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ing how to reassemble our genes 

the way a great artist rearranges 
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—may never be the same. 
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ravens, jays, and crows are forcing 

scientists to reevaluate their ideas 
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Curry says. “I felt lucky to have two days 

driving next to herds of hundreds of wild 

horses.” He notes that the Netherlands is 

one of the most densely populated coun-

tries in Europe. “It was amazing to see 

thousands of animals wandering free just 

30 minutes outside of Amsterdam.” Curry 

also writes for Smithsonian, Science, and 

Wired, among other publications. He 

earned a spot in Best American Science 

and Nature Writing 2009 with his story 

“Piecing Together the Dark Legacy of East 

Germany’s Secret Police.” 

ED REGIS, a former philosophy professor, is 

now a full-time science writer based near 

Camp David in the mountains of Maryland. 

Over the years he has met a number of 

“egomaniacal-type scientists,” so he was 

thrilled to interview geneticist George 

Church (“The Picasso of DNA,” page 32), 

who “is very down-to-earth, friendly, out-

going, and even self-effacing.” Church’s 

schedule is so packed, though, that a 

con� ict placed him in the wrong city on 

the day of the interview. “I � ew to Boston,” 

Regis says, “and learned he had gone to 

Philadelphia for a conference. He decided 

to fly in for our meeting and then went 

back to Philly that same day.” Dur-

ing the interview, Church and Regis 

realized they had the same literary 

agent and got along so well that they 

are now cowriting a book, Redesign-

ing Nature, which is due out in 2012. 

Regis is the author of seven other books 

and writes for many publications, including 

Scientifi c American, Air & Space/Smithso-

nian, and Harper’s.

CHARLES WOHLFORTH lives in Anchor-

age, Alaska, where he relaxes by cross-

country skiing on trails near his home. In 

the summer he retreats to a remote sum-

mer cabin on Kachemak Bay, accessible 

only by a 45-minute boat ride. Wohlforth 

first encountered Nicky Clayton’s work 

on bird intelligence, featured in “Who Are 

You Calling Bird Brain?” (page 44), while 

researching his book The Fate of Nature: 

Rediscovering Our Ability to Rescue the 

Earth, coming out this June. Upon visit-

ing Clayton’s Cambridge University lab, he 

was struck by her scrub-jays’ impressive 

memory and perception of others. “These 

scrub-jays are de� nitely giving primates a 

run for their money. I had to � nd out more,” 

he says. Wohlforth won a Los Angeles 

Times Book Prize for The Whale and the 

Supercomputer (2004), about Arctic cli-

mate change seen from the perspectives 

of Eskimos and scientists. His writing has 

also appeared in The New Republic, Out-

side, and National Wildlife. AMY BARTH

Contributors
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ANIL ANANTHASWAMY (“Ice Fishing for 

Neutrinos,” page 50) journeyed deep into 

southern Siberia to visit the giant under-

water neutrino telescope that he would 

later feature in his book The Edge of 

Physics: A Journey to Earth’s Extremes to 

Unlock the Secrets of the Universe. When 

the project’s physicists picked him up at 

the airport, Ananthaswamy expected a 

pleasant ride along a lakeshore road to 

reach the detector. Instead, he was ter-

ri� ed to realize that he was being driven 

over the frozen surface of Lake Baikal, 

with nearly a mile of ice-cold water below 

and the � at expanse of the world’s larg-

est freshwater lake stretching out around 

him. “My grand plans to adjust onshore 

for a few days were dashed quickly,” 

he says. Ananthaswamy’s fascination 

with telescopes developed while he was 

researching cosmology and physics for 

a now-stalled novel. He is a contributing 

editor to New Scientist and also writes for 

National Geographic News. 

ANDREW CURRY is a Berlin-based free-

lance writer who shadowed a park ranger 

and an ecologist in the Netherlands for 

“Where the Wild Things Are” (page 58). 

The nature reserve he studied is an experi-

ment in rewilding: returning animals and 

landscapes to the way they were before 

the arrival of humans. “Land like this would 

usually be treated like a safari park, but 

here they really try to keep people out,” 
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Mail

Battling Pandemic Flu

The accidental distributions mentioned 

in the sidebar to “Flu Wars” [“The Great 

Flu Conspiracy,” December, page 43] are 

truly chilling: traces of the deadly H5N1 

bird � u strain and thousands of vials of 

the 1957 pandemic � u strain, both sent 

to unsuspecting laboratories. Dismissing 

a conspiracy theory does not erase the 

seriousness of these events. Are they the 

tip of the iceberg, part of a much larger 

problem concerning control and distribu-

tion of dangerous viruses? What steps 

are being taken to be sure nothing similar 

happens again? Chuck Kollars

Ipswich, MA

Water on the Moon—Again?

I could not help but chuckle when I read 

in your Data section the claim that “one 

of the most signi� cant developments [in 

lunar science] is the detection of water 

on the moon’s surface” [“The Moon 

Makes a Splash,” December, page 14]. 

I wrote that story for The Washington 

Times 15 years ago, when a radar 

signature from the Clementine space-

craft indicated ice in the vicinity of the 

lunar south pole. This story seems to 

have more lives than a cat, and it leaves 

me wondering how anyone could have 

still thought the surface of the moon was 

“bone-dry.” David Alan Coia

Arlington, VA

The Road to Effi ciency Starts at Home

Your article “Power Brokers” [Decem-

ber, page 46] included six very good 

ideas for achieving a cleaner and more 

ef� cient energy supply, but I would like 

to add a seventh: solar heat at the point 

of need. Decades ago some innovative 

people built houses with windows and 

movable insulation on the south side, 

along with solar heating systems that 

lessened the need for gas furnaces. 

By following this model, we would not 

have to depend on large power utilities, 

and the energy would be free once we 

constructed our houses properly.

Charles Morris Redman

Las Cruces, NM

DV0310MAIL1A_WC   5 1/8/10   4:11:17 PM

worldmagsworldmags

worldmags

http://www.marcalsmallsteps.com
http://DISCOVERMAGAZINE.COM


Editor’s Note

B
IW

A
 S

T
U

D
IO

                                   everal things struck me 

during the photo shoot that produced the 

cover for this month’s issue of DISCOVER.

First, the intense cold—Biwa Studio, 

the location of the shoot, is in a mostly 

industrial section of Long Island City, 

Queens, where the late-December wind 

can really build up some momentum. 

Second, the meticulous way that Jeremy 

Chernick, our pyrotechnics expert, 

embedded packing clay and SD-70 

detonators into various clocks and stop-

watches. Third, the unexpected simplic-

ity of the blast chamber, just four walls 

of framed Sheetrock and three panels of 

Lexan plastic to let in light and provide a 

vantage for the camera.

And � nally: Boy, are explosions 

beautiful. 

The purpose of this shoot was to 

create a visual interpretation of physicist 

Sean Carroll’s clever, counterintuitive 

analysis of time travel and free will (page 

40). In his article he rips apart the conven-

tional understanding of how time works. 

What better way to depict that, our art 

department thought, than by showing a 

clock being torn to bits by an explosive 

charge? The clever folks at Biwa captured 

the destruction on high-speed video, 

and you can see the results for yourself, 

on the cover and on this page. We are 

also making the full video clips available 

for viewing on the DISCOVER Web site 

(discovermagazine.com). 

In the videos, especially, these explo-

sions take on a deeper metaphorical 

meaning than I had anticipated. Seen 

at 1,000 frames per second as a clock 

explodes, the force of the detonation 

utterly dominates; gravity hardly has a 

chance to make itself known. Bits of clock 

and watch � oat freely, rotating as they 

go, as if moving in the free-fall vacuum of 

outer space. It truly is a different perspec-

tive on time. Or, as Chernick said to me, 

“Nothing makes sense in this world.”  

The deconstruction of our alarm clock 

also recalls the learning process of any kid 

who has tried to � gure out how some-

thing works by pulling apart its pieces 

and attempting (ideally before his or her 

parents � nd out) to put them all together 

again. It is a process that nearly every 

successful engineer has gone through at 

some point, and it evokes the career of 

another great thinker in this issue, genet-

ics pioneer George Church (page 32). 

Church spent much of his early career 

� nding ever faster, cheaper, more clever 

ways to pull apart the human genome 

and read the code embedded within 

it. Now he is on the verge of the much 

more dif� cult reconstructive phase. 

Using a technique he calls MAGE, he is 

learning how to insert multiple changes 

in the genome all at once. It could be a 

powerful tool for medicine. Taken further, 

it could provide a way to redesign our-

selves from the DNA up, so we might no 

longer be plain old Homo sapiens. 

In nature, new species take thousands 

or even millions of years to appear. 

Church could potentially do it in a single 

shotgun blast of new genes. This could 

be another type of temporal adjustment, 

a trip through evolutionary time rather 

than physical time. In this one, too, there 

may be no turning back the clock once 

it happens.  Corey S. Powell
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National Science Foundation

Panel discussion at the 

2010 SXSW Interactive Festival, featuring:

n   Anne Collins McLaughlin, codirector of the 

Gains Through Gaming Lab and N.C. State psychologist

n   Tiffany Barnes, computer scientist at U.N.C. Charlotte who 

uses “serious games” to teach computer-science principles

n   More panelists to be announced

With Great Power Comes Great Responsibility
T H E  S O C I A L  B E N E F I T S  O F  V I D E O  G A M E S  A N D  T H E I R  I M P A C T  O N  T H E  F U T U R E

n   Moderated by Amos Zeeberg, DISCOVER Web editor

Friday, March 12

Austin Convention Center, Austin, Texas

For more information:

sxsw.com/interactive/screenburn/panels

SPONSORED BY

DISCOVER Magazine 

and the National 

Science Foundation

See all the explosive action from

our clock-detontation photo shoot at 

discovermagazine.com.
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Data

NOTES FROM THE 

UNDERGROUND

THE MOMENT Caver Rosa Clements of the Oxford 

University Cave Club navigates an underground 

pool in the Sistema Julagua caves of northern 

Spain, half a mile below the surface. By tracking 

ultraviolet dyes placed in the waters, previous 

expeditions discovered that this cave system is 

connected to another cave, Cueva Culiembro. The 

Oxford club’s six-week caving expedition last year 

aimed to fi nd and explore the intricate waterways 

connecting the caverns, but so far the link has 

remained elusive. 

THE SHOT Photograph by Robbie Shone using 

a Canon EOS 5D Mark II, 16mm lens, f/5.6, 

ISO 200, 0.5 second. 
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Data

THE MOMENT A Large Blue butterfl y 

—declared extinct in the United 

Kingdom in 1979—fl utters anew in 

British fi elds after a successful re-

introduction program spanning three 

decades. For years the butterfl y’s 

population had declined, even after 

conservationists protected the 

grasslands where it lives. Research-

ers eventually realized that subtle 

changes in vegetation had reduced 

the habitat for red ants; the Large 

Blue butterfl y spends part of its life 

cycle in ant nests. A program to im-

prove conditions for the ants allowed 

the Large Blues to bounce back. 

THE SHOT Photograph by ecologist 

David Simcox using an Olympus E-

500, 50mm lens, f/11, 1/60 second.
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Data Big Picture

Two decades ago, neurosurgeon Itzhak 

Fried of UCLA was stimulating a wom-

an’s brain with electrodes that had been 

implanted before surgery to treat her epi-

lepsy. He realized his patient was trying to 

tell him something, and as he bent down 

to listen, she mumbled that she had a 

sudden urge to shift her hand. Apparently 

an electrode had activated the part of 

the brain’s motor cortex that controlled the 

woman’s will to move. Fried realized that 

medical procedures like this one present-

ed a rare scienti� c opportunity: Patients 

being examined for neurosurgery allow 

researchers to investigate the human brain 

in action, exploring the functions of different 

regions in precise detail and in real time. 

These days, surgeons like Fried are 

increasingly partnering with brain research-

ers to take advantage of this access. 

About 30 such collaborations are currently 

under way. Although noninvasive imaging 

methods such as functional magnetic res-

onance imaging (fMRI) and positron emis-

sion tomography (PET) can track activity in 

the brain, they provide limited resolution. As 

Caltech neuroscientist Ueli Rutishauser puts 

it: “fMRI is like viewing a city from space. You 

can see the brightness of the lights and the 

number of inhabitants, but not what they’re 

doing or who is talking to whom. For that, 

you have to walk the streets yourself.” 

The visceral exploration of living brain 

tissue is, in many cases, still the best way 

to unravel cognitive functions as diverse as 

language, memory, vision, and movement. 

Many of these studies piggyback on tests 

run on epilepsy patients. Sometimes brain 

scans fail to identify which regions need to 

be removed to stop epileptic seizures. If so, 

surgeons may implant electrodes to record 

neural activity, then keep the patient in the 

hospital for days or weeks until the next 

seizure strikes. With the consent of these 

wired-up patients, Fried and Harvard Med-

ical School neuroscientist Gabriel Kreiman 

are conducting studies to investigate how 

the brain encodes visual information. 

More than a decade ago, Fried discov-

ered that individual brain cells seem to 

respond when a subject views images of 

celebrities or other well-known people. In 

2008 his team reported that single neurons 

become active when a subject watches 

and recalls a 10-second video clip, sug-

gesting that even complex episodic mem-

ories may be encoded in speci� c cells. 

Near Fried’s lab, neurosurgeon Adam 

Mamelak of Cedars-Sinai Medical Center 

is teaming up with Caltech’s Rutishauser 

on a related project. Together they are 

testing epilepsy patients’ memories to 

reveal the brain mechanisms that under-

lie image recognition. Participants look 

at a succession of images, noting which 

ones they think they have seen already 

and rating how con� dent they are in their 

answers. Sometimes their brains contradict 

their words. “Even if a person incorrectly 

says they’ve never seen an image, the 

cells for familiarity still get it right and � re,” 

Mamelak says. “So there must be more to 

memory than nerve cells signaling yes or no. 

BRAIN SCIENCE 
GETS SQUISHY 

Surgeons and scientists 
are teaming up to study living 
brains in action. 

Now we can begin teasing that out.” 

To go further, the pair started combining 

their electrode recordings of individual neu-

rons with readings from an intracranial EEG, 

which measures overall electrical activity 

in a larger area of the brain. Mamelak and 

Rutishauser found that if a neuron’s response 

to an image synchronizes with a type of 

brain wave called a theta rhythm, the per-

son is much more likely to remember what 

was shown. “I can predict whether you’ll 

remember, and how much con� dence you 

will have in that memory, just by looking at 

whether a neuron � res in sync with the theta 

component of the EEG,” Rutishauser says. 

The result hints at new ways to treat learn-

ing disabilities and some forms of dementia. 

“There may be a window of learning during 

the brain’s activity,” Mamelak says. “Medi-

cine or therapy might induce those rhythms 

and trigger better learning.” 

Scientists are also using surgery patients 

to investigate the neural underpinnings of 

language. Neurosurgeon Mitchel Berger 

at U.C. San Francisco conducts hands-on 

X-ray showing 

electrodes used to 

identify the source 

of epileptic seizures 

—and to study 

language in the brain. 
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“brain mapping” of language functions in advance of 

surgery to remove tumors. He electrically stimulates 

alert patients’ brains while having them make verbal 

responses. His top priority is to identify areas that must 

be protected when the tumor is removed, but his work 

is also creating a map of language-related activity in 

the brain. The findings may prove useful in a neural 

prosthetic engineering program that Berger launched 

last December with neuroscientist Robert Knight and 

engineer Shankar Sastry at U.C. Berkeley, which aims 

to treat motor and language problems. 

In a similar vein, linguistic psychologist Steven Pinker 

recently teamed up with neurosurgeons and neurolo-

gists at Harvard University and U.C. San Diego to inves-

tigate the language functions of a small brain region 

known as Broca’s area. They implanted electrodes into 

that region in epilepsy patients and then had them read 

words aloud, either verbatim or altered from past to 

present tense (or vice versa). Neurons just a few mil-

limeters apart were activated in rapid succession as 

participants identified words, applied grammatical 

rules, and � nally spoke aloud. Such results are clarify-

ing how the brain transforms the intention to speak into 

the action of speaking. The � ndings could also lead to a 

better understanding of disorders like Broca’s aphasia, 

in which people know what they want to say but have 

trouble getting their words out. AMY BARTH

BuzzWords

 FMRI 

Imaging of blood 

� ow in the brain to 

track which regions 

engage in a task.

 EPISODIC 

 MEMORY 

Type of memory 

that encodes expe-

riences. May be 

rich with temporal, 

spatial, and emo-

tional information. 

 THETA RHYTHM 

Distinctive brain 

wave with a 

frequency of 3 to 8 

cycles per second. 

Prominent in the 

hippocampus. 

 BROCA’S 

 APHASIA 

Condition marked 

by brain lesions 

and grammatical 

dif� culties. 

Brain scan and computer-generated reconstruction show the 

implanted electrodes used in a study of language processing.
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Puerto Rico is home to the largest, most sensitive 

radio telescope in the world. For more than 40 years, the 

Arecibo Observatory has measured the motions of galax-

ies, mapped the surface of Venus, studied the physics of 

pulsars, and listened for signals from extraterrestrial life. 

The 1,000-foot-wide dish, which rests in a natural sink-

hole, consists of 40,000 aluminum panels 1 that form a 

radio-re� ective surface. The panels gather radio waves 

from the sky and focus them onto a feed antenna 2 that 

ampli� es the signals and sends them to a control room 

where data are analyzed. The antenna hangs from a 900-

ton platform 3 suspended 450 feet above the dish by 18 

cables connected to three concrete towers. Twenty-six 

electric motors 4 aim the telescope and adjust its focus.

In addition to studying distant stars and galaxies, scien-

tists use the Arecibo telescope to detect and track objects 

that pass close to Earth. Observations here helped astron-

omers re� ne the predicted path of the asteroid Apophis, 

which will narrowly miss our planet in April 2036. The new 

trajectory, announced last fall, indicates that the probabil-

ity of impact that year is very low, around 1 in 250,000. 

Last year Arecibo bene� ted from the transition to 

digital television, which opened up a 100-megahertz-wide 

frequency band to astronomical observations. A new 

receiver provides access to that bit of radio spectrum, 

which astronomers hope to study intensively through mid-

2011. By that time, the bandwidth will most likely again be 

dominated by commercial broadcasts. ALINE REYNOLDS

ARECIBO OBSERVATORY

1

2

4
3
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FISH OIL IS NO SNAKE OIL 

Recent reports on the health benefi ts of fi sh oil 

sound almost too good to be true. The omega-3 fatty 

acids that it contains have been shown to reduce 

the risk of heart attacks and strokes and slow the 

formation of plaques in the arteries, and they may 

also lower blood pressure. Accordingly, the 

American Heart Association now recom-

mends that healthy people eat fatty 

fi sh at least twice a week (individuals 

with heart disease should consume 

1,000 milligrams of omega-3s per day 

and may want 

to discuss 

capsule 

supple-

ments with 

their doctors). The 

latest studies go even further, demonstrating that the ben-

efi ts of omega-3s extend beyond the heart and exploring exactly 

how these fatty acids do their good work in our bodies. 

Research conducted at the University of Barcelona showed that 

obese mice living on a diet enriched with omega-3s displayed improved 

sensitivity to insulin. If the fi nding holds true for humans, this insulin 

response could translate to a reduced risk of diabetes. Other scien-

tists are garnering evidence for the anecdotal claims that fi sh oils 

improve cognitive functioning. Last fall an American and Canadian team 

reported on three studies in which infants were randomly fed standard 

or high-omega-3 formulas; those who consumed the latter performed 

better on a problem-solving test. An independent, large-scale study in 

Sweden found that teenage males who eat fi sh weekly have intel-

ligence scores 7 percent higher than do those who eat fi sh less often. 

Consuming fi sh more than once per week correlated with intelligence 

scores that were 12 percent higher than those of infrequent fi sh eaters. 

Meanwhile, an international team has tracked how one of the 

omega-3 fatty acids in fi sh oil, docosahexaenoic acid (DHA), carries out 

its protective functions. The scientists determined that the body con-

verts DHA to a compound called resolvin D2, which prevents neutrophils 

(a type of white blood cell) from sticking to the walls of blood vessels 

and initiating an infl ammation response. In mice with sepsis, resolvin 

D2 reduced the widespread swelling that usually accompanies the 

w Kew’s Millennium 

Seed Bank in the United 

Kingdom recently hit a 

milestone, collecting 

10 percent of all known 

wild plant species for a 

total of 24,200 amassed 

so far. The seed bank 

aims to hit the 25 per-

cent mark by 2020.

w Nearly three-quarters 

of children with abdomi-

nal pain who listened to 

relaxing audio recordings 

at home reported their

pain was reduced by 

at least half, compared 

with 27 percent of those 

receiving standard care, 

according to a study 

from the University of 

North Carolina and Duke.

w Rinderpest, a dev-

astating viral livestock 

disease, is believed to 

be eradicated. United 

Nations health of� cials 

expect to declare it 

eliminated this year. 

The Good News 

The Bad News
w Invasive pet snakes 

that escape into the wild 

threaten native wildlife,

a report from the U.S. 

Geological Survey says. 

Two species of nonnative 

pythons and one type of 

boa already breed in the 

wild in Florida.

w A study in South Afri-

ca found that boys born 

in villages sprayed with 

DDT to combat malaria 

suffered 33 percent 

more urogenital birth 

defects than those in 

unsprayed villages. 

w A national survey � nds 

that half of all Americans 

with depression receive 

no medical care; just 

one in � ve receives treat-

ment that meets current 

psychiatric guidelines. 10
 M

IL
LI

ON

Approximate number 

of passengers who 

ride the nation’s major 

regional rail systems 

each day, according 

to a 2009 report from 

the Federal Transit 

Administration. Amtrak, 

the government-

supported corporation 

that provides intercity 

rail service, carries 

another 78,000 

passengers daily.

 
                          

Railways

condition without impairing the immune system’s abil-

ity to fi ght the underlying infection. A similar mecha-

nism may be behind fi sh oil’s cardiovascular benefi ts, 

since infl ammation is associated with increased risk 

of heart attack and stroke. “Resolvin D2 is an excel-

lent prototype for a new anti-infl ammatory drug,” 

says pharmacologist Mauro Perretti of Queen Mary 

University of London, one of the study’s authors. 

A Massachusetts-based company, Resolvyx 

Pharmaceuticals, is already conducting 

clinical trials of resolvins for the treatment 

of infl ammatory problems, including 

asthma and dry eyes.

 AMBER ANGELLE
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Percentage of American 
freight that moves between 
cities by rail, the Associa-
tion of American Railroads 
reports. One train can carry 
the same load as 280 trucks. 
Freight trains can move a ton 
of cargo 457 miles on a gal-
lon of fuel, versus 130 miles 
for a full-size tractor trailer.

Top speed, in miles per hour, of 
Amtrak’s Acela Express, the fastest 
train in the U.S. France’s Train à 
Grande Vitesse can travel between 
stations at an average speed of 
more than 170 mph. In late Decem-
ber, China claimed that its new rail 
link between Wuhan and Guangzhou 
is the world’s fastest, averaging 
217 mph. The U.S. has just 457 
miles of high-speed routes; Japan 
has 1,360 miles; and France 1,180. 1

Percentage 
of all passenger 
intercity trips 
of more than 50 
miles made 
by rail in the 
United States. 
Ninety percent 
of them are by 
car, 7 percent 
by air, and 2 
percent by bus.

43 1,200–1,800
Energy requirements, in Btu, to transport 
a passenger one mile by high-speed 
rail, according to the U.S. Department of 
Transportation. Conventional trains consume 
2,600 Btu per passenger-mile, while air travel 
uses 3,300 and cars 3,500. Last year the 
Obama administration committed $8 billion to 
national high-speed rail development. 

Stem cells have been the subject of worldwide 

scrutiny for years, yet they remain a puzzle. Although 

they carry the same DNA as regular body cells, 

they have a uniquely fl exible identity that lets them 

develop into a wide variety of different tissues. 

A team led by Joseph Ecker of the Salk Institute for 

Biological Studies in California recently made signifi -

cant progress in discerning how stem cells keep their 

options open. He compared embryonic stem cells with 

cells from the lung called fi broblasts by analyzing their 

epigenetics—chemical changes that affect how genes 

behave without altering their DNA code. One major dif-

ference was in methylation, the way in which chemical 

structures called methyl groups cling to the rungs of 

DNA. In body cells, 99.98 percent of methylation occurs 

where the DNA sequence has a molecule of cytosine 

(C) adjacent to a guanine (G). But in stem cells, nearly a 

quarter of the methylation falls outside these areas. 

The researchers also examined induced pluripotent 

stem cells, body cells that have been reprogrammed 

with the ability to grow into multiple kinds of tissue. The 

induced cells showed a pattern of methylation similar 

to that of embryonic stem cells, suggesting that the 

arrangement of methyl groups on DNA may be a key 

feature that determines the range of a cell’s possible 

future forms. Ecker hopes the epigenetic map will 

help researchers begin to piece together whether 

induced stem cells are truly as versatile as embry-

onic ones. “It provides a tool to begin to differentiate 

between these types of cells,” he says. STEPHEN ORNES

 

THE POWER BEHIND 
THE STEM CELLS

Epigenetics 

may explain 

stem cells’ 

versatility. 

 

A PLANET-DETECTION SHORTCUT 

Since the discovery of planets outside 

our solar system in the 1990s, astrono-

mers have tallied more than 400 extra-

solar worlds, many unlike anything 

known before. Now two studies show 

that the formation of planets may 

leave detectable chemical signatures 

in their host stars, a � nding that could 

help scientists zero in on planetary sys-

tems even more quickly and speed the 

search for worlds similar to Earth.

A team led by astronomer Garik 

Israelian of the European Southern 

Observatory recently examined nearly 

500 stars, including 86 with planets, and 

found that most of the planet-bearing 

stars contained very little lithium, a trait 

they share with our sun. Astronomers 

had previously regarded our sun as 

peculiar for its dearth of lithium. The 

element leaves a clear signal in the light 

of a star, so Israelian’s results provide 

an ef� cient way to sort through large 

numbers of stars and decide which 

ones to focus on for the more detailed 

studies needed to � nd planets. “If you 

have 50 candidates, you can immedi-

ately pick out the best,” he says. 

Jorge Meléndez, an astronomer at 

the University of Porto in Portugal, has 

turned up a different indicator of planets. 

Meléndez identi� ed 15 elements that 

are more abundant in sun-size stars with 

giant planets orbiting very close to the 

stars. But these elements are scarce in 

our sun, which hosts distant giants and 

small, rocky inner planets. A chemical 

signature like the sun’s could be a clue 

to � nding Earth-like worlds that could 

potentially support life. ANDREW MOSEMAN

A young star with planets 

forming, illustrated here, 

may retain chemical 

clues about the worlds 

that surround it. 
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While Predator drones prove 

their mettle in Afghanistan and 

Pakistan, a new generation of 

far smaller fl ying robots is taking 

shape in various labs. These micro -

fl iers may soon take on a variety 

of military missions and innova-

tive humanitarian ones as well.

At the University of Waterloo in 

Ontario, microroboticist Behrad 

Khamesee has developed a fl ying 

robot about the size of a pencil 

eraser. A pair of laser-operated, 

fi ngerlike grippers allow the bot 

IT’S A BIRD—IT’S A PLANE—IT’S A MICROFLIER?

to grasp and release small objects. 

The device operates wirelessly, 

powered by a magnetic fi eld. Kha-

mesee hopes a version of the robot 

will someday zip around inside the 

human body delivering targeted 

drugs; fi rst he needs to reduce the 

jitters in the bot’s motion.

Mechanical engineer Haibo 

Dong of Wright State University in 

Ohio is working on a four-winged 

robot called the Wright Dragon-

fl yer. The design is more diffi cult 

Flying robots, 

like this 

concept from 

BAE Systems, 

could conduct 

surveillance.

 

GEOTHERMAL 
GETS A BOOST 

Geothermal power, which taps 

heat from the earth’s interior to 

generate electricity, could soon 

get a major technological upgrade. 

Because it consumes no fuel, 

geothermal is clean and almost end-

lessly abundant. Right now, though, 

it generates just 0.4 percent of the 

electricity in the United States. A 

big obstacle is that traditional, high-

temperature geothermal plants 

require drilling as much as three miles 

into the earth’s crust. Such digging 

is costly and may even carry the risk 

of triggering an earthquake, a pos-

sibility that scuttled a major project 

in Switzerland this past December. 

Low-temperature systems are 

cheaper to build. They generate 

energy from heat just below the sur-

face; water pumped down there is 

used to warm � uids with low boiling 

points, releasing vapor that turns a 

turbine to make electricity. Typically, 

these systems are also much less 

ef� cient, but environmental engineer 

Peter McGrail at the U.S. Depart-

ment of Energy’s Paci� c Northwest 

National Laboratory may have found 

a simple way to improve them. He 

is experimenting with metal-organic 

heat carriers, extremely � ne particles 

that can allow � uids to absorb 

more heat. On the basis of his lab 

measurements, he says, systems 

incorporating the particles could 

 

show “ef� ciency improvements of 

20 to 30 percent,” enough to match 

a high-temperature system. McGrail 

is building a small prototype to test 

the metal-organic particles with 

various � uids. He plans to acquire a 

commercial-scale geothermal sys-

tem so he can run larger tests later 

this year.  JENNIFER SANTISI

Engineer Peter 

McGrail studies 

experimental 

fl uid mixtures 

that could make 

geothermal 

generating 

systems more 

effi cient.  

to create than a two-winged fl ap-

ping system but promises greater 

speed and maneuverability. Dong 

expects to have a prototype, 

about the size of a real dragonfl y, 

completed this year. “This small 

craft could perform surveillance, 

environmental monitoring, and 

search and rescue,” he says.

Another insect-inspired robot is 

taking shape at Harvard University, 

where roboticist Robert Wood is 

building on his 2007 development 

of a life-size mechanical fl y to cre-

ate a colony of RoboBees. These 

swarming robots will incorporate 

optical and chemical sensors as 

well as communication systems to 

make autonomous fl ight decisions 

and to coordinate with colony 

members during tasks such as 

searching for objects or people. 

The military is in on the game 

too. The U.S. Army is teaming up 

with BAE Systems and academic 

partners, including the University 

of Maryland and the University of 

Pennsylvania, to build microfl iers 

for intelligence and surveillance 

through its Micro Autonomous 

Systems and Technology Col-

laborative Alliance. “Our long-term 

goal is to develop technologies that 

can produce a map of a building 

interior or detect bombs,” says 

manager Joseph Mait of the Army 

Research Laboratory. Current 

prototypes include a sparrow-size 

fl apping-wing craft and four-blade 

helicopter-style robots. The con-

sortium will convene this spring 

with potential users in the Army 

to review the current state of the 

technologies. HEATHER MAYER
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COLLISION COURSE 

The galaxies in the group  at left, 

located 7 billion light-years away, 

are poised to crash together. When 

that happens their stars will get 

scrambled and they will most likely 

form a massive elliptical galaxy 

like the one below. The combined 

galaxy will last for tens of billions 

of years, growing fainter and red-

der with time. The Milky Way and 

its neighboring galaxy, Andromeda, 

will someday meet the same fate. 

This Ultra Deep Field Infrared image from the Hubble Space Telescope captures 

the most distant view ever seen of the universe, looking back 13 billion years into 

the past. Nearly every visible point or smear of light in this image is a galaxy—there 

are thousands here, including some newly detected primordial galaxies visible as 

they appeared just 600 million to 700 million years after the Big Bang. Hubble’s new 

Wide Field Camera 3, installed during the May 2009 servicing mission, captured 

120 separate exposures to create this composite image. It represents 48 hours of 

observation from late summer 2009, when the camera stared into a patch of sky about 

one-hundredth the size of the full moon in the constellation Fornax. Astronomers hope 

that Hubble’s most recent upgrade will keep it operational through at least 2014, when 

its successor, the James Webb Space Telescope, will look even deeper into time to 

pick up glimmers of infrared light from the earliest galaxies, perhaps providing a view 

of the universe just 200 million to 300 million years after the Big Bang.   JANET FANG

THE UNIVERSE

COSMIC TODDLERS 

The expansion of the 

universe stretches and 

reddens the light from 

the farthest galaxies, 

like this one, so they are 

detectable only at infrared 

wavelengths. Researchers 

from the United Kingdom, 

Switzerland, and the 

United States have identi-

fi ed approximately 30 such 

extremely distant, red 

galaxies. Their light has 

been traveling for so long 

that we see them as they 

were 13 billion years ago, 

when the cosmos was 

less than a billion years 

old. These infant galaxies 

have irregular structures, 

very unlike those of mod-

ern ones. Astron omers 

do not know whether the 

early galaxies still exist; 

they may have died out 

or gone on to seed larger 

systems.

SPIRAL GALAXIES

The structures of galaxies seem to 

refl ect the environments in which 

they formed and evolved. Research-

ers at the Carnegie Observatories 

propose that spiral galaxies like this 

one—which lies more than 7 billion 

light-years from Earth—arose in 

areas where matter was sparsely 

distributed in the early universe. 

Elliptical galaxies seem to form 

where large amounts of matter were 

clumped together; they can also be 

created by galactic mergers. 

BRIGHT LIGHTS 

As Hubble gazes out into distant space, 

a few stars within our galaxy, the Milky 

Way, get into the picture. These fore-

ground stars (at least 100 times closer 

than our nearest major galactic neighbor) 

can be identifi ed by their cross-shaped 

appearance, which results from the way 

their light is refl ected inside the tele-

scope. The target areas for deep images 

are selected to minimize the number of 

bright, nearby stars, allowing the fainter 

light of distant galaxies to dominate.
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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. � ey 
communicate at eighteen months and 
speak the language � uently before they 
go to school. And they never battle 
translations or grammar explanations 
along the way. 

Born into a veritable language 
jamboree, children � gure out language 
purely from the sounds, objects and 
interactions around them. 

� eir senses � re up neural circuits that 
send the stimuli to di� erent language 
areas in the brain. Meanings 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 
ability 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 expression.

� ird, children learn through play, whether it’s the arm-waving 
balancing act that announces their � rst step or the spluttering 
preamble to their � 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 explanations 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 immersion context in 
which you learned your � rst language, 
you understand, speak, read and write 
your new language with con� dence and 
accuracy from the beginning—without 
translations and explanations. 

At every step and in every skill, you receive 
instant, actionable feedback, including 
speech recognition and analysis tech-
nologies 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 di� erent 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” remembers. 
We see it all the time. 

A slow smile sneaks across the learner’s face a� er 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 � 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.®

PICK UP A NEW LANGUAGE TODAY!
(877) 278-2215  RosettaStone.com/dss030
Use promo code dss030 when ordering.

©2008 Rosetta Stone Ltd.  All rights reserved. Offer applies to Personal Edition only. Patent rights pending. Offer cannot be combined with any other offer. Prices subject to change without notice. *Six-Month Money-Back Guarantee is limited to product 
purchases made directly from Rosetta Stone and does not include return shipping.  Guarantee does not apply to an online subscription or to Audio Companion purchased separately from the CD-ROM product.  All materials included with the product at the 
time of purchase must be returned together and undamaged to be eligible for any exchange or refund. Offer expires June 30, 2010.

More than 30 languages available.

SAVE 10%
Level 1 $206

Level 1&2 $368

Level 1,2&3 $485

a new language seems formidable, 

school. Yet infants begin at birth. � ey 

speak the language � uently before they 

words. Words string into structures. 

Three characteristics of the child’s language-learning 

ACT
LIKE A 
BABY.

What’s the fastest way 
to learn a language?

SIX-MONTH, NO-RISK MONEY-BACK GUARANTEE.*
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Erez Lieberman-Aiden
A few years back, Erez Lieberman-Aiden got a sobering 

lesson in how diffi cult it still is to understand the code 

of life: His professor had spent six long months just 

trying to calculate the distance between two pieces 

of a genome. Lieberman-Aiden envisioned a quicker 

way, and one night in March 2008 he started sketching 

some ideas. When he woke up the next morning, he 

had a plan. Last October, while completing a joint Ph.D. 

in math and bioengineering at Harvard and MIT, he led 

a team that published a three-dimensional model of the 

human genome, a major advance in deciphering how 

DNA actually regulates the machinery of life . 

     3-  One of 

the central mysteries of biology is why the genome is 

largely identical from cell to cell, even though cells do 

different things. We showed that regulation of these 

cells is associated with the three-dimensional remod-

eling of the genome, which turns genes on and off. 

      We added form-

aldehyde, which is like shooting glue through the 

cell nucleus, and broke the genome into a million 

pieces. Fragments that stick together are near each 

other in 3-D space. Then we placed a compound 

called biotin at the end of each piece to act like 

a magnet, and we � shed the fragments out for 

analysis. Let’s say I took pictures of you every day 

to � gure out who your closest friends were by see-

ing who turned up the most. I’d get a good sense of 

who you hang out with. The genome model is like 

that but less creepy. It predicts neighboring genes 

by averaging “snapshots” of 20 million cells. 

      
Yes—it should help us tackle diseases in funda-

mentally new ways. In particular I mean cancer, 

a disease that is driven by abnormalities in the 

structure and content of the genome. 

      When 

I started college, I naively thought that if I studied 

math, physics, and philosophy I could make all 

decisions in life based on � rst principles. Now I use 

those skills to build biotechnology gizmos.

     ’   
     My wife and I 

started a program called Bears Without Borders. 

We raise money and hire local artisans to make 

stuffed animals and distribute them in their com-

munities. The Peru group is called Llamas for Lima. 

Our toys are distributed in 20 countries. Many of 

them I haven’t even been to, but I did get to tour 

South Africa. AMY BARTH

When I started college, I naively
thought that if I studied math, 
physics, and philosophy I could make 
all decisions in life based on 
fi rst principles. 
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1. Why We Eat What We Do 
2. Sources of Nutrition Fact and Fiction
3. Our Underappreciated Digestive Tract
4. It’s All about the Calories!
5. Hydration—You Are What You Drink 
6. Not All Carbohydrates Are  
 Created Equal 
7. Facts on Fiber 
8. Protein—An Indispensable Nutrient  
9. Fat, Fat Everywhere!
10. Vitamins—Spotlight on C
11. Vitamins A and K—Multitaskers 
12. Vitamin E—Fallen Hero;  
 Vitamin D—Rising Star
13. B Vitamin Basics
14. The Major Minerals 
15. The Highs and Lows of Sodium  
 and Potassium 
16. Iron, Zinc, Selenium— 
 Balance Is Everything 
17. Cardiovascular Disease— 
 What Are the Risks?
18. A Heart-Healthy Lifestyle
19. The DASH Diet—A Lifesaver 

20. Obesity—Public Health  
 Enemy Number One
21. Healthy Weight Management
22. Metabolic Syndrome and  
 Type 2 Diabetes
23. Dietary Approaches to  
 Weight Management 
24. Nutrition and Cancer Prevention
25. Nutrition and Digestive Health 
26. Prebiotics and Probiotics in Your Diet
27. Food Safety—It’s in Your Hands 
28. Demystifying Food Labels 
29. Facts on Functional Foods 
30. A Look at Herbal Therapy 
31. Organic or Conventional—Your Choice
32. Fake or Real—Sugars and Fats 
33. Creating Your Own Personal  
 Nutrition Plan 
34. Exercise and Nutrition— 
 Partners for Life
35. The Future of Nutrition— 
 Science and Trends
36. Nutrition Facts and FAQs 

Nutrition Made Clear 

1-800-TEACH-12
www.TEACH12.com/7disc

Nutrition Made Clear
Making smart eating choices is essential to living a healthy, 
happy, and successful life. Now you can finally sort through 
nutritional misconceptions and replace them with hard sci-
ence you can understand with Nutrition Made Clear. 

In 36 in-depth lectures taught by dietitian and award-win-
ning Professor Roberta H. Anding, explore the fundamen-
tals of good nutrition and get a practical and personal guide 
to applying these fundamentals to your own lifestyle. This 
course is both a fascinating learning experience and the per-
fect investment in your personal health—one that will edu-
cate, motivate, and reward you for the rest of your life.

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.

Taught by Professor Roberta H. Anding  
Baylor College of Medicine and Texas Children’s Hospital

Lecture Titles

Order Today! 
Offer expires Friday, April 9, 2010 
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ACT NOW!
Nutrition Made Clear 
Course No. 1950
36 lectures (30 minutes/lecture)

Priority Code: 39145

DVDs $374.95 NOW $99.95
+ $15 Shipping, Processing, and Lifetime Satisfaction Guarantee

Audio CDs $269.95 NOW $69.95
+ $10 Shipping, Processing, and Lifetime Satisfaction Guarantee
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Driving east on New Mexico’s High-

way 380, visitors are often startled by 

what they do not see as they approach 

the Trinity Site. Sixty-� ve years after the 

explosion that paved the way for nuclear 

war, there are no burn marks, no signs 

of blast, no signi� cant radiation. But the 

location is anything but ordinary. At this 

precise point, on July 16, 1945, humans 

first glimpsed their capacity for cata-

strophic destruction and witnessed the 

world-altering power of the atom.

Twice a year—on the � rst Saturdays 

in April and October—the U.S. Army’s 

White Sands Missile Range sponsors 

tours so that the public can visit the site 

without fear of being hit by the missiles 

that are regularly tested there. During 

the nearly 200-mile drive south from 

Albuquerque, you understand why the 

leaders of the Manhattan Project chose 

Trinity. The desert plain here is strikingly 

flat, the better to observe the blast; it 

is surrounded by mountains that help 

restrict access and prying eyes; and it 

is empty—beautiful, but stark. 

Along the way you pass near the Valley 

of Fires (www.blm.gov/nm/st/en/prog/

recreation/roswell/valley_of_fires.

html), a 5,000-year-old lava � eld whose 

dark � ows contrast dramatically with the 

gleaming gypsum dunes that give White 

Sands its name. A detour to the west 

would take you to the Very Large Array 

(www.vla.nrao.edu), one of the world’s 

greatest radio observatories and a mon-

ument to a starkly different application of 

World War II–derived technology. 

At the entrance to the Trinity Site, you 

are greeted by vendors selling T-shirts, 

commemorative patches, hot dogs, ham-

burgers, and drinks. Until a few years ago, 

TRINITY SITE—NEW MEXICO, USA
Where the Big Bang theory took on a whole new meaning. 

B Y  L E E A U N D R A  K E A N Y

destination SCIENCE
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destination SCIENCE

you were not allowed to bring 

any food or drink to ground zero 

or even apply makeup for fear 

radioactive dust would stick to 

lipstick that could be ingested 

by women chewing their lips 

(seriously). Even today, Trinity 

visitors look for the effects of 

radiation everywhere, includ-

ing the scrub inside the interior 

perimeter close to the point of 

detonation, which is shorter 

than the vegetation on the rest 

of the plain. “People are sure 

it’s a form of mutant grass,” 

says Trinity public affairs spe-

cialist Lisa Blevins. “But we 

just mow it shorter there to 

keep snakes from hanging out 

where people walk.” 

The Army’s brochure for 

visitors assures us that radia-

tion levels in the area are “very 

low,” ranging from 0.05 milli-

rem near the parking lot to as 

much as 10 times that amount 

in the ground zero area. Even 

the high end is less than what 

you would absorb during a 

cross-country plane flight. 

“Yeah, right. This from the 

guys who told us to duck and 

cover in the case of a nuclear 

attack,” one fellow tourist 

wryly comments as he sees 

me scribbling in my notebook. 

Then again, the Boy Scouts 

and amateur scientists who 

regularly visit here with radia-

tion detectors don’t look par-

ticularly alarmed.

In fact, a popular activity 

at the Trinity open house is 

searching for Trinitite, emerald-

colored glassy rocks formed 

from sand caught up in the 

� restorm of the nuclear blast—

in essence, shards of fallout. 

Immediately after the test, the 

site was covered with the stuff, 

but bulldozers—aided by time 

and constant pilfering—have 

made it scarce. Naive tourists 

often mistakenly pick up fresh 

rabbit droppings, which are 

also green. 

I eventually find several 

chunks of the real stuff that 

beg to be taken home and 

made into earrings. Unfortu-

nately, because the site is a 

national historic landmark, it 

is a federal crime to remove 

Trinitite. Blevins sees me eye 

the pebbles covetously and 

warns, “We’re not making 

any more of it.” Trinitite is also 

slightly radioactive, so wear-

ing it close to my brain would 

probably be unwise.

Initially the guided tour has 

a festive tone, but the closer 

people get to the historical 

marker at the point of deto-

nation, the more subdued 

the chatter becomes. At first 

I am underwhelmed. Even 

right at ground zero there is 

no crater, only a slight bowl-

like depression, because the 

bomb exploded 100 feet off the 

ground, suspended in a tower 

that was instantly vaporized. 

I walk up to the plain stone 

obelisk that marks that spot. 

It bears a brass plaque that 

simply reads, “Trinity Site—

Where the world’s � rst nuclear 

device was exploded on July 

16, 1945.” I mutter to myself, 

“That’s it?” But really, how do 

you mark the point where man 

learned to play God? 

The next Trinity Site open 

house will be on April 3, 2010. 

There is no charge for the visit, 

which includes a tour of the 

McDonald Ranch House two 

miles away, where the core of 

the bomb was assembled. For 

more information, visit www.

wsmr.army.mil.

IN THE AREA

BOSQUE DEL APACHE 

NATIONAL WILDLIFE REFUGE

One of the pre mier 

international birding 

destinations. (www.fws.

gov/southwest/refuges/

newmex/bosque) 

SAN ANTONIO, NM 

This tiny town, minutes 

from the Trinity Site, has 

been named home to two 

of the top 10 burgers in 

the nation, according to 

GQ and epicurious.com: 

at Buckhorn Tavern (575-

835-4423) and the Owl 

Bar & Cafe, just across 

the street (505-835-9946). 

For rest, the Fite Ranch 

provides guest rooms on 

a working cattle ranch. 

(www.fi teranchbedand 

breakfast.com)

WHITE SANDS MISSILE 

RANGE MUSEUM

Less than two hours 

south of Trinity is 

White Sands National 

Monument, an 

otherworldly landscape 

of snow-white gypsum 

dunes. The nearby 

museum documents the 

early days of rocketry 

and includes an artistic 

display of old missiles. 

(www.wsmr-history.org)

OTHER ATOMIC 

TOURIST STOPS

LOS ALAMOS, NM: Both 

the Bradbury Science 

Museum (www.lanl.gov/

museum) and the Los 

Alamos Historical Mu-

seum (www.losalamos 

history.org) have valuable 

exhibits on the history of 

the Manhattan Project.

ALBUQUERQUE, NM: The 

National Museum of 

Nuclear Science and 

History (www.nuclear 

museum.org) features a 

comprehensive collection 

related to the atomic age. 

NEVADA TEST SITE, NV: 

This site of 928 nuclear 

explosions, most of them 

underground, is open for 

guided tours, which leave 

from the Atomic Testing 

Museum (www.atomic 

testingmuseum.org) in 

Las Vegas.

Clockwise from left: Ground zero for the fi rst atomic bomb detonation; the 

gypsum dunes of White Sands National Monument; missiles on display at 

the White Sands Missile Range Museum; the Very Large Array, a fi eld of 27 

radio antennas in the New Mexico desert that scan the invisible universe.
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APC Back-UPS protects your important 
data, equipment, and memories.

Reliable power backup for 24/7 availability 
Whether DVRing your favorite show, updating your Facebook status, or playing a live 
networked game, you depend on your home electronics every day, all day. That’s why 
APC by Schneider Electric has designed battery backup solutions that protect the 
constant availability and connectivity you expect…and depend on. 

Peace-of-mind protection on two levels
When the power goes out, our popular Back-UPS units go to work. They instantly 
switch your home technologies to emergency power, allowing you to work through 
brief power outages or safely shut down your systems so you won’t lose valuable files—
such as digital photos and media libraries. They also feature surge outlets to guard your 
electronics and data from “dirty” power and damaging power surges—even lightning. 
So you get two levels of protection in every APC Back-UPS unit! 

Energy-saving insurance for what matters most
Our Back-UPS units protect your home office, digital living and home media 
applications, notebook computers, DVRs, and gaming application. And since we now 
offer energy-efficient models that reduce electricity costs through unique power-saving 
outlets, you can realize true energy savings regardless of the applications you’re backing 
up. Throughout your home, the APC Back-UPS is the cost-saving insurance you need 
to stay up and running and reliably safeguarded from both unpredictable power and 
wasteful energy drains.

©2010 Schneider Electric, All Rights Reserved. Schneider Electric, APC, Back-UPS, and Legendary Reliability are owned by Schneider Electric, or its affiliated companies in the United States and other countries. 
All other trademarks are property of their respective owners. e-mail: esupport@apc.com • 132 Fairgrounds Road, West Kingston, RI  02892  USA  •  998-2509

What’s at risk if bad power 
damages your home network?

All of the above.

 Keep your electronics up and 
 your energy use down! 
ES Series
The ever-popular ES models are priced affordably yet provide 
enough extended runtime to allow you to work through short 
and medium power outages. Some power-saving models have 
been designed to actively reduce energy costs.

The energy-efficient ES 750G
The ES 750G boasts innovative power-saving 
outlets, which automatically shut off power 
to unused devices when your electronics are 
turned off or asleep, eliminating wasteful 
electricity drains.
• 10 Outlets  • 450 Watts / 750 VA  
• 70 Minutes Maximum Runtime 
• Telephone/Network Protection 

The best-value ES 550G
The ES 550G uses an ultra-efficient design 
that consumes less power during normal 
operation than any other battery backup in its 
class, saving you money on your electricity bill. 
• 8 Outlets  • 330 Watts / 550 VA 
• 43 Minutes Maximum Runtime
• Telephone/Network Protection 

 Power up to WIN 1 of 7 APC BR 700G Battery 
 Back-UPSs (a $130 value)!
Visit www.apc.com/promo  Key Code p842w • Call 888-289-APCC x8289 • Fax 401-788-2797
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WHAT TO READ, VIEW, AND VISIT THIS MONTH

SCIENCE

Life on the 

Wild Side
Following up on their wildly popular 2007 series, 

Planet Earth, the BBC and Discovery Channel have 

reteamed for a natural history series featuring 

similarly stunning photography, but from a new per-

spective. LIFE focuses on up-close encounters with 

the astonishing, quirky, and endearing behaviors of 

animals and plants dwelling on every continent and 

in every habitat. More than four years in the making, 

the 11-episode series is crafted from more than 

3,000 days of fi lm shoots utilizing state-of-the-art 

equipment and techniques, and it shows. 

While fi lming the elusive Basilisk lizard, which 

can sprint on water for up to 100 feet in moments of 

danger, photographers ventured deep into the Brazil-

ian rain forest with a super-slow-motion camera 

shooting at 2,000 frames per second, 80 times as 

rapid as a traditional camera. The lizard moves so 

quickly that the cameramen often could not see 

its behavior with their naked eyes. 

In Australia, photographer Warwick Sloss 

captured the shot shown here: a portrait of the 

considerably slower Weedy Sea Dragon. These timid 

creatures can grow to 18 inches in length, but the pink 

eggs clinging to this male dragon will hatch babies just 

one inch long. The dragon’s bizarre snout sucks up tiny 

crustaceans and zooplankton for meals, while its leaf-

like protrusions provide clever camoufl age—just the 

thing to escape the clutches of ocean predators. 

Premieres Sunday, March 21, on the Discovery 

Channel. AMY BARTH

¯ T E C H

ONKYO DX DUAL-SCREEN LAPTOP

Nobody wants to lug around an oversize computer, but 

nobody wants to stare at an undersize screen either. Hence 

the latest tech trend, dual screens that fold into a single unit. 

Onkyo’s DX laptop features two high-resolution displays 

(1,366 × 768) and a decent 2 gigabytes of internal memory. 

Right now you can purchase it only from Japan, for $966 

(at current exchange rates), but expect dual-screen laptops 

and netbooks to hit the U.S. market soon. ALINE REYNOLDS

With considerable on-

site reporting, Emmerson 

surveys the environ-

mental and geopolitical 

changes under way.

CRO-MAGNON

BY BRIAN FAGAN 

Archaeologist Fagan 

reconstructs the lives of 

the Cro-Magnons of late 

Stone Age Europe and 

speculates about the 

evolutionary and cultural 

advantages that allowed 

them to displace the 

Neanderthals. Color-

ful vignettes of hunts, 

gatherings, and artistic 

efforts bring this wide-

ranging survey to life.

MANUFACTURING 

DEPRESSION

BY GARY GREENBERG

Greenberg, a psycho-

therapist diagnosed 

with major depressive 

disorder, examines the 

history of depression and 

the medical and phar-

maceutical industries 

that pro� t from it. His 

intensely personal narra-

tive provides a fascinat-

ing look at the illness.  

AMONG THE GREAT APES

BY PAUL RAFFAELE

Nature journalist Raffaele 

spins riveting tales of 

his mission to visit every 

species and subspe-

cies of great ape in its 

natural habitat. Confront-

ing threats from angry 

silverback gorillas and 

armed rebel troops in the 

Congo, Raffaele follows 

in the footsteps of Jane 

Goodall and Dian Fos-

sey and meets the next 

generation of scientists 

working to protect these 

intelligent and endan-

gered animals.   JEN BARONE

HOT

P B O O K S

THE FUTURE HISTORY 

OF THE ARCTIC 

BY CHARLES EMMERSON

As the Arctic thaws, 

nations around the globe 

are jockeying for access 

to its mineral resources 

and potentially lucrative 

new shipping routes. 
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a M U S E U M S

SECRETS OF THE SILK ROAD: 
MYSTERY MUMMIES OF CHINA
BOWERS MUSEUM,

SANTA ANA, CA

Exquisitely preserved 

mummies from western 

China have forced a major 

reevaluation of the history 

of ancient Eurasia. Three of 

them are featured in this 

exhibit: a man, a woman, 

and an infant. None of 

their preserved faces look 

Asian; rather, they are light-

skinned and light-haired, with round eyes 

and long noses. Their physical features 

and clothing resemble those of mummies 

found in Siberia, Persia, and Europe. On 

exhibit with opulent goods, the Chinese 

mummies, dating back nearly 4,000 years, 

are helping researchers understand who 

conducted trade along the old Silk Road. 

These mummies “are among the most im-

portant human remains,” says Victor Mair, 

the exhibit’s co-curator. On view from March 

27 through July 25. www.bowers.org 

HEATHER MAYER

THE LOST WORLD OF OLD EUROPE: 
THE DANUBE VALLEY, 5000–3500 B.C.
INSTITUTE FOR THE STUDY OF THE 

ANCIENT WORLD, NYU, NEW YORK CITY

Millennia before the great pyramids of 

Giza were built, elaborately painted female 

� gurines and costumes gleaming with 

copper and gold were being created by the 

artisans of Old Europe, who thrived around 

4500 B.C. The pottery, dwellings, and long-

distance trade of these people indicate a 

highly developed culture. Beaded necklaces 

and copper axes are among the nearly 200 

artifacts on display from Romania, Bulgaria, 

and Moldova in their � rst U.S. exhibition.

Continuing through April 25. www.nyu.edu/

isaw/exhibitions/oldeurope JANET FANG
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The Hubble, Ready for Its Close-Up
HUBBLE 3D
When the space shuttle 

Atlantis set off to repair the 

Hubble Space Telescope last 

May, its payload included 

state-of-the-art imagers, 

new batteries, and a 

600-pound IMAX camera. 

Now modern astronomy’s 

most iconic instrument is 

coming to a theater near you. 

Hubble 3D includes footage 

from Hubble’s 1990 launch 

along with an animated tour 

of the telescope’s key obser-

vations, from the stellar nurs-

eries of the Orion nebula to 

our closest galactic neighbor, 

Andromeda. But the meat of 

the fi lm is an intimate look at 

the thrills and challenges of 

May’s fi nal servicing mission, 

shown from the perspective 

of the astronauts who did the 

harrowing hands-on work. 

“The crew is very engaging, 

with wonderful personalities,” 

director Toni Myers says. 

“They really show the audi-

ence how diffi cult it is to do 

what they were faced with up 

there.” Opens March 19 in 

IMAX 3D. ANDREW GRANT

M  M O V I E S

DV0310HOTSCI2B2   27 1/8/10   5:40:52 PM

worldmagsworldmags

worldmags

http://www.bowers.org
http://www.nyu.edu/isaw/exhibitions/oldeurope
http://www.nyu.edu/isaw/exhibitions/oldeurope
http://GORILLATOUGH.COM


The Brain by Carl Zimmer

O
ne day in 2005, a retired building surveyor in Edinburgh vis-

ited his doctor with a strange complaint: His mind’s eye had 

suddenly gone blind.

The surveyor, referred to as MX by his doctors, was 65 at the 

time. He had always felt that he possessed an exceptional talent 

for picturing things in his mind. The skill had come in handy in his 

job, allowing MX to recall the � ne details of the buildings he sur-

veyed. Just before drifting off to sleep, he enjoyed running through 

recent events as if he were watching a movie. He could picture his 

family, his friends, and even characters in the books he read. 

Then these images all vanished. The change happened shortly 

after MX went to a hospital to have his blocked coronary arter-

ies treated. As a cardiologist snaked a tube into the arteries and 

 cleared out the obstructions, MX felt a “reverberation” in his head 

and a tingling in his left arm. He didn’t think to mention it to his doc-

tors at the time. But four days later he realized that when he closed 

his eyes, all was darkness. 

Worried, MX paid a visit to Adam Zeman , a neurologist at the 

Peninsula Medical School in Exeter, England. Zeman was so 

intrigued by the case that he teamed up with Sergio Della Sala, 

a cognitive neuroscientist at the University of Edinburgh who 

specializes in how the brain handles 

visual information. Neither Zeman nor 

Della Sala could offer MX a cure for 

his condition, unfortunately, but they 

recognized a rare chance to study 

how the mind’s eye works. Della Sala 

proposed running a series of exams. 

MX gave his consent. 

Scientists have long speculated 

that the act of seeing things in our 

mind’s eye employs some of the 

same brain circuits that we use when seeing with our physical 

eyes. A number of brain scan studies have supported this view. 

When you look at a person up close, for example, a particular net-

work of brain regions becomes active, including areas that process 

raw signals from your eyes as well as more sophisticated regions 

that recognize individual faces. When you close your eyes and 

conjure up a face, the parts of the brain that receive signals from 

the eyes are dormant, but the regions that recognize the features 

de� ning an individual again light up.

MX gave Della Sala and Zeman the chance to test two ideas 

about the role of the mind’s eye in our inner life. Some scientists 

have argued that the mind’s eye is constantly at work whenever we 

look at our internal simulations of the world. Stephen Kosslyn, a 

Harvard psychologist, goes so far as to argue that we rely on the 

mind’s eye to make decisions about what we should do in the future. 

When we start driving home from a friend’s house, for example, 

we envision the different routes we can take in order to decide on 

the best way to go.

Kosslyn has his critics, though. Zenon Pylyshyn, a cognitive scien-

tist at Rutgers University, doesn’t think mental images are essential 

to � guring such things out. We all have the experience of picturing 

things in our heads, of course. If someone asks you how many 

paws are on a cat, you may see the image of a cat in your mind 

and count the paws. But the experience of using your mind’s eye 

doesn’t fully explain the mental processing that goes on beneath 

the surface. There may be other, more essential computations that 

lead you to your conclusion. 

To test these competing interpretations, Della Sala and Zeman 

put MX through a battery of tests. First they wanted to � nd out 

whether the problem with his mind’s eye was just one part of a 

greater disorder. They tested his other faculties, such as his ability 

to make decisions and form memories. To see just how unusual 

MX was, the scientists decided to assemble a group of control 

subjects who were similar to him except for his complaint, so they 

recruited 10 male architects around the age of 60.

The tests revealed that MX was, for the most part, pretty much 

like the other men. He had a high IQ and a reliable memory. He did 

an excellent job at playing a card-swapping game in which the rules 

could change unexpectedly. His vision was normal, and he could 

easily put names to the faces of famous people shown to him. In 

other words, the vision-processing networks in his brain and his 

memory systems were  in good working order.

Scientists have long speculated that the act 
of seeing things in our mind’s eye employs the same 

brain circuits that we use when seeing things 
with our physical eyes. Brain scans support this view. 

WE TAKE VISUAL IMAGINATION for granted. But the 
blank inner world of a patient called MX demonstrates the 
rich neural processes needed to create the images in our heads.

When the scientists tested the mind’s eye of MX, though, the dif-

ference was stark. The researchers gave all their subjects a stan-

dardized test called the Vividness of Visual Imagery Questionnaire. 

They asked each participant to picture things like a landscape and 

a friend. Then the scientists had each man rate the image that 

came to mind. If it was as vivid as normal vision, he was asked 

to score it a 5. If there was no mental image at all—if the subject 

knew only that he was thinking of an object—he was to give it a 

score of 1. Most of the men scored high on the test. MX scored as 

low as possible, racking up a bunch of 1s.

Della Sala and Zeman scanned MX’s brain to see if they could 

� nd the source of this de� cit. They � rst showed him a series of 

faces. MX’s brain responded in much the same way as the archi-

tects’ brains did, activating a network of regions that process vision 

and recognize individuals. Then the scientists showed their test 

subjects a series of names of famous people. As they read each 

name, the men were asked to picture that person. In the brains of 

the control group, the mind’s-eye regions became active, much 

as before. But in MX’s brain, those regions remained quiet. Even 

though the individual regions of his brain were working normally, 

some of the connections seemed to be down.

All the exams the scientists gave MX con� rmed his claim that 
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he was missing his mind’s eye. And yet he could do lots of things 

that would seem impossible without one. Without any effort he 

could give the scientists detailed descriptions of landmarks around 

Edinburgh, for example. He could remember visual details, but 

he couldn’t “see” them. Della Sala and Zeman asked MX to say 

whether each letter of the alphabet had a low-hanging tail (like 

g and j). He got every one right. They asked him about speci� c 

details of the faces of famous people (“Does Tony Blair have light-

colored eyes?”). He did just as well as the architects. 

The key insight came with  a test derived from a classic psycho-

logical experiment invented in the 1970s by Stanford University 

psychologist Roger Shepherd. Della Sala and Zeman showed MX 

pairs of pictures, each one consisting of an object made up of 

10 cubes. MX had to say whether the pairs of objects were dif-

ferent things or actually the same thing shown from two different 

perspectives. Normal people solve this puzzle in a strikingly con-

sistent way, with their response time depending on how much the 

angle of perspective differs between the two objects: The bigger 

the difference, the longer it takes people to decide whether the 

objects are the same. Some psychologists have interpreted this 

pattern of results to mean that we really do need the mind’s eye in 

order to solve some kinds of problems. When deciding if two 3-D  

objects are the same, we have to mentally rotate them. The larger 

the angle between the two, the longer it takes to rotate them and 

come up with the answer. If we used some other kind of reasoning, 

it would be surprising to see such a reliable link between the differ-

ence in perspective and the time it takes us to solve the puzzle.

MX’s results � ew in the face of that explanation. When he solved 

the puzzles, he always took 

about the same amount of 

time to answer—and he got 

every one right. MX’s paradox-

ical skills reminded Della Sala 

of a phenomenon known as 

blindsight. On rare occasions, 

people will go blind (in the 

sense that they are not con-

sciously aware of having vision 

anymore) and yet, when doing 

some tasks, will still behave as 

if they can see. Some people 

with blindsight can navigate 

through a cluttered room. 

Some can rotate an envelope 

to fit it into a mail slot. And 

often, people with blindsight 

find these tests ridiculous. 

They know they cannot see 

anything, so why do scientists 

keep trying to get them to do 

things that require sight? Della 

Sala and his colleagues have 

dubbed MX’s related condition 

“blind imagination.”

People with bl indsight 

have suffered damage to the 

pathways along which visual 

information travels to our con-

sciousness. But the brain also has pathways that lurk outside our 

awareness, meaning that we can see without actually knowing that 

we are seeing. Something similar may be happening in MX’s brain. 

It may be possible to process visual information without actually 

seeing it in the mind’s eye.

Della Sala speculates that MX suffered some sort of brain injury 

during his surgery (he won’t speculate as to whether it was a blood 

clot or something else). The lesion didn’t destroy MX’s ability to rec-

ognize faces or process other kinds of visual information, but it did 

knock out an essential brain region that had allowed him to create 

images in his head. He could still process visual imagery, possibly 

by moving that information through other regions of the brain. 

One hint that MX was rerouting visual information came from his 

brain scans. When he tried to picture faces, his mind’s-eye network 

was quiet. But other regions in the front of his brain were much more 

active than the matching regions in the brains of the control group. 

These other regions may be applying different problem-solving 

strategies to the same input. MX’s performance on the cube-

picture test also suggests that he is making use of alternative parts 

of the brain. Rather than trying to rotate the objects in his mind, MX 

apparently found a nonvisual way to match 3-D objects.

Perhaps the most remarkable thing about MX is that he did 

not need years to develop this new skill. As far as Della Sala and 

Zeman can tell, he switched over soon after his operation. Per-

haps his blind imagination was always available to him, ready to 

be used. Studies of blindsight suggest that healthy people rely on 

both the vision we are aware of and the vision that slinks through 

our brains without our knowing. There may in fact be a little MX in 

all of us, even if we cannot see him. T
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Vital Signs by Mark Cohen

A 3-year-old boy shows signs of hyperactivity. Is it ADHD, or is it 
something else that happened to him before he was born?

H
ey, Mom! Mom! Watch me! Look, Mom!” I could hear the 

excited cries through the closed door of the examining room, 

even though I was still 20 feet down the hall. The happy 

shouts were followed by a loud thump and then a cascade of 

muted crashes. As I headed toward the commotion, my medical 

assistant smiled and handed me the chart for this patient.

“You’d better get in to see this little guy quickly, Dr. Cohen, 

before he totally wrecks your room!”

The brief information on the consultation request said, “Tyler 

Winters, 3-year-old boy, hyperactive.” As I often tell medical stu-

dents, nearly all 3-year-olds are hyperactive at least some of the 

time. Often the parents of a child whose 

development and behavior are perfectly 

normal insist on a referral to a developmen-

tal pediatrician like myself because they are 

sure there is something wrong—or some-

one has told them as much. I generally look 

forward to those consultations; it’s enjoy-

able to reassure an anxious parent that her 

child is developing normally. 

Before leaving my office I had briefly 

looked through Tyler’s medical record on 

the computer. Other than his having been 

adopted at birth, there was nothing that 

stood out as unusual.

When I knocked and opened the door, 

Tyler was clambering onto the exam table 

while his mother, Sandi, was attempting to 

move a pile of books from the � oor back 

onto the book rack. They had apparently 

been knocked off (the crashes) when he 

jumped from the table to the � oor (the loud 

thump). Sandi glanced at me with a ner-

vous smile, then quickly turned to scoop 

her child off the table.

“Hi, I’m Dr. Cohen,” I said. “Why don’t 

we go across the hall to the testing room, 

where all the toys are?”

Tyler immediately shouted, “Toys! Yeah! 

Toys!” and squirmed to get out of his moth-

er’s grasp. She managed to hold onto him 

long enough for us to move across the hall 

into the other room, where he broke free 

and ran to the toy shelf with glee.

“I’m sorry, doctor. He’s like this all the 

time,” she said.

“Oh, that’s OK; I’m used to it,” I an -

swered. I was about to reassure her by 

telling her that I’d seen some children who 

were so active that they took all the toys 

off the shelves and threw them on the � oor, when I noticed that 

Tyler was starting to do just that. 

“People tell me he has ADHD and that I should get him on 

medication.”

I was beginning to think the same thing, although it isn’t com-

mon for me to diagnose attention de� cit/hyperactivity disorder in a 

3-year-old. For that diagnosis, a child’s behavior must be signi� -

cantly different from that of other children his age. But because 

most 3-year-olds are hyperactive, one with ADHD may not look 

very different from his friends. Then again, sometimes the ADHD 

symptoms are so severe that the child clearly stands out as hav-
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ing excessive impulsivity and hyperactivity. This might be one of 

those cases, I realized. 

“Hey, look, Thomas train!” Tyler held the toy high above his 

head, then slammed it into the table. “Crash! Thomas crash!” he 

cried, laughing furiously. 

This looked like a pretty clear case of ADHD. But then he 

stopped moving long enough for me to get a good look at his face, 

and his features told a different story. This wasn’t going to be so 

simple. It was time for me to get back to the basics of medicine: 

history and physical exam. 

“What do you know about his birth mother?” I asked Sandi. 

“Not much. We know that she was in her late teens and didn’t 

have much prenatal care.”

“Did she use any drugs or alcohol?”

“People said she did both drugs and alcohol, but the drug tests 

were negative on both her and the baby,” Sandi replied. “The doc-

tors told us that he was born full term, but he weighed only about 

four pounds at birth. He went right from the hospital to foster 

care with us, and then we adopted him about a year later. He was 

always incredibly active. We kept hoping he’d grow out of it, but 

it hasn’t happened yet.”

What I had observed when I looked at Tyler’s face was that his 

eyes appeared small and his upper lip was quite thin. The distance 

from his nose to his upper lip was longer than average, and the 

philtrum (the vertical groove below the nose) was � attened, with a 

near-absence of the ridges that result from the fusion of embryonic 

elements of the face in this area. In addition, Tyler was quite short 

for his age, and his head seemed small relative to the rest of his 

body. His appearance triggered a tentative visual diagnosis. I had 

seen faces like this before, and the rest of the picture—hyperactiv-

ity, shortness, small head circumference, and a mother who may 

have abused alcohol—was consistent with my clinical impression. 

This boy might have fetal alcohol syndrome (FAS). 

Some people trace the recognition of FAS all the way back to the 

Bible, when an angel tells Samson’s future mother, “Behold ... thou 

shalt conceive, and bear a son” and instructs her to “drink no wine 

nor strong drink.” Other cultures have had similar proscriptions. 

But it wasn’t until 1973 that a professor of pediatrics named David 

Smith and a student of his, Kenneth Jones, at the University of 

Washington Medical School (UWMS) described a cluster of physi-

cal and cognitive problems in children whose mothers had abused 

alcohol during their pregnancy. Studies by another UWMS pedia-

trician, Sterling Clarren, more directly established that alcohol can 

cause damage to the developing brain.

Physicians and researchers now recognize a whole range of 

conditions, known as fetal alcohol spectrum disorders, that can 

occur in children who are exposed to alcohol in utero. The effects 

may include physical, mental, behavioral, and learning disabilities 

with possible lifelong implications. The most severe condition on 

this spectrum is FAS. Three criteria are necessary for the diagnosis 

of FAS: characteristic facial features, poor growth, and abnormali-

ties of the central nervous system. 

The brain problems associated with FAS are manifold. Like Tyler, 

a child with FAS may be hyperactive and impulsive and so would 

meet the diagnostic criteria for ADHD. But the damage that alcohol 

causes to the developing brain results in a constellation of mental 

and behavioral characteristics that go well beyond what is seen in 

ADHD. Some children have a generalized cognitive impairment, or 

mental retardation. Others are not mentally retarded but still have 

signi� cant learning disorders and other developmental issues, 

including motor delays, problems with social skills, memory de� -

cits, language problems, and dif� culties with the complex set of 

mental skills—including planning, � exibility, and decision making 

—that are known as “executive functioning.”

 I
f my diagnosis was found to be correct , it was likely that 

Tyler would require a comprehensive intervention program, 

including medications to help decrease his impulsivity, anxiety, 

and disruptive behavior. In addition, he would need special edu-

cational services, beginning in preschool and continuing through 

his school years, and an intensive behavioral intervention pro-

gram both in school and at home. Tyler’s concrete thinking, poor 

short-term memory, and limited tolerance for overstimulation 

would require plenty of patience from his teachers. Repetition, 

structure, and simpli� cation are essential in teaching 

children with FAS. 

When I told Sandi that I thought Tyler had fetal 

alcohol syndrome, she didn’t seem surprised. “We 

had heard about FAS and wondered if Tyler could 

have it,” she said. “But he didn’t seem that bad, and 

we kept hoping he would get better as he matured. 

“So,” she continued, “what do we do now?”

I told her how to contact the school district and 

ask for an evaluation so her son could start receiving 

special education services. I also told her about several parent 

support groups in the area. 

Most important, I told Sandi, Tyler would need � rm support, 

guidance, encouragement, and love from his parents. Although 

children with FAS can be very challenging to raise and to teach, 

they can be immensely rewarding as well. Each successful step, 

each time the child smiles and shouts, “Mom, I did it!” can be a 

moment to enjoy. 

I referred Tyler to our genetics clinic, where a complete evalu-

ation con� rmed the diagnosis of FAS. Six months later I saw him 

and his mother again when they came back for a follow-up visit. 

“He’s doing well,” Sandi told me. “He’s in a developmental pre-

school program with a one-on-one aide and a behavioral special-

ist, and he likes it a lot. He even has a friend now. I know it’s not 

going to be easy, but I think we’re on the right track.”

Tyler looked at the toy shelf and then at me. “Can I play with 

Thomas, please?” he said.

I smiled at him and at his mother. “You sure can,” I told him. 

“Thanks for asking!”

“Hey, look, Thomas train!” Tyler held 
the toy high above his head, then slammed 
it into the table. “Crash! Thomas 
crash!” he cried, laughing furiously. 
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Mark Cohen is a developmental pediatrician with Kaiser Permanente in 

Santa Clara, California. The cases described in Vital Signs are real, but 

names and certain details have been changed.
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George Church is learning to 
redraw the genetic code. Medicine 
may soon look totally different
—and so could Homo sapiens.

PHOTO ILLUSTRATIONS BY ANN ELLIOTT CUTTING

ere is how to get an appointment with George M. Church, professor 

of genetics at Harvard Medical School, director of four organizations devoted to genomics, 

cofounder of four biotech � rms within the past four years, scienti� c adviser to 17 ultralow-cost 

genome sequencing companies, and founder of the Personal Genome Project: 

First, you send him an e-mail requesting a meeting. He will reply with the URL for a Web site 

that lists his current schedule. This, when printed out, proves to be a 10-page, single-spaced 

document in very small type that starts with “January 1, 2009: Holiday, New Year’s Day” and 

ends with “September 17, 2010: International Steven Hoogendijk Award 2010 for G. Church, 

Rotterdam, Netherlands.” Searching through hundreds of entries—as many as nine falling on a 

single day—you try to � nd an uncommitted hour. If successful, you contact either of Church’s 

two administrative assistants to propose a date, time, and place. Then you hope for the best. 

When the magical day arrives, the � rst question I ask Church is how he can possibly direct, 

create, advise, and mastermind so many projects (as well as teach classes and supervise 

Ph.D. dissertations) without going crazy. “Well, I think it’s an assumption that I’m not crazy,” 

he says. “They all seem pretty much the same to me. They’re all integrated, and I guess what 

we try to do is—we try to do integration.” 

If Church’s career has a single integrating theme, it is � nding ways to apply the machinery of 

automation to the molecular basis of life, the genome. His infatuation with computers goes back 

to grammar school in Clearwater, Florida, when, at age 9, he built an electronic computer for a 

science fair. Genetics entered the picture in the spring of 1974. Then an undergraduate at Duke, 

Church typed into a computer all the transfer RNA sequences that were available at the time 

and folded each one into a three-dimensional structure, as RNA molecules were known to do. 

“I became obsessed with sequencing,” he says. The obsession never faded. Today his myriad 

projects all emerge from his impulse to know, unravel, depict, use, and—better yet—tinker with 

and even create the RNA and DNA codes that constitute the software of living systems. 

That ambition has resulted in a raft of Church-inspired technological innovations. His auto-

mated genome-sequencing machine is driving the price of mapping a person’s entire genetic 
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code down toward $1,000, almost unbe-

lievably cheap considering that, less than 

a decade ago, the government-funded 

Human Genome Project spent roughly 

$3 billion to sequence a single genome. 

Low-cost sequencing has allowed Church 

to embark on a second venture, the Per-

sonal Genome Project (PGP), which aims 

to sequence the genomes of 100,000 vol-

unteers for free. The project would provide 

the � rst extensive genome database that 

matches DNA to a wide range of traits—

not merely physical attributes like height 

or eye color but also disease histories and 

personalities. The idea is to help inaugu-

rate the � eld of personalized medicine, in 

which each individual would receive pre-

ventions and treatments tailored to his or 

her speci� c genetic makeup, along with 

predictions of future health issues. 

The third major item on the Church agen-

da is to develop the ability to rewrite life’s 

software, giving us the power to reprogram 

organisms to do things that are radically 

different from what they do normally. Such 

wholesale reprogramming would be pro-

hibitively expensive with what he calls the 

“laborious and outdated” techniques of 

conventional genetic engineering, which 

make one alteration at a time to the DNA 

of organisms. Church therefore went out 

and invented new techniques. His latest 

creation is a set of tools and methods 

that he calls multiplex automated genome 

engineering, or MAGE. It introduces many 

modi� cations to a genome simultaneously, 

opening up the possibility of designing 

novel genomes—in essence, creating 

new forms of life. One of Church’s most 

promising projects is to engineer bacteria 

that can produce jet fuel or gasoline from 

wood pulp or cornstalks. Another would 

tweak the DNA of microorganisms so that 

they metabolize carbon dioxide, turning it 

into a bene� cial substance.

That is only the beginning of what MAGE 

could do. Ultimately Church’s tools of syn-

thetic genomics could lead to signi� cant, 

even portentous, changes to plant, animal, 

or human genomes. They could turn back 

the clock of evolution: Church has proposed 

a way of altering the elephant genome until 

it is identical to a woolly mammoth’s, or turn-

ing a human’s DNA into a Neanderthal’s. 

These tools could also be used to make 

people resistant to viruses, lengthen life 

span, and increase human intelligence. They 

could advance evolution—our evolution—to 

places it has never gone before. 

George Church is a large specimen of 

a man, with a full beard and somewhat 

untamed hair. Now in his mid-� fties, he is 

rather easy to get to know because of his 

“Unauthorized Autobiography and Infre-

quently Asked Questions,” which appears 

on his Harvard-hosted Web site. Here you 

will find, among other things, his online 

medical records, dietary notes, baby 

picture, signature, and random interests 

(which include waterskiing, rock climbing, 

and turtle breeding), as well as the exact 

latitude and longitude of his home and a 

map of his neighborhood.

For a man of such unusual talents and 

attainments, Church had a relatively con-

ventional life until he entered college. He 

graduated magna cum laude from Duke 

University in two years, then proceeded 

to � unk out of graduate school. The rea-

son, he says, is that he neglected “boring” 

course work in favor of lab research, which 

resulted in � ve papers published in peer-

reviewed journals. That got him accepted 

to a doctoral program at Harvard, where 

he studied with molecular biologist Walter 

Gilbert. In 1980 Gilbert won a Nobel Prize 

for his work sequencing DNA.

Church thrived in Gilbert’s lab. In 1977 

he developed a way of automating a key 

step of Gilbert’s DNA sequencing method. 

DNA strands are made up of combinations 

of four bases, molecules that are denoted 

by the letters A, T, C, and G. Sequencing 

DNA—reading out all the letters along the 

double helix—was a laborious process 

in which lab technicians used pipettes to 

deposit DNA samples onto the surface 

of a gel. The samples were labeled with 

radioactive isotopes, which meant that 

each individual base (the A, T, C, or G) pro-

duced a visual signature on � lm. It was up 

to the experimenter to read and record the 

sequences in the proper order. Church, who 

always wants to do things quickly, prefera-

bly by automation, � gured out how to make 

a computer read the sequences. He did not 

yet have his Ph.D., but he was already mak-

ing a major contribution to genetics.

He kept going. During the early 1980s he 

decided that he could speed the process 

further by “multiplexing” the DNA strands, 

sequencing small segments of them simul-

taneously. In the sort of lightning-bolt real-

ization that often heralds a breakthrough, 

Church saw an analogy between bio-

chemistry and electronic communications. 

Engineers can transmit many messages at 

once through an optical � ber by tagging 

each one with a number and sorting things 

out at the receiving end. In the same way, 

Church figured out how to break a long 

strand of DNA into pieces and tag each 

piece with an enzyme. That way, he could 

sequence all the pieces at once, getting 

the job done quickly, and reassemble the 

original DNA at the end. 

It was another groundbreaking achieve-

ment, and it made Church a leading � g-

ure in genomics research. In 1984, when 

scientists began to get serious about start-

ing the Human Genome Project, Church 

was the only scientist who attended all 

three of the early meetings that laid the 

project’s foundation. “George has been 

perhaps the most creative single scientist in 

pioneering next-generation DNA sequenc-

ing,” says Leroy Hood, founder of the Insti-

tute for Systems Biology in Seattle. 

Despite these advances, DNA sequenc-

ing remained so slow and expensive that 

the notion of decoding even a single 

                                                HEN 
SCIENTISTS GOT 
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DECODING THE 
HUMAN GENOME, 
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Some Flair for 

Your Power Tie: 

Glitter-Size 

Solar Cells

Eliza Strickland reports on 

“microcells,” solar cells 

thinner than a human hair 

that can be attached to cloth 

or � exible plastic.

RECENTLY ON

THE

INTERSECTION

The Strange 

Spread of 

Climate Denial

Evidence backing global 

warming is stronger than 

ever, so why isn’t the public 

on board? Chris Mooney 

ponders the disconnect 

between solid scienti� c 

evidence on global warming 

and the public’s recognition 

of the problem.
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The Origin of Big

Carl Zimmer

looks at how 

whales became the largest 

animals ever—and why 

they may be the biggest 

species possible. 
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Lakes on Titan

A peculiar � ash 

of light from Saturn’s largest 

moon con� rms it is home to 

giant lakes. Phil Plait exam-

ines why we didn’t spot this 

until now.
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PHOTO GALLERY 

The Calculating 
Beauty 
of Butterfl ies
The return of the 

Large Blue butter� y 

(see Data, page 10) 

is only the beginning. 

Magni� cent wing 

patterns like those on 

this South American 

Eighty-eight do more 

than dazzle the eye—

they also help the 

insects frighten preda-

tors, attract mates, and 

avoid detection. 

discovermagazine.com/photos/11-the-calculating-beauty-of-butterfl ies

WEB EXCLUSIVE 

Gimme That Old-Time Science: DIY, Gruesome, and Spelled Funny
As Britain’s Royal Society celebrates 350 years of scienti� c inquiry, we bring you seven 

choice tidbits from its historic publications.

discovermagazine.com/2009/dec/01-gimme-that-old-time-science-diy-gruesome-spelled-funny

PHOTO GALLERY 

How Autistic Artists See the World
Many autistic people are using art to 

express themselves; at the same time, they

are helping others understand how the 

autistic mind works.

discovermagazine.com/photos/15-how-

autistic-artists-see-the-world

PHOTO GALLERY

Pretty Pools of Pollution
They may look like abstract expressionist paintings, but these aerial photos show the 

environmental havoc wreaked by the mining process, in all its grim beauty. 

discovermagazine.com/photos/23-the-dark-side-of-the-green-revolution

PHOTO GALLERY

The Franken-Animals of Medical Testing
Rabbit eyes. Pig organs. Frog nerves. 

Researchers use different parts of different animals 

to stand in for humans in the lab. Why do they 

choose the animals they do?

discovermagazine.com/web/frankenanimal
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human genome seemed monumentally 

dif� cult. In 1994 the Genome Therapeutics 

Corp., one of three sequencing centers that 

Church helped establish, produced the 

� rst genome sequence sold commercially: 

The company decoded the DNA of Heli-

cobacter pylori, the bacterium that causes 

peptic ulcers (for the full story on this bac-

terium, see the DISCOVER Interview on 

page 66). The Swedish drug company 

Astra AB, which wanted to use the DNA se -

quence to design new antimicrobial agents, 

bought the rights to that single genome for 

$22 million. At that price, sequencing was 

hardly ready for the masses. 

One reason sequencing was slow was 

that it was dif� cult to identify all the individ-

ual nucleotides, or structural components, 

within a single DNA molecule. Doing so reli-

ably required making millions of copies of 

the same DNA strand by cloning it in a bac-

terium, sort of like printing out many ver-

sions of a document and then comparing 

them all to make sure there are no typos. 

The technique for making copies was the 

polymerase chain reaction (PCR), which was 

used to replicate DNA for genetic studies 

or forensic analysis. At the time, PCR was 

normally done by lab bench–size machines 

using a complicated process. First the DNA 

molecules were heated to break them apart 

into their two separate strands. Then DNA 

polymerase, an enzyme, was added to 

make copies that were complementary to 

each of the original DNA strands. Finally the 

whole process was repeated several times. 

In 1999 Church and a graduate student at 

MIT, Robi Mitra, developed a streamlined 

version of this technique. Using clever 

chemistry, they performed millions of PCR 

operations simultaneously on a single glass 

microscope slide. The end result were 

“polonies,” entire colonies of DNA mol-

ecules that had been ampli� ed via PCR. 

This was the breakthrough that led 

Church to create the Polonator, a high-

speed, relatively inexpensive automated 

sequencer. (The name of its latest incarna-

tion, the Polonator G007, is a reference not 

only to James Bond but also to the year 

of its release, 2007.) The Polonator was 

a landmark machine both for its low cost—

$170,000, one-third the cost of anything else 

on the market—and for the fact that the 

machine is fully open to the user, who may 

recon� gure it at will. “Usually manufactur-

ers make all these threats about voiding 

warranties, intellectual property, this and 

that,” Church says, “whereas we actually 

want people to feel that they are enabled 

to improve the machine if they want to. 

Users can change the software, the hard-

ware, the chemicals.” 

The Polonator became one of the basic 

technologies behind Church’s Personal 

Genome Project, unveiled in October 2008. 

Initially the idea had been that every per-

son would want to have his or her genome 

sequenced, if only for predictive reasons. 

Medical analysis of your genome could 

tell you what diseases you were geneti-

cally predisposed to; in some cases that 

knowledge would be actionable, mean-

ing that you could take steps against 

contracting those diseases. For instance, 

if you knew as a teenager that you were 

genetically disposed to adult-onset diabe-

tes, you might alter your dietary regimen 

many years beforehand. “We already have 

1,530 highly actionable, highly predictive 

genetic associations,” Church says. (You 

can review them on the Web at genetests.

org.) Later, another rationale emerged for 

having one’s genome sequenced: person-

alized medicine. The idea is that your doc-

tor would be able to browse your genome 

in the examining room and select treat-

ments, medications, and preventive strat-

egies suited to your individual biology. 

Soon Church had another far-reaching 

thought. Why not assemble a wide data-

base of personal genomes and genes that 

were correlated with people’s traits? Other 

people with the same genetic quirks could 

use those correlations to make smarter life 

choices. If, say, talented musicians tended 

to have the same set of genes, and if 

your child happened to have those genes 

too, music lessons might be a good idea. 

In addition to sequencing DNA, Church 

decided to ask participants about their life 

experiences and add that information to 

the database. “We shouldn’t let genetics 

be destiny,” he says. “But if your genome 

tells you, ‘Hey, here’s a hit; you might be 

really good at this thing,’ it might encour-

age you to try really hard on something that 

you otherwise would have missed.” 

The � y in the ointment, Church thought, 

was that in order for the information to be 

useful, all of it would have to be publicly 

available. That meant test subjects would 

have to expose everything—their genes 

and traits, their strengths, foibles, and 

personal idiosyncrasies—on the Web for 

all to see. Revealing this information would 

make it impossible to keep the identities 

of the participants secret. Church worried 

about how he could preserve their privacy. 

The solution to this conundrum, he says, 

“struck me like cutting the Gordian knot.” 

His idea: Recruit people who, like Church 

himself, were not shy about divulging details 

of their lives. “Instead of falsely promising 

privacy, which was where we were headed, 

let’s promise them that their data won’t be 

kept private and make sure they know what 

they’re getting into.” Participants would 

have to read and sign a consent form and, 

to make sure they had understood it, would 

be required to pass an online test. 

The � rst 10 volunteers of the Personal 

Genome Project, known as the PGP-10, 

included Church himself, technology ora-

cle Esther Dyson, and Harvard psycholo-

gist Steven Pinker. All of the volunteers’ 

personal information—vital signs, aller-

gies, medications, medical history, eth-

nicity, ancestry, traits, facial photographs, 

and yes, their genomic data sets—can be 

viewed, downloaded, and used without 

restriction at personalgenomes.org. 

The Personal Genome Project was of� -

cially cleared to expand beyond the origi-

nal 10 participants on DNA Day—April 25, 

2009, the 56th anniversary of Watson and 

Crick’s letter to the journal Nature on the 

double-helix structure of DNA. Any U.S. 

resident who is 21 or older and is willing to 

share genetic, medical, and life experience 

information may apply. If you are accepted, 

your genome will be sequenced for free. 

Financing has come in part from Google 

and other corporate sponsors, as well as 

from Church and various private donors. “In 

10 years the personal genome could be one 

of the most important data sets for each 

individual patient,” Hood says. 

Before the Personal Genome Project 

had gotten off the ground, Church was 

already off and running on the next big 

HH                                           HY NOT 

ASSEMBLE A 

DATABASE OF GENES 

CORRELATED WITH 

PEOPLE’S TRAITS? 

OTHERS COULD USE 

IT TO MAKE SMARTER 

LIFE CHOICES.
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thing. Beyond his corner of� ce in Harvard 

Medical School’s New Research Building, 

with its � oor-to-ceiling windows and impe-

rial view down the Avenue Louis Pasteur, 

Church and his colleagues were busily 

developing MAGE, his shotgun approach 

to genetic modi� cation.

The idea behind MAGE is to use the 

same kind of multiplexing technique that 

Church developed for sequencing (that is, 

breaking up a genome and tagging its 

constituent parts with enzymes) but then 

to add additional steps to insert, delete, 

and substitute passages of DNA. Instead 

of just copying existing sequences of DNA, 

MAGE could write new ones. 

Church and his colleagues demon-

strated the technique, in work published 

in Nature last July, by modifying the com-

mon bacterium E. coli to produce lyco-

pene, an antioxidant found in tomatoes, 

watermelons, and red peppers. Scientists 

had previously used conventional genetic 

engineering techniques on E. coli to make 

it produce insulin and other substances, 

but they had typically targeted only one 

gene at a time. MAGE allowed Church to 

simultaneously target 24 genes, each play-

ing a role in the production of lycopene. 

Church started by producing thou-

sands of variations of the target genes, 

concentrating on those passages of DNA 

that regulate how the genes interact with 

ribosomes, the parts of the cell that take 

information from the genes and use it to 

make proteins. With MAGE, he inserted 

these variations into the genomes of a 

large batch of E. coli cells. He began by 

using an electric current to open holes in the 

bacteria’s cell walls. Then he sent the new 

gene variants into the cell, where the bac-

teria’s own machinery for self-assembling 

DNA took over and incorporated the genes 

into the genome. In 24 hours Church was 

able to produce 4 billion different E. coli

genomes. From there it was a relatively 

simple matter to select the variants that 

produced lycopene most proli� cally. 

This proof-of-concept experiment opens 

up staggering possibilities. Soon it may be 

possible to produce entire novel genomes 

or to make numerous changes in existing 

ones. In the lycopene experiment, Church 

did not know which modi� cations to make 

in the E. coli genes to get the result he 

wanted, but the technique could just as 

easily be used to introduce speci� c sets 

of changes into a genome, inserting and 

deleting hundreds or thousands of genes 

at once. This capability would allow scien-

tists to give an organism’s DNA an extreme 

makeover, rather than just tinker with it. 

A genetic sculptor could then alter 

physical traits or disease vulnerabilities 

that are not assigned to merely one or two 

stretches of DNA. For instance, a common 

lab mouse lives 2.5 years, on average, but 

a naked mole rat lives 25. That difference in 

life span might be governed by thousands 

of genomic variations, but soon we could 

have access to all of them. Once research-

ers identify the genes that contribute to 

the naked mole rat’s longevity, they could 

make analogous changes in the genome of 

human adult stem cells. Over the genera-

tions, it should be possible to progressively 

increase the human life span.   

Church thinks MAGE may also open 

the door to the ultimate antiviral strategy. 

In order to replicate and do their damage, 

viruses hijack the genetic machinery of 

their host organisms. To thwart the invad-

ers, you could make certain alterations in 

the genetic code of the host’s cells. If you 

could � gure out which modi� cations work, 

and if you could also find some gene-

therapy technique for delivering those 

changes to the host cells, you could in 

principle make a person (or livestock, or 

any other creature) inherently resistant not 

to just one virus but to all viruses, even 

those that have not been discovered. 

MAGE could also be used to reverse-

engineer the genome of a species, trans-

forming it into the genome of another. On 

February 12, 2009 (the 200th anniversary 

of Charles Darwin’s birth), paleogeneticist 

Svante Pääbo of the Max Planck Institute 

for Evolutionary Anthropology in Germany 

announced that he and a team of research-

ers had sequenced about 63 percent of the 

Neanderthal genome. Afterward, Church 

told The New York Times that “a Neander-

thal could be brought to life with present 

technology for about $30 million.” 

Church would start by breaking up the 

human genome into 30,000 or so sepa-

rate chunks, each about 100,000 base 

pairs long. Once Pääbo’s team had fully 

sequenced the Neanderthal genome, 

Church would use a computer to com-

pare that genome, chunk by chunk, to the 

modern human genome to see where and 

how the two differed. Where the Neander-

thal had gene variants for a larger skull, 

for instance, Church would use MAGE 

to modify the nucleotide sequences that 

constituted those genes in one or more of 

the chunks of human DNA. He would keep 

doing the same with the genes underlying 

every trait that made Neanderthals different 

from humans. Finally, he would put all the 

separate, reworked genetic chunks back 

into a human stem cell. Each would � nd 

its own way, via the cell’s natural ability to 

assemble DNA, to the proper location. The 

result would be a freshly minted Neander-

thal genome in a living cell. From there, cre-

ating a living, breathing Neanderthal would 

merely require implanting the cell into the 

uterus of a chimpanzee, or perhaps into an 

adventurous human female.

The implications are so mind-blowing 

that I have to ask, “You don’t see anything 

sacrilegious about this?” 

“I wouldn’t say sacrilegious,” Church 

responds. “Humans have been manipulating 

humans in many ways for many years.”

Despite juggling all of these projects, 

Church does not feel rushed. On the con-

trary, he feels that he has had a great deal 

of time to think through the implications 

of his work. “I’d like to see us have basic 

enabling technologies that improve our 

quality of life, so we can safely analyze and 

engineer biological systems, make biofuels, 

and have personalized medicine. And have 

deeper self-knowledge,” he says.

Resurrecting a Neanderthal strikes 

Church as a constructive project, not a 

lark. “You could argue that it would give 

us an inkling into an alien intelligence pos-

sibly greater than our own, one that could 

save our species someday or keep us out 

of intellectual ruts,” he says. “Or Nean-

derthals might be resistant to some key 

diseases like AIDS, smallpox, tuberculosis, 

or the next pandemic. You might even be 

able to converse with them at length.” 

The Neanderthal, though, would first 

have to contact one of Church’s two 

secretaries. 

HHO                                         NCE YOU  
PUT A FRESHLY 
MINTED NEANDERTHAL 
GENOME IN A CELL, 
ALL YOU NEED TO DO 
IS IMPLANT THAT CELL 
INTO THE UTERUS OF 
A CHIMP.

“

“

38  |  DISCOVERMAGAZINE.COM

DV0310CHURCH6A_WC   38 1/5/10   12:25:54 AM

worldmagsworldmags

worldmags

http://DISCOVERMAGAZINE.COM


Reasoning, tested by doubt, is argu-
mentation. We do it, hear it, and 
judge it every day. We do it in our 

own minds, and we do it with others. 
What is effective reasoning? And how can 

it be done persuasively? These questions have 
been asked for thousands of years, yet some 
of the best thinking on reasoning and argu-
mentation is very new and is a strong break 
from the past. 

Argumentation: The Study of Effective 
Reasoning, 2nd Edition, is a course in argu-
ment and in reasoning. This course teaches 
how to reason and how to persuade others 
that what you think is right. And it teaches 
how to judge and answer the arguments of 
others—and how they will judge yours. 

Dr. David Zarefsky’s lectures are filled 
with examples of controversies, but his per-
spective takes us beyond individual disputes 
so we can see the structure of all disputes. 
This perspective orients us within any argu-
ment, so argumentation can be seen clearly as 
an exchange, and not just a flurry of words. 

What You’ll Learn
The lectures reveal several striking facts 

that can make argumentation accessible and 
familiar to you. 
•	 The	 tools	 of	 formal	 logic,	 essential	

for mathematics and programming  
computers, are inadequate to decide 
most controversial issues. For example, 
the ideal of deductive reasoning, the syl-
logism (“All men are mortal. Socrates is 
a man. Therefore, Socrates is mortal.”) 
is rarely used in real argument largely 
because it is useless. 

•	 Arguments	fall	into	a	handful	of	distinct	
categories—and the same issues are at 
stake each time one of these distinctive 
patterns occurs. 

•	 There	 are	 three	 kinds	 of	 evidence	 that	
can be advanced to prove an argument 
that something is true—and the same 
tests for truth can be applied to these 
types of evidence every time. 

•	 Argumentation	 is	 not	 mere	 quarreling:	
It is the study of human communication 

that seeks to persuade through reasoned 
judgment. It is a deeply social and coop-
erative practice. (Although there are 
times when winning an argument rather 
than finding the truth is prized, that 
is not why most of us exchange argu-
ments.) 

The course does not require any special  
knowledge or training in logic or rhetoric.

About Your Professor
Pro fessor David Zarefsky is the Owen 

L. Coon Pro fessor of Argumentation and 
De bate and Professor of Communication 
Studies North western University, where he 
has taught for more than 30 years. The 
Student Government of Northwestern has 
elected Professor Zarefsky to the Honor Roll 
for Teaching 13 times. 

About The Teaching Company
We review hundreds of top-rated profes-

sors from America’s best colleges and uni-
versities each year. From this extraordinary 
group we choose only those rated highest by 
panels of our customers. Fewer than 10% of 
these world-class scholar-teachers are selected 
to make The Great Courses®. 

We’ve been doing this since 1990, pro- 
ducing more than 3,000 hours of material 
in modern and ancient history, philosophy, 

literature, fine arts, the sciences, and math-
ematics for intelligent, engaged, adult life-
long learners. If a course is ever less than 
completely satisfying, you may exchange it 
for another, or we will refund your money 
promptly.

Lecture Titles
1. Introducing Argumentation  
 and Rhetoric
2. Underlying Assumptions  
 of Argumentation
3. Formal and Informal Argumentation
4. History of Argumentation Studies
5. Argument Analysis and Diagramming
6. Complex Structures of Argument
7. Case Construction-Requirements 
 and Options
8. Stasis—The Heart of the Controversy
9. Attack and Defense I
10. Attack and Defense II
11. Language and Style in Argument
12. Evaluating Evidence
13. Reasoning from Parts to Whole
14. Reasoning with Comparisons
15. Establishing Correlations
16. Moving from Cause to Effect
17. Commonplaces and Arguments  
 from Form
18. Hybrid Patterns of Inference
19. Validity and Fallacies I
20. Validity and Fallacies II
21. Arguments between Friends
22. Arguments among Experts
23. Public Argument and Democratic Life
24. The Ends of Argumentation

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

much lower than its standard price? Every 
course we make goes on sale at least once a 
year. Producing large quantities of only the 
sale courses keeps costs down and allows 
us to pass the savings on to you. This 
also enables us to fill your order immedi-
ately:	 99%	 of	 all	 orders	 placed	 by	 2	 pm	
eastern time ship that same day. Order before  
April 9, 2010, to receive these savings.
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                                                                          eople all have their own ideas of what a time 

machine would look like. If you are a fan of the 1960 movie version of H. G. Wells’s classic 

novel, it would be a steampunk sled with a red velvet chair, � ashing lights, and a giant 

spinning wheel on the back. For those whose notions of time travel were formed in the 

1980s, it would be a souped-up stainless steel sports car. Details of operation vary from 

model to model, but they all have one thing in common: When someone actually travels 

through time, the machine ostentatiously dematerializes, only to reappear many years in 

the past or future. And most people could tell you that such a time machine would never 

work, even if it looked like a DeLorean. 

They would be half right: That is not how time travel might work, but time travel in some 

other form is not necessarily off the table. Since time is kind of like space (the four dimen-

sions go hand in hand), a working time machine would zoom off like a rocket rather than 

disappearing in a puff of smoke. Einstein described our universe in four dimensions: the 

three dimensions of space and one of time. So traveling back in time is nothing more or 

less than the fourth-dimensional version of walking in a circle. All you would have to do is 

use an extremely strong gravitational � eld, like that of a black hole, to bend space-time. 

From this point of view, time travel seems quite dif� cult but not obviously impossible. 

These days, most people feel comfortable with the notion of curved space-time. What 

they trip up on is actually a more dif� cult conceptual problem, the time travel paradox. This is 

the worry that someone could go back in time and change the course of history. What would 

happen if you traveled into the past, to a time before you were born, and murdered your 

parents? Put more broadly, how do we avoid changing the past as we think we have already 

experienced it? At the moment, scientists don’t know enough about the laws of physics to 

say whether these laws would permit the time equivalent of walking in a circle—or, in the 

parlance of time travelers, a “closed timelike curve.” If they don’t permit it, there is obviously 

no need to worry about paradoxes. If physics is not an obstacle, however, the problem could 

still be constrained by logic. Do closed timelike curves necessarily lead to paradoxes? 

If they do, then they cannot exist, simple as that. Logical contradictions cannot occur. 

More speci� cally, there is only one correct answer to the question “What happened at the 

vicinity of this particular event in space-time?” Something happens: You walk through a 

door, you are all by yourself, you meet someone else, you somehow never showed up, 

whatever it may be. And that something is whatever it is, and was whatever it was, and 

will be whatever it will be, once and forever. If, at a certain event, your grandfather and 

grandmother were getting it on, that’s what happened at that event. There is nothing you 

can do to change it, because it happened. You can no more change events in your past in 

a space-time with closed timelike curves than you can change events that already hap-

pened in ordinary space-time, with no closed timelike curves. 

As we will see, the time travel paradox—the possibility of changing our past—seems 

intractable only because it con� icts with our notion of ourselves as beings with free will. 

Consistent stories are possible, even in space-times with closed timelike curves. 

To illustrate this point, imagine that you stumble upon a time machine in the form of a gate. 

When you pass through it in one direction, it takes you exactly one day into the past; if you 

pass through in the other direction, it takes you exactly one day into the future. You walk up to 

the gate, where you see an older version of yourself waiting for you. The two of you exchange 

pleasantries. Then you leave your other self behind as you walk through the gate into yesterday. 

But instead of obstinately wandering off, you wait around a day to meet up with the younger 

PHOTOGRAPHY

BY CALEB CHARLAND

TEXT

BY SEAN CARROLL

P*with
o
u
t a

c
c
id

e
n
ta

lly
 c

h
a
n
g

in
g

 th
e
 p

a
st

MARCH 2010  |  41

DV0310TIME5A_WC   41 1/4/10   10:31:12 AM

worldmagsworldmags

worldmags



DV0310TIME5A_WC   42 1/4/10   10:31:14 AM

worldmagsworldmags

worldmags



version of yourself (you have now aged 

into the older version you saw the day 

before) with whom you exchange 

pleasantries before going on your 

way. Everyone’s version of every event 

would be completely consistent.

We can have much more dramatic 

stories that are nevertheless con-

sistent. Imagine that we have been 

appointed Guardian of the Gate, and 

our job is to keep vigilant watch over 

who passes through. One day, as we 

are standing off to the side, we see 

a person walk out of the rear side of 

the gate, emerging from one day in 

the future. That’s no surprise; it just 

means that you will see that person 

enter the front side of the gate tomor-

row. But as you keep watch, you 

notice that he simply loiters around 

for one day, and when precisely 24 

hours have passed, the traveler walks 

calmly through the front of the gate. 

Nobody ever approached from else-

where. That 24-hour period consti-

tutes the entire life span of this time 

traveler. He experiences the same 

thing over and over again, although 

he doesn’t realize it himself, since he 

does not accumulate new memories 

along the way. Every trip through the 

gate is precisely the same to him. That 

may strike you as weird or unlikely, 

but there is nothing paradoxical or 

logically inconsistent about it.

The real question is this: What hap-

pens if we try to cause trouble? That 

is, what if we choose not to go along 

with the plan? Let’s say you meet a 

day-older version of yourself just 

before you cross through the front of 

the gate and jump backward in time, 

as if you will hang around for a day 

to greet yourself in the past. But once 

you actually do jump backward in time, 

you still seem to have a choice about 

what to do next. You can obediently 

ful� ll your apparent destiny, or you can 

cause trouble by wandering off. What 

is to stop you from deciding to wan-

der? That seems like it would create 

a paradox. Your younger self bumped 

into your older self, but your older self 

decides not to cooperate, apparently 

violating the consistency of the story.

We know what the answer is: That 

cannot happen. If you met up with an 

older version of yourself, we know 

with absolute certainty that once you 

age into that older self, you will be 

there to meet your younger self. That 

is because, from your personal point 

of view, that meet-up happened, and 

there is no way to make it un-happen, 

any more than we can change the past 

without any time travel complications. 

There may be more than one consis-

tent set of things that could happen 

at the various events in space-time, 

but one and only one set of things 

actually does occur. Consistent sto-

ries happen; inconsistent ones do 

not. The vexing part is understanding 

what forces us to play along. 

he issue that

troubles us, 

when you get 

down to it, is 

free will. We 

have a strong 

feeling that 

we  canno t 

be predes-

tined to do something we choose not 

to do. That becomes a dif� cult feel-

ing to sustain if we have already seen 

ourselves doing it. 

Of course, there are some kinds 

of predestination we are willing to 

accept. If we get thrown out of a win-

dow on the top � oor of a skyscraper, 

we expect to hurtle to the ground, no 

matter how much we would rather � y 

away and land safely elsewhere. The 

much more detailed kind of predes-

tination implied by closed timelike 

curves, where it seems that we sim-

ply cannot make certain choices (like 

walking away after meeting a future 

version of ourselves), is bothersome.

The nub of the problem is that you 

cannot have a consistent “arrow of 

time” in the presence of closed time-

like curves. The arrow of time is sim-

ply the distinction between the past 

and the future. We can turn an egg 

into an omelet, but not an omelet 

into an egg; we remember yesterday, 

but not tomorrow; we are born, grow 

older, and die, never the reverse. Sci-

entists explain all of these manifesta-

tions of the arrow of time in terms of 

entropy—loosely, the “disorderliness” 

of a system. A neatly stacked col-

lection of papers has a low entropy, 

while the same collection scattered 

across a desktop has a high entropy. 

The entropy of any system left to its 

own devices will either increase with 

time or stay constant; that is the cel-

ebrated second law of thermodynam-

ics. The arrow of time comes down to 

the fact that entropy increases toward 

the future and was lower in the past. 

A statement like “We remember the 

past and not the future” makes per-

fect sense to us under ordinary cir-

cumstances. But in the presence of 

closed timelike curves, some events 

are in our past and also in our future. 

So do we remember such events or 

not? In general, events along a closed 

timelike curve cannot be compat-

ible with an uninterrupted increase 

of entropy along the curve. That’s a 

puzzle: On a closed curve, the entro-

py has to � nish exactly where it start-

ed, but the arrow of time says that 

entropy tends to increase and never 

decrease. Something has to give.

To emphasize this point, think about 

the hypothetical traveler who emerg-

es from the gate, only to enter it from 

the other side one day later, so that 

his entire life story is a one-day loop 

repeated ad in� nitum. Take a moment 

to contemplate the exquisite level of 

precision required to pull this off, if we 

think about the loop as “starting” at 

one point. The traveler would have to 

ensure that, one day later, every single 

atom in his body was in precisely the 

right place to join up smoothly with 

his past self. He would have to make 

sure, for example, that his clothes did 

not accumulate a single extra speck of 

dust that was not there one day ear-

lier. This seems incompatible with our 

experience of how entropy increases. 

If we merely shook hands with our for-

mer selves, rather than joining up with 

them, the required precision doesn’t 

seem quite so dramatic. In either case, 

though, the insistence that we be in 

the right place at the right time puts a 

very stringent constraint on our pos-

sible future actions.

Our concept of free will is intimately 

related to the idea that the past may 

be set in stone, but the future is up 

for grabs. Even if we believe that the 

 laws of physics in principle determine 

the evolution of some particular state 

of the universe with perfect � delity, 
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WHO
ARE
YOU
CALLING
BIRD
BRAIN?

The amazing smarts of 
crows, jays, and other 
corvids are forcing scientists 
to rethink when and why 
intelligence evolved.

Nicky Clayton is no better at sitting 

still than are the birds she studies. 

Back in the 1990s, her colleagues 

at the University of California at 

Davis would stay at their computers 

at lunchtime, but she would wan-

der outside and watch as western 

scrub-jays stole bits of students’ 

meals and secretively cached the 

food. During these informal field 

studies, Clayton, an experimental 

psychologist, noticed that the birds 

returned frequently to their stashes 

and changed their hiding places.

“I thought, ‘This is odd,’ ” she says. 

“I assumed birds would cache for a 

long time—days or months. But this 

was for minutes.” She theorized that 

the birds were moving their caches 

to avoid pilfering. When food was 

plentiful, they grabbed as much as 

possible and hid it, then hid it again 

when they could do so without being 

observed by potential thieves. That 

behavior implied that the scrub-jays 

might be thinking about other birds’ 

potential actions, a type of flex-

ible thinking that was supposedly 

beyond the capabilities of a scrub-

jay’s little brain.

Clayton realized that if she could 

capture this caching behavior in 

the laboratory, she might be able 

to decode the social cognition of 

birds—the way they think about one 

another. She might learn whether 

they are capable of deception, if they 

respond differently to individual 

competitors, how well they evaluate 

their degree of privacy, and other 

aspects of their mental processes. 

“I had a lucky break with cach-

ing,” Clayton says. “I saw this as 

a niche, an area that other people 

weren’t busy with that might be 

quite interesting. Little did I know 

where it would lead.” 

Scientists had already estab-

lished the amazing memories of 

corvids, the family of birds that 

includes jays, crows, ravens, and 

nutcrackers. The Clark’s nutcracker 

can hide thousands of seeds at a 

time and has passed tests of recall 

up to 285 days later. Clayton sought 

to find out how deep those skills 

run. Many animals have impressive 

mental capabilities for certain nar-

row tasks, but such aptitudes seem 

B Y  C H A R L E S  W O H L F O R T H

I L L U S T R AT I O N S  B Y  J O N AT H O N  R O S E N
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to reflect hardwired or condi-

tioned adaptations to speci� c 

challenges. That is distinctly 

different from a human’s ability 

to create and manipulate a � ex-

ible mental model of the world. 

Within a few years of her 

lunchtime insight, Clayton was 

conducting the first experi-

mental demonstrations of a 

non human animal engaged in 

mental time travel. Her experi-

ments demonstrated that 

scrub-jays plan for the future, 

recall incidents from the past, 

and mentally model the thinking 

of their peers. Since then her 

work has expanded even fur-

ther. She has found other men-

tal capacities in birds that rival 

or surpass those of any other 

nonhuman species and come 

uncannily close to abilities we 

thought were ours alone. 

When she left her native Eng-

land in 1995 for her position 

at U.C. Davis, Clayton already 

believed there was much more 

to corvid cognition than peo-

ple thought, having studied 

their memory development 

during her graduate studies at 

Oxford University. The scrub-

jays in the park were not the 

only thing that lit a � re under 

her. She also drew inspiration 

from another English expatri-

ate, a neuroscientist doing 

related work from a different 

perspective, studying social 

cognition in rhesus macaques. 

That researcher, Nathan Emery, 

would later become her hus-

band. Like many romances, 

theirs faced some early tests. 

Soon after they met, Clayton 

recalls critiquing a draft paper 

of Emery’s on primate eye-

gazing. The paper included a 

chart listing mental capabilities 

that were the sole province of 

primates. “I kept writing in the 

margin, ‘Oh, no it’s not,’ ” she 

says, “which I’m sure he found 

very irritating.”

After Clayton’s groundbreak-

ing work at U.C. Davis, she 

returned to England in 2000 and 

rapidly rose to become a full 

professor at Cambridge Univer-

sity and director of natural sci-

ences at the university’s Clare 

College. Emery made the move 

as well, becoming a Royal Soci-

ety University Research Fellow 

at Cambridge. They married in 

2001 and together have pur-

sued the study of animal social 

cognition, with Clayton drawing 

her husband’s attention more to 

the avian side of things. 

As she waded into the study 

of complex cognition, Clayton 

found herself in a field that 

was full of intriguing but poorly 

documented research. Scien-

tists had striven for decades to 

demonstrate that nonhuman 

primates have mental abilities 

similar to ours. Experiments 

teaching chimps—like the 

famous Washoe—to commu-

nicate using sign language 

received enormous publicity 

but rarely withstood critical 

analysis. Other projects aimed 

to show that animals have a 

theory of mind, the ability to 

model the thinking of others 

(as when we judge whether a 

poker player is bluffing or if 

a potential mate is truly in 

love). But here, too, the stud-

ies seemed to glimpse such 

abilities in animals without ever 

delivering de� nitive proof. 

Experimental psychologist 

Sara Shettleworth of the Uni-

versity of Toronto summed 

up the shaky history of these 

studies in a 1998 textbook in 

which she reported a history 

of ambiguous and mistaken 

findings in the field, con-

cluding that little had been 

accomplished in a century of 

work on social cognition in 

animals. Clayton has taken a 

different tack from the earlier 

research. “It wasn’t ecologi-

cally inspired,” she says. “It 

was psychologically inspired. 

We were asking, ‘How can 

we understand a chimpanzee 

mind?’ while the mind we real-

ly understand is the human’s.” 

From the start, Clayton saw 

the problem differently. “If 

theory of mind means think-

ing about how others are 

thinking, then how you think 

as a human might differ from 

how you think as a scrub-jay 

or an ape,” she says. Instead 

of trying to train animals to 

do human tasks, she studied 

mental adaptations that cor-

vids might need in their own 

setting. And instead of surmis-

ing the animals’ thinking from 

� eld observations or working 

with a single trained subject, 

she conducted repeatable lab-

oratory experiments, carefully 

designed to rule out alternative 

interpretations, with multiple 

birds whose history was uncor-

rupted by previous work. “You 

can look at these birds’ behav-

ior in the wild, but that doesn’t 

tell you it’s cognitive,” she says. 

“It tells you that you should go 

and do an experiment.” 

At first Clayton’s captive 

scrub-jays refused to engage 

in the caching behavior she 

had seen on the Davis cam-

pus. She released the birds 

into a room with food and 

plenty of places to hide it, but 

when she returned the birds 

to their cages, nothing had 

been left behind. In the wild, 

she realized, scrub-jays cache 

mostly in their home territory. 

So Clayton allowed the birds to 

cache in the enclosures where 

they lived day to day; then 

they quickly began storing the 

worms and nuts she provided 

just as they had the booty sto-

len from students’ lunches. 

Collaborating with Tony 

Dick inson, a comparative 

psychologist at Cambridge, 

Clayton showed in 1998 

that the remarkable cogni-

tive capacities of scrub-jays 

extend beyond the social 

realm to include the ability 

to negotiate the passage of 

time. She found that the birds 

would return to caches when 

the food they had hidden was 

about to spoil. The jays also 

adjusted their retrieval pat-

tern when presented with new 

information about how quickly 

a certain food goes bad, aban-

doning those caches whose 

contents had passed their 

expiration date. 

One experiment showed 

that jays can even prepare for 

the future. Given the opportu-

nity in the evening to place a 

cache in either of two cages—

one in which they had previ-

ously been hungry at breakfast 

time and one in which they 

had previously been fed—the 

birds made the correct choice, 

without practice, provisioning 
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conditioned, merely re� ecting 

innate skills, or the learned 

association linking a cue to an 

action. To address these pos-

sibilities, she, Emery, and col-

leagues added an additional 

experiment. They hand-raised 

scrub-jays without giving them 

the opportunity to steal from 

other birds’ caches. Those 

“naive” jays did not take pre-

cautions to avoid being vic-

tims of theft. Apparently, the 

ability to avoid theft by oth-

ers depended on projecting a 

bird’s own experience. It took 

a thief to know a thief. 

“The fact that it was only 

experienced thieves that did 

it—that really blew my mind,” 

Clayton says. It was at that 

point that she and Emery 

began to invoke cognition to 

explain the birds’ maneuver-

ings. She became convinced 

that they really do have com-

plex cognitive abilities. 

Other researchers have also 

narrowed the mental differ-

ences between people and 

birds. Bernd Heinrich, a behav-

ioral ecologist at the University 

of Vermont, has documented 

ravens’ extraordinary social 

organization, secretive storing 

of food, elaborate communica-

tion, and extensive play, both in 

the � eld and in an aviary; he has 

described these results in books 

such as Mind of the Raven.

Recently, in collaboration 

with Thomas Bugnyar, an Aus-

trian biologist, Heinrich mea-

sured ravens’ caching and 

problem solving in the lab, with 

results broadly similar to Clay-

ton’s. He concludes, even more 

unequivocally than she, that 

ravens attribute to their compet-

itors “the capacity of knowing.” 

Other researchers studied the 

cleverness of New Caledonian 

crows, which can spontane-

ously invent novel tools. 

Looking beyond corvids, 

some animal behaviorists 

have examined how songbirds 

use grammar. And some have 

ventured farther down the evo-

lutionary tree. One study attrib-

uted higher mental functions to 

� sh, presenting evidence that 

African cichlids can reason 

inferentially. The accelerating 

stream of discoveries is chal-

lenging our understanding of 

what animal minds can do.

Clayton’s work also has its 

� erce critics—not surprising, 

given the century’s worth of 

debunked claims regarding 

animal intelligence. Shettle-

worth suggests that Clayton 

and Emery need to repeat the 

thieving experiment in a dif-

ferent way, with a large num-

ber of fresh birds divided into 

groups according to whether 

or not they have experience 

as thieves. “I think the work is 

provocative but not proven,” 

Shettleworth says, “because 

the cage where breakfast had 

not been provided in the past. 

Neurologists believe that epi-

sodic memory (the recall of a 

moment rather than a skill or 

a fact) uses the same struc-

tures in the human brain’s 

hippocampus as does imagi-

nation. Both functions demon-

strate our capacity for mental 

time travel, the ability to recall 

past events or envision new 

ones. Clayton’s experiments 

raise for the � rst time the pos-

sibility that scrub-jays can 

mentally time travel too. 

“We thought these abilities 

were uniquely human,” she 

says. “The fact that jays have 

them says no.”

In Clayton’s experiments, 

the scrub-jays’ social think-

ing repeatedly proved more 

complex than anyone had 

predicted. The birds remem-

bered if  they were being 

watched by other birds when 

they cached, and by which 

ones. They would wait until a 

potential thief was distracted 

before hiding their food, or 

would choose a spot that was 

dark or otherwise dif� cult for 

the competing bird to see. If 

another bird could potentially 

hear the process of hiding the 

food, they chose quieter mate-

rial in which to dig—sand rather 

than pebbles. If they had no 

choice but to cache in plain 

sight, the scrub-jays would 

return soon after, when condi-

tions permitted privacy. 

Clayton recognized that 

the birds’ behaviors could be 

those birds have a history.”

Daniel Povinelli, director of 

the Cognitive Evolution Center 

at the University of Louisiana 

at Lafayette, objects to the 

entire trend in animal cognition 

studies. He contends there is 

still more evidence for human-

animal differences than for sim-

ilarities and believes our own 

theory of mind fools us into 

seeing our abilities in animals, 

even when simpler explanations 

would suf� ce. For example, he 

does not agree that Clayton’s 

experiments show birds can 

mentally place themselves in 

different times, as humans do. 

“They’re just representing, as 

Nicky has elegantly shown, 

that they can keep track of the 

relative breakdown of foods in 

different locations,” Povinelli 

says. “To step back and say 

they can reason about time as 

an unobservable line on which 

they can place themselves—

there’s no evidence.”

As for theory of mind, Povi-

nelli argues that Clayton’s 

experimental design was inad-

equate to show it because the 

birds could have responded to 

their competitors not by imagin-

ing the content of their thinking 

but just by using rules. He also 

‘‘

‘‘

We thought these abilities 
were uniquely human. 
The fact that jays 
have them says no.
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notes that the hand-reared, non-

thieving scrub-jays may have 

missed a developmental stage 

for making the rules. “Nicky and 

those guys want to say the birds 

are thinking, ‘I know what it was 

like when the birds stole from 

me,’ ” Povinelli says. But he 

believes the naive birds’ failure 

to anticipate thievery does not 

support the interpretation. “All 

it means is that birds that have 

undergone certain experiences 

represent those experiences 

across time.” 

Povinell i ’s fundamental 

challenge to Clayton and the 

other scientists studying ani-

mal cognition is that they need 

to produce evidence that ani-

mals possess a theory of mind 

like the one humans have, with 

the ability to mentally model 

counterfactual ideas, such as 

theory of mind in nonhumans. 

They have their own social 

cognition that has evolved for 

their own problems,” he says. 

“If they had human theory 

of mind, they would be little 

humans.” Or, as Clayton says, 

quoting the philosopher Lud-

wig Wittgenstein, “If a lion 

could speak, we wouldn’t be 

able to understand him.” 

The predominant attitude 

of Western science, Clayton 

says, has been that animals 

are unthinking automatons until 

proved otherwise, in line with 

a biblical view of the animal 

kingdom having been given by 

God for our use. But she cites 

a Hindu colleague who took the 

opposite point of view, putting 

the burden of proof on scien-

tists to show that animals are 

not mentally complex. “Why 

ogy and interpreting animal 

behavior using the mental 

machinery with which we 

negotiate our human relation-

ships. A dog owner comes 

home to � nd a mess but shows 

mercy because the dog seems 

remorseful. But does the dog 

really feel regret as we would? 

Or is the show of regret a con-

ditioned response associated 

with receiving a less severe 

punishment? Or could the ani-

mal be manifesting an instinc-

tive program, treating the 

owner as a dominant member 

of the pack? Perhaps all three 

processes are at work.

Clayton has built her career 

trying to avoid these uncer-

tainties. She believes that only 

experiments in the laboratory 

can escape the thicket of alter-

native interpretations that con-

found � eld observations. (That 

is why her team continues to 

endure the painstaking and 

time-consuming task of acquir-

ing and working with lab-bound 

corvids.) Nevertheless, wildlife 

biologists keep reporting tales 

of bird intelligence outside of 

the lab as well.

In one compelling example, 

wildlife researcher Stacia Back-

ensto, a graduate student at 

the University of Alaska at Fair-

banks, was stymied by bird cog-

nition when she began studying 

how ravens used ambient heat 

from buildings to adapt to life on 

the dark, frigid oil � elds of the 

Arctic coast. “It’s interesting 

to be studying something so 

smart. You’re constantly dueling 

with this bird that you’re trying 

to capture,” she says. “You’re 

constantly playing these games 

to outsmart it.” 

Backensto discovered she 

could get closer to the ravens 

if she wore an oil � eld worker’s 

uniform. Still, she found it almost 

impossible to catch the birds in 

the second year of her study. 

They had learned all her tricks—

even ravens she had not seen 

before, in areas she had not 

thinking about what another 

person would do in a hypo-

thetical situation. 

Emery counters that there is 

a limit to what we can expect to 

learn from animal minds. “We 

will never be able to � nd human 

should you start out with the 

idea that animals don’t have a 

theory of mind?” Clayton asks. 

“Why not start out with the idea 

that they do?”

The risk, she recognizes, 

is lapsing into folk psychol-

previously visited. Finally she 

had to don a complete disguise: 

a uniform stuffed with pillows 

plus a shaggy wig, fake beard, 

glasses, and a mustache. It 

worked, although the univer-

sity’s business office wanted 

to know why Backensto was 

spending research funds at a 

place called the Party Palace. 

Beyond the anecdotes and 

individual case studies, there 

is a common thread among 

the birds that show the stron-

gest signs of intelligence—the 

ravens, jays, and other cor-

vids, along with parrots. Each 

of these species possesses an 

avian neocortex of exceptional 

size relative to its body, rears 

its young for an extended 

period, and lives in a com-

plex social environment—not 

merely in a large population of 

cooperating creatures, such as 

bees or ants, but in a dynamic 

setting of alliances and com-

petition. The same is true of 

the most clearly intelligent 

mammals: toothed whales, 

dolphins, and primates.

“It’s not just living in big 

groups, it’s the complexity of 

social life,” Clayton says. This 

social hypothesis gives the 

animals a reason for evolving 

intelligence, which their physi-

cal environment alone might not 

demand. Clayton suggests that 

a cognitive arms race among 

their own kind drove corvids to 

evolve, as the spy-versus-spy 

game of caching, stealing, hid-

ing, and deceiving escalated the 

need for an ever-sharper mind. 

Once the ability to think � ex-

ibly emerges in an evolutionary 

line, descendants can apply 

it to face varying challenges.

For example, ravens and killer 

whales, both highly social, also 

both alter the ways they gather 

food and use their habitat so 

they can live near the equator 

as well as in the high Arctic. 

Last year Emery investi-

gated the latent intelligence of 

corvids by testing rooks, which 

do not use tools in the wild, 
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with complex tasks requiring tools. With each 

step in his laboratory experiments, the challenges 

got harder and more complicated, but because 

of the rooks’ understanding of cause and effect, 

they produced solutions without resorting to trial 

and error. They chose rocks and sticks to drop 

down a tube in order to open a door to get food. In 

an experiment inspired by Aesop’s fables, Emery 

presented the rooks with a worm � oating out of 

reach in a tube of water. The birds put rocks in the 

tube to raise the water level to capture the worm. 

They even manufactured tools, bending a wire to 

make a hook to pull a bucket holding food out of a 

tube. The tool worked only with a bend of a precise 

curvature, around 100 degrees. “We wouldn’t have 

expected that at all,” Emery says. “That’s why we 

said in the paper that it is an example of insight. 

It’s coming up with a novel solution, to innovate.” 

Birds and mammals are distant on the tree of 

life. Their last common ancestor lived 280 million 

years ago and their brains are quite different in 

size and structure; birds notably lack the mam-

malian six-layer cortex. So Clayton and Emery 

argue that intelligence had to evolve separately 

in corvids and primates, starting at distant points 

but converging to solve the same problems of 

managing social interaction. 

Intelligence might turn up anywhere it aids 

survival—in the use of protective coloring or the 

ability to molt, for instance. It may be rare only 

because it is not needed very often. “We think 

intelligence is this great thing because it’s the 

thing that has made us special,” Clayton says. 

“Yet when you compare us with insects, such 

as species of mosquitoes, there are a number of 

measures where we are not the best.” 

We cannot say for certain how important think-

ing is for action, whether in animals or in human 

beings. Shettleworth concedes that Clayton’s 

scrub-jays met the behavioral criteria for future 

planning when they cached their breakfast in the 

right cage before bedtime. “Does that mean they 

are thinking about breakfast when doing it?” she 

asks. “We don’t know.”

Shettleworth notes that the unconscious con-

nections of associative learning can, even among 

people, produce complex behaviors, such as 

unconsciously eating a bowl of cereal. “Conscious 

cognition may be very much overrated in our con-

duct of daily life,” she says.

In the end, we cannot be sure of another per-

son’s conscious thinking, much less the thinking of 

another species. A computer can be programmed 

to seem conscious. Scrub-jays might be built to 

seem conscious too. Presumably even a person 

could be conditioned to claim consciousness 

falsely. As Emery says: “I could be lying to you. I 

could be completely unconscious but telling you 

I am conscious.”

NICKY CLAYTON’S 
BIRD’S-EYE VIEW

Nicky Clayton’s fascina-

tion with birds does not 

end when she leaves her 

Cambridge University 

offi ce. Over the years, the 

avian world has infi ltrated 

her personal life as well, 

informing her off-hours 

interests in dance and 

social connection. And 

conversely, she has devel-

oped ideas related to her 

research by looking at bird 

behavior through the prism 

of her own experience.

With a slight frame and 

sharp mind, Clayton likes 

being compared to a bird. 

As busy as the corvids she 

studies, she dances six 

days a week, even during 

university terms. And to 

push her metaphor further, 

you might say that she 

pays close attention to 

her plumage: Her dresses 

come from Milan, and she 

perches on stiletto heels 

day and night, whether 

relaxing at home, practic-

ing salsa, or striding 

across the medieval 

fl agstones of Cambridge 

at a breakneck speed.

 Last year Clayton had 

a rare opportunity to bring 

Clayton with 

one of her 

collaborators.

her two sides together 

when Mark Baldwin, the 

artistic director of the 

London-based Rambert 

Dance Company, asked her 

to help create a contempo-

rary dance commemorating 

the 150th anniversary of 

Charles Darwin’s On the 

Origin of Species. She 

agreed and then spent 

weeks sorting out how to 

express evolution in dance. 

“I was thinking I could just 

give them a straight science 

talk, but that’s a bit boring,” 

she says. “Given that I love 

to dance, it made sense for 

me to merge the two.”

Clayton borrowed ele-

ments from tango and then 

added some moves based 

on avian sexual selection; 

as reference, she showed 

the Rambert dancers video 

of the mating ritual of birds 

of paradise. “I referred to 

it as bird ballet,” she says 

of the ritual. “The maestro 

comes on the scene—I 

call him the principal 

dancer—and he’s seen 

to do this amazing series 

of jetés across his little 

stage. And you see all these 

females gathering and criti-

cally looking, and then you 

see him benefi t from his 

successful performance by 

mating with them all.”

In the resulting work, 

titled “The Comedy of 

Change,” Baldwin included 

a solo that evoked the bird 

of paradise video. Review-

ers found the piece beauti-

ful but, as with the behavior 

of the birds Clayton studies, 

a bit mysterious. One writer 

who attended a perfor-

mance in Northampton 

that was primarily for 

schoolchildren appreci-

ated it more—thanks no 

doubt to a talk Clayton 

gave in advance. 

Clayton still glows about 

this experience. As a young 

girl she loved birds, dance, 

and clothes. Now she has 

all three, adding dance 

company science adviser 

to her list of titles and 

honors. All of that curiosity 

and optimism spills right 

back into her academic 

work, as she attempts to 

decode the minds of her 

scrub-jays. “I just like 

watching them behave,” 

she says, “and using that 

to generate ideas.”  C. W.
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I C E  F I S H I N G  F O R  

AN INTREPID REPORTER BRAVES 

SIBERIA’S FROZEN LAKE BAIKAL IN 

SEARCH OF THE 

FUNDAMENTAL 

PARTICLES THAT COULD 

ANSWER SOME OF THE DEEPEST 

QUESTIONS IN PHYSICS.

by anil ananthaswamy
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25 million years ago, Earth parted in 

the southeast corner of Siberia. Since then, count-

less rivers have converged on the gaping continental 

rift, creating the vast body of water known as Lake 

Baikal. Surrounded by mountains, this 400-mile-long 

inland sea has remained isolated from other lakes 

and oceans, leading to the evolution of unusual flora 

and fauna, more than three-quarters of which are 

a b o u t

found nowhere else on the planet. Russians regard 

it as their own Galápagos. The lake contains 20 

percent of the world’s unfrozen freshwater—or just a 

little less during the severe Siberian winter when, despite 

its enormous size and depth, Baikal freezes over. 

On one such winter’s day, I found myself on the lake 

near the town of Listvyanka, which is nestled in a 

crook of the shoreline. I was in an old van that was

Scientists maintain a snaking 

line of neutrino detectors 

on Lake Baikal’s frozen surface.  
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trying to head west, not along a coastal road—for there was none—

but over the ice. The path, however, was blocked by a ridge. It 

looked like a tectonic fault: Two sections of the lake’s solid surface 

had slammed together and splintered, throwing up jagged chunks 

of ice. The driver, a Russian with a weather-beaten face, peered from 

underneath his peaked cap, looking for a break in the ridge. When 

he spied a few feet of smooth ice, he got out and prodded it with a 

metal rod, only to shake his head as it crumbled: not thick enough 

to support the van. We kept driving south, farther and farther from 

shore, in what I was convinced was the wrong direction. The van 

shuddered and lurched, its tires crunching on patches of fresh snow 

and occasionally slithering on ice. The ridge continued as far as the 

eye could see. Suddenly we stopped. In front of us was a dangerous-

looking expanse littered with enormous pieces of ice that rose from 

the lake’s frozen surface like giant shards of broken glass. 

the ice would give way and we would plunge into the frigid waters 

below. But it remained solid, and the van, despite its appearance, 

was in � ne mechanical fettle, its shock absorbers holding � rm. In 

the distance I spied a dark spot on the otherwise white expanse. 

As we approached, the spot grew to its full size, revealing itself as a 

three-foot-high Christmas tree. We still had 20 miles to cover, and 

the sun would soon disappear below the icy horizon. But now that 

we had found the Christmas tree, I knew we were � ne.

I had � rst seen the tree two days earlier, with Nikolai (Kolja) 

Budnev, a physicist from Irkutsk State University, and Bertram 

Heinze, a German geologist. We were headed to the site of the 

Lake Baikal neutrino observatory, which lay deep beneath the ice. 

We had just driven onto the lake from the shore near Listvyanka 

when Heinze asked, “When does the ice start breaking?”

“Sometime in early March,” Budnev answered. My heart skipped 

Above: A frigid, rustic campsite 

is home to the scientists who 

maintain the Baikal Neutrino 

Telescope. Right: One of the 

telescope’s 228 detectors, which 

pick up fl ashes of light triggered 

by passing neutrinos. 

a beat. It was already late

March, and we were on the 

ice in an old, olive-green 

military jeep. “Sorry, some-

time in early April,” Budnev 

corrected himself. Phew.

For more than two dec-

ades now, Russian and Ger-

man physicists have camped 

on the frozen surface of Lake 

Baikal from February to April, 

installing and maintaining 

instruments to search for 

the elusive subatomic par-

ticles called neutrinos. Arti-

ficial eyes deep below the 

The driver seemed to be contemplating going around them to look 

for thick ice that would let us reach our destination, an underwater 

observatory operating in one of the deepest parts of the lake. But if he 

did that, we’d get even farther from the shore, and it would take just 

one punctured tire to strand us. The sun was little more than an hour 

from setting, and the temperature was falling. I couldn’t ask the driver 

if he had a radio or a phone to call for help, since he did not speak a 

word of English and the only Russian phrase I knew was do svidaniya. 

The last thing I wanted to say to him at this point was “Good-bye.”

Thankfully, he decided to turn around. We drove along until we 

came upon vehicle tracks that went over some ice covering the 

ridge. The driver swung the van westward and cleared the ridge, and 

soon we were racing across the lake at a speed that turned every 

frozen lump into a speed bump. The van’s front rose and fell sicken-

ingly, rattling the tools strewn around on the front seat. I worried that 
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surface of the lake look for dim � ashes of blue light caused by a 

rare collision between a neutrino and a molecule of water. I was 

told that human eyes would be able to see these � ashes too—if 

our eyes were the size of watermelons. Indeed, each arti� cial eye 

is more than a foot in diameter, and the Baikal neutrino telescope, 

the � rst instrument of its kind in the world, has 228 eyes patiently 

watching for these messengers from outer space.

The telescope, which is located a few miles offshore, oper-

ates underwater all year round. Cables run from it to a shore sta-

tion where data are collected and analyzed. It is a project on a 

shoestring budget. Without the luxury of expensive ships and 

remote-controlled submersibles, scientists wait for the winter ice 

to provide a stable platform for their cranes and winches. Each 

year they set up an ice camp, haul the telescope up from a depth 

of 0.7 mile, carry out routine maintenance, and lower it back into 

the water. And each year they race against time to complete their 

work before the sprigs of spring begin to brush away the Siberian 

winter and the lake’s frozen surface starts to crack.

What is it about the neutrino that makes scientists brave such 

conditions? Neutrinos—some of them dating back to right after 

the Big Bang—go through matter, traveling unscathed from the 

time they are created and carrying information in a way no other 

particle can. The universe is opaque to ultraenergetic photons, 

or gamma rays, which are absorbed by the matter and radiation 

that lie between their source and Earth. But neutrinos, produced 

by the same astrophysical processes that generate high-energy 

photons, barely interact with anything along the way. For instance, 

neutrinos stream out from the center of the sun as soon as they are 

produced, whereas a photon needs thousands of years to work its 

way out from the core to the sun’s brilliant surface. 

Neutrinos therefore represent a unique window into an other-

wise invisible universe, even offering clues about the missing mass 

called dark matter, whose presence can be inferred only by its 

gravitational in� uence on stars and galaxies. Theory suggests that 

over time the gravity wells created by Earth, the sun, and the Milky 

Way would have sucked in an enormous number of dark-matter par-

ticles. Wherever they gather in great concentrations, these particles 

should collide with one another, spewing out (among other things) 

neutrinos. It is as if a giant particle accelerator at our galaxy’s center 

were smashing dark-matter particles together, generating neutrinos 

and beaming them outward, some toward us. 

neutrinos play such a key role in advancing physics 

would have surprised scientists of a few generations ago. For them 

the neutrino was a � gment of imagination, a theoretical necessity, 

but one that seemed impossible to detect because of its ethereal 

nature—a ghost of a particle. The story of the neutrino begins in the 

late 1920s. Physicists had been puzzling over something called radio-

active beta decay, in which one kind of atom changes into another. 

For instance, carbon-14 has eight neutrons and six protons. During 

beta decay, one of these neutrons decays into a proton and emits an 

electron. The new nucleus, now with seven protons and seven neu-

trons, is transformed into nitrogen-14. But during this process, some 

energy seemed to go missing. It was the Austrian-born physicist and 

Nobel laureate Wolfgang Pauli who theorized that beta decay must 

emit an as yet undiscovered neutral particle. A few years later, the 

physicist Enrico Fermi jokingly named the particle a neutrino, Italian 

for “little neutral one,” and the name stuck. 

For decades the neutrino remained a theoretical construct, a useful 

particle that helped physicists save their theories from embarrass-

ment. Nobody had seen one. Nobody even knew how to � nd one—

until Frederick Reines, a researcher working at Los Alamos during the 

1950s, realized that a nuclear bomb would be a signi� cant source of 

neutrinos. Reines and his colleague Clyde L. Cowan Jr. thought a 

nuclear power plant would also be a source. They calculated that a 

detector near a nuclear reactor would encounter nearly 1013 neutrinos 

per square centimeter per second. There was just one small problem: 

Since neutrinos are electrically neutral, they could be detected only 

if they directly hit the nucleus of an atom. Reines and Cowan would 

have to look for the signature of such a collision. And they found it.

By the 1960s, physicists following up on Reines’s work had 

started building neutrino detectors inside mines, using the ground 

as a natural shield from cosmic rays, which can swamp the signal 

from neutrinos. (Neutrinos can pass through the thick walls of the 

mines, but cosmic rays cannot.) In 1968 Raymond Davis and his col-

leagues from Brookhaven National Laboratory completed an experi-

ment inside the Homestake Gold Mine in Lead, South Dakota. They 

used a tank containing 100,000 gallons of tetrachloroethylene, a com-

mon dry-cleaning agent. When a neutrino smashed into an atom of 

t h a t

EACH YEAR THEY SET UP an 

ice camp, racing against 

time to FINISH THEIR WORK 

BEFORE the lake’s  f rozen 

surface STARTS TO CRACK.

MARCH 2010  |  53

DV0310NEUTRINOS8A_WC   53 1/4/10   10:59:46 AM

worldmagsworldmags

worldmags



boom caused by an aircraft traveling 

faster than the speed of sound.

It was another Russian researcher, 

Moisey Alexandrovich Markov, a 

“poet” of astroparticle physics, 

who suggested using natural bod-

ies of water as neutrino detectors. 

Instead of building tanks of water 

inside mines, why not use lakes or 

even oceans? Just submerge long 

strings of photomultiplier tubes into 

the water and watch for the Cheren-

kov light left behind by neutrino-

generated muons. The idea was 

enticing, but there were huge practi-

cal dif� culties. For one thing, without 

rock above to protect it, a detector 

would be exposed to cosmic rays 

that could drown out signals from 

neutrinos. More to the point, sunlight 

(not a problem inside mines) would 

blot out the Cherenkov emission. 

The solution was to go deep, 

where the sun’s rays could not 

reach. The physicists realized that 

they could use the Earth itself as 

a shield. While many muons can 

make it through a mile of water, a 

similar stretch of rock will stop them 

cold. So a neutrino detector can sit 

deep underwater, near the lake bed, 

looking downward for muons cre-

ated by neutrinos that come from 

below. None of the muons created 

by cosmic rays in the atmosphere 

on the other side of the Earth can 

penetrate the planet. Neutrinos, 

however, zip right through, and 

occasionally one will hit a nucleus 

in the water or in the lake bed itself. 

Such a collision generates a muon, 

which then shoots up toward the 

surface. Catch an upward-moving 

muon and you have essentially 

detected a neutrino that came from 

the other side of the Earth. All that was needed was a suitable body 

of water. By the mid-1980s, the Russians realized that they had a 

massive tank of pure water in their own backyard: Lake Baikal. 

On my � rst morning in Siberia, we drove across the lake toward 

the telescope. The frozen white lake spread for miles around us in 

every direction except to the northwest, where we were relatively 

close to shore. When we stopped to rest, men milled around the 

vehicles. The subzero temperature seemed to affect everyone dif-

ferently. Some stood bareheaded; others had woolen caps rolled 

down to the tips of their ears. And then there was Ralf Wischnewski, 

in his enormous Russian fur cap that looked like a � uffed-up rabbit. A 

German neutrino physicist who had been working with the Russians 

at Lake Baikal for 20 years, Wischnewski was the reason I was here. I 

had met this ruddy-faced man six months earlier in London, outside 

chlorine, the atom was transformed into one of radioactive argon. 

By counting the number of argon atoms that were produced, the 

physicists could calculate the � ux of neutrinos coming from the sun. 

Then in the early 1980s, researchers around the world built detec-

tors using thousands of tons of water in underground tanks lined 

with photomultiplier tubes (PMTs). The PMTs look for light emitted 

when a neutrino smashes into water. Normally the neutrino will pass 

right through water without any interaction. But on the rare occasions 

when one does hit a nucleus of hydrogen or oxygen, the collision 

can spit out another subatomic particle, a muon. The charged muon 

interacts with the water electromagnetically, and because it is moving 

faster than the speed of light in water, it leaves in its wake a cone of 

blue light. This is called a Cherenkov cone, after the Russian physicist 

who � rst described the phenomenon. It is analogous to the sonic 

Soon after verifying the existence of neutrinos, physicist 

Frederick Reines called these particles “the most tiny 

quantity of reality ever imagined by a human being.” 

Indeed, neutrinos have the smallest mass of any known 

particle—and yet they are incredibly important for 

understanding the world around us. Most neutrinos 

originated just fractions of a second after the Big Bang 

and so carry unique information about the infant uni-

verse. Others started their journey in the sun’s core or in 

powerful supernova explosions, revealing secrets about 

how stars shine and how they die. 

Today astronomers rely primarily on visible light or 

other forms of electromagnetic radiation (like radio 

or X-rays) to study the distant universe; that is how the 

Hubble Space Telescope creates its beautiful images of 

galaxies and nebulas. In many ways, though, neutrinos 

make better cosmic messengers. Unlike light, which is 

easily absorbed as it moves through space, neutrinos 

rarely interact with anything. And unlike many other 

subatomic particles, neutrinos have no charge, so they 

travel in a straight line from their source without being 

defl ected by the magnetic fi elds around stars.

Unfortunately, the inertness that makes neutrinos 

such a valuable source of information also makes 

them diffi cult to detect. Sixty billion solar neutrinos hit 

your thumbnail each second, and nearly every one of 

them passes through unscathed. As a result, neutrino 

observatories must scan vast quantities of water or 

some other good target to detect the exceedingly rare 

interaction between a neutrino and another particle.    

With its 228 optical sensors, the observatory at Lake 

Baikal (diagrammed at left) looks for the debris 

created when a neutrino collides with a hydrogen 

or oxygen nucleus in the water: a shower of 

new particles that triggers a cone of bluish 

light. To exclude other particles that can 

produce a similar signal, scientists limit 

their search to showers cascading 

upward from below. This ensures 

that the original particle has 

passed through the Earth’s 

crust, a feat that only a 

neutrino can accom-

plish. ANDREW GRANT

ULTIMATE part ic le

Neutrino path

Light sensor Cherenkov
light
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the Tate Modern museum on the south bank of the Thames. We 

walked over to a Greek pub and discussed the Baikal expedition over 

chilled lager. It was he who had alerted me to the tradition of bringing 

spirits to share with the Russians during the winter evenings.

And here we were, except that it was still morning. The Russians 

had planned a welcome drink for Heinze. Kolja Budnev bounded out 

of our jeep with a bottle of vodka. Someone sliced a sausage into 

team has two months to carry out any routine maintenance, put 

the strings back in the water, and get out before the ice cracks. 

The term “experimental physics” took on new meaning in this bit-

ing cold, which at times dropped to –4 degrees Fahrenheit. Most of 

the physicists lived in 10-by-20-foot cabins, two to a cabin. Others 

slept in bunk beds at the shore station, amid workbenches cluttered 

with computers, electronics, wires, and cables. They worked long 

hours, from early in the morning to some-

times well past midnight. There was no 

running water, which meant no showers 

for two months. Toilets were wooden cab-

ins with pits in the ground. The extreme 

cold helped control the stench, but it still 

wafted up when warm urine hit the pit. 

There was one luxury: the banya, a tradi-

tional Russian sauna. Naked men sat in 

an outbuilding, chucked water on hot stones to raise steam, and 

beat one another with leafy twigs and branches of birch. 

A wicked wind kicked up one evening. It was time for everyone 

to leave the open ice and head back to the shore station. Once 

there, I gratefully sat down for a cup of tea, and a can of sweet, 

syrupy condensed milk materialized. One scientist looked at the 

can wistfully. Condensed milk had been his dream as a child grow-

ing up in the Siberian city of Tomsk. “They had this in Moscow,” 

he said, “but not in Tomsk.”

Later that evening, I had to head back out and traverse part of 

the icy lake to reach the canteen for dinner. It wasn’t going to be 

BUDNEV FLICKED A FEW drops of 

vodka onto the ice—AN OFFERING 

TO THE GREAT SPIRIT  OF LAKE BAIKAL.   

circular pieces. Bright yellow, blue, and red plastic cups were set up 

on the jeep’s expansive hood, and soon everyone had a vodka-� lled 

cup in hand. Budnev dipped a � nger into his and � icked a few drops 

onto the ice—an offering to the great spirit of Lake Baikal. 

 Soon we got back into our vehicles and headed toward the neu-

trino telescope, a contraption made of 11 strings of photomultiplier 

tubes, each with a large buoy at the top and a counterweight at the 

bottom. Smaller buoys attached to the strings � oat about 30 feet 

below the surface. All year round, a total of 228 PMTs watch for the 

Cherenkov cones. Each winter the team has to locate the telescope, 

the upper part of which drifts slightly over the course of the year. The 
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easy. I had turned up on a frozen lake in the depths of a Siberian 

winter in “European summer shoes,” as Wisch newski put it, dis-

belief in his voice. On the lake I found walking nearly impossible, 

my smooth-soled shoes slipping the entire way. After a few days, I 

learned to � nd fresh snow for my shoes to grip, but that night, fear 

nearly paralyzed me.  Fortunately, a jeep pulled up beside me, and 

Wischnewski, having noticed my plight, asked the driver—Igor 

Belolaptikov, a tall, mustached physicist from the Joint Institute 

of Nuclear Research in Dubna, near Moscow—to take me to the 

canteen. I sat with Belolaptikov at dinner and happily accepted a 

ride back to his small cabin for a chat about neutrinos.

“My business is the reconstruction of muons and neutrinos,” 

Belolaptikov said, laughing with a childlike joy as he made 

neutrino seen by humans using a natural body of water as a detector. 

Belolaptikov and colleagues had done the reconstruction and put the 

Lake Baikal detector on the map.

The next two days slid by, but even in this short time a rhythm 

was established. A trip down to the lake in the mornings to get 

a bucketful of drinking water from a hole in the ice. Then back 

to the cabin for coffee with condensed milk and honey, making 

sure to plug the hole in the can of milk with paper to prevent “little 

animals” (as Wischnewski calls insects) from getting in. From my 

cabin I could see clear across the lake, and I had to remind myself 

that it had more water than America’s � ve Great Lakes put together 

and a surface area larger than Belgium. Eighty percent of Russia’s 

freshwater was here. Even at great depths, the lake is well oxygen-

w h e n

then be used to calculate the path of the original neutrino. It is this 

ability to � gure out where a neutrino comes from that differentiates a 

neutrino telescope from a mere neutrino detector. A telescope must 

identify the source of neutrinos in the sky, and the Lake Baikal instru-

ment can do so with an angular resolution of about 2.5 degrees, 

meaning that it can distinguish neutrinos coming from points in the 

sky separated by a distance of � ve full moons. So far the Baikal 

telescope has seen only atmospheric neutrinos, secondary particles 

created by cosmic rays crashing into atoms in the air. Everyone here 

is waiting for the day when a high-energy neutrino from outer space 

makes its presence felt in their little corner of the lake. 

 Belolaptikov recalled his � rst neutrino—indeed, the Baikal detec-

tor’s � rst—from 1993. “It was great,” he said. “Here, you can see.” 

He leaned over his bunk bed and removed a piece of paper pinned 

to the wall above. It was a printout of the path of an upward muon, 

reconstructed from the detection of its Cherenkov cone: the � rst-ever 

ated, making it one of the most hospitable waters for life. Because 

of the voracious crustaceans that live at all depths, nothing dead or 

dying lasts more than a few days in this lake. If � shermen leave their 

catch in the nets too long, the crustaceans invade the � sh through 

their mouths and gills, eating them from the inside out. These crit-

ters keep the lake free of dead matter, leaving it unimaginably clear, 

especially deep down. Murky waters would make watching for muons 

nearly impossible. “It is a very, very kind water,” Budnev said. 

the Russians turned on the Lake Baikal tele-

scope in 1993, it was the only game in town. That has since changed. 

European physicists have started building similar detectors in the 

Mediterranean. And an American-European team went to the South 

Pole in the mid-1990s to construct the Antarctic Muon and Neutrino 

Detector Array (AMANDA) while laying the groundwork for IceCube, 

Scientists 

retrieve light 

detectors for 

maintenance 

above the 

Siberian 

ice before 

returning them 

to the depths 

of Lake Baikal. 

this disclosure. That 

reconstruction is tricky 

business. Hundreds of 

photo multiplier tubes 

watch for the � ashes of 

Cherenkov light at the 

bottom of Lake Baikal. 

As a neutrino-induced 

muon races through the 

water, the light from its 

Cherenkov cone reaches 

different tubes at slightly 

different times. The skill 

lies in collecting all the 

information and sifting 

through it to reconstruct 

the path of the upward-

moving muon. This can 
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the largest-ever neutrino detector. Several German 

physicists who had worked at Lake Baikal joined the 

South Pole team. For a few years Wischnewski, too, 

split his time between Antarctica and Baikal before 

committing fully to Baikal. The South Pole detectors 

are looking for Cherenkov light emitted when muons 

hit the ice, and IceCube will be watching a cubic kilo-

meter of ice for these ephemeral � ashes. 

The innovations at Baikal—including Belolaptikov’s 

work on reconstructing muons—inspired the early 

efforts in Antarctica. Although Antarctic ice is clearer 

than the waters of Lake Baikal, for now the water 

has a unique advantage. Light can travel more than 

10 times as far in the lake as it can in the ice before 

it is scattered. Catch the photons before they scat-

ter and you can tell exactly where they are coming 

from. Catch them after they have been scattered a 

few times and it gets hard to work out their original 

direction. This means that more PMTs are needed in 

the Antarctic ice to achieve the same end. 

Grigory Domogatsky, spokesman for the Baikal 

project, made this point emphatically one evening 

while we were sitting at a table in his cabin next to a 

roaring � re. Despite a rasping smoker’s cough that 

could stop him in midsentence, he passionately 

argued that the world’s biggest neutrino detector 

should be built right here in Lake Baikal. The Ameri-

cans and their European partners were spending 

$270 million on IceCube, and Domogatsky thought 

that a tenth of that would be enough to build a com-

parable detector in Siberia. Besides the advantage 

of needing far fewer photomultiplier tubes to detect 

high-energy neutrinos, Domogatsky pointed out 

that only a detector in the Northern Hemisphere 

could see neutrinos from the center of our galaxy.

“But you can see the center of the Milky Way 

from the South Pole,” I said, somewhat puzzled.

“Yes, but not neutrinos,” Domogatsky replied, with 

the gentle yet triumphant note of a teacher who has 

just made a telling point. Of course: Neutrino detec-

tors that use natural bodies of water or ice can see 

only those neutrinos that come through the Earth, so 

they have to look upside down—and from that van-

tage, the center of the Milky Way never comes into 

view at the South Pole. Domogatsky further argued 

that Lake Baikal was the best body of water in which 

to build such a detector, for there are no deepwater 

currents, as there are in the Mediterranean. “Lake Bai-

kal is like an aquarium,” he said. Besides, scientists 

in the Mediterranean need ships to lower their strings 

into the sea and remote-controlled submersibles 

to wire them up, making the operation expensive. 

Here, winter ice makes retrieving and working on the 

detectors comparatively simple. But, Domogatsky 

sighed, convincing people to work in Siberia during 

the winter, when the alternative was the sun-soaked 

Mediterranean, was going to be hard.

Domogatsky’s heavily furrowed face showed the 

effects of 40 years of physics, many of them spent 

in this hostile place. Now he was looking to pass the 

baton. His team had just � gured out that the tele-

scope they had built so far could form a cell of a 

much, much larger telescope. Put next to each other, 

such cells could cover a cubic kilometer of water. All 

he needed was about $25 million, an order of magni-

tude less than the money being spent on the Mediter-

ranean neutrino projects or at the South Pole.

The � re died. Outdoors the sun was setting. “I hope 

to help start this project,” Domogatsky said. “But the 

work should be performed by younger physicists.” 

We stepped outside. I took a picture of this grand old 

man of contemporary Russian physics against the 

backdrop of his beloved lake, then started walking 

back to the shore station.  There was just one thing 

left to do. Wischnewski had suggested that my visit 

would be incomplete without my spending a night 

in one of the cabins at the ice camp. I had agreed. 

But then he casually mentioned that the ice heaves. 

Despite the lake’s thickly frozen surface, the water 

beneath is alive and kicking. Sometimes the entire 

sheet of ice below the camp can jerk and lurch. That 

night we drove to the ice camp and a graduate stu-

dent named Alexey Kochanov ushered me into his 

cabin. He told me not to worry; he found the sound 

of ice creaking beneath him relaxing. Obviously he 

had been here way too long—but then he explained. 

The creaking means that the ice cover is solid. It is 

the sound of ice moving in response to the motion 

of the water beneath. It is only when you don’t hear 

the creaking that you should worry. That’s when 

the cracks are so big that there is plenty of give in the 

ice and you should not be on the lake.

Suddenly the ice’s protestations were music to 

my ears. All night it groaned. When sounds came 

from far away, they were like muffled gunshots; 

when they were close, more like the crack of a 

whip. At � ve in the morning, the ice heaved. It was 

the only signi� cant movement I had felt all night. I 

couldn’t go back to sleep, so I went outside. It was 

still dark. The ice did not open to swallow me. Thin 

cracks crisscrossed the surface. You could tell that 

the new � ssures had formed in the night because 

they had not yet been covered by snow. Scorpio’s 

tail was visible next to the moon, and overhead was 

Ursa Minor. On the far shore, embers of a forest � re 

glowed on the slopes of the Khamar-Daban range.

 Somewhere deep below, a cone of bluish light 

raced upward through the cold water. A neutrino 

had traveled from some distant part of the universe, 

escaped collision with every bit of matter across 

trillions of miles, and gone through the center of 

the Earth, only to collide with a molecule of water in 

Lake Baikal and disappear in a � ash of light.

Excerpted from The Edge of Physics by Anil Anan-

thaswamy, copyright © 2010. Reprinted by per-

mission of Houghton Miffl in Harcourt Publishing 

Co. All rights reserved. www.edgeofphysics.com

NEUTRINO 

SPOTTING  

Lake Baikal is not the only 

place where physicists 

are using elaborate de-

tectors to study the most 

evasive particles in the 

universe. Here are other 

sites around the globe 

where the work goes on:

ICECUBE, ANTARCTICA 

The latest and greatest 

neutrino observatory can 

be found in one of the 

most inhospitable locales 

on Earth. Scientists have 

buried beads of optical 

sensors under almost a 

mile of ice, where it is 

dark and clear enough to 

detect the blue light of a 

neutrino-induced particle 

shower even from 

hundreds of feet away. 

SUPER-KAMIOKANDE, 

JAPAN Within a mine 

more than half a mile 

underground, 13,000 

detectors probe 50,000 

tons of purifi ed water for 

the blue-fl ash signature 

of neutrinos. In 1998 

scientists at Super-

Kamiokande found 

the fi rst evidence that 

neutrinos have mass. 

SUDBURY NEUTRINO 

OBSERVATORY 

(SNO), CANADA An 

engineering marvel, SNO 

is a transparent spherical 

chamber fi lled with liquid, 

ringed with sensitive light 

detectors and submerged 

in a water-fi lled mine. 

To improve sensitivity, 

researchers removed the 

heavy water that initially 

fi lled the chamber so that 

a petroleum-like liquid 

could be injected instead.   

 

MAIN INJECTOR 

NEUTRINO OSCILLA-

TION SEARCH (MINOS), 

U.S. This underground 

observatory in Minnesota 

detects neutrinos beamed 

from Fermilab, 450 miles 

away near Chicago. Sci-

entists at MINOS hope 

to learn more about the 

three neutrino “fl avors”: 

electron, muon, and tau.

OSCILLATION PROJECT 

WITH EMULSION-

TRACKING APPARATUS 

(OPERA), ITALY Here, a 

man-made beam of neu-

 trinos (created near Gen-

eva) hits 150,000 lead 

bricks separated by photo-

sensitive plastic.  A. G.
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O        n the train headed north 

from Amsterdam’s Central Station, 

be sure to sit to the left. Just past the 

town of Almere, as you round a right-

hand bend, you will � nd a sight unseen 

in Europe for centuries, if not millennia: 

hundreds of red deer, plodding groups 

of long-horned wild cattle, and skittish 

herds of low-slung brown horses, all 

moving through the open landscape 

like something out of a cave paint-

ing. This place goes by the name of 

Oostvaardersplassen. It is a nature 

reserve, yes, but it is also a far-reaching 

experiment. Biologists worldwide are 

increasingly talking about using large 

herbivores like the ones sharp-eyed 

passengers can spot from the train to 

re-create prehistoric, and sometimes 

even prehuman, ecosystems. 

When keystone species—from 

ancient mammoths, woolly rhinos, 

and giant bears to more prosaic grazers like bison, horses, and 

deer—are wiped out, ecosystems that had sustained themselves 

in perpetuity collapse. The result is a severe loss of biodiversity. By 

reintroducing approximations of extinct animals to modern habi-

tats, rewilding advocates want to reestablish dynamic systems that 

have not existed since the rise of human settlement in Europe. This 

reserve is the � rst place where they have done more than talk. Just 

a short train ride from downtown Amsterdam, nearly 3,000 wild 

Where  the

WILDTHINGS
 A prehistoric park 
challenges our 
most cherished 
ideas about the true 

state of nature. ARE BY ANDREW C U R RY
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horses, deer, and descendants of prehistoric cattle roam a land-

scape that is being dramatically shaped by their presence.

The brainchild of a pugnacious Dutch ecologist named Frans 

Vera, Oostvaardersplassen is challenging some of our most basic 

assumptions about wildness. Today thick, dense forests are con-

sidered synonymous with unspoiled nature. “The current idea is that 

when you have an area and you do nothing with it, it turns into a for-

est,” Vera says. Ecologists call this one-way process “succession” 

Konik stallions fi ght for 

mares during breeding season 

on the wetland reserve of 

Oostvaardersplassen in the 

Netherlands.
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C
and say it rules the unfolding of ecosystems 

much as natural selection rules evolution. 

The theory has dominated conservation for 

centuries, virtually unchallenged. 

Until now. Vera says his experiment in 

rewilding has revealed succession as a 

human artifact: an unnatural, unbalanced 

outcome created when people killed off the 

woolly mammoth and corralled wild horses 

and cattle. Without free-roaming herds of 

grazing animals to hold them back, closed-

canopy forests took over the land wherever 

humans did not intervene. The result is a 

crippled collection of ecosystems that need 

constant human help to limp along. But 

Oost vaardersplassen, some 25 years in the 

making, stands as a test case of what 

the wild animals that once roamed Europe 

might create when left to their own devices. 

The existence of a prehistoric wilderness 

in the middle of one of the most densely 

populated countries in Europe is remark-

able in its own right, but Oostvaardersplas-

Calling Oostvaardersplassen a “restored” 

landscape would be totally wrong. Half 

a century ago, the � elds we are chugging 

across were underneath a vast inland sea. 

As part of an engineering project to reduce 

the risk of � oods and reclaim land, Dutch 

authorities essentially created a new prov-

ince from nothing. Though the engineering 

challenges are substantial, the principle is 

simple: Build a dike to wall off the sea, pump 

out the water to drain the land behind it, let 

the soil settle, and build. The reclaimed land, 

called a polder, was once a shipping route in 

and out of Amsterdam; Oostvaarders plassen 

means “lakes of the ones who sail east.” 

When it was drained in 1968, this area was 

slated to be an industrial park.

By a stroke of luck, the Dutch economy 

in the early 1970s was in the doldrums. The 

chemical plants planned for the new land 

never materialized. Instead the drained area 

sprouted reeds and willows—and attracted 

birds by the tens of thousands, including 

meadows, and marshes supporting such a 

rich collection of migrating birds would soon 

give way to bushes and willows. Wait long 

enough, they predicted, and that growth 

would in turn give way to dense stands of 

ash and birch, with the occasional oak man-

aging to push its way through the canopy. 

Nature had a surprise in store. In 1978 

a few thousand greylag geese landed at 

Oostvaardersplassen for molting season, 

the vulnerable spring month when they 

grow new feathers. The grassy, � at polder 

was perfect for geese. It had marshy areas 

for feeding located near open meadows that 

let geese look out for predators. Within a 

few years, government experts determined 

there were an astonishing 60,000 geese 

molting and breeding at Oostvaardersplas-

sen. They devoured a pound of vegetation 

a day and stayed for four to six weeks at a 

time. Everything, from the grass to willow 

seedlings and reeds, was shorn nearly to 

the dirt by the ravenous birds. 

MOSAIC OF GRASSLANDS, marshes, and stands of trees in Oostvaardersplassen probably resembles the landscape of prehuman Europe.
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sen is much more. By forcing ecologists to 

rethink traditional ideas of hands-on con-

servation, which focus on micromanaging 

and preserving species, it heralds the birth 

of a new model, one in which natural sys-

tems work best when they are left alone.

endangered species rarely seen in the Neth-

erlands. A coalition of Dutch bird-watchers 

and nature groups pushed, successfully, to 

set the area aside as a bird refuge. 

Wildlife experts worried that without regu-

lar mowing and management, the reed beds, 

Vera, then a young biologist working for 

the forest service, read about the winged 

invasion and began to wonder if the succes-

sion model might have a key weakness. In 

all the traditional models of unmanaged wil-

derness, the variable was humans; animals 
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ADVERTISEMENT

Reality forces us to recognize that whoever or whatever 
is the creator provided planet Earth for people to inhabit 
safely. In addition, that creator provided natural laws so 
that people would learn to conform to the functioning of 
those laws—gravitation, for example. The following text 
describes the creator’s law that defines the code of conduct 
for mankind: a natural law that people unknowingly have 
long been ignoring to their detriment.

Fortunately for us, that natural law was identified 
by the late Richard W. Wetherill, and he called it the 
law of absolute right. It states that right thoughts, 
words, and action get right results. So the wrong 
results of people everywhere indicate they are not 
meeting the requirements of a natural law.

We find it helpful to think of natural laws as the 
creator’s unseen hand, reaching into the affairs of 
men, women, and children, guiding their activities 
and teaching them that right action succeeds; wrong 
action fails.

Think about it. Are governments succeeding, are 
efforts to reduce crime succeeding, are programs to 
reform dysfunctional families succeeding, are huge 
sums of money succeeding to reduce poverty, create 
jobs, or improve economic stability?

In fact, are there any human endeavors truly re-
solving humanity’s private and public failures?

The good news is that obedience to an inviolable 
behavioral law created by whoever or whatever 
is the creator does successfully resolve people’s 
problems and prevent further trouble.

The first law of thermodynamics states that energy 
can be transferred from one form to another, but en-
ergy cannot be created or destroyed—evidence that 
natural laws have the upper hand in this world. 

The law of absolute right requires everybody’s 
behavior to be rational and honest. Any deviation 
from those requirements causes the wrong results 
that are wreaking havoc for humanity.

People know that obeying laws of physics requires 
taking the action specified by each law in order to 
get successful outcomes. In general, right action is not 
seen as obedience to laws of physics, which obviously 

it is. So people originally had been reluctant to give 
attention to Wetherill’s talks and papers regarding 
obedience to a natural law specifying their behavior. 

Tragically, it is too late to benefit our deceased 
loved ones, but the law of right behavior tells us how 
and why we harm ourselves by disobeying it. As with 
the functioning of any natural law, this law’s function 
is to tell people to be right as the law defines right. 
People’s definitions do not qualify. Instead, they are 
responsible for so many diverse problems that finally 
people are physically overcome. That is the ulti-
mate penalty the human race has been paying for 
disobedience to creation’s behavioral law.

Our public-service advertising intends to let people 
know that it is a natural law that prescribes mankind’s 
behavior. By conforming, people enjoy a peaceful, 
productive life.

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, down-
loaded, and/or printed free. Also press a button to 
listen to the texts on the Website being read aloud 
with the exception of the seven books.

As people conform to the behavioral law, they 
join those who are already benefiting from adher-
ing to it with rational and honest thoughts, words, 
and action.

That is creation’s way to change what is wrong 
until everything is made right: perfectly behaving 
people on the one planet in this universe that sup-
ports life as we know it! 

This public-service message is from a self-financed, nonprofit 
group of former students of the late Richard W. Wetherill.

Richard W. Wetherill
1906-1989
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A

were an afterthought. Take people out, the 

thinking went, and forests will follow. And 

since dense forests cannot support many 

large herbivores, large herbivores could 

never have been very numerous.

The more Vera considered that model, 

the less sense it made. If prehistoric Europe 

was densely forested, how had meadow-

loving geese evolved in the first place, 

without people mowing to keep their habi-

tat open? How had grazing animals thrived 

in shadowy, thick woods, let alone evolved 

to prefer grass? “People argue that animals 

follow succession; they don’t influence 

it,” Vera says. “But Oostvaardersplassen 

shows animals steering the succession.”

Vera saw the reserve as an opportuni-

ty to test his theory. If geese alone could 

shape the landscape, what would happen 

if the animals that inhabited Europe before 

humans arrived were introduced to the 

reserve and allowed to graze freely? From 

within the forest service, he began a cam-

paign to expand the reserve and reroute a 

planned train track, which would have cut 

the reserve in half. He won the battle. (“I 

was committing the two biggest sins in the 

civil service,” he says now. “I didn’t obey my 

superiors, and I turned out to be right.”)

The railroad was diverted in 1982, effec-

tively carving out a 15,000-acre wildlife 

reserve less than 20 miles from Amsterdam. 

Vera set out to find stand-ins for extinct 

European grazers like aurochs (ancestral 

to today’s cows) and wild horses. A year 

later he introduced 32 Heck cattle, bred by 

Germans in the 1930s, to approximate the 

aurochs; a year after that, 20 konik ponies, 

a Polish-bred version of the wild horses 

painted on Paleolithic caves, were set free. 

Forty-four red deer followed in 1992.

Since then the animal populations have 

exploded. There are now close to 3,000 

deer, cattle, and horses living wild in the 

reserve, which is one of Europe’s largest. 

The free-roaming herds are not given extra 

food or shelter during the Dutch winters, 

which can be cold and long. There are no 

big predators at the reserve, so more than 

20 percent of the large herbivores starve 

during the winter, numbers that mirror 

annual deaths at African game reserves.

The decision to let nature take its course 

initially drew � re from Dutch animal rights 

activists, who complained that letting horses 

and cows starve to death was cruel. In a 

concession to those concerns, rangers 

now stalk the reserve with high-powered 

ri� es, � nishing off animals clearly too weak 

to survive another week. The carcasses 

are quickly stripped to the bone by foxes 

and carrion birds, including the � rst breed-

ing pair of white-tailed eagles seen in the 

Netherlands since the Middle Ages.

For Vera it is evidence of a system in bal-

ance. The herds have been about the same 

size for � ve years, swelling with new calves, 

foals, and fawns in the spring and shrinking 

again by winter’s end. When I visit in early 

May, Hans Breeveld, a wry park ranger with 

a ruddy beard, takes me for a ride across the 

polder. The open � elds, which are closed to 

the public, are so closely grazed they remind 

me of a putting green. “They haven’t been 

mowed in 12 years,” Breeveld tells me. 

As we bounce across the polder, there is 

constant motion. Flotillas of geese shep-

herding unruly goslings launch themselves 

into ponds as we approach. Dozens of cat-

tle stare, then turn and hurry away from the 

car. The deer are the strangest sight. I’ve 

seen large groups of cattle before (though 

usually in stockyards) and small herds of 

horses at pasture. But I am used to deer 

as nearly solitary creatures, � itting through 

the woods in groups of two or three at most. 

Conventional wisdom holds that three deer 

per a couple of hundred acres is pushing 

a forest’s capacity. Oostvaardersplassen’s 

fields support more than 16 times that 

many, creating what could be a scene from 

an old Wild Kingdom special on Africa’s 

Serengeti: hundreds of red deer bounding 

in tight herds across the open landscape, 

turning and running away from Breeveld’s 

battered green Suzuki 4×4 in unison.

As we drive I borrow Breeveld’s binocu-

lars and stare. Three hours ago I was in cen-

tral Amsterdam, and now I’m in what looks 

like a chilly, gray savanna. I ask Breeveld 

if such huge herds of deer are normal. He 

looks at me with a slightly mocking smile, 

as if he is wondering whether I’ve been 

paying attention for the last few hours. 

“What is ‘normal’? What’s your reference 

point? We’ve never let them be in an area 

this open and large before,” he says.

Oostvaardersplassen is the world’s 

largest and most advanced exercise in 

rewilding, but others could soon follow. 

North America offers some prime settings 

for another test. Today it is very different 

from what it was like when humans � rst 

arrived some 14,000 years ago. Within a 

few millennia, the continent lost 59 species 

weighing more than 100 pounds—from 

mammoths and horses to lions, saber-

toothed tigers, and giant bears. 

After decades of focusing on climate as 

the prime mover in shaping the North Amer-

ican landscape, scientists are increasingly 

recognizing that animals may have played 

a major role in shaping their own habitats. 

Jacquelyn Gill, a University of Wisconsin at 

Madison paleoecologist, recently used pol-

len records from an Indiana lake to prove 

that the disappearance of mammoths and 

other large herbivores had a major impact 

on the types of trees that � ourished in the 

region more than 15,000 years ago. Another 

change: Major wild� res began only after 

the mammoths were gone, suggesting that 

the herbivores may have eaten up all of the 

� re-prone biomass. “We lose so many of 

our large herbivores, it’s intuitive that the 

landscape would notice, but the ecological 

consequences have been largely ignored,” 

Gill says. “It’s a big question mark as to how 

much animals were creating and maintain-

ing that habitat.”

Cornell biologist Josh Donlan has pro-

posed running experiments on private land 

or within nature reserves in the United States 

to answer that question, using “analogue 

species” for what he calls Pleistocene rewild-

ing. Elephants from zoos would stand in for 

mammoths and mastodons, and herds of 

buffalo and wild horses are already on hand 

to step back into their Pleistocene places. 

Donlan has proposed creating protected 

enclaves similar to Oostvaardersplassen, 

areas where the impact of large herbivore 

analogues could be studied. He notes that 

private game-hunting reserves stocked 

with everything from gazelles to cheetahs 

already exist in the American West. So far, 

though, no one has been willing to let him 

try. “We pointed to Oostvaardersplassen 

as a model,” he says. “If Vera can do it in 

the Netherlands, we can certainly do it in the 

United States.” 

At a remote Siberian research station 

100 miles south of the Arctic Ocean, Russian 

biologist Sergey Zimov is already running a 

In Vera’s vision, the Europe of the past  looked more 
like a city park  than  an impenetrable thicket of trees.
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similar experiment. He has been monitoring 

small herds of moose, horses, and reindeer 

at what he calls Pleistocene Park for the past 

20 years. In 2005 Zimov argued in Science

that establishing herds of large herbivores in 

Siberia might one day change the region’s 

scrubby, swampy tundra back to the grass-

lands that once stretched from one side of 

Eurasia to the other. So far, Zimov is seeing 

landscape changes similar to what is going 

on at Oostvaardersplassen. 

It may take quite a few of those demon-

strations to establish the idea that closed-

canopy forests, which most people regard 

as the normal state of nature, may actually 

be man-made. In fact, those forests are for-

bidding places for migrating birds. The forest 

� oor is too barren to support large numbers 

of grazers, and the canopy is too dense to 

let light-hungry trees like oaks sprout and 

grow. They are leafy deserts. Yet traditional 

forest management usually winds up culling 

deer and bison—not to mention beavers and 

boar—when their behavior starts to affect 

trees. “The tragedy is that biodiversity is 

sacri� ced on the altar of the closed-canopy 

forest,” Vera says. “There’s this crazy idea 

that no animals should damage trees, as if 

trees are made by God not to be eaten.”

Vera, Donlan, and Zimov all say that large 

animals are the keystones of entire eco-

systems. Take them out and things begin 

to fall apart. Setting the system in motion 

again, whether with the original species 

or with modern equivalents, is a boon for 

biodiversity. Many species � ourish on the 

edges between forests and � elds. Ironically, 

suburban America—landscaped with small 

stands of trees and wide-open lawns—

creates a rough approximation of Vera’s 

mosaic of forest and � eld. No wonder there 

is a plague of deer in America’s backyards.

The day after Breeveld takes me on a tour of 

the reserve, Vera drives over from his home 

near Utrecht to explain the science behind 

Oostvaardersplassen. In the cluttered break 

room of the ranger station, he pours a cup 

of coffee and pulls out a map to illustrate his 

plan to expand the reserve via a corridor to 

a forest 10 miles away, roughly doubling the 

area the animals will have access to and 

opening up forested space.

In 2000 Vera’s doctoral thesis was trans-

lated and published in English as Grazing 

Ecology and Forest History. The book made 

an immediate splash, dividing the ordinarily 

sedate � eld of forest ecology into Vera sup-

porters and everyone else. “It’s the near-

est I’ve come to being involved in one of 

those great Victorian debates,” says Keith 

Kirby, a forestry expert at Natural England, 

England’s conservation authority. “Vera is 

really the � rst person to develop a coherent 

alternative to the closed-forest idea.”

Grazing Ecology is not your typical biol-

ogy text. Vera draws on everything from 

pollen analysis and ecology to medieval 

woodcuts, etymology, and Latin grammar 

to prove that we have let shifting percep-

tions blur what “wild” really means and that, 

as a result, we are working to conserve an 

arti� cial, dysfunctional landscape. In Vera’s 

vision, the Europe of the past looked more 

like a city park than an impenetrable thicket 

of trees. Before humans altered the land-

scape, it was a mosaic of grasslands and 

marshes dotted with stands of trees and 

the occasional isolated oak or lime tree, two 

species that need ample light to grow. 

Presumably, herds of everything from 

mammoths to deer would have roamed 

this European savanna, keeping it open 

by grazing and eating all but the luckiest 

saplings. Once herds of bison, deer, wild 

horses, and cattle were wiped 

out or domesticated, land that 

was not farmed or managed 

rapidly turned into thick for-

est. Over time the dark, men-

acing woods of fairy tales and 

Renaissance paintings came 

to de� ne everything we see as 

uncivilized and wild.

Vera’s multidisciplinary ap-

proach was not well received. 

One reviewer sniffed at his 

attempt “to demonstrate not 

only his ecological compe-

tence but also his linguistic 

interests.” His sharpest critics say that he 

cherry-picked and misinterpreted his pollen 

data. Prehistoric pollen taken from the bot-

tom of lakes and peat bogs is considered 

the best evidence we have for what primeval 

Europe really looked like, and Vera points out 

that hazel and oak predominate in the pol-

len record. Both trees need ample light to 

regenerate—a strong indicator that the past 

landscape looked very different.

In one of the few studies to directly 

ABOVE: A red stag deer with a herd on the open grass plains 

of Oostvaardersplassen. TOP RIGHT: A close-up of a red fox. 

BOTTOM: A horse stripping bark from a willow for a meal. 

64  |  DISCOVERMAGAZINE.COM

DV0310WILD6A_WC   64 1/5/10   9:33:16 PM

worldmagsworldmags

worldmags

http://DISCOVERMAGAZINE.COM


T

called for flooding the area temporarily, 

something bird-watchers did in fact insist 

on when the spoonbill population crashed. 

Vera just shrugs. “Most nature conserva-

tionists don’t deal well with dynamics,” he 

says. “New species come when the old 

ones go. People say you should keep them 

both, but that’s impossible.” (Some con-

cessions have been made. Vera would very 

much like to see wild boar at the reserve, 

but so far, fears that boar would eat the 

spoonbills have kept them out.)

The larger issue may be that we like our 

forests dark and leafy—that our image of 

wild nature is hard to change, even if it is 

wrong. “Because we have modified the 

landscape and been the dominant force 

for so long, the wildlife patterns we value 

depend on human practices,” Natural 

England’s Kirby says. “If we want to main-

tain those particular ones, then we have to 

maintain these practices.” In other words, 

the “wilderness” we imagine and crave 

requires constant, costly maintenance, 

from � re suppression and deer hunting to 

protect trees to annual mowing to keep 

meadows open for birds. When Vera was 

� rst maneuvering to establish Oostvaard-

ersplassen, critics told him the idea of such 

a large reserve was impractical. “They said 

you can never have such a large nature 

reserve in the Netherlands because you 

can’t manage it,” he recalls. “That’s the 

absurd consequence of the old system.” 

After we talk, Vera offers to drive me 

back to the train station in Lelystad, a city 

of 70,000 just north of the reserve. On the 

way we drive along the dike that separates 

Oostvaardersplassen from the sea. It is a 

reminder that this re-creation of primeval 

Europe is taking place on land that has no 

past. Oostvaardersplassen is several meters 

below sea level. A massive pumping station 

works constantly to keep it from � ooding. If 

it were to stop, the reserve’s 15,000 acres 

would be underwater again within a year. 

It may be impossible to settle the debate 

over what kind of landscape our ancestors 

encountered when they � rst walked across 

prehistoric Europe. But Oostvaardersplas-

sen is proving that, given a little time and 

autonomy, nature can take care of itself. “If 

you want openness, you can cut and mow,” 

Vera says. “Or you can say, ‘If this is a sys-

tem that worked for hundreds of thousands 

of years, why not reinstall it?’ ” 

In other words, reboot. Reintroduce 

large herbivores. Rewild.

are not the cause.” Others 

have chipped away at the 

edges of Vera’s argument, 

quibbling with his take on 

the data or his interpreta-

tion of historical docu-

ments. And others have 

conceded that Vera may 

have some good points, 

while noting that allowing 

herds of wild animals to 

roam free across Europe 

is impractical.

But no one has directly 

confronted the heart of his 

argument: that we have 

wildly underestimated 

the impact that animals, 

especially large ones, had on the environ-

ment. Even Vera’s critics say they appre-

ciate the debate he has stirred up, if only 

because it has made them reexamine their 

convictions. “It’s paradigm shifting; it chal-

lenges everything we used to think,” says 

Peter Szabo, a Czech Academy of Sciences 

ecologist who took on Vera’s analysis of 

medieval records in a recent article. “Most 

people kind of welcome the idea.”

The hardest part of Vera’s argument to 

accept is that individual species may come 

and go, as long as the system stays stable. 

Oostvaardersplassen suggests that ecosys-

tems are complete only when they need no 

human help. “Frans has taken more than his 

fair share of criticism because it is so at odds 

with some of the conservation philosophy 

in Europe,” says Kathy Willis, a professor 

of long-term ecology at Oxford University. 

“It’s in people’s psychology that they want to 

manage, and this is very hands-off.”

Rewilding cuts against just about every-

thing conservationists have been taught. 

Over and over, people intervene to help 

species in jeopardy, altering the environ-

ment piece by piece without looking at the 

big picture. Vera is willing to let individual 

species suffer if it means restoring the 

balanced dynamics of an entire system. 

That often means going against a host of 

special-interest groups. “Here in the Neth-

erlands, we still have biological apartheid: 

There are bird-watchers, tree-watchers, 

insect-watchers, butter� y-watchers,” he 

says. “There is no tradition of looking at a 

site from the point of view of a system.” 

Take spoonbills, which thrived in ponds 

and ditches at Oostvaardersplassen until a 

dry season a few years ago eliminated their 

habitat. Old-school conservation might have 

address Vera’s claims, paleoecologist 

Fraser Mitchell of Trinity College in Dublin 

compared Irish pollen records to those from 

mainland Europe from around the same 

time. Even though there is no evidence that 

large herbivores ever grazed in isolated Ire-

land, the Irish pollen pro� le from oak and 

hazel is essentially the same as the rest of 

Europe’s. “Ireland is full of both hazel and 

oak but no large grazing animals,” Mitchell 

says. “The implication is that grazing animals 
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For years an obscure doctor hailing from Australia’s hardscrabble 

west coast watched in horror as ulcer patients fell so ill that many 

had their stomach removed or bled until they died. That physician, 

an internist named Barry Marshall, was tormented because he 

knew there was a simple treatment for ulcers, which at that time 

af� icted 10 percent of all adults. In 1981 Marshall began work-

ing with Robin Warren, the Royal Perth Hospital pathologist who, 

two years earlier, discovered the gut could be overrun by hardy, 

corkscrew-shaped bacteria called Helicobacter pylori. Biopsying 

ulcer patients and culturing the organisms in the lab, Marshall 

traced not just ulcers but also stomach cancer to this gut infec-

tion. The cure, he realized, was readily available: anti biotics. But 

mainstream gastroenterologists were dismissive, holding on to the 

old idea that ulcers were caused by stress.

Unable to make his case in studies with lab mice (because 

H. pylori affects only primates) and prohibited from experimenting on 

people, Marshall grew desperate. Finally he ran an experiment on the 

only human patient he could ethically recruit: himself. He took some 

H. pylori from the gut of an ailing patient, stirred it into a broth, and 

drank it. As the days passed, he developed gastritis, the precursor 

to an ulcer: He started vomiting, his breath began to stink, and he 

felt sick and exhausted. Back in the lab, he biopsied his own gut, 

culturing H. pylori and proving unequivocally that bacteria were the 

underlying cause of ulcers.

Marshall recently sat down with DISCOVER senior editor Pam 

Weintraub in a Chicago hotel, wearing blue jeans and drinking bot-

tled water without a trace of Helicobacter. The man The Star once 

called “the guinea-pig doctor” can now talk about his work with the 

humor and passion of an outsider who has been vindicated. For 

their work on H. pylori, Marshall and Warren shared a 2005 Nobel 

Prize. Today the standard of care for an ulcer is treatment with an 

antibiotic. And stomach cancer—once one of the most common 

forms of malignancy—is almost gone from the Western world. 

Having rid much of the globe of two dread diseases, Marshall 

is now turning his old enemy into an ally. As a clinical professor of 

microbiology at the University of Western Australia, he is working 

on � u vaccines delivered by brews of weakened Helicobacter. And 

in an age when many doctors dismiss unexplained conditions as 

“all in the head,” Marshall’s story serves as both an inspiration and 

an antidote to hubris in the face of the unknown. 

You grew up far from big-city life. What was it like?

I was born in Kalgoorlie, a gold mining town about 400 miles east 

of Perth. My father was a � tter and turner, � xing steam engines and 

trains. My mother was a nurse. All the miners owed a lot of money 

and drank a lot of beer, so Mom said, “We’ve got to get out of here 

before we go the way of everybody else.” In 1951 we headed for Rum 

Jungle, where a uranium boom was on, but halfway there we stopped 

in Kaniva, another boomtown, with a whaling station and high-paying 

jobs. Then my father started managing chicken factories in Perth. We 

never wanted for anything. It was like the TV show Happy Days.

What sparked your interest in science? 

My mother had nursing books around. I had three brothers, and we 

always had electronics and gunpowder and explosions and welding. 

All I can say is that some things you get from your parents through 

osmosis. In high school I had Bs and Cs, not too many As, but I 

must have done well on that medical school test and I must have 

BARRY MARSHALL

THE 
DISCOVER

The medical elite thought they knew 
what caused ulcers and stomach cancer. 
But they were wrong—and did not 
want to hear the answer that was right.

BY PAMELA WEINTRAUB  PHOTOGRAPHY BY IAN REGNARD
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had some charisma in the 

interview, so I ended up in 

medicine. Being a general 

practitioner was all I aspired 

to. I was good with patients 

and very interested in why 

things happened. Eventually 

I developed a more mature 

approach: I realized that at 

least 50 percent of patients 

were undiagnosable.

You found yourself con-

fronting unexplainable 

diseases?

In medical school it’s quite 

possible to get taught that 

you can diagnose every-

body and treat everything. 

But then you get out in the 

real world and � nd that for most patients walking through your door, 

you have no idea what’s causing their symptoms. You could slice up 

that person into a trillion molecules and study every one and they’d 

all be completely normal. I was never satis� ed with saying that by 

ruling out all these diseases, a person must have a fake disease, so 

I accepted the fact that lots of times I couldn’t reach a fundamental 

diagnosis, and I kept an open mind. 

Is that how you came to rethink the cause of ulcers?

Before the 20th century, the ulcer was not a respectable disease. 

Doctors would say, “You’re under a lot of stress.” Nineteenth-

century Europe and America had all these crazy health spas and 

quack treatments. By the 1880s doctors had developed surgery 

for ulcers, in which they cut off the bottom of the stomach and 

reconnected the intestine. We’re pretty certain now that by the 

start of the 20th century, 100 percent of mankind was infected 

with Helicobacter pylori, but you can go through your whole life 

and never have any symptoms. 

What was the worst-case scenario for ulcer patients?

An ulcer with a hole in it, called a duodenal ulcer, is acutely painful 

due to stomach acid. When you eat a meal, the food washes the acid 

away temporarily. When the meal is digested, the acid comes back 

and covers the raw base of the ulcer, causing pain to start up again. 

These problems were so common that the Mayo Clinic was built on 

gastric surgery. After that surgery, half the people would feel better. 

But about 25 percent of these cured patients became so-called gas-

tric cripples, lacking appetite and never regaining complete health.

With so much physical evidence of a real condition, why 

were ulcers routinely classifi ed as psychosomatic? 

Eventually doctors realized they could see the ulcers with X-ray 

machines, but, of course, those machines were in big cites like 

New York and London—so doctors in those cities started iden-

tifying ulcers in urban businessmen who probably smoked a lot 

of cigarettes and had a high-pressure lifestyle. Later, scientists 

induced ulcers in rats by putting them in straitjackets and dropping 

them in ice water. Then they found they could protect the rats from 

these stress-based ulcers by giving them antacids. They made the 

connection between ulcers, stress, and acid without any proper 

double-blind studies, but it � t in with what everybody thought. 

How did you come to challenge this prevailing theory?

I was in the third year of my internal medicine training, in 1981, and I 

had to take on a project. Robin Warren, the hospital pathologist, said 

he had been seeing these bacteria on biopsies of ulcer and stomach 

cancer patients for two years, and they were all identical. 

What was distinctive about these infections?

The microorganisms all had an S-shaped or helical form, and the 

infections coated the stomach. Warren had found them in about 20 

patients who had been sent to him because doctors thought they 

might have cancer. Instead of cancer, he had found these bacteria. 

So he gave me the list and said, “Why don’t you look at their case 

records and see if they’ve got anything wrong with them.” It turned 

out that one of them, a woman in her forties, had been my patient. 

She had come in feeling nauseated, with chronic stomach pain. We 

put her through the usual tests, but nothing showed up. So of course 

she got sent to a psychiatrist, who put her on an antidepressant. 

When I saw her on the list, I thought, “This is pretty interesting.” 

 Then another patient turned up, an old Russian guy who had 

severe pains. Doctors gave him a diagnosis of angina, pain that 

occurs when blood to the heart can’t pass through a narrowed artery. 

It’s rare, but you can theoretically get that in your gut, too. There was 

no treatment for an 80-year-old man in those days, so we put him 

on tetracycline and sent him home. He goes off, and two weeks later 

he comes back. He’s got a spring in his step, he’s practically doing 

somersaults into the consulting room. He’s healed. Clearing out the 

infection had cured him. I had one more year to go, so I did the paper-

work to set up a proper clinical trial with 100 patients to look for the 

bacteria causing the gut infection; that started in April of 1982. 

But at fi rst nothing was turning up, right?

Yes—not until patients 34 and 35, on Easter Tuesday, when I got 

this excited call from the microbiologist. So I go down there and he 

shows me two cultures, the grand slam, under the microscope. The 

lab techs had been throwing the cultures out after two days because 

with strep, on the � rst day we may see something, but by the second 
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from our Main Vault Facility, “at-cost”, for the 
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arrangements can be made for Gold pur-
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day it’s covered with contamination and you might as well throw it in 

the bin. That was the mentality of the lab: Anything that didn’t grow 

in two days didn’t exist. But Helicobacter is slow-growing, we dis-

covered. After that we let the cultures grow longer and found we had 

13 patients with duodenal ulcer, and all of them had the bacteria. 

When did you realize H. pylori caused stomach cancer, too?

We observed that everybody who got stomach cancer developed 

it on a background of gastritis, an irritation or in� ammation of the 

stomach lining. Whenever we found a person without Helicobacter,

we couldn’t � nd gastritis, either. So as far as we knew, the only 

important cause of gastritis was Helicobacter. Therefore, it had to 

be the most important cause of stomach cancer as well. 

How did you get the word out about your discovery?

I presented that work at the annual meeting of the Royal Austral-

asian College of Physicians in Perth. That was my � rst experience 

of people being totally skeptical. To gastroenterologists, the con-

cept of a germ causing ulcers was like saying that the Earth is � at. 

After that I realized my paper was going to have dif� culty being 

accepted. You think, “It’s science; it’s got to be accepted.” But it’s 

not an absolute given. The idea was too weird. 

Then you and Robin Warren wrote letters to The Lancet. 

Robin’s letter described the bacteria and the fact that they were quite 

common in people. My letter described the history of these bacteria 

over the past 100 years. We both knew that we were standing at the 

edge of a fantastic discovery. At the bottom of my letter I said the bac-

teria were candidates for the cause of ulcers and stomach cancer. 

That letter must have provoked an uproar. 

It didn’t. In fact, our letters were so weird that they almost didn’t get 

published. By then I was working at a hospital in Fremantle, biopsy-

ing every patient who came through the door. I was getting all these 

patients and couldn’t keep tabs on them, so I tapped all the drug 

companies to request research funding for a computer. They all 

wrote back saying how dif� cult times were and they didn’t have any 

research money. But they were making a billion dollars a year for the 

antacid drug Zantac and another billion for Tagamet. You could make 

a patient feel better by removing the acid. Treated, most patients 

didn’t die from their ulcer and didn’t need surgery, so it was worth 

$100 a month per patient, a hell of a lot of money in those days. In 

America in the 1980s, 2 to 4 percent of the population had Tagamet 

tablets in their pocket. There was no incentive to � nd a cure. 

But one drug company did provide useful information, right?

I got an interesting letter from a company that made an ulcer product 

called Denel, which contained bismuth—much like Pepto-Bismol in 

the United States. The company had shown that it healed ulcers just 

as quickly as Tagamet, even though the acid remained. The weird 

thing was that if they treated 100 patients with this drug, 30 of them 

never got their ulcer back, whereas if you stopped Tagamet, 100 

percent would get their ulcer back in the next 12 months. So the com-

pany said: “This must heal ulcers better than just removing the acid. It 

must do something to the underlying problem, whatever that is.” They 

sent me their brochure with “before” and “after” photographs. On the 

“before” photograph they had Helicobacter in the picture, and in the 

“after” picture there was none. So I put their drug on Helicobacter and 

it killed them like you wouldn’t believe. They helped me present at an 

international microbiology conference in Brussels.

The microbiologists in Brussels loved it, and by March of 1983 I 

was incredibly con� dent. During that year Robin and I wrote the full 

paper. But everything was rejected. Whenever we presented our 

stuff to gastroenterologists, we got the same campaign of negativ-

ism. I had this discovery that could undermine a $3 billion industry, 

not just the drugs but the entire � eld of endoscopy. Every gastro-

enterologist was doing 20 or 30 patients 

a week who might have ulcers, and 25 

percent of them would. Because it was 

a recurring disease that you could never 

cure, the patients kept coming back. 

And here I was handing it on a platter to 

the infectious-disease guys. 

Didn’t infectious-disease researchers support you, at least?

They said: “This is important. This is great. We are going to be the 

new ulcer doctors.” There were lots of people doing the microbiol-

ogy part. But those papers were diluted by the hundreds of papers 

on ulcers and acid. It used to drive me crazy.

To move forward you needed solid experimental proof. What 

obstacles did you encounter? 

We had been trying to infect animals to see if they would develop 

ulcers. It all failed; we could not infect pigs or mice or rats. Until we 

could do these experiments, we would be open to criticism. So I 

had a plan to do the experiments in humans. It was desperate: I saw 

people who were almost dying from bleeding ulcers, and I knew all 

they needed was some antibiotics, but they weren’t my patients. So 

a patient would sit there bleeding away, taking the acid blockers, and 

the next morning the bed would be empty. I would ask, “Where did he 

go?” He’s in the surgical ward; he’s had his stomach removed.

What led up to your most famous and most dangerous 

experiment, testing your theory on yourself?

I had a patient with gastritis. I got the bacteria and cultured them, 

then worked out which antibiotics could kill his infection in the 

lab—in this case, bismuth plus metronidazole. I treated the patient 

and did an endoscopy to make sure his infection was gone. After 

that I swizzled the organisms around in a cloudy broth and drank it 

the next morning. My stomach gurgled, and after � ve days I started 

waking up in the morning saying, “Oh, I don’t feel good,” and I’d 

run in the bathroom and vomit. Once I got it off my stomach, I 

would be good enough to go to work, although I was feeling tired 

and not sleeping so well. After 10 days I had an endoscopy that 

showed the bacteria were everywhere. There was all this in� amma-

tion, and gastritis had developed. That’s when I told my wife.

How did she react?

I should have recorded it, but the meaning was that I had to stop 

the experiment and take some antibiotics. She was paranoid that 

CONTINUED ON PAGE 74

People were totally skeptical. To gastroenterologists, 
the concept of a germ causing ulcers was like 
saying that the Earth is fl at. The idea was too weird.
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Jitterbug...  It’s the cell phone that’s changing all the rules.
For people like me, who want a cell phone that’s easy to use. Over the years, cell phones have
become smaller and smaller with so many complicated features. They are harder to program and
hard to use. But the Jitterbug has simplified everything, so it’s not only easy to use, it’s easy to
try. No crowded malls, no waiting in line, no confusing sales people, or complicated plans. 
Affordable and convenient cell phone service is only a toll-free phone call away. Order your 
Jitterbug now and you’ll receive a free car charger, a $24.99 value.1

Questions about Jitterbug? 
Try our pre-recorded Toll-Free Hotline1-888-822-9256.
The new Jitterbug cell phone makes calling simple! 
• Bigger, Brighter LCD screen... easier to see even in daylight
• Comes pre-programmed and ready to use right out of the box
• No contract required
• Live, 24-hour Jitterbug Operators greet you by name, 

connect calls and update your Phone Book2

• Soft ear cushion and louder volume for better sound quality 
• Comfortable keypad designed to make dialing easy
• Hearing aid compatible – top ratings in this category
• Familiar dial tone confirms service (no other cell phone has this) 
• Service as low as $14.99 a month3

Why pay for minutes you’ll never use!

Monthly Rate
Operator Assistance

911 Access
Long Distance Calls

Voice Dial
Nationwide Coverage

Trial Period

$14.99
24/7

FREE
No add’l charge

FREE
Yes

30 days

$19.99
24/7

FREE
No add’l charge

FREE
Yes

30 days

50 100Monthly Minutes

IMPORTANT CONSUMER INFORMATION: Subject to Customer Agreement, select calling plans and credit approval. Other changes and restrictions may apply. Coverage and service not available everywhere.
Screen images simulated. 1This GreatCall offer is available with activation by 4/30/10. 2For each Operator service, you’ll be charged a 5-minute “Operator assistance fee” in addition to the minutes used both for
the length of the call with the Operator and any call connected by the Operator. 3Not including government taxes, assessment surcharges and activation fee. Please visit www.jitterbugdirect.com for further 
information about terms and conditions. Copyright ©2010 GreatCall, Inc., Jitterbug is a registered trademark of GreatCall, Inc. Samsung is a registered trademark of Samsung Electronics America, Inc. and its 
related entities. Copyright © 2010 by firstSTREET for Boomers and Beyond, Inc. All rights reserved.
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FREE Gift
Order now 
and receive a 
free Car Charger. 
A $24 value!1
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Service as low as $14.993 a month and a friendly 30-day return policy. If you’ve ever wanted the security and 
convenience of a cell phone, but never wanted the fancy features and minutes you don’t need... Jitterbug is for you. Like me, you’ll
soon be telling your friends about Jitterbug. Call now.

888-
809-
8805

Jitterbug Cell Phone
Call now for our lowest price.
Please mention promotional code 40045.

1-888-809-8805
www.jitterbugdirect.com

Other plans available. Ask your Jitterbug expert for details.

Available in
White and
Graphite.

Noprepaid
hassles

Bigger, Brighter screen.  Large, backlit numbers.

Easy to use. Easy to see.
Easy on the wallet.

Simple on/off button
for speakerphone.

No confusing 
menus.  Access 
all options with 
simple yes/no 
buttons.

JBUG_47422_40045_7x10:JBUG-47421_7x10  1/8/10  10:45 AM  Page 1
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Eighty-six years ago, a watchmaker 
in Paris famous for building the 

magnificent clocks at Versailles created a
legendary timepiece. He invented the first
watch with an automatic mechanical
drive. These innovative movements
required no batteries and never needed 
to be manually wound. Only seven of
these ultra-rare watches were ever made
and we’ve studied the one surviving 
masterpiece in a watch history museum.
Inspired by history, classic design and
technology, our Stauer Meisterzeit II has
been painstakingly handcrafted to meet
the demanding standards of vintage
watch collectors. 
Why the new “antique” is better
than the original. The original time-
piece was truly innovative, but, as we stud-
ied it closely, we realized that we could
engineer ours with a much higher level of
precision. The 27-ruby-jewel movement
utilizes an automatic self-winding mecha-
nism inspired by a patent from 1923, but
built on $31 million in state-of-the-art
Swiss-made machinery. With an exhibi-
tion back, you can see into the heart of the
engineering and view the rotor spin—it’s
powered by the movement of your body.

This limited edition Stauer Meisterzeit II
allows you to wear a watch far more 
exclusive than most new “upscale” models.
Here is your chance to claim a piece of
watchmaking history in a rare design that
is priced to wear everyday.
Elegant and accurate. This refined
beauty has a fastidious side. Each move-
ment and engine-turned rotor is tested for
15 days and then certified before it leaves
the factory. 
The best part is
that with our
special price, you
can wear a
superb classic
historical repro-
duction watch
and laugh all the
way to the bank.
Stauer specializes
in classic time-
less watches and
jewelry that are
made for the mil-
lionaires who want to keep their 
millions. This watch will quickly move 
to heirloom status in your household. 

Try it for 30 days and if you are not
thrilled with the beauty and construction
of the Meisterzeit II, simply return it for
a refund of the purchase price. 
Only 4,999 available. Since it takes
about 6 months to build each watch, the
release is a limited edition, so please be
sure to order yours soon.  

A rare chance to claim a unique piece of watchmaking history for under $100!

Smar t  Luxur ies—Surpr i s ing  Pr ices

Exclusively Through Stauer
Stauer Meisterzeit II Watch—$395
Now only $95 +S&P  Save $300!
Call now to take advantage of this limited offer.

1-888-324-4351
Promotional Code MZW140-01
Please mention this code when you call.

14101 Southcross Drive W.,
Dept. MZW140-01
Burnsville, Minnesota 55337

www.stauer.com 

WATCH SPECS:
- 18K Gold-clad case and bezel
- Precision 27-jeweled movement
- Interior dials display day and month
- Croc-embossed leather strap 
- Fits 6 3/4"–8 1/4" wrist

View the precision
movement of the

Meisterzeit through the
rear exhibition port.

We Can Only Find One

“As the master craftsman who opened
the famous Lincoln Pocket Watch at the

Smithsonian, I recently reviewed the 
the Stauer Meisterzeit timepiece. 

The assembly and the precision 
of the mechanical movement 

ranks with the best.”

—George Thomas
Towson Watch Company

80% 
OFF

Advertisement
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Grass Seed Is
For The Birds! 
Stop wasting money, time
and work sowing new grass
seed each spring, only 
to see birds eat the seed – 
or rain wash it away – 
before it can root. Plant a
genuine Amazoy™ Zoysia
lawn from our living Plugs
only once… and never plant a new lawn again!

Zoysia Grows Where 
Other Grass Doesn’t!
Zoysia is the perfect choice for hard-to-cover spots,
areas that are play-worn or have partial shade, and 
for stopping erosion on slopes.  North, South, East,
West – Zoysia will grow in any soil, no ifs, ands or buts!

Eliminates Endless 
Weeds And Weeding!
No more pulling out weeds by hand or weeds 
sprouting up all over your lawn. Zoysia Plugs spread
into a dense, plush, deep-rooted, established lawn
that drives out unwanted growth and stops crab-
grass and summer weeds from germinating.

Environmentally Friendly, 
No Chemicals Needed!
No weeding means no chemicals. You’ll never
have to spray poisonous pesticides and weed
killers again! Zoysia lawns are safer for the 
environment, as well as for family and pets!

Cuts Watering & Mowing 
By As Much As 2/3!
Many established
Zoysia lawns only
need to be
mowed once or
twice a season.
Watering is rarely,
if ever, needed –
even in summer!

Stays Green In Summer  
Through Heat & Drought!
When ordinary lawns brown up in summer heat and
drought, your Zoysia lawn stays green and beautiful.
The hotter it gets, the better it grows. Zoysia thrives 
in blistering heat (120˚), yet it won’t winter-kill to 30˚
below zero. It only goes off its green color after killing
frosts, but color returns with consistent spring
warmth.  Zoysia is the perfect choice for water
restrictions and drought areas!

Our Customers Love 
Their Zoysia Lawns!
One of our typical customers, Mrs. M.R. Mitter of 
PA, wrote how “I’ve never watered it, only when 
I put the Plugs in… Last summer we had it mowed 
2 times... When everybody’s lawns here are brown
from drought, ours just stays as green as ever!”

Order Now And Save!
The more Amazoy™ Zoysia Plugs you order, the more
you SAVE! And remember, once your Zoysia lawn is 
established, you’ll have an endless supply of new Plugs
for planting wherever you need them. Order now!

SAVE When You Grow 
A Zoysia Lawn From Plugs!

SAVE When You Grow 
A Zoysia Lawn From Plugs!

GRASS SEED WILL NEVER GROW A LAWN LIKE THIS!
Save Water!  Save Time!  Save Work!  Save Money!

Improving America's Lawns Since 1953

Zoysia Lawns are 
thick, dense and lush!

Zoysia thrives in 
partial shade to 

full sun!

Order Now! www.ZoysiaFarms.com/mag

ZOYSIA GRASS SUPER SALE — SAVE OVER 50%!
Get Up To 900 Plugs — FREE!

Order Your ZOYSIA Plugs Now — Harvested Daily From Our Farms And Shipped To You Direct!

Name                                                                                                                                                 

Address                                                                                                                                                

City                                                                                        State                                                           

Zip                                                                Phone                                                                             

Write price of order here $ 

Md. residents add 6% tax $

Shipping $

ENCLOSED TOTAL            $

Mail to: ZOYSIA FARM NURSERIES
3617 Old Taneytown Road, Taneytown, MD 21787 

Card #                                                                                                      Exp. Date                            

Payment method 
(check one)

❑ Check   ❑ MO
❑ MasterCard
❑ Visa 

# PLUGS
100

200

400

500

600

900

1000

PACK
❑ Basic
❑ 2 Basic Packs

+ 1 FREE
❑ 4 Basic Packs

+ 2 FREE
❑ 5 Basic Packs

+ 3 FREE
❑ 6 Basic Packs

+ 4 FREE
❑ 9 Basic Packs

+ 7 FREE
❑ 10 Basic Packs

+ 9 FREE

# Free Plugs
–

100

200

300

400

700

900

Free Bonus
–

–

Free
Step-on Plugger

Free
Step-on Plugger

Free
Step-on Plugger
Free Amazoy
Power Auger
Free Amazoy
Power Auger

Retail Value
$ 8.95

$ 26.85

$ 62.65

$ 80.55

$ 98.45

$ 168.15

$ 195.00

YourPRICE
$ 8.95

$17.90

$35.80

$44.75

$53.70

$80.55

$89.50

+ Shipping
$ 2.50

$ 5.00

$ 7.50

$10.00

$12.50

$15.00

$17.50

SAVINGS
–

30%
40%
42%
44%
50%
54%

❑ Extra Step-on Plugger $8.95 ❑ Extra Amazoy Power AugerTM for 3/8” Drill $24.95

Please send me guaranteed Amazoy as checked: Dept. 5476

We ship all orders the same day plugs are packed at earliest correct planting time in your area.

✂ ✂

We ship at the best 
planting time for you!

We ship at the best 
planting time for you!

Saves time, work and effort when making holes for Plugs!

PLANTING 
TOOL

With Order of 400 Plugs or More!FREE!
To ensure best results, we ship you living sheets of genuine
Amazoy™ Zoysia Grass, harvested direct from our farms. Plugs are
not cut all the way through. Before planting, simply finish the
separation by cutting 1"-sq. Plugs with shears or knife. Then follow
the included easy instructions to plant Plugs into small plug holes
about a foot apart. Our guarantee and planting method are your
assurance of lawn success backed by more than 5 decades of
specialized lawn experience.

Each Zoysia Plug You Plant In Your Soil Is 
GUARANTEED TO GROW

Within 45 Days Or We’ll Replace It FREE!

©2010 Zoysia Farm Nurseries, 3617 Old Taneytown Rd, Taneytown, MD 21787

Not shipped outside the USA or into WA or OR

Meyer Zoysia Grass was perfected by 
the U.S.  Gov’t, released in cooperation with 
the U.S. Golf Association as a superior grass.

Amazoy is the trademark registered U.S.
Patent Office for our Meyer Zoysia grass. 

www.ZoysiaFarms.com/mag
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she would catch it and the kids would catch it and chaos—we’d all 

have ulcers and cancer. So I said, “Just give me till the weekend,” 

and she said, “Fair enough.”

Your personal experience convinced you that Helicobacter

infection starts in childhood. Can you explain? 

At � rst I thought it must have been a silent infection, but after I had 

it, I said, “No, it’s actually an infection that causes vomiting.” And 

when do you catch such infections? When you’re toddling around, 

eating dirty things and playing with your dirty little brothers and 

sisters. The reason you didn’t remember catching Helicobacter is 

that you caught it before you could talk.

You published a synthesis of this work in The Medical Journal 

of Australia in 1985. Then did people change their thinking?

No, it sat there as a hypothesis for another 10 years. Some patients 

heard about it, but gastroenterologists still would not treat them 

with antibiotics. Instead, they would focus on the possible compli-

cations of antibiotics. By 1985 I could cure just about everybody, 

and patients were coming to me in secret—for instance, airline 

pilots who didn’t want to let anyone know that they had an ulcer. 

So how did you fi nally convince the medical community?

I didn’t understand it at the time, but Procter & Gamble [the 

maker of Pepto-Bismol] was the largest client of Hill & Knowlton, 

the public relations company. After I came to work in the States, 

publicity would come out. Stories had titles like “Guinea-Pig 

Doctor Experiments on Self and Cures Ulcer,” and Reader’s Digest

and the National Enquirer covered it. Our credibility might have 

dropped a bit, but interest in our work built. Whenever someone 

said, “Oh, Dr. Marshall, it’s not proven,” I’d say: “Well, there’s a 

lot at stake here. People are dying from peptic ulcers. We need to 

accelerate the process.” And ultimately, the NIH and FDA did that. 

They fast-tracked a lot of this knowledge into the United States 

and said to the journals: “We can’t wait for you guys to conduct 

these wonderful, perfect studies. We’re going to move forward 

and get the news out.” That happened quite quickly in the end. 

Between 1993 and 1996, the whole country changed color.

You have since devised tests for H. pylori. How do they work?

The � rst diagnostic test, done after a biopsy, detected Helicobacter 

that broke down urea to form ammonia. More recently I developed a 

breath test for Helicobacter based on the same principle. That test 

was bought by Kimberly-Clark, and they sell it all over the world. 

That one little discovery set me up for the rest of my career. 

Is it possible to create a vaccine against Helicobacter? 

After 20 years and a lot of hard work by companies spending 

millions, we have still been unable to make a vaccine. The reason 

is that once it’s in you, Helicobacter has control of your immune 

system. Once I realized this, I said, well, if it’s too dif� cult to make 

a vaccine against H. pylori, what about loading a vaccine against 

something else onto the Helicobacter and using it as a delivery 

system? So that is my vaccine project, and it is my life at the 

moment. I’m making a vaccine against in� uenza. We’ll � nd a strain 

of Helicobacter that doesn’t cause any symptoms. Then we’ll take 

the in� uenza surface protein and clone that into Helicobacter and 

� gure out how to put it in a little yogurt-type product. You just take 

one sip and three days later the whole surface of your stomach is 

covered with the modi� ed Helicobacter. Over a few weeks, your 

immune system starts reacting against it and also sees the in� u-

enza proteins stuck on the surface, so it starts creating antibodies 

against in� uenza as well.

How would this be better than current fl u vaccines? 

Right now it takes a year to make 50 million doses of � u vaccine, 

so you only get vaccinated against last year’s � u. Whereas we are 

building swine � u vaccine as we speak. We know the sequence of 

the swine � u virus. You can make the DNA. You can put it in Heli-

cobacter—with a home brew kit, I can make 100,000 doses in my 

bathtub. Using the same method, a Helicobacter vaccine against 

malaria would be dirt cheap. You could make 100 million doses in 

the middle of Africa without a refrigerator. You could distribute it 

at the airport through something like a Coke machine. 

Based on this experience, should we be taking a fresh look 

at other diseases that do not have well-understood causes?

Helicobacter made us realize that we can’t con� dently rule out infec-

tious causes for most diseases that are still unexplained. By the 

1980s, infectious disease was considered a has-been specialty, and 

experts were saying everyone with an infectious disease could be 

cured by antibiotics. But what about when your kids were 2 years 

old? Every week they’d come home with a different virus. You didn’t 

know what the infections were. The kids had a fever for two days, they 

didn’t sleep, they were irritable, and then it was over. Well, you think it 

is over. It might be gone, but it has put a scar on their immune system. 

And when they grow up, they’ve developed colitis or Crohn’s disease 

or maybe eczema. There are hundreds of diseases like this, and no 

one knows the cause. It might be a germ, just one you can’t � nd. 

How can we track down these mystery pathogens?

What we would like to do, hopefully with funding from NIH, is launch 

big, long-term programs. You would enter your baby into a trial the 

day he is born. We would have his genome decoded. We’d survey 

your microbiome [all the microorganisms in the body and their DNA] 

and maybe your husband’s microbiome, and all that would go in a 

database. Then we would come along and take a feces culture from 

your baby each month. And if ever he got a fever, we would swab 

his cheek and save that. We would do 10,000 kids like this. Then, in 

20 years’ time, we would � nd that 30 of them developed colitis, and 

we would go back. If we could get all of that material out of the deep 

freeze and run it through the sequencing machine, we would � nd the 

answer. In the last 20 years, people have been so focused on linking 

disease with environmental factors like chemicals and pollution. But 

the environmental factor could be an infectious agent that you had 

in your body at some time in your life. Just because somebody ruled 

out an infectious cause in the 1980s or ’90s doesn’t mean this was 

correct. Technology has moved forward a long way. 

Even now, though, isn’t it hard for new ideas to be heard 

when medical journals are gatekeepers of the status quo?

It’s true, but they have their ears pricked up now because every 

time a paper comes to them, they say: “Hang on a minute, I had 

better make sure that this is not a Barry Marshall paper. I don’t want 

to have my name on that rejection letter he shows in his lectures.” 

Now they might say, “It’s so off-the-wall.... Is it true?”
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SUPER
 

COUPON!

FACTORY DIRECT 
TO YOU!

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

Equipment, Generators, and much more.
NOBODY BEATS OUR QUALITY, SERVICE AND PRICE!

We 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

HARBOR FREIGHT TOOLS
Quality Tools at Ridiculously Low Prices

SUPER
 

COUPON!

20%OFF
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 6/9/10.

ANY 
SINGLE 
ITEM!

See HarborFreightusa.com/discovermag for additional SUPER COUPONS
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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.
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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 6/9/10.

HARBOR FREIGHT TOOLS - LIMIT 1
These valuable coupons are only good when presented at 

your nearest Harbor Freight Tools store. Offer Ends 6/9/10.

HARBOR FREIGHT TOOLS - LIMIT 1
These valuable coupons are only good when presented at 
your nearest Harbor Freight Tools store. Offer Ends 6/9/10.

HARBOR FREIGHT TOOLS - LIMIT 4
These valuable coupons are only good when presented at 
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These valuable coupons are only good when presented at 
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REG. PRICE $99 .99 
 $5999 

 $14999 

 3000 LB. CAPACITY 
LIGHTWEIGHT 

ALUMINUM 
RACING JACK 

LOT NO. 
 91039/67408 

SAVE 
$40

Item 
91039 
shown

SAVE 
46%  

REG. 
PRICE 

$74.99

 3 GALLON 100 PSI OILLESS

PANCAKE AIR 
COMPRESSOR 

 $3999 
LOT NO. 
 95275 

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 
56%  

LOT NO.  47077 /67425

 $699 
REG. PRICE $15 .99 

 3" HIGH SPEED 
AIR CUTTER 

Item 47077 
shown

SAVE 
71%  

REG. 
PRICE 
$6 .99 

 12" RATCHET 
BAR 

CLAMP/
SPREADER 

LOT NO.  46807 

 $199 

SAVE 
46%  

 $799 REG. 
PRICE 

$14 .99 

 6 PIECE 
PLIERS 

SET 
LOT NO. 

38082/46005

Item 38082 
shown

 RECIPROCATING SAW
 WITH ROTATING HANDLE

 $1999 
REG. PRICE $39 .99 

SAVE 
50%  

LOT NO.  65570 

√ 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!

SAVE 
41%  

 MULTIFUNCTION 
POWER TOOL 

 $3499 
REG. 

PRICE 
$59 .99 

LOT NO.  67256 
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we don’t know what that state is, and in 

the real world the increase of entropy is 

consistent with any number of possible 

futures. A closed timelike curve seems 

to imply predestination: We know what is 

going to happen to us in the future because 

we witnessed it in our past. 

Closed timelike curves, in other words, 

make the future resemble the past. It is 

set in stone, not up for grabs at all. The 

reason we think the past is � xed once and 

for all is that there is a boundary condition 

at the beginning of time. The entropy of the 

universe started very small (at the time of 

the Big Bang) and has been growing ever 

since. Ordinarily we do not imagine that 

there is any analogous boundary condition 

in the future—entropy continues to grow, 

but we cannot use that information to draw 

any conclusions. If we use a closed time-

like curve to observe something about our 

future actions, those actions become pre-

destined. That’s extra information about 

the history of the universe, over and above 

what we normally glean from the laws of 

physics, and it makes us uncomfortable.

If closed timelike curves exist, ensur-

ing that all events are consistent is just as 

strange and unnatural to us as a movie 

played backward, or any other example of 

evolution that decreases entropy. It’s not 

impossible; it’s just highly unlikely. So either 

closed timelike curves cannot exist, or big, 

macroscopic things cannot travel on truly 

closed paths through space-time—unless 

everything we think we know about entropy 

and the arrow of time is wrong.

Life on a closed timelike curve seems pret-

ty drab. Once you start moving along such 

a curve, you are required to come back to 

precisely the point at which you started. An 

observer standing outside, however, has 

what is seemingly the opposite problem: 

able to slice space-time that way. Locally—

in the near vicinity of any particular point in 

space-time—we can always divide events 

into the “past” and the “future.” But we 

might not be able to do this throughout the 

universe. The warping associated with 

the closed timelike curve could cause 

our slice to twist back on itself, making it 

impossible to divide all of space-time into 

distinct moments. 

We would therefore have to abandon the 

concept of determinism, the idea that the 

state of the universe at any one time deter-

mines the state at all other times. We would 

also have to abandon free will—because 

witnessing part of our future history implies 

some amount of predestination.

Do we value determinism so highly that 

we should reject the possibility of closed 

timelike curves entirely? Not necessarily. 

We could imagine a different way in which 

the laws of physics could be formulated—

not as a computer that calculates the next 

moment from the present moment but as 

a set of conditions that are imposed on the 

history of the universe as a whole. It is not 

clear what such conditions might be, but 

we have no way of excluding the idea on 

the basis of pure thought.

All this may sound like vacillation, but it 

provides an important lesson. Some of our 

understanding of time is based on logic 

and the known laws of physics, but some 

of it is based purely on convenience and 

reasonable-sounding assumptions. We 

think that the ability to uniquely determine 

the future from knowledge of our pres-

ent state is important, but the real world 

might end up having other ideas. If physi-

cists discover that closed timelike curves 

really can exist, we will have to dramati-

cally rethink the way we understand time. 

In that case, the universe could not be 

nicely divided into a series of separate 

“moments” of time.

The ultimate answer to the puzzles raised 

by closed timelike curves is probably that 

they simply cannot exist. If that is true, 

though, it is because the laws of physics 

do not let you warp space-time enough to 

create them—not because they let you kill 

your grandfather before you are born. 

Sean Carroll’s latest book, From Eternity 

to Here: The Quest for the Ultimate Theory 

of Time, was published in January 2010 

by Dutton.

TIME TRAVEL
CONTINUED FROM PAGE 43

What happens along such a curve cannot 

be uniquely predicted from the prior state of 

the universe. We have the strong constraint 

that evolution along a closed timelike curve 

must be consistent, but there will always 

be a large number of consistent evolutions 

that are possible, and the laws of physics 

seem powerless to predict which one will 

actually come to pass.

In the usual way of thinking, the laws 

of physics function like a computer. You 

give as input the present state, and the 

laws return as output what the state will be 

one instant later (or earlier, if we wish). By 

repeating this process many times, we can 

build up the entire history of the universe, 

from start to � nish. In that sense, com-

plete knowledge of the present implies 

complete knowledge of all of history.

Closed timelike curves would make such 

a program impossible, as a simple thought 

experiment reveals. Hark back to the 

stranger who appeared out of the gate into 

yesterday, then jumped back in the other 

side a day later to form a closed loop. There 

would be no way to predict the existence of 

such a stranger from the state of the uni-

verse at an earlier time. Let’s say we start in 

a universe that, at some particular moment, 

has no closed timelike curves. The laws of 

physics purportedly allow us to predict what 

happens in the future of that moment. This 

ability vanishes as soon as someone builds 

a time machine and creates a closed time-

like curve. Mysterious strangers and other 

random objects can then appear out of thin 

air and disappear just as quickly. 

We can insist all we like that what hap-

pens in the presence of closed timelike 

curves be consistent. But that requirement 

is not enough to make the events predict-

able, with the future determined by the laws 

of physics and the state of the universe at 

one moment in time. Indeed, closed time-

like curves can make 

it impossible to de-

fine “the universe 

at one moment in 

time.” Ordinarily we 

can imagine “slic-

ing” our four-dimen-

sional universe into 

three-dimensional 

“moments of time.” 

I n  t he  p resence 

of closed timelike 

curves, though, we 

generally will not be 

The aptly named discus fi sh has a 

compressed, circular body and is 

native to tributaries of the Amazon. 

Despite its shyness and sensitivity to 

water quality, it is a popular choice 

for aquariums because of its bright 

markings. Discus fi sh feed their young 

via a strange form of nursing: Larvae 

nibble at a protein-packed mucus 

secretion on their parents’ skin. 

This 20× magnifi cation of the fi sh’s 

scales took sixth place in Nikon’s 

2009 Small World competition.

DECEMBER’S WHAT IS THIS?  

DISCUS FISH SCALES
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H alfway into our ambitious trek through the rain 
forest I had to remind myself that “Nothing good
comes easy.” These days it seems that every business

trip to Brazil includes a sweltering hike through overgrown 
jungles, around cascading waterfalls and down steep rock cliffs.
But our gem broker insisted it was worth the trouble. To tell you
the truth, for the dazzling emeralds he delivered, I’d gladly go
back to stomping through jaguar country.

Now our good fortune is your great reward. Don’t miss this rare
opportunity to own an impressive 50 carat strand of genuine
South American emeralds for under $200. And for a limited
time, we’ll sweeten every necklace order with a $100 Stauer 
Gift Coupon!

Faced with this embarrassment of riches, our designer trans-
formed this spectacular cache of large stones (each is over 8
carats average weight) into a stunning 50 ctw necklace of faceted
emeralds set into .925 sterling silver. Each emerald is surrounded
by delicate sterling silver rope work and filigree in the Bali-style.
The 18" necklace dangles from a sterling silver chain that fastens
with a secure double-sided shepherd’s hook clasp.

What is the source of our 
emerald’s timeless appeal?
The enchanting color of the Stauer Carnaval Faceted Emerald
Necklace comes from nature’s chemistry. Our polished 
and faceted, well-formed natural emeralds are immediately 
recognized as something special. Indeed, when we evaluated
these emeralds, color was the most important quality factor.
Today, scientists tell us that the human eye is more sensitive
to the color green than to any other. Perhaps that is why
green is so soothing to the eye, and why the color green 
complements every other color in your wardrobe.

Emeralds are, by weight, the most 
valuable gemstone in the world.
Now you can wear  genuine emeralds and feel great about
knowing that you were able to treat yourself to precious gems
without paying a precious price. A 100+ carat emerald necklace
found on Rodeo Drive or 5th Avenue could cost well over
$250,000…but not from Stauer. Wear and admire the exquisite
Stauer Carnaval Faceted Emerald Necklace for 30 days. 

If for any reason
you are not dancing
the Samba with pure
satisfaction after receiving
your faceted emerald neck-
lace, simply return it to us for
a full refund of the purchase
price. But we’re confident that
when you examine this stunning
jewelry, you’ll be reminded of the
raw beauty of the Amazon rain
forests mixed with the flash and
dazzle of the exotic Carnaval in
Rio de Janiero. Call Today.
This cache of genuine emer-
alds is extremely limited.

Brandish a whopping 50 carats of genuine
South American emeralds in a handcrafted 
new necklace design for less than $200... 
and get a $100 Stauer Gift Coupon!

A. Carnaval Necklace (50 ctw) $195 

B. Carnaval Ring (13 ctw) $125

C. Carnaval Earrings (20 ctw) $125

D. Carnaval Bracelet (50 ctw) $175

Carnaval Collection (83 ctw) $445 
Includes necklace, ring and earrings.
Now only $295 Save $150!
*Special Offer—Receive a $100 Stauer 
Gift Coupon with the purchase of 
each individual Carnaval.

1-888-306-7179
Promotional Code FEN174-02
Please mention this code when you call.

Brazil Expedition Uncovers
Thousands of Carats of 

Exquisite Natural Emeralds

B.

C.

D.
14101 Southcross Drive W.,
Dept. FEN174-02
Burnsville, Minnesota 55337Stauer

Smart Luxuries—Surprising Prices

Special OfferReceive a $100 Stauer Gift Coupon with the purchase of this necklace. Yes, you read that right.

50 ctw of 
genuine emeralds. 
Enlarged to 
show details.

“You will rarely find 
an emerald necklace with
50 carats and certainly not

at this price!”

— JAMES T. FENT, Stauer 

GIA Graduate Gemologist

A.

www.stauer.com
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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

  

FEEL LIKE AN UNPAIRED ELECTRON?
Science Connection is the 

perfect catalyst for friendship or romance.
www.SciConnect.com



TREASURE HUNT FOR CHARITY
A virtual treasure has been hidden at an 
address somewhere in Toronto. Make a 
$1 donation to get your chance to ask 
1 clue. Visit www.snailfoundation.com

for complete details.



$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





ABC’s 20/20 “SPEED DATE”
TEST SHOWS ATHENA
PHEROMONES CAN

INCREASE SEX APPEAL.

unscented cologne / aftershave additive
to increase sexual attractiveness

Vial of 1/6 oz. added to 2-4
oz. of your cologne or after-
shave lasts 4 to 6 months,
or use straight.

Not guaranteed to work for all, since body chemistries differ, but
will work for most. Cosmetics not aphrodisiacs.

Call 610-827-2200 - Order online - Not sold in stores
Or mail to: Athena Institute, Dept DSCjm,

1211 Braefield Rd. Chester Springs, PA 19425

www.athenainstitute.com

Winnifred Cutler, creator of 10XWinnifred Cutler, creator of 10X

Send me___ vials of 10X for men @$99.50
and/or____vials of 10:13 for women @$98.50
for a*total ____by: � money order � check
�Visa,M/C,Disc._____-_____-______-______
exp_______signature_____________________
to:Name______________________________
Address________________________________
City/State______________________ zip_______
Phone:___________email __________________
(*PA add 6% tax, Canada add US $7.50 per vial) DSCjm

MESSAGE FROM DR. CUTLER
Dr. Cutler has a Ph.D. in biology from

University of Penn, post-doc at Stanford.
Co-discovered human pheromones in 1986

(Time 12/1/86; and Newsweek 1/12/87).

for men for women

When ABC 20/20's television crew came
out to Athena Institute to interview me, I
had no idea of what "test" they might per-
form on my two pheromone cosmetics.
And I did not suggest one. When I saw their
12/9/05 telecast, I found out. ABC 20/20 clev-
erly picked a "speed dating" contest with
identical sets of twins.
One twin had been wearing Athena
Pheromone 10X for men and one Athena
Pheromone 10:13 for women. I knew that in
two published scientific studies, my fragrance
additives worked for 74% to increase sexual
attractiveness. So you can imagine my pleas-
ant surprise, that our Athena pheromones
were successful in this non-scientific
speed dating trial in 19 out of 20 trial "dates".

Athena DSCjm11 ad final  12/28/09  6:48 PM  Page 1

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

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

416.596.1396 | goldenc@inforamp.net
OFFERING FREE IDENTIFICATION

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

COLLECTIONS PURCHASED.  PRIVACY ASSURED 

MASKS . CARVINGS . SHIELDS . WEAPONS . CLOTHING

COLLECTOR  SEEKS
Porcelain, bronze, silver, jade, lacquer

416.596.1396 | goldenc@inforamp.net

OLD CHINESE & JAPANESE ANTIQUES

COMPLETE COLLECTIONS PURCHASED
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!

DO YOU HAVE A JOB, PRODUCT, OR SERVICE YOU WANT TO ADVERTISE TO OVER 6 MILLION READERS? 
    : 212-624-4811  @.
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Earn up to
$55,000

a year!*

Earn up to
$55,000

a year!*

THIS GREAT CAREER OPPORTUNITY
Be an

Insurance
Claims Adjuster

✓ Train at home
✓ No classes to a� end
✓ Work in as li� le as 4 months
✓ No schedules to keep
✓ No experience needed

Nationally
accredited!

Train in the comfort of your own home for this exciting,
high-income career. Investigate, research and negotiate 
claims for accident, health, property, liability and catastrophe 
insurance. Work-from-home opportunities!

Get free facts today! Call toll-free

866-780-7944
U.S. Career Institute, 2001 Lowe Street, Dept. DSVB2A20

www.uscareerinstitute.comIC003
*with

experience

Dept.
DSVB2A20

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
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1 God commanded, “Let 

there be light,” but it 

didn’t happen for nearly 

half a million years. That’s 

how long after the Big 

Bang the universe took to 

expand enough to allow 

photons (light particles) to 

travel freely.

2 Those photons are still 

running loose, detectable as 

the cosmic microwave back-

ground, a microwave glow 

from all parts of the sky.

3 Light moves along at full 

“light speed”—186,282.4 

miles per second—only in a 

vacuum. In the dense matrix 

of a diamond, it slows to just 

77,500 miles per second.

4 Diamonds are the Afghan-

istan of gemstones: Any 

entering photon quickly gets 

bogged down. It takes a lot 

of pinging back and forth in 

a thicket of carbon atoms 

to fi nd an exit. This action is 

what gives diamonds their 

dazzling sparkle. 

5 Eyeglasses can correct 

vision because light changes 

speed when it passes from air 

to a glass or plastic lens; this 

causes the rays to bend. 

6 Plato fancied that we see 

by shooting light rays from 

our eyes.

7 The Greek philosopher was 

not completely wrong. Like 

all living things, humans are 

bio luminescent: We glow. We 

are brightest during the after-

noon, around our lips and 

cheeks. The cause may be 

chemical reactions involving 

molecular fragments known 

as free radicals. 

20 THINGS YOU DIDN’T KNOW ABOUT LIGHT

8 Bioluminescence is the 

largest source of light in the 

oceans; 90 percent of all crea-

tures who live below about

1,500 feet are luminous. 

9 World War II aviators used 

to spot ships by the bio-

luminescence in their wakes. 

In 1954 Jim Lovell (later the 

pilot of Apollo 13) used this 

trick to fi nd his darkened 

aircraft carrier.

12 Light has no mass, but 

it does have momentum. 

Later this year the Planetary 

Society will launch LightSail-1, 

attempting to capture the 

pressure of sunlight the way a 

boat’s sail gathers the wind. 

13 Laser beams bounced off 

mirrors left behind by Apollo 

astronauts show that the 

moon is moving 1.5 inches 

farther from Earth each year.

14 Visible light makes up less 

than one ten-billionth of the 

electromagnetic spectrum, 

which stretches from radio 

waves to gamma rays. 

15 Goldfi sh can see infrared 

radiation that is invisible to us. 

Bees, birds, and lizards have 

eyes that pick up ultraviolet. 

16 Photography means 

“writing with light.” English 

astronomer John Herschel, 

whose father discovered 

infrared, coined the term. 

17 Shoot now: The “golden 

hour,” just after sunrise and 

before sunset, produces the 

prettiest shadows and colors 

for photographs. 

18 Day and night are every-

where the same length on the 

vernal equinox, which occurs 

this year on March 20. 

19 Auroras light up the night 

sky when solar wind particles 

excite atoms in the upper 

atmosphere. Oxygen mostly 

shines green; nitrogen con-

tributes blue and red. 

20 But to the Inuits, auroras 

are spirits of the dead kicking 

around the head of a walrus. 
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10 Incandescent bulbs 

convert only 10 percent of 

the energy they draw into 

light, which is why Europe 

will outlaw them by 2012. 

Most of the electricity turns 

into unwanted heat. 

11 In the confi ned space 

of an Easy-Bake oven, a 

100-watt bulb can create a 

temperature of 325 degrees 

Fahrenheit. 
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