
DV1210COVER4A_QG.indd   1 10/8/10   4:54 PM

Process CyanProcess MagentaProcess Yellow

Science, Technology, and The Future

CONSCIOUSNESS EXPLAINED   STARQUAKES   DINOSAUR MOJO

Tropical diseases are 
on the move. What to expect, 
and what we can do.

HOW WE’LL STOP

TRON
THE TECH OF 
COLBERT, AND 
2010 CAMERON, 
HOT SCIENCE

OUR ANCESTORS 
EYE TO EYE WITH

ASTRONOMY 
SECRET IN 
THE BIGGEST 

3,OOO FEET
ENERGY AT 
ENDLESS CLEAN 
FOUND 

DECEMBER 2010

DISCOVERMAGAZINE.COM

$
5

.9
9

 U
.S

. 

2010 CAMERON, 

Process BlackPANTONE Hexachrome Black CPANTONE 1788 C

worldmags

http://AZINE.COM


 BY DATE W/C DATE

Traffic
Print Producer
Studio Manager
Production Director
Art Buyer
Proofreading
Art Director
 •Chief Creative Officer
 •Exec. Creative Director
 •Creative Director
 •Assc. Creative Director
Copywriter
 •Assc. Creative Director
Product

 BY DATE W/C DATE

Diversity Review Panel
Assist. Account Executive
Account Executive
Account Supervisor
Management Director
CLIENT

Ad Mgr./Administrator 
National Ad Mgr. 
VOG

Corp. Mgr., Mkt. Comm. 
V.P. Marketing 
Legal/Product
TMS Diversity Binder

S A A T C H I  &  S A A T C H I  L O S  A N G E L E S  •  3 5 0 1  S E P U L V E D A  B L V D .  •  T O R R A N C E ,  C A  •  9 0 5 0 5  •  3 1 0  -  2 1 4  -  6 0 0 0
SIZE:  Bleed: 8-1/4"x10-3/4"      Trim: 8"x10-1/2"       Live: 7"x10"  Mechanical is 100% of final
No. of Colors:  4C Type prints: Gutter: na LS: 133 Output is 100% of Mechanical

CLIENT: TMS Advertising

JOB TITLE: Safety Print-Star Safety Engineer

PRODUCT CODE: 100000-BRA

AD UNIT: P4CB

TRACKING NO: TMS-PM1879PBr1

PRODUCTION DATE: June 2010

MECHANICAL NUMBER: ______________

SHOT NO:  US-TM10-30-A

 

PROOF NUMBER ––––––––––––– SPECIAL INFO: Bill to 410TMSBRAPM1226

EXECUTIVE CREATIVE DIRECTOR: M. McKay

CREATIVE DIRECTOR: R. Jacobs

ASSC. CREATIVE DIRECTORS:

COPYWRITER: R. Conklin

ART DIRECTOR: V. Soler/Z. Richter

PRINT PRODUCER: G. Olegario Ph: 310.214.6347

STUDIO ARTIST: R. Talavera Ph: 310.214.6175

104588
07.01.10 8:55

Saatchi & Saatchi
AJay

N/AOris
M4588_PM1879PBr1

:  TK   FG   QK

Star Safety System.™
Standard on every new Toyota.
No matter who you are or what you drive, everyone deserves to 
be safe. Which is why Toyota has made our Star Safety System™ 
standard on every new model of every vehicle we make. Toyota 
is the first full-line manufacturer to make the features of the Star 
Safety System™ standard on all vehicles. Because at Toyota, we 
realize that nothing is more important to you than your safety. 
For more on our safety innovations, visit toyota.com/safety

Craig Payne
Automotive Engineer
Toyota Technical Center

©2010 Toyota Motor Sales, U.S.A., Inc.

toyota.com/safety

DV91010.indd   1 7/6/10   5:22:15 PM

worldmagsworldmags

worldmags

http://toyota.com/safety
http://toyota.com/safety


Facing the 
Past
46 

The faces of our ancient 

hominid ancestors stare 

back at us,conveying deep 

emotional and psycho-

logical life, in paleoartist 

John Gurche’s striking 

reconstructions.

By JENNIFER BARONE

Inherit the 
Wind 

52
A restless engineer is 

developing wind turbines 

that will fly like kites, 

gathering gusts a half-mile 

up where they blow strong 

and steady. Could this 

be the path to cheap, 

clean energy?

By ERIK VANCE

Why Size 
Matters  

58
Astronomers have a dirty 

secret: They study planets 

every day, but they cannot 

agree on how to define 

what a “planet” is. In fact, 

the more they learn, 

the more baffling the 

universe seems.

By PHIL PLAIT 

Of Two 
Minds 

64 
Where does consciousness 

come from? Neuro scientist 

Antonio Damasio and 

novelist Siri Hustvedt 

explore the nuances of 

the question, and Damasio 

responds with a provocative, 

12-part answer.

By PAMELA WEINTRAUB

In a warmer 
and increasingly 

crowded world, old 
pathogens are 

making a comeback, 
and tropical diseases 

are invading the 
United States. How 

will we confront 
the coming plague?

By LINDA MARSA

The Hot 
Zone

C O V E R  S T O R Y

  A sample of photographer Tara Cronin’s  blood trapped between two clear negatives, from her series T for Transition.

38

contents  ///  december 2010 

DV1210TOC2A_QG.indd   1 10/8/10   4:37 PM

worldmagsworldmags

worldmags



JOB: MNY-RSM-M81594A
DESCRIPTION: Curl Up

BLEED: 17.25” x 11.125”
TRIM: 15.5” x 10.5”

SAFETY: 14.75” x 9.625”
GUTTER: 0.75”

PUBLICATION: Various Publications
ART DIRECTOR: Michael Brennecke 8-3533

COPYWRITER: Richard Sinreich 8-3617
ACCT. MGR.: Todd Cross 8-4003

ART PRODUCER: Helen O’Neill 8-4317
PRINT PROD.: Mike Dunn 8-3126

PROJ. MNGR.: Frank Tommasini 8-4673

This advertisement prepared by Young & Rubicam, N.Y.

0H62204_MNY_a3.1_d.indd

CLIENT: Magazine Publishers Association TMG #: 0H62204 HANDLE #: 8 JOB #: MNY-RSM-M81594A BILLING#: MNY-RSM-O79486
DOCUMENT NAME: 0H62204_MNY_a3.1_d.indd PAGE COUNT: 1 of 1 PRINT SCALE: 100% INDESIGN VERSION: CS3
STUDIO ARTIST: clt 6-9948 LAST SAVE DATE: 9-22-10 3:32:00 PM CREATOR: Joe Khadaran CREATION DATE: 9-20-10 6:31:39 PM

DOCUMENT PATH: TMG:Volumes:TMG:Clients:YR:MPA:Jobs:2010:0H:0H62204_MNY-RSM-M81594:Mechanicals:0H62204_MNY_a3.1_d.indd
FONT FAMILY: Adobe Garamond (Semibold, Regular, Italic)
LINK NAME: 0H62204_MNY_a4_v.tif, MAgaZiNEs_4c_TPoP_R_OL_SM_yr2.0.eps
INK NAME:  Cyan,  Magenta,  Yellow,  Black

S:14.75”

S:9.625”

T:15.5”

T:10.5”

B:17.25”

B
:11.125”

This is not the Internet. 
Feel free to curl up and settle in. 

Magazines don’t blink on and off. They don’t show video 
or deliver ads that pop up out of nowhere. You can’t DVR 
magazines and you can’t play games on them. 

But you can take one to the beach, to bed or just about 
anywhere else and, chances are, it will engage, entertain 
and enlighten you in ways no other medium can. 

Perhaps that explains why magazine readership has actually 
increased versus five years ago. The top 25 magazines 
continue to reach a wider audience than the top 25 prime- 
time TV shows. And despite the escalating war for consumers’ 
eyeballs, readers spend an average of 43 minutes per issue. 

What accounts for this ongoing attraction? Why do nine 
out of ten American adults choose to spend so much time 
with an unabashedly analog medium? 

One enduring truth: people of every age love the experience 
of reading a magazine, even when the same content is 
available online. So curl up, get comfortable and enjoy the 
rest of this magazine.
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Shaun Fenn traveled to the 

wind swept cli� s of Santa Cruz, 

California, to photograph 

images for “Inherit the Wind” 

(page 52). � ere he met JoeBen 

Bevirt, an engineer determined 

to create � ying turbines that 

one day could capture wind 

energy at altitudes as high as 

30,000 feet. “He is working 

with materials and products 

that don’t exist, creating 

everything from scratch,” Fenn 

says. “It was exciting to see a 

process leading the charge, 

like being on the cutting edge 

of technology.” A strangely 

calm and windless Bay Area 

summer postponed the photo 

shoot for weeks; then one 

afternoon gusts came howling 

and the turbines took � ight. 

� is assignment was a great 

match for Fenn, who special-

izes in nature and personality-

driven photography. “JoeBen’s 

personality is contagious,” he 

says. “I could feel the energy 

and passion this guy emanates.” 

Fenn has photographed for 

FedEx and Rolls-Royce as well 

as for publications such as 

San Francisco and Diablo maga-

zines. For more of his work, see 

www.shaunfenn.com.

Linda Marsa came across a 

report in � e Lancet last year 

that shocked her: � e biggest 

threat to our health is climate 

change. “We’re going to see a 

resurgence of tropical diseases 

like dengue fever that have 

been exiled from this country 

for decades,” she says. “Mos-

quitoes don’t realize there’s a 

border between Mexico and the 

United States.” Marsa’s research 

for “� e Hot Zone” (page 38) 

inspired her to begin working 

on a book she is calling Deadly 

Inferno: Why We’ll Live Sicker 

and Die Quicker on a Hotter 

Planet and How We Can Save 

Ourselves. A Los Angeles–based 

freelance writer formerly on 

sta�  at the Los Angeles Times, 

Marsa is a contributing editor 

at discover. She has also writ-

ten for Reader’s Digest, Mother 

Jones, and the Los Angeles Times 

Magazine. In 2009 her dis-

cover story “Acid Test” (about 

using psychoactive drugs to 

treat mental illness ) won the 

June Roth Memorial Award for 

Medical Journalism from the 

American Society of Journalists 

and Authors.

Andrew Moseman edits 

discover’s Hot Science section 

(page 30), expanded this month 

to celebrate the popular culture 

of science. � e lineup includes 

interviews with James Cam-

eron, the director of Avatar, 

and Mary Roach, the author of 

Packing for Mars, who discusses 

her book and the di�  culties of 

using the bathroom in zero-g. 

“� e goal was to look back at 

the year in geek culture,” says 

Moseman, a self-proclaimed 

“giant nerd and huge fan of 

Futurama,” especially the math 

jokes that the show sneaks into 

the background. “But I’m not 

engrossed in every aspect of sci-

  or books,” he claims. “I don’t 

watch every single episode of 

Stargate Universe.” Moseman 

completed the mit graduate 

program in science writing and 

spent a year with AmeriCorps 

building houses and teaching 

physics to at-risk youth. He has 

lived in Nebraska, Oklahoma, 

Wisconsin, Boston, Washing-

ton State, and New York City. 

“Traveling, living in di� erent 

places, spending a year wearing 

a hard hat building houses, 

that all feeds into my voice,” he 

says. Moseman also writes for 

discover’s 80beats news blog 

and has contributed to Popular 

Mechanics, Scienti� c American 

online, and Mental Floss.

Erik Vance heard a rumor that 

there was a wealthy genius 

engineer living in the woods 

of Santa Cruz, � ying strange 

objects around his huge 

compound. He instantly knew 

he had to check it out. Vance 

learned that the man is JoeBen 

Bevirt (pro led in “Inherit 

the Wind”), the enthusias-

tic and fast-talking inven-

tor who builds � ying wind 

turbines to capture energy 

at high altitudes. As Vance 

stepped onto the compound, 

he was immediately greeted 

by a turbine that Bevirt sent 

hurtling over his head. Vance 

was hooked: He loves writing 

about passionate scientists 

“who other people think are 

strange and who probably have 

a tough time at dinner parties 

explaining what they do.” He 

is also a kayak instructor (“in 

order to have social interaction 

with other humans”) and an 

avid climber. He has written for 

Nature, � e New York Times, and 

San Francisco magazine. Vance 

is a recent graduate of the sci-

ence communication program 

at the University of California, 

Santa Cruz.  amy barth 
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           A healthy history.
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have been recognized for their 
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the promise of invincibility. To the 

Greeks, pomegranates symbolized 

fertility. The ancient Egyptians so 

revered them that King Tut was entombed 

with a pomegranate-shaped vase. So 

why did so many civilizations in so

many places hold the pomegranate

in such high esteem?

For the answer, we can look to modern 

science. Chemical analysis has revealed 

that pomegranates contain high levels

of polyphenol antioxidants like ellagic 

acid and anthocyanins. They also

contain punicalagin and punicalin, potent 

antioxidants not found in any other fruit.

    
P∂Mx is an all-natural antioxidant 

supplement extracted from the same 
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pomegranates we use to make P∂M 
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Juice. Containing a full spectrum of 

pomegranate polyphenols, P∂Mx is so 
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a full glass of P∂M Wonderful juice. 
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It seems that every day some new 

“superfood” or supplement makes the 

news with a flurry of hype and hope. 
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tests have demonstrated that when it 

comes to free radical fighting power, 

P∂Mx scored highest of all the 

antioxidant supplements tested.
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goji berry, lutein and lycopene. Higher 

even than newcomers like resveratrol 

and acai. In addition, P∂Mx is the only 

pomegranate supplement reviewed

for safety by the FDA.

Over 25 scientific studies have been 

published on P∂Mx by leading 

researchers at major universities. 

Preliminary results have been 
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EDITOR’S NOTE
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as a general rule i don’t believe 

in epiphanies; in my experience, 

people generally achieve enlighten-

ment in incremental doses, not in 

sudden jolts. Nevertheless, there 

have been a few times in my life when my perceptions really did seem to change in a 	 ash. 

One of the most memorable of these occurred in the second grade, when everyone in my 

class had to give a report about a planet. 
 e solar system was divided up randomly and I 

got Neptune, much to my disappointment. (Saturn: the one with cool rings. Neptune: Which 

one is that?) I went home, picked up my Golden Book about the planets, started reading, and 

realized—to my youthful surprise—that Neptune was actually quite interesting. 
 en some-

thing grander, dizzying even, struck me. What about everything else? If the most boring of the 

planets was full of wonder, then the whole sky must be full of wonder. 
 ere must be an almost 

limitless number of great stories up there.

My parents, picking up on my sudden obsession with all things celestial, got me a subscription 

to a brand-new magazine called Astronomy. Most of the stories in there were over my head, but 

the photographs were exhilarating, and I could at least glean the shape of the ideas. 
 ere were 

people out there who knew what the sky would look like in 100,000 years; who knew how stars 

formed and what made them shine; who understood why galaxies looked like pinwheels or why 

the moon was covered with darkish “seas” of frozen lava. It is no exaggeration to say that my Nep-

tune moment led me into science, into science journalism, into my job as editor of discover. 


 at epiphany is sharply relevant today. Recent observations show that our solar system is far 

richer and more diverse than anyone knew back in the 1970s. Beyond Neptune lies a vast zone of 

frozen bodies. 
 ey are technically known as Kuiper belt objects, but they could just as accurately 

be called “the other solar system.” 
 ere may be hundreds of thousands of them. At least one of 

them is larger than Pluto. Some of them may be as big as Mars. 
 eir territory dwarfs the region 

� lled by the eight familiar planets. 
 e discovery of the Kuiper belt does more than redraw the 

map of our cosmic backyard; it calls into question the very de� nition of planet and forces veteran 

researchers to step back and marvel once again at just how much wonder is out there. What does 

it all mean? Astronomers are still sorting it out, but discover blogger Phil Plait gives a state-of-

the-art rundown in this issue (see “Why Size Matters,” page 58).

I’m pleased to report another timely connection with my childhood breakthrough. As of this 

issue, discover is now a part of Kalmbach Publishing, a company that has been putting out 16 

smart, focused, enthusiast-driven magazines…one of which just happens to be Astronomy. In its 

30-year history, discover has passed through four owners: Time Inc., Family Media, Disney Pub-

lishing, and Discover Media. What has stayed true through all of these changes is the magazine’s 

commitment to telling its readers about the greatest research and the most intriguing research-

ers—and doing it in an approachable, energetic way, without any jargon or pretense. We are 

fortunate to have a new owner that cherishes the exact same values.

For me, becoming a part of the Kalmbach Publishing group is a kind of homecoming; for 

you, it simply means more of everything you have always enjoyed about discover. You might 

say this pairing has been 30 years in the making. Or you might say it is a brilliant idea that 

� nally happened in a 	 ash. 

a new age of 
wonder

Corey S. Powell, editor in chief

Four sketches illustrate the creative 
jumps that led ARTBOMBERS to 
the design for this month’s cover.
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Applauding the Biosphere

“Life Under the Bubble” 

[October, page 46] takes the 

media to task for its simplistic 

coverage of the historic and 

complex Biosphere 2 project. 

Yet the article persists in the 

myth that the experiment 

was a failure because of 

the surprises and problems 

that arose. Biosphere 2 was 

designed both as a test bed 

of space life support and 

as a new way of studying 

biospheric processes. � ere 

was an enormous yield of 

scienti� c insights from three 

years of operation as a closed 

ecological system, and we 

could have learned so much 

more had politics and petti-

ness not intervened.

Mark Nelson

santa fe, nm

biosphere 2 crew, 1991–93 

Ice Borer Redux

I was in a doctor’s waiting 

room in 1995, su� ering from 

a bad case of cracked ribs, 

when I skimmed your origi-

nal ice borer article. In my 

sleep-deprived and slightly 

self-medicated state, I was 

fascinated by the diversity of 

life on our planet and bought 

the story lock, stock, and 

barrel. I told my wife and 

coworkers about this amaz-

ing animal, and of course they 

didn’t believe me. I tried to 

� nd the article everywhere to 

prove myself but failed. � ank 

you for the “Unbelievable” 

article [page 40]. While I may 

be gullible, at least I’m not 

prone to hallucinations.

Mike Grantham

buffalo, ny

Future Beyond Earth?

Your October issue features 11 

leading thinkers sharing their 

hopes for the future of science 

[“Where Do We Go From 

Here?” page 54]. On page 62, 

cosmologist Neil Turok says, 

“Some day we’ll move into 

space and start ensuring the 

survival of our species beyond 

Earth.” � is is dangerous think-

ing. � e money it would take 

to establish people beyond 

Earth would be better spent 

keeping Earth livable, espe-

cially battling global warming.

David Caccia

hammonton, nj

Editor-in-chief Corey S. Powell 

replies: I doubt that the key to 

solving Earth’s problems is to re - 

allocate the few billion dollars 

we spend on space exploration 

annually, as opposed to the 

trillions of dollars we spend 

elsewhere. And it is likely that 

private explorers and entrepre-

neurs will help lead the grand 

charge into space.

Your Predictions for 2040

We asked readers of discover’s 

“Science Not Fiction” blog to 

pre dict how science will improve 

the world by 2040. Here are 

some of their responses:

We will get rid of tires and 

wires by � ying everywhere 

and having each house 

produce its own heat and 

electricity. Bob Davis

Organic computer chips based 

on high-level, human-supplied 

parameters will develop their 

own instructions and grow to 

meet our needs. Tom Toth

Human decision making is 

highly emotional. We need 

to create an intelligent entity 

dedicated to the preservation of 

life on Earth. James F. Milne

Computers will be so power-

ful that we will upload our 

minds onto them. Brian Hill

Nuclear fusion will become 

viable, and solar energy will fuel 

transportation. Mike Prosen

Can You Read Me Now?

At last, a typeface we little old 

ladies can read without going 

blind. � ose little feet on the 

serif characters help the eye 

travel from one letter to the 

next in a pleasing manner.

Annette � ompson

oakland, ca

Your new design looks dreary. 

� ere is less white space and 

the font is much dimmer. 

Reading feels like hard work!

Becky Ellis

glen carbon, il

Creative director Michael 

Di Ioia and art director Erik 

Spooner reply: When we 

began the discover redesign, 

the typographic choices were 

complex: Go larger and � t 

fewer words; go smaller and 

sacri� ce ease of reading. In the 

end, we selected a slightly more 

condensed typeface because it 

allowed us to increase the type 

size dramatically while reduc-

ing the amount of text only 

minimally. � e new typeface is 

slightly lighter than our previ-

ous style, but the letterforms 

have much greater contrast to 

enhance readability. 

october 2010

ADDENDUM

Frank Conrad 
researched and 
constructed the 
ferrofluid mold 
that appeared on 
the cover of the 
October issue.

MAIL

Send email to 
editorial@discovermagazine.com.

Address letters to 
DISCOVER
90 Fifth Avenue
New York, NY 10011

Include your full name,
address, and 
daytime phone number.

9

12.2010

DV1210MAIL1A_QG.indd   9 10/5/10   11:41 PM

worldmagsworldmags

worldmags

mailto:editorial@discovermagazine.com


NASA’s New 
Eye on the Sky
 
THE MOMENT A techni-
cian examines 6 of the 
18 mirrors for the James 
Webb Space Telescope at 
NASA’s Marshall Space 
Flight Center in Huntsville, 
Alabama. Engineers there 
recently conducted cryo-
genic tests on the beryllium 
mirrors to study how well 
they maintain their shape at 
the ultralow temperatures 
the telescope will reach in 
space. All of the mirrors 
will undergo two series of 
tests lasting six weeks each 
in a helium-cooled vacuum 
chamber that hits tempera-
tures as low as –415 degrees 
Fahrenheit. Tests are 
projected to wrap up next 
June, and the completed 
observatory—a larger suc-
cessor to the Hubble Space 
Telescope—is scheduled for 
launch in 2013. 

THE SHOT Photo by David 
Higginbotham using a Nikon 
D3 with 17-35 mm lens, f/7.1, 
ISO 320, 1/250 second. 
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OFF DUTY

THE MOMENT A hartebeest (front) and an oryx collected by Theodore 
Roosevelt in Kenya in 1909 now reside at the Smithsonian Institution’s off-
site Museum Support Center in Silver Hill, Maryland. Five three-story-tall, 
football-field-size “pods” there house 55 million items—about 40 percent of the 
Smithsonian’s total collection—most of which will never go on display. Some 
70,000 stuffed mammals keep this pair of taxidermied ungulates company, and 
another 212,000 members of the Smithsonian’s menagerie are preserved in 
jars. The center’s holdings also include iron meteorites, a 44-foot totem pole, a 
giant squid, and more than a dozen whale skeletons, plus a dugong (a relative of 
the manatee) and an adult gorilla pickled in alcohol-filled tanks.

THE SHOT Photograph by Richard Barnes.
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in 2000, when physician julie 

Jacobson visited Kurnool in south-

ern India, hospital wards were over-

flowing with children. The culprit: 

Japanese encephalitis, a mosquito-

borne virus that causes paralysis, 

seizures, and death. 
 e disease has 

killed more than 3 million children 

worldwide over the last 60 years. “I 

couldn’t believe what I saw,” Jacob-

son says, “kids in comas, seizing, 

two or three per bed.” 

Jacobson now manages projects 

that prevent neglected tropical dis-

eases like Japanese encephalitis at 

the Bill & Melinda Gates Foundation, 

which in 2003 donated more than $35 

million to the Program for Appropri-

ate Technology in Health (path) to 

fight the virus. A price of $13.50 for 

a three-dose regimen put conven-

tional vaccines out of reach for many 

patients. path found a Chinese com-

pany that had created a single-dose 

vaccine and worked with the � rm to 

reduce the cost to about 25 cents. By 

this year 61 million children had been 

vaccinated in India alone; an addi-

tional 3 million were immunized in 

other a� ected countries. “
 at’s real 

progress for a disease that didn’t have 

a name 10 years ago,” Jacobson says.

Of course, solving the world’s 

problems is no easy task, and the 

Gates Foundation’s efforts have 

drawn plenty of criticism. Last May 

Big
Idea Can Bill Gates 

Buy a Better World?
researchers at University College 

London reported that the founda-

tion’s grant-making seemed to be 

largely based on “personal networks 

and relationships” rather than trans-

parent peer review. In 2007 a series 

in the Los Angeles Times charged that 

Gates focused too heavily on high-

pro� le crises like aids and malaria, 

shortchanging basic needs like nutri-

tion. And this past summer, a survey 

commissioned in 2009 by Je�  Raikes, 

the Gates Foundation’s ceo, revealed 

that many grant recipients felt the 

foundation’s goals were unclear and 

that it was frequently unresponsive. 

The criticisms highlight a ques-

tion that has dogged the Gates Foun-

dation from the start: Can privately 

funded institutions enable innova-

tive work that government bureau-

cracies cannot do, or does their zeal 

to � x everything create shortsighted 

agendas that may miss the most 

pressing health problems? Recent 

case studies o� er some insights.

One bright spot is the Elizabeth 

Glaser Pediatric aids Founda-

tion’s Call to Action Project, which 

received $15 million for prevention 

of mother-to-child transmission of 

hiv. Without intervention, 25 per-

cent of children born to infected 

mothers contract hiv; with treat-

ment, transmission plummets to 

3 percent. As of last June, the project 

  JAPANESE 

 ENCEPHALITIS 

A viral brain disease 
that strikes more 

than 30,000 people 
each year. About 

30 percent of 
sufferers die.

 GATES 

 FOUNDATION 

Bill and Melinda 
Gates’s $33 billion 

global philanthropic 
organization gave out 

$3 billion in 2009.

 MOTHER-TO-CHILD 

 HIV 

 TRANSMISSION 

HIV infection passed 
to a child during 

pregnancy, delivery, or 
breastfeeding. 2008 
saw 430,000 cases.

 MDR-TB 

Multi-drug-resistant 
tuberculosis, defined 
as strains that resist 

at least two of the 
most effective anti-

tubercular drugs. 

 AVAHAN 

A Gates HIV preven-
tion initiative in 

India that provides 
information and 

condoms to high-risk 
groups such as sex 

workers.

A
B

O
V

E
: 

P
A

T
H

/
J

U
L

IE
 J

A
C

O
B

S
O

N
. 

R
IG

H
T

: 
C

O
U

R
T

E
S

Y
 N

IM
R

had established 2,600 prevention 

centers in 14 countries (including 

South Africa, Russia, and Camer-

oon) that tested more than 4 mil-

lion pregnant women for hiv, with 

332,000 infected mothers receiving 

medication to protect their babies.

Tuberculosis is another target that 

is responding to focused e� orts. Until 

recently Nigeria had no funding for 

comprehensive testing or treatment 

for multi-drug-resistant tb (mdr-tb) 

strains, even though perhaps a thou-

sand new cases emerge there each 

year. But over the last three years, the 

International Association of National 

Public Health Institutes applied about 

$160,000 from the Gates Foundation 

to the surveillance and diagnosis of 

tb in Nigeria. Working with those 

Buzz 

 W
ords
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Astronomy, the gift that lasts a lifetime!
Just in time for the holidays, Celestron is offering a special 

$100 Mail-In Rebate on any NexStar SE telescope so 

you can keep the family captivated night after night.

The NexStar SE doesn’t just find thousands of celestial objects for you, it educates you 

about them – one point at a time. Just push a button. It’s that simple. Whether you are a 

seasoned astronomer looking for a portable scope with advanced features, or just starting your 

astronomy adventure and looking for an easy way to enjoy the night sky, a NexStar SE is the perfect 

gift for the whole family. 

Visit www.celestron.com or participating dealers to learn more 

about the NexStar SE telescope family. Mail-In Rebate offer is good 

from November 1st through December 31st, 2010.

www.celestron.comImagine the possibilities

funds, Oni Idigbe, director of 

research at the Nigerian Institute 

of Medical Research, upgraded 

his lab to handle more tb tests, 

reduced processing time from 

months to just a day or two, and 

initiated Nigeria’s first national 

survey of the disease. “Nigeria—

Africa’s most populous country 

—had no prevalence data,” says 

Millions of Indian children now 

receive vaccinations against 

Japanese encephalitis (left). 

Tuberculosis testing in Nigeria 

(above) helps guide the distri-

bution of anti-TB drugs. 

James Hughes of Emory Uni-

versity, the association’s senior 

adviser for infectious diseases. 

“The survey is vitally important 

to guide distribution of resistant-

tb drugs,” he says. � is year, that 

documentation prompted the 

World Health Organization to 

send Nigeria’s first shipment of 

approved, reduced-cost drugs for 

treatment of mdr-tb. 

In total, the Seattle-based 

Gates Foundation has given $13 

billion in global health grants 

since 1994. Making sure the 

money has its intended impact 

requires careful measurement 

and evaluation, however. “With-

out data about what’s working 

and what’s not, funders are fly-

ing blind. � ey need to demand 

data and invest in the develop-

ment of data collection,” says 

Phil Buchanan, president of the 

nonprofit Center for Effective 

Philanthropy, which conducted 

the Gates grantee survey. 

For help evaluating one of its 

programs—a $338 million hiv 

prevention initiative in India 

called Avahan—the Gates Foun-

dation turned to the Institute 

for Health Metrics and Evalua-

tion at the University of Wash-

ington. The monitoring system 

in such programs is often an 

afterthought, institute director 

Christopher Murray says. In the 

case of Avahan, he was asked to 

analyze the program five years 

after its inception. “� is is very 

di
  cult,” he says. “It’s the messy 

reality of a large country and a 

complicated program.” 

The hard truth is that care-

ful monitoring takes time and 

money that philanthropies often 

want to devote directly to their 

cause. “That moral urgency is 

compelling,” Murray says, “but if 

we want to know 10 years down 

the line whether a program had 

any effect, we need to find the 

right balance.”  amy barth
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Each year more than half a million 
people bleed to death following 
traffic accidents, combat wounds, 
and other severe trauma. Soon 
a lot of those fatalities might be 
avoidable. Doctors are testing 
several promising new treatments 
aimed at minimizing blood loss 
and helping the body cope with 
the accompanying shock.

An international team of 
researchers led by epidemiologist 
Ian Roberts of the London School 
of Hygiene and Tropical Medicine 
recently tested an inexpensive 

drug called tranexamic acid 
(TXA) in a trial involving more 
than 20,000 trauma cases in 
40 countries. Surgeons have 
long employed TXA to reduce 
bleeding during surgery, but it had 
never been carefully studied as a 
treatment for traumatic injuries. 
“The drug reduces bleeding by 
preventing the enzyme plasmin 
from breaking down fibrin, a 
protein crucial to clotting,” 
Roberts says. This past summer, 
he and his colleagues reported 
their first findings from the trial: 

Tranexamic acid reduced bleeding 
deaths among trauma patients 
by about 15 percent, a result that 
could translate to 100,000 lives 
saved per year worldwide.

Other experimental therapies 
could reduce the death rate even 
further. Surgeons at Massachu-
setts General Hospital were able 
to keep injured pigs alive after 
major bleeding by giving them a 
dose of valproic acid, which helps 
cells survive on less oxygen. The 
medication is ordinarily used to 
treat bipolar disorder and seizure. 

And anesthesiologist Volker 
Wenzel of Innsbruck Medical Uni-
versity in Austria has found that 
vasopressin, a natural hormone, 
helped keep pigs alive after they 
went into shock due to blood loss 
because it reduces circulation to 
the extremities while enhancing 
crucial flow to the heart and brain. 

Wenzel is now leading a human 
trial of vasopressin. “We will 
assess whether it can stabilize 
hemorrhagic shock patients who 
do not respond to standard treat-
ments,” he says.  AARON ROWE 

just as earthquakes help scientists learn about 

the interior of our planet, the way a star’s surface oscillates 

yields clues to its internal structure and other key charac-

teristics. Researchers with the Kepler Asteroseismic Inves-

tigation are putting that concept to work on a grand scale, 

monitoring the surface vibrations of thousands of stars to 

learn their ages, sizes, and inner dynamics.

� e Kepler spacecraft’s primary mission is hunting 

for new planets by tracking the brightness of more than 

Why Starquakes Rock

DISCOVER
MAGAZINE

.COM

Keep your finger on the pulse of science as it happens with 80Beats, the 
DISCOVER news aggregator at BLOGS.DISCOVERMAGAZINE.COM/80BEATS.

MEDICINE BEAT

ASTRONOMY BEAT

Beating Blood Loss

100,000 stars, watching for the telltale dimming that 

occurs when an orbiting planet happens to pass in front 

of its sun. Since seismic oscillations alter the surface area 

of the star, measurably changing its brightness, the data 

Kepler collects also reveal these stellar vibrations. 

Seismic waves form as a result of turbulent convection 

in the roiling stellar interior. � ose waves eventually hit the 

star’s surface layer, like a clapper ringing a bell. � e speed at 

which the waves propagate through the star depends on the 

structure of its interior. Stars shine by fusing hydrogen into 

helium in their cores, a process that gradually uses up the 

star’s hydrogen fuel. Observations of starquake vibrations 

allow researchers to deduce how much hydrogen remains, 

revealing a kind of time stamp. “If we know how much of 

the hydrogen has turned into helium, we know in a sense 

how old the star is,” says Ronald Gilliland, an astronomer at 

the Space Telescope Science Institute and a Kepler  coinves-

tigator. Precise stellar ages will help theorists re� ne models 

of stellar evolution, says Sarbani Basu, an astronomer at 

Yale University and another Kepler researcher. 

� e new study may also brighten our understanding 

of our nearest star. “We know the sun at only one point 

in time—now,” Basu says. “Asteroseismology should give 

us con� dence in the history and the future evolutionary 

path of our sun.” It may also help researchers understand 

current processes in the sun, such as sunspots and solar 

storms. In August European and American researchers 

used seismological data from the Corot telescope (similar 

in concept to Kepler) to study magnetic activity on a 

distant sunlike star, an achievement that could provide 

insights into the poorly understood dynamo that drives 

our sun’s 11-year activity cycle.  stephen ornes
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The POWER 

of the SEA

BRUCE PARKER

“You will come away with a better understanding of why the sea will leave us 

in awe till the end of time." – Jim Cantore, The Weather Channel

"Mixes hair-raising descriptions of disasters with efforts to understand them... 

a lucid, original contribution to popular-science writing."  – Kirkus Reviews

thepowerofthesea.com

Tsunamis, storm surges, rogue waves, 

and our quest to predict disasters
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Where Punk Rock and 
Evolutionary Biology Overlap
For 30 years, Greg Graffin (left) has fronted the punk band Bad Religion. In his spare time, he got a Ph.D. 
in zoology and now teaches evolutionary biology at UCLA. We spoke with him about his two careers and his 
problem with authority figures in life and in science. discovermagazine.com/web/punk-rock

The Solar System’s 
Most Extreme Places

Our solar system is home to some remarkable 
scenery, including a volcano three times higher than 
Mount Everest and a 60-mile-deep ocean. Come 
along on a sightseeing tour of gas giants, icy moons, 
and the heat-blasted inner planets. 
discovermagazine.com/web/extreme

Bringing Eyesight 
to the Blind

Medical technology is getting closer than ever 
to the elusive goal of restoring eyesight, with 
researchers employing tricks drawn from high-end 
electronics, gene therapy, and stem cell research. 
We highlight some of the most promising and excit-
ing techniques. discovermagazine.com/web/blind

P H O T O  G A L L E R YP H O T O  G A L L E R Y

W E B  E X C L U S I V E

T
O

P
, 

F
R

O
M

 L
E

F
T

: 
A

L
 D

E
 P

E
R

E
Z

; 
N

A
S

A
; 

V
IS

IO
N

C
A

R
E

SCIENCE NOT FICTION

Cosmic Rays: By-product of 
Distant Alien Warfare?

Well, no. Cosmic rays are probably not “muzzle 
flashes from distant alien doomsday weapons.” Kevin 
Grazier describes the strange findings from an Antarc-
tic particle detector that raised the question.

THE LOOM

The Worm in 
Your Brain

Carl Zimmer explains that the 
sophisticated brain cortex we 

humans are so proud of started its development in a 
wormy creature that lived 600 million years ago.

COSMIC VARIANCE

Stephen Hawking 
Settles the God 

Question Once and 
for All

Amid the storm of publicity 
generated by Stephen Hawking’s new book, The Grand 
Design, Sean Carroll video-blogs the physics that led to 
Hawking’s pronouncements about religion.

RIGHT NOW @ 

BLOGS.DISCOVERMAGAZINE.COM

BAD ASTRONOMY

Awesome Death Spiral of 
a Bizarre Star

The dying gasp of a very strange star system is cap-
tured by the Hubble Space Telescope, and Phil Plait ex-
plains how the star’s spacey spiral pattern came to be.
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Keep your finger on the pulse of science as it happens with 80Beats, the 
DISCOVER news aggregator at BLOGS.DISCOVERMAGAZINE.COM/80BEATS.

Oceans

B Y  J E R E M Y 
J A C Q U O T

3.2
 Flow rate, in billions of gallons per second, of a newfound deep-ocean 
current that carries oxygenated water northward from Antarctica, 
ultimately replenishing the deep layers of the Indian and Pacific oceans. 
That flow is equivalent to 40 Amazon Rivers. The largest ocean current 
by flow volume is the Antarctic Circumpolar Current, which averages a 
stunning 34.3 billion gallons per second.
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ENERGY BEAT

Better Biofuels
in her search for a better way to 

put fuel in your tank, biological engi-

neer Ratna Sharma-Shivappa is work-

ing on a chemical juggling act: She is 

trying to break down the problematic 

woody material in grasses without 

harming the energy-containing carbo-

hydrates that the plants also contain. 

If she can perfect the process, it could 

lead to inexpensive biofuels that are 

made from inedible crops—not from 

corn like most of today’s ethanol.

By exposing ground-up miscanthus 

grass (a relative of sugarcane) to ozone 

gas, Sharma-Shivappa and her col-

leagues at North Carolina State Uni-

versity were able to break down the 

tough structural molecule called lig-

nin, allowing them to access the valu-

able carbohydrates without degrading 

them. Enzymes then split the carbs 

into sugars, which are fermented 

to make ethanol. Although ozone is 

pricey, the technique works at room 

temperature and does not require high 

pressure, advantages that Sharma-

Shivappa believes will help keep it 

cost-effective. Next she will test the 

ozone treatment on other potential 

biofuel plants. “
 is should be appli-

cable to most lignin crops,” such as 

switchgrass, she says.

Chemical engineer Rajai Atalla of 

the University of Wisconsin is attack-

ing another � brous plant component, 

cellulose. His aim is to convert it into 

useful glucose, which can then be 

fermented into ethanol. Atalla � nds 

that brie� y soaking corn stover (the 

leftover parts of the plant, such as 

husks) in a solution of sodium hydrox-

ide, ethanol, and water changes the 

molecular structure of the cellulose, 

allowing him to convert nearly twice 

as much of it  as is possible with exist-

ing methods.  valerie ross

Miscanthus 
grass and 
other nonfood 
crops could 
put clean, 
affordable fuel 
in our tanks. 

0.4
Projected drop in seawater pH, from 8.2 to 7.8, by the end of 
the century if present trends hold, according to a 2009 report 
from the National Oceanic and Atmospheric Administration. This 
would represent a 150 percent increase in ocean acidity since 
the beginning of the Industrial Revolution. The change could 
threaten shell-building species, corals, and fish larvae. 

Science
News
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35
Typical salt content of ocean water, in parts per 
thousand (ppt). That includes chlorine, the most 
abundant dissolved element in seawater, at con-
centrations of about 19 ppt, followed by sodium 
(11 ppt), sulfate (2.7 ppt), magnesium (1.3 ppt), 
calcium (0.4 ppt), and potassium (0.4 ppt). 

Number of planets (Earth) known to have oceans. 
But Saturn’s largest moon, Titan, has lakes of 
ethane; smaller Enceladus may have a subsurface 
ocean of fizzy seawater. And Jupiter’s Europa 
may harbor a water ocean beneath its icy surface.1 million

Approximate number of bacterial cells in a typical cubic centimeter 
of ocean water. The total number of microorganisms in the ocean 
may be as high as 1030. They account for at least half of all oceanic 
biomass and produce half of the oxygen in our atmosphere. Collec-
tively, they weigh more than 240 billion African elephants.

250,000 Estimated number of known ocean 
species, according to the decade-
long Census of Marine Life, which 

concluded in October. The census turned up more than 6,000 candidates 
for new marine species. The number of species yet undiscovered, including 
microbes, could run anywhere from a million to hundreds of millions.

≥ Next time you encounter someone 
with a nasty cold, take a good look. 
Psychologists at the University of British 
Columbia report that simply seeing ill 
people may boost the immune system. 
People exposed to photos of sneezes or 
lesions showed an increase in levels of 
a chemical messenger that is normally 
released after contact with microbes.

≥ Those hours of gaming had to be 

good for something. Psychologists at 
the University of Rochester report that 
action gamers made equally good 
decisions more quickly than non-
gamers on tasks requiring a choice 
based on limited information.
 

≥ The Pan-STARRS telescope, designed 
to detect potentially hazardous space 
objects, found its first one—a 150-foot 
asteroid 20 million miles away. The 
rock poses little threat, but its detection 
shows the scope’s unprecedented ability 
to find small objects at large distances.

≥ No wonder bar brawls break out. 
Psychologists in the United States 
and France report that people who 
have drunk alcohol are more likely 
to describe an action as intentional 
rather than accidental, explaining how 
an inadvertent bump in a crowd can 
turn sour.

≥ After the eradication of smallpox 
in 1980, many vaccination programs 

were shut down. Now public-health 
researchers report that a deadly 
disease called monkeypox has 
increased twentyfold in the Demo-
cratic Republic of the Congo over 
the last 30 years. Smallpox vaccines 
apparently provided some protection.  

≥ My opinions are facts, your facts 
are opinions: A study in the Journal of 

Risk Research found that people were 
far more likely to classify a climate 
scientist as an “expert” if his or her 
conclusions matched their own. 

GOOD NEWS BAD NEWS

1
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NEUROLOGY BEAT

How Depression 
Dulls the World

A sad person who says that the 

world looks dull and gray and that 

flowers no longer smell so sweet 

may not just be speaking figura-

tively. Two recent studies from 

Germany provide evidence that 

sensory perception is diminished in 

depressed individuals. 

To determine if depression 

has an effect on vision, neuro-

psychiatrist Ludger Tebartz van 

Elst of the University of Freiburg 

hooked up depressed patients 

and control subjects to a pattern 

electroretinograph, a device that 

measures electrical signals in the 

retina. When viewing black-and-

white checkerboard images, people 

with depression showed markedly 

reduced electrical responses. 

The effect may originate in the 

retina’s amacrine cells, which feed 

sensory input to the neurons in 

the eye. Amacrine cells rely on the 

neurotransmitter dopamine to func-

tion, and mood disorders have been 

linked to dopamine dysfunctions in 

the brain. Tebartz van Elst believes 

the visual response test could 

serve as an objective measure for 

establishing a diagnosis of depres-

sion: “The patients don’t have to 

say anything at all—they just keep 

their eyes open,” he says.

Separately, otorhinolaryn-

gologist Thomas Hummel of the 

University of Dresden Medical 

School explored odor perception in 

depressed patients. Compared with 

control subjects, he found, people 

suffering from depression were 

less able to detect weak smells; 

MRI scans revealed that they had 

smaller olfactory bulbs, the brain 

structures involved in odor percep-

tion. Both Hummel and Tebartz 

van Elst next plan to investigate 

whether the successful treatment 

of depression restores the richness 

of the senses. ELIZA STRICKLAND
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Life Rafts in Space?  Meteorites could theoretically transport primi-
tive life from planet to planet, but the question is whether anything 
could survive the journey of thousands or millions of years in the 
harsh vacuum of space. In August, researchers reported that bacte-
ria survived for more than 18 months on the unprotected exterior of 
the International Space Station. Other experiments have shown that 
lichens, along with microscopic invertebrates called tardigrades, can 
also survive long stretches  in the vacuum. 

Ancient Ingredients  
Flakes rich in calcium and 
aluminum, as old as the so-
lar system itself, probably 
originated in the hot center 
of the flattened, spinning 
disk of gas and dust that 
gave rise to our sun and its 
planets. The flakes were 
incorporated into aster-
oids that later collided 
and crumbled. By model-
ing how the disk evolved 
over time, researchers at 
the University of Chicago 
hope to determine how 
different kinds of material 
spread out through the 
solar system. 

Crash Landing Air resistance typically slows stony 
meteorites to about 200 miles per hour, so they 
land with a relatively soft thud. But a meteorite that 
smashed into the Andes in 2007 generated shock 
waves that toppled a half-ton bull 500 feet away . 
Analysis of the crater suggests the hurtling object 
was traveling at hypersonic speed when it hit; scien-
tists are debating how it maintained such velocity.

Earth is constantly being pelted with debris from outer space. Thousands of tons of mate-

rial rain down on us annually, mostly in the form of dust; many of the bigger chunks break 

up in the atmosphere, but meteorites measuring at least a few feet across reach our 

planet about once a year. Stony meteorites, or chondrites—such as this fragment of the 

Axtell meteorite, found in Texas in 1943—are among the most common larger pieces. They 

are probably fragments of rocky asteroids that crashed into each other. Iron meteorites, 

derived from the shattered cores of larger asteroids, reach Earth only rarely. Chunks of 

the moon and Mars (blasted free by other impacts on those bodies) and comets can also 

make their way here. By analyzing the compositions of these space rocks, researchers are 

piecing together the 4.57-billion-year history of our solar system. MARA GRUNBAUM

Fired in a Stellar Kiln 
 Chondrules—glassy, silicon-
rich spheres abundant in 
some meteorites—formed 
from dust that heated 
quickly, melted into 
droplets, and then cooled 
in just a matter of hours. 
Simulations by Japanese 
astrophysicists suggest 
that shock waves (perhaps 
from high-energy collisions 
in the infant solar system) 
flash-heated the chon-
drules, which then became 
part of larger asteroids.

22
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     Nick
Longrich

Five
Questions
for

What got you interested 

in hunting down long-lost 

species?

In Alaska we had tide pools in 

front of our house. I collected star-

fish; crabs and baby octopuses 

hatched in the spring; I went into 

the mountains to look at the wild-

� owers. I’ve always been a natural-

ist—it’s just that now I’m study-

ing things like fossil birds and a 

giant salamander I discovered in a 

museum drawer while I was look-

ing for dinosaur bones. 

How did you come to be 

digging through the “junk” 

collections of museums?

I was rummaging through drawers in 

the Tyrrell Museum of Palaeontology 

in Canada, looking for a Tyrannosau-

rus rex claw, when I found something 

I’d never seen before. It was a piece 

of Albertonykus—a small, insect-

eating dinosaur. That was the 

� rst dinosaur I named.

Your latest discovery has a jokey-

sounding name, Mojoceratops. 

How did that come about?

I found a fossil dinosaur with a 

funky frill ringing its head in 

another drawer, this one in the 

American Museum of Natural 

History in New York. Later I 

was out digging with a group 

in southern Alberta. After 

a long, hot day, we cracked 

open some beers and the 

subject got on to good dino-

saur names. I just blurted it out: 

Mojoceratops. Afterward, I looked 

into the meaning. “Mojo” means a 

magic charm for getting mates. It was 

perfect, given that frills were probably 

display structures for courtship. We 

have to reexamine our museum collec-

tions because we’ve been missing a lot 

of things for a long time. 

What does it feel like when you handle 

such ancient and rare fossils?

These are beautiful objects, rich in 

color from staining in the ground. 

You can see delicate features where 

blood vessels passed through and 

the attachments of muscles and 

ligaments on the bone. You can see 

where things have been chewed or 

grown over. � e animal has written 

its history in its bones. 

Any tips for other dinosaur hunters? 

For inspiration I listen to Dylan 

while reconstructing fossils. And 

my favorite digging tool is an oys-

ter knife from a fishing store up in 

Kodiak, Alaska. I stop by and pick 

up supplies whenever I visit home. 

 valerie ross

hailing from a family of alaskan fisher-

men, Nick Longrich still comes home each 

year to catch halibut. More often, though, he 

casts his line into the distant past. As a pale-

ontologist at Yale, he has had dramatic suc-

cess scouring dusty museum archives for 

relics of ancient creatures. � e 34-year-old 

Longrich has discovered � ve new dinosaur 

species—most recently Mojoceratops, an 

outlandish 75-million-year-old beast with 

elaborate frills atop its giant head. 
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When antibiotics kill the wrong bacteria, 

harmful bugs thrive.
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BY CLAIRE PANOSIAN DUNAVAN

 NOT LONG AGO, A FRIEND PHONED. HE SOUNDED CHEERFUL UNTIL I ASKED 
about his wife and their summer vacation. Suddenly the energy 

drained from his voice. “Actually, we were grounded,” he confi ded. “Candy 
has had diarrhea for weeks. Her doctor is fi nally running some stool tests.”

“I’m so sorry,” I said, adding—almost by rote—“I hope C. diffi cile is on 
the list.”

The following night, my friend rang again, this time both ebullient and 
relieved. “Guess what? You were right!” he began. “Candy’s C. diff toxin 
was positive. We think the doxycycline she’s been taking for her skin 
set it off. Wow, great diagnosis, Doc.”

By all rights, I should have blushed. In 2010, no special brainwork is 
needed to think of Clostridium diffi cile; it is everywhere. But each time I 
hear about another once-unlikely sufferer like Candy, it takes me back.

Years ago, by pure luck, I witnessed 

the dawn of knowledge concerning 

this now-ubiquitous blight: a toxin-

producing bacterium that thrives in 

the guts of patients whose healthy 

bacteria have been depleted by treat-

ment with antibiotics. � e toxin that 

C. di�  cile pumps out is a protein that 

attacks the lining of the bowel. � is 

can bring on watery diarrhea, and in 

some people the toxin can also trans-

form a previously sturdy intestinal 

lining into a dangerously in� amed rag. 

Which brings me to the most dramatic 

case of the disease that I ever saw.

Back in 1980 I was an infectious 

diseases fellow at Tufts–New England 

Medical Center in Boston. Over the 

preceding � ve years, Tufts research-

ers had painstakingly chipped away 

at the mystery of C. di�  cile infection. 

In particular, they had treated lab 

hamsters with an antibiotic called 

clindamycin; the experiment led to 

the isolation of the disruptive toxin 

that C. di�  cile produces and helped 

bring about a diagnostic stool test. 

After that, apprentice specialists like 

me were often charged with collect-

ing and transporting fecal specimens 

from patients whose diarrhea might 

be linked to antibiotic use.

One weekend, I was called to the 

bedside of a man in his seventies who 

was completing a monthlong course 

of IV antibiotics for an infected heart 

valve. No one speci� cally mentioned 

C. di�  cile. All I knew was that diar-

rhea had plagued the patient for days. 

I expected that I would complete a 

history and physical, then take the 

usual hando� : a container of brownish 

� uid destined for our laboratory fridge. 

To my surprise, a nurse with a worried 

expression stopped me at the patient’s 

door. “Sorry, no stool specimen on this 

one. And if you need to do an exam, 

you’d better be quick. Mr. Murphy’s 

about to go downstairs for an X-ray.”

“Why?” I asked. All of a sudden, 

events weren’t going as anticipated. 

“You didn’t hear? � is morning he 

spiked a fever to 103 and his blood 

pressure crashed. Now his abdomen is 

tender. � e surgeons are on their way.”

I entered the room and introduced 

myself to a frail, motionless man who 

barely nodded in reply. His pulse was 

thready and fast, his belly distended, 

his bowel ominously silent. � e next 

thing I knew, I was walking alongside 

the patient’s gurney as an orderly 

wheeled him to radiology. Twenty 

minutes later, a surgical resident and 

I both gazed in dismay at the � lm on 

the backlit view box. Mr. Murphy’s 

cecum—the pouchlike segment that 

marks the beginning of the large 

intestine—was massively dilated, and 

crescents of air lined the underside of 

his diaphragm.

“He’s perforated his bowel, all right,” 

the resident said grimly. “We’ll take him 

to the OR, but it doesn’t look good. I 

wonder what the heck caused this.”

� at’s when I remembered the ani-

mals in the lab. Cecitis! Although the 

syndrome had not yet been widely 

reported in humans, a � orid in� am-

mation of the cecum almost always 

developed in the clindamycin-treated 

hamsters just before they died. In 

fact, it was the injection of � ltered 

cecal contents from moribund 

hamsters into the intestines of new, 

healthy ones that � rst proved a toxin 

was to blame for the disease later 

credited to C. di�  cile. (At that stage 

in the research, the causative organ-

ism had not yet been identi� ed.)

For a young doctor learning about 

a brand-new malady, it was an 

exciting “Aha!” moment, but we still 

had a patient in crisis. I refocused 

my thoughts on Mr. Murphy. I had 

already expanded his antibiotics 

to cover two infections caused by 

his cecal spill—peritonitis in the 

abdomen and systemic sepsis. Now I 

had a request of the surgical resident 

who would oversee his care.

“We have to add van comycin to 

his regimen,” I said. “I know he won’t 

be able to take it by mouth after sur-

gery. Can the nurses give it by rectal 

enema? It’s really important.”

He looked dubious—and distracted. 

“If you say so. Just write what you 

want in the chart, OK? Right now I’ve 

got to call my chief.”
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Clostridium difficile, seen in a colorized micrograph, 
produces a toxin that can cause intestinal disease.
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	 e resident was true to his word, but 

in the end even the best operative skill and 

post-op care and the drug that remains the 

gold standard for treating severe cases of C. 

di�  cile couldn’t rescue Mr. Murphy. It was 

small comfort that 
 uid obtained from his 

cecum at surgery did indeed test positive for 

C. di�  cile toxin—or that, at postmortem, 

his colon revealed classic “pseudo-membra-

nous” ulcers and nodules. Simply put, our 

diagnosis had come too late.

today awareness of C. di�  cile is higher, 

and most cases are treated far earlier, but 

that doesn’t mean the organism is any less 

virulent. On the contrary, in the past decade 

we’ve seen a surge in the number and sever ity 

of cases. Ever-widening use of antibiotics is 

one reason; so is the emergence of a newly 

mutated strain that recurs in at least 25 

percent of treated patients. In one recent 

study conducted in 28 community hospitals 

in the Southeast, C. di�  cile surpassed MRSA 

(methicillin-resistant Staphylococcus aureus) 

as the leading hospital-acquired infection. 

Overall, the microbe is now thought to a�  ict 

3 million Americans each year.

In recent years we have also learned that 

C. di�  cile spores, which transmit the infec-

tion, are crafty and tough. Not only can they 

spread to new victims via health-care work-

ers’ hands, but they resist many disinfectants 

and can survive for months to years on con-

taminated surfaces. 	 is knowledge has led 

to greater emphasis on environmental con-

trol of the pathogen in health-care settings. 

Key ways to limit its spread include the isola-

tion of patients in single-person rooms at the 

onset of diarrhea, robust terminal cleaning of 

those rooms after hospital discharge, and a 

near-obsessive focus on hand-washing (and 

sometimes use of gowns and gloves) by visi-

tors and health-care workers alike.

	 e bacterium is proli� c. C. di�  cile 

patients with active diarrhea excrete 10,000 

to 10 million organisms per gram of feces; a 

gram corresponds to just a quarter-teaspoon. 

Fortunately, not everyone exposed to these 

microbes  develops full-blown diarrhea or 

worse. Only one-third of people who carry 

C. di�  cile organisms in their intestine—

roughly 3 percent of healthy adults and up 

to 40 percent of hospitalized patients—

actually get sick. So what increases the risk 

of overt toxin-induced disease? Besides 

prior antibiotic use, factors range from 

extremes of age and immune-compromis-

ing drugs to the common acid-reducing 

agents called proton-pump inhibitors 

(drugs such as Nexium or Prilosec). 

Once in a while, we even see C. di�  cile 

patients with no signi� cant antibiotic his-

tory. Not long ago I asked a doctor who runs 

the infection control program at my hospital 

if any examples stood out in his mind. “One 

recent patient caught me by surprise,” my 

usually un
 appable colleague admitted. 

He described a healthy woman in her 

forties who hadn’t taken an antibiotic in 

years. She developed C. di�  cile diarrhea 

following a routine colonoscopy to screen 

for cancer. Presumably, the combina-

tion of a thoroughgoing bowel prep and a 

spore-tainted scope allowed the infection 

to take hold and release its toxin. 	 e toxin, 

in turn, damaged her intestinal lining, 

producing symptomatic disease.

As with my friend Candy, a single course 

of oral vancomycin, taken four times a day, 

quashed this patient’s illness. Although 

antibiotics can sometimes harm us, most of 

the time, when used appropriately, they still 

save the day. 
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BY CARL ZIMMER

Older than civilization, music fosters 

communication, wellness, and bonding across 

all cultures—but where does it come from?

 WHEN CHARLES DARWIN LISTENED TO MUSIC, HE ASKED HIMSELF, 
what is it for? Philosophers had pondered the mathematical 

beauty of music for thousands of years, but Darwin wondered about its 
connection to biology. Humans make music just as beavers build dams 
and peacocks show off their tail feathers, he reasoned, so music must 
have evolved. What drove its evolution was hard for him to divine, 
however. “As neither the enjoyment nor the capacity of producing musi-
cal notes are faculties of the least direct use to man in reference to his 
ordinary habits of life, they must be ranked among the most mysterious 
with which he is endowed,” Darwin wrote in 1871.

Today a number of scientists are trying to solve that mystery by look-
ing at music right where we experience it: in the brain. They are scanning 
the activity that music triggers in our neurons and observing how music

tists still sign on to this interpretation.

Dean Falk of the School for 

Advanced Research in Santa Fe, New 

Mexico, and Ellen Dissanayake of the 

University of Washington at Seattle 

accept the idea that a predisposition 

to music is hardwired, but they think 

Darwin misunderstood its primary 

function. 	 ey suggest that music 

evolved not only to serve love but also 

to soothe its aftermath. Mothers coo 

to their babies in a melodious sing-

song sometimes called motherese, a 

behavior that is unique to humans. 

Motherese is much the same in all 

cultures; its pitches are higher and 

its tempo slower than adult speech. 

What’s more, motherese is important 

for forming bonds between mother 

and child. Falk and Dissanayake argue 

that the fundamentals of music 
 rst 

arose because it helped form these 

bonds; once the elements of music 

were laid down, adults were able to 

enjoy it as well.

A third faction holds that music 

evolved not from any one-on-one 

experience but as a way to bring 

groups together. Robin Dunbar, a 

psychologist at the University of 

Oxford, is now running experiments 

to test the idea that music evolved to 

strengthen the emotional bonds in 

small groups of hominids. 

Dunbar has spent much of his 

career studying bands of primates. 

One of the most important things 

they do to keep the peace is groom 

one another. Grooming triggers the 

primate brain’s hypothalamus to 

release endorphins, neurotransmitters 

that ease pain and promote a feeling 

of well-being. Our early ancestors may 

have engaged in similar behavior. As 

humans evolved, though, they started 

congregating in larger groups. By the 

time the average group size hit about 

150, grooming was no longer practical.

Music evolved, Dunbar proposes, 

because it could do what grooming 

could no longer do. Large gatherings of 

people could sing and dance together, 

strengthening their bonds. In a few 

studies, researchers have found that 

listening to music can raise the level 

of endorphins in the bloodstream, just 

as grooming can. Recently, Dunbar 

and his colleagues ran experiments 

to learn more about music’s soothing 

e� ects. If music was important for 

forging social bonds, then perform-

ing music (not just listening to it) 

might release endorphins too.

Dunbar and his colleagues studied 

people who played music or danced 

together in church groups, samba 

classes, drumming circles, and the 

like. After the performances, the sci-

entists made an indirect measure of 

the endorphin levels in the perform-

ers’ bodies, putting blood pressure 

cu� s on people’s arms and in� ating 

them until the subjects complained 

of pain. (Since endorphins kill pain, 

a higher pain threshold indicates 

elevated levels of the compounds.) 

	 e researchers then repeated 

the procedure with employees of 

a musical instrument store who 

listened passively to constant 

alters our biochemistry. But far 

from settling on a single answer, the 

researchers are in a pitched debate 

over music. Some argue that it 

evolved in our ancestors because it 

allowed them to have more children. 

Others see it as merely a fortunate 

accident of a complex brain.

In many ways music appears to be 

hardwired in us. Anthropologists have 

yet to discover a single human culture 

without its own form of music. Chil-

dren don’t need any formal training 

to learn how to sing and dance. And 

music existed long before modern 

civilization. In 2008 archaeologists in 

Germany discovered the remains of a 

35,000-year-old � ute. Music, in other 

words, is universal, easily learned, 

and ancient. 	 at’s what you would 

expect of an instinct that evolved in 

our distant ancestors. 

Darwin himself believed that music 

evolved as a primordial love song. In 

other species, males make rhythmic 

grunts, screeches, and chirps to 

attract mates. “Musical tones and 

rhythm were used by the half-human 

progenitors of man, during the season 

of courtship, when animals of all kinds 

are excited by the strongest passions,” 

he proposed in � e Descent of Man. 

And today, 139 years later, some scien-
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background music. People who 

actively moved their bodies to 

music—dancers, drummers, 

and so on—had elevated pain 

thresholds, but no such e
 ect 

showed up among those who 

merely listened.

aniruddh patel, an expert on 

music and the brain at the 

Neurosciences Institute in La 

Jolla, California, � nds Dunbar’s 

research unconvincing. If music 

evolved as a substitute for 

grooming, he notes, then you 

would expect that people with 

social impairments would have 

trouble with music. � ose with 

autism have no trouble perceiv-

ing music, however. In fact, 

psychologist Rory Allen of Gold-

smiths, University of London, has 

found that they have the same 

physical responses to emotional 

music that typical people do. 

In rejecting music as an evo-

lutionary adaptation, Patel car-

ries on an old tradition. William 

James, the pioneering psycholo-

gist, declared in 1890 that music 

was “a mere incidental pecu-

liarity of the nervous system.” 

Rather than evolving as some 

essential adaptation, it “entered 

the mind by the back stairs,” 

James wrote. Harvard psycholo-

gist Steven Pinker echoed this 

view in his 1997 best-selling 

book, How the Mind Works. “As 

far as biological cause and e
 ect 

are concerned, music is useless,” 

he declared. Music is a by-prod-

uct of how we communicate 

with each other—nothing more 

than “auditory cheesecake,” in 

Pinker’s words.

In the 13 years since Pinker 

coined that fetching phrase, neu-

roscientists such as Patel have 

collected evidence that supports 

the auditory cheesecake hypoth-

esis, but only up to a point. 

When Patel and his colleagues 

examined the parts of the brain 

that handle di
 erent aspects of 

music—tone, rhythm, and so 

on—they found that there is no 

special lobe uniquely dedicated 

to those particular jobs. It looks 

as if music is riding the coattails 

of other parts of the brain that 

evolved for other functions.

In a chapter of the recent 

book Emerging Disciplines, Patel 

describes how that borrowing 

process might work. Listening to 

the tones in instrumental music, 

for example, activates language 

regions of the brain that also 

process words and syntax. � ose 

regions may make sense of tones 

by parsing melodies almost as if 

they were sentences. To keep a 

beat, Patel’s research suggests, 

we co-opt the brain network that 

links our hearing and the control 

of our muscles. � is network’s 

main job is to allow us to learn 

new words. When babies start 

learning to speak, all words are 

just arbitrary sounds. To match 

their own vocalizations to the 

words they hear, they need a way 

to precisely adjust their tongue 

and vocal cords to mimic the 

sounds of those words. As adults, 

we can use this connection 

between hearing and muscles to 

keep a beat—but that is merely 

a side e
 ect of being able to 

imitate sound.

To explore these ideas, 

researchers are looking at 

animals that have the same 

skills. Vocal learning is rare in 

the animal kingdom. Only a few 

groups of birds and mammals 

can do it. Even our closest 

chimpanzee relatives can’t. 

Keeping a beat is rare as well. 

In recent experiments, Hugo 

Merchant and his colleagues 

at the National Autonomous 

University of Mexico tried to 

train rhesus monkeys to tap a 

button in sync with a metro-

nome. � e monkeys failed, even 

after thousands of trials. 

Intriguingly, some birds can 

master rhythm. Since 2008 Patel 

and his colleagues have been 

studying a cockatoo named 

Snowball. He can dance to 

any music with a strong beat, 

although he seems particularly 

fond of Cyndi Lauper and the 

Backstreet Boys. Patel doesn’t 

think it is a coincidence that 

Snowball belongs to a lineage of 

birds that excel at vocal learn-

ing. Like us, Snowball may be 

borrowing his vocal learning 

equipment to dance. Patel con-

cludes that music is a cultural 

invention, not an evolutionary 

adaptation. 

Regardless of how it arose 

long ago, music can exert a 

powerful e
 ect on the brain right 

now. � e brains of longtime 

musicians are transformed 

by years of practice, much as 

playing basketball or juggling 

can rewire the brain. In the past 

couple of years, neuroscientists 

have discovered that simply 

listening to music can change 

the brain too. Last year Sylvain 

Moreno of York University in 

Toronto and his colleagues 

showed that giving third graders 

Scientists are 
scanning 
the activity 
that music
triggers in our 
neurons 
and observing 
how music 
alters our 
biochemistry.

nine months of music classes 

improved their ability to read. In 

a 2008 study, Finnish psycholo-

gists had stroke patients spend 

two months listening to music. 

Six months later, the patients 

had better verbal memory and 

attention than stroke victims 

who had not had music therapy. 

Some victims of stroke lose 

the ability to speak, and for these 

people music can have an espe-

cially great bene� t. In a treat-

ment called melodic intonation 

therapy, stroke patients practice 

singing short sentences as they 

tap out the rhythm. Gradually 

they increase the length of the 

sung sentences until reaching 

the point where they can start to 

speak. Gottfried Schlaug, a neuro-

scientist at Harvard Medical 

School, has found that melodic 

intonation therapy creates 

profound changes in the brain. 

In particular, it thickens a bundle 

of nerve � bers called the arcuate 

fasciculus, an information high-

way crucial for using language.

So music may take advantage 

of the circuits that evolved for 

vocal learning, but once people 

invented it, Patel suggests, music 

e	  ciently spread from culture to 

culture because of its emo-

tional appeal. Music proved to 

be a valuable tool to bring people 

together in ritual chants, tapping 

parts of the brain that normally 

detect emotions in other people’s 

speech. Music also proved to be 

a great aid for memory, and so 

people used it when performing 

religious ceremonies and recit-

ing epic tales like � e Odyssey. 

Darwin had a hard time � guring 

out what music was good for, but 

our ancestors apparently had no 

trouble at all. 

Some of DISCOVER blogger 
Carl Zimmer’s recent columns are 
included in his new ebook, Brain 
Cuttings: Fifteen Journeys Through 
the Mind. For more information, 
visit carlzimmer.com/books/
braincuttings/
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The return of Tron caps off 

a year fi lled with unobtanium, 

planetary rock and roll, and 

the continued nerd-culture take-

over of your TV. We bring you 

the best, worst, and geekiest of 

2010, plus what to expect in 2011.  

By A N DR EW  MO SE M A N

of
BEST
HOT

SCIENCE
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Tron: Legacy
Twenty-eight years after Jeff Bridges 
fell into the world of Tron, that digital 
universe returns this December. We talk with 
the sequel’s director, Joseph Kosinski.

Why return to Tron? The original Tron was conceptually 

so far ahead of its time with this notion of a digital version 

of yourself in cyberspace. I think people had a hard time 

relating to it in the early 1980s. We’ve caught up to that 

idea. Today it’s second nature. 

What did you keep from the original? Kevin Flynn, played 

by Jeff Bridges, bridges the gap between the original and 

ours. We brought back Clu, Jeff’s avatar. Kevin is now 60 

years old, where Clu is frozen at 35 years old. To expand 

on that, we’ve introduced Sam Flynn, Kevin Flynn’s son. We 

follow his journey as he goes back into the computer to
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look for his father, who dis-

appeared 20 years earlier.

With the advances in 

computing and filmmaking 

since 1982, you could do just 

about anything with Tron: 

Legacy. How did you  

keep it grounded? I didn’t 

want to make a movie about 

the Internet. It can make 

your movie feel dated the 

weekend after it comes out. 

I really liked the idea that this 

was a closed-off system like 

the Galápagos Islands, where 

the simulation has been con-

stantly evolving and growing 

on some server locked away. 

Today you read about 

these kinds of life simula-

tions, where you program 

digital organisms that grow 

and mutate. We’re saying 

Kevin Flynn was such a bril-

liant, far-ahead-thinking guy 

that he was experimenting in 

these new types of code.  

Was there anything the 

original directors wanted to 

do, but couldn’t with 1982 

technology, that you now 

had the ability to include?

One thing that’s special in 

our film is the illuminated 

suits. All our suits are self-

powered. The characters 

can illuminate one another’s 

faces and reflect in the floor 

and the walls around them, 

or light up a room when you 

turn the lights out.

Or take the lightcycle game: 

The original is a 2-D board 

where you try to cut off the 

guy in front of you with right-

angle turns. We’ve taken the 

90-degree restrictions away 

so they move like real racing 

bikes with big, sweeping turns. 

And we’ve taken away the 

two-dimensionality. Now it’s a 

multilevel game board.

We invented some new 

games, but I’m going to keep 

those to myself for now.

What did Tron get right about 

the future? I think both films 

touch on the importance of 

maintaining human connec-

tion in an increasingly digital 

world. That’s a strong ele-

ment in our film—the connec-

tion between father and son. 

It’s something that we all deal 

with every day: being able to 

unplug ourselves and focus 

on the people around us.

MOVIES

GOOD &    BAD    2010th
e

th
e

fo
r

 OVERACHIEVERS 

Inception Film of the year, hands 
down, and a reliable conversation 
starter even if you didn’t like it. 
Whatever missteps director Chris-
topher Nolan made with his long-
awaited masterpiece, Inception is an 
original idea that rises far above a 
sea of sequels and remakes. 

Iron Man 2 Tony Stark’s return 
suffers from superhero sequel 
syndrome, with too many plot 
lines stuffed into its running time. 
Imper fections aside, though, Mickey 
Rourke’s accented villainy and Rob-
ert Downey Jr.’s swagger provided 
some much-needed fun last summer. 

Predators Yet another Predator
film, this time starring Topher Grace 
and Adrien Brody. Unlike recent 
franchise misfires, the result is an en-
joyable experience. Credit the magic 
touch of producer Robert Rodriguez. 

127 Hours Danny Boyle (Slumdog 
Millionaire) turns the tale of Aron 
Ralston—a hiker who had to amputate 
his own arm to escape death—into a 
lively psychological thriller. But be 
warned, the self-surgery scenes are 
not for the squeamish.

 UNDERACHIEVERS 

Creation Fortunately, this British 
biopic of Charles Darwin found its way 
to the States. Unfortunately, the film 
hinders its star, Paul Bettany, by 
keeping him sickly and homebound, 
mired in melodramatic worry over 
the religious implications of his great 
notion: evolution.

The Book of Eli It’s not that this is 
a bad film. The Book of Eli just never 
creates enough character depth or 
dark ambience to sustain its sparse, 
postapocalyptic world. 

Clash of the Titans Think 300, but 
made and adapted for 3-D in a rush. 
Then let us not think of it again.

Repo Men An interesting premise 
(you lose your artificial organs if you 
don’t make your payments) becomes 
a dull rehash of the Minority Report
enforcer-turned-prey story line.

Garrett Hedlund 
(right) plays Sam 

Flynn, in search 
of his lost father, 
Kevin (played by 
Jeff Bridges), in 

Tron: Legacy.
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In Avatar you pay extraordinary 

attention to what physics and biol-

ogy can actually do. Why was that 

so important to you? We try to be as 

plausible as possible about the astro-

physics and creating a solar system 

with a system of moons, and then 

the atmospheric conditions, even the 

magnetic fields of the Flux Vortex. But 

ultimately, we’re reverse-engineering 

a fantasy, and the fantasy image takes 

precedence for me in that story. If I 

want floating mountains, we’re gonna 

have floating mountains. 

How much does science fiction need 

to be derived from the real world in 

order to ring true? If you’re outland-

ish all the time, you’ve got no place 

to hang your hat. People have to 

feel connections to things that they 

recognize, even down to the design 

of the Naví. There’s no plausible 

justification—unless you go to some 

really arcane explanation—for the Naví 

to look that human. It’s just that sci-

ence fiction is not made for a galactic 

audience. It’s made by human beings 

for human beings.

When you see a movie that’s fully 

realized, you forget that you’re in 

the movie theater. And when you 

see a movie that’s not, you have 

the uncomfortable sensation of just 

sitting in your seat. What makes the 

difference? The audience is not only 

willing to be transported but ready 

to be transported. The objective with 

Avatar was trying to induce in the 

audience a waking dreamlike state. I 

think the 3-D adds to that. The verisi-

militude in the CG [computer gener-

ated] effects and the attention to little 

things—like the way the rotor from the 

vehicle moves the grass as it comes in 

for a landing—are constantly bombard-

ing you with subliminal stimuli that are 

telling you that what you’re seeing is 

real, even though you know you’re 

sitting in a movie theater. You suspend 

that sense of your actual corporeal 

existence, and you go through the 

screen. Your consciousness starts to 

frolic around in that world. Whatever 

happens after that in the story has 

more impact as a result.

If you’re still working 30 years from 

now, what do you hope moviemak-

ing will be like? The more it changes 

in technology, the more it’s going to 

stay the same in storytelling. It’s about 

people, emotions, human interaction, 

hopes and fears. Visually, I think we’re 

starting to approach a point—if we 

haven’t already—where we’re limited 

only by the imagination of the film-

maker and the designers. In terms of 

the technology, home displays will get 

bigger, more immersive. If you want to 

take it to an extreme, we might have 

goggles that we put on with laser 

systems that write directly onto the 

retina and fill the entire field of view 

with a narrative image, kind of like 

Omnimax. Ultimately, though, I think 

you’ll still have big, dark rooms with a 

lot of people in them.

Avatar

 Going green An emerald superhero double-

header begins with Seth Rogen in � e Green 

Hornet in January, followed in June by the Ryan 

Reynolds–led Green Lantern. � e comic cascade 

continues (less colorfully) with X-Men: First Class, 

a June prequel to the 2000s’ trilogy.

 They’re watching you � e Adjustment 

Bureau, a paranoid thriller based on yet another 

Philip K. Dick story, is slated for March. 

 Tripping through time Director Duncan 

Jones follows up his ingenious debut feature, 

Moon, with Source Code, an April release that 

promises to tease the mind with time loops. 

 Primate redux With James Franco in the lead 

and a political undercurrent about animal testing, 

Rise of the Apes reboots the reboot of the Planet of 

the Apes franchise in June. 

 Loud things come in threes Transformers 3, 

this time with no Megan Fox, arrives in July.

 You’ll have to wait for 2012 � e untitled 

Star Trek sequel, Chris Nolan’s follow-up to � e 

Dark Knight, the (why do we need this already?) 

Spider-Man reboot, � e Avengers, and—for old 

time’s sake—Men in Black III. 

On Deck for 2011

James Cameron’s 

vision of the 

moon Pandora 

was inspired by 

studies of Earth’s 

biodiversity. 

Sequels, superheroes, and thrillers hit 
theaters in force next year.

Avatar opened at the end of 
2009, but James Cameron’s 
opus dominated the talk 
about fi lms and fi lmmaking 
long into this year. DISCOVER

editor Corey S. Powell spoke 
with the renowned director.
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Futurama Professor Farnsworth 

invents a mind-switching machine, 

but no two bodies can switch 

minds twice, leaving the Planet 

Express crew all mixed up. � e 

professor declares that there’s only 

one way out of the predicament: 

“I’m afraid we need to use…math!” 

Fortunately, the Harlem Globe-

trotters—who are genius math-

ematicians in this version of the 

future—show up and prove that 

with two extra people, everybody’s 

mind can return to the right body.

The Colbert Report In March, 

physicist/author/discover blogger 

Sean Carroll tried to explain to Col-

bert that it is still an open question 

in physics why the future is di� erent 

from the past, and why people don’t 

remember the future. 

The Big Bang Theory We could 

pick a dozen moments from televi-

sion’s stereotypically geeky jugger-

naut, but let’s take the season � nale, 

in which the boys try to shoot a laser 

from their rooftop that bounces o�  

the moon and returns to Earth. � is 

is possible because both the United 

States and the Soviet Union left 

re� ectors on the lunar surface.

Jimmy Kimmel Live Justin Long, 

of “I’m a Mac” fame, explains the 

bewildering world of text message 

spelling, showing the TV audience 

a lengthy exchange with someone 

who mistakenly believes he’s her 

friend Eduardo. After Long butchers 

the English language into text spell-

ings for days on end, she � nally calls 

him out for misspelling the name 

of tween heartthrob Justin Bieber. 

� at’s B-I-E-B-E-R.

Breaking Bad Chemistry teacher-

turned-methamphetamine maker 

Walter freaks out when the input/

output yields in his illicit operation 

don’t add up, leaving him and his 

assistant racing through the possible 

reasons for this experimental error: 

Evaporation? Condensation? Spill-

age? It’s a chemist’s nightmare.  

Five Geektastic Moments From 
a Year in Television

Stephen Colbert (above) featured appearances by space entrepreneur Elon Musk, 

science writer Rebecca Skloot, and physicist Michio Kaku in 2010.

 Planets by one ring zero  � e great kerfu
  e over Pluto’s 

demotion from planet status inspired dismay, confusion (see 

“Why Size Matters,” page 58), and � nally, music.

� e Brooklyn band One Ring Zero transformed astronom-

ical controversy into song with the album Planets (a nod to 

the nearly century-old Gustav Holst suite), which arrived 

in stores in September. � e band’s reputation for stylistic 

eclecticism is well displayed here. “Mercury” jumps abruptly 

from a quiet, folky tune to a trumpet-led composition that 

owes something to Herb Alpert & the Tijuana Brass. “Venus” 

opens with a Turkish tinge and segues into a sing-along. 

“Mars: Part II” is a waltz. All the planets—and dwarf planet 

Pluto, too—get a nod, as do Jupiter’s myriad moons and the 

exoplanets. Even without subject matter so close to discover’s 

heart, Planets would still be a plain old good listen.

Brush up on Holst’s original by listening to a great perfor-

mance like the one delivered by Charles Dutoit and the Montreal 

Symphony Orchestra. � en keep your eyes open for another 

imagining of � e Planets: Hip-hop legend Dr. Dre promises a 

forthcoming record about the worlds of the solar system.  

 The Brain by prince ea  � is prince may be the king of 

brainy hip-hop. � e unsigned young rapper won a Vibe maga-

zine contest for young stars in 2008 and this year indepen-

dently released “� e Brain,” which you can buy on iTunes or 

watch on YouTube. Prince Ea’s verses document the evolu-

tionary history and the parts of our cranial organ through 

unexpectedly serious rhymes like “� e carnivore threat had 

us stressed/Til the neurons started to � re like a Corvette.” 

Listen and get schooled. 

MUSIC
Astronomical rock and hip-hop neuroscience educated our ears in 2010.

E
R

IN
 P

A
T

R
IC

E
 O

’B
R

IE
N

34

DISCOVER

DV1210HOTSCI7B1-6_QG.indd   34 10/7/10   11:21 PM

worldmagsworldmags

worldmags



Don’t tell One Ring Zero that Pluto isn’t a planet. The 
band’s new album includes a nod to the demoted world.

HOT
SCIENCE
BEST

of

BOOKS
What surprised you most about life 

in space? The extent of difficulties 

with the toilet was unbelievable. Not 

just for the person using it in space, 

but also in testing the toilet on Earth. 

That means taking the whole thing 

up on the vomit comet and having 

some poor guy go on demand. That 

doesn’t work. Who can do that? So 

these folks at NASA came up with 

a fecal simulant—this high-fidelity 

simulated stuff you could use to 

make sure it was going to be pulled 

away by the airflow.

There’s layer upon layer of difficulty. 

Every part of the body is affected: 

your stomach, your bladder. You’re 

two to three inches taller. There’s a 

whole debate over whether or not 

men have noticeably more erections 

in space. Name a body part and it 

seems like there’s something wonky 

going on with it.

Has all this knowledge heightened 

or lessened your desire to go into 

space? If it’s a two-week jaunt to 

the moon? Yes, please, sign me up. 

It’d be incredible. But Mars? Two 

or three years? No. I’m the wrong 

personality. They’d have to just drug 

me and tie me up somewhere. 

Your book came out right in the 

middle of the political debate over 

NASA’s future. Why should we still 

send people to Mars? The Inter-

national Space Station has been 

a 10-year exercise in global space 

cooperation. The whole idea was get-

ting ready for Mars. 

I would love to see an international 

Mars mission, where you split the cost. 

Do it that way, rather than saying, “I 

want to get there and plant the flag 

first.” Everyone would be watching.

Packing for Mars

Packing for Mars author Mary Roach.

 The Immortal Life 

 of Henrietta Lacks  
 by rebecca skloot 
Skloot gained unprecedented 

access to the family and life 

story of Lacks, whose namesake 

HeLa cells became a standard 

tool of biomedical research.

 The Grand Design 

 by stephen hawking and 

 leonard mlodinow 

Hawking’s own arguments about 

the multiverse and whether 

God was needed to kick-start 

the Big Bang are more interest-

ing than the sensationalist 

press reports about the book.

 Solar 

 by ian mcewan 

� e novel’s over-the-hill Nobel 

laureate protagonist, Michael 

Beard, uproariously attempts 

to cling to relevance.

2010 Must-Reads
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 Drawing the Map of Life 

 by victor mcelheny 

A stirring explanation of why the 

Human Genome Project—which 

mapped our DNA—matters.

 Present at the Creation 

 by amir aczel 

Aczel skillfully weaves two histo-

ries: that of the science leading 

to the Large Hadron Collider, 

and that of the collider itself.

 The Poisoner’s Handbook 

 by deborah blum 

How forensic medicine was 

born in the seedy underbelly of 

1920s New York City .

 Hubble: A Journey 

 Through Space and Time 

 by edward weiler 

� e story of the telescope, 

and the universe it brought into 

view, right on your co� ee table.

Overlooked Gems

Having tackled ghosts, 
sex, and the sordid science of 
cadavers in previous books, 
Mary Roach went to space in 
2010—in subject matter, 
at least—in Packing for Mars. 
The book details the surpris-
ing diffi culties of everyday 
life in zero-g, including going 
to the bathroom, getting sick, 
and having sex (although 
NASA shies away from send-
ing up married couples). Her 
research also took Roach to 
eye-opening, and sometimes 
nauseating, places. 

What adventures did you undertake 

while writing the book? Packing 

for Mars had moments of extreme, 

unbeatable fun, like the zero-gravity 

flight in an airplane nicknamed the 

“vomit comet” [which nosedives 

for 20 to 25 seconds at a time to 

produce weightlessness inside]. I was 

also up on Devon Island, in northern 

Canada, when they were doing a 

very early simulated lunar expedition. 

Parts of Devon Island really do look 

like the moon. So you can geek out, 

like, “Oooh, I’m on the moon.”
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it wasn’t so long ago that the

world’s nations looked like they were 

teed up to take drastic action to 

address climate change. A major e� ort 

could yet emerge, but the zeitgeist has 

turned, according to 2010’s books. If 

we stay the course, here is what they 

anticipate in our heated-up future.


 e Big Apple catches a break in 

Heidi Cullen’s thought experiment 

� e Weather of the Future. Blackouts 

and hurricane near-misses terrify 

New Yorkers into erecting barriers to 

keep the big one at bay. In � e Flooded 

Visions of a 
Globally Warmed 
Future

Get that lightsaber ready: “Star Wars: The Old Republic” 
takes you to a galaxy far, far away in 2011.

Earth, another speculative forecast , 

Miami doesn’t fare so well. Author 

Peter D. Ward sees the United States 

blowing its cash to save New York, 

leaving South Beach to drown. 


 e future belongs to the North 

in Laurence C. Smith’s � e World in 

2050. Smith envisions the high Arctic 

riddled with boomtowns when indus-

try arrives—energy companies chief 

among them. � e Future History of the 

Arctic, by Charles Emmerson, predicts 

that the � ve nations with Arctic terri-

tory will keep the spoils for themselves 

once open water invites exploration.

Matthew Kahn’s Climatopolis tries 

to see the bright side: We are an adap-

tive species, so we will adapt. But Bill 

McKibben argues that we have already 

created a fundamentally new planet, 

one he calls Eaarth, and there is no 

turning back.

February. Players take command of their own ships 

in the midst of a war set 30 years after the events in the 

� lm Star Trek: Nemesis (not the recent Star Trek reboot).

Star Wars themes have been an MMO mainstay since 

the launch of “Galaxies” in 2003. 
 e franchise gets a 

major upgrade with the long-awaited “
 e Old Republic,” 

set for release in early 2011. 
 e game takes place during 

a struggle between Republic and Sith more than 3,500 

years before the events in the Star Wars � lms. 

 TiVo Premiere  With Net� ix, Rhapsody, and your 

personal music library connected through the TiVo 

box, you are one step closer to grand uni� cation.

 Ford Applink  An upgrade to the Sync voice 

recognition system, debuting in the automaker’s 

Fiesta, lets drivers control Twitter and music play-

lists hands-free , through their smart phones.

We Also Like...

Powering Up
your smart phone does more jobs than ever. it 

also asks for more juice than ever. 

Wireless charging stations are this year’s gift of choice 

for extreme wireless users. A charger made by the energy 

start-up Powermat lets you place your smart phone or 

other device on a smooth black pad, where it charges 

through magnetic induction. Energizer and Duracell also 

have recently rolled out wireless charging platforms.  
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MUSEUMS
The best exhibits to hit in 2011

 Brain: The Inside Story 
Walk through an immersive light show 
representing billions of perpetually crack-
ling neurons, and see how playing music 
and speaking foreign languages stimulate 
different parts of your gray matter. 
American Museum of Natural History, New 
York City. Opens November 20, 2010.

 All That Glitters  
The shifting and grinding below Earth’s 
surface that creates diamonds and emer-
alds will be on display here. There will be 
glitter, too, with a Mexican fire opal and a 
240-piece  diamond butterfly.
San Diego Natural History Museum. 
Open now.

 Leonardo da Vinci’s Workshop 
See a re-creation of the place where the 
famed polymath imagined and sketched 

his wonders. Don’t miss the world’s first 
working model of one clever Leonardo 
creation: the Self-Propelled Cart.
Franklin Institute, Philadelphia. Opens 
February 5, 2011.

 Expedition Health 
Visitors can go to extremes in this 
sprawling exhibit, which shows how the 
human body adapts to altitude by taking 
you through a virtual expedition to a 
Colorado mountain summit.
Museum of Nature and Science, Denver. 
Open now.

 Journey to the Stars 
The Western Hemisphere’s oldest plan-
etarium hosts this acclaimed tour of the 
stars, narrated by Whoopi Goldberg.
Adler Planetarium, Chicago. Open now.
 WILL HUNT

Star Trek Online 
& Star Wars: 
The Old Republic
star wars or star trek: which-

ever universe you prefer, you can 

lose yourself in it online. 
 e two 

iconic sci-�  franchises are making a 

big splash with massively multiplayer 

online (MMO) games that thousands 

of people around the world can 

participate in simultaneously. 

“Star Trek Online” debuted in 
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We all know that beneath the bewitch-
ing surface of music, beyond the 
joy or excitement or even heart-

ache this beautiful language of sound can stir 
within us, lies the often mysterious realm of 
music theory—a complex structure of sonic 
and creative resources composers draw on. 

No matter what music we listen to—sym-
phony or string quartet, saxophone solo or 
vocal ballad, hip-hop or Gregorian chant—
we’ve felt those effects all our lives, even if 
we didn’t know how they were achieved, or 
how the musical “language” those composers 
were using worked.

But what if you could know how those 
effects were achieved? What if you could 
learn to understand the often-intimidating 
language of key signatures, pitch, mode, 
melody, meter, and other parts of musical 
structure used by composers? And be able to 
recognize these various components at work 
as you listened to your favorite music? What 
if you could speak the language of Western 
music?

It’s a language that Professor Robert 
Greenberg calls rich, varied, and magnifi-
cent, and he has little doubt about the 
rewards of even a beginning level of fluency. 
“It’s a language that pays us back tenfold—a 
hundredfold—for every detail we come to 
recognize and perceive! And it’s a language 
that will only get richer and more varied, as 
our increasingly global culture contributes 
ever more vocabulary to it.”

In Understanding the Fundamentals of 
Music, Professor Greenberg offers a spirited 
introduction to this magnificent language—
nimbly avoiding what for many of us has 
long been the principal roadblock, the need 
to read music.  

For anyone wanting to master music’s 
language, intensive study of musical notation 
is fundamental. But this course, as Professor 
Greenberg notes, is a basic course, designed 
to introduce you to music’s language similar 
to the way you learned your own native lan-
guage, by “discovering and exploring musical 
syntax through our ears—by learning what 

About Our Sale Price Policy
Why is the sale price for this course so 

much lower than its standard price? Every 
course we make goes on sale at least once a 
year. Producing large quantities of only the 
sale courses keeps costs down and allows us 
to pass the savings on to you. This approach 
also enables us to fill your order immediately: 
99% of all orders placed by 2 pm eastern time 
ship that same day. Order before January 7, 
2011, to receive these savings.

Enrich Your Music Listening Skills 
and Learn the Language of Music

Become Fluent in Music Theory in 16 Lectures 
From An Award-winning Composer and Professor
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S A V E  U P  T O  $ 1 8 5 ! 
OFFER GOOD UNTIL JANUARY 7, 2011

1-800-832-2412
Fax: 703-378-3819

Special offer is available online at
www.THEGREATCOURSES.com/3dscy

      TheGreat Courses®

THE TEACHING COMPANY ®

4151 Lafayette Center Drive, Suite 100
Chantilly, VA  20151-1232

Please send me Understanding the Fundamentals of 
Music, which consists of sixteen 45-minute lectures plus 
Course Guidebooks.

n DVD $69.95 (std. price $254.95) SAVE $185!
 plus $10 shipping, processing, and Lifetime Satisfaction Guarantee

n Audio CD $49.95 (std. price $179.95) SAVE $130!
 plus $10 shipping, processing, and Lifetime Satisfaction Guarantee

n Check or Money Order Enclosed

* Non-U.S. Orders: Additional shipping charges apply. 
     For more details, call us or visit the FAQ page on our website.

n  n n n 
Charge my credit card:

Priority Code 47586
A N                                                                  E. D

S

N ( )

M A

C/S/ZIP

P (If we have questions regarding your order— required for international orders)

n    FREE CATALOG. Please send me a free copy of 
your current catalog (no purchase necessary).

Special offer is available online at 
www.THEGREATCOURSES.com/3dscy

Offer Good Through: January 7, 2011

** Virginia residents please add 5% sales tax.
*** Indiana residents please add 7% sales tax.

the parts of musical speech sound like—
rather than what they look like on paper.”

You’ll listen to music with new levels of 
understanding and appreciation, not only 
when you find yourself at the concert hall, 
but also at home with your stereo, and when 
you’re listening to your favorite music in the 
car or on a portable player.

About Your Professor
Professor Robert Greenberg holds degrees 

from Princeton University and the University 
of  California, Berkeley, where he received a 
Ph.D. in Music Composition. He has com-
posed more than 45 works and has lectured 
for many prestigious musical and arts orga-
nizations. He is music historian-in-residence 
with San Francisco Performances, the city’s 
premier presenter of chamber music, instru-
mental and vocal recitals, jazz, and contem-
porary dance. 

About The Teaching Company®

We review hundreds of top-rated profes-
sors from America’s best colleges and uni-
versities each year. From this extraordinary 

group we choose only those rated highest by 
panels of our customers. Fewer than 10% of 
these world-class scholar-teachers are selected 
to make The Great Courses®. 

We’ve been doing this since 1990, pro-
ducing more than 3,000 hours of material 
in modern and ancient history, philosophy, 
literature, fine arts, the sciences, and math-
ematics for intelligent, engaged, adult life-
long learners. If a course is ever less than 
completely satisfying, you may exchange it 
for another, or we will refund your money 
promptly.

Lecture Titles
1. The Language of Music
2. Timbre, Continued
3. Timbre, Part 3
4. Beat and Tempo
5. Meter, Part 1
6. Meter, Part 2
7. Pitch and Mode, Part 1
8. Pitch and Mode, Part 2
9. Intervals and Tunings
10. Tonality, Key Signature, and 

the Circle of Fifths
11. Intervals Revisited and Expanded
12. Melody
13. Melody, Continued
14. Texture and Harmony, Part 1
15. Harmony, Part 2—Function, 

Tendency, and Dominance
16. Harmony, Part 3—Progression, 

Cadence, and Modulation
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THE

ZONE Dengue in Texas. 

Malaria in New York. 

Hypertoxic pollen in 

Baltimore. Climate 

change is scrambling 

disease in scary 

new ways.

BY LINDA MARSA

ILLUSTRATION BY MARCO 

VENTURA
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ıt
ters, there is nothing holding the insects 

back. As a result, the two species of mos-

quito capable of transmitting dengue 

fever—Aedes aegypti and Aedes albopictus, 

also called the Asian tiger mosquito—have 

substantially expanded their habitat range 

since the middle of the 20th century. They 

are spreading into temperate areas in at least 

28 states in this country, even as far north 

as New York and New Hampshire, according 

to a 2009 report by the Natural Resources 

Defense Council (nrdc). 

Hotter, more humid weather shortens 

mosquito breeding cycles. Heat speeds up 

the incubation of the dengue virus, making 

it infectious much sooner and for more of 

the insect’s life span. Female mosquitoes bite 

more frequently when the thermostat rises. 

Climate change is likely to usher in an era of 

more extreme weather, including the heavy 

rains and � ooding that create ideal mosquito 

breeding grounds. And dengue is far from 

the only risk. Along with mosquitoes, ticks, 

mice, and other carriers are likewise surviv-

ing milder winters and fanning out across 

the country, spreading an encyclopedia of 

pathogens: Lyme disease, Rocky Mountain 

spotted fever, equine encephalitis, St. Louis 

encephalitis, anaplasmosis, and babesiosis, 

a once uncommon malaria-like infection in 

the United States. “Vector-borne diseases 

are rapidly changing their distribution and 

frequency,” says medical entomologist Lyle 

Petersen, director of the Division of Vector-

borne Diseases for the cdc. 

In the 1950s and 1960s, military-style 

insect-control campaigns in the United 

States carpet bombed mosquito breeding 

grounds with ddt. Curtailing use of ddt cer-

tainly has contributed to some of the current 

resurgence, but the problem is far too broad 

to explain (or solve) with pesticides alone. 

“Climate change will cause a worsening of 

the common health problems we already 

see,” says John Balbus, senior adviser for 

public health at the National Institute for 

Environmental Health Sciences. “� ere will 

be incremental changes in 

the next 5 or 10 years, but 

that might not compare 

to what we’re going to see 

in a matter of decades. In 

trying to not be alarmist, 

scientists have systemati-

cally underestimated the 

threat.”

Infectious disease is only one component 

of that threat. Rising temperatures—an 

average increase in the United States of 

2 degrees Fahrenheit over the past 50 years—

are exacerbating a whole range of modern 

ills, including pollution, urban crowding, 

and inadequate medical facilities. Asthma, 

allergies, and heart disease get worse under 

the stress of heat and smog. Cities are par-

ticularly affected due to air pollution and 

what experts now call “urban heat islands,” 

created as asphalt, pavement, and buildings 

concentrate heat. In developing countries, 

extreme weather could drive even more peo-

ple away from farms and into overcrowded 

shantytowns. “People are moving to these 

giant urban slums without adequate sani-

tation, which are perfect mosquito breed-

ing zones,” Petersen says. At the same time, 

violent hurricanes, floods, and fires—likely 

symptoms of global warming—could stretch 

the limits of many countries’ health-care sys-

tems. Look at Pakistan, which was ravaged by 

the worst monsoon-induced � oods in its his-

tory last August. � e � ooding displaced more 

than 17 million people and triggered outbreaks 

of cholera. 

“Climate change is the biggest global 

health threat of the 21st century,” a team of 

British scientists and academics wrote in 

The Lancet last year. The threat has been 

completely neglected, marginalized, and 

ignored by the global health community and 

by policymakers, according to pediatrician 

Anthony Costello, director of University Col-

lege London’s Institute for Global Health and 

lead author of the report. “Yet in terms of our 

well-being, in terms of our survival over the 

next 100 years, it is absolutely the top politi-

cal issue involving the ecosystem that we 

should be talking about,” he adds.

Patient zero recovered. But Brownsville’s 

public-health officials were alarmed at 

the possibility of a deadly dengue epi-

demic because there is no vaccine to pro-

tect against it or medicine to cure it. The 

grave worry was that “if dengue moves into 

a population that hasn’t experienced it and 

has no natural immunity, we are going to 

see more severe disease,” says Susan Fisher-

Hoch, an epidemiologist at the University of 

Texas School of Public Health in Brownsville 

who was involved in studies of dengue in her 

state . “� e way we live hermetically sealed in 

our houses—with screens on the windows 

was a hot, sticky 

day when patient zero arrived at a local hos-

pital in Brownsville, Texas, in June 2005. Her 

body was racked with chills, she couldn’t stop 

vomiting, her blood pressure was perilously 

low, and she was passing blood in her urine. 

Clueless as to the cause, doctors pumped her 

up with fluids to treat dehydration, dosed 

her with antibiotics, and sent her home. But 

when blood tests and clinical evaluation 

were done with the help of the regional Texas 

Border Infectious Disease Surveillance proj-

ect, a surprising culprit was unmasked: den-

gue hemorrhagic fever, a deadly viral disease 

usually regarded as a risk only in the tropics. 

Long thought eradicated in the United 

States, dengue is roaring back. There had 

been prior cases of the disease’s milder 

cousin, classic dengue fever, in Browns-

ville, a bustling metropolis of about 140,000 

people at the southernmost tip of Texas on 

the Gulf coast. But this was the � rst well-

documented case of the more serious form 

of dengue infection, hemorrhagic fever, in a 

Texas resident infected in the continental 

United States. It is unlikely to be the last. 

From 1995 to 2005, some 10,000 cases were 

reported in the United States and the Texas-

Mexico border region. � e Centers for Dis-

ease Control and Prevention (cdc) believes 

that many cases are never counted, so these 

� gures may be a vast underestimate.

A range of factors influence the spread 

of the dengue virus, but rising global tem-

peratures may be the most important of 

all. Like many tropical diseases, dengue is 

spread by mosquito bites, 

and mosquitoes are exqui-

sitely sensitive to climate. 

Frost kills both adults and 

larvae, which is why the 

disease hadn’t previously 

been able to get a foothold 

in the United States. With 

the advent of warmer win-
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and air-conditioning—protects us enor-

mously. But what about those who don’t live 

well—the people in trailer parks sitting on 

their porches surrounded by mosquitoes?” 

� e potential risk was great. Brownsville is 

becoming a test lab for how this country will 

respond to the surge of new and renewed 

infectious diseases. As soon as it became 

clear that patient zero was a case of indig-

enous dengue hemorrhagic fever , American 

health officials began collaborating with 

counterparts in Matamoros (a Mexican city 

just across the Rio Grande with a popula-

tion of nearly three-quarters of a million), 

dispatching teams to do a blood-sampling 

survey to uncover the overall extent of 

dengue infections. They knocked on doors 

throughout Brownsville, in Matamoros, and 

in the colonias, the squalid shantytowns 

that line the border. � ere, residents live in 

cramped quarters, with poor sanitation, no 

running water, and no paved roads. � e old 

tires, rusty buckets, and plastic containers 

that litter the encampments collect stagnant 

water, making them ideal breeding grounds 

for mosquito larvae. 

Health officials discovered that nearly 

1,300 people were infected with dengue fever 

as of the end of August 2005.  � e results of 

a random survey were even more startling: 

The officials found that 76 percent of the 

residents surveyed in Matamoros had den-

gue antibodies, indicating prior exposure 

to the virus. They also found evidence of 

past dengue infection in nearly 40 percent 

of those tested in Brownsville. Of the 24 

Brownsville residents who had never trav-

eled outside the United States, 25 percent 

tested positive for dengue—which meant 

the illness was now � rmly entrenched here. 

Patient zero was merely the visible manifes-

tation of a tropical disease that had already 

put down roots in the United States.

Despite the thousands who have been 

stricken, most Americans are not aware 

of dengue—yet. But epidemic outbreaks 

throughout Latin America—in Brazil, Mex-

ico, Honduras, Paraguay, Costa Rica, Bolivia, 

and Cuba—now hit nearly a million people 

annually. Inexorably, the disease has been 

extending its reach farther north. Cases are 

being reported with increasing frequency in 

Puerto Rico and Florida and now number in 

the thousands there. Dengue cases have been 

confirmed in almost every state and as far 

up as Maine, Minnesota, and Washington. 

Regional climate forecasts for the United States, created in 2009 by scientists working with the U.S. 
Global Change Research Program, predict an increase in the number of days above 100 degrees 
Fahrenheit in the decades ahead. The top map shows conditions during the 1960s and 1970s, when 
greenhouse-gas emissions were lower than today. If emissions continue to rise without significant 
controls, parts of Texas might experience more than 100 of these ultrahot days by 2080.  Even if 
emissions are slowed, much of Texas would still experience 60 such days a year, as the middle map 
depicts. These record-hot temperatures could increase risk of epidemics by creating more breeding 
grounds for disease-carrying mosquitoes and ticks.    
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T

� e numbers cast a foreboding light on the 

range of the aggressive Asian tiger mosquito, 

which transmits not only dengue but Chi-

kungunya fever, a particularly nasty infection 

that causes excruciating joint pain.

Over the past three decades, the World 

Health Organization has identi� ed at least 30 

new or resurgent diseases around the world. 

Confronting these diseases will require great-

ly expanded surveillance networks; Browns-

ville amply illustrates the inadequacies of the 

existing system. In the United States, some 

of the most alarming outbreaks are occur-

ring in the suburbs, where rising tempera-

tures may help explain the spike in such tick-

borne illnesses as babesiosis; hga (human 

granulocytic anaplasmosis), a potentially 

lethal � ulike infection; and Lyme disease, the 

most common vector-borne disease in this 

country. � e black-legged ticks that spread 

Lyme-causing bacteria are hardy survivors 

found on parts of the West Coast, in the 

Midwest, and on the East Coast from at least 

South Carolina right up into Canada. Lone 

star ticks, abundant in the South, transmit 

infections like tularemia, ehrlichiosis, and 

a Lyme-like illness not yet identified. They 

have been spotted as far west as Texas and 

Oklahoma and along the eastern seaboard as 

far north as Maine. 

Louis Magnarelli, a medical entomologist 

and director of the New Haven–based Con-

necticut Agricultural Experiment Station, 

suspects that subtle changes in the climate 

may be behind the spread. Warmer winters, 

wetter and earlier springs (which expand the 

time during which ticks can pick up the dis-

ease), increased humidity, and greener envi-

ronments can all contribute to the increased 

incidence of ticks and the growing popula-

tions of hosts, including large mammals 

like white-tailed deer ; smaller ones such 

as white-footed mice, the principal carrier 

of Lyme disease; and many species of birds. 

“We’re seeing more disease—the number of 

cases being reported is very conservative—

and ticks are expanding their geographic 

range,” Magnarelli says. 

 The increased mobility of the modern 

world makes the situation worse. Scien-

tists say that the most virulent version of 

Lyme disease may have reached our shores 

from Europe by ship. Infected individuals 

or parasitic hitchhikers can now go any-

where in the world in less than 24 hours 

and deliver reservoirs of malaria, dengue, 

or Chikungunya fever to newly temperate 

ecosystems. “When you have this combi-

nation of tremendous global transport of 

people and goods, changing ecosystems, 

and changing climate,” Balbus says, “it rais-

es the possibility of emerging diseases.”

The synergy of warmer temperatures, 

extreme weather (both wet and dry), and 

increased mobility is what enabled the West 

Nile virus to become entrenched in North 

America. � e deadly pathogen � rst emerged 

in the West Nile district of Uganda in 1937, 

then lay dormant for about 20 years before 

it cropped up again in Israel in the 1950s 

and reappeared in Romania in 1996. Each of 

these outbreaks occurred after an unusually 

dry, hot spell, according to research by Israeli 

scientists, creating the perfect incubator for 

Culex pupiens, a common house mosquito 

that transmits West Nile. 

In 1999 the virus was identified in New 

York City , possibly reaching our shores 

inside a mosquito stowaway on an interna-

tional � ight, but more likely carried in the 

bloodstream of someone already infected. 

Once again, that summer was unusually 

hot and dry in New York, and the high tem-

peratures helped West Nile gain a foothold. 

“By mid-August there were 10 days over 100 

degrees that were followed by heavy rains 

and flooding, which made the mosquito 

populations explode,” recalls Tracey McNa-

mara, a veterinary pathologist who was 

head of pathology for the Wildlife Conser-

vation Society at the Bronx Zoo during the 

initial West Nile outbreak.

Stagnant pools of water teeming with 

mosquitoes lured thirsty birds, and they 

became infected, transmitting the West 

Nile virus. “� e virus just swept through the 

bird population at the zoo, killing crows, 

flamingos, even bald eagles,” McNamara 

says. Within a year, 62 people were stricken 

with West Nile disease and seven were dead. 

When another hot, dry summer hit in 2002, 

the disease spread like wildfire across the 

United States and into Canada. Since then, 

more than 30,000 cases of West Nile disease 

have been reported in the United States. 

Some have been left severely disabled by a 

pathogen that attacks the nervous system, 

and more than 1,000 have died. 

“We think we’re protected by the Atlantic 

and the Paci� c oceans, but the reality is that 

we’re an eight-hour plane ride away from 

someone who has just flown into London 

from Africa,” says medical toxicologist James 

Diaz, program director of environmental and 

occupational health sciences at Louisiana 

State University School of Public Health in 

New Orleans. “And don’t forget we lost mil-

lions of birds as West Nile marched across 

the United States, and we lost untold num-

bers of horses and other animals, too.”

Could malaria and other exotic diseases 

that today rarely occur in the industrialized 

nations of North America and Europe follow 

a similar path? Diaz thinks so. He points 

out that competent mosquito vectors for 

dengue and malaria are already present in 

the United States. “� ey’re simply awaiting 

an opportunity to transmit these diseases 

locally between arriving infected airline 

travelers and nearby residents,” he says.

Many of these diseases can get imported 

and established before we’re even aware 

of them, adds Kerry Clark, an expert in 

vector-borne diseases at the University of 

North Florida in Jacksonville. “We’ll prob-

ably have some small focal outbreak from 

an imported human case that goes unrec-

ognized for a while, and—like a smolder-

ing fire that eventually blows up—the 

next thing you know, dengue is endemic 

in the United States,” he says. “West Nile 

may have been here long before they rec-

ognized it—it could have been transmitted 

among the bird populations for some time, 

perhaps a year or more, before it reached 

the infection threshold to spill over and 

begin a
 ecting humans.” 

 Noninfectious diseases like allergies and 

asthma, already epidemic in America, are 

likely to get a boost from rising temperatures 

as well. Indeed, at least 50 million Americans 

already su
 er from these ailments; asthma 

alone affects one in nine American adults 

and nearly 10 percent of children. And their 

incidence is already climbing, probably in 

response to climate changes. Both air pol-

lution and pollen, two of the chief culprits 

behind asthma and allergies, intensify as 

temperatures increase. Ozone smog is cre-

ated when sunlight cooks pollutants in the 

atmosphere. When the air heats up, more 

ozone is produced. Pollens, released into the 

air by flowering plants, trees, and grasses, 

appear earlier and for a longer period of time 

under warmer conditions . 

New research shows that hotter weather 
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coupled with higher concentrations of carbon 

dioxide in the air prompt � owering plants to 

produce pollen that is far more noxious than 

pollen of the past. U.S. Department of Agricul-

ture scientists grew weeds in three sites: an 

organic farm in western Maryland, a park in 

a suburb of Baltimore, and in downtown Bal-

timore, which is choked with smog and about 

3 to 4 degrees warmer than the surrounding 

countryside because of the urban heat island 

e� ect. � e weeds in the hotter, CO2-enriched 

environment grew to nearly twice the size of 

plants on the farm—up to 12 feet versus 6 to 

8 feet in the country—and generated not only 

more pollen but, according to other research, 

more-allergenic pollen. 

Further evidence comes from a study done 

by a group of European scientists last year. 

Looking at hospital admission data from 12 

major cities, including Dublin, London, Bar-

celona, and Rome, they found that for every 

1 degree Celsius (about 2 degrees Fahrenheit) 

of temperature increase, hospitalizations 

from respiratory and asthma-related illness 

rise by as much as 4.5 percent among the 

elderly. And the more people breathe pol-

luted air and pollen, the worse their symp-

toms and the likelier they are to develop 

more allergies. 

Intense heat waves will become more 

common over the next few decades , accord-

ing to a 2009 report released jointly by the 

National Wildlife Federation and Physicians 

for Social Responsibility. � at increase will 

elevate the risk of heat-related deaths. Heat 

waves swept across Europe in 2003 and 

2005 and killed more than 70,000 people. 

The 2003 event was “one of the deadliest 

climate-related disasters in Western his-

tory,” according to researchers at Stanford 

University and the University of Washing-

ton.  (Rising temperatures also mean fewer 

deaths from the cold, but heat is by far the 

greater danger. A 2007 study in Occupational 

and Environmental Medicine found that 

cold snaps increase death rates by 1.6 per-

cent, while heat waves trigger a 5.7 percent 

jump. Heat waves also disrupt food produc-

tion in tropical regions; there is no equiva-

lent danger from cold.)

This past summer, Russia wilted under 

the most intense heat wave in 130 years of 

record-keeping there, with daily highs in 

Moscow exceeding 100ºF, compared with 

the normal summer average of 85º. In the 

countryside, severe drought ignited wild� res 

that smothered the city in poisonous smog 

for six straight days. The combination of 

unprecedented heat, dryness, and su� ocat-

ing haze doubled death rates to an average of 

700 people a day. “It was over 100º every day 

for a couple of weeks, and you could barely 

see a block away if you were walking down 

the street,” says Marco North, creative direc-

tor of Bittersweet Moscow, a local art studio. 

“People were walking around with surgical 

masks on, and I had to keep the windows 

of my apartment tightly shut. I bought two 

oscillating fans—which normally sell for 

about $10—for hundreds of dollars apiece. 

And I had to � ght people to buy them.”

� is is a snapshot of what is on the hori-

zon both in the United States and abroad. 

Over the next century, the global thermo-

stat will probably ratchet up another 2 to 

12 degrees on average, according to a 2009 

report from the U.S. Global Change Research 

Program. � is shift will mean more extremely 

hot summer days a� ecting every part of the 

country. By 2080 it could be above 90º some 

120 days a year in Kansas—longer than the 

entire summer. Much of Florida and Texas 

could be above 90º for half the year, and 

many parts of the country, especially the Sun 

Belt, could have more than two months each 

year with 100º weather. 

Sweltering temperatures in the 110º–120º 

range could soon become commonplace. 

The sizzling weather in Chicago in 1995, 

which claimed more than 700 lives, was just 

a prelude, according to the same govern-

ment report. If greenhouse-gas emissions 

are not curtailed, heat-related 

deaths in Chicago alone could 

rise tenfold by the end of the 

century, government scientists 

say, and the Midwest and the 

South could swelter with triple-digit tem-

peratures for much of the year, leading to 

more heatstroke and other heat-related ill-

ness and death. 

Chronic illnesses could also be aggravated 

if weather-related natural calamities, like 

� res, � oods, and severe storms, overwhelm 

public services. Think New Orleans, whose 

medical infrastructure still has not recov-

ered from the devastation wrought by hur-

ricane Katrina, which uprooted thousands 

of doctors and caused almost everyone to 

lose access to their usual health-care provid-

ers. Eight hospitals remain out of commis-

sion to this day. The scale and scope of the 

damage from Katrina have made rebuilding 

Louisiana’s health-care safety net a massive 

undertaking.  

Charity Hospital, a beacon for more than 

two centuries for the city’s poor and unin-

sured, remains shuttered. Until December 

2008, more than three years after Katrina 

made landfall, the closest Level 1 trauma cen-

ter was in Shreveport, over 300 miles away. 

A substantial number of doctors and nurses 

have left the area, and the remaining hospitals 

are still not operating at pre-Katrina levels, 

according to a 2006 report in the New England 

Journal of Medicine.

� e panoply of health risks connected to 

rising temperatures will require a substantial 

upgrade in this country’s ability to respond 

to major outbreaks and regional climate-

related disasters. “Our society would be over-

whelmed if we were to have multiple Katrinas 

in a given year,” says Michael McGeehin, 

director of environmental haz-

ards and health effects for the 

cdc’s National Center for Envi-

ronmental Health.  “When you 

have Katrina-like � ooding in the 

IN MOSCOW the combination of 
unprecedented heat, dryness, and 

suffocating haze doubled death rates to an 
average of 700 a day. People were 

walking around with surgical masks, 
and oscillating fans sold for 

hundreds of dollars. 
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northern Mississippi River, what happens 

to the public-health system? You go back to 

the 1890s. We go back 110 years because it is 

so easy to stress the system to the breaking 

point where we don’t have basic sanitation, 

uncontaminated food or water, or the ability 

to control disease.”

A visit to Brownsville offers a glimpse of 

what it is like to be at war with invasive 

disease. Mosquito traps are all over town, 

and vector-control teams are routinely 

dispatched to mosquito hot spots to spray 

insecticides and apply larvicides after heavy 

rainfall or in response to complaints. Neigh-

borhoods on both sides of the border have 

been blanketed with bilingual pamphlets 

containing mosquito prevention tips, edu-

cational seminars are being conducted at 

local schools, and training sessions at medi-

cal centers teach doctors how to detect and 

treat dengue. “Physicians coming into the 

area aren’t familiar with dengue, and tropical 

diseases need to be part of their diagnostic 

workups,” says Arturo Rodriguez, the Browns-

ville public-health director. “We also meet 

regularly with our counterparts in Mexico 

and have jointly made dengue one of our top 

priorities in health.” 

These collaborative efforts are part of a 

larger campaign by the cdc, which is bee� ng 

up disease surveillance throughout the Unit-

ed States to prevent lethal pathogens like 

dengue from taking root here. The agency 

has partnered with the Mexican Secretariat 

of Health to establish the Border Infectious 

Disease Surveillance network to identify and 

control outbreaks early. “We take the poten-

tial of climate change very seriously, and 

we’re at the beginning of a long-term pro-

cess,” Lyle Petersen says. “We’ve been build-

ing up our national surveillance network for 

these diseases, which was a huge task. Now 

we’re developing specialized sites around the 

country to home in and investigate in much 

greater depth.” 

� ere are hopeful signs on other fronts. 

Cities that anticipate hotter weather, like 

Chicago, Philadelphia, Milwaukee, and St. 

Louis, have launched programs to prevent 

loss of life during heat waves. In 1999, when 

Chicago sweltered under another spell of 

record-breaking temperatures, strongly 

worded warnings were issued immedi-

ately, more than 90 cooling centers were 

opened, and over 30,000 people at great-

est risk were personally contacted. The 

city also embarked on a program to reduce 

the urban heat island e� ect by introducing 

more parks and trees, painting roofs so they 

would re� ect the sun, and planting gardens 

on roofs so they wouldn’t absorb heat. 

But these scattered pockets of innovation 

may not be enough. According to nrdc’s Kim 

Knowlton, the United States will ultimately 

need better coordination among weather 

services and public-health authorities on a 

national scale, and concerted outreach to 

economically disadvantaged or vulnerable 

communities, including people over 65 or 

under 5. City managers, health o�  cials, and 

the federal government need to implement 

strategies to reduce our exposure to heat 

stress, air pollution, and natural disasters, 

Knowlton says, “and we must start now.”

Yet state governments have done little to 

plan for the added burden on the health sys-

tem. � irty-three states have strategic plans 

for dealing with climate change, but only � ve 

of those currently include a public-health 

response, according to the Trust for America’s 

Health, a nonpro� t advocacy group in Wash-

ington, D.C. “We only respond after a Katrina-

like crisis,” says Je� rey Levi, the trust’s execu-

tive director. “But we have allowed our core 

public-health capacity to diminish over time. 

Unfortunately, we don’t know how well pre-

pared we are until we’re tested.” 

Up to now, the federal government has 

failed to support the research needed to 

prepare for the health consequences of 

hotter weather, according to a March 2009 

report in Environmental Health Perspec-

tives, by Balbus and colleagues around the 

United States. “U.S. funding is insu�  cient 

to address the human health impact of and 

public-health responses to climate change,” 

the report’s authors caution. “The lack of 

attention from the federal government on 

the health risks of climate change is need-

lessly putting multitudes at risk.” 

Swift and decisive action and a robust 

infrastructure are required to solve the 

medical issues arising as the planet warms, 

“but we don’t have much time,” says Anthony 

Costello of University College London. � e 

British pediatrician has witnessed � rsthand 

the disastrous effects of tropical diseases 

on children’s health in Africa and Asia,  and 

he warns that industrialized nations are 

next. “Current climate developments are at 

the very worst end of the computer model 

predictions,” he says. “Every year of delay 

increases the costs and di�  culties of e� ec-

tive action. We need a 21st-century inter-

national public-health movement. Unless 

this challenge � nds its way to the top of the 

international agenda, this century could be a 

disaster movie without a happy ending.” 

A VISIT TO BROWNSVILLE offers 
a glimpse of what it is like to be at war 

with invasive disease. Mosquito traps are all 
over town, and vector control teams 

are routinely dispatched to spray 
 insecticides and apply larvicides 

after heavy rainfall.  
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facing
past

                                     n our evolutionary kin 

we see faces both strange and familiar—visibly di� erent from us but 

marked with an instantly recognizable psychologi cal inner � re. � e 

ultrarealistic re-creations on these pages are the work of paleoartist 

John Gurche at the Paleontological Research Institution in Ithaca, New 

York. He has been sculpting extinct humans since he was a child, when 

he � rst became fascinated with evolution. “When you’re a kid and you 

love something, you do art about it,” he says. “I just never stopped.” 

To create these lifelike busts, Gurche starts with a plastic or plas-

ter cast of the most complete skull available for each species, typically 

provided by an expert in the � eld. � en he goes to work on the face—

beginning, surprisingly, with the eyes, which he crafts from layers of 

acrylic plastic. “� e most di�  cult part is getting a feeling of life in the 

eyes,” he says. “You have to feel a presence behind them.” Next he adds 

muscle, cartilage, and fat features using clay. Gurche infers the size 

and shape of soft tissues in the face from skull dimensions and esti-

mated body weight, using comparative measurements gleaned from 

the decades he has spent dissecting humans and ape species. “It’s a 

quest to � nd out what this face was like,” he says. “I do it by the num-

bers, building very slowly.” 

After all the soft tissue is in place, Gurche lays on a clay skin and 

works in realistic wrinkles and textures. He then picks an appropri-

ate skin tone and makes a tinted silicone cast of the completed head. 

Finally, he spends a month finishing each piece, punching in real 

 human hairs around the face one by one. � e result is an intimate look 

at our distant relatives as we have never seen them before: not as dusty 

fossils, not as forgotten links, but as ancestors whose emotions and 

behaviors pre� gured our own. 

Reconstructions by Gurche are on display in the new Hall of Human 

Origins at the Smithsonian’s National Museum of Natural History in 

Washington, D.C. His work is also featured in Origins: Human Evolution 

Revealed, by Douglas Palmer.

I

the
B Y  J E N N I F E R  B A R O N E
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The bones of this 10-million-year-old great ape, unearthed in Hungary, may be the closest fossil 
hunters have come to finding the last common ancestor of humans and African apes; the two 
groups diverged around 7 million to 9 million years ago. Named Rudapithecus (the discovery was 
made near the village of Rudabánya, and pithecus is from the Greek for “ape”), the animal had a 
body and brain about the same size as those of a modern chimpanzee. Paleoanthropologist David 
Begun of the University of Toronto, who found the most complete skull of this forest-dwelling 
species, says its long arms and curved finger bones indicate that Rudapithecus spent a lot of 
time hanging from branches. Modest-size molars and thin tooth enamel (also seen in the closely 
related Dryopithecus) suggest a preference for soft fruits. In his bust, Gurche chose to make the 
sclera—the whites of the eyes—dark, consistent with their coloration in modern apes.

R U D A P I T H E C U S

12 million 
to 1O million 

years ago
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Unearthed at cave sites in 
southern Africa, Paranthropus 
(“beside man”) was probably 
not a direct ancestor of ours but 
rather a distant cousin. Still, 
its discovery in 1938 bolstered 
the then-controversial idea that 
ancient humans arose in Africa. 
Paranthropus skulls show that 
“these guys were chewing 
machines,” says paleoanthro-
pologist Bernard Wood of George 
Washington University. Flared 
cheekbones and, in males, a 
ridge running along the top of the 
skull supported massive muscles. 
Although these hominids stood 
only 4 to 5 feet tall, their molars 
and jaws were much larger than 
ours; the Paranthropus diet may 
have included a lot of tough plant 
material. In Gurche’s reconstruc-
tion the sclera are white, like our 
own. The whites of the eyes help 
others discern the direction of an 
individual’s gaze, which is impor-
tant for social interaction, but no 
one knows when in evolutionary 
history this feature appeared.

P A R A N T H R O P U S 
R O B U S T U S

2 million 
to 1.5 million 
years ago
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H O M O 
E R G A S T E R

First discovered on the island of Java in 1891, 
and later unearthed in China, Kenya, Ethiopia, 
and the Republic of Georgia, Homo erectus

(“upright man”) was the first hominid to migrate 
out of Africa. Its anatomy reveals “evolutionary 
changes that make it more like us,” says New 
York University paleo anthropologist Susan 
Antón. Along with a larger brain—about two-
thirds the size of ours—came a reduction in the 
size and projection of the face, including much 
smaller teeth and jaws than those of Paran-

thropus (H. erectus’s contemporary in Africa) and loss of the skull crest. 
A bony nasal bridge suggests a nose that projected like ours. As hominid 
body size increased, it took on near-modern proportions of around 5 or 
6 feet tall, and the legs grew longer relative to the arms, indicating more 
efficient walking and perhaps running. Groups of Homo erectus that 
remained in Africa may in fact be the direct ancestors of modern humans.

H O M O  E R E C T U S

1.9 million 
to 25O,OOO 

years ago
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Australian researchers were amazed when they found fossils of these diminutive people on the Indonesian island of Flores in 2003. Nicknamed 
hobbit people, Homo floresiensis “caught the field off guard—they were the black swan of paleoanthropology,” says Bill Jungers of Stony Brook Uni-
versity in New York. Although they lived at the same time as modern Homo sapiens, these three-and-a-half-foot-tall humans had remarkably small 
skulls, with a brain just one-third as large as ours, closer in size to that of a chimpanzee than to that of any other human species. A long, slightly pro-
jecting face connected to a sturdy jaw that lacks our modern protruding chin.  Homo floresiensis’s origins remain controversial. Certain traits, such as 
their small brain and robust jawbone, appear to be more similar to much older African hominids such as the australopithecines (a group that includes 
Paranthropus) than to the globe-trotting Homo erectus—but there is no fossil evidence that any of those early species ever migrated out of Africa. 

H O M O  F L O R E S I E N S I S
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75,OOO to 15,OOO 
         years ago
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BOULDER, Colorado The U.S. government
has engineered the most ingenious, most
accurate clock in the world: the F-1 U.S.
Atomic Clock in Boulder, Colorado. Our
extraordinary new Stauer Titanium Atomic
Watch utilizes the transmissions directly
from that remarkable cesium fission atomic
clock to report the most precise time. 
This scientifically advanced timepiece will
gain or lose only one second over a 20 
million-year period. It is that accurate! This
perfectly tuned technological invention
with the super light strength of titanium is
now available for UNDER $200.

Super Light Titanium has two big advantages
over steel. One is corrosion resistance and
the other is that titanium has the highest
strength-to-weight ratio of any metal,
which means that titanium is approxi-
mately 45% lighter than steel. But every
other titanium watch that we can find is

priced at over $400, and none of those 
are nearly as accurate as our atomic 
movement. Stauer has decided to bring
these resources together in a timepiece
that has the most accurate movement
available today. You'll never have to set this
watch. Just push one of the buttons and
you are synchronized with the atomic
clock in Colorado, and the hands of the
watch move to the exact time position.
The sleek black textured dial has luminous
hands and markers plus the timepiece is
water resistant to 3 ATM.

A Titanium-clad offer.This Titanium Atomic
Watch exceeds the accuracy of any Swiss
luxury automatic so you can be more
punctual and keep most of your money in
your wallet, not on your wrist.  Look at
your watch and we guarantee that the time
is incorrect, unless you are wearing the
advanced atomic technology.

The Stauer Titanium Atomic Watch is not
available in stores and it comes with our
30 day money-back guarantee. If you're
not completely satisfied with the accuracy,
simply return the watch for
the full purchase price.

Super Light Titanium Timepiece Loses Only One Second Every 20 Million Years.

The Stauer Times
News Flash…. 

Government Gets Something Right

VOL. CLVII....No. 30,000

14101 Southcross Drive W.,
Dept. TTA372-04 
Burnsville, Minnesota 55337

www.stauer.com

Not Available in Stores
Stauer Titanium Atomic 
Watch $195 now $145 +S&H

or 2 credit card payments of $72.50 +S&H

Call Toll-Free now to take advantage of 
this limited offer.

1-888-201-7141
Promotional Code TTA372-04 
Please mention this code when you call.
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JoeBen Bevirt 
and his team test 
a prototype of a 
flying wind turbine 
on the cliffs north 
of Santa Cruz.
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   onny Doon is hardly 

the place one thinks of visiting for high-tech thrills. 

Once an old logging camp, the tiny hamlet north-

west of Santa Cruz, California, sits at the end of a 

country road, past miles of empty beaches and 

strawberry farms. Hang a left before you reach the 

vineyard and you � nd a short dirt track leading to 

a barn. And then, amid hundreds of acres of red-

woods out back, you encounter an avatar of the 

future—a whirring black gizmo, about the size of 

a bread box, zipping around overhead. � e strange 

� ying object is controlled remotely by a cluster of 

giggling engineers. � eir leader, a tall man with the 

build of a gazelle, windswept blond hair, and a per-

manent grin, starts extolling the possibilities of his 

device before he remembers to introduce himself. 

To inventor JoeBen Bevirt, the � ying black box 

holds our clean-energy future, a world in which 

wind turbines lift o�  the ground and � y among the 

clouds. His company, Joby Energy, designs these 

turbines from scratch. “In order to have truly sus-

tainable energy, we’ve got to beat coal,” he says. 

“We are going to need game-changing technology. 

I believe that technology is high-altitude wind.” 

B

P H O T O G R A P H Y  B Y  S H A U N  F E N N

INHERIT

WIND
THE

JoeBen Bevirt is reaching a 
half mile into the sky in a bold bid to make 

wind power practical.  
By Erik Vance
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Rotors on Bevirt’s 

turbine both assist 

with takeoff and 

capture wind power.   
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In concept his idea makes 

sense: Wind power from the 

sky would strip turbines of their 

expensive, heavy towers and 

oversize blades, allowing them 

to collect energy unobtrusively 

from the richest lode of wind in 

the world. Winds at an altitude 

of 30,000 feet carry 20 times as 

much energy as those near the 

ground, representing a source of 

power that could be a fraction 

of the cost of coal. The chal-

lenge, observers say, is keeping 

such turbines aloft. 

 “Finding a resource so large 

is like � nding an oil � eld in your 

garden,” says Cristina Archer, an 

environmental engineer at the 

University of California, Chico, 

and lead author of a global 

survey on high-altitude winds. 

“Plus, you’re saving on material 

costs by using 100-pound devices 

� oating on air rather than 200 

tons of cement for a traditional 

wind turbine.”

friends of joeben bevirt say 

that within 15 minutes of meet-

ing the man, you either love 

him or hate him. His focused 

energy, coupled with unusually 

wide, unblinking blue eyes, can 

be unnerving. He is friendly but 

talks at a brisk clip, punching 

out rapid-� re syllables without 

breaking eye contact. When 

seated, he twitches a leg. “You 

would think he’d had five cups 

of co� ee,” says David Craig, one 

of Joby Energy’s earliest employ-

ees. “He’s pretty intense. But the 

enthusiasm is contagious.”

Bevirt (who, for the record, is 

anticaffeine) was a passionate 

engineer even before he knew 

Winds at an altitude of 30,000 feet carry 20 times 

as much energy as those near the ground, representing a 

source of power that could be a fraction the cost of coal. 

what the word meant. “From 

the time I was a little kid, I 

wanted to do renewable energy 

because I grew up without elec-

tricity,” he says. Living with his 

parents in a back-to-the-land 

community in the Santa Cruz 

Mountains near where Joby 

Energy stands today, he recalls 

“kerosene lamps, no TV, and 

cooking with propane.” 

Bevirt ’s lofty aspirations 

came from his father, Ron (a.k.a. 

“Hassler”) Bevirt, an early mem-

ber of the Merry Pranksters, the 

counterculture pioneers who 

launched their brand with an 

epic, acid-fueled bus trip across 

America in 1964. Hassler was the 

one who recorded the famous 

passage in photographs. Gener-

ally in charge of equipment, “he 

was the guy making sure that 

the sound system worked,” Joe-

Ben Bevirt explains. “� ey called 

him Hassler because if there 

was a hassle, he was on it.” The 

younger Bevirt’s strange name 

has a Prankster past too: Joe Ben 

(“Joby”) Stamper was the angel-

faced, transcendent optimist in 

Sometimes a Great Notion, Prank-

ster Ken Kesey’s novel about log-

gers in the Oregon woods. 

Bevirt took after his father, a 

master house builder, though 

the son had a penchant not for 

dwellings but for smaller, higher 

kinds of tech. He tinkered with 

a neighbor’s solar panels, set up 

mini wind turbines, and adapted 

generators to run his precious 

Apple computer. Bevirt spent 

hundreds of hours  cleaning up 

nails and performing other odd 

jobs at construction sites to earn 

enough   for the costly mountain 

bikes and computers that would 

feed his technology habit as the 

years went by. By the time he 

was a freshman in high school, 

in 1987, he was building those 

bikes from the ground up. 

It was at the University of Cal-

ifornia, Davis, that Bevirt found 

his calling, in one of the most 

peculiar laboratories in the 

state. “Paul Moller is this totally 

crazy inventor in Davis who has 

been working for the past 40 or 

50 years to build a flying car,” 

Bevirt says, smiling broadly at 

the memory of his mentor. “It 

was an amazing experience.” 

From his sophomore through 

his senior years, Bevirt worked 

all hours alongside Moller and 

a few other engineers trying to 

figure out a controlled way to 

lift a vehicle and its driver off 

the ground. Much of the time 

was spent on basic questions, 

such as how to generate enough 

thrust without massive engines. 

It never really worked, but 

Bevirt became infected with a 

love of “big idea” engineering. 

Thirteen years after gradu-

ating, Bevirt had the oppor-

tunity to embark on his own 

big idea, backed with his own 

funds. The tech devotee had 

invested his meager savings in 

Apple, Intel, and other booming 

names during the 1990s while 

in graduate school at Stanford 

and sold his shares in 1999, just 

before the tech bubble burst. He 

used nearly $500,000 of profit 

to start Velocity11, a company 

that designed robotics for the 

genomics industry.  As the com-

pany’s CEO and then president, 

Bevirt not only designed the 

machines that prepped end-

less lines of gene specimens for 

analysis but also headed up cus-

tomer service and sales for the 

company.  Eight years later he 

sold Velocity11 to biotech giant 

Agilent Technologies for more 

than $100 million.  

By then Bevirt had created 

a second successful company, 

called Joby, that built gadgets 

like bendable tripods—dubbed 

Gorillapods—for outdoor pho-

tographers. But after his design 

for a wireless headset � opped, he 

decided it was time to stop wast-

ing his e� orts on small ideas and 

go after the sort of big dream 

that had captured his imagina-

tion in college. Recalling the 

solar panels of his childhood, he 

turned to renewable energy and 

began pursuing every hip new 

energy source he could � nd. “At 

one point JoeBen got all excited 

about algae,” his friend and for-

mer colleague David Scheinman 

says. “We went to algae confer-

ences. All we talked about was 

algae, algae, algae. � en he kind 

of decided: nope.”

Algae did not have enough 

concentrated energy to be cost-

effective, Bevirt concluded. In 

2007 he was still casting about 

for a novel resource—one that 

contained so much power it 

would cost less than coal—

when he had an epiphany in 

midair. “I was on a flight back 

from China, and the air quality 

over there had been just abso-

lutely atrocious,” he says. “And 

I realized that we had 200-mile-

an-hour tailwinds. So I started 

doing calculations on exactly 

how much power was in 200-

mile-an-hour winds. By the 

time I landed, I was all � red up.” 

Bevirt, who has always loved 

aviation and is an avid kite 

surfer, started modeling jet 

stream winds. Over several 

sleepless nights he calculated 

how much power a wind tur-

bine at altitude could gather. He 
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knew wind power is related to 

the cube of wind speed, so faster 

winds create exponentially more 

power than slower ones. But the 

actual numbers staggered him. 

In the jet stream above New 

York City, one square meter of 

wind routinely carries eight 

kilowatts of power (enough for 

six or seven American homes), 

whereas the same area near the 

ground could not even power a 

toaster oven. What’s more, high-

altitude winds are more consis-

tent, so those kilowatts would be 

generated virtually all the time. 

Produced by such constant, fero-

cious air currents, wind power 

could finally be cheaper than 

coal. As a bonus, elevated tur-

bines would not mar the land-

scape, neutralizing one of the big 

political objections to wind. 

“I spent several days com-

pletely focused on it, to the point 

where it was the only thing I 

could think about,” Bevirt says. 

He imagined a device that could 

� y in the relentless punishment 

of the jet stream: a giant wing, 

fitted with multiple turbines, 

that would take off and land 

like a helicopter. He created an 

animation of such a craft and 

showed it to colleagues. “Are you 

out of your mind?” they asked 

him. How would he build it or 

get it aloft?

bevirt had no idea what 

he was getting into when he 

launched Joby Energy in Febru-

ary 2008. Sure, other companies 

were tinkering with high-altitude 

wind (see “High Fliers,” left), 

but he had an advantage in his 

solid source of funding: his own 

fortune. By the end of the year, 

he had bought a 40-acre plot 

of redwood forest in the Santa 

Cruz Mountains to fly models 

around and outfitted it with 

workshops for metal, wood, 

� berglass, and carbon � ber. He 

converted an old barn into a 

lofty research lab and bought 

a small house next door where 

he could sleep in between 

relentless 18-hour days.

The first thing he and his 

team had to decide was the 

type of design to pursue. Did 

they want something like a kite, 

which would generate small 

amounts of energy by pulling 

a tether and spinning a tur-

bine on the ground? Or should 

they develop generators that 

would be a�  xed to a craft and 

sent into the sky? Bevirt was 

interested not in generating 

a few kilowatts of electricity 

for a single house but in mak-

ing great quantities of power ; 

for this the latter idea seemed 

best. He wanted a device that 

could be scaled to an industrial 

size, on par with a coal-fired 

plant. (Most modern wind tur-

bines generate anywhere from 

700 kilowatts to 2.5 megawatts 

each—enough for 200 to 750 

typical homes.) Attaching tur-

bines directly to the craft would 

mean more generators and 

therefore more power. 

But what should the device 

look like? � e team began with 

off-the-shelf model airplanes, 

attached by tether to the ground 

and � own in circles. � is led to 

a bizarre early design called the 

Whirly, which had two rotors on 

opposite sides of a long wing; 

as the wing sliced the air, the 

rotors circled each other much 

like two animals chasing each 

other’s tails. � e spinning gener-

ated lots of wind, but the con-

struct was too heavy and costly 

to scale to industrial size.

In their steamroller style of 

engineering, where every path 

was tested and only the best was 

followed, the team scrapped that 

idea and went on to the next, a 

device that looked a little like an 

old World War I biplane without 

a cockpit. � ey mounted rotors 

at the joints where the vertical 

struts met the horizontal wings. 

� is arrangement allowed more 

attached rotors, yet there were 

problems here as well. For one 

thing, the rotors were right in 

front of the wings, impeding 

airflow and causing a reduc-

tion in lift. And then another 

issue surfaced. Numerous trips 

to Washington, D.C., convinced 

Bevirt that the Federal Aviation 

Administration was not going to 

allow him to � y permanent com-

mercial devices at 30,000 feet 

anytime soon. This meant that 

the craft would have to fly at a 

lower elevation—much lower. 

Ironically, this brought Bevirt 

back to the original idea that he 

had sketched three years earlier 

on his flight back from China: 

a single wing facing into the 

wind with turbines mounted on 

it, gently tracing a large circle 

through the air. Only this time, 

the rotors would be mounted 

on posts above and below the 

wings, a configuration that 

would prevent them from steal-

ing the air needed to keep the 

machine aloft. To take off and 

land, the whole thing would 

swivel vertically 90 degrees, with 

the rotors facing upward and 

acting like helicopter blades.

Bevirt was disappointed to 

leave behind his dream of tak-

ing wind power from the jet 

stream, but it turns out that 

even at just a few thousand 

feet, the device could collect 

tremendous amounts of energy, 

thanks to its solid structure and 

constant swing. For a standard 

wind turbine, the amount of 

energy available is related to the 

speed of the wind and the size 

of the area swept by the blades. 

Bevirt’s prototype maximizes 

both these variables. � e single-

wing design exploits the wind 

to create lift, a force that sends 

the craft hurtling through the 

air at many times the speed of 

the wind. Even in a 20-mile-

an-hour wind, the turbines can 

move through the air in excess 

of 100 miles an hour. And even 

High Fliers
Joby Energy is not the 
only company trying to tap 
high-altitude wind. Several 
competitors are working on 
related designs that could 
start feeding the grid within 
the next couple of years. Like 
Joby, these companies are 
exploiting new strong, cheap 
materials, advanced control 
electronics, and an improved 
understanding of upper-level 
wind patterns. They are also 
seeking a way around the 
resistance to land-based 
and near-shore wind farms, 
like the proposed Cape Wind 
project off Cape Cod. 

MAKANI POWER employs 
a tethered single-wing plane, 
fitted with six small rotors, 
that sweeps out a circular path 
at 1,200 feet and generates 
up to 1 megawatt of power. 
The California-based company 
received $15 million from 
Google’s philanthropic arm 
(the tech giant’s largest clean-
energy investment) and just 
secured a $3 million grant from 
the U.S. Department of Energy.

MAGENN POWER has devel-
oped a helium-filled blimp 
that rotates around an axle 
1,000 feet in the air. Genera-
tors on both ends send elec-
tricity down tethers to the 
ground. Starting next sum-
mer, the company plans to 
take orders for a $500,000 
model that produces up to 
100 kilowatts.

AMPYX POWER combines 
a glider and a ground-based 
generator to make its Pow-
erPlane. As the glider darts 
through the air, it unwinds 
a long tether, creating 
mechanical energy that a 
generator on the ground 
converts into electricity. The 
Dutch firm plans to sell a 
1-megawatt model by 2013. 
Italian start-up Kite Gen em-
ploys the same concept but 
uses a giant kite rather than a 
glider to uncoil the tether.  
 ANDREW GRANT

56

DISCOVER

DV1210WIND6A_QG   56 10/8/10   1:47 PM

worldmagsworldmags

worldmags



though the blades are much 

shorter than those on ground-

based wind turbines, they cut 

through more wind because the 

craft � ies in a giant circle. 

 Bevirt says the design was 

less a sudden inspiration than a 

slow, forceful evolution. “Inno-

vation is messy,” he states, not-

ing the Stanford engineering 

mantra of FFF, or Fail Forward 

Fast. “You have to be tolerant 

of failure and learn from it as 

aggressively as you can. The 

faster you can try out ideas and 

learn from them, the better—

and that’s especially important 

when exploring a new space.” 

joby energy now employs 20 

engineers—mostly young men 

who do not mind Bevirt’s brutal 

60- to 80-hour workweeks—

and is trying to scale up to a 

prototype that is the length of 

a pool table and has four spin-

ning turbines. The team has 

produced a few kilowatts of 

electricity with initial models 

and is designing turbines that 

could generate 250 kilowatts 

each (similar to some of the 

early, land-based turbines). 

Although Bevirt still insists 

that wind turbines can � y in the 

jet stream, he accepts that the 

� rst units will probably have to 

operate at just a few thousand 

feet to prove they can be trusted 

by utility companies and big-

time energy spenders. � e gov-

ernment would probably need 

even more convincing. “It’s a 

meaty regulatory challenge,” says 

Bevirt, who estimates it would 

take $100 million and three to 

five years of lobbying to open 

up the jet stream for energy 

use. Energy insiders like Lukas 

Gresnigt, head of business devel-

opment at the Norwegian ener-

gy giant Statkraft (one of the few 

companies following the tech-

nology), says trust will start to 

come only if someone can fly a 

half-megawatt device for at least 

six months without incident. 

This brings up what Bevirt 

calls his biggest engineering 

hurdle. In order for high-altitude 

turbines to work, they must have 

automated control systems that 

can guarantee the device won’t 

crash in a dramatic and expen-

sive accident. “� at’s the crux of 

this problem,” he says. “If there’s 

going to be something that 

makes or breaks an airborne 

wind turbine e� ort, it’s going to 

be in controls.” 

A device the size of a bread 

box is actually more di�  cult to 

control than one the size of a 

pool table, like what Joby Energy 

is now working on. But the con-

sequences of a crash for the latter 

are obviously worse. For a device 

the size of a semi truck, the risk 

is greater still. Each device will 

have an onboard computer (sim-

ilar to the kind used by a Preda-

tor drone) that will detect small 

changes in the wind and auto-

matically adjust to them. And 

this is the task facing most of 

Bevirt’s employees today: writ-

ing code and creating control 

software. � e crew is currently 

working on 3- and 10-meter-

long prototypes, although the 

goal is a 60-meter [200-foot] 

commercial machine. A pilot 

project comprising multiple 20-

meter craft flying in unison  is 

planned for 2012. 

Among the companies that 

are competing to tap high-alti-

tude winds, Joby Energy stands 

out for its business savvy and 

stable funding. Even so, few play-

ers in the energy world are ready 

to bet on flying turbines. But 

you would never know about all 

that skepticism from walking 

around Bevirt’s busy compound 

in the woods. “JoeBen lives for 

those days when he goes kite-

surfing and it’s blowing really 

big and the waves are really big,” 

Scheinman says. “And everyone 

looks at him like, ‘Is this guy 

really going to do it?’ And he 

does it. That’s a pretty decent 

analogy for JoeBen’s life. He 

looks for the biggest days and 

takes out the biggest kite.” 

Bevirt joins his engineers in the mobile office. Flight-control software is one of his greatest challenges.

“JoeBen lives for those days when 

he goes kite-surfi ng and the 

waves are really big and everyone 

looks at him like, ‘Is this guy 

going to do it?’ And he does it.” 
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E  M A T T E R S

In a galaxy filled with 

trillions of objects, what 

makes a planet so special?

By Phil Plait
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At the same time, other astronomers 

have been discovering Jupiter-mass or 

smaller bodies circling nearby stars. 

Are these things planets? � e answer 

turns out to have a lot of implica-

tions for our understanding of how 

our solar system formed, how Earth 

evolved, and where to look for life 

elsewhere in the universe.

OK. Maybe we should bother.

FRAMING THE QUESTION

Perhaps my naive definition—big, 

round, and orbiting the sun—isn’t 

such a bad place to start. I imagine a 

lot of the public would give the same 

criteria. I asked my teenage daugh-

ter and she came up with something 

similar herself. So let’s begin there.

� e last part of my youthful planet 

definition—something orbiting the 

sun—is the easiest to dismiss. In 

late 1995, when astronomers found 

the � rst planet-mass thing orbiting 

a star similar to the sun, they didn’t 

call it a “planet-mass thing.” It was an 

honest-to-goodness planet circling 

an honest-to-goodness star. Within 

a few months we found more, and 

more … and now, not so many years 

later, we’ve cataloged nearly 500 such 

planets. � e list grows almost daily.

A planet, therefore, doesn’t need 

to orbit our sun, and we can already 

see our de� nition fraying around the 

edges. We’ll need to � x it. So let’s say 

a planet is something that is big and 

round and orbiting any star.

But wait! We know that planets 

don’t just orbit in a nice, neat pattern 

through all time. Astronomers are 

pretty sure that when the solar system 

was forming, things were fairly chaotic. 

Any protoplanetary object drifting too 

close to proto-Jupiter would have gone 

on a wild ride: � e gravity of the mighty 

proto-Jupiter was capable of tossing 

the smaller newborn planet completely 

out of the solar system. Computer 

models show that this kind of event 

was inevitable. Our solar system may 

have been born with dozens of planet-

size objects that Jupiter ejected into 

interstellar space. Multiply this process 

by billions of other stars and the impli-

cations are unavoidable: Our galaxy is 

littered with ejected rogue planets, tra-

versing the interstellar vacuum light- 

years from the warmth of a star.

OK, so a planet doesn’t need to 

 When i was a kid, i knew exactly what a 

planet was: It was something big and round, 

and it orbited the sun. There were nine such 

beasts in the celestial menagerie. We knew Pluto was a 

mis� t—smallish, distant, and orbiting on a weird ellipti-

cal path—but we had no doubt it was part of the fam-

ily. � e other planets certainly � t my description, and all 

was well. ¶ I didn’t even consider Ceres, one of the solar 

system’s oddballs. But if I had, I’m sure I would have 

thought, “Ceres is an asteroid! It’s the largest one, sure, 

and maybe it’s even round, but it’s just the biggest of a 

bunch of rubble out there between Mars and Jupiter. A 

planet it ain’t.” As for objects past Pluto? � ere were no 

such things! Done and done. ¶ Ah, the naïveté of youth. As 

an adult and as a scientist, I now see that the situation is 

THIS WORD PLANET IS MAGICAL.   

IS IT A 
 PLANET?

If you want to become a planet, 
you cannot look like a peanut. 
That eliminates Itokawa and 
other small asteroids. The smooth, 
round shape we associate with 
planets comes from their gravity, 
which tries to pull the mass to-
ward the center. Little bodies like 
1,755-foot-wide Itokawa do not 
possess enough heft for gravity 
to shape them. As a result, most 

asteroids—as well as comets and 
small moons—live out their days as 
static, irregularly shaped worlds. 
From a scientific perspective, 
that is not such a bad thing. Since 
these asteroids and comets have 
roughly the same makeup today 
as when they formed some 4.6 
billion years ago, they are fasci-
nating time capsules of the early 
solar system.  ANDREW GRANT

far more complicated. Trying to rope 

the universe with our own defini-

tions is like trying to put a spherical 

peg in a cubical hole. Why bother? 

“This whole word planet is just 

magical,” says Mike Brown, a planetary 

astronomer at Caltech. “It is the one 

word that people understand about 

the solar system, and the solar system 

is the largest local geography that most 

people know. So this word really is spe-

cial. It matters that we get it right.”

� e word matters a lot to scientists, 

too, as Brown can well attest. He’s the 

man who recently stirred up a hornet’s 

nest by finding lots of new objects 

orbiting in the outer reaches of the 

solar system, one of which—Eris—is 

some 1,500 miles wide, making it dis-

tinctly larger than Pluto (1,400 miles 

side to side) . Are these things planets? 

ASTEROIDS

No!

THE VERDICT?

Yes!

ITOKAWA
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IAPETUS

orbit a star. But it’s still big and 

round, right? Right?

GRADING THE CONTENDERS

It turns out that those two character-

istics are related. In the past few years, 

space probes, improved ground-based 

telescopes, and orbiting observatories 

have shown us close-up pictures of 

hundreds of objects in our solar sys-

tem. What we have found is that a 

lot of them are lumpy and misshap-

en, while others are clearly round. It 

doesn’t take long to see the di� erence. 

Most smaller bodies are irregular ; 

past a certain size they are all roughly 

spherical. Clearly, size matters. 

The key here is gravity. A rock you 

might find in your garden has very 

little mass and a correspondingly low 

gravity. Its gravity is far too weak to 

overcome the structural integrity of 

the crystals in the rock itself. � e same 

is true for small rocks in space. Go to 

the asteroid belt and � nd something a 

foot across, and chances are it will look 

a lot like what you’d � nd in your back-

yard. As long as the internal structure 

is the strongest force acting on the 

rock, the internal structure is what will 

determine its shape.

When you start to go larger, gravity 

becomes more important. At sizes of 

a few dozen miles across, loose surface 

material is subject to enough force 

to slide downhill, and dust may pile 

up on crater � oors. With bigger rocks 

you get bigger e� ects. When an object 

exceeds a few hundred miles in diam-

eter, gravity can start to overcome the 

internal resistance. � e material inside 

the object can no longer withstand 

the pressure and may � ow like a thick 

liquid. � e object eventually reaches a 

balance between gravity and its own 

internal resistance, a state scientists 

call hydrostatic equilibrium. In a per-

fect world, the resulting shape would 

be a perfect sphere.

But what world is perfect? Sure, 

if you had a blob of water 600 miles 

across—essentially a giant raindrop 

in space—it would � ow without resis-

tance, sculpting itself into that ideal-

ized sphere. Ice and rock deform fairly 

easily too, so at that size (or larger) 

they would form a sphere, or some-

thing close to it. Most metals resist 

stress better than rock, however. At 

600 miles across, something made 

mostly of metal could still be quite 

lumpy. You can see where our plan-

etary definition of “big and round” 

might cause us some grief. An object 

made of ice might be considered a 

planet, while an object of the same 

size but made of metal wouldn’t be 

round enough to make the cut.

There are other forces that affect 

sphericity. Rotation, for example, can 

make an object bulge out at its equa-

tor. Saturn, which is the least dense 

planet and one of the fastest rotators, 

is 10 percent thicker through its waist 

than through its poles. In pictures 

Saturn looks fairly round, but that’s 

because its rings throw off our per-

spective. Erase the rings and Saturn is 

clearly an oval. But while rotation may 

confuse things, it doesn’t really count. 

An object may be � attened a bit due to 

its spin, but the forces inside it still bal-

ance out, and it can still be in a state of 

hydrostatic equilibrium. Nobody would 

dare say that Saturn isn’t a planet. 

So where does this leave us with 

our de� nition of planets as being big 

and round?

Of the many thousands or millions 

of objects in our solar system, only 

a small number can be considered 

round: the sun, the eight big planets, 19 

moons (including ours), and a few doz-

en other objects largely in the distant 

SATELLITES
When it comes to determining planethood, the Interna-
tional Astronomical Union has a credo: Location, location, 
location. Large moons like Saturn’s 914-mile-wide, 
two-toned Iapetus certainly resemble planets. They are 
round bodies; their gravitational energy drives dynamic 
geologic processes; some even have active volcanoes 
or geysers. Yet they receive second billing because they 
orbit a planet and not the sun, as the IAU requires. Pluto, 
Eris, and Ceres—which the IAU designates as dwarf 
planets—also have positional misfortune. Although they 
circle the sun, they orbit in regions that contain a lot of 
other stuff, making it impossible for them to clear their 
orbital paths. If Earth were located among the myriad 
objects out by Pluto and Eris, it too would fail to clear its 
neighborhood and so would not qualify as a planet.  A. G.

    IT MATTERS THAT WE GET IT RIGHT.

Kuiper belt—one of which is Pluto. 

Ceres, the largest asteroid (590 miles 

wide), makes the list of round bod-

ies. Vesta, the second-most-massive 

asteroid, does not. It’s almost round, 

though bizarrely deformed by a large 

crater at its south pole. It’s hard to say 

whether its shape is being carved by 

gravity, though. NASA’s Dawn mission 

is scheduled to pay it a visit in 2011. At 

that point, we’ll get a good enough look 

to tell us just how round Vesta is.

And what if it is round? Should we 

call it a planet then? As Brown notes, 

“Some of my best friends are round…

but never in the history of humanity 

No!

THE VERDICT?

Yes!

IS IT A 
 PLANET?
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M A I N  P L A Y E R S
Saturn is the prototypical planet, immense and imposing (it 
is 74,900 miles across, 9.5 times as wide as Earth ). But size 
alone is not the deciding factor. Mercury is smaller than two 
moons: Saturn’s Titan and Jupiter’s Ganymede.  “I’m willing 
to let it go,” astronomer Mike Brown says of Mercury.

Despite their differences, Saturn, Mercury, and the other 
six planets satisfy the International Astronomical Union’s 
criteria; still, “the debate is going to go on for years,” says 
Mark Sykes of the Planetary Science Institute in Arizona. He 
hopes the question of what constitutes a planet will come 
closer to a resolution in 2015, when space probes arrive at 
Ceres and Pluto, perhaps revealing that they are dynamic 
enough to warrant a whole new definition of planet—and a 
new mnemonic device for schoolchildren to learn.  A. G.

has that been a de� nition of a planet. 

� at is thoroughly arbitrary. Not every 

round thing is a planet.”

For example, Titan, Saturn’s largest 

moon, is not only round but bigger 

than Mercury. (Titan even has a thick 

atmosphere, unlike airless Mercury.) 

Ganymede, Jupiter’s largest moon, is 

bigger than Mercury too. But these 

are moons: They orbit planets, so 

they can’t be planets themselves. 

Round or not, being enthralled by a 

bigger object—unless it is the sun—

strikes you o�  the list.

SETTLING THE DEBATE

In 2006, spurred in part by Mike 

Brown’s discovery of Eris, the Interna-

tional Astronomical Union (the orga-

nization that keeps track of celestial 

bodies and categorizes them) voted 

on how to define a planet. In the 

group’s esteemed opinion, a planet 

is something that 1) orbits the sun, 

2) has achieved hydrostatic equilib-

rium, and 3) has sufficient gravity 

to have cleared its “neighborhood” 

of smaller debris. Many objects that 

meet two of the three criteria have 

an adjective thrown in front: extra-

solar if it orbits another star, dwarf 

if it is too small to have cleared the 

neighborhood around its orbit, as is 

the case with Pluto.

I found this situation unsatisfy-

ing, although for years I had a hard 

time expressing why. Until, that is, 

I read Brown’s fascinating and fun 

new book, How I Killed Pluto and 

Why It Had It Coming. Writing about 

how his discovery of Eris threw the 

astronomy community and the pub-

lic into an uproar, he makes a ter-

rific statement: “[In] astronomy, as 

in most sciences, scientists work by 

concepts rather than de� nitions.” 

He is exactly right. We have con-

cepts of what stars are, what species 

are, what continents are. But if we try 

to de� ne these terms, we get into trou-

ble, especially around their borders. 

So I’m back to my original question: 

Why bother? When studying an object, 

there are any number of labels you can 

hang on it. A lizard is a reptile, a quad-

ruped, a vertebrate. � ese terms help 

you categorize it, help you understand 

it and put it in context. But they don’t 

de� ne it, because that’s a little bit silly. 

Scientists don’t need hard-and-fast 

definitions. We need concepts. When 

we try to understand an object, catego-

rizations help a lot, but nature abhors a 

de� nition. Try to lock something into 

too small a box and I guarantee nature 

will � nd an exception. 

The term planet shouldn’t be a 

de� nition; it should be a concept. And 

Brown proposes a decent one, which 

we were very close to earlier in this 

analysis: A planet is an object that is 

big and important in the solar system. 

By “important,” Brown is referring to 

objects that are the biggest in their 

neighborhood, able to bully smaller 

objects. “We are seeing order in the 

solar system, and part of the nature 

of understanding the planets is to see 

the order in things,” he writes. “I look 

at the bodies that are dominating the 

solar system. And they are much big-

ger than the next-biggest thing they’ve 

kicked around.” In that sense, we have 

a clear list of eight planets, and Pluto 

doesn’t count. At 1,400 miles across, 

it is just the second-biggest of the ice 

balls out past Neptune, barely able to 

make its in� uence felt among a popu-

lation that may number in the hun-

dreds of thousands. 

Some people balk at using fuzzy 

words like big and important. But if 

things are a little hazy around the 

edges, it doesn’t matter, because 

we’re not de� ning anything. We’re just 

squinting a little and putting things 

in order. As Brown points out, con-

cepts are for scientists and defini-

tions are for lawyers.

Of course the public likes de� nitions 

as well. It is unsatisfying to have objects 

out there that aren’t really de� ned. But 

we may, as scientists, just have to deal 

with that. Changing public opinion, as 

any lawyer or politician will tell you, 

can be di�  cult. To me, we astronomers 

should tell the public that the question 

is not whether Pluto is a planet. In fact, 

that question shouldn’t even exist. 

We can’t really de� ne what a planet is. 

Instead of teaching kids there are eight 

or nine or however many planets, we A
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should instead teach them the concept 

of a planet: a biggish, roundish object 

that can affect things in its vicinity. 

Wherever you go, a planet is an object 

that absorbed many smaller objects to 

become the local bully. It is something 

that had a substantial impact on the 

environment around its star.

If you want to call Pluto a planet, 

no galactic police will pay you a visit. 

If you don’t want to, that’s OK as well. 

Pluto doesn’t care what we call it. 

What a concept. 

No!

THE VERDICT?

Yes!

IS IT A 
 PLANET?

SATURN
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ADVERTISEMENT

There is one aspect of life that unites, controls, 
and affects all people. That one aspect of life is the 
collection of natural laws. They unite, control, 
and affect human life no matter what people’s race, 
gender, or creed or where on this planet they live. 
Consider that whoever or whatever created the laws 
of physics also created another law to unite, control, 
and affect people’s relationships with one another.
The problem being addressed here relates to the fact that people unknowingly unite against one another 

and seek a kind of control that affects not only their health and well-being but culminates in death.

If you are a new reader of this subject matter, be 
prepared for a pleasant shock.

Whoever or whatever is the creator revealed 
nature’s law of right action to the mind of Richard 
W. Wetherill in 1929. The law calls for people to be 
rational and honest not only regarding the laws of 
physics but also to be rational and honest in their 
thinking and behavior toward one another.

After decades of rejection, the behavioral law is as 
viable and effective as when created, whereas people’s 
behavior, in general, has been becoming more and 
more blatantly irrational and dishonest.

Despite the fact that compliance to every law of 
physics requires its specific right action to succeed, 
people’s behavior toward one another, whether noble or 
ignoble, was deemed to be a matter of personal choice.

Wetherill used words to describe the elements of 
nature’s law of behavior such as rational, logical, hon-
est, appropriate, moral, and true to the facts, and he 
also cautioned that the law, itself, is the final arbiter 
of what is right behavior. The formula states: Right 
action gets right results whether it relates to laws of 
physics or the law of behavior, whereas wrong results 
in either case indicate failure properly to comply.

There is one requirement of the behavioral law 
that people need to give careful attention. Rational 
and honest responses in their relationships with one 
another must be made specifically to satisfy the law 
and not to satisfy their particular expectations.

Ordinarily people conduct their relationships to sat-
isfy their purposes, none of which qualify according 
to natural law. Such behavior, however, does explain 

why the earth’s population is not being peacefully 
united, controlled, nor favorably affected.

Do people intentionally refuse to accommodate the 
requirements of gravity for instance? No, they do their 
best to keep their balance or recover it when needed.

Behavioral responses require that same attitude. 
Do not act for personal reasons; act because a self-
enforcing natural law requires people’s obedience.

Those who are familiar with the accounts of cre-
ation in scriptures will realize that the first wrong act 
of the created beings was to disobey. That wrong be-
havior ended the perfect situation that had existed, and 
it brought about the predicted wrong results.

Whether those accounts are actual or symbolic, 
they illustrate the problem.

For ages whoever or whatever is the creator 
allowed people to control their behavior and suffer 
the resulting troublesome problems but also created 
a natural law of behavior that when identified and 
obeyed unites people, allowing them to enjoy the 
benefits that then control and affect their lives.

Visit our colorful Website www.alphapub.com where 
several natural-law essays and seven books describe 
the changes called for by whoever or whatever creat-
ed nature’s behavioral law. The material can be read, 
downloaded, and/or printed FREE.
This public-service message is from a self-financed, 
nonprofit group of former students of Mr. Wetherill. 
Please help by directing others to our Website so that 
they, too, can learn that obeying this natural law con-
firms that life is both fair and well worth living.

Richard W. Wetherill
1906-1989
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Of
Mınds

Two

Neuroscientist Antonio Damasio 
and novelist Siri Hustvedt plumb the nature of 

consciousness in a wide-ranging dialogue.

Photography by Nathaniel Welch
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Siri Hustvedt: When I got my Ph.D. in English at Columbia, 

the intellectual truism of the time was that language created 

consciousness. But over time I began to doubt this. Where 

was the body? Where was my felt, lived experience? I’ve had 

migraines all my life, and later a strange seizure disorder. I 

began to feel that biology was deeply connected to both per-

sonality and the flowering of human culture, and that was the 

beginning of my profound interest in neuroscience. 

Antonio Damasio: For a long time in Western discourse the body 

was nowhere. But of course the body is of the essence. We have 

brains and minds because they serve the survival needs of the 

organism. � e regulation of life is the main business of brains and 

minds. It is called homeostasis. 

Hustvedt: What we think of as the self, our subjectivity, is 

influenced by unconscious forces. Take Benjamin Libet’s 

famous 1964  finding, which created a tremendous uproar 

among philosophers and neuroscientists. Libet asked test 

subjects to move a finger and discovered something called 

a readiness potential in the brain. It went off about a third 

to a half second before the subject was conscious of moving 

the finger. This became a debate about free will: Does free 

will require a fully conscious action? If you’re thirsty and you 

get a glass of water, you do not have full subjective linguistic 

“We take consciousness for 
granted because it is so available, 
so easy to use, so elegant in its 
daily disappearing and reappearing 
acts, and yet, when we think of it, 
we do puzzle. What is conscious-
ness made of? Mind with a twist, it 
seems to me, since we cannot be 
conscious without having a mind to 
be conscious of. But what is mind 
made of? Does mind come from 
the air or from the body?” Damasio 
poses these eternal questions in his 
new book, Self Comes to Mind, and 
serves up some answers below.

 1 
THE MIND IN THE BRAIN. Or-
ganisms make minds out of the 
activity of special cells known 

as neurons. Neurons are sensitive to 
changes around them; they are ex-
citable (an interesting property they 
share with muscle cells). Thanks to 
a fibrous prolongation known as the 
axon, and to the end region of the 
axon known as the synapse, neu-
rons can send signals to other cells, 
often quite far away. The number 
of neurons in each human brain 
is on the order of billions, and the 
synaptic contacts that the neurons 
make among themselves number in 
the trillions. Neurons are organized 

in small microscopic circuits, 
whose combination constitutes 
progressively larger circuits, which 
in turn form networks or systems. 
Minds emerge when the activity of 
small circuits is organized across 
large networks so as to compose 
momentary patterns. 

 2 
THE CONSCIOUS SYM-
PHONY. Conscious minds 
result from the smoothly 

articulated operation of several, 
often many, brain sites. The 
ultimate consciousness product 
occurs from those numerous brain 
sites at the same time and not in 
one site in particular, much as the 
performance of a symphonic piece 
does not come from the work of 
a single musician or even from a 
whole section of an orchestra. 
The oddest thing about the upper 
reaches of a consciousness perfor-
mance is the conspicuous absence 
of a conductor before the perfor-
mance begins, although as the 
performance unfolds, a conductor 
comes into being. For all intents 
and purposes, a conductor is now 
leading the orchestra, although 
the performance has created 
the conductor—the self—not the 

other way around. Building a mind 
capable of encompassing one’s 
lived past and anticipated future, 
along with the lives of others 
added to the fabric and a capacity 
for reflection to boot, resembles 
the execution of a symphony of 
Mahlerian proportions. But the 
true marvel is that the score and 
the conductor become reality 
only as life unfolds. The grand 
symphonic piece that is conscious-
ness encompasses the foundational 
contributions of the brain stem, 
forever hitched to the body, and the 
wider-than-the-sky imagery cre-
ated in the cooperation of cerebral 
cortex and subcortical structures, 
all harmoniously stitched together, 
in ceaseless forward motion, inter-
ruptible only by sleep, anesthesia, 
brain dysfunction, or death. 

 3 
MIND MAPS. The pat-
terns, or maps, of the mind 
represent things or events 

outside the brain, either in the 
body or in the external world. 
Ultimately, consciousness allows 
us to experience maps as images, 
to manipulate those images, and 
to apply reasoning to them. Maps 
are constructed when we interact 

with objects, such as a person, 
a machine, or a place, from the 
outside of the brain toward its 
interior. Maps are also con-
structed when we recall objects 
from inside our brain’s memory 
banks. The construction of maps 
never stops, even in our sleep. 
The human brain maps whatever 
object sits outside it, whatever 
action occurs outside it, and all 
the relationships that objects and 
actions assume in time and space, 
relative to each other and to the 
mother ship known as the organ-
ism. The human brain is a mimic of 
the irrepressible variety. 

 4 
THE BEGINNING OF 
CONSCIOUSNESS. Imagine 
holding a brain in your 

hand and looking at the surface of 
the cerebral cortex. Now imagine 
taking a sharp knife and making 
cuts parallel to the surface, at 
a depth of two or three millime-
ters, and extracting a thin fillet of 
brain. After fixing and staining 
the neurons with an appropri-
ate chemical, you can lay your 
preparation down on a thin glass 
slide and look at it under the 
microscope. You will discover, 

The 12 Steps to Consciousness

 t
he ultimate protagonist is the conscious self 

at the center of every life story, the observer who 

answers to the name of “I” from the � rst moment 

of memory until the curtain falls. But what is con-

sciousness, really? And how does it emerge so fully 

from the organ of the brain? � ese long-unanswered 

questions, grist for generations of philosophers, drive the discus-

sion between neuroscientist and neurologist Antonio Damasio and 

novelist and essayist Siri Hustvedt—both authors of recent books 

on the topic, though from di erent points of view. Damasio, who 

directs the University of Southern California’s Brain and Creativity 

Institute, wrote Self Comes to Mind: Constructing the Conscious Brain 

(Pan theon, 2010) to explore “the phenomenal ability that consists 

of having a mind equipped with an owner.” Where is consciousness 

located in the brain, he wonders, and how does the brain make a 

conscious mind? He explores the terrain with Hust vedt, whose book, 

� e Shaking Woman or A History of My Nerves (Henry Holt, 2010), 

examines her own seizure disorder from historical, philosophical, 

and neuroscienti� c points of view. “How our brains become minds 

and how neurons create our inner selves remain burning questions 

in both science and philosophy,” she states. Like her book, this dis-

cussion investigates the nature of consciousness and the connec-

tions between body, mind, and the arts.  pamela weintraub
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consciousness of the act. It is mostly unconscious, but that 

doesn’t mean we have no free will.

Damasio: It does not, because most of the decisions important for 

one’s life are not made in the same way we decide to move a � n-

ger or pick up a glass. Important decisions—what we’re going to 

do with our career or whom we’re going to marry—are usually not 

made on the � y. For such decisions we tend to deliberate for min-

utes or hours or weeks or months; we do not do it in the moment 

of execution of the action. We do it “o�  ine.” � at is why people 

turn their eyes up and look at the ceiling as they deliberate; if they 

do not, images of the perceptual moment will con� ict with the 

images that they are forming as they make plans. 

Hustvedt: You can pay attention to something out there or to 

your own internal narrator, but paying attention to both does not 

work. Reading provides a good example. It happens that I sud-

denly realize I am taking in the words, but my mind has traveled 

on to another subject. I have some cognitive relation to the words 

on the page, but it’s not one of semantics, of digesting meaning.

Damasio: What is so fascinating is the limitation of the reasoning 

space—the screens in which we exhibit our brain maps. We have 

many such screens: visual screens, but also “screens” for sound, 

for touch, for olfaction. � e brain has discrete anatomical spaces for 

I used to think of 

 consciousness as a late 

evolutionary development 

 that tended to be largely 

human. But the forerunners 

 of consciousness can be found 

in very simple life-forms—

 even bacteria.

in each cortical layer that you 
inspect, a sheathlike structure 
that essentially resembles a two-
dimensional square grid. The main 
elements in the grid are neurons, 
displayed horizontally. You can 
imagine something like the plan of 
Manhattan. Contemplating a patch 
of cerebral cortex, one realizes 
why the idea of brain maps is 
not a far-fetched metaphor. One 
can sketch patterns onto such a 
grid, and when one squints a little 
and lets the imagination roam 
free, one can picture the sort of 
parchment paper that Henry the 
Navigator probably pored over 
when he was planning the voyages 
of his captains. One big difference 
is that the lines in a brain map are 
not drawn with quill or pencil; they 
are, rather, the result of the mo-
mentary activity of some neurons 
and of the inactivity of others. 

 5 
CONSCIOUSNESS IN MO-
TION. Brain maps are not 
static like those of classical 

cartography. Brain maps are 
mercurial, changing from moment 
to moment to reflect the changes 
that are happening in the neurons 
that feed them, which in turn 
reflect changes in the interior of 

our body and in the world around 
us. The changes in brain maps also 
reflect the fact that we ourselves 
are in constant motion. We come 
close to objects or move away 
from them; we can touch them 
and then not; we can taste a wine, 
but then the taste goes away; we 
hear music, but then it comes to an 
end; our own body changes with 
different emotions, and different 
feelings ensue. The corresponding 
brain maps change accordingly. A 
spectacular consequence of the 
brain’s incessant and dynamic 
mapping is the mind. The mapped 
patterns constitute what we, 
conscious creatures, have come to 
know as sights, sounds, touches, 
smells, tastes, pains, pleasures, 
and the like—in brief, images. The 
images in our minds are the brain’s 
momentary maps of everything and 
of anything, inside our body and 
around it, concrete as well as ab-
stract, actual or previously recorded 
in memory. Perception, in whatever 
sensory modality, is the result of the 
brain’s cartographic skill. 

 6 
THE BODY IN THE MIND. 
Because brain maps are the 
substrate of mental images, 

mapmaking brains have the power 

of literally introducing the body as 
content into the mind. But body-to-
brain mapping has a peculiar as-
pect: Although the body is the thing 
mapped, it never loses contact 
with the mapping entity, the brain. 
Under normal circumstances they 
are hitched to each other from birth 
to death. Just as important, the 
mapped images of the body have 
a way of permanently influencing 
the very body they originate in. 
Any theory of consciousness that 
does not incorporate these facts is 
doomed to fail. 

 7 
SENSUAL WINDOWS ON 
THE WORLD. The brain’s 
pervasive, exhaustive 

mapping of the body covers not 
only what we usually regard as the 
body proper—the musculoskeletal 
system, the internal organs, the 
internal milieu—but also the body’s 
spying outposts—the smell and 
taste mucosae, the tactile elements 
of the skin, the ears, the eyes. 
Those devices have a part made 
of “old flesh” and another made 
of delicate and special “neural 
probes.” Examples include the 
cochlea in the inner ear, with its 
sophisticated hair cells and sound-
mapping capabilities, and the 

retina at the back of the eyeball, 
onto which optical images are 
projected. The combination of old 
flesh and neural probe constitutes 
a body border. Because of this 
curious arrangement, the repre-
sentation of the world external to 
the body can come into the brain 
only via the body itself. The body 
and the surrounding environment 
interact with each other, and the 
changes caused in the body by 
that interaction are mapped in the 
brain. Body-brain communication 
goes both ways, from body to brain 
and in reverse. The body tells the 
brain: This is how I am built and this 
is how you should see me now. The 
brain tells the body what to do to 
maintain its even keel. 

 

 8 
FEEL THAT EMOTION. Emo-
tions are complex, largely 
automated programs of 

actions concocted by evolution. 
The actions are carried out in our 
bodies, from facial expressions 
and postures to changes in viscera 
and internal milieu. Feelings of 
emotion, on the other hand, are 
composite perceptions of what 
happens in our body and mind 
when we are emoting. As far as 
the body is concerned, feelings 
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each one. � ere is no doubt that when you are listening to a Mahler 

symphony and watching Daniel Barenboim conducting at the same 

time, you are having perceptual impressions in two entirely di� erent 

screen spaces, auditory and visual. � ose spaces are so independent 

that they might as well be in two di� erent cities of your brain. 

Hustvedt: The big question for brain research has been, how does 

all this get put together? It is often called the “binding problem,” 

because we have the subjective sensation of a unified vision 

of the world, but how that unity actually functions is unclear.

Damasio: � at has led some people to conclude erroneously that 

there is one space in the brain where all of it is happening. In 

other words, because we have a seemingly uni ed experience of 

space and time, it is assumed that there is one single theater for 

the whole thing. Right now the favorite single theater for many 

people is the prefrontal cortex, a region of the brain located up 

front, behind one’s forehead. But I have terrible news for anyone 

who thinks so: We can get rid of our entire prefrontal cortex and 

still have uni ed perceptual experiences. 

Hustvedt: Most of us with any ability for introspection are aware 

that there are layers of experience. Take fiction-writing. You sit 

down, and on the page there appears a world that emerges from 

somewhere—a mental geography that is mostly unconscious. But 

making art also depends on our capacity for symbolization.

Damasio: Those separate layers and multiple worlds depend on 

diverse performance spaces in the brain and on sophisticated brain 

mechanisms of integration. � ey also depend on memories being 

formed of one’s integrated experiences and being recalled later. Right 

now I can see the pearls around your neck, your deep-pink sweater 

and white blouse, and your beautiful blond hair. At the same time I 

am hearing your voice and processing certain ideas about you and 

about what you and I are saying. All of these processes occur in di� er-

ent places in my brain, but timing and the fact that we have a single 

self will give me a uni ed experience of time and space. 

How do I make a memory of this moment? We need to  nd sys-

tems in the brain where signals related to all these di� erent things 

can converge and code for the simultaneity of the events. Later, 

converging signals can be reactivated and sent back to the regions 

they came from, reconstructing a paler version of the original expe-

rience. I believe this is how memory works. When we hear a tune in 

our mind and recall the people we were with and the place where 

we last heard it, we are using this convergence-divergence frame-

work to reconstruct the fragments that composed the original set. 

This framework is quite economical. Instead of having to 

record every event that you go through every day with every per-

 

 continued on page 76

are images of actions rather than 
actions themselves. While emo-
tions are actions accompanied by 
ideas and certain modes of think-
ing, emotional feelings are mostly 
perceptions of what our bodies 
do during the emoting, along with 
perceptions of our state of mind 
during that same period of time.

 9 
CONSCIOUSNESS OB-
SERVED. Consciousness 
is a state of mind—if there 

is no mind there is no conscious-
ness. The conscious state of mind 
is experienced in the exclusive, 
first-person perspective of each of 
our organisms, never observable 
by anyone else. We can amplify this 
definition by saying that conscious 
mind states always have content: 
They are always about something. 
Finally, conscious states of mind are 
possible only when we are awake. 
Conscious states of mind are felt. 

 10 
THE AUTOBIO-
GRAPHICAL SELF. 
Autobiographies are 

made of personal memories, the 
sum total of our life experiences, 
including the experiences of the 
plans we have made for the future, 
specific or vague. Autobiographical 

selves are autobiographies made 
conscious. They draw on the entire 
compass of our memorized history, 
recent as well as remote. The social 
experiences of which we were a 
part (or wish we were) are included 
in that history, and so are memories 
that describe the most refined 
among our emotional experiences, 
namely, those that might qualify 
as spiritual. As lived experiences 
are reconstructed and replayed, 
their substance is reassessed and 
inevitably rearranged, modified 
minimally or very much in terms 
of their factual composition and 
emotional accompaniment. Entities 
and events acquire new emotional 
weights during this process. Some 
frames of the recollection are 
dropped on the mind’s cutting-
room floor, others are restored and 
enhanced, and others still are so 
deftly combined either by our wants 
or by the vagaries of chance that 
they create new scenes that were 
never shot. Given the abundance 
of records of one’s lived past and 
anticipated future, we do not need 
to recall all of them or even most of 
them to operate in autobiographi-
cal mode. Not even Proust would 
have needed to draw on all of his 
richly detailed and long-ago past 

to construct a moment of full-
fledged self-Proustiness. 

 11 
THE REFLECTIVE SELF. 
Systematic discovery 
of the drama of human 

existence and its compensations 
was arguably possible only after 
the development of full human 
consciousness—a mind with an au-
tobiographical self that is capable 
of guiding reflective delibera-
tion and gathering knowledge. 
Eventually, given the probable 
intellectual capability of early 
humans, it is likely that they would 
have wondered about their status 
in the universe, something akin 
to the “where from” and “where 
to” questions that still haunt us 
today. That is when the rebellious 
self comes of age. That is when 
myths are developed, when social 
conventions and rules are elabo-
rated, leading to the beginnings 
of a true morality. I suggest that 
the engine behind these cultural 
developments is the homeostatic 
impulse—the dynamic process by 
which the brain regulates life. In 
one form or another, cultural de-
velopments respond to detection 
of an imbalance in the life process, 
and they seek to correct it.  

 12 
WHY CONSCIOUSNESS 
PREVAILED. Traits and 
functions rise or fall in 

the history of life depending on how 
much they contribute to the success 
of living organisms. The most direct 
way of explaining why conscious-
ness has prevailed in evolution 
is to say that it has contributed 
significantly to the survival of the 
species so equipped. Consciousness 
has flourished. It seems to be here 
to stay. What did it actually contrib-
ute? The answer is a large variety 
of apparent and not-so-apparent 
advantages in the management of 
life. Even at the simplest levels, con-
sciousness helps the optimization of 
responses to environmental condi-
tions. As processed in the conscious 
mind, images provide details about 
the environment, and those details 
can be used to increase the preci-
sion of a much-needed response, for 
example, the exact movement that 
will neutralize a threat or guaran-
tee the capture of prey. But the 
lion’s share of the advantage comes 
from the fact that the conscious 
mind infuses the exploration of 
the world outside the brain with a 
concern for the first and foremost 
problem facing the organism: the 
successful regulation of life. 
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Call 888-310-1978 Today 
to Get Your FREE TRIAL 

of Keranique!

Mention Promotional Code KQ100100 
to find out how to get the 

Keranique Follicle Boosting Serum FREE
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In clinical trials, women 
experienced 2.7 times the hair

growth using the FDA-approved
ingredient in Keranique
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Olde King James wOuld lOveth this new BiBle!
The Holy Bible In Its Original Order
Why This Bible is Unique Above All Other Bibles . . .

To order call 1-800-852-8346  
or mail coupon to

CenturyOne Books
111 South Orange Grove Blvd.  

Suite 300-DS
Pasadena, CA 91105

Includes over 280  
pages of commentaries 

and appendices!

Special Offer for Discover Magazine Readers!
The Holy Bible In Its Original Order will retail in bookstores for 

$169.95, but Discover Magazine readers can own this exceptionally 
high-quality Bible for as low as $99.50 (+ $9 for S/H).

Save $70 Off Act Now!

SAVESAVE
FrEE ShippingFrEE Shipping
On orders of  Bibles or more

SAVESAVE
FrEE Shipping

$25
FrEE ShippingFrEE Shipping
On orders of  On orders of  Bibles or more

2

SAVESAVE
FrEE ShippingFrEE Shipping
plus

Preview Online! www.OriginalBibleRestored.com

Name  ________________________________________________________

Address  ______________________________________________________

City/State/Zip  __________________________________________________

No. Ordered  _____ @ $______ + $9 each for S/H  Total $  _______________

___  Deluxe Lambskin  ___  Black Faux Calfskin   _____ Paper Edition w/ carrying case

 Check/Money Order enclosed Please bill my credit card:

 MC VISA AMEX DISC

CC#  ___________________________________________ Exp.  ___  / ____ 

Signature  ________________________________  Sec Code  ____________
CA residents please add 9.75% sales tax | Distributor Inquiries Welcome

$119.50 $99.50 $99.50

he Holy Bible In Its Original 
Order is an extraordinary 
Bible—unique in two 
ways. First, it is the only 
complete Bible ever 
published—with both Old 
and New Testaments—that 

accurately follows the original canonical 
or manuscript order as recognized by most 
scholars. In addition, once the original order of 
the 49 biblical books has been restored, the Seven 
Divisions of the Bible are also re-established. 
The Old Testament contains: 1) The Law, 2) 
The Prophets, and 3) The Writings. The New 
Testament contains: 4) The Gospels and Acts, 5) 
The General Epistles, 6) The Epistles of Paul, and 
7) The Book of Revelation. With this restoration 
to the lst century ‘manuscript’ order, a purposeful 
design, symmetry and story flow order of the 
Bible become more readily apparent.
 It is a little known historical fact that the 
original manuscript order of both the Old and 
New Testament books was altered by early church 
fathers. The Holy Bible In Its Original Order 
includes commentaries that trace precisely how 
the Bible erroneously came to be in its present 66-
book format—revealing how and why its books 
were mysteriously repositioned from their original 
order by fourth-century “editors.”

 Second, this version is a new translation—an 
accurate version—that reflects the true meaning 
of the original Hebrew and Greek with fidelity 
and accuracy, showing the unity of Scripture 
between the Old and New Testaments. Today, in 
the face of rampant religious confusion, those 
who read and study the English Bible deserve a 
quality translation that can be trusted. Reviewer 
Dan Decker of Bible Editions and Versions 
(January 2009) writes of this new version of the 

Bible: “It is an excellent translation for those 
desiring a literal one.... We heartily recommend 
this fine translation.”  

      This new Original Order Version uses 
modern English, but retains the original grace, 
accuracy and grandeur of the King James 
Version, and eliminates archaic terms from 
the Middle Ages such as thee, thou, ghost, hath 
and shalt.

 Included are vital Commentaries providing 
accurate accounts of the history, canonization and 
preservation of the books of the Bible: Who wrote 
them? When were they written? When were they 
canonized and by whom? Other Commentaries 

and Appendices answer critical questions such 
as: When was Jesus born? How did Jesus Christ 
fulfill the Law and the Prophets? When was 
Jesus crucified? How long was He in the tomb? 
When was He resurrected? What does it mean 
to be born again? What are works of law? What 
are the true teachings of the early apostolic New 
Testament Church that Jesus founded? Also, 
biblical and historical chronologies show an 
accurate timeline from the creation of Adam and 
Eve to the present. There are detailed footnotes 
and marginal references explaining hard-to-
understand passages of Scripture.
 With 1432 pages, The Holy Bible In Its 
Original Order is only 1-3/8 inches thick—and 
measures 8-1/4 by 10-1/2 inches. The genuine 
handcrafted lambskin cover features gold 
stamped lettering. The paper is high-quality 
French Bible paper with gold gilded edges. The 
pages are easy to turn and do not stick together. 
The Bible also features wide margins for note-
taking, and a center column with selected 
references, word definitions and alternate 
renderings for various key words.  
It comes in a highly durable presentation box, 
beautifully adorned with original artwork.
Other Features: Triple bound for extra  
long life (Smythe stitched, spine stitched  
and glued) 
• beautiful original artwork of the  
Temple in Jesus’ time  
• 14 commentary chapters  
• 25 appendices  
• six chronologies  
• various maps

International Society of Bible Collectors: 
“ExCEllEnt tranSlatIon!”

This new second edition of the Original Order Bible is now available in 3 styles:
• Special Limited Deluxe Lambskin Edition with Custom Presentation Box (pictured) $119.50

• Faux Black Calfskin Edition with Custom Presentation Box $99.50
• Durable Laminated Paper Edition with Zippered Leatherette carrying case with handle and pockets  

for pens, notes  (This $24.95 value is your free gift!). $99.50

Why 

he Holy Bible In Its Original 
Order is an extraordinary 
Bible—unique in two 
ways. 
complete 
published—with both Old 
and New Testaments—that 

accurately follows the original canonical 
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pages of commentaries 
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Time is running out. Geological experts predict the
world’s supply of tantalizing tanzanite will disappear in

a matter of just a few years. Maybe sooner. High-end retailers
are raising prices on this rare stone. And gem dealers are in
a mad scramble to secure their claim before it’s too late. 
Let them scramble. 
Our buyer recently secured a huge cache of beautiful rare
tanzanite, the precious stone loved for its vivid violet-blue
color. Today you can own over 1 carat of this rare stone
(1,000 times rarer than diamonds) in our spectacular 
Tanzanite Cluster Ring with a suggested retail of $795 

for only $95. Want to learn how to get
this magnificent ring for Better Than
Free…read on.
Order the exclusive Tanzanite Cluster
Ring (1 1/5 ctw) for $95 and we’ll give you
a $100 Stauer Gift Coupon. That’s right.
You pay $95 and you get the Tanzanite
Ring AND $100 toward your next 
Stauer purchase. This is our impossible
Better Than FREE offer. 
It started with a lightning bolt. One strike
set the African plains on fire and uncovered
a secret that was buried for more than 585
million years. Tanzanite naturally occurs in
only one place on Earth: Tanzania’s remote
Merelani Hills, in the shadow of Mount 
Kilimanjaro.   
World’s most endangered gem. Top-quality
tanzanites can often fetch higher prices than
diamonds. But, once the last purple gem is
pulled from that remote spot beneath 
Kilimanjaro, that’s it. No more tanzanite.

Reserve your piece of gem history. If you go online right now,
you’ll find one of the largest retailers selling tanzanite rings
for well over $2,000 each. Ridiculous. Instead, you can secure
your own piece of limited-edition tanzanite history at the
right price.  
Better Than FREE and Guaranteed. Our Better Than
FREE offer is so consumer friendly that we have earned an 
A+ Rating with the Better Business Bureau. But, why a $100
Gift Coupon with your $95 purchase? It’s simple. We want
you to come back to Stauer for all of your jewelry and
watch purchases. If you are not 100% delighted with your
ring, send it back within 30 days for a full refund of the
purchase price. Just remember that the odds of finding this
stone at this price ever again is like waiting for lightning to
strike the same place twice.

JEWELRY SPECS:
– 1 1/5 ctw tanzanite 
– Rhodium-layered .925 sterling silver setting 
– Ring sizes 5–10

14101 Southcross Drive W., Dept. CTR182-01
Burnsville, Minnesota 55337Stauer

USING THE RING SIZE CHART
Place one of her rings on top 
of one of the circle diagrams. 
Her ring size is the circle that
matches the inside diameter of
the ring diagram. If her ring falls
between sizes, order the next
larger size.

“…classic! The [Stauer] tanzanite
are a beautiful shade of violet

blue…full of color!”
— PRAISE FOR STAUER TANZANITE

FROM C. OF MISSOURI

Stauer has a Better Business 
Bureau Rating of A+

Smart Luxuries—Surprising Prices

Tanzanite Cluster Ring (1 1/5 ctw)—$795 $95 + S&P PLUS

*Better Than FREE—Receive a $100 Stauer Gift Coupon
with the purchase of the Tanzanite Cluster Ring.

Call now to take advantage of this limited offer.

1-888-870-7339
Promotional Code CTR182-01
Please mention this code when you call.

Endangered Gem Disappearing
Tanzanite is found in only one remote spot on Earth, and it’s 1,000 times rarer than diamonds. Experts
say the mines will soon run dry forever, but today you can own more than 1 carat for Better Than FREE!

www.stauer.com
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We Will Beat Any Competitor’s Price Within 1 Year Of Purchase!

FACTORY DIRECT 
TO YOU!

How does Harbor Freight Tools sell 
high quality tools at such ridiculously 
low prices? We buy direct from the 
factories who also supply the major 
brands and sell direct to you. It’s just 
that simple!  Come see for yourself at 
one of our 330 STORES NATIONWIDE and 
use this 20% OFF Coupon on any of our 
7,000 products. We stock Automotive 
products, Shop Equipment, Hand Tools, 
Tarps, Compressors, Air & Power Tools, 
Material Handling, Woodworking Tools, 
Welders, Tool Boxes, Outdoor Equipment, 

Generators, and much more.

NOBODY BEATS OUR QUALITY,
SERVICE AND PRICE!

√ We Have 10 Million Satisfi ed Customers
√ We Buy Factory Direct and Pass the SAVINGS on to YOU!
√ Shop & Compare Our Quality Brands Against Other National Brands
√ Thousands of People Switch to Harbor Freight Tools Every Day!
√ NO HASSLE RETURN POLICY   √   Family Owned & Operated

HARBOR FREIGHT TOOLS
Quality Tools at Ridiculously Low Prices

LIFETIME WARRANTY
ON ALL HAND TOOLS!

330 STORES NATIONWIDE
Store Locator: 1-800-657-8001

Shop Online at 

HarborFreight.com

20%OFF ANY 
SINGLE 
ITEM!

Get More Coupons at HarborFreight.com/discovermag

SUPER
 

COUPON!

SUPER
 

COUPON!

SUPER
 

COUPON!

SUPER
 

COUPON!

SUPER
 

COUPON!

 OSCILLATING 
MULTIFUNCTION

POWER TOOL 

LOT NO. 
 67256 

 $2999 
REG. PRICE 

$59 .99 

17 DIFFERENT ATTACHMENTS 
AVAILABLE IN OUR STORES!SANDING

CUT 
METAL

CUT 
DRYWALL

CUT 
PLASTIC

CUT 
FLOORING

PLUNGE 
CUTTING

SCRAPE 
CONCRETE

SAVE 80% TODAY – SHOP ONLINE at HarborFreight.comUP
TO

 $5999 
REG. PRICE $99 .99 

SUPER
 

COUPON!

Item 91039
shown

Use this coupon to save 20% on any one single item purchased when you shop at a Harbor Freight Tools 
store. Cannot be used with any other discount or coupon. One coupon per customer. Coupon not valid 
on any of the following - prior purchases, gift cards, Inside Track Club membership or Extended Service 
Plans. Coupon cannot be bought, sold, or transferred. Original coupon must be presented in store in order 
to receive the offer.  All Campbell Hausfeld products are excluded from this offer. Valid through 3/9/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, 
online, or catalog). Coupon not valid on prior purchases. Coupon cannot be bought, 
sold, or transferred. Original coupon must be presented in store, or with your catalog 
order form or entered online in order to receive the offer. Valid through 3/9/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or catalog). Coupon 
not valid on prior purchases. Coupon cannot be bought, sold, or transferred. Original coupon must be presented 
in store, or with your catalog order form or entered online in order to receive the offer. Valid through 3/9/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or catalog). Coupon 
not valid on prior purchases. Coupon cannot be bought, sold, or transferred. Original coupon must be presented 
in store, or with your catalog order form or entered online in order to receive the offer. Valid through 3/9/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or catalog). Coupon 
not valid on prior purchases. Coupon cannot be bought, sold, or transferred. Original coupon must be presented 
in store, or with your catalog order form or entered online in order to receive the offer. Valid through 3/9/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or catalog). Coupon 
not valid on prior purchases. Coupon cannot be bought, sold, or transferred. Original coupon must be presented 
in store, or with your catalog order form or entered online in order to receive the offer. Valid through 3/9/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or catalog). Coupon 
not valid on prior purchases. Coupon cannot be bought, sold, or transferred. Original coupon must be presented 
in store, or with your catalog order form or entered online in order to receive the offer. Valid through 3/9/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or catalog). Coupon 
not valid on prior purchases. Coupon cannot be bought, sold, or transferred. Original coupon must be presented 
in store, or with your catalog order form or entered online in order to receive the offer. Valid through 3/9/11.

Coupon cannot be bought, sold, or transferred.  Original coupon must be presented in store, or 
with your catalog order form or entered online in order to receive the offer.  Valid through 3/9/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools 

(retail stores, online, or catalog).  Coupon not valid on prior purchases. 

SAVE 
50%  

SAVE 
$160  

SAVE 
$50  

SAVE 
46%  

SAVE 
66%  

SUPER
 

COUPON!

SAVE 
57%  

SUPER
 

COUPON!

SAVE 
60%  

SAVE 
$40  

SUPER
 

COUPON!

LOT NO.  91039/67408 

 3000 LB. CAPACITY 
LIGHTWEIGHT ALUMINUM 

RACING JACK 

 $999 
 Includes two 

1.5V button cell 
batteries. 

LOT NO. 
  47257/98563  

REG. 
PRICE 

$29 .99 

Item 
47257
shown

 6" DIGITAL CALIPER 

LOT NO. 95386/67501/40400

REG. 
PRICE 

$139.99 $8999 

 2 HP, 8 GALLON, 
115 PSI PORTABLE 
AIR COMPRESSOR 

Item 
95386 
shown

 $799 
REG. 

PRICE 
$14 .99 

 6 PIECE 
PLIERS SET 

LOT NO. 
38082/46005

Item 38082
shown

18 GAUGE COMBINATION 
NAILER/STAPLER KIT

LOT NO.  97525/40115 

 $1499 WE CARRY A
FULL LINE OF
FASTENERS! REG. PRICE $34 .99 Item 

97525
shown

 1500 WATT DUAL TEMPERATURE
HEAT GUN (572°/1112°) 

 $799 
LOT NO. 
96289

REG. 
PRICE 

$19 .99 

 11 DRAWER 
ROLLER 
CABINET 

 $13999 

LOT NO. 
67421

REG. PRICE $299 .99 

INCLUDES:
6 Drawer Top Chest• 
2 Drawer Middle Section• 
3 Drawer Roller Cabinet• 
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son, the books you read, the things you see 

and hear and touch and smell, all you need to 

do is record conjunctions of aspects of events. 

If tomorrow I remember talking to you today, 

I will reconstruct some aspects of our ses-

sion, and this recall will relate to the original, 

of course. But I will not reproduce a facsimile 

memory of the session. I will put together bits 

and pieces of this experience, and they will 

reconstruct parts of this moment, but the 

reconstruction will not be entirely accurate. 

In time I may even make a confused recall and 

say that you were wearing a blue sweater.

Hustvedt: Our brains and our memories 

are not like recording devices, not like 

film, and that is why we can sometimes 

make significant errors. Those errors can 

be created by the emotion attached to an 

experience. You can even invert a memory 

—create its opposite—depending on your 

motivation. I don’t mean conscious motiva-

tion, but a deeply embodied drive or push 

that has a powerful emotional valence, 

which then alters the memory. Emotion 

also consolidates memories. We remem-

ber things that meant something to us and 

forget what we were indifferent to. 

Damasio: When people testify in court, they 

make all sorts of errors and inversions of time 

sequences because memory is not like a 

� lmic medium. Our brains don’t use celluloid 

with an optic sound track attached to it. What 

we have is this incredibly sophisticated mech-

anism of coding. By the way: We do not have 

memory only of the things that we have been 

living through since we were born. We also 

have past memories that we have inherited 

through the whole history of evolution before 

us. We have memories of things our forerun-

ners did, and I’m not just talking about the 

human forerunners, but forerunners that go 

all the way back to reptiles and single cells. 

Hustvedt: How does consciousness fit 

into this?

Damasio: My perspective on consciousness 

has changed a lot. I used to think of conscious-

ness as a late evolutionary development, a 

property that gave access to higher think-

ing and reasoning and tended to be largely 

human, although not exclusively. But now I 

see consciousness as something that is widely 

available in many other species—in all mam-

mals and birds and reptiles, for example. � e 

forerunners of consciousness can be found in 

the processes of managing life that are pres-

ent in very simple life-forms. Take the exam-

ple of bacterial cells, which can even organize 

socially. Without a brain or a nervous system 

of any kind, bacteria can sense how many of 

them are there in a group—something called 

quorum-sensing—and decide to attack or 

not based on the collective messages they 

pool. In a way, they are answering, by dint 

of their behavior, an unposed and compli-

cated question such as “Do we have enough 

troops to � ght for this territory?”

Hustvedt: Bacteria have drives, but they 

don’t have reflective self-consciousness. 

They can’t “see” themselves doing what 

they’re doing while they’re doing it. They 

can’t imagine what tomorrow will be like 

or explicitly report on what they were up 

to last week. Human beings have projec-

tive abilities, and this capacity to project 

the self in time—into both the past and the 

future—is the core of the imagination. 

The imaginary realm cannot be cut off 

from its neurobiological roots, but with-

out it we would have no culture.

Damasio: With our complex brains we have 

evolved the ability to project the process of 

consciousness into a completely different 

dimension. 

Hustvedt: The French phenomenologist 

Maurice Merleau-Ponty argued for an 

embodied intentionality that was far more 

than a self-conscious “aboutness.” It is 

lodged in biological processes but extends 

up and out into our ability to recognize 

ourselves in the mirror, to imagine our-

selves as other people, to entertain fan-

tasies about the future, to create fiction 

and art. Unconscious processes or drives 

lie beneath all conscious processes. Dogs, 

cats, even snails are conscious—awake 

and aware and remembering—but they 

don’t recognize themselves in mirrors and 

don’t imagine themselves from other per-

spectives. They can’t pretend. Pretending 

seems to be an exclusively human ability. 

Damasio: As conscious individuals we can 

invent something new. I call the process 

“sociocultural homeostasis” because it targets 

a problem in the complex system—in this 

case, society—so the system operates as e�  -

ciently as possible. � is is the case with moral 

rules and laws, which aim at curbing danger-

ous behaviors that compromise the function 

of individuals and of the group. Religion and 

the arts are restorative endeavors that accom-

plish homeostasis by promoting a smoother 

functioning of individuals and groups. 

 continued from page 70
 

15. Extent and nature of circulation

a.  Total Number of Copies 929,499 925,892

b.  Paid Circulation (By Mail and Outside the Mail)

  (1)  Mailed Outside-County Paid Subscriptions Stated 

on PS Form 3541 619,733  633,063

  (2)  Mailed In-County Paid Subscriptions Stated on 

PS Form 3541 

 (3)  Paid Distribution Outside the Mails Including Sales 

Through Dealers and Carriers, Street Vendors, Counter 

Sales, and Other Paid Distribution Outside the USPS® 100,219 100,000

  (4)  Paid Distribution by Other Classes of Mail Through  

the USPS (e.g., First-Class Mail®)

c.  Total Paid Distribution (Sum of 15b (1), (2), (3), and (4))  719,952 733,063

d.    Free or Nominal Rate Distribution 

(By Mail and Outside the Mail) 999 583

  (1)  Free or Nominal Rate Outside-County Copies 

Included on PS Form 3541

  (2)  Free or Nominal Rate In-County Copies Included 

on PS Form 3541

  (3)  Free or Nominal Rate Copies Mailed at Other Classes 

Through the USPS (e.g., First-Class Mail)

  (4)  Free or Nominal Rate Distribution Outside the Mail 

(Carriers or other means)

e.    Total Free or Nominal Rate Distribution 

(Sum of 15d (1), (2), (3), and (4))  999 583

f. Total Distribution (Sum of 15c and 15e) 720,951 733,646

g.   Copies Not Distributed 208,548 192,246

h. Total (Sum of 15f and g) 929,499 925,892

i.   Percent Paid (15c divided by 15f times 100) 99.9 99.9

16.   Publication of Statement of Ownership If the publication is a general publication, publication of this 

statement is required. Will be printed in the DECEMBER 2010 issue of this publication.

17.  Signature and Title of Editor, Publisher, Business Manager, or Owner:  

Michael Barbee, corporate circulation director.

No. Copies of 
Single Issue 

Published Nearest 
to Filing Date

Statement of Ownership, Management, and Circulation

(All Periodicals Publications Except Requester Publications)

1.  Publication Title:  DISCOVER

2.  Publication Number:  555-190

3.  Filing Date:  September 2010

4.  Issue Frequency:  Monthly, except combined issues in January/February and July/August

5.  Number of Issues Published Annually:  10

6.  Annual Subscription Price:  $29.95

7.   Complete Mailing Address of Known Office of Publication:  90 Fifth Avenue, 11th Floor, New York, NY 

10011-7629. Contact Person:  Trish Rogers-Capulli, 262-796-8776

8.   Complete Mailing Address of Headquarters or General Business Office of Publisher:  21027 Crossroads 

Circle, Waukesha, WI 53186-4055

9.   Full Names and Complete Mailing Addresses of Publisher, Editor, and Managing Editor

Publisher:  Kevin Keefe, 21027 Crossroads Circle, Waukesha, WI 53186-4055

Editor:  Corey S. Powell, 90 Fifth Avenue, 11th Floor, New York, NY 10011-7629

Managing Editor:  Tina Wooden, 90 Fifth Avenue, 11th Floor, New York, NY 10011-7629

10.   Owners: Gerald & Patricia Boettcher Living Trust, 8041 Warren Ave., Wauwatosa, WI 53213. William 

& Mary Calhoun Jr., 1706 Ptarmigan Trail #205, Estes Park, CO 80517-9757. Ruth H. O. Darragh, 1200 

W. 3rd St., Waterloo, IA 50701. Melanie Duval, 8642 Bronson Dr., Granite Bay, CA 95746-9313. Harold 

Edmonson, 6021 N. Marmora Ave., Chicago, IL 60646-3903. Laura & Gregory Felzer Jt. Tenants, 220 E. 

Michigan St., Suite 10, Milwaukee, WI 53202. Susan E. Fisher Revocable Trust, 6244 N. Ventana View 

Pl., Tucson, AZ 85750-0705. George A. Gloff, c/o Ted & Lois Stuart, 1873 Frays Mill Rd., Ruckersville, 

VA 22968. Elizabeth K. Grunden, 14102 Seagler Springs Lane, Houston, TX 77044. Linda H. Hanson, 

363G S. Bateman Cir., Barrington Hills, IL 60010. George F. Hirschmann Trust, 363G S. Bateman Cir., 

Barrington Hills, IL 60010. James & Carol Ingles, PO Box 2161, Waukesha, WI 53187. Charles & Lois 

Kalmbach, 7435 N. Braeburn Lane, Glendale, WI 53209. Kalmbach Profit Sharing/401K Savings Plan & 

Trust, PO Box 1612, Waukesha, WI 53187-1612. James & Elizabeth King, 3874 Quail Ridge Dr., Boynton 

Beach, FL 33436. Mahnke Family Ltd Partnership/Trust, 1979 Discovery Village Lane, Gold River, 

CA 95670-7279. George Steven Mahnke, 4708 Olive Oak Way, Carmichael, CA 95608. Mundschau 

Revocable Trusts, N24 W30420 Crystal Springs Dr., Pewaukee, WI 53072-4275. Daniel & Mary Murphy, 

705 Heathery Lane, Naples, FL 34108. Robclif, Inc., PO Box 3597, Reno, NV 89505-3597. David M. 

Thornburgh Trust, 420 W. San Marino Dr., Miami Beach, FL 33139-1136. 

11.  Known Bondholders, Mortgagees, and Other Security Holders Owning or Holding 

1 Percent or More of Total Amount of Bonds, Mortgages, or Other Securities:  None

12.  Tax Status: Not applicable

13.  Publication Title:  DISCOVER

14.  Issue Date for Circulation Data:  OCTOBER 2010

Average No. 
Copies Each Issue 
During Preceding 

12 Months

DISCOVER (ISSN 0274-7529, USPS# 555-190) is published monthly, 
except for combined issues in January/February and July/August. 
Vol. 31, no. 10. Published by Kalmbach Publishing Co., 21027 Cross-
roads Circle, P.O. Box 1612, Waukesha, WI 53187-1612. Periodical 

postage paid at Waukesha, WI, and at additional mailing offices. 
POSTMASTER: Send address changes to DISCOVER, P.O. Box 37808, 
Boone, IA 50037. Canada Publication Agreement # 40010760, return 

all undeliverable Canadian addresses to P.O. Box 875, STN A 
Windsor, ON, N9A 6P2.

Back issues available. All rights reserved. Nothing herein contained 
may be reproduced without written permission of Kalmbach Publishing 

Co., 90 Fifth Avenue, New York, NY 10011. Printed in the U.S.A.

76

DISCOVER

DV1210DAMASIO6B3,4,6_QG.indd   76 10/8/10   4:40 PM

worldmagsworldmags

worldmags



This is my story
I used to be more active. I used to run, play
basketball, tennis, football… I was more than a
weekend warrior. I woke up every day filled
with life! But now, in my late 30’s, I spend most
of my day in the office or sacked out in front of
the TV. I rarely get to the gym –not that I don’t
like working out, it’s the nagging pain in my
knees and ankles. Low energy and laziness has
got me down. My energy has fizzled and I’m
embarrassed to admit that I’ve grown a spare
tire (I’m sure its hurting my love life). Nowadays
I rarely walk. For some reason it’s just harder
now. Gravity has done a job on me. 

Wear them and 
you’ll know
That’s what my doctor

recommended. He said, “Gravity
Defyer shoes are pain-relieving

shoes.” He promised they would
change my life –like they were a

fountain of youth. “They ease the
force of gravity, relieving stress on

your heels, ankles, knees and back.
They boost your energy by

propelling you forward.” The longer he
talked, the more sense it made. He was even
wearing a pair himself! 

Excitement swept through my
body like a drug
I received my package from GravityDefyer.com
and rushed to tear it open like a kid at
Christmas. Inside I found the most amazing
shoes I had ever seen –different than most
running shoes. Sturdy construction. Cool colors.
Nice lines… I was holding a miracle of
technology. This was the real thing. 

GDefy Benefits

•  Relieve pain

•  Ease joint & spinal pressure

•  Reduce fatigue & tiredness

•  Be more active

•  Have more energy

•  Appear taller

•  Jump higher, walk and 
run faster

•  Have instant comfort

•  Cool your feet & reduce 
foot odor

•  Elevate your performance

I put them on and all I could say was,“WOW!”
In minutes I was out the door. I was invincible;
tireless in my new Gravity Defyer shoes. It was
as if my legs had
been replaced
with super-
powered
bionics. What
the doctor
promised was all
correct. No more knee pain. I started to lose
weight. At last, I was pain free and filled with
energy! I was back in the game. Gravity had no
power over me!

Nothing to lose:
30 Day Free
Trial*
So, my friend, get
back on your feet like
I did. Try Gravity
Defyer for yourself. 
You have nothing to lose
but your pain.

Tell us your story! 
Login at
Gravitydefyer.com and
share your experience. 

V E R S O S H O C K   T R A M P O L I N E    F O O T W E A RV E R S O S H O C K  T R A M P OL I N E   F O O T W E A R

TMTM

V E R S O S H O C K   T R A M P O L I N E    F O O T W E A R

Exercise

20% longer 

w/ no

fatigue 

4 out of 5 

purchase

another

pair

within 3

months.

Exercise

20% longer 

w/ no

fatigue Ankle &

foot pain

gone 

Ankle &

foot pain

gone 

4 out of 5 

purchase

another

pair

within 3

months.

Gravity Defyer
Customer Survey Results

EXCLUSIVE ONLINE OFFER

Visit ShoesOnSteroids.com/MB2MBB8
or take advantage of this exclusive offer by
phone, and dial (800) 429-0039 and 
mention the promotional code below.

FREE 30 DAY RISK-FREE trial*. Not available in stores.

*Shipping and handling non-refundable. Gravitydefyer.com!

MEN (Shown above)
TB902MWBS
sizes 7 - 13
Med/Wide and 
ExtraWide/ XXWide Widths

WOMEN (Silver with Navy)
TB902FWBS
sizes 5 - 11
Med/Wide and
ExtraWide/XXWide Widths

�%#!#∋�#∀� �#��� �������

Customer Satisfaction

Speaks for Itself!

4 out of 5 customers purchase a
2nd pair within 3 months.

a $129.95 value

Most 

comfortable

shoe ever

owned

Most 

comfortable

shoe ever

owned

REBOUND PROPELS

YOU FORWARD

Reduce fatigue. Be more active

ABSORB SHOCK
Eliminate pain from every step.

Scientifically Engineered to Defy Pain, Defy Aging & Defy FatigueScientifically Engineered to Defy Pain, Defy Aging & Defy Fatigue

������	���&�#)�%��(�#�#∀��
��
��������������������

worldmagsworldmags

worldmags

http://GravityDefyer.com
http://Gravitydefyer.com


“...one of the most 
productive charities—

dollar for deed—in the world.”
—The New York Times

Donate online: www.smiletrain.org or call: 1-800-932-9541

Free cleft surgery which takes as little as 45
minutes and costs as little as $250, can give
desperate children not just a new smile—
but a new life.

Z10121086ZFBY28

According to the U.S. Government, women should take sufficient levels of folic acid (400 micrograms/day) during pregnancy to help prevent neural tube defects and reduce the risk for
cleft lip and palate. When folic acid is taken one month before conception and throughout the first trimester, it has been proven to reduce the risk for neural tube defects by 50 to 70
per cent. Be sure to receive proper prenatal care, quit smoking and drinking alcohol and follow your health care provider’s guidelines for foods to avoid during pregnancy. Foods to avoid
may include raw or undercooked seafood, beef, pork or poultry; delicatessen meats; fish that contain high levels of mercury; smoked seafood; fish exposed to industrial pollutants; raw
shellfish or eggs; soft cheeses; unpasteurized milk; pâté; caffeine; and unwashed vegetables. For more information, visit www.SmileTrain.org. Smile Train is a 501 (c)(3) nonprofit recognized
by the IRS, and all donations to Smile Train are tax-deductible in accordance with IRS regulations. © 2010 Smile Train.

This Holiday Season,
Give The Gift Of A Smile. 
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AwArd
winning

MAth & Physics tutoriAl dVds

SubjectS:
Basic Math
7 Hours - $26.99

Basic Math Word ProBleMs
8 Hours - $26.99

Pre-algeBra/algeBra 1
10 Hours - $26.99

algeBra 2
6 Hours - $26.99

algeBra Word ProBleMs
6 Hours - $26.99

geoMetry
9 Hours - $26.99

advanced algeBra
7 Hours - $31.99

Matrix algeBra
7 Hours - $31.99

trig/Precalculus
5 Hours - $31.99

calculus 1&2
8 Hours - $36.99

advanced calculus 2
14 Hours - $49.99

calculus 3, vol 1
10 Hours - $44.99

calculus 3, vol 2
11 Hours - $49.99

Physics
11 Hours - $39.99

ProBaBility & statistics
10 Hours - $39.99

unit conversions
4 Hours - $21.99

This ad material is the property of M.I. 
Media Services and may not be published or 

reproduced without written consent.

Visit our website 

to View sAMPle 
Video cliPs of 
eVery course

raise grades or your money back 
order By Phone: 877-Math-dvd

order online:
www.Mathtutordvd.com

All topics taught entirely through 
worked example problems.  

Having Math Problems?
We can help!

EXPENSIVE BUT FANTASTIC!

In business over 20 years
Over 5300 machines sold

EXERCISE IN EXACTLY
4 MINUTES PER DAY

Same or better results in exactly
4 minutes on the ROM Machine as
from 60 to 90 minutes in a gym…

unbelievable but true!

That’s why over 97% of people
who try the ROM for a
30 day rental buy it.

Order FREE DVD
Call 818.504.6450

www.ROMmachine.com
or www.QuickGym.com

Rent the ROM Machine
for 30 days to test it.
Rental applies to purchase.

$14,615

                 


AMAZON RAINFOREST
Award-winning lodge in Tamshiyacu-

Tahuayo Reserve shown to have 
the world’s greatest diversity of primates. 

Customized itineraries. Weekly departures.
 1-800-262-9669. 

Visit: www.perujungle.com.



$400 WEEKLY ASSEMBLING 
Electronic circuit boards/products from home. 

For free information send S.A.S.E:
Home Assembly-D, P.O. Box 450

New Britain, CT 06050-0450



GAMES FOR THINKERS
Revolutionary games that cultivate 

profound understanding in math, logic 
science and language. Discover fun ways to 

ignite motivation and learning for players of all 
ages. Designed by university professors to in-

crease IQ scores and achievement. Satisfacation 
guaranteed. Call now for free catalog.

800-289-2377
www.wffnproof.com



� is book is aimed at meeting the need to 
rethink the origins of the planets in our Solar 

System. Email - mahriawn@aol.com
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Old North American Indian, Northwest
Coast, Eskimo, Plains & Woodlands
Indians, South Pacific, New Guinea
Polynesian, African and Indonesian,
Borneo, Sumatra artifacts including 
South American and ancient Egyptian.
Also Eskimo soapstone carvings.

C O L L E C T O R  S E E K S

416.596.1396 | goldenc@inforamp.net
OFFERING FREE IDENTIFICATION

O L D  A R T I F A C T S

COLLECTIONS PURCHASED.  PRIVACY ASSURED 

MASKS . CARVINGS . SHIELDS . WEAPONS . CLOTHING

Over 150 Working Steam Toys, 
Stirling Hot Air Engines and 

Collectible Tin Toys
Kits or Assembled From $87.96 

YesterYear toYs & books Inc.
Box 537 • Dept.D8• AlexAnDriA BAy, ny 13607

43 page Colored Catalog $6.95

1-800-481-1353  www.yesteryeartoys.com

steaM Models

refunDABle with orDer

Not in stores 610-827-2200
or view the science and order online at
www.Athenainstitute.com

tm

Unscented Formulas
for Men and Women.
Vial of 1/6 oz. added to 2-4 oz. of
your favorite fragrance,worndaily
lasts 4 to 6 months.
Will work for most, but not all. 10:13 for
women $98.50, 10X for men $99.50.

Joseph (MI) “Fabulous product. You did the
research! I am married and am with my wife only.
Well within 5 days it was amazing. The affection
level went up 20 fold.”
Shirley (CO) “This product works! I sell real estate
and I can't believe howmuch I am selling! My clients
stick to me like glue. I can't believe the business! I
can't believe how well 10:13 works!”

INCREASE AFFECTION

Created by Dr. Winnifred Cutler,
co-discoverer of human pheromones in 1986

Created by Dr. Winnifred Cutler,
co-discoverer of human pheromones in 1986

Athena DSCjd19 ad 10/5/10  12:53 PM  Page 1

DO YOU HAVE A JOB, PRODUCT, OR SERVICE YOU WANT TO ADVERTISE TO OVER 6 MILLION READERS? 
    : 212-624-4811  @.
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BY KIRSTEN WEIR

ILLUSTRATION BY 

JONATHON ROSEN

1. Remember the tongue map you learned about 

in junior high—the one showing taste receptors for 

sweet � avors on the tip of the tongue, bitter in the 

back, and sour on the sides? It’s totally wrong. 

2. � at bogus map came from an English mistrans-

lation of a German research paper. 3. In truth, any 

area can pick up any taste (although sensitivity does 

vary across the tongue). 4. We all know about sweet, 

salty, sour, and bitter. Less widely known is the � fth 

taste: umami, that savory � avor of soy sauce, toma-

toes, and many other foods high in glutamate. 5. Go 

with your gut: Japanese scientists recently identi-

� ed umami receptors not only on the tongue but 

throughout the digestive tract. � eir role in digestion 

and nutrition remains a mystery. 6. � ose bumps 

on your tongue aren’t actually your taste buds. 

� ey are fungiform papillae—“mushroom-shaped 

nipples,” to any Latin speakers out there—and each 

houses 50 to 100 buds. 7. Scientists believe there 

are only a few receptor types each for sweet, sour, 

salty, and umami. But there are a lot more for bitter 

(at least 25), as anyone paying alimony is probably 

aware. 8. Our sensitivity to bitterness may have 

evolved to protect us from poisons. Most toxic plant 

compounds, such as strychnine and cyanide, taste 

bitter. 9. About 15 to 25 percent of all Americans are 

supertasters, people who have more papillae and 

taste buds than the rest of us. 10. Too sensitive for 

their own good: Supertasters turn up their noses at 

bitter but nutrient -rich veggies such as broccoli and 

kale. Taste expert Linda Bartoshuk at 

the University of Florida found this 

group more likely to have precancer-

ous colon polyps than people with 

a below-average number of taste 

buds. 11. Cheeseburger with a side of 

amoxicillin? � e major nerve carry-

ing taste signals travels through the 

middle ear on its way from tongue 

to brain. Bartoshuk is exploring the 

link between frequent ear infections 

and a heightened a�  nity for fatty 

foods. 12. Good taste starts early. 

� e � avors of some foods, such as 

carrots, garlic, and vanilla, wind up 

not only in mother’s milk but even in 

amniotic � uid. Julie Mennella at the 

Monell Chemical Senses Center in 

Philadelphia has shown that babies 

prefer foods they � rst “tasted” in the womb. 

13. Odors inhaled by lactating mothers can a� ect the 

� avor of their milk, too. A poorly ventilated barn on a 

dairy farm can lead to unwanted funk at the break-

fast table. 14. Celery, pork, and tru�  e mushrooms 

contain androstenone, an aromatic compound that 

strongly in� uences � avor. Half of all people cannot 

smell it, about 15 percent � nd it woody or � oral, and 

the rest think it smells like stale urine. 15. Folks in 

the latter category generally are not big fans of celery, 

pork, or tru�  es. 16. Sweet treats and alcohol � re up 

many of the same reward circuits in the brain. Earlier 

this year, Mennella found that kids with a family his-

tory of alcoholism prefer more intensely sweet tastes. 

17. And scientists came closer to explaining the 

munchies last January, when a team reported that 

endocannabinoids—chemicals related to the active 

ingredient in marijuana—enhance the taste of sweet 

foods. 18. Straight edge: � e miracle fruit (Synse-

palum dulci� cum), native to West Africa, contains 

a glycoprotein called miraculin that binds to taste 

receptors on the tongue and makes sour foods taste 

sweet. 19. � e fruit has caught on among “� avor 

trippers,” who pop the berry—or a tablet containing 

miraculin—to make foods like lemons taste as sweet 

as lemon pie. 20. At the University of Florida, food 

scientists have genetically engineered the miraculin 

gene into tomatoes and strawberries. � eir goal is 

to design low-sugar fruits and vegetables that taste 

supremely saccharine. How sweet is that? 
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1937 TODAY1937

Over 70 years ago, our founder, Vitale Bramani invented the fi rst rubber sole ever used on
mountaineering boots. It was an invention that changed outdoor sports forever. To this day, 
most of the best footwear brands in the world use Vibram soles.

Today, we fi nd ourselves the leaders of an exciting new movement in running and fi tness, 
as our Vibram FiveFingers have become the catalyst of the natural footwear revolution. We don’t know what the 
future will hold, but we’re pretty confi dent that whatever it’s wearing on its feet will have a Vibram logo.

Tested where it matters.Vibram.com
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LET’S GROW OUR OWN FUEL. 
LET’S GO.
Helping to create new energy sources such as biofuels is something we’re proud of at Shell. 
This renewable energy is one of the most effective ways of reducing CO2 from cars and trucks today. 
As one of the world’s biggest distributors of biofuels we’re playing a leading role in powering 
vehicles for now and for the future. Let’s use cleaner energy. Let’s go. www.shell.us/letsgo

  — 1001 Fannin Street, Suite 500, Houston, TX 77002

TRAFFIC LEGEND

Pull from: SCO CI 1008327-
A12
Job No.: SCO CI 1008327-
A14

Description: Corp ads
Trim: 8” x 10.5”
Bleed: 8.25 
x10.75 

Prepared by JWT/Houston 
Media Space: full page 
CMYK  
Media Issues: Discover

Creative Director: STUDIO 
Art Director: studio
Copywriter: 
Account: Peck

Production: Archibald
Traffi c: Jolivet
Vendor: TBD
Studio: See initials please

Filed:
Output:

ROUTING SIGNATURE DATE O.K. CHANGE REVISION NUMBER

PRODUCTION

PROOFREADER

COPYWRITER

ART DIRECTOR

ACCT. EXEC.

TRAFFIC

1008327_A14_Biofuels_8x10_5.indd   1 9/7/10   5:14 PM
DV111001.indd   1 9/8/10   12:08:48 PM

worldmagsworldmags

worldmags

http://www.shell.us/letsgo

