!” Physicists can be so cruel on the playground.

Well, not so fast. It turns out that Earnshaw’s theorem is absolutely correct, but
it has a couple of loopholes large enough to drive all sorts of stable magnetic lev-
itation devices through, including one you can now buy in any novelty shop for
about $30: the Levitron. (For more info go to

This spinning top, which hovers above a magnetic base, was patented in 1983
by a Vermonter named Roy Harrigan. Harrigan had one distinct advantage over
all those scientists who had tried and failed to levitate magnets before him: com-
plete ignorance of Earnshaw’s theorem. Having no idea that it couldn’t be done,
he stumbled upon the fact that it actually can. It turns out that precession (the
rotation of a spinning object’s axis of spin) creates an island of genuine stability
in a way that does not violate Earnshaw’s theorem, but that went completely
unpredicted by physicists for more than a century. (Though after spending half
an hour getting the Levitron to work, I was willing to cut the blinkered physicists
some slack. I can only imagine how Harrigan must have felt the moment he
finally got the thing floating after years of effort.)

A second Earnshaw exception: diamagnetism. His theorem only applies to
ferromagnetism, the common north/south pole type of magnetism found in

_GRAY MATTER

THE RIGHT SPIN Harrigan’s trial-and-error
maglev wonder (left) showed that stable
maglev is indeed possible. Above: A dia-
magnetic superconducting ceramic disc is
another exception to Earnshaw’s theorem.

most magnets. Diamagnetism is a
purely repulsive magnetic force exhib-
ited to varying degrees by all materials
in the presence of a magnetic field.
Simply drop a chip of graphite, for
example, onto a block of magnets and
it will float in midair forever. I've had
some chips hovering in my office
for six months. A superconducting
ceramic disc is also a perfect diamag-
netic material, and floating a magnet
over it is so easy and stable that you
can knock the magnet around with
your fingers and it won't fall off. (Ten
years ago this was new and exotic, but
today you can buy a kit for $40.)

Chips of graphite, by the way, aren’t
the only diamagnetic objects you can
levitate. Researchers in the Nether-
lands have successfully levitated water
droplets, hazelnuts, frogs and even a
hamster named Tisha. In theory, it
should even be possible to levitate
humans, although no one has actually
done so yet.

How could people possibly have
missed these maglev possibilities for so
long? The power of negative thinking,
simple as that. In my day job as a
creator of the scientific software Mathe-
matica, I remember Earnshaw’s theo-
rem whenever I'm told something can'’t
be done. It's much better to assume
that it can be done, then get to work on
the possibilities. That's how break-
throughs are made.—THEODORE GRrAY

gble maglev:

ideo evidence o
bopsci.com/exclusive
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ShadeTree

Canoples coo!
{3 4’ R !

Imagine. . . an attractive and flexible way to
cover your deck or patio with large retractable
shade. This revolutionary, yet simple,
retractable shade system let's you add shade
anywhere. Qverhead canopy kits are available
to attach to your house, or to an existing or
new wood support structure you design -

a chance to be creative! Or, you can use our
complete support structures in aluminum or
vinyl. Whether you're seeking shelter from the
sun’s intense rays, or simply jazzing up the patio
area, you'll appreciate the many benefits of
ShadeTree" Retractable Canopies.

- T

e

Tastefully adapts to any design
with flexible support options:

Modular, yet custom-made to fit your area -
and requires no pitch!

Canopies extend or retract - spans over 20

l||l\1llll fii

44 (o | )

Easy do-it-yourself installation, or we'll arrange
installation for you

Vertical aluminum supports

Patented wind protection * Financing available

Featuring over 30 Sunbrella® outdoor decorator
fabrics (guaranteed not to fade) to create your
own fashionable “outdoor room”

Matching privacy blinds available

For a FREE on-line cost estimate, visit:

www.shadetreecanopies.com/2072

.FREE catalog, video,
interactive CD-rom & fabrics swatches,

Also available on-line ..

Low maintenance vinyl supports

Elegant shade systems for residential & commercial outdoor living

shade for an )% s:ze deck or pano’

Retracts for
Sun or Shade

Shadelree

Retractable Deck & Patio Canopies

Call for FREE ShadeTree" Catalog
1-888-31-SHADE

{1-888-317-4233) FAX 614-844-5991
ShadeTree Retractable Canopies
6317 Busch Bivd * Dept. 2072
Columbus, OH 43229
1 D YES! Please send me your FREE Catalog.

l NAME

| ADDRESS

| &Y
[

STATE ZIP

]



www.shadetreecanopies.com/2072

Rancho Casino Hotel, or the Fiesta
Henderson Rancho Hotel (see his Web
site below for details). Otherwise, his
workplace changes nightly depending
on the promotions offered by individ-
ual casinos. A casino offering double
points, for example, might pay him a
cash-back bonus of, say, $600 rather
than $300 for every $100,000 played.
There is one place he never sets foot,
though: The MGM Grand. After paying
him $500,000 during his million-dollar
run, it restricted his Slot Club benefits
and removed the offending machine.

CRITICAL TOOL Math. Video poker is a

He Teaches You How
to Take Sin City for Millions

NAME Bob Dancer ~ AGE 56

JOB Professional video poker player and teacher. Dancer origi-
nally moved to Las Vegas to become a blackjack ace, but changed
his name—Dancer is a pseudonym based on his other life pas-
sion—and his game when wary casino owners caught on to his
card counting. Switching to video poker turned out to be a lucra-
tive career move—during one six-month stretch in 2001, for example, he netted
a cool million. (His greatest loss, $90,000, occurred during the same period.)

WORKPLACE Dancer holds free classes every Tuesday night at either the Fiesta

92

three new cards.

THE PERFECT PLAY

Got a few hundred to blow in Vegas? Good, because even a video poker guru like Dancer
loses more often than he wins. But by knowing the game and playing the odds, you might
just walk away with a few extra grand in your pocket. Here are two hands commonly
flubbed by amateurs in NSU Deuces Wild, and the strategy for playing them perfectly.

HAND NO. 1 DEUCE DILEMMA

WHAT YOU
SHOULD DO
INSTEAD Hold
only the three
deuces, which
are wild, and
draw two new
cards.

rULL nUdakc

YOUR
INSTINCT IS TO
Hold the
straight flush
you've been
dealt, which
pays out $50
on a $5 bet.

WHY? There are 1,081 different two-card combinations you can draw to the three deuces. In
819 cases (or 76 percent of those draws), this play will only result in a four-of-a-kind, which
pays $20—a net loss of $30 from the straight flush you were dealt. But 156 combinations will
improve your position. Forty-six of these combinations include a fourth deuce, which would
give you a five-of-a-kind and light up the machine for $1,000. The average payoff for a three-
deuce hand is slightly more than $72—only wimps settle for the sure-thing $50 straight flush.

HAND NO. 2 THE RIGHT HOLD

YOUR
INSTINCT IS TO
Hold the

entire hand

(a straight), or
hold the wild

twos and draw

rUll nudak

WHAT YOU
SHOULD DO
INSTEAD Hold
everything but
the six of dia-
monds.

WHY? A straight might give you bragging rights in your basement game, but here it's worth
a measly $10. Tossing everything but the deuces is a better play, offering an average payoff
of $15.37. But if you hold everything but the six—in effect, betting on either the three, four,
six, eight or nine of clubs and a $50 straight flush—your average payoff jumps to $16.17.
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GAMBLING MAN Bob Dancer puts on a video
poker face at the Fiesta Rancho Casino.

numbers game, and the laws of proba-
bility bear out that there’s a single best
play for every hand. (See left for more.)
CURRENT PROJECT A series of six Win-
ner’s Guides that spell out strategies for
such popular games as Full Paid Deuces
and Jacks or Better. “There are 2.6 mil-
lion different hands in a 52-card deck,”
says Dancer. “The guides group them
into about 20 categories and give you
rules to play each one perfectly.”
GREATEST CHALLENGE New versions of
video poker are constantly hitting the
scene, and each one requires a different
strategy to win. Plus, as successful play-
ers increase in number, casinos are low-
ering pay schedules (the amount they
award for, say, a full house or a flush),
cutting back on promotions, and reduc-
ing the number of machines. “It’s sur-
vival of the fittest,” says Dancer.
FINAL WORD “Any individual betting
session may be 9o percent luck, but
when you play 500,000 hands a year like
I do, it’s 9o percent skill.”—pavid sparrow
For Dancer’s class schedule, books and

strateqy guides, visit pobdancer.con
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www,amerimedrx.com

THE AMERIMEDRX DIFFERENCE
AmeriMedRx provides a safe and confidential
way to order FDA-approved prescription med-
ication. Order online or through our toll-free
customer service line and enjoy access to
Viagra, Propecia, Valtrex and other medications.
Call today and get the Real Viagra Deal.
877-745-5779.

.amerimedrx.co

NEW FOLDING TRUCK STEP-STEPLITE™
DAC Sky's truck step allows you to step in and
out of truck bed with ease, The unigue hitch
mounted design allows trailer towing. Halogen
floodlights enhance trailer hook-up and provide a
well lit working area. Stainless steel panel con-
tains LED stoplight. Steplite™ patent pending.
800-339-9061.

.dacsky.co
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Www.popsci.com/shog

The original tin ceilings and walls. 38 Designs
in2 x 2 lay-in, 2' x 4' and 2' x 8' nail-up. Steel,
White, Brass, Copper and Chrome. Stainless
Steel and Solid Copper for kitchen backsplashes
and cabinet inserts. 15 comice styles and pre-
cut miters. Online catalog. 718-258-8333.

www.abbingdon.com|

ARRIYE & RACE EUROPEAN STYLE
Have fun with friends. 2004: LAS VEGAS NV,
LOS ANGELES CA, JACKSONVILLE FL,
CHARLOTTE NC, LIME ROCK CT. As low as
$298/driver!! Programs: Race School &
Endurance Races. 4 classes racing (pro, rookie,
40 years+, Big Boys). Corporate Events avail-
able. www.EnduranceKarting.com. Toll free
B6B-722-3669.

[www.EnduranceKarting.coni

T Ly :

CAMP CAN BE SET UP BEFORE YOU
FINISH READING THIS SENTENCE.
Practical Adventure Seekers will immediately
recognize the advantages of the KAMPARQO.
These over-built Australian Lightweights are
MNHTSA certified for any road use by virtually all
vehicles. Prices start at $3595. Download our
brochure, Or call 780-361-2000.

mwww.kamparoo.com|

BEAT AED LIGHT CAME|
with the Photoliocker

Y With Fhoto Blodosr
and FLASH

Photo Blocker SPRAY! Only $29.99

WOW! NO MORE TRAFFIC TICKETS!

An innovative permanent clear spray when
applied to your license plates reflacts the flash
from red-light/speed cameras tuming them into
an unreadable white blur. Proven to work.
Tested by Denver Police Department, FOX,
NBC, CBS NEWS and Swedish TV. See actual
test results on our website. Order online or call
24/7. B88-207-7040.

PLATE SEEN FROM BEHIND ==

CERAMICIRCUIT™ RADIANT HEATERS
Ideal for new home construction, offices, addi-
tions, shops, garages, sun room, or basement
use. Silent, draft free no maintenance comfort
at surprisingly economical operating costs. Also
available in wall mount or baseboard styles.
Radiant Electric Heat, Inc., 800-774-4450,

www.electricheat.com|

BEAT THE PHOTOCOPS

A clear plastic lens capable of denying photo
radar your identity, THE ELIMINATOR makes
plates reflective at known camera angles. Only
$39.95 + $5.95 S&H. Send to REDLINE, P.O.
Box 307, Massena, NY 13662-0307. Orders
(MC/VISA): BOD-725-1501. Information (Int'l)
01-613-594-7B90 Fax: 613-443-0529

[www.redlineauto.con

www.PhotoBlocker.com

ROLBAK®

The original basketball protection net system.
Provides sater play, property protection, excellent
free throw training aid, returns ball back towards
the shooter. Universal fit to all basketball appa-
ratus. SGMA - Voted TOP 5 Sports Product of the
Year. $47.95 - $99.95, Dicon Rose Inc/RolBak
B77-765-2257.

www.rolbak.com|
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FACTS,
ANSWERS,
ODDITIES &
ENTERTAINMENTS
FOR A MONTH
OF SCIENCE

THE FALLACY OF THE
BLACK HOLE IN
SWITZERLAND THAT
WOULD SWALLOW EARTH

A reader asks: ‘I heard that a new
particle accelerator might create black
holes. Won't these end up destroying
Earth and everything on it?”

The planet is safe. (From particle
accelerators, anyway.) While there is a
slight chance that the Large Hadron
Collider (LHC), a next-generation par-
ticle accelerator scheduled for comple-
tion in 2007, could produce black
holes, they will certainly not be of the

planet-swallowing variety. No, these
would be about a million times
smaller than the nucleus of an atom,
and they'd “evaporate”—essentially
disappear—in roughly 1027 seconds.
Apologies to the doomsday crowd, but
the LHC won't be powerful enough to
produce anything more threatening.

A quasi-controversy of this type
first made the rounds through the
news media and Internet in 1999,
during the construction of Brookhaven
National Laboratory’s Relativistic
Heavy Ion Collider (RHIC). In re-
sponse to several alarmist, inaccurate
news reports, Brookhaven commis-
sioned four physicists to study the

potential risk. The scientists concluded
that RHIC posed no danger, but rec-
ommended that the question be revis-
ited “each time a new facility opens up
a new high energy frontier.”

The upcoming LHC does just this,
and so we called MIT physicist Frank
Wilczek, one of the authors of the
RHIC study, to revisit the question. We
asked him if we had anything to worry
about with the LHC. He laughed.

In a commendable spirit of thor-
ough inquiry, Wilczek and colleagues’
original study started with two differ-
ent sets of assumptions. The first
holds that our current estimate of
gravity’s strength is correct. The sec-
ond maintains that our understand-
ing of gravity is wrong, that there is
“new physics” of a very specific type
lurking at the extreme energies the
new particle accelerator will create.
Only in the second scenario would it
be possible to create miniature black
holes, either at RHIC (which had not
yet, as we went to press, destroyed
Earth) or at the LHC. “In standard
theories of gravity, you can estimate
what it would take to make a black
hole, and that’s just not going to hap-
pen,” Wilczek says.

To create a black hole, the mass in-
side a certain volume has to cross a
threshold. There needs to be so much
mass in so little space that the force
of gravity actually rips the fabric of
space-time. Even though particle
accelerators are designed to concen-
trate the maximum amount of mass
(or energy) in the smallest space
possible, the ones we can build
now—including the LHC—are sim-
ply too weak to cross this threshold,
provided that our current theories of
gravity are correct. But if, as some
physicists have proposed, gravity is
actually stronger at very small dis-
tances (owing to the existence of un-
seen extra dimensions), we don’t need
to cram quite as much mass into the
same confined space to create a black
hole, and the LHC could produce more
than 86,000 black holes every day.

Yet once these appeared, they
would abruptly evaporate, thanks to
an unusual black hole weight-loss
program called Hawking radiation.
“So, again, they wouldn’t cause any

NAGGING QUESTIONS?

We answer ‘em: fyi@pop
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TECHNOLOGYD reakthrough

Turn any room in your home
Into a sunroom

Bring more than twice as much natural
light into your home as any other lamp

=

ow often have you sat down to read
Hand found yourself asleep in no

time? Well, give your tired eyes a
break with help from the sun. Now it is pos-
sible to bring the advantages of the outdoor
light indoars. When you think about it, there
hasi’'t been a significant innovation in light-
ing since Thomas Edison

incandescent bulb’s light is concentrated
on the orange-red part of the spectrum cre-
ating a dim vellowish light. The light from
Fluorescent bulbs is concentrated on the yel-
low green portion of the spectrum giving
your room a sickly greenish color.

Pure white light. The UltraLux” innova-
tive difference is Full Spectrum lighting using
all of the visible colors in sunlight. Full
Spectrum light is made up of pure white light
with an amazing color rendering index of 91
producing more contrast and a sharper view.

Light equivalent to a 250 watt
bulb, but the energy used is
similar to a 60 watt bulb.

+ Bulb has 10,000 hour life.

o

lamp for the full purchase price, no ques-
tions asked. Call now to take advantage
of our special offer. This is a special
direct offer in conjunction with Full
Spectrum Solutions, the maker of the
UltraLux® Task Floor Lamp.

“How many times have you felt you just don't get enough light to read or do

your work? Well, with the Ultralux floor lamp, my entire work suite lights up like
sunlight with relaxing brightness for evening reading or daytime concentration.
This quality light is a must for every home and office.”?

Laurence D, Martel, Ph.D., President

National Academy of Integrative Learning, Inc

Complex hobbies and small type becomes
easier to see and color matching is much
more exacl. The long neck of the floor lamp
is flexible allowing you to point the light
where it is most needed.

invented the first light bulb.
By the 21st century, should-

Three times brighter.

{Resean:h has shown that This lamp is significantly

n't there be better light?
Now there is. A break-
through technology using
rare earth phosphors will
change the way you read,
work, do your hobbies and
even the way you see your-
self. The New UltraLux®
Floor Lamp replicates the
full light spectrum.

Why current light tech-
nology fails. An ordinary

full spectrum lighting can:

*|ncrease the release of serotonin,
a hormone linked to an
Improved feeling of well-being.

*improve cancentration on
schoolwork,

*|ncrease Vitamin D production
in the skin, which lets the body
efficlently use calcium

*Ease the winter blues.

sReduce hyperactivity.

*Ease eyestrain,

*Render colors much more
accurately for artists, knitters
and needlepoint.

*Reduce |evels of melatonin, a
harmone that promotes fatigue.

*|mprove neuron function in

the brain. y,

#

brighter than other natural
spectrum lamps on the
market. The Ultralux® is
the only lamp with 55
watts and a lux rating of
10,000. This is about three
times brighter than other
18-27 watt lamps on the
market. The UltraLux®
Task Lamp is also the only
Full Spectrum light that
is dimmable.

Tryitin your home, We
offer you a 30-day money-

/ back guarantee, If you're

not satisfied, just return the

Not available in stores.
Call now to take advantage of our
special direct offer.

UltraLux® Floor Lamp
$149.95 +S& H,

Promotional Code ULX286-03
Please mention this when you call.

Toll-Free 24 hours a day
1-800-859-1523.

To order by mail, please call for details.

=

We can afso accept your check by phone,

NEXTIEN

products for your next ten years.

14101 Southcross Drive W,
Dept, ULX286-03
Bumsville, Minnesota 55337

For fastest service, call toll-free 24 hours a day 800-859-1523

See more mnovative products at www.nextten,com
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danger,” Wilczek says. “They would
look not so different from unstable
particles that we've been dealing with
at accelerators for a long time.”

Now, there are some arguments
floating around the Internet that sug-
gest we be more careful, because
Hawking radiation, which would keep
these mini-black-holes from growing,
is unproven. True, but so is the far
more hypothetical existence of extra
spatial dimensions, which would be
needed for particle accelerators to
make the black holes in the first
place. More important, these argu-
ments seem to miss the point of a
new accelerator, which is to explore
the unknown. Hawking radiation
will remain unproven until we wit-
ness a black hole evaporating. And
though we may not see it happen at
the LHC, wouldn't it be exciting if
we did ?—GREGORY MONE

ANOMALY = DISASTER,
AND OTHER HANDY
NASA EUPHEMISMS

The U.S. space agency has a language
all its own. NASA uses so many
acronyms that the agency issues a
book to its employees to keep track of
them. And even when NASA uses or-
dinary words, they're often imbued
with special meaning, generally de-
signed to take the edge off graphic sit-
uations. “When you're inside,” says
one NASA spokesman, “it’s not a prob-
lem understanding what we're talking
about.” It’s the rest of us who need
some help. Here are our translations
of NASA’s favorite lingo.—DAWN sTOVER

anomeaely \o-'né-mos-1€\ n: a malfunc-
tion, sometimes serious

USED IN A SENTENCE: “Shortly thereafter,
the X-43A began to experience a con-
trol anomaly characterized by a roll
oscillation.” (Press release, “NASA
Mishap Board Identifies Cause of
X-43A Failure,” dated July 23, 2003)
WHY NASA USES IT: “Anomaly” turns ca-
tastrophes into irregularities.

conetinegenecy \kon-'tin-jon(t)-sé\ n: a
type of problem that may turn out to
be a MisHAP (see below), and for which
a response can be planned in advance
USED IN A SENTENCE: ‘A Space Shuttle
contingency has been declared in Mis-
sion Control, Houston, as a result of
the loss of communication with the
Space Shuttle Columbia at approxi-
mately 9 am. EST Saturday.” (Public
statement, issued 12:10 p.m. EST on
February 1, 2003)

WHY NASA USES IT: A “contingency” is
an emergency but without all the neg-
ative connotations.

misehap \'mis-;hap\ n: an accident or
catastrophe, such as a space shuttle
breaking apart

USED IN A SENTENCE: “In the case of a
high-visibility, mission-related Shuttle
mishap, the NASA Administrator may
activate an International Space Sta-
tion and Space Shuttle Mishap Inter-
agency Investigation Board.” (Columbia
Accident Investigation Board Charter,
dated February 1, 2003)

WHY NASA USES IT: “Mishap” is blame-
neutral, suggesting bad luck rather
than error. “We just don't use the term

Are you anxious or troubled when backing up your vehicle?
You're not alone. Over one million sold!

il

S
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MOST WIDELY USED COLLISION AVOIDANCE SYSTEM
SIMPLY PUT YOUR VEHICLE IN REVERSE AND BAK-TALK TELLS YOU

« BAK-TALK actually talks to you. *8 Feet.....,”

*5 Feet.....,” *3 Feet.....,” *2 Feet.....,” “12 Inches.”

* BAK-TALK even reads objects in blind areas.

* BAK-TALK fits all vehicles

* Let BAK-TALK save you hundred$ in damages!

* Peace of mind!

« Get BAK-TALK and NEVER WORRY about backing
into ANYTHING again!

» Will fit almost every kind of vehicle: cars, vans,
trucks, sport utility vehicles, buses, motorhomes,
trailers, etc.

= Basy to install (installation video included) or any

auto stereo shop can install it in roughly 30 minutes

AAMERICAN DearLer
Services, Inc.

For more info & pricing, call

Call Toll Free 888-325-5756

Or Call 818-788-4358
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Turn Your Deck Into an Outdoor Oasis in Seconds

When the weather gets warm, nothing beats being outdoors. That is until too
much sun or a sudden shower spoils the party. Now, in just seconds, you can
add up to 200 sq. ft. of living room to your home for comfortable outdoor
dining or just plain relaxing...come rain or shine,

Block Out 99.9% of Harmful UV Rays \@;/

.l

Even on the hottest days when the thermometer is about -L;,-,_,.",
to burst, you'll stay up to 20 degrees cooler under
a SunSetter Awning, And two independent lab studies
have shown America's Best Selling Awnings effectively
block out 99.9% of dangerous UV rays. Plus, a
SunSetter Awning helps keep the inside of your house
cooler, so you can conserve energy and save on
expensive air conditioner bills.

Over 250,000 Happy SunSetter®
Owners Can’t Be Wrong.
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Factory Direct to You Savings Makes
SunSetter® a “Best Buy!"”

Because we sell direct from our factory, you can save hundreds
of dollars compared to local awning dealers. And every
SunSetter awning undergoes 25 quality-control checks before it
leaves our factory complete with the Good

Housekeeping Seal and a 5-Year Limited
Warranty so you can rest easy knowing
you'll enjoy top performance for
years to come...guaranteed!
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Prove it To Yourself for 90 Days...RISK FREE!

We're so sure you'll love your new awning, we'll
give you 90 days to try it an your home...RISK FREE|
If you're not completely satisfied, return it

for a refund. Discover why life is better under

a SunSetter...CALL NOW!

Call 1-800-876-8060

I ® YES! Rushme my FREE Video and Brochure on !
: SunSetter Retractable Awnings today! :
1 Name (Please print) I
i 1
| Address 1
, it State Zi I
[ " g I
b email |
Mail to: I
SunSetter” Products, Dept. 2740, v |

Malden, MA 02148
RETRACTABLE AWNINGS 1

©2004 SunSetter® Products
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Exercise in exactly 4 minutes per day

Winner of the 1991 Popular Science Award for the
“Best of What’s New” in the category Leisure Products

ROM Manufactured in California since 1990, Price $1 4,615

TIME is it. Over 92% of people who own exercise
equipment and 88% of people who own health club
memberships do not exercise. A 4 minute complete
workout is no longer hard to believe for all the peo-
ple who since 1990 have bought our excellent ROM
machine (stands for Range of Motion). Over 97% of
people who rent our ROM for 30 days, wind up pur-
chasing it based upon the health benefits experi-
enced during that tryout and the ROM performance
score at the end of each 4 minute workout that tells
the story of health and fitness improvement. At
under 20 cents per use the 4 minute ROM exercise is
the least expensive full body complete exercise a
person can do. How do we know that it is under 20

The typical ROM purchase goes through several stages:
1. Total disbelief that the ROM can do all this in only 4 minutes a day.
2. Rhetorical (and sometimes hostile) questioning and ridicule.
3. Reading the ROM literature and reluctantly understanding it.
4. Taking a leap of faith and renting a ROM for 30 days to test the ROM.
5. Being highly impressed by the results and purchasing the ROM.
6. Becoming a ROM enthusiast and trying to persuade friends.
7. Being ignored and ridiculed by the friends who think you have lost your mind.
8. After a year of using the ROM your friends admiring your good shape.
9. You telling them (again) that you only exercise those 4 minutes per day.
10.Those friends reluctantly renting the ROM for a 30 day trial.

Then the above cycle repeats from point 5 on down.

The more we tell people about the ROM the less they believe it.
From 4 minutes on the ROM you get the same results as from:
20 to 45 minutes aerobic exercise (jogging, running, etc.) for cardio and
respiratory benefits plus 45 minutes weight training for muscle tone and

cents per use? Over 90% of ROM machines go to
private homes, but we have a few that are in com-
mercial use for over 12 years and they have endured
over 80,000 uses each, without need of repair or
overhaul. The ROM 4 minute workout is for people
from 10 to over 100 years old and highly trained ath-
letes as well. The ROM adapts its resistance every
second during the workout to exactly match the
user’s ability to perform work. It balances blood
sugar, repairs bad backs and shoulders etc. It lowers
high blood pressure and reduces cholesterol levels.
Too good to be true? Get our free video and see for
yourself. The best proof for us is that 97% of rentals
become sales.VISIT AND READ OUR WEBSITE.

Motivational speaker Anthony
Robbins calls the ROM a fantastic
time management tool.

'ROM is the best
time management

tool ever".

— Anthony Robbins

He owns 3 of our ROM machines.
One at his home, one at his resort
in Fiji and one that goes to all of
his 3 or more day seminars.

strength, plus 20 minutes stretching exercises for limberness/flexibility.

Order a FREE video from www.FastExercise.com or call (818) 787-6460

Factory Showroom: Romfab, 8137 Lankershim Blvd., North Hollywood, CA 91605
Fax: (818) 504-6474 E-mail: sales@FastExercise.com


www.fastexercise.com

COURTESY DIAGEO-GUINNESS USA

Weather

‘accident,” says a NASA spokesper-
son. “I guess it’s really not in our vo-
cabulary.” Not when they have so
many other words for it.

nomeienal \'nd-mo-n°l\ adj: proceeding
according to plan

USED IN A SENTENCE: “Telemetry from
the Genesis spacecraft indicates that
all spacecraft subsystems are report-
ing nominal operation.” (Genesis
Mission Status Update, posted
November 26, 2003)

WHY NASA USES IT: “Nominal” sounds
so much more scientific than “nor-
mal.” Or, as one spokesperson
explains: “It’s spacetalk.”

re-plan \'ré-,plan\ n: a new plan or
program timetable, often resulting in
increased costs, usually issued when
NASA falls behind schedule

USED IN A SENTENCE: “The change order
implements a re-plan to the JWST
program to accommodate the planned

launch date of August 2011, which
was announced earlier this year.”
(Press release, “NASA Issues Modifica-
tion to James Webb Space Telescope
Contract,” dated September 3, 2003)
WHY NASA USES IT: “Re-plan” sounds as
if the agency is making a plan, rather
than breaking one.

vareieasbileiety \,ver-&-o-'bi-lo-té\ n:
small fluctuations rather than a long-
term trend

USED IN A SENTENCE: “NASA officials
will join Department of Commerce
Secretary Don Evans and Department
of Energy Secretary Spencer
Abraham to unveil the Ad-
ministration’s strategic plan
on long-term global climate
variability and change at a
press conference tomorrow.”
(Press release, “NASA Joins
Partners to Unveil Climate
Change Initiative,” dated
July 23, 2003)

WHY NASA USES IT: “Variabil-
ity” suggests a process that is
natural, reversible and not
out of control. The climate

may be changing, but that P TEUR

doesn’t mean we have to.
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THE INTERNET CAME IN A
DISTANT SECOND

According to an online poll con-
ducted by the British technology
magazine T3, the
greatest invention
of the past 40
years was the
beer widget, the
small ball filled
with nitrogen
that is designed
to release the
carbon dioxide
dissolved in a
can of Guinness
beer, giving it a
foamy head.

The device, intro-
duced in 1989,
previously won
the Queen’s Award for
Technological Achievement.

MARVEL OF IRISH INGENUITY

No problem was as pressing, no
ﬁenge greater than creating

a nice, creamy head atop a store-

bought can of Guinness.

Automotive Accessories
CLASSIC

Premium Rubber Mats

virtually any vehicle!

| Available in
. Black, Tan
or Grey

Applications for

Luxury Carpet

£
ADVANTAGL"

Mats

ClearCover™
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Cargo Liners

®

Cargo Liner applications to fit over 900 vehicle models!
MacNeil Automotive Products Limited » 2435 Wisconsin Street » Downers Grove, IL 60515 » 630-769-1500 » fax 630-769-0300

WeatherFlectors™

over 600 vehicle models!

®
AUTOMOTIVE
PRODUCTS LIMITED

WeatherFlectors™ applications to fit

800 441-6287
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Get in the zone with the mattress topper
that molds to your body’s contours

The Memory Foam Ultra Mattress Topper is cut into a grid
pattern combining six different zones for variable
support and a better night's sleep.

LOOK BETTER, FEEL GREAT—

aw, one of

the world’s
leading manufac- |
titrers of foam
products has devel-
oped an incredibly
affordabile mattress
topper that can
actually change the wmps S
you sleep. Introducing the
Suture of a better night’s sleep: T?rr ~
"-1: mory Foam Ultra Mattress Topper.

Vake l||:i.'.:r efler 0]

Memur\ Foam Ultra Mattress Topper is
designed to give you a better sleep surface.
Not only does it support each region of
vour body, but it's also temperature sensi-
tive. With its various-sized “comfort cells,”
the 2-inch thick Memory Foam Ultra
Mattress Topper combines six zones to
support specific body area weight, which
promotes a better
night's sleep. The
largest cells support
your lower back and
midsection, while the
medium-sized cells
suppaort the shoul-
ders, lower back and
legs. The smallest
cells support your head and feet.
Combined, these zones provide variable
support from head to toe. By using visco-
elastic foam, the Memory Foam Ultra
Mattress Topper also molds to your body
contours to help prevent tossing and turn-
ing during the night. When you lie down
on this amazing material, the heat and
pressure sensitive foam reacts to your
body’s weight and temperature, so that it
molds to your exact body shape. This
means that whether you sleep on your
back, stomach or side, your weight is even-
ly distributed and your spine remains in a
neutral position. Other surfaces support
your body at the shoulders, hips and legs

What could be wrong
with your present bed?

Water Bed

Traditienal Bed

body posture in which the different
incfivictaally and evenly,
feecy, the i fress dop-
Sefp S ITCE.

per that rupns any bed info the ideal

The 2-inch thick
temperature-smart
foam adjusts to
your shape.

> 611]}', This
¥ causes your
spine to sag in other
# areas, which can often
“result in discomfort, and
even back pain. You'll wake up rested,
relaxed and ready to take on the day.
Anvone who suffers from insomnia and
back pain can benefit from this technology.

FREE heavyweight

tress pad included

st
]ncludcd nlth the Memory
Foam Ultra Mattress
Topper is a fitted mattress
pad. It's heavyweight and
quilted, and made of 200-
count 100% cotton with a
15-inch deep fitted spandex
skirt to fit a mattress up to 21 inches thick.
The size of the mattress pad is determined
by the size mattress topper you order.
Try it for yourself today! The Memory
Foam Ultra Mattress Topper can change
the way vou sleep. It comes with a 5-year
manufacturer’s limited warranty and
TechnoScout’s exclusive in-home trial.
If you are not completely satisfied,
simply return it within 30 days for
the full purchase price.
Memory Foam Ultra Mattress Topper:
2p-2870 Sizes Twin through California King*
Prices starting as low as 3’ £ e
Of vvenrvs. .. $49.95 each | $12.95 SaH
FREE mattress pad—a $59.95 value!

Ph’nw mention promotional code 26261,
fastest service, call toll-free 24 hours a

"'888-923-6684

*For mal-in orders, please call for tndividual cost of
the variows sizes along with shippmg and handling,
To churge it bo youer credit cand, enclose your aceonnt
wmber and expiration date,
Virginia residents only—please include 4.5% sales tax,

TECHNOSCOUT

1998 Ruffin Mill Road g

Colonial Heights, VA 23834

Al rights Fesservnd ) MM Thishea Bt il

" WITH NEUROCHEMISTRY!

One of the more
memorable com-
mercials of the
Reagan-era anti-
drug campaign
featured an egg
sizzling in a frying
pan, along with
Staven ot the ominous warn-
ing: This is your
brain on drugs. Though the imagery
was powerful, the problem with the
message, as Steven Johnson points out
in Mind Wide Open (Scribner, $25), is
that your brain is always on drugs.
Fear, love, depression, anxiety: Each of
these corresponds to a rush of chemi-
cals through your head.

In Mind Wide Open, Johnson ex-
plores how an awareness of the brain’s
workings can improve the way a per-
fectly healthy person thinks or con-
trols his emotions. In this case, that
healthy person is Johnson, who proves
to be an enlightening guide to the
workings of his own neurochemical
wanderings. Interspersing explana-
tions of the intricacies of neuroscience
with personal reflections, Johnson
picks apart his thoughts and emotions
during intense periods, such as when
he stood outside his Manhattan apart-
ment and watched the towers burn on
September 11, or following the birth
of his first child. He also tours the
strange world of companies like Brain-
care, which uses neuroscience tools to
help children with attention-deficit
disorder learn to focus, and teaches
day traders how best to concentrate on
their stock screens for long periods.

These odd adventures, their effect
on Johnson, and, more generally, all
this thinking about thinking, make for
an often mind-bending read. Johnson
presents a strong argument that we
should all take advantage of the neuro-
science boom, not just to satisfy our
scientific curiosity, but for personal
benefit as well. Go out and get your
brain scanned today.—GREGORY MONE

MIND WIDE

s




Felt but
not seen.

FREE SAMPLE o TEMPUR®
prassure-relieving matarial, the
miolecular heart of Tempur-Pedics
legandary Welghtless Sleaﬁ bied,
is yours for the asking. You also
gal a free video and Frea Homa
Tryout Certificate

Because our miracle is on the inside...

Our sleep technology is recognized by NASA, raved about by the media.

extolled worldwide by no less than 25,000 sleep medical professionals.

Yet this miracle has to be felf 1o be helieved,

While the thick, omate pads that cover most maltresses are necessary to For free demonstration kit call toll-free
keep the hard steel springs inside, they create a hammock effect owiside— 888_359_8469
and can actually canse pressure points. Inside our bed, billions of microporoscopic memory cells ar send fax 866-705-0367

function as “molecular springs” that contour precisely 10 your every curve and angle.

Tempur-Pedic’s Swedish scientists used NASA's early anti-G-force research 1o invent TEMPUR pressure-
relieving material—a remarkable new kind of viscoelastic bedding that reacts to body mass and tem-
perature. [t awfomeatically adinsts 1o your exact shape and weight. And it's the reason why millions of
Americans are falling in love with the first new bed in 73 years: our high-tech Weightless Sleep marvel.
No wonder, 9 out of 10 enthusiastic Tempur-Pedic owners go out of their way to recommend our

Swedish Slegp System to close friends and relatives. 82% tell us it"s the best bed they've ever had!

Please telephone us toll-free. without the slightest obligation, for a FREE DEMONSTRATION KIT.

Why not call now. while you are thinking about it?

{;mPEDIC
PRESSURE HELIEVING

SWEDISH MATTRESSES AND PILLOWS
© Copyright 2004 Ty TempurPedwe: Dot Respoose, fnc. All Reghts Reserved. 1713 lagme Fos Wiy, Leangion. KY 40571



“IT'S LIKE A NAP
ON STEROIDS,

So how does it work?

This CD has been designed
using a scienfifically proven
technique fo take you down
and wake you up refreshed
and relaxed in 25 minutes.

Apyainb das|s deap e jo juawuieyje inoA sasesidu) E
Ajjeayjewelp g3 siyi jo asn pajeaday gNINZYM

[

Get the equivalent of a deep,
relaxed sleep in just 25 minufes.

SPEED

ORDER NOW
www.speedsleep.com

(CONTINUED FROM

wirelessly transmit its signals out
of the body. “It’s like having an
implanted cellphone,” says Nicolelis.

These signals would be picked
up by a portable computer, which
would then generate commands for
the artificial limb. Patrick Wolf has
been aggressively tackling this part
of the system, and has already built
a wireless backpack computer for
the Duke monkeys, with enough
power to transmit their brain signals
100 meters through the air.

The researchers are also grap-
pling with the fact that getting com-
mands out of the brain is not the full
secret to controlling an arm. The
brain also needs feedback in order to
make its commands more precise.
Imagine trying to pick up a glass of
water without a sense of touch:
Instead of guiding your fingers
around its side, you might simply
knock it over. Or, once you'd man-
aged to grab the glass, you might
crush it accidentally as you tried to
pick it up. Or, after passing those
stages successfully, you might just
splash your face with water.

John Chapin is working on ways
to give people the feedback they’ll
need to make the Duke brain-
machine interface a reality. He’s
experimenting with how to deliver
information directly into the brain
—particularly to the region of
the brain that handles the sense of
touch. But that’s long-term research.
In the short-term, a group at MIT is
designing a cloth-like material that
can be attached to a place on a per-
son’s body where he or she still has
a sense of touch. Force sensors on
the limb can then relay their signals
to the cloth, which will turn that
information into different vibra-
tions. It’s not the same thing as feel-
ing a glass in your hand, but your
brain can probably learn to take
advantage of the information.

Learning, in fact, turns out to be
the secret weapon of brain-machine
interfaces. Nicolelis’s latest studies
have shown what is happening to
the Duke monkeys on a neurologi-
cal level as they use the dots and cir-
cles on the computer screen to alter
the commands their brains gener-
ate. “Now we have plenty of evi-
dence that the brain is changing,
and in ways I didn’t expect,” says

Nicolelis. “It happens in a matter of
minutes.” As the monkey trains,
neurons in its brain begin to alter
their firing patterns. More and more
neurons get involved in producing
commands—in fact, the number
can triple. At the same time, a spe-
cial set of neurons emerges that
becomes active only when the mon-
key operates the robot directly with
its brain, and not when it uses the
joystick. Remarkably, these neurons
switch on as soon as Nicolelis dis-
ables the joystick.

With this extra set of neurons,
Nicolelis explains, “the brain is
assimilating the robot. It’s creating a
representation of it in different
areas of the motor cortex”—the part
of the monkey’s brain where move-
ment commands are generated. As
the brain carves out a special place
for its representation of the robot,
Nicolelis speculates, it’s possible that
the robot begins to feel as much a
part of the body as the monkey’s
own arm.

If he’s correct, this is very good
news for people who might some-
day try to use his prosthetic limb.
Their brains will reorganize them-
selves to master the limb, which will
take on a natural feel. And since
humans can be told what they
should be learning—instead of fig-
uring it out on their own as mon-
keys do—the training process may
take even less time. “This could be
done in a matter of a few trials,
because you could instruct a human
what to do,” says Nicolelis.

The fact that the monkeys’ brains
adapt so readily gives the Duke
researchers confidence in the face
of all the challenges that lie ahead.
While it’s too soon to say whether
brain-machine interfaces are going
to turn up on the battlefield, they
are almost certainly headed for the
doctor’s office. “We have a plan for
every part of the puzzle,” says
Patrick Wolf, who strongly believes
that the Duke team will meet its
five-year deadline. “I don’t see any
showstopper.” m

Carl Zimmer is a science writer based
in Guilford, Connecticut. His most
recent book, Soul Made Flesh: The
Discovery of the Brain—and How It
Changed the World, was published
by the Free Press in January.
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www.speedsleep.com

Clinically proven hair restoration system is so
effective, it is awarded U.S. patent!

weeks and I'm already
— T. Erickson, IL

“Prolific is amazing,
since | was in my !

Powerful new formula stops hair loss and re-grows new hair!

It is commonly known that the major cause of hair loss is due to the build-up of the *bad hormone” Dihydrotestosterone
(DHT). Clinical trials prove that when used together, the powerful ingredients in Prolific™ prevent the build-up of DHT,
stopping your hair loss and allowing your follicles to strengthen and reproduce strong healthy hairs. We are proud to
announce that after years of clinical research and testing, Prolific's™ scientifically advanced formula is now available to
the general public. This highly effective formula is so advanced it has even been awarded a U.S. patent number.
(Reference U.S. Patent number 5,972,345)

Stop worrying about your hair loss, do something about it!

If you fear that your thinning hair will eventually leave you bald or you are tired of watching your hairline recede, you can
stop worrying! Get Prolific™ and take action. This patented formula will stop your hair from falling out and even grow back
the hair you've lost, guaranteed! Now for a limited time you can try Prolific™ absolutely risk-free for 90 days. Call now for
more information and be sure to mention offer #113.

Works great for both men and women!

Gentlemen and Ladies...We are proud to say that Prolific™ is specially formulated to work for both men and women and

is now available to you without a prescription. Don't wait any longer. Prolific™ is safe, highly effective and best of all it
only takes a few seconds a day to use.

Now you can try Prolific™ absolutely risk-free!

You dojl:'t have to & with thinning hairl Now 9c/:u can try Prolific™ Patented Dual
absolutely risk-free for 90 days! Put this revolutionary formula to work for ACtiOI"I Formula
you. Take action and call now! Get back your youthful hairline with ease

and confidence! Call now, toll-free 1-800-519-7868 offer #113. Get Guarantees Results!

Prolific™ and get ready to look younger and feel great!

™ bofbeatstop L/
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to advertise call Joan Orth at (B00) 445-2714 ext. 5555

BEFORE
Install a basement bathroom

without breaking the floor.

1 (or the bank)

* You decide where fo put a toilet or bathroom, it is not dictated by the drainage situation.
« Easy installation, do it yourself. ® Your floors stay intact. No breaking, no mess.

« Can be installed up to 15’ below the sewer level and/or 150" away from a soil stack.

* You only need small diometer 3/4” pipe, which can be run virtually anywhere.

« Over three million sold worldwide ® Clean, reliable, and virtually maintenance free.

Add convenience * Add luxury -+ Add valua to your home

\ |_|
\ \ ) ". |
R AU

LA Al | p |

A Group SFA Company

For a FREE brochure please call:

1800236°FLUSH / 1280023635874

To see the entire family of Saniflo products visit:
\ '

o

plans, lost
secrefs,
forgotten how-1o! Metal working, old-
time radio, chemistry, alternate energy,
homesteading, booze, steam power,
secret formulas, recipes, MORE! Tesla, #a
neon signs, motors, solar cells, black-
smithing, prospecting, clocks, high
voltage, engines, MORE! Hundreds
of highest quality, guaranteed books! gl

BI(' Catalog! Request one today! f& &

\Msﬁox 538, Bradley IL 509331
(AWA A MACHINE SHIPY

= Easy o use - No
experiance
required

= Versatlle - Fix or
make almost any-
thing.

* Affordaibe- 6
models starting
at $995

* CNC Compatible
Do It Yoursall on a Smithy Lathe

*f can fix ‘most amything. | don't know how | fived without
my Smithy. It paid for itself in no tima.”

GUARANTEED To pay for itself!
800-4756-484¢

\Q Visit us ot b smit cod

FREE Classic VW®, Porsche® & Corvette® Catalogs!
| Request a FREE Parts & Accessories Catalog for YOUR Lifestyle!

800-500-1500

Plus, Shag _l'lur On-Line Store!

Mid America Direct, Inc.

#1 Mid America Place
P.0O. Box 1368
Dept. PS024

Effingham, IL 62401 /

Your Ad Here Will Reach
6.8 Million Readers.

Call Joan Orth
212-779-5555
800-445-2714 ext 5555
Fax: 212-779-5568

(::

N

\ 240

Allow 4-6 weeks for delivery

|. FREE Saniplus Sanitary for All 4. FREI Mid- Ameriea Direct 7. FREE Solar Engines/PM Research

2. FREE Lindsay Technical Books FREI Chadlswort's Columns & FREE Toytromes

i, FREE The Smithy . FREE Crystal Clear
Name
Street
City _ = State Zip
Tel# ( |

Check the number of catalogs that you want. Total the cost and add $1.00 for handling
Enclose check or Money Order payable to: POPULAR SCIENCE
Send coupon to: POPULAR SCIENCE, PO, BOX 5135, Pittsfield, MA 01203-5135

Tixp .n.-:r:uJ
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Never Pay High
eating Bills Again!
CLASSIC

S\ Outdoor Wood Furnace
100% Wood Heat for Your Home, Water, Shop and More.

“Buying a Classic Central Boiler is one of the best
decisions | have made...my heat and hot water cost
me zero. Since installing the boiler | saved between
$300 and $400 per month..” -DonP.,CT

Central

FINANCING™
available at participating dealers (OAC)

Dual Fuel Option Available.

800-248-4681 » www.centralboiler.com

L2003 Central Bollar ad3140

ath ome to advertise call Joan Orth at (800) 445-2714 ext. 5555

NOBEL PRIZE WINNERS MEASURE\
WATER’S DISEASE POTENTIAL!

Researcher: “MNothing comes close to your water!! Measured by the abilicy
to carry nutrients and electrons that destroy free radicals that cause disease,
ordinary distilled is the worst with a hydrogen bond angle of only 101°.
(Dead), ordinary water isn't much better at only 104° and water from
/ TORTH’S your electron machine is an astounding 1147 !!" Since we are engineers,
200.COLUMNS" not doctors, we will send you the medical reports...FREE!

www.columns.com|

Write: Electron Machine ™, Dept PS,

$00.486.2118 . 4 Westbrookville, NY 12785
Fax: (845) 754-7866 or (845) 754-8696/

7"
Balloon!

Advanced
3Ch Control!

“Popular Science was the first national
magazine in which we advertised--

starting in the 1930's! And we've been Great Ir;do?r
running ads ever since!" N— : Home Fun
ror I“.Jl lne ¢ .I'..IJ'-_[' L l' sicam le.‘(i .\['I.'][HF| \\'l\[}::!lg t i i t
—— i models, send $3.00:  SOLAR ENGINES g'; T 12-100+
Philip Cable, President A Dive of PM. Research LY available at.

American Science & Surplus

Niles, 1L )

- Deparoment 412 MWww.ReadyToFlyFun.com
. . wiile vy 5./ NG |-B66-472-8697 )/
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The FasTrak’

Professional mowing comes home.™

Hot water

done right.
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Cut energy costs in half —
and get endless hot water.

SAVES ENERGY— heats water only as you use it.

LONG LASTING— twice as long as the best tank
heaters.

ENDLESS HOT WATER— for as long as you need it.

© Honda power — 16, 18, or 20 horsepower
The tankless Bosch AquaStar eliminates all the
headaches of tank water heaters. Built by Bosch,
it uses natural gas or LP. To find out which
model is right for you, call our toll-free number
or visit our Web site.

044" or 52" side-discharge/mulching decks
o Lifetime warranty on leading edge of deck

© No maintenance between oil changes

BOSCH Aq"a Star for more information call -~ HSTLER

1-800-395-4757 i Buipment

o My Introductory Offer

mn X
e to New Ciligar Customers
I's the complete package for the smokear: twenty-five Thompson handmacde,
AII h 1 f ONLY impaorted ci a dependable windpraof li : and a solidl
t ’s 0r structed cedar-lined divided humidor whose quadrant hinges, humidificatio

(regularly a $79 value) systam and hygrometer make it a ble vault to protect your puros. This

exquisitely fashioned humidor is handsome enough to grace any smoke

At the low, low price of $29,95 for a regular 579 value, this really is quite a
offer. I'm making it to introduce new customers to Thompson & Co., America’s
oldest mail order cigar company. Since 1915 our custome njoyed a rich
variety of cigars and smokers' articles. Only one arder per customer please

Thompson Cigar Co. et 105 1.800-416-1711

ﬁmerlr:a's Dlde:‘s_l I\I'Ial_l C—}rdlerACigar‘Compan\r Dept. T5026
P.O. Box 31274 « Tampa, FL 33631-3274 (Product #326855)
Send me one Classic Combo For $29.95 « 54.95 shipping ONE GADER PER CUSTOMER
(Al shipmiants to AK. HI, Guam, Virgin Islands and Puerto Rico must go prior =
Add an additional $4.95. Florida residents add 6% sales tax + appropriale co

Due to recent legislation we cannot ship tobacco products 1o Maine

Mama

Addrass

City

Daytime phone # (

emall address

[J Payment Enclosed or charge tomy ] VISA [ MasterCard () AmEx [ Discover

Mame as it appears on credit card

Credit Card No. (Print all digits) Exp. Date

By respanding to this ofter and signing below, | ceriity that | am & smoker, 21 years of age or older.

. i \ / /
www.classiccombo.com /T502¢ C

annc’.‘ (o W ricel En s willichd e i e it Birth date — Mo DayYear

[You must enter complete wel address for special offer) OFFER EXPIRES 5/31/04 + OFFER NOT AVAILABLE TO MINORS » QFFER GOOD ONLY IN THE USA
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Metal Spirals r
from |

*425

=Diameters

36" 10 7'D"

*Kits or Welded S8

Unils e -

Dak Spirals

from

1975

*Diameters
4'0" 1o 6'0"

«All Dak
Construction

*Cast Aluminum
Construction

The best selection, quality, and prices!

Since 1931, The Iron Shop has enjoyed a reputation for outstanding design and fabrication of spiral stairs,
Today, we utilize computer-aided rechnology throughour our production process successfully mixing
state-of-the-art manufacturing with Old World quality. Offering the largest selection, highest quality, and
lowest prices in spiral stairs—we make sure that you get the right spiral to meet your needs, available in any

height and BOCA/UBC code models. And our spirals are still made with pride in the U.S.A.
Call for the FREE color Catalog & Price List:

1-800-523-

or visit our Web Site at

Installation Video featuring
“The Furniture Guys”

Main Plant & Showrsom: Dapt. PS, P.0. Box 547, 400 Reed Rd, Broomall, PA 19008

Showrvoms / Warehouses: (ntario, GA « Sarasofa, FL « Houston, TX « Chicago, IL = Stamford, GT

—

THE IRON SHOP"

The Leading Manufacturer of Spiral Stair Kits®

e Gupt’ =
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 READY-TO-ASSEMBLE KIT
MOUNTS ON YOUR DECK OR PATIO

e

aseomoyssd

" QWIK" window/screen change system

* Meets building codes for snow and wind loads
* No extras, comes complete

* Sold factory direct, delivered to your door

DOWNLOAD CATALOG & PRICES:
ww.sunporch.co

(Web Code: POS)

OR MAIL S2 TO:

SunPorch® Structures Inc.

P.O. Box 368, Dept. POS Sunl'nrl:h*‘;

Westport, CT 06881-0368 Our 30th Year

NDOC

MNow is the time for & Timberline Geodesic Dome, Combining vaulted ceilings with natural light, energy savings
of up to 40% and an affordable building system. Timberline Domes are perfect for any location.

Odur many designs provide an open, spacious feeling with traditional style. With floor plans ranging from
. 1000 to over 4,000 sguare feel, you're sure (o find one to fit your lifestyle.
E o // expenence. In fact, over 90% of our customers assemble the dome themselves. Qur patented
. Heayy-Duty Connector system and pre-=cut, color coded Jumber make building a breeze.
W 2 With all these advantages,

A Timberline Dome can easily be assembled by two people without previous construction

isn’t it time you discovered the 1 @ ) .
great indoors? Our planning Please Send Me The Fallowing Information.
package includes color photos, MOOF | £ Paning Packagy sl Ve Tagether: 22.00 T Pransing Package: $12.00 1 Vidag: $19.08
p!.':nn: u\l\urlnh!_\ lins!m‘rliun\. pricing and | a1 e 1M O Discover Uil Canl
technical information. Call or send for our |
full color planning package today. A
]
@ , 1-800-Dome Hgn}e i
- 1
rvuw-u#.domehome.cnﬁ G S &

TIMBERLINE
GEODESICSe Timborime Geodesics = 2015 Bloks Strust + Berkeloy, CA 84704 = (B00) 366-3466 « (510 840 l-glz'l

Daylight Transfer
Tube

SunP!Pe@

makes dark
sun-starved

rooms bright...

& we mean
BRIGHT!

Up to 1,500

watts* worth of

Free Daylight!

* Virtually No Heat*
e |nstalls in 2 to 4 Hours
* Pipe lengths to 20+ feet*
* \Wont Leak”

The Ornginal
Best
Quality
Sign up ¢

*sunpipe.com 1-800-844-4786
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Dr. Winnif red Cutler® Creator of 10X

GET I\'II]HE AFFEGTION

from women

WITH ATHENA'S 10X

Dr. Cutler is a biologist and President of Athena
Institute, co-discoverer of human pheromones in
1986 (Time 12/1/86; Newsweek 1/12/87). Ph.D.
from L. of Penn, post-doc Stanford, authored 35+
scientific papers, 6 books, and wrote the
pheromone chapter in a medical textbook.

ATHENA PHEIi;]MI]NE 10x
unscented aftershave/cologne additive

¥ Jared, Physician (FL) "I want to order
another (3rd vial) of the Athena Pheromone 10X.
Initially, | was skeptical about the potential
effectiveness and the claims, but | want you
to know your product is incredible! | found
the woman of my dreams in the return-line
of Walmart. It's incredible. Your product is
the one | had on and the attraction was
immediate. There were other women reacting
to me the same way, but she was the person |
felt attraction for. | think your product really
matches your own individual pheromonal
chemistry. | can go into a room where you can
see a lot of women walking around and imme-
diately, | see them move over to be around
me, to stand near. | am a physician, a retired
anesthesiologist, and | know the real thing and
yours IS the real thing. Thank you, Dr. Cutler.”

RAISE the 0C’
otyour AFTERS

10X is designed to enhance your sex-appeal.
Vial of 1/6 oz. added to 2-3 oz. of your after-
shave or cologne lasts 4-6 maonths.
Contains synthesized human pheromones.
Not guaranteed to work for all, since body
chemistries differ, but does work for most
men. Not an aphrodisiac. Patent Pending.

Also: Athena Pheromane 10:13" for Women.

www.athenainstitute.com
Ml in stores. Call (610) 827-2200 - Order onfine -
or send to: Athena Institute, Dept PSxf,

1211 Braefield Rd. Chester Springs, PA 19425
Please send me __ vials of 10X for men @$99.50

and/or vials of 10:13 for women @$98.50
for a *total by: 1 money order 2 check
I3 Visa,M/C.Disc. - - -
exp signature
to:  Name
Address
City/State
Phone: email

PA add 6% tax, Canada add US §7.50

ILC-700
Infrared Lipsticks ;=
LPo-doos Ry Color Camera w3«
Four Camera Color [
Manitoring System

Afrald-of Your Shadow? e

Call Polaris
We Can Help

Cofor Starfight Camera
Q007 Lix & 480 TVL

I e
Adaptor for Telescopes

Wa-RCOT

TOLL FREE
800.411.4351 | 678.405.6080

Polarls Indusiries, INC. 3158 Process Drive Norcross, GA 30071

- UslngYourPC L

WHY STRAIN

| Too Haul HEAVY LOADS By )

- Hand... or STRUGGLE to Move =,

) | Overloaded Garden Carts in "
Prooucts For AcTive LIFESTYLES w o ﬁ S| Saft Sail, Up Hill or Down? f ‘,

The Revolutionary DR* POWERWAGON " has |

BIG, POWER-DRIVEN WHEELS; 4 speeds
plus power reverse; dump bed; optional
Electrie-Starting. Made o ender
for couniry property owners.

Stay Active...

Dual Action
Knee Strap

FREE DETAILS
in¢luding prices, spec-
ifications and Faclory- &
Direct Savings now in effect. I:‘“”;“’
F (1
CALL TOLL FREE 800 1bs,
1-800-603-2211 i }rq

p" 0 (.l“. QIR'I IIU\"' |’|{U|)l TS I!;p1 ATIRX
1-800-2211601 + brwcho-pat.comd . e

WW drpawarwagou CO ‘o008 CHE, e

For Babies, Boomers, & Everyone Else.

There's something for everyone in Pueblo. Hundreds of free and low-cost federal
publications tell you about getting federal benefits, starting a business, educating your
children, even buying surplus federal property. They fill you in on jobs, good health,
cars, travel, and much more.

And when you visit our web site, you can read all the
publications and even order your own copy. Don't delay!

Act today! Check out pyww.pueblo.gsa.gov]

Call 1 (888) 8 PUEBLO for our free Catalog.
Thart's 1 (888) 878-3256.

U.S. General Services Administration



www.polarisusa.com
www.athenainstitute.com
www.cho-pat.com
www.drpowerwagon.com
www.pueblo.gsa.gov

THE WORLD'S HIGHEST QUALITY
PLASTIC KITS

Largest
Selection,
Fast Shipping

&Lowest R

BELEE prame OO WARENUUSE IS FULLY STOCRER!
by e dnbarachive Wekaite For

UL § Essst (B TUJURS SRR 210 1NMG
7 by 4 461 4F BER SN FY

FREE CATALOG

wiany purchase from our website:
v MODELEXPO-ONLINE.COMj:

Or Send $2.00 fo: Model Expo, Inc.
3850 N, 29th Termace, Sute 101, Hollywood, FL 33020

MODEL
P ), Inc.
Satisfaction Guaraniteed!
© Modal Expo, Inc. 2003

The Warmth of Wood Without the Fuss!

Franklin Gas Stoves

« No Wood to Load, No Ashes to Remove

* Beautiful View g
of Real Flames

# Uses Natural
or LP gas

* Easy to Install-
No Chimney
Required

* Soapstone
Radiant Heat

* Heats Up To
1600 Sq Feet

* No Electricity
Needed
Protects Against
Power Outages

= Convenient Controls

* Optional Remote
Control/ Thermostat

* High Efficiency-Clean Heat

* Six Month Risk-Free
In-Home Trial

* Factory Direct Prices

Cottage Frank{in
Soapstone Stove

FREE CATALOG AND VIDEO

Name
Address
City/State/ Zip

E-mail _

Woodstock Seapstone Co., Inc
66 Airpark Rd, Dept. 1704, West Lebanon, NH (37584

www.gasstove.com 1-888-664-8188

™ Me]t Meta]! Incredible plans, lost secrets,
forgotten how-to, and

b Maﬂlme snw! strange books| Requesta
catalog! Melt metal! Be a

. Hydl'ogenl machinist, blacksmith, mad sci-
® Homing! @ n!i:&t! Make ne on signs,
rewind motars: Get high

L] B‘ginﬁ! power from auto alternators, gen-
erators, windmills

e o‘d ﬁme Radio! Build a working solar
s cell, crystal set, hydraponics, Tesla coil,
Teﬂa! more! Make booze, soda pop, chemicals,

® mlnim! embalm corpses! Homestead!
Mold plastic! Work sheet metal!

[ ] stlm! Steam engines, science experiments!

Secret formulas, recipes, how-to! All

L steam! books highest guality! Guaranteed!

Fast service! BIG CATALOG!
* Much More! 5,1 o rooay,
L

=i
- ka/'<Technical Books!

Box 538, Bradley IL 60915

PEOPLE WHO
LOVE RADIO
NEED A RADIO
THEY CAN LOVE

800-522-8863 - CCrane.com

Humidifier & Purifier.
Two in one.

No.1 in Germany and Europe. Perfected over 20 years.
Worldwide unique technology. No need for filterpads.
$499.99 (LW 44) - different sizes available. Patent-No. 5,894,001,

Venta offers humidification without filterpads.
Water is the filter. = hygenic = simple = easy
maintenance = silent * very
cost efficient « elegant design.
European consumers have made
Germany's Venta-Alrwasher
Europe's Nr.1 bestseller. Now
available all over the US.

Famous customers are already
enjoying the benefits of the Venta-
Airwasher: e. g. Sony Europe,
Audi, Porsche, British Airways,
adidas AG, McDonalds, Panasonic,
Camegie Hall (40 units),

Distributed in 16 countries. Ask
your dealer for this Mercedes-
class quality product

The Venta-Airwasher
It's so simple,
Madae in

Venta offers 10 year warranty.
Reddot design award winner 2003.

Available at selected retail stores.
Please call for a complete list of dealers.

BED BALH n&» M

TruelYalue.

Vertta-Ainwasher LLG., 160 Stanley Street, Ek Grove Village,
IL 60007, Tel. (847) 758 8588, Fax. (847) 758 95097

Venta-Airwasher purifies breathing air by wash-

ing it with water. Automatically adds humidity by
cold evaporation, recognized
as the best technique.

No endless cost of replacing
clogged, bacteria-ridden filter-
pads. No smell of moldy filters,
no problems with white dust.

"Wherever | perform in the
worfd: my agents are required
to provide Venta-Airwasher
because my priceless violin
needs the best possible
environment. Only Venta gives
me the peace of mind that the
air  humidification  wifl  be
perfect.”  Migel Kennedy, London

Germany
We make one product.

We make it to perfection. For over 20 years.
Test the Venta-Airwasher cost-free.
Free shipping anywhere in the US. Try the Airwasher
in your home for 14 days. f you are not fully satisfied,

we will have the Airwasher picked up from your home
via UPS and your credit card will not be charged.

Name:

Address:

City: State/Zip:

Call Today Toll Free: 1-888-333-8218

~.venta-Airwasher...
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www.modelexpo-online.com/kits
www.lindsaybks.com
www.ccrane.com
www.gasstove.com
www.venta-airwasher.com
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Wood Products, Inc.

KITCHEN ISLAND LEGS!
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8116 Highway 123 North = Toccoa, GA 30577

Request a catalog: 1-800-746-3233 # Order line: 1-800-849-8876

YOUR PESTINATION FOK

- T P
Yellowjacke?™ p o
802.11b L\,
W-LAN Analyzer .,
> 2 4 GHz Spectrum —

Analysis
¥ WNultipath Analysis
> DF - Direction Finding
BesxeLey VaniRonics Svsens |l
Wrerucres, NJ 08840
Calf today:
(732) 548-3737

WISP » HOTSPOT

» INSTALLERS » SECURITY

Every Man’s Torch!

The Original Red Dragon VT 3-30 C— 500,000 BTU!

Once you have one, you'll wonder what you did without one!

»Flame Weeds » Burn Brush
*Thaw Frazen Pipes » Melt Snow & lce
» Heat Metal,Tar & Branding Irons

* Remaove Paint, Grease & Oil
from Concrete and Metal

* Start Camp Fires and Charcoal
» Hobbies, Crafts & Much More!

C34
Centified

Call for a free catalog
or visit our web site today!

gpam e

C C /’

W r__./

f/’-

MEDICATIONS C}I‘\II_IP\JE

PRIVATE & %
DISCREET

OVERNIGHT
SHIPPING

1-800-467-0540
VW W WY . accessrx.com

1-800-255-2469 » (AW FIAMEr NHINEETIT. G

FLAME ENGINEERING » P.0. Box 577 = LaCrosse, KS 67548

SINGERS! /62505 2™
Unlimited Free Backgrounds 4
( =

from Original Standard Recordings!

Thompson Vecal Eliminator ™

VE-4 Free Brochure/Demo J
24 Hour Demeo/info Line ~= !
(770)482-2485-Ext 60

LT Sound Dent PS-1 7980 LT Parkwav Lithonia. G 58

www.VocalEliminator.comlio.ol/PsS
Better Than Karaoke For Over 25 Years!

SECURE edical

To Advertise in

Popalar Science
Showcase
cdll )oun Orth at

or Hcrlt l:nlnlle
at 800-280-2069


www.flameengineering.com
www.osbornewood.com
www.bvsystems.com
www.accessrx.com
www.vocaleliminator.com/g.o/ps

&
s

SmokeSignals Advantage...

= Most orders ship
in 2 hours or less
w L5-day No Hassle Return Policy

= VIP Club - each purchase
earns you free gear!

w Auto-Ship the absolute in
convenience & saves you money’!

= Monthly contests - 5 luck
people - each get $100.00!

= Sample Program - lets you
try before you buy

----- BRONCO
Sl foror

9SBIMOUYSSC

#ok
Mar lmru

Marlboro - All Styles Bronco - All Styles Senecas - All Styles

262 122 9% T EMeaEy

15A blendof the finest Croina tobaccos

OffF Y ORPER TOLL FREE: >\
R 00011 ST

SURGEON GENERAL'S WARNING: \GARETTE SMOKE CONTAINS CARBON HONGXIDE. -0 .
Mast b 1 years ol toorder. Buyeresponsible for paymentof ll applcalesalestaes,

UL FLAY O
imerican ffowd
hiNG SIZ2E

S CLASS A CIGARETTES

We carry all brands!

POPULAR SCIENCE DIRECT

To advertise contact Joan Orth at 800-445-2714 ext. 5555 or 212-779-5555

il | | Builders Wanted

FAGCTORY ODVERS
LAST CHANCE FOR 2003 PH
These Prices Won't Last, Bul Your Steel Bul

! )
+Durable Protection ?;:gf 4 Classic
+Faclory Bluegrints B0 Steel

«Factory Direst Prices
+100% American Made

ﬂ I ([ TRBUSANGS O SELF1 SIEs
1l 5."“"""“ 3060 » S0x150

www US-DUIAINGS.com  Additional Sizes Available

-800-463-6062

Frame

Homes

Fire Resistant / Energy Efficient
Less Maintenance
Termite Resistant

FREE BROCHURE & FACTORY PRICE LIST

Dealerships Available ~,
Build tYourself s 3 . "
el 800/624-4663 %

www.metalhomes.com

Brochure

Plans for modsels 5-3 N digging depth
Starting at $1000 1o build

No machining Gar Towable

3-pt hiteh plans oo 3 - i
e aveie Lo ' 2 SEAT BIKE
! ' = > = DRIVES LIKE A CAR
* Easy to Pedal
* Mulh-Speed
* Street Legal
Popular Science reserves the right 1o refuse any advertising arder. Only publication of an advertisement. shall constitutefinal acceprance . 1, ? & 4 580?8?5
of an arder. Publication does not constitute an agreement far continued publication, All orders are subject to the applicable rate card, 1-800-974-6233 Ext. 5786 » www.dwe.com/#5786

copies of which are available upon written request sent to the address provided. Popular Science, 2 Park Avenue, New York, NY 10016 m Dapt. 5786 = 12?_ Rhoades Lane
Hendarsanville, Tennessee 37075
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www.smokesignals.com

e —— L
HERITAGE
BUILDING SYSTEMS,

Established 1979
WE SHIP ANYWHERE IN Tl!E USA!

30' x 40'x 12 ... $4,200
40' 5 60' x 14" ... $7,820

Commercinl all seel buildings and all sicel homes from America’s
largesr di

stributor since 1979, Many sizes are svailuble feansring casy

it up rigid frame desi
and home. Call us vod:
the best buildi

ifice, mini-storage, shop, farm
i e and quote on
affect prices.

mera, Night Vision
Gamera. Phone Bug Detectors. Long Hours

Phone Recorder. Vehicle Tracking.
Glasses Camera. CCTV's. Pinhola
Spy Camera at $69.00 3

www.espymall.com
626-820-8811

18505 £ Gale Ave.,
Vil our rew location at e M

»)

v

1-800-661-7746 Ext 350

www. norwoodindustries com

FACTORY DIRECT ST

S I\ =2 57 TV
SSSNWERTH D
SAVE HUGE ON
SELECT MODELS
2026 25 x36 30 %38

25 %24 30 * 30

800-547-8335

youtlet.com

spy pinhole cameras *hidden video *underwater |
cameras *vehicle iracking -bug deteclors *phone Llap
detectors +12 hr telephona recorder -locksmithing tools |
and more!ll Printed catalog, send $5% to: Spy Outlet
2488 Niagara Falls Bivd -Tonawanda NY 14150

Visit our newest location: SPY OUTLET
1225 Jefferson Rd « Rochaster NY 14623 (585) 272-7190

ELEVATORS® Shoes that make you appear
up to 3" taller. Over100 styles. Money Back
Guarantee, Hidden height increaser jnside
shoes. Making men taller since 1939. Call
or write for FREE color catalog.
www.elevatorshoes.com/ 1.htm

ELEVATORS® !

RICHLEE SHOE CO., DEPT. PS42
P.0. BOX 3566, FREDERICK, MD 21705

1-800-343-3810

AIR, SPACE & OUTERSPACE

www.COOLFLASHLIGHTS.com -- HUNDREDS OF
FLASHLIGHT CHOICES. AVIATION, CAMFING, BOATING
LED'S, HOME AND WORK.

112
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E FLYING MACHINES

8

=

AIRPLANES, AIRSHIPS
AND HELICOPTERS
CATALOG ONLY: $2

Www.rcfoys.com %
w 1-800-979-9794 %
Draganfly Innovations Inc. £

2108A St. George Ave
Saskatoon, SK S7TM-0K7 CANADA

Hoverboards, Jetpacks, Lightsabers,
Mind-control, Antigravity, Free-energy,
Space-age-weapons, High-voltage,
Surveillance, Psychic energy machines,
Alternative Fuels, Alternative medicine,

Plans & Kits for Do-It-Yourselfers
Future Horizons PO Box 125 Marquette, M 43855

www. futurehorizons. net

g

Lo ':0 Iy
i onl¥ s

Fits i garage —_
Comverts fo @ & seater - /]
e paidoniy ficense reg o

B00-850-3708 www.lTyfbr.com
1380 fegion Rd Detront Lakes, MN 56501

Py ToFEly Fun.com
RTF R/C Alrcraft for Everyonei
Toll Free |-866-472-8697

’ = Fly from your backyard!
4 | * Kits available!
- ¢ h‘i = No license needad

{ G-1 AND Kaostral Plana:

W prismzacomil
U-663-8022

AUTOMOTIVE

st wireless video
nline for a

spy gadge 5
WWW. microcameras.com

= The latest A/V gear for
your home and car

« Frea, fast shipping on
maost orders over $199

= All the help you need —
including FREE lifetime
tech support

Call for your catalog today!

ErEe] ==

www.crutchfieldcatalog.com and enter code “P$4"

CRUTCHFIELD

The electronics shopping alternative

AUTOMOTIVE

AMSOIL SYNTHETIC LUBRICANTS. BUY DIRECT,
Reqgister to Buy Wholesale. FREE CATALOG.
1-888-B26-1166. www.synthoils.com

HEATED WIPER BLADES FOR SAFER WINTER DRIVING.
Money Back Guaranieed! www.heatmaxpro.com
1-866-837-5210

A Unigue Way To Protect Your Vehicle

Shop Bnline

www.bumperUSA.com

BED SKINS

The most versatile fabric bed cover

in the world.
* No 5naps
No Frame
» Expands with your load
1-800-238-801
WWW.BEDSKINS.COM

BEER & WINEMAKING

WINEMAKERS - BEERMAKERS. Free lllustrated Catalog.
Since 1967. 1-800-841-7404. KRAUS, Box 7850-N
Independence, MO 64054. www.eckraus.com/offers/n.asp

BOATS & EQUIPMENT

BOAT PLANS & KITS: www.Glen-L.com 216-page
CATALOG: $9.95, Glen-L Marine 9152/PS44 Rosecrans
Bellflowar, CA 90706. 562-630-6258

CANOE, KAYAK, OR INFLATABLE DINGHY SAILING RIGS.
Infiatable sailboats, Extremely portable!
www.SailboatsToGo.com

BOOKS & PUBLICATIONS

THE ALIEN PROPHECY, The coming Orien Inlervention in
global religious war. www.stantonpublishingcompany.com

CARPAD FITS UNDER THE ENTIRE VEHICLE
1 INGH RAISED SIDES CONTAINS . GALLONS
OF WETER, SNOW. SALT, SAND & GRIME
CLEANS EASLY. SIZES ALLVEHICLES.
AVAILABLE N SILYVER OR GOLDVINYL.
CALL CARPAD 1-800-635-7927
VISIT OUR INTERSTORE AT
WWW.CARPAD.COM

THE ULTIMATE IN GARAGE FLOOR PROTECTION SINCE 1881
VISA « MASTEACARD « AMERICAN EXPRESS « DISCOVER

BUSINESS OPPORTUNITES

$400 WEEKLY ASSEMBLING PRODUCTS from home. Fol
freg information send SASE: HOME ASSEMBLY-PS Box 216
MNew Britain, CT 06050-0216

Free grants - Home purchase, Repair business education
$5000-5500,000.800-306-0873 www.capitalpublications.com




BUSINESS OPPORTUNITES

800 LIVE ANSWERING SERVICE and VOICE MAIL.
Messages, Orders, Scripts: 1-866-363-2237.
www.bwdesigns.neat

A HOME BUSINESS THAT WORKS: Mol a mall ordar
schems: Make $50 addressing 1000 envelopes! Details $3
T.Johnson, POBox13046. Springfield IL 62791

BUY FORECLOSED PROPERTY! USE INVESTORS
MOMEY! SPLIT PROFIT! FREE INFORMATION!
B00-331-4555 EXT.N1288

Earn $90,000 Yearly Repairing
-not replacing-

Large Cracks in Windshields
CALL 1-800-826-8523

or write The Glass Mechanix
http:/fwww.glassmechanix.com
4881 W. Haciendo Ave. #16, Las Viegas, NV 89118

EARNINGS UNLIMITED! Mall burglar alarm
advertisemsnts! Merchandising-PS, Box 759, Lake Zurich
llinois, 60047

HERE IT IS! It you want 1o be in the Real Esiate world and
make a lot of money with the Real Monay Makers call
1(600)679-4968

PERFORM SCIENCE shows for kids. GREAT 2ND
INCOME! Jelt Danger, Science Rangar (617) 899-4140
WWW.S{‘.iEInCE!f&I‘IgEI’S.CDI‘I"I

RECORD VIDEOTAPES, BURN DVD'S! Easy $1,800,00
Weekly Home Income! Free Startup Infomation Kitl
{205)663-9868. www.CMSVIDEO.NET. Department 152,
210 Loma Square-#163, Birmingham, AL 35216-5439

With this, YOU ABSOLUTELY, DEFINITELY CANNOT LOSE!
Make rea lly great easy money on the internet. Log onto
www.gmt101.com. Sign up number: 100587285,

YOU'VE GOT THE BRAINS.
WE'VE GOT THE MUSCLE.

LET'S MAKE SOME MONEY.

MUSCLEGLOSS, the premier apoxy
coating system for garages/workshops
floors now has openings for
Distributors & Installers

The earning potential will floor you!

Call 1-866-GLOSS-ON Today!

BUILDINGS

ORDER ARCH-STYLE
STEEL BUILDINGS ONLINE
GET THE LOWEST PRICE!

» Create a custom building to meet your needs.

+ Browse at your leisure to get the information
YOU want and need.

- Factory-direct, bottom-line pricing.
» Only the highest quality steel & materials.
+ 3 Building Styles available to choose from.

+ Order right from the website; safe,
VeriSign™-secured certification.

www.miraclespan.com

COINS & NUMISMATICS

Last Morgan Silver Dollars
Below Cost!

SE95
only

Own this genuine LLS. Mint Morgan

dated 1921, the last year of issue, for just
$6.95. Add $2.95 p&h. You'll also receive
FREE our guide to collecting coins plus our
free examination coins-on-approval service, from which you may
purchase any or none—return balance in 15 days—with option
to cancel at any time. Collector's Discount—Additional Morgans
50% off - just $19.95 (plus p&h) each NF24-CW

FnE Bicentennial wwsesn
Eisenhower Dollar
Lo With Every Order! Call Toll-Free

90% Sitver!

Wi 1-800-561-4191

COMPUTER TECHNOLOGY

Learn to Trade for a Living...
We'll show you how!

Visit:

trytrading.com
or call 800-862-7193
Gel started today!

NO Boss!

NO Inventory!

NO Employees!
NO Payroll Taxes!
NO Overhead Costs!

“My work is done
before 10am...
and | only work
when | want to!"

DO IT YOURSELF

SHIPPED TO YOUR DOOR*

12°x 20" x B°

1 CAR GARAGE istributed by North American Outioor Products

BUILT TO LAST

AND PHICED TO SELL..

Compare our eve
rice for our 25'% 2
uilding:

*4,990

FRONT END OPTIONAL

* EASY DO IT YOURSELF = 30-YEAR WARRANTY
= 100% USEABLE SPAGE

* Many sizes, shapes & applications!
* Tough, rugged building - lasts!

* Heavy gauge Galvalume steel

» Easy to finish trussless interior

e Totally maintenance freel

DO IT YOURSELF

LEARN TO WORK on your own lawnmowers or small engines

{YOURSELF)
1-866-968-3494.

www.amazing1.com

|Phaser Sonic Blaster

| Control animal pests, unfuly dogs, etc.

| 135db+! Directional and adjustable

{CAUTION! Do not aim at people unless no other
|defense. Rentals available.

| PPPHK <Kt ..ooocvooee oo
|PPP10-Readytouse ... $79.95

IT'S EASY! www.Lawnmowerman.com

|Anti Gravity Device

| Float objects as seen anweb site. Includes
{our35ky 1 ma power supply Great effect!
|GRATK -Kithplans ... $50.96

|Ozone Fresh Air Machine
| Deodorizes, purfies and sanitizes the air you
| breathe!

|0ZONE30 - 30mathr . . §5955

|Greeu Laser Pointer iy

iLAPNGRS Smw Range uptomiles ... $123.95

|
Laser weapons, lon ray guns, Rail and EMP guns, Uitrasonic

defense, Tesla, Anti gravity, High voltage, Plasma ++Much more

| Free catalog on'web or send 52.00t0; Information Uniimited
PO Box 718, Ambherst, NH 03031 Emailsales@amazingl com
Orders: 800-221-1705 Info; 803-673-4730 Fac 603-672-5406

'

3

:u\nc.nm\ E 22 x 20' x 10°

| 1-800-421-6474

DEALERS WANTED

EASY ASSEMBLY

“auk for Details

= - E=aeE2i
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EDUCATION & INSTRUCTION

HEALTH & FITNESS

Ph.D's 5495.00, M.A.'s §395,
FOR FREE INFORMATION, CALL
hitp://www.universitydegree.com

High School At Home _3;]

JD's 5450
1-800-587-9605

DIPLOMA AWARDED
I It you are nol attending school, plaase call or send EstL.
for freeinformation on how you cancomplete High School 1897
I using an accredited home study program. |

AMERICAN SC!

HOOL®
N R 1.800.531 .9268

b e e e e e ————

LEARN Photography At Home
rom the New York Institute of Photography

Training in Digital and Film Photography.

FREE Photo Tips and Course Catalog

Visit Us at www.NYIPsci.com
or Call 1.800.336.6947

&7

2. | Welcome To The

& | ™

World Of Mold
An Introdustion to Makfng & CaSﬁﬂg
bl Reproduce detail from
any original model by

making a rubber mold.
Use that mold to make

a perfect copies . . .

B . B . B

ne One or many!

Easy-To-Understand
& Fun To Leam.

VHS or DVD
Only $19.99

ELECTRONIC SUPPLIES
& EQUIPMENT
GEIGER COUNTER - RADIATION METERS - DOSIMETERS
- AS LOW AS 38.00 www.premigritems.com f/830-372-3515

ENERGY SOURCES & SAVERS

Solster.com: AFFORDABLE WIND POWET TO REDUCE
YOURELECTRICBILLS.

FINANCIAL

Credit Cards, Loans,
Bills Overdue?

Bad credit's no problem! Applications |
accepted to $50,000. Licensed/Bonded ;
Debt Management since 1977 H

1-800-403-1085

FREE CASH GRANTS, NEVER AEPAY. ANY PURPOSE
THOUSANDS OF SOURCES. CALL FREE 1-800-287-8086.

FREE DETAILS! Bad Credit - New Fila: computerease.com
End money problems: endmoneyproblems.com,
attractgoediuckgoldenbabtties.com

__Financall e

Inventors, Entrepreneurs, Start-up, Early Stage
& Seasoned Companies, Need Capiial?
Visit: www.commonwealthcapital.com
Enter promotional code 4750 for a free copy
of the E-Book & product discount.

114
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ENJOY HEARING!

| -

FREE CATALOG!
e 45 Day Trial eHuge Savings
1-800-320-3300 EXT R31

Write: RHODES HEARING
201R31 Ohlo St. Brookport, IL 62910

DRAMATIC RELIEF For ASTHMA SUFFERERS.
Product details: visit www, Relieve-Asthma.cam
Call today: 800-742-4478.

HEARING AID REPAIR-- ALL MAKES/MODELS nationwide
since 1967 800-653-8882, www.lillielectronics.com

wod'sefjesapeymmm ISHNOI AW OVOTNMOT

65101 AN ‘AN
““eag b "pey
‘y0z0 1dag
‘., *X°8 Od
‘®SE|1V sa|deyD
H/S 7% puss 1y ou|
iS17N53Y QITLNVEVND HLIAA
18%4 L 139 ' 1THDEM IS0
A0V ANY NIWOA ANY NI

IONNOYY 3417 ¥NOA NYNL S:137 MON

HOW YOU CAN HAVE A-M-A-Z-I-N-G ABS GUARANTEED!
Forget equipment! FREE REPORT, PowerHealthProducts,
1223 Borg-PS-1, Temperance M| 48182 www.quikabs.com/
734-847-6345

FO2Z0 13
L258-220-808
(L]

LIFE WITHOUT PAIN! SAFE! NATURAL! SIMPLE!
INEXPENSIVE| Developed by a licensed physician with years
experience and an interest in innovafive medical treatment.
Fast results. No pills, injections, surgary! Relleves itching.
www.drcoend.com 1-(800)-900-4COE-4263.

HELP WANTED

EASY WORK! EXCELLENT PAY! ASSEMBLE PRODUCTS
AT HOME. TOLL FREE 1-B00-467-5566, EXT. 8088,

HYDRAULIC JACK REPAIR Manual §10.00. Hydraulic Parts
Supply POBox37-PS, Sawyer KS 67134, 620-504-2247,

INVENTORS & INVENTIONS

Have a Bright Idea?
Now OWN IT for only $129

Created by Gene Scott, Patent Lawyer

* Provides patent pending status
= Easy and quick to complete

* Avoid attorney fees

* PTO filing fee anly $80

Do-It- Yourself ACTION KIT |

Provisional Patent Application
Kit inch.: Video, Workbook, Examples and Formy

Patent Law & Venture Group
1-800-747-2836

3140 Red Hill Ave,, Ste 150, Costa Mesa, CA 92626
www.PatentDesk com

ATTENTION INVENTORS -~ NEVER SEND IDEAS TO
STRANGERS! LEARN AFFORDABLE PROTECTION/
MARKETING METHOD - NONPROFIT ORGANIZATION.
FREE INFORMATION: 1-800-846-3228.
www.inventassist.com

ATTORNEY'S PROTECT/SELL |DEAS. LOW-COST.
WWW.PETREN.NET Call for two free informative
booklets/sample, 1-800-B36-0021.

FREE PROTECTION FORMS/NFORMATION KIT, Trusted
by Inventors since 1975, Affiliated Inventors Foundation.
1-800-525-5885

DEAL DIRECTLY WITH
— REGISTERED PATENT AGENT

= and qualified U.S. Patent Office Examiner.
DON'T BE FOOLED BY PHONIES. Free Patent
Information - "Patent, Develop, Market Your Invention™.
Richard L Miller, 12 Parkside Drive, Suite-N, Dix Hills,
NY |1746-4879. (631)499-4343, |-B00-242-9853
HTTP/MWWW.PTO-AG.COM

IDEAS TOQ ASSETS PATENTS

MARKETING Free Information
www harshawresearch.com

PROTOTYES
B00-451-1326

DIGITAL CUSTOM HEARING AIDS
Powerful Custom Aids, B.T.E's Top
Brands, All Styles. Repair Service and
Accesories. Save 1/2 or More!
POWER HEARING
1=500-200-4 135 www._powerhearing.com
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Virginia Beach, VA 23467-4326
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Invention & ldeas Wanted, Free Information Package
Have your idea developed and professionally presented to
manufacturers by Davison, an award winping firm. We've
been daveloping and presanting the Ideas of inventors to
indusfry tor the past 14 years. Patent assistance available,
Call: 1-800-544:3327 24hrs.

Invention Submission Corporation, America’s |eading
Invenlion company, helps submit ideas toindustry.
Patent Sarvices. 1-888-439-IDEA.

Malke $3% With Your Ideas!
Now DO IT for only $225

Creted by Gene Scott, Patent Lawyer

= Attract key manufacturers

= Start a royalty income stream

+ Easy, step-by-step guide

» Quick, low cost, effective

Do-It- Yourself ACTION KITm
Product Licensing Kit

Kit el Vides, Workbook, Examples and Forms

Patent Law & Venture Group
1-800-747-2836

3140 Red Hill Ave,, Ste 150, Costa Mesa, CA 92626
www.PatentDesk.cam




INVENTORS & INVENTIONS

PROTECT YOUR INVENTION. Get a provisional patent
application with Nolo's Patent Pending Now! software.
Order today. www.Nolo.comipopsc
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DEERING, the Great American Banjo Company, offers limited
supply of QUALITY BANJOS from $299. FREE CATALOG
(800) B45-T791 Ext. PS
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The Masters rredct afreel;r selenﬁd time

Time Machine “""
only $129,95 ]

Emertatnm;_;l dema videos and product reviews.
The 500 most powerful magic fncks m the world,

www.PenguinMagic.com
755 STOP FLOOR SQUEAKS

) Squeeeeek No More® floor squeak
I elimination kit is now available at
retail stores. Call 800-45%-8428
for a store near you or
www.squeaknomore.com
for information and store list.
O Berry Enterprises Ine
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CAN’T SLEEP???
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of a deep, relaxed sleep in just
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v Experience the Magic of
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C-MAGIC for vour refrigerator
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WWW ACTIVATEDCARBON.COM
(B00) 3418952
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o Natural, Non-Toxic Plant Vitalize
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1218 El Prado Ave., #132, Torrance, CA 90501
Fax: 310-533-3149 wivw. HE- 1 Lcom
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TREASURE HUNTER I R4 ol 14
METAL DETECTORS THAT PAYS!

TREASURE HUNTER NAVIGATOR PLUS: $99.99
TREASURE HUNTER ALL VISON PRO
W/LCD READOUT: $159.99
TREASURE HUNTER 2003 PRO (NEW): $199.89
ORDER OR VISIT ONLINE AT
WWW.CHAPMANSLTPLUS.COM TOLL FREE 1-866-267-2148

BURIED TREASURE--SENSITIVE equipment allows locating
fram distance. Brochure//Free! Simmons; Box 10057-KA,
Wiimingan, NG 28404

GOLD, SILVER, PLATINUM TANTALUM (any form),
Reliable/reputable. FREE price quotes. Top payment.
1-800-832-101 0 www.pure-lab.com

MEN’S WIDE SHOES

EEE-EEEEEE, SIZES 5-13 ¢
*High quality
* 200 styles
* FREE catalog

HITCHCOCK SHOES,INC.
Dept. 46B Hingham, MA 02043
1-800-922-WIDE www.wideshoes,.com
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Peddle-Electric Quadricycle
Front-whaal deive - two 400 watt motors
20 mph

Only $1195

8505 withou! elecinic power

REAL ESTATE

CALIFORNIA ACREAGE Lots:$50/down, S50/monthly! 4602
Ethel Ave, Sherman Oaks, CA 91423

MONTANA, WYOMING
& NEW MEXICO

Trees, Creeks, Wildlife. Many properties and
sizes avallable, 35 acre parcels at $9,750.
Owner Financing. No Time Limit Guarantes.
Guaranteed Access. Insured Tithe
Free Information: 1-800-682-8088
Rocky Mountain Timberlands
Dept PS - P.O. Box 1153 » Bozeman, MT 58771-1153
406-5B6-8088 « New Mexico: 505.472-3018

SECURITY & SURVIVAL

SWEEP A ROOM
FROM THE DOOR

2.4 GHz bugs detecied Bl 25+ luat
ZAP CHECKER MODEL 270
FINDING,

10 MHz - 4,5 GHz. LOG MODE FOR PINPOINT ACCLIRACY
OMNI INTERNAL OR DIRECTIONAL EXTERMNAL ANTENNAS

5329 wi directional s269wmunlaﬂrm
18- &k OHr Log Perindic anlsnea -+ 57 $3H.CA Mesidsris oo A25% tax

ALAN BROADBAND CO.
53 ARCH 5T. REDWOOD CITY, GA #062
[650] 369-9627 [HB5) 3609627  FAN: (B50) 269-0768

WWW.ZAPCHECKER.COM

TELEVISION

300 FREE TV CHANNELS! Digital channels and major
network broatcasts. Satelite radio. High speed intemst
Equipment Accessories. SKYVISION, B00-334-6455 o
218-739-5231 . www.skyvision.com

SCRAMBLING NEWS. Bes! satelite news source covers
piracy. www.scramblingnews.com Free catalog

1-954-432-7943

TOBACCO, PIPES & CIGARS

CIGARETTES -89¢ A PACK
SAVE BIG! No rolling. Make vour own
with factory- made [ilter tubes and inexpen-

\\ sive machine High quality natural tobacco, ||
\\ auick, easy - no taxes. FREE_BOOKLET )/
llcall 1-800-241-8171 1oll-fr f

|or order online 1
//www.makeyourowncigs.com \

TOOLS & MACHINERY

4" Metal Cutting Lathe $148.60. Taig, 12419 Nightingale Lane,
Chandler, AZ 85249,

BOLTS, SCREWS, TOOLS, WHOLESALE, DIRECT.
$2.00/Catalog; Camelot/Dept.33 Boxes, Bristol, W) 53104,

FREE CATALOG of machine shop tools including lathes, mills,
drill presses. Blue Ridge. POBox 536-PS. Humcans, WV
25526. www.blueridgemachinery.com, 800-872-6500.

www.frytoel.eom Paslode, Senco, Duo-Fast, nailers,
staplers, fasteners. Low prices, Tast delivery. 888-820-7976

StrongArmSprays.Com

F . Muscles Frozen Stuff Loose FAST !
== ,._.[l.uhr[ca!en | Cutting & Drilling Oil !
" mai | EFFORT REDUCER - Waterproofer |

Seals - Protects - Undercoats | Paint

Right Over it | Sample Can: $11 PPD

| Orders: Morayo, 333A Littie Britain Ch.

'Rd., Peach Bottom, PA 17563
717-548-3262

WATER PURIFICATION

SCIENCE & PHYSICS

EXPERIMENTERS-
GLASSWARE-
MNew: ELEMENTAL SCIENTIFIC POBox 571, Appleton, Wi
54912 Catalog $2.00 www.elementalscientific. net

CHEMICALS-LABWARE,
Formerly HAGENOW LABS.

“HOBBYIST CHEMICALS" Lab glassware, Special-
Effects, Chemicals, 3Tmm, Web sites www.pyrotek.org or
www.pyrotek.us CATALOG $3.00. Pyrotek,RR2Box 25208,
Hallstead, PA 18822 (570)879-2580

Home Appliance Makes

Drinking Water

FREE Information Packet
1-800-874-9028

www.waterwise.com
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LOOKING BACK

SEPTEMBER1923

FROM THE POPULAR SCIENCE ARCHIVES

50 HOURS AT INDY: THE CAR
THAT REFUELED ON THE FLY

Auto enthusiasts envisioned high-speed tankers that pumped
on the go. The idea did not catch on—except in the air.

Scattered among history’s bright ideas are technologies that were doable yet
not worth doing—like on-thedly fill-ups for automobiles. In a 1923 cover story,
we reported that a new supply car had enabled another auto to drive 3,155
miles in 50 hours at the Indianapolis Speedway without stopping to refuel
(though it still had to pull over for tire changes). Why bother2 Automotive and
aviation developers alike were obsessed with setting endurance records, in
part because at the time, places to refuel were few and far between. The same
article described a breakthrough in which four army aviators transferred fuel
from one deHavilland DH-4 to another while “rushing through the air at a
speed of 90 miles an hour.” Early systems were tricky, with tanker planes
sometimes unable to haul the hose back in; in one test, a pilot was forced to
land with a 48-foot hose “dangling under his machine.” On-the-road refueling
never caught on, but the inflight version became a staple of military strategy.
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A Marvel of the Speedway ( "3

Science Bares Our Hidden Powers (%)
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Other stories from the September 1923 issve:

THE WORLD’S MOST POWERFUL
MACHINE GUN

The new .50<aliber Browning machine gun
would see extensive action in WWII, Korea and
Vietnam. It fired 500 rounds per minute and had
an effective range of 6,000 feet.

INSULIN—A MIRACLE OF SCIENCE

Medical trials using insulin to treat diabetes
were a great success. Frederick G. Banting,
who discovered the hormone in 1921, won the
Nobel Prize in December 1923.

A MODEL OPERATING ROOM FOR
ANIMALS

The University of Pennsylvania Veterinary
School boasted modern surgical methods as
advanced as those used on humans.

BUCKING AUTO IMITATES A BRONCO

Before the mechanical bull, there was this: a car
sporting a saddle bolted to its frame, and rear
wheels mounted 3 inches off center. It gave thrill
seekers a tooth-rattling ride.
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