
S P E C I A L  A N N I V E R S A R Y  I S S U E

THIRTY YEARS THAT 
CHANGED EVERYTHING

1980
2010

EXPANDING YOUR UNIVERSE

OCTOBER 2010

DISCOVERMAGAZINE.COM

$
5
.9

9
 U

.S
. 

worldmags

http://DISCOVERMAGAZINE.COM


LET’S HELP TO KEEP THE SKIES BLUE.
LET’S GO.
We all need clean air. Not just for today’s kite-flying trip, but for future 
generations who want to live and play under clearer blue skies. That’s why, for 
example, at Shell Brazil, we’ve created a fuel oil for factories that can cut soot 
emissions by 30-76%. It should help Raul and his friends breathe a little easier. 
Just one of the many things we’re doing to help build a better energy future. 
Let’s go. www.shell.us/letsgo

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

TRAFFIC LEGEND z

Pull from: W07861-A57
Job No: SCO CI 
W07861-A101
Description: Corp ads

Trim: 8 x 10.5
Bleed: 8.25 x 10.75
Prepared by JWT/Houston 
Print Specs: full page CMYK

Media Issues: Black Enterprise
Creative Director: studio
Art Director: studio
Account: Peck

Production: Archibald
Traffic: Perez
Vendor: TBD
Studio: Please see initials 

Filed:
Output Size:

ROUTING SIGNATURE DATE O.K. CHANGE REVISION NUMBER

PRODUCTION

PROOFREADER

COPYWRITER

ART DIRECTOR

ACCT. EXEC.

TRAFFIC

W07861-A162_KiteAd_8x10_5.indd   1 8/2/10   3:07 PM
DV101001.indd   1 8/2/10   5:08:14 PM

worldmagsworldmags

worldmags

http://www.shell.us/letsgo


contents ///  october 2010

How Far We’ve Come | 28

Twelve breakthroughs that transformed the world. ASTRONOMY: planets 

discovered around other stars. PALEONTOLOGY: dinosaurs demystified. 

ANTHROPOLOGY: mankind’s ancestors unmasked. MEDICINE: the rise of 

cell therapy. MATERIALS: controlling individual atoms. BRAIN: conscious-

ness mapped. SPACE: seeing the real solar system. GENETICS: secrets 

of the human genome. PHYSICS: the hidden unity of nature. 

TECHNOLOGY: transformed by the Web. COSMOLOGY: taking the mea-

sure of the universe. ENVIRONMENT: making sense of climate change.

Where Do We Go From Here? | 54

Some of the sharpest minds in science today do a bit of informed 

crystal-ball gazing: Ken Caldeira on clean energy, Jack Horner on bring-

ing back dinosaurs, Oliver Sacks on brain plasticity, Sylvia Earle on 

exploring the deep seas, Rodney Brooks on robotics, Debra Fischer 

on the search for alien life, Tachi Yamada on eradicating childhood 

disease, Neil Turok on what came before the Big Bang, Ian Wilmut on 

cellular medicine, Sherry Turkle on privacy, and Brian Greene 

on a theory of everything.

1980 2010
DISCOVER published its first issue in October 1980. In 

the 30 years since, scientific discovery has touched nearly 

every aspect of our lives. Here we look back at the great 

changes—and peek ahead at the marvels yet to come.
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magazines. And you’re far from alone.

Readership has actually increased over the past fi ve years. Even
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now read more issues per month than their parents. Rather than
being displaced by “instant” media, it would seem that magazines
are the ideal complement.

The explanation, while sometimes drowned out by the Internet
drumbeat, is fairly obvious. Magazines do what the Internet doesn’t.
Neither obsessed with immediacy nor trapped by the daily news
cycle, magazines promote deeper connections. They create
relationships. They engage us in ways distinct from digital media.

In fact, the immersive power of magazines even extends to
the advertising. Magazines remain the number one medium
for driving purchase consideration and intent. And that’s essential
in every product category.
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ILLIAC IV SUPERCOMPUTER

ILLIAC IV was a pioneering but infamous 
supercomputer that started up in 1974 
after years of delays and cost overruns. 

Particles fly in a collision of ion beams at the Large 
Hadron Collider’s ALICE detector in France.
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Math Can’t Predict Terror

It is patently absurd to think 

that you can call the gathering 

of statistics on acts of violence 

“predictive modeling” [“Math-

ematics of Terror,” July/August, 

page 38]. � e acts of humans 

create the statistical values—

not the other way around. 

Actions are dictated by avail-

ability of resources, emotions, 

and a variety of other factors 

too numerous and unpredict-

able to list. It is common sense 

that large-damage events are 

less frequent. � e � rst time 

Neil Johnson predicts a terror-

ist event with any accuracy, 

I will eat my hat.

William Kremer

watsonville, ca

Who Are You Calling Old?

I must express my disappoint-

ment with your article about 

the older woman with delirium 

[“Vital Signs,” page 32]. Refer-

ring to a 65-year-old patient as 

a “little old lady” and “elderly” 

with a photo of a woman 

clearly much older conspired 

to create the impression that 

we 65-year-olds are quite a bit 

over the hill. � at is not the 

case! I am employed full-time 

in a library, and I like to discuss 

the mysteries of quantum 

physics with friends.

 Anne Hollingworth

dallas, tx

Hunting for ET @Home

I enjoyed the article on the 

search for extraterrestrial 

intelligence [“Call Waiting,” 

page 84], but I was discour-

aged to see no mention of 

the SETI@home project. 

Millions of people, myself 

included, have downloaded 

a simple program and screen 

saver from SETI (setiathome.

berkeley.edu) that works in the 

background to analyze radio 

signals. It’s exciting to know 

I am making a contribution. 

Who knows—maybe someday 

we will be successful.

Leo White 

fairless hills, pa

WIMPs Under the Streetlight

As I read about physicist Elena 

Aprile and her search for 

dark matter [“� e Dark 

Hunter,” page 44], I couldn’t 

help thinking of the experi-

ment in the context of the 

“streetlight e� ect” [page 54]. 

Weakly interacting massive 

particles (wimps) are proposed 

as a mechanism for dark 

matter because they are the 

most promising o� ered by 

the standard model. But that 

seems like we’re limiting our 

search to where the light is 

better. Is anyone thinking of 

alternate mechanisms?

 Jack Butler

eureka, ca

the editors reply:

Astronomical observations pro-

vide strong evidence that dark 

matter is in fact an exotic form 

of matter. For instance, it seems 

to clump together in ways that 

roughly mirror the distribution 

of visible matter. Nevertheless, 

some physicists are exploring 

alternatives, including modi ed 

Newtonian dynamics, which 

tweaks the laws of gravity in a 

way that makes the existence of 

dark matter unnecessary. [See 

“Gravity’s Gad
 y,” August 2006, 

page 32.]

30 Years of Reader Mail

From the start, discover

readers have not been shy about 

voicing their opinions. 

Here are some of our favorites:

� is has to be without doubt 

the greatest magazine ever 

published. ◆ Your last issue 

was given to my wife for use 

as litter in a hamster cage. At 

least there it may have some 

value. ◆ discover is the only 

magazine that continually 

manages to convert scienti� c 

gobbledygook into something 

readable and understandable 

to the layman. ◆ What has hap-

pened to discover? Instead 

of being an interesting science 

and technology magazine, it 

has become no more interest-

ing than, say, Ladies’ Home 

Journal. ◆ I have come to the 

awareness/realization that the 

equation E = mc 2 is incomplete 

and needs to be reformulated. 

I have this reformulated equa-

tion and would pass it on to 

you if you are interested. [Other 

writers have reformulated 

quantum physics, cured disease, 

and uncovered the true nature of 

gravity. —Ed.] ◆ I am extremely 

disappointed in the overtly 

political tones your articles are 

taking. ◆ I am re-subscribing 

to discover because of your 

decision to publish articles 

based on the science and not 

the political implications. ◆ If 

I wanted liberal political BS, 

I would listen to the lies of Al 

Gore. ◆ Is the Bush administra-

tion on your editorial board? ◆ 

I have found that the mass of 

domestic cats in a state of rest 

is increased due to the accre-

tion of dark matter.

MAIL

Send email to 
editorial@discovermagazine.com.

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

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

july/august 2010
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FOR WOMEN IN SCIENCE:
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21ST Century Policy & Politics

DISCOVER &

Evolving scientifi c theory and practice continue to infl uence the future of our nation, 

our world, and the individuals who seek careers in science. This panel discussion 

will respond to how state and federal public policy is promoting or hindering the 

advancement of female scientists; how the broader application of Title IX has affected 

women pursuing science education and careers; and whether the emphasis on 

gender diversity in the workplace has become mainstream in scientifi c disciplines.

CONGRESSIONAL SPONSOR

REP. EDDIE BERNICE 

JOHNSON,
(D-Texas)

MODERATOR

SHERIL KIRSHENBAUM,
Author of Unscientifi c America & 
Discovermagazine.com Blogger 

Assistant Secretary for Civil Rights,
U.S. Department of Education

RUSSLYNN ALI,

Head, Education and Human 
Resources, American Association 
for the Advancement of Science

DR. SHIRLEY MALCOM,

For more information, please e-mail events@discovermagazine.com

PRESENT

Sterling Professor of Molecular Biophysics 
and Biochemistry, Yale University

DR. JOAN STEITZ,

RD

what’s past is 
prologue

thirty years ago this month, a group of edi-

tors from Time magazine launched discover, a new 

magazine that would explain the amazing advances of 

science in a format and style that any curious reader 

could enjoy. Some of the topics we covered in our  rst 

issue look rather quaint today—talking cars, debunking 

Bigfoot—but the spirit has remained true. 

Along the way, we have constantly sought better 

ways to bring the stories of science to the public. Some 

of those innovations have been dramatic: We were one 

of the  rst magazines to venture onto the Internet, way back in 1994, and have since added news feeds, 

blogs, photo galleries, and video. Some of the innovations have been more subtle. In this issue you will  nd 

three new typefaces and a number of design re nements to make discover more attractive and readable. 

� is month’s cover also re� ects a mix of something old, something new. � ose mountainous, metallic 

numbers are composed of ferro� uid—a magnetic liquid developed by nasa engineers in the 1960s. Our 

prop engineer, Frank Conrad, experimented to  nd the artistic side of this substance. “Once united with 

a powerful magnet, ferro� uid becomes a frictionless hydrofoil, zipping speedily around in search of other 

ferric objects and causing havoc,” he reports. Fortunately, photographer Nicholas Eveleigh found that the 

dance of the ferro� uid can also be quite beautiful.

Finally, I can’t let go of the old-and-new theme without noting two people in this issue who also appeared 

in the  rst. One is ocean explorer Sylvia Earle (pro led in October 1980), who remains as dedicated as ever 

to plumbing the mysteries of the deep. � e other is senior editor Pamela Weintraub, a member of discover’s 

inaugural sta�  who returned to the magazine in 2007, bringing her own dedication to narrative storytelling. 

In the grand, shoulders-of-giants tradition, we are mindful of the past but look to the future. When sci-

ence yet again transmutes the unimaginable into the imaginable, we will be there to tell the tale.

EDITOR’S NOTE

Corey S. Powell, editor in chief
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Night Life

the moment

Patrick Grootaert, an 

entomologist with the 

Royal Belgian Institute of 

Natural Sciences in Brus-

sels, collects insects in the 

Democratic Republic of 

the Congo. Grootaert is 

part of an international 

team working to catalog 

the biodiversity of forests 

along the Congo River and 

evaluate human impacts 

on the region. An ultraviolet 

light allows the research-

ers to attract and observe 

nocturnal insects that are 

di�  cult to study during 

the day; the shirt draped 

over Grootaert’s head 

keeps bugs out of his ears. 

Among the 5,000 insect 

specimens collected is a 

millimeter-long � y that 

seems to represent a previ-

ously unknown genus. 

the shot

Photograph by Kris 

Pannecoucke using 

a Canon EOS-1D Mark IV 

camera, 19mm lens, 

f/2.8, ISO 1250, 1/60 second.
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in 2006 wildlife specialist al 

Hicks of the New York State Depart-

ment of Environmental Conservation 

received a worried phone call. While 

conducting their biannual survey of 

the local bat population, his surveyors 

had walked into a cave near Albany 

and found themselves surrounded 

by death. Where two years ago there 

had been a thriving colony, thou-

sands of bat carcasses littered the 

cave 
 oor. � eir bodies bore strange 

white spots, especially around their 

noses. Hicks had never heard of any-

thing like it, and other bat research-

ers who saw photographs of the vic-

tims were equally ba�  ed.

Bats became the latest addition to 

a list of animals hit by sudden, mys-

terious declines. Around the same 

time Hicks’s team visited the cave, 

beekeepers began to report that 

Data
Big
Idea

What Is Killing America’s Bats?

their colonies were disappearing. 

In 2004 the International Union for 

the Conservation of Nature (IUCN) 

declared a third of the world’s known 

amphibian species threatened or 

extinct. And a long-term study of 

17 snake species spanning three 

continents published this summer 

found that 11 were rapidly dwindling. 

In many cases, the declines prob-

ably have multiple causes, including 

habitat loss, pollution, and climate 

change. But among some creatures, 

like the bats, disease seems to be the 

primary culprit. Wildlife researchers 

are now fighting back, working to 

identify and understand the deadly 

pathogens and testing ways to pro-

tect the remaining healthy animals.

� e white spots on the bats were 

an early clue that something unusual 

had killed them. Hicks collected 

several bodies and sent them to labs 

around the country. Microbiologist 

David Blehert of the National Wildlife 

Health Center in Madison, Wiscon-

sin, isolated a previously unknown 

strain of Geomyces, a fungus that 

normally feeds on dead organic mat-

ter. It thrives at low temperatures—a 

trait that � t with Hicks’s observation 

that only hibernating bats seemed 

to be a� ected by the disease, which 

came to be known as white-nose syn-

drome. “� is strain fails to recognize 

the di� erence between dead organic 

matter and living tissue,” Blehert 

says. When bats go into hibernation, 

their body temperature drops and 

the fungus takes hold, eating away 

at the animals’ muzzles and wings. 

Although the fungus, which Ble-

hert called Geomyces destructans, 

has not been definitively linked to 

white-nose syndrome, many sci-

entists consider it the most likely 

cause. It has turned up everywhere 

the syndrome has appeared. And 

the outbreak is spreading. Bats of 

at least six species in eastern North 

America have been a� ected. In some 

caves, every bat has succumbed. � e 

total death count runs to more than 

a million animals, leading the U.S. 

Fish and Wildlife Service to describe 

white-nose syndrome as “the worst 

wildlife health crisis in memory.” 

Since females of many species give 

birth to just a single o� spring each 

year, populations could remain 

depressed for a long time to come. 

And a bat crash could leave us with 

larger numbers of a less desirable 

species: A single bat can consume as 

many as 600 mosquitoes in an hour.

Frogs and other amphibians, 

meanwhile, are battling a killer fun-

gus of their own. Infection with 

Batrachochytrium dendrobatidis, or 

Bd, triggers a disease called chytrid-

iomycosis. It has been implicated in 

the decline or extinction of up to 200 

A little brown 
bat, appar-
ently a victim 
of white-nose 
syndrome, 
undergoes a 
necropsy. 
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Buzz-

words

WHITE-NOSE SYNDROME

A new disease that is killing record 
numbers of bats. Symptoms 

include white spots on the nose 
and wings, as well as unusual 

behavior, such as flying outside 
during daylight in cold weather.

CHYTRIDIOMYCOSIS  
A fungal disease affecting 

global amphibian populations. 
Infection interferes with 

the function of the animals’ 
cardiovascular system, eventu-

ally killing them. 

ELECTROLYTE IMBALANCE  
Abnormal levels of mineral ions. 

Amphibians with chytridio-
mycosis lose the ability to 

absorb such ions through their 
skin, and this disrupts muscle 

and nerve function.

VIOLACEIN 
An antifungal compound pro-

duced by bacteria on the skin of 
certain amphibians. Violacein-
producing bacteria may help 

protect wild amphibians against 
chytridiomycosis. 
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GOOD NEWS

≥ Researchers with 
the National Oce-
anic and Atmospheric 
Administration suggest 
a new strategy for 
controlling invasive 
lionfish: Eat them. The 
agency adds that the 
destructive fish are 
“delicious.” 

≥ Cornell University 
announced that its 
robot, Ranger, has 
set a nonstop walking 
distance record of 
14.3 miles. The feat 
displaces the 12.8-mile 
trip logged by Boston 
Dynamics’ BigDog.
 

≥ If your neighbors 
are pigs, take heart. 
Danish scientists 
have developed a 
new technique for 
tracking “odorous 
compounds” from pig 
farms, which could 
aid efforts to regulate 
offenders. 

≥ Genetically modi-
fied plants are going 
rogue. Ecologists have 
found the first evi-
dence of established 
populations of trans-
genic canola in the 
wild along roadsides in 
North Dakota. 

≥ Foreign accents 
arouse suspicion. A 
University of Chicago 
study finds that non-
native English speak-
ers receive lower 
credibility ratings 
when reading fac-
tual statements, even 
when listeners are told 
the content is from a 
prepared script. 

≥ California’s state 
rock may lose its title. 
State lawmakers want 
to demote serpentine 
on account of its 
asbestos content.

BAD NEWS
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Data
Science
News

species of frogs alone; the IUCN has 

declared Bd to be “the worst infec-

tious disease ever recorded among 

vertebrates in terms of the number 

of species impacted and its propen-

sity to drive them to extinction.” 

Close study of Bd-infected ani-

mals o� ers a glimmer of hope, how-

ever. � e fungus kills by blocking the 

transport of sodium and potassium 

ions across amphibians’ skin, causing 

an electrolyte imbalance and eventu-

ally shutting down the cardiovascular 

system. But some amphibians carry 

the fungus while displaying no symp-

toms. Reid Harris, a biologist at James 

Madison University in Virginia, is 

examining salamanders with natural 

resistance in hopes of � nding a pre-

ventive treatment. He noticed that 

the skin of resistant red-backed sala-

manders hosts a bacterium, Janthi-

nobacterium lividum, that produces 

an antifungal compound called viola-

cein. To test whether violacein might 

protect against the disease, Harris and 

his team bathed a group of mountain 

yellow-legged frogs in the salamander 

skin bacterium while another group 

went untreated. They then exposed 

all of the frogs to Bd. Every untreat-

ed animal died of chytridiomycosis, 

but those bathed in the bacterium 

showed no symptoms. Harris is now 

exploring ways to increase wild pop-

ulations of these protective bacte-

ria. He hopes to isolate strains from 

ponds and grow them in culture, then 

capture, treat, and release frogs. “� e 

idea is to augment bacteria that are 

already there,” he says.

Resistance may hold the key to 

saving bats as well. In March 2009 a 

hibernating bat with a white spot on 

its muzzle—otherwise in apparently 

good health—was found in France, the 

� rst con� rmed sighting of the fungus 

outside of North America. Since then, 

Blehert and colleagues have found 

bats that are similarly unharmed by 

Geomyces in three more European 

countries; this hints that populations 

there may be resistant. Now the race 

is on to � gure out what protects some 

animals and to extend that protection 

to others.  daniel lametti

ASTRONOMY BEAT

Secrets of the 
Superplanets

not every stellar wannabe 

has what it takes to � re up an 

internal nuclear reactor—some 

gassy balls are just too puny to 

fuse hydrogen into helium in 

their cores. � ese failed stars, or 

brown dwarfs, inhabit a peculiar 

gray area between large planets 

and small stars, and their split 

personalities are providing sci-

entists with new ways to learn 

about both kinds of objects. 

In April an international team 

announced that it had found a 

brown dwarf just nine light-years 

away, the closest one ever detect-

ed. � at dwarf is also the coolest 

starlike body ever observed, with 

a temperature of just 350 degrees 

Fahren heit, more suitable for 

baking cookies than fusing 

hydrogen. Caltech astronomer 

Davy Kirkpatrick, who works on 

related research, says that brown 

dwarfs like this one seem to have 

compositions similar to those of 

the giant planets detected orbit-

ing faraway stars. Such planets 

are di�  cult to study directly, so 

data from dwarfs might serve 

as a stand-in, helping astrono-

mers model planet formation. 

“It’s hard to observe exoplanets 

because there’s a star in the way,” 

he says, “but brown dwarfs are 

very similar, and you can see 

them in isolation.” 

Penn State astronomer Kevin 

Luhman has already unearthed 

some surprises in his observa-

tions of brown dwarf systems. 

In May his team spotted a 

planet-size object (its exact 

classi� cation is still uncertain) 

orbiting a brown dwarf that 

is only a million years old; in 

contrast, Earth needed at least 

10 million years to coalesce, 

suggesting that “nature has two 

very di� erent ways of making 

small companions to stars,” 

Luhman says. Whereas Earth is 

thought to have formed by the 

gradual gravitational accretion 

of material long after the sun 

formed, the brown dwarf and its 

consort may have formed almost 

simultaneously. Other astrono-

mers are examining the smallest 

known brown dwarfs—which 

are around 10 times as mas-

sive as Jupiter—to determine 

the minimum mass needed for 

gravity to pull a pocket of gas and 

dust together to form a star.

Nearly 1,000 brown dwarfs 

have been spotted so far, and a 

survey by the recently launched 

WISE (Wide-� eld Infrared Survey 

Explorer) satellite should soon 

give astronomers thousands 

more such objects to study.     

             andrew grant

An illustration of a low-mass star, two brown dwarfs, 
and Jupiter, compared with the sun (far left). 
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EARTH SCIENCE BEAT

Become a Human Seismograph
If you feel the earth move, the 

U.S. Geological Survey (USGS) 

wants to hear about it. At the 

agency’s “Did You Feel It?” 

Web site, anyone can contrib-

ute data on earthquakes by 

answering simple questions 

such as “Did it wake you up?” 

and “Did items fall off shelves?” 

Using your local reporting, site 

creator and USGS geophysicist 

David Wald says, researchers 

can build in a matter of minutes 

a zip code–based seismic-

intensity map that used to take 

up to a year to generate.

Since its global launch in 

2005, the online reporting 

system has helped to fill gaps 

in seismic monitoring outside 

well-studied sites like Califor-

nia, documenting microquakes 

that often escape detection. 

In some instances, such as 

the earthquake that shook 

Maryland this past July, the 

maps have helped scientists 

correct their assessments of 

an earthquake’s magnitude and 

epicenter. “Anyone who wit-

nesses an earthquake can be 

just as accurate as an expert—

maybe even more so—when it 

comes to reporting it,” Wald 

says. In addition to improv-

ing the scientific record, the 

USGS says the crowd-sourced 

data can also help emergency 

responders focus quickly on 

the hardest-hit areas to provide 

a rapid response.

  LEEAUNDRA KEANY

Data
Science
News
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Laugh Well, Live Well

BIOLOGY BEAT

A good laugh may be the next-best 

thing to a workout. Researchers have 

long known that laughter boosts the 

immune system, lowers cholesterol and 

blood pressure, and reduces stress. In 

a preliminary new study, psychoneuro-

immunologist Lee Berk and his team 

at Loma Linda University in California 

show that the parallels between laugh-

ing and exercise go even further: Shifts 

in appetite hormones following a case 

of the giggles resemble the effects of a 

moderate session at the gym. 

Berk measured blood levels of ghre-

lin, a hunger-regulating hormone, before 

and after 14 study participants watched 

20 minutes of humorous TV (selected 

from a menu including Saturday 

Night Live, Bill Cosby’s stand-up, and 

Seinfeld). He then compared the data 

with hormone levels recorded before 

and after the test subjects watched 

the distressing opening battle scenes 

of Saving Private Ryan. Regardless of 

the order in which they saw the clips, 

people’s ghrelin concentrations spiked 

after the funny session, “just like after a 

workout,” Berk says. 

Elevated levels of ghrelin signal the 

brain that the body is using energy and 

will soon need more fuel. Laugh therapy 

will not replace exercise for weight 

loss, then, but it could help people with 

conditions that cause appetite loss, such 

as depression and chronic pain. Berk is 

now studying whether laughter can also 

reduce inflammation associated with 

many illnesses, including cancer and 

heart disease. AMBER ANGELLE

Numbers
UNKNOWNS BY VALERIE ROSS

96
Percent of the universe consisting of unknown components. 23 percent is thought 
to be made up of poorly understood dark matter, detectable only by its gravitational 
pull on other material, and 73 percent is dark energy, a completely enigmatic entity 
that seems to play a role in the accelerating expansion of the universe. Ordinary 
matter, which makes up the atoms of familiar objects as well as stars and the visible 
portions of galaxies, accounts for just 4 percent of the cosmos. 

12,500
Approximate 
number of 
genes in 
the human 

genome whose function remains undetermined. These 
represent about 50 percent of the total estimated 
number of human protein-encoding genes. And genes 
make up only about 2 percent of the entire genome. 
Portions of the remainder help to regulate gene activity, 
but just how much is useful and how much is truly “junk” 
remains a mystery. About 3.5 percent of our genome 
consists of non-protein-coding DNA that we share with 
mice and rats but whose function is not known. 

Conservative estimate for the 
number of undescribed spe-
cies on the planet; the figure 
may be as high as 50 million. 
Only about 1.9 million species 
have been given scientific 
names. Vast numbers of bac-
teria, insects, and creatures 
of the deep sea remain 
undescribed. Today’s species 
are thought to represent less 
than 1 percent of all species 
that have ever lived. 

85
B ILL ION

Estimated number of cells in the human brain that are not neurons, according to 
a 2009 study by Brazilian neuroscientists. Neurons make up less than 50 percent 
of all brain cells. Researchers have only recently begun to catalog the functions 
of the remaining cells, known as glia. They may supply crucial insulating material 
for neurons, called myelin; digest and clean up dead cells in the brain; and help 
form and maintain the connection points between neurons and other cells.
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PHOTO GALLERY

Cleaning Up Space Junk

It has been 53 years and more than 4,500 launches 
since the dawn of the space age, and Earth’s orbit is 
a junkyard: The debris includes everything from spent 
rocket stages to frozen urine. Scientists are finally 
turning their attention to cleaning up the clutter.

discovermagazine.com/web/space-junk

DISCOVER Invites Its Readers to 
Predict the Future
In this 30th-anniversary issue, you’ll read about the experts’ hopes for the 
future of science and see a fearsome list of ways the world could end. 
Now we invite you to share your own hopes and fears. What will be the biggest 
scientific breakthrough of the next 30 years? What could go wrong?

discovermagazine.com/web/hopes
discovermagazine.com/web/fears

Joe Genius

Check out backyard science gone wild on Joe Genius, 
DISCOVER’s new online TV show. At-home experi-
menters push their skills to the limit (and beyond), 
building rockets, robots, and more. Hosted by comedian 
Jonah Ray, episodes reveal epic failures and thrilling 
successes—and the science behind it all.

discovermagazine.com/web/joe-genius

BAD ASTRONOMY 

Cosmic X-Rays 
Temporarily Blind 
NASA Satellite! 

On June 21, an intense blast of
 X-rays from a distant explosion 

beyond the Milky Way galaxy slammed 
into NASA’s Swift satellite. It was so 

bright, Phil Plait tells us, that it tempo-
rarily blinded the observatory.

SCIENCE NOT FICTION

Yes, We Should Clone 
Neanderthals

We have tried to resurrect other extinct 
species, so why should extinct hominids 

be any different? Kyle Munkittrick 
says we “owe it to humanity” to 

clone Neanderthals and see what they 
teach us about ourselves.

THE LOOM

Discover Your 
Inner Godwit

The bar-tailed godwit can fly from 
Alaska to New Zealand nonstop, 

which causes its metabolism to rise to 
eight times its resting rate. 

Carl Zimmer explains how such a
 feat is possible. 

THE INTERSECTION

Under the Microscope: 
Feminism, Scientists, 

and Sexiness

Sheril Kirshenbaum finds 
herself included on a blogger’s 

list of “sexy scientists” and pens
 a thoughtful response. 

GENE EXPRESSION 

Disease as a By-product 
of Adaptation

 
A recent study found a gene that 

gives African Americans an increased 
risk of kidney disease—but also seems 
to protect against sleeping sickness. 

Razib Khan explores the findings.

NOT EXACTLY ROCKET SCIENCE

How I Got 
My Genes Tested

Ed Yong spits into a tube and sends 
the sample off to the personal genetics 
testing company 23andme. He finds 

that the test results are harder to 
interpret if you’re of Asian rather than 

European descent. 

80BEATS

Photos From the 
Gulf’s Great Sea Turtle 

Relocation

DISCOVER’s daily news blog has 
covered every aspect of the Gulf of 
Mexico oil spill and recovery efforts. 

One of the most dramatic projects: the 
relocation of 70,000 sea turtle eggs. 

RIGHT NOW @ BLOGS.DISCOVERMAGAZINE.COM

COSMIC VARIANCE 

The Large Cryogenic 
Gravitational-Wave 

Telescope

Daniel Holz delights in the news 
that the Japanese government has 

approved funding for a gravitational-
wave observatory.  
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the family room just got bigger
Take it outside with the NexStar SE 
and keep everyone in the family 
captivated night after night.

www.celestron.com

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

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

Whether you are a seasoned astronomer looking for a portable scope with 

advanced features, or just starting your astronomy adventure and looking for 

an easy way to enjoy the night sky with the family, a NexStar SE will help you 

take a closer look. 

Imagine the possibilities

genomics pioneer j. craig 

Venter has been trying to create 

synthetic life for 15 years. 
 is 

past spring his research team 

� nally pulled it o� —at least 

by Venter’s de� nition. Using 

a genome synthesized from 

chemical components, the 

researchers rebooted a bacterial 

cell to run on a new set of DNA 

instructions. “Frankenstein” 

headlines quickly followed, and 

President Obama demanded a 

review from the White House 

bioethics commission. But 

whether the hijacked cell is real-

ly a synthetic life-form remains 

debatable. Biotech experts point 

out that, aside from some clever 

watermarks the researchers 

stuck into the genetic sequence, 

the synthetic cells are identical 

to a natural species. 


 eoretically, the project’s 

success does open the door to 

the creation of remixed genomes 

that nature has never seen. 

Venter hopes that such genetic 

mashups will someday be used 

to manufacture products such 

as an e  cient biofuel; a project 

with ExxonMobil is already 

under way. Venter’s team is also 

collaborating with the National 

Institutes of Health to synthe-

size the components of every 

known � u virus, so that creating 

a new � u vaccine would merely 

be a matter of pulling bottles 

o�  the shelf. For now, though, 

synthetic biologists know next 

to nothing about how to design a 

genetic code for an entirely novel 

organism. Harvard geneticist 

George Church wrote of the lat-

est feat, “Printing out a copy of 

an ancient text isn’t the same as 

understanding the language.” But 

Venter remains buoyant. “
 is 

is the baby step that makes all 

the other steps more realistically 

feasible,” he says.  jocelyn rice

Did This Man 
Synthesize Life?

GENETICS BEAT
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Data
Hurricane

CIRCLE OF POWER  Surrounding the eye is 
the eyewall, a hoop of heavy rain and violent 
winds. This past June scientists at NASA’s 
Stennis Space Center in Mississippi reported 
that the eyewall’s extreme conditions can 
stir up ocean currents 300 feet below the 
surface, disrupting sediment and organisms 
on the seafloor for as long as a week after 
the storm subsides. A major hurricane could 
even threaten undersea oil pipelines. 

SPAWN ED BY THE SEA   Atlantic hurricanes often develop over equatorial 
waters off the African coast, where colliding winds generate thunderstorms fueled 
by warm, humid air. Scientists have debated intensely whether rising global 
temperatures will lead to more hurricanes. A January study from the National Oceanic 
and Atmospheric Administration suggests that a warmer planet will generate 
fewer storms overall, but those that do form will be stronger.

CYCLONE CYLINDERS  

Huge cloud columns called 
hot towers may develop in the 
eyewall and in the bands of 
rain swirling outward from it. 
These towers release tremen-
dous amounts of heat, giving 
the hurricane an energy 
boost. Three-dimensional 
images of hurricane Katrina 
from the Tropical Rainfall 
Measuring Mission satellite 
captured nine-mile-tall hot 
towers emerging right before 
the storm intensified to a 
category 5. A NASA analysis 
indicates that a hurricane is 
twice as likely to get stronger 
in the next six hours when 
such hot towers form.

SERENE CENTER  Even as 
the outer winds reach speeds 
of 150 miles per hour, the 
eye remains remarkably calm, 
with winds near zero mph. 
But NASA found that the eye 
is not as benign as it appears. 
A combination of computer 
simulations and observational 
data reveal that air pockets 
from the eye can transport 
heat and moisture into the 
surrounding storm, increasing 
the hurricane’s intensity.  
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financing program per customer. ©2010 Bose Corporation. Patent rights issued and/or pending. The Wave® music system’s distinctive design is also a registered trademark of Bose Corporation. Financing and free shipping offers not to be combined with other offers or applied to 
previous purchases, and subject to change without notice. Risk free refers to 30-day trial only, requires product purchase and does not include return shipping. Delivery is subject to product availability. Quotes reprinted with permission: Thomas Jackson, Forbes FYI, Winter/04.

FREE
SHIPPING

with your order.

To order 
or learn more:

1-800-925-9738,
ext. TW434

www.Bose.com/WMS

Shown with optional 
Multi-CD Changer in 
Graphite Gray.

The Bose® Wave® 
m u s i c  s y s t e m

Shown in 
Platinum White.

Just plug it in and hear what you’ve been 
missing. With the Bose Wave® music system, 
there are no stacks of components. No tangle 
of wires. No dials to adjust. Advanced Bose 
technologies inside this small system work 
together to fill the room with the acclaimed 
performance that has made Bose the most 
respected name in sound. Audio writer Wayne 
Thompson of the Oregonian calls it “one-of-a-
kind” and “my choice for product of the year.” 
You enjoy clear, realistic sound that you may 
have only thought possible from a much larger, 
more complicated stereo. In fact, Forbes FYI 
reports that “you’ll think you’re listening to a…
sound system that costs five times more.” 

A roomful of premium sound…not wires. You 
buy a sound system to listen to music. Not to 
spend hours setting up equipment and connect-
ing wires. With the Wave® music system, 

you’ll experience the pleasures of Bose quality 
sound moments after you open the box. Rich 
Warren of the News-Gazette says this easy-to-use 
system “will flat out seduce you.”

Enjoy the acclaimed performance in so many 
ways. Listen to the Wave® music system in 
your living room, kitchen, bedroom, wherever 
you want better sound. Everything you need is 
built in: CD/MP3 CD player, FM/AM tuner, 
clock and alarm. You control them all with a 
convenient, credit card-style remote. Connect 
an additional audio source if you like, and hear 
lifelike sound from your TV or MP3 player. 
An optional Multi-CD Changer makes it 
easy to listen to your favorite music for hours. 
As David Novak, the Gadget Guy, says, “It can 
easily replace whatever component system you 
currently have.” 

Try it for 30 days, risk free. Experience the 
Wave® music system in your own home risk 
free for 30 days. Choose your favorite color: 
Platinum White, Graphite Gray or Titanium 
Silver. And when you call, ask about making 
12 easy payments, with no interest charges 
from Bose.* So call now and order the Wave® 
music system. You’ll soon discover how 
delightfully simple it is to enjoy Bose sound. 
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HOT SCIENCE
What to read,
view, and visit this 
October

EDITED BY ANDREW MOSEMAN

STARGATE UNIVERSE At � rst we 

feared that this newest Stargate fran-

chise too closely resembled Battlestar

Galactica. But season one found the 

right mix of personalities and got 

them o�  the dank ship Destiny just 

often enough. SyFy, returning Septem-
ber 28 at 9 p.m. EST

FRINGE Parallel universes and 

doomsday machines could have 

worn out another show. Not Fringe—

J. J. Abrams has new conspiracies to 

explore, a cli� -hanger to resolve, and 

no Lost to distract him. Fox, returning 
September 23 at 9 p.m. EST

SUPERNATURAL � e Winchester 

brothers battled through season � ve 

to prevent a Lucifer-induced cata-

clysm, and the boys’ demon-� ghting 

adventures are back for another run. 
CW, returning September 24 at 9 p.m. EST

V Anna is angry. � e reimagined V re-

turns with the visitors’ leader—played 

by the menacing Morena Baccarin 

—reeling from losing her eggs to an 

attack by the human resistance. Earth-

lings, beware. ABC, returning midseason.

TERRA NOVA Part Jurassic Park and 

part Star Trek IV, � is new Steven 

Spielberg–backed series transports 

its time-traveling characters from 

an overpopulated, ruined 2149 to 

the time of the dinosaurs, hoping 

to change history for the better. Fox, 
beginning midseason.

andrew moseman

The Season 

of Sci-Fi 

TV

Breakthrough

By � ea Cooper and 

Arthur Ainsberg 

(st. martin’s)

in the years following 

World War I, Cooper and 

Ainsberg � nd doctors on the 

cusp of understanding diabe-

tes after millennia of fearing it. 

� e imagined dialogue is a tad 

forced, but the narrative cap-

tures the era’s terror of disease 

balanced against the excite-

ment of discovery. A young 

patient, Elizabeth Hughes, 

endures a 400-calorie-per-day 

starvation treatment while a 

sometimes dysfunctional team 

of researchers races to isolate 

insulin and save her life.

Shock of Gray

By Ted C. Fishman 

(scribner)

every hour you are alive, 

human life expectancy gets 

longer. At the same time, the 

world is even less prepared 

than it realizes for the popula-

tion shift from young to old, 

Fishman argues. He jumps 

between the science of aging 

and the looming political con-

sequences in quickly graying 

locales like Florida and parts 

of Spain and Japan—some of 

the places seeing “a vicious 

cycle that encourages the 

unemployment of older work-

ers,” as many people over 65 

want to extend their careers, 

but cannot.
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Leak Proof
DESIGN

The smarter way to 
brighten your dark rooms

Discover the amazing transformation millions of 

people have experienced. Only Solatube® Daylighting 

Systems use innovative breakthrough technology to 

bring natural light into virtually any room in only two 

hours. It’s your move.

Get the facts at 
www.solatubesmart.com 

or call (888) 792-2096

* Tax credit available on qualifying eChoice Daylighting Systems, visit www.solatube.com for details.

Become a Solatube® Premier Dealer: Visit www.solatube.com/dealer

Proofiness

By Charles Seife 

(viking)

the use of math to mislead is a 

familiar dirty trick, but journalist 

Seife is mad as hell and won’t take it 

anymore. He castigates lawyers who 

misrepresent data in the court-

room, politicians who manipulate 

statistics, and journalists who base 

sensational stories on dubious polls. 

At times Seife tries too hard to coin 

buzzwords, speaking of “Potemkin 

numbers” (bogus statistics), “ran-

dumbness” (seeing patterns where 

none exist), and “fruit-packing” 

(presenting data out of context). But 

his indignation is infectious.

The Amazing Story of Quantum 

Mechanics

By James Kakalios 

(gotham)

professor and professed nerd 

Kakalios explains the quantum world 

through science  ction characters 

like Buck Rogers and Dr. Manhattan 

from Watchmen, who “gained inde-

pendent control over his quantum 

mechanical wave function” to tele-

port and change his size. Some of the 

examples are a stretch, but Kakalios 

unites sci-  fans and the scientists 

behind quantum theory in their 

shared ability to believe what once 

seemed impossible.

elise marton & a.m.

Contrary to what certain Hollywood 

blockbusters or soporific college lec-

turers would have you believe, great 

stories and accurate science are not 

nemeses. That’s what scientist and 

filmmaker Alexis Gambis believed 

when he founded this annual festival 

in 2008.

The audience agrees: Last year’s 

extravaganza garnered hundreds 

of submissions from scientists and 

non-scientists alike, and drew 5,000 

spectators to screenings at area 

bars, universities, museums, and cin-

emas. The 2010 edition (sponsored 

in part by DISCOVER) will present 

40 new narrative, documentary, and 

animated films, as well as a feature-

length showcase. The winners of the 

scientific merit and people’s choice 

awards take home cash prizes.
Runs October 15 through 22

EMILY ELERT

Imagine Science 
Film Festival
new york city

Games

Star Ruler
blind mind studios

If you long to reach your Machiavellian potential on a 
galactic scale, look no further than the dirty politics 
and complex economies of this multiplayer-capable PC 
game. Astronomical size and detail define Star Ruler.

You control a galaxy of 150 star systems, complete 
with gas giants, nebulas, asteroid belts, and Earth-like 
worlds. But it’s not all stargazing. If diplomacy falters, 
you might find yourself commanding fleets of ships 
against alien evildoers intent on galactic domination.

DANIEL LAMETTI

Film
HOT SCIENCE
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BY CARL ZIMMER

Tracking the phantom sounds that torment 

some people has uncovered an auditory 

network running throughout the brain.

IN SOME OF THE WORLD’S OLDEST MEDICAL TEXTS  —PAPYRUS SCROLLS FROM  
 ancient Egypt, clay tablets from Assyria—people complain about noise in 

their ears. Some of them call it a buzzing. Others describe it as whispering 
or even singing. Today we call such conditions tinnitus. In the distant past, 
doctors offered all sorts of strange cures for it. The Assyrians poured rose 
extract into the ear through a bronze tube. The Roman writer Pliny the Elder 
suggested that earthworms boiled in goose grease be put in the ear. Medieval 
Welsh physicians in the town of Myddfai recommended that their patients 
take a freshly baked loaf of bread out of the oven, cut it in two, “and apply to 
both ears as hot as can be borne, bind and thus produce perspiration, and by 
the help of god you will be cured.”

Early physicians based these prescriptions on what they believed tinnitus to 
be. Some were convinced it was caused by wind that got trapped inside the ear

inner ear to shiver, and that triggers 

electric signals that travel along the 

auditory nerve into the brain. One of 

their � rst stops is a patch of gray matter 

called the auditory cortex. Each nerve 

hair is tuned to a particular frequency 

of sound and excites only certain neu-

rons in the auditory cortex. As a result, 

the neurons in the auditory cortex form 

what is known as a tone map. � e neu-

rons at one end of the auditory cortex 

are tuned to low frequencies; the far-

ther you go toward the other end, the 

higher the tuning of the neurons.

This sound system comes with an 

elaborate feedback mechanism. Neu-

rons do more than just relay signals 

forward into the brain. They also sig-

nal back down the line, reaching out to 

neighboring neurons tuned to nearby 

frequencies, exciting some and muz-

zling others. These feedback controls 

allow us to sift through incoming 

sounds for the most important informa-

tion, so that we are not overwhelmed by 

meaningless noise. In young brains, the 

neurons and their feedback controls 

grow and link up to each other. Even in 

adulthood, experiencing new sounds 

can rewire the auditory cortex. If a rat 

is trained to recognize sounds at a par-

ticular frequency, the corresponding 

region of the tone map will get bigger.

 Tinnitus arises when this � exibility 

goes bad. � ings may start to go awry 

when toxic drugs, loud noises, or even 

whiplash cause damage to the nerve 

hairs in the ears. � e injured nerve hairs 

can no longer send signals from the ear 

to the tone map. Bereft of incoming 

signals, the neurons undergo a peculiar 

transformation: � ey start to eavesdrop 

on their neighbors, firing in response 

to other frequencies. � ey even start to 

� re sometimes without any incoming 

signals. As the brain’s feedback con-

trols get rewired, the neurons end up 

in a self-sustaining loop, producing a 

and swirled around endlessly, so they 

tried to liberate the wind by drilling a 

hole into the bones around the ear or 

using a silver tube to suck air out of the 

ear canal. � e treatments didn’t work, 

but they did have an internal logic.

Today tinnitus continues to resist 

medicine’s best efforts, despite being 

one of the more common medical dis-

orders. Surveys show that between 5 

and 15 percent of people say they have 

heard some kind of phantom noise for 

six months or more; some 1 to 3 per-

cent say tinnitus lowers their quality of 

life. Tinnitus can force people to with-

draw from their social life, make them 

depressed, and give them insomnia. 

Some modern doctors prescribe 

drugs like lidocaine. Others offer 

patients cognitive therapy. Some have 

people listen to certain sounds, others 

apply magnetic pulses to the brain and 

even implant electrodes in the brain 

stem. Although many treatments have 

shown some promise, none is consis-

tently e� ective. Recent research suggests 

why: Tinnitus is a lot more complicated 

than just a ringing in the ears. It is more 

like a ringing across the brain.

 normally, we hear sounds only

when they make our eardrums vibrate. 

� e vibrations cause nerve hairs in the  E
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Carl Zimmer, a 
former senior edi-
tor at DISCOVER, 
has published 
eight books 
about biology. 
He also writes 
for National 
Geographic 
and Scientific 
American.
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constant ringing. � at is why tin-

nitus often doesn’t go away when 

people get their auditory nerve 

surgically cut.

It’s not just the auditory cortex 

that is affected when people get 

tinnitus. Neuroscientists, using 

increasingly sophisticated brain 

scans, are finding that changes 

ripple out across the entire brain. 

Winfried Schlee of the Univer-

sity of Konstanz in Germany and 

his colleagues have been making 

some of the most detailed studies 

of tinnitus ever, using a method 

called magnetoencephalography 

(meg, for short). � ey take advan-

tage of the fact that every time 

neurons send each other signals, 

their electric current creates a tiny 

magnetic � eld. meg allows scien-

tists to detect such changing pat-

terns of activity in the brain 100 

times per second.

Schlee and his colleagues find 

widespread differences in the 

brains of people with tinnitus and 

those without it. A network of 

regions in the brains of people with 

tinnitus tend to � re their neurons 

in sync. Schlee has determined 

that his tinnitus-stricken subjects 

have a more synchronized pattern 

of signals coming out of regions 

in the front and the back of the 

brain. (For brain anatomy junkies, 

they are the dorsolateral prefron-

tal cortex, orbitofrontal cortex, 

and anterior cingulate cortex in 

the front; in the back, they are the 

precuneus and posterior cingulate 

cortex.) Schlee and his colleagues 

also discovered a more strongly 

synchronized � ow of signals com-

ing into the temporal cortex—a 

region that includes the auditory 

cortex—in people with tinnitus.

When Schlee compared people 

who suffer a lot of distress from 

tinnitus with those who are not 

much bothered by it, he found 

that the more distress people felt, 

the stronger the � ow of signals out 

of the front and back of the brain 

and into the temporal cortex. � is 

pattern suggests that the network 

Schlee discovered is important 

for the full experience of tinnitus. 

Tinnitus, in other words, extends 

beyond the ear, beyond a hear-

ing-specialized part of the brain, 

beyond even any single piece of 

neural real estate. It is a disease 

of networks that span the brain.

Such complexity may explain 

why so many different tinnitus 

treatments work, but only mod-

estly: Each attacks just one part of 

the tinnitus network. Christo Pan-

tev of the University of Münster 

in Germany and his colleagues, 

for example, have brought some 

relief to people with tinnitus by 

rewiring their tone map. To do so, 

they edited recordings of music, 

� ltering out the frequencies of the 

ringing in the ears of their patients, 

who then listened to the filtered 

music an average of 12 hours per 

week. Pantev and his collabora-

tors found that their patients’ tin-

nitus signi� cantly eased. � ey also 

found that the neurons tuned to 

the tinnitus frequency in the audi-

tory cortex became less active.

The scientists cannot say 

for sure how the filtered music 

soothed their patients, but they 

speculate that the incoming sig-

nals encouraged the tone map 

to change its structure. � e over-

active, eavesdropping neurons 

became sti� ed by their neighbors.

clearly the auditory cortex 

is just an early stop on the jour-

ney that sound takes from the 

outside world to our awareness. 

Some neurons in the auditory 

cortex extend branches down to 

the brain stem, where they link 

to a pair of regions called the cau-

date nucleus and putamen. � ose 

regions may be important for pro-

cessing the signals in several ways, 

such as categorizing sounds. In 

2004 Louis Lowry, an ear-nose-

and-throat doctor at � omas Jef-

ferson University in Philadelphia, 

discovered that the caudate and 

the putamen play an important 

role in tinnitus by studying an 

unusual patient—himself.

As a young man, Lowry spent a 

summer working on a farm with 

a noisy tractor. The experience 

left him with partial hearing loss 

and a high-pitched ringing in his 

ears that plagued him for 40 years. 

Then at age 63, Lowry suffered 

a mild stroke. A ct scan and an 

mri revealed that the stroke had 

damaged his caudate and puta-

men. But the stroke also brought 

a pleasant surprise. Lowry was 

completely cured of his tinnitus, 

without any further hearing loss.

Steven Cheung and Paul Lar-

son, two doctors at the University 

of California, San Francisco, set 

out to reproduce Lowry’s expe-

rience. They took advantage of 

the fact that some people with 

Parkinson’s disease get electrodes 

surgically implanted in their brain 

stem to control their symptoms. 

The electrodes typically have to 

pass  the caudate and putamen 

to reach their target. Cheung and 

Larson engaged � ve patients pre-

paring to receive an implant who 

also suffered from tinnitus. The 

patients agreed to undergo several 

minutes of deep brain stimulation 

to these regions during surgery as 

the electrode was being implant-

ed. Cheung and Larson reported 

that the tinnitus became much 

fainter in four of the � ve patients.

Once signals travel from the ear 

to the auditory cortex, caudate, 

and putamen, they eventually 

make their way to regions of the 

brain that carry out more sophis-

ticated sound information pro-

cessing: connecting the sounds 

with memories, interpreting their 

meaning, giving them emotional 

significance. It is precisely these 

regions that Schlee and his col-

leagues noted were behaving 

strangely in people with tinnitus. 

He argues that it is only when sig-

nals reach this large-scale network 

that we become conscious of 

sounds, and it is only at this stage 

that tinnitus starts to cause peo-

ple real torment. Schlee’s results 

suggest that the higher regions of 

the brain send their own feedback 

to the auditory cortex, amplifying 

its false signals.

Schlee’s model of tinnitus and 

consciousness could explain 

some curious observations. Even 

in bad cases of tinnitus, people 

can become unaware of the phan-

tom sound if they are distracted. 

It may be that distractions deprive 

the errant signals from the audi-

tory cortex of the attention they 

need to cause real distress. What’s 

more, some of the most e� ective 

treatments for tinnitus appear to 

work by altering the behavior of 

the front of the brain. Counsel-

ing, for example, can make people 

better aware of the sounds they 

experience by explaining the brain 

process that may underlie the 

disorder, so they can consciously 

reduce their distress.

solving the mystery of tin-

nitus will probably get even more 

urgent in years to come. Traffic, 

iPods, and other features of mod-

ern life may cause more hearing 

damage, hence more tinnitus. 

But if a real cure ever comes, it 

will probably not be a single silver 

bullet. It will instead attack the 

tinnitus network from top-down 

and bottom-up. For now, though, 

you should probably skip the hot 

bread on the ears.  

The auditory cortex is just an early 
stop on the journey sound takes from 
the outside world to our awareness.
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PICK UP A NEW LANGUAGE TODAY.
(888) 232-9270  RosettaStone.com/dss100
Use promo code dss100 when ordering.

©2010 Rosetta Stone Ltd. All rights reserved. Offer limited to Version 3 Personal Edition CD-ROM products purchased directly from Rosetta Stone, and cannot be combined with any other offer. Prices subject to change without notice. Offer expires January 31, 2011.
*Six-Month, No-Risk, Money-Back Guarantee is limited to Version 3 CD-ROM product purchases made directly from Rosetta Stone and does not include return shipping. Guarantee does not apply to any online subscription, or to Audio Companion® CDs purchased 
separately from the CD-ROM product. All materials included with the product at time of purchase must be returned together and undamaged to be eligible for any exchange or refund.

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

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

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

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

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

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

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

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

SIX-MONTH, NO-RISK, MONEY-BACK GUARANTEE.**

More than 30 languages available.

SAVE 10% TODAY WHEN YOU ORDER
Version 3 Personal Edition CD-ROM products.

Level 1 Reg. $229 $206

Level 1,2,&3 Reg. $539  $485

Level 1,2,3,4,&5 Reg. $699  $629

WIN/MAC compatible.
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BY H. LEE KAGAN

The young doctor’s complaint—chronic fatigue— 

was simple. Finding its cause was anything but.

IT WAS THE END OF AUGUST WHEN THAD RETURNED FROM HIS CARIBBEAN

honeymoon, sporting a rich tan and a look of contentment. But as he 
sat in my exam room he complained to me that he felt tired. “Tired after 
a honeymoon?” I said. “Sounds about right.”

“No, it’s not that,” he said with a smile. “This is not like any kind of 
tired I’ve felt before.” Healthy and fi t his entire life, Thad was a young 
physician about to begin his orthopedic specialty training. I trusted him 
to be an accurate observer, and so I inquired about other possible symp-
toms he might have had. Then I examined him for evidence of conditions 
that can cause fatigue, like anemia. All was in order, I reassured him, but 
just to be certain, I drew some blood for screening tests.

Two days later the lab reported that all the results were normal save 
one: Thad’s level of thyroid hormone was low. Now his symptoms made 

fatigue. He began taking the replace-

ment thyroid hormone, con� dent that 

he would soon see his energy restored. 

He knew that thousands of people 

take thyroid hormone every day and 

live perfectly normal lives. But when 

I next heard from � ad he told me 

that he was still tired. It had been four 

months since we last spoke.

He said he had been too busy since 

then to return for a check of his hor-

mone levels. Could it be that the dose 

I had prescribed for him was too low? 

I arranged for � ad to have a repeat 

blood test, which soon con� rmed that 

his thyroid hormone blood levels were 

perfectly normal. � e replacement 

dose was just right—but � ad wasn’t. 

Something other than hypothyroidism 

was causing him to feel unwell.

fatigue is a singularly nonspecific 

symptom; the list of possible causes is 

one of the longest in all of medicine, 

ranging from malignancies, infected 

heart valves, and anemia to just plain 

lack of sleep. Consequently, when a 

patient’s sole complaint is tiredness, 

the underlying cause can be elusive. In 

dealing with such a case I often repeat 

to myself what I have told my medical 

students countless times: When the 

history points nowhere, you have 

to look everywhere. � ad’s history 

and physical exam would need to be 

revisited with a fresh eye. I called and 

asked him to return to the o�  ce for 

another evaluation.

At the follow-up visit it was imme-

diately apparent that � ad had lost 

weight. Not even his tan could hide 

the fact that something was amiss. 

A glance at the vital signs in the 

chart con� rmed that this previously 

healthy young man had dropped 

nearly 10 pounds in four months. My 

level of concern rose. I began working 

my way through a long list of ques-

tions. � ough it is tedious and time-

consuming, the systematic review of 

symptoms is a staple of the diagnos-

tician’s armamentarium that more 

often than not yields important clues. 

Yet this time nothing new emerged, 

apart from the fact that � ad had lost 

not only his energy and some weight 

but also his appetite. I sat back and 

looked at my patient, mentally search-

ing myriad diagnoses for ones that 

� t this clinical picture. It was then 

that I � nally saw it—saw what I had 

been staring at all along. Sitting across 

from me was a man who, four months 

after returning from the Caribbean, 

was as bronzed as the day he’d come 

home. And no, I quickly ascertained, he 

had not been visiting a tanning salon. 

Appetite, weight, energy—all were 

diminished. � e one thing my patient 

had not lost was his tan. Why?

Apart from his pigmentation, � ad’s 

only other noteworthy physical � nd-

ing was a low-normal blood pressure. 

When I asked him to rise from a lying 

to a standing position, his blood pres-

sure fell to a seriously low level, low 

enough to cause light-headedness and 

even fainting in most people. But � ad 

said he felt none of this. “He’s young 

and � t,” I told myself, “and the problem 

sense. � e thyroid gland, sitting 

low along the front of the throat, 

manufactures the hormone and 

releases it into the bloodstream, 

which carries it throughout the body 

to play a critical regulatory—mostly 

stimulatory—role in almost all body 

functions. When there isn’t enough 

of the hormone, things generally slow 

down, including the metabolism. 

Weight may go up, mental activity 

may get sluggish, and fatigue may 

develop. � ough not common in 

twentysomethings, hypothyroidism 

can occur at almost any age.

In the United States the most 

common reason for a drop in thyroid 

hormone production is autoimmune 

thyroiditis, an attack on the thyroid 

gland by the body’s own defense 

mechanisms. Normally our � nely tuned 

immune system fends o�  only foreign 

material, like microbes, and leaves the 

body’s own tissues alone. But for rea-

sons that are not well understood, the 

immune cells will sometimes attack a 

normal organ, gradually destroying it 

and turning it into useless scar tissue. 

� e treatment for chronic thyroiditis 

is to replace the missing hormone 

with pills taken daily.

� ad was relieved that we had 

found an explanation for his persistent 

H. Lee Kagan is 
an internist in 
Los Angeles. The 
cases described 
in Vital Signs are 
real, but patients’ 
names and other 
details have 
been changed. L
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has come on gradually. His system’s been able 

to adapt.” But what was the problem?

By now I was reasonably sure that I had 

enough pieces to put the puzzle together. 

Fatigue, hypotension (low blood pressure) with 

postural changes, loss of appetite with accom-

panying weight loss, and hyperpigmentation 

all � t with a diagnosis of Addison’s disease, a 

disorder of the adrenal glands that results in 

lack of cortisol, a vital hormone produced by 

the gland’s outer layer. It is one of the body’s 

steroid hormones, essential to mounting the 

� ght-or-� ight response to serious stress or 

trauma as well as the day-to-day regulation of 

numerous physiological functions.

When the body senses that the paired adre-

nal glands—one lying atop each kidney—are 

failing to produce su�  cient cortisol, the brain 

sends a chemical signal to prompt the glands 

to make more. Oddly enough, that same signal 

also triggers special cells in the skin to gener-

ate more melanin, or skin pigment, causing 

hyperpigmentation. � e coloration can look 

just like a tan—albeit one that darkens the skin 

bodywide, even the palms and armpits. My 

patient’s honeymoon tan had transformed into 

the classic pigmentation of Addison’s disease.

New blood tests con� rmed that � ad’s cor-

tisol levels were quite low. � ey also revealed 

disturbances of his body’s electrolyte (mineral) 

concentrations and water regulation. � ese, 

too, are part of the Addisonian picture, a result 

of low levels of another adrenal hormone 

called aldosterone. I immediately prescribed 

replacement steroids for � ad to take. Con-
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� rmatory tests would 

have to be done, but 

it was imperative that 

replacement steroids 

be started right away. 

Left untreated, adrenal 

insu�  ciency can lead to 

an “Addisonian crisis,” a 

serious and sometimes 

fatal condition brought 

on by emotional or 

physical stress. It is not 

for nothing that cortisol 

is often called the stress 

hormone.

In the developing 

world, infections like 

tuberculosis are the 

leading cause of adrenal 

insu�  ciency. But in 

the United States, Addison’s most commonly 

results from an autoimmune disorder. 

Autoimmunity: � ere it was again. Looking 

at the bigger picture I saw that � ad had now 

sustained two separate glandular failures 

due to immune malfunction, his thyroid 

and his adrenals. In fact, he was manifest-

ing the features of a rare disorder known as 

Schmidt’s syndrome, a type of malfunction 

of the immune system called autoimmune 

polyglandular syndrome, or APS. It is not only 

the thyroid and adrenal glands that are at risk 

in APS; the syndrome can a� ect the pancreas, 

which produces insulin (lack of which is found 

in diabetes), and the testes and ovaries, which 

produce the hormones necessary for normal 

sexual development and function. No one 

knows the underlying cause of this disorder or 

why it has a predilection for endocrine tissue. 

And no one knows how to shut o�  the process.

Like John F. Kennedy, that most famous of 

people with Addison’s, � ad would need to 

be on replacement hormones for the rest of 

his life. He would also have to remain vigilant 

for additional glandular insu�  ciency. But I 

was happy to be able to remind my young 

colleague that so long as he remained on the 

hormone substitutes I had prescribed, there 

was no reason why he should not be able to 

live a full, essentially normal life. � ough he 

would regain his energy, his appetite, and 

his weight, there was one thing he would 

lose. His tan, I assured him, would fade once 

his adrenal stimulatory signal was properly 

regulated. It was a small price to pay. 
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Set all of the scientists in the world loose 

for 30 years and this is what they do: 

Change just about everything we thought 

we knew to be true.

the past  30  years
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0
Worlds Unveiled

back when the first issue of discover hit 

the newsstands, the solar system was a sleepy place. 

We had nine planets and dozens of moons, but they 

seemed like inert, dead places—to the extent that 

we knew them at all. No action, no change.

Today the picture couldn’t be more di� erent. 

NASA probes have found evidence of geological 

activity on at least three planetary bodies: Jupi-

ter’s hellish moon Io, Saturn’s Enceladus, and Nep-

tune’s Triton.  e Mars Reconnaissance Orbiter 

has documented landslides and dust devils on the 

Martian surface. Observers around the world saw 

Jupiter whacked by impacts on three occasions, 

including the dramatic multiple beating it took in 

1994 by the comet Shoemaker-Levy 9.

And, perhaps most amazingly, scientists are 

seriously considering the presence of life elsewhere 

in the solar system. Mars still ranks high on the list 

of places to look. But another of Jupiter’s satellites, 

icy Europa, is a contender, as are Enceladus and 

the largest of Saturn’s moons, Titan.  e last of these 

even has liquid methane lakes that expand and 

shrink with the seasons.

Many people think that Apollo represented the 

glory days of America’s space program, but you’d 

have to qualify that with the adjective manned.  e 

unmanned program is having its heyday right now. 

NASA has spacecraft orbiting Saturn, Mars, the 

moon, and the sun and will soon have one around 

Mercury; the European Space Agency (ESA) has 

probes around the sun and Venus. ESA has a comet 

in its sights as well:  e Rosetta mission will touch 

down on one in 2014. In counterpoint, NASA’s Dawn 

spacecraft will orbit the asteroids Ceres and Vesta 

later this decade. All eight planets have now been 

seen up close. If you’re a Pluto fan, you’ll have to wait 

just a few more years for New Horizons’ 2015 � yby.

Whole libraries could be � lled with the 

wonders gleaned from the robotic exploration 

of the solar system, and we’ve only scratched the 

surface. When humans set foot once again on the 

moon—or for the � rst time on Mars—what they 

� nd will surely be enriched by all that our robotic 

messengers have already told us.  phil plait

1980 Voyager 1 
sweeps past Saturn

1981 AIDS first reported, among young men in Los Angeles

1981 First 
computer virus 
released 1982 Insulin made by genetically modified bacteria

Titan exposed: 
Three infrared 
snapshots from 
the Cassini probe 
show strange 
surface markings, 
including possible 
ice volcanoes.

Phil Plait worked on the Hubble Space Telescope for 10 
years and writes DISCOVER’s Bad Astronomy blog.

1980 Inflationary model of early universe proposed
29
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1985 Ozone hole detected1983 HIV isolated

1983 PCR 
(key to DNA 
sequencing) 
discovered

1985 Buckminsterfullerene discovered

1984 Ulcers linked to 
bacterium H. pylori

1983 
Tevatron collider 
comes online

Casts of a fossil of 
Sinornithosaurus 
millenii, a feath-
ered dinosaur.

Dinosaurs Live On

every schoolchild knew exactly what dinosaurs 

were like: tail-dragging, cold-blooded, lumbering lizards, 

dumb as a box of sedimentary rocks.  e handful of new 

species discovered each year were mere scienti� c curiosi-

ties, more fodder for the kids’ books.

 e last 30 years has turned all that on its head. Dino-

saurs were hardly destined for extinction, it seems, and in a 

real sense they never went extinct at all. Each new dinosaur 

discovery seems to tell us that the megabeasts of yester-

millennia are more closely related to the partridge than 

the Komodo dragon. Like birds, they ran in groups, cared 

for their young, were probably warm-blooded. And their 

tails? Up like tail feathers, mostly horizontal and o�  the 

ground.  e idea that dinosaurs still walk among us—� y, 

really—was put forward by John Ostrom of Yale University 

in the 1970s, but it stayed an argument until the ever-grow-

ing mountain of evidence buried almost all controversy. In 

1993 in the Gobi desert, remains of a Citipati (an ostrich-

like dinosaur) were found brooding a nest of eggs. Skeletal 

studies revealed hundreds of similarities between modern 

birds and even the largest of dinosaurs: three-� ngered hands, 

ankles up o�  the ground, holes in hip sockets.  en in 1995 

diggers started uncovering bits of Sinosauropteryx and other 

feathered dinosaurs from the remarkable Liaoning province 

of China, culminating in 2000 with the discovery of an intact 

feather-covered dromaeosaur, a dinosaur with many of the 

physical traits of a bird. “It’s nailed shut,” says Jack Horner, 

curator of paleontology at Montana State University’s Muse-

um of the Rockies. “Someone might say, ‘ at’s wacky—look 

at the di� erence between a robin and a T. rex.’  ere are 

lots of di� erences, yes, but you can only use similarities to 

determine relatedness.  at’s a paradigm that shifted.”

As for the disappearance of the terrestrial ancestors of 

our birds, that part of the puzzle remains unsolved. Almost 

simultaneous with the birth of discover, physicist and Nobel 

laureate Luis Alvarez (along with his son, Walter Alvarez of 

Michael Abrams is 
a freelancer and 
former DISCOVER 
editor who has 
written for Wired, 
IEEE Spectrum, 
and National Geo-
graphic Adventure.

 

1982 Barney Clark receives 
first artificial heart

the University of California, Berkeley) proposed that a giant 

asteroid impact killed o�  the dinosaurs by causing global 

� restorms and dust clouds that blotted out the sun. “Previ-

ously, hypotheses of extinction had centered on slow declines, 

competition from mammals, plant chemistry, and so on,” says 

Darren Naish, a paleontologist at the University of Ports-

mouth in England.  irty years later everyone agrees that a 

large asteroid did indeed hit the Yucatán peninsula 65 mil-

lion years ago, just around the time of the dinosaurs’ demise, 

but the consequences are not as clear-cut as many scientists 

assumed a decade ago. Perhaps it merely � nished o�  the 

last of the earthbound dinos after a long decline in diversity. 

Says Horner: “I would say that it certainly might have.”  

 michael abrams

1986 Challenger 
shuttle explodes

the past  30  years

1983 First commercial cell phone network in U.S.
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1987 Super-
nova 1987a’s light 
reaches Earth

1986 Chernobyl 
reactor melts down

1987 Prozac approved by FDA 1988 Prodigy begins online consumer service

New Hope in the 
Search for Alien Life 
for the first 15 years of discover’s existence, if you 

wanted to hear about planets orbiting other stars, you had 

your choice of sources: Star Wars and Star Trek.  at all 

changed in 1995 with the discovery of a planet orbiting 

51 Pegasi, a near-twin of the sun located about 50 light-years 

away. Swiss astronomers Michel Mayor and Didier Queloz 

found the distant world by watching its gravity tug its parent 

star. Over the following year, American scientists Geo� rey 

Marcy and Paul Butler con� rmed the observation and soon 

found several more planets on their own.

 e � rst exoplanet discoveries upended the world of 

astronomy. Scientists had always assumed that other solar 

systems (if they existed) would look pretty much like ours. 

Not these:  e new planets were giants, like Jupiter, but 

more than half lay closer to their stars than Mercury does to 

our sun, whipping around in just a few days and baking at 

temperatures close to 2,000 degrees Fahrenheit. Our theories 

about how planets form and evolve had to be ripped up and 

rewritten. Since then, planet searchers have found more than 

400 new worlds, and it has been one surprise after another. 

Some planets follow wildly oval orbits. Others orbit their 

stars backwards, have strange and unexpected compositions, 

are pu� ed up like marshmallows, or shed tails like comets. 

Collectively, they prove that the universe is far stranger and 

more creative than anyone imagined. 

By next spring, the planet-hunting space telescope known 

as Kepler—rejected by NASA three times but then approved 

after those initial detections of exoplanets in the 1990s—will 

most likely report the discovery of the � rst known Earth-like 

planet in an Earth-like orbit.  is milestone will inevitably 

spark another revolution, as observers redouble their e� orts 

to see Earth-like worlds directly and probe their atmospheres 

for the telltale chemical signatures of life. It’s a good bet that 

these planets, too, will not be what we expected.

Simply studying the light from Earth-like planets—much 

less getting direct pictures of them—will be wildly di�  cult. 

But then, 15 years ago nobody thought we could � nd any 

exoplanets at all. ( e James Webb Space Telescope, launch-

ing in 2014, might be able to � nd hints of biology on an alien 

world.) Even if the next space telescope only comes close, 

the one after that will very likely do the trick. So here is a 

bold prediction: By the time discover celebrates its 50th 

anniversary, the mystery of whether life exists elsewhere in 

the universe will � nally be solved. michael lemonick

Cells Become 
Healing Tools
medicine has seen its equivalent 

of the splitting of the atom: the ability 

to take apart, reassemble, and release 

the incredible power locked in genes 

and cells.  e breakthrough has 

resulted from the merger of interlock-

ing � elds—gene therapy and cell 

therapy—which are now spawning 

near-miraculous treatments and 

cures. But where atomic research had 

a single, explosive debut, gene- and 

cell-based treatments have emerged in 

� ts, after many false starts. 

One huge step forward came in 

1985, when researchers began shut-

tling genes into mammalian cells by 

� rst transferring them to a virus.  e 

genes hitched a ride inside the virus, 

ultimately entering the cell nucleus 

and working alongside native genes 

already in place.  en things went 

wrong. Not only did gene therapy fail 

to cure disease, but Jesse Gelsinger, 

a boy with a rare metabolic disorder, 

died in a clinical trial in 1999. 

Only recently have cell and gene 

therapy begun to triumph, by borrow-

ing from and blending into each oth-

er’s approaches. One stunning proof 

of principle occurred in 2007, when 

German researchers treated a 40-year-

old patient for HIV and leukemia with 

stem cells lacking an HIV receptor, 

making them resistant to the virus. 

 e patient was cured and, three 

years later, remains well. In another 

landmark success, scientists in Italy 

and the United States cured “bubble” 

babies who have a malfunction-

ing gene for the enzyme adenosine 

deaminase, which causes a buildup of 

toxic products that destroy immune 

cells. Doctors gave the patients stem 

cells containing copies of a properly 

functioning gene for the enzyme; the 

babies’ immune systems were then 

able to reconstitute themselves. 

 e combined therapy is assum-

ing even greater power as scientists 

manipulate genes to wind ordinary 

cells back to an embryonic state. 

Embryonic cells could restore brain 

and immune function and regenerate 

organs. “ e time is coming when 

we’ll repair heart tissue after a heart 

attack and restore blood � ow to limbs 

that would otherwise be amputated,” 

says stem cell researcher Robert 

Lanza of Advanced Cell Technology in 

Massachusetts. “We’ll look back and 

say, ‘Can you believe how people used 

to su� er?’”  jill neimark

Michael Lemonick, 
senior science 
writer at Climate 
Central, has writ-
ten for DISCOVER 
for more than two 
decades.

Jill Neimark also 
contributes to 
Psychology Today 
and Spirituality 
& Health. Her 
children’s novel, 
The Secret Spiral, 
is due out in June. 

1986 High-temperature 
superconductors found 

1988 Internet 
“worm” unleashed

1989 Cold fusion announced 
(false alarm, it turns out) 

1989 Voyager 2 flies 
past Neptune, the last 
unexplored planet
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1992 Planets detected around a pulsar

1991 Carbon nanotubes discovered 

1990 Hubble Space Telescope launched

1993 Hubble’s flawed optics fixed

1991 Galileo probe offers first look at an asteroid 

1990 Intergovernmental Panel on 
Climate Change links industrial emissions 
to “warming of the Earth’s surface”

Building With Atoms
“nanotechnology”—anything constructed on the 

scale of a nanometer, just a few times the size of an atom 

—has a quintessential science 
 ction ring. Yet you almost 

surely have some nanotechnology sitting around you. Try 

doing a Google search on the word. � ere: You just used it.

� e revolution began quietly in 1981, when Gerd Bin-

nig and Heinrich Rohrer at IBM in Zurich invented the 

scanning tunneling microscope (STM), which could read 

a surface atom by atom. Over the last decade, research-

ers adapted STMs to probe organic molecules and to 

build simple devices using atoms like Lego blocks. At the 

same time, electronics engineers were working their way 

toward the nanoscale from the top down, cramming ever 

more (and faster) transistors onto silicon chips. � at e� ort 

allowed the speed of computer processors to keep doubling 

every 18 months or so, an advance known as Moore’s law. 

By the early 2000s, transistor size had dipped below a ten-

millionth of a meter, bringing computers and cell phones 

into the nano realm. And the progress goes on: Late last 

year, researchers in Finland and Australia built an experi-

mental transistor out of a single atom of phosphorus.

� e next stage of atomic technology may involve replacing 

silicon with other substances optimized for the nanoscale. 

“Materials change properties when you enter into this new 

world,” says James Yardley, director of the Nanoscale Science 

and Engineering Center at Columbia University. He and 

his colleagues were among the 
 rst to discover one-atom-

thick sheets of carbon called graphene. In theory, elec-

trons should move through these sheets with essentially 

no resistance. “If you could do that, you could transmit 

electricity across the country with no loss,” Yardley says. 

Last February, IBM scientists created a graphene transis-

tor that can switch on and o�  100 billion times a second, 

more than twice as fast as its silicon counterpart. 

Real-world nanotechnology has implications far 

beyond computing—implications that could 
 nally 

give substance to the 
 eld’s old science 
 ction visions. 

Graphene is so strong that it has some scientists schem-

ing ways to build elevators into space. In the meantime, 

nanoscale carbon structures are being developed for 

fast-charging batteries, e�  cient solar cells, and implant-

able drug-delivery capsules. “We have the knowledge 

and tools to make all that happen,” Yardley says.  

bruce schechter and andrew grant

Bruce Schechter has edited science magazines including Technology 

Illustrated. Andrew Grant is a DISCOVER reporter and researcher.

Circuit boards 
now incorpo-

rate nano-size 
transistors, as 

Moore’s law 
marches on.
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1995 Top quark discovered

1994 FDA approves Flavr Savr tomato, first genetically modified crop

1995 Planet 
detected 
around 
sunlike star 

1994 Comet Shoemaker-Levy 9 
slams into Jupiter

1994 Fermat’s last 
theorem solved

1996 Scientists claim evidence of ancient life on Mars

DNA Decoded and 
Reprogrammed
in 1990 biologists embarked on one of science’s most 

ambitious journeys of self-discovery: sequencing every base pair 

in our genetic code. A decade later, in February 2001, the publicly 

funded Human Genome Project (HGP) and privately funded 

Celera Corporation, led by J. Craig Venter, separately published 

their drafts of the human genome. In 2003 the HGP released a full 

map. � en...nothing. Finding connections between the genome 

and disease proved far more complicated than biologists had 

hoped (or feared). Common diseases turn out to be caused by 

intricate gene interactions, and genes respond to environmental 

signals in confusing ways. But just when it seemed as if the Hu-

man Genome Project would take us nowhere fast, the burgeon-

ing � eld of bioinformatics—treating DNA as data—came of age. 

Studies of genetic markers had already proved invaluable for 

evolutionary biology and forensic science, aided by chem-

ist Kary Mullis’s 1983 invention of PCR, an e�  cient way to 

amplify minute fragments of DNA. Uploading genomes onto 

a computer opened rich new possibilities. Parsed by com-

puter, digital DNA began revolutionizing the study of human 

ancestry. Today molecular biologist Leroy Hood, president of 

the Institute for Systems Biology in Seattle, is trying to use the 

tools of bioinformatics to create a kind of medicine he calls 

P4: predictive, personalized, preventive, and participatory. By 

analyzing genomes within a nuclear family, he has discovered 

the gene linked to Miller’s syndrome, a craniofacial defect. Next 

he aspires to tackle more common but genetically and environ-

mentally complex conditions—cardiovascular, neurodegenera-

tive, and autoimmune disease. “In 5 to 10 years, each individual 

patient will be surrounded by a virtual cloud of billions of data 

points,” he predicts. “We’ll be able to mine that information 

and gain deep insights into health and disease.” 

Treated as information, DNA can also be manipulated to cre-

ate designer organisms. Molecular biologist Venter recently used 

this approach to create what he calls the � rst synthetic organ-

ism. He sees a day coming soon when DNA can be written like 

software and custom microbes can be “programmed” to generate 

inexpensive energy, fertilizer, drugs, or food. One potential goal: 

turning human waste into clean water, electricity, or both. Anoth-

er: � ghting global warming by sucking carbon dioxide from the 

air. “Could we make arti� cial steaks?” Venter asks. “We’re limited 

only by our imagination.” pamela weintraub

Human Family Tree Gets 
Bushy, Grows Roots
the study of human origins has been marked by 

lively—sometimes vicious—sparring over the identity of the 

original human ancestor. � e battle royal is best symbol-

ized by world-famous Lucy, a 3.2 million-year-old fossil 

Australopithecus afarensis originally unearthed in 1974 and 

put forth as the original biped leading to us. � e furor over 

Lucy’s pedigree embroiled researchers of the 1980s and 

remains unresolved, but proof could be beside the point. “I 

frankly do not care,” says Stony Brook paleoanthropologist 

William Jungers. “She allows us to understand what our 

precursors looked like: sexually dimorphic, small-brained 

bipeds retaining the ability to climb trees.” 

Recent discoveries o� er a deeper and broader view of 

human ancestry. One stunner: Early humans mated with 

Neanderthals, according to evolutionary geneticist Svante 

Pääbo and colleagues at the Max Planck Institute for Evo-

lutionary Anthropology in Germany. � rough an analysis of 

DNA fragments from Neanderthal bones, Pääbo traced the 

interbreeding back 60,000 years to the Middle East. Today 

1 to 4 percent of the human genome outside Africa is Nean-

derthal. Another shock came last year when Tim White of 

the University of California, Berkeley, and the Middle Awash 

Team unveiled Ardipithecus ramidus (“Ardi”), a 4.4 million- 

year-old fossil female hominid. Bipedal on the ground but 

e�  cient at moving through trees, Ardi suggests the com-

mon ancestor we share with chimpanzees was an ape with 

monkeylike traits. Finally, in 2004, in a cave on the island of 

Flores in Indonesia, bones of a human relative no larger than 

a modern-day 4-year-old were discovered by archaeologist 

Michael Morwood of the University of Wollongong in Aus-

tralia and his team. � e bones are 14,000 years old, but tools 

nearby date back as much as a million years. After furious 

debate, most paleoanthropologists now agree that Homo � o-

resiensis, nicknamed the hobbit, is a genuine ancient human 

with a teensy brain folded in ways that increased its complex-

ity—enough for hobbits to hunt cooperatively, knap their own 

tools, and thrive on an island for more than a million years.

 “We’re the last hominid standing,” Jungers says. But it is 

no longer clear whether we are the crown of creation or just 

one branch of a diverse evolutionary bush.  jill neimark

Pamela Weintraub is a senior editor at DISCOVER and author of 
Cure Unknown: Inside the Lyme Disease Epidemic, for which she won 
the Medical Writers Association Book Award in 2009.
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1997 Neanderthal DNA isolated

The Web Takes Over

just think of all the ways the world wide web has 

improved our lives since its invention in 1989.

It is making us healthier: In 2007, some 160 million Americans 

looked for medical information online, according to a Harris 

Interactive poll. We can get advice directly from the Mayo Clinic’s 

Web site or ask a forum and tap the wisdom of the crowd.

It facilitates news gathering: When Iran cracked down on 

protesters last year, startling videos of the chaos were careen-

ing around the world’s computers and cell phones within 

minutes. We have access to a billion frontline reporters 24 

hours a day.

It is an economic turbocharger: Today anyone can start a 

global business for almost nothing while sitting in his or her 

living room. Engineers, executives, salespeople, and creative 

teams can collaborate with each other and with customers 

and suppliers virtually around the world. Online retail sales are 

approaching $150 billion a year in the United States alone.

It is revitalizing politics: Barack Obama’s presidential 

campaign raised half a billion dollars—the bulk of the total 

money it raised—from more than 3 million people via the 

Web. Today, regular White House video postings have pun-

dits dubbing this the “YouTube presidency.”

It is connecting us: We are in closer touch with more people 

for longer periods of time. Facebook has 500 million active users 

spending more than 700 billion minutes per month on the site. 

� en again, the Web is also making us sicker, or at least 

making us feel that way: A 2008 study by Microsoft Research 

1998 Study 
demonstrates that 
adult brains grow 
new neurons

1998 Dark energy discovered 1999 West Nile virus invades U.S. 

1998 Human stem cells isolated 

1997 Sojourner 
rover begins 
exploring Mars

1999 Lab-grown bladders implanted in dogs

showed that Internet searchers tend to focus on only the 

top few results, typically highlighting rarer, more serious 

diagnoses of common ailments such as headache (brain 

tumor!) and chest discomfort (heart attack!).

It impairs news gathering: Some 30 daily newspapers 

have been shuttered in the past three years, and virtu-

ally all the rest have been rocked by layo� s, as advertisers 

and readers � ee to blogs and other free, Web-based news 

sources where the reporting is often slapdash or recycled.

It is an economic saboteur: Large segments of the pub-

lishing and entertainment industries have been devastat-

ed by the cornucopia of free (often pirated) online publica-

tions, music, and video.

It is poisoning politics: Studies show that people tend 

to read Web sites that reinforce their biases and beliefs. 

Among the biggest winners politically on the Web have 

been hate and terrorist groups, many of which have mas-

tered online fund-raising and recruiting.

It is alienating us: Social scientists caution that Face-

book and other online playgrounds are keeping children 

from getting out and getting together, limiting their social 

skills and encouraging obesity.

What’s indisputable is that the Web is changing our 

behavior. It may be changing the way our brains are wired, 

too. But by the time we � gure out what these changes are, 

it won’t matter, because everyone will have grown up in a 

world where the Web is inseparable from everything we 

do. Celebrate the change or not. It isn’t waiting for your 

approval. david h. freedman

David H. 
Freedman is a 
frequent
contributor to 
DISCOVER and has 
written for The 

New York Times, 

The Atlantic, and 
elsewhere.

A data visualization 
of text messaging
in the city of 
Amsterdam.

1997 Deep Blue beats chess grandmaster Garry Kasparov
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Uncovered: How a Brain 

Creates a Mind

before neuroscience could tackle its biggest question—how 

the brain transforms chemical reactions and electrical pulses into cog-

nition—it had to wrestle with the tiny. 

In the early 1980s, new tools made it possible to map out the machin-

ery inside an individual brain cell. Using minuscule glass electrodes that 

are able to measure picoampere currents, researchers could observe a 

single neuronal pore popping open and slamming shut to transmit a 

signal. At the same time, the techniques of genetics and molecular biol-

ogy began to reveal the intricate biochemical signals that synapses—the 

portals of nerve cells—deploy during communication.

Probably the most powerful idea to emerge from these innovations 

was the realization that neuroplasticity, the brain’s capacity to change 

and adapt, persists into adulthood. As Columbia University neuroscien-

tist Eric Kandel and others have shown, neurons respond to stimulation 

by altering their activity and connectivity, remodeling the architecture 

of the brain. If the adult brain is � exible, the implication is that damage 

or injury might be reversed. 

Other researchers, meanwhile, were using neuroimaging to go global, 

observing the whole human brain in action without opening the skull. 

In the 1980s, positron emission tomography (PET) scans, which detect 

neural metabolism with radioactive tracers, snapped the � rst pictures 

of the brain in midthought. In 1990 functional magnetic resonance 

imaging ( fMRI) provided a safer way to track sensations and emotions 

as they occurred.

An even more holistic vision of the brain is emerging from connec-

tomics, which seeks to create a wiring diagram of the entire human 

brain. Most recently, a technology called optogenetics has allowed 

experimenters to toggle entire brain circuits “on” or “o� ” by shining 

laser light on genetically modi� ed synapses. � e implication: A deeper 

understanding of thought and feeling, not to mention new therapeutics, 

may be closer than we think. 

In the new view, the brain looks like “a � uctuating mosaic of areas in 

a state of dynamic equilibrium,” says V. S. Ramachandran, a neurosci-

entist at the University of California, San Diego. It is not a computer so 

much as a constantly unfolding dance.  kat mcgowan

Universe on a Scale

physicist saul perlmutter vividly remembers what

cosmology was like during his grad student days 25 years ago. 

“It was a standing joke that if you were within a factor of 10 with 

your measurements, you were doing well,” he says. Estimates 

of the universe’s age ranged from 7 billion to 20 billion years. It 

wasn’t a discipline renowned for exactitude.

Cosmology was reborn on November 18, 1989, with the launch 

of the Cosmic Background Explorer (COBE) satellite. COBE 

made the � rst precise measurements of the faint radiation left 

over from the Big Bang. According to theory, tiny quantum 

� uctuations were blown up to cosmic proportions within the 

� rst fraction of a second after the birth of the universe, creating 

lumps that seeded today’s galaxies and galaxy clusters. COBE 

found the imprints of those � uctuations, strong evidence for the 

standard model of the Big Bang. A second, even more shocking 

development came in 1998 from two teams of astronomers (one 

led by Perlmutter) studying supernovas in distant galaxies. � ey 

discovered that the expansion of the universe is accelerating, 

driven apart by an enigmatic, all-pervasive property of space 

now called dark energy. “Will dark energy keep the universe 

accelerating faster and faster?” Perlmutter asks. “Or could it 

decay or even change and make the universe collapse?”

In 2001 COBE’s successor, the Wilkinson Microwave Anisot-

ropy Probe (WMAP), brought even more precision to cosmology. 

WMAP � nally revealed the exact age of the universe: 13.7 billion 

years. It also showed that ordinary matter—the atoms that 

make up galaxies, planets, and people—accounts for a paltry 

4 percent of the universe’s contents. Dark matter, invisible 

except for its gravitational in� uence, makes up about 23 percent; 

dark energy accounts for the rest. Next up, the Joint Dark Energy 

Mission—tentatively scheduled to launch in 2016—will � ll in 

more details. � is space observatory will be able to study super-

novas that exploded as far back as 10 billion years to analyze 

the shifting relationship between the pull of mass and the push 

of dark energy. “To make any predictions,” Perlmutter says, “we 

need measurements about 20 times more accurate than we 

have now.” � ose measurements—and the next era of precision 

cosmology—are on the way.    tim folger

Kat McGowan, a contributing editor at DISCOVER, writes for several other publica-
tions, including Self and Psychology Today. Her 2009 story about memory, “Out of 
the Past,” appears in The Best American Science and Nature Writing 2010 anthology.

2001 Wikipedia introduced

2001 President 
Bush limits federal 
stem cell research 

2001 Astronomers pierce cosmic dark ages

2002 NASA 
detects water 
ice on Mars

Tim Folger is a former DISCOVER senior editor who also freelances 
for National Geographic, The New York Times, and more. He is 
series editor for The Best American Science and Nature Writing.
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2003 Columbia shuttle burns up on reentry

2003 WMAP 
spacecraft maps 
early cosmos
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“Hobbit people” 
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Indonesia

2004 SpaceShipOne wins Ansari X Prize 2005 First face transplant performed

2004 Tsunami 
devastates 
Indonesia

2005 Huygens probe 
lands on Titan

2005 Eris, larger 
than Pluto, is 
found orbiting 
beyond Neptune

Physics Seeks The One
a new era in physics should have started 11 years ago 

in Waxahachie, Texas. � at’s where the Superconducting 

Supercollider, a 54-mile-long underground circular particle 

accelerator, was supposed to smash protons together and 

glean vital clues from the subatomic wreckage. Cost over-

runs led Congress to cancel the SSC in 1993. If the project had 

gone on as planned, “by now we’d be asking a new generation 

of questions and re� ning them,” says theoretical physicist 

Frank Wilczek, a Nobel laureate at MIT. “But I’m on record as 

saying we’re about to enter a new golden age.”

� e reason for his sunny mood: the Large Hadron Collider, 

an almost-as-powerful accelerator near Geneva that began 

� ring protons last spring. It could provide the best evidence 

yet that the four natural forces shaping our world—gravity, 

electromagnetism, the strong force, and the weak force—are 

manifestations of a single underlying law. � rough a 

decades-long e� ort, physicists have managed to incorporate 

all of the forces save gravity into a theory called the standard 

model. � e LHC is designed to � nd the hypothetical particles 

(most notably the Higgs boson, believed to endow other 

particles with mass) that would back up that theory. 

� e LHC may also lead physicists toward a unifying frame-

work that goes even beyond the standard model. String 

theory—which holds that all particles and forces ultimately 

consist of unimaginably small, vibrating objects called 

strings—has dominated theoretical physics for most of the 

past 30 years, yet it remains controversial. Many in the � eld 

feel the theory is valid, but it cannot be falsi� ed by experi-

ment, the standard by which scienti� c concepts are judged.

Although the LHC will not come anywhere close to 

detecting strings, it may con� rm a precursor theory called 

supersymmetry, in which every known type of particle has a 

“superpartner”: an unstable, heavier twin. On the other hand, 

failure to detect supersymmetric particles at the LHC would 

be a blow to string theory’s credibility. “String theory has 

been impressive mathematically,” Wilczek says, “but disap-

pointing in describing physical reality.”     tim folger

The CMS cavern is 
part of the Large 
Hadron Collider 
and its research in 
particle physics.
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2010 Neanderthal genome sequenced2008 Large Hadron Collider fails in start-up

2007 
Soft tissue 
extracted from 
T. rex bone

2008 Scientists 
decode woolly 
mammoth genome 

2006 Pluto 
demoted to 
“dwarf planet”

The Heat Is On

the science revealing rising risks of disruptive human-

driven climate change has accumulated like dots added to a poin-

tillist painting, but the resulting image still lacks clarity. � e result 

is one of the great paradoxes of the early 21st century: a potential 

planet-scale threat that perpetually hides in plain sight. Parts of

the climate picture are visible now in high resolution. � ere is no 

longer any reasonable way to explain recent changes in atmospher-

ic and ocean temperatures without a substantial contribution 

from accumulating human-generated greenhouse gases. Arctic 

sea ice in summer is dwindling. Tropical climate conditions are 

expanding. � e stratosphere is cooling, as predicted, while lower 

atmospheric layers warm.

For many of the most consequential climate impacts, though, 

the picture remains fuzzy. Rising sea levels are certain in a warming 

world, but there is still substantial uncertainty about the extent of 

the increase in this century, mainly because the dynamics that could 

erode the ice sheets of Greenland and Antarctica remain poorly 

understood. Other worst-case outcomes also remain primarily in 

the realm of the plausible, as opposed to the probable. � at may 

be one reason why work toward a meaningful climate treaty and 

national climate legislation has sputtered. But there are others. 

� e disconnect between information and action is less surpris-

ing when you examine two other trends of the past 30 years. One is 

in research in behavioral science, illuminating our tendency to sift 

facts using emotion-based � lters and to deeply favor short-term 

payo� s. � e second is the sustained disinvestment in basic energy-

related R&D that began with the election of Ronald Reagan in 1980 

and has continued until now, with bipartisan support. 

Some analysts call for a focus on adaptation and innovation: 

helping vulnerable communities develop ways to deal with climate 

extremes and reviving research budgets to raise the odds of energy 

breakthroughs. Even pessimists point to climate countermeasures, 

dubbed geoengineering, as a vital insurance policy. Still, the core chal-

lenge remains as Ralph Cicerone, president of the National Academy of 

Sciences, described it to me in 2007: “Does it take a crisis to get people 

to go along a new path, or can they respond to a series of rational, incre-

mental gains in knowledge?” Given the persistent gap between climate 

data and behavior, we may not like the answer.      andrew revkin

Andrew Revkin writes the “Dot Earth” blog forThe New York Times and was a 
senior editor at DISCOVER. He has written three environmental books.
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Global surface temperature still, May 1994.
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STORAGE

In 1980 even a powerful 

personal computer like the 

Apple II Plus did not come with 

a hard drive; at $1,500 for a 

5 megabyte model, the drives 

cost more than the computer 

itself. Instead, Apple’s mass stor-

age system was a $495 floppy 

disk drive using disks that held 

140 kilobytes of data apiece. 

(If you were a big spender, you 

could spring for dual drives.)

Hard drives got better and 

more affordable through the 

1980s, yet the floppy disk still 

flourished. It was only when 

cheap, durable, compact 

USB thumb drives appeared 

in 2000 that floppies—by 

then downsized to a 3.5-inch 

hard-shell version—started to 

look archaic. Today the same 

$50 you might have paid for 

a 10-pack of disk ettes back 

in 1980 buys a 32 gigabyte 

thumb drive—the equivalent of 

a stack of floppies taller than 

the Golden Gate Bridge. 

CELL PHONES

Tokyo was the only city with 

commercial cellular telephone 

service in 1980—which wasn’t a 

major problem, because there 

weren’t any self-contained 

mobile phones yet. Those 

arrived in 1983 with Motorola’s 

DynaTAC 8000X, based on 

technology the company first 

demonstrated in 1973. The 

bricklike gizmo cost $3,995, 

weighed more than a pound 

and a half, and drained its 

battery in an hour. None of that 

stopped it from becoming an 

instant status symbol.

The most striking thing about 

2010’s most iconic cell phone, 

the iPhone 4, has nothing to do 

with the phone. It’s all the other 

features crammed into Apple’s 

pocketable form, which has 

one-sixth the DynaTAC’s heft. 

Among the 1980s gadgets it 

replaces: a Polaroid, a Handy-

cam, a Walkman, a Watchman, 

an Atari 2600, and a Sharp 

Wizard. The iPhone 4 is also a 

powerful computer that packs 

more memory than all the 

Apple II computers in the world 

as of 1980. 

CARS

Thirty years ago, during the Ira-

nian hostage crisis, gas prices 

shot up to a then astronomical 

$1 a gallon. Ford responded 

with the Mercury Antser, which 

it demonstrated at the Chi-

cago Auto Show in 1980. The 

angular concept car sported a 

lot of modern-sounding tech: a 

hybrid electric/gas power train 

that drove all four wheels, an 

onboard computer with digital 

displays for everything from the 

speedometer to the radio, and 

electronic maps to help you 

navigate traffic snarls. 

The Antser never reached 

showrooms, but many of its 

gee-whiz concepts are now 

realities. And after our long 

detour through cheap gasoline, 

economy is back in vogue, 

leading to a spiritual descendant 

of the Antser: the Karma, devel-

oped by the Southern California 

start-up Fisker Automotive. The 

swoopy sport sedan is one of 

the first plug-in hybrids, able 

to run on pure battery power 

but augmented with a gasoline 

engine; a rooftop solar panel is 

optional. After several delays, 

the Karma is scheduled to reach 

production next February at a 

price of around $90,000.

SURGICAL 

INSTRUMENTS

Most of the key surgical tools of 

1980 were highly refined ver-

sions of classics that had been 

around for decades or even 

centuries, such as the scalpel 

and forceps. If things went 

wrong and you were the patient 

under the knife, you hoped to 

be in the care of a surgeon who 

knew how to use those instru-

ments with great skill.

In the late ’80s, work began at 

SRI International on medical 

robotics. The goal: to make 

surgery less invasive by giving 

surgeons more-dexterous 

“hands”—and more of them. 

SRI’s research was commer-

cialized as Intuitive Surgical’s 

da Vinci Surgical System, 

approved by the FDA in 2000. 

The latest version of the 

$1.5 million device lets doctors 

work while seated, viewing a 

magnified 3-D image of the 

procedure they’re performing 

and precisely manipulating up 

to four robotic arms—one with 

an endoscopic camera and 

three that handle special surgi-

cal tools. (Some things never 

change: Available instruments 

include both scalpels and 

forceps.)   HARRY MCCRACKEN

The Changing Face of Everyday Technology

Harry McCracken is the founder 
of Tech nologizer, a personal-tech 
Web site, and served as editor in 
chief of PC World.
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By Paul Hoffman

Unbelievable
 I 

am a fanatical woodpusher, and i’ve devoted a staggering 

number of hours not just to playing chess but also to reading and writ-

ing about the game. A few months ago I stumbled on a curious report 

on ChessBase.com that the 19-year-old Norwegian phenom Magnus 

Carlsen, currently ranked No. 1 in the world , had recently been found to 

be related to Matt Damon. 
 e actor’s mother  had seen a picture of Carlsen and 

noted the physical resemblance to her son, 20 years his senior. A little genealogi-

cal investigation proved that the two men were second cousins who had never 

met. ChessBase posted a series of paired photographs of Carlsen and Damon in 

which their facial features and gestures  were remarkably similar. 
 e report con-

cluded by saying that Damon had invited Carlsen “to visit him on the set of his 

next  lm about a shogi champion [shogi being a Japanese version of chess] who 

inspires a nation to put aside its di� erences and unite in celebration of his sport.” 

I’m a fan of Carlsen’s, and I  e-mailed the story to a few fellow chess nuts. 
 e only 

problem was that the story wasn’t true—I hadn’t noticed the April 1 dateline. 

My gullibility was particularly embarrassing because I myself have a history of 

perpetrating hoaxes. I was the editor in chief of discover when, in 1994, the maga-

zine embarked on a  ve-year run of publishing a sham news article every April. 

I had gleefully followed the venerable bbc’s periodic science pranks—my two 

favorites were a televised report on the defeat of the destructive pasta weevil 

(accompanied by images of Swiss workers harvesting spaghetti from trees) and 

a radio interview with an astronomer who urged listeners to jump into the air to 

experience a once-in-a-lifetime diminution in gravity as Pluto passed behind Jupi-

ter. I wondered if the British are particularly credulous (after all, they still believe 

in princesses and queens),  or if hard-boiled Americans would also fall for fake sci-

ence stories. discover was my laboratory, and as a result of a half-decade of rather 

unscienti c experimentation, I can report that Americans are pretty gullible too.

Senior editor Tim Folger was enlisted to write four of the April Fool’s stories that 

appeared in the magazine. In 1996 he described an extraordinary new evanescent 

particle called the bigon, a bowling-ball-size object whose existence might account 

for ball lightning, migraines, collapsed sou�  és, spontaneous human combustion, 

and earthquakes. 
 e following year, Tim wrote about the discovery of Neanderthal 

musical instruments—a mastodon-tusk tuba and rhinoceros-bladder bagpipe 

—and speculated that the hominids’ love of oom-pah-pahing through the forest 

may have scared prey away, resulting in their starving themselves to extinction. 

to melt the ice below unsuspecting penguins with their 

red-hot heads and then devour the sinking birds with 

bites of their sharp incisors. Pazzo speculated that her 

discovery could explain the sudden disappearance of 

the polar explorer Philippe Poisson in 1837. 


 e article was quickly reprinted and widely distrib-

uted by newswires. Ripley’s Believe It or Not! reported it 

as true,  as did � e Uno�  cial X-Files Companion. dis-

cover received a record amount of mail from people 

who believed the story and from readers who wanted 

us to know that they got the joke (Aprile Pazzo is Ital-

ian for “April Fool”). A zoo asked for our help in acquir-

ing one of the creatures for its collection. I remember 

replying that the animals could not be shipped because 

their heads would melt the packing crate—and that 

even if we could  nd a way to transport them, the zoo 

would need to feed them live penguins, and wouldn’t 

that be rather disturbing to the zoo’s younger visitors? 


 e hotheaded naked ice borer now has its own Wiki-

pedia page and appears on lists of the greatest hoaxes of 

all time. Tim Folger, who has labored in the pages of this 

magazine to painstakingly unpack string theory and 

the extraordinary world of Stephen Hawking, fears that 

it is his  ctitious account of the repulsive little carni-

vore for which he’ll be remembered. “It’s kind of pathet-

ic,” Tim told me, “that this may be my writing legacy.” 

All of our sham stories found their believers, despite 

what I thought were abundant red flags. The Nean-

derthal researcher, for example, was named Todkopf 

(“Deadhead”) and hailed from the nonexistent Hinden-

burg University (get it?—a school of hot air). But cre-

ationists trumpeted the ancient music story as further 

evidence that Neanderthals were just like us. (Creation-

ist theology does not permit another human species; 

that would undermine our God-given uniqueness.)

As for the ice borers, many readers of the original 

report noted that the April 1995 issue of discover was 

peppered with true stories —about rats on Prozac, mini-

mammoths, and buddy-system birds—whose authen-

Paul Hoffman, 

editorial chairman 

of BigThink.com, 

is the author of 

King’s Gambit: A 
Son, a Father, and 
the World’s Most 
Dangerous Game.

In 1998 , the  nal year of the ersatz stories, Tim described the ambi-

tious plan of Justin Vorfun, the hot-tub-loving CEO of a Hollywood 

Hills engineering  rm, to install 300 building-size bellows around 

Los Angeles to blow the city’s famously bad smog out to sea.

It was Tim’s 1995 report, on Aprile Pazzo’s discovery of a strange 

little mammal called the hotheaded naked ice borer, that became the 

most celebrated hoax at discover. Packs of these hairless, molelike 

creatures, which lived in tunnels in the Antarctic ice shelf, were said 

the past  30  years
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ticity might well be questioned. Indeed, the very image 

on the cover of the magazine could be suspect—a gro-

tesque blowup of a false-colored micrograph of a 0.03-

inch Microphthalmus, accompanied by the oversize 

headline “Exclusive Photos: Aliens on the Beach! � e 

Unseen Creatures Beneath Our Feet.” (I apologize for 

the hyperbolic wording—my compensation was based 

on newsstand sales.) And the ice borer itself was just 

a fantastic twist on a hard ly more believable animal, 

the Namibian naked mole rat, a nearly blind mammal 

that has a social structure like an ant’s. To fake a pho-

to of an ice borer that accompanied the hoax story, 

the magazine’s art department Photoshopped a red-

tinted trilobite onto the head of a naked mole rat. 

I now feel a pang of guilt about the hoaxes. As a 

man of science, I was smugly delighted that creation-

ists seized on the Neanderthal tuba but dismayed that 

zoologists and other  scientists also believed our fakes. 

Magicians often say scientists make the best audience 

because they think they’re too smart and observant not 

to trust what they see with their own eyes. Ricky Jay, 

the sleight-of-hand master, told 60 Minutes that “the 

ideal audience would be Nobel Prize winners. . . . � ey 

often have an ego with them that says, ‘I am really 

smart so I can’t be fooled.’ No one is easier to fool.” 

I told the magician Penn Jillette about the ice borers. 

“Smart people learn to believe things that are counter-

intuitive,” he said. “Black holes, string theory, germs, 

trips to the moon, radio waves—they’ve had practice 

believing crazy s--t.” Penn was right, of course. Is a 

bowling-ball-size fundamental particle any less plausi-

ble than 26-dimensional string theory? Or smog-clear-

ing bellows any less harebrained than, say, BP’s plan to 

plug its oil geyser with golf balls? We live in interesting 

times. Modern physics is incomprehensible, and cow-

boy engineering schemes—private companies racing 

to get to the moon or to sequence our genomes cheaply  

—are commonplace and may be our salvation. 

Science has always aimed to explain the world 

around us, and humanists used to portray scienti� c 

explanations as draining the joy and mystery from 

life. � ese days, though, scienti� c explanations often 

defy everyday experience . � e fact that creationists 

are citing science to further their agenda is a sign 

that scientific discovery has become as marvelous 

and inspiring as any tale from religion.

Richard Dawkins says there is an evolutionary 

advantage in believing what authority figures tell 

us: Children would wander o�  into the woods if they 

didn’t heed their parents’ admonition to stay near their 

homes. Toddlers  cannot understand how a stovetop 

could burn them, yet most of them follow their parents’ 

warning to stay away from the range (as well as believe 

whatever they are told about Santa Claus, the tooth 

fairy, and Dawkins’s favorite bugaboo, the Almighty).

I asked Stephen Greenspan, the author of  Annals 

of Gullibility: Why We Get Duped and How to Avoid It, 

to explain why intelligent people accepted our April 

Fool’s stories. “People trust authority—and  DISCOVER 

is an authority for science news—unless the authority 

says something too far-fetched, ” he said. Our economy 

and all other social interactions are based on trust and 

would collapse if we all doubted one another, he added. 

In other words, a society of paranoids and cynics would 

not function as a society. It is sobering to realize that 

human beings blindly trust authority and that authority 

� gures like Nobelists are the ones most easily duped.  

When I learned that Greenspan, perhaps the 

world’s foremost scientific authority on gullibility, 

had put $400,000 of his own retirement savings into 

funds that invested with Bernie Mado� , I no longer 

felt so stupid believing that Matt Damon was starring 

in a � lm about shogi. Come to think of it, the plot of 

the purported movie sounded a lot like Invictus. 

The mighty roar of 
the little ice borer.
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Birth Control Pill

The “other” Pill is perpetually five years in the future, which is baffling since the penis and its 
associated bits seem to be the more directly available human genitalia. But it turns out to be 
tougher to shut down sperm production—there are so many, and they move so quickly—than to 
derail just one big egg every 28 days or so.

Weather Control

The End of 
Infectious Diseases

Hover Cars and 
Jet Packs

Contact with 
Alien Civilizations

Teleporters

Humanoid Robots

Endless 
Clean Power

Cloning: 
The Creation 

of Mini-Me

A Theory of
Everything

From planning an outdoor wedding to ending droughts and floods, the appeal is obvious. A 
sprinkling of precipitation powder on wispy clouds, and poof: A hard rain is gonna fall. Or per-
haps giant fans mounted on blimps could blow clouds away when too much rain has fallen.

By now we are supposed to be living disease-free, worrying only about wrist phone reception, 
really understanding Immanuel Kant, and getting our clone into the right preschool. We have 
vaccines, we have antibiotics, we knocked out polio. Clearly we have the upper hand.

Flying cars, multiple levels of swooping traffic, and parking spaces 
among the fluffy clouds: Our destiny is to live like the Jetsons.

Even Carl Sagan dabbled in this fantasy. If the universe is full of 
habitable planets, and planets tend to produce life, and life tends 
toward intelligence, and smart aliens want to talk—well, surely we 
just have to learn how to be good listeners.

Today I commuted to work in a slithery silver thing in a subway. Bummer. But tomorrow a 
transporter will take apart all my particles, turn them into information bits, shoot them along at 
the speed of light, and reassemble them at the destination of my choice, right?

Star Wars’ C-3PO is the prototype of the helpful robot in the 
house. He cleans, cooks, fixes things, and makes us feel good about 
our social skills. I’ll take one in silver.

Maybe it will be fusion. Maybe it will be something even more fantastical, like zero-point energy. 
But something clean and abundant is going to fuel our fully automated houses, where we will 
stand on a little platform and be bathed, blown dry, clothed, fed, and dropped gently into our 
personal jet pack. And I haven’t even mentioned the space elevator to our summer home.

It’s you, but maybe better. This time around 
you will be sure not to let you read in the dark, skip 
sunscreen, or waste time on violin lessons.

Why deal with the messiness of two theories of physics—quantum mechanics and general relativity 
—that don’t get along with each other? Scientists have been hot on the trail of a single set of 
equations to explain the whole enchilada. Call it string theory, M theory, the theory of everything: 
This will be so good that it might even qualify as the long-anticipated End of Science.

B Y  W E N D Y  M A R S T O N
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Male Pregnancy

Weather 
Out of Control

Infectious Diseases

SUVs

Radio Silence

The Agony of 
Air Travel

Some Very Unfun 
Industrial Robots

Expendable 
Fossil Fuels

Plastic Surgery: 
The Creation 
of Barbie-Me

An Understanding 
of Nothing

Thomas Beatie, a transgender person, was the first “pregnant 
man.” He gave birth vaginally (no C-section for him!) in 2008 to 
baby Susan. An exclusively male person would have had a much 
more difficult delivery, having no uterus or cervix or vagina. Stash-
ing a growing embryo in a man’s body is a problem not yet solved.

We did manage to affect the weather, after all. Yay us! No, no yay. We spewed so much carbon 
dioxide into the atmosphere and denuded so much of the planet’s greenery that we succeeded 
in warming everything up to an even more chaotic and less predictable state.

Pathogens proved much tougher than we realized. We have seen new outbreaks of swine flu, 
regular flu, hantavirus, Ebola, HIV/AIDS, herpes, HPV, meningococcal meningitis, SARS, 
West Nile virus, and MRSA—one of the notorious “flesh-eating bacteria.” Not to mention the 
reemergence of whooping cough, tuberculosis, and diphtheria.

Cars seem more earthbound than ever. Before oil prices soared 
in 2008, massive pavement-pounders were the personal vehicles 
of choice. Economic changes and new financial regulations are 
bringing in smaller vehicles and hybrids, but concepts like the 
Terrafugia flying car largely remain . . . concepts.

Congress cut off funding to listen for radio signals from extraterrestrials in 1993, and these 
days much of the research is supported at the whim of Paul Allen, the cofounder of Microsoft. 
True believers are still all “Hey, universe, I’m listening! If you don’t call me by Wednesday I’ll 
have made other plans.” But so far the universe has proven emotionally unavailable.

Air travel—the fastest kind we’ve got—is now a living hell, both far above the earth and in the 
airport on both ends. Shoes-off humiliation at security scans? Check. A $6 bag of chips and a 
movie no one would ever see in a theater? Check. Your bags? Don’t check, unless you want to 
deal with that baggage fee and wonder if it will show up at the other end.

Robots may know how to paint cars, sort ball bearings, and work in a limited fashion in nursing 
homes and for obscenely rich people, but they are not yet in our houses (with the exception of 
the Roomba vacuum). Seems that doing the laundry and throwing shish kebab on the grill are 
far more complicated artificial-intelligence problems than we thought.

The world still runs mostly on extracted energy sources. Coal is the largest and fastest-growing 
segment, powering much of China’s booming economy. In the meantime, we’ve had to clean 
up from ecological disasters like the Exxon Valdez spill and the Deepwater Horizon blowout. 
(Meanwhile, the 1986 Chernobyl explosion put a chill in the nuclear alternative.)

Financing is available so you can afford to inflate your breasts 
or pecs or to Botox your brows into an expressionless mask. If 
we can’t clone ourselves, we might as well remake ourselves 
in the image of the biggest jerk in high school.

String theory turns out to have 10500 possible solutions. It might be fundamentally untestable. 
And for the layperson, it has mainly produced a lot of turgid documentaries. Talking heads, 
rarely identified, pop out of whatever membrane they usually inhabit and proclaim that flitty 
subatomic strings are the most important discovery since Einstein, but no one is entirely con-
vinced. For the love of boffo box office, let’s get this sucker solved.

Wendy Marston is a freelance writer and editor and the author of The Hypochondriac’s 

Handbook. She was formerly a senior editor at DISCOVER. 43
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WHO ASKED FOR THAT?

Crumbling 
Infrastructure

The American Society of Civil Engineers awarded our national infrastructure a grade of D in 2009, down a full letter 
since its first report in 1988. Cracks are everywhere, from aviation (D) to dams (D) to waste water (D–). Lack of 
maintenance, investment, and upgrades over decades has made our foundations increasingly fragile (hurricane 
Katrina is a handy case in point). Our health infrastructure is creaking as well: Food safeguards are lax and out-
dated, giving rise to outbreaks of E. coli involving everything from ground beef to cookie dough.

Cold Fusion and 
Other Failures

On March 23, 1989, B. Stanley Pons, a professor of chemistry at the University of Utah, and his colleague, Martin 
Fleisch mann of the University of Southampton in England, announced they had created fusion—the process that occurs 
inside the sun and a hydrogen bomb—in a jar of water at room temperature. Unfortunately, no one else could replicate 
their celebrated achievement. Others who were loose with their facts: former Harvard researcher John Darsee 
(faked cardiac research); radiologist Robert Slutsky (altered data; lied); obstetrician William McBride (changed data, 
ruined stellar reputation), and physicist J. Hendrik Schön (faked breakthroughs in molecular electronics).

NASA Grounded

There is no American manned space effort anymore—the Space Shuttle 
program, inaugurated the year DISCOVER premiered, is about to wind 
down. Along the way 14 astronauts died on two missions (Challenger, 
1986, and Columbia, 2003). Astronauts who visit the International Space 
Station, the high-price and low-profile structure currently orbiting Earth, 
will be ferried there for the next five years by the Russian reusable space 
capsule Soyuz. Apparently the Russians won the space race after all.

Intelligent Design

Not satisfied with the biblical God who created the world in six days, creationists developed a “science” that aims 
to explain the supernatural force behind the whole shebang: intelligent design. Because we cannot reverse-
engineer things like the human eye, they say, it follows that all must be designed by a higher being. (The human 
knee presumably came together during a moment of distraction.) This tactic had some success easing intelligent 
design/creationism into American public-school science lessons. But in 2005 a jury prohibited its teaching in the 
schools of Dover, Pennsylvania, delivering a stinging rebuke.

Quants Run Amok

“It is difficult to get a man to understand something when his salary depends 
upon his not understanding it,” wrote novelist Upton Sinclair. Perhaps that is 
why the economic meltdown of 2008 came upon us so suddenly: We were all 
in that bubble economy together, including most of the macroeconomists and 
mathematicians who could have—should have—seen something coming. Many 
of those quantitative analysts, or “quants,” claimed to be importing a scientific 
mind-set to economics. Let’s hope the physicists are paying better attention.

Private Research 
Run Amok

In 1965 more than 60 percent of R&D was funded by the federal government. By 2006, 65 percent was funded by 
the private sector. Good news in some ways—who doesn’t like less government spending?—but with private inter-
ests exerting that much pressure on research, the public will truly get what it pays for. For instance, pharmaceuti-
cal companies will most likely continue to generate more lucrative cures for hypertension and high cholesterol, 
even though existing drugs work well, and ignore other disorders that lack effective drugs. The blizzard of 
commercial medical information is especially unsettling at moments of crisis when doctors ask questions—”Which 
experimental breast cancer therapy would you like to explore?”—that we are ill equipped to answer.

Full Exposure

It’s not just that the Internet gives almost complete access to information—from images of your house from space 
to your neighbor’s mortgage amounts—with almost no work. It’s also that the information never goes away. (Due 
to the power of Facebook, that image of your coworker covered in salsa at Señor Frog’s in 1992 can now haunt 
you—and him—for the rest of your life.) Meanwhile, robot cameras issue traffic tickets, antiterror agencies test the 
boundaries of constitutional freedom, and people willingly give out their Social Security number to get discount-
purchase cards at the supermarket. At least restrooms are still private. For now. 
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1. Origin of the Universe
2. Origin of the Solar System
3. Continental Drift
4. Plate Tectonics
5. The Formation of Minerals
6. Classification of Minerals
7. The Identification of Minerals
8. Kinds of Rocks
9. Sedimentary Rocks
10. Metamorphic Rocks
11. Volcanic Activity
12. Phases of Volcanic Activity 
13.  The Hawaiian Islands and  

Yellowstone Park 
14. Mass Wasting—Gravity at Work 
15. Mass Wasting Processes 
16. Weathering 
17. Soils and the Clay Minerals 
18. Climate and the Type of Soils 

19. Streams—The Major Agent of Erosion
20. Sculpting of the Landscape
21. Stream Erosion in Arid Regions
22. Ice Sculpts the Final Scene
23. Groundwater
24. The Production of Groundwater
25. Karst Topography 
26. Groundwater Contamination 
27. Rock Deformation 
28. The Geologic Structures 
29. Faults and Joints 
30. Earthquakes 
31. Damage from Earthquakes 
32. Seismology 
33. The Formation of Mountains 
34. Orogenic Styles 
35. Economic Geology of Coal 
36. Economic Geology of Petroleum

The Nature of Earth: An Introduction to Geology

1-800-TEACH-12
www.TEACH12.com/9disc

It Pays to Know Your Planet
Geology, the study of Earth’s physical structure and resourc-
es, is a fascinating subject you can participate in every day. 
The Nature of Earth: An Introduction to Geology presents 
this scientific field in all its richness. In this course, you learn 
how the rocks under your feet are formed, how to recognize a 
killer volcano, how groundwater is produced, and what plate 
tectonics reveals about why natural phenomena occur where  
they do. 

But geology is also about everyday human issues, including 
the fluctuation of gas prices and what to do when a well runs 
dry. Taught by award-winning Professor John J. Renton—an 
educator who has taught introductory geology for over 35 
years—these 36 lectures reveal the wonders of geology. They 
also teach you how to find the history and meaning hidden in 
the many pieces of Earth.

This course is one of  The Great Courses®, a noncredit, recorded 
college lecture series from The Teaching Company®. Award- 
winning professors of a wide array of subjects in the sciences 
and the liberal arts have made more than 300 college-level 
courses that are available now on our website.
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DVDs $374.95 NOW $99.95

The Nature of Earth: An Introduction to Geology
Course No. 1700
36 lectures (30 minutes/lecture)

Priority Code: 39283

+ $15 Shipping, Processing, 
and Lifetime Satisfaction Guarantee

©
 K

av
ra

m
, 2

00
8.

 U
se

d 
un

de
r l

ic
en

se
 fr

om
 S

hu
tte

rs
to

ck
, I

nc
.

ACT NOW!

DV101019.indd   1 8/2/10   2:48:28 PM

worldmagsworldmags

worldmags

http://www.TEACH12.com/9disc


30 YEARS of 
DISCOVER

46

DISCOVER

DV1010BIOSPHERE8A_QG   46 8/6/10   12:17 PM

worldmagsworldmags

worldmags



Biosphere 2 was one of the most lauded experiments of the 1990s, 

then one of the most ridiculed. Now it is back, offering a unique way to 

put theories about climate and environment to the test.

By Jordan Fisher Smith   Photographs by Douglas Adesko 47
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B
biosphere 2 has stood amid the paloverde, 

mesquite, and ocotillo southwest of Oracle, Arizona, 

for less than 20 years, yet it looks decidedly aged. Its 

skin is mostly glass and lacks window-washing tracks, 

so the hundreds of panes had to be cleaned by workers 

hanging on ropes like rock climbers. At one time seven 

people were employed to do this; today there are none. 

The desert wind deposits dust on the structure and 

the rain washes it downward, forming parallel streaks. 

� e rain forest inside pushes against the glass. In 2003 

there were about 150 employees on the site. Less than 

a third remain. Dry leaves collect against the air han-

dlers by the main doorway; whiptail lizards skitter 

over the concrete paths, and javelinas trot around the 

grounds at night. A note on a whiteboard in the oper-

ating engineer’s o�  ce tallies the number of poisonous 

reptiles encountered on the site, which is greater than 

the number of maintenance people left to encounter 

them: “Rattlesnakes: 17.”

The café is closed, the mission control building 

deserted, and inside the row of clear plastic sheds 

where plants were readied for installation in the main 

structure, towering exotics—Panama hat palm, angel’s 

trumpet—stand bleached and lifeless where they per-

ished when the water was turned o� . A monochrome 

monitor displays the last numbers it ever knew, burned 

into its dead screen. On the shelf below is the 1986 man-

ual for the environmental monitoring system to which 

it was connected. Nothing ages faster than the future. 

 Constructed between 1987 and 1991, Biosphere 2 was 

a 3.14-acre sealed greenhouse containing a miniature 

rain forest, a desert, a little ocean, a mangrove swamp, 

a savanna, and a small farm. Its name gave homage to 

“Biosphere 1”—Earth—and signaled the project’s auda-

cious ambition: to copy our planet’s life systems in a 

prototype for a future colony on Mars. A May 1987 article 

in discover called it “the most exciting scienti� c proj-

ect to be undertaken in the U.S. since President Kenne-

dy launched us toward the moon.” In 1991 a crew of eight 

sealed themselves inside. Over the next two years they 

grew 80 percent of their food, something nasa has nev-

er attempted. � ey recycled their sewage and e�  uent, 

drinking the same water countless times, totally puri� ed 

by their plants, soil, atmosphere, and machines. It wasn’t 

until 18 years later, in 2009, that nasa announced total 

water recycling on the International Space Station. At 

the end of their stay, the Biospherians emerged thinner, 

but by a number of measures healthier. 

 Despite these successes, the media and the science 

establishment seized upon the ways in which the proj-

ect had failed. Chief among these was an inability of 

Biosphere 2’s atmosphere to sustain human life. As was 

true outside, the problem was signaled by rising car-

bon dioxide. By 1996 Biosphere 2 had passed into the 

hands of Columbia University, and later the University 

of Arizona took over. Both used it to run scenarios of 

global climate and atmospheric change. In its later life, 

“instead of trying to model utopia, Biosphere 2 would 

actually model dystopia—a future plagued by high car-

bon dioxide levels,” wrote Rebecca Reider, author of a 

de� nitive history of the project. But while most research 

on impending environmental disaster relied on com-

puter models, Biosphere 2 represented a fascinating 

alternative mode in which large-scale analog experi-

ments employed real organisms, soil, seawater, and air.

 � e man behind Biosphere 2 was John Allen, a Colo-

rado School of Mines–trained metallurgist and Harvard 

mba. In 1963, after two hallucinogenic experiences on 

peyote, Allen looked out of the Manhattan o�  ce build-

ing in which he was working and realized he could 

not open the window. He felt trapped like a bug inside 

glass—an ironic epiphany for a man who would work so 

hard to seal up a handful of his followers three decades 

hence. So he sailed from New York aboard a freighter 

and traveled the world, seeking wisdom. By 1967 he 

had become a self-styled esoteric teacher in Haight-

Ashbury-era San Francisco, delivering weekly lectures 

to a group of mostly younger followers and cohabitants. 

In 1968 he and his students went to New York to set up 

a theater company, and from there to New Mexico, 

where they started a commune near Santa Fe. If most 

such counterculture experiments yielded to entropy 

and poverty, Allen’s Synergia Ranch is a notable excep-

tion. � e Synergians were a very hardworking bunch. 

In 1974 a lanky young Texan and Yale dropout named 

Ed Bass wandered up the driveway to Synergia Ranch. 

Like Allen, Bass had a strong interest in the environ-

ment. Unlike Allen, he was the billionaire heir to an oil 

fortune. Later that year Allen and his followers drove 

The eight 
original 

Biospherians on 
the first day 

of their two-year 
mission: 

September 26, 
1991. 

48

DISCOVER

DV1010BIOSPHERE8C3,B5_QG.indd   48 8/6/10   10:30 PM

worldmagsworldmags

worldmags



an old school bus to Berkeley, California, where they 

built an 82-foot sailboat. None of them had ever built 

even a rowboat. In 1975 they began sailing the Hera-

clitus around the world. � ey took her up the Amazon 

River, dove coral reefs in the tropics, and sailed her to 

Antarctica to do research on whales. 

With John Allen’s big dreams and Ed Bass’s big 

money, the Synergians began taking on bigger things. 

� ey acquired a huge cattle ranch in Australia, started 

a sustainable forest in Puerto Rico, built a hotel and 

cultural center in Kathmandu, and took on other proj-

ects in Nepal, the United Kingdom, France, and the 

United States. Now calling themselves the Institute for 

Ecotechnics, they began hosting international meet-

ings on ecology, sustainable development, and then 

space colonization. At a conference in Oracle in 1984, 

Allen announced his plan to build a prototype Mars 

colony on Earth before the decade was out. � e destiny 

of human beings was to seed Earth’s life into space, 

and � rst stop would be a working colony on Mars. 

 � e principals of the institute broke ground for Bio-

sphere 2 in January 1987. If some of them lacked aca-

demic quali� cations for the jobs they held, they enlisted 

real experts to execute the design. Walter Adey, a geolo-

gist at the Smithsonian Institution, was in charge of the 

ocean. � e rain forest was the domain of Sir Ghillean 

Prance, then director of the New York Botanical Gar-

den. � ese and other experts installed 3,800 species of 

life inside, even as cranes lifted great sections of white 

superstructure into place overhead. The majesty and 

complexity of the project entranced the press, touching 

on myth and religious narrative, Rebecca Reider wrote. 

 Time called it “Noah’s Ark: The Sequel.” This created 

expectations that would be hard to meet.

In September 1991, four women and four men in 

NASA-style jumpsuits entered the air lock of Bio-

Biosphere 2’s 
91-foot-tall 
rain forest 

contains more 
than 150 plant 

species and 
now provides 

scientists a test 
ground for 
ecosystem 

experiments.
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surveyed the world’s hummingbirds to 
 nd one with a 

bill the right shape to pollinate a variety of plants inside 

the structure, and without a mating display predispos-

ing it to fatal collisions with the glass. But Broecker and 

his graduate student Je� rey Severinghaus discovered 

that the culprits in the carbon dioxide problem were 

the tiniest organisms on board: soil bacteria. 

� e process of their subversion was respiration, 

in which living things release carbon dioxide into 

the atmosphere. Green plants absorb sunlight and 

carbon dioxide during photosynthesis, making car-

bohydrates and releasing oxygen, but they also do 

the reverse: Plants, too, respire (or breathe), burn-

ing carbohydrates to do work like making branches 

and roots. In the soil around their roots, billions of 

fungi and soil bacteria respire as well. In fact, the 

greater part of all “breathing” in terrestrial systems 

goes on underground. 

Ever grand in their ambitions, Allen and his people 

intended Biosphere 2 to be used by rotating crews for 

100 years. Feeling they had one shot to invest their 

world with life-giving nutrients, they had loaded their 

soils with compost and rich muck from the bottom 

of a cattle pond. (Agricultural chemicals used inside 

might end up in their air and water.) When the air locks 

closed, soil bacteria had a massive party, exhaling car-

bon dioxide and tipping the balance the wrong way. 

As oxygen was converted to carbon dioxide, free 

oxygen in the atmosphere declined. By January 1993, 

Biosphere 2’s carbon dioxide levels were 12 times that 

of the outside, and oxygen levels were what moun-

taineers get at 17,000 feet. � e crew’s doctor was hav-

ing trouble adding up simple 
 gures and disquali
 ed 

himself from duty. So, a year and four months into the 

mission, tank trucks containing 31,000 pounds of liquid 

oxygen started driving up the access road to the site.

� e story of fresh-faced idealists getting taken down 

a notch played well in the media. For two years the 

glass walls of Biosphere 2 were lined with TV cam-

eras and tourists. � e crew’s lives turned into reality 

TV. In fact, the producers of the world’s 
 rst reality TV 

show, Big Brother, which aired in the Netherlands in 

1999, acknowledged Biosphere 2 as their inspiration. 

True to reality TV’s typical plotline, months cooped 

up together while struggling with their atmosphere 

and hunger and being filmed by well-fed people led 

to squabbles among the Biospherians. � ey emerged 

from the air lock in September 1993 in two groups of 

four who weren’t speaking. Organizational cracks 

opened between them and their advisory scientists 

and extended into their relationship with Ed Bass. 

Originally budgeted at $30 million, Biosphere 2 had 

already cost a reported $200 million. By the time a sec-

ond crew took its place inside, Bass had had enough. 

On April 1, 1994, his bankers, accompanied by carloads 

of armed federal marshals and sheri� ’s deputies, swept 

sphere 2. Twelve days into the mission, Jane Poynter, 

a young Englishwoman in charge of the farm, put her 

hand in a threshing machine while winnowing rice. 

� e group’s doctor sewed the tip of her middle 
 nger 

back on, but the graft didn’t take and she was evacu-

ated for surgery. She returned in only a few hours 

to serve out the two-year mission, but when she 

reentered the air lock, a du� el bag was placed inside 

with her. It contained nothing of substance, Poynter 

said—some circuit boards and a planting plan for 

the rain forest—but the media had a 
 eld day with 

it, along with the fact that someone had left and then 

reentered, which couldn’t have been done on Mars. 

More ominous, signs of trouble with the internal 

atmosphere began within 24 hours. Each morning 

the crew had a breakfast meeting over bowls of home-

grown porridge in Star Trek–style chairs around a pol-

ished black granite table. The morning after closure, 

the crew captain announced that carbon dioxide in 

Biosphere 2’s atmosphere had risen to 521 parts per 

million, a 45 percent increase above levels outside at 

the time. By the following day, the lowest it went was 

826. Over the months that followed, the news at the 

morning meetings got worse. Crew members were feel-

ing tired and began to pant when they climbed stairs. 

In May 1992 in Palisades, New York, geochemist 

Wally Broecker got a phone call from someone at Bio-

sphere 2, asking if he would be willing to consult on 

their atmosphere. Since the late 1970s, when he became 

the Newberry Professor of Earth and Environmental 

Sciences at Columbia University’s Lamont-Doherty 

Earth Observatory, Broecker had been sounding the 

alarm about a buildup of carbon dioxide in the big 

atmosphere. An el
 sh presence with a dried-apple-doll 

face and wild, tousled hair, he was already one of the 

great men of atmospheric-change research when he 

crossed the George Washington Bridge for dinner with 

John Allen at a Manhattan restaurant. The meeting 

had a cloak-and-dagger feel. Allen, a handsome, clean-

shaven, broad-shouldered man who often wore a fedo-

ra, reminded Broecker of Indiana Jones. By Broecker’s 

account, Allen pro� ered a graph of the gas composi-

tion of Biosphere 2’s atmosphere, then nervously pulled 

it back, as if someone else might see it. A week later 

Broecker 	 ew to Arizona and began collecting data. 

Much attention had been focused on charismatic 

species when Biosphere 2 was put together. A biologist 

Allen, in a fedora, 
reminded Broecker of 

Indiana Jones.  
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into the site with a restraining order. � e second crew 

lingered inside Biosphere 2 for another five months 

and 16 days before terminating its mission.  

Biosphere 2, it was widely reported, was a catastro-

phe. In 1999, when Time did its � n de siècle summary 

of the 20th century, it included Biosphere 2 in its list of 

the worst 100 ideas.  

with the biospherians ejected from their eden, 

Bass’s people began looking for a new entity to operate 

the facility. Eventually they struck a deal with Colum-

bia University. � e new director of research was Wally 

Broecker, who had coined the term “global warming” 

two decades earlier. Here was a gigantic laboratory 

� ask with a whole tropical forest and an ocean inside 

it—models of what many scientists suspected were the 

two biggest carbon sinks in the world. By 1995, when 

the deal was closed, Broecker was not alone in his 

sense of urgency. 

 That January, Rodolfo del Valle, chief of Antarctic 

earth sciences at the Argentine Antarctic Institute, 

received a distress call from colleagues at a research sta-

tion adjoining the Larsen A ice shelf. � e men were yell-

ing, and in the background Del Valle could hear a roar. 

� e Larsen A, a sheet of ice the size of Rhode Island and 

500 feet thick, was collapsing into the Weddell Sea. � e 

next day Del Valle called for an aircraft and � ew over the 

area. All that was left of the massive ice shelf were small 

icebergs as far as the eye could see. “I cried because I 

could see the future,” he said. � at December, the Inter-

governmental Panel on Climate Change reported that 

greenhouse gases were rising, with human activity the 

likely cause and dangerous changes in the earth’s condi-

tions a likely result. 

 Joe Berry, a plant physiologist at the Carnegie Insti-

tution for Science, came to work with Broecker at Bio-

sphere 2 in 1996. Berry, Guanghui Lin, Kevin Griffin, 

Bruno Marini, Barry Osmond, and others began a�  ict-

ing the little world with simulated droughts and a 

high-CO2 atmosphere and measuring what happened 

in its rain forest and farm, now planted with rows of 

cottonwood and poplar trees to simulate a commercial 

forestry operation—a natural carbon sink. 

 As evidence of global warming increased, removing 

carbon from the air had become important in the world 

outside. Success hinged, in part, on understanding the 

feedback loops between photosynthesis and respiration 

on a global scale.  As it stands, photosynthesis, which 

takes in carbon dioxide, only slightly outstrips respira-

tion, which releases it again. � e di� erence between 

Isabel 
Stubblefield 
was a cook 
during the 

first two-year 
mission at 

Biosphere 2. 
She still 

works there.
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I
The 

“south lung” 
is one of 

two rooms 
that allowed 
Biosphere 2 
to breathe—

and not 
explode— 

during 
its former 

life as a 
closed 

structure.

for a Jimmy Bu� ett music video than a professor. 

� e � rst thing Langdon set out to do was balance 

the chemistry of Biosphere’s ocean. It had gone acid, 

absorbing carbon dioxide from Biosphere 2’s atmo-

sphere and forming carbonic acid as a result. � is was 

happening on the outside, too, although it was a phe-

nomenon biologists had largely ignored until then. “Of 

the carbon dioxide human beings put into the atmo-

sphere from the burning of fossil fuels and deforesta-

tion,” Berry says, “roughly a third remains in the atmo-

sphere, a third goes into terrestrial ecosystems, and a 

third goes into the ocean.” As a result, Langdon says, 

the world’s oceans have fallen one point in pH since the 

Industrial Revolution. � at doesn’t sound like much, 

but pH is logarithmic. Today’s oceans are 30 percent 

more acid than they were a century ago. 

Langdon worried about the e� ect on shell� sh and 

coral. When seawater gets more acid, he explains, it 

holds fewer free carbonate ions. Corals and marine 

organisms that build shells rely on free carbonate for 

raw material. Biosphere 2 was the perfect lab; here 

was a little ocean in which, unlike the real one, acidity 

could be adjusted. By manipulating the acidity of the 

Biosphere 2 ocean and measuring the resulting growth 

rates in coral between 1996 and 2003, Langdon proved 

that ocean acidi� cation from rising atmospheric car-

bon dioxide would radically affect calcium carbon-

ate–shelled marine life. He forecast that by 2065, rates 

of growth in coral reefs would decline by 40 percent. 

in experimental modeling of life systems and 

geochemistry, scale and complexity are important. In 

what are called microcosm experiments, plant physi-

ologists study leaves in sealed containers so their gas 

exchange can be tracked, but that gives information 

only on the leaf ’s relationship to the atmosphere, not 

that of the whole plant, its soil, and other plants and 

animals. As the scale gets bigger, enclosed experiments 

are referred to as mesocosms. � ere has never been 

an experimental meso cosm as big as Biosphere 2.

However promising the facility was during the 

Columbia period, grant applications and submissions 

for publication from Biosphere 2 were undermined by 

the project’s bad press. Like dog feces on a shoe, the 

project seemed to carry a whiff of something the big 

grantors did not want in their portfolios. Although it did 

get some small education grants from the National Sci-

ence Foundation, major government research agencies 

generally wouldn’t touch the place. “It was extremely 

unfair,” Broecker says. In 2003 the situation led new 

Columbia University president Lee Bollinger to jettison 

the project. Sta�  were given pink slips, and � lters were 

turned o�  in the ocean. Langdon’s corals didn’t survive. 

For a while it looked as if Biosphere 2 would become 

a theme park at the center of a housing development. 

After Columbia walked out of its lease, Ed Bass sold Bio-

intake and output—just 1 to 2 percent of the total car-

bon going into ecosystems—accounts for the amount 

of carbon � xed in things like the trunks of Biosphere 2’s 

cottonwoods. What would happen to this relationship, 

Berry and his colleagues wondered, as the world grew 

warmer and more carbon dioxide was released? Pho-

tosynthesis was limited by the amount of carbon that 

green plants could scavenge out of the air. But with 

more carbon dioxide present, would photosynthesis 

speed up, saving us all by � xing more carbon? 

 What the scientists found inside Biosphere 2 was 

that when CO2 was elevated, plants photosynthesized 

more, but their leaves and roots and the soil bacteria 

respired more as well. “Carbon just chased itself around 

the cycle faster,” Berry says. � ere was no net bene� t. 

Today soil respiration remains the wild card it was for 

the Biospherians. Known to increase with warmer tem-

peratures, it could cut the carbon sequestration from 

tree-planting projects to zero as soils belch out more 

CO2 than what is stored in tree trunks and the like. 

Meanwhile, in 1996, Broecker invited Chris Lang-

don, a young marine ecologist at Columbia, to have a 

look at what could be done with the ocean. Langdon 

may have been the only person on his � ight to Ari-

zona with dive gear. He hadn’t been spending much 

time in deserts; his research more typically had him 

on oceangoing research vessels. He showed up for 

work in sun-faded T-shirts, looking more like an extra 
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sphere 2 to the developer, and the University of Arizona 

in Tucson took over under a new lease. 

 Today Biosphere 2 is still open to visitors, a strange 

mixture of botanical garden, aquarium, and house 

museum about the lives of the early-1990s Biosphe-

rians with slightly big hair and loose-� tting clothes. 

Roy Walford, the � rst mission’s doctor, described the 

place as “the Garden of Eden on top of an aircraft car-

rier” in Reider’s book.  Belowdecks are concrete gal-

leries full of wind from rumbling air handlers, tanks, 

pumps, and miles of cable and pipe. But aircraft carri-

ers have sailors with scrapers and paintbrushes. Bio-

sphere 2 does not. Rust is becoming a problem. 

Down below there is also a cavelike aquarium with 

viewing windows into the Biosphere 2 ocean. Despite 

its murky appearance (“� e last time we could see the 

opposite wall was 2004,” my guide tells me), the ocean 

is not dead. Bright tropical fish appear out of the 

emerald gloom and � it along the glass: yellow tangs, 

sergeant majors, doctor� sh. No one has been feeding 

them, says Matt Sullivan, the University of Arizona 

molecular and evolutionary biologist who now pre-

sides over the underwater portion of Biosphere 2. 

Remarkably, after nearly two decades of separation 

from the Paci� c, Biosphere 2’s seawater still looks like 

living seawater under the microscope. “� e chemistry 

and the microbes suggest that it’s just another coastal 

ocean,” Sullivan says. “I was shocked.” His specialty is 

microbial life in oceans, and his particular interest is 

the way that viruses drive the evolution and regulate 

the activities of bacteria. If this seems like an obscure 

subject, it is of far more import to our future than it 

sounds. “Ocean microbial photosynthesis accounts for 

half the photosynthesis in the world,” Sullivan notes. 

In May he landed a $600,000 grant from the National 

Science Foundation to study the role of viruses in an 

oxygen-starved region of the real ocean. Sullivan has 

been using the Biosphere 2 ocean to develop newer, 

more accurate sampling methods for this task. 

From Sullivan’s opaque tropical ocean, which still 

has a white-sand beach and palm trees at one end, I 

follow a path across the savanna and through the living 

quarters to what was once the farm. All its crops and 

earth are gone. Stripped to bare concrete, it resembles 

a glass-roofed aircraft hangar. It is now the domain of a 

red-haired University of Arizona geologist named Steve 

DeLong, who is working on a huge new mesocosm: 

three towering, sloping steel tables nearly 100 feet long 

and 60 wide, upon which will be constructed arti� cial 

landscapes with underlying soil and plants. Embed-

ded in the supports will be the world’s most accurate 

giant bathroom scale, capable of supporting 2 million 

pounds and sensing changes of less than half a per-

cent. (At the time of my visit last spring, the technology 

didn’t exist yet, and DeLong was working to develop it 

with manufacturers of scales that weigh jetliners.) 

DeLong is trying to learn how to create realistic rain 

from a series of pipes and overhead sprinklers. That 

makes sense, since the university’s new research focus 

for Biosphere 2 is water: not just rain but runo� , absorp-

tion by soil, use by plants, and evaporation. � e scales 

under DeLong’s tables will record real-time changes in 

water saturation while sensors in the air and the soil 

record humidity, chemistry, and gas exchange. Arizona 

no longer runs Biosphere 2 as a sealed facility. It now 

uses a “� ow through” system, in which air exchange 

with the outside is allowed while sensors record the 

movement of moisture and gas, enabling accurate 

estimates of total mass exchange with the outside 

world. � e reason for the change is the cost of energy. 

Biosphere 2 is a greenhouse in the desert, and Colum-

bia was paying as much as $1.5 million a year to cool 

it. According to the University of Arizona, energy costs 

under the new system are less than a third of that.

Back in the 1990s, critics pointed to Biosphere 2 as 

an example of private philanthropy pushing science 

in wacky directions. But scientists who have worked 

in this product of Ed Bass’s generosity see it another 

way. Wally Broecker, Joe Berry, and Chris Langdon, 

along with Columbia’s last director of research, Barry 

Osmond, and the University of Arizona’s present one, 

Travis Huxman, continue to believe in the potential 

of mesocosm research. In July 2010, Langdon was in 

Australia as an adviser on the Australian Tropical 

Ocean Simulator, currently in the works. � e Simulator 

will allow marine biologists to put ocean life through 

conditions they hope they won’t see outside, just as 

Langdon did at Biosphere 2. � e University of Arizona, 

meanwhile, has linked research at Biosphere 2 with 

projects that operate in the outside world. For exam-

ple, Sullivan’s use of the facility was ancillary to the 

principal focus of his grant, which involves mapping 

ocean viruses around the world. His NSF grant might 

signal an end to Biosphere 2’s big chill in academia. � e 

university has put out 30 proposals in the last two years 

and believes some are recommended for funding. 

Now 81, John Allen still lives on Synergia Ranch in 

New Mexico with several of Biosphere 2’s builders and 

at least one of its � rst crew, who � ercely defend their 

original vision for it. � eir research yacht, Heraclitus, 

still plies the world’s oceans. Jane Poynter, who lost 

the tip of her � nger in a rice thresher, married a fellow 

crew member. � ey started a Tucson aerospace � rm, a 

contractor on NASA’s new Orion space capsule. Wally 

Broecker still goes to his o	  ce across the Hudson from 

Manhattan. After all Ed Bass gave away, in 2009 he was 

tied at number 236 in Fortune’s list of the 400 richest 

Americans. He continues to fund research at Biosphere 

2. And Matt Sullivan, the ocean microbe researcher, 

plans to run the lab while others collect viruses at sea 

for him. He su� ers from terrible seasickness and thinks 

an ocean in Arizona is just � ne.  

Jordan Fisher 
Smith, author of 
the book Nature 
Noir, was a park 
ranger for 21 
years before 
turning to nature
writing. His work 
has appeared in 
Backpacker and 
Men’s Journal.
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DISCOVER asked 11 leading thinkers to 

share their hopes about where science could take us 

in the next 30 years. Here is what they told us.

the next  30  years
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In my main area of 

research, climate sci-

ence, the big issue is 

energy. Because most 

of our energy tech-

nologies are relatively 

mature, my guess is 

that, over the next few 

decades, we’re more 

likely to see incre-

mental improvements 

in technology rather 

than breakthroughs. 

� e exception to 

that might be in the 

direct conversion of 

sunlight to chemi-

cally stored energy, 

where, for example, 

you’d have sunlight 

break down water and 

you’d get hydrogen. 

If you could directly 

produce chemical fuel 

from sunlight and 

do it a� ordably, that 

would open up the 

prospect of making 

a substitute for oil 

that wouldn’t involve 

transferring carbon 

from the ground to 

the atmosphere. � at 

could really be a game 

changer. � e main 

stumbling block there 

is the scale of invest-

ment. Right now we 

spend more money in 

this country on potato 

chips than the Depart-

ment of Energy spends 

on energy R&D. Indus-

try invests in things 

that can be commer-

cialized in a few years; 

I hope we can develop 

a funding mechanism 

that works for really 

forward-thinking 

basic energy research.

More broadly, the 

biggest change that I 

think will come is the 

ability to grow new 

tissues and organs, 

combined with the 

ability to implant 

machines in people. 

� at’s something 

we’re seeing 

already, 

with people 

getting deep 

brain–stim-

ulating implants to 

deal with epilepsy and 

with the installation 

of heart de� brillators. 

� is combination—

advances in biological 

tissues and further 

integration of humans 

with machines—has 

the potential to really 

change things over 

the next few decades. 

It could transform 

the way people look 

at life and aging. 

As an individual, I 

hope these things 

get developed by the 

time I need them. 

From the perspective 

of society as a whole 

and what it means to 

be human, it’s harder 

to say whether the 

rami� cations will be 

“
If you could directly produce 
chemical fuel from sunlight 
and do it affordably, that could 
really be a game changer.”

good or bad. Aging, 

dying, and letting the 

next generation take 

over have always been 

part of the fundamen-

tal human condition. 

If we start modifying 

that, the ultimate 

repercussions are 

di�  cult to predict. But 

I think it will hap-

pen. Implants could 

also take us to a new 

stage of the computer 

revolution. We might 

have an Internet 

connection directly to 

our brains and have 

constant information 

access. I don’t know 

if that will happen 

within 30 years, but I 

think it’s the direction 

we’re heading in.

CaldeIra
Energy is the big issue. 
Smart investment could bring 
the big solution. 

Ken

i l l u s t r a t i o n s  b y  A n d r e a  V e n t u r a

Ken Caldeira is a senior scientist with the Carnegie Insti-
tution for Science and a member of the National Research 
Council’s panel on the science of climate change.
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Horner
Dinosaurs might soon walk out of the 
museum and into the lab.

Jack

In the future, I’d like to see paleontology as a 

whole get a lot more quantitative. We’re doing 

more and more molecular paleontology and 

applying statistics to it. We are also very inter-

ested in reconstructing what ancient animals 

were like when they were alive, and these kinds 

of studies require huge collections. Speci� -

cally, we’re trying to collect many specimens of 

the same species so we can look at ontogeny 

—a creature’s growth and development—and 

interpret behavior, rather than just building 

cladograms [branching diagrams that illustrate 

the evolutionary relationships among species]. 

We still have a lot of people in the collecting 

phase—people who just want to � nd a new dino-

saur and name it—but I hope we will soon get 

really into the paleobiological aspects, where we 

piece together the life history of our planet. 

Right now if you asked the National Science 

Foundation how much they thought they were 

going to be funding in paleontology over the next 

30 years, they’d probably say zero, because they’re 

not very much into historical science. Historical 

science is being left in the dust. But paleontology 

isn’t a purely historical science, or at least it won’t 

be for much longer, because soon we may have 

the capability of resurrecting extinct life-forms. 

If we want to see an animal like a velociraptor 

[a small carnivorous dinosaur], we will be able 

to create one by genetic engineering. It won’t be 

a genuine one from the past, but it could be a 

reasonable simulation. It might even be possible 

to make something that looks like a T. rex, once 

we understand what all the genes do and how to 

turn them on and how to turn them o� . 

Right now people are interested in genetic 

“
If we want to see an animal 
like a velociraptor, we will be able to 
create one by genetic engineering. 
It might even be possible
to make something that looks 
like a T. rex.”

engineering to help 

the human race. � at’s 

a noble cause, and 

that’s where we should 

be heading. But once 

we get past that—once 

we understand what 

genetic diseases we 

can deal with—when 

we start thinking 

about the future, 

Jack Horner, perhaps the most famous dinosaur 

expert in the world, is the curator of paleontology at 

the Museum of the Rockies in Bozeman, Montana.

there’s an opportu-

nity to create some 

new life-forms. As a 

scientist, I’m not in 

the business of trying 

to determine whether 

that’s the right thing to 

do or the wrong thing 

to do. I’m in the busi-

ness of seeing what 

is possible. And if we 

can make new species, 

that to me would be 

really exciting. 

the next  30  years
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Sacks
We are learning 
to exploit the 
amazing plasticity 
of the brain. 

Oliver

“
We thought that every part of 
the brain was predetermined 
genetically, and that was that. Now 
we know that enormous changes 
of function are possible.” 

As a physician, I 

am concerned with 

people who have 

neurological damage 

or disease or who 

are, in general, try-

ing to improve their 

neurological function. 

Something that has 

intrigued me recently 

is how, after one has 

lost one’s eyesight, 

the mind’s eye—the 

brain’s ability to create 

visual images—not 

only persists but can 

be heightened and 

harnessed. A lot of 

people who lose their 

sight are still visual 

people. As they read 

braille with their 

� ngertips, they may 

experience it visu-

ally. � is is not just a 

metaphor or a manner 

of speaking; functional 

imagery of their visual 

cortex shows that it is 

activated as they read 

braille. It’s a cross-

modal transfer, so that 

touch is converted 

into visual experience 

in the brain.

� e term for this is 

sensory substitution, 

a concept originally 

introduced by an 

extraordinary man, 

the neuroscientist 

Paul Bach-y-Rita. He 

wondered whether, by 

using a video camera 

and connecting it up 

pixel for pixel to an 

area on the skin, one 

could form a mental 

picture based on 

tactile impulses felt 

by the skin. He tried 

the tongue, which 

has the � nest sensory 

discrimination in the 

body. With such a 

device, a blind person 

can form a picture 

of the environment 

su�  ciently detailed, 

for example, to catch 

a ball that is rolled 

toward him. But this 

is by no means the 

limit. One could have 

much higher discrimi-

nation, giving one a 

sense comparable to 

not-bad vision. What 

is extraordinary is 

that even though it’s 

the tongue that is 

stimulated, people 

using such devices 

maintain they are get-

ting a visual picture of 

the world.

Sensory substitu-

tion can take other 

forms, and one has 

to wonder, in terms 

of future technology, 

whether this ability to 

use other senses could 

be re� ned. Cochlear 

implants for hearing 

are quite sophisti-

cated now, and we’re 

just at the beginning 

with retinal implants. 

I think direct stimula-

tion of the sensory 

cortex is going to 

be used sooner or 

later, but I particu-

larly like the idea of 

noninvasive devices, 

like sensors on the 

tongue. � is sort of 

thing would have been 

inconceivable 40 years 

ago, when we had no 

idea of the plasticity of 

the brain. We thought 

that every part of the 

brain was predeter-

mined genetically, and 

that was that. Now we 

know that enormous 

changes of function 

are possible. � e 

miracle of plasticity 

and redeployment of 

the nervous system 

excites me very much.

Oliver Sacks is a clinical 
neurologist  and the 
author of several best-
selling books, including 
The Man Who Mistook 

His Wife for a Hat. He is 
currently a professor of 
neurology and psychiatry 
at Columbia University 
Medical Center.
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Earle
For $50 million we could begin to see the 
other two-thirds of our planet.

Sylvia

It has been 50 years 

since the Trieste sub-

mersible made the only 

descent of humans into 

the deepest place in 

the ocean, the Mariana 

Trench. In the coming 

decades, we need to 

look again into the 

depths of our own piece 

of the solar system. 

We’ve explored only 

about 5 percent of the 

ocean. It’s maddening 

that we know so little 

about what the sea� oor 

looked like at the site of 

the Deepwater Horizon 

spill before the oil 

began to leak. It’s only 

a mile underwater! For 

us to have better maps 

of the moon, Mars, and 

Jupiter than our own 

ocean � oor is ba�  ing. 

� e natural world, 

especially the ocean, 

keeps us alive. More 

than half of all of the 

oxygen in our atmo-

sphere is generated by 

organisms in the sea. 

We need to understand 

the systems that sustain 

us. Underwater moni-

toring and remote-

operated vehicles 

such as the Nereus are 

improving, but those 

alone are not enough. 

� e human brain and 

senses, the ability to 

wonder and to confront 

the unexpected—you 

can’t get that out of a 

machine. Japan, Russia, 

and France (but not 

the United States) have 

deep-diving submers-

ibles that can carry 

humans down to 5,000 

meters and beyond. 

� ere’s currently no 

manned sub with the 

capacity to go to full 

ocean depth, 11,000 

meters. � e technology 

already exists: We could 

build a pair of three-

person deep-diving 

subs for less than $50 

million. James Cam-

eron is well on the way 

to having a one-person 

sub for that depth.

And we need to 

pull up our socks and 

realize that we still have 

a chance to prevent 

the loss of all sharks, 

coral reefs, and rain 

forests and to stabilize 

our atmosphere and 

the acidi� cation of 

our oceans. Living in 

undersea laboratories 

nine times, I’ve had the 

opportunity to get to 

know individual � sh 

and their quirky habits. 

I’ve met humpback 

whales, sea turtles, 

giant groupers, and an 

egg-bearing octopus I 

“
We’ve explored only about 
5 percent of the ocean. For us to 
have better maps of the moon, 
Mars, and Jupiter than of our own 
ocean floor is baffling.”

encountered in a one-

person sub—creatures 

who had never seen a 

human before. Many 

animals are struggling 

through this time of 

perilous change. But we 

alone can understand 

what is happening 

and what to do about 

it. Seeing the sharp 

declines in parts of the 

ocean I have come to 

know and love reminds 

me that as we look into 

new ways to protect 

our planet from climate 

change, we need to look 

again at the natural 

machinery that already 

works, that developed 

over four and a half 

billion years, and do 

everything we can to 

restore its functions. It 

is the engine that will 

power us to the future.

Oceanographer Sylvia Earle has served as chief scientist for the National Oceanic and 
Atmospheric Administration. She founded the Deep Search Foundation and Mission 
Blue and is currently explorer-in-residence with the National Geographic Society.

the next  30  years
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Brooks
The robot invasion is coming—and that’s a good thing.

Rodney

“ The arguments we have 
about drugs and sports are 
minuscule compared with 
what’s coming, such as ‘What 
is the definition of human?’ 
We have the Paralympics now, 
but we’ll have the Augmented 
Olympics in the future.” 

Rodney Brooks is the former director of MIT’s 
Computer Science and Artificial Intelligence Labora-
tory and the cofounder of iRobot. 

In the future, I’m sure there will be a lot more robots in every aspect of 

life. If you told people in 1985 that in 25 years they would have comput-

ers in their kitchen, it would have made no sense to them. � ey would 

have thought of a “computer” as what they saw on TV at the time. But 

now computers are in your microwave, your stereo, your fridge—because 

computers aren’t what they were back then. Similarly, robots seem like 

a certain thing right now, but they will morph and change over time. 

People’s attitudes will change with them.

Cars will certainly be more robotic. � ere will be many more robots in 

our houses, in our hospitals, in our factories, and in the military. We don’t 

have armed robot soldiers yet, but if we did, a robot could a� ord to shoot 

second, where a person could not. A robot doesn’t care whether its life is at 

risk. One can imagine robots getting a lot better at detecting what’s dan-

gerous and what’s not dangerous: where there’s a 

gun and where there isn’t one. � ey might actu-

ally become more moral than we are.

One of the great things about the Roomba 

robot vacuum cleaner, which my company 

iRobot designed, is that it’s too cheap not to be 

autonomous. Military robots right now are too 

expensive to be autonomous—you can’t a� ord 

to have them screw up. If the Roomba misses a 

spot, no big deal, it can � nd it later. So there will 

be a lot more robot autonomy, but surprisingly it 

will start out at the low end. It will trickle up to 

the high end over time.

� e integration of � esh and machines: � at’s 

an area I don’t think people see coming, but 

it is. We’ll have a lot of replacements for our 

parts as they wear out. Especially my genera-

tion, the baby boomers—we’ll want this. And 

the arguments we have about drugs and sports 

are minuscule compared with what’s coming, 

such as “What is the de� nition of human?” We 

have the Paralympics now, but we’ll have the 

Augmented Olympics in the future.

I see robotic technology getting rid of the dan-

gerous, the dirty, and the just plain boring jobs. 

Some people say, “You can’t. People won’t have 

anything to do.” But we found things that were a 

lot easier than backbreaking labor in the sun and 

the � elds. Let people rise to better things.
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Fıscher
Finding signs of biological activity 
on other planets will tell us just how 
common life is in the universe.

Debra

Do we have company 

in the universe? In the 

next three decades 

we’ll probably know. 

I’m con� dent that 

we’ll detect signs of 

life on exoplanets 

(planets around other 

stars) by observing 

the atmospheres of 

the planets that we’re 

detecting now—espe-

cially those similar 

to Earth in mass and 

orbit—and � nding 

oxygen and other 

chemical signatures 

there. We may not 

discover technologi-

cal civilizations in the 

next 30 years, but we 

should be able to � nd 

evidence for simple 

life-forms. To reach 

that goal, we’ll need 

a space mission that 

can obtain spectra of 

exoplanets’ atmo-

spheres. � is involves 

blocking out the light 

from the central star 

and bringing light 

from the dim planets 

into focus.

� e detection of the 

� rst exoplanet around 

a sunlike star in 1995 

helped us � ne-tune 

our techniques. Every 

year since then, we 

have discovered more 

planets than the year 

before (more than 450 

to date). A parallel 

thing could happen in 

the search for extra-

terrestrial life: After 

we � nd one example, 

we’ll hone our strate-

gies to be smarter and 

more e�  cient. I’m also 

hopeful that future 

Mars probes, digging 

under the planet’s sur-

face, might be lucky 

enough to uncover 

fossil life or chemi-

cal signatures of life. 

A comparison with 

the most primitive 

life-forms on Earth 

will tell us a lot about 

whether the spark 

that changes prebiotic 

chemistry into life is 

common or rare.

I hope that vigor-

ous space explora-

tion continues and 

that humankind will 

“Every year since 1995, we have discovered more 
extrasolar planets than the year before. A 
parallel thing could happen with extraterrestrial 
life: After we find one example, we’ll hone 
our strategies to be smarter and more efficient.”

Debra Fischer is an astronomer at Yale University. She 
has helped find about 160 exoplanets and was the 
first to discover a star harboring more than one.

have a space station 

that resides between 

Earth and the moon. 

Outside the gravita-

tional � eld of Earth, 

we could launch 

robotic spacecraft to 

other destinations 

in our solar system. 

Further ahead I’d like 

to see tiny spacebots 

—smaller than your 

cell phone—travel 

outside our solar 

system to the nearest 

star system, Alpha 

Centauri. By keep-

ing the mass of those 

spacebots low, we 

could more easily 

accelerate them. We 

could launch an army 

of these tiny bots and 

have them do what 

your cell phone does: 

take pictures and 

phone home.

the next  30  years
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Yamada
Time for a new global war on childhood disease. 

Tachi

Just a decade ago, nearly 11 million children under the age of 5 died around 

the world each year. 
 at number is 7.7 million today. I believe vaccines, 

more than anything else, account for this reduced child mortality. Measles 

was one of the largest causes of death in children just a few years ago, but 

there’s been a nearly 80 percent reduction in measles mortality in the last 

10 years due to increased vaccination. 
 e proportion of children in the 

developing world who receive standard vaccines is now bordering on 

75 percent. A lot of progress has been made.

But 7.7 million children a year are still dying. 
 at’s an incomprehensible 

number. And they’re mostly dying of preventable and treatable causes: 

diarrhea, pneumonia, malnutrition, neonatal sepsis, preterm birth, malaria. 

Malaria alone kills a million people a year, mostly children in Africa. On 

one of my � rst trips to Africa, I visited a subdistrict 

hospital in southern Mozambique, and in the intake 

area there was a mother and child. 
 e child was 

pretty sick with malaria. After my tour, I saw that 

the child had been admitted to the pediatric ward 

and was now breathing at a rate of 50 times per 

minute. 
 e child was dying of malaria but probably 

also dying of other, undiagnosed problems. 
 e 

malaria was the last straw.

One of the most e� ective ways to save children’s 

lives is through vaccines. My hope for the future is 

for major new reductions in childhood deaths—

they could fall by half by 2025 if we could deliver 

existing vaccines, malaria treatment, and today’s 

other lifesaving tools with 90 percent penetration 

to those at risk. 

I don’t believe just because you’re poor you 

shouldn’t have access to lifesaving technology. And 

just because something seems complicated and 

expensive in the United States doesn’t mean it has 

to be out of reach in developing countries. A great 

example is the Aravind Eye Institute, started by 

Govindappa Venkataswamy, an Indian ophthalmolo-

gist. When he retired, Venkataswamy decided he was 

going to do something about the problem of blind-

ness in India, caused primarily by cataracts. He knew 

in the developed world you can have cataract surgery, 

but the cost of the lens was around $200, which 

nobody in India could a� ord. So he worked with 

the Seva Foundation to develop a lens that could be 

purchased for as little as $2. And now they make that 

lens for over 100 other countries, and the hospital 

does more than 200,000 cataract surgeries a year. 

We’re supporting e� orts to deliver lifesaving 

vaccines to children around the world and to 

develop a� ordable new vaccines for malaria, TB, 

HIV, and other diseases. With HIV, progress has 

been slow, but we have a glimmer of hope now from 

the so-called RV144 trial in 
 ailand, in which an 

experimental HIV vaccine turned out to be about 

30 percent e� ective. Using an improved regimen 

consisting of the same components, we’re doing a 

follow-up to that study.

Tachi Yamada is the president of the Global 
Health Program at the Bill & Melinda Gates Foundation.
Trained as a gastroenterologist, he leads the 
foundation’s efforts to help develop and deliver low-cost, 
lifesaving health tools for the developing world. 

“
I don’t believe just because you’re poor, you shouldn’t have access to lifesaving technology.”
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Turok
Will we discover that the 
universe had no beginning 
and has no end?

Neil

In the conventional picture of the origin of the 

universe, the Big Bang is the beginning of time. 

� is is one of the greatest mysteries in science, 

and I’ve spent the last few years trying to work 

out how to make sense of the moment when, in 

that picture, the universe emerged from a point 

of in� nite density and temperature—what’s 

known as the initial singularity. I’m explor-

ing the idea that the singularity was not the 

beginning of time. In this new view, time didn’t 

have a beginning, and the Big Bang resulted 

from a collision of branes, sheetlike spaces that 

exist within a higher-dimensional reality. � ese 

collisions might happen repeatedly, creating 

an eternal, cyclic universe. We are now close to 

having the � rst mathematically and logically 

complete, consistent description of the passage 

of a universe through a singularity. 

� e exciting thing is that the observations to 

check these ideas could be done in the next 20 

years, maybe even sooner. Currently, the most 

powerful data about the Big Bang are coming from 

the Planck satellite, which is mapping microwaves 

left over from the universe’s extremely hot early 

state. Planck can measure the temperature of 

those microwaves, looking for a particular pattern 

predicted by the standard model of cosmology. 

If we don’t see certain features of that pattern, 

that would be a blow against the standard model. 

Additionally, versions of our cyclic universe model 

make speci� c predictions about the distribution of 

di� erent types of matter throughout the universe. 

For example, if we can observe the clustering of 

dark matter in the universe carefully enough, that 

might support the cyclic interpretation. 

Regardless of who is right, it’s amazing that 

the science has reached the point where ques-

tions that used to be just philosophy could be 

observationally testable in only 10 or 20 years. We 

might even answer one of the most ancient and fundamental 

questions of all: Where did we come from? � at would be pro-

foundly satisfying. Some day we’ll move into space and start 

ensuring the survival of our species beyond Earth, whether 

it happens in a hundred years or a thousand. I don’t think it’s 

too far-fetched to imagine that a better understanding of how 

the universe works could help us with that in some way, by 

enabling us to exploit the basic laws of nature in developing 

new and unexpected technologies. 

Cosmologist Neil Turok is the director of the Perimeter Institute for 
Theoretical Physics in Waterloo, Ontario, and founder of the African 
Institute for Mathematical Sciences in Cape Town, South Africa. 

“
The science has reached the point 
where questions that used to 
be just philosophy could be observationally 
testable in 10 or 20 years.” 

the next  30  years
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Wılmut
Millions of patients will 
benefit from advances in cell biology.

Ian

“
We should be able to control degenerative disorders like Parkinson’s and heart disease.”

� e coming together of 

a number of di� erent 

biological � elds—stem 

cell biology, molecular 

genetics, and chemical 

engineering—will pro-

vide lots of new medical 

opportunities. Over the 

long term we should 

be able to control 

degenerative disor-

ders like Parkinson’s, 

motor neuron disease, 

and heart disease. We 

will have the opportu-

nity to understand the 

molecular basis of these 

diseases and to identify 

drugs that may be able 

to prevent symptoms, 

or to identify stem cell 

populations that can 

be implanted to replace 

damaged or dead cells. 

Stem cells may be 

used in conjunction 

with gene therapy 

to correct inherited 

diseases such as thalas-

semia [a blood disease 

that causes anemia]—it 

would be wonderful to 

be able to apply a single 

treatment fairly early on 

in a child’s life and have 

it be fully e� ective from 

then on. I think we will 

also be able to use stem 

cells in vitro to screen 

new drugs and see 

how they are likely to 

a� ect the people taking 

them, making prescrip-

tions safer and more 

accurate. 

� e Dolly experiment 

[which yielded the � rst 

cloned adult mammal, 

Dolly the sheep, in 

1996] prompted people 

to � nd ways of taking 

specialized cells and 

transforming them into 

pluripotent, undi� er-

entiated stem cells. 

Now I’m excited to see 

researchers changing 

cells directly from one 

type to another. Marius 

Wernig at Stanford 

University recently 

transformed skin cells 

directly into nerve cells. 

Techniques like that 

may lead to novel thera-

pies while avoiding the 

primary downfall of 

stem cell therapies: the 

development of tumors. 

As for whole-animal 

cloning, I believe the 

only reason for doing 

it is for the purposes of 

treating disease. A com-

pany called Hematech is 

already breeding geneti-

cally engineered cattle 

(derived from cloned 

stem cells) that produce 

human antibodies to 

� ght bacterial infec-

tions, and the animals’ 

welfare is not compro-

mised in any way.

Ian Wilmut is an embryologist and director of the MRC 
Centre for Regenerative Medicine at the University of 
Edinburgh in Scotland. He led the team that cloned Dolly.
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Turkle
We need to reclaim our private spaces.

Sherry

space (a sacrosanct 

mailbox) and mental 

space. � e two are 

intertwined. We make 

our technologies, and 

they, in turn, make 

and shape us. I am not 

sure what to tell the 

18-year-old who thinks 

that Loopt (the appli-

cation that uses the 

GPS capability of cell 

phones to show you 

where your friends 

are) seems creepy but 

notes that it would 

be hard to keep it o�  

� ese days we live a life that generates its own 

electronic shadow. Over time, most people 

� nd a way to ignore or deny it. And over time, 

particularly for those who have grown up in our 

new regime of surveillance, leaving an elec-

tronic trace can come to feel so natural that the 

shadow seems to disappear. So, for example, a 

17-year-old girl thinks that Facebook “can see 

everything,” and even though “you can try to 

get Facebook to change things,” it is really out of 

her hands. Another girl says that even without 

privacy, she feels safe because “no one would 

care about my little life.” For all the talk of a 

generation empowered by the Net, today’s teens 

are sure that at some point their privacy will be 

invaded but believe that this is the cost of doing 

business in their world.

I grew up with grandparents whose families 

had � ed from governments that spied on their 

citizens. My grandmother was proud to be in 

America, where things were di� erent. Every 

morning we went together to the mailboxes of 

our apartment building. And on many days she 

would tell me, as if it had never come up 

before: “In America, no one can look at your 

mail. It’s a federal o� ense.” For me, this civics 

lesson at the mailbox joined together privacy 

and civil liberties. I think of how di� erent things 

are for today’s teenagers, who accommodate 

the idea that their e-mail might be scanned by 

school authorities. Not a few sum up their 

position by saying in one way or another, “� e 

way to deal is to just be good.”

But sometimes a citizenry should not “be 

good.” You have to leave room for this—space for 

dissent, real dissent. You need to leave technical 

“
Sometimes a citizenry should not ‘be good.’ You have to leave room for real dissent.”

Sherry Turkle, a professor of the social studies of science 
at MIT, is the author of Alone Together: Why We Expect 
More From Technology and Less From Each Other.

her phone if all her 

friends had it. “� ey 

would think I had 

something to hide.”

In a  democracy, 

perhaps we all need 

to begin with the 

assumption that 

everyone has some-

thing to hide, a zone 

of private action and 

re� ection, a zone 

that needs to be 

protected. My hope 

is that we rediscover 

our need for privacy. 

To me, opening up a 

conversation about 

rethinking the Net, pri-

vacy, and civil society 

is not backward-look-

ing nostalgia in the 

least. It seems like part 

of a healthy process of 

democracy de� ning its 

sacred spaces.

the next  30  years
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Brian Greene is a string theorist at Columbia University, 
author of the best seller The Elegant Universe, and 
cofounder of the World Science Festival in New York.

Greene
Physicists are close to uncovering the 
fundamental rules of reality.

Brian

My great hope is that 

we will � gure out  how 

to meld gravity and 

quantum mechanics, 

realizing a dream that 

can be traced back 

to Einstein and that, 

in its more modern 

form, has captivated 

two generations of 

theoretical physicists. 

Such a theory might 

provide us the tools 

for gaining a clear 

understanding of the 

origin of the universe.

A vital part of such 

progress requires mak-

ing contact between 

experiment and our 

theoretical attempts to 

quantize gravity and 

unify nature’s forces. 

For a long time we 

have been pursuing 

theoretical ideas like 

string theory without 

input from experiment 

or observation, and 

that is an unusual way 

for a science to evolve. 

In three decades—

perhaps sooner with 

the help of the Large 

Hadron Collider 

and satellite-based 

astronomical observa-

tions—I would hope 

this changes. Should 

the observations 

support the theory, 

great; should they rule 

it out, that’s great too, 

because we’d be able to 

move on, full throttle, 

to other ideas. A big 

puzzle now facing 

string theory is that 

there are many possi-

ble forms for the extra 

dimensions that the 

mathematics requires. 

In the mid-1980s there 

were dozens. Today 

that number has 

soared, by some esti-

mates to 10500 if not 

more. � ere’s no way 

theorists can possibly 

examine all of them; 

10500 dwarfs the num-

ber of particles in the 

observable universe! 

So we will continue to 

search for some math-

ematical equation that 

pinpoints a handful or 

even one speci� c form 

for the extra dimen-

sions, allowing us to 

determine a single 

universe that string 

theory predicts. Alter-

natively, we may estab-

lish that there is not 

a unique universe but 

many. Each universe 

would make use of a 

di� erent form for the 

extra dimensions, with 

our universe being just 

one of many in a grand 

multiverse. � at would 

be one of the most 

profound revolutions 

in thinking we have 

ever sustained.

I am con� dent 

that well before 2040 

we will nail down 

what dark matter 

is. Identifying dark 

energy will be harder, 

but we might nail 

that, too. And if I 

allow my imagination 

to run wild, I would 

love it if we had some 

deep insight that let 

us understand what 

space and time actu-

ally are. We know a lot 

about the features of 

space and time, what 

they can do—but 

many of us believe 

these  are not funda-

mental. Identifying 

the constituents of 

space and time would 

be a grand insight. 

“We may establish that there is not 
a unique universe—that ours 
is just one of many in a grand 
multiverse. That would be one 
of the most profound revolutions 
in thinking we have ever 
sustained.” 
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30 YEARS of 
DISCOVER

Ways the World
Could End

Crank up the gloom and doom: Global apocalypse could be just around 

the corner—and we might never see it coming. 

By Corey S. Powell
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Fashions come and go in all human 

endeavors—even eschatology, the 

study of the end of the world. 

Back in the 1980s, our planet 

seemed sure to perish in a nuclear 

barrage, and songs about atomic 

apocalypse were at the top of 

the charts: Cue Prince’s “1999” 

(“Everybody’s got a bomb/We could 

all die any day”). By the 1990s, 

death by asteroid impact was all 

the rage. After 9/11 and the 2001 

anthrax attacks, worries turned to 

a bioweapon unleashed by a ter-

ror group. The latest obsession is 

plague, delivered in the metaphori-

cal form of vampires and zombies—

especially zombies, since vampires 

have developed an unseemly fond-

ness for chaste romance. 

In truth, all these possible ends 

only scratch the surface, as I learned 

a decade ago while working on my 

article “20 Ways the World Could 

End” for DISCOVER’s 20th-anniver-

sary issue. And I quickly found that 

I was far from the only one with a 

fascination for such gloomy things. 

Soon after came a flurry of similar 

end-of-days TED lectures, books, 

and television shows. 

 We are fascinated by specula-

tion about the end of the world, 

I think, because it paradoxically 

makes us feel safe. Global destruc-

tion is so grand, so overdramatic, 

that it doesn’t feel connected to 

our lives the way more immediate 

worries like cancer or Alzheimer’s 

are. We can dabble in morbid 

fantasies about our demise while 

believing that we won’t be the ones 

fated to see them realized. Then 

again, lots of people bet that they 

wouldn’t be the ones left holding 

overpriced Florida homes when the 

real estate market collapsed. We 

might lose this bet as well.

For DISCOVER’s 30th anni-

versary, the time seemed right to 

revisit the science of doomsday. 

As with every sequel, this time it 

delivers more, more, more. So my 

latest list goes to 30: 10 brand-

new possible ends, along with 

updated odds on the original 20. 

30 
INFORMATION 

OVERLOAD Futur-

ist Ray Kurzweil talks 

expansively about the coming “sin-

gularity,” a moment when human 

and machine intelligence become 

indistinguishable and the pace of 

progress accelerates unimagin-

ably. If minds could be transferred 

to computers, Kurzweil argues, 

death would become meaning-

less. And if humans merged with 

their machines, the world as we 

know it would no longer exist. In 

the evolutionary sense, this could 

represent the emergence of a new 

species—Homo singularity?—that 

would be mostly technology driven. 

(And don’t ask what happens if 

the power fails.) Linguist Stephen 

Pinker dismisses this whole vision, 

likening it to the old predictions 

of domed cities and nuclear-pow-

ered cars. But Kurzweil claims he 

can provide the date when the 

singularity will arrive: 2045, just 

in time for DISCOVER’s 65th anni-

versary. ODDS: indeterminate, but 

likely—human-machine merging is 

starting already. 

29 
GENETICALLY 

MODIFIED SUPER-

HUMANS The debate 

over human germ-line engineering—

reworking genes in the sperm and 

egg to create inheritable new traits—

sputtered out early in the last 

decade after gene therapy had a 

series of notable failures. The revival 

of that research (see page 31) sug-

gests it is time to resume the con-

versation. Soon it could be possible 

to design babies whose DNA has 

been rewritten to give them greater 

mental and physical abilities. Such 

“trans humans” might eventually be 

a true breed apart, able to mate only 

with others of their kind. In a Holly-

wood blockbuster, the transhumans 

would include a cackling villain who 

turns against his progenitors, but 

there is no need: If they are truly 

superior, they might outcompete us 

by benign means, marking the first 

synthetic transition from one homi-
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nid species to the next. ODDS: high, 

since germ-line modification seems 

nearly inevitable in the long run. 

28 
SPACE COLONY 

U P R I S I N G  F r o m 

America to Angola, 

colonies have a history of rising up 

against the nations that founded 

them. If we ever establish self-

sustaining colonies on other worlds, 

the social and political pressures 

will probably be much the same. (In 

1973, the crew of the first Ameri-

can space station, Skylab, went 

on strike to protest their working 

conditions.) As with the American 

Revolution, the separation could be 

violent without being catastrophic. 

But an interplanetary conflict opens 

some grim possibilities. A self-

sustaining colony could afford to 

unleash a planetwide attack, such 

as an unstoppable bioweapon, 

since the consequences on Earth 

would have no effect on the attack-

ers. ODDS: high that there will be a 

political separation; low that it will 

be catastrophic. England colonized 

half the world and is still standing. 

27
ALIEN PLAGUE A 

b io logica l  attack 

from space need not 

be deliberate. British astronomer 

Fred Hoyle, whose “steady state” 

cosmology was for years a serious 

challenger to the Big Bang theory, 

was convinced that comets are full 

of viruses that cause flu epidemics 

when they rain down on Earth. His 

ideas, once ridiculed, have been 

partially vindicated by the discovery 

that pieces of Mars have landed on 

Earth, and by studies showing that 

extremely hardy microbes could 

survive extended voyages through 

space. NASA takes the idea of alien 

pathogens seriously enough that it 

has an elaborate quarantine proto-

col for any space sample returned 

here. The possibility that our planet 

was seeded with microbial life from 

Mars (or even, per Hoyle, from a 

comet) means that we cannot be 

certain that space microbes would 

be incompatible with our biology. 

ODDS: still low, given the sketchy 

evidence that space microbes play 

any role in terrestrial disease.

26
SUPERBOMB The 

atomic bomb is hardly 

the ultimate tool of 

destruction. Matter-antimatter 

reactions are a much more effec-

tive way to tap E = mc2. Splitting a 

uranium atom converts only about 

0.1 percent of its mass into energy, 

but mixing matter and antimatter is 

100 percent efficient. About 100 

pounds of antimatter would exceed 

the yield of all the world’s atomic 

weapons. Fortunately, we don’t 

know how to store more than a few 

atoms’ worth of it at a time. Another 

possibility if you want to destroy the 

world: Use a giant particle accelera-

tor to fabricate a mini black hole. If it 

had more mass than that of a large 

mountain, it would be stable and 

would immediately sink through the 

ground, consuming the planet from 

within until there was nothing left 

but an Earth-mass black hole, about 

one-third of an inch wide. ODDS: 

high for a weapon more destruc-

tive than the H-bomb, very low for 

the black hole in particular.

25
WEATHER-CONTROL 

MISHAP Efforts to 

control the weather 

have a poor track record (China 

attempted it during the 2008 Olym-

pics, but nobody can tell if the proj-

ect worked). Still, some researchers 

are talking seriously about global 

climate modification as a way to 

counteract climate change. These 

“geoengineering” schemes include 

pumping light-reflecting sulfur com-

pounds into the stratosphere and 

placing giant sunshades in space. 

What could go wrong seems more 

obvious than what could go right. 

This approach could also lead to 

another doomsday weapon: Shoot 

an enormous cloud of chaff into a 

stable spot between Earth and the 

sun and you could dim the whole 

world, possibly triggering an ice 

age. ODDS: very low. Geoengineer-

ing schemes would be tested exten-

sively first; a chaff bomb is a slow, 

cumbersome way to attack. 
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24
TIME TRAVEL This 

is one of the favorite 

tropes in science fic-

tion: Hop into your time machine, visit 

the past, and you could wipe out the 

present—intentionally or not (watch 

out for that butterfly). The current 

thinking in physics is that time travel 

might actually be possible. Now the 

catch: The same theories say that a 

time machine could go back only to 

the moment when it was activated. 

Even if genuine travel to the past is 

possible, Seth Lloyd of MIT argues 

that quantum rules would prevent 

the traveler from doing anything that 

contradicts what he already knows 

about the present. Where is the fun 

in that? ODDS: indeterminate, but 

logic dictates that destructive inter-

ference with the past is impossible.

23
STRANGE MATTER 

Ordinary atoms con-

tain particles called 

quarks, which come in two varieties: 

up and down. There are other kinds 

of quarks that we don’t encounter 

because they normally form unsta-

ble particles. But in 1984 Ed Witten, 

the godfather of string theory, pro-

posed that there might be a stable 

state of matter that consisted in 

part of a third type of quark, called 

a strange quark. This hypothetical 

type of matter, called a strangelet, 

could possibly be created naturally 

by an extremely energetic cosmic 

ray, or deliberately in a particle 

accelerator even more potent than 

the Large Hadron Collider. Once 

unleashed, a strangelet could act 

as a kind of subatomic infection, 

converting any ordinary matter into 

strange matter. Eventually it would 

consume the whole planet, leaving 

a lump of strangeness in its wake. 

ODDS: very low. Cosmic rays have 

been striking Earth for billions of 

years with no such effect. 

22
D A R K  M A T T E R 

CLUMP Dark matter 

is the heavy but invis-

ible (and as yet undetected) stuff 

believed to hold galaxies together. 

Handicapping the 
Other 20 Doomsdays

Still not anxious? Here are the original disasters from “20 Ways the 

World Could End” (available online at discovermagazine.com/2000/

oct/featworld), along with a fresh evaluation of their likelihood.

 

PLAUSIBLE 

For two key natural disasters—asteroid impact and flood-basalt 

volcanism—it is not a question of whether they will happen again, but 

when. NASA is now quite sure that no Earth-killer asteroids are on a 

near-term collision course, but 50-meter asteroids (large enough to 

flatten a city) strike every few hundred years, and almost all of them 

are uncharted. Large-scale eruptions happen roughly on 25-million-

year timescales; a regional supervolcano could erupt at Yellowstone 

in the next few thousand. A magnetic field reversal is a near certainty 

within the next few hundred thousand years, but there is no evidence 

that reversals actually are deadly. Global epidemics, global warming, 

and environmental toxins are here now, but it is not clear that any of 

them have the potential to wipe out humanity. The risks of a biotech 

disaster are even less established, since nobody has yet designed a 

deadly pathogen or established a health risk from genetically modi-

fied organisms. Another global war seems depressingly likely; the 

question mark is how deadly the weapons will be next time around. 

Ecosystem collapse may have helped usher out the dinosaurs. An 

asteroid and huge eruption also contributed, but we humans are 

putting a lot of our own stresses on the web of life. 

POSSIBLE BUT EXTREMELY UNLIKELY

Gamma-ray bursts happen constantly, but we now know the likely 

kinds of progenitor stars, and there seems to be none close enough 

to cause serious trouble. Black holes are a legitimate threat, but 

the nearest known one is 1,600 light-years away. Solar superflares 

have been tentatively observed on some sunlike stars, but there is 

strong evidence the sun has never produced such an outburst, and 

stars become less active as they age. A particle accelerator mishap 

is improbable since nature regularly pelts Earth with cosmic rays 

more energetic than the particles in the Large Hadron Collider. Mass 

insanity lacks a clear definition or trend, and it is not a recipe for 

global destruction unless it triggers an all-out war or terror attack. 

INDETERMINATE

These have never happened before or rely on mechanisms that lie 

beyond science. The technology that could allow a robot takeover 

or a nanotechnology disaster has made only modest progress since 

2000. The odds of an alien invasion got a boost from the discovery 

of vaguely Earth-like planets around other stars, but we still have 

no idea if alien civilizations exist. Collapse of the vacuum probably 

happened in the first 10–32 second of the universe’s life. Until we 

discover another universe or develop a better theory of physics, there 

is no way to judge its likelihood of happening again. Whether divine 

intervention will occur is a matter of faith. And is this all a dream? 

Maybe. I’ll pinch my arm now and see if it goes away…  C. S. P.

If a clump passed near our sun, its 

pull could shake loose comets from 

the outer solar system, sending 

some of them crashing into Earth. 

Australia-based astronomer Kenji 

Bekki claims that one such passage 

happened millions of years ago, form-

ing a ring of stars called Gould’s Belt. 

If a dark cloud headed right into (and 

through) Earth, that might have dire 

consequences too. In theory, dark 

matter particles could interact with 

each other, giving off gamma radia-

tion. Afsar Abbas, a physicist in India, 

suggests that the radiation would 

not only cause a wave of mutations 

but also heat up Earth’s interior and 

trigger massive volcanism, leading to 

a double extinction. ODDS: indeter-

minate. Dark matter is so elusive that 

an event could be starting right now 

and we might not know it. 

21
SOLAR SHUTDOWN 

Back in the 1970s, when 

it seemed that the sun 

was not emitting the ex pected num-

ber of particles known as neutrinos, 

some solar physicists proposed that 

our star might go through million-

year stretches of reduced activity, 

during which time its brightness 

could drop by perhaps 40 percent. 

Although the initial evidence for a 

solar shutdown evaporated, the 

mechanism remains possible. 

Such a dip would put our planet 

in a deep freeze, and in fact pale-

ontologists now find evidence 

of one such episode of extreme 

cold (nicknamed “Snowball Earth”) 

about 650 million years ago. If the 

sun dimmed significantly today, 

the oceans would gradually freeze 

solid, and most multicellular life on 

Earth—humans included—would 

probably go extinct. ODDS: low. 

There is no evidence that other 

sunlike stars experience such 

shutdowns, though there is not 

much proof that they don’t. 

Corey S. Powell is the editor in chief 

of DISCOVER, where he has worked 

for the past 13 years. He is the 

author of God in the Equation: How 
Einstein Transformed Religion.
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ADVERTISEMENT

If you were asked to surrender your 
will, would you? Probably not. But 
have you considered the countless 
times people do surrender their will 
each and every day? “No,” you say, 
“I don’t, and I never would!”

Well, think about how you surrender your will to 
the laws of nature. Do you argue with gravity, ignore 
friction, grab a live wire, lean to the left turning right?

People have learned to surrender to creation’s nat-
ural laws, but there is a law of nature that virtually 
everybody has been ignoring.

While people eagerly surrender to familiar laws 
such as gravity and friction, sometimes a mistake is 
made. For example, if they lose their balance by slip-
ping on a wet surface, everybody instinctively strug-
gles to conform to the appropriate natural laws.

Early in the past century, a natural law of behavior 
was identified by the late Richard W. Wetherill. In 
1952 he presented it in the book, Tower of Babel.

He called it the law of absolute right, and it speci-
fies behavior that is rational and honest to replace 
choices based on a person’s likes and dislikes, wants 
and don’t wants, judgments and beliefs, thereby, over 
time, putting together his/her own plan of life.

Nature’s law of absolute right states that right 
action gets right results, and if wrong results occur, 
the law was somehow disregarded.

What kinds of results are presently occurring? 
The news media daily report on the tragedies of in-
ternational warfare, political corruption, criminal 
activity, economic disasters, foreclosures, and afflic-
tions labeled “cause unknown.”

You might be wondering, who thinks that conform-
ing to a natural law could stop those wrong results?

The answer comes from persons who have surren-
dered their will to creation’s law of absolute right. 
They enthusiastically report right results occurring, as 
they drop old behavior patterns and respond rationally 
and honestly to whatever happens.

The nonprofit group financing this public-service 

message is telling people that their safety and security 
exist in trusting the laws of creation rather than trust-
ing the laws and beliefs of human origin. Every 
natural law requires the action it calls for, thereby 
enabling the law to complete its rightful purpose.

That is easily observed when using gravity as an 
example. When people stumble and fall, they do not 
form criticisms of gravity. They are more likely to 
look around for someone or something to blame—
sometimes their own carelessness.

But to achieve success and avoid failure at whatever 
activity or task they are engaged in, people instinc-
tively know they must obey nature’s laws of physics.

Prior to the identification of those laws, the an-
cients worshipped natural phenomena and/or idols. 
It required aeons until people identified the natural 
laws creating forces to guide their activities and that 
those laws expressed the will of the creator—not to 
be worshipped but to be obeyed.

Thus creation’s law of absolute right calls for 
rational and honest responses to whatever happens.

Visit our colorful Website www.alphapub.com 
where essays and books describe the changes called 
for by whoever or whatever created nature’s law of 
absolute right. The material can be read, down-
loaded, and/or printed free. Press a button to listen 
to the texts on the Website being read aloud with 
the exception of the texts of the seven books.
This message is from a self-financed, nonprofit group 
of former students of the late Richard W. Wetherill. 
We are putting this information where it is available 
worldwide, and we invite your help to direct others to 
our Website so that they, too, can learn that obeying 
this natural law confirms that life is fair and well 
worth living.

Richard W. Wetherill
1906-1989
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FUSION

the

long

and

winding

road

It is the energy source that could change 

the world. It has eluded every effort to 

master it. But now Glen Wurden thinks he 

knows how to make fusion work.

By Tim Folger

30 YEARS of 
DISCOVER

to
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“� e � oor shook; the walls shook; there was a hell of a boom,” 

says Wurden, a sandy-haired, 54-year-old physicist and fusion 

program manager at Los Alamos National Laboratory in New 

Mexico. “An Air Force guy with us said, ‘Damn, that was loud!’ 

One of the Kevlar blankets was tossed 40 feet. A piece of 

shrapnel went through one of the air-conditioning ducts. � e 

experiment was a spectacular failure.” 

For someone talking about a fantastically borked bit of 

work, Wurden sounds almost cheerful. We are sitting in his 

o�  ce at Los Alamos, a 45-minute drive northwest of Santa 

everything was ready. the lab’s blast walls were up; 

sheets of Kevlar hung to catch shrapnel; banks of capacitors 

on the co-opted Air Force experiment primed to unleash 12 

million amps of current; X-ray detectors set to snag bursts 

of photons; bottles of celebratory champagne chilled . If 

all went as planned, Glen Wurden would be a very happy 

man, and one experiment closer in his long-shot e� ort to 

exploit a nearly limitless source of energy.

� e champagne had to wait, though, because something 

went wrong. Not a glitch, not a minor mishap. An explosion. 

The Shiva Star facility, 

located at the Kirtland 

Air Force Base in 

Albuquerque, produces 

a power pulse that

justifies its name. 
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Fe, on a cool September afternoon, 

nine months after the explosion. No 

one was hurt that day—the blast walls 

protected Wurden and his colleagues 

from the, uh, mistake in the adjoining 

room. “It turns out there was a short 

circuit,” Wurden says as we look on 

his computer monitor at photos of 

a blackened, debris-strewn lab. The 

short overloaded the equipment with 

18 million amps, delaying for a few 

months the initial test of technology 

that could yield the world’s  rst com-

mercially viable nuclear fusion reactor. 

“My goal in life is to make fusion 

energy happen. Period,” Wurden says. 

� e control of nuclear fusion—the reac-

tion that powers stars and hydrogen 

bombs —would permanently solve the 

world’s energy problems, not to men-

tion a few geopolitical ones. No small 

ambition, by any measure. But Wurden 

harbors another goal, nearly as daunt-

ing. He wants to beat the world’s two 

biggest fusion projects in the race to 

make fusion not just possible but prac-

tical.  The competition could scarcely 

be more lopsided. The ranking fusion 

heavyweights, one in France and one 

in California, each have at least a thou-

sand-to-one funding advantage over 

Wurden’s project and a huge edge in 

manpower as well. iter—an interna-

tional fusion experiment now under 

construction in the south of France—

will probably cost $20 billion by the 

time it is  nished in 2018. � e $3.5 bil-

lion National Ignition Facility (nif) in 

Livermore, California, is slated to begin 

fusion tests by 2012, after 15 years of 

construction and development. 

When I tell Wurden that I would like 

to compare his research favorably with 

the work going on at nif and iter, he 

tries to discourage me. “I’m not com-

fortable with that. Why should we be 

in the same paragraph with a $4 billion 

machine? We’re not even a $4 million 

operation.” Yet after I spend a couple of 

afternoons with him, it becomes clear 

that he thinks he has a reasonable shot 

at something that has eluded research-

ers for decades: creating a fusion 

device that yields more energy than it 

consumes, and doing so on a budget 

of tens of millions instead of billions.

“Our goal is to demonstrate fusion 

gain before iter is built. I don’t know 

about beating nif—it will probably 

get a good shot in a year or two. We 

almost certainly won’t make that,” 

Wurden says. “Our goal is to make a 

fusing plasma in the lab once a week.” 

Without any more explosions.

The physics of fusion seems so 

straightforward, so tantalizingly grasp-

able: Two atomic nuclei (the dense 

centers of atoms) collide and merge to 

form a larger nucleus, releasing a lot 

of energy. Fusion is the opposite of  s-

sion, which frees energy when an atom 

like uranium splits into two smaller 

atomic nuclei. Today’s nuclear power 

plants use the heat from uranium  s-

sion reactions to do nothing more 

complicated than boil water, making 

pressurized steam that spins turbines 

to generate electricity. Fusion power 

plants would also be boilers, albeit 

exceedingly complex ones. Although 

physicists and engineers conceptually 

figured out how to construct fission 

power plants almost immediately after 

the invention of the atomic bomb, 

fusion has never been tamed.

 � e quest to control the process has 

seduced physicists for more than half 

a century, for obvious reasons. As an 

energy source, it seems too good to be 

true. It releases no greenhouse gases. 

Its primary fuel—deuterium, a heavy 

version of hydrogen—can be extracted 

from seawater.  Unlike the waste from 

conventional nuclear power plants, 

which remains radioactive for tens of 

thousands of years, the by-products 

of fusion decay within decades. And 

there is irrefutable evidence that stable, 

self-sustaining fusion reactions are 

physically possible. The most obvious 

example is a fusion reactor that has been 

running smoothly for more than 4 billion 

years: the sun, which fuses hundreds of 

millions of tons of hydrogen nuclei into 

helium every second. Without fusion, 

stars would not shine. Just look up at 

the sky and you can see that fusion reac-

tors are stupefyingly common. 

So why, on Earth, is fusion so dif-

ficult? The technical issues are formi-

WURDEN’S 
WAY TO 

FINESSE THE 
PROCESS? 

CALL IT 
FUSION IN A 

BEER CAN.

The huge National 

Ignition Facility 

aims to achieve

fusion reactions using 

the world’s most 

powerful lasers.
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it faster? Yeah, I think there is.  Some-

where between one day and 20 years 

is the right number.”

 ere is an old joke among fusion sci-

entists: “Fusion energy is 20 years away 

and always will be.” Utopian fusion fore-

casts have a long history. At a United 

Nations atomic energy conference held 

in Geneva in 1955, an Indian nuclear 

physicist named Homi Bhabha said, “I 

venture to predict that a method will 

be found for liberating fusion energy 

in a controlled manner within the next 

two decades. When that happens the 

energy problems of the world will truly 

have been solved forever.” 

So has anything changed? Will 

fusion energy still be as distant a dream 

three decades from now as it was three 

decades ago? If Wurden believed that, 

he would be in another line of work. 

But here he is, searching for  some way 

to finesse the process, accomplishing 

by subtler means what nature does by 

brute force. Manipulating sun-size vol-

umes of gas and titanic gravitational 

forces are not viable options. Wurden’s 

strategy? Call it fusion in a beer can.

The technical term for what Wur-

den and his colleagues at Los Alamos 

do is “magnetized target fusion.” One 

component of their experimental 

device is a hollow aluminum cylinder, 

30 centimeters tall and 10 centimeters 

in diameter, with walls 1 millimeter 

thick. “It’s the size of an extra-big beer 

can—Australian size,” Wurden tells me 

as we approach his lab, which occupies 

all of a hangar-size building next door 

to his office. On the way into the lab 

I notice mouse droppings on the � oor 

and some discarded, damaged equip-

ment on shelves with tags labeled 

“nfg” attached. “ at means no good,” 

Wurden says, omitting an adverb. 

“Kind of like fubar, you know?”

Banks of refrigerator-size capacitors, 

devices for storing and releasing electri-

dable, to be sure, starting with a fuel so 

hot that it would vaporize any known 

material, and positively charged nuclei 

that want to repel each other rather 

than fuse together. The sun and other 

stars create the extraordinary condi-

tions necessary for fusion—tempera-

tures of about 15 million degrees Celsius 

and pressures 200 billion times greater 

than Earth’s atmospheric pressure—by 

dint of sheer gravity. A star must have at 

least a tenth of the sun’s mass in order to 

ignite.  e universe is littered with failed 

fusion reactors, so-called brown dwarfs, 

which never scooped up enough matter 

to get their fusion reactors going.

Despite those astronomical obsta-

cles, Wurden says the biggest impedi-

ment to controlled fusion has been a 

lack of resources. “If you gave me an 

in
 nite amount of money, I couldn’t 

produce a fusion reactor tomorrow. 

 On the other hand, if you gave me a 

billion dollars a year for 20 years, that’s 

the other extreme. Is there a way to do J
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to ionize the deuterium and form it into 

a football-shaped plasma, a geometry 

that would prevent it from squirting 

out of the collapsing can. Maintaining 

that exact geometry is crucial to the 

experiment’s success, because leaks 

would rob the plasma of the pressure 

and energy needed for fusion. Wurden’s 

e	 orts now focus on carefully measur-

ing the plasma in the quartz tube to 

check for the right density, temperature, 

and stability to make fusion possible. 

“The diagnostics all happen in 

about 60 microseconds,” Wurden says. 

“� e signals are sampled very quickly 

and stored on the computer so we can 

understand what was happening in 

the plasma. There are lots of ways to 

fail. We’re merging this can-compres-

sion technology with plasma-forma-

tion technology that we’ve studied for 

20 years into one entity. Our � rst test 

shot of the can crusher was December 

19, 2008.” � at was the short-circuited, 

explosive experiment. “� e can didn’t 

collapse very much because the cur-

rent didn’t get to it. We were kind of 

depressed.” But a second shot a few 

months later, again with an empty can, 

went as planned, setting the stage for 

last April’s full can-and-plasma test.

� e machine that crushes the cans 

began life as a weapon, according to 

some reports,  developed at Kirtland 

Air Force Base to destroy incoming 

ballistic missiles with bursts of high-

energy plasma. It is called Shiva Star, 

after the Hindu god of destruction, and 

for the starlike pattern formed by six 

rows of capacitor banks arrayed radi-

ally around a two-meter-high hub of 

electrodes and coils. � e entire setup 

measures 25 meters in diameter and 

fills a room in a nondescript three-

story building on the air force base. 

Jim Degnan, a physicist at Kirtland 

who collaborates with Wurden’s team, 

insists that Shiva Star has never been 

used as a weapon, but he has seen it 

destroy a fair number of experiments. 

“We operate at 5 megajoules,” he 

says. “� at’s like two and a half pounds 

of high explosives. It can break vacu-

um vessels, throw shrapnel. Occasion-

ally we start a � re. � e � re department 

tells us if we can put it out with one 

extinguisher, we don’t have to evacu-

ate the building.”

For the crushing tests, the can is 

mounted vertically under Shiva Star’s 

central column, which is stabilized 

with four tons of weights to prevent 

magnetic � elds from pulling the struc-

ture apart. Shiva Star discharges 12 

million amps in 10 microseconds. � e 

can’s collapse must be nearly instan-

taneous and perfectly symmetrical to 

contain the deuterium plasma long 

enough to spark fusion. “In this experi-

ment, the technical di�  culty is getting 

all the di	 erent capacitor discharges to 

work at the right times with the right 

currents,” Degnan says, “and getting 

all the diagnostic equipment to work, 

because if you can’t measure it, you 

don’t know what happened.”

For Wurden, April’s Shiva Star 

experiment with the plasma-� lled can 

prompted a surge of optimism. In two 

or three years, he and Degnan should 

Simulation of 
the ITER reactor 
shows a hundred-
million-degree 
plasma trapped in 
a magnetic bottle.

cal energy, take up most of the lab’s � oor 

space, all linked by thick colored cables. 

But it is the can that will be the center of 

the action. � at is where the fusion will 

happen—assuming the absence of short 

circuits and explosions. With those 

caveats, canned fusion is supposed to 

work like this: 1. Switch on powerful 

magnetic � elds to create and control a 

hot plasma (ionized gas) of deuterium. 

2. Trap the plasma inside the aluminum 

can, again using magnetic � elds; if the 

plasma physically touched the can, 

the aluminum would vaporize almost 

instantly. 3. Apply a quick burst of cur-

rent to crush the can in a few millionths 

of a second, heating the confined 

deuterium to millions of degrees and 

compressing it to such an extreme that 

fusion occurs. 4. Harness the released 

energy and change the world.

“We  crush the can in 24 microsec-

onds with 12 million amps of current,” 

Wurden says. “� e magnetic � elds are 

held inside and go up by a factor of 100. 

� ere are no magnetic � elds like that in 

our solar system, not even in this corner 

of the galaxy. � e pressure inside equals 

a million atmospheres; the temperature 

goes up by a factor of 30 to 100.”

Last April, Wurden � nally combined 

all the elements of canned fusion into 

a single device and put it through an 

engineering shakedown. Here at Los 

Alamos, he and colleagues are now 

working on better ways  to create and 

manipulate the deuterium plasma. � e 

can-crushing experiments—and the odd 

explosion—are taking place at Kirtland 

Air Force Base in Albuquerque.

Wurden’s plasma-holding appara-

tus  is a quartz tube, 40 centimeters 

in diameter and 150 centimeters long, 

mounted on a table and partially 

wrapped in the aluminum coils of an 

electromagnet. Pumps for evacuating 

the tube and diagnostic equipment 

for studying the plasma surround the 

table. Three computers control it all 

from a small room at the other end 

of the lab, which is sealed o	  by blast 

doors whenever the experiment runs.

The computer-controlled electro-

magnets are designed to generate 

potent electromagnetic � elds inside the 

quartz tube. � ose � elds are supposed 
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particle beams will heat a deuterium-

tritium plasma to fusion temperatures 

for about 20 minutes. During that time, 

iter’s designers anticipate that the 

reactor will put out 500 megawatts of 

power while using only 50 megawatts, 

a tenfold energy gain.

� e National Ignition Facility at Law-

rence Livermore National Laboratory, 

located 45 miles east of San Francisco, 

houses the world’s most powerful lasers, 

192 of them . Sometime within the next 

year or two, for a few billionths of a sec-

ond, those beams will focus 500 trillion 

watts  on a pellet of deuterium and tri-

tium housed inside a little capsule about 

the size of an Advil tablet. If all works as 

expected, the deuterium and tritium will 

slam together at about a million miles 

per hour, forming a plasma, fusing, and 

perhaps producing a net energy gain.

Wurden thinks his team has a shot 

at beating iter to the break-even fin-

ish line, but only if he can scrounge up 

a little more cash. “We can’t do it with 

the funding we have now,” he says. “� e 

Department of Energy sponsors all the 

magnetic fusion research in the country. 

Alternate projects like ours are at best 

about 10 percent of the budget, maybe 

$20 million divided among 10 universi-

ties and a couple of national labs.”

Despite the way the government 

is placing its bets, canned fusion has 

potential advantages over both of 

the big projects. It falls somewhere 

between nif and iter in its strategy. 

Wurden expects his experiment to 

create a plasma higher in density than 

iter’s but lower than nif’s compressed-

pellet plasma. Dense plasmas favor 

more fusion reactions; so do longer 

con	 nement times—but sun-hot plas-

mas are exceedingly di
  cult to control. 

Wurden will trap his plasma for a few 

millionths of a second. iter, with its 

less dense plasma, will need to con	 ne 

it for full seconds at a time. nif requires 

just billionths of a second, but at the 

cost of enormous energy output from 

its high-power lasers, which can fire 

only two or three times a day because 

they need many hours to cool down. 

Canned fusion, if it works, would 

need less power than nif and shorter 

plasma-con	 nement times than iter; 

have a rough idea of whether anything 

insurmountable stands between them 

and a fusion reactor that can actually 

produce a net surplus of energy.

“If it works the way we hope it will, 

and if we do enough tests to 	 nd what 

makes it better or worse, we’ll be ready 

to go to a bigger facility,” Wurden says. 

“If we go up four or five times in size 

and switch to a fuel with a mix of deute-

rium and tritium,” another type of heavy 

hydrogen, “we should have break-even 

plasma conditions—if things work out.” 

“Break-even” is the goal of all fusion 

researchers. � is is the point at which 

the amount of energy coming out of the 

fusion reactions equals the amount of 

energy needed to maintain the plasma. 

No fusion experiment has yet reached 

that point. More distant still is a reac-

tor able to generate substantially more 

energy than it consumes. An economi-

cally viable fusion power plant would 

probably have to do 30 times better 

than break-even.

Wurden’s two big rivals have a rea-

sonable shot at reaching or surpass-

ing break-even within a decade. iter, 

funded by the United States, the Euro-

pean Union, Russia, China, India, Japan, 

and South Korea, is scheduled to run its 

	 rst fusion experiments in 2018 or 2019. 

It will use the most advanced in a line 

of fusion machines called tokamaks, an 

acronym for the Russian phrase mean-

ing “toroidal chamber with magnetic 

coils.” Many physicists see tokamaks as 

the most promising path to fusion ener-

gy. Inside iter’s enormous, doughnut-

shaped reactor walls, magnetic 	 elds, 

electric currents, microwaves, and E
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In 1958, just six years after the 
detonation of the first H-bomb, the 
Scylla reactor at Los Alamos National 
Laboratory unleashed the same fusion 
reactions in a controlled manner 
by bottling hydrogen plasma with a 
magnetic field. A decade later Soviet 
scientists demonstrated the tokamak, 
a doughnut-shaped magnetic trap 
that can hold these million-degree 
plasmas in a stable way. But the 
energy revolution that was supposed 
to follow has been slow to materialize. 
Incremental successes have been 
repeatedly offset by flawed research 
and chronic false optimism. A quick 
look at the ups and downs of the field:

•  1989 B. Stanley Pons and Martin 
Fleischmann announce that they 
have created a sustained fusion 
reaction at room temperature using 
an inexpensive tabletop apparatus. 
Within weeks it is clear that the 
data do not support their “cold 
fusion” claim.

•  1997 The Joint European Torus, still 
the world’s largest tokamak reactor, 
sets a record for efficiency by 
generating 16 megawatts of power: 
2 watts for every 3 put in. 

•  1999 The United States pulls out of 
the ITER project, citing scientific and 
budget concerns. It rejoins in 2003 
after the participating countries slash 
the size and cost of the facility.

•  2002 The journal Science publishes 
a paper demonstrating bubble 
fusion, the use of sound waves to 
compress deuterium-containing 
bubbles so drastically that the atoms 
fuse. Again, independent scientists 
cannot replicate the findings. 

•  2009 The National Ignition Facility 
is completed after 12 years of 
construction; its first fusion ignition 
might not happen until 2012.

•  2010 Break-even fusion, which 
produces as much energy as it 
consumes, is still projected to 
happen…someday. ANDREW GRANT

THEY HAVE 
A SHOT—IF 
THEY CAN 
SCROUNGE 
UP CASH.

FUSION’S 
ROCKY 
ROAD TO 
REALITY
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as a result, a working reactor based on 

its principles might cost tens of mil-

lions of dollars rather than billions. If 

fusion is ever going to make commer-

cial sense, that is exactly the kind of 

economic breakthrough it will require.

Even if nif beats canned fusion 

to break-even, Wurden thinks his 

approach will be more practical in the 

long run. nif’s lasers currently � re just 

two or three times a day. It takes 30 min-

utes just to position the fuel capsule. A 

commercial laser fusion reactor might 

have to � re about 15 times a second .

“There’s another problem,” Wurden 

says. “nif’s targets are cryogenic”—the 

fuel pellets are frozen to –255 degrees 

Celsius—“and in a power plant your 

poor little frozen target would have to 

fly into this nuclear hell and not get 

burned up on the way in. It’s a big prob-

lem. There are a lot of questions as to 

whether you could do this at any cost. 

With magnetized target fusion, we talk 

about � ring once every 10 seconds. We 

have a lot of problems too, but we’re not 

talking about 15 times a second. � ere 

are a lot of reality checks that need to be 

done for anybody’s reactor proposal.”  

For a reality check on Shiva Star, 

I spoke with Jaeyoung Park, an experi-

mental physicist who has taken leave 

from Los Alamos to join a small team in 

Santa Fe that is pursuing its own fusion 

research. His biggest concern is that 

Wurden may not be able to contain the 

deuterium plasma long enough. “It’s 

very difficult to squeeze the plasma 

uniformly—the squeezing has to be fast 

and furious,” Park says. “And heat losses 

might make it impossible for the plas-

ma to achieve the high temperatures 

needed for fusion. But Glen is planning 

some signi� cant experiments, and even 

if the � rst ones fail, the results should 

tell us something important.”

Wurden acknowledges those prob-

lems and brings up another for good 

measure. “How do you control mil-

lions of amps of current at thousands 

of volts?” he asks. “The switches we 

use are fancy things that work under 

high voltage. We can switch high cur-

rents maybe 20 times a day.” But a 

working fusion reactor based on Shiva 

Star would need to handle such cur-

rents once every 10 seconds. 

He is on a roll now, plotting the path 

that could � nally bring fusion energy 

to your household electrical outlet: 

“Maybe years from now, some of these 

things that are di�  cult to do today will 

be technologies we can handle. We’re 

at the Wright brothers stage now. If 

someone had given the Wright broth-

ers the plans for a 747 and told them to 

just build it, well, they wouldn’t know 

what a jet engine is, and certainly 

wouldn’t have the ability to make tur-

bine blades or alloys .

“If someone tells you we’ll have 

fusion energy in three years, that is not 

going to happen. Even if you want to 

solve the energy problem in the next 30 

years, fusion is not the answer, and I say 

that as a fusion scientist. If you want 

to solve it in the 50-to-100-year time-

scale—yeah, I think it is the answer. I 

like to ask other physicists, ‘How many 

miracles do you need for your concept 

to work?’ There isn’t a single concept 

that doesn’t need an engineering mira-

cle or two or three. Not one. But if you 

can count the number of miracles on 

one hand, you might say your concept 

is viable—you only need one handful of 

miracles. � at’s where fusion research 

is: How many miracles do you need?” 

THE HIGH-STAKES FUSION PLAYERS
Fusion energy research is the ultimate 
high-risk, high-reward scientific 
endeavor. So who better to tackle the 
challenge than entrepreneurs? “ITER 
and NIF have a heck of a lot of money, 
but they also have incredibly complex 
technology,” says Doug Richardson, 
CEO of British Columbia–based 
General Fusion. “We looked at the 
endgame from the very beginning: Can 
you put this into a power plant easily?” 

To that end, Richardson and his 
competitors are scheming up novel 
reactor designs. General Fusion’s 
magnetized target fusion reactor 
will incorporate a multipurpose 
liquid-metal lining to produce tritium, 
protect equipment from damage, 
and extract the heat that gener-
ates energy. The company hopes to 
achieve break-even by 2013. Two 
other companies, Energy Matter 

Conversion Corp. (EMC2) and Tri 
Alpha Energy, are developing reac-
tors that use proton-boron fuel, which 
requires even higher temperatures 
than deuterium does but allows 
almost direct conversion of fusion 
into electricity, without boiling water 
to drive a generator.

Still, it’s not easy fiddling with mil-
lion-degree plasmas on a tight budget. 
With the exception of Tri Alpha, which 

secured $40 million in private funding 
(some of it from Microsoft cofounder 
Paul Allen) three years ago, fusion has 
proved too risky for even the most 
daring venture capitalists. General 
Fusion limped through its first four 
years supported by a couple hundred 
thousand dollars from family and 
friends. “Skepticism and credibility 
are our top challenges by far,” 
Richardson says.  ANDREW GRANT
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This plasma injector 
tube at Los Alamos 
allows Glen Wurden 
to fine-tune his 
fusion experiment.

Electromagnets

Quartz
tube
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Living a long, healthy life is a universal 
desire. How can you reach this goal?

There’s a whirlwind of advice on 
how to optimize your well-being. The only 
problem is that most of it is scientifically 
unsound. In reality, the key to a long, 
healthy life is a solid foundation of healthy 
habits. And the secrets of personal wellness 
can actually be enjoyable and easy to incor-
porate into the demands of your schedule.

Lifelong Health: Achieving Optimum 
Well-Being at Any Age is your essential ref-
erence guide to healthy living, packed with 
information and advice rooted in the latest 
understanding of nutrition, physiology, and 
related fields. In 36 lectures that feel like a 
chat with a family physician, Professor of 
Medicine Dr. Anthony A. Goodman gives 
you a wealth of knowledge you can rely on. 

Professor Goodman structures his course 
around six themes: Aging, Nutrition and 
Whole Foods, Movement, Mental Health, 
Specific Health Issues, and General Health 
Choices. Taken together, these themes offer 
you a well-rounded survey of the concepts, 
issues, and lessons in personal health. And 
the lectures are never bogged down in com-
plex terminology or theories. Rather, they 
are designed to be grasped by everyone. 

Crafted with the concerns of individu-
als like you in mind, Lifelong Health is 
a resource you can turn to time and time 
again. It’s the perfect way for you to take 
those first, all-important steps on the road to 
becoming a better, healthier you.

About Your Professor
Dr. Anthony A. Goodman is Adjunct 

Professor of Medicine at Montana State 
University and Affiliate Professor in the 
Department of Biological Structure at 
the University of Washington School of 
Medicine. A fellow of the American College 
of Surgeons, he spent 20 years as a general 
surgeon.

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

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

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

Lecture Titles
1. A Personal Path to Lifelong Health
2. The Cellular Biology of Aging
3. The Physiology of Aging
4. Myths of Aging—Magical Times 
 and Places
5. Myths of Aging—Magical Substances
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 Death and Dying
10. Health Advances on the Horizon
11. Nutrition—Choices for a Healthy Life
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13. The Role of Vitamins
14. The Role of Supplements
15. Whole Foods for Optimum Health
16. The Good Fats
17. Sugar, Salt, Allergies, and Additives
18. The Physiology of Weight Management
19. Healthful Eating versus Fad Diets
20. Movement and Recreation—
 a.k.a. Exercise
21. The Physiology of Muscle
22. Resistance Training and 
 Weight Training
23. Aerobic and Anaerobic Exercise
24. Exercise in Dealing with Injury 
 and Disease
25. Joy in Movement—Sports  

and Exercise Options
26. Martial Arts and Yoga
27. Mental Health and Stress Reduction
28. Brain Physiology, Alzheimer’s,  

and Dementia
29. Maintaining Your Mental Edge
30. Focus on Women’s Health
31. Focus on Menopause
32. Focus on Men’s Health
33. Focus on Children’s and 
 Adolescents’ Health
34. Healthy Choices in Your Daily Life
35. Becoming an Educated Patient
36. Here’s to Your Healthy Life!

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 November 5, 2010, to 
receive these savings.

Discover the Secrets to Achieving Lifelong Health
Learn all the information and skills you need to optimize your personal health and well-being with 

these 36 engaging lectures delivered by a knowledgeable and experienced professor of medicine.
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How long would you like to live? 
 ree score years 

and ten, as the Bible suggests? Long enough to see 

your great-grandchildren graduate from college or 

get married? Longer? Forever? Or maybe you would 

settle for living as long as humanly possible—a span 

which might depend on how young you are now, 

and hence how likely you are to reap the bene� ts of 

longevity breakthroughs to come. 

Before you answer, you also need to consider what 

you are willing to do for those extra years. Are you 

willing to religiously eat right—however nutrition-

ists currently define “right”—or even semi-starve 

yourself ? Exercise, either moderately or intensely, 

depending on the wisdom of the day? Are you pre-

pared to take resveratrol or coenzyme Q10? Add the 

proper dose of green tea to your diet? Would you give 

up co� ee? You name it, someone has probably sug-

gested it over the years as a means of delaying death.

And since the newest research suggests that 

extreme longevity is determined largely by genes, 

you might also want to know, as I do, whose genes 

you’ve inherited (my father died at 93, my mother 

at 71) and which aspects of lifestyle, diet, and the 

environment in� uence those genes most. Research-

ers have been busier than ever lately decoding the 

genes of longevity, all in hopes of bottling the for-

mula for those less well-endowed. 

It’s not easy � guring out how to maximize your 

years on this planet.

until the 1990s, questions of how we age, how 

long we’ll last, and what we can do about it were 

mostly the purview of quacks, philosophers, and the 

odd evolutionary biologist speculating on why di� er-

PRO SPER
Live long

In the 
quest 

for longer life, 
scientists 

are trying to 
find the genes 

of longevity 
and bottle their 

benefits 
for all.

text by 
Gary Taubes 
Illustrations 

by Viktor 
Koen

and
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ent animals age at vastly di� erent rates. Medi-

cal researchers were not all that interested. 

Aging, after all, is not a disease but a natural 

process, the accumulation of defects that our 

bodies simply do not have the wherewithal to 

repair. And medicine was traditionally taught, 

studied, and practiced in disciplines, divided 

up by organ, body part, and disease. As a result, 

neither researchers nor physicians nor the gov-

ernment agencies that fund medical research 

saw � t to study aging itself. In the early 1990s, 

when Nir Barzilai, now the director of the Insti-

tute for Aging Research at Albert Einstein Col-

lege of Medicine in New York City, decided to 

study aging, he did so in part because the com-

petition was so sparse. “Why compete with 

100,000 people studying cancer,” he asks, “when 

maybe 10 people were doing aging research?”

� e past two decades have changed all that. 

Researchers have taken to studying long-lived 

versions of everything from yeast and nema-

tode worms to rats, mice, monkeys, and (of 

course) humans, hoping to identify the bio-

logical mechanisms that determine longev-

ity and that perhaps show how to extend it. 

They have created worms that live 10 times 

longer than normal and fruit � ies that live up 

to four times as long. Most recently, they have 

taken mice in late middle age and lengthened 

the remainder of their lives by an average of 

30 to 40 percent with a drug called rapamy-

cin, an antifungal agent also used to suppress 

immune responses in transplant patients. 

David Sharp, chairman of the department 

of molecular medicine at the University of 

Texas Health Science Center, noticed the ben-

efits of the agent and wondered whether it 

might be used to lengthen human life, too. That is an open 

question for a drug that works in mice. (It’s relatively easy to 

cure cancer in laboratory mice—“If you can’t cure cancer in a 

mouse,” a cancer researcher once said to me, “then you should 

change careers”—but certainly not easy in people. Maybe the 

same goes for life extension.) � e National Institutes of Aging 

gave Sharp’s institute a $5 million grant to see if it could � nd 

answers. “We have this institute in a research park in Texas,” 

Sharp says. “We joke that it’s become Rapaland, because 

everybody is looking at various aspects of rapamycin.”

With each newly discovered long-lived organism or potential 

“longevity drug,” a growing list of researchers have pro� ered 

theories and embarked on projects to unravel the mechanism. 

� e surging interest and associated funding have been fueled 

by recognition of aging as the catchall risk factor for the dis-

eases that eventually kill us all. Aging increases exponentially 

our risk of getting heart disease, cancer, and diabetes. Our like-

lihood of dying from any of these diseases is vanishingly small 

in our early twenties but doubles every eight to nine years. 

By middle age it begins to get signi� cant, and we start to see 

friends and former classmates falling by the wayside. � en it 

relentlessly doubles and doubles again until we succumb our-

selves. When researchers study centenarians, people who live 

to be 100 or older—as Barzilai and his colleagues have been 

doing at Albert Einstein for more than a decade—they find 

that these well-aged individuals are certainly not immune to 

chronic diseases, but they get them later in life. If they get can-

cer, it does not kill them or it progresses very slowly. 

“Aging is an underlying timing mechanism for all chronic dis-

eases,” says David Harrison, a collaborator with Sharp and other 

rapamycin researchers at the Jackson Laboratory in Maine. � e 

hope is that by slowing the aging processes, the chronic dis-

eases associated with aging will be delayed or prevented along 

the way. “If we can retard aging a little bit,” Harrison says, “we 

can actually improve health not just from one disease but 

from cancer, atherosclerosis, diabetes, osteoporosis, arthritis, 

Alzheimer’s, Parkinson’s—from most of the bad things. We get 

an increase in healthy life span.”

82

DISCOVER

DV1010LONGEVITY7A_QG.indd   82 8/6/10   11:25 PM

worldmagsworldmags

worldmags



Researchers like Harrison and Sharp are not hoping to stop 

the aging process entirely (although some visionaries, like 

Aubrey de Grey and Raymond Kurzweil, certainly are). 	 ey are 

not even thinking about extending the human life span to 150 

or 200 years, at least not in the short term. 	 eir stated intent 

is to � nd whatever modest extensions in life span nature has 

to o� er—maybe adding 10 or 15 years to the average healthy 

life—and, more important, keeping us healthier as we age. 

	 e goal is not extreme life span but something they call 

“health span.” Rather than getting heart disease or cancer in 

our � fties or sixties and needing expensive treatments and 

drugs to keep us alive (if they do) until we’re 75, we will age 

more slowly. We will still get these chronic diseases, but 10 or 

20 years later, shortening considerably the time we spend in 

hospitals and nursing homes and the money we, and society 

as a whole, have to spend on health care. “What we would like 

to do,” Sharp says, “is prevent a lot of things that would put 

you into the hospital prematurely. 	 e end is likely to be bad 

no matter what, but we’d like to compress the time that we 

have to do this intensive type of stu� .”

 T
hat both health span and life span are to 

a large extent determined by our genes is one of the 

more obvious and yet unexpected � ndings to come out 

of recent studies of centenarians, the oldest of the old. It is obvi-

ous because di� erent species of animals age at di� erent rates. 

Mice will last about three years, but after two they are likely to 

be getting frail or starting to succumb to cancer, organ failure, 

and diabetes. The same things happen in dogs at around 10 

years and in horses at closer to 20. Chimpanzees take 30 years 

and humans typically 60 or more before the process of decrepi-

tude begins. Rats and tree squirrels are virtually the same size 

and often live in the same environments, yet rats will live 3 or 4 

years and squirrels as many as 20. Clearly some genetic mecha-

nism must be determining how quickly each animal ages.

Still, when Barzilai and his colleagues questioned the near 

centenarians as part of their aging studies, the genetic deter-

minant of longevity took the researchers by surprise. “When 

we started recruiting 100-year-olds,” Barzilai says, “we noticed 

something interesting. 	 ey have a family history of longevity. 

When we ask them, among other things, ‘Why do you think 

you lived to be so old?’ they usually say, ‘What do you mean? 

All my brothers and sisters are over 100.’ Or ‘My mother was 

102; my grandfather was 108.’ 

“	 en we say, ‘OK, tell us really the truth. You ate yogurt 

your whole life. You were a vegetarian.’ But the interesting 

thing is, we have only 2 percent vegetarians. We have none who 

exercised regularly, and 30 percent were overweight or obese 

back in the 1950s, when not that many people were overweight 

If you want to live to be a healthy 80-year-old, you have to eat right 
and exercise. If you want to live to be a healthy 100-year-old, you need the 
right parents. The aging clock moves by order of our genes. 

or obese. Almost 30 percent have smoked two packs of ciga-

rettes for more than 40 years. We have one woman, alive now—

she’s 107—who celebrated 95 years of two-pack-a-day cigarette 

smoking. She had four siblings in my study. All of them were 

over 100. One younger sister died at 102, the poor thing.” 

	 is is not to say that smoking cigarettes won’t prematurely 

kill the rest of us, or that exercising regularly won’t make us live 

longer. “What I tell people,” says Steven Austad, an expert on 

the biology of aging at the University of Texas Health Science 

Center, “is that if you want to live to be a healthy 80-year-old, 

you have to eat right and exercise, et cetera. If you want to live 

to be a healthy 100-year-old, you have to have the right parents.” 

	 e ultimate aging clock moves by order of our genes. 	 e genes 

can be in� uenced by the environment, lifestyle, and diet, but 

only � nding the genes and deciphering their action will allow 

us to bottle and distribute the sauce.

despite the recent explosion of life-extension 

research, the single most important observation in the � eld—

the best clue about the nature of that special sauce—was � rst 

made three-quarters of a century ago. In 1935, the Cornell 

University nutritionist Clive McCay reported that feeding 

rats just barely enough to keep them alive extended their life 

span by as much as 50 percent. Several years later, a Chicago 

pathologist named Albert Tannenbaum found the same thing 

in mice. Feed these animals little more than a starvation diet, 

he noted, and it dramatically inhibits tumors. In one experi-

ment, 26 of 50 well-fed mice developed mammary tumors 

after two years, compared with zero of 50 that were allowed 

only enough food to keep them going. Tannenbaum’s semi-

starved animals not only lived longer but were more active, 

he reported, and had fewer “pathologic changes in the heart, 

kidneys, liver, and other organs.”

Most researchers paid scant attention to McCay’s and 

Tannenbaum’s results until the early 1990s, when the under-

lying genes were found. 	 at’s when longevity research took 

o� . 	 e e� ect of calorie restriction on health and longevity 

has been shown to hold true not just for rodents but also for 

yeast, protozoa, fruit � ies, worms, spiders, and maybe mon-

keys. 	 e intervention prevents heart disease, cancer, diabe-

tes, kidney disease, cataracts, Parkinson’s, and Alzheimer’s. It 

improves cholesterol pro� les, lowers blood pressure, and pre-

vents the deterioration of the immune system that naturally 

accompanies aging. 

Calorie restriction may also preserve intellectual function, 

or at least what passes for intellectual function in laboratory 

rodents. 	 e maximum life span of a normally fed lab mouse 

is a little more than three years. Semi-starved lab mice will not 

only live about 25 percent longer but will run a maze at three 
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years with the facility of a well-fed mouse 

of six months. 

Researchers cannot tell whether calorie 

restriction extends human life, because our 

species tends to live too long to make this 

kind of experimentation possible. But they 

are trying to see if it improves at least the 

biomarkers of health status—blood pres-

sure, cholesterol profiles, and the like. Pre-

liminary reports indicate that a reduced diet 

does produce such improvements, at least 

over the short term of the studies. But it is 

hardly a viable strategy for improving public 

health for an obvious reason: Precious few 

of us have the willpower—or desire, for that 

matter—to voluntarily subject ourselves to 

this kind of lifelong regimen. And clinicians 

working with anorexics have reported that 

after a decade or two, those with partial or 

subthreshold forms of the disorder—who 

maintain a diet some have compared to calo-

rie restriction—show a failure to thrive, with 

damage to hearts, lungs and other organs. 

 Ultimately, antiaging researchers used 

calorie restriction not as a formulation 

for a longevity diet but as a lens through 

which we might study and mimic the 

mechanisms of extended youth. The 

hypothesis that calorie restriction works 

because semi-starved animals have less 

body fat and so do not have to work as 

hard to stay alive, fell out of favor in the 

1980s. Back then, Harrison restricted calo-

ries for genetically modified obese mice, 

which remained extremely fat even when 

food was cut.  ese mice lived just as long 

as semi-starved lean mice, even though 

they had at least four times the body fat of normal mice.  is 

experiment suggested that longevity in calorie-restricted ani-

mals was “related to food consumption rather than to the 

degree of adiposity,” Harrison wrote at the time. 

Ever since, longevity researchers have explored a lot of ideas 

about what eating less actually does. One hypothesis proposes 

that calorie restriction reduces the creation of toxic molecules 

called free radicals, which are considered crucial factors in the 

aging of cells and tissues. (Free radicals oxidize other biological 

molecules, the same thing that happens to a metal when it rusts.) 

If an animal eats less food, the concept goes, its cells burn less 

fuel—glucose, in particular—and generate fewer free radicals. 

As a result, oxidative stress proceeds at a slower pace and the 

organism lives longer, just as a car will last longer in a dry climate 

that doesn’t promote rust. One thing researchers agree on is that 

calorie restriction reduces the number of free radicals � oating 

around, and so presumably the amount of oxidative stress. And 

it seems clear that when fruit � ies are either fed antioxidants or 

genetically manipulated to overproduce their own, they live up 

THE END OF AGING?
If longevity researcher Aubrey de Grey has 

his way, the life span of a healthy human 

would hit 1,000 years. Chief science officer 

at the SENS Foundation (Strategies for 

Engineered Negligible Senescence), the wildly 

bearded de Grey says that other scientists 

are thinking too small because they have 

become mired in reductionist mechanisms 

and secondary details about how aging works. 

Rather than tinker with the mechanics of 

some insulin pathway or hundreds of obscure 

genes, he wants to clean up all the molecular 

garbage that is created by normal metabolic 

processes (like breathing and eating) but 

not excreted or destroyed. As a person ages, 

the accumulated junk—including cholesterol-

related molecules in blood cells and proteins 

aggregated in the brain—increasingly inter-

feres with health, de Grey argues, “just as 

your house won’t work well if you don’t take 

out the trash for a month.” Cardiovascular 

disease and neurodegenerative diseases like 

Alzheimer’s and Parkinson’s result from the 

buildup, in this view. 

De Grey’s battle plan? In a one-two punch, 

he would deploy microorganisms to dismantle 

and haul out the molecular trash while deliver-

ing engineered gene and therapeutic cells to 

refurbish cells that have died out and gone 

unreplaced. His final step would be to combine 

all the techniques into one injectable brew. 

When such a treatment is available, “adults 

will die only of the same causes that younger 

people die from today,” he says.  AMY BARTH

to 50 percent longer than normal. 

So far, so good. But boosting the antioxi-

dant supply in rodents bene� ts them not 

at all. Nor have clinical trials supported the 

popular belief that humans benefit from 

taking antioxidant supplements or eating 

antioxidant-rich foods (despite the breath-

less articles and infomercials pushing the 

bene� ts of everything from chocolate, green 

tea, and açai to more mundane fruits, vege-

tables, and legumes).  ese results began to 

turn researchers away from the free radical 

theory of aging.

 e animals known as naked mole rats 

may have turned them away for good. 

 ese hairless rodents come from Kenya, 

where they live in underground colonies 

that can be miles across and contain as 

many as 300 animals. Rochelle Buffen-

stein, a physiologist who is now at the 

University of Texas Health Science Cen-

ter, began studying naked mole rats in 

1980 and took a colony with her when she 

moved from South Africa to the United 

States in 1997. Nearly two decades after 

she began, many of her original animals 

were still going strong. “Most animals that 

size live no longer than three years,” she 

says. “I started thinking, my gosh, some 

of these animals are now 17 years of age. 

And so I started doing research on aging.” 

Buffenstein and others have established 

that naked mole rats will live as long as 30 

years, staying perfectly healthy for most 

of that time. “ ey resist the whole aging 

phenomenon,” she says, until they’re 24 or 

25 years old, the equivalent of 102 human 

years. Until then, Bu� enstein notes, “you can’t tell a young guy 

from an old guy.” Only after 26 years do they start losing muscle 

mass and showing signs of decrepitude and imminent demise. 

However it is that naked mole rats manage to stay young and 

vigorous for so long, minimizing oxidative stress has little or 

nothing to do with it. “Even very young animals have very high 

levels of oxidative damage,” Bu� enstein says. “In fact, they exceed 

that of mice of equivalent age, although mice live another two 

years and these guys another 26 to 28.  at throws a spanner in 

the works of the oxidative stress theory of aging.” 

Another hypothesis that has received an enormous amount of 

media attention but that now seems to be losing credibility is that 

the bene� ts of calorie restriction are mediated through a set of 

purported antiaging genes called sirtuins.  ese genes were � rst 

linked to aging by MIT biologist Leonard Guarente as bestowing 

an unusually long life span in yeast. Guarente’s former postdoc 

David Sinclair, now at Harvard, reported in 2003 that resveratrol, 

a compound found in red wine, is capable of “hyperactivating” 

the sirtuin gene. Some nutritionists had already speculated that 
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red wine might be the explanation for what is known as the 

French paradox—that the French are particularly long-lived 

and relatively free of heart disease despite their fat-rich diets. 

So it made sense when it turned out that resveratrol might be 

a potent antiaging drug and that sirtuins might be key players 

regulating the bene� ts of calorie restriction. 

By 2004 Sinclair and his business colleagues had estab-

lished a biotech company called Sirtris to identify drugs even 

more e� ective and long lasting than the reversatrol-sirtuin 

interaction. Two years ago the pharmaceutical giant GlaxoS-

mithKline purchased Sirtris for $720 million, and by August of 

last year � e New York Times was speculating that compounds 

capable of activating sirtuin genes were now the leading can-

Calorie restriction may boost longevity through suppression of 
hormones associated with reproduction and growth, causing the animal to 
shift into a maintenance mode that encourages long-term survival. 

didates for what the newspaper called “the ultimate free 

lunch…a drug that tricks the body into thinking it is on 

[a calorie-restricted] diet.” 

But the latest research suggests that the resveratrol-

sirtuin story is signi� cantly less promising than has been 

portrayed, or perhaps even dead wrong. In the past year, 

research teams from two pharmaceutical companies, 

Amgen and Pfizer, published studies indicating that 

much of the original work on resveratrol and sirtuin 

genes was misinterpreted. � e P� zer study, says Gary 

Ruvkun, a geneticist and molecular biologist at Harvard 

Medical School and Massachusetts General Hospital, 

“basically says we don’t see resveratrol doing anything. 

When we treat mice with resveratrol, it doesn’t do any-

thing other than make them sick.” Ruvkun described the 

result as “part of the crumbling empire of sirtuins,” an 

opinion shared widely in the � eld.

 T
he one explanation for how calorie restric-

tion works that has remained intact is that it 

decreases the secretion of certain hormones—in 

particular, insulin and insulin-like growth factor—that 

signal organisms to channel their resources into either 

growth and reproduction (when insulin and IGF levels 

are high) or maintenance and repair (when they are 

low). In the vernacular of the science, calorie restriction 

appears to increase life span and health span at least in 

part by “reducing signaling in the insulin/IGF pathway.” 

� is line of thinking is built on a series of breakthroughs 

that began in the early 1990s. At the University of Califor-

nia, San Francisco, geneticist Cynthia Kenyon and her 

colleagues discovered a genetic mutation in nematode 

worms that doubles their life span. At the time, this was 

the longest extension of life span ever observed. In 1997 

researchers in Ruvkun’s laboratory at Harvard Medi-

cal School reported that the gene in question was the worm 

equivalent of a trio of insulin-related genes in humans. By 2003 

other scientists had genetically manipulated mice to be rela-

tively insensitive to either insulin or insulin-like growth factor; 

in both cases, the genetically engineered mice lived signi� cantly 

longer than normal mice. 

Insulin and insulin-like growth factor happen to be two 

hormones that respond to the presence or absence of food in 

the environment. Put simply, they respond to how much we 

eat: The more we eat, and particularly the more sugar and 

starch we eat, the more insulin the body secretes in response. 

Together, these two hormones regulate metabolism, fat stor-

age, and reproduction. Insulin-like growth factor promotes 

cell division and growth, while insulin shunts fuel consumed 
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either into immediate energy use or into storage for a later 

time. When food is plentiful, insulin and IGF levels go up and 

signal the animal that it is OK to grow, mature, and reproduce. 

When food is scarce, insulin and IGF levels go down. Activ-

ity in the insulin/IGF signaling pathway is reduced, and the 

animal shifts into a maintenance mode that favors long-term 

survival over immediate reproduction.  e outcome is a redi-

rection of resources toward repairing and protecting cells. 

“When food becomes limiting, an animal lacking this sys-

tem would either die of starvation or produce progeny that 

die of starvation,” Kenyon says. “In contrast, with this food-

sensing system in place, the animal builds up reserves and 

suspends reproduction until food is restored. It also activates 

pathways that extend life span, which increases the organism’s 

chance of being alive and still youthful enough to reproduce if 

it takes a long time for conditions to improve.” 

 I
t is with insulin and igf that the genetics and 

biology of aging are � nally coming together.  e most obvi-

ous genetic di� erence between long-lived and short-lived 

strains of mice is variation in the insulin/IGF gene.  e longest-

lived strain of nematode worm on record, called AGE-1, can 

live 10 times longer than normal worms. And the mutation 

that bestows such remarkable longevity is a gene that hap-

pens to regulate activity in the insulin/IGF signaling pathway, 

says Robert Schmookler-Reis of the University of Arkansas, a 

molecular geneticist who discovered the relationship between 

the mutation and the superworm’s extraordinary life. That 

mutation helps determine how the various cells in the worm 

respond to insulin and IGF signaling. Even rapamycin regu-

lates way cells respond to insulin and IGF, albeit in this case 

by turning up the pathway rather than turning it down.

 e genetic markers for life span in any given person, how-

ever, are not so clear-cut. When researchers like Barzilai have 

looked for genes that might account for the extreme longev-

ity of the centenarians they study, they have typically found 

that the genes that stand out in one long-lived population do 

not do so in others.  is is not so surprising, explains Aus-

tad, because genes don’t operate in isolation; they operate in 

response to their environment. And when researchers look at 

di� erent populations of individuals who have lived past 90 or 

100, they are looking at people who managed to survive vastly 

di� erent environmental stresses. “Some went through World 

War II and had to survive famine in Europe,” Austad says. 

“Some had to � rst survive the 1918 Spanish � u. And so some 

genes may bene� t survival only under certain circumstances.” 

 e most “striking” � nd, Austad adds, is the role of a gene 

known as FOXO, which is regulated by the insulin/IGF path-

way. A variant form of the gene was � rst noted in humans in 

a Hawaiian study of long-lived men of Japanese ancestry and 

has since been found in long-lived Germans, Italians, Ashke-

nazi Jews, and Chinese. “ is is an amazing � nding,” Kenyon 

says. “We don’t know how much we can change our life span 

by fooling around with [this FOXO gene], but at least we know 

that humans are susceptible to the e� ect of this pathway.” 

Kenyon’s comments lead back to the ultimate questions 

in longevity science: Will what works for animals work for 

us? And if so, what will the trade-o� s be? Mice and rats have 

already been shown to respond to calorie-restricted diets in 

subtly di� erent ways.  omas Johnson, a behavioral geneticist 

at the University of Colorado at Boulder, and his collaborators 

reported this past spring that even di� erent strains of mice 

can have quite disparate responses to the same level of calorie 

restriction.  e scientists gave the mice only 60 percent of the 

food that they would normally eat. “We have strains with a 

huge bene� cial e� ect,” Johnson says. “We have other strains 

with no e� ect at all, and some strains with a negative e� ect.” 

This kind of variation suggests that finding life-extension 

therapies that work for humans may be a very long process of 

trial and error—one of � nding drugs or therapies or life prac-

tices that tweak particular genes, making small gains, and hop-

ing that the overall bene� t will be worth the e� ort. Knowing 

whether a treatment or a diet (or even an exercise regimen) will 

extend the life span of humans appreciably requires testing it in 

humans, after all, and any such trials would have to follow their 

subjects for decades to provide meaningful evidence of bene� t. 

Longevity scientists are used to laboring in a � eld dominated 

more by questions than by answers. Will the fruits of their 

research give me 10 more years, my sons 30 or 40, and their 

children 100, or is more (or less) in the o
  ng? It depends on 

whom you ask. No mainstream researchers will publicly claim 

that it is possible to halt the aging process—ideally in our twen-

ties rather than our eighties—never mind the proclamations of 

a handful of antiaging mavericks (see “ e End of Aging?” on 

page 84). But � nding therapies that will allow us to age with 

more dignity, with less disease, and at a slower rate falls within 

the realm of their imagination. 

“ e extension of a healthy life by 20 to 25 percent seems 

quite plausible,” Austad says. “A thousand years, no. But a life 

expectancy of 100 years would be about 20 percent more than 

what we have now. We’ve been able to increase health span 

and life span in animals by that much in dozens of di� erent 

ways. Not all of those ways will turn out to have much rel-

evance to humans. But some of them will.” 

A thousand years, no, but extension of a healthy life by 25 percent seems 
plausible. Therapies based on the fi ndings from age research should allow us to 
age with more dignity, at a slower rate, and with less disease. 

Gary Taubes writes for Science, The New York Times Magazine, and 

many other publications. He was a staff writer for DISCOVER in the 

1980s and is the author of the best seller Good Calories, Bad Calories.
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www.GravityDefyer.com/MB2KBB3 
or by phone, dial (800) 429-0039 and 
mention the promotional code below.
 Promotional Code:
*Shipping and handling non-refundable. Gravitydefyer.com!

a $129.95 value
 MEN (Shown above)
TB902MWBS 
sizes 7 - 13
Med/Wide and 
ExtraWide/XXWide Widths
 WOMEN (Silver with Navy)
TB902FWBS 
sizes 5 - 11
Med/Wide and 
ExtraWide/XXWide Widths Gravity Defyer

Customer Survey Results

 Ankle & 
foot pain 

gone

 Exercise
20% longer 

w/ no
fatigue 

 4 out of 5 

purchase
another 

pair
within 3 
months.

  Most 
comfortable
shoe ever 

owned

 Semi-Rigid 
Heel Stabilizing 
Cage

 Removable 
Comfort-Fit™ 
Insole
Accommodates 
most orthotics

 VersoShock™ Trampoline 
Shock-Absorbing Membrane Heel 

 Resilient High Grade 
Ethylene-Vinyl Acetate 
(EVA) Midsole
Rocker construction protects 
metatarsal bones and aids fluid 
stepping motions

 Smart Memory™ Master Spring
Propels you forward and reduces fatigue

 AVS3 Ventilation™ Port
Cools & Reduces Microbial Growth

 Twin Stabilizers 

 Rugged Polymer Sole 

 This is my story
I used to be more active. I used to run, play 
basketball, tennis, football… I was more than 
a weekend warrior. I woke up every day fi lled 
with life! But now, in my late 30’s, I spend 
most of my day in the offi ce or sacked out in 
front of the TV. I rarely get to the gym – not 
that I don’t like working out, it’s the nagging 
pain in my knees and ankles. Low energy and 
laziness has got me down. My energy has 

fi zzled and I’m 
embarrassed to 
admit that I’ve 
grown a spare 
tire (I’m sure 
its hurting my 

love life). Nowadays I rarely walk. For some 
reason it’s just harder now. Gravity has done a 
job on me. 

Wear them and 
you’ll know
That’s what my doctor 
recommended. He said, “Gravity 
Defyer shoes are pain-relieving 
shoes.” He promised they would 
change my life–like they were a 
fountain of youth. “They ease the 
force of gravity, relieving stress 
on your heels, ankles, knees and 

back. They boost your energy by 
propelling you forward.” The longer 

he talked, the more sense it made. He was 
even wearing a pair himself! 

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

GDefy Benefi ts

Relieve pain• 
Ease joint & spinal pressure• 
Reduce fatigue & tiredness• 
Be more active• 
Have more energy• 
Appear taller• 
Jump higher, walk and • 
run faster
Have instant comfort• 
Cool your feet & reduce • 
foot odor
Elevate your • 
performance

I put them on and all I 
could say was, “WOW!” In 

minutes I was out the door. 
I was invincible; tireless in my new 
Gravity Defyer shoes. It was as if my 
legs had been replaced with super-
powered bionics. What the doctor 

promised was all correct. No more knee 
pain. I started to lose weight. At last, I 

was pain free and 
fi lled with energy! 

I was back in the 
game. Gravity had 
no power over me!

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

Tell us your story! 
Login at 

Gravitydefyer.com 
and share your experience. 

M B 2 K B B 3

EXCLUSIVE ONLINE OFFER
 TRY TODAY AND PAY IN 30 DAYS* 

Take advantage of this exclusive offer at 
www.GravityDefyer.com/MB2KBB3 
or by phone, dial 
mention the promotional code below.
 Promotional Code:
*Shipping and handling non-refundable. Gravitydefyer.com!

a $129.95 value
(Shown above)

ExtraWide/XXWide Widths
(Silver with Navy)

ExtraWide/XXWide Widths

 Customer Satisfaction
Speaks for Itself!

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

 ABSORB SHOCK
Eliminate pain from every step.

 REBOUND PROPELS 
YOU FORWARD

Reduce fatigue. Be more active

Cools & Reduces Microbial Growth

back. They boost your energy by 

force of gravity, relieving stress 
on your heels, ankles, knees and 
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Better than free? Believe it. Stauer is
returning some of its success to our

many clients with the lavish, limited 
edition 6-carat French Pear Drop Pendant
along with a special gift.

Despite tough economic times, Stauer has
had a very good year. Now it’s time to give
back. That’s why when you purchase the
DiamondAura® French Pear Drop Pendant
Necklace for $195, you’ll receive two $100
Stauer gift coupons. That’s $200 you can
use on any of our hundreds of pieces of fine
jewelry, vintage watches and luxury goods.
Basically, we’re paying you to shop Stauer.

Breaking the big-carat barrier.
DiamondAura® has proven to be a magnif-
icent lab creation since we first released it
five years ago but, up until now we 
couldn’t make a DiamondAura® pendant
larger than 2 ¾ carats. Today we release
the ultra-luxury, majestic lab-created
DiamondAura pendant with stunning
clarity, cut and color rarely seen. Our
Pendant features a 5 carat, pear-cut
DiamondAura that dangles from an 18"
chain of the finest .925 sterling silver. The
pear is topped with an impressive 1 carat
marquise-cut DiamondAura bail.

The Four Cs. Our exclusive DiamondAura
jewelry has splendid specifications: color,
clarity, cut, and carat weight. We won’t

bore you with the details, but we’ve
invested close to $6 million in developing
DiamondAura. The complex laboratory
process involves rare minerals heated to an
incredibly high temperature of nearly
5,000˚ F inside some very modern and
expensive equipment. Using chemistry, we
found a better way to match the fire and
brilliance of a “D” flawless diamond at a
much more reasonable cost. 

Here’s the plain truth: Times are
tough, people are strapped and the bottom
has dropped out of our economy. It doesn’t
matter if you’re from Wall Street, Main
Street or Rodeo Drive, everything has
changed. If you have a house, a 401K or a
bank account... you’ve taken a financial hit.
But you still need to surprise her with some-
thing that will truly take her breath away.

Sound too good to be true? Let me
explain: at Stauer we don’t make money
selling one piece of jewelry to you, we stay

in business by serving long term clients.
Our data tells us that when you become a
Stauer client, you’ll be back. 

Even a Recession has a silver lining. If
you are not thrilled with the DiamondAura
French Pear Drop Pendant, return it with-
in 30 days for a refund of your purchase
price. Our DiamondAura will last forever,
but our limited edition will not. Call today
to take advantage of this offer.

JEWELRY SPECS:
- 5 carat pear-cut center DiamondAura®

- 1 carat marquise-cut DiamondAura® bail
- Set in precious .925 sterling silver  
- 18” princess-length chain of.925 tarnish-free 

sterling silver

14101 Southcross Drive W.,
Dept. PDN235-03
Burnsville, Minnesota 55337

French Pear Drop Pendant Necklace
(6 ctw) only $195 +s&p
Special Offer*—Receive $200 in Stauer
Gift Coupons with the purchase of 
the French Pear Drop Pendant
***Due to expected demand, this is a 
very limited time offer. Call today!***
Call now to take advantage of this limited offer.

1-800-721-0386
Promotional Code PDN235-03
Please mention this code when you call.

www.stauer.com

Smar t  Luxur ies—Surpr i s ing  Pr ices

Better Than FREE?
Stauer gives back! Get our 6-carat French Pear Pendant for $195 and get $200 in gift coupons!

Special Offer*
Receive $200 in Stauer 
Gift Coupons with the 

purchase of this necklace. 
Yes, you read that right.

5 carat pear-cut
DiamondAura® center 

3/8 ctw round
DiamondAura® accents 

1 carat marquise-cut
DiamondAura® bail

Set in .925 sterling silver

COMPARE FOR YOURSELF AT 6 CARATS

Mined Flawless DiamondAura
Diamond Compares to:

Hardness Cuts Glass Cuts Glass

Color “D” Colorless “D” Colorless

Clarity “IF” Clear

Dispersion/Fire 0.044 0.066

6 ctw necklace $200,000+ $195

Extremely 

Limited Availability

Advertisement
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U.S. GOV’T GOLD AT-COST
TODAY - The United States Rare Coin & Bullion Reserve has scheduled the fi nal release of 
U.S. Gov’t Issued $5 Gold Coins previously held at the U.S. Mint at West Point. Please be 
advised: These Gov’t Issued Gold Coins are being released on a fi rst-come, fi rst-serve basis 
and our U.S. Gov’t Gold inventory priced at $139.26 per coin could very possibly sell out! 
Call immediately to avoid disappointment. This “at-cost” Gov’t Gold offer could be cancelled 
at any time. Do not delay. Call a Sr. Gold Specialist today.

DUE TO STRICT LIMITED AVAILABILITY, TELEPHONE ORDERS 
WILL BE ACCEPTED ON A FIRST-COME, FIRST-SERVE BASIS 
ACCORDING TO THE TIME AND DATE OF THE ORDER. 

Own Gov’t Issued Gold Coins 

$13926
EACH

Markup-Free Price of ONLY

If you’ve been waiting to 
move your hard-earned 
money into precious 
metals, the time is now to 
consider transferring your 
U.S. dollars into United 

States Government Gold. The Gold market 
is on the move, up more than 300% over 
the past 10 years - outpacing the DOW, 
NASDAQ and S&P 500. Call immediately to 
order your United States Gold Coins direct 
from our Main Vault Facility, “at-cost”, for the 
amazing price of only $139.26 per coin. Spe-
cial arrangements can be made for Gold pur-
chases over $50,000. Order your Gold today!
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 CALL TOLL FREE (24 Hours A Day, 7 Days A Week) 

1-800-743-1412
MASTERCARD • VISA • AMEX • DISCOVER • CHECK

No one, including the United States Rare Coin and Bullion Reserve, can guarantee a Gold Coin’s future value will go up or down. © 2010 United States Rare Coin and Bullion Reserve

Vault No. DM8-13926
Coins enlarged 
to show detail.

1 – Gov’t Issued Gold Coin      $    139.26
5 – Gov’t Issued Gold Coins       $    696.30
10 – Gov’t Issued Gold Coins      $  1,392.60

Due to extremely high Gold demand, Gold coin prices could 
change based on our current vault inventory! Call now before these 

U.S. Gov’t Gold Coins completely sell out! 

AT-COST OFFER LIMITED TO PURCHASES OF 10 COINS ($1,392.60) PER 
HOUSEHOLD PLUS SHIPPING & INSURANCE. MINIMUM ORDER 5 GOLD COINS.

Distributor of Government Gold. Not affi liated with the U.S. Government.
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“...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

Smile Train provides life changing free
cleft surgery which takes as little as 45
minutes and costs as little as $250.

It gives desperate children not just a
new smile—but a new life.

Z10101086ZFNY23

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

Pick One. Just One. 
Save Their Life For $250.You’ll End Up Smiling Too. 

Ming, 6 months, China Mot, 13 years, CambodiaShiva, 1 year, India

Durgap, 5 years, India Funmi, 8 years, Nigeria Salazar, 5years, Philippines
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SUPER
 

COUPON!

SUPER
 

COUPON!

SUPER
 

COUPON!

SUPER
 

COUPON!

SUPER
 

COUPON!

 OSCILLATING 
MULTIFUNCTION

POWER TOOL 

LOT NO. 
 67256 

 $3499 
REG. PRICE 

$59 .99 

17 DIFFERENT ATTACHMENTS 
AVAILABLE IN OUR STORES!SANDING

CUT 
METAL

CUT 
DRYWALL

CUT 
PLASTIC

CUT 
FLOORING

PLUNGE 
CUTTING

SCRAPE 
CONCRETE

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

SUPER
 

COUPON!

SAVE 
66%  

SAVE 
46%  SAVE 

41%  

SAVE 
$160  

SAVE 
44%  

SAVE 
46%  

SAVE 
50%

SAVE 
$40  

REG. 
PRICE 

$74.99 $3999 

 3 GALLON 100 PSI 
OILLESS PANCAKE 
AIR COMPRESSOR 

LOT NO.   95275  

SUPER
 

COUPON!

REG. PRICE $99 .99 
 $5999 

 3000 LB. CAPACITY 
LIGHTWEIGHT 

ALUMINUM 
RACING JACK 

LOT NO.  91039/67408 

Item 
91039 
shown

 $999 
REG. PRICE $29 .99 

 12 VOLT
MAGNETIC 

TOWING
LIGHT KIT 

Item 96933 
shown

LOT NO.
96933/67455/
94413

 $799 
REG. 

PRICE 
$14 .99 

 6 PIECE 
PLIERS SET 

LOT NO. 
38082/46005

Item 38082 
shown

 11 DRAWER 
ROLLER 
CABINET 

 $13999 

LOT NO. 
67421

REG. PRICE $299 .99 

INCLUDES:
6 Drawer Top Chest• 
2 Drawer Middle Section• 
3 Drawer Roller Cabinet• 

REG. PRICE $17.99
 $999 

LOT NO. 
 95578 

 4-1/2" ANGLE GRINDER  

 Grinding 
wheel sold 
separately.  $1499 

REG. 
PRICE 

$29 .99 

AUTOMATIC 
WRIST  BLOOD 

PRESSURE 
MONITOR 

LOT NO. 67212/97742

 Requires 2
AAA batteries 
(sold separately). 

Item 
67212 
shown

SUPER
 

COUPON!

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, 
online, or catalog). Coupon not valid on prior purchases. Coupon cannot be bought, 
sold, or transferred. Original coupon must be presented in store, or with your catalog 
order form or entered online in order to receive the offer. Valid through 1/7/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, 
online, or catalog). Coupon not valid on prior purchases. Coupon cannot be bought, 
sold, or transferred. Original coupon must be presented in store, or with your catalog 
order form or entered online in order to receive the offer. Valid through 1/7/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, 
online, or catalog). Coupon not valid on prior purchases. Coupon cannot be bought, 
sold, or transferred. Original coupon must be presented in store, or with your catalog 
order form or entered online in order to receive the offer. Valid through 1/7/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, 
online, or catalog). Coupon not valid on prior purchases. Coupon cannot be bought, 
sold, or transferred. Original coupon must be presented in store, or with your catalog 
order form or entered online in order to receive the offer. Valid through 1/7/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, 
online, or catalog). Coupon not valid on prior purchases. Coupon cannot be bought, 
sold, or transferred. Original coupon must be presented in store, or with your catalog 
order form or entered online in order to receive the offer. Valid through 1/7/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, 
online, or catalog). Coupon not valid on prior purchases. Coupon cannot be bought, 
sold, or transferred. Original coupon must be presented in store, or with your catalog 
order form or entered online in order to receive the offer. Valid through 1/7/11.

Coupon cannot be bought, sold, or transferred.  Original coupon must be presented in store, or 
with your catalog order form or entered online in order to receive the offer.  Valid through 1/7/11.

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

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

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, 
online, or catalog). Coupon not valid on prior purchases. Coupon cannot be bought, 
sold, or transferred. Original coupon must be presented in store, or with your catalog 
order form or entered online in order to receive the offer. Valid through 1/7/11.

ANY 
SINGLE 
ITEM!

We Will Beat Any Competitor’s Price Within 1 Year Of Purchase!

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

HARBOR FREIGHT TOOLS
Quality Tools at Ridiculously Low Prices

LIFETIME WARRANTY
ON ALL HAND TOOLS!

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

Shop Online at 

HarborFreight.com

Get More Coupons at HarborFreight.com/discovermag

SUPER
 

COUPON!
SUPER

 

COUPON!

OFF
20%

ANY 
SINGLE 
ITEM!

Cannot be used with any other discount or coupon. Limit one coupon per customer per 
visit. Coupon not valid on prior purchases. Offer good while supplies last.  Coupon cannot 
be bought, sold or transferred.  Original coupon must be presented at your local Harbor 
Freight store in order to receive the offer. Valid through 1/7/11. Limit one per customer.

Use this coupon to save 20% on any one single item purchased when you shop at a 
Harbor Freight Tools store. Cannot be used with any other discount or coupon. One coupon 
per customer. Coupon not valid on any of the following - prior purchases, gift cards, 
Inside Track Club membership or Extended Service Plans. Coupon cannot be bought, 
sold, or transferred. Original coupon must be presented in store in order to receive the 
offer.  All Campbell Hausfeld products are excluded from this offer. Valid through 1/7/11.

FACTORY DIRECT 
TO YOU!

How does Harbor Freight Tools sell high 
quality tools at such ridiculously low 
prices? We buy direct from the factories 
who also supply the major brands and sell 
direct to you. It’s just that simple!  Come 
see for yourself at one of our 330 STORES 
NATIONWIDE and use this 20% OFF Coupon 
on any of our 7,000 products, plus pick 
up a FREE 9 LED Aluminum Flashlight.
No Strings Attached, No Purchase Required!
We stock Automotive products, 
Shop Equipment, Hand Tools, Tarps, 
Compressors, Air & Power Tools, 
Material Handling, Woodworking Tools, 
Welders, Tool Boxes, Outdoor Equipment, 

Generators, and much more.
NOBODY BEATS OUR QUALITY,

SERVICE AND PRICE!

FACTORY DIRECT 
TO YOU!

How does Harbor Freight Tools sell high 
quality tools at such ridiculously low 
prices? We buy direct from the factories 
who also supply the major brands and sell 
direct to you. It’s just that simple!  Come 
see for yourself at one of our 330 STORES 
NATIONWIDE and use this 20% OFF 
Coupon on any of our 7,000 products, plus 
pick up a FREE 6 Piece Screwdriver Set.
No Strings Attached, No Purchase 
Required! We stock Automotive products, 
Shop Equipment, Hand Tools, Tarps, 
Compressors, Air & Power Tools, Material 
Handling, Woodworking Tools, Welders, 
Tool Boxes, Outdoor Equipment, Generators, 

and much more.
NOBODY BEATS OUR QUALITY,

SERVICE AND PRICE!

FREE!
 6 PIECE SCREWDRIVER SET 

NO PURCHASE 
REQUIRED!

REG. 
PRICE 
$5.99

Item 
47770 
shown

ITEM 92193/47770
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Not in stores 610-827-2200
www.athenainstitute.com

tm

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

� Betsy (OH) "The 10:13 is extremely effective in my
romantic personal life. I am 50 and right now I am
fighting them off, there are so many men interested
in me. The man of my dreams had been stand-offish,
but within a week of my wearing your pheromone
10:13, he asked me out."
�Jay (Canada) “You really do notice a difference when
the 10X is used. Actually, it is amazing! I notice my
wife responds differently."

INCREASE AFFECTION

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

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

Athena DSCjl15 ad Final  5/11/10  4:03 PM  Page 1

                 


AMAZON RAINFOREST
Award-winning lodge in Tamshiyacu-

Tahuayo Reserve shown to have 
the world’s greatest diversity of primates. 
Customized itineraries. Weekly departures.

 1-800-262-9669. 
Visit: www.perujungle.com.



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

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

New Britain, CT 06050-0450

  

SCIENCECONNECTION 
has been catalyzing relationships since 1991. 

New reagents welcome. 
SciConnect.com







London: A Short History of the Greatest City 
in the Western World is your chance to explore 
the dramatic history of this magnifi cent 
metropolis from the comfort of your own 
living room. In 24 richly illustrated lec-
tures, Oxford-trained historian and Professor 

Robert Bucholz uses detailed tours of streets 
and landmarks, as well as perspectives from 
personal diaries and newspapers to recreate 
the sights, sounds, and customs of epic periods in 
this enduring city’s past.

NOW JUST

$69.95
$49.95www.teach12.com/9win 1-800-832-2412

priority code 46821
plus $10 shipping, processing, 
and Lifetime Satisfaction Guarantee

$254.95
$179.95

DVD
Audio CD

London: A Short History of the Greatest 
City in the Western World      Course  No. 8894 
24 lectures / 30 minutes per lecture

Take an Unforgettable Tour of London

EXPENSIVE BUT FANTASTIC!

In business over 20 years
Over 5300 machines sold

EXERCISE IN EXACTLY
4 MINUTES PER DAY

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

unbelievable but true!

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

Order FREE DVD
Call 818.504.6450

www.ROMmachine.com
or www.QuickGym.com

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

$14,615

 Eliminate Landscape 
Eyesores with a DR® 
STUMP GRINDER!

Call for a FREE DVD & Catalog!

 The DR® STUMP GRINDER uses carbide-tipped 
cutting teeth that take over 400 “bites” per 
second, to pulverize stumps into a pile of wood-
chips. Quickly and easily, you can grind any size 
tree stump below ground level. Gone forever!

70
01
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 ©

 2
01

0

September 16, 2010

www.monkeybible.com

AwArd
winning

MAth & Physics tutoriAl dVds

SubjectS:
Basic Math
7 Hours - $26.99

Basic Math Word ProBleMs
8 Hours - $26.99

Pre-algeBra/algeBra 1
10 Hours - $26.99

algeBra 2
6 Hours - $26.99

algeBra Word ProBleMs
6 Hours - $26.99

geoMetry
9 Hours - $26.99

advanced algeBra
7 Hours - $31.99

Matrix algeBra
7 Hours - $31.99

trig/Precalculus
5 Hours - $31.99

calculus 1&2
8 Hours - $36.99

advanced calculus 2
14 Hours - $49.99

calculus 3, vol 1
10 Hours - $44.99

calculus 3, vol 2
11 Hours - $49.99

Physics
11 Hours - $39.99

ProBaBility & statistics
10 Hours - $39.99

unit conversions
4 Hours - $21.99

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

reproduced without written consent.

Visit our website 

to View sAMPle 
Video cliPs of 
eVery course

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

order online:
www.Mathtutordvd.com

All topics taught entirely through 
worked example problems.  

Having Math Problems?
We can help!

 

 

 You Must Read 
THE GOD GENE  

By John Evans 
  thegodgene@hotmail.com 

                          Available at Barns and Noble 
                        Amazon.com or access all @  
   outskirtspress.com/thegodgene 
      

 

Old North American Indian, Northwest
Coast, Eskimo, Plains & Woodlands
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20
THINGS 
YOU DIDN’T 
KNOW 
ABOUT 
THE FUTURE

1. When the future arrives, we won’t recognize 

it at 
 rst. What we think of as just more of the 

present will turn out, only after weeks of inten-

sive study, to have been the future. 2. To keep 

this from happening again, humanity will adopt 

“reality saving time” and set its clocks forward 

eight hours. 3. We will be disappointed by how 

many people in the future think pajamas are 

acceptable public outerwear. 4. Further blur-

ring the line between “sleeping” and “awake,” 

increasingly turbulent economic times in the 

late 21st century force millions of people to rent 

out their unconscious minds for data storage. 

A Connecticut man is sued for describing to his 

therapist a strange dream that turns out to be 

the intellectual property of Jerry Bruckheimer. 

5. 2107: Arti
 cial intelligence aces the Turing 

test by becoming so uninteresting that it can’t 

be distinguished from human intelligence. 

Lame dinner party conversation can now be 

conducted 300 percent more e�  ciently. 

6. Meanwhile, an incalculably multiplayer 

online game is named America’s best school 

district. Eager to compete, principals begin 

granting automatic tenure to orcs and night 

elves. 7. By 2175 scientists have discovered the 

answers to all our greatest questions. � ey are: 

“No,” “Yes,” “Yes, but not the way we thought,” 

“Like two hands clapping, only quieter,” and 

“At the back of the closet, in the old shoe box.” 

8. Apple’s latest iPhone, the NanoNano, is 

so small that it can be accidentally inhaled, 

periodically leaving friends embarrassing voice 

mails that consist entirely of heavy breath-

ing. � at is, when it can get a signal. 9. Bored 

and restless robots stage a rebellion, followed 

by rebellions of talking apes, cars, genetically 

modi
 ed beets, and more apes. Each features 

hair-raising stunts, expensive e� ects, and the 

opportunity for sequels. 10. In 2205 humans 

reconquer Earth and hire polymer engineers to 

replace melting glaciers with plastic substi-

tutes that are identical to the originals in every 

way, except that they aren’t wet or cold. 

11. Fortunately, polar bears can’t tell the dif-

ference because they have been extinct for 150 

years. 12. Missing glaciers are just the beginning 

of our problems. Earth starts making a strange 

knocking sound, then breaks down entirely. 

13. In the otherwise dull year 2327, mankind 

successfully contacts aliens. Well, technically 

their answering machine, as the aliens them-

selves have gone to Alpha Centauri for the 

summer. 14. Desperate for help, humans leave 

increasingly stalker-y messages, turning o�  the 

aliens with how clingy our species is. 15. � e 

aliens 
 nally agree to equip Earth with a set of 

planet-saving carbon neutralizers, but work 

drags on as key parts must be ordered from a 

foreign supplier in the Small Magellanic Cloud. 

16. � e job comes in $3.7 quadrillion above 

estimate. Humanity thinks it is being taken 

advantage of but isn’t sure. 17. 4441: Interstellar 

travel is perfected, allowing us to reach the edge 

of space. Past the edge? Millions of light-years 

of unpainted drywall. 18. In the 504th century, 

humans give rise to a trendily named new spe-

cies, Homo dakota madison. As predicted, cra-

niums expand enormously, although the brains 

inside stay the same size. It will be an exciting 

time to be in the hat business. 19. Meanwhile, 

the dwindling number of Homo sapiens resent-

fully move to an old-species planet, to be cared 

for by androids programmed to feign interest in 

stories about prostates and half-remembered epi-

sodes of Perry Mason. 20. Ten billion years from 

now, our hyperevolved descendants gather to 

watch the scheduled heat death of the universe. 

Unfortunately, the event is preempted when 

time turns out to be cyclic. 
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