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cure for the cures

MAIL

Science Solving Problems

DISCOVER’s special report 

on cures (page 33) explored 

the latest and most innova-

tive solutions to a vast range 

of problems, including traffic, 

mosquitoes, and murder.

What a fun issue! But you 

got one thing wrong. Laying 

down wires on freeways to 

prevent tra�  c jams (page 36) 

is a complete waste of money. 

� e Defense Advanced 

Research Projects Agency 

(Darpa) Grand Challenge 

showed that a driverless car 

can navigate across 100 miles 

of desert and think its way 

through obstacles. In 20 years 

the seats in a car will face one 

another so the occupants can 

converse as the car autono-

mously whisks them to their 

destinations. As someone 

who loves driving, I don’t 

entirely relish this prospect, 

but it’s coming.

Robert Arnott

Newport Beach, CA

Jason Daley reports that ento-

mologist Anandasankar Ray 

is developing an “odor cloud” 

mosquito deterrent (page 

34). He is testing this stu�  on 

mosquitoes, but people and 

animals will be breathing 

it in if it is sprayed into the 

environment. What safety 

tests have been done?

Nancy Parker

Caldwell, ID

Jason Daley responds: Ray’s 

study identi� ed 13 chemicals 

with strong mosquito-deterring 

properties, some of which may 

be best deployed in an “odor 

cloud.” He and his team are 

examining over 500,000 com-

pounds to � nd cheaper varia-

tions that could help reduce 

malaria, dengue, yellow fever, 

and other mosquito-borne 

diseases. Ray, who has no 

interest in trading one public-

health crisis for another, says 

all of his chemical targets will 

undergo a full battery of tests 

to determine their safety for 

human use before they reach 

the marketplace.

On page 38, you describe a 

wonderful corpse detector. But 

then on page 41, you present 

technology that could break 

down the odor of a rotting 

corpse. � at’s a very convenient 

work-around for the homicid-

ally minded, I must say!

Daniel Schlenger

Carson City, NV

Quake Queasiness

“A Shock to the Heartland” 

(page 10) described the 

overlooked threat of a major 

earthquake in the Midwest, 

the home of the New Madrid 

Seismic Zone. Seismologists 

estimate the risk of a magnitude 

6 quake at up to 40 percent 

over the next half century. 

I have serious concerns regard-

ing the New Madrid Seismic 

Zone, especially because of the 

horri� c risk to nuclear power 

plants. � ere are 37 plants in 

the Great Lakes basin, and 

damage to any of them could 

be catastrophic to the 40 mil-

lion people who rely on the 

lakes for drinking water.

Gerald J. Niedermaier

Gladstone, MI

Worms of Steel

The “Deepest Animal 

Unearthed” (page 16) is a new 

species of nematode, or micro-

scopic worm, that resides 

nearly a mile underground in a 

South African mine. This was 

only the latest nematode to 

demonstrate its resilience. 

Caroline Spivack says that 

apparently indestructible 

nematodes survived the 

disintegration of the space 

shuttle Columbia in 2003. 

Why were worms aboard the 

shuttle in the � rst place?

Jay Meadows

Euless, TX

� e editors respond: � e 

shuttle transported � ve canis-

ters of nematodes into space 

as part of an experiment to 

see how well the worms could 

reproduce. � ey survived the 

ship’s breakup despite being 

exposed to “shear forces, heat, 

shock waves, freezing, explosive 

decompression, anoxia, cosmic 

radiation, impact with the 

Earth, starvation, and environ-

mental toxicity,” according to a 

2005 NASA study.

String Theory Skepticism

In “Out There” (page 30), 

cosmologist Sean Carroll 

described scientific reasons to 

believe in multiple universes.

Explaining the multiverse as 

an outcome of string theory 

is like supporting it with a 

Ponzi scheme. Never has so 

much intellectual capital 

produced so few predictions 

as string theory.

Terry Bollinger

Ashburn, VA

Amendment

� e November cover story by Lisa 
Randall included an abbreviated 
copyright and credit notice. 
� e complete version is: From 
the book Knocking on Heaven’s 
Door: How Physics and Scienti� c 
� inking Illuminate the Universe 
and the Modern World by Lisa 
Randall. Copyright © 2011 by 
Lisa Randall. Reprinted by arrange-
ment with Ecco, an imprint of 
HarperCollins Publishers.
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one of the great joys of running a magazine is getting to 

hear readers react to our stories. Whenever discover publishes 

an article about global warming, the responses are particularly 

passionate. Many letters take issue with individual points of 

climate science, but I am particularly intrigued by the ones that 

aim wider, targeting the very concept of scientific certainty.

Tis critique is often expressed as some variant on “right, and 

scientists also used to think the world was flat.” If they could all 

be wrong about such a fundamental fact, the thinking goes, how 

can we trust they aren’t being fooled again? Te argument has a 

couple huge problems, though. For one, scientists never thought 

the world was flat. Even in ancient Greece, educated people 

understood that our planet is round. Earth’s shadow on the 

moon during a lunar eclipse is clear evidence of that.

More broadly, the flat-earth critique illustrates the opposite of 

what it claims. Scientists are typically in the vanguard in rejecting 

old ideas and embracing novel, counterintuitive ones when the 

evidence becomes compelling. Te greatest resistance has gener-

ally come from the outside, when those new ideas ran counter to 

religious doctrine (Galileo versus the Catholic Church) or business 

practices (Ignaz Semmelweis’s battle with the 19th-century medi-

cal establishment to institute hygienic rules 

in hospitals, for instance). And evidence, once 

collected, does not go away. Galileo didn’t 

discredit prior astronomical observations; he 

added to them. Likewise, more research can 

deepen our understanding of climate, but it 

cannot overrule the evidence that the Earth is 

growing warmer.

Yet a number of climate-skeptic writers 

suggest otherwise. Tey state that research-

ers in the 1970s predominantly believed in 

global cooling, implying that climate data 

have been discredited once and (presumably) might be again. 

Fortunately, this claim is easy to fact check. A tour around the 

Internet traces most of the cooling references back to a single, 

hyperbolic story from Newsweek in April 1975. More telling, a 

detailed literature analysis by climatologist Tomas Peterson 

of noaa and colleagues shows that, even in the 1970s, the bulk 

of the climate papers tentatively foresaw a warming trend. 

Plenty of uncertainties still remain—in how climate change will 

play out, and in how we should respond. Te lively debate about 

climate and water supply starting on page 48 of this issue is evi-

dence of that. But I am confident that the scientists at least have 

their feet firmly planted on the good old spherical Earth.
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MOTHER NATURE TAKES CHARGE

Lightning electrifies an ash cloud rising above the Puyehue-Cordón 

Caulle volcanic mountain chain in central Chile on June 5th. The cause 

of volcanic lightning is poorly understood but may involve the separa-

tion of positively and negatively charged ash and water particles as they 

rise and fall in the plume.

Photographer Carlos Gutiérrez suspected the eruption was coming 

after a series of earthquakes shook his hometown of Puerto Varas a few 

days earlier. He drove two hours to reach the volcano and camped in the 

rain three miles from its base, camera ready, waiting for its first explosion 

in 51 years. “The calm before the giant eruption was very disturbing,” 

Gutiérrez says. “When it blew there was a lot of ash that got into my eyes 

and irritated my throat, but there is nothing more exciting than watching 

nature in all its power.” Although no serious injuries were reported, several 

thousand residents were evacuated. According to the Smithsonian Institu-

tion’s Global Volcanism Program, the eruption ejected ash more than six 

miles high and wind carried the plume more than 2,000 miles northeast, 

forcing flight cancellations at several airports in Chile and Argentina.
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ICEBREAKERS

Mechanical engineer Nicholas 
Michel-Hart chainsaws through ice 
blocking the hatch to the nuclear 
submarine USS Connecticut last 
March. The boat surfaced through 
three feet of Arctic ice 200 miles 
north of Prudhoe Bay, Alaska, 
where the University of Washing-
ton’s Applied Physics Lab conducts 
underwater communications and 
sonar experiments for the Navy. 
Locating subs in the Arctic is 
difficult because the jagged under-
sides of ice garble sonar tracking. 
So APL researchers brave –30 
degree Fahrenheit temperatures 
every spring to test devices like 
Deep Siren, which uses satellites 
and acoustics to send messages 
through more than 100 miles of 
water. The weeklong experiments 
also increase the Navy’s visibility 
in the area. “The Arctic is governed 
by international agreements, but 
now that the ice is retreating it’s 
getting a lot more interesting,” 
says APL field engineer Keith 
Magness (observing, second from 
right). “Countries are trying to 
expand their coastline to claim 
resources, and this is one way the 
Navy maintains its presence.” 
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Seeing Crime Before It Happens 
this past summer, at an undis-

closed location in a northeastern 

metropolis, the U.S. Department 

of Homeland Security (dhs) was 

trying to predict the future. � ere 

were no psychics or crystal balls, 

just a battery of sensors designed 

to determine human intention 

through the subtlest of changes in 

heart rate, gaze, and other physi-

ological markers.

Together, the sensors are called 

Future Attribute Screening Tech-

nology, or fast, a $20 million fed-

eral project that aims to highlight 

airport passengers whose bodies 

betray hostile intentions. In theory, 

fast has the potential to detect ter-

rorists in the final minutes before 

they act, but critics warn that the 

system may have other conse-

quences, such as 	 agging innocent 

travelers through false positives 

while letting some with ill intent 

sneak by through false negatives. 

� e dhs, for its part, maintains that 

fast is merely improving on a far 

older and more fallible crime pre-

dictor: human judgment.

About 3,000 dhs o
  cers already 

roam the nation’s airports scan-

ning for suspicious behavior and 

facial expressions in a program 

called Screening of Passengers 

by Observational Techniques, or 

spot. � e automated fast system 

is intended to supplement spot by 

catching signals that are undetect-

able to the naked eye. fast is not 

designed to replace the decision-

making of human screeners, but 

government officials hope it will 

eventually be able to passively 

scan airport passengers and single 

out those worth pulling aside for 

additional screening.

In recent trials, dhs recruited 

subjects and had them attend a 

mock event, such as a technol-

ogy expo. Some of the subjects, 

chosen at random, were asked to 

perform an objectionable action 

at the event—not bring in a bomb, 

obviously, but perhaps steal a cd. 

Before entering the expo, subjects 

reported to a kiosk containing a 

suite of body sensors, each able to 

take precise measurements from 

about 20 feet away: A cardiovascu-

lar and respiratory sensor measured 

heart rate and breathing, an eye 

tracker followed gaze and position 

of the eyes, thermal cameras mea-

sured heat on the face, and floor 

sensors and a high resolution video 

system tracked body movement.

� at  rst round of measurements 

is an essential step, says fast pro-

gram manager Robert Middleton, 

since it assures that individuals are 

measured against their own base-

line rather than some universal 

standard of agitation. “� e system 

was designed this way from the 

beginning to avoid simply identify-

BIG IDEA
FAST technol-
ogy may add 
another layer 
of protection 
to airport 
security.
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ing individuals who enter screening 

already anxious or angry,” he says.

After the baseline was estab-

lished, volunteers were then asked 

a series of questions ranging from 

innocuous (“Have you been in the 

area all day?”) to direct (“Are you 

planning to commit a crime?”). 

The interview acts like a stimu-

lus: Theoretically, it should trig-

ger a more robust physiological 

response from conspirators than 

from innocent passengers. John 

Verrico, the dhs spokesman for the 

project, acknowledges the imprac-

ticality of a screening system that 

relies on interrogation but suggests 

commercial versions will be better. 

Ultimately, he says, the measure-

ments would be taken in a process 

akin to passing through a metal 

detector, and only people with sus-

picious vital signs would be taken 

aside for questioning.

dhs’s faith in the technol-

ogy is based on the controversial 

theory of malintent, developed 

in 2007 by clinical psychologist and 

fast research consultant Daniel 

Martin. By combining ideas from 

neuroscience, psychophysiol-

ogy, psychology, and counterter-

rorism, Martin concluded that 

the physiological signs of a future 

hostile actor would increase with 

the severity of the impending act 

and as the moment of the crime 

approaches. If so, a terrorist who 

plans to blow up a plane in an hour 

should be easier to detect than a 

man who plans to cheat on his wife 

during a business trip. Martin also 

concluded that the physiological 

signs, such as heart rate and skin 

temperature, would be too min-

ute to manipulate, eliminating the 

possibility that terrorists would 

outsmart the system. “The system 

analyzes responses that people have 

little or no control over,” he claims. 

“And even if someone can avoid 

detection on one sensor, it is unlike-

ly he can avoid detection on all.”

So far, dhs has tested fast

on more than 2,000 subjects; the 

results have been better than 

chance but not overwhelming. 

The system correctly determined 

whether a person was going to 

commit a malevolent act 78 per-

cent of the time. fast o�  cials have 

released some of their � ndings to 

peer review and have repeatedly 

stated their intention to release 

more, but without complete data 

in the public forum, some scien-

tists have questioned the feasibil-

ity of the program.

Stephen Fienberg, a professor 

of statistics and social science at 

Carnegie Mellon University, is one 

of the most vocal skeptics. In 2003 

he led a National Research Council 

panel that found polygraph testing 

too imprecise for use as a screening 

tool in government hiring. Fienberg 

has reached a similar conclusion 

about fast. “It’s mainly baloney,” he 

says. “What evidence do we have 

coming out of physiology, psychol-

ogy, or brain imaging that we can 

do any of this? Almost all of what 

I’ve seen and heard is hype.”

Even if Martin’s theory holds 

up, the success of fast also hinges 

on the reliability and sensitivity of 

sensors that were not designed for 

airport security. Robert Middle-

ton cites numerous internal stud-

ies showing that remote sensors 

have the sensitivity required to do 

the job, and that they performed 

on par with sensors connected 

directly to the body. “Scientists 

who have reviewed our work have 

typically been impressed with our 

progress,” he says. However, that 

work has yet to be scrutinized by 

the general scienti� c community.

Criticism of fast is not limited 

to sci entific and 

tech nological 

issues. Some 

a r g u e  t h a t 

the system violates a 

basic tenet of person-

hood: free will. � inking 

about doing something 

and actu-

ally doing 

it are two 

ver y di f ferent 

T
he Future Attribute 
Screening Technology 

system operates on the 
premise that people with 
hostile intentions will 
involuntarily exhibit minute 
physiological signs that can 
be remotely detected with a 
suite of sensors:

CARDIO SENSOR finds 
heart and breathing rates 
using Doppler radar.

THERMAL CAMERA 
looks for slight temperature 
fluctuations on the face due 
to changes in blood flow to 
the brain.

EYE TRACKER is made up 
of a camera and processing 
software that track the 
position and gaze of the 
eyes. It also keeps tabs on 
changes in pupil size.

VIDEO CAMERA grabs 
high-resolution images 
for analysis of body 
movements. Floor sensors, 
based on Nintendo’s Wii 
Fit board, add the ability to 
track fidgeting and shifts 
in weight. The camera also 
has a microphone to analyze 
quivers and pitch changes in 
a subject’s voice.

ANDREW GRANT
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things, says Steven Aftergood, a 

senior research analyst at the Fed-

eration of American Scientists, 

which provides science-based rec-

ommendations on national security 

issues. “fast is potentially dehu-

manizing,” he says. “It denies that 

a person has the capacity to direct 

his own actions, to change his 

mind, and to adapt his behavior to 

new circumstances.”

The dhs has plenty of time 

to mull these issues, as fast is 

years away from reaching a real 

airport. But Middleton insists 

the technology is worth pursu-

ing. “Metal detectors and X-ray 

machines have been around for a 

long time, and most people assume 

they are necessary to keep citi-

zens safe,” he says. “Our program 

is attempting to do something 

new, and we are using scientific 

methods to verify that it works.”

joseph a. bernstein
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FOSSIL FEUD

Who Found Earth’s 
Oldest Life?

TOOLS OF THE TRADE

The Planet Sketcher
When astronomers 
discover a planet 
orbiting another star, 
they can easily deduce 
its size, temperature, 
and chemical makeup. 
But even the most 
powerful telescope 
cannot relate what 
the planet truly looks 
like. For that, scientists 
have historically relied 
on artistic interpreta-
tions. Now physicist 
Abel Méndez of the 

University of Puerto 
Rico at Arecibo has 
developed a more accu-
rate resource: software 
that transforms a 
constellation of data 
points into a realistic 
planetary portrait.

The program, called 
the Scientific Exoplanet 
Renderer, or SER, 
takes in observational 
information about the 
planet and its parent 
star, crunches the 

numbers in various 
physical models, and 
spits out an approx-
imate likeness. It 
can visualize many 
breeds of planets and 
atmospheres, but it is 
intended for those that 
resemble Earth, such 
as damp, potentially 
cloud-covered HD 
85512b (left). 

Méndez, who will 
make the program 
available to scientists 

next year, hopes the 
detailed visualizations 
will help them inter-
pret the mind-numbing 
streams of numbers 
typically used to 
evaluate new planetary 
discoveries. SER (we 
hope) will also spare 
the general public 
from the imaginative 
but often inaccurate 
artistic renderings that 
entertain more than 
inform. VALERIE ROSS

Outcrops in western Australia contain the remains of Earth’s earliest life-forms.
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 the first shot across the bow

came in 2002, when Oxford paleon-

tologist Martin Brasier challenged 

the authenticity of what were 

then widely regarded as the fossil 

remains of some of Earth’s � rst life-

forms. In the bargain he took on 

one of paleobiology’s great lions, 

J. W. “Bill” Schopf of ucla, who 

made that � nd and still defends 

it. “It was like tackling Jesus or 

Moses,” Brasier says.

Now Brasier has emptied his 

second barrel. In August he and 

David Wacey of the University of 

Western Australia staked their 

own claim to a candidate for the 

oldest known fossil: a set of Slinky-

shaped cells found on an ancient 

beach in western Australia, just 

20 miles from the site of Schopf ’s 

discovery. Brasier asserts that his 

fossilized cells are the remains of 

primitive anaerobic bacteria that 

lived 3.4 billion years ago. Schopf ’s 

samples, he believes, are nothing 

more than mangled, pressure-

cooked rock.

Settling the debate matters a 

great deal. At its heart is one of the 

biggest questions in science: When 

and where did life begin? Brasier’s 

� nd suggests that life on Earth 

started not near some oceanic 

thermal vent but rather in a warm, 

oxygen-depleted bath near the sur-

face. It also bolsters the case that 

there once was life on Mars.

But extraordinary claims require 

extraordinary evidence, as the late 

Carl Sagan once said, and that is a 

hard standard to meet in a � eld so 

rare� ed that all of its top experts 

could probably � t in a Volkswagen. 

After a decade of mapping rock 

formations and analyzing samples, 

Brasier believes he has attained 

the extraordinary evidence that 

Schopf has not.

Both scientists used light-

scattering lasers to dust for 

chemical � ngerprints, but Brasier 

bundled several techniques to 

attain detailed 3-D images. He 

found sulfur, carbon, and nitro-

gen, suggesting biological origins. 

Schopf detected carbon too, but 

Brasier argues that it is unrelated to 

life. Schopf counters that no one has 

ever found carbon in the geological 

record that is not a remnant of life.

Context may matter just as 

much as chemistry. Schopf ’s cells 

were free-
 oating in rock like raisins 

in raisin bread. Brasier’s fossils 

appear in tangled clumps stuck 

to sand grains. “And that’s much 

more what biology does,” he says. 

“Bacteria cluster together in great 

populations.” 

Schopf, 70, stands by his fossils 

as “the most thoroughly studied

—by the most workers, using the 

largest array of analytical tech-

niques that have provided the 

greatest assemblage of relevant 

data in the history of science.” Nat-

urally, Brasier disagrees with that, 

too. It will be up to their small 

group of colleagues to resolve the 

debate, or to make it moot by � nd-

ing something even older.

bruce grierson
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SAINTS + SINNERS

SAINT: GOOGLE

In August, Google’s Street View began 
mapping the Amazon via riverboat and 
tricycle to create an affordable and bug-
free way to tour the region’s rain forest. 
The first goal is to capture images of 
forests and communities along 30 miles of 
the Rio Negro in northwest Brazil.

SINNER: DUPONT

The chemical company DuPont is offering 
compensation to landscapers and property 
owners because its weed killer, Imprelis, 
also kills trees. The Environmental Protec-
tion Agency ordered the company to halt 
sales in August after discovering that 
Imprelis was linked to thousands of ever-
green deaths around the country.

SAINTS: FOLDIT GAMERS

Players of the online game Foldit, created by 
University of Washington scientists Zoran 
Popović and David Baker, have unraveled the 
structure of a protein that plays a crucial role 
in how the AIDS virus reproduces. The puzzle 
stumped scientists for more than a decade, 
but gamers solved it in three weeks. Their 
finding could lead to better HIV medicines.

SINNER: STEWART NOZETTE

Former NASA investigator Stewart Nozette 
pleaded guilty to attempted espionage this 
September. In 2009 he accepted $11,000 
in cash in exchange for passing classified 
materials about U.S. satellite defense 
systems to an undercover FBI agent posing 
as an Israeli intelligence officer.
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Science
News

Cracking a Very Cold Case
twenty years after hikers stumbled upon 

Ötzi the Iceman’s 5,300-year-old body poking 
out of a glacier in the Tyrolean Alps in Italy, 
researchers have � nally located the legendary 
mummy’s stomach. Retired Italian radiologist 
Paul Gostner was reexamining body scans of 

Ötzi taken in 2001 and 2005 when he noticed 
a previously unidenti� ed organ near the 

mummy’s intestine. Gostner realized it was 
the Iceman’s stomach, shriveled beyond 
recognition after thousands of years on 
ice, and transposed with the colon, prob-
ably as a result of the body’s having lain 
prone over a rock for so long.

Ötzi is the only ancient mummy ever 
found in the Alps, and his remarkably 
preserved body provides important 
insight into health and culture in the 
European Copper Age. He is also the 
subject of an international murder 
investigation. Aided by Gostner’s � nd, 
paleopathologist Albert Zink of the 

Institute for Mummies and the Iceman at 
the European Academy of Bolzano, Italy, 

located remnants in Ötzi’s stomach that 
genetic tests revealed to be goat meat and 

grains—evidence that overturns the domi-
nant theory that Ötzi died hungry and hunted. 

“He was not in a rush or � eeing from enemies,” 
Zink says. � e Iceman, whose left shoulder was 

punctured by an arrow, was more likely the victim of 
an ambush soon after his last meal.  jennifer abbasi

This bug injects prey with lethal saliva.

The Wind-Cloaked 
Spider Assassin
A good predator must be as cunning as 
it is strong, especially when its prey can 
turn the tables and kill it. The assassin 
bug has learned this well, becoming 
a master of deception in its hunt for 
spiders. Last year biologist Anne Wignall 
from Australia’s Macquarie University 
discovered that the bug lures food by 
strumming webs with its legs, mimicking 
the vibrations of a trapped fly. Now she 
has found that the insects exploit the 
weather by stalking spiders in the wind.

Spiders have poor eyesight and 
so recognize intruders by sensing 
vibrations on their webs. But even a 
gentle breeze neutralizes that ability, a 
weakness that assassin bugs are wired 
to exploit. When Wignall turned on desk 
fans aimed at webs, she saw that the 
assassins took more steps toward their 
prey. They also masked their steps by 
flexing their legs and bouncing, mimick-
ing the sensation of wind-swept debris 
striking the web. These tactics helped 
the assassins fatally stab their dagger-
like snouts into four times as many 
spiders as when the fans were off.

Preparation does not always ensure 
success, however. “Occasionally the 
spider will come in, throw silk on the 
bug, and then bite it,” Wignall says. 
“Most of the time the assassin bug 
won’t struggle too much. It happens 
quite quickly.”                    ED YONG

LAST MEALS

65,000: Average number of children under the age of 5 admitted to emergency 
rooms annually for accidental ingestion of medications, according to a study 

published in the Journal of Pediatrics in September. Researchers drew on 
patient records of 453,559 children, collected by poison control centers in the 
United States between 2001 and 2008. Over that time, the number of er visits 
due to the swallowing of painkillers jumped 101 percent. Randall Bond, an er

ICEMAN DIARIES 

1991: Hikers 
discover Ötzi’s 
corpse with intact 
clothing and gear in 
a melting glacier.

1992: Finding no 
injuries, research-
ers conclude Ötzi 
died from cold and 
exhaustion after 
climbing 10,500 feet.

2002: X-rays reveal 
an arrow in his left 
shoulder. Was he 
fleeing a fight?
2003: New find: A 
deep wound on Ötzi’s 

hand was healing 
when he died. He 
was stabbed shortly 
before the arrow hit.
2007: Scans show 
the arrow pierced an 

artery, suggesting 
Ötzi bled to death. 
2011: Another look 
reveals a full stomach; 
Ötzi was not fleeing 
before he died.
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Donald Kessler: Prophet of Space Trash
In 2009, after two telecom 
satellites smashed into 
each other, the U.S. 
National Research Council 
commissioned a team 
of experts to examine 
whether NASA was doing 
enough to address the 
growing problem of space 
junk. When it came time to 
pick the chair of the panel, 
the choice was obvious: 
Don Kessler, a 71-year-old 
retired NASA scientist who 
has been warning the world 
about orbital debris for 
more than 30 years.

Kessler grew up 
dreaming of becoming 
an astronomer but had 

no money for college, so 
he joined the Army. After 
he got out in 1961, he 
returned home to Houston, 
where NASA had recently 
established its manned 
spaceflight headquarters. 
Kessler was accepted into 
the agency’s cooperative 
education program, which 
allowed him to earn a 
degree in physics. 

He started out studying 
meteoroids, but his atten-
tion soon shifted to debris 
from space launches. By 
1978 he had published his 
landmark paper, “Collision 
Frequency of Artificial 
Satellites,” detailing the 

science behind what is now 
unofficially known as the 
Kessler Syndrome: Space 
junk collides with other 
space junk, producing 
more and more fragments, 
until the debris eventually 
renders low Earth orbit 
(within about 1,000 miles 
of Earth’s surface) impass-
able. Junk was sparse in 
the 1970s, though, and 
people tended to think of 
low orbit as part of infinite 
space. “Nobody believed it 
initially,” Kessler says.

Today debris threatens 
hundreds of spacecraft 
and satellites; in fact, last 
June a space-station crew 

scrambled into a Soyuz 
escape capsule because of 
passing trash. A few fanci-
ful tech fixes have been 
proposed, but Kessler says 
a simple policy shift is what 
is needed most. He argues 
for a law mandating that 
satellites fall out of orbit 
within 25 years—something 
that is now merely recom-
mended—to keep them from 
becoming uncontrolled 
orbiting projectiles. “If you 
tell people they will have to 
get their junk if it doesn’t 
de-orbit on schedule, then 
maybe they will follow 
the guidelines,” he says. 

 gregory mone
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ICONS OF SCIENCE

doctor and pediatrician at the Cincinnati Children’s Hospital who led the study, says 

the uptick coincides with a dramatic boost in sales of opioid drugs. Government 

records show that prescriptions for oxycodone increased 182 percent between 

2000 and 2007, and methadone prescriptions rose 559 percent. Medication is also 

getting stronger as companies develop time-release formulations. Says Bond, “One 

80-milligram tablet of oxycodone can cause a small child to stop breathing and die.” 

Colliding satellites add to the 
expanding mass of junk in space.
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Mind Over Motor: Controlling Robots With Your Thoughts
over recent months, in 
José del R. Millán’s computer 
science lab in Switzerland, 
a little round robot, similar 
to a Roomba with a laptop 
mounted on it ( far right), 
bumped its way through an 
office space filled with furniture 
and people. Nothing special, 
except the robot was being 
controlled from a clinic more 
than 60 miles away—and not 
with a joystick or keyboard, 
but with the brain waves of a 
paralyzed patient.

Te robot’s journey was an 
experiment in shared con-
trol, a type of brain-machine 
interface that merges conscious 
thought and algorithms to give 
disabled patients finer mental 
control over devices that help 
them communicate or retrieve 
objects. If the user experiences 
a mental misfire, Millán’s soft-
ware can step in to help. Instead 
of crashing down the stairs, 
for instance, the robot would 
recalculate to find the door.

Such technology is a poten-

tial life changer for the tens of 
thousands of people suffering 
from locked-in syndrome, a 
type of paralysis that leaves 
patients with only the ability to 
blink. Te condition is usually 
incurable, but Millán’s research 
could make it more bearable, 
allowing patients to engage 
the world through a robotic 
proxy. “Te last 10 years have 
been like a proof of concept,” 
says Justin Sanchez, director of 
the Neuro prosthetics Research 
Group at the University of 

Miami, who is also study-
ing shared control. “But the 
research is moving fast. Now 
there is a big push to get these 
devices to people who need 
them for everyday life.”

Millán’s system, announced 
in September at Switzerland’s 
École Polytechnique Fédérale 
de Lausanne, is a big step 
in making brain-machine 
interfaces more useful by split-
ting the cognitive workload 
between the patient and the 
machine. Previously, users had 

ROBOT AVATAR

Slowest Growing Crystals
The 36-foot-long beams of gypsum in Mexico’s Cave 
of Crystals are the largest exposed crystals on earth. 
Now Spanish crystallographer Juan Manuel García-
Ruiz has awarded them another record: They exhibit 
the slowest crystal growth ever measured. García-
Ruiz collected gypsum and water from the site and 
used a custom-built, ultrasensitive microscope to  
determine that the sample grew 0.000000000014 
millimeter per second—the equivalent of a pencil 
width every 16,000 years. The cave’s stable tempera-
ture and mineral content fostered slow but steady 
growth for a million years or more. Such conditions 
may be ideal for crystals, but not for those studying 
them. “You’re in the house of Superman,” García-
Ruiz says of the 110 degree, 99 percent humidity 
chamber. “But if you stay for half an hour, you die.”

jennifer barone
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to fully concentrate on one of 

three commands—turn left, 

turn right, or do nothing—

creating speci� c brain wave 

patterns detected by an elec-

trode-studded cap. � at system 

exhausted users by forcing 

them to think of the command 

constantly. With shared con-

trol, a robot quickly interprets 

the user’s intention, allowing 

him to relax mentally. Millán is 

now developing software that 

is even better at weeding out 

unrelated thoughts and deter-

mining what the user really 

wants from the machine.

Although the disabled 

will probably be the � rst 

bene� ciaries of 

Millán’s technol-

ogy, we may all 

eventually end up under the 

scanner. Millán and auto 

manufacturer Nissan recently 

announced they are col-

laborating on a shared-

control car that will 

scan the driver’s brain 

waves and eyes and 

step in if the mind—

and the Altima—

begin to wander.

jason daley
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How I Put a Murderer Away With Doppler Radar
For years, Howard Altschule worked as a meteorologist for television station WNYT in Albany, New York, where each night he told 
viewers whether the next day would bring precipitation and misery. It was a fun gig for a while, but then Altschule grew bored. 
So in 2007 he started Forensic Weather Consultants, which offers meteorological snooping to local lawyers, providing expert 
analysis of weather data and satellite imagery. Now he investigates 175 cases a year: roof damage, slips and falls—even a grue-
some double murder. In his own words, here’s how he solved that case in May, helping send Michael Mosley to prison for life.

The police had arrested 
someone, but then they found 
Mosley’s blood in the Troy, 
New York, apartment where 
the murder occurred. Years 
and years went by, until one 
day they came up with a DNA 
match. So the police question 
him: “Why was your blood in 
the apartment?” He answers, 
“Well, I was snowboarding 
with my young kid, and I fell 

on a rock and cut my hand. 
Then I went to the apartment, 
found the two dead bodies, 
and was so nervous that I ran 
away and left.”

Well, I found it was pouring 
rain on January 24, 2002, 
the day of the murder. There 
was no evidence of any snow 
on the ground. I used Doppler 
radar images that are taken 
every six minutes, and I 

zoomed in over the specific 
Troy neighborhood in ques-
tion. These images showed 
where rain was falling, when 
it was falling, and the rainfall 
intensity. I also used surface 
observations and climato-
logical data from Albany 
International Airport and a 
report from a local volunteer 
weather observer. You put 
those pieces together and 

it’s like, “Huh. This doesn’t 
add up.” In court I used my 
laptop and a projector to 
show the radar images. I 
stood in front of the jury and 
went image by image through 
the times in question.

I was just doing my job, 
and I am happy that I did it 
well that day.

AS TOLD TO MICHAEL ROSENWALD

ILLUSTRATION BY ZINA SAUNDERS

GETTING PERSONAL
Howard Altschule, Weather Detective
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Hot Science
BESTof
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This year, we were bested by a trivia-hungry 

supercomputer, mesmerized by a zombie apocalypse, 

and defended by a veritable army of superheroes. 

Here’s a look back at the best and worst of 2011, and 

a sneak peek at what’s to come in 2012.

By VALERIE ROSS
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Nature Books We Love
SEA by Mark Laita

Come face-to-face with ocean life through these 

vibrant, ethereal portraits of deadly puffer fish, sting-

rays, angelfish, and other exotic marine life.

100 pLaCes to go before they disappear  

by co+life 

this astonishing catalog of the earth’s threatened 

wonders—from the low-lying islands of tuvalu to 

bolivia’s snow-covered Chacaltaya mountain—will have 

you reaching for your passport. 

deCeptive beauties by Christian Ziegler

the sneaky, sordid, and seductive survival strategies 

of orchids are on display in this richly photographed 

book, with an introduction by Michael pollan. 

atLas of astronoMiCaL disCoveries  

by govert schilling 

a must-have for stargazers, this book explains and 

illustrates astronomy’s biggest milestones through 

breathtaking telescope and satellite photos. valerie 

ross

An emperor angelfish 

aggressively strokes the 

surface with a fin, from 

Mark Laita’s Sea.



choose among. They seem utterly 

unlike us and yet really similar.

Were any of the similarities unex-

pected? Some spiders have what’s 

called a copulatory dialogue before 

sex, where the females make a sound 

like squeaking leather. I read about it 

and thought, “If there’s spider porn, 

this is it.” People just don’t know 

about all the kinky things insects do.

What can insects teach us about 

ourselves? People tend to think all 

insects are male. With social insects 

like ants and bees, it’s particularly 

funny, because most people have 

never seen a male. All the ants raiding 

your sugar bowl are female. And yet 

my students always find this puzzling, 

especially when you talk about army 

ants being vicious fighters. People 

want to see their own ideas played 

out in insects, and insects cheerfully 

shatter our preconceptions 

about gender roles just 

as they do for many 

other things.

How do we stack up? 

Humans are boring; we’ve 

only tried out a limited 

set of things, evolution-

arily speaking. There’s 

almost nothing that you 

can think of that some kind of insect 

somewhere hasn’t done.

If you had to be an insect for a 

day, which one would it be? A 

social insect like an ant or bee, as 

long as I could be a queen. But there 

would be all that egg-laying, oh dear. 

Or maybe a singing insect, like a 

tree cricket. There’s always the risk 

of getting eaten, but I think they’re 

glamorous.

Bard of the Flies
Sex on Six Legs author Marlene Zuk

 Incognito by david eagleman

Neuroscientist Eagleman 

plumbs the surprising power 

of the unconscious brain.

 Unnatural Selection 

 by mara hvistendahl


 is stirring book investigates 

the world’s growing gender 

gap, where boys are increas-

ingly outnumbering girls.

 1493 by charles c. mann

From Columbus’s coming 

ashore to today, Mann tracks 

the global exchange of plants, 

animals, diseases, and ideas.

 Moonwalking With Einstein 

 by joshua foer 

Journalist Foer masters the 

tricks to an extraordinary 

memory, then tests them 

out at the U.S. Memory 

Championships.

 The Quest by daniel yergin 


 e Pulitzer Prize winner 

delivers a sharp, thoughtful 

account of how energy choices 

will shape our future.

Must-Reads

 Debt by david graeber 

Graeber, an anthropologist, 

chronicles the history of debt, 

revealing how ancient concepts 

of money have in� uenced our 

basic ideas of right and wrong.

 Physics on the Fringe 

 by margaret wertheim 

Tales of “outsider physicists” 

challenging our understanding 

of the universe.

 Season to Taste 

 by molly birnbaum 

After losing her sense of smell, 

an aspiring chef explores the 

art and science of olfaction. 

Overlooked Gems

B
iologist Marlene Zuk 

would rather study 

insects than squash 

them. Zuk’s third book, 

Sex on Six Legs: Lessons on Life, Love 

& Language From the Insect World, 

published in July, is a sweeping 

compendium of bizarre insects—

overprotective earwig parents, 

sperm-scooping dragonflies, risk-

averse wasps—whose complex 

behavior often bears an uncanny 

resemblance to our own.

When did your fascination with 

insects start? I grew up in Los Angeles, 

which obviously doesn’t have a lot of 

wildlife, and I liked animals, so I paid 

attention to the bugs in my yard. I had 

an illustrated book about insects, and I 

started raising butterflies. 

Since the type of butterfly 

I was raising wasn’t 

pictured in the book, I was 

convinced it must be new 

to science—when really it just 

wasn’t pictured in the book.

Usually we look to apes, 

or at least mammals, 

to understand complex 

behaviors. How much do we have 

in common with insects, really? 

We look at animals and see ourselves 

mirrored in what they do. With insects, 

we have a really hard time doing that. 

They’re tiny, they look weird, some of 

them live for barely a day—they have all 

these basic differences from humans. 

But at the same time they have 

societies, divisions of labor, males with 

elaborate mating displays that females C
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Must-See Movies

WATSON WINS AT JEOPARDY

In February ibm’s arti� cially intel-

ligent supercomputer, Watson, won 

more than three times as much 

money on Jeopardy! as either of the 

competing human trivia champs. 

Despite a few bugs in its language 

processing, the computer’s perfor-

mance was an impressive demon-

stration of the increasing speed 

and power of ai. (And if you ask us, 

Watson’s mistrust of puns made it 

seem all the more human.)

ANGRY BIRDS BRING PHYSICS 

TO PHONES EVERYWHERE

� is beloved mobile game has 

given millions of users an addictive 

crash course in trajectory, gravity, 

and mass as they topple towers 

armed with a slingshot and brightly 

colored birds. � e app debuted in 

2009 but scored big this year, win-

ning Webby and Appy awards for 

best game, surpassing 350 million 

downloads, and even inspiring an 

amusement park in China.

SCIENTISTS DESCEND ON 

COMEDY CENTRAL

Comedians-slash-news anchors 

Jon Stewart and Stephen Colbert 

have hosted an impressive roster 

of science notables this year, 

including astrophysicist Neil 

deGrasse Tyson, neuroscientist 

David Eagleman, and string 

theorist Brian Greene, who called 

Colbert “a bag of particles gov-

erned by the laws of physics.”

BJORK GETS BIOPHILIC

� e Icelandic singer-songwriter’s 

latest project, called Biophilia, is 

one big love letter to science. Her 

tour, which kicked o�  this June in 

the U.K., is complete with Tesla 

coils, sound bites of David Atten-

borough, and pendulum harps that 

use gravity to make music.

WE LOSE A TECH ICON

When rumors circulated about 

a possible iPhone 5 release on 

October 14, Steve Jobs fans seized 

the date and declared it Steve Jobs 

Day, inviting people worldwide to 

honor the beloved ceo by wear-

ing his trademark out� t: jeans, a 

black turtleneck, and tennis shoes. 

Jobs, who resigned as Apple ceo in 

August and passed away in October, 

revolutionized the personal com-

puter, phone, and music industries.

Top Geek Culture 
Moments of the Year

Hot
BEST

MEDIA

of

Science
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Contagion Steven Soderbergh 
skillfully deploys an all-star cast in 
this taut pandemic thriller—made 
extra-terrifying by a global outbreak 
scenario too plausible for comfort.
 
Source Code It’s got a smart, sus-
penseful plot played out in Groundhog 
Day-like time loops. And it’s the first 
good Jake Gyllenhaal movie in longer 
than we can remember.

Super 8 Director J. J. Abrams’s 
collaboration with producer Steven 
Spielberg occasionally falters under 
its self-consciousness, but at heart 
it’s a nostalgic, darker version of E.T.

X-Men: First Class Set early in 
the cold war, this origin story rejuve-
nates the mutants’ flagging franchise 
with a likable cast, snappy effects, 
and sly nods to the future for fans 
who know how the story ends.

Rise of the Planet of the 
Apes The spookily believable CGI 
apes made this a compelling watch—
even if the brain science bits were 
beyond shaky. 

Overhyped
Transformers: Dark of the 
Moon It took in more than $1 billion 
at the box office, but let’s be real: 
This film was more of a mess than it 
made of downtown Chicago. 

Cowboys & Aliens The guns vs. 
rayguns premise had potential, but 
the real showdown here was between 
sci-fi and western clichés. And a 
movie named Cowboys & Aliens 
shouldn’t take itself so seriously. 

Green Lantern Even Green 
Lantern’s light couldn’t fend off an 
abysmal script and stilted acting. 

The Adjustment Bureau 
It had the makings of an Inception-
style blockbuster, with great star 
chemistry and fast-paced action. 
But the film is a metaphysical 
muddle: We couldn’t shake 
the feeling we had just seen 
a very high-budget philoso-
phy lecture. 

 MARY BETH GRIGGS
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of

Science

Have any inaccuracies found their 

way onscreen? There’s a particle 

called a cascade, which is made of 

three quarks. We put the formula on 

the whiteboard, but I had it wrong. 

I got an email about that from a 

fellow physicist whose expertise is 

in the cascade particle. So in a later 

episode, when we used the formula 

again, I was sure I got it right.

Does the show influence your 

work as a researcher? No one 

person could already know all the 

physics discussed on the show, so I 

wind up learning a lot. For instance, 

I read about these new materials 

called topological insulators, which 

are the hottest thing since sliced 

bread in condensed-matter physics. 

In my real life, when I happened to 

meet some people who worked on 

topological insulators, I was actually 

able to hold a somewhat intelligent 

discussion on the topic because I 

had looked it up for the show.

How do you reconcile comedy 

and science? At first I would try 

to suggest jokes, but I learned that 

comedy is a science in its own 

right. Newtonian physics is only 

about 400 years old. But comedy 

dates back to the ancient Greeks. 

And comedy is not only older than 

physics but also an empirical sci-

ence. There are clear results: Either 

people laugh or they don’t.

A Physicist in Prime Time

C
bs’s hit sitcom The Big 

Bang Theory, about a 

group of intellectually 

sharp, albeit socially 

awkward, scientists at the California 

Institute of Technology, returned 

for its fifth season in September. 

We spoke with the show’s science 

consultant, David Saltzberg, a particle 

physicist at ucla, who makes sure 

every bit of physics is spot-on.

What does your role as science 

consultant entail? I get a script 

early in the process. Sometimes the 

writers have put the science in them-

selves and I will fact-check it. Other 

times the script will come out saying 

“Science to come,” and so I fill it in.

How do you decide on the science? 

The characters have their own 

specialties: Sheldon’s a theoretical 

physicist working on string theory, 

and Leonard’s an experimental-

ist. The writers do the character 

development, and I help come up 

with science that fits. The formulas 

on the whiteboards often relate 

to the script. For example, when 

astrophysicist and Nobel laureate 

George Smoot was a guest star, the 

whiteboards had diagrams of the 

apparatus that helped him make 

discoveries about the Big Bang. He 

liked that when he saw it.

 Walking Dead, AMC

Never before has a zombie 

apocalypse been so chillingly 

fun to watch. Reports of sta�  

turmoil in the o� -season 

paled in comparison with 

the on-screen battles against 

undead hordes.

 Alphas, SYFY

� ese ordinary-folks-turned-

superheroes made a splash 

in the summer. � ink Heroes

meets X-men, without the 

melodrama or weird uniforms.

Must-See 
New Shows

 Fringe, FOX

Complete with alternate 

universes, time travel, and 

telekinesis, the otherworldly 

investigations of the fbi’s 

Fringe Division really clicked 

in Season 3, and Season 4 is o�  

to a strong start.

 Doctor Who, BBC

Who could resist an alien able 

to travel anywhere in time or 

space—and survive 32 seasons 

on tv. � is was among the 

show’s strongest years yet.

Returning
Favorites 

Good Riddance
 V, ABC

� is alien invasion reboot, 

based on a 1980s miniseries, 

axed all its scientist charac-

ters—ironically, exactly what 

the original evil aliens wanted.

 The Event, NBC

Mea culpa on this one. After 

receiving the discover seal 

of approval, the initially sharp 

conspiracy/alien invasion 

series turned to mush.  m.b.g.24
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BEST

2012

of

Science
Sneak Preview: 

The Best of 2012

TELEVISION

IT’S A JUNGLE OUT THERE  After 

a wildlife expert goes missing in the 

depths of the Amazon, his boat is 

discovered abandoned and welded 

shut. What did he  nd, and will his 

would-be rescuers escape the jungle 

alive? Watch � e River to  nd out, 

starting midseason on abc.

EXTREME CHEMISTRY  Tech writer 

and pbs personality David Pogue 

goes Hunting for the Elements this 

winter in a new nova series, track-

ing down the periodic table’s weird-

est, rarest, and deadliest elements.

DOUBLE LIFE  A police detective 

wakes up after a car accident to dis-

cover that his wife has been killed. 

Or was it his son? In Awake, coming 

midseason on nbc, each time the 

detective falls asleep, he wakes into 

one of two parallel lives. Which is 

real? He’s not sure he wants to know.

BACK AT LAST  � e science-

saturated town of Eureka is back for 

a  nal season, and Warehouse 13 will 

have new adventures from the govern-

ment’s stash of the strange and super-

natural, both on Syfy. Next summer on 

tnt, Falling Skies revisits life after an 

alien invasion.      gillian conahan

 The Musical Mind 

Psychology professor Gary Markus tours the science of 

music and learning on his quest to master the guitar as a 

self-professed rhythm-impaired adult. GUITAR ZERO, out 

in January, will bring hope to the off-key everywhere.

 Dawn of the Digital Age 

Alan Turing created the blueprint for modern compu-

tation. In TURING’S CATHEDRAL, available in March, 

renowned science historian George Dyson follows the 

eccentric, brilliant engineers and computer coders who 

made Turing’s design a reality—and in the process paved 

the way for the hydrogen bomb.

 

 Last Hominid Standing 

In Ian Tattersall’s MASTERS OF THE PLANET and Chris 

Stringer’s LONE SURVIVORS, both out in March, two 

leading researchers of human evolution and anthropol-

ogy offer different perspectives on how Homo sapiens 

outlasted his hominid cousins to rule the earth.     G.C.

BOOKS

MUSEUMS

 Up, Up, and Away 
BEYOND PLANET EARTH: THE FUTURE 
OF SPACE EXPLORATION showcases 
high-tech concepts for forging into the 
final frontier, from a space elevator to a 
robot reconnaissance team. American 
Museum of Natural History, New York 
City. Opens November 19, 2011.

 Mummies, Tombs and Immortality 
ETERNAL LIFE IN ANCIENT EGYPT ex-
plores Egypt’s burial rituals and beliefs 
about the afterlife through a vast collec-
tion of mummies and artifacts. National 
Museum of Natural History, Washington, 
D.C. Opens November 17, 2011.

 Busted 
Science and urban legend face off 
in MYTHBUSTERS: THE EXPLOSIVE 
EXHIBITION, a new traveling exhibit 
based on the Discovery Channel’s hit 

TV show. Curious visitors can even 
test a few myths for themselves. First 
stop: Museum of Science and Industry, 
Chicago. Opens March 12, 2012.

 All Shook Up  
In a museum near the San Andreas 
Fault, EARTHQUAKE delves deep into 
the science and history of seismic 
upheavals, and gives museumgoers a 
jolt in its quake simulator. California 
Academy of Sciences, San Francisco. 
Opens May 26, 2012.

 The Truth About 2012 
MAYA 2012: LORDS OF TIME challenges 
common misconceptions about the 
complex Mayan calendar. University of 
Pennsylvania Museum of Archaeology 
and Anthropology, Philadelphia. Opens 
May 5, 2012. 

MOVIES

CRIMEFIGHTING CABAL � e superhero mash-up  nally 

reaches the big screen next May. Look for Iron Man, the 

Hulk, � or, and Captain America to join forces in Avengers.

REMEMBER THAT? Colin Farrell stars in a remake of 

the 1990 Schwarzenegger sci-  espionage blockbuster 

Total Recall, out in August. � e new  lm’s action stays 

earthbound instead of 
 ying o�  to Mars.

SUPERNATURAL SHOWDOWN Werewolves and 

vampires go to battle in Underworld: Awakening, the 

series’ fourth installment, out in January.

BACK IN BLACK � is May, Tommy Lee Jones and Will 

Smith return in Men in Black III after a decadelong 

break from fending o�  the scum of the universe.

STILL TREKKING Script delays have pushed back the 

release of the Star Trek sequel to as late as summer 2013. 

Till then, live long and prosper.                    m.b.g.

25

12.2011

An artist’s 
rendering of our 
lunar future. 



VI AL
SIGNS A patient with a history of mental illness claims his 

hands are possessed. Could his delusional behavior 

indicate a serious medical condition?
BY DENA RIFKIN

IT MUST BE A FULL MOON—THIS PATIENT HAS THE WEIRDEST SYMPTOM 

ever!” Kate, my intern, dropped into the chair across from me, 

looking haggard. We were early into the morning shift at our hospital’s 

walk-in clinic, where patients drop in with anything from runny noses 

to previously undiagnosed cancer, and already we were running late. 

Kate had been in with our second patient for 30 minutes. That was much 

longer than we had anticipated, since the reason the front-desk clerk had 

noted for his appointment was simply “hand problem.” Sounded innocu-

ous enough. I asked Kate what the weird symptom was.

“He says his hands are possessed,” 

she said. “According to him, 

someone or something is forcing 

him to clench his hands—and he 

can’t make it stop. I couldn’t get 

him to quit talking about his pos-

sessed hands.” But Kate thought the 

patient’s delusional behavior was 

the least of his problems. “His legs 

are swollen and his lungs are full of 

 uid,” she explained. “I think he’s got 

some heart failure.”

As doctors, we’re all taught to 

pay attention to the chief com-

plaint—the patient’s reason for 

coming to see the doctor—and to 

interpret what we � nd to explain 

it. In this case, though, Kate had 

astutely picked up on a potentially 

serious problem unrelated to the 

chief complaint, which sounded like 

something outside the bounds of the 

kind of medicine I practice. 

I went in to the examining room 

to take a look at the patient with 

her. His name was Andrew and he 

looked older than his 60 years. He 

was ill-kempt, pale, and nervous 

and shifted constantly in his seat. 

As Kate had noted, he had swollen 

legs and was breathing with dif-

� culty—classic signs and symptoms 

of heart failure. And, as she had 

noted, he didn’t care in the slightest 

about those symptoms; he just kept 

talking about his hands. “I’m telling 

you, doc, they aren’t doing it now, 

but somebody’s moving my hands 

without my wanting them to!”

I examined his hands carefully, as 

Kate had before me. No tremor, no 

numbness, no weakness. He could 

hold them still without any dif-

� culty. We performed a standard set 

of tests of the nerves controlling his 

eyes, facial muscles, and neck; test-

ed the strength in his arms and legs 

as well as his hands; and watched 

him stand and walk: all normal. No 

problem that we could see.

Looking through the chart, I saw 

that Andrew had a long history of 

anxiety, reclusiveness, and obses-

sive-compulsive behavior. Maybe, 

I thought, this obsession with his 

hands was part of that problem. 

We explained to him that we were 

worried about his heart and told 

him to go straight to the laboratory 

to check his blood count, kidney 

function, and heart function, and 

then come back to us. He grunted 

a�  rmation and trundled out.

When we � nally caught up with 

the morning’s patients, we looked 

for his lab results on our electronic 

chart. But he’d never gone to the lab, 

and he wasn’t in the waiting room. 

“I guess he didn’t like our advice,” 

Kate said ruefully.

two days later, i saw his test

results pop up in my chart. At � rst I 

thought he’d come back to the clinic 

to � nish the evaluation, but then 

I saw that the results were com-

ing from the hospital’s emergency 

department. Apparently he had 

come in with the same complaint 

about his hands but had looked 

sick enough to get seen right away 

in the emergency room. And the 

lab results were coming up with 

exclamation points next to the 

numbers—a sign of values far out-

side the normal range.

For a moment, I had a terrible feel-

ing of missed opportunity. Did he go 

home and have a heart attack? Should 

we have sent him directly to emergen-

cy two days before, instead of letting 

him out of our sight to go to the lab?

� e numbers didn’t indicate a 

heart attack, however. Rather, he 

had the most severely low blood 

calcium level I had ever seen. When 

the amount of calcium in blood is 

measured, it usually amounts to 9 to 

10 milligrams per 100 milliliters of 

blood. His was only 5 milligrams, a 

dangerously low level.

Low blood calcium is a rare prob-

lem and one that we had never even 

considered when we saw him in the 

clinic. � e emergency room doc-

tors hadn’t thought of it either. But 

because calcium is part of a routine 

blood test , the abnormal value was 

right there for us to see.

In seconds, what had been a 

disjointed clinical story clicked 

into focus. His heart failure, which 

we had diagnosed in the clinic? 

Dena Rifkin is 
a physician at 
the University of 
California, San 
Diego. The cases 
described in 
Vital Signs are 
real, but names 
and certain 
details have 
been changed.

Get more heart-stopping drama from our Vital Signs podcast, 
when you want it, on demand, only at discovermagazine.com/podcasts .
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Probably due to a lack of calcium, 

which helps sustain cardiac muscle 

contraction. All muscles require cal-

cium to work. When nerve impulses 

reach muscles, calcium ions flowing 

into or out of the muscle cells are 

the key signal allowing that muscle 

to contract and relax. If calcium 

levels are low, the signals do not get 

transmitted correctly.

Low calcium also explained his 

twitching hands, the symptom that 

had brought him to clinic in the 

first place. Without enough calcium 

around, skeletal muscles can unpre-

dictably go into spasm. Andrew 

just didn’t happen to have a spasm 

when we examined him. If we had 

suspected he had low blood calcium, 

we could have elicited a spasm by 

temporarily cutting circulation to 

his arm with a tourniquet, which 

would have further decreased the 

amount of calcium available to his 

muscles and produced the telltale 

twitching. But since we assumed 

he was imagining the spasms, this 

hadn’t occurred to us.

Te diagnosis might even explain 

Andrew’s feeling of being possessed. 

It turns out that low calcium levels 

can make people anxious or even 

psychotic, probably by changing the 

way nerve signals are transmitted in 

the brain.

before i could help andrew, 

though, I still needed to fill in a 

crucial missing part of the picture. 

How in the world had he become so 

severely depleted of calcium?

Calcium is one of the most care-

fully regulated elements in the body, 

taken in through food and then 

sustained, in a steady state, in the 

bloodstream and bones through a 

network of hormones. Vitamin D 

also plays an important role by help-

ing regulate the amount of calcium 

in the kidneys, bones, and blood. 

Te system is so effective that it will 

leach calcium from bone, retrieve it 

from the urine, or absorb it from the 

intestinal tract rather than allow the 

blood calcium level to fluctuate. Peo-

ple usually exhibit low calcium levels 

only if they have suffered a serious 

breakdown of one or more of these 

regulatory factors that normally 

provide checks and balances to keep 

calcium in the appropriate range.

Te normal system that regulates 

calcium can go wrong in a number 

of places. Neck surgery can disrupt 

the production of calcium-regulating 

hormones made there. Lack of expo-

sure to sun or an extreme lack of 

vitamin D in a person’s diet can lead 

to severe calcium deficiency. Kidney 

problems can also disrupt the action 

of the calcium-regulating network.

It turned out that Andrew had at 

least three of these factors at play. 

Once he was hospitalized, he told us 

that he rarely if ever went outside, 

except in emergencies. He therefore 

had no exposure to sunlight and 

no skin synthesis of vitamin D. And 

his diet was extremely limited and 

bizarre: For years, he had subsisted 

mainly on white bread and a few 

other items, none of which had 

much calcium or vitamin D. To 

make matters even worse, he was 

taking furosemide, a medicine for 

high blood pressure that has the side 

effect of preventing calcium from 

being retained by the kidneys.

Te result: severe calcium and 

Uncontrollable 

shaking of the 

hands is one 

symptom of severe 

calcium deficiency. 

vitamin D deficiencies, then osteopo-

rosis as his body drained his bones of 

calcium, and finally, when his reserves 

were exhausted, the low blood calcium 

levels, the lack of normal levels of 

calcium in his nerves and muscles, and 

the resultant twitching of his hands.

We took him off furosemide and 

gave him high-dose vitamin D and 

intravenous calcium, correcting 

his calcium levels. Te treatment 

worked for his physical symptoms. 

Within a week his heart function 

improved, and the telltale hand 

twitching that had bothered him so 

much was finally gone. We waited 

for his anxiety to diminish as well, 

but he remained agitated.

Andrew left the hospital a few days 

earlier than we would have liked, 

and only reluctantly came back to 

follow up with us and with his psy-

chiatrist. I don’t know if he eventu-

ally expanded his diet or started to 

venture outside. Unfortunately, his 

psychiatric disease didn’t improve 

with treatment of his low calcium 

and was probably the cause, rather 

than the consequence, of the calcium 

problem. But at least—if he took the 

vitamins and calcium supplements 

we prescribed—his hands would 

never be possessed again. 
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     IMPATIENT
FUTURIST Cognitive scientists have pointed advice on how to 

boost students’ lagging science scores: Get rid of the 

hallowed (and stultifying) classroom lecture.
BY DAVID H. FREEDMAN
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TEACHING WELL IS HARD. I CAN CITE MY DIRECT OBSERVATIONS 

of the hundreds of victims of my occasional efforts over the 

years as a teacher of physics and writing. As I have stood lecturing 

brilliantly to a few dozen purportedly eager collegians, it has not 

escaped my attention that at any one time only three or four seem 

awake enough to keep up with their text messaging.

Clearly the problem is not the content or presentation style of my

lecturing, which, as I may have 

neglected to mention, is brilliant, or 

so I was once assured by a student 

who stayed after class to ask for a 

sixth extension on an assignment. 

� en again, from what I recall of my 

college days, I wasn’t exactly on the 

edge of my seat at my professors’ 

lectures, either. And most of my 

fellow lecturers don’t report much 

di� erent. Could the problem be with 

the nature of lecturing itself?

To � nd some answers, I posed this 

question directly to Carl Wieman, 

associate director for science at the 

O�  ce of Science 

and Technology 

Policy at the White 

House. Wieman, 

to be blunt, knows 

zero. In fact, he 

won a Nobel Prize 

for his extraordi-

narily low achieve-

ment. During the 

mid-1990s in a 

University of Colo-

rado physics lab, 

Wieman enlisted 

lasers to bring 

matter as close to 

absolute zero as 

anyone is likely to 

get—a temperature 

so low that atoms 

freeze together 

into quantum-mechanical clouds 

predicted by Einstein but never before 

observed. “� at was challenging,” Wie-

man says. “But changing how people 

teach, that’s really hard.”

Wieman should know. Aside from 

having captained his share of under-

graduate physics-for-poets courses, 

Wieman is now, in a sense, America’s 

First Science Teacher, in that Presi-

dent Obama took him on last year 

with the assignment of improving 

science education in America.

It’s no secret we’ve got some 

work to do along those lines. A 

widely accepted standardized 

test administered in 2009 to large 

samplings of high school students in 

industrialized countries found that 

U.S. students scored 23rd in science, 

with students from China scoring 

highest. � e United States has long 

closed the knowledge gap in gradu-

ate school, where our programs still 

lead the world in the production of 

new scienti� c insights, as measured 

by publications in science journals. 

But a study by the Royal Society in 

the U.K. earlier this year reported 

that even in this regard China is on 

track to pull ahead of the United 

States as early as 2013.

Noting that his physics Ph.D. 

students were arriving from college 

woefully unprepared but went 

on to thrive in the lab-oriented 

atmosphere of grad school, Wie-

man suspected the problem might 

have its roots in that core teach-

ing tool of the college experience, 

the undergraduate lecture. He 

David H. Freedman 
is a freelance 
journalist, author, 
and longtime 
contributor to 
DISCOVER. 
You can follow 
him on Twitter at 
dhfreedman
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unearthed some research to 

back up that hunch. 

A University of Maryland 

study of undergraduates found 

that after a physics lecture by a 

well-regarded professor, almost 

no students could provide a 

specific answer to the ques-

tion, “What was the lecture you 

just heard about?” A Kansas 

State University study found 

that after watching a video of 

a highly rated physics lecture, 

most students still incorrectly 

answered questions on the 

material. Wieman himself 

found that when he quizzed 

students about a fact he had 

presented 15 minutes earlier in a 

lecture, only 10 percent showed 

any sign of remembering it.

Investigating further, Wie-

man learned what cognitive 

scientists have proven repeat-

edly in recent years: Humans 

don’t learn concepts very well 

by having someone blab on 

about them. In other words, 

the college lecture is to a large 

extent a waste of time.

graham gibbs, former direc-

tor of the Oxford Learning 

Center, which helps instruc-

tors improve their teaching 

skills, has been making that 

argument for three decades. 

In a landmark paper, “Twenty 

Terrible Reasons for Lecturing,” 

he points to “overwhelming” 

evidence that lectures are an 

ineffective way for universi-

ties to achieve the educational 

objectives they set. Academia 

continues to rely heavily on 

lectures, Gibbs argues, because 

professors are “overworked,” 

“ignorant,” and “don’t know how 

to design courses.”

Te simple insight that 

lectures don’t work well raises 

two questions. First, where do 

I apply to get those 3,000 hours 

of my life back? And second, 

what does work? To demon-

strate, Wieman and colleague 

Katherine Perkins put together 

a science-learning initiative at 

the University of Colorado. Te 

next year he and his wife, Sarah 

Gilbert, then a physicist at the 

National Institute of Standards 

and Technology, created a 

second one at the University of 

British Columbia after the insti-

tution pledged $12 million over 

six years to the program.

In these test settings, 

various science curricula were 

revamped to get them to jibe 

with the latest cognitive science 

research on effective learning, 

which points to more interac-

tive approaches that include 

immediately and repeatedly 

putting new information to use. 

Students in science courses 

were continually peppered with 

questions that they all had to 

answer via wireless handheld 

clickers. Te students were 

frequently broken into small 

work groups to try their hands 

at solving problems using the 

material they had just learned, 

and they took at least two mid-

terms each class.

Te results have been eye 

opening. In a study published 

in the journal Science, one 

section of a University of Brit-

ish Columbia physics course 

about electromagnetic waves 

was taught by the cognitive 

approach, while another sec-

tion was taught by the standard 

course lecture. Te first group 

scored an average of 74 percent 

when tested on the material, 

while the second group scored 

only 41 percent. “We’ve been 

able to clearly demonstrate 

how much better we can do in 

teaching students,” Gilbert says.

But scientists who teach 

have proven reluctant to toss 

out the lecture, never mind the 

evidence that it doesn’t work. 

“Tey say this is the way it’s 

always been done, and it was 

good enough for them, so it’s 

good enough for their stu-

dents,” Wieman says. Were this 

attitude to hold in medicine 

we would still be bloodlet-

ting, in physics we would be 

trying to reach the moon with 

very large rubber bands, and 

in economics we would still 

be suffering major worldwide 

“We have massive research programs 
in agriculture, meteorology—even 
cosmetics,” Fischer says. “But there 
hasn’t been much in education. Now 
we’re starting to discover what 
techniques actually work.”

financial crashes. (Well, phys-

ics and medicine are advanc-

ing, anyway.) Wieman is using 

his White House position to 

push universities to reward 

professors for the quality of 

their teaching, not just their 

research results.

At the University of Cam-

bridge, cognitive researcher 

Michelle Ellefson is making her 

own bid to improve teach-

ing by applying lessons from 

cognitive science. “Decades 

ago, we thought children’s 

brains functioned much 

like those of brain-damaged 

adults,” she says. In particular, 

younger brains seemed short 

on prefrontal cortex, the seat 

of so-called executive func-

tions that, among other things, 

enable us to switch our atten-

tion from what we are learning 

now to something we learned 

earlier. Tat’s a problem in the 

classroom, where teachers 

tend to focus on one subject 

for several classes and then 

move on to another one, often 

causing students to lose touch 

with whatever knowledge they 

had just acquired.

But more recent research 

suggests that children who are 

struggling can readily improve 

their executive functions with 

appropriate stimulation. In 

other words, recalling old 

lessons is just a matter of 

training. Ellefson ran a study in 

which a group of students were 

briefly pushed every day to 

revisit earlier material, while 

another group just plowed 

ahead with the new material. 

“After eight weeks, the group 

that did daily reviews became 

just as good at switching back 

and forth between new and 

old material as adults are,” she 

says, adding that test scores 

jumped accordingly. “It’s a 

simple classroom change that 

can make a big difference.”

Such results come as no 

surprise to Kurt Fischer, 

who directs the Mind, Brain, 

and Education Program at 

Harvard University. Te reason 

scientists are likely to turn 

up all sorts of simple new 

ways of dramatically improv-

ing classroom learning, he 

claims, is that until recently 

they haven’t bothered to look 

for them. “We have massive 

research programs in agricul-

ture, meteorology—even the 

cosmetics industry is con-

stantly researching,” he says. 

“But there hasn’t been much 

research in education. Now 

we’re starting to discover what 

techniques actually work.”

Which leaves me with a few 

new tricks to try out in my 

college class this semester. Hey, 

maybe the next time a light goes 

on in the eye of one my students 

it won’t be merely the reflected 

glare of a text message. 

30

DISCOVER



Try iT  Free!
No credit card required

• Unlimited online backup

• Automatic & continuous

• Encrypts files for privacy

•  Installs in minutes – PC or Mac

•  Trusted by over 1 million customers

•  Access files from any computer  
or smartphone

These days we all have things on our computers we 

just can’t afford to lose. Photos that capture special 

moments in our lives. That one-of-a-kind music 

collection…years of financial records…contacts…

emails and more. Carbonite works automatically and 

continually to make sure your computer files – and 

memories – are backed up safely offsite. Start your free 

trial today or call 1-877-334-7619 to learn more.

Carbonite online backup is the easy, automatic and 

secure way to safeguard your irreplaceable computer files.

two

BON
US

 months*

 Your life  
is on your 
computer.
With so much to lose, 
there’s only one smart  
way to protect it.

$5900
a yearJust

©2011 Carbonite, Inc. Carbonite, the Carbonite Lock Logo, “Back it up. Get it Back.” and “Because your life is on your computer” are registered marks or trademarks of Carbonite, Inc. in the US and other countries.

Visit carbonite.com 
*Use Code CB489 and get 2 BonUs months upon purchase.



    THE
BRAIN When sound and image get mismatched in the 

mind, our perceptions fall prey to maddening 

illusions and reality is turned on its head.
BY CARL ZIMMER

I DON’T USUALLY STREAM NETFLIX ONTO MY TELEVISION TO PROBE THE 

inner workings of my mind, but it had that effect not long ago. 

While I was catching an old episode of Law & Order: Criminal Intent, 

the actors’ voices lagged a fraction of a second behind the movement 

of their mouths, making me so disoriented it completely ruined the show. 

Soon my irritation turned to puzzlement, and some self-observation 

allowed me to track my frustration to a precise source. I didn’t care 

that the ominous soundtrack rose half a second late when Vincent 

D’Onofrio and Kathryn Erbe crept into the subway tunnel where they 

were about to � nd a body. I didn’t 

care that the show’s trademark 

duh-dung! sound marking a new 

scene was still duh-dung-ing after 

the scene started. It was only when 

people talked that I went batty. I 

would watch the characters speak, 

and then I’d switch to listening to 

them, and then I’d watch them speak 

again. I just couldn’t meld the two 

streams of information in my head.

 anks to Net� ix, I was con-

fronted with one of the most crucial 

tricks that the human brain uses to 

make sense of the world: combin-

ing input from all � ve senses into a 

single, coherent experience, updated 

many times a second in virtually real 

time. Because the techniques our 

brains use to meld the senses are far 

from perfect, it turns out, we can fall 

prey to a variety of illusions—and to 

maddening confusion when Net� ix 

delivers audio and video out of sync.

neuroscientists have come a

long way since the mid-1900s, when 

they launched their � rst e� orts 

to map out the brain’s sensory 

pathways.  ey identi� ed regions of 

the brain that became active when 

people saw things, other regions 

that became active when they heard 

sounds, and so on through the list 

of senses.  e implications seemed 

straightforward enough. Separate 

systems of neurons handled infor-

mation from di� erent senses. Only 

after each system had produced a 

sophisticated representation of the 

world did the brain combine their 

perceptions into one experience of 

reality, like a � lm editor adding a 

soundtrack to a movie.

But later scientists began to 

discover that the brain sometimes 

broke these rules. And out of that 

rule-breaking came some intrigu-

ing illusions. One of the most 

famous such illusions is known as 

the McGurk E� ect, named for its 

discoverer, Harry McGurk, a devel-

opmental psychologist at the Uni-

versity of Surrey in England. In the 

1970s he � lmed people repeatedly 

making the sound ga.  en he had a 

new audio track laid over the � lm so 

that ga was replaced with the sound 

ba.  e new audio and video were 

perfectly in sync. Many people who 

watched the movie were sure that 

the speakers were actually saying 

da, a di� erent syllable entirely. If 

they closed their eyes, they heard 

the correct ba. When they opened 

their eyes, it became da again. (If 

you don’t know about the McGurk 

E� ect, you may want to experience 

it online at: bit.ly/mcgurkvideo)

Today a new generation of scien-

tists is discovering just how powerful 

the McGurk E� ect really is. Univer-

sity of California, Los Angeles, psy-

chologist Ladan Shams has been able 

to create a McGurk-like illusion by 

displaying a � ash paired with varying 

numbers of corresponding beeps. If 

Shams delivered a � ash with a pair of 

beeps, participants were more likely 

to say they also saw two � ashes.

 ese illusions provide evidence 

of a powerful strategy our brains 

use to cope with the uncertain sig-

nals we get from our senses. 

Certain regions of the brain take 

input from two or more senses 

and then combine them in a single 

sensory channel to sharpen the 

information overall. 

Michael Beauchamp and Audrey 

Nath, neuroscientists at the Univer-

sity of Texas Health Science Center 

at Houston, have pinpointed one 

of the crucial nodes where these 

streams of information meet.  ey 

delivered short magnetic pulses that 

brie� y shut down di� erent parts of 

the brain. When they applied the 

pulses to a strip of the brain near 

the ear, a region called the superior 

temporal sulcus, the McGurk E� ect 

was diminished.

Beauchamp and Nath followed 

up on that study with a new one in 

which they scanned people’s brains 

with functional magnetic resonance 

imaging ( fmri) as they played 

McGurk videos of mismatched 

sounds and lip movements.  ey 

found that the left superior temporal 

sulcus became more active in people 

who experienced the illusion and 

remained less active in those who 

Carl Zimmer is an 
award-winning 
biology writer 
and author of The 

Tangled Bank: An

Introduction to 

Evolution. His blog,
The Loom, runs at 

blogs.discover
magazine.com/
loom
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didn’t. Beauchamp and 

Nath’s work suggests 

that when the illusion 

occurs, it is because 

the superior temporal 

sulcus discounts some 

of the signals com-

ing from one sensory 

region of the brain in 

favor of others.

We don’t mix up 

our senses willy-nilly, 

however. Tere is a 

window of less than 

a tenth of a second 

in which a stimulus 

from one sense can 

affect the others. As 

my misadventure with 

Netflix showed, my 

brain was accustomed 

to balancing sight 

and sound to make 

sense of what people 

were saying without 

my even noticing, but 

the sound lag during 

that episode of Law 

and Order was so wide 

that the two sensory 

streams created confu-

sion instead.

sight and sound are not the 

only senses we mingle in our brains. 

What we touch can affect what we 

see or hear. Our very understanding 

of the shape of our own body can be 

informed not just directly, through 

our eyes, but also by the pressure of 

our feet on the ground, the stretch 

of ligaments in our shoulders, and 

the wiggle of balance-sensing nerve 

hairs in our inner ears. Together, 

our senses let us control our bodies, 

keeping us from falling over every 

time we stand up.

But this much integration comes 

with an astonishing ability to be 

duped. In 1998 Matthew Botvinick 

and Jonathan Cohen, two psy-

chologists then at the University of 

Pittsburgh, found they could make 

people feel as if a rubber hand were 

really their own. All they had to do 

was put a rubber hand in front of 

their subjects and have them put 

their real hand behind a screen. Te 

scientists simultaneously began to 

stroke the real hand and the fake 

one with paintbrushes. In a matter 

of seconds, people reported that the 

rubber hand felt as if it were part of 

their own body and that they even 

felt it being stroked.

Neuroscientist Valeria Petkova of 

the Karolinska Institute in Sweden 

expanded the rubber hand illu-

sion in 2008. Instead of making 

people feel a rubber hand was 

part of their body, she wanted to 

swap entire bodies. First she had 

volunteers put on goggles fitted 

with video screens for lenses. Te 

lenses, in turn, transmitted video 

from cameras positioned to cor-

respond to a mannequin’s eyes. 

Te cameras were pointed down at 

the mannequin’s body, so that the 

mannequin seemed to occupy the 

precise position of the volunteer’s 

own body. One scientist stroked the 

abdomen of the mannequin, while 

another stroked the abdomens of 

the volunteers. Te effect has been 

described as a total body swap—the 

synchronized acts of stroking made 

participants feel as if the manne-

quin’s body were their own.

Tese results were intriguing 

but based largely on what the 

volunteers told Petkova about how 

they felt. Tat left the research-

ers wondering what was actually 

going on in their brains. To find out, 

they redesigned the experiment so 

that the volunteers lay in an fmri 

scanner that recorded their brain 

activity. While the scan was in prog-

ress, participants looked down at 

their bodies and a scientist stroked 

their hand or abdomen. Ten the 

scientists again took participants 

through the whole-body swap. Once 

the volunteers felt that the man-

nequin’s body was their own, the 

same brain regions became active as 

when they actually looked down at 

their own bodies.

Te tricks we use to integrate 

our senses take time to develop. As 

children grow up, they get better 

and better at combining sights and 

sounds. When scientists compare 

children of the same age, they dis-

cover a fascinating pattern: Te ones 

who are better at combining sights 

and sounds tend to score higher on 

intelligence tests. It’s possible, some 

scientists suggest, that helping chil-

dren combine their senses through 

training exercises will enable them 

to do better in school. Manipulating 

our senses could also help people 

who have lost a limb. Researchers 

at the Rehabilitation Institute of 

Chicago are using the rubber hand 

illusion to teach amputees to feel 

artificial limbs as their own.

Learning how the brain mingles 

its senses can do more than shed 

light on the latest glitch in stream-

ing video. It may also be able to help 

some people rewire their sense of 

reality for their own good.  

Storytellers using 
video-editing 
equipment must 
keep image  
and sound  
tightly in sync.
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Humanity’s guide to the next billion trillion 
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N
next year will be a doozy for doomsayers. depending on the 

prophecy, the world is predestined to expire by means of a solar storm, 

asteroid strike, rogue-planet collision, plague, falling stars, earthquake, debt 

crisis, or some combination thereof. Of course, nobody seems to be prepar-

ing for any of these impending 2012 apocalypses, with the exception of a 

porn studio reportedly building a clothing-optional underground bunker.

And why should we? Scientifically speaking, the prophecies are strictly 

ballyhoo. Physicists can do a lot better. When it comes to end-times scenar-

ios, cosmological data-crunchers have at their disposal far more meaningful 

prognostication tools that can tell us how it’s really going to end—not just 

Earth, but the whole universe. Best of all, they can tell us how to survive it.

Science, oddly, is a lot better at predicting things like the death of stars 

than next week’s weather. Te same laws of physics that enable scientists 

to study the Big Bang that occurred 13.7 billion years ago also allow them 

to gaze into the future with great precision. And few people have peered far-

ther than University of California, Santa Cruz, astronomer Greg Laughlin, 

science’s leading soothsayer. As a graduate student in 1992, he was plugging 

away at a simple computer simulation of star formation when he broke for 

lunch and accidentally left the simulation running. When he returned an 

hour later, the simulation had advanced 100 million billion years, much fur-

ther into the future than most scientists ever think (or dare) to explore.

Te program itself didn’t reveal anything terribly startling—the simulated 

star had long since gone cold and died—but Laughlin was intrigued by the 

concept of using physical simulations to traverse enormous gulfs of time. “It 

opened my eyes to the fact that things are going to evolve and are still going 

to be there in timescales that dwarf the current age of the universe,” he says.

that wiped out the dinosaurs will hit), the 

researchers forecast we will then encoun-

ter a much bigger problem: an aging sun.

Stable stars like the sun shine by fusing 

hydrogen atoms together to produce helium 

and energy. But as a star grows older, the 

accumulating helium at the core pushes 

those energetic hydrogen reactions outward. 

As a result, the star expands and throws 

more and more heat into the universe. 

Today’s sun is already 40 percent brighter 

than it was when it was born 4.6 billion years 

ago. According to a 2008 model by astrono-

mers K.-P. Schröder and Robert Connon 

Smith of the University of Sussex, England, 

in a billion years the sun will unleash 10 per-

cent more energy than it does now, induc-

ing an irrefutable case of global warming 

here on Earth. Te oceans will boil away and 

the atmosphere will dry out as water vapor 

leaks into space, and temperatures will soar 

past 700 degrees Fahrenheit, all of which will 

transform our planet into a Venusian hell-

scape choked with thick clouds of sulfur and 

carbon dioxide. Bacteria might temporarily 

persist in tiny pockets of liquid water deep 

beneath the surface, but humanity’s run in 

these parts would be over.

Such a cataclysmic outcome might not 

matter, though, if proactive Earthlings fig-

ure out a way to colonize Mars first. The 

Red Planet offers a lot of advantages as a 

safety spot: It is relatively close and appears 

to contain many of life’s required ingre-

dients. A series of robotic missions, from 

Viking in the 1970s to the Spirit rover still 

roaming Mars today, have observed ancient 

riverbeds and polar ice caps storing enough 

water to submerge the entire planet in an 

ocean 40 feet deep. This past August the 

Mars Reconnaissance Orbiter beamed back 

time-lapse photos suggesting that salty liq-

uid water still flows on the surface.

Te main deterrent to human habitation 

on Mars is that it is too cold. A brightening 

sun could solve that—or humans could get 

the job started without having to wait a bil-

lion years. “From what we know, Mars did 

have life and oceans and a thick atmosphere,” 

says nasa planetary scientist Christopher 

McKay. “And we could bring that back.”

McKay is a leading scientist in the study 

of transforming Mars into an Earth-like 

world through a process called terraform-

ing. Drawing on lab experiments and cli-

mate models, he has demonstrated that 

Four years later, still fascinated, Laugh-

lin teamed up with Fred Adams, a physics 

professor at the University of Michigan, to 

investigate the future of the universe more 

rigorously. Working in their spare time, 

the two researchers coauthored a 57-page 

paper in the journal Reviews of Modern 

Physics that detailed a succession of future 

apocalypses: the death of the sun, the end 

of the stars, and multiple scenarios for the 

fate of the universe as a whole.

The paper made a surprising splash 

in the popular press, even grabbing the 

front page of The New York Times. Soon 

Laughlin and Adams found themselves in 

great demand on the lecture circuit, join-

ing like-minded colleagues in discussions 

about such weighty topics as the physics 

of eternity and possible survival strategies 

for unthinkably grim cosmic events. (One 

future projection calls for a violent rip in 

the fabric of space-time that annihilates all 

matter within 30 minutes.) “Nobody makes 

it his life’s work,” says Glenn Starkman, 

a theoretical physicist at Case Western 

Reserve University in Cleveland who has 

coauthored papers such as “Life and Death 

in an Ever-Expanding Universe,” among 

other lighthearted fare. “There are more 

pressing problems,” he says, “but it is fun 

stuff to think about.”

FLIGHT FROM PLANET EARTH

For Starkman and other futurists, the fun 

begins a billion years from now, a span 

5,000 times as long as the era in which 

Homo sapiens has roamed Earth. Making 

the generous assumption that humans 

can survive multiple ice ages and deflect 

an inevitable asteroid or comet strike 

(nasa predicts that between now and 

then, no fewer than 10 the size of the rock 
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manufacturing and releasing more than 3 

billion tons of perfluorocarbons and other 

intense greenhouse gases there would 

warm the planet. Natural processes on 

Mars would then take over: Ice caps would 

melt, releasing water and carbon dioxide 

and speeding up the warming process until 

the planet had a thick, sustainable atmo-

sphere. In McKay’s mind, 1 billion years is 

plenty of time to custom-build a Martian 

outpost and a spacecraft to take us there. 

Existing technology, he notes, could theo-

retically blast astronauts to Mars in three 

months. One hopes we could improve on 

that over the next eon.

For now, let ’s  assume we do,  and 

humanity transitions successfully to Mars. 

By Laughlin’s calculations, life there could 

proceed relatively comfortably for another 

4.5 billion years after Earth becomes unin-

habitable and before the sun’s bloat once 

again forces a move. According to stan-

dard models of stellar evolution, around 

that time the sun will largely deplete the 

hydrogen reserves in its core and begin to 

balloon as its fusion reactions migrate out-

ward. Through their telescopes astrono-

mers have watched this scenario play out 

with many other stars, so they know with 

considerable certainty what happens next: 

In a dramatic growth spurt, the sun will 

swell to become a red giant star, 250 times 

as large and 2,700 times as bright as it is 

now, stretching farther and farther out 

into the solar system. It will vaporize Mer-

cury, Venus, and Earth and turn Mars into 

a molten wasteland.

So where to next? Martian colonies could 

pack up the spaceship and relocate to Jupi-

ter’s moon Europa, where scientists believe 

a large ocean of liquid water hides beneath 

an icy crust. Heated by a brightening sun, 

Europa could turn into a lush ocean planet. 

When Europa overheats, Saturn’s moon 

Titan—which already has a thick atmo-

sphere rich in organic compounds—could 

be humanity’s next rest stop. But eventually 

the sun will fry that outpost and every other 

one in the solar system as well. Even the 

miserably cold Pluto (–400 degrees Fahr-

enheit at present) will be too hot for habit-

ability. Finally, about 130 million years after 

the red giant phase, the sun will go through 

a final spasm and eject its outer layers into 

space, leaving behind a white dwarf: a hot, 

dense lump of carbon and oxygen no larger 

than Earth. Moving within the solar system 

during all that drama would be a bit like 

relocating the beach house an inch inland.

ON TO PROXIMA CENTAURI

Under these circumstances, Laughlin 

believes the continued survival of our spe-

cies will depend on the development of 

high-occupancy starships propelled by 

nuclear fusion or matter-antimatter anni-

hilation that can transport people rapidly 

to planets orbiting other stars. (Current 

chemical rockets are far too slow ; they 

would take 100,000 years just to reach the 

closest stars.) Astronomers have already 

identified over 600 planets around other 

stars, some of them roughly the size of 

Earth, and believe many billions more exist 

within our galaxy.

For a long-term solution, Laughlin rec-

ommends colonizing a planet with a much 

more stable sun. Take Proxima Centauri, 

the very closest neighboring star—only 4.2 

light-years from Earth. It is a red dwarf, 

considerably smaller and cooler than our 

current sun but with a life span of 4 trillion 

years, roughly 400 times as long. Astrono-

mers have not found any planets orbiting it 

yet, but they have discovered planets orbit-

ing similar stars. Red dwarfs also happen 

to be the most common type of star in the 

galaxy, so even though Proxima Centauri 

will not always be close, we’ll still have 

plenty of housing options.

If the human population can success-

fully colonize planets orbiting Proxima 

Centauri or another red dwarf, we can 

enjoy trillions of years of calamity-free 

living. Says Laughlin, “The future lies 

with red dwarfs.”

BUILDING A STAR-IN-A-BOX

Tat is, until the red dwarfs die. When Proxi-

ma Centauri perishes, humanity can relocate 

to another red dwarf and then another, but 

that strategy won’t work forever. Stars need 

fuel, and as vast as the universe is, there is 

only so much to go around. Newly forming 

stars are gradually depleting the cosmic sup-

ply of hydrogen. Roughly 100 trillion years 

into the future, they will have exhausted the 

universe’s hydrogen stockpile. As existing 

stars consume their last drops of fuel, they 

will wink out one by one, and the light of the 

universe will almost entirely disappear.

What then? How could humanity pos-

sibly survive without light and warmth? 

Laughlin says the answer lies in the uni-

verse’s secret fuel reserves: brown dwarfs, 

Jupiter-size balls of hydrogen too mas-

sive to be considered planets but that 

never achieved the heft to become full-

fledged stars. In 2009 nasa launched the 

Laughlin was intrigued 

by the idea of using 

simulations to traverse 

enormous gulfs of 

time: “It opened my 

eyes to the fact that 

things will still be there 

in timescales that 

dwarf the current age 

of the universe.”
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1. Titan, seen here in a composite image from NASA’s Cassini spacecraft, could be a target for human 
habitation in about 6 billion years, when the sun is much larger and brighter than it is today. Saturn’s 
largest moon already provides necessities such as a thick atmosphere. 2. Alpha Centauri (shown with 
the arrow) is a system of three stars, one of which is the red dwarf Proxima Centauri. Red dwarfs have 
lifetimes of trillions of years, making them desirable as long-term homes once we leave the solar sys-
tem. 3. The Crab Nebula is the remnant of a giant star that exploded thousands of years ago. The white 
dot at the center is a neutron star, which has the mass of the sun yet measures only 12 miles across. 
In the far future, when shining stars are nearly extinct, humans may be able to mine neutron stars for 
energy. 4. This X-ray image of the Milky Way’s center captures the black hole Sagittarius A*, gorging on 
gas at the center of the bright cloud. Black holes will likely be the last objects standing in the universe, 
so life’s survival may depend on harnessing their tremendous energy stores. a.g.
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1,433-pound wise satellite, carrying a wide-field infrared 

telescope designed in part to detect such stunted stars; 

it has since turned up 100 of them within 20 light-years 

of Earth. Judging from this sample, the galaxy may hold 

billions more. Laughlin envisions that those cold balls 

of gas could keep civilization thrumming even after the 

red dwarfs die out. When brown dwarfs occasionally col-

lide, he explains, they can trigger the birth of a new life- 

sustaining star. “For a long time there will always be about 

10 to 15 stars shining in the galaxy, each lasting trillions of 

years,” Laughlin says. “Brown dwarf collisions should con-

tinue for another 10 billion billion years.” Tat would keep 

us going a thousand times as long as red dwarfs.

But we may not need to rely on chance collisions. Glenn 

Starkman, the physicist at Case Western, considered the 

starless era as well and came up with a contingency plan. By 

the time nature can no longer produce new stars, he says, we 

may know how to create our own. Starkman holds out hope 

that someone somewhere will figure out a way to mine the 

remains of dead stars to generate energy. “We can do really 

well going from star to star, slowly consuming them,” he says. 

Neutron stars, the collapsed remnants of giant stars, 

would provide the most bang for the buck. They are 

among the densest objects in the universe, packing a mass 

several times that of the sun into a sphere just 10 to 15 

miles across. “Each one would power a civilization for 

huge amounts of time,” Starkman says. How to harness all 

that energy is another question entirely.

LAST DAYS OF THE UNIVERSE

When physicists project forward 100 trillion years, they 

see potential threats much more dire than a ballooning 

sun or even the dying of all the stars. Starkman says we 

must also consider the potentially game-ending influence 

of an all-pervasive cosmic force known as dark energy. “To 

put it simply,” he says, “dark energy is very bad for life.”

Scientists don’t know what dark energy is, but they do 

know that it exerts a repulsive effect that makes the uni-

verse expand faster and faster. At first glance that may 

seem like a good thing. An expanding universe creates 

more space, and by extension, an ever-growing frontier for 

life to explore and exploit. But dark energy has an unfor-

tunate downside: It pulls galaxies away from each other. 

In about 100 billion years, as future humans are enjoying  

an extended stay near Proxima Centauri, some physicists 

like Starkman believe that dark energy will drastically 

stretch out the vast amounts of empty space between the 

Milky Way and other galaxies, creating an impassable gulf 

between them. In this way, every galaxy outside our own 

would eventually become invisible and inaccessible; try-

ing to travel between galaxies would be as futile as jog-

ging in place. Even if future generations achieve the sci-fi 

dream of Star Trek–esque starships darting at the speed 

of light, they could never reach extragalactic destinations.

Te result of this phenomenon, known to physicists as 

the Big Chill, would be a catastrophic limit on resources. 
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With all matter and energy beyond the 

Milky Way fundamentally out of reach, we 

would no longer even be able to see stars 

and planets in other galaxies. “There will 

be no new worlds to conquer,” Starkman 

wrote in his 2000 paper exploring life’s ulti-

mate fate. “We will truly be alone in the 

universe.” In that scenario, humans would 

have to make the most of every remaining 

neutron star and brown dwarf in our galaxy. 

But once we consume every last parcel of 

matter and energy, there will be nothing 

more. Humanity will go extinct.

Te universe would live on forever, though 

only as a shadow of its former vibrant self. 

It would gradually become darker, colder, 

and emptier as the scant remaining matter 

decays or gets sucked up by the giant black 

holes at the core of every galaxy. Once they 

have gobbled up every semblance of matter, 

in about 10100 years, even the black holes will 

evaporate and disappear.

That is a bleak scenario, but it’s not the 

bleakest, says Dartmouth College physi-

cist Robert Caldwell. According to his 

calculations, the Big Chill would be a  

happy ending compared with something he 

and his colleague Marc Kamionkowski have 

dubbed the Big Rip. In his 2003 paper “Phan-

tom Energy and Cosmic Doomsday,” Caldwell 

explored the possibility that in the future dark 

energy will grow even stronger. At present 

it makes itself felt only over huge distances, 

such as the gaps between clusters of galaxies, 

but Caldwell says that some theories indicate 

that dark energy might just be kicking into 

gear. If that is the case, then within 20 billion 

years—fairly early in our sojourn around a 

red dwarf—dark energy could start to wreak 

havoc on much smaller objects.

Stars would be yanked away from galax-

ies. Ten planets would be pulled from their 

stars. And in one extraordinary half hour, 

dark energy would progressively tear even 

the smallest pieces of the universe apart. 

Layer by layer, humanity’s home planet 

would be dismantled—first the atmosphere, 

then the crust, all the way down to the 

core—in a fantastic explosion. “Anything 

resting on the planet will just—whoosh—

float off,” Caldwell says. In the final 10-19 sec-

ond, dark energy would rip individual atoms 

Andrew Grant is an associate editor at 

DISCOVER. His last feature, “Cosmic Blueprint 

of Life,” appears in The Best American Science 
and Nature Writing 2011, published in October.

Starkman holds out hope that someone somewhere will figure out  

how to mine the remains of dead stars and generate energy: “We can do 

really well going from star to star, slowly consuming them.”

apart. Finally, it will tear the very fabric of 

space-time at the seams, marking the official 

end of the universe. Te only solace is that 

life’s extinction would be quick and painless.

Scientists know too little about dark 

energy to determine with any certainty 

whether the universe’s fate is a Big Chill, a 

Big Rip, or neither. Caldwell and other cos-

mologists are studying distant supernovas 

to measure the universe’s expansion and 

explore the trend of dark energy’s influ-

ence over time. “We’re right on the dividing 

line between the Big Chill and the Big Rip,” 

Caldwell says. “Te window of uncertainty 

includes both possibilities.”

THE LAST ESCAPE

Even in the most optimistic forecast, 

dark energy will eventually starve us of 

resources in a Big Chill, but that leaves us 

10,000,000,000,000,000,000 years to perfect 

the most extreme survival strategy of all: 

escaping the universe before it chills, rips, 

crunches, bounces, or snaps into nothing-

ness (yes, those are all scenarios that physi-

cists have considered).

Many cosmologists now believe there are 

other universes hidden from our view—as 

many as 10500, according to string theory, 

a leading approach to unifying all the uni-

verse’s physical laws into one elegant solu-

tion. This past August, Greek and German 

physicists used string-theory equations 

to demonstrate that it may be possible to 

develop wormholes connecting our uni-

verse to another. With 10500 to choose from, 

at least one should be suitable for life.

Just don’t look to Starkman for how-to 

advice. Tunneling through wormholes to 

other universes apparently crosses his deli-

cate line separating scientific prognostica-

tion from 2012 theology. “Now we’re really 

getting speculative,” he says. 
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ob evans has spent 

most of his life obsessing 

over how to track data. 

When the Google soft-

ware engineer was a boy 

in Louisville, Kentucky, 

he collected star stickers to show that he had 

done his chores. In college, where he studied 

philosophy and classical guitar, Evans logged 

the hours he spent playing music. Later, 

as an engineer for a Silicon Valley software 

company, he defended his dog, Paco, against 

a neighbor’s noise complaints by logging 

barks on a spreadsheet (the numbers vindi-

cated Paco, showing he was not the source 

of the public disturbance). For Evans, collect-

ing data has always been a way to keep tabs 

on his habits, track his goals, and con� rm or 

dispel hunches about his daily existence.

Last May, Evans reminisced about those 

early days in data collection as we sat in a 

large-windowed conference room in Build-

ing 47 of the Google campus, near San Jose, 

California. His personal � xation is shared 

by a growing number of self-trackers, a 

movement that is spreading far beyond 

data-obsessed engineers. Taking advantage 

of new wearable wireless devices that can 

measure things like sleep patterns, walking 

speeds, heart rates, and even calories con-

sumed and expended, more and more peo-

ple are signing up to download and analyze 

their personal data. Nearly 10 million such 

devices will be sold in North America in 

2011, according to the market forecasting 

company abi Research.

Most self-trackers are extreme fitness 

bu� s or—like Evans—technology pioneers 

inherently interested in novel software 

applications. But Evans believes that per-

sonal data collecting could have stunning 

payoffs that go beyond just taking a bet-

ter measure of everyday behavior. Already, 

some proponents claim personal ben-

efits from logging their habits—eliminat-

ing foods that trigger migraines or upset 

stomachs, for instance, or saving certain 

tasks for their most productive time of day. 

Applied more broadly, data collected by 

self-trackers could help them find better 

treatments for diseases and even predict ill-

ness before symptoms become obvious.

Evans also sees the potential for indi-

vidual citizens to pool nonmedical data col-

lected through tracking experiments. Such 

data sets could have important social bene-
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� ts. For instance, if members of 

a community tracked their feel-

ings about safety in their neigh-

borhood and shared their data 

regularly, crime trends could be 

detected earlier and addressed 

more e� ectively.

As Evans’s history with data 

collection shows, basic self-

tracking is possible with nothing 

more than a pencil and paper. 

Still, people have been reluctant 

to sign on to an activity that has 

historically required inordinately 

high levels of self-curiosity and 

motivation. Now, with the wild-

fire spread of smartphones and 

tablet computers, that resistance 

could be melting away—and 

Evans plans to capitalize on 

the change. He has developed a 

tracking tool, conveniently con-

tained in a mobile phone app, 

that he thinks can make self-

tracking appealing to the masses.

Most self-tracking devices 

currently on the market mea-

sure only a few data points 

and have their own proprietary 

software and code limiting how 

users can analyze their own 

metrics. Evans’s app is differ-

ent: It can be set up to track 

any kind of behavior or event 

and keeps data in one place, 

making it possible to analyze it 

all together. It is also designed 

to address another major 

objection to such detailed self-

reporting, the fear that our 

personal data could too eas-

ily be leaked, stolen, or simply 

exposed to the public.

My visit to Google was a 

chance to understand Evans’s 

vision and to try out its practi-

cal application. I’m not a data 

obsessive by any means. If 

Evans could convert me, self-

tracking just might be for real.

in 2009, while evans was 

working for Google to help 

create new tools to increase 

programmers’ efficiency, he 

realized no one was working 

on the “soft science” side of the 

equation to help the program-

mers become more productive 

in their personal behavior. In 

his data-oriented way, he set 

out to understand everything 

that happens in a programmer’s 

work life. He wondered how 

attitudes toward food, distrac-

tions, and work environment—

sampled throughout the day

—might affect creativity. If a 

programmer was stressed out 

or unhappy with a project, could 

a glance at her daily stats help 

set her right? Could immediate 

insight from a survey encourage 

her to make a change for the bet-

ter? Evans had a hunch that by 

gathering the right data sets, he 

could help people improve their 

job performance in real time.

To make this process as sim-

ple as possible, Evans decided 

to collect the data through the 

smart cell phones that Google 

employees already kept close at 

hand. He set up an app so a pro-

grammer’s phone would chime 

or buzz a few times throughout 

the day at random times, as 

if a text message had arrived. 

When the employee clicked the 

message open, the app would 

ask her if she felt passionate 

and productive about her proj-

ect. If not, it asked what she 

could do to change it.

In addition to gathering data 

about work habits, Evans set up 

another survey that asked pro-

grammers to outline their work 

goals. When the app checked 

in later, it listed those goals and 

asked which one the program-

mer was engaged in—the idea 

being that if a programmer had 

been distracted, a reminder of 

what she wanted to accom-

plish might improve her focus. 

“I thought it would be cool to 

build a platform that was not 

just for collecting data,” Evans 

says. “It could have the tools and 

interventions so people could do 

their own self-improvement.”

	 e survey was rolled out two 

years ago to a small number of 

programmers at the Google cam-

pus. Although Evans worried that 

the app would be too intrusive, 

he was heartened to see that 

most programmers continued 

to use it even after the pilot pro-

gram o
  cially ended. Since each 

programmer had di� erent goals, 

measuring the overall effective-

ness of the app was difficult, 

Evans says, but subjectively, he 

and his colleagues felt the simple 

act of observing their behav-

ior through the app led them to 

change in ways that helped them 

meet their work goals.

Evans’s daily productivity sur-

veys soon inspired him to create 

a broader, more � exible mobile 

platform for self-experimenta-

tion that he dubbed paco—an 

acronym for Personal Analytics 

Companion, but also a tribute 

to the dog that helped inspire 

his data-tracking ideas. Now 

paco is used by thousands of 

Google employees, and not just 

for productivity. 	 e app is fully 

customizable, which means 

it can track any data point a 

user dreams up. Some Googlers 

employ it to log exercise or 

participation in volunteer pro-

grams. Evans tailored his ver-

sion of paco to monitor his 

work tasks and exercise and as a 

reminder to eat fewer sweets. A 

colleague uses it to track carbo-

hydrate intake and weight � uc-

tuations and to compare trends 

across paco experiments. “I look 

at the information I track every 

couple of months and remind 

myself of the progress I’ve made, 

or where I need to change my 

behavior,” Evans says.

After hearing him describe 

all the ways paco has subtly 

changed the lives of his col-

leagues, I was ready for my 

own plunge into the world of 

self-tracking.

logging personal data is 

probably as old as writing itself, 

but some modern self-trackers 

trace its origin to that godfather 

of American ingenuity, Benja-

min Franklin. He was interested 

in how well he adhered to his 

famous 13 virtues, including 

frugality, sincerity, and modera-

tion. Each day for several years 

he noted the ones he’d violated 

in a book he kept especially for 

the purpose.

More recently, Gordon Bell, a 

computer pioneer and researcher 

at Microsoft, introduced the 

concept of “life logging.” From 

1998 to 2007, Bell collected his 

emails and scanned documents, 

photographs, and even continu-

ous audio and video recordings 

of his day-to-day life into a 

searchable online database—

an attempt to create a digital 

record of every thought and 

experience he’d had for a decade.

Within the past three years, 

though, self-tracking has grown 

into a veritable grassroots move-

ment, embodied by an organi-

zation called Quantified Self, a 

community of data-driven types 

founded in the San Francisco 

DATA COLLECTED BY SELF-TRACKERS COULD HELP THEM FIND 

BETTER TREATMENTS FOR DISEASES AND EVEN PREDICT ILLNESSES 

BEFORE SYMPTOMS BECOME OBVIOUS.
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Bay Area by journalists Kevin 

Kelly and Gary Wolf. Most Quan-

tified Selfers have technology 

backgrounds, or at the very least 

a penchant for numbers. They 

gather in online forums and at 

face-to-face events to talk about 

their self-experimental methods, 

analyses, and conclusions. How 

does coffee correlate with pro-

ductivity? What physical activ-

ity leads to the best sleep? How 

does food affect bowel move-

ments? Mood? Headaches? No 

detail, it seems, is too intimate 

or banal to share.

the current explosion in 

self-tracking would not be pos-

sible without the mass digitiza-

tion of personal data. Websites 

for tracking, graphing, and 

sharing data about health, exer-

cise, and diet—many of which 

are linked to phone apps—are 

on the rise. RunKeeper, a popu-

lar data collection app for run-

ners, reports 6 million users, 

up from 2 million in November 

2010. � e new small, a	 ordable 

sensors, like the $100 Fitbit, can 

wirelessly log all sorts of human 

metrics: brainwave patterns 

during sleep, heart rates dur-

ing exercise, leg power exerted 

on bike rides, number of steps 

taken, places visited, sounds 

heard. And a number of these 

sensors, such as microphones, 

gps locators,  and acceler-

ometers, come inside smart-

phones, making some types of 

tracking effortless. Research 

firm eMarketer projects that 

by the end of 2012, 84.4 million 

people will use smartphones 

in the United States, up from 

40.4 million in 2009.

A 2011 study by Pew Inter-

net, a project at the Pew 

Research Center that 

investigates the impact 

o f  t h e  In t e r n e t  o n 

American society, esti-

mates that 27 percent 

of Internet users have 

kept track of their weight, diet, 

or exercise or monitored health 

indicators or symptoms online. 

Still, the Pew report also hints 

at a limitation inherent in the 

current self-tracking paradigm. 

It is still done mainly by consci-

entious people who are highly 

motivated to collect specific 

types of data about speci� c cas-

es. Of the adults surveyed who 

own a cell phone, only 9 percent 

have mobile apps for tracking 

or managing their health.

“It’s still a relatively new idea 

that phones are windows into 

your behavior,” says computer 

scientist Alex Pentland, director 

of the Human Dynamics Labo-

ratory at mit. Most people, he 

adds, think that “health is the 

responsibility of your doctor, not 

you.” But self-tracking tools that 

give both patient and physician 

a snapshot of symptoms and life-

style could become increasingly 

important to personal health.

ealth is exactly

what was on the 

mind of Alberto 

Savoia, a Google 

software engineer 

who supervises 

Evans, when he joined us in the 

conference room to discuss which 

paco experiments had worked 

best for his team.

Savoia himself had created an 

experiment to track the effects 

of his allergy shots. He’d never 

had allergies until he moved 

to America from Italy. “I made 

fun of Americans,” he says, for 

sneezing at everything from cats 

to dust. “But lo and behold, I 

started to sni�  e.” He suspected 

that his shots were helping, but 

as an engineer, Savoia knew to 

be skeptical of his own percep-

tions. He wanted quantitative 

proof. “Our brains construct 

fabulous stories,” he says. The 

daily reports he logged into paco

indicated that his shots for cat 

dander and pollen were work-

ing well: His symptoms were less 

severe and less frequent than 

they had been before the shots.

During the same test period, 

Evans created an experiment 

called Food Rules, based on the 

book of that name by Michael 

Pollan, a journalist who advo-

cates eating simply and avoiding 

processed food. After each meal, 

paco would ask: Did you eat 

real food? Was it mostly plants? 

Evans found that the very act of 

responding to these questions 

made him more aware of his eat-

ing habits. He started choosing 

his food in the Google cafete-

ria more carefully, knowing he 

would have to answer for it after 

lunch. Within weeks he stopped 

running the experiment because 

every answer was “yes.”

I considered their examples. 

It occurred to me that I some-
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times sneeze fairly aggressively 

after meals. When I was a teen-

ager, I ribbed my mother for her 

after-dinner sneezes, but in my 

early twenties I started sneezing 

too, with no obvious connection 

to specific foods. My mother 

had a hunch that the trigger was 

sugar, but I had my doubts: Who 

ever heard of a sugar allergy? 

I never kept a food log to find 

the actual culprit, but the ques-

tion seemed perfect for paco. 

In just a couple of minutes, the 

Google engineers walked me 

through the steps of creating my 

own experiment, which I called 

Sneezy, to track the problem.

I constructed a handful of 

other experiments as well , 

including one I dubbed Good 

Morning, Sunshine! in which 

paco was programmed to ask me 

how well I had slept and what I’d 

dreamed about; Flossy, in which 

paco asked me if I had flossed 

the day before; and the self-

explanatory Call Your Mother, 

which had paco pestering me on 

Sunday evenings to see if I had 

talked to my mother lately—and 

if so, what we’d discussed.

I chose to keep these experi-

ments private: No one else could 

sign up to use them, and my 

data would be stored, encrypt-

ed, on a paco server. The issue 

of privacy looms large over 

discussions of personal data 

collection. “It’s your daily ebb 

and flow,” Evans says of paco-

collected data. “� at’s something 

you need to control.” As paco is 

currently built, a user can keep 

everything private, or she can 

share data by joining an experi-

ment created by someone else. 

� e information is stored in the 

cloud, on servers rented from 

Google. But unlike search terms, 

data from paco are not mined by 

the company for patterns.

Self-tracking tools will proba-

bly never catch on with the wider 

public unless people are confi-

dent that their data are safe. “� e 

key is giving individuals more 

control over their data, yet the 

flexibility to share it when they 

need to,” says mit’s Pentland. To 

do this, he suggests, data should 

be protected by a “trust network” 

that is not a company or govern-

ment agency. People might then 

establish their own personal data 

vaults for which they de� ne the 

rules of sharing.

Pentland participates in a 

group called id3, which brings 

together government officials, 

academics, and industry repre-

sentatives to establish guidelines 

for such networks. He expects the 

details to be worked out within 

the next two years. The stakes 

are high. If secure methods for 

sharing data anonymously can be 

developed, it won’t be just indi-

viduals taking advantage of the 

information they gather through 

self-tracking. Society as a whole 

could bene� t.

in 2009 matt killingsworth,

a psychology doctoral student 

at Harvard University, put a call 

out for people to join a study he 

called Track Your Happiness. 

An iPhone app queried par-

ticipants—ranging in age from 

18 to 88, living in 83 countries, 

and working in 86 job catego-

ries—throughout the day about 

their state of mind, their current 

activity, and their environment, 

among other things. At the end of 

the study, participants were given 

a happiness report, with graphs 

illustrating how happy they were 

and the activities and environ-

ment that a� ected their mood.

In 2010 Killingsworth ana-

lyzed responses from more than 

2,200 people to see if what they 

were thinking about affected 

their happiness. � e most strik-

ing result was that overall, peo-

ple’s minds were wandering in 

almost half the survey responses, 

and people were less happy 

when their minds were wander-

ing than when they were not. 

The findings were unexpected 

because previous studies, done 

with small numbers of people in 

the lab, concluded that people’s 

minds wander less often.

“The project illustrates that 

the promise and ability to track 

things in real time on a mobile 

phone in the course of your daily 

life is incredibly powerful,” Kill-

ingsworth says. Most previous 

studies would have been limited 

to questions asking a small num-

ber of people, after the fact, how 

they had felt at a certain time. 

Using mobile phones for this 

sort of study is “incredibly excit-

ing,” Killings worth says. “It allows 

us to collect more accurate data 

from many thousands of people.”

In the same vein as the health-

oriented paco experiments, 

Ian Eslick, a Ph.D. candidate in 

the New Media Medicine group 

at mit’s Media Lab, is helping 

online patient communities 

convert anecdotes about treat-

ments, such as how certain diets 

a� ect symptoms, into structured 

self-experiments. He is building 

an automated recommenda-

tion system that can suggest 

experiments to people based on 

their previous symptoms and 

responses to interventions.

For instance, no studies have 

uncovered a solid connection 

between diet and the symp-

toms of psoriasis, an in� amma-

tory skin condition from which 

Eslick su� ers. Some people � nd 

that cutting out sugar allevi-

ates symptoms, while others 

do not. Eslick hopes that by 

collecting information on peo-

ple’s self-experiments over a 

long period of time, he’ll have 

enough useful data to warrant 

the deployment of a traditional 

clinical trial to investigate the 

most successful interventions 

for psoriasis. “It’s a very di� erent 

model than traditional medical 

research,” Eslick says. “Trials are 

expensive and hard to adminis-

ter. � ey’re short. � ey run once 

and have to get your answer.” 

Self-experimentation, on the oth-

er hand, has the luxury of time. 

Experiments can run longer and 

produce more data because they 

are cheap to administer.

Customizable data collec-

tion systems like paco make it 

easy to run those experiments, 

Eslick says. “paco is cool not so 

much because it does data col-

lection, but because it’s trying 

to make it easier to collect just 

the data you want, and just the 

stu�  that’s relevant.”

Today’s smartphones can col-

lect data such as location, speech 

patterns, and motion without 

any active input from the user. 

This sort of passive sensing of a 

person’s daily life makes them 

powerful tools for personal medi-

cal and psychological diagnostics.

Data sets of a person’s speech 

and movement could provide 

insight into conditions such as 

depression and Alzheimer’s dis-

ease. Some people’s speech and 

movements slow when they expe-

rience severe depression. If phone 

sensors could e� ectively measure 

change in speech or movement 

IF PHONE SENSORS COULD MEASURE CHANGE IN SPEECH OR 

MOVEMENT OVER TIME, THEN AN APP COULD SUGGEST A DOCTOR’S 

VISIT WHEN A PERSON’S STATE OF MIND DECLINED. 
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over time, then an app could sug-

gest a doctor’s visit when a per-

son’s state of mind declines.

A 2010 study by William Jar-

rold, a cognitive scientist at the 

University of California, 

Davis, suggests that an 

automated system that 

analyzes speech patterns 

on phone calls can poten-

tially pick up on cognitive 

impairment and clini-

cal depression or determine if 

someone is in the very early 

stages of Alzheimer’s. “Machine 

learning is getting better, the 

prevalence of cell phones and 

cloud computing is increasing, 

and we’re getting more data and 

doing more studies,” Jarrold says. 

“When data are collected over 

the course of years, they can pro-

vide relevant information about 

a person’s cognitive functions, 

diagnosing a decline before obvi-

ous symptoms arise.”

Data tracking could even 

help monitor infectious disease. 

Pentland has shown that certain 

patterns picked up by a person’s 

phone—such as a decrease in 

calls and text messages—corre-

spond to onset of the common 

cold and influenza. If outfitted 

with software that can intervene 

when data analysis suggests the 

early stages of an illness, your 

next phone could help you fig-

ure out you’re sick before you are 

even aware of a problem.

y paco experi-

ments ran for 

about a month. 

Initially I wasn’t 

sure I’d like the 

distraction of a 

self-tracking app, let alone one 

that insisted I respond seven to 

nine times a day. Unexpectedly, I 

came to appreciate the way the 

app made me mindful of what I 

ate and how well I slept.

One thing I learned was that 

my mother was wrong: It wasn’t 

sugar that caused my sneezes. 

The Sneezy experiment told me 

that my morning meal was the 

main offender, especially when 

I drank coffee with cream. Beer 

also seemed to give me sniffles, 

though not every time. Thanks 

to paco, I have narrowed down 

the possible culinary culprits. 

The experiment Happy Work 

Day was less surprising but also 

instructive. Twice a day it asked 

if I was working at my desk, and 

it often caught me doing some-

thing other than work (16 counts 

for not working to 25 counts 

for working). It made me more 

aware of the non-work tasks, like 

household chores, I spend time 

on during the day. I’ve since left 

many of these tasks for after con-

ventional work hours.

The two experiments I hoped 

would influence my behavior 

were telling. According to Call 

Your Mother, I spoke with my 

mother only three times over the 

course of the experiment. I can’t 

say I have radically changed that 

behavior yet. But Flossy was a 

complete success. Having paco

ask me every day if I had � ossed 

the day before seemed to do the 

psychological trick. I’m flossing 

every day. It’s a small miracle.

My thoroughly nonscienti� c 

experiences also suggest that 

paco will have widespread 

appeal. When I explained it to 

my nontechnical friends, most 

instantly grasped the possibili-

ties. A social worker imagined 

using the app to help find the 

triggers for negative feelings 

or actions in clients. A teacher 

wanted to use it to measure 

how exercise and food affect 

student engagement in class. A 

college professor I met thought 

he could use paco to get a 

sense of how students are han-

dling their workload.

It is still early days for the 

self-tracking movement, and 

future versions of applications 

like paco will , no doubt, be 

much more powerful. Even if 

paco itself doesn’t catch on, the 

idea of a program that allows 

people to adjust their behavior 

and monitor their well-being is 

too enticing to ignore; someone 

will make it work. The Bill and 

Melinda Gates Foundation and 

the mHealth Alliance, a group 

that includes representatives 

from the United Nations and 

the Rockefeller Foundation, are 

already encouraging the devel-

opment of health-related phone 

apps. They are acting on the 

premise that a world in which it 

is easy for anyone anywhere to 

collect and securely share data 

with medical researchers could 

be a healthier place for all of us.

As any self-tracker knows, 

there is strength in numbers. 

M

Kate Greene is a Nashville-based 
journalist who writes about com-
puting and neuroscience for The 
Economist, U.S. News & World 
Report, and Technology Review.
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THEFUTURE OFWATER
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P H O T O G R A P H Y  B Y  
Last August, DISCOVER cosponsored a town 
hall meeting at Arizona State University (ASU) 
that brought together four experts on water 
policy. From left: Heidi Cullen is a correspondent 
for Climate Central, a nonprofit that reports on 
climate science. Former New Mexico governor 
Bill Richardson is a board member of the World 
Resources Institute, an environmental think tank. 
Grady Gammage Jr. is a practicing attorney and 
a senior scholar at the ASU Global Institute of 
Sustainability. Pat Mulroy is general manager 
of the Southern Nevada Water Authority.
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ANNE THOMPSON: Water cov-

ers more than 70 percent of the 

earth, but only 2.5 percent of it 

is freshwater. And two-thirds of 

that is locked up in ice caps and 

glaciers. Freshwater accessible 

in lakes, rivers, and streams is 

just six-thousandths of one per-

cent of the world’s total water. 

With that in mind, what is the 

status of freshwater around the 

world today?

HEidi CullEN:  Freshwater 

around the world is definitely 

stressed, and climate change 

is the great exacerbation. With 

water, the rich get richer glob-

ally, and the poor get poorer.  

P l a c e s  t h a t  t e n d  t ow a rd 

drought are going to see it 

more. Te subtropical drought 

regions will expand. And in 

places like Asia, the monsoon 

system is expected to intensify. 

It’s a problem of greater uncer-

tainty, greater variability, and 

more stress overall.

THOMPSON: Governor Richard-

son, do you see water scarcity as 

a source of global crisis?

GOvErNOr Bill riCHArd-

SON: It is a huge international 

issue about to explode, and in 

some areas it’s already a crisis. 

Look at Somalia, where there is 

a famine caused by a drought 

and then militants preventing 

people from getting water and 

food. In a country like Bangla-

desh, where most people live in 

coastal areas, the opposite is 

true—there’s too much water, 

and sometime in this century 

some of those coastal cities 

will disappear.

THOMPSON: Heidi, what areas 

are at greatest risk for climate 

change af fecting freshwater 

resources?

CullEN: When we look out to 

the middle of the century, the 

models show that the Mediter-

ranean and the Middle East are 

going to see trouble. Here in 

the American Southwest, the 

models seem to agree that we 

are creeping up on a drier and 

drier climate.

THOMPSON: Governor Richard-

son, do you agree with the idea 

that the wars of the 21st century 

will be fought over water?

riCHArdSON: Yeah, I think 

they will be. We’re facing a 

growing water crisis in the Mid-

dle East, especially in Jordan 

and in some of the Arab areas 

adjoining Israel. If we’re talk-

ing about human beings dying 

because of water resources, 

because of famine, it’s Africa.

THOMPSON: Is climate change 

the main reason we are hav-

ing trouble with freshwater in  

this world?

CullEN: It’s part of an entire 

orchestra of different issues 

playing out. Population growth 

is definitely a really big player. 

And keep in mind that cli-

mate has always changed. In  

the Southwest, paleoclimate 

records tell us that we have 

seen tremendous droughts—

megadroughts—in the past. 

When you put climate change 

on top of that, it just stresses 

everything more.

THOMPSON: Here in Phoenix, 

one of every three homes has 

a pool, and up to 70 percent of 

the water is used outside. Water 

here is cheap. You’re all saying 

we have to think about water 

differently and make some dif-

ficult choices. Grady, what are 

those choices?

GrAdy GAMMAGE Jr.: It’s not 

that there’s going to be a day 

when you turn on the tap and 

water doesn’t come out. We 

have too robust a water sys-

tem and too good a political 

system. But we’re going to have  

to decide how important it is to 

keep growing, which is how we 

define success. Should every-

body have a private swimming 

pool? Or should we do the kind 

of things that Pat [Mulroy] 

did in Las Vegas when she got 

people to rip out the grass from 

their lawns?

T H O M P S O N :  Wa t e r  i s  a n 

issue that requires us to work  

together. We’re in Arizona, which 

is one of the seven states that 

share the Colorado River and 

play by the rules set out in the 

1922 Colorado Compact. Pat 

Mulroy, you’re responsible for 

getting water to some 2 million 

Las Vegas residents, and 90 

percent of that comes out of the 

Colorado River via Lake Mead. 

Can you explain how this kind of 

consensus works?

MulrOy: At the end of the day, 

the Colorado Compact is an 

agreement that allows seven 

states to do whatever seven 

states can agree to do, but no 

one state can rule its neighbors 

no matter how big it is. That’s 

the beauty of the compact. As it 

T
his year, texas suffered through the worst one-

year drought in its history, while states along the Missis-

sippi River endured record flooding. Shifting climate pat-

terns mean these radical disruptions could be a harbinger of things 

to come. discover recently partnered with nbc Learn, the Nation-

al Science Foundation, and Arizona State University to convene a 

town hall meeting that explored the impact of climate change on 

our freshwater resources. Experts Heidi Cullen, Grady Gammage Jr., 

Pat Mulroy, and ex-governor Bill Richardson joined Anne Tomp-

son, nbc’s chief environmental affairs correspondent, for a spirited 

discussion about the challenges of managing the water supply of a 

growing nation in a warming world.

THE FUTURE OF WATER

Climate change and population growth are both stressing the planet’s freshwater supply.  

Our experts debate the tough choices scientists, politicians, and the general public will have to 

make to adapt to a world where water could outstrip fuel as the most prized commodity.
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Climate models predict that as global temperatures rise over the next seven decades, subtropical regions 
like the American Southwest will get drier, while more northern areas, including much of Canada, will get 
wetter. But for the rest of North America the 2080 water forecast is mixed. The Northeast and the Pacific 
Northwest may see only a slight increase in annual precipitation, maybe one or two percent, but storms are 
likely to become more intense. Seasonal variation is likely to increase as well, leading to wetter winters and 
drier summers that could disrupt local water supplies. 

People living near the Cascades will be among the first to see a difference. They rely on melting mountain 
snowpack for their water in the parched summer months. “The snow acts like a water tower, storing water in 
the winter and then delivering it in the summer,” says University of Washington hydrologist Alan Hamlet. As 
the planet heats up, much of that snow may fall as rain instead. “The Cascades could see a 50 percent loss 
of snowpack, which could translate into a large reduction in summer water,” says Hamlet. 

In the Northeast, too, the water supply may undergo drastic changes even as total precipitation stays about the 
same. A warmer atmosphere will hold more moisture, unleashing intense but less frequent rainstorms. Droughts 
could become more common, but so could storms like Hurricane Irene, which caused record flooding in the region 
this August. “Water suppliers should be thinking hard about managing these extremes,” says water resources engi-
neer Casey Brown of the University of Massachusetts at Amherst. “It will only get worse.”            gillian conahan

stands now, we move the Colo-

rado River across the Continen-

tal Divide through the Rocky 

Mountains to Colorado’s front 

range to the Kansas-Nebraska 

watershed. In New Mexico, we 

move that water to Albuquer-

que into the Rio Grande water-

shed. In Utah, we move it across 

the Utah desert to the Wasatch 

Front. Here in the middle of 

Arizona, we’re moving Colo-

rado River water along a mas-

sive aqueduct. California moves 

the water 400 miles through an 

aqueduct to the coastal cities. It 

goes on and on and on. We’re all 

interconnected.

GammaGe: Water is the ulti-

mate tribal commodity. Water 

defines our tribe—those with 

whom we share water are us. 

Those who are trying to take 

it away are them. And the big 

them in the Southwest is Cali-

fornia. We needed to be allies 

to deal with California. And 

Arizona and Nevada have been 

pretty good allies.

mulroy: You can’t push at 

one end of this system and not 

feel the effects in another part  

of the system.

Cullen: If I can just put the 

climate lens on top of that, we 

made some really key decisions 

in the 1900s when we decided 

what the normal water flow 

was for the Colorado River, and 

normal was 17 million acre-feet 

in a year. During the drought 

from 2001 to 2006, it was actu-

ally 11 million acre-feet. And in 

2002 it was as low as 6 million 

acre-feet. So what was normal 

in the 1900s is not normal now.

Thompson:  Pat, what kind 

of stress is population growth 

putting on your freshwater 

resources?

mulroy: Ten years ago I would 

have said that population 

growth is putting a tremendous 

stress on it. But in Las Vegas 

we had so much pressure when 

the drought hit that we became 

extremely aggressive about 

conservation. We reduced the 

amount of water southern 

Nevada was using by one-third 

since then, despite the fact that 

we increased our population  

by 400,000.

GammaGe: The remarkable 

thing about Las Vegas is how 

quickly they were able—led 

by Pat—to make this change. 

Arizona has been decreasing 
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its water use slowly for a lon-

ger period of time. The city of 

Phoenix today uses about the 

same amount of water as a 

decade ago because of per cap-

ita reductions. We took water 

away from farming in times of 

drought, and we urbanized land 

and water at the same time. 

It’s been a fairly orderly transi-

tion without doing some of the 

draconian things that Pat did in 

Las Vegas.

Thompson: What about build-

ing big water infrastructure as a 

way to solve water problems?

GammaGe: I have this sense 

that we have lost our collective 

will to build things: pipelines, 

the Central Arizona Project  

canal, Hoover Dam, those kinds 

of things.

Thompson: Pat, the state engi-

neer is supposed to rule by the 

end of next January on one of 

your big initiatives, your request 

to bring 65 billion gallons of 

water from northern Nevada to 

Las Vegas. Do you see this issue 

as a rural versus city fight?

mulroy: No, I don’t. We filed 

for unappropriated, unused 

water. If Lake Mead, which has 

been in a drought for nearly a 

decade, hits elevations of 1,075 

feet or, God forbid, 1,025 feet, 

where is southern Nevada’s 

water going to come from? 

It is impossible to conserve 

90 percent of your water sup-

ply. Tere has to be a pressure 

release valve, and that’s what 

we’re asking for.

Cullen: I want to add that the 

Colorado Compact was estab-

lished in 1922, a relatively wet 

period. Te Colorado Compact 

was a really long-term decision 

made on a short record. Now, 

in the Midwest, we’re feeling 

that all these flooding events 

we’re seeing are the new nor-

mal and will continue to hap-

pen. Te climate is shifting and 

we have to adapt.

audienCe member: We know 

that the 20th century was the 

era of big dams, big infrastruc-

ture projects. Considering cli-

mate change and population 

growth, what is the next wave in 

developing our water resources?

riChardson: You can’t have 

sensible water policies with-

out taking climate change and 

renewable energy and what 

we use into consideration. My 

north america’s 2080 water forecast  
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state is an oil and gas state, and 

the oil guys don’t like me too 

much because what I’ve been 

saying is that we have to shift 

from fossil fuels to renewable 

energy—solar, wind, biomass, 

et cetera. Renewable energy 

uses less water. We need a dra-

matic reduction of man-made 

greenhouse gas emissions.

Mulroy: You’re going to do 

everything—increased effi-

ciency, conservation regu-

l a t i o n s ,  r e c y c l e d  w a t e r, 

d e s a l i n a t i o n ,  a n d  m o re . 

There’s no silver bullet solu-

tion anymore. It’s a mosaic.  

And it’s going to depend on 

where you are. Singapore has 

a water supply that is leaning 

toward reuse and ocean desali-

nation. Tey just build one big 

plant after another.

In this country, and in the 

world, actually, water use for 

purposes of energy generation 

is approaching or surpassing 

water use for agriculture. It’s 

power, and there are limits. So 

the next wave has to be every-

thing, starting with much less 

demand by our customers.

GaMMaGe: It’s hard to get the 

public to understand all those 

things. It’s a harder message 

than “Let’s build an interstate 

highway system.”

richardson: You remember 

when I ran for president? It was 

short-lived. Water didn’t help 

me because I proposed a solu-

tion that many, including Pat, 

didn’t like. But I said that in 

this country we need federal 

water leadership, and we don’t 

have it. Maybe we need a water 

czar of some kind.

GaMMaGe: I ’m not convinced 

that’s a good idea. In Arizona, 

we have made multiple water 

decisions in many places, 

examining the decisions from 

multiple perspectives. A water 

czar might make a big mis-

take, and I think it would be 

exceedingly difficult to get the 

states to agree to that level of 

federal involvement.

Mulroy: The federal govern-

ment needs to echo what 

comes from the state so that 

the message is the same.

richardson: When I ran for 

president I also said, ok, who 

has water in this country? Te 

Great Lakes states, right? Mich-

igan, Wisconsin. So why don’t 

we look at some relationship, 

some compacts, where when 

we have these water shortages, 

our brother states can help us.

Mulroy: I’ve actually, believe 

it or not, embraced this idea in 

a way. Look at the Missis sippi 

watershed and the massive 

amount of flooding that’s been 

occurring there year after year 

after year. With that resource 

you can recharge the depleted 

Ogallala Aquifer under the Great 

Plains and fuel agricultural areas 

on the eastern side of the Colo-

rado River Basin, all while pro-

tecting the transportation net-

work of the Mississippi, which is  

the number one use of the Mis-

sissippi River [see “Westward 

H
2
O!” opposite]. You could flood-

proof the communities there.

ThoMpson: We asked our audi-

ence what they think the priority 

of water allocation should be, 

and they answered, cities and 

suburbs. I don’t think that’s any 

big surprise.

Mulroy: Asking that question 

is the root problem.

cullen: I agree.

Mulroy: We have to have cit-

ies and manufacturing and 

farming. And there’s the envi-

ronment. We’ve got to find a 

fulcrum that respects all four of 

those needs and can change all 

the time to adapt to conditions 

as they emerge.

If food production has to go 

up by 50 percent in the next 

20 years, how are you going do 

that? Will you shut down the 

Imperial Irrigation District in 

southeastern California, which 

provides 11 percent of the 

country’s fresh winter fruits 

and vegetables? There are no 

easy answers out there.

audience MeMber: How do we 

implement farm efficiency mea-

sures without limiting our access 

to highly nutritious and cheap 

produce?

GaMMaGe: We have made the 

cost of farming and growing 

food an incredibly compli-

cated, government-subsidized 

system. And one of the strug-

gles we have in much of the 

American West—

Mulroy: You’re a lousy politi-

cian [laughs].

GaMMaGe: I ’m not running 

for office. In the West it’s been 

hard to sell the idea of renew-

able water supplies to farm-

ers when groundwater, which 

needs to be pumped, is so heav-

THE FUTURE OF WATER

GaMMaGe: There is a percep-

tion on many people’s parts that 

moving water a long distance 

is a bad thing. It’s not. And 

water is one of the essential 

commodities for life that you 

actually can move. Cities, by 

definition, draw on a larger area 

of resources to support them-

selves. No city has enough rain-

fall for its whole water supply to 

be completely sustainable.

cullen: Unless you’re Chicago.

Mulroy: Yes, unless you sit 

on Lake Michigan. New York 

City brings water in from 

the Catskills. San Francisco 

brings water in from the Hetch 

Hetchy reservoir right next 

to Yosemite, and they move it 

across the state of California.

ThoMpson: People in Detroit 

and Chicago might tell you 

you’re living somewhere you’re 

not supposed to—the desert. 

Why should we give up our 

water for you guys?

GaMMaGe: I would argue that 

the desert is a good place to 

live. It’s a great place to grow 

crops. It is, perhaps, the birth-

place of civilization. Te desert 

is where we first learned to get 

along and create governments 

in order to build water systems 

to make the desert operate. 

We need to get past territorial 

approaches to water.

No city has enough 
rainfall for its whole water 
supply to be completely 
sustainable.
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ily subsidized. In Arizona we 

created programs to make sur-

face water more readily avail-

able to farmers. It gets farmers 

off the groundwater pump, it 

saves groundwater, and it uses 

surface water that we keep 

away from California. Tere’s a 

theme here.

Cullen: Keep in mind that for 

every 1 degree Centigrade (1.8 

degrees Fahrenheit) the planet 

warms up, we see a 10 percent 

drop in crop yield. The whole 

notion that the economy should 

be pitted against the environ-

ment is a completely false choice.

AudienCe member: What role 

do industry and business have 

in facilitating a new approach to 

using water?

GAmmAGe: We’ve got pretty 

good examples here in Ari-

zona. Tere are industries that 

have developed much more 

efficient ways of watering golf 

courses, for example—where 

every single sprinkler head is 

monitored and controlled by 

a computer with a sensor in 

the ground that is related to 

that sprinkler head. Tey con-

stantly adjust how much water 

is delivered to the golf course, 

and that results in significant 

water savings. Another com-

pany is engaged in water reuse, 

in dual plumbing systems for 

subdivisions. Industry is dis-

covering that there are entre-

preneurial opportunities in the 

water arena. Market functions 

do respond to needs.

Cullen: The thing is, though, 

that industry needs market 

signals to respond to. And that 

requires federal leadership, 

state leadership, so that those 

market signals are in place. Pol-

icy uncertainty is hindering the 

innovation that we desperately 

need. [Applause]

mulroy: But there’s one other 

role for industry: a leadership 

role. One of the most effective 

ways we got our message out 

on water conservation was by 

going directly to industry. Te 

business community isn’t just 

there to help innovate, though 

that’s critical. It can comple-

m e nt  th e  m e ss a ge  th at ’s 

coming from the scientific  

community  and from th e 

elected leadership. Industry 

can depoliticize it and make 

water conservation a real 

issue. Tey have an enormous 

voice in that. 

The Southwest is struggling with drought. The Midwest is soaking 

under floodwaters. And there may be one solution to both 

problems: Shift the floodwaters of the Mississippi 1,000 miles 

west to the Navajo River, a tributary of the Colorado River. 

The engineering firm Black & Veatch has developed a plan 

that would siphon off 1,000 cubic feet of water per second 

from the Mississippi and move it across the Great Plains and 

over the Rockies to southwestern Colorado. The concept calls 

for transferring that gush of water (twice as much as Nevada’s 

yearly allotment from the Colorado River, shown above) through 

775 miles of pipe, 110 miles of canals, 85 miles of tunnels, and 

seven pumping stations that would lift the water as high as 7,500 

feet. Basin transfer projects are common in the western United 

States, but “there’s nothing in operation anywhere in the world on 

this scale,” says engineer Bruce Moore of the Southern Nevada 

Water Authority, which has explored the idea. The price tag is an 

estimated $11.37 billion.

Opponents say improved water efficiency and conservation are 

much cheaper ways to safeguard the Southwest’s water supply. 

Hydroclimatologist Peter Gleick of the Pacific Institute in Oakland, 

California, calls the proposal “foolhardy and irresponsible 

economically, politically, and environmentally.” But the Southern 

Nevada Water Authority is still considering it, says spokesman J. 

C. Davis. The first big hurdle? “Getting people to stop laughing 

long enough to ask if it could work.”  julian smith

westward h20!
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The Citizen Scientist
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in a former life, darlene cavalier was 

a cheerleader for the Philadelphia 76ers. 

Today she channels her enthusiasm into 

spreading the word that science is some-

thing anyone can do. She is the brains 

behind scienceforcitizens.net, which lets 

untrained people collaborate on serious 

research projects, such as gathering pollu-

tion data and monitoring insect swarms. 

She is the founder of science cheerleader.

com, a community of cheerleaders with 

science backgrounds who promote sci-

ence literacy. And as a consultant to  

discover, Cavalier helped organize this 

month’s Changing Planet town hall dis-

cussion on the future of water. She recent-

ly talked with us about how her varied 

passions 	 t together.

HOW DID YOU GET INTERESTED IN 

COMMUNICATING SCIENCE 

TO THE PUBLIC?

I got my start stuffing envelopes for 

discover. I was mailing out applications 

for the magazine’s Award for Technological 

Innovation, and researchers would respond 

by writing two or three digestible sentenc-

es about their innovations. If they left out 

some information, I would call them to 

clarify, and that was my “aha” moment. I 

realized how down-to-earth scientists were. 

They also sent in samples of their work. I 

remember holding a 	 re-resistant tile made 

for nasa after the Columbia disaster, and I 

just thought that was really special.

AND THAT LED TO YOUR WORK WITH 

SCIENCE FOR CITIZENS?

I went on to graduate school and studied the 

role of everyday people in science. I started 

scienceforcitizens.net in 2006 as a way for me 

to catalog all the citizen science projects that 

were out there. What started as a database 

has become an active community. We make 

it super-easy for anybody to 	 nd and join an 

interesting project, but we also let them inter-

act with the researchers and rate projects.

WHAT’S BEEN ONE OF YOUR FAVOR-

ITE CITIZEN SCIENCE PROJECTS?

We did a really cool one called Snowt-

weets. Researchers out of the Univer-

sity of Waterloo in Canada asked people 

to send in geotagged, real-time snow 

depth measurements. 
 ree times 

as many people participated 

during the month that sci-

enceforcitizens.net fea-

tured it as in the pre-

vious two years of 

the study. The 

information 

helped test the 

snow cover data 

that researchers 

get from satellites, 

which can’t account for 

things like wind drifts . For 

most of the participants, when 

they got an email from the Water-

loo researchers it was the 	 rst time 

they had communicated with 

a real scientist.

CAN SUCH HANDS-ON 

ACTIVITIES HELP PEOPLE 

MAKE SENSE OF THE 

COMPLEXITIES OF 

CLIMATE CHANGE?

A project like helping a 

researcher track the frequency 

of dragon� y swarms across the country 

can help you understand changing envi-

ronmental conditions, since these swarms 

tend to increase in warmer periods . 
 en 

we have projects in the database that 

are directly related to climate change. 

For instance, there are researchers in 

Arizona who need people to do wet/

dry mapping of rivers. This is liter-

ally mapping where the ground 

next to a river is wet and where it 

turns dry. And with enough data 

you may start to see that a river is 

getting drier over the years. I think 

it’s an important lesson, especially 

when you’re talking about climate 

change in, say, Tempe, Arizona, 

where fresh water is a big issue.

katie palmer

THEFUTURE OFWATER
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Smar t  Luxur ies—Surpr i s ing  Pr ices

Never underestimate your competition. Just ask Demetrius,

the unfortunate Greek general who set out to conquer

Rhodes in 305 BC. He assumed that a massive force of 40,000

men, a fleet of Aegean pirates and an arsenal of wall-smashing

war machines would be enough to crush the tiny Greek island.

He was wrong. The Rhodians were tougher than he thought.

And so is this watch. If you’ve always believed that the biggest,

baddest watches had to cost big, bad money, the $79 Stauer

Colossus Hybrid Chronograph is here to change your mind.   

A monument to toughness. The people of Rhodes were

ready for Demetrius and repelled his attack. To celebrate, they

built the Colossus of Rhodes, a 107-foot bronze and iron giant

that towered over the harbor like a ten-story trophy. It warned

future invaders that “Rhodes is tougher than you think.” You

give the same message when you wear the Stauer Colossus. 

The timepiece that works twice as hard. In designing

the Colossus Hybrid Chronograph, our instructions to the

watchmaker were clear: build it as tough as a battleship and fill

it full of surprises. Make it a hybrid, because it should work

twice as hard as a regular watch. And make it look like a 

million bucks, because when you put it on, you should get

excited about rolling up your sleeves. Mission accomplished. 

A toolbox on your wrist. It will keep you on schedule, but

the Colossus Hybrid is about much more than time. The

imposing case features a rotating gunmetal bezel that frames

the silver, black and yellow face. You’ll find a battalion of digital

displays on the dial arranged behind a pair of luminescent

hands and a bold yellow second hand. Powered by a precise

quartz movement, the watch is doubly accurate in analog and

digital mode. And it’s packed with plenty of handy extras

including a bright green EL back-light for enhanced nighttime

visibility, a tachymeter along the outer dial and a full comple-

ment of alarms and split-second countdown timers. The

Colossus Hybrid secures with a folded steel bracelet that 

highlights a row of striking dark center links. It’s a rugged

watch that’s more than ready for your daily grind.  

Your Satisfaction is Guaranteed. Wear the Stauer

Colossus Hybrid for 30 days and if you are not 100% thrilled

with your purchase, return it for a full refund of your purchase

price. But once you get a taste of more watch for less money,

it’s likely you’ll be back for more... and we’ll be waiting. 

A Stauer Exclusive
Colossus Hybrid Digital/Analog Watch—$395
Now $79 +S&P  Save $316

Call now to take advantage of this limited offer.

1-888-277-8380
Promotional Code CHW210-02

Please mention this code when you call.

14101 Southcross Drive W., Dept. CHW210-02
Burnsville, Minnesota 55337

Stauer has a Better Business 
Bureau Rating of A+

WATCH SPECS: -Easy-to-read analog/digital modes -Back-lighting & lumines-

cent hands  - Tachymeter, countdown timers & alarms  - Folded stainless steel

bracelet fits a 6 3/4"–8 1/2" wrist

No More Mr. Nice Watch
Forget sleek and subtle, the Stauer Colossus Hybrid is one tough timepiece.

Stauer®

What Stauer Clients Are Saying
About Our Hybrid Watches



“Great watch... an 
impressive piece straight 

out of the box.” 
— C. FROM COLORADO

Offer Limited
to First 5000
Respondents

www.stauer.com
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GOING   

               Loveday Swamps in South Australia show effects of a decade-long drought.
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   TO EXTREMES

        Brisbane flood, January 2011

From f loods to cyclones to fi res of unimaginable ferocity, climate 

change has unleashed a host of plagues on Australia. But catastrophe has 

spawned a national rebirth.  by LI N DA  M A R SA
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Fighting Fire With Fire
They called it Black Saturday: On February 7, 2009, after a decade-
long drought and a suffocating heat wave, a firestorm of unimaginable 
ferocity swept through southern Australia’s farms and forests. Burning 
embers from the bark of trees were carried aloft by shifting winds 
and updrafts of the fire’s own convection currents for up to 20 miles, 
jumping across roads, clearing fire breaks, and starting new blazes on 
the parched ground. With flames shooting hundreds of feet into the air 
and temperatures reaching 5,000 degrees Fahrenheit, even the wet 
mountain ash forests were set ablaze.

At least 173 people lost their lives in the fires, which covered more 
than 1,700 square miles . Some died getting out of their cars in an 
attempt to outrun the fires or find shelter. Others stayed to defend their 
homes and farms and perished in the effort. Entire communities were 

ringed by flames. “When you have a lot of fires burning under these 
extreme conditions, there’s very little that can be done to control 
them,” says Andrew Sullivan, a bushfire researcher at CSIRO.

With rising temperatures and the specter of more extreme droughts, 
scientists like Sullivan are conducting controlled burns to shed light on the 
behavior of fires. They are using a device called a Pyrotron, an 80-foot-long 
fireproof aluminum wind tunnel with a glass observation area. An array of 
sensors inside the tunnel, one of the largest of its kind, can measure the 
combustion effects of wind speed, temperature, humidity, and different 
fuels such as leaves, twigs, grass, and bark. The goal is better prediction of 
a fire’s characteristics, from rate of spread to flame height to intensity, so 
firefighters can develop more effective countermeasures. 

“We want to develop strategies to outwit fires and figure out benchmarks 
of how long it takes for them to become uncontrollable,” Sullivan says. “If 
we know that by the time a crew gets there, the fire is going to be beyond 
control, we’re better off dispatching resources somewhere else.” L. M.

Firefighters protect Lysterfield Park, 
near Melbourne.

“That’s the hard part of the flood—the 

aftermath,” says Goodwin, 60, a crusty, 

compactly built man with piercing blue 

eyes and calloused hands who works as an 

operations manager for the local munici-

pality and has been staying with his grown 

daughter while he makes his home habit-

able again. “You get a lot of help during 

the flood, but then everyone settles back 

into their routine. � ere are a lot of houses 

down there that are still empty,” he adds, 

gesturing toward the riverbank. “And they 

will be for a long time to come.”

Everywhere I travel down under, the stoic 

Aussies are industriously patching together 

their shattered country, which has been wal-

loped by one weather-related disaster after 

another. On an overcast Monday morning, 

I’m 200 miles east of St. George, cruising 

toward Brisbane, a sophisticated coastal 

city of more than 2 million, when I hit traf-

 c that’s backed up for miles on the two-lane 

blacktop that crosses 

Cunningham’s Gap. 

Construction crews 

are sti l l  repairing 

th e  f lood-relat ed 

destruction on this 

highway and other 

roads throughout 

much of eastern Aus-

tralia. A line of pas-

senger cars, along 

w ith  th e  braw ny 

pickups favored in 

rural areas and the 

aptly named “road 

trains”—the double-

trailer 16-wheelers 

that ferry cotton, apples, grapes, peaches, 

pears, and other produce to the coastal cit-

ies—inch down the steep grade, stuck in the 

kind of slow-motion gridlock that would 

normally send tempers flaring and horns 

blaring. After almost an hour in that slow-

down, steam is coming out of my ears, but 

the other drivers seem to accept the jammed 

roads with a remarkable equanimity, look-

ing upon them as simply another step in the 

process of recovery.

Australia has always been a country of 

climate extremes, but lately the swings 

of wet and dry have been shockingly 

intense. Weeks of torrential rains at the 

end of 2010 and beginning of 2011 (sum-

mertime down under) created tsunami-like 

waters that covered most of the province of 

Queensland. � en in mid-January, a cloud-

burst from a freak storm caused the Bris-

bane River to over� ow its banks. A surging 

wall of water gushed through the pocket 

parks and tree-lined streets of downtown 

Brisbane, saturating trendy boutiques, 

stately government buildings, and gleam-

ing glass skyscrapers.

As the waters advanced, thousands of 

people evacuated their homes and busi-

nesses. Panicked shoppers emptied super-

market shelves. With most roads closed, � ee-

ing residents jammed an open highway in a 

frantic exodus reminiscent of the chaos on 

arteries leading out of New Orleans when the 

twin disasters of Katrina and the breached 

levees filled that city like a bathtub. Chop-

pers crowded the skies ferrying supplies and 

rescuing stranded residents off rooftops. 

Lines for sandbags stretched outside relief 

centers, which were filled to capacity with 

T
“the river came up to right where 

we’re sitting, and the waters were more 

than two feet deep,” Peter Goodwin tells 

me in the driveway of his ranch-style house 

perched on the banks of the Balonne River 

in St. George, a village of 3,500 in eastern 

Australia. It is a drizzly Sunday afternoon 

in April, three months after a devastating 

� ood that drenched a landmass the size of 

France and Germany combined and iso-

lated the town after the rain-swollen river 

rose to a record 45 feet.

Agricultural areas like St. George were 

hardest hit by the relentless rains and 

overflowing rivers that swamped roads, 

cut off power lines, washed away vine-

yards and fruit orchards, drowned thou-

sands of head of cattle and other live-

stock, and covered homes and everything 

inside them in thick layers of sediment 

and mud. Shell-shocked residents are still 

digging out from under the debris.
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Climate models predict average temperature increases of 4 to 10 degrees Fahrenheit in  

Australia’s coastal areas and 6 to 12 degrees inland by 2070. “That would be unlike anything experienced  

before by modern human societies,” says Penny Whetton, a climatologist with CSIRO.

Wildfire started by a lightning strike ripped 
through more than 6,000 hectares of the  
pristine Wilsons Promontory National Park 
southeast of Melbourne in February 2009.

people left homeless, and troops trucked in 

fresh food, water, and emergency supplies to 

a city the size of Houston.

The flooding claimed 35 lives and left 

more than 100,000 people homeless. The 

waters destroyed food crops, pushing prices 

of staples like bananas to $7 (aud) a pound 

and decimating vineyards. Even the coun-

try’s lucrative coal mining industry was 

brought to a standstill. Damage came to an 

estimated $20 billion overall.

Less than three weeks later, nature struck 

again. In February, Cyclone Yasi, a Category 

5 storm with a 300-mile front and winds 

gusting up to 180 miles an hour, roared 

in from the Coral Sea and slammed into 

Australia’s northeastern coast, flattening 

several beachfront towns still cleaning up 

from the floods. The largest cyclone to hit 

Queensland in nearly a century, Yasi forced 

thousands of people to flee Cairns, a steamy 

tropical paradise of 160,000 (think Miami 

Beach in the 1950s, but without the movie 

stars). Parts of the city were without power 

for five days; hospitals were emptied and 

patients were airlifted 1,000 miles south to 

Brisbane. Many villages along the coast, as 

well as the banana and sugar plantations, 

were left in shambles. From the air, the 

coastline looked as if a pack of 3-year-olds 

had gone on a rampage with Tinker Toys.

australia is often called the lucky 

country. It is flush with natural resources—

uranium, coal, oil, gold, and the rare earth 

minerals that are used in cell phones and 

electronics—and blessed with sparkling, 

pristine beaches that extend thousands of 

miles. It is home to some of the world’s old-

est rainforests, lush tropical jungles with 

dense canopies that cover the northeastern 

tip of the continent. It is also a spacious 

country, almost as large as the continen-

tal United States, but with a population of 

just 22 million, smaller than that of Texas. 

About half of those people are clustered 

in three major cities that hug the eastern 

coast: Sydney, Melbourne, and Brisbane.

But the floods of the past year hint at 

a new, less fortunate chapter in Austra-

lia’s history. On many fronts, Oz is a land 

under siege. A changing climate seems to 

be intensifying the long-standing cycle 

of drought and flood—a state of affairs 

that could magnify the gap between the 

continent’s soggy coasts and arid interior 

in the future. In addition to the flooding, 

recent years have brought record heat 

waves, costly crop losses, and brush fires of 

unimaginable ferocity. As the planet heats 

up, these events are expected to become 

more frequent and severe.

Australia exemplifies what global warm-

ing models have long predicted, climate 

experts say, and what is happening in this 

hardy nation offers a glimpse of some of 

what is on the horizon for the United States 

as well. Rising temperatures tend to produce 

more extreme weather events, according to 

the models. “Our recent extremes may be 
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Above: Cars submerged in the Brisbane flood, 
January 2011. Left: A precipitation map depicts  
the drying climate in the south and east.

strongly climate change–driven,” says Penny 

Whetton, a climatologist with the Common-

wealth Scientific and Industrial Research 

Organization (csiro), Australia’s national 

science agency, in Victoria. “Tey’re an illus-

tration of what we expect to see more of in 

the future, when natural fluctuations are 

intensified by global warming.”

with warmer temperatures will come 

more floods like the ones that have buf-

feted Australia over the past year, but the 

other half of the climate equation is making 

itself abundantly felt as well. During the past 

decade, much of Australia was gripped by a 

fierce dry spell that sparked stringent water 

rationing measures throughout the southern 

and eastern parts of the country. Evening 

news shows regularly announced water lev-

els in the nation’s reservoirs and featured 
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Throttled by a water crisis that threatens Australia’s future, the 
Australian government in 2008 launched a $10 billion campaign that 
is radically transforming the way water is handled at every level, from 
allocations for agriculture to the faucet flow rate in Sydney high-rises. 
The effort could serve as a model for other water-starved regions in the 
United States and around the globe.

The Water Resource Observation Network (WRON), located on the 
leafy campus of Canberra’s Black Mountain Laboratories, is both the 
test bed and the nerve center for the campaign. Stuart Minchin, an 
environmental chemist and IT whiz who heads the WRON team, shows 
me around a climate-controlled room where hard drives the size of meat 
lockers corral information from the nation’s diverse water management 
agencies and track virtually every drop of water in lakes, reservoirs, 
aquifers, and river systems. “If we can’t measure it, we can’t manage 
it,” says the 41-year-old Minchin. He sports an earring in his left lobe 
and wraparound sunglasses atop his thinning corona of dark hair, but his 
casual demeanor belies his relentless drive to create the world’s most 
ambitious water information and accounting system.

Inside WRON’s enormous data facility, computer programs predict 
how the water supply will fare under different climate scenarios. On the 
basis of that information, Minchin and his colleagues are developing 
suggestions about where water should be allocated and how it should 
be used as the country’s water austerity plans become more stringent. 
Next the WRON team intends to deploy low-cost wireless sensors that 
can be embedded in waterways to feed data back continuously to the 
hub, allowing water resources to be managed in real time.

During the last century, the Australian government encouraged farming 
on difficult land, handing out water licenses to just about anyone willing 
to put in the backbreaking toil of making the country’s vast tracts of scrub 
desert bloom with citrus orchards and vineyards. The resulting irrigation 
demands eventually overburdened a poorly managed river system, which 

collapsed in 1998 when the drought hit. “We had successful farmers 
in desperate straits, forced out of business because they couldn’t get 
enough water to keep their trees alive,” Minchin says. “That was our 
Katrina moment. We had to develop a scientific basis for determining if 
these rights and entitlements are compatible with one another.”

WRON is just one strand of Australia’s response. “You need a portfolio 
of approaches in managing water security,” says James Cameron, acting 
CEO of the National Water Commission, the Canberra-based government 
agency in charge of the country’s water reform agenda. “The right mix will 
depend on what’s available in different parts of the country.”

The government imposed severe limits on water consumption, 
enforced by stiff penalties. Almost all households are now metered, and 
prices were nearly doubled  on average to better reflect water’s true 
cost. Extensive public campaigns educated residents about how to con-
serve water: taking four-minute showers, installing water-efficient taps 
and toilets, recycling rain. Rainwater tanks and water-efficient show-
erheads became mandatory. Major cities cut their water consumption 
by up to 40 percent in the past decade, despite population growth. The 
government also earmarked more than $10 billion for water improve-
ment measures, including more efficient farm irrigation methods and 
new pipelines that significantly reduce losses due to leaks.

Along with curtailing demand, Australia is increasing supply by draw-
ing potable water from the ocean that surrounds the country on all sides. 
In 2006 its first reverse osmosis desalination plant opened in Perth. It 
now supplies 17 percent of that city’s drinking water, and similar plants 
are operational or under construction in Sydney, Brisbane, Melbourne, 
and Adelaide. Since reverse osmosis is energy-intensive, researchers are 
looking at cheaper ways to extract water from the sea  as well.

The recent rains have at least given Australians some breathing space 
on water supply problems, Cameron says. “They provide us with a real 
opportunity to plan for the next inevitable drought.” L. M.

Dried-up dam in New South Wales

stories about scofflaws being slapped with 

heavy fines after neighbors caught them 

hosing down their cars. In one celebrated 

incident, South Australia’s water minister 

quenched his thirsty lawn in flagrant defi-

ance of the rules, triggering a public outcry.

Adelaide, the driest major city in the 

world’s driest inhabited continent, came close 

to running out of drinking water in 2009, and 

o�  cials were days away from importing bot-

tled water for some of the area’s million-plus 

residents. Farmlands in the once fertile Mur-

ray-Darling Basin—a region in Southeastern 

Australia the size of France and Spain com-

bined—were turned into cracked dust bowls. 

More than 10,000 families, many of whom had 

farmed for generations, were forced off the 

land. Power plants were shut down for lack of 

cooling water. Record heat waves baked the 

soil, killed wildlife, and turned the bone-dry 

terrain into kindling for � restorms that incin-

erated entire towns.

A Watchful Eye Over Australia’s Water

Australia prominently wears the scars 

of these escalating skirmishes with nature. 

� e nation’s capital, Canberra, is a parklike 

planned city of nearly 360,000 that occupies 

a patch of land partway between Sydney 

and Melbourne, with wide, tree-lined boule-

vards that radiate outward from Lake Bur-

ley Gri�  n. Yet today, an aerial view reveals 

huge swaths of the countryside surrounding 

Canberra blackened from a firestorm that 

threatened to engulf the city in 2003, after 

months of scorching weather turned pine 

forests into a giant tinderbox.

About 20 miles outside Canberra is the 

Googong Reservoir, a long � nger of water 

that stretches more than 650 acres when 

filled to the brim. More than a million 

people get their drinking water from the 

reservoir, but the drought shriveled it to 

less than 30 percent of its capacity. Even 

after the recent drenching rains, water 

levels remain perilously low.

Elizabeth Hanna, a public health researcher 

at Australia National University in Canberra, 

has a hard time reconciling another shrunken 

body of water, Lake George, with the shim-

mering sea of her youth. “When I was a child, 

we’d drive up from Melbourne and it would 

be over� owing its banks,” she recalls.

some of australia’s sensitivity to cli-

mate change stems from its evolution as 

Within a few decades, exceptional heat waves in Australia are likely to increase in frequency

 from once every 20 to 25 years to once every two.
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Engineering a Rainforest Rescue
The Daintree River ferry embarks from the southern bank, where spidery coral fingers of the 
Great Barrier Reef almost caress the shore. Across the way, a canopy of mist hovers over one 
of the world’s most ancient rainforests, an expanse of some 465 square miles that is more 
than 100 million years old. An hour’s drive farther north along the rocky coast, at the Aus-
tralian Canopy Crane Research Station, which is part of the Daintree Rainforest Observatory, 
conservation biologists are studying the effects of changing climate on this primordial spot. 
Suspended high above the canopy, in a gondola hanging from a construction crane, they have 
unparalleled access to life at the top of the trees and a unique perspective on the forces that 
threaten this remote region.

In its rich biological diversity, the Daintree provides a living record of the evolutionary his-
tory of Australia’s plants and animals during the past 100 million years, as well as a window 
on its future. But gaining that knowledge has become an urgent affair. Temperatures in the 
region are expected to rise by an average of up to 3 degrees Fahrenheit within the next 20 
years, and up to 10º by 2070. Such warming could disrupt or destroy much of the Daintree. 
“Once you get up around 1,500 feet, it’s almost exclusively ancient plants and animals that 
can’t tolerate heat, and they’ve got nowhere to go,” says Steve Turton, a climatology and 
rainforest ecology expert who helps manage the terrain.

Daintree is just one of the sites in Australia’s Terrestrial Ecosystem Research Network 
(TERN), an information-sharing organization that collects, manages, and shares data on flora, 
fauna, and other environmental factors to capture snapshots of what key wilderness ecosys-
tems look like now and measure the potential effects of climate change.

Around the Great Barrier Reef, warming ocean waters are becoming more acidic, bleaching 
the coral and threatening the rich community of life drawn to the reefs. In 2005 the Australian 
government began setting up “green zones” in the reef areas and implementing new regulations 
to prevent overfishing, a strategy that has had some success. Alpine regions are under siege by 
weed and pest invasions, more fires, and reduced snowfall. As conditions get drier and hotter, 
plants and animals move to higher ground to stay cool but can quickly run out of mountain 
needed to survive. “We can’t save them all, but we intervene to help some adjust,” says Ary Hoff-
mann, who studies the effects of climate change on biodiversity at the University of Melbourne.

Here in the Daintree, keystone species play a critical role in maintaining ecological balance. 
Endangered cassowaries—colorful, turkey-size birds—eat many different kinds of fruits, the 
seeds of which travel through their guts before being excreted in fertilizing dung. Rescuing 
the birds by creating cassowary habitats helps preserve the habitat for everything else. The 
question now, Hoffmann says, “is can we help them mount an evolutionary response, and can 
they adapt in time?” L. M.

A stream running through the Daintree Forest

a continent. Around 45 million years ago, 

the Australian landmass broke away from 

Gondwana, an ancient supercontinent that 

encompassed South America, Africa, and 

Antarctica as well. Almost completely cov-

ered in rainforest in those days, Australia 

then drifted northward toward the equator 

in complete isolation for 30 million years. 

During that period, the central regions of 

Australia dried out and created some of the 

world’s most ancient deserts.

Australian soils are deficient in vital 

nutrients including nitrogen, phosphorus, 

and zinc, mainly because the region is so 

old, even in geologic time, and most of the 

country has not been revitalized by the soil-

renewing activity of volcanoes or glaciers 

for tens of millions of years. “� e country 

is already dry and ecologically fragile, with 

relatively poor soils,” says Steven Sherwood, 

an atmospheric physicist and codirector of 

the Climate Change Research Centre at the 

University of New South Wales in Sydney. 

“It doesn’t have the resilience, so it’s more 

vulnerable to anything.”

Modern development has exacerbated 

some of those vulnerabilities. River sys-

tems have been heavily exploited for 

irrigation, which has hastened soil deg-

radation, made the ground saltier, and 

contributed to creeping desertification. 

And roughly 85 percent of the popula-

tion is crammed into coastal cities that 

are susceptible to storm surges and 

cyclones. But the prime driver of Austra-

lia’s unique vulnerability is geographic: 

its location in the midst of three oceans, 

and the interacting currents that result.

Paci� c currents have historically switched 

between patterns known as El Niño and La 

Niña, triggering correspondingly dry and 

wet years and perhaps decades. During El 

Niño, warmer waters in the southeastern 

Pacific create air pressure systems that 

drive rain out over the ocean, resulting in 

less precipitation over the continent itself. 

La Niña cools ocean temperatures, leading 

to stronger easterly winds in the tropics. All 

this causes more water to evaporate into 

the atmosphere, intensifying monsoon rains 

and cyclones. At the same time, the Indian 

Ocean Dipole, a current discovered only 

in the past decade, cools the eastern trop-

ics and warms western currents, lessening 

spring rains in the southeast.

Rising global temperatures portend 

shifts in all these ocean currents, poten-

tially with drastic consequences, says 

Albert Gabric, an environmental scientist 

at Griffith University in Brisbane.  Some 

of the strongest El Niño patterns ever 

recorded were blamed for the crippling 

drought, while an equally intense La Niña 

brought on the downpours that inundated 

Queensland. Changes in the Southern 

Annular Mode, an ocean current that pre-

vents low-pressure rain systems from pass-

ing over southern Australia, has helped 

shut o�  winter showers in Perth. Rainfall 

over this area has dropped by 20 percent. 

Beyond these perturbations, there are 

worrisome hints that water is already tun-

neling away underneath the ice shelf in 

Antarctica. “Breaking up of glaciers in Ant-

arctica will cool the surface temperature of 
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Farming Adapts to the New Climate
Simon Tickner and Susan Findlay Tickner couldn’t have picked a worse time to give up big jobs 
in Melbourne and move back to the farm his family has owned in southeastern Australia for more 
than 70 years. “That was in 1998, and we essentially walked into 12 years of drought,” Susan 
says. “One of the hardest things was watching our first crop die when the drought hit.”

Yet the Tickners adapted quickly, adopting a suite of strategies to manage the increasingly 
hostile land and turn a profit, even as farmers around them were in dire financial straits. Their 
shrewdest move was switching to no-till farming, in which seeds are planted without using a 
plow to turn the soil. Healthy topsoil and stubble—the foot or so of a plant left standing after the 
previous year’s crop has been harvested—act like a canopy of mulch, retaining both moisture and 
nutrients while preventing soil erosion, all with less fertilizer than before. By retaining carbon in 
the soil, no-till farming also reduces the amount of carbon dioxide released into the atmosphere.

GPS satellite navigation now guides the Tickners’ tractors, letting them plant seeds precisely 
between the rows of old standing stubble. A software system called the Yield Prophet helps them 
manage those crops and generate optimum yields, given different scenarios of seasonal rainfall 
and temperature. “We’re getting drier and more extreme weather, and there’s no doubt in my 
mind the climate is changing,” Tickner says. “Since we’ve been on the farm, we’re now planting 
at least four weeks earlier, and that is in just 13 years. People must be nimble. They’ll have to 
change and adapt to various conditions to succeed.”

More technological assistance is just around the corner. Mark Howden, head of agricultural 
climate adaptation projects at CSIRO in Canberra, oversees projects to develop new farming 
systems that reduce water seepage and new crops bred with genetic traits suited to hotter, drier 
conditions and elevated carbon dioxide. While these advances will also help large-scale agribusi-
ness, they are critical to small farmers, who have less room to diversify if one crop fails. At the 
same time, CSIRO is also crafting lower-tech programs for farmers in nearby developing coun-
tries, which may face severe food shortages due to crop failures and even widespread famine as 
the weather heats up, water dries up, and population explodes.  L. M. 

The northern coastal city of Darwin wilts with temperatures over 95 degrees about 10 days a year. Within the next 

50 years, Darwin will experience such extreme heat 200 days a year.

Traveling irrigators can be guided by GPS.

the Southern Ocean, which in turn could 

make wind patterns more intense, causing 

more severe and frequent cyclones,” Gabric 

says. “There are multiple stressors, creat-

ing layers upon layers of complexity, and 

warming adds an extra dimension.”

to an american visitor, australia feels 

like a parallel universe. Here in the United 

States, politicians and radio talk-show 

hosts regularly ridicule the notion of global 

warming and attack the integrity of cli-

mate scientists. Aussies, in stark contrast, 

have little doubt that they face increas-

ingly stormy weather and are bracing for a 

bumpy ride. “You can’t live in this area and 

not realize what is happening to the land,” 

says Steve Turton, a physical geographer at 

James Cook University in Cairns.

In many ways, Australia is still grappling 

with how to respond to climate change. 

It is a coal superpower, the world’s largest 

exporter of the dirtiest of all fossil fuels. Aus-

tralia relies heavily on coal for its own elec-

tricity as well, emitting more CO
2
 per person 

than any other developed country, and its 

agricultural emissions are among the highest 

per capita in the world, mainly because of 

the large numbers of sheep and cattle.

But a recently introduced carbon tax—

a possible model for other industrialized 

nations—creates monetary incentives for 

curbing the use of fossil fuels and investing 

more in renewable energy. 	 e Australian gov-

ernment recently invested nearly $500 million 

in climate change research, including $126 

million speci
 cally earmarked to identify the 

best strategies for adaptation to hotter days, 

storm surges, drought, and rising sea levels. 

Scientists are actively working on drought-

resistant crops and farming practices, better 

ways to use and distribute drinking water, 

new 
 re
 ghting strategies, and techniques 

for preserving Australia’s unique ecosystems 

and wildlife at an a� ordable price.

“We are between a rock and a hard 

place,” says Christopher Cocklin, Senior 

Deputy Vice Chancellor of James Cook Uni-

versity in Townsville. “We have an economy 

that is deeply reliant on fossil fuel resources 

such as coal, but we are getting religion. 

With the right amount of will and leader-

ship we can certainly avoid the worst.”

Australians did take some convincing, 

though, especially since severe weather 

swings were already part of the country’s 

daily life. An emphatic 2008 report by econ-

omist Ross Garnaut, a former global warm-

ing agnostic who became, in his own words, 

“a late-life convert” to the green cause, did 

much to dispel any lingering questions 

among most Australians about whether the 

threat of climate change was real.

“There is a resistance in the emissions-

intensive [industries] to change,” Garnaut 

said in a keynote speech at the Greenhouse 

2011 conference held earlier this year in 

Cairns. “I understand the preference to wish 

it away. But if we do nothing . . . it will mean 

the end of civilization as we know it. We’ll 

be one of the species facing extinction.” 

Linda Marsa is a contributing editor at DISCOVER.
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The world’s most 

studied piece of DNA—

a mutation that causes 

breast cancer—has 

followed an amazing 

journey from ancient 

Palestine to the 

American Southwest.    
B Y  J E F F  W H E E L W R I G H T

shonnie medina was a happy

girl who felt she would die young.

Her physical beauty, when she 

was a young woman in Culebra 

and a young wife in Alamosa, 

was the primary thing that 

people mentioned about her. 

Photographs and snatches of 

videotape don’t quite capture 

it because fundamentally what 

people were talking about was 

charisma. It came through her 

looks when she was in front 

of you, tossing her full head of 

dark hair and giving you her 

full attention. � en her beauty 

acted like a mooring for her 

other outward qualities, undu-

lating from that holdfast like 

fronds of kelp on the sea. � en 

Shonnie was magnetic, vain, 

kind to others, religious with-

out reservation, funny, a little 

goofy, and headstrong.

Being headstrong or unrea-

sonable was the quality that the 

doctors in Alamosa and Den-

ver blamed for her death—for 

Shonnie was right about dying 

young. She carried in her cells 

a dangerous genetic mutation 

and died when she was 28, after 

refusing surgery for her aggres-

sive, inherited breast cancer. 

Jealous of her body, oblivious 

to the gene, she insisted on 

another style of care. 

Shonnie Medina grew up in 

the San Luis Valley of Colorado. 
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Her family is Hispano, a mix of Spanish and Indian people. Older 

than other Hispanics in North America, the Hispanos claim a 400-

year history in northern New Mexico and southern Colorado. � eir 

villages, dotting the northern reach of the Rio Grande, were once 

as lively and insular as the shtetls of Eastern Europe. 

The gene Shonnie inherited, known as brca1.185delag, also 

has a long pedigree. Its discovery in the Hispano community con-

� rmed events of half a millennium before in Spain that are echo-

ing still. Most likely the mutation arrived by way of Sephardic Jews 

who converted to Catholicism under pressure from the Spanish 

Inquisition. From Spain they traveled to the New World, where 

eventually they seeded the modern Hispano population. Indian 

blood and new terrain erased part of the history those emigrants 

carried, assuming they were even aware of their Jewish legacy. For 

the Hispano Catholic people of northern New Mexico and south-

ern Colorado, Jewish ancestry was a will-o’-the-wisp of memory 

and culture, which many people had heard about without knowing 

if it was true. Shonnie’s mutation shows that it is.

� e breast-cancer mutation 185delag entered the gene pool of 

Jews some 2,500 years ago, around the time they were exiled to 

Babylon. Random and unbidden, the mutation appeared on the 

chromosome of a single person, who is known as the founder. In 

the same sense that Abraham is said to have founded the Jewish 

people, scientists call the person at the top of a genetic pyramid 

a founder. � is particular founder was born missing the letters A 

( for adenine) and G (guanine) from the dna chain at the 185 site 

on one copy of his or her brca1 gene. brca1 is a tumor-suppressor 

gene; the deletion of the two letters disabled its protective func-

tion. But the mutation wasn’t immediately harmful to the founder 

because he or she had another copy of the gene that worked.

Researchers have no idea who the founder was, but they can 

deduce from historical evidence when he or she lived. When Jews 

were permitted to return to Jerusalem after their captivity in Baby-

lon, not all the exiles went home. � e ones who stayed behind are 

the ancestors of Iraqi Jews, whose numbers are today much reduced 

but who for centuries constituted a venerable center of the faith. In 

addition to the Jews living in Mesopotamia and Jerusalem, satellite 

immigrant communities sprang up elsewhere in the Middle East. 

A decentralization of the gene pool had begun, and the distances 

between groups acted as barriers to the exchange of dna, barriers 

that have persisted into the modern day. When scientists in Israel 

tested brca1 carriers from the dispersed Jewish populations, they 

discovered that all shared the same basic spelling in the genetic 

region of 185delag. But some of the matches between Jewish groups 

were o�  by a letter or two, which indicated minor changes since the 

groups had split. Rolling back the demographic clock, the scientists 

inferred that its founder must have lived before the groups divided—

that is, prior to the Babylonian watershed.

Given that the 185delag mutation originated among Jews, sci-

entists think that when the mutation shows up in another ethnic 

or racial group—like Shonnie Medina’s Hispanos—it is because a 

Jew or a descendant of a Jew has married in. Beyond the bounds of 

Jewry, sightings of 185delag are few. � ere are scattershot reports in 

the medical literature of gentile carriers in Spain, Chile, Slovakia, the 

� e gene had followed Shonnie from Palestine to Spain, and 
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Goya’s 1823 painting Pilgrimage to Saint Isidore’s Well depicts the Spanish Inquisition that helped disperse the Jewish BRCA genes worldwide.
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Netherlands, Pakistan, India, even Africa, but most of these areas 

have or used to have Jewish enclaves. Tere are many American car-

riers who are not Jewish, but these people, like the Medinas, very 

likely have at least some Jewish ancestry.

So the gene that had followed Shonnie from Palestine to the Ibe-

rian Peninsula, and then to Mexico after Jews were expelled from 

Spain, and then from Mexico up the winding aisle of the Rio Grande, 

caught up with her at last in the remote, mountain-rimmed San 

Luis Valley. In 1998, hospitalized and close to the end of her life, 

Shonnie was advised to have a brca test. Her parents, Joseph and 

Marianne, went into their depleted savings and paid $2,800 for the 

analysis, which was not covered by her insurance. “Hmm,” said the 

genetic counselor, “your daughter is a carrier of 185delag . . . but 

that’s the Ashkenazi mutation.” Tis was before the mutation’s link 

to Spanish or Sephardic Jews was known.

Given all that was going on with Shonnie, the Medinas put it out 

of their minds. Te test was of no use to the patient anyway—it was 

a cancer alert to female relatives, but either the information wasn’t 

delivered properly to the family or else it didn’t sink in.

he ashkenazim, who are origi-

nally from central and Eastern 

Europe, are the world’s most 

numerous population of Jews. Five 

and a half to six million Americans 

have Ashkenazi ancestry. Before 

they had to deal with heritable 

breast cancer and its lead agent, 

the brca1.185delag mutation, a 

previous generation of Ashkenazim 

had confronted Tay-Sachs, another genetic disease. Tay-Sachs was 

(and is) a very grim neurological condition. Affected infants start 

life healthy but begin to lose muscular control at six months. Teir 

heads loll helplessly and their vision dims; after a period of convul-

sions, they slide into coma and death. 

Although Tay-Sachs was rare, affecting fewer than one in 2,000 

Jewish babies, the suffering of the children was shocking, and  

the predictability of the inheritance pattern was maddening to 

the community’s doctors. Tay-Sachs is a recessive disorder, entail-

ing two parental carriers who together have a one-in-four chance 

of producing an affected child. The math is cruel in its simplic-

ity. Genes come in pairs. Te two parents are healthy because each 

carries a copy of the gene that works, but their child inherits two 

damaged copies. If Tay-Sachs carriers could recognize their status, 

Jewish parents realized, the condition would have no place to hide. 

Like a dybbuk wrongfully possessing a soul, the disorder could be 

exposed and perhaps eliminated.

When the Tay-Sachs gene is faulty, it fails to make a critical 

enzyme, called hexosaminidase A. In the 1960s, long before the 

causative mutation was pinpointed, researchers were able to mea-

sure that enzyme in blood. A Tay-Sachs carrier expressed about half 

the normal amount of the enzyme, enough to preclude the disease; 

an affected child showed no enzyme at all.

Population screening for the enzyme began in the early 1970s. 

First in Baltimore and Washington, D.C., and then in other cities, 

Jewish men and women found out whether or not they were Tay-

Sachs carriers. Fired by pride and educated to the need by their 

rabbis, doctors, and local health departments, thousands gathered 

at synagogues to be tested. Eighteen hundred men and women 

braved the rain in Bethesda, Maryland, one Sunday in May 1971. On 

a single day in 1975, a medical school student named Harry Ostrer 

and a classmate drew blood from 500 people in Riverdale, New York. 

Te experience inspired young Dr. Ostrer’s decision to specialize in 

medical genetics; he went on to become the director of the Human 

Genetics Program at the New York University School of Medicine, 

where he championed dna testing for Jews’ genetic disorders.

Local hospitals responded to the Tay-Sachs screening programs. 

Te pregnancies of carrier couples could be monitored by amnio-

centesis and terminated if the fetus was affected. Soon the statis-

tics registered a sharp drop in Tay-Sachs, from about 40 to 50 cases 

a year among Ashkenazim to fewer than 10. By the turn of the 21st 

century, almost a million and a half American Jews had undergone 

carrier testing. Hundreds of fetuses were aborted, but during the 

same period some 2,500 healthy children were born to couples in 

which both husband and wife were carriers. Group screening hav-

ing accomplished all it could, the testing for Tay-Sachs takes place 

today in outpatient clinics, on college campuses, and via online 

services. The handful of cases that still occur are most likely to 

affect non-Jews, families carrying mutations other than the dis-

tinctly Ashkenazi variants of the Tay-Sachs gene.

Orthodox and especially ultraobservant Hasidic Jews, who con-

sidered childbearing an essential duty not to be interfered with, 

were the last branch of Ashkenazim to take advantage of Tay-Sachs 

screening. Carrier testing not only opened the door to contracep-

tion and abortion but could also destroy a person’s prospects of 

marrying. In the close-knit urban wards of the Hasidim, the rabbi 

wielded more authority than the doctor, and medical information 

was not private. When two families were sizing up a match, just 

the whiff of a genetic problem could taint everyone on one side. 

“Te concern with stigmatization should not be underestimated,” 

Harry Ostrer says. “Once the neighbors hear that Shmuel has been 

to the geneticist, they assume the worst about his having a genetic 

condition and might conduct a whisper campaign.”

Orthodox rabbis initially refused to cooperate with Tay-Sachs 

screening. Ten in the early 1980s, Josef Ekstein, a Hasidic rabbi 

in Brooklyn, devised a testing method that brought the Orthodox 

into the dna age. Te reclusive Ekstein had firsthand knowledge 

of Tay-Sachs disease. He and his wife were carriers. Their first 

two children died of the disease before the age of 4. Exceeding 

the odds, the couple eventually produced a total of four sick chil-

dren within a brood of 10. In shame, Ekstein had hidden his fourth 

doomed child from view; after the boy died, the rabbi was all the 

more ashamed for having done so.

An expert on the intricate dos and don’ts of kashruth, the Jewish 

then from Mexico up the winding aiSle of the Rio grande.   

T
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dietary laws, Ekstein took it upon himself to study Mendel’s laws 

of heredity. Genetics, after all, was about applying the letter of the 

law of nature. � e rabbi believed that God had created an order, 

a natural course of events, which scientists and doctors ought to 

investigate. “Everything is managed from upstairs,” he explained in 

a gravelly voice, “but nature also has its rules.” As before the great 

Flood—when the subdivisions of nature, two by two, marched up 

the ramp beneath Noah’s discriminating gaze—this one goes with 

that but never with this, the wonderful hairsplitting order of life, of 

which there was no more wonderful example than the biochemical 

rule pairing A with T but never with C or G, and the complemen-

tary rule matching G with C but never with T or A.

Ekstein’s idea was to dissuade the Tay-Sachs carriers in his com-

munity from getting together in the � rst place. Under his program, 

high school boys and girls submitted their blood for testing, but 

the results were withheld from them. Later, when a pair started 

to date in earnest or their families were exploring a match, they 

contacted the database to learn whether they were genetically 

compatible. Most of the time they were. If incompatible, they were 

strongly urged to part and � nd someone else. Everything was han-

dled con� dentially: No names were recorded, only an identifying 

number and birth date for each youth. Ekstein called the program 

Dor Yeshorim, meaning Generation of the Righteous. By the late 

1980s, the decline in Tay-Sachs births was more dramatic within 

Orthodox neighborhoods than outside them.

 Dor Yeshorim occupies a small, gra�  ti-splashed brownstone just 

south of the rumbling Williamsburg Bridge, near Brooklyn’s East 

River waterfront. On the � rst � oor of the o�  ce, half a dozen young 

women, all wearing head scarves, � elded phone calls at computer 

terminals. It looked like a telemarketing operation that has taken a 

deadly-serious turn. “We took the medical science and we applied 

it to the needs of the community,” Ekstein said, gesturing proudly.

� e rabbi believed he was born a Tay-Sachs carrier for a reason. “I 

had to � nd out the hard way,” Ekstein explained, “but we think every-

thing happens for a divine purpose. We can override, with good deeds, 

the bad things in the universe. If you’re a carrier of a disease, it’s pre-

destined, but it’s also for a purpose. You were also given the means 

to protect yourself. It is like clothing against the weather. You have to 

protect yourself, with whatever tool you’re given by the Almighty.”

Ekstein went after the other recessive diseases affecting his 

community, such as Niemann-Pick, familial dysautonomia, and 

Canavan disease. Neurological disorders with symptoms differ-

ent from those of Tay-Sachs, they are crippling and usually fatal. 

By adding carrier tests to his program, he in e� ect expanded the 

grounds for incompatibility among Orthodox young people. Still, 

99 of 100 pairs received Dor Yeshorim’s blessing to proceed with 

courtship or dating, their carrier profiles unrevealed to them. 

Meanwhile, the hundreds of thousands of blood samples that Dor 

Yeshorim gathered have been a great resource for dna research. 

Dor Yeshorim contributed to the discovery or con� rmation of the 

genes for Canavan disease; Gaucher disease, which attacks the 

spleen and liver, causing pain and fatigue; and Fanconi’s anemia, a 

failure of the bone marrow.

n the 1990s, during a race to discover the 

gene for familial dysautonomia, Ekstein and his 

scientific collaborators competed with a rival 

group that included Harry Ostrer. That didn’t 

help the relationship between the two men, 

which was already strained by their opposing 

views about the reporting of genetic information.

The Hasidic rabbi would spare Jews the psy-

chological burden of knowing their dna so that 

they would focus on making a good marriage 

and a healthy family. � ey would be fruitful and multiply as the 

Almighty had commanded, while he worked to rid the commu-

nity of genetic disease. But for Ostrer, a Reform Jew, a scientist, a 

liberal, the primary commandment was informed consent. Ostrer 

wanted to eradicate the Ashkenazi disorders as much as the oth-

er man did, but not through a secretive program. “Rabbi Ekstein 

wants to control who does and doesn’t get information,” Ostrer has 

said. “As you know, that is contrary to the egalitarian and partici-

patory style of genetic counseling.”

Genetic counseling of that sort, countered Ekstein, “is not there 

to take away the worry but to increase the worry.” After working 

with a good many doctors and scientists over the years, he decid-

ed that the professionals made it more difficult for a man and a 

woman having a baby, not easier. � ere was too much unnecessary 

testing, too much technical information being generated that was 

not supportive of the persons who had generated it. � rough tests 

and scans, the doctor o� ered parents a sense of control over the 

birth and health of their child, but in Ekstein’s view he also caused 

tremendous anxiety in the interim—and in the end it wasn’t the 

doctor’s problem. “� e science of genetics is a tremendous tool. It 

can be very good,” Ekstein said, “but most doctors are not using it 

the right way. � ey lack compassion for their patients.”

Harry Ostrer did not lack compassion. He winced at stories of con-

genitally damaged children, and his global interest in the dna of Jew-

ish populations sprang from a desire never again to hold the hand of 

a distraught Jewish parent. At New York University Medical Center, 

a sprawling complex in Manhattan just across the East River from 

Ekstein’s redoubt, Ostrer o� ered genetic testing to Jews and non-Jews 
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EKSTEIN took it upon himself to STUDY Mendel’s laws.
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alike, about 5,000 patients per year. Many of the patients were preg-

nant, educated white women who were concerned about something 

going wrong and who wanted answers fast. His team of genetic coun-

selors provided information and referrals before and after the testing.

The information could have harsh consequences, but Ostrer 

believed that if a person wanted a test, it should be provided, as 

long as the patient understood the implications. “Consumers 

don’t want to be told what to do,” he said. “We are adding value to 

patient care—it is a growth business. Let the marketplace decide.”

� e doctor wholeheartedly agreed with the rabbi that a couple 

shouldn’t be exploring their genetics during pregnancy, which was 

already a stressful time. Carrier status should be factored in much 

sooner. So periodically Ostrer went to college campuses to screen 

Jewish students, intending to intervene 

before they married, as Ekstein did. 

On religious campuses like New York’s 

Yeshiva University, Ostrer and his helpers 

competed directly with Dor Yeshorim to 

raise student awareness of the recessive 

disorders. “I am trying to prevent Tay-

Sachs disease,” he said stoutly. “People 

are still falling through the cracks. . . . 

� e modern Orthodox kids want to know 

their results.” Like Dor Yeshorim, he saved 

the blood samples for his own research, 

although for that part of the work the 

subjects signed consent forms stipulating 

that their names will be stripped from the 

samples. He kept up a stream of publica-

tions. In 2011 Ostrer moved from nyu to 

the Albert Einstein College of Medicine in 

the Bronx, not slowing down.

In the San Luis Valley, the response of 

the Medina family to their newly revealed Jewish genetic legacy 

was more tentative. � ey did not realize they were part of a long 

hereditary chain. After Shonnie died, Marianne Medina would take 

out the piece of paper with her daughter’s dna test result. Brooding 

over the � nding—the brca1.185delag mutation that triggered the 

cancer—she made a mental list of the cancers she’d heard about 

among her husband’s female relatives. About the same time but 

acting independently, two of Joseph Medina’s cousins in the Den-

ver area started to collect health histories from relatives. When the 

cancer records were superimposed on the family tree, the picture 

was terrifying. Of Joseph’s eight aunts, � ve had died of either breast 

or ovarian cancer. (A brca1 mutation predisposes a woman to 

either breast or ovarian tumors, in some cases both.) Eight of his 

� rst cousins, women in their thirties and forties, had had cancer, 

and three were dead. Two of his sisters, unaware of being carriers, 

were soon to be diagnosed. And then there was Shonnie, who must 

have acquired the mutation from her father. 

In 2002 Marianne and the remaining daughter, Iona, who was 29, 

met with a genetic counselor in Colorado Springs. Should Iona be 

tested for the mutation? She was manifestly at risk, but Iona asked 

for more time to decide. Unlike Tay-Sachs and other recessive dis-

orders, heritable breast cancer is a dominant condition. In domi-

nant conditions, the malfunctioning gene 

overrides its healthy counterpart sooner 

or later. Five years went by, then six. Like 

many women in her situation, Iona imag-

ined the gene, if she carried it, as a tiny bit 

of cancer in itself, but one so small that it 

might be repressed into nothingness.

� e gene plaguing her family was iden-

tified by geneticists Mark Skolnick and 

Mary-Claire King in 1994 after an intense 

search. It was located on chromosome 17, 

and was so long that thousands of pos-

sible misspellings can occur within its 

sequence. Since then, more than 2,000 

brca1 mutations have been recorded, 

a� ecting all ethnic groups, but one muta-

tion quickly emerged ahead of the others. 

Although the codiscoverers of brca1

hadn’t keyed in on Ashkenazi Jews, other 

researchers, now that they knew where to 

look, soon noticed the prominence of the 185delag mutation in their 

study samples. � ey immediately established its Jewish tie. � ose 

samples had come from Ashkenazi families with a lot of cancer.

The next step was figuring out how prevalent the mutation 

was in the general population of Jews. Researchers went back 

and looked for the brca1 mutation within the dna samples 

that had been stored from the Tay-Sachs screening programs a 

generation earlier. The prevalence of 185delag was 1 percent—

meaning that one of 100 Ashkenazim was walking around with 

EIGHT � rst cousins had cancer and THREE were dead. 
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Shonnie Medina died of breast cancer in 1999.
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a gene that could kill by itself, unlike the 

recessive mutations. Commenting on 

the surprisingly high frequency of the 

mutation, geneticist Francis Collins, 

now director of the National Institutes 

of Health (nih), said that the breast and 

ovarian cancers attributable to 185delag

might be the most common serious 

single-gene disease yet identified in any 

population group.

A less-frequent brca1 mutation, called 

5382insC, was identi� ed next, followed by 

6174delT on a second gene, brca2, mak-

ing for a trio of characteristically Jewish 

breast-cancer mutations. They evidently 

had stemmed from three di� erent found-

ers in Jewish antiquity. In most other 

ethnic groups, the prevalence of brca

mutations is low, about one in 400. The 

brca carrier rate among Ashkenazi Jew-

ish men and women is one in 40—10 times 

the background rate. Comprising only 

2 percent of the American population, Ash-

kenazim learned they represented up to a 

third of the country’s brca carriers.

Being the � rst mutation to enter Jewish 

consciousness, 185delag became the best-

studied, most worried-over piece of dna in 

the world. Largely because of it, more peo-

ple have been tested for brca1 than for any 

other human gene. An initial screening of 

the broader Jewish population, conducted 

by the nih in 1996, followed the procedure 

that had succeeded with Tay-Sachs testing. 

Some 5,000 volunteers in the Washington, 

D.C., area were recruited with the aid of 

rabbis and community health o�  cials. � ey 

provided researchers with dna samples and 

histories of any cancers in their families. 

As before, the people who stepped forward 

offered to help even though, in this first 

snapshot of the problem, they were not 

given their individual test results.

rom the nih

study and oth-

ers, scientists

d e t e r m i n e d 

that not every 

brca  carr ier 

was going to 

b e  a f f e c t e d , 

b e c au s e  t h e 

mutations were 

not fully penetrant. Penetrance is a techni-

cal term signifying that a powerful gene may 

pull its punches. Because of incomplete pen-

etrance—because of healthy elderly carriers 

like Shonnie Medina’s grandmother, Doro-

thy—the risk of cancer from 185delag and 

other brca mutations must be expressed in 

terms of probability. � e range of estimates 

is wide. The most hopeful studies suggest 

that just half the carriers will get breast can-

cer during their lifetimes, the least hopeful 

that 90 percent will. � e number given most 

often is 80 percent. � e penetrance of ovar-

ian cancer is lower, in the neighborhood of 

40 percent. Something blunts the thrust of 

the gene, but no female who is a carrier can 

count on that happening.

When news of the Ashkenazi brca was 

conveyed to the Jewish community, it was 

often oversimplified in the direction of 

alarm. Women tended to overestimate their 

risks of carrying a mutation if there were 

any reports or hints of breast cancer among 

their relatives. Newspapers and magazines 

published articles by or about Ashkenazi 

women agonizing over brca. According to 

surveys, Jewish women were much more 

likely to visit a genetic counselor than other 

minorities were. The women knew that if 

they took the test and it was positive, the 

next dilemma would be whether to have a 

preventive mastectomy or to try to circum-

vent the risk with extra mammograms and 

closer surveillance. � e knowledge was like 

the apple that Eve offered Adam. A single 

bite of the apple tempted another, as sis-

ters, aunts, fathers, and daughters submit-

ted their dna for analysis. Positive results 

brought fear and shame, and negative 

results, relief and guilt, the riptides of emo-

tion dividing families.

Pressing to save lives, some scientists rec-

ommended large-scale screening of the Ash-

kenazi population. Others said no, it is too 

soon, better wait for additional studies to be 

completed. But how would such studies be 

used? Would health insurance companies 

call brca a preexisting condition and deny 

coverage? � ere were laws against genetic 

discrimination in health policies, but they 

didn’t apply to life insurance policies. Would 

Jews become an uninsurable class of people?

Orthodox Jews wrestled with all of these 

anxieties and more. Within their circle, as 

Rabbi Ekstein knew better than anyone, a 

diagnosis of breast cancer could prompt 

a woman to seek treatment in another city, 

A single bite of the apple tempted another, as sisters, aunts, 
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lest the people at home find out. High in 

her mind were her children’s marital pros-

pects. If a young person was told that a brca 

mutation had been detected in her family or, 

G_d forbid, that she carried a mutation her-

self, at what point in her courtship was she 

obliged to disclose the information to her 

potential spouse? Should she then be reject-

ed? Ekstein, unable to devise a work-around 

for couples in his care, found the situa-

tion deplorable. “What is the advantage of 

screening for a condition, a mutation, that 

has no treatment?” he demanded to know. 

“It is just making more tragedy. For the rest 

of her life and her future generations, she 

will be burdened with worry.” Ekstein came 

out strongly against the brca test.

But like it or not, the Jewish brca carriers 

were the vanguard. Tanks to the 185delag 

mutation and its two companions, brca has 

become a metonym of cancer risk for every 

woman. When Jewish women enrolled in 

research to test the gene’s penetrance, the 

results were applied to all other ethnicities, 

where mutations were not as common. A 

genetic aberration conceived in isolation 

from the rest of the world was donated to 

the world through science, adding to knowl-

edge of brca’s universal behavior. If there 

was one disadvantage to using Ashkenazim 

in genetic studies, it was that their blood rel-

atives were harder to come by than in other 

groups. Teir extended families tended to be 

smaller, their pedigrees pinched off because 

of Jewish losses in the pogroms of Eastern 

Europe and, more recently, the Holocaust.

In New York, Chicago, Los Angeles, and 

other cities, demand for the tests surged, in 

part because Myriad Genetics, the company 

that owned the patent for brca testing, pro-

moted the service directly to doctors and 

consumers. Te company reported in 2008 

that the number of people taking the test 

was growing by 50 percent every year. Te 

negative findings well outstripped the posi-

tives, but that didn’t dent the demand to 

know. Myriad estimated that half a million 

brca carriers in the United States remained 

to be detected, including 150,000 who were 

Jewish. Among 5 million American Ashke-

nazim, you could figure on 50,000 carriers of 

185delag. Nobody in the genetics profession 

fathers, and daughters submitted their dNA for analysis.

Jeff Wheelwright is a longtime contributor to 
DISCOVER. His new book, The Wandering Gene and 
the Indian Princess: Race, Religion, and DNA, will be 
published in January. Excerpted with permission of 
the publisher, W.W. Norton & Company, Inc. 
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was calling 185delag an Ashkenazi muta-

tion any longer. By this time it had turned 

up in a dozen distant places along the spi-

dery trail of Jewish migration, including 

New Mexico and the San Luis Valley.

Iona’s aunts Wanda and Lupita, who had 

tested positive for the mutation in 2007, 

were diagnosed with breast cancer in 2009. 

Wanda’s case was advanced, and she died 

that spring. Te spate of bad news made it 

impossible for Iona to put off her brca test 

any longer. She was having trouble sleep-

ing. “I realized I was being selfish,” Iona 

said. “It would be selfish of me to put people 

through what Wanda and Shonnie did, if I 

could do something about it.”

Leaving a blood sample at the lab, Iona 

went home to await the result. Her heart 

started beating rapidly. To work off steam, 

she did kickboxing exercises against a heavy 

punching bag. One day she felt a stabbing 

pain in her chest and was taken to the emer-

gency room, believing she’d had a heart 

attack. Instead, she had pulled a muscle. 

Then the genetic counselor phoned: Iona, 

like her late sister and at least 10 of her close 

relatives, was positive for 185delag.

In 2010 Iona enrolled in a new program 

at Penrose Cancer Center in Colorado 

Springs. Called the High Risk Breast Clinic, 

it offered brca carriers a free consultation 

with a breast surgeon, along with mam-

mography or an mri scan. Signing up for 

the program made Iona feel better. Her 

first mri was negative. In her mind, she 

had taken her breast- and ovarian-cancer 

risk under control not through surgery but 

through watchful waiting, the strategy Rab-

bi Ekstein favored. Preventive mastectomy 

was off the table, and after learning more 

about ovarian removal (another preventive 

measure) Iona decided she didn’t want that 

operation either. Te fact that she had tak-

en birth-control pills for years was some-

what protective against ovarian cancer.

The anxiety attacks, the sense of being 

overwhelmed, were past, but in relating 

this, Iona spoke rapidly, giving wide berth to 

her emotions. “Experience shows,” Ekstein 

says, “that even the most highly educated of 

individuals have difficulty using intellect to 

dominate emotions.” 

Iona knew the answer deep in her dna, 

knew the 2,500-year-old mutation that had 

found its way into her body, yes, she knew. 

She knew what her headstrong sister hadn’t. 

Tough Shonnie would not have cared. 



Enlarge the picture of that new 

world whose people hold no grudges 

nor compete to exert control. Their 

behavior conforms to a natural law, 

causing them to overcome the stress 

and pressures of their former lives.

Picture other details of a new-world 

society. People’s activities need no 

supervision as they are guided by what 

reality calls for. There are no locks on 

doors or windows, no legal documents to 

assure honest compliance, no addictions, 

no crime, no poverty, and no deprivation 

of any rightful thing or opportunity.

There are no scoldings or punish-

ments and no stress. There is liberation 

of men, women, and children of every 

race from the tyranny of prejudice. 

There is plentiful food and shelter. 

There is nonpolluting transportation. 

In this new world there is full employ-

ment with unique opportunities avail-

able to everybody.

More important, there is fellow-

ship among people. There are neither 

strangers nor anyone to fear. There is 

stimulating activity as people reason 

from reality to learn from it and to be 

guided by it.

Daily life is an exciting adventure. 

Since there are no confl icting thoughts, 

there are no confrontations.

As people consult nature’s store-

house of knowledge, there are spectac-

ular accomplishments. No prizes are 

awarded, as everybody is attending the 

university of life and learning from its 

boundless source.

Reality results from whatever the 

natural laws deliver.

What creates a new world? The an-

swer is found by people that conform 

to a natural law created by whoever 

or whatever created natural laws. This 

law identifi ed by Richard W. Wetherill 

in 1929 is called the law of absolute 

right: Right action gets right results.

The law defi nes right action as 

thoughts, words, and deeds that are 

rational and honest—nonconformance 

prolongs society’s old    -world problems, 

failures, and affl ictions.

At present writing, billions of peo-

ple worldwide, trying to satisfy their 

confl icting motives, are unknowingly 

causing the societal chaos that is block-

ing the birth of a new world.

Conforming to the principles of 

the law of right action begets a new 

world for those willing to participate. 

Unlike mankind’s laws, philosophies, 

and beliefs, the behavioral law is not 

a product of human intelligence. The 

new world comes into being worldwide 

for people who reason from nature’s 

law of absolute right.

Scientifi c research and discovery 

require identifying various aspects 

of nature to learn their principles and 

functions. In the process researchers 

have mapped the body’s DNA, planet 

Earth, large areas of space, tectonic 

plates, and the ocean fl oor, showing 

that to acquire knowledge and dispel 

beliefs, researchers study nature.

By turning to the creator, Wetherill 

had insight into a behavioral law, 

establishing a new world. Whoever 

or whatever created the universe, its 

people, and its laws intended a peace-

ful and productive society.

Becoming rational and honest en-

ables people to function in a world 

envisioned for the human race by 

whoever or whatever created that 

precious law!
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LIFETIME WARRANTY
ON ALL HAND TOOLS!

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!  See for yourself at one of 
our 370 Stores Nationwide and use this 
20% Off Coupon on one of our 7,000 
products*, plus pick up a Free 9 LED 
Aluminum Flashlight, a $6.99 value. 
We stock Shop Equipment, Hand Tools, 
Tarps, Compressors, Air & Power Tools, 
Woodworking Tools, Welders, Tool 
Boxes, Generators, and much more.

Nobody Beats Our Quality, 
Service and Price!

Over•  20 Million Satisfi ed Customers!
1 Year Competitor's Low Price Guarantee• 

No Hassle Return Policy!• 

100% Satisfaction Guaranteed!• 

SAVE 
46%

SAVE 
50%

SAVE 
60%

LOT NO.  68303/67256/68861 

OSCILLATING 
MULTIFUNCTION 
POWER TOOL

REG. 
PRICE 

$59 .99  $1999 

Item 
 68303 
shown 

SUPER
 

COUPON!

SAVE 
66%

SAVE 
$60

REG. 
PRICE 

$74.99

3 GALLON, 100 PSI 
OILLESS PANCAKE 
AIR COMPRESSOR 

LOT NO.  
95275 

 $3999 

 800 RATED WATTS/
900 MAX. WATTS 

PORTABLE 
GENERATOR 

LOT NO.  66619 

 $8999 
REG. PRICE $149.99

 $999 REG. 
PRICE 

$24 .99 

LOT NO. 5889

 29 PIECE TITANIUM 
NITRIDE COATED 
DRILL BIT SET 

SAVE 
$130

SAVE 
$60

 12" RATCHET 
BAR CLAMP/SPREADER 

LOT NO.  46807 

 $199 
REG. PRICE $8 .99 

SAVE 
77%

8 Functions: Sanding, Cut Flooring, 
Cut Metal, Scrape Concrete, 
Remove Grout, Cut Plastic, 
Scrape Flooring, Plunge Cut
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46%
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LOT NO. 
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$50
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SAVE 
53%
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500 LB. CAPACITY 
ALUMINUM CARGO 

CARRIER 

LOT NO. 92655

 $6999 

3-1/2" SUPER BRIGHT
NINE LED ALUMINUM

FLASHLIGHT

REG. PRICE $6.99
ITEM 65020

Order Online at HarborFreight.com and We'll Ship Your Order370 Stores Nationwide



4840 Westfi elds Blvd., Suite 500
Chantilly, VA 20151-2299

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

Special offer is available online at

www.THEGREATCOURSES.com/7dscy

Please send me Discrete Mathematics, which 
consists of 24 30-minute lectures plus Course 
Guidebooks.

n DVD $69.95 (std. price $254.95) SAVE $185!
 plus $10 Shipping & Handling

n Check or Money Order Enclosed

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

website.

** Virginia residents please add 5% sales tax.

** Indiana residents please add 7% sales tax.

n  n n n 

Charge my credit card:

Priority Code 50895
A N                                                       E. D

S

N ( )

M A

C/S/ZIP

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

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

Special offer is available online at 
www.THEGREATCOURSES.com/7dscy

Offer Good Through: December 9, 2011

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 immediately: 99% of all 
orders placed by 2 pm eastern time ship that 
same day. Order before December 9, 2011, 
to receive these savings.

Discover the World of Discrete Mathematics
in these 24 lectures taught by an acclaimed mathematician.

©
 2

0
1
1
 J

u
p

it
er

Im
ag

es
 C

or
p

or
at

io
n

.

D
iscrete mathematics—the study of 
quantities that can be broken into 
neat little pieces—is a subject off 

the beaten track that most of us followed in 
school. Yet it’s one with vital applications in 
computer science, cryptography, engineer-
ing, and problem solving of all types.

Explore this modern realm of math in 
Discrete Mathematics. These 24 mind-
expanding lectures, taught by award-win-
ning Professor Arthur T. Benjamin, are 
designed to be mathematically rigorous, 
entertaining, and accessible to anyone with 
a basic knowledge of high-school algebra. 
While discrete mathematics covers a wide 
range of subjects, you encounter a generous 
selection of problems, proofs, and applica-
tions in three of its most important fields: 

• Combinatorics: How many ways 
are there to rearrange the letters of 
Mississippi? Central to engaging prob-
lems in combinatorics (the mathemat-
ics of counting) is Pascal’s triangle, 
whose numbers contain some amaz-
ingly beautiful patterns.

• Number Theory: Exploring relation-
ships among numbers leads to intrigu-
ing puzzles. Can every number be fac-
tored into prime numbers in only one 
way? Why do the digits of a multiple 
of 9 always sum to a multiple of 9?

• Graph Theory: Dealing with more 
diverse graphs than those that plot 
data on x and y axes, graph theory 
focuses on the relationship between 
objects in the most abstract sense.

Professor Benjamin describes discrete 
mathematics as “relevant and elegant”—
qualities that are evident in its practical 
power and intellectual beauty. No mat-
ter what your mathematical background, 
Discrete Mathematics will enlighten you, 
entertain you, and offer you an ideal point 
of entry for thinking mathematically.

About Your Professor
Dr. Arthur T. Benjamin is Professor 

of Mathematics at Harvey Mudd College. 
He earned his Ph.D. in Mathematical 
Sciences from Johns Hopkins University. 
The Mathematical Association of 
American has repeatedly honored Professor 

Benjamin’s teaching with awards including 
the Deborah and Franklin Tepper Haimo 
National Award for Distinguished College 
or University Teaching of Mathematics.

About The Great Courses
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 mate-
rial in modern and ancient history, philoso-
phy, literature, fine arts, the sciences, and 
mathematics for intelligent, engaged, adult 
lifelong 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. What Is Discrete Mathematics?
2. Basic Concepts of Combinatorics
3. The 12-Fold Way of Combinatorics

4.  Pascal’s Triangle and the Binomial 
Theorem

5.  Advanced Combinatorics—
Multichoosing

6.  The Principle of Inclusion-Exclusion
7.  Proofs—Inductive, Geometric, 

Combinatorial
8.  Linear Recurrences and Fibonacci 

Numbers
9.  Gateway to Number Theory—

Divisibility
10.  The Structure of Numbers
11.  Two Principles—Pigeonholes 

and Parity
12.  Modular Arithmetic—The Math 

of Remainders
13.  Enormous Exponents and Card 

Shuffling
14.  Fermat’s “Little” Theorem and Prime 

Testing
15.  Open Secrets—Public Key 

Cryptography
16.  The Birth of Graph Theory
17.  Ways to Walk—Matrices and Markov 

Chains
18.  Social Networks and Stable Marriages
19. Tournaments and King Chickens
20.  Weighted Graphs and Minimum 

Spanning Trees
21.  Planarity—When Can a Graph Be 

Untangled? 
22.  Coloring Graphs and Maps 
23.  Shortest Paths and Algorithm 

Complexity
24. The Magic of Discrete Mathematics



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

“...one of the most 

productive charities — 

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

Donate online: www.smiletrain.org or call: 1-800-932-9541
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According to the U.S. Government, women should take sufficient levels of folic acid (400 micrograms/day) during pregnancy to help prevent neural tube defects and reduce the
risk for cleft lip and palate. When folic acid is taken one month before conception and throughout the first trimester, it has been proven to reduce the risk for neural tube defects
by 50 to 70 percent. Be sure to receive proper prenatal care, quit smoking and drinking alcohol and follow your health care provider’s guidelines for foods to avoid during
pregnancy. Foods to avoid may include raw or undercooked seafood, beef, pork or poultry; delicatessen meats; fish that contain high levels of mercury; smoked seafood; fish
exposed to industrial pollutants; raw shellfish or eggs; soft cheeses; unpasteurized milk; pâté; caffeine; and unwashed vegetables. For more information, visit www.SmileTrain.org.
Smile Train is a 501 (c)(3) nonprofit recognized by the IRS, and all donations to Smile Train are tax-deductible in accordance with IRS regulations. © 2011 Smile Train.
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“I’m a bit sad that my fiance 
and I didn’t know about Stauer before 

we got engaged. This ring is so much more 
clear and sparkly than my real diamond!” 

— P.T. FROM BALTIMORE, MD 

She loves natural diamonds. She loves you even more. But
when even the skimpiest solitaires sell for as much as

$1,200, it’s time to reconsider your relationship...
with diamonds. Have you recently overpaid only to be 
underwhelmed? Send it back. You can do bolder. You 
can do brighter. You can own the Stauer 4-Carat 
DiamondAura® Avalon Ring for under $100. 

When “cute” is a four-letter word. If you want to make a
romantic impression, go big. Cute doesn’t cut it. Your love
deserves to be wowed. If you’re a billionaire with money 
to burn, turn the page. Everyone else? What you read next
just might change your love life. There’s only one way to
find out...

We rewrote the rules of romance. Only Stauer’s exclusive lab-created 
DiamondAura gives you the luxury look of large-carat diamonds for a
fraction of the price. The ingenious DiamondAura process involves the
the use of rare minerals heated to incredibly high temperatures of nearly
5000˚F. After cutting and polishing, scientists create a faultless marvel
that’s optically brighter and clearer with even more color and fire than a
“D” flawless diamond.

Our exclusive DiamondAura jewelry features all of the classic 
specifications, including color, clarity, cut and carat weight and is hard
enough to cut glass. You get the look of natural stones, without the 
outrageous cost.

Experience the luxury of money in the bank. We “built” our own mined
diamond version of this ring online at a popular jewelry site and the grand
total was $77,767! Today you can wear this 3 ¾ carat lab-created 
DiamondAura solitaire,  accented with 32 gleaming DiamondAura
rounds in fine .925 sterling silver for only $99! That’s good, but you 

deserve better. Order now and we’ll include the matching 1-Carat 
DiamondAura Avalon Earrings and $300 in Stauer Gift Coupons...
absolutely FREE. That’s right, 5 total carats of DiamondAura in
sterling silver for under $100. Plus, one dozen $25 coupons that
you can use at Stauer every month for a full year. Talk about money
in the bank!

Your satisfaction is guaranteed. If for any reason you don’t 
absolutely adore your DiamondAura Avalon Ring, return it within
30 days for a full refund of your purchase price. But we promise
that once you get a look at the Avalon up close, you’ll see love in a
whole new light.

URGENT: Diamond Ring Recall
Experts warn that millions of rings may be “romantically defective”  when compared to the 
spectacular 4-Carat DiamondAura® Avalon

EXCLUSIVE

BONUS OFFER! 

Order today to get
these 1-Carat 

DiamondAura®

sterling silver studs

PLUS

$300 in Stauer 
Gift Coupons!*

14101 Southcross Drive W., 
Dept. AVR164-03
Burnsville, Minnesota 55337

DiamondAura® Avalon Ring (4 ctw)—$295 $99 + S&P

Specify ring whole size 5-10 when ordering. 

Receive FREE earrings with purchase of the Avalon 

DiamondAura® Ring *PLUS receive $300 in Stauer Gift 

Coupons per order FREE—$25 to use every month for 12 months,

with NO MINIMUM PURCHASE REQUIRED.

Call now to take advantage of this extremely limited offer.

Promotional Code AVR164-03
Please mention this code when you call.

For fastest service, call toll-free 24 hours a day

1-800-721-0357

www.stauer.com
Stauer

®

Stauer has a Better Business 
Bureau Rating of A+

Lim
ited 

to the first 

2500 respondents
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$300 TO $1000 WEEKLY 
Assembling Products. Free Information 

Rush SAE: Inkling Press Box D28

105 Morin Street, Field; ON. Canada P0H 1M0

T RAV E L

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.

CLASS IF IEDS

Discover a New Way to Travel 
through Greece and Turkey

Mycenae. Delphi. Ephesus. Sardis. Experience 
these and other sites through the eyes of an 
archaeologist and scholar whose historical 
knowledge and depth of insight go far beyond 
any ordinary travel narrative and guidebook. The 
Great Tours: Greece and Turkey, from Athens 

to Istanbul, with its vibrant commentary and 
extensive fi eld footage, offers a rich resource for 
travelers preparing to visit these lands—and a 
multilevel cultural journey that can be enjoyed just 
as well from home.

Save

$185

1-800-832-2412

priority code 50897

plus $10 Shipping & Handling

The Great Tours: Greece and Turkey, 
from Athens to Istanbul
Course No. 3231
24 lectures / 30 minutes per lecture

NOW JUST

DVD   $254.95   $69.95www.thegreatcourses.com/7win
Offer expires 12/09/11

SIGN UP FOR DISCOVER’S EMAIL 

NEWSLETTERS
Select from our weekly General Science, 
or any of our monthly topical newsletters.

SIGN UP TODAY FOR FREE!

Go to DiscoverMagazine.com to sign up!

Sign up for:
 M General Science (every Thursday): The best science news from around the world

 M  Technology (1st Tuesday): Computers, Gadgets, Nanotech, Weapons & Security

 M Health & Medicine (2nd Tuesday): Stem cells, Cancer, Infectious Diseases, Health Policy

 M Living World (3rd Tuesday): Climate Change, Evolution, Endangered Species, Strange Animals

 M Physical Science (4th Tuesday): Exoplanets, Dark Matter, Private Space� ight, the LHC
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THINGS YOU DIDN’T 
KNOW ABOUT ALCOHOL
By LeeAundra Keany

1. Sobering disclaimer: � e family of compounds 

known as alcohols are all toxins that can kill you, 

whether instantly, quickly, or gradually. 2. Yet one 

of them—ethyl alcohol, or ethanol—is a staple of 

the human diet. Archaeologist Patrick McGovern 

speculates that fermented beverages were made as 

early as 100,000 years ago, when people � rst spread 

out of Africa. 3. � e seeds Johnny Appleseed sold 

to farmers throughout Ohio and Indiana produced 

apples that were inedible, but perfect for making 

hard cider. 4. According to the Drunken Monkey 

Hypothesis, our zest for alcoholic beverages derives 

from our distant ancestors’ impulse to seek the 

ripest, most energy-intensive fruits. 5. Designated 

driver at the zoo: � e Malaysian pen-tailed treeshrew 

routinely chugs the equivalent of nine glasses of 

wine a night in naturally fermented nectar, and yet it 

remains fully functional. 6. For a treeshrew, that is. 

7. Fermentation occurs when enzymes, typically pro-

duced by yeast, convert sugar molecules in grapes or 

grains into ethanol. 8. � at process can also happen 

in your digestive system, spiking every 100 ml of 

blood with 0.01 to 0.03 mg of alcohol. 9. Seriously, 

o�  cer! Japanese doctors have observed patients 

with “auto-brewery syndrome,” in which high levels 

of candida yeast in the intestines churn out so much 

alcohol that they can cause drunkenness. 10. No 

digestion required. Ethanol is such a small, simple 

molecule—just two carbon atoms, six hydrogens, 

and a spare oxygen—that it pours directly out of the 

stomach and small intestine into the bloodstream. 

11. A lean, muscular person will be less a� ected by 

drink than someone with more body fat: Water-rich 

muscle tissues absorb alcohol e� ectively, prevent-

ing it from reaching the brain. 12. Drunkenness is 

considered an impairment of the neurons in your 

head, but Australian researchers recently reported 

that part of the feeling may result instead from the 

e� ect of ethanol on the brain’s immune system. � e 

� nding could lead to new treatments for alcoholism. 

13. � e times they are a-changin’. In 1895 Anheuser-

Busch launched Malt-Nutrine, a 1.9 percent-alcohol-

content beer prescribed by physicians as a tonic 

for pregnant women and a nutritional beverage for 

children. 14. Until 1916 whiskey and brandy were 

listed as scienti� cally approved medicines in the 

United States Pharmacopeia. 15. Drinking and driv-

ing: Surplus wine in Sweden is distilled into ethanol, 

mixed with gasoline, and sold to service stations. 

16. Ethanol was widely used as an industrial fuel in 

America until a tax on alcoholic beverages, levied 

to help pay for the Civil War, prompted a switch to 

kerosene and methanol. 17. Methanol, a distillation 

of wood pulp, can destroy the optic nerves. “Blind 

drunk” was Prohibition-era slang for damage 

caused by drinking grain alcohol that had been cut 

with methanol by unscrupulous bootleggers. 

18. Interstellar brewery: � e nebulas where stars 

form abound with hydrogen, carbon, and oxygen, 

the atomic building blocks of alcohol. 19. Sure 

enough, astronomers found vast quantities of etha-

nol—as much as that in 400 trillion trillion beers—

in G34.3, an interstellar cloud 

some 10,000 light-years from 

Earth. 20. Resolution for 2012: 

Don’t stare at the cork. � e 

carbon dioxide in champagne 

bottles creates 90 pounds of 

pressure per square inch, three 

times the pressure in automobile 

tires. Flying corks can cause 

retina detachment, double 

vision, and blindness. 

Happy New Year! 
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