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| am the Human Element in the relentless
pursuit of making things faster and smaller.
Electronic materials, chips and semiconductor
technology, these are the things | live and
breathe every day. Innovation in this ‘
world happens at the molecular level. And

success is in the power of small.

~Dr. George Barclay

Dow Electronic Materials
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Japan and Korea throw
everything they have at building
humanoid robots. The U.S., land
of Roombas and factory-bots,
has only one. Is mimicking
humans a distraction, or the
future? By Jacob Ward

46 RISE OF THE
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Grandma'’s got a brand-new
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52 AFLYING BOAT

To circle the world in a record-

breaking 40 days, this boat reduces

drag by taking design cues from Ko o W
planes. By Dawn Stover
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54 SCIENCE CONFIRMS THE 0BVIOUS . ’
Some facts are no-brainers. But

these 10 studies show that the

apparently obvious (folks are happier 46
on the weekend!) can have surprising
implications. By Jason Daley
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60 CLUTTERED SPACE

We've left more than 20,000 pieces of
potentially spaceship-destroying junk
in space. Here are five schemes for
cleaning up. By David Kushner
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66 POWER WALLS

PoPSci's staff photographer is building
a home packed with eco-innovations.
This month: drywall that absorbs heat
on hot days and releases it for warmth
on chilly nights. By John B. Carnett
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The camera that auto-captures your entire life.
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A subwoofer that barely shakes; — 69 YOU BUILT WHAT?!

a motorcycle helmet with a rearview mirror. A 95-pound model plane that flies 50 mph.

20 AUTOMOTIVE 72 GRAY MATTER

Porsche’s first hybrid saves fuel without How sugar can cause deadly explosions.
compromising on power. 74 USE IT BETTER

24 RECREATION Add remote control to any project—even big ones.
Gear for the new sport of kayak fishing. 76 ASK A GEEK
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29 MEDICINE Learn more at
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Robots that eat up oil spills.
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A stronger bionic hand, and more. 10 THE INBOX
36 ANNOTATED MACHINE 96 THE FUTURE THEN

The open-cockpit submarine.
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Photos Forever

The Vicon Revue is a camera designed
to hang from your neck and record your
life by taking a shot at least every 30

seconds. We wear it around for a test E-mail
run at popsci.com/revue. fyi@popsci.com
or tweet
New Old-School @popscifyiguy.
We've got a guide to some of the best compact
interchangeable-lens cameras on page 25. Find out
y

how to easily pair them with vintage, high-quality
optics at popsci.com/oldschooloptic.

Radical R/C

After learning how to add remote
control to any project [page 74],
check out a fiery video of an
especially daring application at
popsci.com/rcfire.

—

Futuristic Robots ... Then

PoPULAR SciENCE has been predicting the future—and
the future of robots—for as long as we can remember.
Tour a gallery of 'bots pulled from our illustrious
archives at popsci.com/retrospectiverobots.
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Over 700 miles per tank,
and you’ll enjoy every one of them.

THE FORD FUSION HYBRID

Fusion Hybrid delivers over 700 miles on a single tank of gas, forup to 41 city mpg.
All of which make Fusion Hybrid the most fuel-efficient midsize sedanin America.’

fordvehicles.com

*¥2010 EPA-estimated 41 city/36 hwy/39 combined mpg. 17.5-gallon tank. Actual mileage will vary.

Midsize class perR.L.Polk & Co Drive one.



ANCESTRAL
BOTS

IN OUR OFFICE, it’s hard to ridicule a prediction. When one of us attempts to
laugh off a fantastic-seeming forecast of the future—invisibility cloaks, jetpacks,
teleportation—a colleague inevitably throws up a hand and describes a recently
viewed prototype or piece of research that gives credence to the idea. It’s why
we love working here. Researchers in Germany, after all, bent infrared light
around extremely small objects not long ago, showing that, in theory, a material
could soon provide something like invisibility. An Australian inventor has
taken advantage of everlighter materials

T d ’ b' d l like carbon fiber to create not exactly a
0 ay S I pe a jetpack, but a turbine-propelled personal
flying device that sure enough carries

rObOts a re just a pilot off the ground. And in the past

decade, physicists have demonstrated

ba re ly ca pa b le at least the theoretical underpinnings

of teleportation by transporting the

Of kiCking a attributes of atoms to other atoms. It’s not

Star Trek, but it’s getting there.
SO ccer ba ll But In that same vein, robots are easy to
- mock. At the moment, as Deputy Editor

d 't l h Jacob Ward describes in our cover story
0 n a ug . [page 46| about Virginia Tech’s CHARLI-L,
bipedal robots are just barely capable
of kicking a soccer ball. Japan and Korea have poured hundreds of millions of
dollars into robots that are little more than overgrown toys. The idea seems
ridiculous, therefore, that someday a ‘bot like CHARLI-L will be able to clear the
table and give your kids a bath. Perhaps it is ridiculous. But as Colin Angle, the
CEO of American maker iRobot, told us during a recent visit, the statistics show
that in the coming years we'll need a way to make up the gap
between the people capable of giving care and the elderly family
members who need it. So laugh if you like. But because we're
in the business of spotting the inventors whose prototypes turn
out to be the primitive ancestors of world-changing, essential
technologies, we have a feeling that someday CHARLI-L, or
something like it, will no longer be a punch line.

POPSCI ON
THE IPAD

Read this issue of

POPULAR SCIENCE on
MARK JANNOT Apple’s new tablet!

mark.jannot@bonniercorp.com
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Our best
surround
sound

meets

breakthrough
simplicity.

mThe Lifestyle® V35

home entertainment system

It's time to expect more — and get more — from home theater. Our best surround

sound brings your movies, sports, video games and music to life like never before.

And now, our breakthrough Unify™ intelligent integration system also gives

you dramatically easier setup and use — with clear onscreen messages, an intuitive

universal remote, and the ability to easily add components like a gaming system
or a Blu-ray Disc™ player. Bose is known for making home theater thrilling.

Now see how much easier it can be to enjoy.

To learn more, _ﬂasE

call 1-800-905-1351, ext. 4241 or visit Bose.com/Lifestyle Better sound through researche




JUNE WAS our “Inventions of the

Year” issue, devoted to standout

garage inventors and their creations.

Winning designs included a planter
that eliminates the need for irrigation
and a gun sight that lets soldiers see
around corners. In the same issue,
Gregory Mone reported on the latest
efforts to build robot therapists that
can help treat the growing number of

children with autism.

Robo-Therapists

“The New Face of Therapy” was a fantastic article
due to its subject matter and its skillful writing. I am
grandfather to a high-functioning autistic boy. He
can use all the help he can get. My grandson’s main
limitation is with social interaction. His parents can
afford only a small amount of the cost for therapy.
If the robot in the article were available at $1,000, or
even $2,000, [ would buy it in a second.

Edward L. Maddox

Pelham, N.H.

I can tell you, as a 21-year-old with Asperger’s
syndrome, that Gregory Mone is correct. Machines,
especially robots and computers, are simpler for
autistic people to interact with because they are
inherently uncomplicated. At the bottom level, they
operate on digital (binary) signals: zero or one, on
or off. Humans, on the other hand, are analog—and
more difficult for someone like me to relate to.
StarSword, on popsci.com

Awards Awe

The Groasis Waterboxx is a great invention! What
about a larger model made out of a flexible plastic
with a slight break in the circumference so you
could “wrap” it around the base of the plant? This
way you could grow larger vegetation that could

»
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» GAMING DEVICE
SN BILE

» HEARING AID
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AND MORE .3

HOUSE

Very nice job on the ECO-Auger |a fish-friendly
underwater turbine|. We at the Florida Institute of
Technology have been working on a similar system over

the past few years. Our first tests were in summer 2009.
SWoodfit, on popsci.com

CLARIFICATION
The Peugeot Epine concept car by Daniel Schumpert

(coroflot.com/detroit429) should have been cited as a
source for the vehicle featured on the May cover.

produce more food per gallon of water instead of
wasting effort and resources keeping the plants a
manageable size.

polymath87, on popsci.com

Fax: 212-779-5108
Web: popsci.com
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Send science questions
to fyi@popsci.com.
Comments may be

The SmartSight gun sight is the type of American
innovation that made this country the great place
it is today. I am amazed that there is no delay in a
wireless system—that alone is quite impressive.

sciguy4050, on popsci.com
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MEGAPIXELS

THE MUST-SEE PHOTOS OF THE MONTH

IT'S A
TRAP!

Scientists corral atoms
in a major step toward
quantum computing

This maze of electrodes, known as a surface-
electrode ion trap, brings us closer to building
quantum computers—that is, computers that
could manipulate the quantum-mechanical
states of atoms to process data millions of
times as fast as today's most powerful super-
computers do. Whereas computers now use
transistors to crunch Os and 1s, a quantum
computer could theoretically perform dozens
of calculations simultaneously by zapping
charged subatomic particles, called ions, with
a laser. One of the first steps in building a
functional quantum computer is trapping the
ions in order to zap them. That's why physi-
cists at the National Institute of Standards
and Technology have created this ion trap, a
web of electrodes that produces an electric
field to hold the ions in place. Once in place,
the ions hover just above the trap's surface.
Project physicist Jason Amini says there's
still much work to do. For example, he and his
group would like to build a trap that can hold
hundreds of ions instead of the two or three it
currently manages. If they can pull it off, the
traps could outperform conventional comput-
ers on certain tasks within the next five years.
BY ALESSANDRA CALDERIN
PHOTOGRAPH BY JASON AMINI
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QUANTUM LEGOS
Physicist Dietrich
Leibfried of NIST
says ion traps like
this one can be
assembled in large
arrays to perform
increasingly com-
plex computations.
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PWSC| COM See more amazing images at popsci.com/gallery.
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In February, the Swiss company PlanetSolar SA
unveiled PlanetSolar, a floating test bed for renew-
able energy, during a ceremony held in Kiel, Ger-
many. The $15-million catamaran measures 49 feet
wide, 25 feet high and 102 feet long and weighs 94
tons. It is equipped with 5,380 square feet of photo-
voltaic solar panels, and its four motors run entirely
on solar power (when it's cloudy out, energy

stored in batteries powers the boat). The design-
ers purposely eschewed fuel-powered engines to
emphasize the need to conserve global resources.
The company’s scientific coordinator and C00, Pas-
cal Goulpié, hopes that its size and visibility—the
boat will make a world tour next year—will inspire
others to pursue alternative-energy ventures
throughout the next decade.

BY ALESSANDORA CALDERIN
PHOTOGRAPHS BY CHRISTIAN CHARISIUS

ALL ABOARD! The PlanetSolar catama-
ran, pictured here in its hangar in Kiel,
Germany, was launched for the first
time into the Baltic Sea in late March.

POPSCI.COM POPULAR SCIENCE 15
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WHAT'S NEW
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\%\\ The most advanced
N fishing gear

"

| Persche’s hybrid
5 burns rubber

V¥ SMART SHOTS
The Revue docu-
ments lunch hour in
Midtown Manhattan.

Wace [ 7

2

CENTER PHOTOGRAPH: SATOSHI; DIGITAL IMAGING: ERIC HEINTZ

A wearable camera that captures every moment

Put the Vicon Revue around your
neck, and you'll never have to
remember anything again. It sees
what you do and automatically
records it all. A wide-angle
fisheye lens gives the camera a
120-degree view—the lion’s share
of your field of vision. Its image
processor takes shutter cues
from five onboard sensors: light
detector, thermometer, compass,

POPSCI.COM

accelerometer and infrared. When
any (or several) of the sensors
registers a change, the camera
instantly kicks into rapid-fire mode,
grabbing one frame per second until
conditions settle. As you walk into a
restaurant, for instance, the Revue
responds to the dimmer light and

air conditioning. (At rest, it takes one
picture every 30 seconds.) It comes
with computer software that can

FUTURE IN THE PALM OF

POPSCI COM

Follow our
weekend with
the Revue at
popsci
.com/revue.

OUR HAND

‘ \‘\/ ] The best little lens-
' changing cameras

VICON REVUE

DIMENSIONS: 2.8 x 2.6 x 0.7 in.
WEIGHT: 3.3 0z.

MEMORY: 2 GB (30,000 images)
PRICE: $730 (est.; import)

GET IT: viconrevue.com

create a low-res, YouTube-ready
video flipbook of your day from start
to finish.

While the Revue makes it easy
to share your every move, it has
more-practical applications, too.
Researchers have used the system,
based on a Microsoft Research
project, as a recall aid for people
with Alzheimer's or memory loss.
Future versions could add more
consumer-focused features such
as face detection and GPS for
geotagging.—CORINNE 102210
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Sounding Gel
The WOWee ONE uses vibrations to turn any flat surface into a speaker for music or
calls, but with more-intense bass than similar designs. Its driver is embedded in

a synthetic gel, which allows it to pulse more freely and to transfer stronger bass
lines through a tabletop or window. WOWee ONE $80; woweeone.com

Built to withstand construction sites,
this radio’s aluminum cage lets it
keep playing, even after a 30-foot
drop, while a watertight port keeps
your MP3 player safe. Plus, its five
speakers deliver 360 degrees of
sound. Bosch Power Box 360S
$200; boschtools.com

This pocketknife lets you mix and match up to 13 blades to suit any
situation. The Switch comes with 18 stainless-steel attachments, from

corkscrew to LED flashlight, that slide onto an inner axle held in place by
two twist-off endcaps. Quirky Switch $80; quirky.com

Strong Hold
The first plastic boat anchor weighs
less than two pounds yet holds small
craft better than metal designs do.

A small blade on its shank keeps

it from resting on its back, so the

tip digs deep. Cooper Anchor

Price not set; cooperanchors.com

No-Rumble Pack

This subwoofer vibrates so little
that you can mount it on the wall
without it rattling your pictures.
Rather than one large driver, it

has two 6.5-inch ones that fire in
opposite directions to cancel out
shaking while delivering solid bass.
Bang & Olufsen BeoLab From
$2,000; bang-olufsen.com

Instead of using cameras to track
taps, like many large touchscreens
do, this 23-inch PC uses sound. Audio
emitters on the corners send sound
waves that bounce around fingertips,

spotting touches cameras can't, like
when fingers block one another.
Lenovo IdeaCentre A700 From
$1,000; lenovo.com

18 POPULAR SCIENCE AUGUST 2010



Full View

Now bikers can see behind them
without taking their eyes off the road.
Three bulletproof polycarbonate
mirrors across the top of this helmet
relay the rear view to a 3.3-inch
adjustable mirror just above the
rider’s line of sight. Reevu MSX1
$380 (est.; import); reevu.com

This power tool slices through
material like a jigsaw does, but
it can pivot around turns without
your having to reposition it—or your
grip. Instead of a straight blade, the
lightweight handheld router cuts
with a round pin that spins at
up to 20,000 rpm. Dremel
Trio $100; dremel.com

BY CORINNE 10ZZ10

On Your Tail

Hiking parties can keep better track
of one another with these unusually
compact info-sharing GPS devices.
The handhelds wirelessly share
routes, so you'll all follow the same
trail even if you end up getting
separated. Garmin GPSMAP 62
Series From $350; garmin.com

Know Your Writes
AVIP's John Hancock just got
harder to fake. The ink in each of
these pens is laced with shreds of
plant DNA, which can be scanned
to verify that the scrawl came

from the correct pen. Montblanc
Meisterstiick with Personal Code
Ink $15,850; montblanc.com

To avoid fatigue-related injuries from
exercising too frequently, this watch
schedules your time off between
workouts. Its processor takes into
account body type, heart rate and
exercise intensity to calculate how
many hours you'll need to recoup.

. Suunto M5 $210; suunto.com

TOSMIBA

GPSmap 62st

Seeing Double
This paperback-size Windows laptop

replaces the conventional keyboard with a
second, seven-inch display that can act as
a full Qwerty keyboard, a shortcut menu, or
a second screen for Web browsing or side-
by-side e-book reading. Toshiba Libretto
W105 $1,100; toshiba.com
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WHAT'S NEW

GENTLEMEN,
STOP YOUR

ENGINES

Clever engineering makes Porsche’s hybrid genuinely efficient

IT: Porsche

2011 Cayenne S Hybrid
$67,700; porsche.com

Few vehicles flaunt their gas-chugging power as » LIFT OFF THE COAST... PUNCHIT...
proudly as a Porsche Cayenne, so it's natural to be GAS PEDAL... powered by to speed up again.
suspicious of the hybrid version. Can this racecar-like when coasting at unhindered A computer
SUV really improve gas mileage and still be a Porsche? : high speeds, and the = momentum. In this coordinates the
Thanks to several technological tweaks, yes. First, GAS- gas engine powers mode, which Porsche - transition back
a more-efficient supercharged 3.0-liter V6 replaces down. A decoupling calls “sailing,” the to gas power. The
the V8. The gas engine is paired with a 47-horsepower FREE clutch disconnects electric motor runs decoupling clutch
electric motor, and the two are linked with a decoupling the gasoline engine _ in reverse, acting reconnects the
clutch, so either one can run the vehicle independently. from the electric as a generator that gas engine to the
The motor is capable of handling the load alone at up to motor and the rest harvests kinetic drivetrain within 300
37 mph. Together the pair flings the SUV from 0 to 60 of the drivetrain, energy to recharge milliseconds, and
mph in 6.1 seconds. Yet the hybrid gets an estimated 20 freeing the drivetrain © the hybrid system’s the electric motor
mpg city and 25 mpg highway, a 25 and 14 percent gain from the drag that nickel-metal-hydride - provides an additional
over the non-hybrid version. It also does tricks: At up to the powered-down rear battery. boost for highway
97 mph, when you take your foot off the accelerator, the engine places on it acceleration without
engine disengages from the drivetrain and shuts down. and allowing you a perceptible lag.
Here's how this “sailing” mode lets you briefly zoom to coast farther,
without any power at all.—JON ALAIN GUZIK fuel-free.

ENGINE ——— MOTOR
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WHAT'S NEW

DREAM STREAM

Satellite video delivery that finally makes discs obsolete

—

PRO HD MEDIA RECEIVER

-

HD MEDIA SERVER

If your video store isn't already
six feet under, XStreamHD will
finally put it there. The company
is launching the first set-top
system able to download movies
that are the exact quality of
Blu-ray discs: 1080p high-def,
near-flawless images, and 7.1
surround sound. Subscribers can
rent or buy 200 best-selling titles
starting this month, with the full
high-def film and TV catalogs of
all major studios not far behind.
Web-based video-on-demand

services, like Netflix and Amazon,

compress their video to avoid
hogging bandwidth, and often
the result is grainy or blippy
images, even if they're high-def.
XStream can deliver carbon
copies of studio masters because
it beams them via satellite.

The company broadcasts over
common low-power satellites,
and a 2.5-foot dish on your roof
grabs the signals. Then a server
box in your living room uses
specialized receiver chips to
weed out interference and saves
up to 160 films so they're waiting
for you the next time you turn on

A GETIT:
XStreamHD
Starter Pack
From $400
(plus $10/
month and
cost per title);
xstreamhd.com
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the TV. By default, it keeps the
most popular titles, but you can
also tell it to record specific films
or genres and store them on its
up-to-four-terabyte drive.

The server sends content

MORE WAYS TO GO HIGH-DEF

to as many as four TVs via
networked receivers such as
XStream'’s own or a PlayStation 3.
The system will eventually be
able to serve up on-demand
videogames as well.-TOM CONLON

SERVICE HD CATALDG VIDED SOUND
SIZE RESOLUTION QUALITY
Amazon 5,000+ 720p, 1080i 5.1 surround,
Video On Demand stereo
Pe————— = ————=—— ¢
Best Buy Up to 1,000 720p, 1080p 5.1 surround,
CinemaNow stereo

DIRECTV or DISH Rotating selection  720p, 1080p 5.1 surround,
satellite services stereo
-____— - —____— __  ____——— —______4§
Netflix Up to 10,000 720p stereo
streaming
e —————————=—= ———————— -4
Vudu 3,000+ 720p, 1080p 5.1 surround,
stereo

POPSCI.COM
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The emerging sport of kayak
fishing gets a boost from new gear

With approximately 40 million
anglers nationwide, fishing
is one of the country’s most
popular pastimes, and kayak
fishing is arguably its hottest

new trend. Compared with a
motorized boat, a kayak saves A WATER Pedal Instead of Paddle
gas money, fits into tight, WHEEL This Bicycle-like pedals replace this kayak's paddle, leaving hands free for fishing.
shallow spots, and lets you pedal kayak's The Propel's four-gear drivetrain turns a propeller 10 times for each crank,
sneak up quietly on that big 13-pound drive- so you can efficiently reach 5.75 mph. It's easy to steer, too: A joystick directs

train uses gears . . S ;
catch. Here's how to make the similar to t?iose a rudder, and unlike existing pedal kayaks that use unidirectional flippers,

most of one.—MARK ANDERS that transmit pedaling backward moves the propeller—and craft—in reverse. Lift out the drive
power to a to paddle or swap in a motor. The boat can also add a mast and sail and, in 2011,
car's wheels. pontoons. Native Watercraft Mariner 12.5 Propel $1,800; nativewatercraft.com

<FindFish ' Keep Bait Alive - No Bites 5
Designed tomount . Kayaksdon'thave . Mosquito bites, that 2
inside kayaks, this . room for big tanks . is! This fisherman’s 5
sonar device displays . to store live bait. ~ shirt builds in §
underwater objects . Sobringapliable  * insect repellent that K
and creatures. Its ~ © 13-inch cooler bag, - outlasts other bug- ;
transducer sends - which tucks behind - fighting clothing. The g
sound waves through - seatsandpacksa - chemical permethrin o
A Cast Farther akayak'splastic - battery-operated - isapplied and cured x
This bait-casting reel, a style often used for bottom to the depths - bubbler to keep . onto fabric before §
bass fishing, sends your line up to 30 percent beneath,andadry- - thewateraerated  _ it's stitched together, E
farther than others. It puts less friction on bag keeps the battery - and bait breathing. ~ * for a tighter bond &
the line by passing it over a smooth bar, safe. Humminbird - Harmony * and even coverage. o]
not through a constricting eyelet, that later 385ci Combo Kayak - Collapsible Live - Simms Bug %
seesaws to neatly rewind line on the spool. Fishfinder $500; . Bait Cooler $50; - Blocker Shirt $90; 2
U.S. Reel SuperCaster 700X $80; usreel.com humminbird.com . harmonygearcom . simmsfishing.com
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GADGETS TESTED WHAT'S NEW

New cameras squeeze pro-style lenses onto ever-tinier bodies l

Even a great camera won't take
memorable shots if it's so big that you
tend to leave it at home. So companies
are creating models that aim for a happy
medium between pocketable point-and-
shoots and higher-quality SLRs. This new
breed can change lenses to suit a shot,

like an SLR does, but ditches the optical
viewfinder and the bulky mirror that
sends it light. That means compromise:
Autofocus isn’t SLR-fast, there are fewer
lenses, and point-and-shoots are still
smaller. We tested which interchangeable-
lens compacts (ILCs) hit the sweet spot.

OLYMPUSE-PL1

BODY SIZE: 45x 2.8 x 1.6 in.

THE FEATURES: The E-PL1 is one of the most
compact cameras to use a format called Micro
Four Thirds, which started the slimming ILC
trend in late 2008. Its image sensor is smaller
than most digital SLRs—about 7/10 the size—yet
about nine times that of a point-and-shoot.
THE PICTURES: The small sensor still snaps
outstandingly crisp, sharp photos. But it does
generate a lot of image noise—grainy spots most
apparent in low-light pics. In the end, the E-PL1
is mainly for users who put a premium on petite.
GET IT:$600 (with lens); olympusamerica.com

8 e 17 O

SAMSUNG NX10

BODY SIZE: 4.8 x 3.5 x 1.6 in.

THE FEATURES: Samsung's first ILC uses

the same size sensor as an SLR, outmeasuring
the Olympus. Unfortunately, the camera is also
larger, partly because it builds in an electronic
viewfinder (a tiny LCD eyepiece to mimic an SLR's
window) that, sadly, blurs when it moves quickly.
THE PICTURES: The larger sensor does the
trick for eliminating grainy image noise. The
NX10's overall image quality is on par with a
similarly priced SLR. On the other hand, it's not
much smaller, and its autofocus is slower.

GET IT:$700 (with lens); samsung.com

—DON HOLLINGER

’
SONYNEX-5 [l
BODY SIZE: 4.4x2.4x1.6in.
THE FEATURES: The Sony combines the
Olympus’s small body with the Samsung’s sensor
size and adds some tricks. It takes 1080i high-def
videos (the others do 720p) and autofocuses while
filming. It fires seven shots per second, and its high-
dynamic-range mode catches detail in bright scenes.
THE PICTURES: The photo quality is about the
same as the Samsung’s, and although the autofocus
speed still lags behind an SLR’s, it's close. That, plus
its near-pocketability and fun features, makes it an
exceptional camera—and the best of the bunch.
GET IT:From $650 (with lens); sony.com
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Young people do everything online.

Like order millions of magazines.

Somehow, amidst their infatuation with Facebook, YouTube,
Twitter and the like, young adults are still making time for
another one of their favorite pursuits: reading magazines.

Contrary to popular misperception, the phenomenal
popularity of the Internet has not come at the expense of
magazines. Readership is actually increasing, and adults between
18 and 34 are among the most dedicated readers. They equal or
surpass their over-34 counterparts in issues read per month
and time spent per issue.

What's changed isn’t people’s affinity for magazines but the
means by which they acquire them. Last year, nearly 22 percent
of all new paid subscriptions were ordered online.

And just as the Internet drives magazine subscriptions,
magazines drive Web searches — with nearly double the
effectiveness of the Internet itself. Some might call it ironic.

The medium that some predicted would vanquish magazines
is actually helping fuel their growth. And vice versa.

MAgi/ing 5.

The Power of Print®
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Oil-eating robots
clean up spills

MEDICINE

FIGHTING

DRUGS
WITH
DRUGS

A psychedelic drug
gains legitimacy as a
solution for addictions

Giving a heroin addict one of the
most powerful psychedelic drugs
seems like a bad idea. Yet that's
exactly what a group of scientists
will do this month. Ibogaine, they
say, might be the best way to break
drug addicts of their habit.

Ibogaine, a brown powder
derived from the African Tabernathe
iboga plant, has intrigued research-
ers since 1962, when Howard Lotsof,
a student at New York University
and an opiate addict, found that a
single dose erased his drug crav-
ings without causing any withdrawal
symptoms. Unfortunately, the hal-
lucinogen can increase the risk of
cardiac arrest, and the U.S. Drug
Enforcement Agency lists it as a
Schedule 1 substance, a classifica-
tion for drugs like ecstasy and LSD
with “no known medical value” and
“high potential for abuse,” making it

34l

Sharks that send

text messages

difficult to get federal funding to run
clinical trials.
Animal tests, however, have

shown the drug’s medicinal promise.

“Rats addicted to morphine will quit
for weeks after receiving ibogaine,”
says Stanley Glick, the director of
the Center for Neuropharmacology
and Neuroscience at Albany Medical
College. And addicts have reported
positive effects in Mexico and
Europe, where ibogaine therapy is

TRIPPY
MEDICINE
Ibogaine,
derived from a
plant root, acts
on the brain's
nicotine recep-
tors to help
alleviate crav-
ings for alcohol
and drugs

like heroin.

AND DEBATES IN SCIENCE
e 365

The fire truck
of the future

legal. “Going cold turkey is horrible.
There's vomiting and diarrhea and
pain and a constant drug craving,”
says Randy Hencken, a drug user
who was treated in Mexico. “After
ibogaine, | didn't feel any symptoms
or cravings. I've been clean for nine
years. Heroin and cocaine no longer
have any power over me."

Despite these successes, ibo-
gaine lacks scientific credibility. “As
great as ibogaine seems, no one
knows exactly how effective it is as
a treatment,” says Valerie Mojieko,
the director of clinical research for
the Multidisciplinary Association for
Psychedelic Research (MAPS), a pri-

Ay vately funded Massachusetts-based

POPSCI.COM
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HEADLINES ENVIRONMENT

A SLICK FIX

Oil-eating robots could mop up ocean disasters

When the Deepwater Horizon
rig began leaking oil into the Gulf
of Mexico in April, the cleanup
schemes were underwhelm-
ing: fire, dispersants, pantyhose
stuffed with human hair. But a
new robotic system could corral
future spills in hours so that oil
never hits the shore.

Aeros (Airborne Robotic Oil
Spill Recovery System) is a fleet
of airplane-deployed robots
that cordon off the oil and use
centrifuge-like oil/water separa-
tors to collect oil for refining. Each
"bot can purify up to 3,000 gallons
of water a minute. Several could
clean an 11-million-gallon, Exxon
Valdez-size spill in a few days.

Global Response Group,
Aeros's developer, is building
its first prototype robot to test
on an experimental oil spill next

nonprofit. So starting this month,
MAPS will enlist Clare Wilkins, the
director of Pangea Biomedics, to run
the first long-term study to gauge
the drug’s lasting effects at her clinic
in Mexico (where patients already
pay $5,000 for the treatment). She
will treat 20 to 30 heroin addicts and,
for the next year, MAPS will subject
them to psychological and drug tests
to quantify ibogaine’s effectiveness.
The study will also help establish
how to prescribe the drug safely.

MARINE MESS
More than

40 million
barrels of oil
have been
spilled in the
seas since
1970—the
equivalent of
four Exxon
Valdez-size
disasters
ayear.

e =
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year. The company is also in talks
with the Chinese government to
establish the first Aeros airbase,
which will deploy 'bots to protect
that country’s fishing waters from
offshore drilling. It will cost $800
million, a small fee compared
with the billions of dollars in dam-
age that a spill can cause.

Spills present challenges
for any cleanup. “Booms don't
work well with big waves,” says
oil expert Greg McCormack of
the University of Texas. But the
industry is eager for new strate-
gies, he says, and will embrace
Aeros if the prototype works.
Aeros's inventor, Myron Sullivan,
says it will. “It needs fine-tuning,”
he says, “but the technology is
proven. There will be another
disaster. All we can do is prepare
forit."—~ALESSANDRA CALDERIN

“Most psychedelics are relatively
harmless,” says neurologist Debo-
rah Mash of the University of Miami,
“but ibogaine has a much narrower
margin for error.” Mash runs an
ibogaine clinic in St. Kitts and has
treated more than 400 addicts with-
out incident in the past decade. But
in the early 1990s, overdoses of the
drug at a clinic in the Netherlands led
to several deaths, which ultimately
scared off the National Institute of
Drug Addiction (NIDA) from starting

'BOTS AWAY! Planes drop minivan-size

water-cleaning robots and inflatable
booms near the spill site.

TRAP THE SPILL Once inflated, the

U-shaped booms surround the oil. Robots
use GPS to get behind a boom's flap, which
directs water into the "bot's cleaning system.
@ CLEAN The robot sucks oily water into a
! cone that spins the liquids, sending denser
water to the outside and creating a stream of oil
in the center. Low pressure at one end draws oil
away while the heavier—and 99 percent clean—
water flows out the other side.

COLLECT THE BLACK GOLD A bladder col-

lects the oil, which crews pick up later to
recycle. One robot can clean up to 3,000 gallons
of water per minute, scrubbing the affected
area in just a few days.

V4 I 'mpuEEEEE|
-

its own research program in the U.S.

From the limited research,
though, scientists have two theories
about how ibogaine works. Some say
it's purely biological—that ibogaine
degrades into a compound that binds
with opiate receptors in the brain to
quiet cravings. Others believe that
itis also psychological, with the
“whole-life review” part of the hal-
lucination providing perspective on
the negative aspects of drug use,
and so the subject strives to quit.

GRAHAM MURDOCH




OTHER EXPERIMENTAL FIXES

BACTERIA
Pro: Natural and lab-grown microbes eat oil.
Con: Engineered bacteria die quickly in the
wild, and too much bacteria of any kind
deplete oxygen that other creatures need.

SUPER-SPONGES

Pro: Carbon nanotube sponges absorh
hundreds of times their weight in oil.

Con: These sponges are still in the lab, years
away from large-scale deployment.

MOST EXPERTS
THINK IBOGAINE
PRESCRIPTIONS
ARE10T0 15
YEARS AWAY,

Regardless of the mechanism,
proving ibogaine works is essential
to winning approval and funding for
clinical trials in the U.S. The sooner
the better: Nearly seven million
Americans abuse illicit drugs, cost-
ing the nation an estimated $181
billion a year in health care, crime
and lost productivity.

The MAPS study should begin to
answer questions about ibogaine’s
efficacy and safety, but most experts
think prescriptions are 10 to 15 years

Inflatable
boom

A - P
AEros

robot

away. Until then, desperate patients
will continue to seek out treatment
in unregulated places such as
Mexico, and that's ideal for neither
the patients nor the researchers.
Rick Doblin, the founder of MAPS,
hopes this study will force regula-
tors’ hands. “If we can show great
results, it could increase support
for ibogaine clinics and maybe get
NIDA interested again—because
that's who really should be doing this
research."—STEVEN KOTLER
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HEADLINES SUPERLATIVES OF THE MONTH

OVERACHIEVERS j=

When architect Moshe Safdie

A tricked-out fire truck, was designing a hotel in Sin-

a beefier bionic hand and gapore, he Fan Gyt of grotnd

the largest cantilever space for a planned park. But
there was plenty of air, so he

drew up the three-acre garden
connecting the 57th story of
3 the hotel's three towers. He
) € Observation _ ' ; wasn't finished, though. Then
£ Y & ’Vh ,42/ deck > he built the crowning piece of
: @ . Bl %/ the Sky Park: an observation
: 2 ' % deck extending 218 feet from
& 4 K ‘ - 14 3 2 the hotel's roof—the world’s
o (o ; : - Tt 11 largest cantilever. Two 937-ton
i NS : steel girders run its length to
support the overhang, which
is as long as a Boeing 767, and
dampers commonly used in
skyscrapers counteract vibra-
tions from the wind. Visitors will
enjoy the structure’s panoramic
views of the Singapore skyline,
Safdie says. “It feels like you're
on a ship deck, except instead of

ing on water you're in the air.”
Lo

w
A

BETTER THE HOTTEST FIRE TRUCK To attack burning fuel, it shoots

Airport fires have the added dan- flame-smothering chemicals at
V BLAZE-BUSTER :
_ ger of occurring near plane fuel, 760 mph—forceful enough to let
This fire truck .
Ks'3.000 Gal so firefighters need to put them crews stand 90 feet away, three
:Jac sf : . 93 4ut fast and from a safe distance. times as far as with current tech.
Oni ° \z]a ol :,‘5 The new Oshkosh Striker firetruck  The truck goes on sale later this
we :.S i tm- for airports features infrared cam-  year. "But,” says Oshkosh engi- GET A BIONIC GRIP
guisaing agen eras that target the hottest part of neer Pete Evans, “we hope it's one Touch Bionics's new i-Limb Pulse
Halotron, spe- : ; ; ,. ;
an inferno for faster quenching. they'll never to have to use. prosthetic hand can carry an

cially designed
for electrical
blazes.

2 . astonishing 200-pound load. The
_\‘ _ 4 aluminum hand, on sale in the U.S.

. & this month, features pulsing motors
that, when triggered by the user's
forearm, apply constant pressure to
an object, rather than simply closing
around it. This ability also improves
each finger's dexterity for easier
shoe tying and belt buckling. “People
want to go back to their normal
lives,” says Touch Bionics co-founder
Phil Newman. “This gets them one
step closer."—SANDEEP RAVINORAN

)

JUNE & SpaceX's Falcon 9 rocket launches from Cape Canaveral for the first time. The privately built rocket could someday ferry NASA's materials and astronauts into orbit.
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The MICHELIN® Primacy™ MXMA4° tire: With the new MICHELIN® Primacy™ MXM4® tire, you can
STOPPING LASTS PREMIUM . . .
DISTANCE LONGER cHOICE have it all: safety, longevity, all-weather handling and
STOPS UPTO RAGEGRCA | W8CHE M TN AR comfort. The MICHELIN Primacy MXM4 tire provides superior
" safety with a tire that stops up to 19 feet shorter in wet
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HEADLINES MAN VS. BEAST

Great white sharks have been
around for more than four million
years, yet they remain one of the
world's most mysterious animals.
Scientists know that the beasts
have special organs for sensing
electromagnetic fields and that
their jaws can snap down with
4,000 pounds of force. But migra-
tion patterns, which are critical for
conservation efforts, are mostly
unknown. That will change now
that marine biologists in Australia
can follow the whereabouts of 75
of the man-eaters using radio-
transmitter tags and a network

of 20 satellite-linked buoys.

It's not known how far great
whites—whose worldwide num-
bers are estimated to be fewer
than 3,500—migrate or if there’s a
season when they spend more time
near the coast, says Rory McAuley,
a senior research scientist with
Western Australia’'s Department of
Fisheries. McAuley hopes that the
buoys, along with about 50 sen-
sors on the ocean floor, will also
reveal behavior. This information
could help authorities better predict
the monthly risk at beaches and
restrict seasonal shipping routes
to protect sharks from boats.

As a bonus, the work could
give swimmers a heads-up when a
great white is closing in. If a tagged
shark swims within approximately
a quarter-mile of a coastal buoy, the
system sends a text to lifequards
on nearby beaches. Even swimming
at top speed, it might take the dan-
gerous fish a couple of minutes to
reach shore, possibly enough time
for the lifeguards to drop the phone
and sunscreen and get folks out of
the water.—JUSTIN McLACHLAN
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TEXTING FRENZY

A research effort doubles as a shark-attack warning system

WHEN ANIMALS ATTACK

Australian researchers use
satellite-linked buoys [below right]
and seafloor sensors [below left] to
track RFID-tagged great white sharks.

OMG Gf

Most shark
attacks are
on surfers,
probably
because the
silhouette of
a dude pad-
dling out on
his surfboard
looks just like
a delicious
sea lion.

POPSCI.COM
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HEADLINES ANNOTATED MACHINE

SCUBA
DRIVING

Submarine genius
Graham Hawkes turns
out a lightweight
leisure vehicle

Graham Hawkes is known for
crafting near-perfect undersea vehi-
cles—sleek, winged subs that ferry
eco-explorers to the greatest depths
of the ocean. But when a brilliant

: .. Like in
a f:ghter jet, pllots control
the sub’s depth, direction
and speed with a joystick.

HULL: The sub is encased
in lightweight carbon fiber
sturdy enough to withstand
collisions with rocks and
debrision the seafloor.

FEs . 3
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SPEED
SWIMMER
Hawkes's
Merlin travels
twice as fast
as similarly
sized per-
sonal subs.

billionaire shows up and asks for
something even more sophisticated,
it's time to draw up a new plan.

Last summer, Richard Branson
commissioned Hawkes to build a
sub no heavier than 1,600 pounds,
the weight limit on Branson's 105-
foot catamaran. But even Hawkes's
most svelte deep divers weigh
at least 4,000 pounds. Trimming
battery or engine weight, Hawkes
realized, would hurt performance,
but the thick hull required to safely
contain compressed air contributes
some 1,500 pounds of the bulk. That
was weight that could go, Hawkes
thought, so he began designing a
new category of submersible: a sub-
marine featuring open cockpits.

To dive in aroofless sub, Bran-
son’s passengers will need to

dress for the conditions. Outfitted

in air-regulator masks that draw
oxygen from an onboard supply,
passengers can plunge to 130 feet
and zip around coral reefs at a swift
4 knots for two hours. (Wetsuits are
optional.) The stripped-down model
weighs in at less than 1,500 pounds.
“The idea was to be able to move
through the water with the grace and
agility of marine animals,” Hawkes
explains. He dubbed his invention the
Deep Flight Merlin and delivered the
three-seater to Branson this spring.
Now he’s gearing up to produce an
entire line of Merlins with room for
one to six passengers each. The wait
time for a Merlin is four months, and
they start at $700,000—the price
you pay to become one of Branson's
aquatic peers.—JONATHON KEATS

Individual shields deflect

water over passengers’ heads as the ves-
sel zips through the sea at up to é knots.

tors and rudders.control
roll, pitch and yaw, just
like'an aircraft, all through
mechanical linkages.

A lithium-
phosphate
battery
drives a
propeller
that sucks
in water
through
side vents
and pushes
it outward,
achieving
500 pounds
of thrust.

A AHOY, MATEY The finished Sub,
the Necker Nymph, on the deck of
Branson's yacht
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THE FUTURE OF ROBOTICS

3 DBOT Virainia T 3
udents built CHARLI-L, shown on
campus, as part of a homegrown
effort to compete with' Japanand
South Korea's best humanoids.
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THE FUTURE OF ROBOTICS

Let’s assume that someday you will have, in
your home, a humanoid robot helper. The robot,
because it’s shaped like you, can use your tools
and move easily around your house. It folds

the laundry;, it helps your elderly mother up

the stairs, and on Sundays it makes brunch for
the family. It’s capable of handling almost any

household chore you can throw at it.

Now let’s imagine that you're out on the lawn,
kicking a ball around with your son. Your robot helper
is in another part of the yard, its back to you both, fixing
a drainpipe. Your son misses a kick, and the ball winds
up a few feet from the robot. “Hey, robot!” you shout.
“A little help?” The robot turns in place, spots the ball,
walks over, and kicks it back to you. The game resumes.

Of all the tasks you would undoubtedly love to
hand off to a robot assistant, fetching a soccer ball is
probably low on the list. And yet in 2010, there is no
humanoid robot on Earth that can consistently do
something as simple as turn, spot, approach, and kick.
Never mind helping Grandma to bed or starching your
shirts. Broken into a daisy chain of input, calculation
and action, just kicking a ball is incredibly hard. It's so
difficult, in fact, that engineers from all over the world
have embraced it as the modern era’s standardized test
of humanoid-robot sophistication, and they converge
each June at an event called RoboCup to try it. This
year, only one adult-size, self-contained, humanoid
robot in this country can even attempt it.

Its name is CHARLI-L (the “L” stands for
“Lightweight” and the rest for “Cognitive Humanoid
Autonomous Robot with Learning Intelligence”). Created
at Virginia Tech, it's America’s first true humanoid, in
that it requires no remote power source or compuler,
it stands roughly five feet tall and has arms and legs,
and it walks—Ileft, right, left, right—Tlike a human.

As such, CHARLI-L belongs to an exclusive
international club of humanoid robots, each of them
designed to hasten the day when robots play a central
role in all of our lives. Japan and South Korea dominate
this club, together outspending the U.S. in civilian
robotics many times over. Japan's Asimo, a humanoid
first built in 1986 by the Honda Corporation and
now in its 12th generation, and Korea’s Hubo, built
to compete with Asimo in 2004 by Jun-Ho Oh of the
Korea Advanced Institute of Science and Technology
(KAIST), are the pride of their nations. Honda is
said to have put $300 million and more than 100
worker-years into the first Asimo. Dennis Hong, an

ADDITIONAL REPORTING FROM JAPAN
AND KOREA BY BRIAN ASHCRAFT
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TEST CASE

A humanoid
like CHARLI-L,
says Dennis
Hong, whose
students
created it,
“combines all
the disciplines
of robotics:
dynamics,
controls,
power, all

of it.”




associate professor of mechanical engineering at
VT, laughs at the idea. “That guy,” he says, pointing
at CHARLI-L, “was 12 undergrad and grad students
in a year and a half, with seed money of $20,000.”

Dennis Hong is the founder of VT's Robotics and
Mechanisms Laboratory and the leader of the student
team that built CHARLI-L. We're seated at a workbench
inside the University of Pennsylvania’s robotics lab,
run by Hong’s friend and collaborator Daniel Lee.
Hong’s students are here to show CHARLI-L to Lee’s
students, to prepare for RoboCup 2010, held in June
in Singapore, and to discuss upcoming partnerships.
Hong (winner of a 2009 PopuLar Science Brilliant 10
award) and his students have produced chemically
driven, amoeba-like robots; a spider-like 'bot called
STRiDEY, whose swinging walk is modeled on the
human gait; and a system by which blind adults
can make guided yet independent decisions as the
drivers of their own cars. Lee’s students build complex
software to govern robot behavior and human-robot
interaction. These are some of the most accomplished
robotics engineers in the field. But as I watch the
students fiddle with CHARLI-L, it begins to dawn on
me how much work stands between CHARLI-L and
the RoboCup trophy, to say nothing of how much work
it will take to reach a future full of robot helpers.

The sheer scale of the challenge is the point, Hong
says. ‘I think a full-size humanoid is the Holy Grail
of robotics,” he explains. “It’s a system of systems. It
combines all the disciplines of robotics, from artificial
intelligence to autonomous behavior to dynamics to
controls to mechanical design—everything!”

At the moment, however, VT junior Taylor Pesek,
Ph.D. student Jeakweon Han and master’s student
Seungmoon Song are just trying to get CHARLI-L to
stand upright. “Uh-oh,” Han says, catching the robot
as it lolls forward, knees buckling. “Stop putting in
commands,” Pesek says. “I'm not,” Song responds. Pesek
turns the power off and on and, with a bit of wrestling,
the robot stands at quiet attention.

If standing still is so difficult, how hard is kicking
a ball? The rules of RoboCup, in which six teams will
compete for the title of “Best Humanoid” in the Adult
Size Humanoid division, require that the robot be
facing away from the ball when the event begins, so
the machine has to turn around and find it. “It’s a high-
end academic exercise dressed up as an entertainment
event,” Hong says. Break the goals—kicking balls at a
target, basic dribbling, and trying to slowly block the
very slow shots from other robots—into individual
processes, and the to-do list grows very long. To
eventually build the brunch-making 'bot of the future,
Hong must first win RoboCup. And that’s hard. “Just
getting it to turn around in place is ridiculous,” says
master’s student and CHARLI-L team member Robert
Nguyen. Is it also pointless?
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THE FUTURE OF ROBOTICS

AMERICA'S HUMANOID DILEMMA

Nearly everyone would want a dutiful, reliable robot
helper, so why is there only one such humanoid made
in this country? And why is it the work of a small team
of unpaid students? To get at the answer, consider the
machines in your life. Your dishwasher, your car, your
DVR all serve a practical, well-defined purpose. Today’s
humanoids, meanwhile, serve almost no practical
function. “They represent incredible research and
technology that’s then backed into an application” says
Colin Angle, the CEO of iRobot, which makes domestic
cleaning robots and military models. Roboticists
working on humanoids, he says, “are doing amazing,
exciting work, but it’s just not going to drive the robot
industry—unless it’s for entertainment purposes.”

Asimo, the most sophisticated Japanese humanoid,
is famous for its balance and adaptability. It can even
run, in an awkward, distinctively robotic way. But if it
encounters a closed door, the show's over, because the
calculations necessary to reach out, grasp the knob,
turn it, and walk forward, pushing the door ahead of
itself, are still too complicated. (The fragility doesn’t
end there. “Our products can survive a two-story fall,”
Angle says. “See what happens with an Asimo.”) Japan
has embraced Asimo, however, as a broad, long-term
investment in a wide range of scientific challenges,
from materials science to artificial intelligence. It's
not a robo-butler. It’s a stake in the ground, a totem
of Japan’s belief that our future will be full of helpful,
sentient, Japanese-made machines.

That kind of open-ended vision doesn’t work
here, where our funding environment rewards
near-term products, not totems. As a result, the
U.S., though it is filled with robotics projects, lags
behind Japan and South Korea in the development
of humanoids. In 2006, sponsored by the National
Science Foundation and others, the nonprofit World
Technology Evaluation Center (WTEC) published a
report entitled “International Assessment of Research
and Development in Robotics,” comparing America’s
activities with the rest of the world’s. The report
concluded that while this country leads the world
in military and medical robotics, it is quickly losing
that advantage and falls short when it comes to robot
mobility and humanoid robotics. Although “robotics
is a very active field, worldwide,” the authors wrote,
“Japan, Korea and the European Community invest
significantly larger funds in robotics research and
development for the private sector than the U.S.”

“Money is flowing to universities and research
centers,” says University of Southern California
engineering professor George Bekey, who led the
WTEC team on a research trip through Korea
and Japan in 2004 and 2005. “Korean funding for
robotics is about $8o million a year. In contrast,
U.S. funding for civilian robotics from the National
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Japan's lead-
ing humanoid
is rumored to
have cost $300
million and 100
worker-years.

PALRO

One of dozens

of autonomous
Japanese 'bots
to hit the market
every year.

GEMINOID
The robot, at
left in the photo
above, is a jar-
ring experiment
in human-robot
interaction.

GEMINOID

PALRO - ( l

Science Foundation is about $10 million a year.”

Military spending on American robotics is robust,
but our warrobot platforms are getting us no closer to a
humanoid. Those platforms are purpose-built for bomb
defusal and aerial surveillance, and so don’t provide
broader opportunities. “Korea and Japan have national
strategic initiatives in robotics,” the WTEC group wrote.
“In the U.S., Darpa programs”—the chief source of
military funding for high-level robots—"“are highly
applied and short-term oriented, while its support for
basic research in robotics has been drastically reduced.”

Viewed through the eyes of a Darpa program
officer, it's easy to see why humanoids have been
largely ignored. The logic of researchers like Hong
is that to be truly useful, domestic robots must be
human-shaped, because such technologies as stairs
and refrigerator doors and bottle openers are designed
for human use. But when funding agencies read that
argument in a grant proposal, it only goes so far,
because research hasn't established a consistent model
for automated forms of walking, or opening iceboxes,
or cracking beers. Designing humanoids, in other
words, puts the cart before the horse.

“It has to do with U.S. pragmatism,” says Carnegie
Mellon University professor James Kuffner, who
develops machine-learning software and heads
the university’s Humanoid Interaction Team. Like
many leading American roboticists who do research
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SERIES

South Korea's
HanSaRam (HSR)
series, built
by the Robot
Intelligence
Technology lab
in Daejeon, has
been updated
every year
since 2000.
F . HUBO
The US. lags far behind ~ swons
answer to
Japan and South Korea himo,an
e o Korea's greatest
In humanoids. humancid
in Asia, Kuffner worked for several years in Japan ALBERT
as part of a robotics fellowship at the University HUBO
of Tokyo and is in the midst of a year’s sabbatical The afllonomy
at Google. “We think, ‘If we have a problem, let’s and bipedal
design the simplest, cheapest solution,” he says. moveme_m of
Lee explains it in similar terms. “If you write a Hubo, w!“' an
proposal here for a robot that plays music, you'll expressive
have a very hard time finding funding. What’s face b.y Hanson
the practical purpose?” he says. “Yet if a robot Robotics.
improvised a jazz performance, it might teach you
all sorts of things about artificial intelligence and MAHRU
even human intelligence. There's more openness Another.Korean
to that kind of investigation in Asia and Europe. humanoid, tl.ie
Here the focus is on a well-defined problem.” ma_le °fafa"'v
As a result, what might otherwise someday built as a “e‘.'
work humanoid.”

form a full-fledged humanoid is in well-defined
pieces all over the country. American researchers,
focused on solving practical problems, are
developing robotic prosthetics that are the functional
equivalent of human limbs, robotic eyes that can
detect cancer, and highly articulated robot arms

3 capable of assembling tiny, intricate machines
on a factory floor. Robotic components evolve
separately and for highly specialized tasks.

Take grasping, for example. The interception
and manipulation of objects by an automated
appendage is perhaps the most commonly researched
problem in robotics. (“It’s approachable,” Hong says.)
Barrett Technology, in Cambridge, Massachusetts,
has developed the WAM arm (short for Whole-Arm
Manipulation) and the BarrettHand—lightweight,
high-torque robotic limbs capable of complex motions
and manipulations. Deka Research and Development
Corp., led by inventor Dean Kamen, created the Luke
Arm, which is also capable of extremely sophisticated
movement, as an advanced human prosthesis.

And Willow Garage, a company founded by open-
source-software pioneer Scott Hassan, has created
PR2, a two-armed robot atop a wheeled base. PR2 is
particularly useful for investigating the manipulation
of objects while it's in motion, an even more advanced
problem—a team at the University of California at
Berkeley recently used PR2 to devise a sophisticated
and much-celebrated towel-folding algorithm.

Several U.S. teams are focused on bipedal walking,
generally considered among the most difficult of all
humanoid-robotics challenges and the one most closely
linked to human applications, in that building bipedal
robots helps researchers to develop a better prosthetic
leg and foot because it forces them to reverse-engineer
human movement. Marc Raibert, considered the father
of leg robotics, founded the Leg Laboratory at Carnegie
Mellon in 1980 and then moved it to the Massachusetts
Institute of Technology in 1987 before going on to
launch Boston Dynamics in 1992. The company’s four-
legged BigDog and two-legged Petman are capable of
walking across unstable terrain—perfect for carrying
supplies alongside a soldier on patrol-—and can regain
their balance dynamically even after being suddenly
and violently shoved off course. Yobotics, founded by
four alumni of MIT’s Leg Lab, created M2, a bipedal
robot that can walk in place and balance on one leg.
And the University of Michigan’s Human Biomechanics
and Control Laboratory, headed by professor of
mechanical engineering Art Kuo, is developing an
“elastic locomotion” model that can help explain how
we humans walk without seriously exerting ourselves.

Each of these systems feels like its own piece of
an all-in-one American-made robot of the future. But
without a governing authority piecing them together,
or a centralized funding agency directing their
convergence, each team, and their individual pieces of
technology, will never form a cohesive whole.

ROBOT, PLEASE TELL ME WHY

What is the practical purpose of creating humanoids?
Asking roboticists this question is like asking
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philosophers why they pursue the meaning of life. The
logic is circular (we're building robots in humanoid
form so that humans will better accept the robots
we'te building in human form), the message has to do
with faith (when we're on the far side of this problem,
we won't know how we got along before), and the
broader purposes all involve distant rewards (artificially
intelligent, problem-solving robot companions) that the
researchers seem to consider unquestionably valuable
but that are difficult to conceive of in the here and now.

David Hanson, the founder and chief technology
officer of Hanson Robotics, collaborated with Jung-Ho
Oh, the creator of Korea’s Hubo, to produce a version
of the robot with the face of Albert Einstein, made of
simulated flesh and expression-generating actuators.
Hanson is now developing a humanoid, called
Zeno, that he hopes to market both as a household
companion and as a research platform. His summary
of the need for humanoids is representative of many
people I spoke with. “Making humanlike robots,”
he says, “allows us to understand ourselves better.”

He believes that it creates a clearly defined research
path; not just advancements in the various parts of

a humanoid—improved prostheses, grasping, finally
pinning down the mechanics of human balance—but
the pursuit of robotic consciousness. “Cognition is the
greatest challenge in all of robotics,” he says. “If on the
way we're designing humanoids, we have a handy
benchmark for seeing where we are in the process.”

In Japan and Korea, researchers—and, more
significantly, funding sources—embrace this logic.
Their commitment to developing humanoid robots
means that Asimo and Hubo incorporate their
respective countries” best work in everything from
mechanical functions to intangibles like artificial
intelligence. These functions are integrated into
every successive generation of humanoid, rather than
remaining in the lab of a specific team. By 2004, Asimo
had already incorporated facial recognition, speech
recognition, the subtleties of interpreting gestures and
posture, and digital mapping of its environment. With
Asimo, Hanson says, “Toyota and Honda have solved
manual-dexterity tasks that used to be unsolvable. It’s
just that they show them off in silly ways. They get him
to play trumpet or the violin. But with that dexterity,
imagine what you can assemble in a factory! These are
massive breakthroughs.”

Most American engineers who have encountered
Japanese and Korean engineers offer up armchair
psychology about a pro-technology bias in those
societies that creates enthusiasm for humanoids.
Kuffner points out that in Japan, Shinto beliefs posit
that inanimate objects have a benevolent spirit. “And
Japanese boys who grew up in the 'sos and '6os read
comic books about Astro Boy and other characters with
robot assistants and sidekicks—all friendly, kind,” he
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PETMAN
Boston
Dynamics's
much-admired
walking robot
has a humanlike
gait but relies on
external power.

ROBONAUT
NASA and

GM's aborted
spacefarer was
once a well-
funded humanoid
program.

WAM ARM
Barrett
Technology's
purpose-built
robot appendage
isattachedto a
sturdy base.

WAM ARM

says. “In the U.S., we think of The Terminator.”

Japan has a famously robust public-private
infrastructure that incubates academic work, links it
to industry, and then provides federal funds to guide
and protect the research that results. The resources
that Japan pours into Asimo alone make the country
the envy of roboticists around the world. Korea has a
comparatively smaller pool of resources, but although it
has lagged behind Japan in the creation of technology; it
is similarly determined to dominate the market. In 2003
the South Korean government named robotics one of
10 “engines” to promote the country’s economic growth,
placing it alongside such stalwart industries as batteries,
automobiles and display technologies.

The lab responsible for Hubo, Korea’s most famous
humanoid, sits on the sprawling campus of KAIST in
Daejeon, south of Seoul. Oh first built Hubo, he says,
because he wanted an Asimo and couldn’t possibly
afford one. Charmed and impressed by the first Hubo,
the country’s Ministry of Commerce, Industry and
Energy funded a lab in 2004 to support Oh’s work. It
has produced several versions of Hubo, including Hubo
FX-1, a version of the robot large enough to carry adult
humans, and the Albert Hubo that was co-created with
Hanson Robotics. It’s an indication of the country’s
pride in the program that Albert Hubo was, for a time,
South Korea’s most visible ambassador, shaking hands
with heads of state including Vladimir Putin and
George W. Bush. The lab is so well-funded that it makes
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HUMAN TOUCH The lightweight
design of CHARLI-L makes it
possible that a future version
could climb stairs, deliver S
objects, and

holdhands. . N

The logic of researchers
like Hong is that to be
truly useful, domestic

robots must be
shaped like humans.

its own parts on-site, instead of having to explain
requirements to a manufacturer. An adjacent room
stores countless nuts and bolts and a seemingly
endless spool of wires. “We produce everything in the
lab,” Oh says. “It's much faster.”

Two hours away, in Ansan, the Korean Institute
of Industrial Technology maintains its own
lab, the Division of Applied Robot Technology.
And these government-funded programs exist
alongside robust robotics programs at companies
like Samsung, LG and Hyundai and smaller,
dedicated ventures like Yujin and Microrobot.
Fifty Korean kindergartens use educational robots
for daily lessons, and pilot programs have been
distributing domestic robots to Korean households
since 2005. “They see robotics the way we saw
the Apollo program,” Lee says. “The government
has decided ‘We're going to put resources into
this, we're going to throw our best and brightest
at this, and we’re going to transform our lives.”

HOW TO FIGHT A ROBOT WAR

The fact that Dennis Hong and his students were
able to build CHARLI-L in such a short amount of
time, on a donated budget, using donated parts, is
a sign that America’s best and brightest are eager
to create humanoids. But CHARLI-L—light enough
to lift with one hand and fitted with just enough
actuators to make it through RoboCup—cannot
challenge Japanese and Korean supremacy in
humanoid robotics on its own. Byoungsoo Kim is
the founder and CEO of the Seoul-based company
Robotis, which produces off-the-shelf parts for
use in robotics systems, including CHARLI-L.
Virginia Tech is a prized partner, as Hong's
students regularly put Robotis components into
their inventions. Kim believes that an open-source
community working on a standardized platform
could transform American robotics the way open-
source development has transformed computing.
Without that community, he says, “the robot itself
is nothing. The software is what's important.”

Several American companies are vying to
be that platform. Willow Garage’s PR2 robot, in
use at Stanford University and U.C. Berkeley, is
built around the same distribution model: The
company builds the hardware, then sells or rents
it to academic institutions that can then write
and test algorithms for motion. And for the past
three years, Paul Oh of Drexel University along
with Lee and Hong have been developing their
own open-source platform around Hubo.

Shortly after the WTEC report was issued,
Drexel, in collaboration with Virginia Tech, UPenn,
Bryn Mawr College and Colby College, won a

National Science Foundation {CONTINUED DN PAGE 841
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The world’s most sophisticated
robots don't assemble trucks

or cruise around Mars. They're
designed to support our surging
population of elderly and disabled
citizens. Meet 10 of the most
promising senior-friendly ‘bots

BY COREY BINNS

PHOTOGRAPHS BY JOHN B. CARNETT

- AFORKLIFT FOR HUMANS

Institute of Physical
and Chemical Research, Japan
Helps patients who
are too weak to walk, sit,
or stand on their own
The

@ number of Americans
over age 65 will reach
71 million by 2030. RIBA

(Robot for Interactive
Body Assistance) is the only
| robot with arms designed to carry
those people around.

‘ A powerful

motor, plus 454 sensors
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embedded in RIBA's arms, helps
the robot lift and move people
weighing up to 135 pounds.
(Inventor Toshiharu Mukai and
his colleagues aim to increase
its strength next year when they
test it in nursing homes in Japan.)
For a comfortable ride, squishy
skin made of urethane foam
covers RIBA's metallic frame. The
robotic orderly can also recognize
faces and voices and responds to
commands such as, “RIBA, please
help me off the couch.”

Next year

ROBOTIC S

RISE OF THE HEI-PF“I-
MACHINES

PerMMA

THE ONLY
WHEELCHAIR WITH
ROBOTIC ARMS

BIRTHPLALE: University of Pittshurgh
OCCUPATION: Nurse: transports and
feeds patients with spinal-cord injuries
WHY WE NEED IT: Today 4.3 million
Americans rely on wheelchairs, yet few
of those chairs are ideal for people with
debilitating physical impairments, such
as those of a quadriplegic.

HOW IT WORKS: After Rory A. Cooper
was partially paralyzed during a bicycle
accident, he learned firsthand the
limitations of conventional wheelchairs.
Although he still had the use of his
arms, many other paralyzed people he
met did not. So he set out to build them
a better chair. His Personal Mobility

and Manipulation Appliance (PerMMA)
features two robotic arms programmed
to help users easily perform everyday
tasks like cooking, dressing and
shopping. Users can control the robotic
arms from a touchpad, microphone or
joystick, depending on their abilities. For
now, each arm can support six pounds,
but Cooper is designing a new arm
strong enough to hold 150 pounds, pull
a turkey out of the oven, or pick up a pot
of spaghetti off the stove, he says.

ON THE JOB BY: 2020



ARMS OF STEEL
Inventor Rory
A. Cooper and
his two-armed
wheelchair at
the University
of Pittsburgh
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é KOMPAI R+

A PLAINSPOKEN PERSONAL MOST CAPABLE
ROBO-SERVANT

ASSISTANT FOR GRANDMA

BIRTHPLACE: Robosoft, France
OCCUPATION: Personal assistant:
reminds seniors to take their meds
and calls for help if needed

WHY WE NEED IT: It's a simple 'bot
for the tech-challenged

HOW IT WORKS: Kompai's chief
feature is its senior-friendly
interface and congenial personality.
Tell the Web-enabled robot

you're not feeling well, and it
thoughtfully asks, “Where does

it hurt?” and then e-mails your
symptoms to your doctor. Kompai
can record a grocery list, set up
videoconferences with doctors,
and call 911. Around the house,

it avoids stairways and knows
when it's time to roll itself to its
charging dock. Although it operates
primarily by voice control, the
robot also has a touchscreen with
simple icons. Arms are optional.
Robosoft CEO Vincent Dupourqué

is marketing an open-source
version, called RobuBox-Kompai, to
developers, who can design their
own software for the 'bot.

ON THE JOB BY: Next year

TAMER

A ROBOTIC “TOUCH THERAPIST” SOOTHES ANXIETY

ABORATION CENTER FOR HUMAN-INTERACTIVE ROBOT

FROM TOP: ROBOSOQFT; MARTIN DEE/UBC PUBLIC AFFAIRS; PRECEDING PAGES,

BIRTHPLACE: University of British Columbia recognize these changes—a critical step in controlling their

OCCUPATION: Child therapist anxiety. Pressure sensors and accelerometers inside the

WHY WE NEED IT: An estimated 13 percent of kids aged robot also let it respond to touch. For instance, Tamer stiffens

9 to 17 experience some kind of an anxiety disorder. its ears when jabbed but then softens them and begins

HOW IT WORKS: This furry, touch-sensitive robo-bunny to purr as the patient gently pets it. “No one else is using

helps children with stress and anxiety disorders “tame touchable, emotionally expressive robots in anxiety therapy,” 3
their worry dragons,” says inventor Karon MacLean of the says MacLean, who began testing the robot this summer with g
University of British Columbia. Sensors worn on the patient's kids who have anxiety disorders. She ultimately hopes to &=
body measure signs of stress such as increased heart rate build an at-home version for around-the-clock comfort. Eg

and sweaty fingertips. The Tamer wiggles to help patients ON THE JOB BY: 2014
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MIND YOUR
MANNERS
= o The robotic but-
ler HERB helps
engineer Michael
Vandeweghe
with his chair.

California Institute of to test and refine image-processing software

Technology for prosthetic eyes on a robot instead of <3
0CcC I: Simulates the visual a person. Mounted to Cyclops's head is a A ‘
experience of a blind person outfitted with remote-controlled camera that can pivot to L]
a retinal implant capture the same view as a patient with that A
Most vision implants are particular prosthesis would. If the robot cant - ¥
still too crude to test on humans. tell the difference between a stairwell and a A7 : e ()
i ORKS: Cyclops, a $20,000, four- fireplace, researchers will know they need to } 1Y Y

wheeled rover, is the world’s first stand-in for  refine their algorithms.
the visually impaired, allowing researchers | 3 BY: This year
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ROBOTICS

RISER

A FULLY
IMMERSIVE
REHAB ROBOT

BIRTHPLACE: University of British Columbia
OCCUPATION: Rehabilitator

WHY WE NEED IT: Today's physical-therapy
equipment for balance requires stroke victims to
have enough strength to stand on their own, but
that puts them at risk of more falls and injuries.
HOW IT WORKS: The RISER (Robot for
Interactive Sensory Engagement and
Rehabilitation) is the only rehab system that can
simulate a wide range of unstable situations
while fully supporting a patient’s body weight
to help him regain his sense of balance after

a stroke. Supported by a back brace, a patient
stands on a Wii-board-like platform that can
move in six directions. Virtual-reality goggles
work in sync with the platform to guide users
through different simulated activities, such as
riding up an escalator or windsurfing. Patients
can gradually attempt more-challenging
balancing acts to speed up their recovery.

The platform is also a powerful research
tool in the quest to better understand the
neurobiology of balance. When a patient stands
on the platform and experiences a recording of
his previous ride, electrodes attached to his scalp
give scientists insight into how different brain
regions are responding to the experience.

ON THE JOB BY: 2015
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CARDIOARM

THE SLINKIEST SURGICAL TOOL

Yo

/'r

BIRTHPLACE: Cardiorobotics and Carnegie
Mellon University

OCCUPATION: Surgical assistant: conducts
minimally invasive heart surgery

WHY WE NEED IT: Heart surgery means
slicing the chest, breaking the sternum, and
splaying the ribs; recovery can take months.
HOW IT WORKS: Carnegie Mellon University
engineer Howie Choset's snake-shaped
surgeon is only a centimeter long and
weighs less than three ounces, yet it's
packed with motors and joints that give it
102 degrees of freedom, letting it deftly
wrap itself around organs and worm
through intestines, bronchial tubes and

. '\.‘,
q‘

other pathways e
used during endoscopic

surgery. Its unprecedented flexibility, along
with a tiny camera head, makes it easy to
steer remotely using a joystick. "Make a
quarter-inch turn one way, move an inch,
make a quarter-inch turn another way,
and boom!—you're behind the heart,” says
Choset, the co-founder of Cardiorobotics,
Inc. In February the robot performed a
diagnostic procedure on a patient who
otherwise would have required a surgeon
to split her breastbone, which would have
tacked months onto recovery.

ON THE JOB BY: 2012

FROM TOP: JOHN B. CARNETT (2);: ALAN GOUGH/UNIVERSITY OF BRITISH COLUMBIA/

INSTITUTE FOR COMPUTING, INFORMATION AND COGNITIVE SYSTEMS




FROM TOP: INSET: JACOB ROSEN/UNIVERSITY OF CALIFORNIA/SANTA CRUZ; AIST

DR. ROBOTO This remotely operated
surgeon at the University of California
at Santa Cruz features four arms.

BIRTHPLACE: National Institute of Advanced
Industrial Science and Technology, Japan
\TION: Workout instructor

D IT: Exercise can help senior
citizens live longer, healthier lives, but their
growing ranks will soon outnumber qualified
fitness instructors.

HOW IT WORKS: This two-foot-tall robot
looks more like a miniature snowman than

a personal trainer, but its 26 joints make

it almost as flexible as a yogi. Taizo helps
lead simple movement classes in Japan,
mostly from a chair for the convenience of

its seated students. Among its repertoire
of 30 exercises, Taizo can stretch its arms
wide and bend down to touch its toes. And
although the robot is in great shape, it's
not tireless—after two straight hours of
exercise, its batteries need recharging.
Special motors allow the little guy to
perform slow, methodical motions that are
easy to imitate and help followers avoid
muscle strain. Next month, developer
General Robotix begins selling the robot’s
$10,000 frame to scientists for research.
ON THE JOB BY: Next year
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CONCEPTS & PROTOTYPES

A FLYING BOAT

To circumnavigate the world in a record-breaking 40 days,
'Hydroptere Maxi takes inspiration from the Wright brothers

BY DAWN STOVER ILLUSTRATIONS BY DANIEL SCHUMPERT

THE TEAM BEHIND the world’s fastest
sailboat—{'Hydroptere, a 78-foot
trimaran that sailed at a record-
breaking 50-plus knots (nearly 58
mph) for more than a nautical mile
last year—is designing a new model
to break another big racing record.
With l'Hydroptére Maxi, a crew of 10
hopes to sail around the world in less
than 48 days and eight hours, beating
the current fastest time as set by the
French crew of Groupama last March.
The Maxi’s skipper, Alain
Thébault, who has been creating
high-speed sailboats for 25
years, has assembled a team that
includes advisers from the Swiss
Federal Institute of Technology
and aeronautical engineers. Like
I'Hydropteére, whose name comes
from the Greek words for water

altached to the bottom of the side
hulls act like airplane wings, forcing
water over the curved top surface of
the foils to lift the hull up to 33 feet
above the water. With no drag acting
on the hulls, the boat essentially flies
across the ocean.

Breaking the record, not to
mention keeping the crew safe, rests
on the perfect design of the foils and
hulls. If the wings snap in rough
weather or the hulls suddenly smack
into the water, the boat could take
a nosedive. “Flying in waves can be
dangerous,” says lead designer Jean-
Mathieu Bourgeon. Another big
challenge is making the boat as light as
possible without sacrificing 0o much
strength, to maximize speed and safety
in both floating and flying modes.

Thébault and his group will spend

and wing, [ Hydroptére Maxi will be
part boat and part plane. At slower
speeds, it will glide through the

water like a conventional trimaran,
floating on a center hull flanked by

When the wind speed

is low—less than 15
knots—the crew deploys
a centerboard [not
shown] and raises the
foils out of the water,
switching the boat from
flying to floating mode.

the next year designing [ Hydroptére
Maxi, incdluding testing scale models of

the foils in computer simulators. [f all
goes as planned, the crew could set sail
as early as 2013, possibly starting in
Europe and heading south through the
Atlantic Ocean to circle Antarctica.

)

two stabilizing hulls. But at faster
speeds, submerged finlike hydrofoils

Researchers will outfit a prototype of I'Hydroptére Maxi
with strain gauges, accelerometers, and pressure and
rotation sensors. Computer simulations will use

Using real-time mea-
surements from stress
sensors, GPS and an
inertial unit, which
measures factors such
as roll, pitch and speed,
the crew can adjust the
boat accordingly for the
most efficient sailing.

the data to help designers understand the g
behavior of the boat as a whole _ !
physical limits. This example gﬁ
shows stress distribution

and push the design to its
[red indicates areas that deform most under pressure].

DIGITALMAGING;

”

” & . "
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Crossheams made from light-
weight carbon and titanium connect
the central hull to two side hulls.
Blueprints for hydrofoil trima-

rans date back to the 1950s, but

not until the advent of composite
materials could engineers build
strong enough crossbeams to sup-
port boats as large as the Maxi.

LHYDROPTERE MAXI
LENGTH: 100 feet
MAST HEIGHT: 130 feet
SPAN: 90 feet
WEIGHT: 20 tons
CREW SIZE: 10

TOP SPEED: 50 knots

Unlike the foils on most
multihull racing boats,
which reduce drag but do
not raise the boat com-
pletely out of the water,
Maxi's underwater wings
lift it up to 33 feet above
the ocean’s surface.

IV EVOLE
two rear
tail units for
better bal-
ance when
elevated on
its foils.




THE UNCOMMON KNOWLEDGE

Blowing Up
Mountains Is Bad
for the Environment

EDITION
W

. THE FINDINGS: One of the most popular
mining techniques in Appalachia has been cutting
down the trees on top of mountains and blasting
the peaks off to get to the buried coal. It doesn't
take a doctorate to see that mountaintop mining
(MTM) is bad for the environment, but until
Margaret Palmer of the University of Maryland and

her colleagues collected the data, no one knew
just how bad it was. Their analysis shows that the
technique has led to downstream flooding and

3
toxic levels of selenium in West Virginia streams,
that the blast dust can cause respiratory problems,
and that reclaiming the mined areas by planting
grass doesn't appear to work.
WHY BOTHER? Last summer, the

Obama administration inked a plan that adds
more regulation but allows the practice to

[

. . . - - keep expanding. Palmer hopes her paper gives

It might seem silly to investigate whether people are happier g ol
on the weekend, but behind such truisms are revelations e “MTM p:]m;ts shm:d no;_het .
. . . granted untess new metnodas can be subjected 1o
about our brains, our behavior and our environment rigoruis peee review and shown to remedy thess

problems,” she writes. “Regulators should no
longer ignore rigorous science.”

Old People Prefer Happy Memories

THE STUDY: “There Are Age-Related Changes in Neural Connectivity during
the Encoding of Positive, but Not Negative, Information,” Cortex, May 2009

(

THE FINDINGS: An international team the “positivity effect,” the idea that as people
of psychologists put a group of people aged age, positive memories tend to get stronger
19 through 31 and a group aged 61 through 80 while bad memories fade more quickly.

into a functional MRI and showed participants ~ WHY BOTHER™ We're not sure exactly
positive, neutral and negative photographs. why older folks look on the bright side, but

It turned out that the brains of younger and before this study we weren't even sure if there
older people responded similarly when they was a biological basis for the phenomenon.
saw gunshot wounds, but for the older people,  The next step is to establish whether the

their ventromedial prefrontal cortex and positivity effect is simply a part of aging or
amygdala, which are involved in emotion,and ~ whether, as older adults feel time slipping

the hippocampus, which governs memory,all ~ away, they are more likely to emphasize the
responded when they saw positive images like  positive. This could help determine if there are
kittens, indicating the formation of a stronger  differences in the memory encoding between

BY JASON DALEY memory. (The younger brains showed nosuch elderly people with depression and those with
ILLUSTRATIONS BY COJO effect.) The researchers think this may explain  a cheerier disposition.
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UNCOMMON KNOWLEDGE

THE FINDINGS: The sadistic gym
teacher who belittles students for their sissy
push-ups is a sitcom cliché, and it's reasonable
to think that someone who hated gym class in
middle school might not be a gym rat in ater
life. William Strean of the University of Alberta
nonetheless interviewed 24 subjects to see how
influential their gym teachers had been on their
later attitudes toward exercise. He found a strong

correlation between people who were turned off
to physical activity and bad personal experiences
with aggressive gym teachers.

WHY BOTHER? By some estimates,

as many as 70 percent of children drop out of
team sports, many because of negative events
like being hit, called names, or pressured to play
while injured. Strean’s research was intended

to determine what aspects of physical activity

People Are Happier on the Weekend

THE STUDY: "Weekends, Work, and Well-Being: Psychological Need Satisfactions
and Day of the Week Effects on Mood, Vitality, and Physical Symptoms,” Journal of Social

and Clinical Psychology, January 2010

THE FINDINGS: Heaven knows
everyone hates Mondays, but there has been
very little scientific data to explain why. That's
why, for 21 days, 74 people near Rochester, New
York, filled out questionnaires three times a

day that asked about their mood and physical
well-being. As expected, people felt better from
Friday night until Sunday afternoon and felt
worse while at work.

WHY BOTHER? Author Richard M. Ryan
hypothesizes that we enjoy the weekend more

because it satisfies self-determination theory:
We feel best when we are autonomous (no
boss around), competent (barbecuing is easier
than wrangling with a computer database) and
related (hanging out with your family beats
eating lunch with a co-worker). The study
emphasizes the importance of free time in
increasing feelings of well-being. Figuring out
how to structure work so that people feel more
capable and satisfied during the week is one of
the next steps of Ryan's research.

56 POPULAR SCIENCE AUGUST 2010

kids consider positive and negative. As it
happens, instructors play a large part. “Although
it may seem obvious that negative experiences
may turn people off future physical-activity
opportunities, it is apparently not always so
evident to teachers and coaches that they have
such an impact,” Strean says. “It's important that
educators realize that a few of their words can
build someone’s spirit or crush it like a bug.”




Most People Drive Poorly
while Talking on the Phone

THE STUDY:

THE FINDINGS: Common sense—and
plenty of dented bumpers—tells us that driving
and cellphones don't mix. Jason M. Watson and
David L. Strayer of the University of Utah had
heard that this applies more to some people

than others, but previous studies had failed to
distinguish between the two groups. That's why
Watson and Strayer observed 200 volunteers

in a driving simulator who were tasked with
simultaneously memorizing word sequences

and doing math problems while following a lead
vehicle. As you'd expect, 97.5 percent of people
failed at least one task miserably. But a surprising
2.5 percent appeared to be “supertaskers,”

i Young People Want Big Money, Big Vacations

competently as they perform a single task.

WHY BOTHER? dentifying and studying THE STUDY: “Generational Differences in Work Values: Leisure and Extrinsic Values

the rare supertaskers among us helps scientists Increasing, Social and Intrinsic Values Decreasing,” Journal of Management, March 2010

better understand how the brain works. “We

didn't expect anyone to be able to juggle these THE FINDINGS: Companies are trying work-oriented and places a higher value on
two goals at once,” Watson explains. “A lot of to change their management style to satisfy eisure time than their predecessors, but they
cognitive theory says [supertaskers] shouldn't Generation Y by offering such perks as on-site still covet the fat paycheck. Kids these days.
exist.” But since they do, Watson hopes to learn laundry and five weeks of vacation right off the “The combination of not wanting to work
more about the biological basis of their rare gift. bat. The problem is, there's very little information ~ hard but still wanting more money and status
He also believes that finding these people could on what Gen Y—defined in this study as people verifies the sense of entitlement many have
help in fast-tracking them into jobs that involve born after 1981—are actually looking for. Jean identified among GenMe,” Twenge writes.
multitasking, such as flying fighter jets. Twenge of San Diego State University and her WHY BOTHER? With 75 million

collaborators examined the Monitoring the Future  boomers on the verge of retirement, it's

sihlings Who Fight Don't Get Along survey, which has been given to high-school Gen Y that will be stoking the GDP over the

seniors since 1976. They determined the work next few decades. Motivating this group of
values of baby boomers, Gen Xers and Gen Y. The workers will be key to the economic health
THE STUDY: " Who Said You Could Wear My Sweater?' result? Gen Y, also known as “GenMe," is less of the country.

Adolescent Siblings’ Conflicts and Associations with Relationship
Quality,” Child Development, March/April 2010

THE FINDINGS: Fighting in the backseat seems natural enough,
but it turns out that sibling conflict can have a truly negative effect on
relationships. Nicole Campione-Barr of the University of Missouri and Judith
G. Smetana of the University of Rochester interviewed 115 pairs of siblings
between the ages of 8 and 20, assessing their relationship quality and
conflict ratio. While what the study calls “equality and fairness” conflicts—
spats over things like who operates the TV remote—didn't seem to be a big
deal, personal-space conflicts, like hanging around when big sis has her
friends over, indicate a lack of trust and communication between siblings
and negatively affected the quality of siblings’ relationships.

WHY BOTHER? Campione-Barr hopes that looking at these
sibling conflicts will illuminate whether they play a role in depression,
anxiety and self-esteem.
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Hard-Drinking
Adrenaline Freaks
Are Prone to Injury

THE STUDY: “Extreme College
Drinking and Alcohol-Related Injury Risk,"
Alcoholism: Clinical and Experimental
Research, September 2009

THE FINDINGS: Research has already
shown generations of antacid-crunching
deans that the more often college students
get drunk, the more likely they are to hurt
themselves. Using data from the College
Health Intervention Projects, a survey of
12,900 students that screens for problem
drinking and other health data, Marlon Mundt
of the University of Wisconsin pinned it
down: The chance of male college students
having an alcohol-related injury jumps by

19 percent for each day a month they guzzle

UNCOMMON KNOWDMEDGE

Environmentalists
Can Be Smug Jerks

THE FINDINGS: Sure, getting organic bok choy and phosphate-free toilet-bowl cleaner

can make you feel good about yourself, but how good? And does buying green translate into more
redeeming behavior overall? Nina Mazar and Chen-Bo Zhong of the University of Toronto conducted
three experiments on 305 subjects to find out. It turns out that just being exposed to green
products—seeing a TV commercial or walking by an organic store—creates a “halo effect” that makes
people more charitable and trusting. But actually buying green products was like getting a license for
hypocrisy: After a purchase, the green consumers were more likely to lie and steal.

WHY BOTHER? Mazar points out that more and more consumers are buying green and
socially responsible products, which gives them “moral capital” (a.k.a. a superiority complex). But,
she says, she wants to learn how to get beyond the smug factor: “How do we educate kids to get

to the stage of being more thoughtful about using resources without thinking 'm so great™? This is
ultimately the goal of our research.”

Self-Control Makes Students More Manageahle

THE STUDY: “Intervention to Strengthen Emotional Self-Regulation in Children
with Emerging Mental Health Problems: Proximal Impact on School Behavior,” Journal of
Abnormal Child Psychology, July 2010

N

eight or more drinks. Among women, it
increases by 10 percent for each day they
consume five or more drinks. Additionally,
students with high “sensation-seeking”
scores—adrenaline junkies—were more  _ - = |
likely to get injured while drunk, whereas
sober thrill-seekers rarely visited the ER.
WHY BOTHER? Six hundred thousand
college students a year sustain injuries N---
while drinking, and 1,700 die. Knowing how
much drinking increases injury rates can
help colleges and hospitals design alcohol-
awareness campaigns.

THE FINDINGS: An inability to regulate
emotions in childhood—throwing temper
tantrums or acting up in class—often forecasts
_ - serious psychological problems like
., depression later in life. That's why, as
/ part of the Rochester Resilience Project,
A a school-based mentorship program, a
" research group from the University of
Rochester and the University of Miami
oot decided to teach 226 kids ranging
from kindergartners to third-graders
new methods for improving emotional

regulation. During 14 weekly lessons,
mentors taught the children self-control

58 POPULAR SCIENCE AUGUST 2010

to control emotions and self-monitoring of
emotions to help the kids stop and think before
making that fart noise. The intervention reduced
disciplinary actions against the participants,
such as being sent to the principal's office,

by 46 percent, and it helped improve girls'
social skills, such as making friends. (Boys’
social skills remained unchanged.)

WHY BOTHER? Only about one in

eight children with behavioral disorders ever
receives treatment. In-school programs like the
Rochester Resilience Project are some of the
best strategies to reach these kids, and they can
reduce the types of bad classroom behavior that
can disrupt learning for other students.
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THE FUTURE OF SPACE

ORBITAL CLEANUP

In orbit, debris as small as a metal screw can cripple
a vehicle or kill an astronaut. Here are five ideas for
cleaning up the growing band of trash-circling Earth

ILLUSTRATIONS BY KEVIN HAND

BY DAVID KUSHNER

ONE FRIDAY last November, the six astronauts
onboard the International Space Station re-
ceived an urgent warning from mission control:
Watch out for space junk. A piece of orbital
debris, possibly a chunk of satellite, was hur-
tling toward the station. A direct hit could break
through the hull. The crew prepped for escape.

The fragment ended up missing them
by about 3.7 miles. Near-collisions between
debris and spacecraft are on the rise, as we
continue to put trash in orbit faster than it
can fall back out—a phenomenon known as
the Kessler Syndrome, in which each collision
between pieces of space debris creates even
more debris. It's a chain reaction that will
make the problem much worse.

In October, just one week before the ISS
scare, NASA delayed a return trip from the ISS
of a Japanese craft when a shard of Russian
satellite was spotted near the space station. In
February 2009, two satellites smashed into each
other 500 miles over Siberia. And in 2007, China
littered low-Earth orbit with the fragments of a
satellite that it had deliberately shot down. The
debris population in low-Earth orbit now totals
more than 20,000 items larger than four inches,
from pieces of rockets to old screwdrivers.

In 1976, when NASA scientists first
identified the debris risk, they predicted
that space collisions would happen once a
century. Four occurred over the next four
decades. Today the agency predicts four
collisions every 20 years. Former NASA sci-
entist Don Kessler, who discovered the debris
amplification process with former Norad
senior analyst John Gabbard, foresees a
catastrophic collision once every 20 years.

Even NASA recognizes that its existing
rule—objects must have the capability to push

Speed those
pieces are
traveling
0.04 inch:
Smallest size at
which a piece of
debris could kill
an astronaut

themselves (or be pushed) out of orbit within
30 years of launch—isn’t enough anymore.
Earlier this year, it published a paper showing
that it could make low-Earth orbit safe by
removing five objects per year.

To collect ideas on how to achieve this,
last year NASA and Darpa, the Department of
Defense’s research arm, gathered hundreds
of engineers and scientists for the first-ever
International Conference on Orbital Debris
Removal, in Chantilly, Virginia. Nearly all the
solutions discussed there rely on finding some
way to deorbit the debris so it burns up in the
atmosphere. The conference also revealed
that international cooperation is the greatest
hurdle. There is, for example, no official con-
sensus on what constitutes space debris—one
country’s seemingly dead satellite might just
be hibernating for future use. Governments are

LASERS

In a ground-based configuration, a detection system could be made
up of radar or lidar to locate a piece of stray debris. Then a laser fires a series of pulses at
the object, altering its orbit and knocking it into the atmosphere, where it descends and is
incinerated. Space-based systems require a shorter range and lower laser power.

A laser system is effective on objects smaller than four inches in size, because
they are less apt to create more debris during the removal process. A laser-equipped
satellite would wait in orbit for a target to pass by and then zap it. “The duck-hunter
paradigm is becoming an option,” says Richard Fork, a principal investigator for the Laser
Science and Engineering Laboratory at the University of Alabama at Huntsville. “You sit

and wait for debris to come past you. Then you can hit it with enough impulse to deorbit it.”

CLUTTERED

cdncemed that debris-removal systems could
have military uses. And not every country is

providing details about what they have in orbit.

To punctuate the need for international
cooperation, Brian Wegden of the Secure
World Foundation noted at the Orbital Debris
Conference, “60 percent of the orbital-debris
population is owned by Russia and China.” He
scanned the room. “Is anyone from China or
Russia at this conference?” One brave person
in the back raised-his hand. -

Whatever the challenges here on Earth,
something must be done up there. With some
luck, one of the following five solutions could
clean up our orbital junkyard.

Because the ground-based lasers would need to be powerful, the systems are
alarming to countries that see in them the potential for anti-satellite military technology.
It's technically possible but still very controversial for political reasons.
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BITAL CLEANUP

Py F"n

COME SAIL AWAY Solar sails,
pushed by solar radiation, drag
objects into the atmosphere.

TETHERS AND NETS

' Aerospace
. company Tethers Unlimited
proposes a system called Rustler
(for Round Up Space Trash
Low Earth-orbit Remediation).
Once launched into low-Earth
orbit, the satellite releases
an electrodynamic tether, a
* 1.5-mile-long cable that conducts
electricity. The conductivity
allows the tether to wrap a net
-around any piece of debris that it
encounters, which it then drags
" into the atmosphere, where the
object either falls into the.ocean
or burns up on reentry. The
net secures even small objects
tumbling around in space, a
challenge for other systems.

672 POPULAR SCIENCE AUGUST 2010

".on a zero-G flight last September

: The sun’s radiation exerts force
on the ultrathin fabric of solar sails, much like wind
propels a sailboat. These sails can clean up
orbit by slowing debris enough that it deorbits.
For example, an expandable 97-square-foot
‘sail can be launched as a secondary payload on
even a small 110-pound satellite, and an onboard
system or ground control triggérs its deployment. :
.Conductive coils embedded in the sail control its
angle, so it can maneuver a satellite out of orbit; sail
and satellite disintegrate together in the atmosphere.’

The material is cheap and portable.

The sail's expansion and the spacecraft's

altitude need to be carefully calculated beforehand.
The technology has existed for

decades; from a sail-equipped craft in the mid-1970s
intended to ride along with Halley's Comet (the craft
never flew, and the project was scrapped) to large solar
arrays currently affixed to the Messenger spacecraft,
which are helping steer it to Mercury. Most recently, the
Japan Aerospace Exploration Agency launched a solar- -
sail-propelled “space yacht” called lkaros in May. But
the solar sails precisely controllable enough to remove
debris are still years away.

SPACE TUG A tether -
could work like a giant
electrified lasso, pull-

ing objects out of orbit.

Tethers and nets V7
don't require propellant, /4 /
saving cost by relying
on solar power and
electrodynamic thrust, and can
piggyback on almost any low-
Earth-orbit launch.

It requires tricky
maneuvering, because potentially
miles of material twisting around in
space could just create more junk.

/- Tether-based
solutions have been tested by
NASA, including a 1996 experiment
with a 12.5-mile cable in space.
The Rustler system was tested

and could launch on a real mission
within five years.



_ CLOUD COVER Tanks of
liquid gas would emit .
mist that slows down

. objects passing through
enough that the debris

. would fall from orbit.
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THE FUTURE OF SPACE
ORBITAL CLEANUP

ASTRO-VELCRO Large _
balls with adhesive .
shells could stick them- Al
selves to debris and
carry it out of orbit.

One idea to
capture tumbling debris employs
orbiting spacecraft that would
~ use robotic arms to grab and

release debris, essentially tossing
it out of orbit so it burns up in
the atmosphere. Sean Shepherd,
a curriculum coordinator at
Eastern New Mexico University,
proposes a more novel idea,
called Adhesive Synthetic Trash
Recovery Orbital Spheres, or
¢ Astros—essentially a collection of
sticky balls. The balls consist of
a layer of metallic foam (such as
silicon carbide) and an outer shell
of adhesive (such as aerogels or
resins). They attach themselves
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ADHESIVES

to debris and then dive into the .
atmosphere, where both are
incinerated.

Spacecraft that carry and
position the robotics are easier to
control than tethers or sails and
can remove multiple pieces of
debris. Adhesives are cheap.

The adhesive balls can’t be
compressed, so packing them into
a rocket for launch will be difficult.

Hanspeter
Schaub, the associate chair of

graduate studies in the Aerospace

Engineering Sciences department
at the University of Colorado, says
the orbiting robot concept could be
tested in space within five years.
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A ONE MAN’S

" THE

GREEN DREAM

B &
,[ur

STAGE #8

POWER WALLS

MISSION TO BUILD AN ECO-FRIENDLY, AFFORDABLE HOME

Sheetrock that cools or heats a house by changing when the temperature does

HE CONCRETE structural
Twalls and cement floors

in my newly built green
home function as natural air
conditioners, passively absorbing
heat and slowly releasing it as the
temperature in the house drops
each evening. As a result, the
bones of my home go a long way
toward keeping it cool through
the summer. Now I've discovered
wall panels that do the same thing,
and I'm installing 300 square
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JOHNB.
CARNETT,
PopScrs staff
photographer, is
using the latest
green technol-
ogy to build his
dream home.
Visit popsci.com/
greendream for
John's blog.

feet of them in rooms with the
most sun exposure to reduce air-

conditioning costs and energy use.

Drywall covers the structural
beams of a house to create a
smooth, insulated and fireproof
surface. Typically, it consists of
gypsum mineral sandwiched
between two sheets of paper or
fiberglass. Drywall manufacturer
National Gypsum is developing
a new product, ThermalCore,
that looks similar, but embedded

inside are wax-filled capsules,
called Micronal. When the
surrounding temperature hits
73°F, the wax liquefies and
absorbs thermal energy, cooling
the room in the same way an ice
cube cools water when it melts.
As the temperature drops, the
wax solidifies again and gradually
releases heat back into the room.
The Green Dream is one of
several test cases to determine
how different amounts of wax

FACING PAGE, FROM TOP: J. MERIC/AP PHOTO: AP PHOTO

ILLUSTRATIONS: PETER BOLLINGER;




HOW IT WORKS

DAY:
Microscopic
capsules filled
with paraffin wax
and embedded
inside Thermal-
Core wallboard
change from solid
to liquid when the
surrounding tem-
perature reaches
73°. As the wax
melts, it absorhs
heat and cools the
room in the same
way melting ice
cools water.

A

lax-filled capsules 1;‘

NIGHT:
At night, when
the temperature
drops below 73°,
the wax hardens.
This reaction
releases heat
bhack into
the room.

Wax-filled capsules : (!
felease heat _g

& ThermalCore

wall panel

in the gypsum will behave in
different climates and seasons.
The goal is to be able to tailor the
pane]s to their environment, so
homes in Florida, where humidity
is more persistent, mighl have

demand, so my hope is that I'm not
the only homeowner who thinks
it’s a good idea.—JOHN B. CARNETT

THE SPECS

HOUSE: 3,500-square-foot, four-bedroom
contemporary

LOCATION: Greenwich, N.Y.

PROJECT: Installing 300 square feet of

drywall with more wax capsules
than homes in colder New York,
for example.

For now, there’s no guarantee
that National Gypsum will ever
make ThermalCore commercially
available. Much depends on

phase-change drywall

TIME TO INSTALL: One day
ECO-ADVANTAGE: Reduces energy needs
for heating and cooling

HOMEWRECKER

BEWARE DRYWALL THAT CAN FILL
YOUR HOME WITH SULFURIC ACID

Not all drywall is as
environmentally friendly

as John's. In fact, some is
downright toxic. In May

a report from the largest
investigation in the history

of the U.S. Consumer Product
Safety Commission cited

10 Chinese manufacturers

as sources of sulfur-laden
drywall found in thousands
of homes constructed in

the U.S. between 2005 and
2009, when a post-Hurricane
Katrina building boom
created a run on drywall and
forced builders to seek out
new suppliers. Investigators
say hot and humid conditions
can cause the tainted building
product to release sulfur
compounds that smell of
rotten eggs and react with
moisture in the air to create
sulfuric acid, a primary
ingredient in acid rain.
Released in a home, sulfuric
acid can corrode and blacken
metal, ruining electrical
wiring, air-conditioning coils,
fire alarms, TVs and stereos.
It can also exacerbate asthma
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and cause bloody noses,
headaches and wheezing.

In many cases, the
damage has been so severe
that victims have abandoned
their homes or been forced
to finance expensive gut
renovations. To date, the
CPSC has received more
than 3,300 complaints
nationwide. If you suspect
there's tainted drywall in
your home, copper test strips
that turn black after two
weeks can indicate sulfur
contamination, but CPSC
spokesman Alexander Filip
recommends that you enlist
professional help to rule
out other sources of sulfur,
including well water, sewer
gas or even jarred pickles. A
professional diagnosis can
also help homeowners secure
mortgage forbearance and
relief funds available through
state agencies.

For a list of implicated
manufacturers and resources,
call the CPSC at 800-638-
2772 or go to cpsc.gov/info/
drywall.—NICOLE DYER
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JONATHAN WORTH
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BACKYARD BOMBER

Four years ago, engineer Tony
Nijhuis was visiting an aviation
museum in Duxford, England, when
he spotted his next project: the
iconic World War ll-era Boeing B-29
Superfortress. Nijhuis has been
building electric models since he
was a boy, but he had been thinking
about doing something bigger. Much
bigger. The result is a replica that—
with a 20-foot wingspan, period
decals, and loudspeakers that blare
sounds of the real engine—boasts
nearly everything but the bombs.
Nijhuis decided to go with
a variant of the B-29, the B-50,

BIG FLYER The craft
can get up to about
50 mphin the air.

because of its aerodynamic design
and because it was more novel. The
real bomber had four engines, so
he hunted down four of the biggest
electric motors he could find. He
created 2-D sketches of the body,
wings and tail using AutoCAD and
commissioned a laser-cutting
company to handle the more than
300 custom segments he needed.
To make the plastic nose and gun
canopies, Nijhuis first had to hand-
carve wooden molds of each one.
For the retractable landing gear, he
hooked an off-the-shelf pneumatic
system up to pressurized air tanks

DIY CAN BE
made from plastic Coke bottles. DAN(-;EROUS.
He also skinned the balsa-wood- We ,’"t"‘l',‘ a'll our
ribbed fuselage with laminate wood ::l‘l’:llei:h?ngeﬂ‘:::n,
composite and fiberglass. but ultimately

your safety is
your responsibil-
ity. Always wear

Aside from some shredded
tires, test flights have been

a success. Nijhuis believes protective gear,
it take proper
that |.t sthe largest a.nd e,
heaviest electric flying lius.’uﬁollow
model in the world, and " alllaws and
nphﬁas.

thanks to the added sound
effects [see next ]
pagel, he says, “itis
certainly one of
the loudest.”
—GREGORY MONE

[CONTINUED ON
NEXT PAGE]




FU R TH E m You BUILT WHAT?' [CONTINUED FROM
ans PRECEDING PAGE]
N
HOWIT oo
Nijhuis estimated that the model would weigh 95 pounds. A rough calculation

0 B S 0 N wonKs determined that he would need 40 watts of power per pound to take off, so

he figured four 3.5-kilowatt electric motors would do the trick. He designed a
TIME: 2YEARS  p;153-wood-and-plywood-based nacelle, or housing, for each of the motors, the

PLAN ET EARTH COST: $9,000 nickel-hydride batteries, and the speed controllers that would crank them up
or wind them down. Each nacelle is totally independent of the others, so if one

fails, the others aren't compromised, and Nijhuis can still land his baby safely.

< PORTABILITY

Nijhuis designed the structure to separate
into eight pieces. The wings and tail fins
are secured by aluminum and carbon-
fiber rods, respectively, and the fuselage
bolts together. He moved the bolts in line
with the longerons—the parts that act as
a structural spine, running perpendicular
to the ribs—so it would connect properly.

EIGHT EASY

PIECES The

bolts had to be
repositioned k
so that the

skin around

the fuselage §ed)
wouldn't crack ‘ L o
when the ——
plane's parts
were snapped

together dur-
ing assembly. A SOUND

For more The builder wanted the craft to sound authentic, too. So he had a sound designer

details, go to find a recording of a plane with the same engines as the B-50, and add the sound

'Onl("il'huis files to a memory chip. He installed four speakers on the underside of the wings,

designs.co.uk.  34ded amps, and hooked them all up to the speed controllers. The speakers blare
the sounds loudest when the motors are working their hardest. Instead of an electric
whir, it sounds like the real thing.

Speakers
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US. GOV'T GOLD

U.S. GOLD COINS AUTHORIZED FOR IMMEDIATE RELEASE

The United States Rare Coin and Bullion Reserve
Vault Facility today announces the final release of
US. Gov't Issued Gold Coins previously held in
The West Point Depository/U.S. Mint. For a lim
ited time, U.S. citizens will have the opportunity to
purchase these $5 Gov't Issued Gold Coins for the
incredible “at-cost™ price of only $141.00 per coin.
An amazing price because these US. Gov't Issued
Gold Coins are completely free of dealer markup.
That's correct, our cost, This may be your final op-
portunity to buy US. Gov't Issued Gold Coins “at-
cost.,” The Gold market, which recently skyrocketed
past $1.200/0z.. is predicted by experts to have the
explosive upside potential of reaching up to S5.000/
0z, in the future, Due to extremely high Gold de-
mand, availability of these special at-cost Gold
Coins may vary based on current vault inventory.
The United States Rare Coin and Bullion Reserve will
release these US. Gov't Issued Gold Coins “at-cost”
on a first-come, first-serve basis. Orders that are not
immediately received or reserved with the order cen-
ter could be subject to cancellation and your checks
returned uncashed. Good luck., We hope that every
one will have a chance to purchase this special U.S.
Gov't Issued Gold “at-cost.™ Order your Gold im-
mediately to avoid disappointment. Special arrange-
ments can be made for Gold purchases aver $50.000

ﬁ’ AUTHORIZED BY CONGRESS: PUBLIC LAW 99-185

By Executive Order of Congress Public Law 99-  you hold your own Gold. Though no one. including
135, Americans can now buy new Government  The United States Rare Coin and Bullion Reserve,
Issued Gold. Congressionally authorized United  can guarantee a Gold Coin’s future value will go up
States Gold Coins provide American citizens with  or down, numerous experts are predicting Gold to
a way to add physical Gold to their portfolios. Gold  reach $5.000/0z, Now is the time to consider con-
American Eagles are made from solid Gold mined  verting part of your paper assets into Gold. The
here in America, minted at the US. Mint at West  United States Rare Coin and Bullion Reserve has 2
Point, and produced with a U.S. Dollar denomi-  limited supply and urges you to make your vault res-
nation... making them Legal Tender United States  ervations immediately. Call a Sr. Gold Specialist at
Gold Coins. They are Inghl} liquid, easily trans-  1-800-308-9452 to start your Gold collection and be-
portable, and, unlike paper assets, American Gold  gin protecting your wealth today. I you've been wait-
Eagles have a tangible value you can feel each time  ing to move your money into Gold, the time is now

DO NOT DELAY - LIMITED SUPPLIES AVAILABLE!

GOV'T ISSUED GOLD COIN $14100

BEGINNING TODAY, TELEPHONE ORDERS WILL BE
ACCEPTED ON A FIRST-COME, FIRST-SERVE BASIS \CII

ACCORDING TO TIME AND DATE OF ORDER. VAULT CODE: PS7-1

ey — - - SPECIAL AT:COST OFFER LIMITED TO FURCHASES OF 10 COINS
. s O s Dav ave 1 ale
Call Toll Free 24 Hours a Day, 7 Days a Week $1,410) PER HOUSEHOLD PLUS SHIPPING & INSURANCE

MINIMUM ORDER 5 GOLD COINK.

1-800-308-9452 UNITEDST TES

RARE COIN & BULLI
MASTERCARD « VISA « AMEX « DISCOVER « CHECK >

12010 United States Rare Coin & Bullion Reserve




GRAY MATTER

Sugar seems harmless, but in powder form it can be a deadly explosive I

It's all sweetness and light until
the sugar hits the fan. In 2008
the sweetener killed 14 people
in Georgia—not from diabetes
or heart disease, but in a violent
explosion. Absence of regulation,
ineffective enforcement, and lack
of preparation for the potential
danger led to the Imperial Sugar
factory disaster, one of the worst
industrial accidents of our time.
Any substance that burns at
all can be made to burn bigger and
faster by increasing its surface
area, thus increasing its access
to oxygen. Fine powders can have
very large surface areas, making
materials such as flour and sugar,
which barely burn when in bulk
form, explosive enough to demol-
ish a factory.

THE SETUP The author used
a candle, a plastic bottle and
fine confectioners’ sugar.
Regular granulated sugar
did not work, but a turkey
baster could substitute

for the squeeze bottle.

&

Never light
flammable dust
in a closed con-
tainer: It really
is explosive. Lit
out in the open,
the resulting
fireball can
singe or seton
fire anything
flammable
in the area.
SN

To demonstrate the awesome
power of confectioners’ sugar, |
blew a stream of it over a candle
flame, creating a two-foot-long
burst of fire. If the powder is
instead dispersed in an enclosed
space before ignition, it all burns
in a fraction of a second. With
nowhere for the pressure to go, it
will cause a thundering explosion.

Few people truly appreci-
ate this hazard. Fortunately, a
renewed political interest in effec-

N

\ \ \.‘l

tive safety regulations has led to
new enforcement and educational
campaigns that should help keep
powder-plagued workers safer.
But there's still a ways to go. A
few years ago, | watched my neigh-
bor auger his beans up into my
spare grain bins. The air was thick
with dust—and he was smoking a
pipe. We didn't die that day, but see-
ing him with that glowing pipe in his

mouth was one of the scariest expe-
riences of my life.~THEDDORE GRAY

ON THE LEVEL Blowing too low made the candle

flame go out; too high, and the sugar didn't catch.
But when done just right, the room filled with heat,
light and the pleasant smell of burned sugar.

MIKE WALKER
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Decode the Mysterious History of Numbers

If numbers are precision personified, why does a precise, accu-
rate, and satisfying definition of number still elude us? In Zero
to Infinity: A History of Numbers, explore this fascinating
question and the equally fascinating history of numbers. Award-
winning Professor of Mathematics Edward B. Burger’s histori-
cal, global, and conceptual approach to numbers gives you not
only a revealing tour of mathematical history but also shows
how and why numbers evolved, as well as their transforming
implications for both mathematics and society.

In 24 insightful lectures, survey a mosaic of ideas. individuals,
and questions that reveal how numbers grew in our understand-
ing and sparked our imagination. As you investigate the nature
of various number types, you also uncover their unique structure
and beautyv. Regardless of your level of mathematical expertise,
vou'll find this course both accessible and stimulating.

This course is one of The Great Courses? a noncredit recorded
college lecture series from The Teaching Company Award-win-
ning professors ol a wide array ol subjects in the sciences and
the liberal arts have made more than 300 college-level courses
that are available now on our website.

Order Today'!
Offer expires Friday, September 10, 2010

Zero to Infinity: A History of Numbers
Course No. 1499
24 lectures (30 minutes/lecture)

DVDs S25495 (NOW $69.95

+ $10 Shipping, Processing,
and Lifetime Guarantee

Priority Code: 39831

Zero to Infinity: A History of Numbers

Taught by Professor Edward B. Burger, Williams College

Lecture Titles
1. The Ever-Evolving Notion 13, The Story of =
of Number 14. The Story of Euler's e
2. The Dawn of Numbers 15. Transcendental Numbers
3. Speaking the Language of 16. An Algebraic Approach

Numbers to Numbers

4. The Dramatic Digits— 17. The Five Most Important
The Power of Zero Numbers

5. The Magical and 18. An Analytic Approach to
Spiritual Allure Numbers
of Numbers 19. A New Breed of Numbers

6. Nature’s Numbers— 20. The Notion of Transfinite
Patterns without People Numbers

7. Numbers of Prime 21. Collections Too Infinite
Importance to Count

8. Challenging the Rationality 22. In and Out—The Road

of Numbers to a Third Infinity
. Walk the (Number) Line 23. Infinity—What We Know

10. The Commonplace Chaos and What We Don't
among Real Numbers 24. The Endless Frontier

11. A Beautiful Dusting of of Number
Zeroes and Twos

12. An Intuitive Sojourn
into Arithmetic
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| USE IT BETTER

IT'S ALL

WARNING
This Dukes of
Hazzard-style
stunt may look
like child’s
play, but it was
performed by
people highly
trained in fire
safety. Do
not attempt
to replicate
anything like
this without
strictly follow-
How to add remote control to any Kies the hicper
project, no matter how large precautions.
You may associate remote exist in the $500 price range, but you
control with the urge to jump can make your own version for $75
little R/C cars through walls of or less [see “Build a Super Servo,”
fire in your backyard, but that's facing pagel. In fact, | just did. Some
just the beginning of what you friends and | built gas-powered bum-

! INTO THE FIRE
can do with the technology. per cars several years ago, but at X recaliar ok
Once you've mastered the basic the insistence of our internal organs, the R/C bumper
concepts, the same parts and we had had to set them aside. Now, car translates

techniques used in toys can be
used to control machines big and
small, practical and absurd.

using the DIY super servo for the
steering and a hobby servo to con-
trol the throttle, the carts have a

encoded pulse-
width modulation
signals from

The basic R/C setup consists new life in R/C form. They're just as the ha“_dhe“_’
of a transmitter, a receiver, and much fun as our original bumper ATAISHHISE 0
commands that

several actuators on the receiv-
ing end—either servos (electric
motors that rotate to a specified
position or speed) or relays (which
turn electrical components on and
off). Commands from the trans-
mitter about position, speed of
rotation, or simply “on” and “off"”
are sent to the onboard receiver,
which decodes them into a signal
that can be interpreted by the
connected servos and switches.

cars, with none of the spinal trauma.
And | can do flaming-obstacle
jumps on a much bigger scale than
ever before.—VIN MARSHALL

enable the con-
nected servos
and relays to
control the car.

Although most of the parts of el
a hobby R/C system can be used : : : : : =&
in something larger, big machines Pulse-width modulation The receiver onboard your R/C Signals from the receiver tell the £
A _ signals indicating servo |.msu- project receives .the radio signals servos and relaysvntclre-s what to e z
often require more torque than a tion or whether the relay switch  and translates them into an appro- do. Potentiometers use position feed- 3 2
hobby servo can provide. Those is on or off are transmitted via priate set of commands for each hack to ensure that the servos are Sz
wrseRines Bl TR A high-.powere d radio signal to the receiver. servo channel. close to the position requested. § §
super servo. Commercial models EF:
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Hobby servos are great, but sometimes
you need more power. You can make a
DIY super servo using the windshield-
wiper motor from a car. Here's how:

Get a wiper motor. Try MonsterGuts.com,
which sells a 12-volt DC motor for only $16.
Attach some means of feedback to
measure the position of the motor’s shaft.
| used a Futaba s3003 hobby servo ($11;
TowerHobbies.com) rewired to actas a
potentiometer, but a 5K potentiometer

from RadioShack would work equally well.

Connect the motor, the feedback
potentiometer and the R/C pulse-width
modulation signal to an appropriate
motor-controller board. The Pololu Jrk
21v3 ($50; pololu.com) is a good choice.

Some basic calibration should give you
a DIY super servo capable of around 15
pound-feet of torque, enough to control
just about any midsize machine. If even that
isn't enough, you can build your servo with
a larger gear motor and motor controller.

motor

Potentiometer

Custom
mounting
bracket

For video of the R/C
s bumper-car stunt, go to
popsci.com/rcfire.

“ o3
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(L0201 ASK A GEEK

SHOULD 1 BUY
A 3-DTVYET?

Unless you absolutely must be the first person on
your block to have one, I'd suggest waiting awhile. The
few 3-D TV models available now aren't cheap—the
Samsung UN55C7000, for example, costs $3,300.
Plus, you'll have to lay out more cash for a new Blu-ray
player, since the one you have is probably incompat-

ible with the new 3-D Blu-ray format. Prices may drop releases, such as Coraline, later this year and early

over the coming year, but even that won't be enough next year. And, always eager for more viewers, the TV

if there isn't anything to watch; at press time, no 3-D RICHARD networks have more 3-D channels and events like col-

Blu-ray discs were available for purchase (although BAGULEY writes lege basketball tournaments in the works for next year.

some Samsung TV packages come with a copy of Mon- for Televisioninfo To accommodate that new content, many TVs coming

sters vs. Aliens), and the only 3-D broadcast content is .com, which pro- out soon, such as the Sony HX800, will be “3-D Ready":

an ESPN channel and a handful of other 3-D channels duces in-depth, They will display three-dimensional images, but you

on satellite-TV systems. scientificreviews  can buy the glasses separately later. So if you're in s
That will change with time, though. Several of televisions. the market for a new TV anyway, buying one of those &

movie studios have announced plans for 3-D Blu-ray models is a good way to future-proof your living room. %

i

GOT A QUESTION? SEND IT TO US AT h20@bonniercorp.com.

vYes

/ Everyday Low Prices
/ Easy ToUse Website

v Huge Selection =ROCKALTO.COM —

v ra$+ SL'PP'hg ALL THE PARIS YOURCARWILL EVER NI:E:U‘-
GO TO WWW.ROCKAUTO.COM ROCKAUTO, LLC (EST. 1999) [ ===~




PROMOTION

Do you have constant

RINGING

in your ear?

A breakthrough by a rock drummer finds com-
bination of scientifically advanced ingredients
combined with homeopathy to relieve the
ringing, which could save thousands from
risky and expensive treatments.

E very night for almost 18 years, if I couldn’t find a
fan, turn on a tv or find loud static from a vacant
radio station, then sleeping was impossible. The high-
pitched ringing, buzzing and humming kept me up at
night. Sluggishness, tiredness and lost energy would be
my nemesis the next day. I couldn’t take it - it was a
major problem. I couldn’t sleep. I couldn’t concentrate.
I heard it constantly. I couldn’t hide from it...It drove
me nuts! Headaches, depressive mood swings, testiness,
constant state of anxiety. Due to the tenacity of Tinnitus
(the ringing in the ears from exposure to loud noises, or
in my case, pounding on drums and loud distorted guitar
amps behind my head for years), I was determined to
find real, pure, silent relief and I did with Quietus™. ..

Tinnitus - Who's at RISK?
* Carpentry & Construction
* Mining, Drilling & Farming
* Fircarms Enthusiasts
* Residential Landscapers

* iPod Users

* Machine Operators
* Night Club Workers
* Musicians

The symptoms of Tinnitus are real. I had what 1 out of 6
Americans get: the symptoms associated with Tinnitus
(ti-nahy-tuh s) from loud noises that worsen as you age,
and in many cases lead to hearing loss.

3¢

Silence is now music to my ears.

[ tried everything from hearing aid sound generators to
ginkgo biloba, zinc and magnesium mineral doses to
bio feedback. Some of these things helped reduce the
ringing, but nothing worked short of expensive, risky
surgery. Not until I discovered the active all-natural ingre-
dients of my new homeopathic product Quietus, did my
prolonged ear ringing finally silence.

Finally, new discovery for quiet relief!

“RELIEVE the ringing, CALM the hissing.

Let peace & mental clarity begin.”
Just one small tab twice a day unlcashes an exclusive
proprietary blend of ingredients, including the same
select herbs FDA compliant as Homeopathic Pharma-
copoeia of the US. Quietus uses scientifically advanced
homeopathic technology that supports the body’s own
healing mechanism that cancels out symptoms such as
roaring, buzzing & whizzing, and supports healthy
functioning in the inner ear...safely & naturally.

___ The Choice is Clear for Quiet Relief

@_@S_\p{nkgo Minerals: | Hearing Bio TR Surgery
> A Biloba | Zinc/Mag. | Aids | Feedback | Therapy
Affordable [y \/
Safe [V}, v/
No Doctors [ v . .
Fast-Acting V v v
_ Effective )/ v {
" Convenient \/
Money-Back
Guarantee

No other treatment that I know of matches the relief
that Quictus provides with effectiveness, speed and
convenience. With Quietus, the ringing stops and the
comfortable silence will peacefully lull you to sleep at
bedtime. When the ringing stops, remembering
people’s names becomes easier. Mental clarity becomes
your calling card. Intense facus becomes your edge. ..

BERNARD - CREATOR, DRUMMER.,

Popular Science Exclusive Offer

Quietus is not available in stores. To protect it’s propri-
etary homeopathic formula, as well as vour risk-free
trial, Quietus is available by special request
directly from our lab for a limited time for
Popular Science readers. | am so confident in
the advanced technology of Quietus and 1
want you to experience the same life-altering
relief 1 did, that you’ll receive a special 30-day
RISK-FREE trial" by calling us direct! Ask how to
receive a FREE Supply with your order.

1-800-507-5897

*Shipping and handling non-refundable. QuietRelief.com
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A DIY SUPER SOAKER -

College student Jérémy Lavoie has made water
quns for years, but his latest is his masterpiece.

THREADSY.COM

Keeping an eye on e-mail, chat ses-
sions and social-networking sites

Made with an ABS pipe frame, three pressure usually means having to navigate ggxi‘gf:::ﬁ“
chambers and a custom-made nozzle, the gun has among multiple browser tabs. PROJECT?
arange of 50 feet and can draw water from a pool _ Threadsy saves hassle by displaying SEND T T0 US at
or lake, soit has endless ammunition. For details, ~ » % all that information in one customiz- h20@bonniercorp

search for “JLspacemarine” at sscentral.org. able window, without sacrificing any

Because steadiness is a virtue
Find a bolt that fits in your camera’s tripod
hole (most are a quarter-inch).

Poke a hole in the bottom of a cup, feed the
bolt through it, and glue the bolt in place.

Screw the camera onto the bolt. Weight
down the cup to stabilize it if necessary.

LASER IT' = 4

Cutit. .Engrave it.- Markit. . Lo .-

[ yyyy'y llllHIHHHI!IILI“*,
l—

FROM TOP: COURTESY JEREMY LAVOIE; SATOSHI (3)

*originally posted by Aaron Lindow on instructables.com

Laser Engraving, Cuttingand -
Marking Systems from Epilog Laser ‘ ? j

From creating and personalizing

3D models, to engraving photos on
keychains, to marking high-tech gadgets,
our laser systems create the productc you
see here and more!

e

'r;-\‘

Laser Systems Starting at $7,995 : St :/ ‘  1888.437.4564

& sales@epiloglaser.com

Visit epiloglaser.com/popsci.htm for more information and

] .' 2
to receive vour brochure kit with eneraved and cut samples! . MAII El" IISA




Get FREE Home
Security Monitoring'

Now You Can Protect Your Home for
Half What the Other Guys Charge!”

ow you don't have to be rich or famous to
have a home security system. Introducing
trusted home security anyone can afford.

i & Protecting my family is

Better protection for less than half of what the most important thing
the other guys charge. Introducing LifeShield to me. That's why I't ¢
Home Security.

LifeShield Home Security.

Now everyone can afford to
protect what matters most! 77

—Dan Marino

With LfeShield, you can open the box and in minutes your home is protected.

LifeShield protects you when other , P LUS

]
systems don't. Save up to 20%
Intruders can defeat old-style hardwired e on your
systems in less than 30 seconds. LifeShield’'s — meowner's

wireless system provides 3 layers of backup so ’ o . ' Insurancel
you are protected when:

7/ Your Internet goes down
v/ There is a power outage

v/ EVEN if your phone lines are cut** Try LifeShield for 30 days!

And you'll get peace of mind knowing that L
LifeShield has the fastest monitoring response C AL L N O W AND GE T-

time in the industry.

FREE security monitoring

Get the best protection at the

best price. FREE full-home fire protection

Now you can get the BEST VALUE in home
security — GUARANTEED! Other companies
charge $1000 or more for comparable home
protection.* With LifeShield it's easy and
convenient with no long appointments, no
waiting around for a technician or pushy
salesperson, and no hidden fees.

FREE fire monitoring for life
FREE easy-to-use keychain remote’

Call 1.866.931.7719 or visit
www.LifeShield.com/getsecure

Is your home secure? You have a family and home
to protect. With LifeShield no matter where you
are, control is at your fingertips. You can arm,
disarm, and monitor your home from anywhere in

the world — for FREE| m LifeShield

S$§ECHRI'TY

*Based on pricing for comparabie equipment from ADT and Broacview as of 4/14/20° 0.
“*1 al three instances vecar sumulineoushy, the syslem will mamtzin power and moniloring capability with he additonal purchase of GSM galzviay.
1 Otfer valid on Home Kit purchase cnly. Free monitoring begins at dale of purchase first month only. Free fir2 monitaring contingent upen cortinuous sarvice of professional security monitoring. Other restrictions apply. Call or see website
for details. Offer not valid on prior purchases, Limit one offer per customar.

Licensed by: AR E 08-012: CA ACO 6536: DE 07-22(: FL EF20000783; GA LVA205828: IL 127-001355, MD 1071421, MT 217; NJ 348X00006900; NY 12000262896, NC BPN 006272P5: OK 1563; RI 7974; SC BAC13292; TN 1334;
TX B13642; UT 6672683-5501; VA 11-5293. Visit www Heshiald com for full list of ficensas
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Bdge.com

More Than Just Scales, Fitness
Assessment Instruments from
TANITA - The Leader In
Bioelectrical Impedance
Monitors!

TANITA

BC-1000
* Wireless transmission of weight

and up to 8 other body composition:

e measurements to your computeror

‘other remote display options

. Welght Capacity - 440 Ibs

IRDN"'AN. BC-549 Plus

+ Weight and 8 other body
composition measurements

+ Extra Large Platform - 13.4" Wide

« Weight Capacity - 440 |bs

ALL TANITA BIOELECTRICAL
IMPEDANCE MONITORS ARE

TheCompetitiveEdge.com
866-859-3343

PROMO CODE:

FREE UPS ground shipping on
all orders over $39!

COULD A

THE SUN AND
SURVIVE?

Calvin Hughes, via e-mail

Of all the bodies
in our solar
system, the sun is
probably the one
we want to give the widest
berth. It gushes radiation, and
even though its surface is the
coolest part of the star, it burns
at about 9,940°F, hot enough
lo incinerate just about any
material. As such, there are
no plans to send a manned
mission in its direction
anytime soon (Mars is much
more interesting, anyway), but
it can’t hurt to figure out at
what distance a person would
want to turn back. You can get
surprisingly close. The sun is
about 93 million miles away
from Earth, and if we think of
that distance as a football field,
a person starting at one end
zone could get about 95 yards
before burning up.
That said, an astronaut
so close to the sun is way;,
way oul of position. “The
technology in our current
space suits really isn't
designed to withstand deep
space,” says Ralph McNutt,
an engineer working on
the heat shielding for
NASA's Messenger, a new
robotic Mercury probe. The
standard space suit will

80 POPULARSCIENCE AUGUST 2010

FYI

HOW CLOSE
PERSON GET TO

SOMETIMES
YOU JUST
NEED TO KNOW

keep an astronaut relatively
comfortable at external
temperatures reaching up

to 248°. Heat coming off the
sun dissipates over distance,
but a person drifting in space
would begin encountering
that kind of heat (the five-yard
line) some three million miles
from the sun. “It would then
be a matter of time before the
astronaut died,” McNutt says.
Above 248’, the suit would
transform into a close-fitting
sauna—the temperature
would climb above 125" and
the person would become
dehydrated and pass out,
eventually dying of heatstroke.

POPSCI_COM Riding in the space shuttle,
Send your though, someone could get
most pafﬂmg much closer to our star. The
questions to R o

. . ship’s reinforced carbon-
fyi@popsci i -
com or tweet carbon heat shield is designed
them to @ to withstand temperatures
popsciFYlguy.  of up to 4,700" to ensure

A |hat the spacecraft and its

POPSCI.COM

ISTOCK



passengers can survive the friction
heat generated when it reenters the
atmosphere from orbit. If the shield
wrapped the entire shuttle, McNutt
says, astronauts could fly to within
1.3 million miles of the sun (roughly
the two-yard line). But the integrity
of the shield degrades rapidly above
4,700", and the cockpit would begin
to cook. “I would advise turning
away from the sun well before that
point,” McNutt says. Much hotter
than that, the shields would fail
altogether, and the vehicle would
combust in less than a minute.

Of course, just getting that
close to the sun would be quite
an accomplishment, says NASA
radiation-health officer Eddie
Semones. The constant exposure to
cosmic radiation during the voyage
would most likely prove fatal before
the astronauts crossed the 50-yard
line.~ALESSANDRA CALDERIN

If evolution had taken a
different turn, could
dragons have existed?

Austen Gleave, via e-mail

[t would have taken quite a few
turns for natural selection to have
produced dragons, but if you're
willing to stretch a bit, most classic
dragon characteristics do exist in
other species. They just don’t come
packaged in one animal.

First up on the dragon checklist:
flying. Dragon wings are usually
depicted in one of two ways—a
third pair of limbs connected to the
backbone, or webbed forearms. Jack
Conrad, a paleontologist and reptile
expert at the American Museum
of Natural History in New York,
thinks the latter is more plausible.
“It seems that six appendages are
very unlikely in vertebrates,” he says.
“The only thing close to having six
limbs are these frogs in the western
part of the U.S. that get this bad
parasite and end up generating extra
limbs. Even then, the new limbs are
identical to the hind limbs, and the
frogs don’t do well. Tt seems that

SAVEUP TO ON HOME HEATING COSTS!

HYDRO-SIL REDUCES & CONTROLS HEATING COSTS WITHIN YOUR BUDGET

Never have to buy fuel—oil, gas,
kerosene, wood—ever again!

* Furnace free~duct free é—-'yy‘l:(
| time warranty, nd service contracts

« Safe, comple eace of mind

« Clear, no fumes, environmentally sa‘e Contactus
o UL listed today for
* Preassemblec—ready to use info and
Sos it ieRadlngy v FREE
* Portable (110V) or permanent (Z220V)
catalog!

* Whole house heatirg or single room
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Hydro-Sil is a high performance individual ro0m  PERMANENT = TO HEAT RICE S&H QTY.

heating system that cen save you hundrads of dollars  8' 2000 w $2
in homre heating costs by replacing old and inefficient 00w €25
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gas or oil furnace and woodstoves
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“In fighter combat, this feature
is the difference between
life and death.”

— us.gizmodo.com

The Radar Locator

Tracks one or more radars at the
same time; points to each.

‘ Radar ahead | | Radar beside | | Radar behind |

www.arrows.valentinel.com

-\r@\

Call toll-free 1‘“‘3:_"1’3030 , Zalentine  One

%Wmmahhrhclimwmhumuumn-5399 ——————— RADAR LOCATOR

Carrying Case- ©20 [ Concealed Display - $39 SR

" i Plus Shipping | Ohio residonts add saios taw ::lp': ?::.':r:‘ 1‘.":‘ B 813 :: m
~ Mike Valentine 30-Day Money-Back Guarantee ;

Radar Fanatic
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anytime nature Lries to generate a
vertebrate hexapod, it dies. That
seems to be the main limitation.”
In Conrad’s opinion, the
leathery wings of a pterosaur are
the best possible flight mechanism
for a giant lizard. “Quetzalcoatlus
had a 3o-foot wingspan,” he says.
“That would do the trick.” Big,
strong wings are necessary to
compensate for the weight of a
dragon'’s skin, which, of course,
would need to withstand bow-
and-arrow attacks. “Let’s throw a
little alligator in there for armor,”
Conrad says. An alligator’s skin, he
explains, is made partly of bony
plates. When European settlers
first encountered the reptiles,
the skin proved to be tough
enough to turn away a musket
ball, plenty strong for a dragon.
OK, so we've got a very large
alligator with the wings of a

pterosaur that can repel musket
fire. Now it just needs to breathe
flames. This is where no parallel
exists—there are no known
animals that can spit fire or even

a flammable liquid. But there are
some beetles that can shoot caustic
chemicals from their abdomen
that can burn people’s skin, so

it's not totally out of the question
that some animal at some p()inl

in time could make a flammable
liquid. Cobras can spit venom with
great accuracy at objects six feet
away; the dragon could borrow
that ability to propel the flammable
liquid. As for lighting it? “Well,
maybe, if you had some specialized
organ like an electric eel’s tail
dangling in the mouth, that could
spark that liquid and allow the
creature to breathe fire,” Conrad
says. “Of course, this is all very

theoretical.”—BJORN CAREY [l
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Automotive Accessories

Chrysler Town & Country J

Ford Focus

FloorLiner” is made from

a Sturdy High-Density
Tri-Extruded Material, and is
Digitally Measured to Perfecltly Fit
Your Vehicle! Available for Popular
Cars, Trucks, SUVs and Minivans
in Black, Tan or Gray.

Ford Edge
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snap rightind="

Toyota Highlander Hybrid
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§
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| 2

GROUP EFFORT
Dragons don't
exist (as far

as we know),
but some of
their individual
characteristics
can be found
throughout

the animal
kingdom.

Side Window
Deflectors
for Virtually
Any Car,
Pickup, SUV
or Minivan! No
Extericr Tape
Needed.

Also Available
in Dark Tint

Cargo -Trunk Liner is Computer Designed Prot

for Cars, SUVs and Minivans.

Chevrolet Impala

All-Weather Floor Mats for Virtually Any
Car, Pickup, SUV or Minivan! Available in
Black, Tan or Gray

AUTOMOTIVE
PRODUCTS LIMITED

Specialists in Original Equipment and
Aftermarket Automotive Accessories

800-441-6287

M
We Tech.com

2435 Wisconsin Street * Downers Grove, IL 60515 + 630-769-1500 - fax 630-769-0300
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Imagine examining artifacts in the Smithsonian
Institution and finding a never-before-seen sketch for
the largest and highest denomination American coin

ever proposed? That's just what happened as one

America’s

coin expert recently explored the collection at this
celebrated public institution. But as this numismatist
discovered, it has more to share than he

could ever imagine.

To his own surprise, he had
found the original design concept
for a hundred dollar denomina-
tion created by George T. Morgan,
arguably the greatest American
coin  designer. These sketches,
hidden within an original sketchbook
for nearly a century, represent perhaps
the grandest American coin ever proposed—
the $100 Union.

George T. Morgan will always be remembered
for his most famous coin—the Morgan silver dollar.
Until recently, the world knew nothing of Morgan’s
larger sized and higher denomination $100 Union

concept design.

The secret’s out! For a limited time, you can

secure the world’s first and only $100 Union Proof
struck in pure .999 Silver at our special price of only

$99 (plus S&H). CALL TODAY!

ADVERTISEMENT

Discovered...Historic Coin Design!

THE $100 UNION™

Original sketches found at the Smithsonian

R

Ldliiharrs

Call now to secure-your reservation for this
exceptional-collector’s treasure!

$100 Union™ Silver Proof
Only $99

This is'not-a reproduction.. this is the first time ever Morgdn's
$100 Union™. design nas been struck asa silver proof.

¢ § Smithsonian Institution®

A portian of the sales proceeds from’ your purchase ofthis licensed product supposhy, the charteféd
educational parposes of the National Numismaric Collaction, housed. in” the~Smithsorian's; Natigpal
Nuseum of American Histary

1-800-585-9240.....

 New York Mint, $577 West 78th Stréet, Edina, MN

22008 New York Mint, kd. New York Mint 5 a private company-aAd-1s hat ailiated with ‘the Umited States Mint
This Silver Proof 8- not lsgal tender and the U.S. Mint has not éndorsed it for the New York Mat
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THE FUTURE OF ROBOTICS

[CONTINUED FROM PAGE 451

THE
LONELIEST
HUMANOID
IN AMERICA

grant known as PIRE (Partnerships
for International Research and
Education). Drexel’s Oh, UPenn’s
Lee and VT’s Hong are all second-
generation Korean-Americans, and
Oh is first cousins with Jun-Ho Oh,
the creator of Hubo. “International
collaborations require trust,” says
Paul Oh. “Hubo is [Jun-Ho Oh'’s|
brainchild, and he won't entrust

it to just anyone. Being family
makes those concerns immaterial.”
Oh positioned Hubo, a South
Korean-made robot, to the NSF as a
research platform that would train
American students in multinational
cooperation, and the team is now
developing three versions of

Hubo for academic purposes: a
Virtual, Mini and Online Hubo.

Virtual Hubo will be an online
robot simulator, something that
students without the necessary
funds to purchase or build
their own robot can download.
The software enables basic
onscreen robotics experiments.

If, however, an academic
program wanted to experiment with
outside forces on the robot—how
it’s affected by picking up a weight,
for instance—it needs a tangible
prototype. The full-size Hubo is
loo expensive, “so we created Mini-
Hubo,” Hong says. “We wanted a
sub-$8,000 robot that has the same
kinematics and proportions as the
real Hubo, just smaller.” The idea is
that Mini-Hubo is an open-source
hardware platform. Virginia Tech,
which was responsible for this part
of the project, prepared blueprints,
CAD drawings, and fabrication
and assembly manuals, and the
documents are now available
free online to anyone. As a test of
the system, [CONTINUED ON PAGE 861
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HARBOR FREIGHT TOOLS

Quality Tools at Ridiculously Low Prices

¥ We Have 10 Million Satisfied Customers
FAGTORY DIRECT v We Buy Factory |Ilinu:t a'md Pass the SAVINGS on to YOU! il
To Yﬂ“! y Shop & Compare Our Quality Brands Against Other National Brands

How does Harbor Freight Tools sell y Thousands of People Switch to Harbor Freight Tools Every Day!

high quality tools at such ridiculously | 4/ NO HASSLE RETURN POLICY  Family Owned & Operated
low prices? We buy direct from the

factories who also supply the major We Will Beat Any Competitor’s Price Within 1 Year Of Purchase!
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THE FUTURE OF ROBOTICS

[CONTINUED FROM PAGE 841

THE
LONELIEST
HUMANOID
IN AMERICA

Drexel students were asked to
build a Mini-Hubo from the
instructions. The robot accepts
algorithms that let it do things like
avoid obstacles and manipulate
objects. “And it worked,” Hong
says proudly. Orders have already
arrived from two universities

for pre-built Mini-Hubos.

Finally, Drexel will, as the last
phase of the five-year grant, host the
full-size Hubo in Oh’s lab. The robot,
Online Hubo, will be surrounded
by webcams. Other universities will
be able to send algorithms to it and
monitor the results remotely. “It’s
like a time-share,” Hong explains.
“And the best part is that Online
Hubo, Mini-Hubo and Virtual Hubo
all share the same [software]. Tt
will be a full set of tools to conduct
humanoid research.”

PRESSING NEED

The path forward from CHARLI-L
to an all-in-one humanoid is

not clear. But then, the field of
humanoid robotics moves rapidly.
In 2000, Kuffner remembers,
“people were saying, ‘1 wonder how
long until we'll figure out stable
walking in robots.’ The prediction
was that it would take 10 years. It
happened in two and a half.”

Keep in mind that the
roboticists who work on humanoids
are not dreamers by nature. They
tend to be practical people. When
I ask Hanson how one defends the
concept of developing self-aware
humanoids in a grant proposal, his
language tightens, and his logic
suddenly seems less circular and
the rewards not as distant. The
practical benefits are, he believes,
endless. “Automation is the future

of an efficient [CONTINUED ON PAGE 88)
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THE FUTURE OF ROBOTICS

[CONTINUED FROM PAGE 861

THE LONELIEST
HUMANOID IN AMERICA

society,” he says. “It results in more-
affordable goods, more-efficient
transportation and improved quality of
life. It can increase what a civilization like
ours can achieve with limited resources.
Intelligent automation is our best hope
for solving our big problems.”

On the long list of big problems facing
the United States, there is one for which
humanoid robots could present a very real
solution. The baby-boomer generation
will soon form the single biggest spike in
retired and elderly Americans in history.
In rural and suburban homes reachable
only by car, that’s going to be a far-flung
and very fragile population. As a result,
the ratio of available caregivers to needy
patients is expected to change from
4:1 to barely 1:1 in the next 20 years.
Perhaps that’s the practical task for which

humanoid robols are best suited. iRobot,
for instance, perhaps the most widely
known robot manufacturer in the country,
has spun off a new division to meet the
trend. (Angle is adamant that bipedal
robots are not part of the company’s

plan, however. He believes his existing
tank-tread platform is the best option for
climbing stairs, navigating obstacles, and
someday carrying a human.)

There’s a great deal of difficult and
painstaking work to be done before we'll
have anything close to an automated
home health aide. And in the end, of
course, it’s hard to avoid rolling one’s
eyes over the notion of pouring time
and effort into a bipedal humanoid
robot that is barely able to kick a ball.
But consider that this year an American-
made humanoid may, for the first time,

accomplish the task of walking forward
and interacting with other objects without
falling over. Until recently that task was
considered practically impossible.

It's the open-ended spirit of this
research that’s important. That open-
ended work, that near-religious zealotry,
is what could someday put a robot helper
in homes where they're desperately
needed. Put aside the idea of a robot that
cleans out your gutters so you can spend
a Saturday in the yard with your son.
Imagine now that your son has children
of his own, has taken you in, and works
a ten-hour shift. Who will have the
time to administer your medication? To
schedule your next doctor’s appointment?
To help you to the bathroom? Who will
you rely on? Perhaps—if Hong and his
peers can convince our country that
their work could someday remedy a
national crisis—you'll rely on CHARLI.

Jacob Ward is the deputy editor of
PopuLAR SCIENCE.
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“The brilliance of the sterling silver
setting pairs nicely with the superior
fire of the DiamondAura®in the
Stauer 3-Stone Classique Ring”

— James T. FenT, Stauer
GIA Graduate Gemologist

The Fifth C?

Cut, Color, Carat, Clarity...Chemistry?

he laboratories at DiamondAura’

were created with one mission in
mind: Create brilliant cut jewelry that
allows everyone to experience more
clarity, more scintillation and larger
carat weights than they have ever
experienced. So, we've taken 2 V4
carats of our scientifically-grown
DiamondAuwuras and set them in

the most classic
setting—the
result is our
most stunning,
fiery, faceted
design vet! In
purely scientific
measurement
terms, the
refractory
index of the

the most perfect diamonds—D Flawless,

and both are so hard they will cut glass.

Rock solid guarantee. This .925
sterling silver ring is prong-set with
a 1 %2 carat DiamondAwura round
brilliant in the center, showcased
between two DiamondAura round
brilliants of '2 carats each. Adding
to your 4 C's, we will include the
DiamondAura stud

COMPARE FOR YOURSELF AT 2 Y2 CARATS earrings for FREE!
Mim"d Flawless DismondAura Try the DiamondAura
Diamend ~ Comparesto: | 3 gii10 Classique Ring
Hardness Cuts Glass Cus Glass | for 30 days. If for any
Cut (58 facets)  Brilliant Brilliant reason you are not
Color D" Colordess "D Colorless | satisfied with your
Clarity 'IF Clear purchase, simply
Dispersion/Fire 0.044 0.066 return it to us for a
2Vacuwring  $60,000+ $145 full refund of the

DiamondAuwura® is very high, and the
color dispersion is actually superior
to mined diamonds.

Perfection from the laboratory.

The scientific process involves the use of

rare minerals heated to an incredibly
high temperature of nearly S000°F.
According to the book Jewelry and
Gems-the Buying Guide, the technique
used in DiamondAura offers, “The best
diamond simulation to date, and even

some jewelers have mistaken these stones

for mined diamonds.”
The 4 C’s. Our DiamondAura
3-Stone Classique Ring retains every

jeweler’s specification: color, clarity, cut,

and carat weight. The transparent color
and clarity of DiamondAura emulate

purchase price and
Keep the stud earrings as our gift.

Not Available in Stores

DiamondAura” 3-Stone

Classique Ring

(2Vactw) » $145 4 s&H

FREE stud earrings with purchase of
Classique Ring—a $59.95 value!
Available In ring sizes 5-10

Call 1o order toll-free,

24 hours a day, 7 days a week.

1-888-201-7095

Promotional Code DAR755-02
Please mention this code when you call

14101 Southcross Drive W,

Staue r Dept. DAR755-02,

Humirage or Anr @ Scunce Burnsville, Minnesora 55337

www.stauer.com

SELF-PROPELLED DR®
TRIMMER/MOWER

POWERS UP HILLS. over bumpy
ground...ard through waist-high weeds
MOWS VEGETATION that would
stall any ordinary lawn mower or
_hand-held trimmer!

MOW WITHOUT FEAR
of hitting rocks because

Bl there's no steel blade to
bend or dull!

MAD
" the

UsA

Call for a FREE DVD &m
TOLL

ree 388-208-5881

www.DRtrimmers.com

Advertise your Product or Business in
Popular Science Showcase & Classified today!

*

For more information on Showcase:
Alycia Isabelle 800-280-2069
or alycia@mi-ms.com

Patrick Notaro 800-145-2714
or patrick.notaro@bonniercorp.com

*

For more information on Classifieds:
Chip Parham 800-145-2714
or chip.parham@bonnierffcorp.com

FDA Approved, Brand Name Medications

VIAGRA

Cialis's LEVITRA

Propecia, Valtrex, Xenical and more...

MEDICATIONS ONLINE

800.547.9926

Www.accessrx.com

Se habla espafiol




MATHTUTORDVD . .com
Pross Flay

Fo~ Success

Having Math Problems?
WE CAN HELP!

SUBJECTS:

« Basic Math

» Word Problems

+ Pre-Algebra
«Algebra 1 &2

» Advanced Algebra
« Geometry

AVERAGE cgps,
LENGTH: 8 oy

Most CUURSES CosT
ONLY $25.99

The Ultimate Phynics Tutewr
. Coraen

" —

« Trig/Pre-Calculus [ Y
«Calculus1,2,3 R
«Physics 1,2, 3 ’(_._.“;.‘:_B

« Probability & Statistics | | ==

+ Unit Conversions < v
» Tl Calculator Tutorials {&fu;— =

Visit

wawMathTutorDVD.con
1o watch all courses
online 24/1

#1 Rated Math &

Raise grades or your money back
877-MATH-DVD

www.MathTutorDVD.com

Physics Tutorial DVDs

Need more space?
Build your own
murphy bed.

Piston-lift
mechanism kit
includes
step-by-step
construction
plans and
instructional
IDAVAD)

Create-A-Bed®
Toll Free 1-877-966-3852
www.wallbed.com

GET YOUR CAREER

DIPLOMA AT HOME

: [z PLEASE CHECK ONE PROGRAM ONLY

CIHigh School O Ekectrician
O Accounting DO Fitness & Nutrition

Dl Administrative Assistant O Ferensic Sclence
Secretary Olinteror Decorating
Clar [ Locksmith

[ Auto Mechanics

O Bookkeeping

O Business Management

DI child Day Care Management

[ Medical Biling Specialist
[ Medical Office Assistant
[ Madical Transcriptiorist
O Motorcycle Repair

CIChid Psychology [ Nursing Assistant

1 Computer Programming O Paralegal | Lagal Assistant

[ Computer Training CJPC Repair

[ consarvation / Environmental ] Pharmacy Assistant
Scieaces O photography

O Contractor / Construction O Physical Therapy Aids
Management O Plumbing

[ Cooking & Catering O Private Investigator

[ Psychology / Social Work
[ Real Estate Appraser

[ Sewing & Dressmaking
O Teacher Aide

O Veterinary Assistant

[ Video Game Design

O Wedding Consuttant

[J Cosmetology / Esthetics
O Craative Writing

DI Crminal Justice

[J Dental Assistant

O Draftng with AutoCAD

1 Drug & Alcohol Counseling
I Earty Childhood Education

Senp For FREE INFORMATION oR cALL:

1-800-363-0058 cx.5230

Nama Age

Address Apt

City/State _ Zip

E-mai

Stratford Career Institute
1 Champlain Commons, Unit 3, PO Box 1560

Saint Albans, VT 05478-5560 (:

v;\;\;src;ammg com
ENTER ID. #SPS70A

aseomoys-sd/woo’1osdod'mmm « gseaomoyssd

NUSHELTER

STEEL STRUCTURES
We are looking to establish qualified
Dealers for our new line of steel
framed homes and sheds.

iIQ//II JCLUDE

Discover how you can become part
of the next generation of cold-formed
steel framing and construction,

NUCONSTEEL

A Nucor COMPANY

call866.873.4832 today

or visit: www.nuconsteel.com/ps

in Uncirculated

@‘ Glft' my FREE Littieton

when you ! Method of % i
order by paymes d No

deadiine | 3 Check payable te ] |
Littleton Coin Co

Get Littleton's exclusive,
full-color Collectars
Guide to Lincoln Heod
Cents absolutely FREE!
45-Day Money Back

JVIsA Name

J MasterCard

:
1
i
'
- Address
i

i

2 Amenican Express City

'
1 ' J Discover Network

Final Coin Completes Set! |

Get all 4 Uncirculated Designs — before it's too late!
Trace the life of Abraham Lincoln and his journey from poverty
to U.S. president with this exclusive Showpak® available only from
Littleton. Minted only in 2009, each design features a key stage of
his life and honors the 100th anniversary of the Lincoln cent.

Never to be Minted Again!
Get your complete 4-coin set with one of each design all mint
Uncirculated for just $§2.95! Don't miss out - a new cent reverse has
replaced these one-year desians in 2010. Plus order by deadline, and
you get Free Shipping to your home and Littleton's Collectors Guide to
Lincoln Head Cents, FREE! You'll also receive our fully illustrated catalog,
plus other fascinating selections from our Free Examination Coins-on-
Approval Service, from which you may purchase any or none of the coins
— return balance in 15 days - with option to cancel at any time. Act now!
Mail coupon today or order online at: www.LittletonCoin.com/specials

FR E E Special Offer for Ners Cestomers Only
=2 AYES! .

ase send the 2009 Lincoln Head Cent Anniversary Showpak (4 coing)
ndition for ONLY $2.95, plus FREE Shipping (imit & sets) Also include
s Collectors Guide tc L/vcc In Head Cents {ane

b Formative
) Vears

Professional

Presidency
Fourth and final release of
2009 Anniversary series

| Order Deadiine: 12:00 Midnight, August 31, 2010 ]

Number of Sets (Limit 5);
Shipping & Handling: $ FREE!

Total Amount @
$2.95 perset : S

Plewse send coupon 10

A Lntleton

Apte Dm! 9RD4A09
1309 Mt Fustis Road
Littleson N 03361-3737

America's Favorite Coin Seurce

' per customer, please).,

Exp. Dote

5



com | AUDIO, VIDEO & FILMS
C poneﬁtg)stBulbs L‘s Accethnghtmg CRU'CHFIEI-D

. Louis, Missouri - USA 10% Off Online Orders: Promo - D810M superbrightieds.com Get the latest in

top-brand electronics CRUTCHHELD

www.ahh.biz * Free expertadvice M= {0

Specialized Textile Outfitters ® Free shipping on - | —
EEE-EEEEEE, SIZES 5-20 '  1-866-458-2559 most orders

Order Online and save 5%: use Coupon code 28977 . >
Shptresd® e bririeceties SR | B
=) i c Nyl wi O k. nescen
200 styles Fabric, Rubbertsed Fant, Nyton Webbing, Suep Harawere; 1-800-319-0159
Mesh & Netting. Stulf you won't find in regular fabric store. www.crutchfield.com/psc

GAs AND ELECTRIC POWERED BICYCLES
ApuLr, TRiICYCLES AND CONVERSION KITS I AUTOMOTIVE

300% Profit rum sso0in 10 s3000)

-

HITCHCOCK SHOES, INC.
Dept. 46H4 Hingham, MA 02043
1-800-992-WIDE www.wideshoes.com

2 SEAT BIKE

Drives like acar &

DEALERS WANTED

PhotoBlocker spray makes your license plate invisible

to red light cameras. He'ps dnvers avoid wraffic tickets

Proven to work. Everyone is buying it. Resellers wanted
Generate extra income. Only $500.00 to get started

= Easy to Pedal ; ya ; isil
ey “&":;“?Yt = ]““ $339 ?5' l ol Visit PhotoBLOCKER.com or call 888.207.7040 . 1"
= Optional Electric Motor Hendersonville, TN 37075 o i d:: ~|’M: ;‘:;'(“l s Ti%?:;g;tgsv 1 AMSOIL SYNTHETIC LUBRICANTS
SRPHOAPESCAR et BUY DIRECT! .
O —— Register to Buy Wholesale.
AUDIO, VIDEO & FILMS FREE CATALOG. 1-919-269-3331.
www.synthoils.com

I BEER & WINEMAKING

WINEMAKERS - BEERMAKERS. FREE CATALOG. Since
1966. 1-8300-841-7404 KRAUS. BOX 7850-N, Independence,
MO 64054. www.eckraus.com/offers/n.asp

ZVOX

Geoat Sound Made Simple

& ““-.\ Buttons Stickers Car Emblems

shirts Hats Mugs Great TV Sound. & 1l BOOKS & PUBLICATIONS

Magnets

oamd more One Cabinet.
Vl\il( Us @

EvolveFISH.com &=\
1.800-386-5846 e i ih Pro-Science Statements!

CC WiFi

Internet Radio

SOON THE GOVERNMENT

will enforce the MARK OF THE BEAST as
CHURCH AND STATE inite!

Let THE BIBLE idenl fy. FREE BOOKS/DVDS

The Bible Says  PO.B. 99 Lenoir City, TN 37771
thebiblesaystruth@yahoo.com « 1-886-211-1715

I BUSINESS OPPORTUNITIES

BUY FORECLOSURES
YOU FIND IT - WE FUND IT! ACCESS 10,000 INVESTORS!
FREE INFO: 1-800-854-1952 X105

Speaker Wires.

“Far Ahead Of Competitors.” .cwer

CUSTOMIZED SUPPLEMENTS
Based on YOUR DNA!
vwww PowerofDNA com
orcall (866) 201-8526

High performance home theater systems—
speakers, amplifiers, virtual surround and
powered subwoofer...all in one cabinet,
with one connecting wire. $199-$599
Free Shipping —30-Day Home Trial
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Make S500 weekly. E-Z assembly work. Free
Information, send S.A.S.E., JDK-S, Box 635, Hopkins, MN
55343-0635

Listen To Your Favorite Local
& International Stations

More Than 35 Radios at
CCRANE
High Performance Radio & Light
ccrane.com « 800-522-8863 || |1 ;

www.zvoxaudio.com | 866-367-9869

R ERASE
, DUI—FREE

I NS TANTULTY!
Add tens of years of AAA credit in your credit file OVERNIGHT1 100% legall
FREE DETAILS at: www computererass com

Bankruptcy not necessary Easy as 1-2-3
Computer not needed TONS OF EXTRAS
L MIB, FBI file too & MORE!

GOLD PO Box 2202 Hollywood, CA 90078

1. pular Science reserves the right to refuse any i
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CAMPING EQUIPMENT

HEALTH & FITNESS

I SCIENCE & PHYSICS

COOLFLASHLIGHTS.COM HUNDREDS OF
FLASHLIGHT CHOICES. AVIATION, CAMPING, BOATING
LED’S, HOME AND WORK

COINS & NUMISMATICS

YOUNG OR OLD YOU CAN GREATLY BENEFIT WITH
NET/CES

feel better, Brighten mood, Potentially triple

Boos! brain power.(866) 944-3113 At

www.BestBrainMachines.com

Sleep better,
endarphins,

RARE COIN INVESTMENTS. Our clients DONT LOSE
money! FREE brochure. DENKO 1-877-777-1754

DO IT YOURSELF

ConcretePlus
Protessional Grade DIY garage and warehouse floor coatings,
titanium reinforced, 30 years experience, MADE IN USA,
www.cohesantmatenials.com 918-615-0123

HELP WANTED

S$400 WEEKLY ASSEMBLING PRODUCTS (rom horre. For
FREE INFORMATION, send SASE to: HOME ASSEMBLY-PS
Box 450, New Britain, CT 06050-0450

HOMEWORKERS WANTED Top pay for assembling
products. Rush S.A.S.E.: HIS-PS, Box 55857, Clearwater, FL
337.78

EDUCATION & INSTRUCTION

CITIZENS _HIGH SCHOOL

Earn Your Diploma In As
Little As Four Months!
» Nationally Accredited + Self-Paced Learning
* Grades 9-12 » Home Study
« Visit Us At www.citizenschool.com
For a Free Brochure, Call Deot. PS Toll Free: |

1-800-736-GRAD

FLORIDA

ORANGE PARK

GAMES, TOYS & MODELS

INVENTORS & INVENTIONS

Have an invention or new product idea?
Davison can help you design, develop & present
your dea to corporations.
Qur products have solc in over 500 stores.
Free Consultation, 100 % Confidential. Call1-800-922-6921.

From Quarks & Lights
To Elements & Forces
WWW.NEWSCIENCEBYBOB.COM

RARE, EXOTIC METALS - COINS - ELEMENT SAMPLES -
Collections-Displays Gallium, Osmium, Yttrium, Rhodium,

more! www.e ementsales.com

| TELEVISION

Get distant UHF stations — FREE
o;t;nf-market sports, news, weather.

- The Televes DAT 75 is #1 when the
5" weather turns bad and the power goes out.

SPECIAL OFFER AT
ANTENNA VOODOO.COM hnp:/'/"'im/nge

I WATER PURIFICATION

OF INTEREST TO ADULTS

SEXUALAIDS!
Erection Products, Enlargers, Masturbaters Vibrators,
Supplements, Gag Gifts, Fetish
www.AdultNoveltiesWarehouse.com

FLavE JSTEAM MODELS

ATER"

Over 150 Workin, L'Steam Toys,
Sflr"l, Hot Air Engines and
ing Collectible Tin Toys
K Its or Assu-blrd I
m ONLY $

OF INTEREST TO ALL

BETTER THAN VIAGRA!! WORLD'S FIRST AND ONLY
APHRODISIAC COFFEE, SAFE, NATURAL. WORKS FOR
MEN AND WOMEN EVERY TIME
magicpowercoffee com/d 134701

BUILD UNDERGROUND Houses/Shelters/Green-
houses dirt-cheap! Live protected, Slash energy costs.
Brilliant breakthrough thinking-—-Countryside
Magazine. Featured on HGTV. 800 328-8790.
www.undergroundhousing.com

Personal Programmable
Hearing Aids

Open Ear & BTE - Using your own home P.C.
$99 All-Make Hearing Aid Repair Services
visit us at www.HearSource.com
or call 1-800-416-2434

Doctor’s Diet. All Natural. Lose 40 Lbs fast! Guaranteed.
$19.95 Money Order. Wilson's Imports, P.O. Box 84, Dept. A,
Gambrills, MD 21054

Electronic Wart Remover
100% guaranteed removal success
none 3 minute home treatment
§79.95 (800) 645 0234
www.wartabater.com

NAME BRAND HEARING AIDS
60% SAVINGS

* All Makes & Models » Free Catalog

= Ranging from Analog to Ultimate Digital

* 30 Day Home Trial = 40 Yrs Experience

LLOYD HEARING AID
1-800-323-4212 www.lloydhearingaid.com

OF INTEREST TO MEN

MEET LOCAL WOMEN, Browse & Respond FREE! FREE
Code 7222,18+ 1-888-634-2628 www.MegaMales.com

PENIS ENLARGEMENT - Dr. Joel Kaplan
FDA Medical Pumps. Gain 1" - 3" permanertly
Viagra, Testosterone: www.GetBiggerToday. com
Frea Brochures (619) 294-7777

Single Russian Ladies Seek romance, marriage. E-mail, lours
free ads for men. Anastasia Intl, Since 1994.
http://www,AnastasiaDream.com

POND & LAKE MANAGEMENT

LAKE OR POND? Aeration Is your 1st step toward improved
water quality. Complete Systems $169 - $369. Waterfall? -
11,000gph Water Pump only 3.6 amps! 2 yr. wamanty! Just
$399.95 www fishpondaerator.com 608-254-2735 ext. #3

CasCade 4000 s
Floating POND FOUNTAIN! i, gy 6
v Oty
Aerator “
Now Avallable Factory Direct! o
MSRP ($1100) You Pay 5649 85!
Complete with ight & ©
U 100 ft power cord, 1yr wa
Thp unit shown {Also avallable in 3/4hp &1 2Shp’

Call 7days/week! FAST UPS shipping right to your door!

Pre-Assembled
Installs in Minutes

(608) 254-2735 www.fishpondaerator.com
SCIENCE & PHYSICS
CHEMICALS - LABWARE - GLASSWARE ELEMENTAL

SCIENTIFIC P.C. Box 571, Appleten, WI 54912 Catalog $2.00
www.elementalscientific.net

Place your ad with us today! Contact Chip Parham
at 800-445-2714, 212-779-5492 or
email: chip.parham@bonniercorp.com.

Learn the truth about distilled,
mineral, spring, filtered, bottled,
well, tap, alkalized, clustered...

1-800-874-9028

www.waterwise.com

24/7 Customer service
is only a click away!

Your Account S
Give a Gift or

www.popsci.com/cs
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FUTURE THEN

FROM THE POPULAR SCIENCE ARCHIVES

I MAY 1983
Chains of

Command

In 1983, engineers struggled to
design useful robots that were

anything more than expensive toys. compu.l.erized pel’SOnal robots

Heath Co. inventors envisioned a &
future in which their one-armed -they move, fdlk, thmk!

HERO 1 [right] could handle and teach you

household chores. Although it robotics

could zip around and pick up film

canisters, HERO 1 required too

many commands to do much else—

it was an educational tool, not Rosie

from The Jetsons. Engineers from

Androbot, meanwhile, hoped their

joking and singing robot, B.0.B. (for

Brains on Board) would eventually

be like a family member, but B.0.B.

couldn’t even sing "Ha Birthday”

without a string c?f cor:::;nds . NUCLEAR WASTE
) ) ' A better way

let alone navigate a flight of to bury it?

stairs. More than two decades

later, although computation has

NEW
Popular e
-smoother ride
~automatic leveling
lence -
DEADLY

WIND SHEAR

SPECIAL HOME AND

: - st s SHOP SECTION
improved, scientists are still striving «porches and decks

PSci’s 138 to advance battery and actuator semergency plumbing

technology to create practical *home security systems

robot helpers. To read about the *fable-saw Jigs

Korean, Japanese and American
humanoids that come the closest,

turn to page 46.—DENISE NGO

POPULAR SCIENCE magazine, Vol 277, Ma. 2 {ISSN 161-7370, USPS
More Automatons Over the Years b i Cop, 2 Frk A, New Yk, 1 0016 Copri
reserved. Rep ng in whole or part rbidden except by pel
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we not include your name, please write to POPULAR SCIENCE, P.O. Box 420235, Palm

577-250), 15 published monthly
er Corp. All rights
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ns. If you would prefer that
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CUT YOUR HEATING AND COOLING
COSTS UP T0 80%.

Cut your energy bills. ClimateMaster geothermal systems tap the constant
temperature of the earth to provide heating, cooling, and hot water. Your
home stays comfortable year-round while trimming your energy use by up
to 80%. And now with new federal tax credits, you will save an additional o
30% on the total installation. Best of all, ClimateMaster systems are not C"'MATEMASTER
Geothermal Heat Pump Systems

only a good investment, they are a cleaner choice for the environment.
To learn more about how the geothermal technology leader can help you An LSB Industries, Inc. Company (NYSE: LXU)
cut vour enerav bills visit climatemaster com or call 877-436-6243 todav
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d you get one unigue

., Love. It’'s what makes a Subaru, a Subaru.

':::I‘;;egééyf Well-equipped at $19,995'

*EFA fuel gstirnates for 2010 Subaru
elvery ¢ nes tax. htle and

h VT up 10 31 hivy ACtual mileage may vary. 'MSRE axcludes aestnationard
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