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Mail

Refl ections on the Year in Science

Morris Flynn’s recommendation for alleviat-

ing bottlenecks [“Math Could Fix Traf� c 

Jams,” story #39, Year in Science, January/ 

February] attempts to address the symp-

tom, not the cause. The real problem is that 

people tailgate and end up too close to the 

car in front to slow gradually. The better 

solution is a part of “intelligent” traf� c: 

Using radar for emergency braking and 

automated cruise control will allow the car 

to maintain a proper minimum distance, 

allowing suf� cient time to gradually react 

to slowing traf� c. Hagen Hohn

Ottawa, Ontario

Truck drivers have employed Flynn’s 

method to keep traf� c � owing for at least 

30 years. When the laws allow, they block 

all lanes of traf� c to slow it down until 

the congestion is relieved. I am a retired 

trucker who participated in these rolling 

roadblocks all across America, and it never 

failed to get traf� c moving, no matter how 

many lanes were involved. Jerald Small

Mehama, Oregon

In “Meet Your New Ancestor” [#3], the 

writer states that the discovery of Ardi-

pithecus refutes the idea that we have 

“a chimplike missing link at the root of 

the human family tree.” However, the split 

between humans and chimps occurred 

about 7 million years ago, and Ardi is only 

4.4 million years old. Surely 2.6 million 

years is enough time for a chimplike crea-

ture to evolve into Ardi. Peter B. Hull

Blackfoot, ID 

C. Owen Lovejoy, a biological anthropol-

ogist at Kent State University, replies:

Chimpanzees have many anatomical 

traits that are highly specialized to their 

particular way of life, like short thumbs 

and highly elongated index fi ngers 

for hanging from trees. Ardi still has a 

relatively robust thumb and no elongated 

index fi nger—much more like the hands 

of Old World monkeys and, importantly, 

humans. There are many other features of 

Ardi that are primitive and lack the spe-

cializations that we see in living African 

apes. There is no reason to believe that 

all of these characteristics fi rst became 

specialized in our ancestors, only to return 

to their primitive condition in humans.

The interview with J. Craig Venter [#26] 

raises the question of what we can do to 

make sure we don’t one day wake up in a 

world where any reasonably smart person 

with equipment purchased at a hardware 

store can cook up enough germs to kill 

a million people. I’m amazed at how little 

attention has been paid to this issue.

Douglas Sczygelski

Grand Forks, ND

The editors reply:

Harvard geneticist George Church 

addresses this topic in DISCOVER’s March 

issue (“The Picasso of DNA,” page 32).

Your article “Fresh Hints of Life on Mars” 

[#21] mentions the discovery of sea-

sonal methane plumes concentrated over 

localized areas on the surface of Mars. 

These emissions apparently coincide 

with periodic Martian dust storms. Could 

it be that the possible “metabolic activity 

of microbes” on Mars is the product of 

microscopic life taking advantage of the 

protective dust storms to propagate their 

“seeds”? It would be pretty similar to the 

way Earth’s coral protect their seeds by 

timing their release to coincide with lunar 

cycles and seasonal ocean currents. 

James F. Boyle

Berlin, Germany

The article “Abuse Leaves Its Mark on 

Victim’s DNA” [#61] explains that brains of 

childhood abuse victims had lower levels 

of glucocorticoid receptors as compared 

with others, thus making these abuse vic-

tims particularly sensitive to stress. What 

is not clear to me is how the researchers 

knew an inherited trait was not involved. 

If an abuse victim’s parent also had lower 

levels of glucocorticoid receptors, might 

that make him or her more likely to commit 

abuse? Is there a way to directly observe 

DNA modi� cations that do not occur on an 

inherited basis? Kathleen Fink

Arlington, MA

Patrick McGowan, a neuroscientist at 

McGill University, replies:

The DNA modifi cation involved the addi-

tion of marks called methylation; these 

marks do not occur at conception but arise 

during development. Methylation changes 

the way the gene functions without chang-

ing the sequence of the DNA itself. As the 

reader suggests, there is evidence that 

cycles of abuse and increased suicide risk 

can perpetuate in families. Because the 

DNA methylation marks must be laid down 

anew at each generation, these fi ndings 

highlight the importance of developing 

ways to break the cycle of abuse.

Your #1 story [“Vaccine Phobia Becomes 

a Public-Health Threat”] unfairly places 

blame on people who fear vaccines. You 

completely miss the root cause of the 

problem: Science has almost com-

pletely lost its credibility. The current � ap 

over global-warming data is a case of 

“suspicions con� rmed” for many people. 

Nearly all “research” these days re� ects 

the political position of the organization 

funding the research, not good science.

Robert J. Hayden

Albuquerque, NM

The editors reply:

See the DISCOVER Interviews on page 56 

of this issue for an in-depth discussion of 

the climate e-mail controversy.

Send e-mail to editorial@discovermagazine.com. 

Address letters to DISCOVER, 90 Fifth Avenue, 

New York, NY 10011. Include your full name, 

address, and daytime phone number.
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YUDHIJIT BHATTACHARJEE camped out-

side the Mumbai police station for two days 

hoping to interview prisoner Amit Kumar, 

charged with masterminding a massive kid-

ney trade ring in India. “I hadn’t shaved in 

days and was just waiting there,” he says. 

“Finally one of the of� cers took pity on me.” 

Bhattacharjee was permitted to jot down 

questions for Kumar to answer for “The 

Organ Dealer” (page 64). Despite the dis-

tressing nature of someone’s selling a kid-

ney, Bhattacharjee notes the ethics are not 

clear-cut. “Some people were so desperate 

to climb from poverty that they probably 

lined up to get in Kumar’s network. He was 

ruthless, but to some he is a hero.” Bhat-

tacharjee is a staff writer at Science maga-

zine in Washington, D.C. His work has also 

appeared in The New York Times Magazine, 

Wired, and The Atlantic.

ZEEYA MERALI was on the island of São 

Miguel in the North Atlantic when she devel-

oped the idea for “Back From the Future” 

(page 38). She was attending a conference 

run by the Foundational Questions Institute 

to explore cutting-edge ideas of physical 

reality. There Merali became hooked on the 

work of physicists Jeff Tollaksen and Yakir 

Aharonov, who rewrote the rules of quantum 

mechanics to suggest that time can flow 

backward and future events can in� uence 

the present. “I walked away questioning how 

I think about myself and my life,” she says. “I 

can’t happily give up the notion of free will, 

but it’s a very elegant theory.” Merali studied 

theoretical physics as an undergraduate and 

holds a doctorate in cosmology. Based in 

London, she also writes for New Scientist, 

Scientifi c American, and Nature.

ADAM MAGYAR built a digital camera and 

wrote his own software to capture the time-

warped images featured in “Back From the 

Future.” Magyar took one-pixel-wide scans 

of New York streets at several hundred times 

a second and digitally sewed them together 

to give the illusion of a single panoramic shot. 

The pictures reveal only objects in motion. 

“What you see in my images is not space 

but tangible time,” Magyar says on his Web 

site, noting that images on a picture’s right 

occur minutes earlier than those on the left. 

Magyar has spent extensive time in large, 

Contributors
crowded cities including London and Hong 

Kong. “I started taking pictures of people 

because I was interested in myself and oth-

ers as human beings,” he says. “And to me, 

cities are the most natural places.” Magyar is 

based in Berlin, and his award-winning work 

can be seen at www.magyaradam.com.

ANDREW GRANT is a reporter/researcher at 

DISCOVER. His investigation of cosmic rays, 

tiny particles expelled during violent explo-

sions in the universe, began on a New York 

University rooftop in 2008 while he was a 

grad student in science journalism. Physicist 

Glennys Farrar brought Grant and a friend 

to see water tanks she hopes to transform 

into cosmic-ray detectors, as detailed in 

“Impossible Particles” (page 46). “She was 

jumping around and climbing ladders while 

we were struggling to keep up,” he recalls. 

Although Grant has gravitated toward phys-

ics since high school, he claims his attention 

span is too short for lab life. “What’s great at 

DISCOVER is that I can do a story on cos-

mic rays one week, and the next I’m talking 

to experts about stem cells,” he says. “I get 

to engage so many topics.”  AMY BARTH

National Science Foundation

Science may not recognize borders, but what about 

data? How do researchers in remote locations share this 

valuable resource with collaborators across the globe? 

GLORIAD is a high speed data network that provides 

scientists and educators a way to share massive 

amounts of information effortlessly. With support from 

the National Science Foundation, the GLORIAD network 

facilitates interdisciplinary cooperation and data 

exchange among research communities in Europe, Asia, 

and the Americas. 

Citizens worldwide will benefi t from improved 

information related to weather forecasting and 

climate change, global public health, alternative 

energy, and cybersecurity. Using the most advanced 

cyberinfrastructure available, the GLORIAD project 

aids researchers as they expand the knowledge base 

of our society by linking research and education 

institutions worldwide.

To fi nd out more, visit www.nsf.gov.

ILLUSTRATION: ZINA DERETSKY, NSF
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evidence. It takes a long time to make 

the kind of case that turns the scienti� c 

community against an old theory and 

toward a new one. Einstein described 

A key distinction between the two 

types of fads lies in the de� nition of the 

word. In pop culture, fads are essen-

tially fashions, and fashion can turn on a 

dime. In science, fads are belief systems 

—often quite intricate ones—shared by a 

large number of researchers. The caloric 

theory of heat was a fad in that sense. It 

stayed with us a good half century. The 

geocentric view of the universe could be 

considered one of the most lasting fads 

in all of science, enduring for millennia 

before being overthrown for good by 

Galileo and the observations he made 

through his remarkable little spyglass (a 

moment beautifully commemorated by 

Dava Sobel on page 30).

Galileo’s discoveries speak to the 

underlying reason for the differing paces 

of cultural and scienti� c change. Fash-

ions can shift rapidly because they are 

grounded in nothing more than personal 

preference. Scienti� c fads are rooted in 

ideas, which must then be expressed 

in terms of formal theories, which must 

then be tested against experimental 

Editor’s Note

F
the foundations of both quantum physics 

and special relativity in 1905, but that 

didn’t make him famous. Widespread 

scienti� c and public acclaim did not 

arrive until more than a decade later, with 

the � rst observations that seemed de� ni-

tively to show Einstein’s theory of space 

and time was superior to the venerable 

ideas of Isaac Newton.

Now many physicists wonder how 

long it will be until Einstein’s formula-

tions, too, are regarded as a passing 

fad. In keeping with the stately pace of 

scienti� c change, the three challenges 

laid out in this issue have been simmer-

ing for a long time. The � rst ultrahigh-

energy cosmic ray was observed in 

1991. Baf� ed by these particles, some 

researchers at � rst invoked a new, 

improved version of Einstein’s theory 

of relativity. More recently they have 

tended to attribute the rays to some 

unknown type of violent astrophysical 

object, including one so mysterious 

that it has been dubbed a “dark accel-

erator”—a formal way of saying “Gee, 

  ADS IN SCIENCE MOVE AT A VERY DIFFERENT PACE from fads in popular 

culture. A dozen years ago, the Backstreet Boys were one of the biggest things in 

music; today their name tends to provoke snickers or quizzical looks. In the 1970s, CB 

lingo slipped easily into daily conversation. Now it sounds ridiculously out of date (unless 

you regard it as the precursor of the minimalist natterings on Twitter). And yet here we 

are with a DISCOVER cover featuring Albert Einstein, a man whose face has been 

synonymous with deep physics since he burst into the public consciousness in 1919.
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I don’t know” (see page 46). 

Backward causality (the notion that 

actions taking place in the future can 

in� uence events in the past) derives 

from a theory introduced by physicist 

Yakir Aharonov in 1964 and based 

on quantum concepts hatched even 

farther back, in the 1920s (see page 

38). If correct, it makes a mockery of 

Einstein’s belief in a straightforward, 

deterministic universe. Andreas 

Albrecht’s “clock ambiguity,” which 

suggests that equations fundamen-

tally cannot describe the history of the 

universe, has the oldest pedigree of all. 

It undercuts not only Einstein’s theories 

but all of mathematical logic going back 

to Pythagoras in the sixth century B.C. 

(see page 32). 

To express the essential tension of 

this month’s issue—restless minds pitted 

against long-standing scienti� c questions 

—we enlisted an artist of the moment to 

capture Einstein’s enduring fame. Mike 

Mitchell recently found his work splashed 

across the Internet when he created an 

imposing portrait of Conan O’Brien 

during the Tonight Show host’s dispute 

with NBC. For the DISCOVER cover, “I 

started with a very traditional portrait,” 

Mitchell says, “and then I took a more 

Pop Art path.” Who wants to bet that 

Einstein’s visage still resonates after the 

latest round of late-night TV wars is 

long forgotten? Corey S. Powell

100% of our Small Steps® products are made from 100% premium recycled paper, not trees. 
Since 1950, our small company has been helping families take a small step towards making 
a big difference... with affordable products that are good for you, and good for the earth! 
Thank you for helping us reach our goal of saving 1,000,000 trees this year!
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Three faces 

of Albert: Artist 

Mike Mitchell’s 

initial sketch 

(top left), 

inspired 

by archive 

photos, 

took a fairly 

traditional 

approach. 

His second 

(bottom left) 

assumed 

a more 

expressionist 

style. The fi nal 

version (near 

right) puts 

a spare,

modernist spin 

on a classic 

Einstein 

pose.
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Ice on 

the Move

THE MOMENT: Researchers 

kayak down a meltwater 

river atop the Petermann 

Glacier in Greenland. The 

expedition, launched in part-

nership with Greenpeace, is 

studying the melting pattern 

of the glacier, which previ-

ous research suggested was 

losing ice from the bottom 

at least 20 times as quickly 

as from the surface. In the 

portion of the trip shown 

here, the scientific team— 

including geoscientist Rich-

ard Bates of the University 

of St. Andrews, climatologist 

Jason Box of Ohio State 

University, and glaciologist 

Alun Hubbard of Aberyst-

wyth University—gathers 

ice thickness data using a 

radar system attached to 

ropes linking the kayaks. 

The results from this survey 

will be used to refine mod-

els of ice cap melting and 

sea level rise. Preliminary 

findings appear to confirm 

the overall thinning of 

the glacier and the rapid 

melting inferred from other 

observations.

THE SHOT: Photograph 

by Nick Cobbing using a 

Canon EOS-1Ds Mark III 

camera with an EF24-70mm 

lens, f/7.1, ISO 100, 1/1250 

second. 
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THE MOMENT: A male desert locust attached to a 

tether flaps its wings in a wind tunnel specially de-

signed for studying insect flight. Smoke trails (gen-

erated by heating baby oil) help scientists visualize 

the fluid dynamics around the locust’s wings and 

body. High-speed digital video records the moving 

wings so researchers can model its structure in 

detail. The long-term goal of the study—which 

is led by University of Oxford biomechanics 

researcher Adrian Thomas and reflects 10 years of 

work—is to aid in the design of wings for miniature 

air vehicles that will be capable of flapping for 

many days at a time.

THE SHOT: Captured by a Photron APX video camera 

with 50mm Nikkor lens at 1,000 frames per second.  

Flight test 

Data
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Data Big Picture

The dinosaurs’ extinction has captivated 

scientists and the public ever since the first 

fossil bones of these brutes were described 

in the early 19th century. Today, though, 

some of the most pressing questions in 

paleontology concern not how the “ter-

rible lizards” died off, but how they rose to 

dominance in the first place. New findings 

are upending researchers’ understanding of 

the Triassic world, when the first dinosaurs 

appeared, and raising puzzling questions 

about why the dinosaur line remained so 

successful for 150 million years.

When dinosaurs emerged around 225 

million years ago in the arid heat of the 

supercontinent Pangaea, they were not 

alone. Among their contemporaries were 

creatures called crurotarsans, fellow 

archosaurs related to modern crocodiles. 

A long-held view pegged the crurotar-

sans as a mere footnote in the story of 

the dinosaurs’ ascent. Many scientists 

believed that dinosaurs were just better 

adapted for success than the animals that 

coexisted with them in their early years. 

Perhaps the dinosaurs ran faster, breathed 

more efficiently, or grew to adulthood more 

quickly—nobody knew for sure. But since 

the crurotarsans largely disappeared at 

the end of the Triassic, many scientists 

reasoned that dinosaurs must have been 

inherently better in some way.

That view had begun to unravel by 2005, 

when researchers reported a contrarian 

find from the Petrified Forest National Park 

in Arizona. Previously, a creature called 

Revueltosaurus, which had been identi-

fied only by its teeth, was classified as a 

dinosaur. “But when we found the rest of 

its skeleton,” says paleontologist Steve 

Nesbitt of the University of Texas at Austin, 

“it showed that Revueltosaurus was actu-

ally a crurotarsan.” Scientists realized that 

the mistake called into question the identity 

of many other Triassic species represented 

only by teeth or jaw fragments. Other pre-

sumed dinosaurs from the early era soon 

joined Revueltosaurus on the list of reclas-

sified crurotarsans, including Poposaurus, 

Shuvosaurus, and Teratosaurus.

As a result, crurotarsans are shaking off 

their reputation as second-rate animals 

doomed to be outdone by the superior 

dinosaurs. Paleontologists now recognize 

that they were a numerous and diverse 

group that included long-snouted fish eat-

ers, armored and browsing plant eaters, 

and predators of many sizes. And cruro-

tarsans had a lot in common with their dino-

saurian cousins, sharing body features and 

modes of locomotion and probably eating 

similar diets. In some cases the distinction 

between the two boils down to differences 

in the structure of the ankle bone.

BATTLE OF  
THE LIZARD KINGS

Early dinosaurs faced fierce 

competitors—and their 

ultimate success may  

have been more about luck 

than destiny. 

Sitting beside a collection of tiny plas-

tic dinosaurs lining his windowsill, Steve 

Brusatte, a paleontologist at the American 

Museum of Natural History in New York 

City, explains that a visitor to the Triassic—a 

period often described as the dawn of the 

dinosaurs—would have seen few clues 

that dinosaurs would soon be the masters 

of the land. “There would be a lot of little 

dinosaurs,” he says, “but there would also 

be these crocodile-like animals. In fact, 

there would be more of those, in terms of 

population size and species. If you had to 

guess, you would probably figure that cruro-

tarsans would be the ones to take over 

the world.” On Pangaea the crurotarsans 

lorded over their dinosaur relatives, not the 

other way around.

Immersing himself in archosaur anato-

my, Brusatte set out to build a family tree 

of the crurotarsans and to compare their 

evolution with that of the early dinosaurs. 

In a 2008 study that examined 437 skeletal 

characteristics among 64 species, Brusatte 

and his collaborators determined that the 

two groups had evolved at indistinguish-

able rates. The researchers also found that 

the crurotarsans exhibited much greater 

morphological disparity, meaning that they 

included a wider variation in body design 

than did the dinosaurs. “Running those 

disparity calculations was an eye-opener,” D
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BuzzWords

 Pangaea 

A supercontinent that 

formed about 270 million 

years ago; it included nearly 

all of the land on earth.

 crurotarsans 

Close relatives of modern 

crocodiles that were abun-

dant in the Late Triassic. 

 archosaurs 

A group of four-limbed  

animals bearing a single 

opening into the skull in 

front of each eye. Dinosaurs 

and crurotarsans were 

both archosaurs. Crocodil-

ians and birds are the only 

surviving archosaurs.

 MorPhological 

 DisParity 

A measure of an  

animal group’s diversity  

of body designs. 

Brusatte says. “During the first 30 million years of 

dinosaur history, these crocodile relatives were 

doing twice as much in terms of diet, lifestyle, 

and ecology.”

Then, last January, the idea that dinosaurs’ evo-

lutionary advantage derived from a superior breath-

ing mechanism took a hit. evolutionary biologist 

C. g. Farmer and radiologist Kent Sanders, both 

at the University of Utah, conducted a detailed 

study of alligator lungs, determining that air flows 

in only one direction through the breathing system 

during both inhalation and exhalation. Previously, 

this unidirectional flow was thought to be unique to 

birds, the contemporary descendants of dinosaurs. 

Based on their findings, Farmer and Sanders argue 

that this mode of breathing must have evolved early 

in archosaur history, before the ancestral group split 

into the crurotarsans (the forerunners of modern 

crocodilians) and dinosaurs. The one-way airflow 

may have helped dinosaurs survive during periods 

of low oxygen, but if Farmer and Sanders are right, 

crurotarsans shared this trait. “All archosaurs would 

have had this advantage,” Farmer says, “and that 

means both crocodiles and dinosaurs.”

These new puzzle pieces make the crurotarsans’ 

subsequent decline and the dinosaurs’ rise even 

more of a mystery. Knowing that the two groups 

were similar in so many ways, paleontologists are 

struggling to understand why the mass extinction 

at the end of the Triassic—when Pangaea began 

to break up and violent volcanic eruptions raged 

for as long as 3 million years—devastated the cru-

rotarsans (with a few exceptions) while the dino-

saurs largely dodged the bullet and flourished into 

the Jurassic and Cretaceous. 

“A lot of early dinosaur history comes down to 

luck,” Brusatte says. even if dinosaurs did have 

some as yet undiscovered feature that helped 

them survive the catastrophe, he points out, 

those characteristics did not give them enough 

of an edge to outcompete other animals during 

the tens of millions of years of shared existence 

preceding their extinction.

Brusatte and others hope that hotbeds of fossil 

discovery in Portugal, Lithuania, Poland, and else-

where will yield more clues to the dinosaurs’ early 

years. Clay pits in central and southern Poland have 

turned up exquisitely preserved fossils that docu-

ment not only dinosaurs and crurotarsans but entire 

Triassic ecosystems, including plants and insects; 

scientists are only beginning to analyze the trea-

sures they contain. This summer, Brusatte plans 

to survey animal tracks there that could help him 

understand how the competing species changed 

over time, how they moved, and ultimately, why 

some thrived as others perished. AMY BARTH
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genetics beat

GENETIc mEDIcINE GOES NANO

Gene therapy relies on introducing 

into the body genetic material that 

can help fight a disease or correct 

a defect in a patient’s DNA. Find-

ing a safe way to get therapeutic 

genes into the cells has been a major 

challenge, however. Many trials 

have used viruses as carriers, but 

this approach has run into problems 

with toxicity and dangerous immune 

system responses. So a new wave of 

gene therapy research is turning to 

nanoparticles to get the job done. 

Cancer researcher Janet 

Sawicki of the Lankenau Institute 

for Medical Research in Pennsyl-

vania, chemical engineer Robert 

Langer of MIT, and their colleagues 

are investigating biodegradable 

nanoparticles to deliver gene 

therapy for ovarian cancer. Their 

treatment uses the gene for 

diphtheria toxin, which causes cell 

death. Specific DNA sequences 

attached to the gene help to ensure 

that it targets only cancerous cells, 

killing them while leaving healthy 

ones unharmed. “That’s in contrast 

to chemotherapy,” Sawicki says, 

“which often damages healthy 

cells and causes bad side effects.” 

She had originally planned to use 

viruses to carry the gene but wor-

ried about the risks. The nanopar-

ticles, developed by Langer, 

seemed a safer option. The team’s 

recent study in mice has found that 

the treatment reduced the mass 

of ovarian cancer tumors and was 

more effective at suppressing tumor 

growth than chemotherapy. The 

researchers hope to begin clinical 

trials in humans next year. 

Other researchers are investigat-

ing related nanoparticle delivery 

systems, also with promising results. 

In France, georges Vassaux of the 

Institut National de la Santé et de la 

Recherche Médicale and colleagues 

reported last year that they had 

identified a nanoparticle that delivers 

its cargo exclusively to cancerous 

cells in mice. Vassaux’s team next 

plans to test gene therapy carried by 

nanoparticles on a variety of tumors 

in animals. NAYANAH SIVA

Ovarian cancer, 

seen as a purple 

and green 

tumor in this CT 

scan, could be 

targeted with 

nanoparticles. 
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Number of online 

searches conducted in 

the U.S. in December 

2009, according to ratings 

by the Nielsen Co.; 67 

percent were through 

Google, 14 percent via 

Yahoo!, and 10 percent 

through Microsoft’s search 

engines. Facebook 

was the top search term 

in 2009. 

 
n u m b e r s  b y  j e r e m y  j a c q u o t 

In
fo
rm
at
io
n

1.3
Leisure time, in hours, that 

Americans spent consuming 

information in 2008, according 

to a December 2009 report 

from the University of California 

at San Diego (UCSD). That 

works out to about 12 hours 

per day per person; the number 

includes multitasking, so an 

hour spent watching TV and 

surfing the Web counts as two 

hours of info consumption. 

Daily, we each devote an 

average of five hours to TV, two 

to radio, two to the Internet and 

other computer use, and one 

to gaming. We give 36 minutes 

per day to print media and  

27 to recorded music. 

3.6 x 10
21

Total amount of data, in 

bytes, consumed in the 

United States in 2008, 

according to the UCSD 

study. That works out 

to the equivalent of 

about 100,500 words 

or 34 gigabytes per day 

for each of us.

Once hunted for their pelts, beavers are 

back in demand, not for their bodies but for 

their minds—specifically, for their engineer-

ing skills. As changing climate leaves streams 

short on water in the summer, researchers 

are betting that the industrious rodents could 

provide a natural solution.

Based on a survey of how dams store 

water, the Lands Council in Washington 

State predicts that reintroducing beavers 

to 10,000 miles of suitable habitat in the 

state could help retain more than 650 trillion 

gallons of spring runoff, which would slowly 

be released by the animals’ naturally leaky 

dams. The council began investigating the 

beaver option after learning that the state 

was considering artificial dam projects that 

might cost billions of dollars. It argues that 

beavers can do the job at a small fraction of 

the expense: Restoration, maintenance, and 

monitoring would cost less than $1 million, 

the council estimates. This year the group 

plans to test its water storage predictions with 

a small-scale reintroduction project that will 

compare groundwater levels before and after 

beavers settle into their new homes. 

The project builds on research from 

ecologists Glynnis Hood and Suzanne Bayley 

of the University of Alberta, who studied 

records spanning 54 years from Elk Island 

National Park in Canada. They found that 

during periods of drought, wetlands held 

nine times as much water during years 

when beavers were present than when the 

animals were absent due to trapping. “Bea-

vers concentrate water into areas where 

they want it,” Hood says. “They engineer the 

landscape to their advantage.” Michael Pol-

lock, an ecosystems analyst with the National 

Marine Fisheries Service, is restoring the 

animals to Bridge Creek in eastern Oregon, 

with promising initial results. Since dam 

support structures were installed in 2008 to 

help colonies get started, groundwater levels 

there have begun to increase. isabelle groc

BEAvERS SIGN uP TO FIGHT cLImATE cHANGE

environment beat
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3

Oceanographers 

studying the chem-

istry of seawater in 

three dimensions need 

samples from vari-

ous depths. A hydro-

cast carousel is the 

workhorse that collects 

these sips from the 

deep. Attached to a 

hydrowire cable 1, the 

carousel dives off the 

side of a vessel and can 

reach depths of a  

mile or more beneath  

the surface.

Before deploying 

the sampling gear, 

researchers program a 

small computer housed 

in an aluminum cylinder 

2 with the depths at 

Hydrocast carousel

Number of text messages sent in the 

United States in 2008, according to 

CTIA, a wireless industry association, 

up from 2 billion in 2003, the first year 

for which data are available. In 2008 

Americans each spent an average of 

23 hours texting. According to Twitter 

tracker Gigatweet, more than 8 trillion 

tweets have been posted since 2006. 

Number of individu-

als who accessed 

newspaper Web 

sites in November 

2009, according 

to the Newspaper 

Association of 

America. Those who 

visited averaged  

43 page views for 

the month, totaling 

33 minutes. In 2008 

the association 

reported an average 

daily readership of  

95 million Ameri-

cans for weekday 

print newspapers.72
 m

illio
n

110

which they want to col-

lect samples. While the 

carousel is in the water, 

a Conductivity/Tempera-

ture/Depth (CTD) profiler 

3 continuously records 

temperature, salt con-

tent, and depth.

When the CTD indi-

cates that the sampler 

has reached a request-

ed depth, an electro-

magnet in the latch 

mechanism 4 releases 

the caps of a Niskin 

bottle 5, sealing a water 

sample inside. In some 

cases, an attached fluo-

rometer 6 collects data 

on the water’s chloro-

phyll content, helping 

researchers understand 

the vertical distribu-

tion of photosynthetic 

plankton.

Once the carousel 

is back on board, 

researchers analyze 

the water samples to 

determine their chemi-

cal properties such as 

the amount of dissolved 

oxygen gas and the 

levels of biologically 

important nutrients, 

including phosphates, 

sulfates, and nitrates.

Hydrocasts will pro-

vide samples for geO-

TRACeS, a decadelong 

international program to 

measure trace elements 

like iron and cobalt in the 

oceans. jennifer barone

physics beat

mIcROScOPy IN THE FOuRTH DImENSION 
Electron microscopes have given scientists  

unprecedented views of atomic and molecular structures. 

Now those vistas are evolving from still photographs into 

motion pictures. Physicist Ahmed Zewail of Caltech, who 

won the 1999 Nobel Prize in Chemistry for his use of lasers 

to study chemical reactions, is pioneering 4-D electron 

microscopy, which allows direct observation of atomic-

scale changes in real time. His filmmaking technique relies 

on applying a short laser pulse to the subject, followed by  

an ultrafast pulse of electrons, which scatter off the mate-

rial to produce an image for the microscope. A series of 

these images can be collected in rapid succession  

and viewed as a movie. The extremely brief electron 

pulses ensure that the image remains sharp, much like  

a short-exposure photograph of a speeding object. 

In late 2008 Zewail and his colleagues announced that 

they had observed atomic motion in gold and in graphite 

(a sheet of carbon atoms). They discovered that atoms 

in heated graphite began to pulse in an unexpected syn-

chronized “drumming” action, much like a heartbeat. Last 

summer the lab reported capturing changes in the pattern 

of bonding among graphite’s carbon atoms following 

intense compression of the sample. And in December they 

described watching nanotubes briefly glow after being hit 

with laser light. “You can see things evolve over time in a 

way that you never could with a snapshot,” says physicist 

and collaborator Brett Barwick. Eventually the group hopes 

to study chemical reactions in living cells. stephen ornes 
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Forty-Five
Percentage of words consumed that come from television. 

The next-biggest contributors are computers (26 percent), 

radio (11 percent), print media (9 percent), and phone 

conversations (5 percent). The UCSD study did not include 

old-fashioned face-to-face talking. A 2001 study that recorded 

regularly spaced snippets of subjects’ social interactions 

over the course of a few days found that participants were 

speaking or being spoken to in 60 percent of the recorded 

samples. A 2007 study with 396 participants using a similar 

recording device found that both women and men speak an 

average of 16,000 words per day. 

BILLION

5

6

Silicon, imaged by  

4-D electron microscopy.
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You are more sensitive than you 

realize, neuroscientist Frank Rice of 

Albany Medical College has discov-

ered. His study of patients whose 

skin lacks normal nerve fibers has 

revealed a previously unknown 

source of perception that contrib-

utes to the familiar ability to feel 

texture, temperature, pressure,  

and pain: the nerve endings sur-

rounding blood vessels and sweat 

glands in human skin. 

Rice, neurologist David Bowsher 

of the University of Liverpool, and 

their colleagues were studying 

two patients who were unable to 

feel pain, yet somehow retained a 

rudimentary ability to distinguish hot 

from cold and rough from smooth. 

On examining skin samples and 

other biopsies, the researchers 

found that all of the usual nerve 

endings associated with skin sensa-

tion were missing. The only possible 

sources of feeling were the nerves 

of the blood vessels and glands. 

Scientists knew that such nerves 

existed but thought they simply 

regulated blood flow and perspira-

tion. The evidence from the patients 

examined by Rice and Bowsher 

suggests that the nerve cells also 

act as an additional sensory system. 

“It is very likely that these nerve 

endings contribute to conscious 

perception in all of us,” Rice says. 

If he is correct, problems with this 

previously unknown system could 

contribute to poorly understood 

pain conditions, such as migraines 

and fibromyalgia. Rice and a group 

of collaborators are gearing up to 

investigate this potential link by 

searching for malformations of the 

blood-vessel nerves that could 

affect their function. adam hadhazy

Data

We Homo sapiens consider ourselves pretty spe-

cial, with our symbolic art, abstract thinking, and 

highly organized societies. But evidence is mount-

ing that these hallmarks of modern human behavior 

may have existed in earlier hominids.

In Spanish caves once occupied by Neanderthals, 

archaeologist João Zilhão of the University of Bristol 

unearthed punctured scallop shells crusted with 

mineral pigments: Neanderthal jewelry. Painted with 

reds and yellows, the shells may have been worn 

as pendants, perhaps conveying social information 

about the wearer to other members of the group. “It’s 

like putting on your Yankees cap when you go to the 

stadium so people know who you are,” Zilhão says. 

Body ornaments had been found at Neanderthal 

camps before, but they dated to near the period 

when Neanderthals shared europe with modern 

humans. That led some archaeologists to suggest 

that Neanderthals just mindlessly copied orna-

ments they saw on their Cro-Magnon neighbors. 

However, most of the relics found by Zilhão date 

to 50,000 years ago, 10,000 years before the first 

modern humans arrived. The Neanderthals can 

finally get clear credit for their artistry, he says.

Unexpected sophistication is also turning 

up among our even more ancient ancestors. A 

790,000-year-old hominid settlement in north-

ern Israel, excavated by archaeologists from the 

Hebrew University of Jerusalem, appears to have 

been divided into distinct functional spaces, with 

a hearthside food preparation area and a spot 

dedicated to flint toolmaking. Researchers had 

thought that only Homo sapiens had such well-

configured living spaces. Now it seems that far 

earlier humans kept orderly homes. eliza strickland

archaeology beat
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w An international team 

of researchers has 

successfully factored 

a 232-digit number.

But they were too late 

to collect the $50,000 

cryptography challenge 

prize for the feat, which 

expired in 2007. 

w Researchers publish-

ing in the Journal of 

Pediatric Urology have 

identified the optimum 

time to begin potty 

training. To minimize 

future bed-wetting 

and other problems, 

parents should start the 

process when children 

are between 24 and 32 

months of age. 

w excavations at colo-

nial Jamestown have 

unearthed a 400-year-

old tablet that may have 

functioned as a kind of 

Rosetta Stone, helping 

colonists communicate 

with Native Americans. 

The Good News 

The Bad News
w The first published 

national study of injuries 

related to table saws 

reports that these devic-

es account for about 

31,500 injuries per year,

97 percent of victims are 

male, and most injuries 

are due to “contact with 

the blade of the saw.”

w Air pollution such 

as car exhaust may 

increase lightning 

strikes by as much as 

25 percent, according 

to researchers at NASA 

and the Hebrew Univer-

sity of Jerusalem.

w Swedish scientists 

report that the wood-

boring shipworm is 

spreading into the 

Baltic Sea, threatening 

underwater artifacts.

biology beat

yOuR HIDDEN SENSE OF TOucH

Blood vessels, shown 

in this false-color 

arteriogram, bear 

nerves that may 

contribute to our 

ability to feel texture 

and temperature. 

NEw RESPEcT FOR NEANDERTHALS

Painted shells found in Spain show that our 

Neanderthal cousins were genuine artists.
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STRESSED OUT 

A constant shifting of the 

earth’s tectonic plates 

causes a buildup of stress in 

the crust, which eventually 

leads to earthquakes. To 

study these deep stresses, 

scientists installed the San 

Andreas Fault Observatory 

at Depth: a borehole drilled 

two miles deep into the fault, 

along with an underground 

seismic monitoring station. 

A ton of rock samples were 

extracted in 2007, the first 

time researchers gained 

access to a major fault at the 

depths where quakes start.

Faults are breaks in the earth’s crust where adjacent sec-

tions, or plates, have moved relative to each other. When 

a lot of slippage happens all at once, the result is a major 

earthquake, like the one that struck Haiti in January along the 

Enriquillo-Plantain Garden Fault, which runs in an east/west 

direction across the Caribbean. North of that fault a piece 

of crust called the Gonave Platelet is advancing westward, 

while the Caribbean Plate south of the fault is grinding to the 

east at a rate of about one-third inch per year. This side-by-

side motion defines what is known as a strike-slip fault.

California’s San Andreas Fault, shown here, is probably 

the most-studied fault in the world. Like the Haitian fault, the 

800-mile-long San Andreas is a strike-slip system. Geolo-

gists and seismologists are probing these massive cracks 

to learn more about the earth’s internal dynamics and to get 

better at predicting dangerous quakes. janet fang

fault

AFTERSHOCKS

Powerful quakes have lasting impacts on a fault zone, 

creating new fractures and stresses that leave some 

areas prone to future damage. A six-year study of 

seismic activity along the San Andreas Fault found that 

the 2004 Parkfield earthquake caused breakage and 

microcracking in shallow rock layers that changed the 

speed at which seismic waves moved through the area, 

making it more vulnerable to tremors for more than 

three years afterward.

SLOW AND STEADY

Not all fault movements are 

violent tremors like the four 

monster quakes that have 

shaken San Andreas since 

1690. Portions of the fault slide 

slowly and continuously as the 

North American Plate shifts 

northward an inch per year 

relative to the Pacific Plate. 

Scientists working for the U.S. 

Geological Survey examining 

samples from the San Andreas 

Fault Observatory at Depth 

have reported that these 

slow-moving sections contain 

talc, a soft mineral, which may 

account for their slipperiness. 

EARLY WARNINGS

Long-term forecasts remain 

a distant goal, but close 

monitoring of faults is yielding 

clues that could signal an 

impending earthquake. In 2008, 

researchers examining data 

from the San Andreas Fault 

Observatory at Depth reported 

detectable changes in the way 

seismic waves traveled through 

fault rock in the hours before 

two quakes. The Southern 

California Earthquake Center 

says there is a 46 percent 

chance that the state will see a 

magnitude 7.5 or greater quake 

in the next 30 years.
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It’s not the advice you’d expect. 
Learning a new language 
seems formidable, as we 
recall from years of combat 
with grammar and translations 
in school. Yet infants begin at 
birth. They communicate at 
eighteen months and speak 
the language fl uently before they go to school. And they never battle 
translations or grammar explanations along the way. Born into a veri-
table language jamboree, children fi gure out language purely from the 
sounds, objects and interactions around them. Their senses fi re up neural 
circuits that send the stimuli to different language areas in the brain. Mean-
ings fuse to words. Words string into structures. And language erupts.

Three characteristics of the child’s language-learning 
process are crucial for success: 

First, and most importantly, a child’s natural language-learning abil-
ity emerges only in a speech-soaked, immersion environment free of 
translations and explanations of grammar. Second, a child’s language 
learning is dramatically accelerated by constant feedback from family 
and friends. Positive correction and persistent reinforcement nurture 
the child’s language and language skills into full communicative expres-
sion. Third, children learn through play, whether it’s the arm-waving 
balancing act that announces their fi rst step or the spluttering pream-
ble to their fi rst words. All the conversational chatter skittering through 
young children’s play with parents and playmates — “…what’s this…” 
“…clap, clap your hands…” “…my ball…”— helps children develop 
language skills that connect them to the world.

Adults possess this same powerful language-learning 
ability that orchestrated our language success as children.
Sadly, our clashes with vocabulary drills and grammar explana-
tions force us to conclude it’s hopeless. We simply don’t have 
“the language-learning gene.” At Rosetta Stone, we know otherwise. 
You  can recover your native language-learning ability as an adult 
by prompting your brain to learn language the way it’s wired to learn 
language: by complete immersion. Our award-winning, computer-
based method does just that.  Dynamic Immersion® unlocks the innate 

language-learning ability 
you acquired before birth 
and mastered as a child. 
By recreating the immer-
sion context in which you 
learned your fi rst language, 
you understand, speak, read 
and write your new language 

with confi dence and accuracy from the beginning — without transla-
tions and explanations. At every step and in every skill, you receive 
instant, actionable feedback, including speech recognition and analy-
sis technologies that prepare you for everyday conversations. And 
Adaptive Recall® brings back material just when you need it to reinforce 
and perfect your learning.

Every act of learning is an act of play for children and there’s 
no reason it should be different for learners of any age. 

With Rosetta Stone® programs, you rediscover the joy of learning 
language. Clever, puzzle-like activities produce sudden “Aha!” moments 
and astonishing language discoveries. Your “language brain” remem-
bers. We see it all the time. A slow smile sneaks across the learner’s 
face after just a few screens. It’s a smile of recognition, as though the 
brain suddenly recalls what it was like to learn language as a child, as 
though it realizes, “Aha! I’ve done this before.” Act like a baby? You bet. 
Visit our website and fi nd out how you can reactivate your own innate, 
language-learning ability with Rosetta Stone. It’s the fastest way to learn 
a language. Guaranteed.® 
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On the eve of revolution in 1978, Pardis Sabeti’s family 

fl ed Iran for the United States. Sabeti has embraced 

change ever since. A crucial pivot came when, en route 

to medical school, she instead took a Rhodes Scholar-

ship, studying evolutionary genetics (and learning to 

relax by playing guitar). “I thought I was just passing 

time on the way to my real life,” she says. But today 

she blends her interests in health and evolution, track-

ing mutations in pathogens and their human hosts. 

     , 
’  I � unked my qualifying exam in 

the early phase of my Ph.D. The profes-

sors said I had no business in science. But 

I embrace failure. It sharpens your focus.

       -
    I strengthened 

my resolve to prove my work worthy. At 

the time, I was seeking evidence that 

human resistance to malaria had evolved 

relatively recently, within the last 10,000 

years. Ultimately I developed a mathemati-

cal formula to � nd signals of recent adapta-

tion by looking for regions of low diversity in 

the human genome: The longer a mutation has 

been there, the more diverse the code. 

’     
   Standard studies look for a 

trait like blond hair and � nd regions in the genome 

where people with blond hair differ from others. We 

mine the genomes of a random set of individuals, 

looking for identical patterns signifying a trait has 

emerged and spread in the recent past. It’s like 

looking at footprints backward in time. 

     More than 100 

mutations representing such adaptations as the 

evolution of lactose tolerance and changes in 

skin pigmentation. In West Africa we are study-

ing a gene called LARGE, which we hypothesize 

mutated to help us resist the deadly virus that 

causes Lassa fever. Mimicking changes caused by 

LARGE could pave the way for treatments. 

      
Nine Inch Nails got me through my Ph.D. 

Fischerspooner got me through my med 

school boards. It comes from a motivated, 

emotional place. Writing music is a journey. 

You get closer to the song’s fruition and then farther 

away, then closer again. The same process applies on 

the path to a scienti� c breakthrough. ALINE REYNOLDS
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RECENTLY ON

COSMIC 

VARIANCE

From Eternity 

to Here: Book 

Club 

Sean Carroll leads readers in 

an ongoing discussion based 

on his new book, which 

covers time, entropy, and the 

evolution of the universe. 

RECENTLY ON

THE

INTERSECTION

The Science of 

Kissing Gallery

Friendly pecks and sweet 

smooches: Sheril Kirshen-

baum is collecting images of 

kisses from throughout the 

animal kingdom.

RECENTLY ON

THE LOOM

Kinkiness 

Beyond Kinky

Carl Zimmer 

discusses the 

bizarre reproductive organs 

of ducks and their evolution-

ary bene� ts. (Not appropriate 

for ducklings.)

RECENTLY ON

BAD

ASTRONOMY

No, a Nearby 

Supernova 

Won’t Wipe Us Out 

If the white dwarf 

T Pyxidis explodes, are we 

doomed? Highly unlikely, 

and Phil Plait explains why. 
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DISCOVER Welcomes Its 
Newest Bloggers
Discoblog recently incorporated NCBI ROFL, a blog 

by two prone-to-distraction grad students. Meredith 

Carpenter and Lillian Fritz-Laylin post real scienti� c 

articles on absurd and amusing subjects. 

discovermagazine.com/web/ncbi-rofl 

PHOTO GALLERY

Frankenfoods That Can Feed the World
They are mired in debate over health risks, 

but genetically modi� ed crops could help the world’s 

hungriest and poorest people.

discovermagazine.com/web/frankenfoods

WEB EXCLUSIVE 

Where Will the Next Earthquake Disaster Be? 
Indonesia’s Sumatran fault and California’s San Andreas are among a number of seismic zones that may 

be ready to rumble. discovermagazine.com/web/earthquakes

PHOTO GALLERY

The Mating Game’s Biggest Cheaters
From � atworms to bowerbirds, these animals ignore 

sportsmanship and play the mating game in the most 

unscrupulous ways.

discovermagazine.com/web/matingcheaters

WEB EXCLUSIVE

Our Brightest Hopes for Keeping Up With Moore’s Law
How can we continue to get even more processing power from ever- smaller chips?

discovermagazine.com/web/mooreslaw
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WHAT TO READ, VIEW, AND VISIT THIS MONTH

400 Years of Star Trekking
NOVA: HUNTING THE EDGE OF SPACE

PBS, APRIL 6 AND 13

When Galileo turned his primitive spyglass to 

the sky four centuries ago, he upended our entire 

understanding of the universe (see Field Notes, 

page 30). In this two-part special, Nova traces the 

telescope’s evolution from two little lenses in a tube 

to the great observatories that now peer back nearly 

all the way to the Big Bang.

“Hunting the Edge of Space” is part history of 

astronomy and part rumination on the vastness of 

the universe. While the show hits the obligatory 

notes—discussing the famous observatories like 

INTO THE UNIVERSE WITH 

STEPHEN HAWKING

DISCOVERY CHANNEL, APRIL 25 AND MAY 2

Stephen Hawking believes in time 

travel. Or at least in its possibility.

The Discovery Channel’s new spe-

cial races though computer-gener-

ated and live-action visualizations of 

the renowned physicist’s wild ideas 

of reality. Hawking explains how time 

bends ever-so-slightly near massive 

objects like the Egyptian pyramids, 

making people near them seem slower 

to people observing from far away. He 

imagines a train running at nearly the 

speed of light to ferry time travelers 

into the future. There is also a dose of 

Hawking humor. He hosts a party for 

time travelers, complete with cham-

pagne, and sends invitations after the 

soiree. Alas, nobody from the future 

shows up. LAURIE RICH

Hubble and Mount Wilson and classic astronomical 

objects like the Crab Nebula—it also offers a few 

extra tidbits that make it something more than a 

compendium of great moments in science.

A simulated image shows Jupiter the way Galileo 

would have seen it through his primitive scope: 

just a blurry dot surrounded by four dimmer blurs. 

Demos of sagging glass and bending light show why 

mirrors supplanted lenses in modern telescopes. 

And we get a look inside an innovative Arizona 

laboratory where grinders prepare massive mirrors 

for next-generation instruments that will gaze even 

more keenly into the cosmos. ANDREW MOSEMAN

22  |  DISCOVERMAGAZINE.COM

DV0410HOTSCI2B1_WC   22 2/5/10   4:35:05 PM

worldmagsworldmags

worldmags

http://DISCOVERMAGAZINE.COM


P B O O K S 

ANTHILL
BY E. O. WILSON (W. W. NORTON)

Endearingly optimistic and ant-obsessed, 

this tale of an idealistic nature lover from 

Alabama out to save the ecosystem of 

his childhood is just what you would 

expect from a � rst novel by this world-

class evolutionary biologist. 

EAARTH: MAKING A LIFE ON A TOUGH 
NEW PLANET
BY BILL MCKIBBEN (TIMES BOOKS)

Climate change is already here, McKibben 

says. We live on a planet much different 

from the one that saw the birth of human 

civilization—one with more storms and 

giant � res, less ice, and corrosive oceans. 

We must embrace a slower, more stable 

existence, he argues, or we will perish. 

THE EERIE SILENCE: RENEWING OUR SEARCH 
FOR ALIEN INTELLIGENCE
BY PAUL DAVIES (HOUGHTON MIFFLIN HARCOURT)

For 50 years a dedicated group of scien-

tists have listened for radio signals from 

extraterrestrial civilizations—and heard not 

a peep. Now what? Cosmologist Davies 

makes a strong case for searching higher 

frequencies and seeking chemical or 

physical anomalies that could point to life. 

WHAT IF THE EARTH HAD TWO MOONS? 
BY NEIL F. COMINS (ST. MARTIN’S PRESS)

In his second book of what-ifs, Comins 

playfully imagines our planet with two sat-

ellites, two suns, and other scenarios. The 

joy lies in the details: He sees the extra light 

of two moons accelerating animals’ evolu-

tion of camou� age, or a backward-orbiting 

moon slowing Earth’s rotation to a halt 

before it starts in the opposite direction.

JEN BARONE AND ANDREW MOSEMAN
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Science Storms
MUSEUM OF SCIENCE AND 
INDUSTRY, CHICAGO 
OPENS MARCH 18

If you’ve ever yearned to 

cast your own giant rainbow, 

unleash an avalanche, or gen-

erate high-voltage lightning 

bolts, then this is the place 

for you. Science Storms, a 

new permanent exhibit at 

Chicago’s Museum of Science 

and Industry, allows visitors 

to control seven types of 

natural phenomena.

In one of the most com-

pelling interactive simula-

tions, museumgoers adjust 

the size and speed of a 40-

foot tornado and then stand 

inside the vortex. At the fi re 

exhibit they can ignite a high 

fl ame and simultaneously 

activate overhead sprinklers. 

Then comes the real fun: 

shooting a laser though the 

resulting mist to see how 

convection works. Each 

station is accompanied by 

thoughtful videos featuring 

researchers from organiza-

tions like NASA and NOAA 

explaining the connections to 

real-life science.  NICK ZAUTRA
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The Brain by Carl Zimmer
When Derek Jeter scoops up a ground ball and makes the 
double play, his body is hard at work, but his brain is actually 
taking it easy. That is the true payoff of years of practice.  

 T
he qualities that set a great athlete apart from the rest of us 

lie not just in the muscles and the lungs but also between 

the ears. That’s because athletes need to make complicated 

decisions in a � ash. One of the most spectacular examples of the 

athletic brain operating at top speed came in 2001, when the Yan-

kees were in an American League playoff game with the Oakland 

Athletics. Shortstop Derek Jeter managed to grab an errant throw 

coming in from right � eld and then gently tossed the ball to catcher 

Jorge Posada, who tagged the base runner at home plate. Jeter’s 

quick decision saved the game—and the series—for the Yankees. 

To make the play, Jeter had to master both conscious decisions, 

such as whether to intercept the throw, and unconscious ones. 

These are the kinds of unthinking thoughts he must make in every 

second of every game: how much weight to put on a foot, how fast 

to rotate his wrist as he releases a ball, and so on. 

In recent years neuroscientists have begun to catalog some 

fascinating differences between average brains and the brains of 

great athletes. By understanding what goes on in athletic heads, 

researchers hope to understand more about the workings of all 

brains—those of sports legends and couch potatoes alike.

As Jeter’s example shows, an athlete’s actions are much more 

than a set of automatic responses; they are part of a dynamic strat-

egy to deal with an ever-changing mix of intricate challenges. Even 

a sport as seemingly straightforward as pistol shooting is surpris-

ingly complex. A marksman just points his weapon and � res, and 

yet each shot calls for many rapid decisions, such as how much to 

bend the elbow and how tightly to contract the shoulder muscles. 

Since the shooter doesn’t have 

perfect control over his body, a 

slight wobble in one part of the 

arm may require many quick 

adjustments in other parts. Each 

time he raises his gun, he has to 

make a new calculation of what 

movements are required for an 

accurate shot, combining previ-

ous experience with whatever 

variations he is experiencing at 

the moment. 

To explain how brains make 

these on-the-� y decisions, Reza 

Shadmehr of Johns Hopkins 

University and John Krakauer of 

Columbia University two years 

ago reviewed studies in which 

the brains of healthy people 

and of brain-damaged patients 

who have trouble controlling 

their movements were scanned. 

They found that several regions 

of the brain collaborate to make 

the computations needed for 

detailed motor actions. The 

brain begins by setting a goal—pick up the fork, say, or deliver the 

tennis serve—and calculates the best course of action to reach 

it. As the brain starts issuing commands, it also begins to make 

predictions about what sort of sensations should come back from 

the body if it achieves the goal. If those predictions don’t match the 

actual sensations, the brain then revises its plan to reduce error. 

Shadmehr and Krakauer’s work demonstrates that the brain does 

not merely issue rigid commands; it also continually updates its 

solution to the problem of how to move the body. Athletes may 

perform better than the rest of us because their brains can � nd 

better solutions than ours do.

To understand how athletes arrive at these better solutions, other 

neuroscientists have run experiments in which athletes and non-

athletes perform the same task. This past January Claudio Del 

Percio of Sapienza University in Rome and his colleagues reported 

the results of a study in which they measured the brain waves 

of karate champions and ordinary people, at rest with their eyes 

closed, and compared them. The athletes, it turned out, emitted 

stronger alpha waves, which indicate a restful state. This � nding 

suggests that an athlete’s brain is like a race car idling in neutral, 

ready to spring into action. 

Del Percio’s team has also measured brain waves of athletes and 

nonathletes in action. In one experiment the researchers observed 

pistol shooters as they � red 120 times. In another experiment Del 

Percio had fencers balance on one foot. In both cases the scientists 

arrived at the same surprising results: The athletes’ brains were 
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Derek Jeter’s 

double play 

requires 

conscious and 

unconscious 

decisions.
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1. On Being Round
2. On Being Rarefied
3. On Being Dense
4. Death by Black Hole
5. Ends of the World
6. Coming Attractions
7. Onward to the Edge

8.  In Defense of the Big Bang
9.  The Greatest Story Ever Told
10. Forged in the Stars
11. The Search for Planets
12. The Search for Life  
 in the Universe

My Favorite Universe
Taught by Professor Neil deGrasse Tyson, 
Hayden Planetarium and Princeton University

1-800-TEACH-12
www.TEACH12.com/8disc

Understand the Forces of the Universe
What forces molded the universe? Are those forces still at work? 
Will Earth one day be gone? Explorations of questions like these 
seem available to us every day—provided we have a working 
understanding of the scientific theories on which they’re based.

Dr. Neil deGrasse Tyson, the Frederick P. Rose Director of the 
Hayden Planetarium at the American Museum of Natural His-
tory and Visiting Research Scientist and Lecturer at Princeton 
University, makes that understanding available to anyone.  
My Favorite Universe is a spirited and intellectually engaging 
journey through the cosmos and its history, from before the big 
bang to the likely ways in which Earth, and perhaps the entire 
universe, might end.

Dr. Tyson explains exactly how the formation of the universe 
came to be, beginning with a grounding in the basic “machin-
ery” of matter, forces, and energy. With this foundation in place, 
the realities of the universe are revealed in stark and often vio-
lent beauty. Explore how black holes are formed and can wreak 
havoc, how asteroids moving through space represent threats of 
extraordinary consequence to Earth, and why odds seem over-
whelmingly in favor of some kind of life out there.

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

Lecture Titles

Priority Code: 39273

Order Today! 
Offer expires Saturday, May 8, 2010 

Course No. 550

DVDs $199.95 NOW $39.95

My Favorite Universe
Course No. 158
12 lectures (30 minutes/lecture)

+ $5 Shipping, Processing, and Lifetime Satisfaction Guarantee
Special price for shipping, processing, and lifetime  
satisfaction guarantee for this offer only.

ACT NOW!

C
ou

rte
sy

 N
A

SA
, J

PL
.

DV41006.indd   1 2/1/10   11:34:32 AM

worldmagsworldmags

worldmags

http://www.TEACH12.com/8disc


quieter, which means they devoted less brain activity to these motor 

tasks than nonathletes did. The reason, Del Percio argues, is that 

the brains of athletes are more ef� cient, so they produce the desired 

result with the help of fewer neurons. Del Percio’s research suggests 

that the more ef� cient a brain, the better job it does in sports. The 

scientists also found that when the pistol shooters hit their target, 

their brains tended to be quieter than when they missed.

Good genes may account for some of the differences in ability, 

but even the most genetically well-endowed prodigy clearly needs 

practice—lots of it—to develop the brain of an athlete. As soon as 

someone starts to practice a new sport, his brain begins to change, 

and the changes continue for years. Scientists at the University 

of Regensburg in Germany documented the process by scanning 

people as they learned how to juggle. After a week, the jugglers 

were already developing extra gray matter in some brain areas. Their 

brains continued to change for months, the scientists found. 

Even as practice changes the brain’s anatomy, it also helps 

different regions of the brain talk to one another. Some neurons 

strengthen their connections to other neurons and weaken their 

connections to still others. Early on, neurons in the front of the 

brain (the prefrontal cortex) are active. That region is vital for top-

down control, which enables us to focus on a task and consider 

a range of responses. With practice, the prefrontal cortex grows 

quiet. Our predictions get faster and more accurate, so we don’t 

need so much careful oversight about how to respond. 

Several years ago Matthew Smith and Craig Chamberlain of the 

University of Northern Colorado examined the connection between 

the quieting of the cortex and athletic ability. They had expert and 

unskilled soccer players dribble a ball through a slalom course of 

cones. At the same time, the players were asked to keep an eye 

on a projector screen on the wall to see when a particular shape 

appeared. Even with the second task, the seasoned soccer play-

ers could dribble at nearly full speed. Unskilled players did much 

worse than when they were undistracted, however. The disparity 

suggests that dribbling didn’t tax the expert player’s prefrontal 

cortex as heavily, leaving it free to deal with other challenges.

As the brains of athletes become more ef� cient, they learn how to 

make sense of a new situation sooner. In cricket, for instance, a 

bowler can hurl a ball at 100 miles an hour, giving batsmen a mere 

half second to � gure out its path. In 2006 Sean Müller, then at the 

University of Queensland in Australia, and his colleagues ran an 

experiment  to see how well cricket batsmen can anticipate a bowler’s 

pitch. For their subjects they chose three types of cricket players, 

ranging in skill from national champions down to university play-

ers. The cricketers watched videos of bowlers throwing balls. After 

each video was over, they had to predict what kind of pitch was 

coming and where it would land. In some cases the video was cut 

off at the point at which the bowler released the ball. In other cases 

the players got to see only the � rst step, or the � rst two steps, that 

the bowler took while the ball was still in his hand.

Elite cricket players did a much better job than less skilled ones 

at anticipating the outcome of a pitch. They could make fairly good 

predictions after watching the bowlers take just a single step, and 

if they got to see the pitch up to the moment of release, their accu-

racy improved dramatically. The less skilled players fared much 

worse. Their early guesses were no better than chance, and their 

predictions improved only if they were able to watch the pitch until 

the ball had left the bowler’s hand and was in � ight. 

Predicting the outcome of a task seems to involve the same 

brain areas that the athlete develops in practice, which would 

explain why athletes tend to fare better on challenges like these. In 

a related study, Salvatore Aglioti of Sapienza University assembled 

a group of people, some of whom were professional basketball 

players, and scanned their brains as they watched movies of other 

players taking free throws. Some of the movies stopped before 

the ball left the player’s hands; others stopped just after the ball’s 

release. The subjects then had to predict whether it went through 

the hoop or not. The pros in the group showed a lot of activity in 

those regions of the brain that control hand and arm muscles, but 

in the nonathletes those regions were relatively quiet. It seems that 

the basketball players were mentally reenact-

ing the free throws in their minds, using their 

expertise to guess how the players in the 

movies would perform. 

These studies are beginning to answer 

the question of what makes some people 

great athletes: They are just able to rewire 

their brains according to certain rules. As 

neuroscientists decipher those rules, they may � nd ways to give 

people better skills. In February 2009 Krakauer and Pablo Celnik 

of Johns Hopkins offered a glimpse of what those interventions 

might look like. The scientists had volunteers move a cursor hori-

zontally across a screen by pinching a device called a force trans-

ducer between thumb and index � nger. The harder each subject 

squeezed, the faster the cursor moved. Each player was asked to 

move the cursor back and forth between a series of targets, trying 

to travel the course as quickly as possible without overshooting. 

The group trained 45 minutes a day for � ve days. By the end of 

training, the players were making far fewer errors. 

The scientists also trained another group of people on the same 

game, but with a twist. They put a battery on top of the head 

of each subject, sending a small current through the surface of 

the brain toward a group of neurons in the primary motor cortex. 

The electric stimulation allowed people to learn the game better. 

By the end of � ve days of training, the battery-enhanced players 

could move the cursor faster and make fewer errors than the con-

trol group. And the advantage was not � eeting. For three months 

Krakauer and Celnik had their subjects come back into the lab 

from time to time to show off their game-playing skills. Everyone 

got rusty over time, but at the end of the period, the people who 

had gotten the electrode boost remained superior to the others.

Krakauer and Celnik’s study hints at a whole new world of ethi-

cal issues that may lie ahead for sports. Would it be cheating for 

a tennis player to wear a portable electrode as she practiced her 

serve? She would, after all, just be hastening the same changes 

that come with ordinary practice. Today’s controversies over dop-

ing in sports focus mainly on muscles. But tomorrow we may have 

to decide how much athletes should be allowed to take advantage 

of neuroscience.

Science is answering the question of what makes 
some people great athletes: They have managed 
to rewire their brains according to certain rules.

The Brain by Carl Zimmer
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Vital Signs by Christopher Linstrom

A young man’s ear pain was constant and debilitating, 
but doctor after doctor could not fi nd the cure.

 B
y the time Stephen came to my of� ce complaining of pain-

ful spasms and ringing in both ears, he had already been to 

several physicians about his problem. He had been given 

an array of diagnoses; most doctors said he had acute outer or 

middle ear infections and prescribed oral antibiotics or ear drops. 

These measures had not helped, though. He was 21 years old and 

had suffered with this pain for nearly a year. 

Like many people with ear or head sounds—which we lump 

into one word, tinnitus—Stephen was distraught. Knowing that 

there is no magic drug for ringing, I mentally prepared my usual 

sermonette: Avoid noise, aspirin, and methylxanthines (stimulants 

of the central nervous system, such as caffeine). And embrace 

the tried-and-true helper, sound substitution, 

or “masking.” This technique, in my experi-

ence, is a remedy for almost every patient 

with tinnitus.

Then Stephen delivered the bombshell. “I’ve 

been treated twice with extended courses of 

intravenous antibiotics for Lyme disease,” he 

told me. “In fact, I have an intravenous line 

in my arm right now and am just � nishing an 

eight-week course of Rocephin [an antibiotic] 

for my second bout of Lyme. I’ve had to drop 

out of college because the pulses in my ears 

are so bad I can’t concentrate on anything. 

Could it be related to Lyme?” The spasms 

were occurring every few seconds in both of 

his ears throughout his entire waking day, he 

continued. The associated pain was so severe 

that his whole life revolved around dealing 

with it. Clearly this was not the typical case 

of tinnitus. 

Stephen was first exposed to Lyme dis-

ease, a tickborne infection, as a child while 

playing in the woods near his home in West-

chester County, New York. He was reinfected 

as a college student in 2007. Severe cases of Lyme disease can 

involve cardiac or neurological symptoms and are often treated 

with the intravenous antibiotic ceftriaxone. But I was unaware of 

any link between Lyme disease and pulsatile tinnitus. Otherwise, 

Stephen was in stable health with no other contributory medical 

or surgical problems. 

I examined his right ear with a microscope and an ear speculum. 

There it was, apparent right away in an otherwise normal eardrum: 

The drum pulsed and appeared to go into spasm in an irregular 

way. I observed the exact same thing in the left ear. There was no 

mass behind either drum, and the middle ear clefts on each side 

were normal. My exam did � nd spasms of his soft palate (palatal 

myoclonus) and twitching around his eyes (blepharo spasm), but 

these were not as bothersome to him as the pulsing. I had never 

before seen a patient like this. 

It was time to put Stephen through some proper hearing tests 

to � nd out what was going on. The middle ear has two muscles, 

the tensor tympani and the stapedius. The stapedius and, to a 

lesser extent, the tensor tympani engage in the acoustic re� ex 

(or the middle ear muscle re� ex), a contraction in response to 

loud sounds. A re� ex is an involuntary motor response, so it is 

present both while a person is awake and while unconscious. 

All re� exes follow a looping nerve response: an arc toward the 

central nervous system, called the afferent limb, and an arc away 

from the central nervous system to the end organ, termed the 

efferent limb. For the middle ear muscle re� ex, the afferent limb 

is the auditory nerve; the efferent limb is the facial nerve for the 

stapedius muscle and the trigeminal nerve for the tensor tympani 

muscle. The reflex itself occurs in the brain stem, one of the 

deepest and most basic parts of the brain. 

The stapedius responds by tightening the mobility of the stapes 

(or “stirrup”), and the tensor tympani tightens the eardrum and 

pulls the malleus (“hammer”). The stapes and malleus are tiny 

bones that transmit hearing through the inner ear. By restricting the 

motion of the stapes, the stapedius may be able to dampen loud 

sounds coming toward the ear, but that response does not hap-

pen quickly enough to prevent acoustic trauma from fast-acting 

sounds, such as a gun blast. The acoustic re� ex is also thought 

to play a role in preventing us from hearing our own voices as 

we speak. Although we know that the re� ex is present in healthy 

individuals and we evaluate it as part of every complete hearing 

test, its ultimate function is not entirely understood. M
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Sectional anatomy showing the 

middle and inner ear.
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To investigate Stephen’s ear spasms, I ordered a complete 

hearing test. Any neurological process involving two or more 

cranial nerves almost always points the � nger of diagnostic sus-

picion to the brain stem, which is the anatomical takeoff point 

of the cranial nerves. So I also ordered an MRI of my patient’s 

brain, with and without contrast enhancement, to get a good 

look at that area.

The tests showed that Stephen’s hearing was completely nor-

mal, but the acoustic re� exes could not be tested because of the 

ongoing spasms in each ear. The MRI of his brain was entirely 

normal as well. At this point, my most likely diagnosis was myoc-

lonus (muscle spasm) of either or both the stapedius and tensor 

tympani muscles. The painful eardrum spasms were the result of 

the contractions of one or both of the middle ear muscles.

All physicians are trained to begin by thinking broadly and then 

apply reasonable medical and surgical measures to the most 

likely cause of the clinical problem. Physicians are also trained 

to treat medically � rst and to reserve surgery for cases that fail 

medical management. Because Stephen had already been treated 

for Lyme with intravenous antibiotics, I suggested a consultation 

with a neurologist and perhaps a short trial of common medica-

tions used for either seizure or peripheral neuropathy, such as 

tegretol or gabapentin. Tegretol decreases the spread of seizure; 

it is also used to treat bipolar disorder and trigeminal neuralgia, 

a condition causing severe facial pain. Gabapentin is a mole-

cule related to gamma-aminobutyric acid, or GABA, a common 

neuro transmitter. It has well-studied analgesic and anticonvul-

sant effects, although its exact mechanism of action is unknown. 

Gabapentin is used for a variety of neurological disorders, includ-

ing spasm and extremity pain.

Stephen began with a short course of tegretol, prescribed by his 

neurologist. It did not lessen the symptoms or block the spasms, 

so I started Stephen on gabapentin. After a few weeks, he reported 

that it had no bene� cial effect either. 

Understandably anxious, Stephen had sought a few other con-

sultations, with con� icting recommendations. I suggested he see 

a colleague of mine in Boston who had a great deal of experience 

with eustachian tube dysfunction. The Boston doctor made a small 

opening in Stephen’s left eardrum and inserted a microscopic 

telescope attached to a video camera to visualize the middle 

ear muscles. All of this was done under topical anesthesia while 

Stephen was awake. The results matched my diagnosis but added 

an important new piece of information: The offending muscle was 

the tensor tympani muscle, not the stapedius.

Now that we had identi� ed the culprit, how to treat it? There 

were two possibilities: injecting a neuromuscular-blocking medi-

cation, such as botulinum toxin (Botox), into the tensor tympani 

muscle in the middle ear, or cutting the muscle surgically. The 

former would be a temporary trial that would wear off in about 

6 to 12 weeks. The second option would be permanent. There 

were potential risks associated with either choice. First, either 

temporarily or permanently blocking the muscle might not solve 

the problem. Second, loud sounds coming toward the treated 

ear might seem even louder than before. Stephen considered his 

options and, after speaking with his parents, decided to have the 

muscle cut. He had been suffering with the spasms for so long that 

he did not want to try a temporary solution.

I started with the left ear because it was the more bothersome. 

The surgery was all done through the outer ear channel; it involved 

making small incisions around the eardrum so it could be turned 

aside like the page of a book. The eardrum was then dissected off 

the hammer bone to allow me to see the tensor tympani muscle 

as it approaches the hammer bone at its narrow neck. The nerve 

to Stephen’s face runs in a bony channel near the tensor tympani 

muscle. We monitored his face with a electromyography system, 

which allowed me to electrically stimulate the facial nerve and 

make sure it was not being injured by the surgery. I then found 

and divided the tensor tympani muscle, � rst partially with a small 

knife and then completely with a scalpel-like laser. I placed a 

small amount of packing under the eardrum, turned it back into 

its usual place, put some packing material over the eardrum, and 

bandaged the ear. Stephen was awakened and transferred to 

the recovery room.

About an hour later, my patient was fully awake and ready to 

go home. I went to see him in the patient recovery area and he 

exclaimed, “It’s gone! I think it’s really gone!” His parents were as 

overjoyed as he was. It appeared that his long nightmare might 

� nally be ending. Fast-forward several weeks: The surgery did in fact 

abolish the spasm in Stephen’s 

left ear. His hearing remained nor-

mal, and the spasms around his 

left eye subsided. 

About six weeks after the left 

side, I operated on the right ear 

in a similar fashion. This side also 

healed, and the spasms went 

away with no signi� cant side effects. Today Stephen has resumed 

his university studies and is getting his life back on track.

I still had not addressed Stephen’s original question: Was 

Lyme disease responsible for his ear agonies? I would say yes. 

The disease certainly has many far-reaching neurological symp-

toms. As Sir William Osler, regarded by many as the father of mod-

ern medicine, said many years ago, “He who knows syphilis knows 

medicine.” Of course, syphilis was not Stephen’s problem, but 

the cause of Lyme disease, Borrelia burgdorferi, is in the same 

family as the causative agent of syphilis, Treponema pallidum. 

They are both spirochetes, bacteria that cause an insidious range 

of health issues. 

For me, Stephen’s case reinforced the notion that the medical 

history, as detailed by the patient himself or herself, is the most 

important part of any medical or surgical encounter. Patients who 

have dif� cult medical conditions are usually good historians: They 

live with the problem all day, every day, and can re� ect upon its 

origins and its clinical course. The patient almost always provides 

all of the diagnostic clues to the solution, guiding the physician in 

where to look and how to treat.

“I’ve had to drop out of college 
because the pulses in my ears are so bad. I can’t
concentrate on anything.”

Christopher Linstrom is an otologist/neurotologist and professor of 

otolaryngology at the New York Eye and Ear Infi rmary. The cases described 

in Vital Signs are real, but names and certain details have been changed.
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Field Notes by Dava Sobel
When Galileo discovered the moons of Jupiter, he sparked a 
revolution in scientifi c thinking that is still going today.

P
adua, Italy—During the January nights in 1610 when Galileo 

discovered Jupiter’s four largest moons from a balcony in this 

city, he remarked how the planet with its circling satellites 

resembled the sun and its retinue of planets. In January 2010, as 

celebrants from 16 countries gathered here to consider “Galileo’s 

Medicean Moons: Their Impact on 400 Years of Discovery,” the 

controversial bodies were still sparking comparisons throughout 

the solar system and beyond to exoplanets scattered across the 

Milky Way.

One of the great Italian astronomer’s own telescopes stood on 

public display in the palazzo where the symposium took place. 

The homemade appearance of the instrument—a wooden tube 

covered with brown paper and � tted with two small lenses—cut 

an impossible contrast to the remote sensing devices and future 

spacecraft designs that dominated the scienti� c presentations. 

Nevertheless, at every coffee break during the three-day meet-

ing, one or more participants would gravitate to the telescope. 

Hyped on the genuine espresso and cappuccino being served, 

they stared as though they might never tire of looking at it.

Seen through Galileo’s telescope, the moons of Jupiter appeared 

as mere points of light, indistinguishable from one another. Even 

so, they fomented an instant scienti� c revolution. Their existence 

gave evidence for what Copernicus had merely intuited: Not all 

heavenly bodies circle Earth.

The � rst morning’s session focused on the moons’ entry into 

17th-century society. Although today we know these bodies—Io, 

Europa, Ganymede, and Callisto—as the Galilean satellites of 

Jupiter, Galileo himself wanted to call them the Cosmian Stars, in 

honor of his potential patron, Cosimo de’ Medici, the grand duke 

of Tuscany. Cosimo accepted the moons as a gift but preferred 

the name Medicean to describe them. Galileo of course complied, 

in a calculated move that won him a lifetime appointment as court 

mathematician and philosopher, plus generous Medici support for 

his research. I saw several scientists in the audience nod on that 

note, sympathetic with the time-honored need for government 

funding of big science.

After the initial discovery, Galileo faced the tougher job of study-

ing and timing the moons’ regular orbits. He noted how they were 

periodically occulted by Jupiter or eclipsed in the planet’s shadow, 

and he applied these data to the practical problem of determining 

longitude at sea. (A navigator could compare the precise times at 

which these phenomena were observed from shipboard with the 

times they were predicted to occur if seen from a place of known 

longitude, such as Padua, then use the time difference to calculate 

his position east or west.) Although sailors never adopted Galileo’s 

technique, the moons proved a boon to cartography, helping to 

redraw land maps all over Europe.

Galileo’s successors followed the moons to other new conclu-

sions about nature. Danish astronomer Ole Roemer, for example, 

watching the moons from the Paris Observatory, noted how their 

eclipses preceded the predicted times when Jupiter and Earth 

came nearest each other. Similarly, the moons’ eclipses fell min-

utes behind predicted times when Jupiter and Earth lay farthest 

apart. Roemer attributed these discrepancies to the time needed 

for light to travel across space from Jupiter to earthly observers. 

With the moons as his touchstone, he clocked the speed of light 

for the very � rst time, in 1676. His answer fell 25 percent below 

the modern value but greatly improved on the previous estimates 

of “in� nite” and “immeasurable.”

By afternoon, as scientists at the conference recapped � nd-

ings from missions to Jupiter, Galileo’s moons changed from four 

attendants to four worlds in their own right. During the 1979 � ybys 

of NASA’s Voyager probe, Io shot plumes from an active volcano 

that were caught on camera. The Galileo spacecraft, which orbited 

Jupiter from 1995 until 2003, detected a magnetic � eld around 

Ganymede and helped raise the census of known Jovian satellites 

to 63. It also found a vast saltwater ocean under the icy shell of 

Europa, fanning fantasies of extraterrestrials coming to life in those 

seas. The different properties of the Medicean moons—from Io’s 

volcanism and Europa’s ocean to Ganymede’s magnetism—can 

all be traced to their relative nearness to Jupiter and the strength 

of the tidal stresses they endure as they orbit the planet.

NASA’s Juno, one of many planned projects described at the 

symposium, is being readied for launch next year. Juno will orbit 

perpendicular to the planet’s equator instead of following the more 

traveled path around it, and will get a bird’s-eye view of the giant 

auroras seething at the poles. These � amboyant light displays owe 

their colors and shapes to supercharged interactions among the 

sun, Jupiter, and its satellites. Io in particular, the closest of the four 

Galilean moons, contributes mightily to the store of charged particles 

that excite Jovian auroras, due to its several hundred volcanoes.

“Io is a paradise for volcanologists,” said Rosaly Lopes of the 

Jet Propulsion Laboratory, “but it’s hell for cartographers, because 

the minute you make a map, it’s obsolete.”

Lopes’s birthday fell during the symposium week, and she com-

mented how she wished she had been born on January 7 (the day 

Galileo � rst saw the Medicean moons) instead of on the 8th. Later 

she learned that although Galileo noticed the moons on the 7th, 

he mistook them for background stars, not questioning their true 

identity until the following night, when he returned to � nd two had 

moved from one side of Jupiter to the other. Eager to see them 

again, he was frustrated on the 9th by overcast skies.

The weather in Padua proved even worse for the 400th anniversary 

Io spews particles from several 
hundred volcanoes, making it 

paradise for volcanologists but hell for 
cartographers because the minute 

you make a map, it’s obsolete.
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of these discoveries, with clouds and rain almost every night.

On the 10th, in 1610, the moons appeared in yet another con� g-

uration, and on the 11th, Galileo “arrived at the conclusion, entirely 

beyond doubt, that in the heavens there are ... stars wandering 

around Jupiter like Venus and Mercury around the sun.” With those 

words, he reported the � ndings in his explosive little best seller, 

Sidereus Nuncius (The Starry Messenger).

Scientists now think that all of Jupiter’s moons and rings formed 

from a disk of debris around the newborn planet, just as the planets 

of the solar system took shape in the disk of leftovers surrounding 

the infant sun. Similar disks are observed today around other sunlike 

stars and are presumed to be new planetary systems in the making. 

Most have “hot Jupiters”—gigantic planets, some of them several 

times the mass of our own Jupiter, lying as close to their parent stars 

as Mercury is to the sun, or in many cases far closer.

The absence of a hot Jupiter in our own solar system, accord-

ing to symposium speaker Alessandro Morbidelli of the Obser-

vatoire de la Côte d’Azur, France, reveals some of our ancient 

history: At one stage Jupiter was indeed spiraling rapidly inward, 

but Saturn checked its progress. Saturn “caught” Jupiter in a 

resonant orbital pattern that kept both planets from continuing 

their sunward course. Morbidelli also noted how planetesimals 

(protoplanets, such as the preserved relics in the Kuiper belt 

beyond Neptune) can take a long time to come to rest. To empha-

size the point, he invoked Galileo’s famous phrase, “Eppur si 

muove” (“But still it moves”).

Nick Schneider, an expert on Io’s atmosphere at the University 

of Colorado at Boulder, stayed an extra day in Padua after the 

symposium ended. “I will torment you by saying that on Sunday 

the skies cleared,” he wrote to me, “and I had the privilege of 

letting some Italian kids rediscover the Medicean stars with a 

telescope I had brought, while their mother read aloud—in a dra-

matic voice—Galileo’s words from Sidereus Nuncius. You would 

have loved it!” H
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rendition of Galileo 

and his telescope 

in Venice in 1609. 

Right, from top: The 

Galilean moons Io, 

Europa, Ganymede, 

and Callisto.
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For many years we have 

assumed that the laws of 

the universe have never 

changed and never will. But 

what if that is not so? What 

if evolution is at work not 

only in biology but also in 

the cosmos? BY ADAM FRANK

Who Wrote

Physics?
t h e  B o o k  o f
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 If
you want to build a star, start with the rules. That is the advice I give to my Ph.D. 

students at the University of Rochester. Using advanced supercomputers and 

programming, we simulate the complex interplay of gravity, radiation, and mag-

netic fi elds that constitutes the life of stars like the sun. Our goal is to better 

understand how stars are born, grow old, and die. Fundamentally, we start with the known 

laws of physics and take them wherever they lead us. The implicit understanding is that 

nature’s rules are eternal, unbreakable, and all-controlling. As Albert Einstein once said, 

learning to read the laws of physics is like reading the mind of God.

Such thinking has animated much of the enterprise of physics ever since Isaac Newton 

formulated his laws of universal gravitation in 1687: one set of laws for both the heavens and 

the earth. The idea took full root a century ago, when Einstein developed his general theory 

The Coma cluster is about 

320 million light-years away 

and stretches 20 million 

light-years across. Many of 

its galaxies are featureless 

ellipticals (“fuzz balls”). 
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Colliding galaxies were a staple of the early universe. These 

images show different galaxies in various stages of smacking into 

one another. (The rest of the sequence is on page 37.) 

of relativity. If we work hard 

enough, he suggested, we will 

eventually � nd the elegant and 

simple rules that undergird 

the entire universe. Physicists 

have taken it as an article of 

faith that the bedrock laws are 

there to be discovered, if only 

we are clever enough in look-

ing for them. The dogged pur-

suit of that ultimate truth has 

led to many great discoveries, 

but recently it has begun to 

seem like a promise unkept.

The problem is that phys-

ics appears to be leading us 

not to resolution but into an 

Alice in Wonderland world of 

increasingly bizarre theories, 

each farther removed than 

the last from our experience of 

the everyday world. In recent 

years cosmologists have pos-

ited that our universe is just 

one among an untold num-

ber of universes that bubble 

up constantly from quantum 

foam. Theoretical physicists 

have looked to the exotic 

mathematics of string theory, 

which suggests the existence 

of seven extra dimensions 

beyond the four we already 

know about. Experimental-

ists have built the $10 billion 

Large Hadron Collider in part 

to understand why we can 

observe only a portion of what 

our theories of matter predict. 

If scientists have to dream 

up dimensions that nobody 

has ever seen and universes 

that nobody may ever find, 

perhaps it is a sign that we are 

headed down a blind alley. If 

we are indeed getting closer 

to knowing nature’s immutable 

laws, a few renegade physi-

cists are now asking, why 

does each step we take only 

seem to send us deeper into 

the rabbit hole? 

The mainstream response is 

that this is how science works. 

Each answer is supposed to 

yield new questions. Most 

physicists, to be sure, are still 

holding out for an elegant unify-

ing vision—the long-promised 

“theory of everything”—and 

they are prepared to wait the 50 

years or so it might take to arrive 

at one. The dissenters, though, 

are starting to wonder about this 

approach. If we have to take so 

much on faith, aren’t we behav-

ing more like priests than like 

scientists? Perhaps, argue the 

rebels, our basic assumptions 

are leading us astray. Perhaps 

those immutable laws that we 

have been pursuing all these 

years are not so immutable after 

all. Could it be that we have 

taken for granted the existence 

of something fundamental, the 

way early scientists took for 

granted the existence of God? 

At present, those doubters 

are few. The four scientists 

profiled here represent idio-

syncratic, minority views. But 

perhaps it is time to listen to 

what they have to say. They 

may very well be wrong—but 

if they are right, it would usher 

in the biggest disruption in 

physics since an apple fell on 

Newton’s head. 

THE MAN WHO 
KILLED TIME
Andreas Albrecht did not start 

out trying to buck the system. 

His father had been a chem-

ist, and Andreas � rst became 

fascinated with physics at the 

breakfast table. He remembers 

reading a high school textbook 

about atoms and stumbling 

upon an appendix on quan-

tum theory. “I just loved the 

idea that there were deeper 

laws behind what we see,” 

he says. He went on to study 

physics at Cornell University 

and the University of Pennsyl-

vania, with a particular interest 

in the early universe. He had 

no problem with physics as a 

quest for the immutable laws 

of nature—until he ran into a 

paradox that he calls the clock 

ambiguity. 

In our ordinary experience, 

we tend to take the passage of 

time for granted. If we want to 

know how long we have been 

procrastinating at work, we 

glance up at the clock and real-

ize an hour has gone by. In the 

brief succession of moments 

immediately following the Big 

Bang, however, there were no 

walls and no clocks to hang on 

them: The universe was any-

thing but ordinary. Albrecht, 

now a professor of physics 

at the University of California 

at Davis, was trying to under-

stand what was going on in 

the infant universe when it 

had existed for only a million-

billion-billion-billionth of a sec-

ond. To get a handle on what 

was happening, he needed a 

clock or something that could 

serve as one—some regularly 

occurring phenomenon, like 

water dripping from a faucet, 

the swinging of a pendulum, 

or the oscillations of a quartz 

crystal. 

Albrecht was not doing a real 

experiment, of course. It would 

take a collider 1,200 light-

years around to reproduce 

the conditions of these first 

moments of creation. Rather, 

what he was attempting was 

an extrapolation of what my 

students and I do when we 

calculate the motion of a star. 

We plug time into the equa-

tion and let the forces acting 

on the star unfold in whatever 

way the laws of physics say 

they should. Because Albrecht 

was interested in a time when 

the entire universe was com-

pressed into a space the size 

of a grapefruit, he was forced 

to rely heavily on the equa-

tions of quantum mechanics, 

which rule in matters of the 

very small. Those equations, 

though, become confusing 

when you are trying to tell a 

story that unfolds in a linear 

way, as Albrecht was attempt-

ing to do. The equations he had 

written out on paper described 

all possible futures of the early 

universe in terms of the prob-

ability that any one would actu-

ally happen. Without a clock, P
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he realized, there was no 

unambiguous way to come up 

with a single, ticktock version 

of how events unfolded.

To get around this problem, 

Albrecht tried to manipulate the 

equations of quantum cosmol-

ogy to isolate the dimension 

of time. That put him in the 

awkward position of having 

to undo the uni� cation of time 

and space, a key achievement 

of Einstein’s general relativity. 

Peeling time from the equa-

tions appeared to make every-

thing else unwind, and Albrecht 

found his model falling apart in 

his hands. Each time he tried 

to jury-rig a clock, the equa-

tions led him to a completely 

different kind of universe. In 

one universe, protons did not 

exist. In others, an action on 

one particle would have weird 

effects on neighboring par-

ticles. For instance, dropping 

a marble on the floor might 

cause an explosion on the 

scale of a supernova. 

“I called it the clock ambi-

guity,” Albrecht says. “Basi-

cally, different choices of a 

clock lead to different kinds of 

physics. I got entirely different 

kinds of universes depending 

on the clock I chose.”

This is not what Albrecht 

was expecting or hoping for. 

He had expected quantum 

cosmology to tell him exactly 

why the universe we live in 

looks the way it does. The dis-

covery of the clock ambiguity 

seemed to block that path. 

It looked to him as if quan-

tum cosmology would never 

predict the course of history 

through the universe because 

the laws determining that his-

tory could never be speci� ed 

beforehand. A few physicists 

have challenged this radical 

idea, but many share their 

colleague’s befuddlement. 

“What I was finding seemed 

crazy,” he says. “It meant that 

the fundamental physical laws 

were not fundamental.” 

Albrecht’s frustration was 

understandable. The clock 

ambiguity goes against not 

just the Newtonian belief in 

universal law, but the even 

more deeply held faith in law 

itself—in the idea that nature 

is guided by timeless rules that 

can be described in mathemati-

cal terms. “All is number,” said 

Pythagoras (he of the famous 

triangle theorem) 2,500 years 

ago. Plato believed in a realm 

of “ideal forms.” When Newton 

wrote a single equation that 

described the fall of apples 

and the motion of planets, he 

was already tapping into an 

ancient tradition. 

That tradition was threat-

ened early in the 20th century 

when physicists realized that 

general relativity and quantum 

mechanics—the two leading 

ways of describing the world—

were in key ways incompatible 

with each another. The theo-

ries break down most spectac-

ularly in the early universe, when 

everything was compressed 

into a small space. Suddenly 

the domains of the very small 

(quantum mechanics) and the 

very large (relativity) overlap. 

You need to use quantum 

mechanics to describe the 

physics, but those equations 

do not encompass gravity. 

The quest to reconcile the 

quantum and relativistic world-

views has occupied physics 

for decades. At the moment, 

string theory seems to be the 

most promising way forward. 

In this vision, matter is made 

up of incredibly minuscule 

vibrating strings that exist in 

an 11-dimensional space-time. 

With this formulation, many 

string theorists say, it may be 

possible to come up with one 

set of laws that describe the 

universe from the Big Bang 

onward. So far, though, no 

single version of string theory 

has yielded a consistent or 

complete answer. 

With no established map, 

researchers must explore the 

terrain in bits and pieces. It 

was in exploring those inter-

stitial domains that Albrecht 

stumbled on his clock ambigu-

ity, which may have uncovered 

a fatal � aw: Even if string the-

ory works, it is not clear how 

to use it to predict the kind 

of universe that would unfold 

from its rules. And that is far 

from the only objection being 

leveled against physicists’ 

leading effort to craft a master 

theory of reality.

THE SLAYERS 
OF STRING THEORY
Like Albrecht, and like just 

about every other physicist, 

Lee Smolin of the Perimeter 

Institute for Theoretical Phys-

ics in Waterloo, Ontario, started 

as a true believer in timeless 

law. In the 1980s he did some 

work on string theory. He also 

developed his own version of a 

multiverse in which every black 

hole spawns a new universe at 

its center. This introduced Dar-

winian natural selection to his 

idea of the cosmos: Whether or 

not a particular kind of universe 

proliferates depends on its � t-

ness. The universes that are 

good at creating black holes 

thrive; it is no coincidence, he 

concluded, that we live in just 

such a universe. 

As Smolin was developing 

this notion, he began to have 

misgivings about string theory, 

which has come to dominate 

the orthodoxy of theoretical 

physics. His 2006 book, The 

Trouble With Physics, was a 

withering attack on this ortho-

doxy. His big complaint about 

string theory is that it could 

lead almost anywhere. Rather 

than converging on a single 

set of laws—namely, the ones 

we can observe—it opens up 

a vast new array of untestable 

possibilities. This struck Smolin 

as a dangerous departure from 

experimentally falsi� able phys-

ics. If we really want to under-

stand the basic laws of the uni-

verse, he argues, we must look 

for deeper explanations that do 

not dismiss the near-at-hand. 

And to do that, we might have 

to abandon our attachment to 

the idea of timeless laws. 

Smolin takes particular issue 

with two tenets of present-day 

physics: the claim that time as 

we know it emerges from some 

deeper set of laws, like the 

quantum cosmological equa-

tions Albrecht works with, and 

the belief that our universe is 

just one of many. 

The so-called multiverse 

theory of the universe arose, 

like string theory, as a way to 

explain away some uncomfort-

able mysteries in cosmology. 

The troubles began when scien-

tists began to accept in� ation, 

a theory developed by Ameri-

can physicist Alan Guth and 

his Soviet counterpart, Andrei 

If we really want to understand the basic laws of the universe, we 
must look for explanations that do not dismiss the near-at-hand. 
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Linde, in the early 1980s. In� a-

tion holds that shortly after 

the Big Bang, a small shard 

of space-time underwent 

extremely rapid expansion, 

ultimately to become what we 

see around us: a universe of 

galaxies receding from one 

another. That theory opened 

up the possibility that other 

chunks of space-time went 

through their own inflation, 

creating a tremendous number 

of “pocket universes.” 

Eventually this idea grew into 

what is now known as the multi-

verse theory, the notion that our 

observable universe is just one 

of perhaps an in� nite number 

of cosmic domains, each with 

its own version of the laws of 

physics. In this view there is 

no need to explain why our 

universe has a particular set 

of physical laws, since some-

where out there exists a pocket 

universe for each possible set. 

Smolin does not like some 

of the metaphysical overtones 

of today’s physics and cosmol-

ogy, but he primarily rejects 

hidden dimensions in physics 

and multiverse approaches 

in cosmology for technical 

reasons. He sees problems, 

for example, in the details of 

quantum cosmology—the type 

of problems Albrecht has also 

encountered. These technical 

objections have given Smolin 

the uneasy feeling that there 

is something rotten at the core 

of physics. 

That feeling began to take 

on more concrete form when 

he met Roberto Mangabeira 

Unger, a professor at Harvard 

Law School. Smolin had been 

invited to a conference (on art 

and critical theory) and was 

trying to decide whether to go 

when he saw Unger’s name 

on the guest list. Smolin had 

known of Unger’s work, and he 

was intrigued. A mutual friend 

put them in touch, and during 

several phone conversations 

about multiverses and the 

nature of time, they realized 

that they were soul mates in 

skepticism. A few years later, 

at Unger’s suggestion, Smo-

lin organized a workshop at 

the Perimeter Institute called 

Evolving Laws and invited 

Unger to come and talk things 

over with the group. Now the 

two scientists are collaborat-

ing on a book, The Reality of 

Time and the Nature of Cos-

mological Laws. 

As a nonscientist, Unger 

approaches the problem from 

the standpoint of philosophy. 

The problem with theories that 

include hidden dimensions 

and alternate universes, he 

says, is that they are not theo-

ries at all but allegories. There 

is no way to test them with any 

experiments or observations. 

String theory cannot be made 

to work in a world of only four 

dimensions. In response, string 

theorists posited the existence 

of seven extra dimensions that 

are hidden from us. Of course, 

no one has observed these 

extra dimensions of space, 

and worse, it is not clear that 

such an observation is pos-

sible. The equations of string 

theory predict that there are 

an unimaginable number of 

different possibilities for how 

those dimensions are con-

figured—on the order of 10 

to the 500th power. It would 

take more time than has so far 

elapsed since the Big Bang 

just to count them all. 

The experimental basis for 

a multiverse theory is equally 

shaky. None of the other uni-

verses that crop up could ever 

be seen because the space 

between us and them would 

be expanding at faster-than-

light speed. 

Neither string theory nor 

the multiverse theory explain 

nature’s mysteries so much 

as explain them away, Unger 

concludes. “When we imag-

ine our universe to be just one 

out of a multitude of possible 

worlds, we devalue this world, 

the one we see, the one we 

should be trying to explain,” 

he says. “The scientist should 

treasure the riddles he can’t 

solve, not explain them away 

at the outset.” 

Unger and Smolin want to 

shift the emphasis in phys-

ics away from these possible 

worlds and back to the one 

real world—our world, which is 

saturated with time. They urge 

their colleagues to abandon 

the search for timeless truths 

like string theory. 

More broadly, they argue 

that physics should refrain 

from spinning any theories 

that require the existence of 

things that could never be dis-

proved, such as multiverses. 

And it should recognize that 

there is no ideal realm of per-

fect, timeless mathematical 

forms that embody the laws 

of physics. Time is inherent 

in the universe, and nothing 

exists outside of time. Smolin 

thinks that Albrecht’s clock 

ambiguity is a symptom of the 

larger problem with the current 

approach to physics. 

Developing equations for a 

new kind of physics can come 

later, in Smolin and Unger’s 

view. For now they want to 

open a frank conversation 

about the rationale for look-

ing at those equations in the 

� rst place. With only one time-

saturated universe, physicists 

will have to revise the way they 

think about nature’s laws. If 

time is real, then everything in 

the universe is part of time and 

subject to it. The essence of 

time is change. What we call 

the laws of physics may also 

change with time. History will 

have to matter, even in this 

hardest of all sciences. 

THE AGENT OF CHANGE
Theoretical biologist Stuart 

Kauffman has the advantage 

of never having been indoctri-

nated in the physicist’s way of 

looking at the world. As a theo-

retician, though, he is used to 

tackling big ideas. Kauffman, 

a MacArthur “genius award” 

winner, pioneered the appli-

cation of complexity theory 

to the life sciences. He honed 

those ideas during a 10-year 

residency at the famed Santa 

Fe Institute in New Mexico and 

most recently as a professor of 

biochemistry and mathematics 

at the University of Vermont. In 

the last couple of years Kauff-

man has turned his attention to 

physics, and like Smolin he has 

come to believe that the laws 

that underpin the cosmos are 

far from the immutable things 

we thought they were. But he 

plunges in where even Smolin 

does not dare to tread.

Kauffman has no qualms 

about abandoning an idea that 

has dominated the sciences 

since the days of Galileo: that 

Physicists should not spin any theories that require the existence 
of things, such as multiverses, that cannot be disproved. 
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as evolution in biology favors 

change from the simple to the 

more complex, perhaps evo-

lution has taken the universe 

from the relative simplicity of 

its early moments to the full 

glory of our modern universe 

in all its dazzling complexity. 

The game of  chess is 

another useful metaphor for 

understanding how physical 

laws might have changed. 

Chess has its rules, and the 

way most people play, those 

rules are � xed, much like the 

laws of physics are assumed 

to be. But chess was a differ-

ent kind of game when it was 

� rst played in India in the sixth 

century. When Europeans 

adopted the game in the 15th 

century, they renamed the 

pieces and modi� ed the rules 

to suit themselves. Eventually 

chess settled on the intricate 

and complex game that we 

know now. In a similar way, 

the laws of space-time may 

have started off one way and 

changed over time, until the 

universe settled on what we 

know now.

We do not see change 

happening now—perhaps 

because the universe’s laws 

have reached a point of sta-

sis, or perhaps because they 

are changing very slowly. But 

the idea should, in theory, be 

testable. It should be possible 

to look back into the early uni-

verse and measure changes in 

physical laws. We may already 

have glimmers of such evi-

dence. From measurements 

of the radiation given off by 

distant quasars, scientists 

have surmised that “alpha,” 

the physical constant that 

de� nes how tightly electrons 

are held to an atom’s nucleus, 

may have been slightly differ-

ent in the early universe. The 

observations are tentative, 

partly because scientists have 

not been looking for signs of 

changing laws. At the very 

least, Kauffman suggests, we 

should be examining this pos-

sibility much more closely. 

Extending evolutionary 

models to physics would mean 

exploring the notion that physi-

cal laws may have evolved for a 

time and then became � xed. Or 

they could still be evolving now. 

In biology there are constraints 

and rules that guide the behav-

ior of the biosphere, rules that 

emerge in time and in the pro-

cess set the stage for the next 

step in evolution. “In this way 

the biosphere builds the way it 

builds itself,” Kauffman says. 

“Perhaps the universe acts in a 

similar way, sorting through all 

different kinds of laws to give 

us what we see today.” 

Physicists tend to recoil 

from Kauffman’s notion of a 

universe that emerges from 

count less arbi t rary laws 

because the universe we see 

seems to be remarkably regu-

lar in structure and behav-

ior. But the laws we see now 

may simply be the ones that 

allowed us to be here looking, 

Kauffman notes. “Remember, 

in evolution we only see the 

winners,” he says. “Everything 

else disappears.” His idea 

has a kinship with Smolin’s 

notion that universes can be 

spawned within other universes 

and evolve, with certain types 

of physical laws coming to 

dominate because they are 

more successful in producing 

a complex universe. 

Kauffman’s reasoning may 

sound like the anthropic prin-

ciple—a controversial idea in 

cosmology that the only pos-

sible laws of physics are the 

ones that allow us to be here 

to observe them—but the two 

ideas differ in a fundamental 

way. The anthropic principle 

assumes a multitude of uni-

verses, each with its own 

immutable laws, and states 

that we lucked out by being 

in the one fine-tuned for life. 

Kauffman believes there is one 

universe, whose laws have 

evolved toward the complexity 

that allows for life. Rather than 

reasoning our way back to the 

beginning, we have to plumb 

the history of our universe to 

� gure out how it evolved, step 

by step, into its present form. 

From Kauffman’s perspec-

tive, everyone from Newton to 

Einstein to the latest practitio-

ners of string theory may have 

all been barking up the wrong 

tree, and the long-sought 

theory of everything may be 

nothing more than wishful 

thinking. “The whole point,” 

he says, “is that there might 

not be eternal laws to reason 

backward to.”

a set of physical laws is all 

that is needed to predict the 

unfolding of reality. The name 

for this idea is reductionism—

the belief that the whole can 

be understood by the predict-

able behavior of the parts. It is 

the philosophical underpinning 

of the physicist’s conviction 

that timeless, eternal laws rule 

the universe from the bottom 

up. Understand quarks, the 

thinking goes, and everything 

else follows. 

“The dream of reduction-

ism,” Kauffman says, “is that 

when all is said and done, 

science will provide us with a 

linked set of laws that begin 

with particle physics and take 

us through life all the way to 

social systems.” Albrecht’s 

clock ambiguity and Smo-

lin’s critiques of string theory 

expose chinks in the armor of 

reductionism. Kauffman has 

come to believe that reduc-

tionism can take us just so 

far. Only by moving beyond 

it will we be able to see the 

universe’s hidden creativity.

That creativity is essentially 

Darwinian. Biological evolu-

tion, in Kauffman’s view, offers 

a powerful model for how nov-

elty, rather than timeless laws, 

could play an expanded role 

in cosmology and physics. If 

the laws of the biosphere have 

evolved over time, why can’t 

the laws of the universe? Just 

In the later stages of collision, two galaxies will merge at 

their cores, sending shock waves rippling for many light-years, 

stimulating the birth of new stars and giving off blue light. 
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BACK
FROM THE

FUTURE
Does the universe have a destiny—

and could the laws of physics be pulling us 
inexorably toward our prewritten fate?
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eff Tollaksen may well believe he was destined to be here at this point in 

time. We’re on a boat in the Atlantic, and it’s not a pleasant trip. The torren-

tial rain obscures the otherwise majestic backdrop of the volcanic Azorean 

islands, and the choppy waters are causing the boat to lurch. The rough 

sea has little effect on Tollaksen, barely bringing color to his Nordic complexion. 

This is second nature to him; he grew up around boats. Everyone would agree that 

events in his past have prepared him for today’s excursion. But Tollaksen and his 

colleagues are investigating a far stranger possibility: It may be not only his past 

that has led him here today, but his future as well.

Tollaksen’s group is looking into the notion that time might � ow backward, allow-

ing the future to in� uence the past. By extension, the universe might have a destiny 

that reaches back and conspires with the past to bring the present into view. On 

a cosmic scale, this idea could help explain how life arose in the universe against 

tremendous odds. On a personal scale, it may make us question whether fate is 

pulling us forward and whether we have free will.

The boat trip has been organized as part of a conference sponsored by the 

Foundational Questions Institute to highlight some of the most controversial 

areas in physics. Tollaksen’s idea certainly meets that criterion. And yet, as crazy 

T e x t  b y  Z e e y a  M e r a l i

J

P h o t o g r a p h y  b y  A d a m  M a g y a r
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IT’S
as it sounds, this notion of reverse causality is gaining ground. 

A succession of quantum experiments con� rm its predictions—

showing, baf� ingly, that measurements performed in the future 

can in� uence results that happened before those measurements 

were ever made.

As the waves pound, it’s tough to decide what is more unset-

tling: the boat’s incessant rocking or the mounting evidence that 

the arrow of time—the � ow that de� nes the essential narrative of 

our lives—may be not just an illusion but a lie.

Tollaksen, currently at Chapman University in Orange County, 

California, developed an early taste for quantum mechanics, 

the theory that governs the motion of particles in the subatomic 

world. He skipped his � nal year of high school, instead attend-

ing physics lectures by the charismatic Nobel laureate Richard 

Feynman at Caltech in Pasadena and learning of the paradoxes 

that still fascinate and frustrate physicists today. 

Primary among those oddities was the famous uncertainty 

principle, which states that you can never know all the proper-

ties of a particle at the same time. For instance, it is impossible 

to measure both where the particle is and how fast it is moving; 

the more accurately you determine one aspect, the less precisely 

you can measure the other. At the quantum scale, particles also 

have curiously split personalities that allow them to exist in more 

than one place at the same time—until you take a look and check 

up on them. This fragile state, in which the particle can pos-

sess multiple contradictory attributes, is called a superposition. 

According to the standard view of quantum mechanics, mea-

suring a particle’s properties is a violent process that instantly 

snaps the particle out of superposition and collapses it into a 

single identity. Why and how this happens is one of the central 

mysteries of quantum mechanics.

“The textbook view of measurements in quantum mechanics is 

inspired by biology,” Tollaksen tells me on the boat. “It’s similar to 

the idea that you can’t observe a system of animals without affecting 

them.” The rain is clearing, and the captain receives radio noti� ca-

tion that some dolphins have been spotted a few minutes away; 

soon we’re heading toward them. Our attempts to spy on these 

animals serve as the zoological equivalent of what Tollaksen terms 

“strong measurements”—the standard type in quantum mechanics 

—because they are anything but unobtrusive. The boat is loud; it 

churns up water as it speeds to the location. When the dolphins 

� nally show themselves, they swim close to the boat, arcing through 

the air and playing to their audience. According to conventional 

quantum mechanics, it is similarly impossible to observe a quantum 

system without interacting with the particles and destroying the 

fragile quantum behavior that existed before you looked.

Most physicists accept these peculiar restrictions as part and 

parcel of the theory. Tollaksen was not so easily appeased. “I was 

smitten, and I knew there was no chance I was ever going to do 

anything else with my life,” he recalls. On Feynman’s advice, the 

teenager moved to Boston to study physics at MIT. But he missed 

the ocean. “For the � rst time in my life, I lost the background sound 

of surf,” he says. “That was actually traumatic.”

Mindful that a job in esoteric physics might not be the best way 

to put food on his family’s table, Tollaksen worked on a computing 

start-up company while pursuing his Ph.D. But if the young man 

wasn’t sure of his calling, fate quickly gave him a nudge when 

a physicist named Yakir Aharonov visited the neighboring Bos-

ton University. Aharonov, now at Chapman with Tollaksen, was 

renowned for having codiscovered a bizarre quantum mechanical 

effect in which particles can be affected by electric and magnetic 

� elds, even in regions where those � elds should have no reach. But 

Tollaksen was most taken by another area of Aharonov’s research: 

a time-twisting interpretation of quantum mechanics. 

“Aharonov was one of the � rst to take seriously the idea that if 

you want to understand what is happening at any point in time, 

it’s not just the past that is relevant. It’s also the future,” Tollaksen 

says. In particular, Aharonov reanalyzed the indeterminism that forms 

the backbone of quantum mechanics. Before quantum mechanics 

arrived on the scene, physicists believed that the laws of physics 

could be used to determine the future of the universe and every object 

within it. By this thinking, if we knew the properties of every particle 

on the planet we could, in principle, calculate any person’s fate; we 

could even calculate all the thoughts in his or her head.

That belief crumbled when experiments began to reveal the inde-

terministic effects of quantum mechanics—for instance, in the radio-

active decay of atoms. The problem goes like this, Tollaksen says: 

Take two radioactive atoms, so identical that “even God couldn’t 

see the difference between them.” Then wait. The � rst atom might 

decay a minute later, but the second might go another hour before 

decaying. This is not just a thought experiment; it can really be seen 

in the laboratory. There is nothing to explain the different behaviors 

of the two atoms, no way to predict when they will decay by looking 

at their history, and—seemingly—no de� nitive cause that produces 

these effects. This indeterminism, along with the ambiguity inherent 

in the uncertainty principle, famously rankled Einstein, who fumed 

that God doesn’t play dice with the universe.

It bothered Aharonov as well. “I asked, what does God gain by 

playing dice?” he says. Aharonov accepted that a particle’s past 

does not contain enough information to fully predict its fate, but 

he wondered, if the information is not in its past, where could it 

be? After all, something must regulate the particle’s behavior. His 

answer—which seems inspired and insane in equal measure—was 

that we cannot perceive the information that controls the particle’s 

present behavior because it does not yet exist.

“Nature is trying to tell us that there is a difference between two 

seemingly identical particles with different fates, but that differ-

ence can only be found in the future,” he says. If we’re willing to 

unshackle our minds from our preconceived view that time moves 

in only one direction, he argues, then it is entirely possible to set 

up a deterministic theory of quantum mechanics.

In 1964 Aharonov and his colleagues Peter Bergmann and Joel 

Lebowitz, all then at Yeshiva University in New York, proposed 

a new framework called time-symmetric quantum mechanics. It 

could produce all the same treats as the standard form of quan-

tum mechanics that everyone knew and loved, with the added 

bene� t of explaining how information from the future could � ll in 

the indeterministic gaps in the present. But while many of Aha-

ronov’s colleagues conceded that the idea was built on elegant 

TOUGH TO DECIDE WHAT IS MORE UNSETTLING: 
THE BOAT’S ROCKING, OR THE MOUNTING 
EVIDENCE THAT THE ARROW OF TIME IS A LIE. 
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mathematics, its philosophical implications were hard to swal-

low. “Each time I came up with a new idea about time, people 

thought that something must be wrong,” he says.

Perhaps because of the cognitive dissonance the idea engen-

dered, time-symmetric quantum mechanics did not catch on. “For 

a long time, it was nothing more than a curiosity for a few phi-

losophers to discuss,” says Sandu Popescu at the University of 

Bristol, in England, who works on the time-symmetric approach 

with Aharonov. Clearly Aharonov needed concrete experiments 

to demonstrate that actions carried out in the future could have 

repercussions in the here and now.

Through the 1980s and 1990s, Tollaksen teamed up with 

Aharonov to design such upside-down experiments, in which 

outcome was determined by events occurring after the experi-

ment was done. Generally the protocol included three steps: a 

“preselection” measurement carried out on a group of particles; 

an intermediate measurement; and a � nal, “postselection” step 

in which researchers picked out a subset of those particles on 

which to perform a third, related measurement. To � nd evidence 

of backward causality—information � owing from the future to the 

past—the experiment would have to demonstrate that the effects 

measured at the intermediate step were linked to actions carried 

out on the subset of particles at a later time.

Tollaksen and Aharonov proposed analyzing changes in a quan-

tum property called spin, roughly analogous to the spin of a ball but 

with some important differences. In the quantum world, a particle 

can spin only two ways, up or down, with each direction assigned 

a � xed value (for instance, 1 or –1). First the physicists would mea-

sure spin in a set of particles at 2 p.m. and again at 2:30 p.m. Then 

on another day they would repeat the two tests, but also measure 

a subset of the particles a third time, at 3 p.m. If the predictions 

of backward causality were correct, then for this last subset, the 

spin measurement conducted at 2:30 p.m. (the intermediate time) 

would be dramatically ampli� ed. In other words, the spin mea-

surements carried out at 2 p.m. and those carried out at 3 p.m. 

together would appear to cause an unexpected increase in the 

intensity of spins measured in between, at 2:30 p.m. The predic-

tions seemed absurd, as ridiculous as claiming that you could 

measure the position of a dolphin off the Atlantic coast at 2 p.m. 

and again at 3 p.m., but that if you checked on its position at 2:30 

p.m., you would � nd it in the middle of the Mediterranean.

And the amplification would not be restricted to spin; other 

quantum properties would be dramatically increased to bizarrely 

high levels too. The idea was that ripples of the measurements 

carried out in the future could beat back to the present and com-

bine with effects from the past, like waves combining and peaking 

below a boat, setting it rocking on the rough sea. The smaller the 

subsample chosen for the last measurement, the more dramatic 

the effects at intermediate times should be, according to Aha-

ronov’s math. It would be hard to account for such huge ampli� ca-

tions in conventional physics.

For years this prediction was more philosophical than physi-

cal because it did not seem possible to perform the suggested 

experiments. All the team’s proposed tests hinged on being able 

to make measurements of the quantum system at some inter-

mediate time; but the physics books said that doing so would 

destroy the quantum properties of the system before the � nal, 

postselection step could be carried out. Any attempt to mea-

sure the system would collapse its delicate quantum state, just 

as chasing dolphins in a boat would affect their behavior. Use 

this kind of invasive, or strong, measurement to check on your 

system at an intermediate time, and you might as well take a 

hammer to your apparatus.

By the late 1980s, Aharonov had seen a way out: He could study 

the system using so-called weak measurements. (Weak measure-

ments involve the same equipment and techniques as traditional 

ones, but the “knob” controlling the power of the observer’s appa-

ratus is turned way down so as not to disturb the quantum proper-

ties in play.) In quantum physics, the weaker the measurement, the 

less precise it can be. Perform just one weak measurement on one 

particle and your results are next to useless. You may think that 

you have seen the required ampli� cation, but you could just as 

easily dismiss it as noise or an error in your apparatus.

The way to get credible results, Tollaksen realized, was with 

persistence, not intensity. By 2002 physicists attuned to the 

potential of weak measurements were repeating their experi-

ments thousands of times, hoping to build up a bank of data 

persuasively showing evidence of backward causality through 

the ampli� cation effect.

Just last year, physicist John Howell and his team from the 

University of Rochester reported success. In the Rochester setup, 

laser light was measured and then shunted through a beam split-

ter. Part of the beam passed right through the mechanism, and 

part bounced off a mirror that moved ever so slightly, due to a 

motor to which it was attached. The team used weak measure-

ments to detect the de� ection of the re� ected laser light and thus 

to determine how much the motorized mirror had moved.

That is the straightforward part. Searching for backward cau-

sality required looking at the impact of the � nal measurement 

and adding the time twist. In the Rochester experiment, after 

the laser beams left the mirrors, they passed through one of 

two gates, where they could be measured again—or not. If the 

experimenters chose not to carry out that � nal measurement, 

then the de� ected angles measured in the intermediate phase 

were boringly tiny. But if they performed the � nal, postselection 

step, the results were dramatically different. When the physicists 

chose to record the laser light emerging from one of the gates, 

then the light traversing that route, alone, ended up with de� ec-

tion angles ampli� ed by a factor of more than 100 in the interme-

diate measurement step. Somehow the later decision appeared 

to affect the outcome of the weak, intermediate measurements, 

even though they were made at an earlier time.

This amazing result con� rmed a similar � nding reported a year 

earlier by physicists Onur Hosten and Paul Kwiat at the Univer-

sity of Illinois at Urbana-Champaign. They had achieved an even 

larger laser ampli� cation, by a factor of 10,000, when using weak 

measurements to detect a shift in a beam of polarized light mov-

ing between air and glass.

For Aharonov, who has been pushing the idea of backward cau-

ARE ARE
TOLLAKSEN’S SCIENTIFIC ACHIEVEMENTS 
LESS IMPRESSIVE BECAUSE HE NEVER HAD 
ANY CHOICE OTHER THAN TO SUCCEED?
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sality for four decades, the experimental vindication might seem 

like a time to pop champagne corks, but that is not his style. “I 

wasn’t surprised; it was what I expected,” he says. 

Paul Davies, a cosmologist at Arizona State University in 

Tempe, admires the fact that Aharonov’s team has always 

striven to verify its claims experimentally. “This isn’t airy-fairy 

philosophy—these are real experiments,” he says. Davies has 

now joined forces with the group to investigate the framework’s 

implications for the origin of the cosmos (See “Does the Universe 

Have a Destiny?” below). 

a concrete test of whether it is possible to rewrite history. The 

Rochester experiments seem to demonstrate that actions carried 

out in the future—in the � nal, postselection step—ripple back in 

time to in� uence and amplify the results measured in the earlier, 

intermediate step. Does this mean that when the intermediate 

step is carried out, the future is set and the experimenter has 

no choice but to perform the later, postselection measurement? 

It seems not. Even in instances where the � nal step is aban-

doned, Tollaksen has found, the intermediate weak measurement 

remains ampli� ed, though now with no future cause to explain 

its magnitude at all.

I put it to Tollaksen straight: This � nding seems to make a mock-

ery of everything we have discussed so far.

Tollaksen is smiling; this is clearly an argument he has been 

through many times. The result of that single experiment may 

be the same, he explains, but remember, the power of weak 

measurements lies in their repetition. No single measurement 

Vlatko Vedral, a quantum physicist at the University of Oxford, 

agrees that the experiments con� rm the existence and power of 

weak measurements. But while the mathematics of the team’s 

framework offers a valid explanation for the experimental results, 

Vedral believes these results alone will not be enough to persuade 

most physicists to buy into the full time-twisting logic behind it.

For Tollaksen, though, the results are awe-inspiring and a bit 

scary. “It is upsetting philosophically,” he concedes. “All these 

experiments change the way that I relate to time, the way I expe-

rience myself.” The results have led him to wrestle with the idea 

that the future is set. If the universe has a destiny that is already 

written, do we really have a free choice in our actions? Or are all 

our choices predetermined to � t the universe’s script, giving us 

only the illusion of free will?

Tollaksen ponders the philosophical dilemma. Was he always 

destined to become a physicist? If so, are his scienti� c achieve-

ments less impressive because he never had any choice other 

than to succeed in this career? If I time-traveled back from the 

21st century to the shores of Lake Michigan where Tollaksen’s 

13-year-old self was reading the works of Feynman and told him 

that in the future I met him in the Azores and his fate was set, could 

his teenage self—just to spite me—choose to run off and join the 

circus or become a sailor instead?

The free will issue is something that Tollaksen has been tackling 

mathematically with Popescu. The framework does not actually 

suggest that people could time-travel to the past, but it does allow 

Is feedback from the future 

guiding the development of life, 

the universe, and, well, every-

thing? Paul Davies at Arizona 

State University in Tempe and 

his colleagues are investigating 

whether the universe has a des-

tiny—and if so, whether there is a 

way to detect its eerie in� uence. 

Cosmologists have long 

been puzzled about why the 

conditions of our universe—for 

example, its rate of expansion

—provide the ideal breeding 

ground for galaxies, stars, and 

planets. If you rolled the dice to 

create a universe, odds are that 

you would not get one as hand-

ily conducive to life as ours is. 

Even if you could take life for 

granted, it’s not clear that 14 

billion years is enough time for 

it to evolve by chance. But if 

the � nal state of the universe is 

set and is reaching back in time 

to in� uence the early universe, 

it could amplify the chances of 

life’s emergence. 

With Alonso Botero at the 

University of the Andes in 

Colombia, Davies has used 

mathematical modeling to show 

that bookending the universe 

with particular initial and � nal 

states affects the types of 

particles created in between. 

“We’ve done this for a simpli� ed, 

one-dimensional universe, and 

now we plan to move up to three 

dimensions,” Davies says. He 

and Botero are also searching for 

signatures that the � nal state of 

the universe could retroactively 

leave on the relic radiation of 

the Big Bang, which could be 

picked up by the Planck satellite 

launched last year. 

Ideally, Davies and Botero 

hope to � nd a single cosmic 

destiny that can explain three 

major cosmological enigmas. 

The � rst mystery is why the 

expansion of the universe is cur-

rently speeding up; the second 

is why some cosmic rays appear 

to have energies higher than 

the bounds of normal physics 

allow (see page 46); and the 

third is how galaxies acquired 

their magnetic � elds. “The goal 

is to � nd out whether Mother 

Nature has been doing her own 

postselections, causing these 

unexpected effects to appear,” 

Davies says.

Bill Unruh of the University of 

British Columbia in Vancouver, a 

leading physicist, is intrigued by 

Davies’s idea. “This could have 

real implications for whatever 

the universe was like in its early 

history,” he says.  Z. M.

DOES THE UNIVERSE HAVE A DESTINY?
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IF THE IF THE
can ever be taken alone to convey any meaning about the state 

of reality. Their inherent error is too large. “Your pointer will still 

read an ampli� ed result, but now you cannot interpret it as hav-

ing been caused by anything other than noise or a blip in the 

apparatus,” he says.

In other words, you can see the effects of the future on the 

past only after carrying out millions of repeat experiments and 

tallying up the results to produce a meaningful pattern. Focus on 

any single one of them and try to cheat it, and you are left with a 

very strange-looking result—an ampli� cation with no cause—but 

its meaning vanishes. You simply have to put it down to a random 

error in your apparatus. You win back your free will in the sense 

that if you actually attempt to defy the future, you will � nd that it 

can never force you to carry out postselection experiments against 

your wishes. The math, Tollaksen says, backs him on this interpre-

tation: The error range in single intermediate weak measurements 

that are not followed up by the required post selection will always 

be just enough to dismiss the bizarre result as a mistake.

Tollaksen sums up this confounding argument with one of his 

favorite quotes, from the ancient Jewish sage Rabbi Akiva: “All is 

foreseen; but freedom of choice is given.” Or as Tollaksen puts it, 

“I can have my cake and eat it too.” He laughs.

Here, � nally, is the answer to Aharonov’s opening question: 

What does God gain by playing dice with the universe? Why must 

the quantum world always retain a degree of fuzziness when we 

try to look at it through the time slice of the present? That loop-

hole is needed so that the future can exert an overall pull on the 

present, without ever being caught in the act of doing it in any 

particular instance. 

“The future can only affect the present if there is room to write 

its in� uence off as a mistake,” Aharonov says.

Whether this realization is a masterstroke of genius that 

explains the mechanism for backward causality or an admission 

that the future’s in� uence on the past can never fully be proven 

is open to debate. Andrew Jordan, who designed the Rochester 

laser ampli� cation experiment with Howell, notes that there is 

even fundamental controversy over whether his results support 

Aharonov’s version of backward causality. No one disputes his 

team’s straightforward experimental results, but “there is much 

philosophical thought about what weak values really mean, what 

they physically correspond to—if they even really physically cor-

respond to anything at all,” Jordan says. “My view is that we 

don’t have to interpret them as a consequence of the future’s 

in� uencing the present, but rather they show us that there is a 

lot about quantum mechanics that we still have to understand.” 

Nonetheless, he is open to being convinced otherwise: “A year 

from now, I may well change my mind.”

Popescu argues that the Rochester � ndings are hugely impor-

tant because they open the door to a completely new range 

of laboratory explorations based on weak measurements. In 

starting from the conventional interpretation of quantum mechan-

ics, physicists had not realized such measurements were pos-

sible. “With his work on weak measurements, Aharonov began 

to pose questions about what is possible in quantum mechan-

ics that nobody had ever even thought could be articulated,” 

Popescu says.

Aharonov remains circumspect. He has spent most of his adult 

life waiting for recognition of the merit of his theory. If it is destined 

that mainstream physics should � nally take serious notice of his 

time-twisting ideas, then so it will be.

And Tollaksen? He too is at one with his destiny. A few months 

ago he moved to Laguna Beach, California. “I’m in a house where 

I can hear the surf again—what a relief,” he says. He feels that he 

is � nally back to where he was always meant to be.

PHYSICS MAINSTREAM IS DESTINED 
TO FINALLY NOTICE HIS TIME-TWISTING 
IDEAS, THEN SO IT WILL BE.
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The ancient civilizations of the Near 
East can seem remote. For many 
of us, locales like Mesopotamia 

or the Indus valley, or peoples like the 
Hittites or Assyrians, or rulers like Sargon, 
Hammurabi, and Darius are part of a 
long-dead antiquity, so shrouded with 
dust that we might be tempted to skip 
over them entirely, preferring to race for-
ward along history’s timeline in search of 
the riches we know will be found in our 
studies of Greece and Rome.

That very remoteness, though—our 
willingness to shunt these great civili-
zations aside—should alone be reason 
enough to study them, according to 
Professor Kenneth W. Harl. And remote-
ness, he emphasizes, is far from the only 
reason that demands our attention to the 
ancient cultures visited in Origins of 
Great Ancient Civilizations, his 2006 
course for The Teaching Company.

These civilizations “act as the cultural 
basis for many of the civilizations that will 
emerge on the Eurasian landmass and will 
dictate the destinies of many of the people 
living today on the globe. 

“Mesopotamia,” he says, citing the 
ancient name for Iraq, the earliest civiliza-
tion we know of, “perhaps more than any 
other civilization we shall look at, will 
really set the basis for what a civilization 
should be; that is, it should be urban-
based; it should be literate; it should be 
based on intensive agriculture; and it also 
will depend very heavily on trade—not 
just local and regional markets, but long-
distance trade.”

Another example of the contributions 
made by these civilizations, of course, is   
in the concept of a “transcendent,  mono-
theistic God

“How that notion comes about among 
the Hebrews and how it is transmitted 
to later generations ... is perhaps one of 

the most important, if not the all-impor-
tant achievement—certainly for Western 
civilizations—coming out of these great 
traditions.

“Finally, I think it’s important for all 
of us to understand the origins of these 
great traditions that come out of the Near 
East—or, as many would say today, the 
Middle East. They do stand behind the 
traditions of classical Greece. The Greeks 
themselves acknowledged their great debt 
to these older civilizations.” 

About Your Professor
Dr. Kenneth W. Harl (Ph.D., Yale 

University) is Professor of History at 
Tulane University, where he has earned 
the annual Student Award for Excellence 
in Teaching no fewer than nine times. 
Baylor University named him the Fall 
2001 winner of its nationwide Robert 
Foster Cherry Award for Great Teachers. 
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 OTHING ON THE TREE-

less plains of western Argen-

tina seems to expend much 

energy. Cattle stand nearly 

motionless as they graze on 

the thin grass, which grows 

slowly in the dry heat and 

high altitude. A cylindrical 

water tank with a small solar 

panel and a skyward-facing 

antenna sits unobtrusively in 

the nearly motionless land-

scape. But hidden within this 

scene is plenty of drama. 

At any given moment, mil-

lions of projectiles from deep 

space are raining down, 

penetrating every object 

in their path. Each particle 

then vanishes without a 

trace—unless it happens to 

pass through the water tank, 

where it causes a mi nute 

spark visible to scientists 

thousands of miles away. 

The tank is one of 1,600 

spaced out at one-mile 

intervals over 1,100 square 

miles of land, an area big-

ger than Rhode Island. Col-

lectively they make up the 

Pierre Auger Cosmic Ray 

Observatory, a $50 mil-

lion physics experiment to 

study bits of atomic shrap-

nel that blast out from some 

of the most violent places in 

the universe. These energetic 

particles, called (somewhat 

misleadingly) cosmic rays, 

tell revealing tales about the 

exploding stars and black 

holes that have shaped 

galaxies and seeded the 

cosmos with the essential 

elements of life. 

Traditional telescopes 

are blind to many of these 

cataclysms. Some 600 

miles to the north, atop 

Chile’s high mountains, 

some of the world’s great-

est observatories are sur-

veying the distant universe 

in breathtaking detail, and 

yet they have little new to 

say about the inner core of 

a quasar, the edge of a stel-

lar shock wave, or clumps 

of dark matter. Visible light 

and radio waves do not or 

cannot escape from such 

regions. Cosmic rays, which 

� y straight from the site of 

the con� agration, can. 

To attain a new perspective 

on the cosmos, astronomers 

are teaming up with particle 

physicists to develop clever 

ways of detecting these 

wayward particles. Pierre 

Auger’s water tanks repre-

sent one way to do it; experi-

ments borne by balloon, like 

the Advanced Thin Ionization 

Calorimeter, are another. “To 

think of these devices as 

‘telescopes’ is revolution-

ary,” says Dan Hooper, a 

high-energy astrophysicist 

From deep 

space, cosmic 

rays come fast 

and pack a 

heck of a punch. 

They may also 

carry clues to 

the most vexing 

mysteries 

in the universe. 

BY ANDREW GRANT

The Advanced Thin Ionization 

Calorimeter, shown here in Antarctica 

before a 2005 launch, detected cosmic 

rays in the upper atmosphere.

N

IMPOSSıBLE
PARTICLES
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at Fermi National Accelerator 

Laboratory (Fermilab), outside 

Chicago. “Telescopes are not 

just something you look through 

and point at something. You 

have to be pretty creative.”

THE FIRST THING TO KNOW 

about observing the universe 

with cosmic-ray eyes is that 

Earth’s atmosphere destroys 

these particles before they 

reach the ground. A cosmic 

ray—usually a proton, but 

sometimes other particles—

will slam into air molecules 50 

miles or so above the surface, 

rapidly shedding energy and 

giving rise to a shower of bil-

lions of electrons, positrons, 

and muons that rain down onto 

the terrain below.

That is where Pierre Auger’s 

network of water tanks comes 

in. The scientists chose them 

as detectors precisely because 

light moves more slowly in 

water than it does in air. A 

particle will come screaming 

through the atmosphere at 

close to light speed; as soon 

as it passes into the water, 

it finds itself in violation of 

nature’s speed limit. Whenever 

electrically charged particles 

go faster through an insulat-

ing material (like water) than 

the speed of light would allow, 

they disrupt nearby electrons, 

causing a � ash of light (known 

as Cherenkov radiation).

Scientists know that a parti-

cle shower has occurred when 

multiple tanks detect � ashes at 

the same time. By combining 

data on the precise timing of the 

� ashes from all the tanks, Auger 

physicists can reconstruct the 

collision that took place high in 

the atmosphere and determine 

the energy and direction of the 

original cosmic ray. That’s why 

they call it a telescope.

In the six years that the 

Pierre Auger Observatory has 

been in operation in Argentina, 

it has detected 1.6 million 

particle showers. Recently 

scientists traced the origin of 

a few such showers to violent 

supernovas in the galaxy M82, 

located 12 million light-years 

away in the constellation Ursa 

Major. These star explosions 

are among the most powerful 

events ever observed—each 

one emits so much light that it 

can outshine an entire normal 

galaxy. And yet the cosmic 

rays that supernovas emit are 

ho-hum—just medium power 

by astrophysical standards. 

Nearly all the showers that sci-

entists measure are like this: 

interesting, but unspectacular. 

What makes physicists sit 

up in their chairs are those 

rare particles that are really, 

really energetic—100 million 

times more potent than the 

ones from M82. Such extreme 

particles are among the rarest 

things known to physics; they 

come down over any given 

square mile only two or three 

times per century. That is why 

the Auger network must cover 

so much ground. So far, says 

Paul Mantsch, a physicist and 

project manager at Auger, the 

observatory has seen about 

50 of these ultrahigh-energy 

cosmic rays. (For comparison, 

the Hubble Space Telescope 

picks up many thousands of 

photons, or particles of light, 

from even the dimmest galax-

ies it observes.)

Scientists were startled 

when they started seeing 

these extreme particles in 

1991 at the Fly’s Eye Obser-

vatory in Utah. “There is no 

known mechanism—not in 

nature and certainly not from 

man—to speed up particles 

that much,” Mantsch says. 

It is also not clear how those 

particles ever made it to Earth. 

Cosmic rays with this much 

energy should interact with 

microwave radiation in inter-

stellar space and grow weaker. 

Yet the Utah particles and the 

“Auger 50,” which traveled 

pretty close to the speed of 

light, seemed to arrive intact. 

So for Mantsch and his col-

leagues, the question is acute: 

Where did these impossible 

particles come from?

The incredible energy of 

the cosmic rays could be an 

important clue, Mantsch says. 

In order to arrive at such a 

speed, their source must be 

near-at-hand, in cosmological 

terms—within 250 million light-

years. In 2007 astronomers 

working at Auger traced some 

of the ultrahigh-energy cosmic 

rays to nearby active galactic 

nuclei, the turbulent centers of 

violent galaxies. The source of 

all that commotion is thought 

to be a giant black hole, billions 

of times more massive than our 

sun. As these monsters feast 

on clouds of gas, their intense 

magnetic fields could thrust 

jets of high-energy particles out 

into space at virtually the speed 

of light. The scientists, though, 

are not yet entirely convinced; 

recent data have been incon-

clusive. “The active galactic 

nuclei seemed to make sense, 

but now it’s a lot more up in the 

air,” says New York University 

physicist Glennys Farrar, who 

works with researchers at the 

Auger Observatory.

Left: Physicists 

prepare one 

of the Auger 

Observatory’s 

tanks. Below: 

The mirrors 

of VERITAS 

telescopes have 

helped scientists 

detect cosmic-

ray emitters. 

Opposite: A map 

of the southern 

sky shows the 

correlation 

between sources 

of incoming 

cosmic rays 

(circles) and 

the locations of 

active galaxies 

(red dots).
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Some scientists think the 

sources of these impossible 

particles may be more exotic. 

UCLA astrophysicist Rene 

Ong has done sky surveys of 

possible cosmic-ray emitters 

using the Very Energetic Radi-

ation Imaging Telescope Array 

System (VERITAS) in Arizona. 

He finds that most cosmic 

rays come from well-known 

objects that produce other 

forms of radiation, too—black 

holes emit X-rays, for instance, 

and supernovas glow with vis-

ible light. But Ong has found 

several regions that send out 

cosmic rays but apparently 

little else, like a lightning storm 

in a cloudless sky. Physicists 

have dubbed these mystery 

sources, which now number in 

the dozens, dark accelerators. 

“Are they something new? We 

don’t know,” Ong says. “We’ve 

been introducing as many 

mysteries as we’ve solved.” 

Astronomers will now be train-

ing their best instruments on 

these parts of the sky. 

While Ong hunts for the 

source of the most powerful 

cosmic rays, other physicists 

are using the particles to pur-

sue another cosmic mystery: 

dark matter, an invisible form of 

mass that rarely interacts with 

normal particles. We know of 

its existence only by its gravi-

tational effect, even though it 

may outweigh ordinary matter 

� ve to one. “Whoever � nds it 

gets a trip to Stockholm,” says 

Joel Primack, a dark-matter 

theorist at the University of 

California at Santa Cruz. 

How do you � nd something 

you cannot see? “You need a 

different type of telescope,” 

Fermilab’s Hooper says. A 

cosmic-ray detector may be 

just what is needed. Hooper 

wants to search for evidence of 

dark-matter particles colliding 

with one another. They would 

not emit visible light, but they 

might release energetic parti-

cles that scientists can detect.

In fact, physicists may have 

come across this signal already. 

Over the past few years, balloon 

and satellite cosmic-ray experi-

ments have found high-energy 

electrons and their positively 

charged counterparts, posi-

trons, in concentrations much 

higher than they would expect 

to see from the sun and other 

known sources of cosmic rays 

within our galaxy. Some theo-

rists have attributed this strange 

excess to nearby pulsars—

fast-spinning stellar remnants

—but Hooper suspects that 

it comes from interactions 

between dark particles as they 

whip around the Milky Way.

To obtain more definitive 

answers, scientists need a 

complete census of the kinds 

of cosmic rays travel ing 

through space, how fast they 

are moving, and the directions 

from which they are com-

ing. Such precision calls for a 

detector that can take in cos-

mic rays directly. This July the 

Alpha Magnetic Spectrometer 

experiment (AMS) will start 

doing just that. AMS will dock 

with the International Space 

Station, where it will be able to 

intercept particles before they 

strike Earth’s atmosphere. If the 

source of the excess particles 

is a single object like a pulsar, 

the experiment should reveal a 

subtle bump in the number of 

cosmic rays coming from one 

direction. A uniform distribution 

of particles, in contrast, would 

suggest that they originate in 

dark matter spread throughout 

the Milky Way. Such a � nding 

would turn today’s ideas about 

particle physics upside down. 

“If dark matter is producing 

these cosmic rays,” Hooper 

says, “then you have to rule out 

the vast majority of the models 

we have now.” 

SCIENTISTS ALWAYS CRAVE 

better equipment, but the study 

of cosmic rays truly pushes the 

limits. The Auger Observatory 

is already the biggest and most 

sensitive cosmic-ray detec-

tor ever made, yet if scientists 

want to unravel the mystery of 

ultrahigh-energy cosmic rays, 

they will need a sample much 

larger than 50. They will also 

need much better readings on 

where in the sky the particles 

come from. Fortunately, help 

is on the way. In 2013 Japan 

plans to send the Extreme Uni-

verse Space Observatory to 

the International Space Station, 

where it will look down at Earth 

for the � ashes of ultraviolet light 

that occur when cosmic rays 

strike the atmosphere. On the 

ground, Auger scientists hope 

to build another observatory 

in Colorado—dubbed Auger 

North—that would cover seven 

times the area of the Argen-

tine array. Between them, the 

two Auger projects would be 

able to scan the entire sky for 

cosmic rays.

Because these projects are 

expensive, scientists are also 

pursuing smaller, outside-the-

box approaches. Looking out 

the window of her New York 

University office recently, 

Glennys Farrar saw something 

familiar to any New Yorker: 

wooden tanks of water on the 

roofs of nearby buildings. Far-

rar hopes to take advantage of 

the roughly 14,000 tanks that 

dot the city like alien space-

ships. If she has her way, in 

a few years many of them 

will be retrofitted with about 

$5,000 worth of light sensors 

and electronics designed to 

detect minute � ashes of light, 

like the Auger tanks. Cosmic-

ray hunters will have made it to 

Broadway.

The study 
of cosmic rays 
truly pushes 
the limits 
of technology. 
The Auger 
Observatory is 
the biggest 
detector ever 
made, yet 
if scientists 
want to 
unravel the 
mystery 
of ultrahigh-
energy 
cosmic rays, 
they will need 
a sample 
larger than 50. 
Fortunately, 
help is 
on the way. P
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YELLOWSTONE NATIONAL PARK, USA
The reintroduction of wolves has helped bring a severely damaged ecosystem back from the brink.

destination

( )2010

Just after midnight on June 25, 

1972, a man named Harry Eugene 

Walker, 24, was eaten by a bear 

at Yellowstone National Park. A 

ranger who saw the remains just 

before dawn said Walker looked 

as if he were sleeping, except 

that his midsection was missing.

It was not an isolated incident. 

Between 1950 and 1974, 1,060 

people were injured by bears in 

Yellowstone, a symptom of an 

ecosystem out of balance. Eas-

ily available human foods and 

garbage caused bears to live 

too close to people, and they 

were not the only animals in Yel-

lowstone with worrisome eating 

habits. For decades the world’s 

oldest national park suffered from 

managerial missteps that altered 

what ecologists call trophic rela-

tionships—those of soil to plant, 

plant to plant eater, and plant 

eater to carnivore. 

Today’s Yellowstone is a much 

different place, but it takes some 

tips from experts to see how it 

has been changing. On a warm 

afternoon, William Ripple, an 

ecologist from Oregon State 

University, and I meet former 

Yellow stone superintendent 

Mike Finley near the steaming 

pools of Mammoth Hot Springs, 

five miles south of Gardiner, 

Montana. Instead of joining the 

families of tourists trooping up 

through the springs’ white trav-

ertine terraces, we head toward 

the Lamar Valley, where a lesser-

known drama is unfolding.

Yellowstone was created in 

1872 to protect its geyser basins, 

Finley explains as he drives. But 

the 2-million-acre park put the 

government in the wildlife busi-

ness, and unfortunately scien-

tific wildlife management did 

not begin until more than half a 

century later. No detailed records 

exist of the area’s animal popula-

tion and feeding behavior at the 

time the park was established. 

Early rangers fed elk and bison 

as one would feed cattle and 

began killing wolves. By 1926, fol-

lowing a federal directive, the last 

wolves had been eliminated. Then 

elk overpopulated the park, eat-

ing through grass, brush, and any 

part of a tree they could reach. So 

in 1934 the rangers began shoot-

ing them, too; records show that 

in 1962 alone, 4,619 were killed. In 

1967 public distaste forced the 

Park Service to quit. But the park 

did not recover. 

Meanwhile, open-� ll garbage 

dumps became feeding grounds 

for generations of grizzlies. Black 

bears learned to beg from tour-

ists along roadsides or take what 

they could get from campsites. 

Rangers put out natural fires, 

altering vegetation. Aspen for-

ests were declining, and willows 

along creeks were eaten down, 

some to the point of disappear-

ing altogether.

In the 1990s park science hit 

its stride. Dumps were closed and 

bears were weaned off human 

food. Natural � res were allowed 

to burn sometimes. And then, in 

a momentous act by Department 

of Interior agencies, wolves were 

reintroduced. 

Finley—a formidable man in a 

khaki shirt, jeans, hiking boots, 

and a � oppy hat—has returned to 

Yellowstone to witness the effects 

of these changes since he left 

the park in 2001. He pulls the car 

over at an unmarked turnout next 

to the bridge across the Lamar 

River. Up the hill to our right is 

Crystal Creek Bench, where he 

and his fellow rangers set the � rst 

six wolves free in 1995. 

Ripple, an affable outdoors-

man in his mid� fties, is particu-

larly interested in the rebirth of 

the aspens; it is the result, he 

contends, of the wolves’ effect 

on elk and the elk’s on plants—a 

domino effect that Ripple, his 

research partner Robert Beschta, 

and others in the � eld call a tro-

phic cascade.

A quarter mile up Crystal Creek 

through the sagebrush, Finley 

starts beaming. “There they are!” 

he says. To our left are mature 

aspens, their snow-white trunks 

and leaves quivering in the slight-

est breath of wind. Beneath them 

50  |  DISCOVERMAGAZINE.COM

DV0410TRAVEL6A1-4_WC   50 2/1/10   8:35:41 PM

worldmagsworldmags

worldmags

http://DISCOVERMAGAZINE.COM


Mist from Yellowstone 

Falls, a small cluster 

of trees, and a cliff band 

highlighted by a sunbeam 

in the Grand Canyon 

of Yellowstone.
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)2010is the cause of Finley’s excitement, a 

thicket of new aspens 10 to 15 feet 

tall. “This is amazing,” he exclaims, 

wading in to grasp one of the sap-

lings. “When I was here these were 

all knee-high. They’d grow and get 

eaten off, grow and get eaten off. 

Look at them now!” 

On another day, farther up the 

road with Ripple, the Lamar Valley 

opens up before us: a great green 

plain ringed with mountains and dot-

ted with bison and elk. Ripple points 

out the brown buildings of the Buf-

falo Ranch. “That’s where they raised 

bison like cattle in the early days,” 

he tells me. 

We stop at a roadside display 

with the title “An American Eden.” 

The display features a picture of the 

valley in front of us. There is a notice-

able absence of small trees—big, old 

cottonwoods can be seen, some of 

them fallen, but no little ones grow-

ing up to replace them. “That’s what 

the fence around it, installed by other 

researchers. “That exclosure shows 

what this place would look like with-

out grazing by elk and other plant 

eaters,” he says. On our side, the 

ground is still virtually bare except 

for sagebrush. 

Plants are not coming back every-

where yet, and elk are more numer-

ous now than when the rangers 

stopped shooting them in 1967, Rip-

ple says. “So?” I ask. Ripple points 

up the road and grins.

We stop at the Lamar River’s 

junction with Soda Butte Creek, and 

Ripple takes out a photograph of the 

same place a decade ago. The trans-

formation is remarkable. In front of us 

are tall stands of willow; in Ripple’s 

photo the same willows are clumps of 

sticks, eaten off close to the ground. 

But why has regrowth happened 

here and not up the road at American 

Shaped by glaciers, seismic uplifts, erosion, and 

volcanoes, the great outdoors offers spectacular, unique 

ecosystems and adventure. Here is a sample:

POINT REYES NATIONAL SEASHORE, CA The lighthouse 

is famous, but the best views of water crashing to the 

cliffs, sea lions, seals, and gray whales are at Chimney 

Rock. Then visit the herds of tule elk at Tomales Point. 

 www.nps.gov/pore

DEATH VALLEY NATIONAL PARK, CA Badwater Basin is 

the most extreme spot in an extreme and starkly beauti-

ful geologic setting. Whatever you do here, you can say 

you did it at the lowest point in America.  

 www.nps.gov/deva

YOSEMITE, CA Hike the giant granite Half Dome, a 12-

hour adventure. Bring work gloves to handle the climbing 

cables and the rock, along with plenty of water.

 www.nps.gov/yose

MUIR WOODS NATIONAL MONUMENT, CA Marvel at the 

redwoods—renowned as the tallest trees in the world—but 

also take a moment to taste the clover-shaped redwood 

sorrel that makes up much of the ground cover and has a 

surprisingly citrusy fl avor (though it’s toxic in large doses).

 www.nps.gov/muwo

WHITE SANDS NATIONAL MONUMENT, NM Hike the Big 

Dune trail. Then rent a snow disk (don’t forget the wax!) 

and slide down the amazing white gypsum sand dunes. 

It’s like snow, except you can wear shorts and sandals. 

 www.nps.gov/whsa

CARLSBAD CAVERNS, NM The Carlsbad Cavern—a 

justly famous limestone cave, one of more than 110 

hidden below this vast desert park—is 1,000 feet deep 

with 30 miles of mapped passages lined with giant 

stalagmites and crystalline stalactites.

  www.nps.gov/cave

ARCHES NATIONAL PARK, UT In this part of Utah’s can-

yon country, more than 2,000 natural arches are carved 

out of red sandstone high above the Colorado River. You’ll 

also see spires, pinnacles, and slickrock domes.

 www.nps.gov/arch

BISCAYNE NATIONAL PARK, FL Explore nearly 200,000 

protected acres within sight of downtown Miami—only 

5 percent of which is land. Snorkel through a wonderland 

of colorful fi sh and the beginning of the world’s third-

largest coral reef. Or explore the mangrove coastline and 

the barrier islands—just watch out for the snakes!

 www.nps.gov/bisc

Aspens line the Lamar Valley, 

where the fi rst six wolves were released 

into Yellowstone in 1995.
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PARKS AND WILDERNESS 

Bob [Beschta] noticed when he � rst 

came here, along with the river,” says 

Ripple, who has been studying the 

valley for 14 years. Many areas along 

the Lamar lack streamside willows 

and other woody plants because they 

were stripped away by elk and other 

herbivores, he explains. Without the 

plants’ stabilizing roots, the river cut 

away its banks, washing away topsoil 

that took centuries to build. 

Back in the car and up the road, 

Ripple points to a thicket of young 

trees and brush on a hillside to our 

left. You have to look closely to see 

Eden or outside the exclosure? I ask 

Ripple. He wondered about that too, 

he says. In 2001 he came up with a 

hypothesis he calls “the ecology of 

fear,” which is now supported by his 

later research. “See all those chan-

nels, bluffs, and so on?” he asks, 

gesturing. “It’s like a corral. If I were 

an elk, this is the last place I would 

be when the wolves arrive.” 

I look out across the river. An 

American Eden? Perhaps redemp-

tion is possible. Somewhere out 

there, wolves are doing their work. In 

2009 the park had more than 3 mil-

lion visitors, and no one was injured 

by a bear. Maybe we’re learning.

JORDAN FISHER SMITH
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CAYMAN TRENCH, CARIBBEAN
Scuba diving into the abyss.

The Cayman Trench, a nearly � ve-mile-

deep, 155-mile-wide basin running from 

the southeastern tip of Cuba toward Gua-

temala, is many things to many people. 

To veteran divers, it is a not yet fully 

explored mystery zone. To oceanogra-

phers, it is one of the deepest parts of the 

Caribbean. To geologists, it is a volatile 

subduction trench, part of the geologically 

complex boundary between the North 

American and Caribbean tectonic plates. 

To me, the Cayman Trench is an irresist-

ible zone of impenetrable blue. My son 

and I approached it from the surface, div-

ing through Byzantine crooks and tunnels. 

We moved carefully so as not to bump 

fauna or fragile coral; it was a dif� cult tech-

nical swim. Rounding a corner, Ben saw 

something and raced ahead. He looked to 

be taking a leap into nothingness.

We had reached the trench. My reac-

tion was a crazy, heart-stopping moment 

of maternal worry that, despite his buoy-

ancy control device and several laws of 

physics, Ben would plummet the 25,000 

feet to the bottom. Instead, he � oated 

quietly, apparently as awed as I by the 

uninterrupted stillness. Devoid of feeding 

grounds and hiding places for � sh of any 

size, the trench seems empty. Our only 

visual pleasure was a boundless expanse 

of azure. We hung weightless, disorient-

ed, as surprised as we might have been 

to � nd ourselves in outer space.

Eventually we turned around, discover-

ing an entirely new scene. The face of the 

ridge from which we had swum teemed 

with hundreds of � sh and sponges. 

At its easternmost end, the Cayman 

Trench branches into two fault systems. 

One runs along the northern side of 

Hispaniola. The other runs along that 

island’s southern side. It is the southern 

fault system—the Enriquillo-Plantain 

Garden Fault system—that triggered the 

terrible Haitian earthquake last January 

12. The Cayman Trench is unforgettable 

for its vertigo-inducing cliffs and stark, 

extraordinary scale, but that beauty 

is made only more powerful by an 

appreciation of the relentless forces that 

created, and that continue to reshape, 

the earth’s surface, sometimes with 

devastating effects. REBECCA COFFEY
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Apotheke’s cocktail bar, NYC.

The words science and 

nightclub don’t seem to 

belong together. Yet every 

month in Brooklyn, the meet-

ing of the Secret Science 

Club (secretscienceclub.

blogspot.com) is packed with 

science scenesters, draft beers 

in hand and eyes af� xed to 

the researcher onstage—part 

of a burgeoning after-hours 

world that has a surprisingly 

academic mind-set.

Inside the club’s current 

headquarters, the Bell House in 

the Gowanus section of Brook-

lyn, more than 250 enthusiasts 

� ll the hall each time a noted 

scientist holds court onstage. 

This 1920s warehouse, con-

verted into a bar in 2008, once 

sported a plaque on the wall 

that de� ned the club’s vision: 

“Passing the torch of enlighten-

ment with cocktails.”

The Bell House’s drink 

menu is always apropos to the 

night’s lecture. Speakers have 

included famed NASA climate 

scientist James Hansen (paired 

with the Dark and Stormy—

dark rum and ginger ale), 

astrophysicist Neil deGrasse 

Tyson, and paleoanthropologist 

Donald Johanson.

A similar buzz has taken hold 

on Manhattan’s Upper West 

Side, where the SciCafe at the 

American Museum of Natural 

History (www.amnh.org/

programs/scicafe) blends 

informal Q & A sessions with 

cocktails and conversation 

the � rst Wednesday of each 

month. Recent talks there have 

included Why Humans Have 

Sex by evolutionary psycholo-

gist David M. Buss.

Farther uptown, the PicNic 

Market & Café hosts Café 

Science (www.picnicmarket.

com), a similar monthly series 

of laid-back evening discus-

sions. And on the Upper East 

Side, the century-old, science-

driven Explorers Club (www.

explorers.org) has a series of 

members-only lounge nights.

If you are thirsty for science 

on an everyday basis, stop by 

Lower Manhattan’s Apotheke, 

a cocktail bar located in what 

was once an opium den (www.

apothekebar.com). You enter 

through a dark door on a small, 

bending street that tabloids 

once nicknamed the Bloody 

Angle because of the Tong 

wars in Chinatown. Inside, the 

drink offerings have a distinctly 

medical edge: stress relievers, 

euphoric enhancers, stimu-

lants, and painkillers, which 

are made with tequila and 

hot spices. A team of mixolo-

gists—wearing white lab coats 

behind a tabletop of laboratory 

glassware � lled with colorful 

infusions—will listen to your 

description of what ails you and 

recommend appropriate brews. 

Apotheke’s decor includes a 

wall of medicine bottles and a 

beautiful ceiling lamp of glass 

spheres, like the Erlenmeyer 

� asks you’d � nd in an organic 

chemistry lab. JANET FANG

NEW YORK, NY
Science clubs untangle the mysteries of nature and cure what ails you.
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destination

( )2010SCIENCE 
AFTER HOURS
Nightspots for boffi ns 

are showing up all 

around the country.

CALIFORNIA ACADEMY 

OF SCIENCES, SAN 

FRANCISCO  Drink and 

dance, wander through 

a rain forest, visit a 

planetarium, or stargaze 

on the living roof.

 www.calacademy.org/

 events/nightlife 

EXPLORATORIUM 

AFTER DARK, 

SAN FRANCISCO  Enjoy 

the legendary hands-on 

science activities, imbibe 

at the cash bar, then 

listen to a talk.

 www.exploratorium.edu/

 afterdark

UNIVERSITY OF 

NEBRASKA MEDICAL 

CENTER SCIENCE CAFE, 

LINCOLN AND OMAHA  

Single-topic lectures, 

drinks, and chats with a 

scientifi c bent.

 www.unmc.edu/

 sciencecafe

ATLANTA SCIENCE 

TAVERN  Monthly meet-

ings for nonscientists to 

discuss key topics with 

someone in the know. 

“No such thing as a 

silly question.”

 www.atlantascience

 tavern.com

MIRACLE OF SCIENCE

BAR + GRILL, 

CAMBRIDGE, MA  A lot 

of scene: Nobel laure-

ates mix with students, 

beer, and food at this 

renowned MIT hangout.

 www.miracle

 ofscience.us

FOR MORE INFO, GO TO: 

WWW.SCIENCECAFES.ORG
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 MUSEUMS 

Hidden treasures and unique 

experiences inside America’s top 

science museums.

FORT WORTH MUSEUM OF SCIENCE AND 

HISTORY, FORT WORTH, TX The new 

planetarium here is unlike any other. 

Its interactive, live-action software 

enables visitors to control the action 

as they travel to the edge of the 

known universe and back, making 

stops and asking questions along 

the way.

 www.fwmuseum.org

EXPLORATORIUM, SAN FRANCISCO 

Study live specimens, like mouse 

stem cells as they progress toward 

becoming beating heart cells, at 

the high-resolution Microscope 

Imaging Station. It has been called 

the most ambitious such facility 

available to the public; the controls 

are in your hands.

 www.exploratorium.edu

AMERICAN MUSEUM OF NATURAL 

HISTORY, NEW YORK CITY  While 

everyone else crams in to see the 

dinosaurs or the hanging blue 

whale, head to the third � oor for the 

delicate taxidermy in the Sanford 

Hall of North American Birds and 

the quiet grandeur of the Margaret 

Mead Hall of Paci� c Peoples. Then 

take in the dazzlingly beautiful 

minerals and gems at the out-of-

the-way Gottesman Hall of Planet 

Earth on the � rst � oor.

 www.amnh.org

JAMES S. MCDONNELL SPACE HANGAR, 

CHANTILLY, VA  This offshoot of the 

justly famous National Air and 

Space Museum is not as conve-

nient (located near Dulles Interna-

tional Airport), but it is larger, less 

crowded, and spectacular in its 

own right—� lled with hundreds 

of unusual items, from the space 

shuttle Enterprise to space-grown 

crystals to old tubes of borscht 

made for Soviet cosmonauts.

 www.nasm.si.edu

SCIENCE MUSEUM OF VIRGINIA, 

RICHMOND  On April 1 this family-

friendly museum features its annual 

daylong Rat Basketball Playoffs. 

Teams of female rats representing 

different colleges face off as part of 

the museum’s studies of operant 

and classical conditioning. A visit 

might even help you in your of� ce 

pool: The results have coinciden-

tally been a good indicator of who 

does well in the NCAA tournament.

 www.smv.org 

OREGON MUSEUM OF SCIENCE 

AND INDUSTRY, PORTLAND  Sampson, 

a 40-foot-tall Tyrannosaurus rex, is 

on display through the summer. The 

recently reconstructed skeleton is 

believed to be the third-most com-

plete dinosaur of its kind, with 170 

of its 330 original bones in place.

 www.omsi.edu

FRANKLIN INSTITUTE SCIENCE MUSEUM, 

PHILADELPHIA Instead of waiting 

in line to walk through the giant 

heart, take on the Sports Challenge 

to learn the science behind the 

fun—from reaction time to virtual 

skiing. Then ride along a one-inch 

cable 28 feet above the � oor on the 

Sky Bike, one of only two high-wire 

bikes in the United States.

www.fi .edu

 SCIENCE IN ACTION   

Tired of sitting on the sidelines? 

Here are places where you can 

watch research as it happens.

LAWRENCE LIVERMORE NATIONAL 

LABORATORY, LIVERMORE, CA  Take a 

tour of the National Ignition Facility, 

a huge new nuclear fusion reactor. 

Then visit the world’s fastest com-

puter. Or go to Site 300 to check out 

some nonnuclear explosives testing.

 www.llnl.gov/llnl/visiting/tours.jsp

FERMILAB, BATAVIA, IL Special 

behind-the-scenes tours reveal the 

inner workings of one of America’s 

greatest physics facilities: See the 

magnet factory, the accelerator 

complex, and the experiments that 

search for ghostly neutrinos.

 www.fnal.gov/pub/visiting/tours

 /index.html

PALEONTOLOGY FIELD CAMP, 

HELL’S CREEK, MT Dig for dinosaurs 

with top paleontologists in the leg-

endary Hell’s Creek fossil � elds, one 

of the largest bone beds in the world.

 www.dinosaurdiscovery.com/

 dinosaur-fossil.htm

SEA EDUCATION ASSOCIATION, 

WOODS HOLE, MA  High schoolers 

spend three weeks as an integral 

part of the crew of a research ship, 

studying oceanography and marine 

biology along Cape Cod or off the 

coast of Southern California.

 www.sea.edu/academics/

 program_highschoolprograms.aspx

MUSEUM OF NORTHERN ARIZONA, 

FLAGSTAFF Seasoned naturalists 

lead daily treks into the wild from 

base camps or guide you into the 

depths of the wilderness to explore 

the vast Colorado Plateau.

 www.mnaventures.org 

PASSPORT IN TIME Volunteers in this 

program, run by the USDA Forest 

Service, survey archaeological 

sites, restore Native American rock 

art, and preserve historic structures 

with experts in the � eld.

www.passportintime.com

SIERRA CLUB Study grizzly bears or 

go smoke jumping. The conserva-

tion society offers dozens of such 

offbeat wilderness activities year-

round, both in the U.S. and abroad.

 www.sierraclub.org/outings/national

EARTHWATCH EXPEDITIONS From 

the coffee � elds of Costa Rica to 

the edge of the Arctic, roll up your 

sleeves and help solve environmen-

tal problems along with scientists 

and experts in their � elds.

 www.earthwatch.org

 JANET FANG, HEATHER MAYER, ALINE REYNOLDS
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THE 
DISCOVER

BY FRED GUTERL PHOTOGRAPHY BY IMKE LASS
S

What was your reaction to the scandal over stolen e-mail?

I sympathize a bit with the guys who got caught out in the e-mail 

hack. I know what it’s like to be under that kind of attack, and it’s 

not pleasant. We were attacked pretty soundly in the media [for a 

2005 paper showing that the frequency of intense hurricanes has 

almost doubled in the past 30 years]. We had � rsthand experience 

dealing with climate skeptics, ampli� ed by advocacy groups like the 

Competitive Enterprise Institute and a lot of the think tanks that were 

allegedly funded by ExxonMobil and other � rms. Six months later, 

though, we had sorted things out and were talking to scientists on 

the other side of the debate. We ended up making pretty good prog-

ress on the hurricane story as a result. Compare that with the “hockey 

stick” story, where there’s been a war for six years running.

The hockey stick—Michael Mann’s widely cited graph of 

average temperatures in North America over the past 1,000 

years—was attacked by two prominent critics, Steven 

McIntyre, a former mineral company executive, and Ross 

McKitrick, an economics professor at the University of 

Guelph in Canada. Where does that dispute stand?

One would have hoped it would have an outcome similar to the 

hurricane story, but the hockey stick thing was exacerbated by 

Michael Mann’s behavior , trying to keep the data and all the infor-

mation away from McIntyre, McKitrick, and other people who are 

skeptical of what they were doing. So we’ve just seen this blow 

up and blow up and blow up, and it culminated in the East Anglia 

hack and the e-mails that discredited those guys quite a bit. This 

made us re� ect on the bigger issues of how scientists should be 

interacting with the media and how we should be dealing with 

skeptical arguments. I think the way that Mann and Phil Jones [the 

former director of the Climatic Research Unit at East Anglia, who 

resigned over the scandal] and those guys were going about it was 

wrong, not just in terms of ethics. It also back� red.

What motivated you to speak out?

When this hit, I was probably more ready than many others to respond 

because I’d been thinking about these issues for a number of years.

Do you fi nd it hard to get people to talk about climate 

change without being evangelical?

I put myself in the middle, and I’m taking � re from both sides. 

Neither side is happy with what I’m doing. Obviously, people like 

JUDITH CURRY

Where does climate science go from here? 

The Copenhagen talks were a dud. Stolen e-mail 

correspondence has embarrassed some leading 

climatologists. If the science is settled and the threat is 

urgent, why has global warming become a soap opera? 

To fi nd out, DISCOVER sought opposing views. Penn 

State’s Michael Mann—whose e-mails were among 

those made public—points a fi nger at skeptics. Georgia 

Tech’s Judith Curry criticizes her colleagues for taking 

shortcuts. Both tell us what needs to happen now.
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Michael Mann are offended by what I’m saying 

[about the shortcomings of climate science], 

and I have received an e-mail from one of the 

people involved in the East Anglia e-mails who’s 

not happy with what I’m doing. The so-called 

skeptics think I’m just trying to cover myself. 

But I’m not personally involved in any of this, 

other than that I’ve been thinking about these 

issues for a long time, and there are certain 

things I felt compelled to say.

Where do you come down on the whole sub-

ject of uncertainty in the climate science?

I’m very concerned about the way uncertainty 

is being treated. The IPCC [the United Nations’ 

Intergovernmental Panel on Climate Change] 

took a shortcut on the actual scienti� c uncer-

tainty analysis on a lot of the issues, particularly 

the temperature records.

Don’t individual studies do 

uncertainty analysis?

Not as much as they should. It’s a weakness. 

When you have two data sets that disagree, 

often nobody digs in to � gure out all the differ-

ent sources of uncertainty in the different analy-

ses. Once you do that, you can identify mistakes or determine how 

signi� cant a certain data set is.

Is this a case of politics getting in the way of science?

No. It’s sloppiness. It’s just how our � eld has evolved. One of the 

things that McIntyre and McKitrick pointed out was that a lot of 

the statistical methods used in our � eld are sloppy. We have trends 

for which we don’t even give a con� dence interval. The IPCC con-

cluded that most of the warming of the latter 20th century was very 

likely caused by humans. Well, as far as I know, that conclusion 

was mostly a negotiation, in terms of calling it “likely” or “very 

likely.” Exactly what does “most” mean? What percentage of the 

warming are we actually talking about? More than 50 percent? 

A number greater than 50 percent?

Are you saying that the scientifi c community, through 

the IPCC, is asking the world to restructure its entire mode 

of producing and consuming energy and yet hasn’t done 

a scientifi c uncertainty analysis?

Yes. The IPCC itself doesn’t recommend policies or whatever; they 

just do an assessment of the science. But it’s sort of framed in the 

context of the UNFCCC [the United Nations Framework Conven-

tion on Climate Change]. That’s who they work for, basically. The 

UNFCCC has a particular policy agenda—Kyoto, Copenhagen, 

cap-and-trade, and all that—so the questions that they pose at the 

IPCC have been framed in terms of the UNFCCC agenda. That’s 

caused a narrowing of the kind of things the IPCC focuses on. It’s 

not a policy-free assessment of the science. That actually torques 

the science in certain directions, because a lot of people are doing 

research speci� cally targeted at issues of relevance to the IPCC. 

Scientists want to see their papers quoted in the IPCC report.

You’ve talked about potential distortions of temperature 

measurements from natural temperature cycles in the 

Atlantic and Pacifi c oceans, and from changes in the way 

land is used. How does that work?

Land use changes the temperature quite a bit in complex ways—

everything from cutting down forests or changing agriculture 

to building up cities and creating air pollution. All of these have 

big impacts on regional surface temperature, which isn’t always 

accounted for adequately, in my opinion. The other issue is these 

big ocean oscillations, like the Atlantic Multidecadal Oscillation 

 JUDITH CURRY heads the Georgia Tech 

School of Earth and Atmospheric Sciences.
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and the Paci� c Decadal Oscillation, and particularly, how these 

in� uenced temperatures in the latter half of the 20th century. I think 

there was a big bump at the end of the 20th century, especially 

starting in the mid-1990s. We got a big bump from going into the 

warm phase of the Atlantic Multidecadal Oscillation. The Paci� c 

Decadal Oscillation was warm until about 2002. Now we’re in the 

cool phase. This is probably why we’ve seen a leveling-off [of 

global average temperatures] in the past � ve or so years. My point 

is that at the end of the 1980s and in the ’90s, both of the ocean 

oscillations were chiming in together to give some extra warmth.

If you go back to the 1930s and ’40s, you see a similar bump in 

the temperature records. That was the bump that some of those 

climate scientists were trying to get rid of [in the temperature data], 

but it was a real bump, and I think it was associated with these 

ocean oscillations. That was another period when you had the 

Paci� c Decadal Oscillation and the Atlantic Multidecadal Oscilla-

tion chiming in together. These oscillations and how they in� uence 

global temperature haven’t received enough attention, and it’s an 

important part of how we interpret 20th-century climate records. 

Rather than trying to airbrush this bump in the 1940s and trying to 

get rid of the medieval warm period —which these hacked e-mails 

illustrate—we need to understand them. 

They don’t disprove anthropogenic global warming, but we 

can’t airbrush them away. We need to incorporate them into the 

overall story. We had two bumps—in the ’90s and also in the ’30s 

and ’40s—that may have had the same cause. So we may have 

exaggerated the trend in the later half of the 20th century by not 

adequately interpreting these bumps from the ocean oscillations. I 

don’t have all the answers. I’m just saying that’s what it looks like.

What about risk? Isn’t it worth heading off even 

a small risk of catastrophe?

Oh, absolutely.

How does the lack of uncertainty analyses 

affect the calculation of risk?

You can think of risk as what can happen multiplied by the prob-

ability of its actually happening. The IPCC gives the whole range 

of things that could happen, some that involve a small amount of 

warming and some involving rather large amounts of warming. In 

terms of how probable each of those is, there’s a lot of debate, but 

in terms of actually making policy, you have to look at all possibili-

ties and � gure out possible actions you could take to limit the dam-

age from climate change. Then you need to put price tags on each 

of these. With that kind of information, you can decide the policies 

you want to adopt and how to spend your money. I don’t think that 

whole analysis has really been thoroughly done. The UNFCCC 

has focused on one policy—carbon cap-and-trade and emissions 

reductions. There’s a whole host of others. Even if you’re focused 

on limiting CO2, there are taxes, and there is the possibility that 

through technology the problem will solve itself without cap-and-

trade or a carbon tax. On the adaptation and geoengineering side, 

there’s a whole host of possibilities. These haven’t been assessed. 

Instead we’ve been � ghting this little war over science.

Should we wait to resolve all the uncertainty 

before taking action?

The probability of something bad happening is at least as high 

as the probability that there were weapons of mass destruction 

in Iraq. That turned out not to be true, but we ended up going in 

there anyway. So we have a history of taking action on bad things 

that have a low probability of happening.

Is it fair to say that the kind of open inquiry you are 

calling for isn’t being done because scientists have been 

trying to convey a focused message to the public?

That’s part of it. You heard that in the [hacked] e-mails: Let’s 

simplify the story for the IPCC. But that’s just not how science is. 

The scientists have gotten caught in these wars with the media 

and the skeptics. They spend so much energy trying to put them 

down, energy that isn’t going into uncertainty analysis and consid-

ering competing views. I don’t think the scientists have personal 

political agendas. I think it’s more hubris and professional ego.

Do you agree that the Copenhagen meeting was a disaster?

Yes, it was.

So where does climate research go from here?

I personally don’t support cap-and-trade. It makes economic 

sense but not political sense. You’re just going to see all the loop-

holes and the offsets. I think you’re going to see a massive redis-

tribution of wealth to Wall Street, and we’re not going to reduce the 

carbon dioxide in the atmosphere. We need a massive investment 

in technology. We do need to help the developing world that is 

most vulnerable now to the impacts of climate variability, not even 

the stuff that’s related to carbon dioxide. There are a lot of things 

going on—� oods, hurricanes, droughts, and whatever—that can’t 

even be attributed to global warming right now. By reducing the 

vulnerability of the developing world to these extreme events, we’ll 

have gone a long way to helping them adapt to the more serious 

things that might come about from global warming.

Do you think the IPCC is going to have a reduced role?

If they are going to continue to be relevant, they need to tighten up 

their act in terms of making the process more open and transparent. 

How do you actually get to be a lead author of the IPCC? I have no 

idea who actually makes those selections. Things like that. All the 

data sets need to be out there and available and documented, so 

we don’t have these issues that we ran into with the hacked e-mails. 

The UNFCCC has become a big free-for-all. The G20, or some other 

group of nations, is where you’re going see the action.

Do you subscribe to the argument that today’s climate 

models are crude and need to be taken with a grain of salt?

No, I think the climate models are becoming quite sophisti-

cated. We learn a lot from the simulations. But you have to keep 

in mind that these are scenario simulations. They’re not really 

forecasts. They don’t know what the volcano eruptions are going 

to be. They don’t know what the exact solar cycles are going to 

The temperature bumps don’t disprove anthropogenic 
global warming, but we can’t airbrush them away. We need 
to incorporate them into the overall story.
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ADVERTISEMENT

Do people refuse to obey natural laws? Only 
mistakenly. The population of the world is 
surrounded with untold numbers of natural 
laws that serve to nurture, preserve, and safely 
guide human activities. But when ignored or 
opposed, however mistakenly, those same 
laws penalize all those who, in effect, dare 
to challenge nature’s authority.

Those words would not shock readers who are famil-
iar with laws of physics. But many decades ago when the 
late Richard W. Wetherill identified nature’s law of right 
behavior, he and it were ridiculed and rejected by scien-
tists, religionists, and educators alike. Wetherill called 
it the law of absolute right and continued to speak of it 
and to press a section of the public for their support.

Largely unaware of that selective rejection, most mem-
bers of the general public continued to act on their own 
varying codes of conduct as had previous generations 
during the past thousands upon thousands of years.

With what result?
Worldwide conflict within each person and with oth-

ers, international warfare, political corruption, criminal 
activity, and disabling health problems, ending in the 
final destruction of everybody’s precious gift of life: a 
final penalty from which nobody has yet escaped.

That condition continues today because the many prin-
ciples of the law of absolute right are still mistakenly be-
ing ignored and contradicted by the self-serving nature of 
people who behave as if they were a law unto themselves.

In contrast, those same people eagerly try to conform 
to laws of physics such as gravity, electricity, and chem-
istry to avoid their recognized penalties.

Wetherill defined the law of absolute right as call-
ing for behavior that is rational and honest for no 
personal motive, but simply because whoever or what-
ever created the law intends human behavior to be 
made right.

One person who learned of the law of absolute right 
just months ago turned his life around in order to think, 
say, and do what was rational and honest in his social 
and business activities. 

First, his eating habits changed. He questioned the 
rationality of many of his past favorite foods and as 

a result found they had lost their appeal. During the 
ensuing several weeks, his excess weight disappeared.

Second, he honestly applied the law to the image 
he had been projecting of an enthusiastic “happy guy.” 
Relieved of the pressure to support that image, he be-
came a really happy guy as a result of adhering to the 
behavioral law.

Third, when he was presented with difficult or trou-
bling situations, his changed attitude to do what was 
rational and honest enabled him easily to handle those 
situations to everybody’s satisfaction.

Fourth, his business activities increased, providing 
more income for him and for those he employed.

Perhaps those examples, among many, will encour-
age readers to change their approach to life so that 
the rationality and honesty called for by a natural law 
becomes their behavioral guiding light, so to speak.

Visit our colorful Website www.alphapub.com 
where essays and books describe the changes called 
for by whoever or whatever created nature’s law of 
absolute right. The material can be read, download-
ed, and/or printed free. Also press a button to listen to 
texts on the Website being read aloud with the excep-
tion of the seven books.

As people conform to the behavioral law, they join 
those persons who are already benefiting from adher-
ing to it with rational and honest thoughts, words, 
and action.
This public-service message is from a self-financed, 
nonprofit group of former students of the late Richard 
W. Wetherill. We are putting this information where it is 
available worldwide, and we invite your help to inform 
others of our Website so that they, too, may learn that 
conforming to this natural law creates a life that truly 
is well worth living.

Richard W. Wetherill
1906-1989
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be. There will be a whole host of forcing uncertainties in the 21st 

century that we don’t know.

You’ve said that climatologists should listen more to blog-

gers. That’s surprising to hear, coming from a scientist.

There are a lot of people with Ph.D.s in physics or chemistry who 

become interested in the climate change story, read the literature, 

and follow the blogs—and they’re unconvinced by our arguments. 

There are statisticians, like McIntyre, who have gotten interested in 

the climate change issue. McIntyre does not have a Ph.D. He does 

not have a university appointment. But he’s made an important con-

tribution, starting with criticism of the hockey stick. There’s a Russian 

biophysicist I communicate with who is not a climate researcher, but 

she has good ideas. She should be encouraged to pursue them. If the 

argument is good, wherever it comes from, we should look at it.

What about arguments on talk radio?

No, we debunk those once and then move on.

Is there a denial machine?

It’s complicated. The denial thing is certainly not monolithic. The 

Ever since his “hockey stick” graph of rising temperatures fi g-

ured prominently in Al Gore’s An Inconvenient Truth, Mann has 

been at the center of the climate wars. His e-mail messages were 

among those stolen and widely published last November. 

Let’s talk about the hacked e-mails and the ensuing 

climate gate scandal. What happened?

My understanding—and I only know what I’ve read from other 

accounts—is that hackers broke into the Climatic Research Unit of 

the University of East Anglia and stole thousands of e-mail messages, 

which they then proceeded to distribute on the Internet. They even 

tried to hack into a Web site that I help run, called RealClimate. 

Does anybody yet know where the attack came from?

No. There are many of us who would really like to know because 

obviously this is a serious criminal breach. And yet there’s been 

very little discussion, unfortunately, about the crime. 

Who might have done the hacking?

It appears to have been extremely well orchestrated, a very profes-

sional job. There also appears to have been a well-organized PR 

campaign that was all ready to go at the time these e-mails were 

released. And that campaign, involving all sorts of organizations 

that have lobbied against climate change legislation, has led some 

people to conclude that this is connected to a larger campaign by 

special interests to attack the science of climate change, to pre-

vent policy action from being taken to deal with the problem.

Are you talking about the so-called denial machine? 

These aren’t my own inferences. I’m talking about what I’ve read 

on other sites. Interestingly enough, in the January 14, 2010, issue 

of Nature, there is a review of a book called Climate Cover-Up, by 

James Hoggan and Richard Littlemore, which details what I’ve just 

described to you. Back in 2006 there was a perfect storm of sorts. The 

IPCC had just come out with stronger conclusions. Al Gore’s movie 

skeptics don’t agree with each other at all. The scienti� c skep-

tics—[hurricane forecaster] Bill Gray and [MIT meteorologist] Dick 

Lindzen and [University of Alabama climatologist] Roy Spencer—

criticize each other as much as we criticize them.

You wrote an article for climateaudit.org, a conservative 

Web site. Are people now calling you a denier?

No, they’re calling me naive. I stepped off the reservation, clearly.

Are you taking a career risk?

A couple of people think so, but I’m senior enough and well-es tablished 

enough that it doesn’t matter. I also live in Georgia, which is a hotbed 

of skeptics. The things I’m saying play well in Georgia. They don’t 

play very well with a lot of my colleagues in the climate � eld.

Does it bother you that skeptic has become a bad word?

It’s an unfortunate word. We should all be skeptical of all science. The 

word denier has some unfortunate connotations also. I use “scienti� c 

skeptics” versus “political skeptics.” A scienti� c skeptic is somebody 

who’s doing work and looking at the arguments. A political skeptic is 

somebody who is getting the skepticism from talk radio.

inspired people to get interested in climate change. We had some 

hot summers; we had some very destructive hurricane seasons. To 

say hurricane Katrina was an indication of climate change is no more 

correct than saying the current cold outbreak is evidence against cli-

mate change—I mean, that’s weather—but it does in� uence people. 

A lot of things came together. There was a concerted effort by special 

interests who are opposed to policies to combat climate change to 

retrench and � ght even harder in their campaign to discredit the sci-

ence. There has been a lot more misinformation and, indeed, disinfor-

mation about climate change in the public discourse since then.

What about the e-mails themselves? Was it embarrassing 

having them brought to light? 

Nobody likes having their personal e-mail exposed. We can all 

imagine, I think, what that would be like. 

There’s an investigation at Penn State, where you work, 

into your own role in this. How is that going? 

Technically it’s not an investigation. It’s an inquiry to determine if 

there is a reason for an investigation. [Editor’s note: The inquiry 

subsequently reported that it had found no credible evidence that 

Mann had suppressed or falsifi ed data.]

Do you think you and your colleagues did anything wrong?

There’s nothing in any of these e-mails that demonstrates any 

inappropriate behavior on my part. There are a few things that a 

certain colleague said that I wouldn’t have said and I can’t neces-

sarily condone, although I can say that they were under a huge 

amount of pressure. They were attacked by FOIA [Freedom of 

Information Act] demands. A colleague of mine, Phil Jones, had 

as many as 40 FOIA demands—frivolous demands—made against 

him over a single weekend. Frankly, he showed some poor judg-

ment, and there are things I said that I would phrase differently, 

obviously, if I were saying them in public. But there’s nothing in 

any of these e-mails, despite the claims of those attacking us, that 

MICHAEL MANN
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indicate any sort of conspiracy among climate change researchers 

to commit fraud, that indicate any destruction of data. 

What about the references to “cleaning up” data? 

Does that amount to destruction?

No. In some cases there’s been intentional misrepresentation of 

what people were talking about in the e-mail exchanges. Nature

had an editorial [December 3, 2009] where they basically came out 

and said that the attackers of climate change had misrepresented 

two statements. One was about a “trick,” which was simply a 

reference to a clever mathematical approach to a problem, the 

way scientists use the term trick: “Here’s the trick to solving that 

problem,” or “trick of the trade,” and so on. And then con� ating 

that with an unfortunately poorly worded phrase where Phil Jones 

refers to hiding a decline in temperatures. Much hay has been 

made of that. But these are internal discussions among scien-

tists who understand the lingo and understand what it means and 

understand the context. And it’s extremely easy for those looking to 

make mischief to take single words and phrases out of context.

Judith Curry has been an outspoken critic of your work 

and of a lot of climate researchers in general.

Did you ask Judith to turn over her e-mails 

from the past three years? Once she does 

that, then she’s in a position to judge other 

scientists. Until she does that, she is not in 

a position to be talking about other scien-

tists. Glass houses. Look, I’ll just say this. 

I’ve received e-mails from Judith that she 

would not want to be made public.

She said that some data discussed in 

these e-mails concerned a tempera-

ture bump in the 1930s and 1940s, 

caused by a coincidence of Atlantic 

and Pacifi c decadal oscillations. 

Yeah, I came up with the term: Atlantic 

Multidecadal Oscillation. I coined the term 

in an interview with Richard Kerr [a writer 

for Science] in 2000 over a paper with Tom 

Delworth of the Geophysical Fluid Dynam-

ics Laboratory and the NOAA Laboratory 

in Princeton, where we actually were the 

ones to articulate the existence of this 

oscillation. And you know what? It was 

celebrated by contrarians. My work has 

been celebrated by climate skeptics. It’s 

an interesting footnote.

Is Curry wrong in that regard? 

I don’t know exactly what she is referring 

to. She might be referring to a paper by 

Thompson et al. that appeared in Nature 

a couple of years ago about a spuri-

ous cooling in the 1940s that scientists 

couldn’t quite understand. 

She was referring to a rise and fall in 

temperatures in the 1930s and ’40s that 

might have been caused by a coincidence of these oscillations 

in the Atlantic and Pacifi c, and another that could account for 

a lot of the warming in the 1990s. She was saying that it looked 

bad that you were trying to smooth out the bump in the ’30s 

and ’40s but not the one in the 1990s. Is that a valid critique?

The way you characterize it, it sounds like nonsense. I’m not sure 

how much familiarity she has, for example, with time-series smooth-

ing. I’ve published a number of papers on this topic, and in fact, 

the approach that I take was used in the most recent IPCC report. I 

actually take a very objective approach to the problem of time-series 

smoothing. I’m not sure she understands the problem. It is very 

much the mainstream view in the climate research community that 

you cannot explain the warming of the past few decades without 

anthropogenic and human in� uences on climate. 

If Phil Jones was being inundated by requests for data, why 

didn’t he just post everything on the Web for all to see? 

It is very much my practice and the practice of all the scientists I 

know, at least now, under the sort of criticisms that were made 10 

years ago about data archiving policies, to make available every scrap 

of data that we use in our studies that we are legally permitted to make 

available. With the Climatic Research Unit’s situation, what you have 
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here is much [less] nefarious than it sounds. The Climatic Research 

Unit had legal agreements with certain countries that allowed them 

to use thermometer measurements, but they were legally bound not 

to distribute the data. The FOIA requests were demands for them to 

release those data, which they were legally bound not to release. The 

requests were disingenuous, and they were denied.

But all the rest of the data were released? 

Yeah. The irony is that the data that they weren’t releasing made 

no difference to the results. 

The National Academy of Sciences supported the key point of 

your hockey stick calculation, which showed higher tempera-

tures in the 20th century than in the previous thousand years, 

but others criticized you for not releasing the information 

behind it. Is all that data now in the public domain?

It is. And it was released as soon as we were allowed to do so. I 

don’t produce any data myself. I just make use of other people’s data. 

Often scientists in a purely collegial spirit will make available to you 

data that they haven’t published yet. If you use it, you can’t distribute 

it. Every single piece of data that we had the right to distribute was 

available at the time that we published the paper. Once we had per-

mission to publish the smaller number of other records that we hadn’t 

been able to make available at the time, those were out there. 

By May 2000 all of the data were available. All of the claims that 

our data were not available at the time—by, for example, McIntyre, 

who’s been leading these attacks—are entirely false. 

Many scientists were dismayed by the climate talks in 

Copenhagen. What was your reaction?

There are people in the policy world who would like to see action 

taken much more quickly, and there are some objective, scienti� c 

arguments for that. If we can stabilize CO2 concentrations at 450 parts 

per million, it gives us probably at least 2 degrees of warming. Some 

people feel that any more than that and we’ll really start to see the 

most threatening impacts of climate change. That requires essentially 

immediate action to slow down emissions and bring them to a peak, 

then start bringing them down fairly quickly over the next 50 years. 

Were you disappointed at the lack of action? 

I try to approach this from a scienti� c point of view. My understand-

ing of the science does lead me, personally, to believe that certain 

policy options are better than others. But the policy in no way in� u-

ences my science, and I think that’s the way it should be. 

Public opinion, at least in this country, has shifted 

toward the skeptical. 

It has moved in that direction.

What should scientists do about that?

Right now, there’s the largest disconnect that has ever existed 

between the con� dence that we have scienti� cally and where the 

public is, at least in the United States. With each passing year, 

we’ve got more observations. We’ve got a better assessment of 

what’s happening now in the perspective of what happened in the 

past, so we can better determine if there are climate trends that are 

unusual. We have more information about how the system is evolv-

ing in response to human impact. We also have supercomputers 

that are much more powerful. The models we run now produce 

El Niño events just like they occur in nature. The models are getting 

better. The science is getting more certain. 

Even as the science becomes progressively more certain, the 

public discourse goes through these cycles. We’ve had the reverse 

of the perfect storm we had back in 2006. Some people say cli-

mate change became too closely associated with a partisan politi-

cal � gure and that polarized the debate. We’ve had a cold winter. 

We’ve got a bad economy. It’s a bad time to be talking about major 

changes in our energy economy that some argue could be costly.

The biggest bludgeon the skeptics have is that there is 

uncertainty in the science. Should you and your colleagues 

be making more of an effort to quantify that uncertainty? 

We’ve reached a point now in the interdisciplinary growth of our 

science where we’ve got climate scientists, who understand the 

physics of climate and how that translates to uncertainties, working 

hand in hand with economists who will run the projected impacts 

through a cost-bene� t analysis. The way it plays out is that the small 

probability of extremely bad things happening incurs huge potential 

costs, and you want to hedge against those potential catastrophic 

costs. So when you take uncertainty into account, it actually leads 

to the decision that we should take action more quickly. 

What is the worst-case scenario? Are we talking about 

the risk of our demise as a species? 

That’s what scares me, yeah. Now it appears that the antiscience 

side is in a much better position from a public relations point of 

view than the scienti� c community is. I see nothing to change 

that dynamic. The way our system works, it almost ensures that 

as an environmental threat grows, there is an institution in place 

that acts in a way to thwart the attempt by civilization to confront 

that threat. I fear that it isn’t just a short-term thing. If that is our 

future, I worry. I have a 4-year-old daughter, and I care about the 

world that she grows up in.

How do you do research in an environment 

that is so politicized? 

It’s dif� cult. And needless to say, I’m not getting a lot of science done 

right now. Half my job involves defending myself against attacks. 

Has the political polarization had a detrimental effect on 

progress in climate science? 

It has. Here’s the most basic example: Scientists like to commu-

nicate by e-mail. It’s much more ef� cient. You can respond when-

ever you want. Scientists aren’t going to be doing that as much 

anymore. When you do write an e-mail, you’ll probably take twice 

as long because you want to make sure that every word can’t be 

cherry-picked and distorted. You’re second-guessing yourself at 

every stage and, sure, that slows everything down.

Right now there is the biggest disconnect that has ever existed 
between the confi dence we have scientifi cally and where the 
public is. The climate science is getting more certain.
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LENI DAGIASI fl ew from Athens to Delhi in January 2008 on a mission to 

save her life. With her husband, Leonidas, she took a taxi from the airport 

past sparkling multiplexes and offi ce buildings to a guesthouse in the boom-

ing exurb of Gurgaon. A kitchen staff was on hand, the rooms had cable, and 

there was a recreation area with billiards, providing patients with creature 

comforts while kidney transplants were arranged. Over the next week, as her 

operation was scheduled, Dagiasi went to a makeshift hospital for dialysis. 

Then one night, while she was watching TV with her husband, a chef turned 

off the lights and urged everyone to leave. Shortly afterward, 10 policemen 

stormed in. “We were too stunned to react,” says Leonidas Dagiasis, a for-

mer fi sherman who borrowed money from his employer to fi nance the trip. 

The couple and other guests were hauled off for questioning. The Gurgaon 

hospital, it turned out, was the hub of a thriving black market in kidneys. The 

organs were harvested from poor Indian workers, many of whom had been 

tricked or forced into selling the organ for as little as $300. 
The mastermind, India’s Central Bureau of Investigation (CBI) charged, 

was Amit Kumar—a man who performed the surgeries with no more formal 

training than a degree in ayurveda, the ancient Indian system of medi-

cine. In a career spanning two decades, Kumar had established one of the 

world’s largest kidney traffi cking rings, with a supply chain that extended 

Special Investigation: How a self-taught 
doctor from Delhi cornered the black market 
in kidneys, building one of the world’s 
most lucrative organ-trading rings, until it 
all came crashing down.
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by Yudhijit Bhattacharjee
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deep into the Indian countryside. Some 

of his clients were from India. Many came 

from Greece, Turkey, the Middle East, 

Canada, and the United States. 

At parties in India and abroad, Kumar 

introduced himself as one of India’s fore-

most kidney surgeons, said Rajiv Dwivedi, 

a CBI investigator based in Delhi. The claim 

wasn’t entirely illegitimate: Investigators 

estimate that Kumar has performed hun-

dreds of successful transplants, a practice 

so lucrative that he was able to finance 

Bollywood movies and had to fend off 

extortion threats from the Mumbai ma� a. 

Two weeks after the police crackdown in 

Gurgaon, Kumar was arrested at a wildlife 

resort in Nepal and brought back to India, 

where he now awaits trial. 

Kumar’s operation was a microcosm of 

the vast, shadowy underworld of transplant 

traf� cking that extends from the favelas of 

São Paulo to the slums of Manila. The ten-

tacles of the trade crisscross the globe, 

leaving no country untouched, not even 

the United States, as evidenced by the July 

2009 arrest of a New York rabbi who has 

been charged with arranging illegal trans-

plants in this country by bringing in poor 

Israelis to supply kidneys.

In June 2008 I traveled to India to get an 

inside view of Kumar’s ring and examine 

the perverse enterprise that fueled its rise. 

How did Kumar build his organ empire, 

and how was he able to run it for so long? 

The answers, I learned, lay in the grinding 

poverty and entrenched corruption of India, 

the desperation of patients on dialysis, and 

the transnational nature of the black market 

transplant business—which, though domi-

nated by the kidney exchange, includes liv-

ers and hearts as well. The factors at play in 

India allow the kidney trade to thrive around 

the world, despite efforts by various gov-

ernments to stamp it out. 

ife without a working kid-

ney is harsh. We are born 

with two of these internal 

� lters, located below the rib 

cage, to remove waste and 

excess water from our blood. 

Patients with kidney failure—

often the result of diabetes 

and high blood pressure—

can die within days from the 

buildup of toxins in the bloodstream and 

the bloating of organs. To avoid this out-

come, modern medicine offers dialysis, a 

process in which blood is cleansed at least 

three times a week by pumping it through 

an external or internal � lter. This grueling 

routine comes with dietary restrictions and 

side effects like itching, fatigue, and risk 

of infection. Theoretically you can live on 

dialysis for decades; in reality, though, risks 

are so great that without a new kidney, pre-

mature death is the frequent result. 

No wonder that those needing a kidney 

vastly exceed the number of kidneys avail-

able from deceased donors. In the United 

States, some 88,000 individuals were 

on the waiting list as of early 2010, with 

34,000 names typically added every year. 

The wait averages � ve years. The situation 

in Greece is similarly dire: Eleni Dagiasi 

put her name on a list around 2006 and 

expected a waiting period of � ve years or 

more. In the meantime, she needed dialysis 

three days a week—a treatment requiring 

that she live in Athens, more than 75 miles 

and three hours’ travel from her husband, 

who works on Andros Island as a caretaker 

of yachts. After Eleni learned of the India 

option through one of Kumar’s brokers, 

the couple saw it as a way out. 

They could have gone elsewhere: to 

Pakistan, where entire villages are popu-

lated by men who have been stripped of a 

kidney; to China, where kidney harvesting 

from executed prisoners has supported 

a booming transplant industry; or to the 

Philippines, where transplant tourism � our-

ished until May 2008, when the govern-

ment banned the trade. Transplant tourism 

today accounts for as much as 10 percent 

of all donor kidneys transplanted,  says 

Luc Noël, coordinator for Essential Health 

Technologies at the World Health Organiza-

tion (WHO). Often lured by middlemen (or 

drugged, beaten, and other wise coerced), 

donors end up with a few hundred to a few 

thousand dollars and a scar at the waist that 

has become an emblem of exploitation and 

human indignity.

The kidney trade has its origins not in the 

underworld but in the bright light of medical 

advancement and the globalization of health 

care. It began in a hospital in Boston in 1954, 

when a medical team led by plastic surgeon 

Joseph Murray conducted the � rst success-

ful kidney transplant from one identical twin 

to the other. There was no immune rejection 

to contend with because the donor’s and 

recipient’s organs had coexisted happily in 

their mother’s womb. Through the 1950s 

and ’60s, researchers attempted to make 

transplants work in patients who were 

unrelated to their donors. To help the new 

organ withstand the assault from the recip-

ient’s natural defenses, doctors developed 

tissue type matching, a technique to deter-

mine if the chemistry of the donor’s immune 

system, de� ned by antigens on the surface 

of cells, was similar to that of the recipient’s. 

Doctors also bombarded the recipient with 

X-rays and used a variety of drugs to beat 

the immune system into submission. 

In the early 1980s transplants became 

feasible on a wider scale. What changed the 

scene was an immunosuppressant molecule 

called cyclosporin, developed by research-

ers at Sandoz, the Swiss pharmaceutical 

company. It became the foundation for new 

drugs that could counter organ rejection with 

unprecedented effectiveness. 

The possibilities quickly became evident. 

“Doctors realized that with cyclosporin, 

Near right:
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you did not need a related donor,” says 

Lawrence Cohen, an anthropologist at the 

University of California at Berkeley. Clinics 

were able to cast a wider net for donors, 

and kidney transplants became an estab-

lished surgery around the world. Soon kid-

neys were a commodity. The � rst reports 

of kidney selling began to surface in India 

around 1985. With its large base of doctors 

and an expanding health care industry, India 

had already been attracting medical tourists 

from the rest of South Asia and the Middle 

East. Now there was a growing stream of 

patients from these countries checking into 

hospitals in Chennai, Mumbai, and Banga-

lore for kidney transplants. “There were lots 

and lots of sales,” Cohen says.

 In Southeast Asia another kidney trad-

ing corridor had opened up, with the Philip-

pines as the hub. Patients from Japan and 

elsewhere traveled to Manila to buy kidneys. 

The organs often came from jailed felons, 

according to Nancy Scheper-Hughes, a 

U.C. Berkeley anthropologist who has 

documented the trade in various countries. 

“Guards would pick out the healthiest-

looking prisoners,” she says. Some reports 

allege that buyers negotiated with the prison-

ers’ families, not the prisoners themselves. 

Meanwhile, China became the destination 

for patients from Singapore, Taiwan, and 

Korea. Under a rule approved by the Chi-

nese government in 1984, kidneys and other 

organs were harvested from executed pris-

oners. Human rights activists became con-

cerned that China might have been ramping 

up its executions through the 1980s and ’90s 

in order to boost its organ supply. 

 The practice was gaining notoriety, but 

interventions urged 

by WHO and others 

often failed. India 

legislated its Trans-

plantation of Human 

Organs Act, banning 

the buying and selling 

of organs, in 1994. 

But the law did not 

eliminate the prac-

tice; it simply drove it 

underground. By the 

end of the decade, 

the kidney trade was 

thriving, largely due 

to the Internet. Web 

sites touting “trans-

p lan t  packages” 

priced from about $20,000 to $70,000 sent 

patients, many of them Americans, � ocking 

to hospitals in the Philippines, Pakistan, and 

China. In 2001, when authorities apprehend-

ed a criminal syndicate traf� cking kidneys 

from slum dwellers in Brazil and poor villag-

ers in Moldova to Israelis, it became evident 

that the trade had spread far and wide. 

When Kumar was arrested on February 7, 

2008, he struck a de� ant pose for the cam-

eras as Nepalese of� cials prepared to escort 

him to Delhi. In the weeks that followed, he 

became a media celebrity, with investiga-

tors leaking stories about his flamboyant 

lifestyle. News reports alluded to Kumar’s 

owning properties in India, Hong Kong, Aus-

tralia, and Canada. Sher Bahadur Basnet, a 

Nepalese police of� cial who apprehended 

Kumar, told me that he made frequent trips 

to nightclubs and casinos in Kathmandu. In 

an ironic twist, an Indian news channel dis-

covered a clip from an obscure 1991 Hindi 

� ick titled Khooni Raat (“bloody night”) in 

which Kumar—who harbored ambitions of 

becoming a movie star—plays a bit role as 

an upstanding police of� cer. 

The � rst time I saw Kumar was in June 

2008 at a court in Ambala, some 125 miles 

northwest of Delhi. The court had yet to 

open its doors when I arrived, and I sat out-

side on a bench. Two of the ring’s employees 

—a driver named Harpal and a cook who 

worked at the guesthouse, Suresh—showed 

up, wiping their faces with handkerchiefs. 

They told me they had no idea that Kumar 

had been conducting illegal transplants. 

A police van drove up carrying Kumar 

and his accomplices, including his youngest 

brother, Jeevan Raut (Kumar’s original family 

name), who has a degree in homeo pathy; a 

middleman named Gyasuddin; and a physi-

cian named Upender Dublish. Dressed in a 

beige shirt, Kumar waved at his lawyers from 

behind the vehicle’s rusty iron-mesh win-

dow. He had shaved off his mustache and 

his eyes looked bulbous. He glanced about 

furtively while talking with his lawyers. 

I inched closer to the van under the gaze 

of policemen standing nearby, one of whom 

told me sternly that reporters were not 

allowed. Nonetheless, I introduced myself 

to Kumar, who responded with a nervous 

smile. “I never forced anybody to donate 

a kidney,” he told me before a potbellied 

guard shooed me away. Inside the court-

room, Kumar kept primping his hair and 

smoothing out his shirt while the prosecu-

tor, Ashok Singh, presented the charges, 

citing complaints by seven men alleging 

that they were tricked or forced into selling 

their kidneys. Kumar looked crestfallen as 

he was led back to the van, but his brother 

walked with a swagger, yelling out to me, 

“They have no case against us!”

t the start of their 

investigation, CBI offi-

cials found it difficult 

to believe Kumar had 

been conducting trans-

plants on his own. “We 

thought his role was to 

provide donors and cli-

ents,” Dwivedi told me. 

The agency assembled 

a panel comprising a surgeon, a nephrolo-

gist, and a forensic medicine expert to 

probe Kumar’s self-proclaimed expertise. In 

a two-hour interview not unlike a qualifying 

exam, the panelists asked Kumar to walk 

them through the steps involved in a trans-

plant, from removing a kidney to hooking it 

up inside a recipient. By the end they were 

convinced. “Kumar had adequate theoreti-

cal knowledge about the surgical process” 

for kidney transplants, the panel said in a 

report � led in court. 

Yet when Kumar entered the transplant 

business in the 1980s, it was not as a sur-

geon but as an entrepreneur. To under-

stand how a leading organ dealer got his 

start, I visited Kumar’s second-youngest 

brother, Ganesh Raut, a real estate devel-

oper who now lives in the same Mumbai 

apartment where Kumar set up a hospital 

Kumar has performed hundreds of successful transplants, 
a practice so lucrative he was able to finance Bollywood films.
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in 1984. Although Ganesh has not always 

been on good terms with his brother, he 

has stood by him since the arrest, accom-

panying Kumar’s lawyers to court hearings 

and meeting with Kumar in jail.

Nobody answered when I rang the bell, 

but the door was unlocked and I ventured in 

to � nd a friendly basset hound wagging its 

tail in the hallway. Ganesh, a portly, clean-

shaven man, was in the middle of morning 

prayers in front of a miniature temple. I took 

in the smell of burning incense as he lit a 

diya and completed the ritual. Then he told 

me of Kumar’s childhood ambitions. 

“He would often tell us that he wanted 

to do something extraordinary in life,” 

Ganesh said. After college in 1977, Kumar 

went to work at the M.A. Podar Ayurvedic 

Hospital in Mumbai. He began assisting 

with simple outpatient surgical procedures 

that ayurvedic practitioners are licensed 

to handle, nothing more complicated than 

removing hemorrhoids, and later began 

freelancing as a surgical attendant at 

mainstream hospitals. Within a few years, 

he had made enough money and contacts 

to start his own hospital. Ganesh showed 

me the room that had once been the hos-

pital’s operation theater, where surgeons 

hired by Kumar performed head-and-neck 

and abdominal surgeries in the early years, 

before he turned it into more of a trans-

plant center. Now it was a sitting area fur-

nished with wicker chairs. 

Ganesh was less forthcoming about 

Kumar’s kidney venture, so I went to see 

Rakesh Maria, a top of� cial of the Mumbai 

Police who shut down Kumar’s � rst foray 

into transplants, in 1995. By the late 1980s, 

Kumar (then using his birth name, Santosh 

Raut) had become well aware of medical 

tourists streaming in from the Middle East. 

“He knew at once that if he could tap this 

market, he would hit the jackpot,” Maria 

said. To do so, he reached out to cab driv-

ers at the city’s international airport, pay-

ing them a commission to � nd clients. 

There was no shortage of potential donors 

to Kumar’s makeshift hospital in Mumbai. He 

targeted homeless beggars, handcart pull-

ers, sweepers. He hired two men to scout 

the slums and offer anywhere from a paltry 

$300 to just over $1,000 for a kidney. Later 

he began paying the agents a � xed amount 

of a few thousand dollars per donor. To 

boost their cut, the agents started paying 

donors less and less. 

Through the early 1990s, the business 

� ourished, and the dozens of transplants 

performed at the hospital (many of them by 

a Mumbai Hospital surgeon named Yogesh 

Kothari) provided Kumar with the equiva-

lent of a surgical residency. He attended 

conferences, read up on nephrology, and 

learned about different kinds of sutures and 

im munosuppressant drugs. In 1994 he per-

formed his � rst transplant under Kothari’s 

watch. But after a shortchanged donor � led 

a complaint, police raided Kumar’s hospital 

that August, arresting 11 people on charges 

of cheating and criminal conspiracy. Kumar 

himself was charged with conducting illegal 

foreign exchange transactions through two 

front men—a grocer and a silversmith—

who had helped him receive payments from 

overseas clients to the tune of $60,000. 

After four months in a Mumbai prison, 

Kumar was freed on bail. In 1995, after 

Maharashtra (the state that contains the 

city of Mumbai) banned organ selling, he 

was busted again and charged with con-

ducting illegal transplants. Finally he � ed 

to Jaipur, 800 miles to the north. There he 

assumed his new name and conducted 13 

illegal transplants before being arrested 

yet again, in 1996. Released on bail, he 

disappeared from view and did not resurface 

until 1999, in Gurgaon. There Kumar built 

an empire bigger and more organized than 

ever as the Indian legal system churned 

sluggishly on. 

While Kumar was setting up business 

in Gurgaon, Scheper-Hughes, Cohen, 

and two other academics were launching 

Organs Watch, a program to document 

exploitative organ transplantation world-

wide. As Kumar’s business boomed, the 

researchers visited Brazil, Turkey, the Phil-

Above: Day 

laborers waiting 

for work in Old 

Delhi, India, are 

prey for kidney 

networks 

promising them 

hundreds of 

dollars per 

organ. Near 

right: In Sultan 

Pur, Pakistan, 

four men show 

scars they 

acquired after 

selling kidneys 

to pay debts. 

Far right:

Indian day 

laborer Naseem 

Mohammed, 

25, recovers 

after selling 

a kidney to 

traffi ckers. 
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ippines, and elsewhere to interview hun-

dreds of kidney sellers (including victims 

of coercion and fraud) along with buyers, 

doctors, and police. 

As a result of new regulations, the cli-

mate for kidney dealers has gotten tougher. 

China implemented regulations in 2007 to 

stop the organ trade. Pakistan’s last presi-

dent, Pervez Musharraf, issued an ordinance 

that same year to outlaw organ traf� cking, 

which last April survived a legal challenge 

by a petitioner who called it un-Islamic. And 

in May 2008, the Philippines, which for years 

had promoted transplant tourism, followed 

suit. Yet, like a multiheaded hydra, the indus-

names containing the word kidney, such 

as “kidney4u.” The Orkut pages of these 

users are typically blank and presumably 

exist only as a place for potential buyers to 

leave a message. 

Americans are not just buyers; some 

may be sellers as well. Scheper-Hughes 

discovered “an older brother in the Los 

Angeles area offering to sell his younger 

brother’s kidney online on Craigs list.” The 

phenomenon has opened up a new form 

of trade, diffuse and fragmented, that has 

already increased the number of commer-

cial transactions manifold and ushered in 

new kinds of abuse. And money is not the 

only inducement, says 

Monir Moniruzzaman, an 

anthropologist at Michi-

gan State University in 

East Lansing. In a study 

of the organ trade, he has 

found numerous ads that 

promise jobs, visas, and 

even citizenship in the 

developed world. 

Driving from Delhi to 

Gurgaon in June 2008, 

I glimpsed the soaring 

skyscrapers of Gurga-

on’s economic boom, 

but shanties closer to the 

ground spoiled the glossy 

view. Finally I entered the 

gated residential commu-

nity where Kumar’s hospi-

tal, sealed by the CBI, sat 

in a row of villas. It was enclosed by a wall 

and draped by bougainvillea vines whose 

pink � owers stirred in the muggy afternoon 

breeze. Peeking through the locked iron 

gate, I saw a stretcher left behind on the 

grounds. Having escaped from Mumbai and 

Jaipur, Kumar set up a clandestine facility 

here, putting up a sign advertising a lawyer’s 

services. “The idea was to keep nosy neigh-

bors away,” CBI’s Dwivedi said.

Kumar did not work alone. One of his 

main accomplices, the physician Upender 

Dublish, ran a hospital in Ballabgarh, an 

industrial town about two hours away. Bald 

and rotund, Dublish projects the resigned 

air of a man terribly wronged but too beaten 

to protest. At the Ambala courtroom, he 

told me with a pained look that he needed 

medical attention for a heart ailment. Dub-

lish ran Kumar’s supply chains, in which the 

more enterprising donors became middle-

men themselves. The result was a pyramid 

scheme, which Scheper-Hughes says is 

common to kidney markets around the 

world. She has seen the pattern in Brazil 

and Moldova. “Middlemen will say to pro-

spective donors, ‘I lived through it and 

made money; you can too.’ ” An early recruit 

was Gyasuddin, whom I saw with Kumar in 

Ambala. He told me he sold his kidney for 

$1,000 and became a node in Kumar’s net-

work, earning about $110 “for every donor 

I could � nd.” He brought dozens of donors 

to Kumar from his hometown, Meerut, an 

old city about 40 miles from Delhi. 

ven as old charges from 

past arrests slogged through 

the legal system, Kumar’s 

layers of protection grew. In 

2004 he set up an in-house 

tissue-matching facility at 

the hospital to avoid dealing 

with external diagnostic labs, 

which he felt would draw the 

attention of law enforcement 

of� cials. But what really prevented expo-

sure was corruption and lack of government 

oversight. In October 2003, a 55-year-old 

Turkish patient named Mehmet Bayzit died 

at the hospital. Bayzit’s relatives wanted 

the body � own back home, which meant 

that it had to be embalmed. There was a 

problem, though: Embalming centers need 

a death certi� cate, which in turn requires 

a doctor’s report. 

The situation threatened to attract scru-

tiny of Kumar’s operations. Dublish came to 

the rescue. He wrote a report on his Ballab-

garh hospital letterhead, stating that Bayzit 

came to his hospital after experiencing 

chest pains on his way back from a trip to 

see the Taj Mahal. The report, citing cardiac 

arrest as the cause of death, enabled Dub-

lish to obtain a death certi� cate from local 

municipal authorities. When two more Turk-

ish patients died, in 2004 and 2005, Dublish 

used the same story as a cover-up. Indian 

authorities started an investigation only in 

2006, when the Turkish embassy in Delhi, 

prodded by the patients’ relatives, requested 

an inquiry. Still Kumar remained unscathed.

In fact, Kumar did not just evade the law; 

he turned to it for help. In his testimony to 

the CBI, he claimed that he received extor-

tion threats from men working for Chota 

Shakeel, a Mumbai mobster. In 2007, 

try seems to be surviving legal onslaughts 

in countries like India and branching into 

newer, more vulnerable places such as Iraq 

and sub-Saharan Africa. “It gets snuffed 

out in one place and crops up in another,” 

Scheper-Hughes says. 

The trade is adapting to the changing 

legal climate. One shift has been venue: 

Transplant surgeries seem to have moved 

out of large hospitals to small clinics away 

from the public eye. “We even have anec-

dotal reports of surgery being transferred 

to private homes,” WHO’s Noël says.

Another change is in marketing. Gone 

are the blatant online advertisements for 

transplant tours. Instead, dealers pos-

ing as private sellers post personal ads 

on Facebook. When the social network-

ing site Orkut outlawed transplant-related 

communities, it saw a proliferation of user 

Americans are not just buyers; some may be sellers. One Los
Angeles man offered to sell his brother’s kidney on Craigslist. 
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after Kumar lodged a complaint, the 

Anti-Extortion Cell of the Mumbai Police 

arrested two men suspected of issuing 

threats on Shakeel’s behalf. 

Of� cial incompetence and corruption in 

Kumar’s case is too outrageous to believe.  

Since his wealth made him a target for 

income tax authorities, the government 

dispatched tax investigators to study his 

accounts in August 2006. They ignored the 

fact that the hospital was unlicensed and 

that it was a venue for illegal transplants. 

Instead, flabbergasted that Kumar had 

been paying no taxes for years, the Indian 

tax department sent him a notice that 

eggshells into the street. I zigzagged through 

lanes that got progressively narrower, pass-

ing a dimly lit lathe shop, to � nally arrive at 

a cluster of houses attached to one another 

like calci� cations on a bone. 

There, in a two-story structure, I found 

the Prakash home. Vidya once made a liv-

ing repairing analog fare meters for auto-

rickshaws. When digital meters came online 

he fell on hard times, he said, and had to 

sell his blood just to eat. One day he came 

down with a fever, and a local blood broker 

turned kidney hunter offered to take him 

to Gurgaon for treatment. After some lab 

tests at the Gurgaon hospital, he claims, he 

CONTINUED ON PAGE 76

legal action would follow. Kumar promptly 

sent the tax department four checks total-

ing $1.4 million, but when the department 

tried cashing the checks, they bounced. In 

a further blow, Delhi police apprehended 

one of Kumar’s accomplices in January 

2008. Kumar reportedly paid a bribe of 

about $40,000 to a group of police of� cers 

in exchange for the man’s release. 

Kumar’s luck turned on January 24, 2008, 

when a constable in Moradabad, a town 

near Meerut, witnessed a fight between 

Gyasuddin, the middleman, and a donor 

named Vidya Prakash; Prakash charged 

that Gyasuddin had stolen his kidney. The 

two were taken to the nearby police station, 

where Gyasuddin directed police to the hos-

pital and guesthouse, resulting in raids and, 

ultimately, Kumar’s arrest. 

I went to Meerut to see Prakash, the 

man who brought down the ring. To get to 

his house, I walked through a quiet alley 

where barefoot children played cricket 

with a muddy tennis ball and a woman in a 

burka emerged to dump vegetable peels and 

was taken for “stomach surgery.” When he 

regained consciousness, there was a scar 

on his waist. Prakash says that Kumar’s 

men, including Gyasuddin, threatened him 

physically when he complained. 

But other kidney sellers in Meerut told me 

that Prakash had been a part of the pyramid. 

Among those he had allegedly lured was 

Mohan Lal (not his real name), a 16-year-old 

who had run away from his village after his 

father discovered his affair with a girl from a 

different caste. Lal was wandering through 

Meerut’s streets in search of work when, he 

claims, Prakash offered him a job as a dish-

washer at the Gurgaon guesthouse. Once 

Lal reported for work, he says, he was taken 

for “free” medical tests and falsely diag-

nosed with a gallstone that Kumar’s assis-

tants told him needed immediate surgery. 

(Piyush Anand, a senior CBI official who 

supervised the investigation, said a number 

of complainants were similarly misled.) After 

he was relieved of a kidney, Lal reluctantly 

Nepalese 

police escort 

the fugitive 

ayurveda 

doctor Amit 

Kumar after 

his arrest at a 

jungle resort 

in Nepal in 

February 

2008. Kumar 

currently 

awaits trial for 

the shadowy 

kidney 

transplant 

operation 

that funded 

his trip. 
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When H. Q., a 46-year-old accountant, 

was diagnosed with end-stage liver 

failure at Mt. Sinai Medical Center in 

New York City, he was given a single 

option: Wait for a new liver in the 

United States, where thousands of 

others were already queued up ahead 

of him. A year later H. Q.’s illness had 

worsened, but no donor had emerged. 

That is when friends suggested he pay 

for a transplant without the wait, by 

going to China. 

Desperate, H. Q. became a trans-

plant tourist, securing a liver—probably 

from an executed prisoner—in 2004. 

Yet the procedure left him with a bac-

terial infection so severe that the new 

liver, too, was irreparably damaged. 

Ultimately, H. Q. needed a second 

transplant to survive.

In all, more than 100,000 Americans 

are waiting for transplants across the 

range of organs—heart, lung, kidney, 

intestine, pancreas, and liver; some 

12 percent will die before their turn 

arrives. As a result, hundreds of Amer-

icans underwent transplants abroad 

between 2004 and 2006, according to 

the Scientifi c Registry of Transplant 

Recipients. 

“Transplant tourism from the United 

States is growing in direct correla-

tion to the organ shortage,” says Mt. 

Sinai liver doctor Thomas Schiano, 

who published H. Q.’s case in Liver 

Transplantation in 2010. “The bottom 

line is that governments have to fi nd 

solutions to provide transplants to 

those who need them,” Luc Noël of 

the World Health Organization says.

H. Q.’s botched procedure high-

lights the murky ethics involved. Did 

his Chinese donor give permission? 

Did the lure of profi t from an organ 

sale hasten an execution? Doctors 

at Mt. Sinai had to decide whether to 

provide a precious replacement organ 

to someone who had already bought 

one under this kind of cloud.  

“It’s a tough call, but we were deal-

ing with a patient who was going to 

die,” Schiano says. “The ethics com-

mittee decided it would be wrong 

to withhold the standard of care that 

we would normally provide, so we 

proceeded.” AMY BARTH
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If you want to end the embarrassment
of hair loss and help restore the richness
and fullness to your  hair you owe it to
yourself to try Keranique, perhaps  the
greatest breakthrough in hair rejuvena-
tion technology ever.

Try KERANIQUE RISK FREE 
for 30 days!

LEADING CAUSES OF FEMALE HAIR LOSS

Age: 50% of women experience hair loss by 50.

Hormones: Imbalances may shrink hair follicles. 

Genetics: Family history may cause hair loss. 

Stress: Can lead to hormonal imbalances. 

Scalp: Poor care can accelerate hair loss.

Diet: Lack of protein, iron can impede growth. 

What Our Customers Have To
Say About Keranique…
“I truly love this product. My husband,
who notices nothing, keeps telling me my
hair looks thicker. And I can tell my roots
are getting stronger!”

— Jodi, MOResults not typical

Call 888-691-7065 Today 
to Get Your FREE TRIAL 

of Keranique!

Mention Promotional Code KQ100050 
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

KQ100050_7x10v7.qxd:Layout 1  2/4/10  9:21 AM  Page 1

DV41023.indd   1 2/5/10   10:07:34 AM

worldmagsworldmags

worldmags



The 1930s brought unprecedented inno-
vation in machine-age technology and
materials. Industrial designers from the
auto industry translated the principles
of aerodynamics and streamlining into
everyday objects like radios and toasters.
It was also a decade when an unequaled
variety of watch cases and movements
came into being. In lieu of hands to tell
time, one such complication, called a
jumping mechanism, utilized numerals
on a disc viewed through a window.
With its striking resemblance to the
dashboard gauges and radio dials of the
decade, the jump hour watch was
indeed “in tune” with the times!  

The Stauer 1930s Dashtronic deftly
blends the modern functionality of a 21-
jewel automatic movement and 3-ATM
water resistance with the distinctive,
retro look of a jumping display (not an

actual jumping complication). The
stainless steel 1 1/2" case is complemented
with a black alligator-embossed leather
band. The band is 9 1/2" long and will fit
a 7–8 1/2" wrist.

Try the Stauer 1930s Dashtronic Watch
for 30 days and if you are not receiving
compliments, please return the watch

for a full refund of the purchase price. If
you have an appreciation for classic
design with precision accuracy, the
1930s Dashtronic Watch is built for you.
This watch is a limited edition, so please
act quickly. Our last two limited edition
watches are totally sold out!

Time travel at the speed of a 1935 Speedster?

14101 Southcross Drive W.,
Dept. DRW460-02
Burnsville, Minnesota 55337

Not Available in Stores
Stauer 1930s Dashtronic Watch $99 +S&Hor
3 easy credit card payments of $33 +S&H

Call now to take advantage of this limited offer.

1-800-859-1602
Promotional Code DRW460-02
Please mention this code when you call.

www.stauer.com

True to Machine Art esthetics, the sleek
brushed stainless steel case is clear on the
back, allowing a peek at the inner workings.

Truly Unique
Advertisement
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A Healthy Diet During Pregnancy Can Help Prevent Birth Defects And Clefts. Diet is an important part of pregnancy. Eat a healthy diet that contains lots of fruits and vegetables and foods fortified with folic acid. According to the
U.S. Government, women who plan to have a child should be sure to take sufficient levels of folic acid (400 micrograms per 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 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; alcohol; 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.

“...one of the most 
productive charities—

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

Smile Train provides life changing free cleft
surgery which takes as little as 45 minutes
and costs as little as $250.

It gives desperate children not just a new
smile—but a new life.

Waiting For Surgery:
5 Years.

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

In 5 minutes you can save him.

Z10041086ZFXY35
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SUPER
 

COUPON!

We Will Beat Any Competitor’s Price Within 1 Year Of Purchase! 
TO FIND THE STORE NEAREST YOU CHECK:

1-800-657-8001
 or HarborFreightusa.com/discovermag

330 STORES NATIONWIDE

SUPER
 

COUPON!

SUPER
 

COUPON!

SUPER
 

COUPON!

SUPER
 

COUPON!

Coupons valid in Retail Store Only. Coupon not valid on prior purchases.  Coupon cannot be bought, 
sold, or transferred. This coupon cannot be duplicated in any manner including photocopies 
and computer printouts. Original coupon must be presented in order to receive the discount.

Coupons valid in Retail Store Only. Coupon not valid on prior purchases.  Coupon cannot be bought, 
sold, or transferred. This coupon cannot be duplicated in any manner including photocopies 
and computer printouts. Original coupon must be presented in order to receive the discount.

Coupons valid in Retail Store Only. Coupon not valid on prior purchases.  Coupon cannot be bought, 
sold, or transferred. This coupon cannot be duplicated in any manner including photocopies 
and computer printouts. Original coupon must be presented in order to receive the discount.

Coupons valid in Retail Store Only. Coupon not valid on prior purchases.  Coupon cannot be bought, 
sold, or transferred. This coupon cannot be duplicated in any manner including photocopies 
and computer printouts. Original coupon must be presented in order to receive the discount.

Coupons valid in Retail Store Only. Coupon not valid on prior purchases.  Coupon cannot be bought, 
sold, or transferred. This coupon cannot be duplicated in any manner including photocopies 
and computer printouts. Original coupon must be presented in order to receive the discount.

Coupons valid in Retail Store Only. Coupon not valid on prior purchases.  Coupon cannot be bought, 
sold, or transferred. This coupon cannot be duplicated in any manner including photocopies 
and computer printouts. Original coupon must be presented in order to receive the discount.

HARBOR FREIGHT TOOLS - LIMIT 1
These valuable coupons are only good when presented at 
your nearest Harbor Freight Tools store. Offer Ends 7/10/10.

HARBOR FREIGHT TOOLS - LIMIT 1
These valuable coupons are only good when presented at 

your nearest Harbor Freight Tools store. Offer Ends 7/10/10.

HARBOR FREIGHT TOOLS - LIMIT 1
These valuable coupons are only good when presented at 
your nearest Harbor Freight Tools store. Offer Ends 7/10/10.
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These valuable coupons are only good when presented at 
your nearest Harbor Freight Tools store. Offer Ends 7/10/10.

HARBOR FREIGHT TOOLS - LIMIT 1
These valuable coupons are only good when presented at 
your nearest Harbor Freight Tools store. Offer Ends 7/10/10.

HARBOR FREIGHT TOOLS - LIMIT 1
These valuable coupons are only good when presented at 
your nearest Harbor Freight Tools store. Offer Ends 7/10/10.

SUPER
 

COUPON!

Coupons valid in Retail Store Only. Coupon not valid on prior purchases.  Coupon cannot be bought, 
sold, or transferred. This coupon cannot be duplicated in any manner including photocopies 
and computer printouts. Original coupon must be presented in order to receive the discount.

HARBOR FREIGHT TOOLS - LIMIT 1
These valuable coupons are only good when presented at 

your nearest Harbor Freight Tools store. Offer Ends 7/10/10.

Coupons valid in Retail Store Only. Coupon not valid on prior purchases.  Coupon cannot be bought, 
sold, or transferred. This coupon cannot be duplicated in any manner including photocopies 
and computer printouts. Original coupon must be presented in order to receive the discount.

HARBOR FREIGHT TOOLS - LIMIT 1
These valuable coupons are only good when presented at 

your nearest Harbor Freight Tools store. Offer Ends 7/10/10.

REG. PRICE $99 .99 
 $5999 

 $14999 

 3000 LB. CAPACITY 
LIGHTWEIGHT 

ALUMINUM
RACING JACK 

LOT NO. 
 91039/67408 

SAVE 
$40

Item 
91039 
shown

SAVE 
$140

REG. PRICE $289 .99 

 11 DRAWER
ROLLER 
CABINET 

LOT NO.  67421 

INCLUDES:
6 Drawer • Top Chest
2 Drawer • 
Middle Section
3 Drawer • 
Roller Cabinet

SAVE 
$60  

REG. 
PRICE 
$139 .99 

LOT NO.   98199 /90891/96697 

 $7999 

 $699 REG. 
PRICE 
$9 .99 

SAVE 
30%  

SAVE 
41%  

 MULTIFUNCTION 
POWER TOOL 

 $3499 

REG. 
PRICE 

$59 .99 

LOT NO.  67256 

 10" SLIDING 
COMPOUND 
MITER SAW 

SAVE 
$60  

REG. 
PRICE 

$139.99 $7999 
LOT NO.  95386 /40400/67501

 2 HP, 8 GALLON, 
115 PSI PORTABLE 
AIR COMPRESSOR 

Item 
95386 
shown

Item 98199 
shown

SUPER
 

COUPON!

SUPER
 

COUPON!

 9 PIECE HIGHLY 
POLISHED COMBINATION 

WRENCH SETS 
YOUR 

CHOICE!
- LOT NO.  42304 SAE

- LOT NO.  42305 METRIC

SAVE 
$50  

 $4999 REG. 
PRICE 

$99 .99 LOT NO. 95912

 CAMOUFLAGE 12 VOLT 3000 LB. CAPACITY 
WIRELESS REMOTE CONTROLLED

PORTABLE WINCH   WITH 
ROLLER FAIRLEAD

SAVE 
66%  

 $999 REG. 
PRICE 

$29 .99 

 HIGH SPEED 
METAL SAW 

Item 113 
shown

LOT NO. 
 113/91753 

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, plus 
pick up a FREE 9 LED Aluminum Flashlight.
No Strings Attached, No Purchase Required!
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 LIFETIME WARRANTY

ON ALL HAND TOOLS!

OFF
20%

ANY SINGLE ITEM!

See HarborFreightusa.com/discovermag for additional SUPER COUPONS

ITEM 
65020

FREE!
3-1/2" SUPER BRIGHT
NINE LED ALUMINUM

FLASHLIGHT
Bring this coupon and Save 20% on one single item purchased at Harbor Freight Tools. Cannot be used with any other discount 
or coupon. One coupon per purchase. One coupon per customer. Coupon not valid on prior purchases or purchase of gift cards 
or purchase of extended service plans. Offer good on in-stock merchandise only. Savings discount percentage off Harbor Freight 
Tools current prices, including sale prices. This coupon cannot be duplicated in any manner including photocopies and computer 
printouts. Original coupon must be presented in order to receive the discount. All Campbell Hausfeld products are excluded from 
this offer. This offer is not valid on food or beverage items sold in our retail stores. Valid only in Retail Stores through 7/10/10.

SUPER
 

COUPON!
SUPER

 

COUPON!

Cannot be used with any other discount or coupon. One coupon per customer. Coupon not valid 
on prior purchases. Offer good while supplies last. This coupon cannot be duplicated in any 
manner including photocopies and computer printouts. Original coupon must be presented in 
order to receive the free gift. Valid only in Retail Stores through 7/10/10. Limit one per customer.

NO PURCHASE REQUIRED!

HARBOR FREIGHT TOOLS
Quality Tools at Ridiculously Low Prices

SUPER
 

COUPON!

NO PUR
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accepted cash and continued to work at the 

guesthouse for several months. 

According to Lal and two other kidney 

sellers, Prakash complained to the police in 

Moradabad only after a falling-out with Gya-

suddin over commission. Prakash, a key wit-

ness in the case against Kumar, denies these 

allegations, but the irony is rich: Kumar’s 

operation may have been undone not by 

proactive law enforcement but by squab-

bling within the ranks.

week after I saw Kumar 

in Ambala, of� cials took 

him to Mumbai for ques-

tioning on the charges 

� led back in 1995. They 

tried to duck the media 

by switching trains, but I 

managed to follow along. 

On a June evening, I sat 

outside the police station 

where Kumar had been taken for interroga-

tion and jotted down questions for a written 

interview. Through the windows of the jail-

house, I watched Kumar sitting in front of a 

desk, across from a police of� cer who had 

taken my queries to him. He was dressed in 

prison clothes: a striped vest and pajamas. 

He looked haggard. Between sips of tea, he 

scribbled answers.

“Being a good surgeon, that was always 

my dream,” he wrote. He explained his 

ayurveda degree: His high school exam 

scores had been just shy of what he need-

ed to get into medical school. He bragged 

about his self-taught skills. “I helped recipi-

ents get well, and in turn they helped donors 

lead somewhat better lives.”

Kumar’s defense echoes arguments 

made by those proposing legalization of 

the kidney trade, such as Oxford ethicist 

and philosopher Janet Radcliffe Richards. 

In a 1996 paper in the Journal of Medicine 

$1,070—was used to settle the debts that 

had driven them to make the sale in the � rst 

place. The rest was gobbled up by basic 

needs like food and clothing. Using the 

cash to start a small business, such as a tea 

stall or an auto-rickshaw service, remained 

a pipe dream. 

Free-trade proponents argue that donors 

would fare much better under a govern-

ment-regulated program, which could 

provide incentives such as lifelong health 

insurance or college tuition for the donor’s 

children. Scheper-Hughes counters that 

the concept amounts to a “kidney tax” 

on the poor, exacting an unfair price for 

basic services and opportunities. She points 

to Iran, which has allowed kidney donations 

for cash since 1988, virtually eliminating 

the waiting list for the organ. A survey of 

500 Iranian donors who received $1,200 

and a year of medical insurance from the 

government found that their quality of life, 

as measured by factors like � nancial con-

dition and psychological health, remained 

poor three to six months after the dona-

tion. “Nobody denies that most donors live 

in extreme poverty; many are drug addicts,” 

says WHO’s Noël. “There is candid recogni-

tion in Iran now that the scheme is working 

well only for the recipients.” 

Indian of� cials � nd it hard to imagine a 

� nancially compensated donor program 

that would be free of exploitation. Singh, 

the CBI lawyer, says that initially, recipients 

might pay the price set by the government, 

but soon they would start looking for bar-

gains. It would amount to giving the likes 

of Kumar a hunting license, he argues. 

Sale of an organ will always be “an 

unequal transaction,” CBI director Vijay 

Shankar, who has since retired, told me. 

Legalizing the trade would further institu-

tionalize India’s glaring social inequalities 

while providing an unfair advantage to rich 

nations like the United States (see “A Trans-

plant Tourist,” page 70). His words echoed 

in my head the next morning when I stepped 

outside my hotel in Gurgaon, where guests 

were eating a breakfast of aloo parathas, 

omelets, and juice. At the hotel gate, a man 

from the shantytown across the street was 

sharpening knives for the hotel’s kitchen, a 

weekly assignment that earned him $3. As 

sparks � ew from his grindstone, he told me 

that even with Gurgaon’s booming econ-

omy, he was struggling to feed his family. 

When he rode off, I imagined how life would 

change for him if he sold a kidney.

ORGANS
CONTINUED FROM PAGE 70

and Philosophy, Richards wrote that it was 

a fallacy to view the trade in terms of the 

“greedy rich” and the “exploited poor.” Such 

misplaced moral indignation, she wrote, 

“leave[s] behind one trail of people dying 

who might have been saved, and another 

of people desperate enough to offer their 

organs thrust back into the wretchedness 

they were hoping to alleviate.” 

The debate is not an easy one to settle, 

as I learned when I met with Govind Ver-

ma (not his real name), a father from Delhi 

whose 8-year-old son, Rahul, received a 

transplant from Kumar in January 2008. 

After I repeatedly rang the doorbell of his 

house one morning, Verma appeared on a 

second-� oor balcony and nervously looked 

down at me, then reluctantly ushered me 

into his living room. In a tremulous voice 

tinged with guilt, he told me that his son’s 

kidneys had failed at age 5 from infections 

caused by urinary reflux. The boy hardly 

went to school. In the fall of 2007, Verma 

took him to Chennai in hopes of getting a 

transplant, but the surgeon was arrested, 

and kidney sales in that city were stopped. 

A family acquaintance sent him to Kumar, 

who, out of sympathy, charged a discount 

price of $12,000 for the job. Rahul no longer 

needed dialysis, Verma told me, and was 

seeing friends again. “I had no choice,” Ver-

ma said. As he led me out to the gate, his 

eyes shone with tears. “There were times 

when I thought of killing myself,” he said, 

motioning with his hand to suggest jumping 

from the balcony upstairs. 

Rahul’s life may have improved, but 

none of the donors I met in Meerut or 

Mumbai seemed to have climbed out 

of poverty. Rakesh, a homeless man in 

Meerut, said the $1,000 he got after being 

tricked into giving up a kidney allowed him 

to buy drugs and alcohol for two months 

without having to work. Along with two 

other homeless donors, he 

was living in the compound 

of an abandoned government 

building. He told me that he 

was too ashamed to go back 

to his village. 

What I found is borne out 

by Madhav Goyal, a Johns 

Hopkins doctor and bioethi-

cist who interviewed more 

than 300 Indian men com-

pelled to sell their kidneys 

in the mid-1990s. The bulk 

of their fees—an average of 

It may not be pretty, but 

cerumen (commonly 

known as earwax) serves 

an important function by 

keeping the ear canal free 

of dirt and microbes. It 

comes in two varieties, 

dry and wet, and in 2006 

Japanese researchers 

identifi ed a single letter 

in the genetic code that 

determines which type a 

person has.

MARCH’S WHAT IS THIS? EARWAX
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Need more passion in your life? Looking
for some romantic heat to ignite that

old flame? You’re not going to find it in the
drug store. The secret of history’s great lovers
had nothing to do with pharmaceuticals.
Casanova and Valentino wooed women the
old-fashioned way: with chivalry, poetry and
gigantic gemstones. 

If you want to melt her heart, forget 
subtlety. Go for fireworks. Our Polished
Ruby Necklace features a whopping 
350 carats of smooth-tumbled, genuine
rubies. The Polished Ruby Necklace is 
a grand gesture guaranteed to make 
her swoon.

The world’s rarest and most precious
stone has been working its magic for
centuries. Ruby is the red variety of the
mineral corundum, one of Earth’s hardest
minerals. It has everything a precious
stone should have including intense color,
superb hardness (second only to a diamond)
and rarity. So it’s no wonder that top 
quality rubies achieve such high prices at
auctions, surpassing even the hammer price
for diamonds in equal classification. 

In the time of chivalry, the regal ruby was
considered 8 times more valuable than 
diamonds. Ancient people even believed 
that rubies were lit from within by an 

inextinguishable flame. Luckily, after 
thousands of years reigning as the “King of
Gems,” the passionate fire inside of the 
radiant red ruby has shown no signs of 
cooling. Desire for this sultry, seductive 
stone is hotter than ever. And at a price 
this low, it’s the perfect time to get things
smoldering again.

Genuine ruby for under $2.00 per
carat? Believe it. High-end jewelers can
sell some rubies for more than $5,000 a
carat! We think that’s ridiculous in today’s
economy so we dropped that price by
about 99.95%. How
do we get our prices
so low? Volume. Last
year, we believe Stauer
was the largest buyer
of carat-weight emer-
alds in the world and
this year we’re on
track to be the largest
buyer of carat-weight
rubies. At  350 carats
for under $150, we’ve
really outdone our-
selves this time.
Designed to take her breath away, this
windfall of enormous rubies is strung
together into an elegant, hand-knotted

18" necklace that secures with a gold 
vermeil lobster clasp and includes a 2"
extender. The size and shape of each stone
is unique, with natural color variations
from burgundy to bordeaux. 

Our passionate guarantee. The seduc-
tive fire of brilliant red ruby expresses
your love like no other gemstone. Try our
Polished Ruby Necklace for 30 days. If for
any reason you are not completely 
satisfied with your purchase, simply
return it to us for a full refund of the 
purchase price. 

JEWELRY SPECS:
- 350 ctw of genuine smooth-tumbled rubies 
- Gold vermeil clasp
- 18" necklace with 2" extender

If Your Passion Lasts Longer Than 
4 Hours…Call Your Doctor

14101 Southcross Drive W.,
Dept. RKN162-01
Burnsville, Minnesota 55337

Stauer Polished Ruby Necklace
350 ctw—Was $395
Now, Your price $145 +s&p
Call now to take advantage of this limited offer.

1-888-324-1969
Promotional Code RKN162-01
Please mention this code when you call.

www.stauer.com

Smar t  Luxur ies—Surpr i s ing  Pr ices

Spark her passion with a spectacular 350 carats of genuine polished rubies.

Discover the 
passionate fire and

exquisite color inside
these radiant rubies

“350 carats of richly-colored, genuine
rubies at this price is simply amazing.”

— JAMES T. FENT,
Stauer GIA 

Graduate Gemologist   

This necklace contains a
stunning 350 ctw of deep

red rubies. Enlarged to
show details.

ADVERTISEMENT
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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



FLYINGMAGNETS.COM 
Newton’s Flying Magnets

Animated Butterfl ies
Chaos Engines

Museum Exhibits
Give the gift of Chaos

 



C

a

r

m

b

le

m

 E

s

 $

6

ProScience -ProPeople 800-386-5846

S

i

c

k

e

r

s

$

2

t

EvolveFISH

www.

u

t

t

o

n

B

s

2

.

0

0

$

.com

Find a QuickGym near you!

818.504.6450
www.quickgyminfo.com

RENT A QUICKGYM
FOR 30 DAYS.

EXERCISE
IN EXACTLY
4 MINUTES
PER DAY

RENTAL APPLIES TO PURCHASE.

$14,615

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!

COLLECTOR  SEEKS
Porcelain, bronze, silver, jade, lacquer

416.596.1396 | goldenc@inforamp.net

OLD CHINESE & JAPANESE ANTIQUES

COMPLETE COLLECTIONS PURCHASED

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.

Lucille (DE) "My girlfriend never believed me till
yesterday. I put a tiny drop of 10:13 in her perfume
and we went out. Men kept coming up to her to
tell her she smelled so good and looked so good.
She believes now and will order."
Jacques (LA)“I am a physician, read about your
study in the Medical Tribune, and have been buying
ever since. It’s really a fine product.”

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
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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. 
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Find a QuickGym near you!

818.504.6450
www.quickgyminfo.com

RENT A QUICKGYM
FOR 30 DAYS.

EXERCISE
IN EXACTLY
4 MINUTES
PER DAY

RENTAL APPLIES TO PURCHASE.

$14,615

How Did Hitler Become 
Civilization’s Greatest Enemy?

Adolf Hitler was the greatest enemy ever faced by modern civiliza-
tion. Over half a century later, the horror and fascination with his rule 
still linger—and so should the lesson of his rise to power, which drove 
Europe and much of the rest of the world to destruction. And no one 
is better able to explain the unexplainable about Hitler and the Nazi 
movement than award-winning Professor Thomas Childers, the author 
of acclaimed books on World War II and modern German history.

This historian has designed the 12 powerful lectures of A History of 
Hitler’s Empire, 2nd Edition to answer two burning questions that 

have nagged humankind for over 50 years: How could Hitler and Na-
zism come to power in a highly developed country? How were the Na-
zis able to establish their regime in such a short time and spark World 
War II? Only with this unforgettable course can you study and under-
stand the rise of one man and his terrible regime the way the inhabit-
ants of Germany—and the mid-20th-century world—experienced it.

NOW JUST

$29.95
$19.95www.teach12.com/8win 1-800-832-2412

priority code 39275
plus $10 shipping, processing, 
and Lifetime Satisfaction Guarantee

$69.95
$54.95

DVD
Audio CDs

A History of Hitler’s Empire, 2nd Edition     
Course  No. 805 
12 lectures / 30 minutes per lecture
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1 Viruses are not alive: They 

do not have cells, they can-

not turn food into energy, and 

without a host they are just 

inert packets of chemicals.

2 Viruses are not exactly dead, 

either: They have genes, they 

reproduce, and they evolve 

through natural selection. 

3 Scientists have been 

debating this issue since 

1892, when Dmitry Ivanovsky, 

a Russian microbiologist, 

reported that an infection in 

tobacco plants spreads via 

something smaller than a 

bacterium. That something, 

now called the tobacco 

mosaic virus, appears on 

this page (magni� ed 145,000 

times and colorized). 

4 Score one for Team 

Nonliving: After American 

biochemist Wendell Stanley 

puri� ed the tobacco mosaic 

virus into needlelike crystals 

of protein, he won a 1946 

Nobel Prize—awarded in 

chemistry, not medicine. 

5 Score one for Team Living: 

Some viruses sneak DNA into 

a bacterium through its, um, 

sex appendage, a long tube 

known as a pilus. If that’s not 

life, what is? 

6 Virus comes from the Latin 

word for “poison” or “slimy 

liquid,” an apt descriptor for 

the bug that causes � u and 

the common cold.

7 In 1992 scientists track-

ing a pneumonia outbreak 

in England found a massive 

new kind of virus lurking 

within an amoeba inside a 

20 THINGS YOU DIDN’T KNOW ABOUT VIRUSES

cooling tower. It was so large 

and complex, they initially 

assumed it was a bacterium.

8 That über-virus is now 

called Mimivirus, so named 

because it mimics bacteria 

and because French biologist 

Didier Raoult, who helped 

sequence its genome, fondly 

recalled his father telling the 

story of “Mimi the Amoeba.”

a kind of mixing bowl where 

viruses and bacteria can 

swap genes. 

13 Viruses are already known 

to infect animals, plants, 

fungi, protozoa, archaea, and 

bacteria. Sputnik and Mama-

virus suggest that they can 

infect other viruses, too.

14 In fact, scratch the whole 

concept of “us versus them.” 

Half of all human DNA 

originally came from viruses, 

which infected and embed-

ded themselves in our ances-

tors’ egg and sperm cells.

15 Most of those embedded 

viruses are now extinct, but 
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in 2005 French researchers 

applied for permission to 

resurrect one of them. 

Some scientists objected, 

saying the resurrected 

virus could go on a ram-

page; the research ministry 

approved the project. 

16 Apocalypse Not: The virus, 

dubbed Phoenix, was a dud. 

17 Then again, other viral 

relics in our genomes may 

play a role in autoimmune 

diseases and certain cancers.

18 Some viral proteins do 

good. They may have kept 

your mother’s immune 

system from attack-

ing you in utero, for 

instance.

9 Mimivirus contains more 

than 900 genes, which 

encode proteins that all 

other viruses manage to do 

without. Its genome is twice 

as big as that of any other 

known virus and bigger than 

that of many bacteria. 

10 Mamavirus, closely 

related to Mimivirus but even 

bigger, also turned up inside 

an amoeba in a Paris cooling 

tower. (Maybe somebody 

should clean those towers.)

11 Mamavirus is so big that 

it has its own dependent, a 

satellite virus named Sputnik.

12 Amoebas turn out to be 

great places to seek out new 

viruses. They like to swallow 

big things and so serve as 

19 A virus called HTLV, which 

has coevolved with humans 

for thousands of years, is 

being used to uncover pre-

historic migration patterns. Its 

modern distribution suggests 

that Japanese sailors were 

the � rst people to reach the 

Americas, millennia before 

Siberians wandered across 

the Bering Strait. 

20 We are family: Scientists 

suspect that a large DNA-

based virus took up resi-

dence inside a bacterial 

cell more than a billion years 

ago to create the � rst cell 

nucleus. If so, then we are 

all descended from viruses. 
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A one-time donation of $5 will be added 
to your mobile phone bill or deducted 
from your prepaid balance. Messaging 
& Data Rates May Apply. All charges 
are billed by and payable to your mobile 
service provider. Service is available on 
most carriers. Donations are collected for 
the benefit of the California Academy of 
Sciences by the Mobile Giving Foundation 
and subject to the terms found at www.
hmgf.org/t. You can unsubscribe at any 
time by replying STOP to short code 
20222. Reply HELP to 20222 for help.

The California Academy of Sciences is home to 
over 50 scientists who are working to document 
and protect biodiversity around the world.

We already know that they are among 
his closest living relatives. What we don’t 
know is whether or not he represents a new 
species. Help scientists Jack Dumbacher  
and Galen Rathbun in their quest to find out.  
Until this species of sengi is named and 
described, it cannot be protected. 

Donate as little as $5 and help save this 
unique mammal by supporting the scientific 
expedition to Namibia to study him.

Aardvark. 
Sea cow. 
Elephant.

Donate $5 to this expedition 
by texting “SENGI” to 20222, 
or learn more at  
calacademy.org/causes.
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