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COVER ILLUSTRATION BY JOHN MACNEILL

Founded in 1872

“It’s one of the few areas where astronomy can actually have a
practical impact. . . . Saving the world, that’s not such a bad idea.”
INCOMING! p. 110
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EVERY YEAR ABOUT NOW I DECIDE, LIKE A MAN DETERMINED 
to get to the opera more often, that I must see the Perseid meteor
shower. Beyond setting the alarm clock for 2 or 3 a.m., it is not 
a very difficult thing to do. Optimal Perseid spotting, according
to Gary W. Kronk’s useful Web site, Comets and Meteor Showers
(comets.amsmeteors.org), requires only that you lie “with your
feet pointing somewhere between the southern and eastern 
horizon and look straight up.” I can do that. Generally, though,
I don’t. Many things keep me from my Perseid rounds: cloud and
smog cover, the inertia of sleep, and a sense of the futility of
stargazing in New York City, where the level of light pollution
approaches that of the Las Vegas strip outside Caesars Palace.

But a good Perseid show is something to see. To view a meteor
shower is to understand—rather than to intellectually know—
that we and the rock we live on travel through a universe crowded
by a lot of other rocks that are going every which way. The little
rocks sizzle harmlessly in the upper atmosphere. The medium-
size ones may explode in the air nearer to Earth (Siberia, 1908) or
strike the ground, doing a good deal of damage. The big ones
threaten to cause some real hurt—extinction, even. 

Our update about new ideas to divert “near Earth objects,” or
NEOs [see page 72], points out that the odds of a catastrophic colli-
sion are very small. But there is room for reasonable alarm. For
one thing, the counting of planet-menacing NEOs is not complete,
and it’s underfunded. Further, not much consideration is being
given to the technology of asteroid deflection, presumably because
the whole enterprise sounds so science-fictiony: Surely any real
threat can be discovered centuries before impact, and Bruce Willis
—or his daughter Scout, perhaps—can be dispatched. But hold
on: A half-mile-wide asteroid, big enough to level a city, was dis-
covered last year after it had whizzed by at waving distance (a
mere 75,000 miles at the nearest point). And though a really big
asteroid may indeed be spotted centuries before impact, deploying
the technology to intercept and divert it may also require a great
span of time. There is no single strategy. Not every asteroid is
susceptible to a simple nuclear detonation, for example; some
asteroids are porous, some are loose piles of rubble, some are
binary—two rocks orbiting each other. 

If rising for the Perseids is too much trouble this month, there
is an easier way to remind yourself of how often planets and
their satellites are pelted by rocks: Step outside and gaze at the
Moon. Observe the pockmarks. 

SCOTT MOWBRAY 
scott.mowbray@time4.com

Concerning Asteroids,
We May Be Dinosaurs

FROM THE EDITOR

mailto:scott.mowbray@time4.com
comets.amsmeteors.org
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I think an expedition to Mars is
necessary. Though we must admit
such an expedition does not have a
strong, practical purpose, we must
pursue it so that we do not become
stagnant. If we aren’t constantly
pushing our limits as humans and
Americans, setting new challenges
for ourselves, we will become a
species petrified in evolution. If we
don’t feel the drive and urgency
for the conquest of Mars and the
opening of a whole new frontier,
surely the human spirit is dead. 
Atley Ryan Hitchcock
Santa Ana, Calif.

I have always believed we should
be able to land people on Mars
within our lifetime (by 2050). The
people who think funds would be
better spent on social programs 
imply that all manned space explo-
ration should wait until all prob-
lems on Earth are solved. When I
think about such a perfect state of
the world, the words “Don’t hold
your breath” come to mind.
Raymond Gilford
Austin, Texas

I support your points about the
wasted financial resources of this

LETTERS

country—I've also considered how
much more realistic interplanetary
travel could be if funding was estab-
lished through international collabo-
ration. After all, what’s more impor-
tant: new brass ashtrays for the Senate
or the future of space travel? Where
will we go when mankind has depleted
all its resources? Your guess is as
good as mine; but, hey, this genera-
tion has nothing to fear—right?
Mike McCormack
Palm Harbor, Fla.

Burt Lands a Customer
When I saw the fanciful spaceship on
your July cover, my first thought was,
How stupid! Then I read who its de-
signer was—Burt Rutan! [“Burt Builds
Your Ride to Space.”] My next thought
was, Where can I buy a ticket?
Kevin Mitchell
West Fork, Ark. 

Guess We Were Naive
I found your article about the theoreti-
cal matchup between the Hulk and
the Terminator to be something less
than an inspired hypothetical [“Super-
hero Strongman Showdown,” FYI,
July]. Author Michael Moyer makes
the mistake of comparing only the
physical attributes of the two charac-
ters, and omits other features that
would impact the end result. Perhaps

LETTERS@POPSCI.COM

No Money for Mars
I couldn’t agree more that 

we could afford the dollars
that going to Mars would

cost [“Mars Is Not a Money
Issue,” From the Editor, July].

But there are other reasons
why a Mars mission is a bad
idea. With the shuttle, NASA

has committed itself to a program of such magni-
tude as to swamp out all other efforts. It’s flying 

dinosaurs while every attempt to push the 
technology forward is aborted before it can bear

any fruit. In the meantime, the U.S. lead 
in aerospace technology is steadily eroding. 

NASA should be an agile technology research 
organization that pursues cutting-edge 

aerodynamics, engines, materials and lots more. 
I would propose a sustained and vigorous 

X-plane program; projects to develop better and
cheaper ways to reach orbit; and, of course,
continued astronomy and robotic planetary 

exploration. And I would cut out the distrac-
tions—the shuttle, the space station and Mars. 

Kiril Sinkel
Belmont, Mass.
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the greatest oversight is the Termi-
nator’s ability to travel through time.
It is nothing short of naive to think
the Terminator would not simply
travel back to a time before Bruce
Banner’s exposure to gamma rays
gave him superhuman ability. This
one technological advantage trumps
all of the Hulk’s gargantuan strength. 
Rob Simpson
via Popsci.com

Hulk like your article on Hulk versus
Terminator. Hulk is strong, especially
when he gets mad. Hulk will smash
Terminator, in person and box office.
“The Hulkster”
Address unknown

More on the Debate over ART
In both the March story “Sally Has 
2 Mommies and 1 Daddy” and April’s
“Infertility Update: Making Babies—
and Birth Defects?” Rebecca Skloot 
describes fertility treatments as unreg-
ulated. This is not the case. Assisted 
reproductive technology (ART) is sub-
ject to the same governmental regula-
tions as every medical field. In addi-
tion, the FDA is finalizing a ruling that
will govern the use of human cells 
and tissues, including reproductive cells
and tissues. Moreover, federal law 
requires that clinics report their out-
comes to the Centers for Disease Con-
trol to be made public. This require-
ment is unique to ART. Self-regulation
of ART by the American Society for 
Reproductive Medicine (ASRM) and
others also plays a strong part in main-
taining standards. Research done in
ART is, unfortunately, not eligible for
federal funding and is therefore not
subject to federal oversight. However,
to publish their work, researchers
must follow the procedures required
of federal grantees. The peer-reviewed
journal of the ASRM will not publish
studies unless they have received 
Institutional Review Board approval.

We are disappointed that in describ-
ing research connecting ART to birth
defects, a publication of POPSCI’s 
caliber fails to point out weaknesses
in those studies or mention other
studies that found no increased risk 
of congenital defects in ART babies.

Recent studies showing greater than

usual birth defects in ART-conceived
children do not answer the question of
whether the birth defects are the result
of the techniques used to conceive or
related to the infertility problem per 
se. We believe that a lot more work
needs to be done, especially studies
that follow ART-conceived babies and
matched controls longer than the first
year of life and incorporate more data
than that provided by birth registries.
Sandra Carson, M.D.
President, ASRM
Birmingham, Ala.

Rebecca Skloot replies: We completely
agree with the final paragraph of your
letter: It’s precisely the conclusion 
we argued for in our article. Current
studies showing increased birth defects
in ART babies aren’t definitive (we
cited criticisms) but do warrant further 
investigation, including long-term 
studies to determine risks. We disagree 
regarding regulation, however: The
point of our article was that ART is 
underregulated, not unregulated, and
we published a Web exclusive dis-
cussing current ART regulations and
identifying where they’re lacking. 

The bottom line: The materials used
in ART (cells, culture media, etc.) are
regulated by the FDA; the CDC moni-
tors clinics’ success rates; and more.
But there is no official regulation of
the procedures—the techniques for
injecting sperm into an egg, for exam-
ple, or for growing embryos in culture.
Most critical ART procedures were
developed and are routinely used with-
out direct oversight. All current regula-
tory methods are either optional (and
often not utilized, especially for
extreme procedures) or only cover a
fraction of the ART process.

K
E

V
IN

 Z
A

C
H

E
R

LETTERS

POPULAR SCIENCE SEPTEMBER 2003 11

The caption that 
accompanied this photo,
which ran in the July 
issue to illustrate a story
about ultra-high-speed
photography [“Lights,
Camera, Nanosecond 
Action”], misidentified 
the person shown. He is
James Brimhall, a camera assembler
who has worked at Cordin Scientific
Imaging for nearly 20 years.

CORRECTION

http://popsci.com
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What’sNew

PHOTOGRAPH BY LUIS BRUNO

Bang & Olufsen’s Beo-
lab 5 speakers may
look like end tables

from Wonderland, but
they have more going

for them than trippy
design (they’d better,
for $16,000 a pair).
Gently touch one of
them on top and a

miniature microphone
extends from its base.

Then the 15-inch
woofer—powered by

the 2,500-watt internal
amplifier—starts

whomp-whomping like
a baritone light saber.

The microphone records
the sound after it

bounces off your walls
and couch, and adjusts

the output of specific
bass frequencies to
compensate for the

shape of your room and
the speaker’s location.

The result: They 
sounded crisp even 

in our cluttered, 
200-square-foot office.

And no, they will not
attack you in your

sleep.—MICHAEL MOYER

www.bang-olufsen.com 

TWO LOUD
SPEAKERS 

AND A 
MICROPHONE

Denmark’s master
audiologists create 

the world’s first 
self-adjusting speakers.

INSIDE: INTELLIGENT WILDERNESS GEAR 16 • WHIZZY NEW AUTO TRANSMISSION TECH 20 • UNBREAKABLE WATCHES 24
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❯
SIZE MATTERS

TO TEST THE LIMITS OF SCIENCE, YOU
MAKE THINGS EITHER REALLY BIG OR REALLY

SMALL. TO TEST THE LIMITS OF YOUR
DESIGNER, YOU ALSO MAKE THEM USEFUL. 

Extremes show us both the potential and the limitations of 
technology. Some examples, such as the 
stick figure created out of single molecules by
a meticulous IBM scientist (almaden.ibm.com/
vis/stm/atomo.html), are purely for show.
But the technological extremes we selected

here don’t just prove a point; they’re practical too (OK, toy hel-
icopters are a stretch—sue us). Here, 10 views of what hap-
pens when designers stop making things for the fat part of the
bell curve.—MICHAEL MOYER

AUTOMOBILES
Look no further than this pair to understand
that objects of desire are found at both ends

of the spectrum. The Mini Cooper (base
price: $16,975) has a 97.1-inch wheelbase

(the shortest of any production car sold in
the U.S.), which makes it extraordinarily 

nimble—and so cute you want to pinch its
cheeks. At the other end of the scale, the

opulent Mercedes Maybach 62 (base price:
$350,000) has a tip-to-tail length of 242.5

inches, a 542-horsepower V12 engine, and
comes with champagne chillers and dual
redundant electrohydraulic braking sys-

tems. At 6,294 pounds, it’s the most
elegant monster you’ll ever

meet. We’ll take one of
each, please. 

LAPTOPS
Bigger usually isn’t better when you’re talking about laptops. But in

the case of the 9.9-pound Toshiba Satellite P25 (far left, $2,100), trust
us, it’s a good thing. This screamer packs in a gamer-quality graphics
card, a subwoofer and a 17-inch screen that doubles as a television.

Of course, it’s also hard to argue with small. Sony’s Japan-only 
PCG-U1 (near left, price not available) is about the size and weight of
a paperback—7.3 by 5.5 inches and 1.8 pounds—so you can take it

nearly anywhere (although we wouldn’t recommend the beach). It
lacks an internal DVD or CD-ROM drive but has a 20-gigabyte hard
drive and built-in Ethernet, USB and FireWire ports for data dumps.
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TELEVISIONS
Not many companies make hand-
held TVs anymore—the magic of
pulling five or so broadcast sta-
tions from the air is lost on cable-
age consumers. But for portable
viewing, you can still rely on the
water- and shock-resistant Casio
SY-30 (above right), with its 
2.7-inch screen. Mitsubishi’s 
WL-82913 (above), on the other
hand, makes us feel as if we’d
died and gone to NFL Sunday Ticket heaven. Its 82-inch high-
def screen makes it the largest consumer rear-projection televi-
sion set in history. Sure, you could buy 123 Casios ($170 each)
for the price of one WL-82913 ($21,000), but at a hair under 
7 feet, isn’t it worth it to see Warren Sapp at actual size?

You will never lose either of these 
remote controls, but for very different
reasons. The $50 Midas watch (below
right), with four buttons for adjusting
channel and volume, lives on your
wrist. And you won’t misplace the
iPronto (bottom) simply because 
at $1,700, it’s too expensive to 
lose. What does $1,700 buy you? 
The iPronto has a 6.4-inch touch- 
screen and is fully programma-
ble. Built-in infrared, Bluetooth
and Wi-Fi mean it can talk to 
your home entertainment center,
security system, climate control,
wireless network—anything 
that packs a microchip and a
transmitter or receiver. A Web
browser lets you Google Jeopardy
answers as you watch, plus you
can stream MP3s using its built-in
speakers, and check your e-mail
during commercials.

REMOTE CONTROLS

POPULAR SCIENCE SEPTEMBER 2003 15

Learning to pilot a remote-
control helicopter is not for

the impatient—just learning
to hover can take up to a
week of practice. So start
with the $200 HeliHobby

Hummingbird (far left). The
fuselage fits in the palm of

your hand, and its svelte 
6.5 ounces include the

weight of electronic gyro-
scopes, which help with 

stability. Once you’re ready
for the big time, try out 

VarioUSA’s Bell 212 (near
left), which looks like a real

Bell 212 because it is (at
quarter-scale). A real jet

engine powers its 4-inch-wide, 3.5-foot-long rotor blades, and it
can fly for up to 25 minutes. Some film studios use the mini Bells

as cheap stunt doubles for real copters in action sequences.
Cheap is relative, of course: Prices start at $13,000.
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❯Humans love the outdoors. This is a wonderful
thing. Except when our enthu-
siasm exceeds our abilities
and we get hopelessly turned
around in the middle of
nowhere. Then we need other,

more capable humans to help us. The National
Park Service logged 4,500 rescues last year 
(at a cost of $1.5 million) and many other adven-
turers never made it home. The lesson? Carry
these navigation and communication tools and
avoid becoming a statistic.—JENNY EVERETT

Garmin Geko 201 ($250)
BRING IT IF: You’re a day hiker and also a 
videogame junkie. 
Smaller and lighter than any other waterproof
GPS device on the market, the Geko’s simple 
five-button interface is intuitive enough for ama-
teurs but packs enough serious features to satisfy
the hard-core hiker: electronic compass, baromet-
ric altimeter, 12-hour weather trend tool, speed
and distance tracking, and the ability to transfer
trip details to your PC. Plus, if you want a chal-
lenge, the unit comes with four interactive outdoor
games to help hone your navigation skills. 

ACR GyPSI 406 Personal
Locator Beacon ($700)
BRING IT IF: You’re a Krakauer-gauge 
backcountry extremist. 
This slim 1-pound beacon is survival in a box.
Approved by the FCC in July after an eight-year
pilot study in Alaska (which yielded 400 saves),
the PLB transmits your location via satellite to the
Air Force and then to the nearest rescuers. Just
pull the breakaway tab to switch it on, and sit
tight. The beacon can guide rescuers to within
2.24 inches. Remember, blisters and beer short-
ages do not constitute emergencies.

Magellan 
SporTrak Topo ($349) 
BRING IT IF: You’re always searching for a 
new trail or route.
This gem won’t just tell you where you are, it’ll
show you where you want to go. The only GPS
device on the market with a built-in topographic
map of the United States, the SporTrak also
comes preloaded with maps of major roads,
waterways and parks. Users have 16MB of
memory they can customize with detailed street
maps, marine charts and more.

HIKING TECH

1
2
3
4
5
6
7

Brunton 
SolarRoll 14 ($399)

BRING IT IF: You need to charge your gadgets in
the middle of nowhere. 

Weighing in at just 17 ounces, this portable, 
flexible solar panel (12 by 57 inches when open)

spits out power with negligible bulk. The roll-
away waterproof sheet has a maximum 14-watt

output, enough to juice up small electronic
devices such as cellphones, satellite phones and

digital cameras. Simply lay the SolarRoll 14 in
the sun and attach your depleted device via one

of several provided adapter cables. Units can 
be linked together to increase power, and custom

lengths (with varying outputs) are available.

Cobra PR 4000 WX 
Two-Way Radio ($80) 

BRING IT IF: Your hunter-gatherer instincts often
lead you away from the group. 

The PR 4000 WX is Cobra’s most powerful 
two-way radio; a 3-watt, 22-channel model that

the company claims will connect you to your
hikemates for up to 7 miles. Note: emphasis 

on “up to.” In open areas, the Cobra worked at
5 miles, but on the streets of New York City tall

buildings interfered after just a few blocks.
Other features include an eight-point digital

compass, a 10-channel memory, adjustable out-
put settings to conserve power, and a 10-
channel NOAA All Hazards Alert Radio.

Canon 8 x 25 IS 
Binoculars ($460) 

BRING IT IF: You want see that hungry grizzly
before it sees you.

As a rule, never buy powerful binoculars (more
than 7x magnification) without image 

stabilization; they’ll magnify even the smallest
vibrations. Just 4.7 inches wide and weighing

about a pound, Canon’s 8 x 25 IS binoculars are
the world’s smallest and lightest with built-in 

stabilization. Vertical and horizontal gyros detect
motion, a microcomputer calculates the amount
of shake, and a tilting lens alters light refraction

to instantaneously steady the image. 

HighGear Summit 
Watch ($160)

BRING IT IF: Your treks take you to high altitudes
where weather can change quickly.

This waterproof watch comes jam-packed with
functions, and four-button operation makes it 

a cinch to navigate. In altimeter mode, it displays
current altitude, highest altitude reached, accu-

mulated altitude, and a graph of your ascent and
descent in 2-second, 4-minute and 15-minute

intervals. The watch also uses barometric 
pressure and temperature to chart weather

trends, and delivers forecasts for the next 6 to 
24 hours. Other features include a digital 

compass, dual time zones and dual alarms. 

GET LOST!
NO MATTER HOW FAR YOU
ROAM, THESE SEVEN NEW

GADGETS WILL MAKE SURE YOU
CAN GET BACK AGAIN.

PHOTOGRAPH BY LUIS BRUNO
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Putting Power to Pavement
Transmissions generally get no respect. No one oohs and aahs over a solid clutch plate the way they do for a nice, fat V8.
But something’s got to connect the engine to the wheels, and without the right transmission, that V8 isn’t going anywhere.
Accordingly, automakers are putting more into tranny tech than ever before, and the fruits of that investment are beginning
to hit the streets, often via the racetrack. Paddle shifting, CVTs, seven-speed transmissions: Here are the latest cars show-
casing the modern ways that power connects to pavement.—DAN LIENERT

Don’t confuse SMGs with manumatics
(automatic transmissions under the driver’s
command). With an SMG, power is trans-
mitted from the engine directly to the
wheels via a clutch plate, faithfully repli-
cating the precise stick-shift feel.

The newest Maserati trades its stick for a
set of paddles behind the steering wheel.
Click one of the paddles toward you, and
the SMG engages the clutch and switches
gears. The system was first developed in
Ferrari’s Formula 1 program.

WHAT IT DOES HOW IT DRIVES

Mercedes promises several benefits, includ-
ing better acceleration and fuel savings of
up to 16 percent. And the gearbox doesn’t
weigh the car down: Thanks to a magnesium
casing, its new transmission isn’t much
heavier than the five-speed in current V8s.

Beginning this fall, all of Mercedes’ 5.0-liter
V8 engines will be linked to a seven-speed
automatic transmission. With seven gears,
the engine runs closer to optimum speed
(faster for more power, slower to save fuel)
no matter how fast the car is moving. 

Twin clutches provide smoother shifts with-
out a clunky power sag. In single-clutch
SMGs, the engine waits for the clutch to dis-
engage one gear and engage another
before it accelerates. In the new TT, upshifts
and downshifts are almost imperceptible.

The new TT has an SMG like the Maserati’s,
with one important difference: The Audi has
two clutch plates, one for the odd-numbered
gears and one for the evens. When clutch
number one disengages from first gear,
number two immediately engages second.

A CVT makes for smoother shifting, as the
gear ratios change with vehicle speed. Hit
the gas, and the engine races to the speed
at which it produces the most power—say,
6,000 rpm—and stays put, even as the car
accelerates. Eerie, yes, but efficient.

Continuously variable transmissions, or
CVTs, use a system of belts and pulleys to
create an infinite number of gear ratios.
The CVT in the new Murano is the first in the
United States able to handle an engine as
powerful as its 3.5-liter 245-hp V6.

The sequential manual gearbox (SMG) on
the FERRARI CHALLENGE STRADALE has a tan-
talizing launch feature. Activate it, floor
the gas at a stop, and as you lift off the
brake, the clutch instantly engages.

Launch control revs the engine to the 
optimum speed before dropping the clutch,
giving drivers the fastest possible starts off
the line. Faster-than-human clutch engage-

ment also provides that satisfying squeal. 

2003 NISSAN MURANO

2004 AUDI TT 3.2 QUATTRO

2004 MERCEDES-BENZ E 500

2003 MASERATI COUPE CAMBIOCORSA
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❯
THE HOUSE THAT PHILLY BUILT

ENGINEERED TO THRILL FANS AND INTIMIDATE
OPPONENTS, THE EAGLES’ NEW NEST IS 

TRICKED-OUT AND READY TO RUMBLE.

$330 million will buy one heck of a pad. Just
ask the Philadelphia Eagles.
This month, they move into
their new home, a brand-new,
state-of-the-art multimedia 
coliseum. Here’s an inside

look at Lincoln Financial Field, the most high-tech
stadium in the NFL.—JENNY EVERETT

ROBO-FIELD
The field is seeded with
Kentucky bluegrass, which can
be cultivated to remain soft
and flat in all weather condi-
tions. A mixture of water and
glycol travels through 28 miles
of subterranean plastic hoses
to warm or cool the field
according to sun and shade
conditions. When it rains, a
vacuum-powered drainage
system sucks out moisture
to prevent oversaturation. 

Lincoln Financial Field is designed for
socializing, with three open plaza 

areas where fans can congregate. At
Veterans Stadium (the Eagles’ former

home), the only place large enough for
the notoriously enthusiastic fans to 

gather was the basement holding cell.

The 700-plus speakers hidden under the 
overhangs are angled to reduce echoing. 

Controlled by computers, the system allows
section-specific messaging and adjusts 

speaker volume to compensate for crowd
noise—which during playoff games 

can reach 105 decibels. That means you’ll
hear the announcements no matter how

rowdy the stands get.

Sideline seats are
just 60 feet from the

playing field.

Kentucky bluegrass

Irrigation pipe

Root zone, 10”

Gravel, 
3”

Vacuum-powered drainage pipe

LED boards around the outside of the stadium 
broadcast the game to tailgating (or ejected) fans.

Heating and 
cooling pipe
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JUMBOTRON
SHOCKS

The 96- by 27-foot LED 
displays spanning each end

zone are the lowest in the NFL
and give every fan an unob-

structed view. However, the
60 tons of air-conditioning
equipment needed to cool

each display produce enough
mechanical vibrations to make

nearby luxury suites shake
like giant paint agitators.
Spring isolators divert the 

excess energy into concrete
pylons and steel beams.

Throughout the stadium are
991 other TVs, 285 of which
are plasma screens. The dis-
play system is controlled by 

a 1,700-square-foot, 
$2.2 million production suite.

GROUND CONTROL
Situated near the river on swampy debris-filled land,

the stadium was built on less than ideal soil. Designed
not to penetrate the shallow water table, the stadium
sits on 3,600 concrete-filled steel piles, which in turn

rest on a bed of rocks. A detection system was installed
under the stadium to monitor for possible pockets of

methane gas produced by decomposing trash. 

Two-thirds of the 68,385
seats have a sideline view
of the field. 

Roof wings hovering
over the east and west
sides deflect sound
back into the stadium.

The 23-foot steel metaphor-
ical “talons” at the north
and south ends of the 
stadium are extensions of
the structural supports.

Sixty percent of the stadium’s
seating is on the lower level.

By 2008, the stadium’s manage-
ment plans to offer instant replay
and alternate-angle viewing over
fans’ wireless devices. The infra-
structure for that is already in
place, and architects predict fans
will receive real-time stats and
archived video over their PDAs and
cellphones as early as 2004. 

154’ 10” 
above ground

Upper level

Upper suites

Club level

Lower suites

Main level

Concrete-filled steel
piles are 16 inches in
diameter and brawny

enough to keep the 
stadium from sinking. 

INFOGRAPHICS BY MIKA GRONDAHL



WATCHES What’sNew

HARD TIME
Both are engineered to be tough. One costs1,200 times more than the other. What gives?

Swiss watchmaker Audemars Piguet demonstrates its $180,000 Royal Oak Concept watch by dropping it on the floor.
Onlookers gasp, but the Royal Oak doesn’t miss a beat. When we dropped the $150 Casio Tough Solar G-Shock out a
fourth-story window onto concrete, no one seemed to care, but it too survived. So what’s the difference between a $180,000
and a $150 shock-protected watch? We thought you’d never ask.—JENNY EVERETT

WRIST ASSURED
Three watches that go 
beyond telling time.
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One of 10 protec-
tive layers, a rubber
stopper nestled behind
the main circuitry is the key
to the G-Shock’s hardy nature. 

Individual titanium
bridges suspend delicate

pieces. The zigzag shape is
designed to move 1/100 of a 

millimeter in all directions. 

1_ Fossil PDA watch
Price: $275 to $295
www.fossil.com
It’s a Palm on your wrist. The watch’s face 
doubles as screen and Graffiti writing area.

2_ Fossil SPOT watch
Price: $100 to $300, plus $59 annual subscription
www.fossil.com 
This timepiece receives instant messages along
with traffic and weather info via radio waves. 

3_ Allied Data Tornado USB watch
Price: Approximately $85
www.allieddata.com
Plug this watch’s USB cable into your computer
and load it with up to 128MB of files. 2

3
1

CASIO TOUGH SOLAR G-SHOCK
AUDEMARS PIGUET 

ROYAL OAK CONCEPT 

$150

This watch can survive a 33-foot fall (though we
dropped it from higher without incident). Its engineering team

wouldn’t speculate on how many Gs it can withstand.

“Think of it like an egg surrounded by foam, like your
high school egg-drop contest,” Casio product analyst Mike

O’Keefe says. “The 12-layer construction supports the heart of
the module as if it’s floating in air.“ When you fall down a flight

of stairs, for example, the rubber cushion (dark blue) prevents
shocks from reaching the circuit board (green). This tough time-
piece also features a solar panel on the face that can generate

power even in the low light of a fluorescent lamp.

Simple, basic, gets the job done. Much more than the
poor man’s alternative, the G-Shock protects against most of

the slings and arrows life throws at you daily.

$180,000 

Attention filthy-rich sportsmen! You may now play polo
(or reenter the atmosphere in a Soyuz in ballistic mode) without
taking off your amazingly expensive chronograph. 

The Royal Oak Concept can absorb up to 50 Gs—a lot
more than the human body—and is made from Alacrite 602, 
a superstrong, protective tungsten alloy. Its clockwork contains
81 screws, 36 jewels and 27 wheels and pinions. “The suspen-
sion bridges are titanium. Working with such a [tricky] material
you have to throw away the drill every three uses because it’s no
longer precise,” explains Anthony DeHaas, an engineer at Aude-
mars’ Complicated Watch Movements Lab in Switzerland.

Tough enough to take onto the field but requires 
manual winding. A hundred and eighty grand seems a tad
steep, but who can truly put a price on armored security?

SHOCK VALUE

THE CLAIM

THE TECH

THE BOTTOM LINE

http://www.fossil.com
http://www.fossil.com
http://www.allieddata.com
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MP3 players proved the power of music-file compression.
A portable unit with massive storage and decent sound 
quality? We’ll take that deal. But can MPEG-4 extend that
power to digital video players? Holding the Archos AV320
($599), we were skeptical about whether a decent viewing
experience is possible on a 12.5-ounce box. Then we pressed
play. It’s not perfect, but it’s enough to get us excited. 

The AV320 made a great first impression when we 
rolled the preloaded MPEG-4 of Ice Age. Not only did the
picture look good (with occasional blockiness) on the 3.8-
inch screen, it held up when piped into our 42-inch plasma.
Disappointingly, however, we noticed a big drop in quality
between the Ice Age file and material we recorded our-
selves. Upon investigation, we found that the Ice Age file
had been recorded at 640 by 304 pixels, whereas line-in
recording on the Archos is limited to 304 by 224 pixels.
This isn’t a complete deal-killer—the lower-resolution files
look fine on Archos’s built-in screen, and the process is 
simple (plug in a composite or S-video source, play the

master, and hit record). Just don’t expect these files to look
good on larger displays. You can get high-quality video
files by ripping to a PC, encoding in MPEG-4 format, then
loading them via USB. It works, but isn’t what you’d call 
elegant. (Plus, higher-resolution files eat up more storage
space, cutting into the advertised 40-hour recording time.)

We also tried a prototype of the AVCam 300, which
attaches to the unit and turns it into a combo MPEG-4 
camcorder and 3.3MP 3X-optical-zoom still camera. Again, 
the quality is adequate for viewing on the AV320, but
video playback on a large screen will disappoint. Also, 
the indoor video and still images we shot were dark, and
the still camera’s shutter is a little slow off the mark.

We expect combo audio-video jukeboxes to be breath-
ing down the necks of MP3-only players within another
year or so. There are limitations, such as size (screens are
one thing you don’t want miniaturized), price and durability,
but we dare you to tell us you don’t want a video panel on
the back of your iPod.—SUZANNE KANTRA KIRSCHNER

Multimedia
A-Go-Go
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THE WIRE
09.03❯❯

❯❯of U.S. households have a videogame console.*

A TIVO FOR YOUR TUNES
Imagine a personal radio recorder. It would auto-
matically record your favorite talk shows, play tracks
by your favorite musicians, recommend artists that
might interest you, and let you rate content so 
you don’t have to suffer through the thousandth 
airing of that %&#*! Justin Timberlake song.
Combine that power with the giant trove of
content available on Sirius or XM satellite
radio (100 channels apiece) and you’d
have one cool product. Too bad it doesn’t
exist. Pogo’s Radio Your Way, however, 
is a baby step in the right direction. 

This pocket-size AM/FM radio lets you
record off the air either with the push of a but-
ton or on a scheduled basis (as long as you’re
prepared to read the documentation; Pogo’s
user interface needs work). Pogo also functions
as an MP3 player, and although its onboard mem-
ory is puzzlingly paltry (32MB), the unit has an SD card
slot that can give you up to a gigabyte of breathing room. 
If you run out of space but don’t want to lose anything, you 
can upload radio or voice recordings to your home PC. 

In the not-too-distant future, we may see a few more smart radios on the market.
Gotuit Audio is working on a car-based unit, and a pocket-size TiVo-style satellite
radio may not be too far behind. Sirius Satellite Radio reportedly has something
along those lines in the works for later this year.—SUZANNE KANTRA KIRSCHNER

CALL ME A CAB
London is testing the world’s first hail-a-
cab-with-your-cellphone service. Is it
any match for sticking out your hand?

6 p.m. Monday. The whole of London and I are
desperate to get to the pub. In an attempt to outwit
them, I try Zingo, the new London-based service
that says they can find you a cab in record time
using cellphone and GPS technology. 

After 5 minutes on hold (and several empty
cabs), I’m connected to the operator. She can’t
retrieve my location automatically since the service
only functions directly with three cellphone net-
works, none of which I’m on. But I tell her my 
location and she connects me to the nearest Zingo-

enabled driver, who arrives in about 7 minutes. Final tally: 15 minutes and 12
missed cabs (to be fair, best results would come from a Zingo-compatible phone).

Four pints later, I give Zingo another go. I still have to wait for an operator, but
after being connected, the driver comes to my location in about 3 minutes. 

The verdict? Until more cabs are GPS-enabled and other cell networks sign on,
Zingo isn’t worth the £1.60 (about $2.50) service fee. But for Friday nights when 
a 20-minute cab wait is standard, it could definitely come in handy.—TRACY ERB

❯❯ Two new smoke detectors can
provide personalized informa-

tion. First Alert’s Model SC07 ($50)
tells you where in your house a
smoke detector is sounding, while
Smart Safety System’s KidSmart Vocal
Smoke Detector ($50) lets you record
evacuation directions for your chil-
dren. ❯❯ Nikon is building a 4.1MP
digital SLR for sports photographers.
A joint field-effect transistor sensor
will provide ultrafast processing, then
Wi-Fi will transmit images to a PC so
the photographer can keep shooting.
❯❯ This fall you’ll be able to buy
Rayovac’s 15-minute NiMH
Rechargeable System ($25). A four-
pack of AA or AAA batteries will run
about $15 and will charge four times
faster than conventional NiMHs. ❯❯
TiVo just launched TiVo Basic, a free
service that offers three days of pro-
gram data but doesn’t allow title
searches or season passes to auto-
matically record programs. (Full TiVo
service costs $12.95 per month.) You
can use TiVo Basic on Toshiba’s SD-
H400 ($549) personal video recorder
(PVR) and Pioneer’s DVR-810H
($1,199) PVR. The Toshiba unit also
plays DVDs, while the Pioneer can
play and record them. ❯❯ About the

size of a pen, Mountain
Safety Research’s MIOX
Purifier (left, $129) uses
clean water, salt and 
a battery to create a
chemical solution capa-
ble of purifying up to 
4 liters of water. ❯❯
Pioneer’s HTD-630DV
($800) home-theater-in-
a-box kit is the first to
come with wireless rear
channel speakers. The

speakers can also be used as dupli-
cate speakers in another room up to
33 feet from the included receiver. 
❯❯ Black & Decker’s versatile 14.4-volt
Cordless Multi-tool ($139) has attach-
ments that let it switch between circu-
lar saw, router, sander, jigsaw and
drill/driver tasks. ❯❯ Buffalo
Technology’s AirStation G54 line of
802.11g (54Mbps) wireless network-
ing products are designed to let you
extend the range of your home net-
work with inexpensive repeaters
($149). ❯❯ GE’s Global Research
Center is working to create household
lighting out of energy-saving organic
light-emitting diodes (OLEDs) within
the next 5 to 10 years. Estimates
project that units like these could
reduce lighting power consumption
50 percent by the year 2010.

*SOURCE:  JUP ITER  RESEARCH

48%
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MAN &
MACHINE
BY STEPHAN WILKINSON

HARD, FAST, SHINY OBJECTS & 
WHY WE LOVE THEM How to Clip the Apex

LikeaReal Pro
If you don’t know how to handle a high-performance car, the
local highway isn’t the place to learn. Get thee to a car club.

SOMEWHERE OUT THERE IS A KID
in a red BMW 325 with a ski 

rack who thinks he spanked my well-
modified ’83 Porsche 911 the other day.
He came up on my rear bumper on
Route 9W looking for a fight, blew past
at 65 mph, and wailed away at what 
I guess to be about 90 mph. He’s prob-
ably wondering why a poseur has a roll
bar and speed-equipment stickers on
his rear quarter window yet drives like
he votes in St. Petersburg.

As I watched him disappear in the
distance, I thought to myself, Have a
nice day, 2Fast 2Stupid, I’m going to
the track tomorrow.

No, I’ll never be a racer; I’m way too
inept to ever bang fenders at Watkins
Glen. But every couple of months, I
rent the racetrack at Lime Rock or
Pocono and go play. My daughter often
comes along, and we take turns driving
the little yellow coupe. We do this for
about $100 a day.

I’ll explain the how in a moment,
but here’s the why. Our car culture tells
us to buy machines that are fast
enough to get any ordinary driver into
a world of hurt in about six seconds.
No doubt, as I write this another
expensive crew is shooting another 
TV ad showing a sports sedan carving 

corners, tach at the redline, along a
magically traffic-free road. Never mind
the silly, small-print caveats in those
ads (closed course, professional driver,
don’t try this at home), the message 
is clear: Buy a high-performance auto-
mobile and drive it as if you knew
how. Yet aside from the tiny minority
of drivers who attend performance-
driving schools, we don’t know how. 

Performance-driving schools cost
thousands. Here’s how I get my
Porsche onto a racetrack for a hundred
bucks: About 150 other drivers and I
rent said track under the auspices of
the Porsche Club of America, and the 



mazdaUSA.com


C-note—the cost varies a bit depending
upon the track and the sponsoring PCA
region—is the fee to participate in a
driver-education day. This basically
consists of screaming around the track
as fast as you’re able to, with a club
instructor—usually a serious amateur
racer—in the right-hand seat. It isn’t
racing, but it can push you to the limit
of your driving skills in a much safer,
smarter way than tearing up 9W.

One of the best-kept secrets of enthu-
siast driving is that a number of marque
clubs do much the same thing as
Porsche’s, and many of them welcome

a variety of other models. The events
are low-key and noncompetitive, and
nobody worries about whether you are a
speed bump or a budding Schumacher.
Cars are allowed to pass only on selected
straights and only after the slower 
driver has signaled. It’s probably safer
than the drive to the track. The only
requirements: a willingness to learn,
have a good time, and wear a helmet.

At 07:00 on a ceiling-zero foggy
June morning in Watkins Glen, New
York, I find my way from the woodsy
Seneca Lodge to the track and, as
always, am humbled by the variety of
Porsches present. My ’83 is an antique
among Twin Turbos, full-race Cup cars,
GT2s and specials that arrived in
enclosed trailers. Never mind. I also
see Boxsters with friction-tape num-
bers on their doors, older guys 
in brand-new water-pumper 996s
who’ve never come close to 90, and a
harried woman who can’t find the
tech-inspection line for her Targa.

Instructor Jim Lewis jumps in and
says, “We’re gonna have fun today!”
His enthusiasm is calming, and as our
queue of M&M–colored cars snakes

out onto the track, Lewis gives me the
rundown. Cars are divided into four or
five groups depending on the driver’s
experience. The higher categories can
circulate without instructors. I, of
course, am in the St. Petersburg class.

“There are four keys to driving fast,”
Lewis says. “Line, smoothness, vision
and focus.”

Line is obvious: It’s the one best way
through a corner, cutting an arc from
turn-in (the first turn of the wheel) to
apex (the point at which you clip the
inside edge of the track) to track-out
(the point at which the car comes 

closest to the outermost edge of the
track) so that you don’t lose any more
speed than necessary and come out of
the corner as fast as possible. Fast out is
way better than fast in. “Apex late is
great,” racers say, because then you’re
pointed pretty much toward whatever
straight follows. Apex early and you’ll
be scrubbing around the next two-
thirds of the turn losing speed. “Clip-
ping the apex” isn’t that hard, even for
novices, but if you then proceed to over-
shoot the outer edge of the track by a
few inches, you’ve got a wheel off and
are into a lesson in deep trouble—most
typically a correction and counter-
correction that usually leads to a spin. 

Smoothness is a skill that entirely
escapes go-for-it street racers and is
hard for novice closed-course road rac-
ers to achieve as well. Smoothness
means maintaining the chassis’s bal-
ance. Whenever you hit the brakes,
stab the throttle, or turn the steering
wheel, the car pitches, yaws, or rolls
around its center of gravity. Brake hard
and the car bobs forward, putting lots
of weight on the front tires but light-
ening the rears—which may then

MAN &
MACHINE 

“You start thinking, Oh, man, 
I nailed that corner, I’m so cool, and before you
know it, you’re into the next turn too fast.”

Smoothly steer your comments to Stephan Wilkinson at manandmachine@time4.com

mailto:manandmachine@time4.com
mslt4tires.com


begin to slide sideways and spin.
Whack the gas to the floor coming out
of a corner and the reverse happens,
lightening the front wheels and mak-
ing it harder for them to steer. Jerk the
steering wheel and the car throws its
weight to one side or the other, which
doesn’t help directional control either.

So brake firmly but progressively,
and in a straight line, not while turn-
ing. Don’t jump on the gas; rather,
squeeze it like a trigger. And steer
smoothly, not making macho correc-
tions and countersteers to look cool.

Vision is another tricky one. Most
of us stare at the inside curb of the
corner we’re going through, concen-
trating on the apex. When we clip it,
we look up and start thinking about
the next one. Bad idea. When you’re
into a corner and have established
your arc to the apex, look for the track-
out point. As soon as you know where
track-out is, look for the next corner.
A car will tend to go where you’re
looking; there’s feedback between eye-
balls and hands.

As for focus, even the pros some-
times let their minds wander in a car
going fast, and that is not good. “I’ve
done it myself,” Lewis says. “You start
thinking, Oh, man, I nailed that corner,
I’m an ace, I’m so cool, and before you
know it, you’re into the next turn too
fast or off line.” Only a racer knows
how hard it is to stay focused, and only
a couch-bound idiot would ask Nascar
drivers how hard it is to turn left. 

As I said, this isn’t racing. But it is a
smart way to push your machine, if
not to its limits at least to yours. Of
course, enthusiast clubs aren’t going to
let you on the track with Mom’s Crown
Vic. But if you drive a car with sport-
ing pretensions—even a red BMW
with a ski rack—you can probably find
a group that’ll let you aboard. ■

CAR CLUBS ON THE WEB: 
www.audiclubna.org (other makes welcome)
www.bmwcca.org (other makes welcome)
www.corvair.org (other makes welcome)
www.ferrariclubofamerica.org (Ferraris only)
www.jcna.com (Jags; other makes welcome)
www.mbca.org (Mercedes; others welcome)
www.pca.org (Porsches only)
www.porscheclub.com (others welcome)

http://www.audiclubna.org
http://www.bmwcca.org
http://www.corvair.org
http://www.ferrariclubofamerica.org
http://www.jcna.com
http://www.mbca.org
http://www.pca.org
http://www.porscheclub.com
www.xypexhd-150.com
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BY PAUL WALLICH

WHAT’S UP IN 
THE WIRED WORKSHOP HijackingYour Cute

LittleVacuum Bot
The Roomba is a tempting hacker target: big payload, multiple
onboard sensors. But its cleaning duties get in the way. 

WHEN ARTIFICIAL INTELLIGENCE
was all the rage in the 1980s,

researchers joked that by the turn of the
century, smart vacuum cleaners built in
Japan would be cleaning smart tanks
built in the United States. As it turns
out, though, a few years into the 
new century the vacuum bot that is
grinding across the floors of gadget
freaks around the nation is American-
designed. Produced by iRobot, a Massa-
chusetts company that also makes pack
robots for the Defense Department, this
not-very-smart but persistent floor
cleaner, looking a bit like a hugely preg-
nant Frisbee, scoops up dust, wood
chips, cat hair and other lightweight
trash for anyone with no patience for
housework and $200 to spare. The
Roomba bounces delicately off walls
and furniture in a crazy-quilt pattern
designed to cover every inch of a room
at least once during an hour-long clean-
ing cycle. Mine scares me a little and
fascinates our domestic carnivores. 

To at least one budding appliance
hacker, however, this useful little house-
hold robot has proved irresistible—
if tricky to control. Hobbyists and
researchers spend hundreds of hours
and thousands of dollars developing
mobile robots that can reliably cross 
a room carrying a load of sensors 
and computing gear. In the Roomba,
computer-security consultant Jake Luck
saw a nearly perfect prebuilt robotic
platform, one with multiple sensors
already built in. Sure, it also carried a
floor brush, but that ought to be easy
enough to fix. 

Luck had never taken apart a 
vacuum cleaner before he and John



Ioannidis (a network and mobile gizmo
guru at AT&T Labs) took the Roomba
into the lab. Under the hood they found
a remarkably simple, robust design,
with no extraneous mechanical parts.
For example, on the spring-loaded
bumper that tells the Roomba that it
just ran into something, plastic tabs do
a job usually performed by finicky
microswitches. When the bumper
recoils, one of the tabs gets shoved into
the path between a matching LED and a
phototransistor. With two tabs, the CPU
can figure out which part of the
bumper hit an obstruction. Other banks
of light emitters and detectors tell the
robot whether it’s heading over the
edge of a flight of stairs and how closely
it’s following a wall. (The bot also comes
with a “virtual wall”—a small box that
emits an infrared beam to fence the
Roomba in; sensors on the Roomba
activate software that prevents it from
crossing the infrared line on the floor.)

When Luck and Ioannidis put their
pioneering disassembly guide on the
Web, they received a congratulatory 
e-mail from the Roomba’s designers,
but they have not detected a national
groundswell in Roomba hacking. Luck
guesses this may be because the $200 
vacuum cleaner is good at a job that
hackers aren’t interested in doing them-
selves—housework—why mess with it? 

“That’s the ultimate compliment,”
says former iRobot engineer Phil
Mass, laughing: “To not want to hack
it because it does its job so well.” Mass
has good reason to feel satisfied: He
spent the better part of three years
writing and polishing the thousands
of lines of code that give the Roomba
its hardworking personality.

Mass, Chris Casey and Elliot Mack,
part of the team that built the 
vacuum’s electronic and mechanical
systems, had in fact hoped that the
Roomba would intrigue robotics
enthusiasts (Sony’s robo-pooch Aibo
launched a hacking wave, though the
company initially fought the trend,
citing the Digital Millennium Copy-
right Act when it went after code-
disseminating Web sites). As it hap-
pened, designing a reliable consumer
appliance out of a few dozen dollars’
worth of metal, silicon and plastic
required some decisions that make a
hacker’s job easier—and others that
make it a real pain. For example, says

Casey, hacking and penny-pinching
instincts converge in the modular con-
nectors that carry power to the wheels
and sensor data back to the main
board. It was much cheaper for the 
Chinese company that assembles the
bot to build the internal circuitry in sep-
arate pieces—and it’s a trivial task for a
hobbyist to hook into those circuits.

Getting at the software, on the other
hand, is impossible: It’s burned into a
ROM on the microcontroller chip,

which in turn is soldered onto the
main board. And that buried software
poses a real dilemma for Luck and
Ioannidis—or any other hackers who
want to put the Roomba under remote
computer control.

On the one hand, the CPU executes
arcane signal-processing tricks to coax
intelligible information out of the bot’s
relatively primitive sensors. Simply
chopping the CPU out would force a
hacker to rebuild the robot’s control

www.newcig.com


system from scratch—that is, throw
Mass’s three years of elegant work out
the window. On the other hand, most of
the Roomba’s programmed responses
to outside events—like bumping into a
wall—are pseudorandomized to pre-
vent the machine from, say, bouncing

endlessly back and forth between two
legs of a chair. If it receives a signal
from object sensor A one time, it will
move in direction B; if it receives the
same signal again, it may move in
direction C. This room-coverage algo-
rithm makes the bot good at its job, but
the hacker who wants to gain control
by “spoofing” the sensor’s signal to the

CPU is trying to take the reins of a frac-
tious bronco. He might be able to get
the thing going in the right general
direction, but precise navigation is out.
The robot has a much more predictable
response to the virtual-wall sensor, says
Mass: It simply turns away from the

infrared beam until it can’t see it 
anymore, so spoofing that signal will
probably be the best bet. 

Once you’ve finessed this and have
a controllable Roomba, what do you do
with it? There are plenty of possibilities,
says Mack. A Roomba gutted of its
cleaning equipment is a versatile plat-
form that rolls around reliably without

getting stuck in corners or trapped
behind furniture, and it has plenty of
payload capacity. Something roughly
half again the size of a fat trade paper-
back could be stuffed inside the 
injection-molded shell. I loaded a five-
pound bag of flour on my machine
without substantially impairing its
mobility, and there are about 25 watts
of power to spare, according to Casey.

Luck entertains visions of a couple of
webcams and a laptop running image-
processing software—with maybe a
baby robotic arm attached. I’m thinking
a camcorder and a tiny spotlight to help
me investigate whether it’s time to
spring for the undercoating cycle at the
local car wash. Ioannidis says he’d love
to figure out a way for a swarm of
Roombas to clean a really big space—or
pit a hacked Roomba against a hacked
Aibo in a steel-cage death match. That
would be worth watching: loyal dog bot
against loyal vacuum bot. ■

GEEK
DIY 

The hacker who wants to get
control of the vacuum bot is trying to  

take the reins of a fractious bronco.

www.vectormfg.com
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billions of strands that con-
form to whatever the gecko 
is crawling over. Such intimate
contact, the team found, sparks
weak electrical attraction
between molecules. A single
gecko hairlet, Autumn calcu-
lated, can lift the weight of an
ant. Billions of them working
together could theoretically
hoist a 280-pound man.

Who is taking interest in
gecko tape? “Every company
you could imagine,” Autumn
says. Ideas already being 
considered range from the
world’s most durable Post-it
notes to safer tires to pinch-
less Band-Aids. Autumn also
recently teamed up with Mar-
tin Buehler, director of McGill
University’s Ambulatory
Robotics Lab, and Robert Full,
director of the Poly-PEDAL
Lab at the University of Cali-
fornia, Berkeley, to develop
wall-climbing robots. “My
dream,” says Autumn, “is to
see a swarm of these scramble
across the surface of Mars.”

It may be a long wait. Geim
reported that his tape quickly
lost its tack and became
clogged with gunk, raising
one of many unanswered
questions: How does the
gecko retain its cling living 
in a crud-filled environment?
“So far, nature has proven to
be smarter than we are,”
Geim says.—MICHAEL STROH

mimic those found on the
bottom of gecko feet. A palm-
size strip, they calculated,
could support the weight of
an adult human. Since Geim
had produced only a square
centimeter of the gecko tape,
he proved its mettle by cheek-
ily affixing a sliver to the
palm of a Spider-Man figure,
which successfully suspended
itself from a glass sheet.

Biologist Kellar Autumn of
Lewis and Clark College is
also developing a biologically
inspired adhesive. He and his
teammates, in fact, were the
first to figure out that the
gecko’s gravity-defying grip
stems from one of the animal

world’s worst
cases of split
ends and a quirky

feature of quan-
tum mechanics

known as van der
Waals forces. 
A look under an

electron microscope
shows that the hairs 

carpeting the bottom of a
gecko’s feet are frayed into
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ISS TRANSPORT Space 

delivery on a budget.

CELLPHONES People-hunting
with your mobile.

HIV SCREENING A new test
turns days to minutes. 

TEST-TUBE JAVA Good to the
last GM drop.

BIG GUNS Rate your 
favorite war gadget!
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Discoveries, Advances & Debates in Science and the World

BIOMIMETICS

CHASING THE
WILY GECKO TOE
Nature’s stickiest fingers inspire a push for new super-cling technology.   

How to make an engineer
drool: Demonstrate a gecko’s
quadriped prowess. Whether
skedaddling up sheer glass 
or hanging tail-side up by a
single gluey toe, these lithe
lizards are now the focus of
an international scramble to
bottle the secret to their long-
wearing stick.

This June, physicist Andre
Geim of the University of
Manchester and colleagues
announced they had taken a
significant step in that direc-
tion by fabricating a flexible
tape studded with millions 
of synthetic hairs—each less
than two microns tall—that
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THIS GECKO PAW HAS
MILLIONS OF DRY,

STICKY HAIRS. EACH
ONE BRANCHES INTO

UP TO 1,000 SPLIT
ENDS (INSET, x48,000).  
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An innovative, odd-looking space
parachute could soon improve
the International Space Station’s
postal system. The space shuttle
Columbia disaster highlighted
the lack of ISS-to-Earth options;
the shuttles are still grounded,
and only Russian Soyuz capsules
remain viable. One solution may
be the Inflatable Reentry and
Descent Technology (IRDT),
which could safely carry up to

250-kilogram payloads to and
from Earth. IRDT could help 
the station further its science
work—every experiment sent
down vacates space for a new
one. “There are people standing
in line to use the facility, and
there are users waiting to have
their samples returned,” says
Chris Gilbert of German aero-
space giant Astrium GmbH. 

Astrium and Russia’s Babakin

SPACE

A MAIL DROP FROM
THE EDGE OF SPACE 
A new inflatable cargo carrier could ease ISS storage woes. 

Science and Research Space Cen-
ter hope to drum up European
Space Agency interest with a
flight test this fall. A Russian
Volna missile will deliver IRDT 
to space, where it will break off
and descend back to Earth, ideally
with its payload intact. 

For the real deal, IRDT’s backers
envision a different flight path.
After it hitches a ride up to the ISS
with either a Russian Progress
freighter or the ESA’s upcoming
Automated Transfer Vehicle, astro-
nauts unload its cargo and repack
it with experiments or equipment.
For the trip home, IRDT piggy-
backs on the Progress or ATV, both
of which are one-way ships that
incinerate on reentry into the
atmosphere. Right before burn-up,

1Payload packed, the Inflatable Reentry and
Descent Technology (IRDT) capsule leaves 

the ISS on ESA’s Automated Transfer Vehicle,
then splits off for a solo descent to Earth.

2 At 100 km, a gas generator inflates the
first deceleration cone, slowing IRDT from

top speeds of 25,200 kilometers per hour. 
A thermal shield prevents the device from
burning up on reentry into the atmosphere.

3After the capsule
slows to subsonic

speeds, the second
inflatable cone bursts
out at 25 km. Although
IRDT is still moving fast,
its design keeps it aero-
dynamically stable.

Equipment container

First inflatable 
deceleration cone 

Thermal shield

Second inflatable
deceleration cone

Aerodynamic nose cone

A NEW DELIVERY VAN FOR THE ISS
The space station is cramped. Here, one way to bring experiments home. 
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An estimated 200,000 Americans don’t know they
are infected with the human immunodeficiency
virus, or HIV. Now the government is banking on
the vast distribution of an on-the-spot HIV test,
called OraQuick, to make those unaware of their 
condition aware. And fast. 

Testing, of course, has long been a critical piece of
HIV prevention campaigns—those who learn they
have the virus are far less likely to pass it on to 
others. But a traditional lab-based test requires 
a large blood sample, which must be drawn by a
medical professional, and necessitates a two-week
wait for results. Each year, an estimated one-third 
of those who test positive never return to check their
status, says Dr. Bernard Branson of the Centers for
Disease Control and Prevention.

With OraQuick, there’s little time for second
thoughts. Anyone with simple training can adminis-
ter the test, which is as easy as pricking a finger,
and the results appear in less than 20 minutes. The
test has an accuracy rate of 99.6 percent, on par
with conventional tests. Since the FDA approved its
use in hospitals and clinics last November, the rapid
test has received uncharacteristic praise from public
health officials. The CDC, for instance, has made
OraQuick the centerpiece of a $35 million push to
revamp federal prevention efforts. The agency
recently purchased 250,000 kits from manufacturer
OraSure Technologies for nationwide pilot testing. 

At the heart of the test: a strip of noninfectious
synthetic proteins built to mimic structures found inside and outside the HIV
virus. If HIV antibodies are present in the blood sample, they attack and bind to
the proteins, triggering two pink lines to appear on the testing device. The basic
science needed to invent the test, says OraSure chief science officer Sam Nied-
bala, took nearly 20 years of collaborative work by worldwide research teams.
There were also social hurdles to clear, mainly the possible dire consequences of
a positive reading with no counselor on hand. (For that reason, you won’t find
OraQuick at your local drugstore.) Next, the company hopes to make testing
even easier by replacing OraQuick’s lancet with a cheek-swabbing device that
is currently in clinical trials around the country.—ABBY CHRISTOPHER

IRDT splits off from the ship and
free-falls toward Earth. One decel-
eration cone inflates at the edge of
space; the other farther down, at
an altitude of 25 km. This fall’s test
will end in a water landing in the
Barents Sea, but Astrium’s Chris
Gilbert says that terrestrial touch-
downs are also feasible. In both
cases, shock absorbers cushion the
impact, but for sensitive cargo the
group may use retro rockets or
parasails as a third braking feature.

IRDT’s delivery costs are less
than the shuttle’s $25,000 per kg
—making it an attractive option
for ESA, which relies solely on
NASA’s fleet. Future versions of
IRDT include skyscraper escape
systems and an emergency astro-
naut return vehicle.—GREGORY MONE

MEDICAL TESTS

TWENTY MINUTES TO 
POSITIVE OR NEGATIVE
Finally, a simple, fast test for HIV.

1

2

3 4 5

A LANCET DRAWS A BLOOD DROPLET (1), WHICH IS SCOOPED UP BY A PLASTIC
SPECIMEN LOOP (2). THE SAMPLE IS MIXED WITH A DEVELOPING SOLUTION (3). 
A TEST-READING DEVICE IS DIPPED INTO THE VIAL AND SITS FOR 20 MINUTES (4). 
A SINGLE PINK LINE AT THE CONTROL AREA (C) MEANS THE TEST IS NEGATIVE (5).

4 IRDT may be 
traveling as fast as

36 kph at touchdown,
but shock absorbers
and a flexible nose
cone cushion the pay-
load. Engineers may
add parasails for the
final leg of the flight.

4 IRDT may be 
traveling as fast as

36 kph at touchdown,
but shock absorbers
and a flexible nose
cone cushion the pay-
load. Engineers may
add parasails for the
final leg of the flight.
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CELLPHONE TRENDS

TRACEABLE NATION
What’s a little loss of privacy in exchange for a hot date?

THE POPSCI OPINION POLL
BASED ON 1,281 RESPONSES POSTED
TO POPSCI.COM FROM 6/3 TO 7/7

[NO]

40%

[YES]

60%

LAST MONTH
WE ASKED: 

SHOULD THE
SHUTTLE BE
CLEARED FOR
TAKEOFF
WITHOUT AN
IN-FLIGHT
CREW ESCAPE
SYSTEM, SUCH
AS EJECTION
SEATS OR A
DETACHABLE
CREW POD? 

THIS MONTH’S 
OPINION POLL:
WOULD YOU
SUBSCRIBE TO
A CELLPHONE 
SERVICE THAT
BROADCASTS
YOUR 
LOCATION 
TO OTHER
USERS ?
WEIGH IN AT
WWW.POPSCI.COM/
OPINION

When SARS swept through Hong
Kong last spring, some jittery 
citizens turned not just to surgical
masks but also to cellphones for
protection against the killer virus,
dialing up a text-messaging service
for the addresses of the closest
contaminated buildings.

In Tokyo, meanwhile, Japanese
singles can punch up profiles of
prospective mates strolling the
same stretch of sidewalk. In Hel-
sinki, cell-slinging Finns stalk 
one another in a game called 

BotFighters. The object: To “kill”
opponents with text-message mis-
siles when they trot into range.

Welcome to the world of 
location-based services, exploited
by cellphones capable of broad-
casting their precise whereabouts.
From directions to dating, applica-
tions supported by this technology
are booming across Asia and
Europe. “It gives you a crystal ball
into what may happen in the U.S.,”
says industry analyst Tole Hart. 

Hyped for years as a way for

retailers to beam ads to passersby,
location-based services have failed
to take off here; U.S. carriers have
resisted due to the pricey network
upgrades needed to make them
possible. Now the carriers have no
choice. To improve wireless 911
service, the FCC is requiring carri-
ers to be able to pinpoint sub-
scribers to within 100 meters by
December 2005. 

Companies are turning to two
vastly different solutions to meet
the mandate. Nextel and Verizon

Wireless have opted for a
scheme in which handsets
with built-in GPS chips
retrieve location information
from orbiting satellites. The
technology, dubbed Assisted
GPS, also relies on the cellu-
lar network to do some of
the tracking. AT&T Wireless,
Cingular and T-Mobile have
employed another tech-
nique, called Uplink Time
Difference of Arrival, which
triangulates a caller’s loca-
tion using three or more cell
towers. Although slightly
less precise than Assisted
GPS, it works with older
bricklike mobiles.

The first major wave of
location services could
beam to the U.S. as early 
as Christmas, when 44 per-

cent of the nation’s 149.2 million
cellphone subscribers are expected
to be traceable, according to the
research firm In-Stat/MDR. Initial
offerings are likely to include
ways to find the nearest ATM
machine or coffee shop. And the
Los Angeles company Moviso is
developing a location-based cell-
phone dating service that will be
available in some U.S. cities by
year’s end. Offbeat games—and
privacy complaints—are sure to
follow.—MICHAEL STROH

http://popsci.com
http://www.popsci.com/opinion
http://www.popsci.com/opinion
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A small start-up in Berkeley, Cali-
fornia, called Dust is building an
army of ant-size smart sensors
that, in a few years, could moni-
tor everything from habitat loss
in the rain forest to consumer
shopping preferences at the mall.

Kris Pister, an electrical engi-
neer at the University of Califor-
nia, Berkeley, and co-founder of
Dust, first developed the wireless
sensors, or motes, in the late 1990s
for the military. Littered across 
a battlefield and equipped with

temperature and motion sensors,
mote networks can monitor troop
movement and weather condi-
tions. Now, says Pister, the tech-
nology is ready for civilian life. 

This fall, Dust’s first commercial
customer, Honeywell, will com-
plete pilot testing of 50 matchbox-
size motes monitoring electricity

usage in a Midwestern grocery
store. Each mote, which contains a
microprocessor, a lithium battery, a
low-power radio transceiver and a
few kilobytes of memory, is fixed
to a refrigerator’s coil transformer
and is located no farther than 100
meters from the next one (the
maximum distance a signal can 
be transmitted or received). When
the voltage spikes, the sensor
“wakes up” and fires off a signal 
to another mote, which in turn
awakens and ships the info off to
the next closest mote, until the sig-
nal reaches a gateway that pushes
the data to the store’s server. 

EMBEDDED NETWORKS

THE MOTE
INVASION
Miniature wireless computer
networks go commercial.

Here’s another item to make the foes of genetically modified foods jittery: decaf coffee with
the same smoothness, aroma and taste as a regular cup of joe—minus the kick in the pants.
Well, almost. While scientists at the Nara Institute of Science and Technology in Japan have,
for the first time, grown genetically engineered coffee plants that contain 70 percent less caf-
feine than normal, it will take upwards of four years for the plants to sprout beans. Then it
will take a few more years for the crop to brew through the regulatory process in both Japan
and the United States. Hiroshi Sano thinks the beans will be worth the wait. The Nara
researcher says his GM coffee will taste dramatically better than normal decaf, which loses

much of its flavor and aroma through an extracting procedure that squeezes out the caffeine as well as some of the tasty
compounds. Instead, Sano has “knocked out” the enzyme that instructs the plant to make caffeine. Could Sano make a cof-
fee plant with more caffeine? As yet, nobody has raised the subject. Consider it raised.—MICHAEL ROSENWALD

GMO UPDATE

MORE FLAVOR, LESS DNA 
Japan grows the world’s first genetically modified decaf coffee bean.

This leapfrog scheme has big
advantages: Shorter transmission
distances mean less power con-
sumed and thus longer battery 
life. And having to hardwire con-
nections between refrigeration
sensors can cost $500–$600 per
device—about 10 times more
than a single mote. 

In less than five years, Pister
predicts, the motes will shrink to
about the size of an ant, come
equipped with cameras, and cost
less than $1.50 each. At that
price, he says, motes will be
everywhere, “from the boardroom
to the bedroom.”—LEE BRUNO

NEXT-GENERATION MOTES COULD
BE AS SMALL AS THIS 16-MM3

PROTOTYPE CREATED BY DUST. THE
DEVICE IS SOLAR-POWERED AND
EQUIPPED WITH A LIGHT SENSOR

AND ACCELEROMETER.  

SMART DUST IN THE PIPELINE
Motes deployed at regular intervals
along an oil pipeline could wirelessly
monitor for leaks by detecting pres-
sure changes. If sprinkled into the
oil, they could gauge flow rates.

Inside a mote
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NANOTECHNOLOGY

GOT
FILTHY
WATER?
Don’t worry, the nano things
will clean it up.

NANOSCALE IRON PARTI-
CLES, MAGNIFIED HERE BY
AN ELECTRON MICRO-
SCOPE, CAN CLEAN UP
INDUSTRIAL SOLVENTS,
PESTICIDES AND OTHER
WATER POLLUTANTS.

SHRINKAGE

NEW FUEL
FOR WAR

Within 3 to 5 years 
a mini fuel-cell power
system could replace the
conventional batteries
that run small electronic
gadgets used on the 
battlefield, such as hand-
helds and remote bio-
hazard sensors. The 
system, in the works at
the Pacific Northwest
National Laboratory,
runs on an eraser-size
fuel processor (below). 
It weighs a gram and
generates hydrogen gas
from fuels like methanol
and butane. The gas
then moves into a fuel
cell to produce electricity.
The system has the same
power capacity as a 
similar-size battery—
about 20 milliwatts—but
weighs one-third less.

While nuclear waste and biochem-
ical terrorism steal headlines,
water pollution quietly continues
its noxious business. Toxic water
is a factor in the death of more
than 15 million children yearly.
And the United Nations predicts
that in 25 years nearly two-thirds
of the world’s population won’t
have access to clean water.

The sensible solution—resist-
ing the urge to use oceans, rivers
and aquifers as waste manage-
ment—is unlikely to catch on
soon. Meanwhile, scientists are
eyeing a more practical fix:
molecular-scale pollution-eaters
called nanoparticles. Pumped into
groundwater or sprinkled over an
oil spill, the inorganic molecules,
each less than a billionth of a
meter, dissolve pollutants without
creating harmful by-products,
researchers claim.

Leading green nanoresearch 
is Wei-xian Zhang, an environ-
mental engineering professor at
Lehigh University in Pennsylvania.
Zhang’s team has synthesized an
iron particle less than 50 nano-
meters in diameter (slightly larger
than a virus) that restores polluted
groundwater faster, less expen-
sively and more effectively than
traditional cleanup methods. 

Using iron to purify water is
nothing new. Current techniques
pump contaminated water into
large trenches, where it is treated
with millimeter-size iron filings.
As the iron corrodes, it converts
waste into harmless hydrocarbons
and chlorides. At the nanoscale,
however, iron can be seeded

directly into the groundwater.
Even better, the particles’ larger
surface area boosts their reactive
powers, so they deactivate more
toxins more quickly. Zhang has
successfully tested his cleaning
method at several industrial sites
and this year received $300,000
from the Environmental Protec-
tion Agency to begin tests on
nuclear waste.

Other green nanoparticles are 
in the works. Clemens Burda of
Case Western Reserve University
has developed nano-size titanium 
dioxide that he says will eat up 
oil and sewage spills. And in the
near future, NASA plans to test
clog-free long-lasting water filter
fibers that employ aluminum 
hydroxide (2 nanometers in dia-
meter) to trap bacteria and viruses.

Burda, like Zhang, is confident
his particles are benign but calls
for more safety testing. The sci-
ence is still young, he says, and lit-
tle is known about the long-term
impact of cleaners so small they
could slip into a cell.—ALEX LASH
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FLEX
SCREENS

A thin, more flexible
electronic display could
lead to actual e-news-
papers as early as 2006,
scientists say. With E
Ink’s active-matrix elec-
tronic ink display, you
might even be able to
roll it up like a traditional
news rag. A mere 0.3
mm thick, the palm-size
display, which includes
a silicon-based thin-film
transistor and millions 
of microcapsules, can 
be bent or rolled without
compromising its 96-dpi
resolution—roughly
equivalent to a digital
camera’s screen. The
display is still wired and
can’t be folded in half,
but E Ink’s Yu Chen says
these hurdles should be
cleared soon. 
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2008 HONEST FOOD Self-monitoring milk cartons contain tiny biosensors that detect the
presence of bacterial toxins and the chemical signature of spoilage. 2010 “POWER”
PLANTS Artificial plants, placed on top of buildings in polluted areas, turn sunlight and
carbon dioxide into alternative fuels. 2013 ANIMATED PACKAGING DVD cases
embedded with organic light-emitting polymers (LEPs) “play” 30-second clips of the
movies they contain. 2025 MICKEY ACHIEVES IMMORTALITY Scientists extend the life
span of mice by 30 years. Thanks to gene modification and nanoscopic robots that
remove toxins from the bloodstream, mice now live to be the human equivalent of 500. 

HEADLINES FROM THE FUTURE BY ANDREW ZOLLI

PREDICTIONS

The collapse of Iraqi forces in the face of the American military may have happened remarkably quickly,
but not so quickly that U.S. forces did not have a chance to deploy new technologies. Weapons and sys-
tems unveiled in Iraq provide a glimpse into the future of U.S. war-fighting. Some weapons, such as the
upgraded Patriot PAC-3 missile interceptor, take existing platforms and make them better, faster and
stronger. Others, like the new FBCB2 enemy mapping system, give soldiers a smarter view of the battle-
field, allowing them to quickly exchange information with fellow soldiers. In the future, Pentagon leaders
believe, the power of information will rival the power of amassed armies. As the initial lessons from Iraq
have demonstrated, the dawn of the information age has arrived on the battlefield. Individually, though,
how did all the new and improved hardware fare?—ANDREW KOCH

MILITARY TECH

GW2 WEAPONS REPORT CARD
Smart weapons played a key role in Iraq. With the dust settled, early ratings are in.

Patriot PAC-3
air and missile
defense system  

Lockheed 
Martin

$2–$3 
million per
missile

Mixed reviews. Two PAC-3
missiles intercepted two Iraqi
ballistic missiles; one
downed a U.S. F/A-18C jet.

Refined targeting accuracy,
stronger radar and more 
precise missile guidance 
than earlier Patriot versions.

AH-64D
Apache Long-
bow helicopter

Boeing $22 million
per vehicle 

Poor debut. Attacks by
small-arms artillery left 27
copters unable to fly. The
Army blames sloppy tactics. 

More powerful radar and
sensors mean the copter 
can operate farther away
from danger.

RQ-4A 
Global Hawk
unmanned air 

vehicle

Northrop 
Grumman

$24 million
per vehicle

Impressive. Global Hawk’s
quick data-gathering helped
troops find and destroy
mobile missile launchers.

New cameras and radars
enable an operator to detect
enemy forces through even
the fiercest sandstorms. 

FBCB2/Blue
Force Tracking
System

Northrop 
Grumman

$10,000
per system 

Worthy. “Friendly” ground
fire resulted in one confirmed
U.S. casualty, versus 35 in
the 1991 Gulf War.

New mapping system reveals
the location of both “friendly”
and enemy forces.

F/A-18E/F 
Super Hornet 
fighter jet

Boeing $55 million
per aircraft 

Versatile fighter. Its aerial
refueling capability helped
alleviate a serious tanking
shortage during the air war. 

Upgraded infrared sensors
help pilots strike targets far-
ther away. The attack jet also
doubles as refueling tanker.

WEAPON MADE BY VERDICTCOST ADVANTAGES
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SOUND & FURY
GE’s pulse-detonation 
test rig, ready for firing. Is this
the engine of the future?
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The race heats up to replace the jet turbine with a more efficient source of Mach-breaking 
airpower: the pulse-detonation engine. By Jim Kelly  Photograph by C. Morlinghaus



AAt first glance, the engine bolted to the test stand looks
like an unlikely candidate to lead an aerospace revolution. Its
size is unimpressive: At about four feet long, it’s dwarfed by
the machinery that feeds it air and fuel, machinery that fills a
house-size structure at the China Lake Naval Air Warfare 
Center in California. And its appearance is unremarkable:
This machine has none of the grace of the high-bypass turbo-
fans that power modern jetliners, with wide, sweeping inlets
and delicate blades. From the outside, it’s simply a collection
of metal tubes, one large cylinder feeding into five smaller
ones terminated by convex, barnacle-shaped nozzles.

But Gary Lidstone and Tom Bussing have bet that this little
aircraft engine—the most advanced expression yet of a revo-
lutionary concept called pulse detonation—could absolutely
bury all those that have come before it. Lidstone is the man-
ager of propulsion programs for Pratt & Whitney’s Seattle
Aerosciences Center, and Bussing is his boss and the creative
force behind the device’s design. Here at China Lake, standing
in the desert heat, the two survey their handiwork like proud
papas, explaining how it has taken years to show that the con-
cept behind this engine can open up an entirely new world of
jet propulsion. “There’s a big payoff,” Lidstone says. “It’s a par-
adigm shift that could make other things obsolete.”

Indeed, Lidstone’s team is hardly alone in its quest. In the
past 10 years, the promise of the technology—a promise of a
propulsion system far simpler than today’s turbofans and
capable of operating across a much wider velocity range, pow-
ering aircraft from takeoff to Mach 4 with ease—has touched
off an explosion of interest at university, military and NASA
research centers, and in labs as far away as Japan, France and
Russia. In just the past three years, the two companies that
stand to gain or lose the most from the rise of a revolutionary,
market-disrupting jet-engine technology have begun to invest
heavily in pulse-detonation engine (PDE) research. In January
2001, Pratt & Whitney bought the company Bussing had cre-
ated to develop his concepts. That same year, General Electric
designated pulse detonation a top priority. Arriving late in the
game but armed with a new approach that could trump Pratt
& Whitney, GE began plowing resources into building a PDE
development team at its Global Research Center in upstate
New York. “We see pulse detonation throughout our entire
product line,” says Harvey Maclin, manager for advanced tech-
nology, marketing and government programs at GE Aircraft
Engines and one of the early sponsors of pulse-detonation
research at GE. “That’s why we’re so interested in it.”

For decades, these two companies have been battling for

supremacy in the global jet-engine arena, exploiting any advan-
tage that might give them an edge in the struggle for civilian
and military market share. But those advantages have grown
smaller as conventional jet-engine performance edges closer to
the limits of thrust-to-weight ratios and fuel efficiency. Pulse-
detonation technology offers a chance to escape from this spi-
ral of diminishing gains and score a big win—not to mention
the first lucrative corporate and military contracts. Those con-
tracts could be for superefficient engines for subsonic jetliners,
which would chop fuel consumption by an amount that engi-
neers would “kill their grandmothers” to get, Lidstone jokes, or
for supersonic, unmanned aerial vehicles or manned fighters.
We could also see a supersonic airliner that’s much cheaper
and more practical than the recently grounded Concorde. Pulse
detonation would also offer cheaper access to space, saving
tons of liquid oxygen and fuel by powering vehicles from the
ground to high altitude and hypersonic velocity, where con-
ventional rocket engines would take over to lift them into orbit. 

“Pulse detonation is a hot topic in combustion research,”
says Gabriel Roy of the Office of Naval Research. “Compared
with gas turbines, the PDE has a much simpler configuration.
It has the capability of going from subsonic to supersonic
using less fuel, and it’s thermodynamically more efficient.
But there are big engineering issues—thermal fatigue, noise.
It’s very challenging research.”

The concept behind the PDE is decep-
tively simple. In short, there are two
kinds of combustion: the old, familiar,
slow kind of burning, called deflagra-
tion, and another, much more ener-
getic process called detonation, which
is a different animal entirely. Imagine
a tube, closed at one end and filled
with a mixture of fuel and air. A spark
ignites the fuel at the closed end, and a combustion reaction
propagates down the tube. In deflagration—even in “fast
flame” situations ordinarily called explosions—that reaction
moves at tens of meters per second at most. But in detonation,
a supersonic shock wave slams down the tube at thousands of
meters per second, close to Mach 5, compressing and igniting
fuel and air almost instantaneously in a narrow, high-pressure,
heat-release zone.

That zone is where the highly efficient combustion that the
Pratt & Whitney and General Electric engineers hope to har-
ness takes place. To bring it into existence, one must precisely
coordinate fuel input, airflow and the ignition spark to create
a “deflagration-to-detonation transition,” or DDT, the process
by which an ordinary flame suddenly accelerates into an
immensely more powerful detonation. And one detonation is
only the beginning, because while it generates more thrust for
the amount of fuel combusted than a deflagration, it also com-
busts only a tiny amount of fuel. To make a PDE work—to get
any practical thrust out of it—one needs dozens of detona-
tions every second, a detonation wave.

The first scientists to recognize that rapidly pulsed detona-
tions might be used to create thrust were probably the Ger-
mans, who developed the V-1 “buzz bomb” in the 1930s. “The
Germans attempted a detonation with the V-1 but never got it,”
says Chris Brophy, a propulsion research professor at the Naval
Postgraduate School in Monterey, (CONTINUED ON PAGE 56)
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DRIVING FORCE Pratt & Whitney’s Gary 
Lidstone and Tom Bussing (opposite) 

think their pulse-detonation engine (testing
version, above and below) will take off first. 

1 Pure PDE. Pulse-detonation
engines use a more efficient
combustion process, a deto-
nation wave, to produce
power. In a pure PDE, a
spark ignites a tube filled
with an air-fuel mixture (1).
The explosion travels super-
sonically down the tube (2),
blowing exhaust gases out
the end and sucking more
air and fuel inside (3).

2 Conventional turbofan.
Jet engines produce power
in two ways: A central com-
bustion area creates a large
amount of thrust but isn’t 
efficient for long trips. For
that, a turbine powers a 
fan, which blows air around
the combustion chamber
and out the back. The fan 
is efficient at subsonic
speeds, but is unsuitable 
for long supersonic flights.

3 Hybrid PDE. A hybrid 
turbofan-PDE would combine
both systems: The central 
core engine would still turn
the large fan in front, but the
bypass air would flow into 
a ring of PDEs. This system
would produce significantly
more thrust without requiring
additional fuel.

[HOW IT WORKS:] 
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RAPID FIRE
At the China Lake Naval Air Warfare Center in the California desert, Pratt &
Whitney engineers test-fire their pulse-detonation engine. The combustors 
detonate alternately—when one is firing, the others are not. But this cycle
occurs 80 times per second, and our photographer shot the image using 
a 1/15-second exposure. The result: Each of the tubes fired several times
during the exposure, so all five appear to be lit at once.

PHOTOGRAPH BY JOHN B. CARNETT
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California. “The V-1 was a pulse-jet,
more of a high-speed deflagration.”
Some theoretical and experimental
work followed at universities in the
’50s and ’60s, but conventional jet-engine and rocket perform-
ance was improving so rapidly at the time that few people saw
any reason to experiment with a phenomenon so difficult to
create and measure in the lab. But in the early ’90s, several fac-
tors generated a sudden renaissance in pulse-detonation
research: the need for significantly higher performance, the
availability of new diagnostic tools and high-speed modeling
computers, and a small but critical supply of federal money to
university professors and research entrepreneurs.

One of those entrepreneurs was Bussing, who in 1992
founded the company that Brophy calls “the real commercial
thrust, no pun intended,” behind PDE research in the ’90s.
Hired by Boeing just after receiving his doctorate from MIT,
Bussing had labored for years on the never-to-fly hypersonic

National Aerospace Plane before realizing that he wasn’t going
to get what he wanted—the chance to run a revolutionary tech-
nology project—inside the giant company. He started thinking
seriously about pulse detonation. He left Boeing and gathered
three colleagues to form a pulse-detonation research group for
Adroit Systems, a high-tech research company.

Bussing’s group at first struggled just to achieve a single
detonation in a single tube, but quickly progressed to building
a twin-tube test rig capable of firing each of its tubes 22 times
a second, yielding a total frequency of 44 cycles per second.
Despite their successes and those of other researchers, how-
ever, pulse detonation still wasn’t taken seriously by much of
the mainstream propulsion establishment. Skeptics pointed
out that most of the work was confined to university labs or
private companies, which regarded their methods and results
as proprietary and made what many outsiders thought were
unrealistic performance claims. 

“There were a lot of times when the beating from the

naysayers was fairly daunting,” says Bussing, standing amid a
warehouse full of PDE spare parts at the China Lake test site.
He speaks quickly and rather quietly, punctuating his words
with rapid hand movements. Tall, in his mid-40s, he has the
athletic build appropriate for someone who climbs mountains
in his spare time—though he hasn’t had much since he left
Boeing. “They said you can’t operate the device in an unsteady
manner, you can’t isolate the inlet from the combustion
process, you can’t generate thrust, it’s gonna fall apart. If you
look at a textbook of all the physical phenomena that you can
envision, every one of those became a question.”

The turning point came in 1998 with a series of NASA and
Air Force–funded performance demonstrations of a two-tube
PDE at the Naval Postgraduate School. That rig did everything
Adroit said it would—detonating each of its tubes 40 times
per second, running for up to 30 seconds, and generating
more than a hundred pounds of thrust—and after a little
head-scratching, most of the naysayers came around. A little

more than two years later, Pratt & Whitney showed what it
thought of the new technology when it bought Bussing’s 24-
member team from Adroit lock, stock and intellectual property.

The engine at China Lake is several generations beyond the
one that ran at Monterey. Standing in a tiny square of shade
cast at noon by a canopy over the test stand, Bussing and test
engineer May Lau go over the basic anatomy of the device. Like
any other jet engine, it takes in air at its front end—in this case,
air that has been heated and pressurized by the test facility to
simulate flight at Mach 2.5 and 40,000 feet. If this were a con-
ventional jet engine, that air would be driven by a fan through
a multistage compressor and into a combustor, where fuel
would be burned continuously. But in this engine, the airflow
has to be switched between five tubes, in each of which an air-
fuel mixture must detonate cleanly 80 times per second.
Bussing solved this problem with two mechanisms: a patented
disc, called a rotor valve, with specially designed holes in it,
which alternately covers and opens tubes to the airflow as it

MOTIVATION “Before you can claim victory on an engine, you’ve got to have victory over the process,” says GE’s Tony Dean.
That process is deflagration-to-detonation—generating higher pressure and higher thrust. “This is why I work on this program.”
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spins at 2,400 rpm; and a “predetona-
tor” on each tube, which uses supple-
mental oxygen, ethylene fuel and a
Ferrari spark plug to kick-start deto-
nation in each main tube. The result
is 400 detonations every second, pro-
ducing an amount of thrust that nei-
ther Bussing nor Lidstone will dis-
close, but which is good enough for a
supersonic cruise missile. 

Giving a missile “supersonic capa-
bility at subsonic prices” has been a
focus for the group from the very
beginning. The military will help
fund the project and has given the
team a simple, small-scale test plat-
form for the technology. Later, Lid-
stone sees a “supercharged” version of
the pure PDE, followed by a conven-
tional turbofan with pulse-detonation
tubes mounted in the bypass duct
around its compressor—a so-called
duct burner. Finally, Lidstone’s road
map ends—perhaps 15 or 20 years
out—with “the real pot of gold at the
end of the rainbow”: a hybrid engine
in which sections of the central com-
pressor and combustor of a gas 
turbine have been replaced by pulse-
detonation tubes, combining the best
features of a high-bypass turbofan
and PDE. “That’s where the big mar-
ket is,” Bussing says. He sits a few feet
away from his engine and focuses on
a monitor showing his team re-
assembling the engine. “But to do
that right, you really have to build
devices like this. You have to go
through this to get there.”

When it comes to technological inno-
vation, nobody has a monopoly on
road maps. A continent away from
China Lake, at General Electric’s vast
research center near Schenectady,
New York, engineers have a map of
their own—one they think shows a
faster, better way to get to a hybrid
PDE “pot of gold.”Getting there means
playing catch-up; Pratt & Whitney,
after all, has a substantial head start.

At this particular moment, the
game of catch-up involves an almost
intolerable amount of noise. The
sound of a hydrogen-air mixture det-
onating 40 times a second in a 3-foot-long, 2-inch-diameter
metal tube is a cross between a cruise-ship horn and a jack-
hammer. It seems to go right through your skull, even from
behind the concrete and double-pane tempered glass of the
control room. The noise stops after a seemingly endless five
or six seconds, as the tube slides back along the thrust stand

to its resting position; the roar of the compressors that feed
the test cell is almost soothing in comparison. 

“At a little bit lower frequency, we’ve run it for an hour
straight,”Tony Dean, the head of  GE’s pulse-detonation research

effort, says proudly. His colleague
Adam Rasheed, setting up the com-
puters for another test run, has a
somewhat more painful memory of
the achievement. “I was in here and I
had ear protection on, but after 
an hour I was just hearing this kind of
. . . buzz,” he says.

Behind all that sound and fury,
Dean explains, is a carefully choreo-
graphed cycle in which a valve
admits hydrogen gas into a stream of
air flowing into the test rig, a spark
plug ignites a DDT, and a shock wave
blasts down the tube. High-pressure
gas left in the tube by the detonation
blows out, generating thrust.

Watching Dean explain the pro-
gression, you can see how much it
fascinates him. Still boyish-looking
despite his graying hair and mus-
tache, Dean has a falconlike visage—
small and thin, with sharp eyes be-
hind round glasses. A Stanford
Ph.D., he spent the ’90s at GE work-
ing on the knotty problem of mini-
mizing gas-turbine emissions—the
company’s jet engines power not
only airplanes but also ground-based
electrical generators. But when 
Dean talks about pulse-detonation
research, a field his team entered
only in 1999, you get the feeling that
he has found his true calling.

“It’s amazing what you see in these
flows, the insights you get,”he says, his
voice rising with enthusiasm. We’ve
left the control room and descended to
the floor of the test cell, and Dean is
describing the output of his team’s
imaging system. Shooting through a
transparent combustion chamber, the
device uses the distortion of light
paths in areas of varying air density to
produce ghostly images of shock
waves and turbulent flows inside the
engine. It’s a revealing glimpse of an
otherwise invisible process. “I mean, it
triggers ideas—‘Ah, we gotta do it that
way!’ It’s all part of getting inside the
process,” Dean explains.

Getting inside the process—understanding the profoundly
strange phenomena involved in pulse detonation—is critical
because GE is preparing to leapfrog to a whole new level of PDE
technology. Next year, it will begin building a hybrid PDE that
will function without supplemental oxygen to initiate a DDT,
and that may be able to operate at far
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EMPLOYEES
GE: 26,000; P&W: 33,000

2002 REVENUES
GE: $11.1 billion; P&W: $7.6 billion

MILESTONES
GE:
• 1-A: First U.S. jet engine (1941)
• J93: First Mach 3 engine (1957)
• GE90-115B: World record for single-
engine thrust: 127,900 lb. (2003)
P&W:
• J57: Powered first supersonic production
aircraft, the F-100 Sabre fighter (1953)
• PW2000: First engine to use digital con-
trols for maximum fuel efficiency (1984)
• F119-PW-100: Allowed supersonic cruise
without afterburner, in F-22 Raptor (1997)

PDE STATUS
GE: Bench-scale experiments ($8 million
invested since 1999)
P&W: Full-scale multi-chamber test engine
($20 million invested since 1993)

TECH STRATEGY
GE: Aerodynamic valve prevents airflow 
to the chamber at the appropriate time, 
permitting detonation.
P&W: High-speed rotary valve cuts off air-
flow to each of five combustion chambers; 
a pre-detonator initiates the transition. 

SHORT-TERM GOALS
GE: Hybrid PDE prototype by 2005
P&W: Pure PDE missile prototype by 2005

20-YEAR STRATEGY
GE: Hybrid engines for subsonic and super-
sonic aircraft
P&W: Pure PDE missiles, then hybrids in 
military and passenger jets

A division of 
General 
Electric 

and Pratt & 
Whitney—

two titans of 
jet-engine design
—are battling to 
develop the first

operational 
pulse-detonation

engine.

(CONTINUED ON PAGE 115)
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MISTOOK HIS GIRLFRIEND

FOR A ROBOT

WHEN DAVID HANSON SET OUT TO
BUILD A ROBOTIC HEAD, HE SAW NO
REASON NOT TO MAKE IT LOOK JUST 

LIKE A HUMAN. THEN HE STUMBLED
INTO THE UNCANNY VALLEY. BY DAN
FERBER PHOTOGRAPHS BY CHRIS BUCK
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Denver—four busy February days in a huge rabbit-warren
convention center with long hallways and fluorescent lighting
and serious scientists giving serious PowerPoint presentations
in darkened auditoriums; four days of breakthroughs and
advances—nanotech to biotech, anthropology to zoology, the
whole mind-spinning stew. Four days, for the assembled jour-
nalists, of making sense of it all and banging out stories on the
fly—and now comes word of what could be a light interlude:
Keep an eye out for the guy carrying the head. Say what? The
robotic human head. The press people for the American Asso-
ciation for the Advancement of Science, the conference’s
sponsor, say the demonstration’s on for tomorrow morning.

For now, though: another darkened auditorium, another
presentation, this one on biologically inspired intelligent
robots, robots that emulate the form and function of real
creatures. Yoseph Bar-Cohen of NASA’s Jet Propulsion Labo-
ratory, a roundish, gray-haired dynamo, gives a whirlwind
tour of the possibilities, which he says are not far off—
insect-like bots that walk and fly and crawl and hop, others
that dive and swim. Cynthia Breazeal from the MIT Media
Lab shows videos of the world’s most lovable robot, the
infant-like Kismet, looking up innocently at a woman who’s
practically cooing at it; Breazeal talks about how she gave
Kismet emotions and why. Finally, there’s David Hanson, a
grad student in interactive arts and engineering at the Uni-
versity of Texas at Dallas. He’s got thick dark hair, a square
jaw, urban-hip artsy sideburns, and he’s moving a bit jerkily
in a nervous-but-trying-to-stay-calm sort of way. This, it turns
out, is the guy with the head—but the head is out of com-
mission today and he’s just showing slides: a smiling ure-
thane self-portrait, a tan bot named Andy-roid, a pirate robot
with earring and eye patch. Overlook the fact that they’re 
disembodied heads and they all look remarkably lifelike. 

And that, it turns out, makes Hanson’s heads unique. The
humanoids that have made news the past few years—
Asimo, Grace, Kismet—are fine robots all, talented, versa-
tile, smart, friendly. Asimo, the plastic-suited Honda
humanoid, walks on two legs and welcomes visitors to the
factory that builds it. Carnegie Mellon’s Grace, a six-foot-tall
conglomeration of metal parts on wheels topped with an
animated computer-monitor face, registered itself for a con-
ference last year, found its way to the right room, and gave
a presentation. Kismet, the media darling of a few years
back, looks people in the eye, smiles when they do, and
learns just like a baby would, by watching and copying.
Who wouldn’t like these three? Other robots are being
designed to work as nurses, tutors, servants and compan-
ions. But despite their talents, every one of these robots
looks . . . well, like a robot. They’re sometimes appealing in a

cartoonish sort of way, but they’re metallic, awkward, clunky. 
Not Hanson’s heads. And for that reason, the next morn-

ing at 10:30 sharp the reporters are waiting—a roomful of
them—and TV cameras are here to capture the debut of
Hanson’s latest, most advanced model. Hanson, 33, walks in
and sets something on a table. It’s a backless head, bolted to
a wooden platform, but it’s got a face, a real face, with soft
flesh-toned polymer skin and finely sculpted features and
high cheekbones and big blue eyes. Hanson hooks it up to
his laptop, fiddles with the wires. He’s not saying much; it
might be an awkward moment except for the fact that every-
one else is too busy checking out the head to notice. Then
Hanson taps a few keys and . . . it moves. It looks left and
right. It smiles. It frowns, sneers, knits its brows anxiously.
Now the questions start, and Hanson is in his element: 
The head’s got 24 servomotors, he says, covering the major
muscles in the human face. It’s got digital cameras in its
eyes, to watch the people watching it, and new software will
soon let the head mimic viewers. Its name is K-Bot, and it’s
modeled after Kristen Nelson, his lab assistant.

And K-Bot is a hit. In the weeks following the head’s debut,
stories appear in newspapers and television on six conti-
nents. Hanson receives an abundance of e-mails and phone
calls: from scientists who want to collaborate, from compa-
nies that make prosthetics and surgical-training devices, from
movie producers, from companies that make sex dolls.
Androidworld.com, a Web site that serves up humanoid
parts, software and news, places Hanson’s robot at the top of
its list of 22 head projects, enthusing: “WOW—this guy is
clearly one of the top head builders in the WORLD.”

For a 33-year-old UTD grad student, it’s an extraordinary
burst of attention. But at least in the short term, the whole
thing plays out just the way the buzz had billed it: Hanson’s
K-Bot serves, for a moment, as a light interlude. No one asks
why, of all the roboticists in the world, only Hanson appears
to be attempting to build a robotic head that is indistin-
guishable in form and function from a human. No one points
out that he is violating a decades-old taboo among robot
designers. And no one asks him how he’s going to do it—how
he plans to cross to the other side of the Uncanny Valley.

DAVID HANSON HAS THE SORT OF MIXED PEDIGREE THAT
might just be a prerequisite for tilting at robotic windmills. On
his Web page, he identifies himself as a sculptor-roboticist.
He spent two years in the late ’80s as an aimless physics
major at the University of North Texas in Denton, where he
pursued, as he puts it, “wild imaginative flights of fancy”—
for example, turning his apartment into a “tropical paradise”
(plants, parrots, tree frogs, a running stream) for a four-day

IT’S THE FOURTH DAY OF 

A SCIENTIFIC CONFERENCE IN
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party he and his friends called Disturbathon. “The high
jinks,” he says, “were top-notch.” Such projects fueled an
absenteeism habit; Hanson’s grades suffered, which cost
him his financial aid and forced him to leave school. Then,
in 1992, he was accepted at the Rhode Island School of
Design, one of the country’s top art schools.  

At RISD, Hanson alienated professors by building the Pri-
mordial Ooze Bath, an enormous installation in which art
patrons crawled, slid, and swam about in gelatinous sea-
weed extract. Back during his years as a lonely, oddball
teenager, Hanson had immersed himself in drawing and 
sci-fi—Philip K. Dick and Isaac Asimov were favorites—
and at RISD he managed, after a fashion, to meld his two
passions. He took an artificial-intelligence class at nearby
Brown University, and in 1995 he focused an independent-

study project on “out-of-body experiences,” building a
remotely operated humanoid head on a retractable five-foot
stalk. The head, which he sculpted as a self-portrait, wheeled
from room to room and chatted with people (via a remote
operator). “The idea was always hanging in my mind of
turning a sculpture into a smart sentient being,” he says. 

After graduation, Hanson worked as an artist for six years,
ending up at Disney in Los Angeles, where he sculpted
theme-park characters, researched new materials, and hob-
nobbed with animatronics experts. In 2000, he saw Bar-
Cohen speak at a conference on high-tech materials; at the
Jet Propulsion Lab, Bar-Cohen was developing electroactive
polymers to use as artificial muscles in NASA robots.
Inspired, Hanson showed Bar-Cohen his portfolio, and Bar-
Cohen decided to take a flier on this talented, motivated Walt
Disney artist; he asked Hanson to write a book chapter
describing how a network of artificial muscles could ani-
mate a robot. In early 2002, Bar-Cohen again tapped the tal-
ents of his young protégé, now a grad student at UTD; Bar-
Cohen was preparing a presentation to NASA bigwigs on the
agency’s emerging robotics technology when he realized he
needed some visual oomph—so he sent Hanson a plastic
model of a human skull and gave him a week to build a head.

The evening Hanson got the skull, in April 2002, he
grabbed a pair of calipers and struck out for a popular bar in
an artsy Dallas warehouse district called Exposition Park.

HANSON WALKED UP AND 

SAID HELLO. “CAN I MEASURE 

YOUR SKULL?” HE ASKED.

HOME OFFICE: IN HANSON’S L.A. APARTMENT, IT’S HARD TO
SAY WHERE WORK STOPS AND REAL LIFE BEGINS.

To make K-Bot smile, an electrical signal from a microcontroller
(not shown) prompts a servomotor (1) to tighten a nylon fishing
line, which in turn tugs upward on anchors embedded in the
F’rubber skin at the corners of K-Bot’s mouth (2). Other servos 
control eyeballs equipped with digital cameras (3); the precisely
assembled brass plumbing parts allow the head to tilt (4), turn (5),
crane (6), and nod, just as human heads do.

MASAHIRO MORI’S UNCANNY VALLEY

ANATOMY OF A ROBOTIC SMILE
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There he quickly scanned the room and spotted Kristen 
Nelson—a willowy blue-eyed brunette he knew casually—
chatting with a guy at the bar. Hanson walked past once or
twice, and they smiled at each other. Finally he walked up
and said hello. “Can I measure your skull?” he asked. 

Or maybe that’s not exactly, or entirely, what Hanson
asked. By the time of the AAAS conference and the unveil-
ing of K-Bot in February, Hanson’s robot-model instincts had
borne fruit beyond his wildest hopes: He and Nelson were
engaged. Not surprisingly, their “meet cute” story has seen its
share of tellings and retellings; when the two recount the
evening, they finish each other’s sentences and expand upon
each other’s details. Hanson says he asked Nelson if he could
measure her skull. She remembers it slightly differently:

“He asked, ‘Can I make you into a robot?’”

CAN HE MAKE HER INTO A ROBOT? CAN HE MAKE A ROBOT
into her? Should he even try? A month before Hanson and
Nelson launched into barroom banter, Hanson had discovered
that the almost universal answer from roboticists to that
last question would be a resounding no: David Hanson
should not try to make his robot look too much like Kristen
Nelson—because to do so would mean risking a tumble
into the depths of the Uncanny Valley.

In the late ’70s, a Japanese roboticist named Masahiro
Mori published what would become a highly influential
insight into the interplay between robotic design and
human psychology. Mori’s central concept holds that if you
plot similarity to humans on the x-axis against emotional
reaction on the y, you’ll find a funny thing happens on the
way to the perfectly lifelike android. Predictably, the curve
rises steadily, emotional embrace growing as robots become
more human-like. But at a certain point, just shy of true
verisimilitude, the curve plunges down, through the floor of
neutrality and into real revulsion, before rising again to a
second peak of acceptance that corresponds with 100 per-
cent human-like. This chasm—Mori’s Uncanny Valley—rep-
resents the notion that something that’s like a human but
slightly off will make people recoil. Here there be monsters.

Breazeal, creator of Kismet, has, like many of her col-
leagues, taken both inspiration and warning from the
Uncanny Valley. Kismet’s gentle expression and enormous
baby-blue eyes are designed to get the robot as close as pos-
sible on the acceptance curve to Mori’s first peak, but it’s so
indisputably still a robot that there’s no chance of it toppling
over the precipice. To relate socially to a machine, Breazeal
says, people must accept it. A mechanical human face that
doesn’t look quite right is “disquieting,” she says. A realistic
face that doesn’t move right would be “doubly creepy.”

Breazeal was the first to let Hanson know he was setting
off into this uncharted territory. Hanson met her at a con-
ference in early 2002 and struck up a conversation about
robotic heads. “She seemed to totally reject the notion of
reproducing the human face,” he says. “I felt a little bit sad
that this hero of mine would hold a view that was so oppo-
site to my own. But I did feel defiant as well. And I felt a cer-
tain pleasure, like I was onto something.”

THE FIRST HEAD HANSON BUILT FOR BAR-COHEN—
Andy-roid—is, frankly, a rudimentary prototype. A mere four
servos allow it to make just a handful of rather unconvincing

PUTTING THE HUMAN IN HUMANOID
Movie humanoids, from C–3PO to the
Terminator, have long been able to see,
hear, think, and socialize. Today’s 
real-life humanoids—robots with the
mechanical equivalents of eyes, head,
arms and hands—are finally beginning
to catch up. The five bots here are the
standard-bearers. 

DB
Perhaps the most agile humanoid, the
life-size DB, designed by Sarcos Re-
search Corporation, can balance a pole
on its palm, juggle, and perform an Oki-
nawan folk dance. It does some serious
science too: Stefan Schaal’s team at the
University of Southern California uses it
to test theories of motor control—how the
brain plans and generates movement.

Robovie
Robovie was designed as a personal
companion by Hiroshi Ishiguro’s team
at the Advanced Telecommunications
Research Institute International in
Kyoto, Japan. It turns to face a person
who’s talking to it, maintains appropri-
ate social space during a conversa-
tion, points to objects with its finger,
and bends down to play with children. 

RoboSapien
RoboSapien’s novel engineering allows
it to do kung fu moves, pick things off
the ground in less than a second, and
run “so fast it scares cats,” says de-
signer Mark Tilden, a robot physicist at
Wow Wee Toys, a division of Hasbro.
Instead of using computers to calculate
how to move, the 14-inch-tall Robo-
Sapien, which will retail for about $80
when it hits stores later this year, uses
analog transistors to react to signals
from the world around it.

ISAC
It resembles an animated junk heap, but
ISAC makes up in creativity what it lacks
in looks. Designed by Alan Peters and
colleagues at Vanderbilt University, ISAC
can express simple emotions and has
both short- and long-term memory. Soon,
it may even “dream,” shuffling its neural
connections just as we do when we’re
sleeping, which could help it devise 
creative solutions to thorny problems.

Sony’s Dream Robot
It’s only two feet tall, but Sony’s Dream
Robot can wake you up in the morning,
tape a television show for you, and ask
how your day was. SDR-4X, the latest
version, sings, dances, and recognizes
voices and faces. It’s due out in the U.S.
within the next two years—at a cost
rivaling that of a luxury car.—D.F.
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expressions. Once he finished with that model, though, Han-
son plunged heedlessly into a pursuit of robotic verisimili-
tude way beyond anything ever attempted. He pored over
Gray’s Anatomy and clicked obsessively through medical
Web sites, noting the major human facial muscles, from the
occipitofrontalis, which elevates the eyebrow and wrinkles
the forehead, to the depressor anguli oris, which pulls the cor-
ners of the mouth down into a frown. He took in the pio-
neering work of psychologist Paul Ekman, who has classified
thousands of facial expressions, specifying which combina-
tions of individual facial muscles move in what manner to
create each one; he pondered the mechanics of how specific
muscles and tendons and ligaments work together to move
portions of the face. He studied the facial form, composition,
proportions and contours of everyone he knew; he spent

hours in front of the mirror making faces. 
He then experimented with plastic molds

and materials, fitting the head from the inside
with 24 servomotors, two microprocessors,
anchors and nylon fishing line to tug on the
skin. Then he wired the head and programmed
the software to control it. 

It was tough going. To get accurate, believable
expressions, Hanson fiddled endlessly with the
placement of the servomotors and the lines that
tug the skin. The urethane skin of his early
prototype heads was too stiff and heavy for the
servomotors to move, and so he had invented a
new polymer, which he dubbed F’rubber (foam
+ rubber x Fred MacMurray). Now, he and Nel-
son worked to perfect the F’rubber formula,
mixing 970 combinations of ingredients in the
bathroom of the apartment they’d moved into
in Hollywood, until they found one polymer
that was elastic and flexible and remarkably sta-
ble. A month before K-Bot’s February debut,
Hanson spent three to four hours a day for a
week in a local hardware store, piecing together
brass plumbing parts to make a movable neck
for the robot. Clerks asked him repeatedly if he
was all right. Ultimately, Hanson built K-Bot
with $400 in parts from hobby, crafts and hard-
ware stores, paid for by his student loans. 

AS HANSON’S WORK PROGRESSED, IT BECAME
ever more clear that making lifelike robot heads
meant more than building a convincing surface
and creating realistic facial expressions. So late
last year he began to consider K-Bot’s brain. The
Internet led him to a Los Angeles company,
Eyematic, which makes state-of-the-art computer-

vision software that recognizes human faces and expres-
sions. Hanson sought out co-founder and chief technology
officer Hartmut Neven, who gave him a beta version of the
software. Then, through a mutual acquaintance Hanson had
met at a scientific conference, he approached Jochen Triesch,
a cognitive scientist at the University of California, San
Diego, who was using robot heads to test theories about the
mental processes underlying vision and rudimentary social
skills. Also at UCSD was Javier Movellan, who was working
on technologies that would allow a social robot to tutor
schoolchildren. Hanson began commuting regularly to
UCSD from Hollywood, three hours each way by train.

One day this spring, Hanson and I visited Movellan’s
UCSD lab, a sunny room crowded with books and art and
people and computers. Movellan has asked Hanson to
build him a head, and is hoping to give it social skills. He
and Marian Bartlett, a cognitive scientist who co-directs the
UCSD Machine Perception Lab, have collaborated in the
development of software featuring an animated school-
teacher who helps teach children to read. The child reads
text on the screen. The schoolteacher can recognize if the
child looks frustrated, and soon will be able to respond ver-
bally. The character also makes expressions that corre-
spond to the story the child is reading. Movellan plans to
program one of Hanson’s heads to do what the teacher

SOMETHING HUMAN-LIKE BUT

SLIGHTLY OFF WILL MAKE PEOPLE

RECOIL. HERE THERE BE MONSTERS. 

WAIT HERE: HANSON RESTS HIS HEAD WHILE GETTING HIS KEYS.
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character does, then test it with children. The scientific
question, Hanson says, is “whether people respond more
powerfully to a three-dimensional embodied face versus a
computer-generated face.”

Inspired by this sort of practical use of his human-like
robotic head, Hanson has taken to calling K-Bot “a face for
social robotics,” and says he’s “throwing down a glove” for
robotics engineers. This is why he has little patience for the
Uncanny Valley: It’s a concept that plays on fear rather than
possibility, that asserts we should shy away from making
robots look too human, rather than asking what positive ben-
efits there might be to the truly lifelike robot. “Achieving the
subtlety of human appearance is a challenge that should 
really be undertaken,” he says. Only realistic heads will chal-
lenge AI researchers to integrate the various robot capabili-
ties—adaptive vision, natural language processing and
more—to create “integrated humanoid robotics,”Hanson says. 

A face robot like K-Bot could also help psychologists 
figure out exactly which facial movements convey one per-
son’s fear, sadness, anger or joy to the mind of another.
Today, psychologists try to do that by seeing how people
interpret the raised eye-
brows, furrowed brows and
other expressions of actors
in video clips or animated
characters, says psychologist
Craig Smith of Vanderbilt
University. But even actors
have difficulty precisely
manipulating their expres-
sions, so the experiments
aren’t always completely
controlled, and animated
characters may be too un-
realistic. A humanoid head
that makes accurate facial expressions, in which every facial
movement could be precisely controlled, would enable
researchers to find out, in three dimensions and in real
time, the purpose of specific facial muscles in communi-
cating emotion, Smith says. That, he says, would solve a
mystery that’s “been a puzzle since Darwin.”

Late on the afternoon of our visit to Movellan’s lab, Han-
son and Triesch sat in the courtyard of a campus coffee shop,
a cool breeze rustling the eucalyptus trees. They’d been plan-
ning to write a scientific paper about Hanson’s facial robots
but hadn’t decided how to focus it. “What if we write a paper
on how to cross the Uncanny Valley?” Hanson suggested.
Triesch stretched out his long legs, looked at Hanson, and
nodded: “I think it would be great.”

Soon the two were in Triesch’s conference room, plotting
the Uncanny Valley on a white marker board. Hanson pointed
to the lip of the valley. “Mori says, ‘Go here. Don’t go further.
Don’t, no matter what you do, go further!’ ” he said. Triesch’s
brow furrowed. Realism can’t be plotted on one axis, Han-
son continued; it depends on shape, timing, movement and
behavior. The idea, he said, is “really pseudoscientific, but
people treat it like it’s science.”

Indeed, despite its status as dogma, the Uncanny Valley is

nothing more than a theory. “We have evidence that it’s true,
and evidence that it’s not,” says Sara Kiesler, a psychologist at
Carnegie Mellon University who studies human-robot inter-
action. She calls the debate “theological,” with both sides argu-
ing with firm convictions and little scientific evidence—and
says that the back-and-forth is most intense when it comes to
faces. “I’d like to test it,” she says, “with talking heads.”

IN A PIVOTAL 2001 PAPER IN SCIENCE, OLAF SPORNS OF 
Indiana University in Bloomington and six other leading
roboticists described a new breed of robots that navigate the
world and learn on their own. The new bots, which include
Sporns’s Darwin V, have mobile bodies and sensors that let
them perceive their environment, much as we do. They’re
endowed with a developmental program that starts learning
at birth. And they need human caretakers to teach them
what they need to know about the world. As Triesch, who
programs his robots on similar principles, says, “We’re get-
ting more into raising robots like children.”

It will take decades at least to raise robots that are as smart
and independent as we are, but the work has begun. Robots

that learn on their own,
robots that walk, robots
that socialize with people,
are all now in various
stages of development. “A
realistic autonomous hu-
manoid is the Holy Grail,”
Sporns says. And, on the
far side of the Uncanny
Valley, robots would have
a realistic, emotionally ex-
pressive face—a face that
challenges robot-brain
builders to make smarter

robots, a face that fools us into treating a machine as if it
were human. A face a person could grow attached to. 

In his 2002 book, Flesh and Machines, leading MIT roboti-
cist Rodney Brooks, who oversaw Kismet’s development,
writes that “mankind’s centuries-long quest to build artificial
creatures is bearing fruit.” We’ll have different relationships
with these machines than all earlier machines, he suggests.
“The coming robotics revolution,” Brooks writes, “will
change the fundamental nature of our society.”

On a cool, sunny day this past spring, Hanson, Nelson and
I scrambled up and down the steep rises and canyons of Grif-
fith Park, the ubiquitous Hollywood sign perched on a nearby
hillside, the sky bright blue above the L.A. smog. We rested on
a hilltop, where we could see for miles. Humans are facing
an identity crisis, Hanson said—one that just a few people
know about but many sense. “If we can mechanize what
makes us human, that will make us feel like a mechanism,” he
said. Maybe that’s what really lies behind the resistance 
to realistic humanoids, the reluctance to venture into the
Uncanny Valley. And when we do cross over? At the February
AAAS conference, someone asked Hanson his ultimate goal.
A compassionate robot, he said: a peer, a friend. The goal, he
said, is “letting it loose.” ■

Dan Ferber is a freelance writer based in Urbana, Illinois. He
is a contributing correspondent for Science.

Meet the artificial muscle man: www.popsci.com/exclusive

“IF WE MECHANIZE WHAT MAKES

US HUMAN,” HE SAYS, “THAT WILL

MAKE US FEEL LIKE A MECHANISM.”

http://www.popsci.com/exclusive
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A LONG SHOT 
Laser pulses could move the asteroid off course, averting 

a collision. But like many schemes, this would require
decades or even centuries of advance notice to work.

MEET 1950DA
This 1-kilometer-wide
rock is the only known
big asteroid on a possi-
ble collision course with
Earth. But until the aster-
oid search is done, we

won’t know if others are
out there, closer to Earth

and headed our way. 

THE KILLER-ASTEROID MOVIES ARE ALMOST FORGOTTEN, BUT THE THREAT IS REAL          THE KILLER-ASTEROID MOVIES ARE ALMOST FORGOTTEN, BUT THE THREAT IS REAL          
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ITS NAME IS 1950DA, IT’S THE SIZE OF A SMALL
mountain, and it’s headed for Earth. According to
one grim scenario, 1950DA will hit its target—most
likely water, since there is more water than land on
our planet—and plunge to the seabed in a fraction
of a second. When the asteroid meets the ocean floor,
it will explode, excavating a crater 11 miles wide. 
A column of water and debris will shoot a few miles
into the sky—to the height of a (CONTINUED ON PAGE 80)
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low-flying jetliner. Then skyscraper-
high walls of water will head for shore,
eventually breaking in the shallows 
and flooding the coast. The rest you
know, if you saw the weepy 1998 aster-
oid movie Deep Impact.

Worse things may already have hap-
pened: One theory credits an 11-
kilometer-wide asteroid with roasting
dinosaurs alive 65 million years ago. 
The enormous impact sent debris flying
back into space—some of it halfway to
the Moon. When the asteroid bits reen-
tered the atmosphere, the heat that was
generated flash-baked plant and animal
life. (Had that not happened, mind you,
we probably wouldn’t be here today.)
1950DA is minuscule by comparison,
though even a still smaller asteroid
could take out an entire city with a
direct hit. And make no mistake, there
are plenty of space rocks out there; one
missed Earth by only 75,000 miles in
June 2002—and wasn’t spotted until
after it had whizzed by.

Now for the good news. First, 1950DA
is 877 years away and a 300-to-1 long
shot for actually striking the planet and
doing the damage in the scenario above,
which is part of a simulation recently
created by planetary scientists Steven
Ward and Erik Asphaug of the University
of California, Santa Cruz. And although
there are more 1950DAs out there—
maybe bigger, maybe due to arrive much
sooner—the search for potential killer
asteroids is at least under way, though
sorely underfunded. Furthermore, a
small band of scientists, many of them
fueled more by passion than by actual
government grants, is working on novel
methods to deal with asteroids before
they get too close to be diverted or
destroyed. (The time spans involved give
a new definition to advance thinking: 
As the foldout on the previous pages
shows, some diversion operations would
require centuries to work.)

NASA is more than halfway through
a search for asteroids and comets that
come within striking distance of
Earth—called “near Earth objects,” or
NEOs—and are wider than a kilometer.
Experts calculate that the chance of an
object that size hitting Earth in the next
century is only one in several thousand,
but the result would be global havoc.

After astronomers spot an asteroid in

their telescopes, they use radar tracking
to get a more precise picture of where
it’s headed, how fast it’s moving, and
whether its orbit around the Sun will
intersect with Earth’s orbit. Before
1950DA’s predicted encounter with
Earth in 2880, the asteroid will swing
around the Sun almost 400 times, while
Earth will complete 876 orbits.

Of the 600-plus large NEOs tracked
thus far, only 1950DA poses any threat
at all. But at this stage of the search,
there are an estimated 400 potential
global killers left to find, not to mention
over a million hard-to-spot smaller
asteroids capable of regional destruc-
tion. (A rock that exploded over Tun-
guska, Siberia, in 1908 leveled a thou-
sand square miles of remote forest; it
was a mere 60 meters wide.) Making the
tallying work more tricky are a few long-
period comets, which only swing by

every few hundred years and are much
more difficult to track.

The search is only the beginning, and
as Jay Melosh, a planetary scientist at
the University of Arizona points out,
“The question is, If we find one with our
name on it, can we do anything?”

NASA’s search effort receives a paltry
$3 million per year, just a fraction of the
$25 million that NASA earmarked last
year to fix the doors on the Kennedy
Space Center’s vehicle-assembly build-
ing. “I’d like to see more money spent,”
says David Morrison of NASA’s Ames
Research Center. But as yet, there’s no
official program either to build or to test
asteroid-deflection technologies. If Earth
gets whacked by a significant asteroid
within the next few centuries, survivors
might find themselves marveling that
their ancestors, with tools in hand, did
little to prevent a cataclysm.

The asteroid interception and diver-
sion experts are mostly hobbyists—
planetary scientists, astronomers and
engineers who think up these strategies
on their own time. But the ideas are plen-
tiful: As our gatefold shows, the path
from detection to mitigation could
include low-thrust engines, solar sails,
standoff nuclear explosions and more.

Melosh, for example, has been focus-
ing on the use of solar collectors, which
could concentrate sunlight on an aster-
oid, vaporizing enough material to grad-
ually nudge the rock off course. Until
recently, this idea amounted to little more
than a series of conceptual sketches
bolstered by calculations. Then Melosh
learned of L’Garde, a California company
that makes smaller versions of the exact
collectors he needs. With a few adjust-
ments, he says, his strategy could be put
to work tomorrow.

It would take years for sunlight to
redirect an asteroid, however, so 
advance notice is absolutely critical.
Ditto for tactics that would involve
painting an incoming asteroid or cover-
ing its surface with white glass beads—
both approaches would make the aster-
oid more reflective, increasing the tiny
reaction forces produced when sunlight
is radiated back into space. Over 
several centuries, the cumulative effect
of these slight forces would alter the
asteroid’s velocity and cause a miss.
“You let the Sun do the work,” says Jon
Giorgini of NASA’s Jet Propulsion Labo-
ratory (JPL), one of the scientists whoTracking and deflecting incoming asteroids with lasers: www.popsci.com/exclusive 
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NEXT TIME YOU SIT WITH A STRANGER
at a dinner party, pray for someone as
interesting as any of the scientists in the
ranks of the second annual POPSCI Bril-
liant 10. Someone who is well into an
exciting career but still picking up speed.
Someone in the grip of an obsessive
inquiry into the nature of the world—
brainy, resourceful, gutsy—and not
afraid to talk about it. This year, we again
sought researchers whose work, while
watched and admired (and certainly
envied) by colleagues, is largely un-
known to a public that admits few sci-
entists into the spotlight of fame.

One in this year’s group traveled East
Africa cajoling people for blood samples,
then processed the blood in a centrifuge
she had jury-rigged to her Land Rover’s
battery. Another vowed in junior high to
defeat the disease that killed a friend—
and may very well keep that promise.
Many of the Brilliant 10 work in hybrid
fields, because as the divisions between
disciplines fade, that’s where the action
is. They meld biology with engineering,
computer science with ecology. Some
work in fields so new—molecular
anthropology, microfluidics—you’ve
probably never heard of them.

This group is but a tiny cohort of the
larger community of researchers doing
the work that will reveal—and, by
revealing, change—our world.

1OPOPSCI’S 
2ND ANNUAL
BRILLIANT

We patrolled the halls of academe. 
We eavesdropped on the research grapevine. 

We asked scientists:
Whose work is just plain brilliant?  



1O
BRILLIANT

Stephen Quake twirls between
his fingers a transparent, rub-
bery square the size of a
postage stamp. “You can make
them out just barely,” he says,
his eyes on its minuscule laby-
rinth of canals, each of which
contains millionths of a rain-
drop’s worth of fluid. Quake is
holding a miniature chemistry
lab, in which pint-size beakers are replaced by chan-
nels the width of a human hair. A typical chip hosts
a plumber’s nightmare of 1,000 chambers linked by
some 3,500 valves. Here, by mixing tiny doses of
chemicals in countless combinations, researchers
can speedily puzzle out the blueprint of a human
gene, or test thousands of variations of potential
drug compounds to rapidly seek cures for diseases.

Quake, 34, is helping forge a new discipline: mic-
rofluidics. His chips have more
than biological applications; they
also work as computers. The 
basic element of a computer is a
bit—a 1 or 0 that stays as it is un-
til the machine tells it to change.
Writing in Science in May, Quake
and colleagues unveiled a bit
made of liquids. The bit is stored
in a cell consisting of channels

that meet at a four-way intersection. Clear fluid flows
from the left, and blue fluid comes in from the right.
The blue fluid contains polymers that stretch when
the fluid passes through a nozzle at the intersection;
the stretched polymers hang together, and as a result,
the blue and clear fluids don’t mix. Instead, at the
intersection the blue fluid goes one way—say, up—and the clear goes down. The scenario won’t change un-
til something acts upon the fluids, so it represents a bit—say, a 1. To change that bit to a 0, Quake applies a
pressure pulse. That disturbance forces the blue fluid down, switching the bit to a 0. Though Quake won’t
be factoring large primes anytime soon, he has demonstrated that microscopic fluidic circuits are possible.

When Quake began, microfluidic chips were etched with difficulty into hard silicon. He experimented
with silicone and found it more suitable. His new chips possess thousands more channels than their silicon
forebears, and 300 to 500 times more valves than his competitors’ chips. And they keep getting smaller. “One
thing led to another,” he says, “and before you know it, we’d invented really powerful tools.”—CHARLES Q. CHOI

Deborah Estrin knows that when a tree falls in
the forest, it always makes a sound. And by
seeding the woods with miniature monitoring
devices, she plans to make sure it will be
heard. The director of a new $40 million UCLA
research center for embedded networked sens-
ing (ENS), Estrin, 43, wants to connect us to the
physical world as intimately as the Internet
connects us to one another. She envisions a fu-
ture in which our surroundings will constantly
take their own measure and report back.

Bridges with sensors in their foundations will monitor their own struc-
tural health and detect the first tremors of an earthquake. Smart
bandages will assess a patient’s medical condition. Dairy or wine
manufacturers will be able to track the location and condition (includ-
ing temperature) of shipments [see “The Mote Invasion,” page 44].

The building blocks of ENS are microprocessors the size of Match-
box cars that can be connected to a range of sensing devices—infra-
red cameras, acoustic and chemical sensors, motion detectors. The
resultant devices are then scattered over a broad area to monitor the
subtlest of changes. Data leapfrogs between processors, then streams
to a central server. The biggest challenge for Estrin, a computer scien-
tist, is managing the flood of information these networks will produce.
She is devising algorithms that will enable the microprocessors to
compress data, or to eliminate duplications before information is
transmitted. She is also creating programs that will ensure data is
transmitted only when it falls outside an established range—when,
say, a leaf is wetter or the air warmer than expected. Other of her
programs would restrict the very collection of data to times when it
varies from the norm.

Estrin was already investigating ENS for security and other appli-
cations when in 1999 she vacationed in Costa Rica. The rain forest
was so dense with life, she mused, it would be logistically impossible
for biologists to track it all—but embedded sensors could. Last month,
her center launched its first big ecosystem study—100 devices spread
over 30 wooded acres near Palm Springs, California. Video cameras
will watch bluebird nests, motion detectors will sense predators, and
buried CO2 probes will monitor soil chemistry. The data will be
broadcast on the Internet: www.jamesreserve.edu.—LAURIE GOLDMAN
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When Tejal Desai walked into professor Mauro Fer-
rari’s office at the University of California, Berkeley,
she looked so young he mistook her for an overeager
high schooler and almost threw her out. Undeterred,
Desai told him she’d studied biomedical engineering as
an undergrad at Brown and was seeking a challenging
Ph.D. project. Ferrari assigned her a whopper: Build an
implantable device that will eliminate the daily insulin

injections diabetics give them-
selves to control blood sugar lev-
els. Desai’s colleagues warned her
the task was too hard, that she’d never graduate.

But after four years of coaxing cells to grow on chem-
ically modified silicon surfaces, Desai had it: a micro-
scopic device that, when implanted in diabetic rats,
delivered ongoing, regular doses of insulin. The device
functioned like a tiny tea strainer: A hollow bit of sili-
con perforated with tiny holes, it was filled with 
pancreas cells doing what pancreas cells do naturally—

produce insulin. The holes were large enough for the insulin to diffuse out,
but small enough that the pancreas cells stayed inside, and the rat’s immune
agents—which would normally mark the cells as foreign and attack them—
could not enter. “Nobody expects you to cure diabetes before you graduate,”
recalls Ferrari. “And then Tejal did!” (For rats, anyway.)

Desai’s implant is being developed by a private company for human use,
but Desai, now 31, has moved on. She has developed a
speck-size layered plastic device that, when swallowed,
attaches to the intestinal lining, releasing medicine.
Next she plans to build better artificial blood vessels.
The existing variety, mere tubes, cannot constrict or
dilate as natural vessels do to control blood pressure.
Desai’s goal is to make artificial vessels that coax the
patient’s own body to grow replacements, then biode-
grade, leaving the new natural vessels behind.

Desai’s father, a chemical engineer whose company
designs water-desalination systems, cautioned her about
engineering; it can be an unexciting profession, he told
her. Then, in high school, Desai heard a biomedical 
engineer speak. Here was a totally new incarnation of
engineering, one packed with magical promise—build-
ing artificial organs, or artificial nerves for people with
spinal cord injuries. Desai had found her calling. (Her
father has since relented; they occasionally talk shop,
especially on the topic of nanoporous membranes.) Says
Kenneth Lutchen, chair of biomedical engineering at
BU, “In 10 years, some promising young student will be
labeled ‘the next Tejal Desai.’”—MARTHA HARBISON

Erik Demaine was not your typical
teenager. He went to college at 12, and by
14, he was a grad student at the University
of Waterloo in Ontario, Canada. The work
he did there sounds whimsical—making
paper stars, angelfish and swans—but 
Demaine was confronting a thorny prob-
lem. Namely, which shapes can be made
simply by folding a piece of paper, as
many times as you like, then snipping off
a corner and unfolding it. The answer, De-

maine discovered, after two years of calculations and crumpled
paper, is any shape you can think of. It is theoretically possible to
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create any two-dimensional straight-sided shape, from a triangle
to the New York City skyline, with a single scissors cut.

That elegant theorem, completed in 1998, helped launch
computational origami, a hybrid discipline—part computer sci-
ence, part mathematics—that explores complex geometry con-
cepts inspired by the Japanese art of paper folding. Demaine
and a handful of colleagues pursue the mathematics of folding
with the bravado of skateboarders. It is their extreme sport;
they delight in the mysteries hidden within a simple sheet of pa-
per. “Erik found a whole new pool of mathematical problems
motivated by the field of origami,” says mathematician Joseph
Mitchell of SUNY Stony Brook in New York. “These are the
kinds of questions that turn us on.” Two years ago, at the ripe
old age of 20, Demaine became an assistant professor at MIT.

The work has real-world value. Computational origami has
helped engineers figure out how to unfold a telescope lens in

outer space without damaging it, and determine the safest way
to stow an airbag within a steering column. A grasp of the intri-
cacies of folding could also help biologists understand proteins,
the convoluted molecules that are prime actors in many diseases.

Home-schooled by his father, Demaine never had to distin-
guish between work and play. During his early years, the two
traveled the U.S. by bus, stopping to live wherever they felt like
it (Demaine’s parents divorced when he was young). When Erik
was 7 and obsessed with Nintendo, his dad suggested he learn
to create his own games; he was soon into computer program-
ming. In college, he found the age gap little hindrance—when
his friends repaired to a bar, he just ordered ginger ale.

Demaine keeps countless origami problems percolating in his
head, but his research ranges far beyond: He has co-authored
more than 100 papers on such topics as data structures, bio-
informatics and the mathematical obstacles to winning at Tetris.
He’s drawn to the unexpected: “You just look at something you
normally see in a different way and think, Gee, I wonder if
there’s some mathematics behind that?”—LAURIE GOLDMAN

Try your hand at folding problems: www.popsci.com/exclusive

PARTY PUSHER: ERIK DEMAINE MULLS THE MATH OF FOLDED FORMS. PHOTOGRAPH BY ANTONIN KRATOCHVIL

http://www.popsci.com/exclusive
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Victor Velculescu’s office overlooks a building where physi-
cians help patients battle tumors. Velculescu, 33, could
work there himself—he got his M.D. concurrently with a
Ph.D. in human genetics—but early on, he did the math
and decided that though treating sick people would give
him a hands-on role, he could help more people by dis-
covering what makes cancer tick. Tumors arise from ge-

netic errors in a single cell. The task
he set himself was to find those
glitchy genes.

One way to find genes is to ex-
tract all the DNA from a cell, then
identify the individual genes con-
tained within it. That’s the method
the vaunted Human Genome Pro-
ject (HGP) used. But though that ap-
proach reveals many of the genes
within a cell, it doesn’t indicate

what those genes do or when they are active. Velculescu
decided that rather than identifying genes and then trying
to figure out their role, he wanted to catch cancer genes in
the act, and then identify them. He based his plan on a
simple fact: All the active genes in a cell are copied into
molecules of RNA. The more RNA copies, the more active
the gene. If researchers could gather all the RNA mole-
cules floating in a cancer cell and compare that collection
to one from a normal cell, they could identify genes that
are overactive in cancer—but working backward from
RNA was slow. Velculescu theorized that by paring RNA
molecules to the bare minimum and linking those pieces
together, he could rapidly characterize and count each
one. “It sounded too good to be true,” he recalls. 

His method, known as SAGE, worked—and 30 times
faster than the old one. SAGE was “revolutionary,” says Sanford Markowitz, a cancer geneticist at Case
Western Reserve; it has so far identified dozens of genes involved in cancer and other diseases. Mean-
while, SAGE suggests the HGP may have vastly undercounted. But infighting ranks low in Velculescu’s
concerns. “The goal,” he says, “is translating this information to ultimately help somebody.”—JR MINKEL

Xiaohui Fan’s astronomy career began in
polluted downtown Beijing, where he
used his high school’s rooftop telescopes
to search for comets and flickering vari-
able stars. But he wasn’t the romantic
stargazer type, communing with infinity.
He just wanted to see far. Really far.
Some 15 years later and half a globe
away, the 31-year-old University of Ari-
zona astronomer now has regular access
to the best telescopes in the world. He
and his team on the Sloan Digital Sky Survey have already
discovered 10 of the oldest objects in the cosmos—one of
which, Fan’s best catch to date, sent its light our way nearly 13
billion years ago, a scant 800 million years after the big bang.

Back in 1995, while Fan was finishing his master’s degree in
Beijing, he devised a new approach to searching for very distant
quasars—incredibly bright, energetic galaxies with supermas-
sive central black holes. The local facilities weren’t powerful
enough, so he applied to Princeton University—Sloan head-
quarters. He essentially said, Here’s my plan, I need better
equipment, and I’d really like to work with you. Before long, he
was collaborating with hundreds of other scientists. “He knew
everything about what we were doing before he even got here,”
recalls Princeton astrophysicist Jeremiah Ostriker.

You can’t just pick a point in the sky, point your telescope,
and expect to find a 12-plus-billion-year-old galaxy. That’s
why Fan’s goals mesh so perfectly with Sloan, an exhaustive
effort to map one-quarter of the visible universe. The 2.5-
meter Sloan telescope isn’t adept at details, but it covers a
huge swath of sky. Fan developed software that sifts through
Sloan data, looking for the faint, reddish light that signifies a
distant quasar, and whittles millions of objects down to a few
hundred candidates.

By comparing Fan’s ancient quasars with newer ones, cos-
mologists hope to learn whether black holes evolve over time.
The study of distant quasars may also help resolve a basic
chicken-or-egg question: Are black holes a prerequisite or a
product of galaxy formation? Fan contributes to theoretical
research, but his long-term vision hasn’t changed. He wants to
keep seeing really, really far. And that almost 13-billion-year-
old quasar just isn’t good enough. “My goal would be to push
it further,” he says, “to find the very first ones.”—GREGORY MONE

XIAOHUI FAN
BY DETECTING FAINT GALAXIES, HE PEERS DEEP
WITHIN THE UNIVERSE TO THE START OF TIME.
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Growing up in Wisconsin, Betty Pace lost a
good friend to sickle-cell anemia. Right then,
in junior high, she decided to spend her life
trying to find a cure. Now a physician and re-
searcher, Pace, 49, may be closing in.

Sickle-cell anemia is caused by an error 
in the gene that produces hemoglobin, the
oxygen-carrying component of red blood
cells. The defective hemoglobin molecules 
form long, sticky polymers, making the blood
cells sickle-shaped instead of round. These 

abnormal cells clog up blood passageways; ultimately, vital organs
are starved for oxygen. Diseases arising from a single faulty gene
are prime candidates for a treatment known as gene therapy: Just
replace the faulty gene with the correct version, the thinking goes,
and—voilà!—a cure. The standard approach is to place the desired
DNA in the shell of a neutralized virus and set it loose in the patient.
But it’s tricky to get the desirable gene to insert itself correctly in the
patient’s genetic machinery. In 30 years, gene therapy has partially
cured only a few patients, and in 2002 two of the method’s poster
children contracted leukemia as a result of their treatments. In Janu-
ary, the FDA suspended gene therapy trials in humans—making the
field a troubled setting for a dedicated investigator like Pace.

But Pace’s approach sidesteps traditional gene therapy. Her work
doesn’t involve shoehorning new DNA into cells but rather coaxing
the body to heal itself. To counter sickle-cell anemia, she aims to 
provoke the body to activate the fetal hemoglobin gene. This gene,
which makes a protein that helps growing fetuses siphon the oxygen
they need from their mother’s bloodstream, goes dormant at birth.
What makes it of interest to Pace is that it never carries the sickling
mutation, and if enough fetal hemoglobin is present in adult blood,
sticky polymers will not form, even in the presence of mutated pro-
teins made by the adult sickle-cell gene.

Pace searches for transcription factors—proteins that attach to the
fetal hemoglobin gene and turn it on. This year she logged a major
victory: She found one that, in cell culture at least, provides a prom-
ising boost in fetal hemoglobin production. Next, Pace will test it 
in mice. Human trials are years off, but if she succeeds, doctors will 
ultimately be able to remove stem cells from an afflicted person’s
bone marrow, activate the gene, then return the cells to the patient,
where they would produce the curative protein forever.—LAURA FRASER

BETTY PACE
UNLOCKING GENETIC ON/OFF SWITCHES
TO FOOL THE BODY INTO HEALING ITSELF.

His mistakes potentially alert the message’s recipient to the tampering. But recipients have lacked a way to
assess incoming single photons, so they were effectively blind. Enter Nam. His device detects single pho-
tons by reading the faint heat pulses they generate in superconducting tungsten cooled to 1/10 of a degree
above absolute zero. One might expect the maker of such a precise machine to be a cautious type. But Nam
likes to dye his hair odd colors and has been known to enter a 200-mile bike race on the spur of the moment.
His former adviser, Stanford physicist Blas Cabrera, says that, thanks to that energy, Nam does the work of
three. “I like thinking about lots of random different things,” Nam says, most unprecisely.—JR MINKEL

SAE 
WOO
NAM

HE’S HARNESSED THE BIZARRE QUANTUM
WORLD AND MADE IT DO HIS BIDDING.

A century after the discovery of quantum mechan-
ics, physicists are still unsure what to make of it, but
they are making things with it—machines that cap-
italize on particles’ weird ability to exist in two or
more states at once, and their habit of freezing into
a single state when observed. Sae Woo Nam, a 33-
year-old physicist, recently built the world’s most
sensitive photon detector. By interacting with the
spooky quantum world, his device could make
coded messages uncrackable.

When industry or govern-
ment officials send a private 
e-mail, they convert it to a
string of 1’s and 0’s, then
merge it with a string of ran-
dom numbers. The result is so
garbled, only someone pos-
sessing the random string can
decode it. The random string
is, therefore, the “key.” It is
sent first—a transmission that
must occur in total secrecy.

Scientists have long wanted
to use photons to send secret keys, but until now the
technology hasn’t been precise enough. Theoreti-
cally, each 1 and 0 of the key could be encrypted on
a single photon, then randomly polarized at some
known angle—anywhere from straight up and
down to perfectly flat. Eavesdropping would require
intercepting the photons, copying them, then send-
ing them on their way. Since due to quantum
mechanics, it’s impossible to perfectly measure a
photon’s polarization, an eavesdropper will find
himself in a quandary: Unsure of the photons’ orig-
inal states, he must guess when he retransmits them.

QUANTUM 
CRYPTOGRAPHY
NATIONAL 
INSTITUTE OF 
STANDARDS AND
TECHNOLOGY

MOLECULAR 
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OF TEXAS, DALLAS

90 POPULAR SCIENCE SEPTEMBER 2003



BODY, HEAL THYSELF: BETTY PACE SEARCHES FOR GENE TRIGGERS TO QUELL THE SICKLING MUTATION PHOTOGRAPH BY BRENT HUMPHREYS



SUPERMODEL: MICHAEL MANGA SIMULATES GEOLOGIC CHANGE IN A REAL HURRY PHOTOGRAPH BY TIMOTHY ARCHIBALD



1O
BRILLIANT

Sarah Tishkoff realized how far she’d strayed from the
scientific mainstream when she found herself processing
blood samples in a centrifuge she’d hooked to the battery

of her dusty Land Rover near a vil-
lage in the Ngorongoro district of
Tanzania. Tishkoff, 37, searches
for human origins not by hunting
for ancient skulls but by examining
the “fossils” in our genome: ge-
netic mutations that are passed
down through the generations. 

While still a student at Yale
Medical School, Tishkoff developed
a novel way to analyze DNA from
living people’s blood. Then, by de-

termining the frequency of mutations in DNA from various
populations, she was able to conclude that African line-
ages are the oldest on Earth and that at some relatively
recent time in the past, a small group of people migrated
out of East Africa and populated the rest of the world. Her
work buttressed the reigning theory of human origins that
had been developed in the traditional fashion—by using 
radioisotope dating to determine the ages of ancient 
human bones found in Africa and elsewhere.

Tishkoff had few African DNA samples to work with,
so in 2001 she headed into the bush to collect blood from
as many tribal groups as possible. Map in hand, she
spent days traveling between far-flung villages. At night

MOLECULAR
ANTHROPOLOGY

U. OF MARYLAND,
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Michael Manga wants to understand
planetary evolution, but he doesn’t have
a few million years to sit around and
observe. So he and his UC Berkeley col-
leagues have built a few Earths of their
own. Ranging from cooler-size tanks of
oil to 350-gallon vats of corn syrup, Man-
ga’s model planets may not look quite
right, but they do reveal geological
processes. In one recent experiment, he
and colleague Mark Jellinek simulated the life cycle of Earth’s
hot spots—places where searing plumes of rock melt as they
approach the Earth’s surface, spurring volcanic eruptions.
Manga and Jellinek filled a small tank with a form of motor oil,
then piped into the bottom of the tank a thin layer of soybean
oil, which is denser. When they heated the mix from below, the
soybean oil formed veins that rose to the surface, then dis-
persed. Manga and Jellinek had successfully compressed a 
billion-year phenomenon into an hour.

Manga is so prolific, says former adviser Rick O’Connell, a
Harvard professor of earth science, that he’s advancing not one
area of geology but a dozen. Recently, Manga and grad student
Helge Gonnermann disproved a long-held notion that when hot
melted rock, or magma, rises quickly and breaks into pieces, it
causes an explosive volcanic eruption. Manga and Gonnermann
found the opposite is often true: Magma that breaks up as it
shoots to the surface can prevent explosive eruptions. When
magma rises fast, the surrounding pressure drops, allowing gas
trapped in the magma to expand—much like carbon dioxide
bubbles in a just-opened can of soda—and break up the 
magma. Manga and Gonnermann found that sometimes the gas
escapes from between the magma fragments and dissipates:
Explosion avoided. This model has been confirmed by recent
volcanic events, such as the eruption of Mount St. Helens.

Manga has his eye on Mars and Venus, and hopes future mis-
sions to those planets will unlock some of Earth’s mysteries—
such as why Earth is the only local planet that has moving tec-
tonic plates. He also plans to log more hours with the corn
syrup. At 35, he certainly has the time.—GREGORY MONE

she processed blood in her car-battery-operated centrifuge. She slept in a truckers’ guesthouse and was invited
into the homes of Maasai herdspeople. She won over tribespeople and wary government officials. “It was the
most exciting thing I’ve ever done,” she says. Tishkoff’s new database recently yielded a key insight: Several
populations thought to have originated in northeastern Africa are ancient, dating back 90,000 years. This finding
too reinforces traditional detective work into the origins of modern humans: Paleontologist Tim White of UC
Berkeley reported in June that three Homo sapiens skulls found in Ethiopia are the oldest known.—LAURIE GOLDMAN

GEOPHYSICS
UC BERKELEY

01 02 03 04 05
06 07 08 09 10

SARAH 
TISHKOFF
FROM THE GENES OF LIVING PEOPLE, SHE
DIVINES THE STORY OF HUMAN ORIGINS.

MICHAEL
MANGA

HE MODELS BILLION-YEAR AND MINUTES-LONG
PROCESSES TO GRASP EARTH’S WORKINGS.

C
O

U
RT

E
S

Y
 S

A
R

A
H

 T
IS

H
K

O
FF

POPULAR SCIENCE SEPTEMBER 2003 93



www.purwater.com


C
O

U
RT

E
S

Y
 B

E
N

TL
E

Y

THE $2.3-BILLION BOMBER SHOP
A technician works inside the Low

Observables facility. Note bomb
symbols on nosegear door denot-

ing four missions over Kosovo and
one over Afghanistan.

PIT STOP The Bentley
Speed 8 receives

new tires during 30
hours of testing at

the Paul Ricard High
Tech Test Track.  ❯

AdventurePOPULAR SCIENCE

“WHATEVER YOU DO, DON’T TOUCH THAT,” Derek Bell hollers through his helmet,
pointing to the very large red button on the dashboard that controls the Halon fire
extinguisher. “It takes all the oxygen out of the air and you pass out.”

All I can do is nod dumbly. In the 1970s, Bell was one of the top racecar drivers in
the world, winning Le Mans five times; and now that we’re sitting side by side in the
suffocatingly hot cockpit of Bentley’s new Speed 8 sports car, I’ve pretty much put

myself at his mercy. A few seconds and several micrometers of well-laid rubber later, we’re tearing
down the test track at 190 miles per hour—an experience that looks, sounds, smells, and feels like being

It’s Bentley’s bid, seven decades later, to reclaim the Le Mans throne.
It’s an experimental car. We’re going 190 mph. By Paul Bennett

Scratching the 73-Year Itch

“THE CREW’S EYES WIDEN. THE SOYUZ WILL NOW EXECUTE A MUCH STEEPER AND MORE PUNISHING 8-G TRAJECTORY.”  PAGE 105
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come to the Paul Ricard High Tech Test Track near Bandol in southern France to
put their twin Speed 8 racecars (known as numbers 7 and 8) through 30 hours of
nonstop, high-speed driving. They’ve invited me along for the ride.

“We’re trying to break the car,” explains Alistair Macqueen, Team Bentley’s tech-
nical operations manager. “In a single race we do all the mileage that a Formula 1
car does in a year. Speed is important, but durability is paramount.” I question that
durability in the turns, which cause this finely tuned sports car to chatter like a
1985 Oldsmobile Cutlass Ciera on a cold day, but I am nevertheless impressed by
its performance, especially at the end of my ride, when we brake from 190 to 

70 mph in just 100 meters (a sensation
akin to having your speed sucked away
by a giant vacuum cleaner). 

As the Speed 8 tears off again
around the track, Macqueen explains
that racecar design is subject to a com-
plex matrix of rules, both physical and
man-made. Each year the man-made
rules change slightly, sending design
teams into their laboratories to calcu-
late seemingly minor adjustments to
gain the upper hand. (This year, for
example, the size of air-intake restric-
tors was cut by 10 percent, effectively
making every car on the circuit that
much less powerful.) But because the
cars are subject to such intense physical
forces—gravitational, aerodynamic,
thermal—each tweak inevitably
throws a thousand other details out of
whack. When Macqueen and his engi-
neers adjust the cars’ rear wing, for
example, they unexpectedly increase
the strain on the springs, which
changes the ride height and further
increases the downforce. 

Macqueen’s main concern is aerody-
namics. Partly to make a splash and
partly because Bentley’s owner, Volks-
wagen, already owns Audi, winner of
the last three Le Mans, the Bentley Boys
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IN A CLASS BY ITSELF The Speed 8—shown
here at the Paul Ricard test track—is the
only Le Mans car with a closed cockpit; 
test driver Johnny Kane (center) waits for
technicians to install his seat in Car 7.

inside a prolonged explosion. The world
shakes. The air reeks of gasoline. And
with 3 Gs pinning me to the window
through each turn, I couldn’t hit the red
button even if I wanted to.

The Speed 8 is Bentley’s gamble, 73
years since their last win, to take the title
at Le Mans. A grueling 24-hour ordeal,
Le Mans is as much about endurance as
it is about speed, and in the gentlemanly
world of European auto racing, where
the top events—Monte Carlo, the
French Grand Prix—are all tuxedoed
affairs, France’s venerable Le Mans is
considered the most gentlemanly of all.
To differentiate themselves from the
rest of the pack, the “Bentley Boys” are
banking on a radical departure from
standard Le Mans design: a closed cock-
pit, which though it makes the car sub-
ject to additional handicapping design
restrictions, reduces aerodynamic drag.
It’s April 15—exactly two months
before Le Mans—and Team Bentley has

COCKPIT
The closed cockpit reduces 

drag but brings with it a handi-
cap mandating smaller tires.

AIR INTAKES
Bentley put them
on the sides to
maximize airflow.

REAR WING
Like Audi, Bent-
ley stabilized it
on twin pillars. 

R8 VS. SPEED 8 

AUDI R8

BENTLEY SPEED 8



buick.com
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are making a go of it with closed
cockpits—the only ones in the
field. Doing so puts the Speed 8
in the Le Mans GT Prototype
class, which means it must race
with 14-inch tires instead of the
standard 16-inch variety. (“Less
rubber on the road means less
speed in the turns,” explains
Bell.) To balance this handicap,

Bentley is allowed to increase the size of the Speed 8’s air-intake restrictors by
1mm, boosting the car’s power. Of even greater benefit, though, is the reduction
in drag afforded by the closed cockpit, which Bentley hopes will give the Speed 8
a leg up on open-cockpit designs, like last year’s winning Audi R8.

Occasionally, though, smooth aerodynamics can work against a car, especially
in the wake of recent rule changes that outlaw underbody channels and other
design gimmicks that glue cars to the track with downforce. In 1999, for exam-
ple, a particularly airy closed-cockpit Mercedes flew off the track and somer-
saulted five times before landing in a tree. “We want to reduce drag without 
correspondingly increasing lift,” explains Macqueen. “That’s the Holy Grail.”

To achieve this balance, Macqueen and his team at Racing Technology Norfolk,
the firm contracted by Bentley to design the Speed 8, have made a number of key
alterations to the car since the 2002 Le Mans, where it placed fourth. They’ve sta-
bilized the rear wing, moved the air intakes from the roof to the sides, and re-
sculpted the curvature of the cockpit to create a low-pressure center—a major
source of downforce—under the rear overhang. Taken at a single point, this pres-
sure is minimal (0.3 psi). But spread across the entire back third of the underbody
it can reach up to a ton and a half. It’s this force that, halfway through the test at
Paul Ricard, causes steel brackets under the back of Car 7 to deform and snap.
(Although hair-raising for those of us watching from the pit, it’s an easy fix: A 
few replacement brackets and the car is on its way.) 

To gauge the efficacy of the Speed 8’s design, Bentley placed 140 sensors in each
of its cars to monitor everything from engine temperature to stress loading. This
data is displayed on a bank of 20 computer monitors in an observation booth above
the pit, where technicians and telemetry specialists drain a well-stocked espresso
machine as they unearth potential hazards and debate design changes. Except for
the brackets, they find nothing wrong. The Speed 8s are ready for Le Mans.

Cut to June 15. As the Speed 8s enter their fifth hour of Le Mans, the team
notices a rise in Car 7’s water pressure. 
Plotted over 20 hours, it indicates a poten-
tial disaster the following morning. “We
decided to bleed the line rather than risk it,”
says Macqueen.

That prudence pays off. Bentley’s twin
Speed 8s place first and second, with Car 7
winning in 377 laps (two more than last
year’s Audi). “We set a new distance record
because we optimized our aerodynamics,”
says Macqueen. “But next year, there will be
entirely new rules.” The most significant one
will reintroduce underbody channels, allow-
ing cars to go faster without fear of flying
off the track. Once again, the scales will level
between open- and closed-cockpit cars—at
least until the Bentley Boys figure out how
to tip them in their favor. ■

NEED FOR SPEED
RACECAR DRIVERS at Le Mans are
among the best in the world, relying on
innate talent and years of training to
lead them to victory. But that doesn’t
mean you can’t tear around a high-
speed oval, pass the competition at
200 mph, and win a Le Mans–style
race. Here’s where to get started.

LE MANS–STYLE RACING
Track Attack, Indianapolis • Take to 
the ovals at “Racing Capital USA” in an
SCAA Spec Racer at speeds up to 120
mph. Packages range from beginner
($200), which includes classroom train-
ing and lapping sessions, to a cus-
tomizable group course complete with
a Le Mans–style race, champagne and
trophies. www.trackattack.com

HIGH-SPEED DRIVING
Driving 101, Las Vegas • Although
based at the Las Vegas Motor Speed-
way, Driving 101 can put you behind
the wheel of an Indy-style racecar at
tracks from California to Tennessee.
Packages range from a $75 ride-along
to the $9,000 “Extreme Racing Experi-
ence” in which you’ll drive a 2002 IRL
racecar for 30 laps at 200 mph.
www.driving101.com

SPEEDWAY GAMEPLAY
Le Mans 24 hrs, Atari • Blast through
12 real-world tracks in any of 70
cars—30 of them from actual teams.
Your car is even ministered to by an 
animated pit crew. Available on PC,
PSX, PS2, GB and Dreamcast; $50. 
www.tdlemans.com

WITNESS THE EVENT
Le Mans 24-hour race, Le Mans, France
• Get a jump on the action at Le Mans
from the race’s official Web site. It’s a
one-stop shop for ticketing info, race
results and Le Mans merchandise. It
also features webcams for those who
prefer to enjoy the race from home.
www.lemans.org

_ADVENTURE GUIDE

RECORD SETTER Bentley’s Speed 8 (Car
7) wins Le Mans in a record 377 laps.

FINE-TUNING VICTORY Mechanics
adjust the Speed 8’s handling by
tweaking its rear suspension.
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IT’S 8:30 A.M., LATE RUSH HOUR, and Jim Murphy has a multi-
billion-dollar set of new tunnels beneath downtown Boston at
his fingertips. So far things have been quiet, but should traf-
fic get gnarly, as it so often does in this city of six-hour grid-
locks, his console will automatically display the problem
areas. Then he’ll have some options: Zoom in on the jam

through closed-circuit cameras; direct traffic with variable message boards;
and, if things take a turn for the worse, override local radio frequencies.

Boston’s $14.6 billion Central Artery/Tunnel Project, now 87 percent com-
plete after 12 years, is finally beginning to decongest the downtown. To keep
things running smoothly, the operators here at the Backup Operations Cen-
ter—the project’s interim brain until the larger Operations Control Center goes
online in September—and Murphy, the OCC superintendent, monitor every-
thing from traffic volume to tunnel air quality. But some things are out of their
hands. A screen at the front of the room shows traffic slowing at the end of a
northbound tunnel; drivers are hitting their brakes as they emerge. Why? “We
ask ourselves that same question,” says Murphy. “There’s nothing impeding
them. It’s just human nature.”—MIKE ROSENWALD

Fixing Boston’s Horrible Jams
Fear not, Beantown commuters, Big Brother is watching:

How the Big Dig’s high-tech brain dashes gridlock.

Underground Eye
When the Central Artery/Tunnel Pro-
ject is completed in December 2004,
the task of managing its 7.5 miles of
“smart” highways will fall on the
shoulders of one facility: the Opera-
tions Control Center. Here’s how the
Big Dig’s high-tech brain will keep
traffic jams at bay.

1. WATCHING THE ROAD. Fifty-four color
monitors display real-time images from any
of 430 closed-circuit cameras located
throughout the Central Artery/Tunnel. They
flank a 13- by 46-foot rear-projection
screen at the front of the room.
2. RAPID RESPONSE. Nine workstations are
arranged in two amphitheater rows. Each
one contains two computer screens and six
video monitors that automatically display
the appropriate camera angles when an
incident occurs. 
3. DIRECTING TRAFFIC. Touchscreen controls
allow operators to communicate with 
drivers through 130 electronic message
boards, with 300 lane control signals, or 
by overriding local AM and FM frequencies.
They can also mobilize first-response teams
and state police units from five 24-hour sta-
tions. These teams have specially equipped
wreckers to fight small fires and to tow
vehicles as large as freightliners.
4. MONITORING THE AIR. Carbon monox-
ide sensors monitor levels of the gas inside
tunnels and trigger ventilation fans if con-
centrations become dangerous.

_AT THE CONTROLS

TUNNEL VISION
Magnetic sensors in the

pavement monitor 
traffic flow. If it’s inter-
rupted—because of an

accident, for example—
cameras focus on 

the problem, sending
live images to the con-
trol center. Operators
then direct traffic with 
message boards and
lane control signals.

TIGHT HEADROOM
Infrared sensors at tunnel entrances screen
for oversize vehicles. If a truck trips a sen-
sor, a message board will tell it to exit the
roadway. If the truck fails to do so, a sec-
ond sensor activates a warning light.

11

3

42

Camera

Magnetic sensors

Second
sensor

Infrared sensor
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THERE IS AN entire sub-
culture of people who
derive pleasure from
putting strange things
in microwave ovens,
things that microwave

oven manufacturers would most stren-
uously suggest should not be put there.
In the hands of these people, table
grapes produce glowing plasmas, soap
bars mutate into abominable soap mon-
sters, and compact discs incandesce. As
a scientist, I’m enthralled by such phe-
nomena (particularly the grapes), but
somehow I’ve always found the subject
a bit unsatisfying: Cool, but what is it
really good for? It wasn’t until I stum-
bled upon David Reid’s Web site
(home.c2i.net/metaphore) that I discov-
ered a much more intriguing possibility
for a microwave: melting metal.

I know, I know: You’ve been warned
never to put metal in a microwave.
There is some merit to this notion, par-
ticularly when it comes to food—metal
reflects microwaves and prevents them
from reaching the thing you’re trying
to heat. Microwaves also can ruin metal
accents on fine china and can initiate
electric arcs across some metals, which
oven-makers consider a fire danger.

Nonetheless, I recently found myself
inspired to attempt microwave metal
melting—and, for reasons too compli-
cated to explain, the inspiration struck
on a visit to San Francisco. I was 1,500
miles from my Illinois workshop and
without any of the required materials: a
challenge! From a hardware store on
Fourth Street, I bought a silicon carbide
sharpening stone and 3 pounds of
tin/silver plumber’s solder; from Macy’s,

Our scientist zaps tin and 
silver, shatters glass, and arcs
his oven to prove a point. 

_GRAY MATTER

Smelting in a
Microwave

I purchased a microwave-safe casserole dish and a
stainless-steel measuring cup; and at Williams-
Sonoma, I found a cute cast-iron cornbread fish
mold and a pair of long-cuff leather grilling gloves.

Silicon carbide is a microwave susceptor: It
absorbs microwaves and turns them into heat (as
does food, but silicon carbide can withstand much
higher temperatures than your average turkey
sandwich). The measuring cup sits on the stone,
which heats it, and the solder it contains, from

below. The casserole dish traps the heat, allowing it to build up to the tin’s melt-
ing point (220°C). After microwaving the assembly on high for 15 minutes—some
sparks flew among the solder coils at first—I came out with a cup of the molten
metal, which I poured into the fish mold. Easy as pie, except that the casserole lid
shattered from the shock of cooling. (Fortunately, I was wearing leather gloves,
an apron and sensible shoes as a precaution against the molten metal.)

Next, I turned to silver—a more difficult metal to melt. The helpful staff at the
Exploratorium, San Francisco’s world-famous science museum, let me use their
machine shop to fabricate a firebrick-and-silicon-carbide furnace enclosure: Same
principle as the casserole dish, just better, safer insulation. Although I fell short
of melting the silver at 962°C, I did make it glow red-hot at around 800°C.

Proof of concept: A microwave is a powerful induction furnace capable not only
of creating high-voltage plasmas from table grapes but of melting the very 
substance I wasn’t supposed to put in there.—THEODORE GRAY

THE AUTHOR’S OWN FABRICATED FURNACE

RED-HOT SILVER After building a furnace enclosure
out of firebricks and silicon carbide (above), Gray made
silver glow red at about 800°C, slightly below its melting
point; molten tin solder (left) is poured into a fish mold.

A FISH OF TIN

ACHTUNG!
Theodore Gray is a scientist

trained in lab safety procedures. Do not
attempt this experiment at home. For
more information on Gray’s scientific pur-
suits, visit www.periodictabletable.com.

!

http://www.periodictabletable.com
home.c2i.net/metaphore




L–3 HR 23 MIN
The Soyuz 
TMA-1 undocks
from the ISS.

L–26 MIN Shortly after the crew’s
descent module separates from the
rest of the craft, its computers shift
unexpectedly into ballistic mode.

L–15 MIN The Soyuz’s parachutes
deploy, bringing it out of a steep 8-G
descent. The craft sets down 285 miles
short of its landing site in Kazakhstan.

L–54 MIN The Soyuz
ignites its engines for
a 4-minute reentry
burn, setting itself up
for a controlled free-
fall toward Earth.
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THE SITUATION 2:43 a.m. Moscow time, May 4, 2003. After 163 days in
orbit, flight engineer Nikolai Budarin, International Space Station com-
mander Kenneth Bowersox and ISS science officer Donald Pettit finally
undock from the ISS and begin their journey home. Their ride is Russia’s
newly upgraded Soyuz TMA-1 spacecraft, and if all goes according to
plan, they’ll touch down in southern Kazakhstan in three and a half hours.

(With the space shuttle fleet grounded, these Soyuz taxi missions have become critical.)
Landing minus 26 minutes: The Soyuz’s descent module, which contains the crew, jettisons

the habitation and service modules and orients itself to enter Earth’s atmosphere. The plan
calls for a “controlled entry,” with the vehicle’s guidance system maintaining a shallow 4-G

Moscow, We Have a Problem
How a small software glitch drove Soyuz TMA-1 ballistic.

_MISSION CRITICAL
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New and Improved The May 4
entry was the first for Soyuz
TMA-1, which sports upgraded
computers, a new control con-
sole [1], advanced soft-landing
gear [2] and larger seats [3].

Planned landing site
Actual 
landing site
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trajectory. But 1 minute before entry inter-
face—a point 75 miles above Earth’s surface
where the thickening atmosphere begins
heating the craft’s outer hull—the cockpit’s
two computer screens suddenly shift into
ballistic mode. The crew’s eyes widen. The
Soyuz will now execute a much steeper and
more punishing 8-G trajectory, and land far
short of the planned recovery zone.

THE RESPONSE Bowersox glances at
Budarin. Ballistic mode can be triggered
through a button on the control stick, but
Budarin has that button securely covered.
The problem must lie deeper within the
automatic control system. “At that point
there was little we could do,” recalls 
Bowersox. “Ballistic mode is irreversible.”

Landing minus 23 minutes: As the craft
streaks through the thickening atmosphere,
it becomes enveloped in a cocoon of super-
heated air, which severs radio communica-
tions. “We were talking constantly,” says
Bowersox, “but ‘ballistic’ never got out.”

Eight minutes later, when the Soyuz
slows down under its main parachute, the
crew establishes radio contact with search
planes. Thinking the rescue team had heard
their earlier transmissions, they never men-
tion their ballistic entry. The search planes
continue patrolling the planned recovery
zone as the Soyuz lands 285 miles distant.

After landing, the crew deploys an
external communications antenna, but with
the Soyuz pulled on its side by the para-
chute, it plows into the ground. The crew
crawls from the craft and deploys an emer-
gency beacon and a 10-foot emergency
antenna. Two hours later, they reestablish
radio contact with the search planes, and
two hours after that, they finally glimpse
rescue helicopters on the horizon.

LESSONS LEARNED An investigation by
the Russian space agency found that the
descent control unit, which guides the Soyuz
through normal entries, reacted incorrectly
to signals from its gyroscopes and velocity
meters. This caused the vehicle to yaw
erratically, prompting higher control func-
tions to take the descent control unit offline
and initiate ballistic mode. 

The odds of this happening again are 1
in 7,000, which is enough to quell any 
worries about Soyuz TMA-2, currently
docked at the ISS. But engineers will modify
the descent control unit on TMA-3 before 
it docks at the ISS later this year. What’s
more, all future Soyuz crews will carry satel-
lite telephones in their cockpits, and extra
recovery teams will be on hand to patrol
the ballistic landing site.—FREDERIC CASTEL

www.solatube.com
www.hydrosil.com
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ODDITIES &
ENTERTAINMENTS
FOR A MONTH
OF SCIENCE

OBITS

GALILEO, 13, TO COMMIT
COSMIC SUICIDE
Galileo, the interplanetary spacecraft
that has changed the way we under-
stand Jupiter and its 61 known moons,
will perish on the 21st of this month as
it plunges into the Jovian atmosphere.
NASA engineers have put Galileo on a
collision course with the planet so
that the spacecraft, which is running
low on propellant, can study the Jovian
magnetosphere as a final task. The
suicide mission will also ensure the
craft won’t end up crashing into—and
possibly contaminating—the ocean of
Europa, one of Jupiter’s moons.

That we know Europa has water at
all, and that we fear contamination of
any possible ecosystems that may ex-
ist there, are both testaments to what
Galileo has taught us since it arrived
at Jupiter in 1995. Its mission was
originally designed to last for only
two years, but in 1997, NASA ex-

tended its tour for an extra 14 orbits
around the planet. During this second
stint, Galileo discovered that liquid
water probably still exists under Eu-
ropa’s icy surface. It was a discovery
of the sort that the craft’s eponym,
Renaissance astronomer Galileo
Galilei, was also famous for: It taught
us that Earth is not as special as we
thought. The spacecraft also imaged
thunderstorms in Jupiter’s atmosphere
and volcanic plumes jetting 300 miles
above the surface of another of
Jupiter’s moons, Io.

This month’s impact takes place on
the far side of the planet and will be
monitored by NASA’s Jet Propulsion
Laboratory in Pasadena, California.
Galileo is survived by the Cassini
spacecraft, which will arrive at Saturn
in July 2004.—MARTHA HARBISON

Follow the crash at galileo.jpl.nasa.gov

BOOK REVIEW

BIOLOGICAL APOCALYPSE
IS NIGH. AGAIN
Starting in the mid-1990s, with the
publication of blockbusters like The
Hot Zone and The Coming Plague, there
has been an avalanche of books in a
genre best described as true 
medical horror. These books, which of-
ten border on the apocalyptic, seem de-
signed to turn unsuspecting readers
into raging hypochondriacs. They all
carry a similar message: Diseases are
changing, world travel means they
could spread quickly, and we need 

to keep on top of
them or they’ll wipe 
us out. The latest 
exemplar of the
form, The New Killer
Diseases, by immu-
nologist Elinor Levy
and science writer
Mark Fischetti, is a

WIN A POPSCI T-SHIRT!
Fact: If your FYI question is pub-
lished, we’ll send you a POPSCI
T-shirt. Write to fyi@popsci.com

FINAL
HURRAH

Galileo will hit
near the equator

on Jupiter’s 
far side.

http://galileo.jpl.nasa.gov
mailto:fyi@popsci.com
www.ugl.com




primer on some of our most threaten-
ing infectious diseases that barely
moves the genre forward. It covers
problems ranging from antibiotic-
resistant staph infections to Ebola 
in a style that’s initially gripping but
soon, alas, becomes formulaic: Each
chapter includes at least one story 
of an outbreak, a brief history of the 
disease and what is known about it,
and an explanation of what each out-
break should teach us. In almost every 
case, the conclusion is the same: The 
outbreak should be a wake-up call, the
government should fund research into
the disease, and patients should watch
for symptoms and insist on good med-
ical care. This is all true. But most of
the material here has been covered
elsewhere, often in more depth. Nearly
all of the book was written pre-SARS,
and ironically, the most original and in-
teresting portion is the introduction—

added as the book went to press—
which takes readers through the story
of the SARS epidemic in vivid detail.

If you’re looking for a well-
researched overview of scary diseases,
this may be the book for you. But
choose your moment carefully: 
Don’t read it when you have the flu,
allergies, acne or even the hiccups.
You may convince yourself you have
mad cow disease.—CHRISTAL PARK

EVENT CALENDAR

THE MARTIAN PARTY
CHRONICLES
On August 27, Mars will pass within
56 million kilometers of Earth. Not for
about 60,000 years have the two plan-
ets been so close. Such a rare perihelic
opposition—so-called because Mars
will simultaneously be at its closest
point to both the Sun and Earth—is
cause for celebration. Here is your
guide.—TREVOR THIEME

MARS STAR PARTIES 
AUGUST, LOS ANGELES
The Griffith Observatory hosts late-
night star parties every Saturday in

August, as well as a Mars blowout on
Tuesday, August 26th. A workshop
preceding each event teaches partici-
pants how to turn their Mars observa-
tions into records of scientific value.  
www.griffithobs.org

MARS WATCH 2003
AUGUST 27, THE PLANETARY SOCIETY
The Planetary Society kicks off four
months of festivities with Mars Day—
a global celebration with more than a
hundred events worldwide. The revelry
will culminate January 2–4 at Planet-
fest in Pasadena, when Mars enthusi-
asts will celebrate the arrival of NASA’s
Spirit rover—which, along with its
twin rover Opportunity, is currently 
en route to the Red Planet.
www.planetary.org/marswatch2003

MARSPECTACULAR 
AUGUST 29–30, NEAR HANKSVILLE, UTAH
Gather your telescope and camping
gear and head to the Mars Society’s
“Mars base”—an observatory and re-
search facility set up in the “Martian
landscape” of the Utah desert—for
three days of planet watching.
www.marssociety.org/mdrs 

FYI

http://www.griffithobs.org
http://www.planetary.org/marswatch2003
http://www.marssociety.org/mdrs
mats.com
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projected 1950DA’s orbit out to 2880.
“The key,” says Donald Yeomans,

who heads the NEO Program Office at
JPL, “is you’ve got to find them early. If
they’re on an approach trajectory and
you’ve [only] got a few months, there’s
not much you can do.”

Given ample time, an effective
defense strategy might require that a
probe be launched to study the struc-
ture of the incoming body. Not all
asteroids are the solid objects familiar
from museum meteorite displays.
Some are porous, others are collections
of rubble loosely held together by grav-
ity. Exploding a nuclear bomb nearby
might nudge a dense asteroid off track,
but it could break a brittle one into
pieces, effectively multiplying the threat
by creating smaller but still lethal rocks.

Each threat, in other words, requires
an adjustment of strategy. “You need to
find out [the asteroid’s] density, find
out its mass, its porosity, its composi-
tion, because all these things are impor-
tant if you want to effect some kind of

mitigation or deflection,” says Yeomans.
One approach uses so-called kinetic

kill vehicles—numerous small space-
craft placed in an asteroid’s path. Hit by
hit, they slow it down enough that Earth
will pass through the projected collision
point before the asteroid does.

Also possible is a dock-and-push
approach, in which a spacecraft parks
on the asteroid’s surface, fires its
thrusters, and alters the trajectory.
Robert Gold of the Applied Physics Lab-
oratory at Johns Hopkins University
says the probe he designed for NASA’s
Near Earth Asteroid Rendezvous mis-
sion—the first to land on an asteroid—
could divert a hundred-meter-wide
object, which is large enough to wipe
out the Washington Beltway. “If you
found [the asteroid] 30 years in
advance, that little 6-foot by 6-foot
spacecraft could provide enough im-
pulse to make it miss Earth,” he says.

Still, as Yeomans warns, none of this
will work without advance notice. Cur-
rently, NASA expects to find only about
90 percent of the NEOs large enough to

cause global catastrophes. The remain-
ing 10 percent are too dark for today’s
telescopes, or too difficult to distinguish
from the many asteroids that orbit
harmlessly in the solar system’s main
asteroid belt between Mars and Jupiter.
Andrea Milani, of the Space Mechanics
group at the University of Pisa in Italy,
wants to find the hidden large NEOs
and extend the survey down to objects
as small as 300 meters across. Both goals
require a new generation of ground-
based telescopes capable of detecting
fainter objects, and possibly space-based
observatories to peer into obscure areas
of the solar system. The ground-based,
8.4-meter Large-aperture Synoptic Sur-
vey Telescope is one possibility, but its
$120 million price is the equivalent of
40 years of the current search budget.

As the search expands, at least one
group is recommending a practice
deflection. The B612 Foundation, which
takes its name from the asteroid in
Antoine de Saint-Exupéry’s The Little
Prince, is designing a mission to alter an
asteroid’s orbit using a low-thrust, pos-
sibly nuclear-electric spacecraft. The
Houston-based organization, a group of
scientists and astronauts that includes
space station crewmember Ed Lu, won’t
be able to fund the mission on its own,
so B612 plans to present the plan to
NASA and other space agencies, and
push for a test by 2015. Clark Chapman
of B612 won’t name an exact price for
the mission, but he estimates it will fall
somewhere between the cost of a typi-
cal interplanetary probe mission and
NASA’s several-billion-dollar Jupiter Icy
Moons Orbiter project.

Morrison applauds the civilian
effort, but also calls for more from
NASA. “We need an actual program,
even if it’s a modest beginning, to
demonstrate that we can do some of
this,” he says. Morrison doubts that any
concerted effort will be made until a
specific threat is discovered—some-
thing like 1950DA but closer to home. In
the meantime, he and fellow asteroid
spotters will keep at it.

“It’s one of the few areas where
astronomy can actually have a practical
impact on us, on Earth,” he says. “Saving
the world, that’s not such a bad idea.” ■

Gregory Mone, a POPSCI assistant editor,
is the author of The Wages of Genius.

(CONTINUED FROM PAGE 80)
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higher ignition frequencies than other researchers’ engines.
The vehicle Dean plans to use to reach his goal looms over

the rest of the test cell, looking for all the world like a chunk
of water main. The GE research group calls it simply “the big
rig”—a heavily instrumented length of pipe roughly 16 inches
in diameter. The one part of the test cell that’s off-limits to vis-
itors is the area just in front of the big rig’s mouth—the only
place that would give a view down its throat, presumably
revealing details that GE would prefer to keep to itself. Those
details, one guesses, have something to do with what Dean
refers to as “valveless” operations, which could be the key to
generating detonation frequencies as high as hundreds or
even thousands of cycles per second in a single tube. 

Dean is reserved on this subject, noting in a later e-mail that
he’s “not ready to say much about this.” But Maclin, GE’s mar-
keting manager, is more expansive. “We’re looking at an order
of magnitude higher frequency than anybody else in the
industry,” Maclin says. “I like to think of it as an aerodynamic
valve as opposed to mechanical valves, and that’s what allows
us to get to the much higher frequency, because there’s a limit
to what you can do with mechanical valving.” In such a design,
the air-fuel mixture and timing would be controlled by aero-

dynamic forces created by the shape of the detonation cham-
ber itself. This “aerodynamic valve,” Maclin says, would “allow
air in before detonation, but the pressure from detonation will
be high enough to prevent the second charge of air and fuel
from entering until the detonation wave moves downstream.”

When asked what kind of results he’s getting so far with
the big rig, Dean again speaks carefully. “We’re getting fast
flames and all sorts of interesting behaviors, but I would not
characterize them at the moment as detonations,” he says. “I
do think we’ll be successful—we’ve got the right measure-
ments, the right people, the right computational tools—but I
can’t claim that we’ve gotten there yet.”

It’s an odd mix—a healthy skepticism combined with faith
unswayed by the presence of so many unknowns. In a way,
the skepticism is part of Dean’s job description. Maclin, by
contrast, is unreservedly bullish on GE’s prospects for taking
full advantage of PDEs. For him, as for his counterparts at
Pratt & Whitney, focusing only on incremental improvements
to conventional gas turbines at the dawn of the 21st century
runs the risk of going the way of a buggy whip manufacturer
at the beginning of the 20th. “People are always discovering
new things,” he says. “You can’t be fixated on the buggy whip,
and you can’t be fixated on the turbine engine.” ■

Jim Kelly lives in Galveston, Texas, where he writes about 
science for the University of Texas Medical Branch.

See wave rotors (spinning PDEs) at www.popsci.com/exclusive
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“An affair between the turbojet builders and the makers of
transport planes is beyond the flirtation stage,” POPULAR
SCIENCE noted in a 1947 cover story. “The plane designers
want jets now.” Still, the epochal new technology was
“surly,” “sullen” and “irascible.” Metal alloys had a hard
time withstanding the stress of hot, high-rpm work, and 
jet engines guzzled fuel. But there was no arguing against 
an engine delivering 7,500 hp at 600 mph. Today, the
biggest jet turbine is more than 10 times more powerful,
delivering the equivalent of more than 80,000 hp—and
researchers are in hot pursuit of the next epochal technology:
the pulse-detonation engine [see page 50].
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