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MAC MARGOLIS  is a Brazil-based cor-

respondent for Newsweek. In 2008 he 

learned that a huge cache of oil had been 

discovered about � ve miles below the sur-

face of the Atlantic and some 180 miles 

off the Brazilian coast—even deeper and 

farther from land than British Petroleum’s 

Deepwater Horizon site. For his article 

“Drilling Deep” (page 48), 

Margolis helicoptered to 

a drilling platform far off 

the shore between Rio de 

Janeiro and São Paulo to 

watch test runs and talk 

to engineers. “Deep oil is 

like an undersea space 

race,” Margolis says. “It 

is exciting to witness. 

Because of BP we’ve all 

come to see how high the 

costs are. But amazingly, 

the exploration goes on.” 

Driven in part by a desire 

to report from abroad, 

Margolis moved to Brazil from the States 

in 1983; he now enjoys hiking the country 

there with his 5-year-old daughter. He has 

written for The Economist, The Washing-

ton Post, The Christian Science Monitor,

and The Times  of London. He is a win-

ner of Columbia University’s Maria Moors 

Cabot Prize for exceptional reporting in 

the Americas.

M AT T H E W M A H O N photographed the 

panelists at our South by Southwest video 

gaming roundtable in Austin, Texas, which 

was the basis for “Games Without Frontiers” 

(page 66). At the SXSW event—a combina-

tion music festival and interactive media 

conference—DISCOVER assembled a panel 

of gaming experts including a neuroscientist, 

a computer scientist, a psychologist, and a 

video game company executive. Mahon 

decided to create a Rock Band scene for the 

foursome. “Jim [Bower] had long gray hair, 

this old suede jacket, great little glasses, and 

cowboy boots, so we went with him as the 

lead singer,” he says. “The success of what I 

do depends on the subjects, and once they 

started having fun, all went very smoothly.” 

A freelance photographer based in Austin, 

Mahon has published his work in The New 

York Times Magazine and People and on the 

covers of The Washington Post Magazine 

and Newsweek. He is an avid bike racer and 

a self-proclaimed connoisseur of chocolate-

chip cookies. To view more of his images, 

visit www.reduxpictures.com/mahon.

 X

Contributors

Y 

KATHLEEN M CAULIFFE was studying 

human evolution from the Stone Age to the 

present as part of an Alicia Patterson Jour-

nalism Fellowship when she came across 

a startling fact: The human brain has been 

shrinking over the last 20,000 years, and 

no one is sure why. She set off to � nd some 

answers for her piece “The Incredible 

Shrinking Brain” (page 54). Like most sci-

ence enthusiasts, McAuliffe says she has 

watched her share of TV documentaries 

on evolution, with scientists rhapsodizing 

in awestruck voices about how the human 

brain has grown ever larger through the 

ages. “It took me by surprise to learn, yes, 

that’s true, but since the Stone Age there’s 

a caveat people tend to push aside,” she 

says. McAuliffe, a freelance writer based 

in Miami, has written for Smithsonian,

The Atlantic Monthly, and The New York 

Times and was a health columnist for More

magazine. Her DISCOVER story “Are We 

Still Evolving?” (March 2009) will appear 

in the book The Best American Science 

Writing of 2010.

AMOS ZEEBERG is DISCOVER’s online 

managing editor. Last March he traveled 

from the magazine’s New York of� ces to 

Austin, where he moderated the South 

by Southwest panel discussion about 

the future of video games, covered here 

in “Games Without Frontiers.” The latest 

games are interactive, educational, and 

even therapeutic, Zeeberg found. In a 

prepanel discussion, Jim Bower, a profes-

sor of neurocomputation at the University 

of Texas Health Science Center  at San 

Antonio, told him that video games might 

even move us back toward a more natural 

kind of learning. “Play is what primates do 

to learn,” Zeeberg says, explaining Bow-

er’s theory. “Video games are opening up 

a more organized and maybe even more 

effective model for learning than lectures 

or textbooks.” The experts on the panel 

had different visions of the future, but 

they agreed that there is something spe-

cial about how video games engage the 

brain: People interact more deeply with 

something that has a gamelike dynamic. 

When Zeeberg isn’t � lling DISCOVER’s 

Web site with intriguing blogs and break-

ing news, he’s usually hanging out with 

his wife and their 22-month-old son while 

looking forward to a daughter on the way.

AMY BARTH

8  |  DISCOVERMAGAZINE.COM
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Mail
Questioning Coal’s Cleanliness

Your piece about SCS Energy and 

PurGen One [“New Coal,” June, page 

42] is yet another article touting a more 

sustainable technology for burning coal 

that ignores the wholly unsustainable 

extraction process. A scant paragraph 

acknowledging the problem is hardly 

suf� cient, given the relative scale of 

environmental damage from mountain-

top removal currently reducing West 

Virginia to an uninhabitable zone and the 

Powder River Valley of eastern Wyoming 

to an open-pit wasteland.

Timothy C. Hohn

Lake Forest Park, WA

According to your coal article, PurGen 

One’s coal gasi� cation process gives 

rise to, among other gases, carbon 

monoxide. Later the CO is oxidized to 

CO2 and buried. Yet production of CO 

is one of the steps in the manufacture 

of methanol, which can be used as a 

motor fuel. While we are trying to wean 

ourselves off foreign oil, we should use 

the CO to make alcohol for fuel.

Mike Salisbury

Spring� eld, VA

After reading Daniel Schrag’s dis-

missal of the New Jersey Sierra Club’s 

concerns about PurGen One’s plans, I 

thought about the BP oil spill and the 

failure of what we were assured was 

proven technology. Even if we take 

Schrag at his word about the scant 

likelihood of a mile and a half of rock 

cracking from an earthquake, it seems 

clear that we do have to worry about 

the novel scheme of pumping liquid 

CO2 through more than 140 miles of 

pipe submerged in the Arthur Kill strait, 

Raritan Bay, and then deep ocean to get 

to that rock. Jim Ottaviani

Ann Arbor, MI

Daniel Schrag, Harvard University geo-

chemist, replies:

It is important to remember that CO2

is not oil, and the types of damage we 

have seen from the BP spill simply can-

not happen with carbon capture and 

storage. In the highly unlikely event of an 

accident, CO2 released from a reposi-

tory 300 feet underwater and 70 miles 

offshore would simply bubble up and 

out of the ocean, entering the atmo-

sphere at a rate comparable to that of 

a smokestack from any of our existing 

power plants. 

When one weighs all the risks, includ-

ing the risk of extreme climate change, 

storing CO2 from large power plants 

under the ocean fl oor seems like a very 

safe way to produce clean and inexpen-

sive electricity.

It Takes Energy to Get Energy

“The Power Plan” [June, page 47] was 

fascinating, but I was discouraged 

that it made no mention of the full-life-

cycle costs of changing from current to 

future energy technologies. Converting 

to clean power will require a massive 

up-front investment of energy as well as 

money. For example, a wind turbine that 

runs for 20 years spends its � rst year 

paying for the energy that goes into its 

manufacture and eventual decommis-

sion. Energy costs for installing solar 

and other renewables are even higher. 

Where will we get the energy required 

to convert to renewables if we wait until 

after we run out of cheap fossil fuels?

Adam Dorr

Ann Arbor, MI

Overhyping Mars

I was sorely disappointed by your 

“It’s Alive” article about life on Mars 

[June, page 28]. The facts in the article 

contradicted this wild headline and 

the subtitle’s misleading assertion that 

“bold scientists” say “we have already 

found strong evidence of life on Mars.” 

The article reveals only that some 

scientists, speculating about possibili-

ties, have created a “buzz” via “group 

psychology.” 

As the article explains, the pres-

ence of methane and other � nds may, 

or may not, be some evidence of life. 

The biggest news was that maybe a 

soil test that once ruled out life was 

possibly � awed. None of this buzz is 

“strong evidence” of extraterrestrial life, 

which would be the news of the century. 

DISCOVER has a responsibility to dis-

tinguish between strong evidence and 

speculation. David Pruessner

Dallas, TX

Send e-mail to editorial@discovermagazine.com. 

Address letters to DISCOVER, 90 Fifth Avenue, 

New York, NY 10011. Include your full name, 

address, and daytime phone number.
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Editor’s Note
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more than 60 percent of R&D. Today its 

share has shrunk to about one-third, with 

corporate spending � lling the gap. We 

know private research works because we 

live in a society dominated by it.

Not that companies are immune to 

disaster; just ask the cleanup crews toiling 

along the Gulf shore. Corporate R&D often 

requires oversight to rein in the excesses 

of greed, hubris, and short-sightedness. 

We need a smart balance between private 

innovators and public regulators, since 

issues like deep-oil drilling are not going 

away (see “Drilling Deep” on page 48). 

We also need a population of engineers 

who know how to push technology to the 

limit—but understand how it can go wrong. 

Fortunately, the world is full of such curi-

ous souls, and these days they are likely 

to leave a video record of their informal 

experiments. The resulting documents 

can be both instructional and snort-your-

Pepsi funny. I know because I just watched 

about 200 such clips while putting together 

DISCOVER’s new online TV show, Joe 

Genius. Take a look and judge for yourself: 

discovermagazine.com/web/joe-genius. 

COREY S. POWELL

 I 
still vividly recall huddling in front of an 

old 12-inch black-and-white TV with 

my grandmother back in 1971, watch-

ing NASA’s Apollo 14 moon landing 

and knowing that something transcen-

dent had just occurred. But too many of 

my subsequent memories of America’s 

manned space program are variations on 

disaster: the 1979 crash landing of Skylab, 

the fatal Challenger explosion, and the less 

dramatic but undeniably gloomy realization 

that the International Space Station was 

a fantastically expensive rehash of earlier, 

more exhilarating explorations. Collectively 

they form a sobering narrative about the 

limitations of government-funded science. 

So count me among the optimists who 

think NASA’s $6 billion gamble on pri-

vately developed rockets and spaceships 

—described in “Dream Chasers” on page 

40—is a good bet. Sure, the design and 

procedural challenges are daunting. (Imag-

ine the Defense Department announcing it 

would rely on private industry to develop 

new missiles but would buy them only if 

the military liked what it saw.) But we have 

been trending this way for some time. In 

1965, the federal government supported 
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DIVE-BOMBER
THE MOMENT: A female kingfi sher plunges 

into a pond in southwestern England in 

an attempt to grab a meal. These birds’ 

eyes have special fi lters thought to 

reduce glare, giving them a clearer view of 

underwater prey from above. A third eyelid, 

called a nictitating membrane, protects 

their eyes when they strike the water at 

high speed. 

THE SHOT: Photograph by Charlie Hamilton 

James using a Canon EOS-1Ds Mark II, 

18mm lens, f/13, ISO 200, 1/250 second. 

James placed the camera in a waterproof 

box and set it up in the pond, wired to an 

infrared trigger that fi red when something 

crossed its path. This image was the result 

of several weeks of patient monitoring. 
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THE MOMENT: The Gran Telescopio Canarias, 

built 7,900 feet above sea level on a mountaintop 

on the volcanic island of La Palma in Spain’s Ca-

nary Islands, currently ranks as the world’s larg-

est optical telescope. The 36 hexagonal mirrors 

that form its primary refl ector cover 814 square 

feet. Astronomical observations began in the 

spring of 2009, and the tunable light fi lters on 

one of the telescope’s instruments have already 

given researchers a new approach to studying 

the composition of planets orbiting other stars.

THE SHOT: Photograph by Enrico Sacchetti using a 

Canon EOS 5D Mark II, 18mm lens, f/16, 1 second.  

MY , WHAT BIG

EYES YOU HAVE
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Data Big Picture

“We have the energy,” declares a road sign that wel-

comes visitors to Fort McMurray in Alberta, Canada. 

It is no idle boast: This city of 70,000 lies in the heart 

of Canada’s oil sands, geologic formations that col-

lectively contain 13 percent of the world’s proven 

oil reserves. During the early 2000s, a massive oil-

extraction industry boomed here, rapidly transform-

ing vast stretches of boreal forest into strip mines. 

But when oil prices tumbled with the global reces-

sion, Alberta’s energy industry took a big hit. In mid-

2008 the Norwegian company StatoilHydro withdrew 

its application to build a $4 billion upgrading plant; 

Royal Dutch Shell decided to shelve a mining con-

struction project that fall. An estimated $90 billion in 

development contracts were canceled or put on hold, 

bringing the oil sands industry to a crossroads. 

To many environmentalists—and, less predictably, 

to many energy developers as well—the slowdown in 

oil sands extraction may prove to be an unexpected 

blessing. The United States has become deeply reli-

ant on extreme extraction from Canada’s tar sands, 

which this year are expected to become this country’s 

top source of imported crude, surpassing our pur-

chases from the vast oil � elds of Saudi Arabia. The 

recession “has given the oil sands industry a chance 

to step back and breathe,” says David McColl, head 

of oil sands studies at the Canadian Energy Research 

Institute, a nonprofit whose membership includes 

government departments, the University of Calgary, 

and energy companies. With the slowdown, develop-

ers must improve ef� ciency to stay pro� table, making 

changes that will both help the bottom line and begin 

to address some of the tough environmental prob-

lems associated with tar sands oil.

Worldwide, mostly in Canada and Venezuela, 

oil sand reserves total a stunning 2 trillion barrels 

of oil. That is equivalent to 280 years of America’s 

current consumption, although only around a tenth 

of that total appears to be recoverable with current 

technology. Unfortunately, the process of extract-

ing, upgrading, and refining the fuel is dirty and 

resource-intensive. In Canada, relatively shallow oil 

sand deposits lie beneath a 1,500-square-mile region 

just north of Fort McMurray. Developers access the 

sands by literally scraping away the earth’s sur-

face, along with anything that happens to be living 

there. The raw material extracted—a thick, black 

goo called bitumen—makes up 10 percent of the 

harvested material by weight. The rest is sand and 

small amounts of water. Two tons of sand must be 

processed to yield a single barrel of oil, producing 

twice as much greenhouse-gas emissions as the 

processing of conventional crude. (Deeper reserves 

must be forced to the surface by an injection of pres-

surized steam, with even greater emissions; about 

40 percent of Canadian oil from the sands is produced 

this way.) Each barrel of bitumen also generates more 

The End of Easy Oil

Canada’s tar sands will soon be our 

top source of imported oil. But will 

that energy be worth the costs?

Atomic number (indicating the number 

of protons) of ununseptium, the newest 

element on the periodic table. Discov-

ered in the form of six atoms produced 

in Russia’s U400 cyclotron in April 2010, 

it is the fi fth element added in the past 

decade. The periodic table’s heavyweight, 

ununoctium (with 118 protons), was 

synthesized by physicists at Lawrence 

Berkeley National Laboratory in 2006.

                       

Elements 4
Number of elements 

present 3 minutes 

after the Big Bang. 

Because of the 

extreme temperature, 

hydrogen, helium, 

lithium, and beryllium 

existed only as bare 

atomic nuclei. 

About 300,000 years 

later, things had 

cooled enough to 

form atoms. 

1 1 7

Earth-moving trucks at a 

surface-mining operation in 

Alberta’s oil sands. 
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BuzzWords

 OIL SANDS

Also known as tar 

sands, these are 

natural deposits 

of sand, silt, and 

clay mixed with a 

heavy form of oil. 

 BITUMEN 

The thick, viscous 

hydrocarbon 

mixture extracted 

from tar sands.

 UPGRADING 

The process of 

heating, distilla-

tion, and hydro-

genation that 

turns bitumen into 

synthetic crude oil 

for re� ning.

 TAILINGS

A watery by-

product of oil 

sands processing, 

containing traces 

of oil and a host of 

other pollutants.

L
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than 500 gallons of tailings, a liquid by-product laced 

with traces of bitumen and other pollutants. Opera-

tors hold the tailings in giant ponds, many located 

adjacent to the Athabasca River, which runs through 

eastern Alberta. Those ponds already cover an esti-

mated 50 square miles, and an analysis of the indus-

try’s seepage records by the Canadian environmental 

advocacy group Environmental Defense suggests 

that every day around 3 million gallons of contami-

nated � uid leaks into the surrounding area. 

Even more unnerving are the � ndings of a recent 

study by ecologist David Schindler at the University 

of Alberta. He and his colleagues found that over 

the course of four months, 11,400 tons of particulate 

matter—including bitumen and cancer-causing poly-

cyclic aromatic compounds—were deposited within 

30 miles of oil sands upgrading facilities belonging to 

two of Canada’s major oil sands development compa-

nies, Suncor and Syncrude. Sampling of the Athabas-

ca River revealed that pollutants appeared in greater 

concentrations downstream from the facilities and 

were not detected in comparable sites farther away, 

$
2
,5
0
0 Price per ounce of 

rhodium (at press 
time), the most 
expensive element 
on Earth. It is used 
in jewelry, aircraft 
spark plugs, and 
lab crucibles. Other 
elements that fetch 
top prices include 
platinum ($1,544 per 
ounce), gold ($1,243), 
and iridium ($750). 

Number of years a typical atom of 
bromine spends in the ocean, the 
longest residence time of any ele-
ment. Atoms of tin, one of the most 
reactive elements in the ocean, 
remain there for just fi ve years. 

Abundance of hydrogen in the 
universe, as a percentage of 
its total mass. The runners-up 
are helium, at 26 percent, and 
oxygen, at 1 percent . On Earth, 
oxygen is the most abundant in 
both the crust (46 percent) and 
the ocean (86 percent). Elements 
91, protactinium, and 85, 
astatine, are among the rarest on 
the planet—Earth’s total reserves 
of the latter are thought to total 
less than 1 ounce. 

1308x1024

Half-life, in years, of tellurium-128, 
the longest among all radioactive 
isotopes. Beryllium-13 lasts just 
2.7 × 10-21 second . Potassium-40, with 
a half-life of 1.3 billion years, helps to 
date geologic samples, while carbon-
14, with a 5,730-year half-life, is useful 
for measuring the age of organic 
materials such as bone and wood.

the researchers say. “The concentrations there are in 

the range where deformities and mortalities would be 

expected in � sh,” Schindler says, “and the compounds 

that we found are known carcinogens in humans.”

Environmental concerns that were brushed aside 

when oil prices spiked a few years back have gained 

traction since the economy cooled. In February the 

Whole Foods grocery chain threw its weight behind 

a campaign to boycott companies that use fuel gen-

erated from the oil sands. And in June Syncrude 

was found guilty of violating provincial and federal 

law when 1,600 waterbirds died in one of its tail-

ings ponds near Fort McMurray (the company may 

appeal the decision). Regulators have also started to 

assert themselves more forcefully. Last year Canada’s 

Energy Resources Conservation Board issued new 

rules requiring at least 20 percent of the � ne particles 

from new tailings to be captured starting in 2011, and 

50 percent by 2013. Suncor has since begun devel-

oping a new technology that would mix some re� n-

ing by-products with a polymer, creating a dry solid 

that can be more easily contained and reducing the 

amount of liquid that ends up in the toxic ponds.

Such changes will become increasingly important 

as the world economy recovers. Oil sands develop-

ment has begun to pick up, with a projected $13 billion 

in new investment in 2010, a $2 billion increase from 

2009. A recent industry report estimates that oil sands 

production, which currently stands at around 1.5 mil-

lion barrels a day, could jump 46 percent by 2015. The 

United States now imports 22 percent of its oil from our 

northern neighbor, and China has also shown interest 

in Canada’s sands, taking a $1.7 billion, 60 percent 

stake in two new projects in northern Alberta. In short, 

the tar sands—like deep oil—will probably remain an 

important part of the energy picture for the foreseeable 

future (see “Drilling Deep,” page 48). 

“Oil sands and offshore drilling are both symptoms 

of the same problem: We’re running out of easy oil,” 

says Simon Dyer, oil sands director at the Pembina 

Institute, a nonprofit sustainable energy research 

organization. But with ingenuity, smart regulation, 

and better enforcement, government and industry 

may be able to � nd a path that meets our needs until 

clean—or at least cleaner—energy sources can step 

up to the task.  MONICA HEGER

MILLION
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In 2008 NASA commissioned six teams of 

aerospace engineers to gaze a quarter cen-

tury into the future and design the commer-

cial planes of 2035. This year those visions 

came into focus. 

Four groups—based at MIT, Boeing, GE, 

and Northrup Grumman—tackled NASA’s 

challenge to improve subsonic fl ight, in 

which the agency asked for aircraft designs 

that burn 70 percent less fuel and create 

less noise than existing planes. Most of the 

effi ciency gains come from a combination of 

lighter, more aerodynamic shapes and slight 

reductions in fl ying speed. The additional 

travel time could be offset by improving pas-

senger loading and taxiing schedules at both 

ends of the ride, the engineers claim. 

MIT’s “double bubble” design, below, fea-

tures an extrawide body of two side-by-side 

cylinders. “It’s like two soap bubbles stuck 

together,” says lead designer Mark Drela, an 

aerodynamicist at MIT. With two aisles and a 

cabin shaped more like an auditorium than 

the conventional cramped tube, the double 

bubble would give the plane more lift while 

making it easier for passengers to enter and 

exit. Rear-mounted engines create a snow-

ball effect of effi ciency improvements: Pulling 

the engines out from under the plane’s wings 

allows for shorter landing gear, reducing 

weight and requiring less fuel, which lightens 

the craft even further.

Two other subsonic proposals targeted 

airport congestion. GE suggested using 

small, 20-seat planes to shuttle passengers 

between local airports, while Northrup 

Grumman advocated 120-person planes 

confi gured to use less runway space. 

Boeing’s engineers drew up an electric hybrid 

airplane engine that uses fuel for takeoff 

and landing but cruises on batteries. In the 

supersonic category, Boeing and Lockheed 

Martin developed concept planes that are 

both fuel-stingy and quiet—a feat Boeing 

accomplished with a shape designed to 

control the sonic boom. Supersonic planes 

will never be as effi cient as their slower com-

panions, says Bob Welge, the Boeing team’s 

lead engineer, but “you could get from L.A. 

to Tokyo in about half the time.” And isn’t the 

future supposed to be fast?  EMILY ELERT
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THE AIRPLANE OF THE FUTURE

MIT’s fuel-effi cient concept could spawn a 

real plane transporting passengers by 2035.

A FIRST LOOK AT ATOMIC SPIN

Quantum spin is one of the most fundamental properties 

de� ning the physical state of an atom or a subatomic particle, 

and also one of the most mysterious: Although it has math-

ematical similarities to spinning in the familiar sense, it is an 

oddly abstract attribute, and it does not mean that particles 

actually rotate like little tops. But if seeing is believing, we just 

got closer to enlightenment. Researchers in Germany and the 

United States recently captured the � rst images of atomic spin.  

The team used a scanning tunneling microscope to scrutinize 

cobalt atoms. In the resulting image, “the atoms look like little 

hats,” physicist André Kubetzka of the University of Hamburg 

says. The pointiest hats show atoms with an upward spin direc-

tion, while those with a dimple at the top have a downward spin. 

(Magnetic interactions with the surface below the atoms produced 

in-between spin states, which have their own dimple patterns.) 

Using the magnetic tip of the microscope to move the atoms 

around, the physicists also managed to shift their spins. “The 

shape of an atom’s electron cloud depends on the spin direction,” 

Kubetzka says, so adjusting the spin altered the appearance of 

the dimples in the images. The ability to manipulate spin could 

eventually pave the way for fresh types of data storage, where 

information is encoded in different spin states. DANIEL LAMETTI

 

A scanning tunneling 

micrograph captures 

the quantum spin states 

of six cobalt atoms.
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w Eleven African nations 

are joining together 

in an attempt to fi ght 

the creeping expan-

sion of the Sahara 

desert. Their plan—to 

slow deserti� cation by 

planting a 9-mile-wide, 

4,500-mile-long band 

of trees—has received 

$119 million in funding.

w The � ooding of hur-

ricanes Katrina and Rita 

had an upside: It brought 

cleaner sediment into 

New Orleans, with 

noticeable health ben-

e� ts. Scientists at Tulane 

report that local children 

now show lower blood-

stream lead levels. 

w New road surfaces 

could reduce vehicle 

pollution. Researchers 

in the Netherlands found 

that air-purifying paving 

stones reduce outdoor 

nitrogen oxide pollution 

by 25 to 45 percent.

The Good News 

The Bad News
w Justice is skin-deep. 

In a jury-simulation study 

at Cornell University, 

unattractive defendants 

were more likely to 

be convicted and 

received sentences 

22 months longer than 

good-looking ones.

w Frequent coffee drink-

ers are no more alert 

after a dose of caffeine 

than non-drinkers given 

a placebo, according to 

a study from Bristol Uni-

versity in the U.K. Toler-

ance may blunt the effect 

of your morning joe. 

w The original pendulum 

Léon Foucault used to 

show the Earth’s rotation 

was irreparably dented

when its cable snapped 

at a Paris museum.

ICELAND’S MONSTER BARES ITS HEART

Scientists from 

the National 

Institute of 

Geophysics and 

Volcanology study 

gases emitted 

from Iceland’s 

2010 eruption.

This past spring’s eruption of the 

Eyjafjallajökull volcano in Iceland was 

a nightmare for travelers, but it gave 

scientists in Europe unprecedented 

access to a complex eruption right 

in their backyard. Old workhorses 

of volcanology—seismometers 

and GPS sensors, which detect 

movement of the ground—� rst 

picked up Eyjafjallajökull’s stirrings 

in early January. (For the record: 

The name is pronounced “AY-yah-

fyah-lah-YOH-kuul.”) But when the 

volcano turned volatile in mid-April, 

scientists took to the skies, enlisting 

airplanes and high-tech equipment 

to study the eruption and its effects 

on the over lying glacier. Synthetic 

aperture radar allowed the research-

ers to watch through thick steam 

and ash as heat released from the 

volcano melted the 650-foot-thick 

ice at its summit. The result was 

like pouring water into a pan of hot 

oil, making the eruption even more 

explosive. And geologist Björn 

Oddsson, a graduate researcher at 

the University of Iceland, reports 

that temperature data gleaned from 

infrared monitors will help scien-

tists calculate the volcano’s overall 

energy � ow, which may yield insight 

into the dynamics that produced 

the eruption’s unusually � ne, far-

reaching ash plume. 

Meanwhile, on the ground, earth 

scientists from the National Institute 

of Geophysics and Volcanology in 

Italy are taking aim at the volcano 

with spectrometers, which measure 

the types and amounts of gases 

spewing from its mouth. Previous 

studies of other volcanoes have 

revealed a change in gas com-

position prior to an eruption that 

could serve as an early detection 

mechanism. But the comprehensive 

study of the Eyjafjallajökull eruption, 

with “all of the data in one pot,” 

Oddsson says, will give scientists 

an extraordinary opportunity to 

improve their understanding of 

how volcanoes work and apply it to 

other sites.   LUCAS LAURSEN
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meteorite samples in the 

furnace. Preliminary results 

look promising. “We opened 

The burst of heat that 

spreads out from a nuclear 

explosion is so intense that 

it can in� ict serious burns 

� ve miles away. At the U.S. 

Army’s White Sands Missile 

Range near Las Cruces, New 

Mexico, a device called a 

solar furnace—essentially a 

three-story-high magnifying 

glass—routinely simulates the 

effects of such a blast. 

The furnace’s heliostat, a 

40-foot-wide panel of 36 mir-

rors (not visible here), tracks 

the sun across the sky, re� ect-

ing light into the attenuator u, 

a grate that can be opened 

or closed like a window blind. 

Sunlight that makes it through 

falls onto the concentrator v, 

a concave panel of 180 mirrors 

that focuses the light into 

a beam and sends it into a 

16-foot-long test chamber w. 

There, researchers use an 

adjustable shutter to control 

how long objects are exposed 

to the beam. The furnace can 

reach temperatures of up to 

5,000 degrees Fahrenheit.

Scientists have been doing 

thermal tests on military equip-

ment at the White Sands solar 

furnace since it began oper-

ating in 1972. Purdue Univer-

sity geophysicist Jay Melosh 

has a different goal: He thinks 

a space-based version of the 

device might be able to de� ect 

a threatening asteroid. It could 

� y to the asteroid and boil off 

part of the surface, thereby 

changing the object’s course. 

Last year Melosh and Randy 

Brady, head of White Sands’s 

Nuclear Effects Division, began 

testing that idea by blasting 

SOLAR FURNACE

up the shutter,” Brady says, 

“and found melting rocks and 

stuff � ying off.”  DANIEL LAMETTI

The rise of superbugs that can survive 

multiple antibiotics—such as MRSA, the 

notorious “� esh-eating bacterium”—has 

turned once-trivial infections into persis-

tent problems. To � ght back, we need 

better information about how bacteria 

acquire this unsettling power. Two new 

reports are providing just that.

Doctors have long known that an 

incomplete course of antibiotics can pro-

mote resistance, which is why pill bottles 

often carry a stern warning to “� nish 

all this medication.” Boston University 

biomedical engineer Jim Collins and 

colleagues have identi� ed one way in 

which such resistance can develop. They 

found that when E. coli were treated with 

doses of ampicillin too low to kill all of 

the cells, some of those left alive suffered 

DNA damage that was hastily—and often 

inaccurately—patched up. The sloppy 

repair job left behind mutations, and 

just by chance, a few of these gave the 

bugs resistance not only to ampicillin but 

to two other antibiotics they had never 

HARD LIVING BREEDS SUPERBUGS 

encountered. “It’s the bacterial equiva-

lent of ‘That which doesn’t kill you makes 

you stronger,’ ” Collins says. On the basis 

of these � ndings, he plans to search 

for molecules that can block bacteria’s 

efforts to patch up their genes.

Meanwhile, pediatric pulmonologist 

Luke Hoffman at the University of Wash-

ington has found that some bacteria can 

develop drug resistance in response 

to an environmental change, without 

exposure to any antibiotics. He examined 

Pseudomonas aeruginosa, a microbe that 

inhabits the mucus clogging the airways 

of cystic � brosis patients (for more on 

this bacterium, see Field Notes, page 32). 

To his surprise, he found that muta-

tions allowing the bacterium to adapt to 

low-oxygen conditions in the mucus also 

decrease its susceptibility to antibiotics. 

Many antibiotics work by disrupting 

bacterial metabolism, so adjustments to 

how the germs process oxygen can also 

strengthen their resistance to drugs. The 

� ndings help explain why lung infections 

 

in cystic � brosis patients are so hard 

to treat. Identifying bacteria with these 

mutations may allow doctors to select 

alternative antibiotics that exploit other 

ways to kill them. VALERIE ROSS

Mutant strains of bacteria—the yellow 

colonies here—can acquire drug 

resistance from environmental changes.
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RECENTLY ON BAD ASTRONOMY

Astronomers See Exoplanet 

Orbiting Its Parent Star

Phil Plait explains how nearly 30 years 

of observations led to this moment, 

and why it matters so much. 

RECENTLY ON COSMIC VARIANCE

Hyping Particle Physics

The news media needn’t sensationalize 

the latest results from Fermilab’s particle 

accelerator, Sean Carroll argues—

they’re fascinating as is. 

RECENTLY ON THE LOOM

James Joyce’s Words Come to Life 

and Are Promptly Desecrated 

 The synthetic genome that Craig 

Venter’s team created carried a coded 

version of a quote from Joyce. Carl Zimmer 

explains why that quote won’t last. 

RECENTLY ON THE INTERSECTION

Science and Religion 

Having accepted a Templeton-

Cambridge Fellowship to study science 

and religion, Chris Mooney addresses 

the controversy sparked by his decision. 
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Tune in to see backyard science gone wild on Joe Genius, DISCOVER and High 

Noon Entertainment’s new online TV show. At-home experimenters push their 

skills to the limit (and beyond), building everything from rockets to robots to roller 

coasters. And it’s all caught on tape, of course. Hosted by comedian Jonah Ray 

of Web Soup and Nerdist.com, each episode reveals these geniuses’ most epic 

failures and thrilling successes—and the science behind it all.

DISCOVER’s Science Not Fiction 
Blog Returns!

The blog that delves into the science of sci-� ’s 

futurist technologies has traveled through a 

wormhole and returned to our Web site. Now it’s 

made of liquid metal.

blogs.discovermagazine.com/sciencenotfi ction

PHOTO GALLERY 

The Alien Sights of a Bee in 
Ultra Close-up

See the honeybee’s hairy eyeball, 

barbed stinger, and detachable wings 

at astounding magni� cations. You’ll 

never look at a backyard buzzer the 

same way again. 
RECENTLY ON

NOT EXACTLY ROCKET SCIENCE

A Biological Basis for 

Acupuncture or More Evidence 

of the Placebo Effect?

Ed Yong dissects the merits and � aws of a 

headline-grabbing study. 

RECENTLY ON GENE EXPRESSION

Genetics and Jews 

Razib Khan looks into recent research 

that examines the genetic similarities 

between scattered Jewish communities. 

discovermagazine.com/web/bee

PHOTO GALLERY

Museum-Worthy 
Garbage

Some turn soda cans into impressionis-

tic art, others � nd beauty in washed-up 

beach debris: These artists are combin-

ing art and advocacy to create beautiful, 

disturbing work about American excess.

discovermagazine.com/web/garbage

discovermagazine.com/web/joe-genius

DISCOVER AND HIGH NOON ENTERTAINMENT PRESENT
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Data

Spiders are legendary as the materials-science experts of the animal kingdom: Individuals 

can produce as many as seven different kinds of silk. To begin a web, a spider anchors a 

strand of dragline silk—three times stronger than the Kevlar in bulletproof vests—and waits 

for a breeze to blow it to a second attachment point. The arachnid then completes the outer 

ring and spokes, and � nally builds the spiral. The capture silk used in the web’s spiral is often 

coated with glue, and biologists at the University of Akron recently found that spiders that 

have been deprived of a meal splurge on a little extra glue  to improve the odds of trapping 

prey. Scientists have long sought to mimic the chemical perfection of a spider’s web. At last 

they are making progress. Recent work characterizing the proteins responsible for the incred-

ible strength and elasticity of spider silks could lead to durable and resilient new materials for 

arti� cial human tissues, surgical sutures, and ultrastrong armor.  AMY BARTH

SPIDER WEB

SMOOTH OPERATOR

Spiders store silk 

proteins as a fl uid but 

then spin them almost 

instantly into a solid 

thread without creating 

clumps. In May chemists 

in Germany and Sweden 

reported how: Spiders 

precisely regulate their 

body chemistry where 

they store the proteins. 

High salt content and 

low acidity in the silk 

gland and spinning duct 

keep the proteins liquid, 

while reduced salt and 

increased acidity make 

the proteins link together 

rapidly during spinning.

WET AND WILD

Despite a thickness 

of just a few microns, 

spider web threads 

can collect remarkable 

amounts of water—as 

any morning gardener 

can attest. Chemists 

in China have studied 

the structure of silk 

fi bers and discovered 

that they channel water 

toward tiny knobs along 

the web’s strands that 

can hold large droplets. 

Artifi cial webs that 

follow a similar design 

might be able to collect 

drinking water from mist.

DEATH SPIRAL

“Capture silk” in the web’s spiral is stretchy—as 

elastic as a rubber band—the better to hold on to 

entangled prey. But some parasites have evolved 

a way to use the spiders’ engineering for their own 

ends. This year, entomologist William Eberhard at 

the Smithsonian Tropical Research Institute found 

that parasitic wasp larvae release a chemical 

into infected spiders, causing them to weave a 

modifi ed web that supports the wasp’s cocoon.

STRONG START

Molecular biologists at the University of Wyoming are planning to use the proteins 

from superstrong dragline silk to build artifi cial tendons and ligaments. The 

researchers needed more silk than they could harvest from spiders in captivity, so 

they genetically engineered goats to produce the proteins in their milk. After the silk 

proteins are extracted and purifi ed, a machine spins them into the needed fi bers.
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As a chemical engineering grad student at Caltech, Sarah 

Heilshorn could not make up her mind: “One day I wanted to work 

on green chemistry; then I’d meet someone working on solar 

cells and think that was the specialty for me.” Clarity came after 

she heard a talk by David Tirrell, a Caltech engineer who designed 

synthetic biomolecules. Soon he became Heilshorn’s mentor. 

“I was fascinated by the idea that engineers could program organ-

isms to create new materials for medicine,” she explains. Now 

head of her own lab at Stanford, Heilshorn engineers proteins to 

aid neural stem cells in healing injured brains and spines.

    ,     .     

       Peripheral 

nerves like the ones in your hand regenerate well. Nerves 

in the spinal cord and brain do not. This might have to do 

with the blood-brain barrier, which protects the central 

nervous system but also makes drug delivery dif� cult. In 

addition, spine injuries are often caused by a crushing or 

twisting motion, so there may be bone fragments � oating 

around and compromised blood � ow to the region.

       -

 .     Proteins are made 

of smaller molecules called amino acids, which combine 

to form modules. Some modules make a protein act like 

a spring; others help it bind to cells. I mix modules in new 

ways to create novel proteins with new functions, and 

then I mass-produce them [in the machine at right]. 

          

       .   

   We encapsulate the cells using a 

protective protein that’s engineered to greatly increase 

the chance they will survive. After delivery, the proteins 

instruct the stem cells and damaged neurons to interact.

       -

    The idea is 

to inject the material directly into what-

ever part of the spine or brain is affected. 

Beyond that, we try to customize proteins 

to trigger repair across a wide range of 

cell types and traumas.

    .    

      I enjoy dancing, and 

I’m inspired by dancers who incorporate science or engi-

neering into their performance. Margo Apostolos at the 

University of Southern California gave me the opportunity 

to participate in performances while I was a graduate 

student at Caltech. She helped pioneer the � eld of robotic 

choreography, where they try to make robots adopt more 

humanlike motions. We had an instant mutual apprecia-

tion for each other’s work; we both like to blur the lines 

between different � elds.  AMY BARTH
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Sarah Heilshorn
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Over the past 65 million years—as the earth froze, thawed, fl ooded, and 

dried—mammals spread to every continent and became big names on the 

stage of life. This new permanent exhibit tracks the furry group that led to us. 

Fossils and full-size reconstructions of a pygmy mastodon, prehistoric 

horses, and ancient sea creatures populate the exhibit. You can even 

retrace the steps of the museum’s paleontologists who discovered a new 

species of paleoparadoxiid, an extinct relative of the manatee that lived off 

the California coast 10 million to 12 million years ago. Using simulations 

of the scientists’ tools, you can virtually uncover the fossil, examine its 

jumbled bones, and piece together the skeleton. Open now.  VALERIE ROSS

zero-g sex works, about 

orange juice’s “coef� -

cient of � atulence,” and 

how even astronauts 

have turned sensitive. 

“Today’s space agency 

doesn’t want guts 

and swagger,” Roach 

writes. “They want 

Richard Gere in Nights 

in Rodanthe.”

THE FEVER

BY SONIA SHAH 

(SARAH CRICHTON BOOKS)

We know exactly what 

causes malaria—and 

how to cure it. So why 

does the disease still 

claim a million lives 

every year? Science 

journalist Shah reaches 

beyond biology to 

examine how malaria 

has shaped human 

history and how cultural 

biases have impeded its 

eradication. The modern 

war on malaria doesn’t 

impress her, either: While 

we � ght malaria “hap-

hazardly,” she writes, 

“the parasite re� nes its 

plague upon us.” 

THE CALCULUS DIARIES

BY JENNIFER OUELLETTE 

(PENGUIN PRESS)

This dash through a 

daunting discipline 

bursts with wry wit. 

Ouellette uses dif-

ferential equations 

to model the spread 

of zombies, and 

derivatives to craft 

the perfect diet. 

Sassy throughout, 

she reserves special 

barbs for subprime 

mortgage holders: 

“Chances are, they 

weren’t doing the 

math.” ELISE MARTON &

ANDREW MOSEMAN

WHAT TO READ, VIEW, AND VISIT THIS MONTH

SCIENCEHOT

P B O O K S

ALMOST CHIMPANZEE

BY JON COHEN 

(TIMES BOOKS)

The sliver of DNA that 

separates humans from 

chimpanzees fools us 

into seeing similarity, 

journalist Cohen argues. 

He unpacks how 

Age of
Mammals
NATURAL HISTORY MUSEUM 

OF LOS ANGELES COUNTY

chimps’ brains, com-

munication, and sex 

lives are far removed 

from ours. But, he says, 

chimps deserve more 

respect—not because 

they are the same as 

us, but because of the 

divergences that show 

us who we are.

PACKING FOR MARS

BY MARY ROACH 

(W. W. NORTON & 

COMPANY)

The hilarious Roach 

takes on the human 

side of space explo-

ration, with input 

from some remark-

ably frank veterans. 

She learns how 

a M U S E U M S
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WONDERS OF THE SOLAR SYSTEM

Hosted by physicist Brian Cox, 

this BBC series whisks us around 

Earth and beyond to � nd astro-

nomical awe. First the globe-

trotting Cox shows us a breathtak-

ing solar eclipse from the banks 

of the Ganges River in India. Then 

we leave our home planet to see 

more of the solar system’s won-

ders, taking in a Martian sunset 

and a simulation of Saturn’s dark 

side bathed in ring-shine. If all 

this travel sounds disorienting, 

don’t worry: Cox keeps viewers 

grounded in the science that binds 

these worlds together. 

Release date: September 7.
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Order Today! Call 800-309-6000 or visit paulfredrick.com/try

Crisp, comfortable white 100% cotton pinpoint oxford 
dress shirts in Regular, Big & Tall or Trim Fit at a

SPECIAL
INTRODUCTORY PRICE...

$19.95
Reg. $44.50-$49.50

Specify promotional code TZFSDC

New customer offer. Limit four shirts per customer. Shipping charges extra. 

Cannot be combined with other offers. Free exchanges. Expires 9/30/10.

Your Collar Style:   
Six Collar Choices. 

Your Cuff:   
Button or French Cuff.

Your Fit:   
Regular, Big & Tall or Trim.

Your Size:   
141/2” x 32” to 20” x 37”.

More options than you’ll
find anywhere else!

Plus, FREE monogramming!
(an $8.50 value)

Add this Multi Color Silk

Squares Tie for only $19.95!  

Item #TFE1050  (Regularly $49.50)

Michio Kaku grew up 

admiring two people: Flash 

Gordon and Albert Einstein. 

On his Science Channel tele-

vision show, the theoretical 

physicist gets to play a little 

of both. In each episode of 

Sci Fi Science, he invites 

the world’s most interesting 

minds to demonstrate how 

science will realize the tech-

nologies of science fi ction.

Season one showcased 

how we might build 

gadgets like light sabers 

and teleporters. But in the 

show’s second go-round, 

Kaku takes on the plotlines 

that dominate sci-fi  visions 

of the future. He reveals 

how humans will colonize 

the galaxy with the help of 

self-replicating nanobots, 

fl ing an asteroid into Mars 

to unleash a planet-warm-

ing greenhouse effect, and 

fi ght off alien invaders by 

hacking their technology—

though it won’t be like Inde-

pendence Day. “Give me a 

break,” he says. “The aliens 

don’t use Windows.”

Kaku expresses 

unbridled optimism that 

we will reach the amazing 

tomorrows that science fi c-

tion has always promised. 

Despite the ugliness of our 

present, he says, those 

tomorrows are within reach. 

“Physics is the basis of the 

future,” he says, “just as it 

was the basis of the past.” 

Returns September 1 at 

10 p.m. EST. A. M.

Sci Fi 
Science: 
Physics 
of the 
Impossible
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The Brain by Carl Zimmer
Our sense of space is crucial to our understanding of the world 
around us. So what happens when injury takes that sense away?

 T
he great philosopher Immanuel Kant 

believed that nothing matters more to 

our existence than space. Every expe-

rience we have—from the thoughts in our 

heads to the stars we see wheeling through 

the sky—makes sense only if we can assign 

it a location. “We never can imagine or make 

a representation to ourselves of the non -

existence of space,” he wrote in 1781.

The nonexistence of space may certainly 

be hard to imagine. But for some people it 

is part of everyday life. Strokes can rob us 

of space. So can brain injuries and tumors. 

In 1941, neurologists Andrew Paterson and 

O. L. Zangwill, working in Edinburgh, Scot-

land, published an account of a 34-year-old 

patient who had been hit in the head by a 

mortar fragment. The injury wiped out his 

sense of the left half of his world. Pater-

son and Zangwill described how the man 

“consistently failed to appreciate doors and 

turnings on his left-hand side even when 

he was aware of their presence.” He also 

“neglected the left-hand side of a picture 

or the left-hand page of a book despite the 

fact that his attention was constantly being 

drawn to the oversight.” The patient could 

play checkers but ignored the pieces on the 

left side of the board. “And when his atten-

tion was drawn to the pieces on this side,” 

the doctors wrote, “he recognized them but 

immediately thereafter forgot them.”

This condition, called spatial neglect, 

challenges our intuitive notions of how we 

understand the world. But by mapping how 

people lose some of their sense of space, neuroscientists are gain-

ing new insights into how we build that sense in the � rst place.

When scientists began to look at the injuries that cause spa-

tial neglect, back in the mid-1900s, the results were crude. They 

found, for example, that many people with this condition had suf-

fered an injury to the parietal lobe, a patch of cortical brain tissue 

near the top of the head that is important for many mental tasks, 

from paying attention to making plans. But the parietal lobe is a 

huge chunk of neural real estate. Saying that damaging the parietal 

lobe could cause spatial neglect is about as meaningful as saying 

that bombing New York City could wreck the � nancial market. 

Making matters more complicated, spatial neglect can take sev-

eral forms—as Glyn Humphreys, an experimental psychologist at 

the University of Birmingham in England, and his colleagues recently 

documented in a study. They gave an exam to 41 people who had 

suffered brain damage. Each subject received a sheet of paper with 

150 line drawings of apples, only 50 of which had a complete outline. 

Fifty apples had a gap on their right side. The remaining 50 had a gap 

on the left. Humphreys and his colleagues told their subjects to cross 

out all the complete apples and leave the incomplete ones alone. 

The subjects had � ve minutes to � nish the test. That was plenty 

of time for some. But Humphreys and his colleagues found that 

11 overlooked a number of apples on the left side of the page. 

Two others ignored apples on the right. And ten people who took 

the test made a fundamentally different mistake: They crossed out 

apples on both sides of the page, but sometimes they crossed out 

apples with gaps, wrongly thinking that the shapes were complete. 

Eight crossed out apples with gaps on the left, and two crossed out 

apples with gaps on the right.

The two classes of mistakes made by the subjects indicated two 

distinct forms of spatial neglect. The � rst group suffered from a condi-

tion called egocentric neglect, unaware of space on one side of their 

bodies. The second group suffered from allocentric neglect, unaware 

of space on one side of the objects they looked at.

Once Humphreys had identi� ed people with egocentric and 

allocentric neglect, he and his colleagues captured high-resolution A
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images of the subjects’ brains. They saw that people with egocen-

tric neglect all tended to have damage in a cluster of regions along 

one side of the brain (including part of the parietal lobe). People 

with allocentric neglect had damage in a different network of brain 

regions. Some of those regions overlapped with the egocentric 

areas; others extended farther back in the brain.

To probe more deeply into our sense of space, Lee Lovejoy, now a 

researcher at the Salk Institute for Biological Studies in La Jolla, Cali-

fornia, wanted to study the superior colliculus, a region deep in the 

brain stem. Researchers have long known that this part of the brain is 

involved in the movement of our eyes. Lovejoy suspected that it might 

also be important for our awareness of the space around us.

In this case, there were only a handful of living patients with dam-

age to this region. The superior colliculus is located next to parts of 

the brain stem that keep the heart beating and play other life-sustain-

ing roles. Strokes or other injuries that wipe out the superior colliculus 

often wipe out those regions, too. Most of the time they don’t just 

leave people unable to play a game of checkers—they leave people 

dead. So Lovejoy and his colleagues used monkeys and a drug called 

muscimol, which safely shuts down parts of the brain by inhibiting 

neurons where it is injected. They could thus modulate the activity 

of healthy brains without causing any lasting damage.

Previous research had shown that in the superior colliculus, signals 

from the eyes get spread out into a two-dimensional map that is � ipped 

left-to-right relative to the visual � eld. If a monkey sees a light in the 

upper-left corner of its � eld of view, for instance, an electrode placed 

in the upper right of the superior colliculus map will � re. So Lovejoy 

and his colleagues could selectively shut down speci� c parts of the 

visual map just by choosing where they injected the muscimol.

Lovejoy began the experiment by training two monkeys to per-

form a simple visual task. The animals stared at a point in the center 

of a computer screen. Four rings appeared, one in each corner. 

Three were green and one was red. The rings then disappeared 

and were replaced by four groups of dots. The dots in the corner 

where the red ring had been started moving together. If the mon-

key moved its eyes in the same direction, it got a squirt of juice as 

a reward. What made the task tricky was the distraction Lovejoy 

added. The dots in the corner opposite the red ring moved in the 

opposite direction, and the other two groups of dots moved in 

random directions. The monkeys had to pay attention to the red-

ring corner and not be distracted by the others.

Under normal conditions, the monkeys learned how to get the 

test right almost every time. Then the scientists injected muscimol 

into the part of the superior colliculus that received signals from 

the eyes about the red-ring corner. Suddenly the monkeys moved 

their eyes in the opposite direction. Lovejoy had given the mon-

keys a temporary case of spatial neglect.

Experiments like Lovejoy’s on the superior colliculus, together 

with studies of parietal lobe brain damage, show us that both of 

these regions contribute to our awareness of space. A large-scale 

network of brain regions seems to be responsible—not surpris-

ing, given the complexity of the task. But identifying parts of that 

network is only a � rst step. Neuroscientists then have to � gure out 

what those parts actually do and how they work together in order 

for us to be aware of the space around us.

Humphreys and his colleagues have taken a big step in that 

direction by developing a computer model of space percep-

tion. They built the model around one of neuroscience’s deepest 

insights into how the brain works. When we look out at the world, 

it may seem as if we just perceive a perfect representation of the 

image that shines into our eyes. What really happens is much more 

complex. Signals from our eyes travel to the visual cortex at the 

back of the brain and then move forward to other regions. Along 

the way, signals from important features in our visual � eld—strong 

outlines, faces, bright points of light—increase the � ring of some 

neurons, while less important features decrease the � ring of oth-

ers. It can take a tenth of a second for this conversation in our 

brains to produce our perception of the space around us.

In Humphreys’s model, signals from simulated eyes travel to sev-

eral different clusters of neurons. Within each 

cluster the neurons are arrayed like points on 

a map, with every spot corresponding to a 

spot in our � eld of view. Each of these maps 

is sensitive to a particular feature of what we 

see: color, shape, and so on. The neurons in 

each map then send signals to a kind of mas-

ter map, which combines the information and 

sends feedback. In spots where it gets strong signals, it instructs 

the neurons from the lower maps to become more sensitive—

paying more attention to a strong color, for instance. Where the input 

is weak, the master map may dial back the activity of the neurons.

The researchers then tested their model against real brains. They 

asked subjects to look at a computer screen � lled with blue faces, 

blue houses, and red houses. In each trial, the people had to say 

whether there was a blue house on the screen. Humphreys measured 

how long it took the subjects to respond to different combinations 

and then presented the same challenge to the computer model.

The model behaved a lot like people do. When Humphreys and 

his colleagues presented a blue house amid a sea of red houses, 

both the model and people responded quickly. When the research-

ers presented a blue house surrounded by a combination of red 

houses and blue faces, both the computer model and people 

responded more slowly. And when they added more red houses 

and blue faces, the response slowed down even more.

If his model really was showing how our brains work, Humphreys 

wondered if he could pinpoint the location of the master map. His 

team performed fMRI scans of human subjects while they searched 

for blue houses. In those scans, one spot in the brain showed the 

same patterns of activity as the master map in the computer model. 

This region is a small patch of neurons on the edge of the right 

parietal lobe, called the right temporal parietal junction, a discovery 

that circles back to the original studies of spatial neglect. 

The right temporal parietal junction is one of the brain regions 

that are often damaged in people who lose part of their sense of 

space. By zeroing in on that region—and by continuing to decon-

struct the overall operation of the space network—neuroscientists 

may � nally explain not only Kant’s philosophy but the very founda-

tions of how we perceive the world around us.

When we look out at the world, it can take 
a tenth of a second for the conversation in our 
brains to produce our perception of space.

The Brain by Carl Zimmer
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Field Notes by Dava Sobel
Bacterial armies emit molecular war cries to stir others 
of their kind to action. Learning how these microbes gird for 
battle could help us fi nd better ways to fi ght back.

M
adison, Wisconsin—Here in her lab on the University of 

Wisconsin campus, chemist Helen Blackwell and her col-

leagues are eavesdropping on the chatter among single-

celled organisms. For a long time they just listened. Now they 

actively interrupt the rumble of bacterial communication for a vari-

ety of practical purposes—such as augmenting the good works of 

friendly bacteria and thwarting the designs of dangerous ones. 

“These bacteria represent some of the simplest life-forms,” 

Black well says, “and yet they are constantly signaling one another 

with chemicals, much the way animals and insects shoot out 

pheromones.” This signal communication, called quorum sens-

ing, helps the bacteria determine when they exist in suf� cient 

numbers to take action. For example, the common pathogen 

Pseudomonas aeruginosa, a stalwart of the Blackwell lab and a 

frequent culprit in the most virulent hospital-acquired infections, 

must reach a certain population density inside its host before it 

mounts an attack. 

The bacteria conduct an on-

going census by repeatedly syn-

thesizing and emitting a signal 

compound that sends the mes-

sage “I’m here.” When enough of 

the organisms gather together in 

a con� ned space, the compound 

becomes so concentrated that it 

permeates back through the cell 

membranes to combine with 

receptors inside the bacteria. This 

event triggers cellular machinery 

to produce proteins that initi-

ate the bacteria’s characteristic 

group behavior, and the hapless 

patient who contracted pseudo-

monas suddenly becomes fatally 

ill. “If you infect immunocompro-

mised mice with pseudomonas,” 

Blackwell reports, “they are dead 

in about 48 hours.” 

Antibiotics may prolong life, 

but the drugs often fail to cure the 

infection because the bacteria 

quickly develop drug resistance. 

So Blackwell has focused on a 

different way to intervene: Isolate 

the signal compound, copy it 

synthetically in the lab, and then 

tamper with it to change its mes-

sage. If the organisms were pre-

vented from gauging their own 

numbers, Blackwell reasoned, 

they might back down. 

“Pseudomonas have dozens 

of receptors, each with a differ-

ent signal molecule,” she says, “and there is potential cross talk 

among them, so it’s a very complicated system.” Nevertheless, 

Blackwell’s group has managed to produce a “cocktail synthetic 

agent” that interferes with the complex quorum-sensing behavior. 

In early experiments, the synthetic compound slowed the rate of 

pseudomonas infection in mice. A combination of the compound 

and an antibiotic produced “a synergistic effect,” she says, that 

worked better than either approach alone.

“When you knock out the quorum-sensing system, the organ-

ism doesn’t die. You’re not killing the bacteria, you’re just keeping 

them from behaving as a group,” Blackwell says. That is actually 

a good thing, she explains: “Since they don’t have to behave as a 

group to survive, you’re not going to see them develop resistance 

to the compound.” 

On a yellow pad, Blackwell draws a portrait for me of a proto-

typical quorum-sensing signal molecule: a ring of carbon atoms 
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Pseudomonas aeruginosa,

shown here in a transmission 

electron micrograph, can 

chemically sense each other. 
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attached to some hydrogen, nitrogen, and oxygen atoms, trailing 

off in a long tail composed of more carbon atoms. “We copy 

these in the lab,” she says. “Then we tinker with them, playing 

with the ring, putting in different sorts of constituents—different 

types of bonds, different types of tails—that nature can’t put in 

there.” Some of the 200 variants she has made have turned out 

to be duds, but others have coaxed strains of bacteria to behave 

in ways nature never intended, such as silencing themselves or 

becoming more acutely attuned to quorum-sensing signals. 

Margie Mattman, Blackwell’s senior graduate student dedicated 

to studying quorum sensing in pseudomonas, takes me, step by 

step, through the ultrasmall-scale operation she uses to produce 

synthetic quorum-sensing molecules. “We have building blocks 

that we stick together in a very straightforward way,” she tells 

me. “It’s kind of like Legos.” First she pours a resin resembling 

� ne sand into a glass vial. Then she takes off-the-shelf reagents 

from supplies stored in the lab’s fridge (“Instead of weighing out 

grams, we weigh milligrams, sometimes less,” she notes) and dis-

solves them with a solvent. This mixture is added to the resin in the 

vial, and a chemical reaction is stimulated with a microwave. The 

resulting compounds stick to the resin—“hopefully,” Mattman con-

fesses. The solvent gets evaporated, and the remaining material 

is put into solution and through a � ltration process that “washes 

off all the garbage,” yielding a tiny residue (about 20 milligrams) 

of the desired compound. 

“You know you’re an organic chemist,” Mattman says, “when 

all you ever see is white powders.” All the tiny tubes of synthetic 

molecules in the lab indeed seem to contain salt or chalk dust or 

the like. “Some things are a little powdery-er, and you make a note 

of that. Other things are a little more oily or a little � ner.” In the end 

she analyzes the powdered, synthetic, quorum-sensing molecules 

using nuclear magnetic resonance imaging or mass spectrometry 

“to see if we have the molecule we’re actually looking for.” Each 

“Lego” recipe is expected to yield an end product with a speci� c 

molecular weight; the � nal analysis reveals whether the compound 

actually matches that weight. 

Although designing and building test molecules entails “a lot of 

chemical creativity,” Mattman says that the most interesting work 

comes “when we start doing the chemical biology”—introducing 

the synthetic molecules into the living systems. But � rst the bacte-

ria must be induced to grow and incubate until they reach the right 

concentration for such experiments. “You become a slave to the 

bacteria,” she says. “You work when they tell you that you can.” 

An anonymous member of the research team expressed impa-

tience with the lab bacteria by leaving graf� ti on a blackboard: 

“Hey cells, GROW UP!” 

Even the slowest bacteria seem speedy compared with the next 

phase of Blackwell’s research, which entails growing entire green 

plants from seeds. “I love plants, love to garden—absolutely love 

it,” Blackwell says. “The only thing an organic chemist usually 

gets to do with a plant is grind it up, � nd some sort of interesting 

molecule in there, and then try to make it. There would be no con-

nection to how the plant actually uses that molecule in a natural 

context.” But now, after seven years of fundamental research on 

quorum sensing in bacteria, she and her group are starting to 

study the way living plants respond to signals given off by bacteria, 

as well as to synthetic signals brewed in the lab. 

Her plants are Arabidopsis thaliana, or common mustard cress 

—roadside weeds that serve as the plant world’s equivalent of lab 

rats. Here they grow under the care of Andrew Palmer, a biochem-

ist pursuing postdoctoral research with Blackwell. “For hundreds 

of thousands of years as these plants evolved,” he observes, 

“they listened to conversations going on among bacteria. They’ve 

probably � gured out a way to pick up on that.” In fact, his experi-

ments show that the plants do respond to quorum-sensing signal 

compounds isolated from bacteria—whether or not the bacteria 

themselves are present.

Palmer raises arabidopsis in different media for different exper-

imental purposes. The plants grow around the lab in soil-� lled 

� ower pots, on solid substrate in petri dishes, and on pieces of 

paper immersed in nutritional broth inside test 

tubes on racks. 

He holds up a green shoot growing on a 

transparent substrate that has been treated 

with a high concentration of a synthetic com-

pound made in Blackwell’s lab. Compared 

with normal plants nearby, this plant looks 

stunted and seems to have pulled in its roots, 

as though avoiding contact with the compound.

“At � rst I assumed that the compound was toxic,” Palmer says. 

“But I no longer think so. More likely the plant is showing a very 

speci� c response, as though it were growing in soil and then sud-

denly came upon a really loud bacterial conversation. If you’re a 

plant and you can’t discriminate as to whether these are good 

bacteria or bad, it might be a good idea to move your roots to 

some other spot.” 

In a separate study of host-bacterial interactions, Palmer tests 

the power of quorum-sensing molecules by manipulating the 

genes that code for them. He gathers his research materials at the 

farmers’ market near campus, where he buys green beans, car-

rots, and potatoes. He shows me a potato he sterilized and then 

inoculated with bacteria that typically eat potatoes. The � esh at the 

inoculation site has turned “black and gucky,” as Palmer describes 

the effect. At another inoculation site, where he injected a bacterial 

strain he had altered by removing the quorum-sensing gene, the 

healthy white � esh indicates the microbes have lost their appetite 

for potato. A series of such experiments suggests that virulence 

can be tuned—turned on or off, exaggerated or attenuated—by 

modulating the genes for quorum sensing. 

“The great accomplishment of Helen’s group,” Palmer explains, 

“is being able to make these compounds and provide them to 

researchers. Other plant guys I talk to are amazed. ‘You can make

those compounds?’ they say.”

Although none of the synthetic quorum-sensing compounds 

currently under construction in this campus lab are intended for 

human use, they clearly have the potential to be important for 

the treatment and prevention of disease. Blackwell has started a 

small biotech company in Madison with that as her goal—plotting 

a future jump in scale from plants to people.

He gathers his research materials at the 
farmers’ market near campus, where he buys 
green beans, carrots, and potatoes.

Field Notes by Dava Sobel
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Future Tech by David H. Freedman
Tomorrow’s cars may fi nally realize the driver’s great 
dream: a cure for the common traffi c jam.

way? Well, you yourself probably did if you 

activated a location-based service on your 

phone. Your location data are tagged by 

your phone only with a random identi� er, 

not with any personal information—so the 

services know where you are, but in theory 

they don’t know who you are. 

Armed with that swelling ocean of infor-

mation, nav systems are getting better at 

guessing at  traf� c-beating routes, some-

times also taking into account sporting 

events, weather predictions, parades, 

construction, and school vacations. “We 

are already tracking a dozen variables per 

city,” says Bryan Mistele, CEO of Inrix, 

which offers an iPhone navigation app 

that delivers predictive traf� c-avoidance 

of us now drive around carrying cell phones. 

In the past year, traf� c-monitoring services 

have begun tracking the movements of 

mobile phones on roadways. Some 4 mil-

lion phones now report their speed and 

position to Nokia-owned Navteq alone; 

millions more report to other traf� c-data 

services, including Inrix of Kirkland, Wash-

ington, TomTom’s High Definition Traffic 

of Concord, Massachusetts, and Google 

Maps. Since most of today’s cell phones 

can pick up GPS signals, the data they 

generate are highly accurate, typically to 

tens of feet and a few miles per hour. Those 

numbers are sent off in much the same way 

that text messages are, except it happens 

automatically, without your involvement. 

Who would agree to be tracked this 

 F
or millions of drivers, those in-car 

navigation systems inspire something 

close to full-on techno love. Unless, 

of course, you’re one of those people who 

have followed the devices into rivers, onto 

train tracks, down impassable wilderness 

trails, or right into another country. Even if 

you’re not, you should be annoyed that your 

fancy navigation system cannot solve one 

of the great scourges of modern life: traf-

� c delays. A 2007 study showed that in the 

United States alone, drivers spent 4 billion 

human-hours crawling or sitting on the road 

that year; those delays cost nearly $90 bil-

lion in fuel and lost productivity. Feel free to 

put your own dollar value on the aggrava-

tion. I estimate it in the trillions, just for me. 

There is a good reason why you still 

spend all that time parked on the highway. 

Figuring out the shortest route between 

two points is easy to handle for a computer 

(or a sharp 7-year-old with a good map, for 

that matter). Figuring out the fastest route—

the one that will minimize traf� c —is a mon-

ster challenge. Sure, you can get traffic 

updates radioed to your nav system or sent 

to your cell phone, courtesy of traf� c-data 

providers like Navteq, based in Chicago, 

and Clear Channel Radio of San Antonio. 

But by the time you find out that you’re 

headed into a jam, you’re probably already 

stuck. And when you call up an alternate 

route, it may be equally clogged. “Traf� c is 

a very complicated, dynamic system that 

isn’t easy to optimize,” says Jeff Ban, an 

engineer at Rensselaer Polytechnic Insti-

tute who builds computer models of traf� c. 

What’s missing is predictive traf� c routing: 

a system for � nding a path that takes into 

account not just what is happening now but 

how the situation is likely to develop over 

your entire trip, over all possible routes. 

Creating such a system requires assimi-

lating vast troves of historical and real-time 

data on traf� c on all relevant roads—about 

4 million miles’ worth. Only a minuscule frac-

tion of highways are currently monitored. 

“Your nav can be off by multiple factors, tell-

ing you it will be a 20-minute trip when it’s 

really going to take well over an hour,” says 

Quinn Jacobson, an engineer at Nokia’s 

research center in Palo Alto, California. 

But the needed data are � nally � owing in, 

a happy side effect of the fact that nearly all B
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normally faster but riskier directions. That 

sort of capability could come solely from 

nav makers such as Garmin and TomTom, 

or from the traf� c-data service providers like 

Navteq or Google, but it would most likely 

be the result of a combined effort. “Every-

one’s working on risk assessment in route 

planning,” says Alex Bayen, an engineer at 

the University of California at Berkeley who 

studies traf� c � ow.  

It will be a few years before the data and 

computer models are solid enough for reli-

able predictive routing. But in perhaps a 

decade, engineers claim, navigation sys-

tems will start to deliver something even 

better: less traffic. That’s because they 

will be coordinating all the drivers’ move-

ments to optimize overall � ow. As more 

people use navs with two-way communi-

cation, the traf� c-data services will be able 

to take into account not only where the 

traf� c is but also where those nav own-

ers intend to go. With that information in 

hand, the services’ central computers will 

then recommend a customized route to 

each nav so as to spread out the different 

routes over as many roads as possible, 

minimizing delays for everyone. Nokia’s 

Jacobson says that preliminary, informal 

discussions between nav-industry players 

and government agencies about how to 

approach traf� c coordination are already 

under way. “Everyone has an interest in 

helping the public be more ef� cient in their 

journeys,” he says.   

In the shorter term, nav systems may 

start improving traf� c � ow simply by no lon-

ger directing every driver onto the supposed 

fastest route, a simpleminded approach that 

currently funnels everyone heading the same 

way onto the same roads. “Like in the stock 

market, a tip everyone has is not much of a 

tip,” Northwestern University engineer Hani 

Mahmassani says. Instead, each nav might 

randomly choose between the standard 

“fastest” route and several almost-as-fast 

alternatives, spreading out the traf� c � ow. 

That approach would not work as well as 

centrally controlled traf� c distribution driven 

by live data, but it would still cut down on 

congestion—and would do so without the 

need for any coordination among the nav 

systems in all the vehicles. 

The downside is that some of us will not 

always get the absolutely quickest route; 

instead we’ll be making an unwitting sacri-

� ce to the greater good. Feel free to com-

plain directly to your nav. But if it sends 

you into a river, now you’ll know why.

tips. (If you’re using a built-in car nav or 

a portable windshield- mounted version 

instead of a cell phone, you’ll need one 

of the many new models that receive FM 

broadcast traf� c updates to get the same 

bene� t.) Once the service is alerted to an 

accident, Inrix’s app can update your rec-

ommended route based on how previous 

accidents at that site affected traf� c under 

similar conditions. Then it can keep re� n-

ing its recommendations as it observes 

how traf� c is progressing.

Within a few years, travel-monitoring ser-

vices such as Navteq plan to re� ne the pre-

dictive process by turning you into a real-

time, on-the-scene traf� c reporter. If you are 

using a cell phone or one of the high-end, 

dedicated navs that offer two-way com-

munication, you will soon be prompted 

to feed the companies information about 

delays. When you hit your brakes on the 

highway, up pops a window on the screen 

of your nav asking one of several questions: 

Can you see the cause of the holdup? Is it 

an accident? Is it blocking more than one 

lane? Have emergency vehicles arrived? 

The service will route different questions to 

different navs to keep the process simple. 

“Each commuter can supply one piece of 

data,” Navteq senior vice president How-

ard Hayes says. “We don’t want to distract 

anyone with six different questions.” You’ll 

press a button on the screen to answer, 

or perhaps just say “yes” or “no.” That 

response will be zipped to the central com-

puters at the traf� c service, and updated 

predictions will be blasted out to all of the 

companies that rely on the service so that 

the nav systems of cars in the vicinity can 

pick the fastest way around the mess. Call 

it crowdsourced navigation.

And here’s something else your nav 

may soon be asking you: Do you feel lucky 

today? The route most likely to be the fast-

est may also be less predictable than other 

choices, perhaps because it’s an accident 

magnet. Again relying on cell phone and 

roadway data, traf� c services are working 

to identify such risky routes, the ones on 

which travel time has varied wildly in recent 

days or months. When you ask your nav for 

directions, it could ask you when you abso-

lutely must arrive at your destination. If you 

have a tight deadline, it will avoid any routes 

that even occasionally clog badly enough 

to make you late, no matter how fast that 

route is on most days. If you indicate you 

have plenty of time, on the other hand, the 

nav will be free to take a chance on those 
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Vital Signs by Tony Dajer

A healthy young man falls into a coma, but there are few other signs 
that anything else is wrong. Then comes the real surprise.

 T
he woman burst through the emergency room doors shout-

ing: “Where’s my son?” 

“Over here,” I blurted, startled by her entrance. Short and 

wiry, she � ew past the paramedics to her motionless, well-built 

25-year-old. Then, turning to me, she rose on the balls of her feet 

and hissed, “I told those doctors he needed an MRI!” 

“Does he have epilepsy, ma’am?” I asked carefully. “Any type 

of seizure disorder?” 

“He did this once before,” she continued, as if not listening. “Those 

idiots upstate couldn’t tell me what was wrong. Three months ago he 

had this…event. Same as today. They told us to see a neurologist. 

But the damn insurance company wouldn’t approve the MRI.”

Trying to take control of the situation, I pulled aside the lead 

paramedic. “Tell me again—why did you intubate him?” 

“He was comatose,” the burly man in the blue uniform said. 

“Didn’t respond to Narcan,” an antidote to overdoses of opiates, 

like heroin. “Then he started seizing.”

“Full-blown seizures?” I asked.

“Hard to tell,” the paramedic replied, wiping his forehead. “Jerk-

ing his arms back and forth, not breathing well. We decided not 

to wait, so we sedated him—that stopped the seizures—and then 

we put the tube in.”

Comatose patients have a tendency to vomit stomach contents 

into their lungs. A cuffed breathing tube prevents that. “Sounds 

reasonable,” I said. “And when the family called 911, what exactly 

did they say?”

“Mom found him in bed, couldn’t wake him up.”

The young man on the gurney looked utterly peaceful—except for 

the plastic breathing tube arcing out of his mouth. I turned back to 

the mother and asked, “Did he have a CAT scan that � rst time?”

She smirked. “It came out normal.” 

A young woman came over to where we were standing. “I’m 

the sister,” she said.

Seeing a new opportunity for information, I asked, “Any drugs 

that you know of? Medications?”

Mother and daughter’s heads both shook an emphatic no. “He’s 

a good boy. No drinking, no craziness,” Mom cut in.

“He had some friends over last night. They hung out upstairs,” 

the sister added. “Maybe a few beers. Nothing more.”

The young man’s physical exam offered no clues. His vital signs 

were perfect; his pupils were small but reacted well to light; his arms 

and legs barely moved when pinched, but they had good tone, not 

the � accid splay of paralysis. I went down the differential diagnosis. 

Drug overdose? That would have been detected three months earlier, 

the � rst time this happened. Brain bleed or meningitis? Obviously 

these were the nastiest contenders, but my alarm bells weren’t going 

off; coma aside, Doug looked too good. Persistent seizures? He lay 

inert as a statue (although it is possible for a brain to have epileptic 

electrical activity yet cause no visible muscle contractions).

The best clue I had was that this event was a repeat. But a 

repeat of what? Relapsing encephalitis? Narcolepsy? A degen-

erative neuronal disorder? A new form of mad cow disease? I 

imagined the answer buried in some thick tome titled Neurological 

Disorders You Can’t Even Imagine. 

Doug’s mother grabbed my arm. “What is wrong with him?” she 

pleaded, tears now welling up. 

“Don’t worry. We’ll do the tests he needs.”

A CAT scan showed nothing (again). Minutes later, Doug started 

thrashing and breathing quickly, as if the breathing tube were gag-

ging him. Good sign. Was he waking up? I de� ated the cuff and 

pulled the tube. Coughing until he turned red, he tried to sit up, 

popped his eyes open, then fell back. Abruptly he resumed breath-

ing very quickly, stopped for a full minute, then revved up again. 

“Is that Cheyne-Stokes breathing?” the nurse asked me. This 

ragged, stop-and-start breathing pattern—so distinctive it has its 

own eponym—indicates a malfunction in the brain stem’s breath-

ing center. I had seen it most recently in a patient with lupus-

induced brain in� ammation. He had died.  

The toxicology screen came back clean: No alcohol, no Valium, no 

cocaine. And the rest of Doug’s blood work was stone-cold normal. 

Stumped, I phoned a member of the intensive care team. “Twenty-

� ve-year-old man,” I began. “Unexplained coma, maybe seizures. 

Might need a spinal tap. On the positive side, neck’s supple, no fever, 

no white count. Either way, he needs to be in the ICU.”

“OK,” the junior resident said. “But please call our attending. She 

has to approve.” 

Two minutes later I had the attending on the phone. “Sara here.” 

“Sorry to sound so vague,” I said, then recapped the story. 

Silence on the other end. Finally she asked, “Is this kid on GHB?”

“Family denies drugs,” I said, instantly hearing how weak that 

sounded. “Idiot!” I thought to myself. “I’ll call you back,” I answered 

aloud. I wanted to slam down the receiver.

I cornered mom and sister. “Sorry, but we have to know this: Did 

Doug do GHB last night?”

Mom did a double take: “What?” But a look � itted across the 

sister’s face. C
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Enough said.

“. . . may be the next best thing 

to living in a country.”

“. . . cries of ‘magnifi que’ or

‘wunderbar’ from the experts.”
Associated Press

February 2009

“The gold standard of 

computer-based language learning . . .”
CNN

October 2009

The Wall Street Journal
August 2009
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“Please ask his friends speci� cally. Tell them it’s life-or-death.”

Gamma hydroxybutyrate (commonly called G, liquid ecstasy, 

Georgia home boy, or cherry meth) is to rave parties of the new 

millennium what cocaine was to Wall Street of the 1980s. A natural 

brain neurotransmitter, GHB is a stimulant in small doses. Take 

an extra hit and it is said to bring on a warm, dreamy feeling, with 

some sexual arousal thrown in for good measure. As a recreational 

drug, it enhances the hypnotic, techno-music-driven, quivering 

state that de� nes rave parties.

The catch? At higher concentrations GHB binds to the GABA 

brain receptors, just as Valium does. This interaction produces 

GHB’s signature effect: lights out, like walking into a Mike Tyson 

uppercut. Worse, GHB’s dose effect is wildly unpredictable. A tad 

too much and you can go from life of the party to 911 emergency. 

(GHB was used as an anesthetic in the 1960s but was discontin-

ued precisely because dosing was so touchy.) Little wonder that it 

has become a leading cause of drug-induced coma and ranks sec-

ond among all illegal drugs in requiring emergency consultations. 

Throw in alcohol—which competes for the same liver enzymes 

that metabolize GHB—and the duration and severity of the drug’s 

effects zoom off the charts. 

Side effects of GHB overdose run the gamut from vomiting, 

muscle spasms, and seizures to slow heart rate and cardiac arrest. 

Since its rise in popularity in the 1990s, GHB has killed hundreds. 

And it is highly addictive: Some abusers need a hit every two hours. 

Withdrawal after chronic use is particularly nasty. Delirium and life-

threatening agitation can � are for weeks after GHB is stopped.

GHB has also gained notoriety as the “date-rape drug.” An 

odorless, colorless liquid easily masked by a cocktail, it is quickly 

metabolized and not detectable in routine blood and urine tests. 

A specialized lab might pick it up, but only by analyzing an imme-

diately obtained urine sample. GHB doesn’t even have to knock a 

victim out. At a sub-KO dose it can induce amnesia, arousal, and 

a passive, compliant state of mind. 

The sister returned. “The friends fessed up,” she said with a 

brisk, grim nod. “They did some GHB last night.” 

Mom just stared. Then her shoulders sagged. 

I called Sara back. “Bingo. And thanks for turning my brain back 

on. That ‘second episode’ malarkey had me going.”

“You’re welcome,” she replied graciously. “My husband’s a cop. 

He’s seen a lot of it lately.”

I turned back to the family. The � ght with the insurance company 

over getting an MRI? The kid watching his mom go to the mat for 

him—for a lie? Then doing it all over again?

I raised my eyebrows at the sister. Her gaze went opaque. Who 

knew what went on here? I wondered. 

The good news was that Doug didn’t display any signs of chronic 

GHB use, and once this dose of the drug was out of his system, 

he would be none the worse for wear.

“He should wake up in a few hours,” I reassured his mother. 

“He’ll be OK.” 

“No he won’t,” she muttered, her voice � erce again.

Tony Dajer is chairman of the department of emergency medicine at 

New York Downtown Hospital in Manhattan. The cases described in Vital 

Signs are real, but names and certain details have been changed.
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Test of the launch abort system for NASA’s orphaned Orion spacecraft.
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golden arc, an American � ag, and a 

NASA logo. The big ship is so odd 

that when Sirangelo nears, a tanned 

pilot at one of the copters drops what 

he’s doing and jogs over to ask what 

the heck it is. “It’s a spacecraft,” Sir-

angelo replies with an evasive smile. 

As that smile hints, his answer is 

truthful but wildly incomplete. The 

Dream Chaser is the creation of the 

Sierra Nevada Corp., an electronic 

systems manufacturer in Sparks, 

Nevada. For more than 20 years, the 

company’s space exploration depart-

ment has helped build technologies 

ranging from handheld rocket motors 

to communication satellites. Under 

the guidance of Sirangelo, it is now 

taking on a far more ambitious proj-

ect. By 2014 the Dream Chaser could 

make its � rst orbital � ight, and shortly 

thereafter it could be routinely ferry-

ing up to seven people into low Earth 

orbit—on a visit to the International 

Space Station, for instance. 

That is where the NASA logo on the 

side of the ship comes in. The Dream 

Chaser is the most tangible product 

of the space agency’s controversial 

new mission: privatizing space explo-

ration. Ever since its birth in 1958, 

NASA has been synonymous with 

America’s manned space program, 

from the triumphs of the Apollo mis-

sions to the disasters of the space 

shuttles Challenger and Columbia. 

That all changed in February, when 

President Obama proposed an end 

to the $100 billion Constellation pro-

gram, whose goal was to create the 

spacecraft and rockets needed to 

take humans back to the moon and 

beyond. With the space shuttle pro-

gram already slated to wind down by 

early 2011, NASA will soon have no 

ability to send humans into space on 

its own. Instead, it is turning to entre-

preneurs like Sirangelo to do the job. 

To stimulate the nascent private 

space industry, Obama has requested 

that $6 billion of NASA’s budget over 

the next � ve years be directed to space 

tech development. Earlier this year, 

Charles Bolden, NASA’s administrator, 

put a small but symbolically signi� cant 

bet on the table, awarding $50 million 

from the American Recovery and Rein-

vestment Act of 2009 (better known as 

the stimulus act) to private spacecraft 

developers, whom he called “the faces 

of the new frontier.” These faces run 

from established players like Boeing 

to brash start-ups like Blue Origin, 

launched by Amazon.com founder Jeff 

Bezos. Sierra Nevada was a big win-

ner, receiving $20 million for the Dream 

Chaser project. The Obama plan is to 

create a diverse industry of taxi � eets 

that will transport cargo and crew to 

low Earth orbit, both for NASA and for 

commercial enterprises such as satel-

lite companies or space tourism. 

The administration’s move has 

sparked a battle not just for contracts 

but for the soul of the space program. 

NASA sees privatization as crucial 

to addressing the chronic mismatch 

between the agency’s grand plans and 

its modest budget. “At NASA we need 

to focus our resources and priorities on 

conquering the hardest challenges in 

space—moving on to the moon, Mars, 

and the rest of the solar system,” says 

Alan Lindenmoyer, Commercial Crew 

and Cargo program manager at the 

Johnson Space Center in Houston. 

“This is a great opportunity to count 

on the skills of American ingenuity to 

here is a bright blue sky over Denver, and Mark Sirangelo is eager to � y. 

A 50-year-old engineer with short black hair, a buttoned gray shirt, and dark slacks, 

Sirangelo strides into a small hangar just outside downtown. A few helicopters 

wait inside, including a cherry-red one that looks like something out of a giant Lego 

set. ¶ But Sirangelo has not come for any of these. He heads to a strange, white-

and-black ship parked in the corner, one that looks like a giant prop from a 

science � ction movie. Measuring about 30 feet long by 20 feet wide, it has 

two sweeping wings near the back and a wide, curving window over the nose. 

The words “Dream Chaser” are printed on the side in sky blue near a
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take on the task of routine access.” 

But many politicians and pundits do 

not trust that private companies can 

get the job done safely and effectively. 

Their concerns range from the tech-

nological challenges to the economics 

of putting people into space: If NASA 

downsizes, where will the money come 

from to � nance the development of a 

whole new industry? And if other cus-

tomers do not materialize, can NASA 

alone keep that industry a� oat? The 

attacks have been especially swift and 

sharp from senators Barbara Mikulski 

(D-MD) and Richard Shelby (R-AL), 

who represent states that currently get 

substantial NASA investment, as well 

as from former Apollo astronauts Neil 

Armstrong and Eugene Cernan. Arm-

strong called the Constellation cancel-

lation “devastating.” More surprising, 

even major aerospace companies 

have expressed doubt. John Karas, 

vice president and general manager 

of human spaceflight at Lockheed 

Martin, recently declared, “I don’t think 

there is a business case for us.” 

“I don’t believe this was the right 

way to go at this time, as it places an 

incredible amount of pressure on pri-

vate companies,” says Scott Pace, 

director of the Space Policy Institute 

at George Washington University in 

Washington, D.C. “They say they’re 

up to it, and I hope they are, but gov-

ernment policy should not be so reli-

ant on private business plans.” 

And yet Sirangelo continues to 

smile. He is not worried about the 

pressure to succeed. From his point 

of view, he is already doing it. 

Sirangelo’s dream began 

in 2004, when President George W. 

Bush announced that NASA would 

be phasing out the space shuttle pro-

gram at the end of the decade. In that 

plan, however, the next-generation 

rockets and space capsules (which 

evolved into the Constellation pro-

gram) would not be ready until 2015. 

The gap meant that the United States 

would soon—for the � rst time in three 

decades—have no spacecraft that 

could move people and cargo into 

Earth orbit. Relying solely on Russian 

Soyuz spacecraft to � y Americans to 

the International Space Station would 

be expensive—and tenuous, should 

relations with Russia ice over. “We all 

knew the shuttle would stop flying, 

but what wasn’t clear was the solu-

tion,” Sirangelo says.

Sirangelo, who began his aeronauti-

cal journey as a crop duster, spent a 

year combing for answers. Then he 

found a file buried in NASA’s public 

records. In the early 1980s, he read, 

an Australian pilot spotted something 

unusual � oating in the Indian Ocean. 

The pilot snapped a few photos, which 

revealed a Russian trawler hoisting a 

small, futuristic craft out of the water. 

The grainy black-and-white pictures 

eventually wound up in the United 

States, where officials knew exactly 

what it was: the BOR-4. 

BOR is a Russian acronym for unpi-

loted orbital rocket plane; the Russians 

built the experimental craft in response 

to the then new U.S. space shuttle 

program. In a bit of one-upmanship, 

NASA’s Langley Research Center in 

turn began developing the HL-20, 

a craft that could take off and land 

horizontally and reach low Earth orbit. 

Such vehicles, capable of making mul-

tiple � ights, are called reusable lifting 

bodies (a lifting body being a craft that 

generates lift from its fuselage rather 

than from wings). “NASA was looking 

at the HL-20 as a candidate for a crew 

rescue vehicle,” Lindenmoyer says. 

“At one point we considered it a pos-

sible replacement of the shuttle.” 

This idea was shelved after nearly 

10 years of development, and NASA 

agreed to use the Russian Soyuz cap-

sule as the rescue vehicle for the space 

station . But now, reviewing NASA’s 

records, Sirangelo thought that the 

HL-20’s time had come. In addition to 

having the reusability and features of 

a small space shuttle, the craft already 

had two decades  of research and 

development behind it. Moreover, the 

HL-20 was able to move quickly from 

orbit to a gentle touchdown, mean-

ing that it should be both inexpensive 

and flexible. Sirangelo saw that he 

could create a new design, inspired 

by NASA’s innovations of the past but 

built for the private future. 

He needed a name, and that came 

to him quickly: the Dream Chaser. “We 

were chasing our dreams,” he says. 

“What we’re trying to do is manifest 

for ourselves that it is possible to do 

something like this. You don’t have 

to be a major global corporation. A 

group of talented people working hard 

and using creativity could follow their 

dream and make this work out.”

Painfully aware of the looming break 

in America’s space capabilities, NASA 

had already begun making plans 

to seed the commercial spaceflight 

business. In 2006 it ran a $500 million 

competition to develop cargo trans-

port solutions for servicing the Inter-

national Space Station. The station 

would need supplies, and NASA was 

laying the groundwork for a new 

way of moving cargo and crew. 

This was Sirangelo’s chance to 

make a case for his lifting-body 

design. He advanced to the 

semi� nals, along with � ve other 

notable private contractors, including M
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entrepreneur Elon Musk’s SpaceX.

The Dream Chaser ultimately lost 

the award to SpaceX and an Oklahoma 

City–based company called Rocket-

plane Kistler, which in turn lost its con-

tract after failing to meet NASA’s per-

formance milestones. Rocketplane’s 

failure underscores how ambitious 

companies can get eaten alive by the 

dif� culty of commercial space� ight. 

“At that point people said, ‘You’re 

silly for keeping this going; it’s never 

going to happen,’ ” Sirangelo recalls. 

The expectation was that NASA would 

keep the space cargo business for 

itself. But the commercial industry 

continued to push for new opportu-

nities, urging Congress and NASA to 

pursue another competition, this one 

for crew transportation to the Interna-

tional Space Station. Last year nearly 

40 commercial teams competed for a 

piece of the $50 million prize. The $20 

million awarded to Sierra Nevada’s 

Dream Chaser design was the single 

biggest chunk of the money, a big 

validation of Sirangelo’s vision. It was 

time to build.  

Every new astronaut expe-

riences The Moment, and Jim Voss 

will never forget his. It was November 

1991, and the veteran NASA engi-

neer was aboard the Atlantis shuttle 

to deploy a defense satellite and 

conduct experiments. The crew had 

gotten into orbit, and Voss was busy 

going through his prepared routine. 

Just as he was � oating up to the 

� ight deck, he happened to glance 

out the window and—bam!—he saw 

it: this huge and incredible bright blue 

planet against the blackness, Earth. 

Voss froze. “It just grabbed me,” he 

says. “I watched it go by for I don’t 

know how long. I had dreamed about 

doing that for so long. And now I 

want to keep that dream alive.”

When Voss, now the vice presi-

dent of space exploration systems at 

Sierra Nevada and program executive 

of the Dream Chaser, tells this story, 

it’s not just a former astronaut getting 

misty. It illustrates what people are 

really talking about when they dis-

cuss the future of NASA: the majestic 

promise of space� ight, and who gets 

to fulfill it. In the past, people took 

comfort (rightly or not) in thinking that 

NASA had everything under its own 

control. But the government is not 

in the space business by itself any-

more. NASA’s reliance on commercial 

industry means that the agency can-

not get to the � nish line alone, or even 

just with the Russians. Instead it must 

work with the private developers to 

maintain both integrity and safety. 

This requires people like Sirangelo 

—who chairs the Commercial Space-

� ight Federation, the industry’s asso-

ciation—to be part engineer, part 

salesman. The $50 million in seed 

money from NASA is just the first 

step. “It’s a kick-start, some level of 

guarantee of usage,” says Voss, who 

compares this stage of private space-

� ight to the early days of the aviation 

industry. “No one knows what the 

regulations will be. No one knows 

what the rules will be. It’s not that 

we haven’t been to space, it’s just all 

been government controlled.”

So far NASA is hedging its bets, 

spreading out money to a variety of 

companies, each of which is creating 

a different kind of vehicle or program. 

The Dream Chaser is the only lifting 

body design in the competition to 

build a new crew vehicle. But there are 

six other companies in the mix. One 

notable is SpaceX, which is pursuing a 

capsule design somewhat like the one 

that carried the Apollo astronauts. 

Before any of that private hardware 

takes � ight, NASA and its new corpo-

rate partners must address the biggest 

issue: keeping the next generation of 

astronauts safe. Although there have 

been a handful of fatalities involving the 

Soyuz (most recently in 1971), it comes 

with a � ight heritage of more than 100 

successful missions. As Scott Pace 

puts it, “That heritage doesn’t yet exist 

with these commercial � rms.” Texas 

congressman Pete Olson, the ranking 

Republican on the House Space and 

Aeronautics Subcommittee, echoes 

this refrain. “NASA has to prove, 

before we put a human in it, that it has 

a vehicle that’s safe and reliable,” he 

says. “We have to give the astronaut 

the ultimate chance to come home.”

NASA expresses con� dence that 

commercial companies are up to the 

job. “We expect them to be as safe as 

anything we’d build and � y ourselves,” 

Lindenmoyer says. “Before you put a 

human being, certainly a NASA crew 

member, on board, you have to have 

met those standards for safety.” The 

companies will manage their own 

designs, he notes, but they are not 

getting paid in advance. In order to 

receive money from NASA, they have 

to meet various milestones. 

“NASA is not abandoning its role,” 

Sirangelo says. “It’s our boss. Safety 

standards have to be met. The notion 

that our vehicle would be less safe 

because it’s coming from a commer-

cial company is ludicrous.” He par-

ticularly bristles at the idea that his 

company is untested: “The idea that 

we are start-up people in a garage 

is just not true. We are a qualified 

space company with a long history. 

The only difference is the approach 

to the work being done.” 

President Obama made a similar 

point in a speech at the Kennedy 

Space Center last April 15. “Now, I 

recognize that some have said it is 

unfeasible or unwise to work with the 

private sector in this way,” he said. 

“I disagree. The truth is, NASA has 

always relied on private industry to 

help design and build the vehicles 

that carry astronauts to space, from 

the Mercury capsule that carried 

John Glenn into orbit nearly 50 years 

ago to the space shuttle Discovery

currently orbiting overhead.” 

Indeed, companies like Sierra 

Ne vada have been developing space-

craft and satellites for NASA for 

decades. But the nature of that rela-

The idea that we are 

start-up people in a garage 

is just not true. We are a 

qualifi ed space company 

with a long history.

“

“
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tionship is fundamentally changing. In 

the past NASA was calling the shots: 

overseeing the design of a system, 

then owning and operating it once all 

the parts were complete. Now the roles 

have changed, with NASA assuming 

the position of a vested buyer. 

“This is a partnership, with NASA as 

the lead investor and the company 

as the owner and operator of these 

systems,” Lindenmoyer says. “We’re 

not providing the specifications for 

designing these systems. What we are 

providing is a set of goals and objec-

tives. We’re saying, ‘Hey, we’re a very 

interested customer, but we’re not try-

ing to stimulate a system that’s good 

only for government use. We want to 

see systems that are cost effective, 

that can open new markets for space, 

and that are good for the economy.”

T he Dream Chaser is being 

engineered inside a sprawling set of 

warehouses in an industrial park in 

Louisville, Colorado, just off winding 

roads lined with handsome suburban 

homes. This is one of the 35 locations 

of Sierra Nevada, which has more 

than 2,000 employees and annual 

revenue in excess of $1 billion.

The company has been a huge but 

relatively quiet player in space explo-

ration. It helped build the Mars Path-

� nder, as a signed poster of the space-

craft attests. Sierra Nevada boasts that 

its technology has been to Mars more 

times than any other company’s. Over-

all it has participated in more than 300 

space missions, providing everything 

from Internet-controlled microsatel-

lites to hybrid propulsion systems and 

space vehicles. The company even 

created the hybrid rocket system that 

put the � rst private spacecraft, Space-

ShipOne, into outer space  in 2004.

A wall-mounted display in the lob-

by holds several rows of champagne 

corks, each one popped after a suc-

cessful Sierra Nevada mission. They 

ran out of room many years ago. There 

are several American � ags decorating 

the facility. Guys with ponytails and 

Harley-Davidson T-shirts test equip-

ment in big machines named whim-

sically after famous musicians: Elvis, 

While NASA’s plans hang in 

limbo, the U.S. Air Force is 

pursuing a new space initiative 

of its own. In April it launched 

the X-37B, an unmanned, reus-

able space plane. The aim of 

the X-37B project is secret, and 

the Air Force’s grander inten-

tions remain cloaked, but some 

details are leaking out.

Brian Weeden, technical 

adviser to the Secure World 

Foundation (a space-develop-

ment think tank), says the 

available information shows 

that the X-37B is not equipped 

for any sort of offensive role. 

And at 29 feet long, it is not big 

enough to carry missiles or 

retrieve a military satellite, 

either. Surveillance is the X-

37B’s most likely task, and the 

plane’s trajectory—confi rmed 

when amateur astronomers 

spotted it in a moderately 

inclined, 40-degree orbit in 

May—supports that view.

Those sightings “dismissed 

the idea that the U.S. military 

was developing technology 

to put something into orbit 

undetected,” Weeden notes. 

The X-37 actually began as 

a possible next-generation 

space shuttle, but NASA 

abandoned the project; the 

Air Force took control in 2006. 

Now the military and civilian 

space programs seem headed 

in different directions. Weeden, 

who used to work for the Air 

Force, says NASA must forge 

ahead with manned space-

fl ight, but the Air Force does 

not need a human presence for 

its purposes, such as scouting 

and reconnaissance. “Having 

people up there is just a prob-

lem,” he says. And for obvious 

reasons the Air Force is not 

prepared to turn over its launch 

capabilities to private fi rms. 

“The U.S. does not have 

an overall space strategy,” 

Weeden says. Then again, the 

last attempt to coordinate led 

to the painful compromises of 

the outgoing space shuttle—

so that might not be such a 

bad thing. ANDREW MOSEMAN

Meanwhile, on the Dark Side...
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The X-37 is readied for tests to verify its structural integrity during its earlier, NASA incarnation.
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Ray Charles. But there is no sight of 

the Dream Chaser amid the satellite 

parts. The only clue is in the far back, 

where four tall, makeshift walls of 

beige curtains shroud the work from 

prying eyes.  “This is a competitive 

business,” Sirangelo explains.

In fact, until this interview with 

DISCOVER, Sierra Nevada has kept 

its plans largely under wraps. Other 

competitors building rockets and 

capsules, like Blue Origin, are likewise 

remaining quiet about their prospects. 

With future funding at stake, no com-

pany wants the others to know what it 

is doing. But as the competitors work 

on proprietary technology and design, 

they also recognize the need to begin 

publicly addressing safety concerns. 

“The technology challenges for a 

lifting body are probably a bit greater 

than for a capsule,” says Ken Bower-

sox, a former astronaut now working 

for SpaceX. “If you get in a situation 

where you have trouble controlling atti-

tude, where your vehicle goes upside 

down and the wings pull you down into 

thicker air sooner—which can cause 

the vehicle to be overloaded—that’s 

what I worry about with wings.” 

The Dream Chaser team touts the 

craft’s advantages: its reusability, its 

horizontal landings (as opposed to 

the Soyuz-style parachute landings 

for a space capsule), and the reliabil-

ity of the Atlas V rocket booster that 
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The planned end of NASA’s 

Constellation program—after 

fi ve years and nearly $10 

billion—does not mean that all 

of its pieces will head for the 

junkyard. President Obama has proposed that the Orion capsule, which would have 

carried crews to the International Space Station and to the moon, should stay on as 

the space station’s lifeboat, replacing Russia’s aging Soyuz capsule. The prognosis is 

foggier for the two new planned rockets, Ares I and Ares V, according to Scott Pace, 

director of George Washington University’s Space Policy Institute. The rockets have 

no future without Constellation. But NASA would be crazy to start new projects from 

scratch, he adds. Avionics, guidance, abort systems, and other basics from Ares could 

be repackaged, “even if the overall system looks quite different,” he says. The Con-

stellation program’s dreamier proposals are not likely to see the light of day. Altair, the 

planned lunar lander, will be shelved, never having reached the hardware stage, Pace 

says. But there are solid pieces of research within Constellation that would be smart 

to save, such as the development of updated pressure suits. The space shuttle–era 

suits are bulky and ill equipped for other missions. As for the space shuttles, they will 

need a good home once their fi nal missions are completed. If you have an air and 

space museum and $30 million to spare, give NASA a call.  ANDREW MOSEMAN

will put it into orbit. 

Getting from a prototype in Louis-

ville to a � eet of Dream Chasers shut-

tling astronauts into space will depend 

on achieving what Lindenmoyer calls 

“a pre-negotiated set of milestones.” 

In other words, once each of the pro-

spective crew vehicles passes certain 

� ight and safety tests, the companies 

will get more money, an arrangement 

called pay-for-performance. “It’s cer-

tainly very motivating,” Lindenmoyer 

says. “We’re working right now to take 

NASA’s 50 years of human space� ight 

and consolidate that experience into 

documentation that can be used by 

these commercial companies.” There 

will not be only one winning compa-

ny; several can receive more funding 

under the plan. 

Each private space� ight project will 

have a project executive, a primary 

point of contact between NASA and 

the private company. That person will 

be assisted by administrators, includ-

ing a lead engineer and a team of tech-

nical advisers. These advisers will have 

the ability to reach out across NASA’s 

of� ces for expertise. How many full-

time project executives are involved 

in this hugely important task? Thou-

sands? Hundreds?  In fact, about 24. 

Because this sort of relationship 

between NASA and the commercial 

sector is still new, there are no precise 

existing standards to apply to the work. 

In particular, agency planners have 

not yet set speci� c quality guidelines . 

“They have not published documents 

for vehicles to be human-rated,” Con-

gressman Olson says. “NASA hasn’t 

told them what they need to do. NASA 

says, ‘Oh yeah, we’re getting on it.’ ” 

To start � ying humans into space, 

Sierra Nevada (or any other private 

firm) will have to reach many mile-

stones in development, testing, and 

� nancing. Not only do the companies 

need to pass NASA’s safety stan-

dards with unproved spacecraft, but 

they must train astronauts on the new 

equipment as well. Even the most 

optimistic estimates suggest it will be 

three to � ve years before a commercial 

vehicle is ready to reach the Interna-

tional Space Station. In other words, 

the United States faces the exact 

same gap in space access that got 

Sirangelo motivated to begin develop-

ing the Dream Chaser � ve years ago. 

“The shuttle will stop � ying next year, 

and we’re not going to have a human-

rated vehicle to take to station. That 

problem is our fault,” Olson admits. 

The problem could get worse. If the 

commercial companies cannot deliver 

the vehicles on the anticipated sched-

ule, NASA will have no back-up other 

than the Soyuz. Even Voss questions 

the timing of NASA’s sudden conver-

Recycling the 
Old NASA

Space shuttle Endeavour rolls out for one of its last 

fl ights from NASA’s Kennedy Space Center.

CONTINUED ON PAGE 76
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Language not only defines us as a  
species, but it also intrigues us with 
its endless mysteries. How did differ-

ent languages come to be? Why isn’t there 
just a single language? How does a language 
change, and when it does, is that change 
indicative of decay or growth? How do lan-
guages become extinct?

Professor John McWhorter, one of 
Am erica’s leading linguists and a frequent 
com mentator on network television and 
Na tion al Public Radio, is your guide in this 
36-lecture tour for The Story of Human 
Language. He shows how a single tongue 
spoken 150,000 years ago evolved into the 
estimated 6,000 lang u ages used around the 
world today. Ex plore some of the burning 
issues in con temporary linguistics. 

•	 Noam	 Chomsky	 has	 famously	 ar	gued	
that the ability to use language is innate-
ly specified in the human brain. What 
is the evidence for and against this 
hypothesis? 

•	 You	may	have	read	that	words	from	the	
world’s first language have been recon-
structed. What is the reason for this 
work, and what are the objections to it?

Many of us have encountered what 
may be the most enticing idea of modern  
linguistics: Language determines the way 
we perceive the world. But is this really 
true? Then there is the Ebonics debate from 
the mid-1990s, which focused attention on 
Black English. What is the nature of this 
dialect, and where did it originate?

This course will teach you how linguists 
think, and you’ll be richly rewarded in 
investigating the origin and evolution of the 
marvelous gift of speech. 

About Your Professor
Dr. John McWhorter, Ph.D., is Senior 

Fellow at the Man hattan Institute. An 
accomplished scholar, he is also a skilled 
popularizer, whose book The Power of 

Babel was called “startling, provocative, and 
remarkably entertain ing” by the San Diego 
Union-Tribune. The London Times calls him 
“a born teacher.”

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

fessors 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. What Is Language? 
2. When Language Began 
3.	 How	Language	Changes— 
	 Sound	Change	
4.	 How	Language	Changes—Building
 New Material 
5.	 How	Language	Changes— 
 Meaning and Order 
6.	 How	Language	Changes— 
 Many Directions 
7.	 How	Language	Changes— 
 Modern English 
8.	 Language	Families—Indo-European	
9.	 Language	Families— 
 Tracing Indo-European 

10.	Language	Families— 
 Diversity of Structures 
11.	Language	Families—Clues	to	the	Past	
12.	The	Case	Against	the	World’s	 
 First Language 
13.	The	Case	For	the	World’s	 
 First Language 
14.	Dialects—Subspecies	of	Species	
15.	Dialects—Where	Do	You	Draw	 
 the Line? 
16.	Dialects—Two	Tongues	in	One	Mouth	
17.	Dialects—The	Standard	as	Token	 
 of the Past 
18.	Dialects—Spoken	Style,	Written	Style	
19.	Dialects—The	Fallacy	of	Blackboard
 Grammar 
20.	Language	Mixture—Words	
21.	Language	Mixture—Grammar	
22.	Language	Mixture—Language	Areas	
23. Language Develops Beyond the  
	 Call	of	Duty
24. Language Interrupted 
25. A New Perspective on the Story  
 of English 
26.	Does	Culture	Drive	Language	Change?	
27.	Language	Starts	Over—Pidgins	
28.	Language	Starts	Over—Creoles	I	
29.	Language	Starts	Over—Creoles	II	
30.	Language	Starts	Over—Signs	of	 
 the New 
31.	Language	Starts	Over— 
	 The	Creole	Continuum	
32. What Is Black English? 
33.	Language	Death—The	Problem	
34.	Language	Death—Prognosis	
35. Artificial Languages 
36.	Finale—Master	Class

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 im mediately:  
99% of all orders placed by 2 pm east-
ern time ship that same day. Order before 
October 8, 2010, to receive these savings.

150,000 Years Ago, Humans Started Talking  
and Language Has Been Changing Ever Since

Explore The Story of Human Language  
in a 36-lecture Course Taught By One of America’s Leading Linguists
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 plus $15 shipping, processing, and Lifetime Satisfaction Guarantee
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 plus $10 shipping, processing, and Lifetime Satisfaction Guarantee
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DRILLING
As the demand for oil surges, companies push farther under 
the ocean, fi nding a wealth of crude. Can we safely drill through miles 
of water, rock, and salt without another terrible blowout? 
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Marcos Bueno de Moraes still recalls those tense days of drilling. Geophysicists at his firm, the Brazilian oil company 

Petrobras, had used a novel 3-D seismic technology to probe for oil trapped underneath the seafloor, 180 miles off 

the coast of southeastern Brazil. It was the mid-2000s, oil prices were just beginning to recover after dragging bot-

tom for more than a decade, and cost cutting was still gospel in the petroleum industry. But with preliminary sound-

ings pointing to a massive cache of crude, the corporate brass overruled the bean counters and took their biggest 

gamble yet: prospecting four and a half miles beneath the surface of the Atlantic. ¶ From his desk in the company’s 

concrete-block of� ce tower in downtown Rio de Janeiro, Bueno, an exploration geophysicist, was tasked with interpret-

ing seismic data streaming in from a battleship-gray exploration 

vessel moored in the open seas, more than an hour’s helicopter 

� ight away. There, discovery crews working day and night had 

lowered a drill rig through 7,200 feet of water and were trying to 

break through another one, two, maybe three miles of sand, rock, 

and a massive crust of prehistoric rock salt to what might—or 

might not—be a major deposit of “pre-salt” oil below.

Although the potential payoff was huge, the risks were enor-

mous too. In the wake of the BP blowout in the Gulf of Mexico, 

we now know just how enormous, but even then the perils of 

going after oil in ultradeep water were no secret to prospectors. 

Water pressure at those depths is more than 200 times that of the 

atmosphere at the surface , and no one knew what all the heat, 

gas, and salt below the sea� oor might do to the drilling equip-

ment. “If the pressure was too great and the right precautions not 

taken, the well could have blown and even set the drill platform 

on � re,” Bueno recalls. After more than a year of drilling, they had 

hit nothing. “I remember it was on a Friday that we had to decide: 

Do we scrap the whole experiment or keep going?” 

Today, with crude oil still hemorrhaging from the � oor of the 

Gulf of Mexico, � sh and seabirds marinating in black sludge, and 

Big Oil on the public pillory, the notion of gouging the deep ocean 

� oor for fossil fuels seems reckless, if not criminal. Yet Petrobras’s 

gambit in the high Atlantic is a striking example of how far oil 

companies are willing to go in these days of energy uncertainty 

to tap the earth’s dwindling reserves of oil. Explosive growth in 

the world’s emerging economies has lit up patches of the map 

that barely � ickered a few decades ago, jacking up the demand 

for power and straining known oil reserves to the limit. India and 

China will consume 28 percent of global energy by 2030, triple 

the juice they required in 1990, according to the U.S. Department 

of Energy. China is set to overtake the United States in energy 

consumption by 2015. And as the global recession seems to ease, 

oil demand is racing upward.

The result is a scramble for new sources of crude in seemingly 

impossible places. The hunt for extreme oil proceeds apace in 

the ultradeep waters off the coasts of Ghana and Nigeria, in the 

sulfur-laden depths of the Black Sea, under the polar ice caps, 

and in the gummy tar sands of Venezuela’s Orinoco Basin and 

Canada’s McMurray Formation (see page 16). The Gulf debacle 

has shaken national governments, but it has hardly deterred them. 

Mexico is taking advantage of the fallout from the disaster next 

door—and the suspension of cross-border prospecting—to buy 

time for its national oil company, Pemex, which plans to beef up 

its own deepwater capabilities. A month after Deepwater Horizon 

exploded, the Australian government reaf� rmed its commitment 

to ocean drilling, putting 31 offshore blocks up for bidding, 17 of 

The oil rig FPSO BW Cidade

de São Vicente operating

the Tupi Extended Well Test. 
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them in deep waters. While pundits and 

regulators issue encomiums to safety, the 

most noticeable shifts in the “post BP” oil 

industry are a fat discount on rental rates 

for offshore platforms no longer needed in 

the Gulf and the exodus of idled rigs head-

ing to other waters.

 I
f there are second thoughts in the 

penthouse at Petrobras, they are 

dif� cult to detect. The company dis-

patched its troubleshooters to aid BP 

in the Gulf, and the Brazilian regulator 

(the National Petroleum Agency) has 

ordered companies to review their inspec-

tion and safety procedures for offshore 

operations. But Petrobras, the eighth-

largest company in market value in the 

world, has shown no signs of altering its 

drilling calendar, and as of early summer it 

was on schedule to hold what could be an 

$80 billion–plus public stock offering this 

fall, which could prove to be one of the 

world’s biggest stock issues. 

Such exuberance might seem odd. Petro-

bras’s new � nd lies more than three times far-

ther from shore than BP’s ruptured Macon-

do well, and beneath 7,200 feet of ocean 

compared with the 5,000 feet of water at 

the BP blowout site. But the engineering 

feats needed to get at the oil below the salt 

layer have stoked Brazilian national pride. 

“So much hope has been deposited in the 

new pre-salt oil as a source of revenue to 

alleviate � scal accounts, to � nance edu-

cation and health, and to leap Brazil into 

a new cycle of investment and growth,” 

says Christopher Garman, a Latin America 

analyst for the Eurasia Group, a � rm that 

evaluates risk. “The only political � ght in 

Brazil is over how to spend its future oil 

bounty and who gets the lion’s share.”

Petrobras has had its own accidents 

along the way, including the 2001 explosion 

and sinking of P-36, then the world’s larg-

est � oating oil platform. The incident took 

11 lives and spilled thousands of barrels 

of crude oil into the Atlantic. After taking 

a beating in public and in the courts, the 

company overhauled its safety measures, 

automating much of the drilling operation 

and lowering its accident rate. Petrobras 

now says it has been fetching more oil from 

deep down than any other company. (It 

currently controls nearly a quarter of global 

deepwater operations.) As the search for 

extreme oil pushes geophysicists and 

engineers to the limits of their capabilities, 

Petrobras is in the vanguard. 

And so Bueno and his team kept drilling. 

In late 2006, after 14 months and $240 mil-

lion in expenditures, Petrobras found its oil. 

The test well’s of� cial name was RJS-628, 

and the area was dubbed Tupi after the Tupi-

Guarani Indians, some of Brazil’s original 

inhabitants. That well was a game changer. 

Subsequent tests pointed to 5 billion to 

8 billion barrels of crude oil at Tupi alone, 

the largest � nd since the massive Kashagan 

� eld in 2000 in Kazakhstan. Now Brazilian 

of� cials speak of 50 billion barrels or more 

lying below the salt: a 160-million-year-old 

empire of hydrocarbons, comparable in vol-

ume to the great oil � elds of Saudi Arabia and 

Kuwait, spread below an expanse of ocean 

half the size of Italy—all suddenly within 

reach. President Luiz Inácio Lula da Silva 

called it Brazil’s “winning lottery ticket” and 

later � ew out to a platform ship to symboli-

cally inaugurate a giant test well, dipping his 

hands in the “� rst oil,” like some Hollywood 

idol leaving footprints in wet cement.

All that remains to do is collect—but 

it will not be easy. The Brazilian jackpot 

is buried deeper below the sea’s surface 

than Alaska’s Mount McKinley is tall. 

Both the scale and cost of operations are 

epic—renting an offshore drill rig costs 

$500,000 or more a day—and the tech-

nological challenges are harrowing. Pow-

erful ocean currents, brutal temperatures, 

and occasionally gale-force winds assail 

the rigs, tankers, and pipes. Water pres-

sure and thermal shock are intense as 

oil from the reservoir bubbles up into the 

well at 140 degrees Fahrenheit, only to hit 

near-freezing temperatures at the ocean 

� oor, which can cause it to coagulate in 

the pipes. Then there is the challenge of 

For years it was anyone’s guess 
what would happen if something went 
wrong on the extreme-oil frontier. 
Now, thanks to BP, you can watch the 
unthinkable unfold on YouTube. 

B R A Z I L
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Brazil’s Blue Beefsteak

The Tupi oil fi eld is just one part of a huge 

collection of oil and gas reserves located under 

a deeply buried layer of prehistoric rock salt. The 

oil-bearing region may extend 500 miles along 

the coast, from the state of Santa Catarina to 

Espirito Santo, and could be up to 120 miles wide. 
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shepherding all that crude safely back to 

the surface and to shore, a full day’s jour-

ney by tanker. 

The explosion that sank BP’s rig in April 

was not lost on Brazilian regulators, who 

demanded that all companies operating 

in national waters review their emergency 

plans. The political blowback from the Gulf 

might still hit Brazil, but in a nation that has 

described its new oil bounty as a “second 

independence,” the engineers and geo-

physicists trump the Cassandras. “Extract-

ing pre-salt oil is the equivalent of putting a 

man on the moon,” says Shafe Alexander, 

director of exploration for BP’s Brazil opera-

tions. “This is pushing the frontier.”

S
alt is often associated with 

petroleum. In fact, back in 

the 19th century, oil was an 

annoying by-product of brine 

wells drilled by salt prospec-

tors; it was either discarded 

or bottled and hawked to gullible custom-

ers as a cure for rheumatism and sprains. 

Much of the oil under the North Sea, once 

considered to have the world’s most chal-

lenging oil � elds, lies trapped below layers 

of rock salt, the remains of an ancient sea-

bed laid down 250 million years ago when 

salt water invaded an inland rift and then 

quickly evaporated in the arid climate. But 

the salt below the Brazilian Atlantic is some-

thing else entirely: more remote, thicker, and 

more daunting than anything the oil indus-

try has ever faced. Oil companies used to 

avoid salt, sometimes drilling around it 

to reach deep deposits. But with traditional 

petroleum reserves in shallower waters 

waning and advanced geological surveying 

techniques pointing to tantalizing reserves 

below, companies now know the pre-salt 

oil is too good to ignore. 

Drilling it is another matter. Just to 

reach the crust of salt that overlies Tupi’s 

oil, prospectors had to plumb the 7,200 

feet of ocean and another 10,000 feet 

of rock and sandstone below the ocean 

floor. Then they had to pierce through 

more than a mile of rock salt. Crossing the 

salt barrier brings even more complexity 

to deep-oil extraction. “What we don’t 

know is how nature works under the salt 

below the bottom of the ocean,” says José 

Sérgio Gabrielli, Petrobras’s president and 

evangelist-in-chief.

Nor does anyone else. The salt below the 

ocean is essentially the same as the crys-

tallized stuff we sprinkle on our food, but 

compressed underground, it behaves in 

unpredictable ways. Because it is weaker 

and softer than surrounding rocky sediment, 

it behaves more like a � uid than like crystal 

or stone. Under immense geologic pres-

sure and heat, it easily deforms and tends 

to creep underground. That makes salt an 

excellent geologic seal, wrapping around the 

porous rock where oil and gas are pooled. It 

is also the bane of exploration crews. 

Engineers liken drilling salt to boring 

through taffy: Open a hole and it immedi-

ately oozes shut. That means well walls 

and pipes have to be strengthened with 

special steel to prevent collapse, buckling, 

or rupture. Engineers must also insulate 

the riser pipes with polymers, plasticlike 

material that makes the pipes more flex i-

No one knows what went wrong or why,” 

Carlos Henrique Abreu Mendes, environ-

mental manager for the Brazilian Petroleum 

Gas and Biofuels Institute, a trade associa-

tion for energy companies, told reporters at 

a press conference in May.

Although it may be hard to appreciate 

amid the backlash over the BP accident, 

merely locating oil below all that sea, sand, 

and salt was a heroic achievement. Geo-

physicists have known for decades that 

plenty of oil and gas is hidden away below 

the oceans, but they were unable to see it 

clearly with traditional seismic techniques. 

Because salt is much less dense than 

rock, the sound waves surveyors use to 

scour the depths race through it at nearly 

three miles per second, twice as fast as it 

ble and keeps the oil from cooling too 

quickly and clotting on its way to the sur-

face. And to guard against hydrogen sul� de 

and other corrosive gases that come bundled 

with pre-salt oil, Petrobras is experimenting 

with resistant materials to protect the pipe-

lines. Such technology is rapidly becoming 

standard for ultradeep-water drilling.

That the world’s biggest oil companies 

share standards for ultradeep-water drill-

ing is encouraging; it means there are no 

cowboys out there, winging it with untried 

technologies. It is also worrisome, for the 

same reason. The safety valves that failed to 

stanch the oil leak after the blowout at BP’s 

Deepwater Horizon well are used every-

where. “This is latest-generation equipment. 

traverses the surrounding rock and sand. 

When sound waves pass from compact 

rock in the seabed to the pliant salt below, 

they kick into overdrive, scattering and 

distorting the seismic waves. The result 

is a blurry image that geophysicists com-

pare to a snowy television picture, making 

it almost impossible to de� ne the true size 

and position of the salt cap.

To sharpen the picture, Petrobras 

upgraded its toolbox with 3-D imaging. 

Traditionally, geophysicists take readings 

by sending sound waves straight down 

and straight back, creating two-dimen-

sional pictures of slices of the earth that 

Brazil’s President da Silva

and his oil: displaying 

the fi rst spoils of the well.

CONTINUED ON PAGE 76
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Smoke rises from 

a controlled burn 

near the Deepwater 

Horizon oil spill 

site, as seen from 

a U.S. Coast Guard 

plane. Inset: In the 

cockpit, the pilot 

consults a map of 

oil rigs in the Gulf 

of Mexico.
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Flying 1,500 feet above the site of the Deepwater Horizon’s 

explosive oil-well rupture, I found the apparent peacefulness 

unnerving. I expected swarms of ships and oil-siphoning 

machines frantically waging war against the tarry sludge. But from 

my vantage, all I could see was a handful of small boats dragging 

booms across the water’s surface, dwarfed against a massive 

backdrop of oily water; also visible were one ship burning gases 

rising from the blowout and two platforms where relief wells were 

being drilled. Inside my plane’s cabin, a GPS navigation map in 

the cockpit fl ashed “Site of Natural Disaster.” Although the rust-

colored slick stretched for miles in all directions, I saw no crews 

sweeping the ocean between ground zero and Queen Bess Island, 

a tiny pelican rookery surrounded by bright orange booms.

On land, however, I watched a frenzy of activity as locals prepared 

to deal with tainted marshes, sickened fi sh, and tarred wildlife. 

Frustrated scientists I met along the Alabama coast spoke out 

against the possible toxicity of the Corexit 9500 dispersant that BP 

was using to break up the slick. But perhaps my moment of arrival 

at the Gulf Coast best illustrates the local scene. At the airport in 

Mobile, the fi rst taxi I called refused to pick me up. In a cool Southern 

drawl the dispatcher explained they could only transport BP folk. It 

was clear who was in the driver’s seat.  AMY BARTH
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The human 
brain has 
been getting 
smaller 
and smaller 
since the Stone 
Age—and 
no one 
is sure why.

J
OHN HAWKS is in the middle of explaining his research on 

human evolution when he drops a bombshell. Running down a list of 

changes that have occurred in our skeleton and skull since the 

Stone Age, the University of Wisconsin anthropologist nonchalantly 

adds, “And it’s also clear the brain has been shrinking.”

S H R I N K I N G

THE

Text by Kathleen McAuliffe Illustrations by Stuart Bradford

^ ^ ^
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“Shrinking?” I ask. “I thought it was getting 

larger.” The whole ascent-of-man thing.

“That was true for 2 million years of our 

evolution,” Hawks says. “But there has 

been a reversal.”

He rattles off some dismaying numbers: 

Over the past 20,000 years, the average vol-

ume of the human male brain has decreased 

from 1,500 cubic centimeters to 1,350 cc, 

losing a chunk the size of a tennis ball. The 

female brain has shrunk by about the same 

proportion. “I’d call that major downsizing 

in an evolutionary eyeblink,” he says. “This 

happened in China, Europe, Africa—every-

where we look.” If our brain keeps dwindling 

at that rate over the next 20,000 years, it will 

start to approach the size of that found in 

Homo erectus, a relative that lived half a mil-

lion years ago and had a brain volume of 

only 1,100 cc. Possibly owing to said shrink-

age, it takes me a while to catch on. “Are you 

saying we’re getting dumber?” I ask. 

Hawks, a bearish man with rounded fea-

tures and a jovial disposition, looks at me 

with an amused expression. “It certainly 

gives you a different perspective on the 

advantage of a big brain,” he says.

After meeting with Hawks, I call around 

to other experts to see if they know about 

our shrinking brain. Geneticists who study 

the evolution of the human genome seem 

as surprised as I am (typical response: “No 

kidding!”), which makes me wonder if I’m 

the world’s most gullible person. But no, 

Hawks is not pulling my leg. As I soon dis-

cover, only a tight-knit circle of paleontolo-

gists seem to be in on the secret, and even 

they seem a bit muddled about the matter. 

Their theories as to why the human brain is 

shrinking are all over the map. 

Some believe the erosion of our gray mat-

ter means that modern humans are indeed 

getting dumber. (Late-night talk show hosts, 

take note—there’s got to be some good 

comic material to mine here.) Other authori-

ties argue just the opposite: As the brain 

shrank, its wiring became more efficient, 

transforming us into quicker, more agile 

thinkers. Still others believe that the reduction 

in brain size is proof that we have tamed our-

selves, just as we domesticated sheep, pigs, 

and cattle, all of which are smaller-brained 

than their wild ancestors. The more I learn, 

the more baf� ed I become that news of our 

shrinking brain has been so underplayed, not 

just in the media but among scientists. “It’s 

strange, I agree,” says Christopher Stringer, 

a paleoanthropologist and expert on human 

origins at the Natural History Museum in 

London. “Scientists haven’t given the mat-

ter the attention it deserves. Many ignore it 

or consider it an insigni� cant detail.”

But the routine dismissal is not as weird 

as it seems at � rst blush, Stringer suggests, 

due to the issue of scaling. “As a general 

rule,” he says, “the more meat on your 

bones, the more brain you need to control 

massive muscle blocks.” An elephant brain, 

for instance, can weigh four times as much 
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as a human’s. Scaling is also why nobody 

seems too surprised by the large brains of 

the Neanderthals, the burly hominids that 

died out about 30,000 years ago.

The Homo sapiens with the biggest 

brains lived 20,000 to 30,000 years ago 

in Europe. Called the Cro-Magnons, they 

had barrel chests and huge, jutting jaws 

with enormous teeth. Consequently, their 

large brains have often been attributed 

to brawniness rather than brilliance. In 

support of that claim, one widely cited 

study found that the ratio of brain volume 

to body mass—commonly referred to as 

the encephalization quotient, or EQ—was 

the same for Cro-Magnons as it is for us. 

On that basis, Stringer says, our ances-

tors were presumed to have the same raw 

cognitive horsepower. 

Now many anthropologists are rethink-

ing the equation. For one thing, it is no 

longer clear that EQs � atlined  back in the 

Stone Age. Recent studies of human fos-

sils suggest the brain shrank more quickly 

than the body in near-modern times. More 

important, analysis of the genome casts 

doubt on the notion that modern humans 

are simply daintier but otherwise identical 

versions of our ancestors, right down to 

how we think and feel. Over the very period 

that the brain shrank, our DNA accumu-

lated numerous adaptive mutations related 

to brain development and neurotransmit-

ter systems—an indication that even as 

the organ got smaller, its inner workings 

changed. The impact of these mutations 

remains uncertain, but many scientists say 

it is plausible that our temperament or rea-

soning abilities shifted as a result.

Numerous phone calls later, it dawns on 

me that the world’s foremost experts do 

not really know why our organ of intellect 

has been vanishing. But after long ignor-

ing the issue, some of them have at least 

decided the matter is of suf� cient impor-

tance to warrant a formal inquiry. They 

have even drawn some bold, albeit pre-

liminary, conclusions. 

DUMBING DOWN
In search of a global explanation for our 

cranial downsizing, some scientists have 

pointed to a warming trend in the earth’s 

climate that also began 20,000 years ago. 

Since bulky bodies are better at conserving 

heat, larger frames may have fared better in 

the colder climate. As the planet warmed, 

selection might have favored people of 

slighter stature. So, the argument goes, 

skeletons and skulls shrank as the temper-

ature rose—and the brain got smaller in the 

process. Stringer thinks there is something 

to that idea, but he doubts it is the whole 

explanation. As he points out, comparable 

warming periods occurred many times over 

the previous 2 million years, yet body and 

brain size regularly increased. 

Another popular theory attributes the 

decrease to the advent of agriculture, which, 

paradoxically, had the initial effect of wors-

ening nutrition. 

Quite simply, the 

� rst farmers were 

not very success-

ful at eking out a 

living from the land, and their grain-heavy 

diet was de� cient in protein and vitamins—

critical for fueling growth of the body and 

brain. In response to chronic malnutrition, 

our body and brain might have shrunk. Many 

anthropologists are skeptical of that expla-

nation, however.  The reason: The agricultural 

revolution did not arrive in Australia or south-

ern Africa until almost contemporary times, 

yet brain size has declined since the Stone 

Age in those places, too.

Which brings us to an unpleasant pos-

sibility. “You may not want to hear this,” 

says cognitive scientist David Geary of the 

University of Missouri, “but I think the best 

explanation for the decline in our brain size 

is the idiocracy theory.” Geary is referring 

to the eponymous 2006 � lm by Mike Judge 

about an ordinary guy who becomes 

involved in a hibernation experiment at the 

dawn of the 21st century. When he wakes 

up 500 years later, he is easily the smart-

est person on the dumbed-down planet. 

“I think something a little bit like that hap-

pened to us,” Geary says. In other words, 

idiocracy is where we are now.

A recent study he conducted with a 

colleague, Drew Bailey, led Geary to this 

epiphan  y. The aim of their investigation was 

to explore how cranial size changed as our 

species adapted to an increasingly complex 

social environment between 1.9 million and 

10,000 years ago. Since that period predates 

the � rst alphabets, the researchers had no 

written record with which to gauge the social 

milieu of our predecessors. Consequently, 

the Missouri team used population density 

as a proxy for social complexity, reasoning 

that when more people are concentrated 

in a geographic region, trade springs up 

between groups, there is greater division of 

labor, the gathering of food becomes more 

ef� cient, and interactions among individuals 

become richer and more varied. 

Bailey and Geary found population den-

sity did indeed track closely with brain size, 

but in a surprising way. When population 

numbers were low, as was the case for 

most of our evolution, the cranium kept 

getting bigger. But as population went from 

sparse to dense in a given area, cranial size 

declined, highlighted by a sudden 3 to 4 

percent drop in EQ starting around 15,000 

to 10,000 years ago. “We saw that trend 

in Europe, China, Africa, Malaysia—every-

where we looked,” Geary says.

The observation led the researchers to 

a radical conclusion: As complex societ-

ies emerged, the brain became smaller 

because people did not have to be as 

smart to stay alive. As Geary explains, 

individuals who would not have been able 

to survive by their wits alone could scrape 

by with the help of others—supported, as 

it were, by the � rst social safety nets.

Geary is not implying that our beetle-

browed forebears would have towered over 

us intellectually. But if Cro-Magnons had 

been raised with techno-toys and the bene-

� ts of a modern education, he ventures, “I’m 

sure we would get good results. Don’t forget, 

these guys were responsible for the ‘cultural 

S COMPLEX SOCIETIES EMERGED, 

BRAINS SHRANK BECAUSE THOSE 

PREVIOUSLY UNABLE TO SURVIVE BY 

WITS ALONE COULD NOW SCRAPE 

BY WITH THE HELP OF OTHERS.   
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explosion’ ”—a revolution in thinking that led

to such startling new forms of expression as

cave paintings, specialized tools, and bones

carved into the fi rst fl utes. In terms of raw

innate smarts, he believes, they probably

were as “bright as today’s brightest” and

might even have surpassed us.

Still, Geary hesitates to use words like

genius or brilliant in describing them. “Prac-t

tically speaking,” he explains, “our ances-

tors were not our intellectual or creative

equals because they

lacked the same kind

of cultural support. The

rise of agriculture and

modern cities based on

“Since the Bronze Age, the brain shrank a

lot more than you would expect based on

the decrease in body size,” Hawks reports.

“For a brain as small as that found in the

average European male today, the body

would have to shrink to the size of a pygmy”

to maintain proportional scaling.

Hawks chose to focus on Europe in

the relatively recent past, he explains,

because there is an exceptionally large

number of complete remains from that era.

That allowed him to reconstruct a detailed

picture of what was happening during our

downsizing. The process, he discovered,

occurred in fi ts and starts. There were times

when the brain stayed the same size and

Hawks admits, would probably require

several rare benefi cial mutations —a seem-

ing long shot. But a boom in the human

population between 20,000 and 10,000

years ago greatly improved the odds of 

such a fortuitous development. He cites a

central tenet of population genetics: The

more individuals, the bigger the gene pool,

and the greater the chance for an unusual

advantageous mutation to happen. “Even

Darwin knew this,”  he says. “That’s why he 

recommended that animal breeders main-

tain large herds. You don’t have to wait so

long for desirable traits to arise.” 

Hawks notes that such changes would be

consistent with the many brain-related DNA 

mutations seen over the past 20 millennia.

He speculates that the organ’s wiring pattern

became more streamlined, the neurochem-

istry shifted, or perhaps both happened in

tandem to boost our cognitive ability.

A TAMER BREED
Other researchers think many of their col-

leagues are barking up the wrong tree with

their focus on intelligence as the key to

the riddle of our disappearing gray matter.

What may have caused the trend instead,

they argue, is selection against aggres-

sion. In essence, we domesticated our-

selves, according to Richard Wrangham,

a primatologist at Harvard University and

a leading proponent of this view. 

Some 30 animals have been domesti-

cated, he notes, and in the process every

one of them has lost brain volume—typically

a 10 to 15 percent reduction compared with

their wild progenitors. Domesticated ani-

mals also have more gracile builds, smaller

teeth, fl atter faces, a more striking range

of coloration and hair types—and, in many

breeds, fl oppy ears and curly tails. Except

for those last two traits, the domesticated

breeds sound a lot like us.

“When you select against aggression,

economic specialization has allowed the

very brightest people to focus their efforts

in the sciences, the arts, and other fi elds.

Their ancient counterparts didn’t have that

infrastructure to support them. It took all

their efforts just to get through life.” 

SMALLER BUT SMARTER
When I follow up with Hawks, the anthro-

pologist who first tipped me off about

our missing gray matter, I assume that

his interpretation of the trend will be like

Geary’s. But even though Hawks does not

doubt the fi ndings of the Missouri team,

he puts a completely different (and, in his

view, more uplifting) spin on the data.

Hawks spent last summer measuring

skulls of Europeans dating from the Bronze

Age, 4,000 years ago, to medieval times. 

Over that period the land became even

more densely packed with people and,

just as the Missouri team’s model pre-

dicts, the brain shrank more quickly than

did overall body size, causing EQ values

to fall. In short, Hawks documented the

same trend as Geary and Bailey did in their 

older sample of fossils; in fact, the pattern

he detected is even more pronounced.

the body shrank—most notably, he says,

from the Roman era until medieval times.

But more frequently, the brain got smaller

while the body remained the same. Indeed,

Hawks says, that is the overarching trend

for the thousands of years he studied.

The image of a brain dwarfed by its

body conjures up dinosaurs, a group not

exactly known for their intellectual prow-

ess. But Hawks sees nothing alarming in

the trend. Quite the contrary, he believes

the startling decrease in our brain volume

—both in absolute terms and relative to

our stature—may be a sign that we are

actually getting smarter.

This upbeat perspective is shaped by

Hawks’s focus on the energy demands of the

brain. The organ is such a glutton for fuel, he

says, that it gobbles up 20 percent of all the

calories we consume. “So although a bigger

brain can presumably carry out more func-

tions, it takes longer to develop and it uses

more energy.” Brain size probably depends

on how those opposing forces play out. 

The optimal solution to the problem,

he suggests, “is a brain that yields the

most intelligence for the least energy.” For

evolution to deliver up such a product,

UNTER-GATHERERS HAVE 

KILLED BULLIES FOR 100,000 

YEARS. WHEN YOU SELECT 

AGAINST AGGRESSION, YOU GET 

SOME SURPRISING TRAITS. 
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you get some surprising traits that come 

along with it,” Wrangham says. “My suspi-

cion is that the easiest way for natural selec-

tion to reduce aggressiveness is to favor 

those individuals whose brains develop 

relatively slowly in relation to their bodies.” 

When fully grown, such an animal does not 

display as much aggression because it has 

a more juvenile brain, which tends to be 

less aggressive than that of an adult. “This 

is a very easy target for natural selection,” 

Wrangham argues, because it probably 

does not depend on numerous mutations 

but rather on the tweaking of one or two 

regulatory genes that determine the timing of 

a whole cascade of developmental events. 

For that reason, he says, “it happens con-

sistently.” The result, he believes, is an adult 

possessing a suite of juvenile characteristics, 

including a very different temperament.

To illustrate how this could happen, Wrang-

ham refers to an experiment that began half 

a century ago in Siberia. In 1958 the Rus-

sian geneticist Dmitri Belyaev started raising 

silver foxes in captivity, initially selecting to 

breed only the animals that were the slow-

est to snarl when a human approached 

their cage. After about 12 generations, the 

animals evidenced the � rst appearance of 

physical traits associated with domestica-

tion, notably a white patch on the forehead. 

Their tameness increased over time, and a 

few generations later they were much more 

like domesticated dogs. They had devel-

oped smaller skeletons, white spots on 

their fur, � oppy ears, and curlier tails; their 

craniums had also changed shape, result-

ing in less sexual dimorphism, and they had 

lower levels of aggression overall.  

So what breeding effect might have sent 

humans down the same path? Wrangham 

offers a blunt response: capital punishment. 

“Over the last 100,000 years,” he theorizes, 

“language became sufficiently sophisti-

cated that when you had some bully who 

was a repeat offender, people got together 

and said, ‘We’ve got to do something about 

Joe.’ And they would make a calm, deliber-

ate decision to kill Joe or expel him from 

the group—the functional equivalent of 

executing him.” Anthropological records 

on hunter-gatherers suggest that capital 

punishment has been a regular feature of 

our species, according to Wrangham. In 

two recent and well-documented studies of 

New Guinea groups following ancient tribal 

custom, the ultimate punishment appears 

to be meted out to at least 10 percent of 

the young men in each generation. 

“The story written in our bones is that we 

look more and more peaceful over the last 

50,000 years,” Wrangham says. And that is 

not all. If he is correct, domestication has 

also transformed our cognitive style. His 

hunch is based on studies—many done by 

his former graduate student Brian Hare—

comparing domestic animals with their wild 

relatives. The good news, Wrangham says, 

is that “you can’t speak of one group being 

more intelligent than the other.” 

Hare, now an assistant professor of evo-

lutionary anthropology at Duke University, 

agrees. “All you can say is that wild types 

and domesticates think differently.”

The two scientists point to the results 

of studies comparing the cognitive abili-

ties of wolves and dogs. Wolves, with their 

larger brains, are more prone to � ashes of 

insight, allowing them to solve problems on 

their own; dogs, with smaller brains, excel 

at using humans to help them. “Wolves 

seem to be a little bit more persistent than 

dogs in solving simple problems like how to 

open a box or navigate a detour,” Hare says. 

“Wolves persevere when dogs readily give 

up.” On the � ip side, dogs leave wolves in 

the dust when it comes to tracking the gaze 

and gestures of their masters—or as Hare 

puts it, “They are very good at using humans 

as tools to solve problems for them.” And 

while dogs may appear lazy and pampered, 

some can survive for multiple generations in 

areas far removed from humans—an indica-

tion, Hare says, that they have retained an 

ability to adapt to the wild.

For more insight, Hare is now studying 

other primates, notably bonobos. He tells 

me he suspects that these great apes are 

domesticated chimps. As if on cue, bursts 

of exotic, birdlike trills suddenly drown out 

his voice over the phone. “Sorry about that,” 

he shouts over the line. “Those are the bono-

bos.” It turns out that as I am speaking to 

him, Hare is not at his desk at Duke but in a 

Congo forest where the bonobos live. “Bono-

bos look and behave like juvenile chimps,” 

he continues. “They are gracile. They never 

show lethal aggression and do not kill each 

other. They also have brains that are 20 per-

cent smaller than those of chimps.” 

Hare thinks bonobos became domes-

ticated by occupying an ecological niche 

that favored selection for less aggressive 

tendencies. That niche, he says, offered 

more abundant sources of nutrition, so a 

habit of � ghting over meals became less 

important to survival. From that lineage 

came the bonobos, highly cooperative 

primates known for their peaceful ways. 

Both Wrangham and Hare see paral-

lels between bonobo development and 

our own. Our self-domestication, they 

think, may hold the key to our species’s 

extraordinary motivation to cooperate and 

communicate —arguably the twin pillars 

supporting the whole of our civilization. 

ABOUT-FACE
Just as I begin to absorb these varying 

interpretations, I am hit with the next sur-

prise in our human evolutionary narrative: 

After a long, slow retrenchment, human 

brain size appears to be rising again. When 

anthropologist Richard Jantz of the Uni-

versity of Tennessee measured the crani-

ums of Americans of European and African 

descent from colonial times up to the late 

20th century, he found that brain volume 

was once again moving upward. 

Since evolution does not happen over-

night, one would assume this sudden 

shift (much like the increase in height and 

weight) is unrelated to genetic adaptations. 

Hawks, for instance, says the explanation 

is “mostly nutrition.” Jantz agrees but still 

thinks the trend has “an evolutionary com-

ponent because the forces of natural selec-

tion have changed so radically in the last 

200 years.” His theory: In earlier periods, 

when famine was more common, people 

with unusually large brains would have 

been at greater peril of starving to death 

because of gray matter’s prodigious energy 

requirements. But with the unprecedented 

abundance of food in more recent times, 

those selective forces have relaxed, reduc-

ing the evolutionary cost of a large brain.

Whatever the reason for the recent uptick 

in cranial size, Jantz believes it is having an 

effect on how we think. Recent MRI stud-

ies, according to Jantz and other scientists, 

show that brain volume really does corre-

late with intelligence—at least as measured 

by that oft-celebrated but widely criticized 

metric, the IQ test. Seen from that perspec-

tive, a bigger brain sounds like good news. 

Then again, if aggressiveness rises with 

brain size, maybe not. 

Perhaps, like so many things in life, our 

� uctuating brain size is a mixed bag—and in 

contrast to animal breeding, we cannot deter-

mine where evolution is taking us . “Natural 

selection is different from arti� cial selection 

in that it acts on every trait at once,” Stringer 

says. “It’s perfectly plausible our modern 

brain is smarter in some ways, dumber in 

others, and more docile overall.”
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Inside the world’s most powerful 
computers, simulated reality 
allows scientists to go to impossible 
places: through the blood-brain 
barrier, beneath a shaking earthquake 
fault, and straight into the heart 
of a supernova.

EVERYTHING 
VIRTUAL 

BY ANDREW GRANT
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BLOOD  A passageway called the circle of Willis opens up to several major 

arteries at the base of the brain, ensuring a steady fl ow of oxygen. The sheer 

volume of blood moving through makes this region susceptible to aneurysms, 

weaknesses in arterial walls that can lead to stroke and debilitating brain 

damage. Leopold Grinberg, an applied mathematician at Brown University, 

developed a fl uid dynamics model and ran it at the Pittsburgh Supercomputing 

Center to learn more about blood fl ow at the circle of Willis. He and his team 

use CT and MRI scans of aneurysm-affl icted arteries to create patient-specifi c 

simulations. Then they release virtual blood into the model and examine how 

differences in circulation affect aneurysms. They can even digitally remove the 

aneurysm to see how the fl ow changes. “We’re working backward to see the 

fl ow that led to the problem in the fi rst place,” he says. In this image, Grinberg 

visualizes the large-scale circulation through the entire region, but he can also 

zoom in to view the journey of individual blood cells.F
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SUPERNOVA  Exploding stars have shaped every part of our world: They created the iron 

and other heavy elements in our bodies, and one of them may have provided the shove 

that initiated the formation of our solar system. But studying how a supernova works is 

exceedingly diffi cult because the brilliant nuclear fl ash that destroys the star obscures the 

underlying details. So astrophysicist Thomas Janka of the Max Planck Institute in Germany 

created a digital supernova in his computer. The simulation allowed him to watch the core 

of a dying star collapse and then rebound before fl ying apart in a fantastic explosion. The 

image here shows the spread of searing plasma just one second after the explosion. “We put 

in physics that we think we understand, and we try to create the explosion and follow it to 

the point where we can compare it with observations,” Janka says. Equations allow him to 

model everything from the mixing of gases to the behavior of neutrinos, enigmatic particles 

that are released en masse from the stellar core just before detonation. “We believe 

neutrinos are the crucial ingredient,” he says.

}

}
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CLIMATE  It may look like a satellite 

photo, but this Earth portrait comes 

from a climate simulation run on 

the supercomputer at Oak Ridge. 

The image charts water vapor 

in the atmosphere, with highest 

concentrations in white; note the 

cyclone approaching India. To 

emphasize human susceptibility 

to climate, Oak Ridge visualization 

specialist Jamison Daniel shaded 

the landmasses to refl ect population 

density (with orange and red denoting 

the highest concentrations). Such 

models are intended to bridge the gap 

between detailed, short-term weather 

forecasting and broader, long-range 

climate modeling. These models might 

be able to peer up to 50 years ahead 

and “show regional events, like a heat 

wave in India, rather than just global 

trends, like higher temperatures,” says 

Kate Evans, a scientist at the lab.

POTASSIUM CHANNEL  The human 

body is a complex electrical network: 

Nerve cells shuttle signals from the 

brain, and pulses in the heart cause 

its muscle cells to expand and 

contract. Cells would never receive 

these electrical dispatches without 

special proteins like the one depicted 

above. The porelike protein forms 

a potassium channel, an electrical 

entryway into the cell that toggles 

open or shut depending on the outside 

voltage. In this simulation, an electrical 

pulse (the rainbow-colored pattern 

on the right) sweeps toward the 

potassium channel; amino acid chains 

that make up the protein appear as 

colorful ribbons, while the stringy 

background represents the cell’s 

fatty membrane. Biophysicist Benoît 

Roux of the University of Chicago 

recently used the world’s fastest 

supercomputer—Jaguar, at Oak Ridge 

National Laboratory in Tennessee—to 

see how each of the protein’s 350,000 

atoms would react to such electrical 

pulses. Such studies could have 

important medical implications: Faulty 

electric signaling contributes to heart 

arrhythmias and may increase the risk 

of Alzheimer’s disease, too.

}

}
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COMBUSTION  At Sandia National 

Laboratories in Livermore, 

California, Jacqueline Chen 

and Chun Sang Yoo use 

supercomputers to simulate 

burning fuel. The image at right 

depicts a cold jet of ethylene (a 

hydrocarbon similar to that found 

in automotive gasoline) combusting 

in hot air. By controlling the speed 

of the ethylene jet, Chen and Yoo 

alter how rapidly the fuel burns, a 

measure of its effi ciency. (The goal 

is to optimize the speed. Think 

of a birthday candle: Blow on it 

gently and the fl ame intensifi es, 

but blow too hard and the fl ame 

goes out.) In this model, blue and 

green represent formaldehyde, a 

by-product of ethylene ignition. 

Red represents hydroxyl radicals, 

markers of fl ame. The technology 

can also depict alternative fuels like 

ethanol and biobutanol, paving the 

way for greener internal combustion 

engines in years to come.

EARTHQUAKE  Some computer 

models aim to forecast 

earthquakes; the one shown here 

could help minimize damage 

should a big one strike. Carnegie 

Mellon University engineer Jacobo 

Bielak’s simulations provide 

architects and regulators with 

reliable, localized estimates of the 

shaking intensity that buildings 

would have to withstand during 

earthquakes of varying strength. 

In this mock earthquake, created 

at the Pittsburgh Supercomputing 

Center, a 4.4-magnitude tremor 

strikes three miles beneath a valley 

in northern Greece. The colors 

represent the amplitude of the 

ground’s horizontal motion six 

seconds into the quake: The soft 

sands of the valley, shown in blue 

and red, shake more violently than 

do the surrounding solid rock, 

pictured in green and yellow. “It’s 

like shaking a bowl of Jell-O,” 

Bielak says. “The soft Jell-O will 

always vibrate harder than the solid 

bowl.” The model has proven so 

accurate that engineers designing 

ITER, an experimental nuclear 

fusion facility, have requested 

simulations of the building site in 

southern France.

}
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From left: Gamesters 

Lucy Bradshaw, Anne 

McLaughlin, Jim Bower, 

and Tiffany Barnes.
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Games
 Without
Frontiers

Beyond Rock Band: 
The new video games are 
interactive, educational, 
and enriching. And they might 
even improve your gas mileage.

PHOTOGRAPHS BY MATTHEW MAHON

Each year, video games offer more challenging and natural experi-

ences, from motion-controlled action to augmented reality. And 

each year the games are becoming more popular—not only as a 

form of entertainment but as a medium for education or even as a 

therapeutic agent for keeping people’s minds sharp. So what lies 

ahead? In March, DISCOVER and the National Science Foundation 

gathered a panel of experts at the South by Southwest Interactive 

Festival in Austin, Texas, to discuss the future of video games. 

Amos Zeeberg, the managing editor of DISCOVER’s Web site, 

moderated the wide-ranging conversation. 

Tiffany Barnes is a computer scientist at the University of North 

Carolina at Charlotte who uses video games as a teaching tool 

in her college classroom. Jim Bower is a computational neuro-

scientist at the University of Texas Health Science Center at San 

Antonio; he is also the founder of Numedeon, the company that 

created Whyville, a popular online virtual world where children 

can play educational games and engage in social activities. Lucy 

Bradshaw, general manager of the video game developer Maxis, 

is the executive producer of Spore and many other titles. Anne 

McLaughlin is an experimental psychologist at North Carolina 

State University, in Raleigh, and the director of the Gains Through 

Gaming Lab, where she is researching ways in which popular 

video games can be used to improve elder cognition.
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Why have video games become such a pervasive form of 

entertainment as well as such an enticing tool for education? 

What is it about the medium that makes it so powerful?

Anne McLaughlin: Play is a very natural place to go for learning 

experiences. In video games there’s a structure of achievement 

and reward, and that can be felt in a simulation where you’re try-

ing to understand what the underlying system is, � gure out how 

the gears work, so you can control where the simulation is going. 

You’re starting to see that more and more, in things like the 

achievement system that exploded on Xbox Live and has now 

cropped up in Facebook games. That reward structure makes 

them different from any other type of activity.

Tiffany Barnes: I think the interaction is the most important part 

of the games. When I do something in a game and see the effect, 

that’s where I get to make a new concept, learn something or see 

something new, explore a curiosity. And that’s the important part 

that enables learning. There’s not only the motivation of a reward 

structure, but also an ability to see how other people are doing and 

compete with them—or maybe cooperate. I think Rock Band is a 

great example of that, where we can gain more points by every-

body’s being in the zone and working together: If someone’s not 

doing so well, I can rescue him by being really awesome myself. 

Lucy Bradshaw: The other thing Rock Band offers is the ability 

for people of different levels to all play together. I personally would 

love to see that in more games.

McLaughlin: That’s an excellent point. What I � nd exciting about 

the new technology is that it’s blurring the lines between real life 

and game playing. You can play video games with a cell phone, 

a computer. I think it’s more and more active. And if you can get 

generations to interact and be active, well, that seems a lot better 

than sitting in front of the television.

Bradshaw: Picking up on that, there’s been this wave of communities 

and MMO [massively multiplayer online] games that take on roles and 

hierarchical structures. There are mentors who teach other players 

how to make the games. There are creators, there are modders [who 

modify existing games]. I mean, the landscape of gamers has changed 

so dramatically in just the last 3, 5, 10 years because games are 

looking at the latest technology and utilizing it. There are tweets that 

come from games: from your characters, from the games themselves, 

and from the development teams as they make them. There’s an entire 

social network and platform that Facebook has really adapted.

So is there something fundamentally different about video 

games that makes them unlike other forms of play?

Jim Bower: We look at this thing and we think it’s new. It’s not. 

This is something we’ve made in our own image. This thing has 

� exibility, it’s visual, it’s got auditory, its got an Internet that con-

nects humans together. This is just us. 

What are other things primates do? They’re hierarchical, right? 

They’re social. So what we’re seeing in the evolution of the Internet 

as well as the gaming/video/whatever-it-is industry is that we’re 

slowly relearning ourselves. And so, in designing games and play, 

it turns out play is the core part of how primates learn.

What we’re doing here is trying to capture how humans really 

learn, how humans really interact, and how humans really build 

their societies. And in fact it’s not new at all. It’s very old. The 

problem is, for the last 600 years we’ve been doing it wrong. We 

haven’t had the technology to do it right.
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ADVERTISEMENT

People who know recognize that this planet and its 
inhabitants are controlled by the laws of creation, 
and when enough other people know that funda-
mental fact, a new society will emerge. Who are the 
people who know? They are those whose lives were 
changed by adhering to creation’s law of behavior, 
calling for right thoughts, words, and action.
There is no plan conceived by mankind that has ever or will ever resolve 
people’s myriad problems and trouble. What follows explains why.

Whoever or whatever is the creator that many 
call God created a law of behavior for people to obey. 
But unknown to them, their motives to do, be, have, 
and get all contradict nature’s behavioral law.

Over the years that law was also unknown to the 
caring people, trying to help the needy who also un-
knowingly often victimized themselves. Such human 
help, while compassionately intended, ultimately 
added to society’s misunderstood misbehavior.

A little-known fact is that in the 1920s the creator 
that had formed this planet and its inhabitants, 
revealed the behavioral law of absolute right to the 
mind of Richard W. Wetherill, then a resident of 
suburban Philadelphia.

However diligently Wetherill tried to tell people 
about this natural law, his efforts were ridiculed and 
rejected by the very persons who should have helped 
him to inform the public.

In the meantime, Wetherill’s obedience to the law 
gave him talents for successful careers as an author 
of management books and consultant to industries: 
training employees, resolving business problems, 
and negotiating fair labor contracts.

After retiring, Wetherill formed several groups 
of ordinary folks who gave careful attention to 
his teachings. But despite his explanations and 
help, it took them years to change from their self-
centeredness to become rational and honest instead 
of reacting emotionally.

The writer of this message is asking people who 
are concerned for their nation’s freedom and liberty 
to visit our Website. There they can learn about the 
creator’s law that when adhered to eliminates trou-
blesome situations and problems much the same way 

as toddlers learn to obey the law of gravitation from 
their tumbles and other hurtful results. 

Everybody’s ideas about how best to protect the 
planet and its people keep changing and failing. But 
this law of right action when adhered to will put 
an end to all that is wrong in human affairs.

Wetherill used words to define the law’s right 
action such as rational, moral and honest; but words 
are only symbols, pointing to the reality. This law 
judges our actions by its standard of right action, as 
self-enforcing natural laws always get their way.

Newcomers adhering to nature’s principles of right 
action enthusiastically exclaim, “It works!”

We cannot know precisely what the future 
holds, but whoever or whatever created mankind 
provided this law of absolute right so that when 
obeyed gives people a meaningful, productive, 
trouble-free life, and keeps the planet safe.

Visit our colorful Website www.alphapub.com where 
there are essays and books, describing the changes 
called for by whoever or whatever created nature’s 
law of absolute right. The material can be read, 
downloaded, and/or printed free. Also press a listen 
button where indicated to hear the site’s pages be-
ing read aloud with the exception of the texts of the 
seven books. 
This public-service message is from a self-financed, non-

profit group of former students of Mr. Wetherill. We are put-

ting this information where it is available free worldwide. 

Please help others by directing them to our Website so that 

they, too, can learn to express the attributes of creation’s 

law of right behavior, thus making their lives meaningful, 

productive, trouble free, and keeps the planet safe!

Richard W. Wetherill
1906-1989
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An early criticism of video games was that they were socially 

isolating and creatively stifl ing. Is there any validity to that? 

Bradshaw: I don’t think so. If you look at games from the past, 

kids were really controlling this meta-game of a community of play-

ers who interacted with one another and created different roles to 

play in the meta-game. There were games in which the captains 

knew the subject matter and they taught other players how to 

make content or modify things. So I think inherent in video games, 

and something that we have deliberately built into them, is this 

ability to extend beyond the box.

Barnes: To the comment that games erase individuality: I think 

that any person who would say that is playing hardly any games at 

all. Because not only do we have many different types of games, 

we are also getting more and more games that can actually help 

you achieve your own goals. We’re starting to have games for 

exercise, games for meeting other people. You can set your own 

goals with games now, so they’re just a whole different kind of 

medium. So someone who says you’re going to lose your indi-

viduality with games is just not playing games.

Bower: A very clear trend in the gaming world, and something 

we set out explicitly to do in Whyville 11 years ago, is to actually 

involve the individual, allowing you to express yourself and brand 

yourself with learning. So one of the things you’re seeing, I think, is 

that smart games—games that involve your actually being able to 

learn something that gives you an advantage in the social structure 

—are becoming the more interesting and powerful games. The 

point is, when games are built assuming that humans have a two-

minute attention span, players stay there for about two minutes. 

The games that drive longer involvement, and The Sims is a good 

example, are ones that—guess what?—involve your actually hav-

ing to be intelligent and learn something to play them.

What do you see coming next in this trend toward more social 

—that is, more interactive—kinds of games? 

Bradshaw: The recent advent of the Wii and � ash games that hit 

the platform of Facebook and really tuck into that social gaming 

—all of a sudden you’ve got this huge democratization of gamers. 

I’ve been fortunate enough to work on things, like Sim City and 

The Sims, that brought different demographics to gaming, but all 

of a sudden we just have a really different audience to speak to.

And so, as an advocate for being a woman and making good 

video games and having done so for a while, I just want to encour-

age more women, more people with different perspectives to come 

to this industry and really think about ways in which they may 

in� uence gaming. Because I think the greater diversity we have 

behind the scenes making the games, the more diverse the games 

are going to be that we ultimately end up seeing.

Bower: But there’s another sort of strong trend, and the gaming 

industry knows this, which is toward kids modding games. Not high 

production value, but kids themselves making games. Just as the 

diversity of face parts in Whyville comes from the fact that kids actu-

ally make the face parts themselves, the diversity in gaming is going 

to come from the fact that kids actually make games themselves. 

There are a number of organizations that are now making platforms 

so that 8-, 9-, and 10-year-olds can make games. When game mak-

ing is as easy as uploading something to YouTube, in terms of the 

actual technology underlying it, then you’re going to see huge things. 

We’re doing the same thing. We have a big project to allow kids to 

make games in Whyville to allow other kids to understand Whyville.

It’s sort of a play within a play. I think this is going to happen 

more and more. And then what the game companies are going 

to be, actually, are aggregators. So instead of spending $10 mil-

lion, $20 million (which the venture capitalists won’t give you now 

anyway to build a new game), I think the real future of gaming is 

aggregating interesting content and � guring out how to merge that 

into a community, which is more or less what we’re doing.

As games get more fl exible and interactive, what kind of new 

goals and applications do you foresee?

Barnes: I would say that in the future we’re going to see gamelike 

frameworks around more and more things that we do. People will 

manage their lives more in a sort of gamelike structure: “OK, this 

week I want to spend this long working out and this long hanging 

out with my friends, and I need to go to work, and I need to do 

this, that, and the other thing,” and I’m going to play a little game 

that manages all that and gives me points for doing the things that 

I said I wanted to do. Or when I take a class, I’m not going to sit 

in a lecture anymore; I’m going to do different experiences that 

the teacher has arranged for me and assigned points to, to let me 

know which things are important for me to do.

For a teacher, this could mean arranging a class in a game kind 

of structure and not just plopping down in front of the students 

and giving them a book and saying, “Read this” and “Do this test.” 

Instead we might have teachers saying, “Oh, here’s a bunch of 

quests you can do, and here’s the points for every one, and here’s 

how everybody else is doing.” Then I can play and learn, and it’s 

no longer some tedious thing that I’m doing because someday I 

need to get a degree so I can get a job.

Jim, you have talked a lot about the historical roots of interac-

tive education. Why is it taking off now?

Bower: About 600 years ago, we invented a technology, the print-

ing press, that had a substantial effect on the structure of universi-

ties. And they love each other, right? We also invented professors. 

It all worked great and solved the scalability problem. We had a 

small number of people who knew something and who wanted 

We are getting more 
and more games that can 

actually help you 
achieve your own goals—

games for exercise, 
games for meeting other 

people. They’re just 
a whole different kind 

of medium.
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“We used to cut everything
by hand and had a lot 

of trouble. Now our 
PlasmaCAM does it 

all, attaining levels of 
production not thought 
possible before. It’s run 
40-50 hours a week for the 
past three years. It attains 

incredible detail, is very easy 
and cost effi cient to operate, 
and requires little maintenance. 
The bottom line is: this 
machine makes me money!”

-Jon
Restaurant Lighting & Fixtures

• Make Artistic Projects and Mechanical Parts
• Cut Detailed Custom Work or Mass Production
• Includes Industry-Leading Software 
• Simple to Operate - Runs Off Your Computer

(719) 676-2700 • www.plasmacam.com
PO Box 19818 • Colorado City, CO 81019-0818

Call today for
your FREE demo video!
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a larger number of people to believe what they believed. Well, 

gaming technology addresses the scaling problem in a completely 

different way. It actually solves the scaling problem. So I can simul-

taneously educate thousands, hundreds of thousands of kids, with 

them doing it themselves. It allows self-education, which is really 

how humans learn anyway. 

Already, at 34 minutes per log-in, our kids are doing more sci-

ence on Whyville than they’re doing in middle school. One thing to 

remember is that brick-and-mortar schools and the current struc-

ture of education have not been around very long. Another thing 

is that it doesn’t work very well. Maybe the thing that will be most 

disrupted by what we’re talking about—beyond media, beyond 

� nance, beyond everything else—is education. It’s kind of already 

happening. I think video or games are a way to play educationally 

and learn, and that’s actually how we learn. So we � nally have the 

technology to learn the way we really learn. 

The gaming guru Jesse Schell of Carnegie Mellon University 

talks about a system of awarding points for every single thing 

we do until everything in our world is like a video game. I fi nd 

that rather ominous and spooky. Do you agree? 

Bradshaw: Well, in a speech Jesse painted a picture where literally 

everything that you did was monitored and you got achievement 

points, much like you do in Xbox Live or in many standard games. 

You could strive to get the 10-stroke tooth-brushing achievement, 

for instance, and then somehow you would collect all those points 

and utilize them. It did sound a little creepy by the time Jesse was 

� nishing his speech, but then he said: “What if we ultimately, then, 

turn that around for good? What if we try to reinforce those things 

that do help us?” And as creators of games, creators of media, that 

is something we have the ability to do. 

McLaughlin: Speaking as a human-factor psychologist, I think this 

sounds very analogous to problems that we tend to face with prod-

uct warnings. You plaster enough warnings on something and they 

all get ignored. So if we really did have a point system for absolutely 

everything, I think that it might be self-regulating and that we don’t 

want everything to have that point system.  But there are certain 

times when it would be really nice to have a game framework. I know 

when I go to the gym, I often have to come up with a game to get 

myself through all the things that I need to do.

To make something into a game, you have to have a goal. You 

have to create the game. It’s more than just measurement. But 

we see that in so many good behaviors, like the fuel consumption 

games that are now built into the displays on some new cars. 

The better you drive, the more leaves appear on your tree [in the 

display in the Honda Insight hybrid]. I know we keep talking about 

blurring the lines between gaming and reality, but I think it does 

that, and when it’s for a good cause it’s great. 

As video games have become more pervasive, marketers 

have shown increasing interest in them. What effect does 

that have on gaming?

Bower: One of the interesting things about gaming-based market-

ing is that to get kids to use it and to participate in it, you actually 

have to make a game around the product. And that means the 

product has to withstand scrutiny. Let me give you an example. 

McDonald’s has approached us a number of times about being in 

Whyville. Of course I’m very hesitant to do that. But I don’t have 

to worry about it because I tell them OK, we’ll just put your stuff in 

our nutrition game and then the kids get to do Super Size Me all 

by themselves. And that’s the end of the conversation. 

[Audience member] What unique social and moral responsi-

bilities do you have as gamemakers? And as games become 

bigger and more pervasive, how do those duties change?

McLaughlin: I think one responsibility we have is not to leave people 

out. I was just doing a lot of reading on accessibility in virtual worlds 

for people with different impairments, and there is very little. So there 

are populations that are being excluded. If we’re going to offer this 

opportunity for socialization, it should be accessible for everyone.

[Audience member] A question for Ms. Bradshaw. I’m an ex-

military member, and one of the things I suffer from is PTSD. 

Many military members suffer from PTSD. You and Mr. Bower 

are both working on games that aid mental stability, mental 

capacity. Is there a way for games to be used to help soldiers 

integrate back into normal society?

Bradshaw: There’s a company called Virtually Better that has been 

around maybe 10 years, that builds virtual reality software for treat-

ing post-traumatic stress disorder. They speci� cally built software 

for Vietnam vets, but I think they probably have been developing 

some newer software for more modern veterans.

Skip Rizzo, a neuroscientist at the University of Southern Cali-

fornia, is working on treating PTSD with virtual reality. It’s a 

great use of video games, obviously, if we can get it to work.

Barnes: Yes. And related to that, we have a project called Astro-

jumper. We’re building a game to help autistic children get more exer-

cise. Exercise has been shown to improve social interaction for autistic 

children because it helps reduce their social tics—physical tics—and 

improve their eye-hand coordination. So we’re making a virtual reality 

game where the players wear a tracker and they avoid 3-D planets 

that are coming at them by dodging, and they can get extra points 

by sort of punching targets and things. We’re excited about that.

McDonald’s has 
approached us a number 

of times about being in 
Whyville. I tell them 

OK, we’ll just put your 
stuff in our nutrition game 

and then the kids get to 
do Super Size Me all by 

themselves. And that’s the 
end of the conversation. 
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This is my story
I used to be more active. I used to run,
play basketball, tennis, football… I was
more than a weekend warrior. I woke up
every day filled with life! But now, in my
30’s, I spend most of my day in the office
(with a cup of coffee to keep me alert) 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 hurt. Low energy and laziness
that’s got me down. My energy has
fizzled and I’m embarrassed to admit that
I’ve grown a spare tire (I’m sure its
hurting my love life).  Nowadays I rarely
walk. For some reason it’s just harder
now. Gravity has done a job on me. 

Wear it 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! 

So I did my research
I read all the articles from Doctors like Dr.
Mark Vinick (Board Certified, American
Academy for Pain Management, Anti-
Aging Health and Ayurvedic medicine),
and Dr. Selim El-Attrache (American
academy for orthopedic and disability
evaluation and rehabilitation). I carefully
reviewed the extensive 54 page study and
analysis by Packer Engineering. I learned
how the Gravity Defyer’s VersoShock™
Trampoline Technology absorbs impact,
eliminates pain and propels you forward,
to reduce fatigue and make you more
active.  With Gravity Defyer I could burn
more calories and sculpt my body

painlessly! I could be filled with
energy! It all made sense.  No
more coffee or energy drinks
for me!

Excitement swept
through my body like a

drug 
I received my GravityDefyer.com

package 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. 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. No more knee pain. I was back in
the game. Gravity had no power over
me!

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

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

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

TM

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

Scientifically Engineered to Defy Pain, Defy Aging & Defy Gravity.Scientifically Engineered to Defy Pain, Defy Aging & Defy Gravity.

Exercise

20% longer 

w/ no

fatigue 

4 out of 5 

purchase

another

pair

within 3

months.

Exercise

20% longer 

w/ no

fatigue Ankle &

foot pain

gone 

Ankle &

foot pain

gone 

4 out of 5 

purchase

another

pair

within 3

months.

Gravity Defyer
Customer Survey Results

EXCLUSIVE ONLINE OFFER

Visit www.gravitydefyer.com/MB2JBB2
or take advantage of this exclusive offer by
phone, and dial (800) 429-0039 and 
mention the promotional code below.

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

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

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

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

Speaks for Itself!

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

a $129.95 value

Most 

comfortable

shoe ever

owned

Most 

comfortable

shoe ever

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

“...one of the most 
productive charities—

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

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.

Z10091086ZFIY25

How Often DoYou Get The Chance
To Save A Child’s Life For $250?
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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

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools. Coupon not valid on prior 
purchases. Coupon cannot be bought, sold, or transferred. Original coupon must be presented in store, 
with your catalog order form or entered online in order to receive the offer. Valid through 12/10/10.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools. Coupon not valid on prior 
purchases. Coupon cannot be bought, sold, or transferred. Original coupon must be presented in store, 
with your catalog order form or entered online in order to receive the offer. Valid through 12/10/10.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools. Coupon 
not valid on prior purchases. Coupon cannot be bought, sold, or transferred. 
Original coupon must be presented in store, with your catalog order form 
or entered online in order to receive the offer. Valid through 12/10/10.

Coupon cannot be bought, sold, or transferred.  Original coupon must be presented in store, with 
your catalog order form or entered online in order to receive the offer.  Valid through 12/10/10.

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

Harbor Freight Tools.  Coupon not valid on prior purchases. 

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

 $5999 
REG. PRICE $99 .99 

 3000 LB. CAPACITY 
LIGHTWEIGHT 

ALUMINUM 
RACING JACK 

 $8999 
REG. PRICE $149 .99 

 90 AMP FLUX 
WIRE WELDER 

Item 
98871
shown

LOT NO.
 98871 /94056

 6" DIGITAL CALIPER 

We Will Beat Any Competitor’s Price Within 1 Year Of Purchase!

FACTORY DIRECT 
TO YOU!

√ 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!

ITEM 
65020

FREE!
3-1/2" SUPER BRIGHT
NINE LED ALUMINUM

FLASHLIGHT

NO PURCHASE 
REQUIRED!

SUPER
 

COUPON!

ITEM
6502

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 in 
store in order to receive the offer. Valid through 12/10/10. 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, 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 12/10/10.

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!

LOT NO. 
 91039/67408 

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools. Coupon not valid on prior 
purchases. Coupon cannot be bought, sold, or transferred. Original coupon must be presented in store, 
with your catalog order form or entered online in order to receive the offer. Valid through 12/10/10.

 RECIPROCATING SAW
 WITH ROTATING HANDLE

 $1999 
REG. PRICE $39 .99 

LOT NO.  65570 

SUPER
 

COUPON!

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools. Coupon not valid on prior 
purchases. Coupon cannot be bought, sold, or transferred. Original coupon must be presented in store, 
with your catalog order form or entered online in order to receive the offer. Valid through 12/10/10.

 45 WATT  
SOLAR PANEL

KIT 

LOT NO. 
90599

REG. PRICE $249 .99 

 $14999 

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools. Coupon not valid on prior 
purchases. Coupon cannot be bought, sold, or transferred. Original coupon must be presented in store, 
with your catalog order form or entered online in order to receive the offer. Valid through 12/10/10.

REG. 
PRICE 
$109 .99 

 500 LB. CAPACITY 
ALUMINUM 

CARGO 
CARRIER 

 $5999 
LOT NO.  92655 

SUPER
 

COUPON!

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools. Coupon not valid on prior 
purchases. Coupon cannot be bought, sold, or transferred. Original coupon must be presented in store, 
with your catalog order form or entered online in order to receive the offer. Valid through 12/10/10.

SAVE 
$50  

SAVE 
66%  SAVE 

41%  

SAVE 
$40  

SAVE 
$60  

SAVE 
46%  

SAVE 
$100  

SAVE 
50%  

REG. 
PRICE 

$74.99 $3999 

 3 GALLON 100 PSI 
OILLESS PANCAKE 
AIR COMPRESSOR 

LOT NO.   95275  

ONNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNONNONNNONNNONNONNNONONNNONNNONONNNNONNNNONNNONNN!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

 Includes two 
1.5V button cell 

batteries. 

Item 47257 
shown

REG. PRICE 
$29 .99 

LOT NO. 
47257/98563

SUPER
 

COUPON!

Item 
91039
shown

 $999 

NO GAS 
REQUIRED!
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 DRILLING DEEP
 CONTINUED FROM PAGE 51

This micrograph image reveals a cross-

section of the head of a fetal cat, its imposing 

eye sockets clearly visible. Neuroscientists 

have studied the shuttling of neurons between 

the eyes and brain of fetal cats to shed light 

on visual development in mammals.

can be “read” like individual pages. But 

since salt can blur any given seismic 

image, exploration crews � red their seis-

mic probe from various angles and then 

put all the images together to produce a 

three-dimensional view of the salt block. 

The technology helped them zero in on 

an intriguing section of seafloor in the 

little-known Santos Basin, off the coast of 

southern Brazil. To con� rm the � ndings, 

Petrobras’s computer engineers have 

spent years developing software to correct 

for distortions—both sound wave re� ec-

tions and seismic noise—that salt intro-

duces in the readings. After multiple 3-D 

probes, they had a sense that something 

big was buried under the salt.

BP pioneered the exploration of oil and 

gas sealed beneath salt domes under the 

Gulf of Mexico, and potential pre-salt oil 

reserves of untold dimensions are cur-

rently being mapped along the west coast 

of Africa in the waters of Gabon, Angola, 

and Ghana. That area is a geologic mirror 

image of South America’s eastern � ank, the 

two continents having separated when 

the supercontinent of Gondwana broke 

apart some 160 million years ago. 

But Brazil may be sitting on the larg-

est pre-salt resources of all, meaning that 

Tupi may represent both the pinnacle and 

the end point of this type of exploration. 

Finding and retrieving all this oil (and the 

associated natural gas) weighs heavily on 

the balance sheet. The � rst pre-salt test 

well took 14 months and cost $240 million, 

although more recent Petrobras pre-salt 

offshore wells have cost about $66 million 

each. Just operating a rig to drill in the pre-

salt can cost up to $1 million a day. Indus-

try insiders estimate that retrieval costs for 

Brazil’s proven pre-salt reserves could run 

as high as $1 trillion.

Then there is the cost of accidents. For 

years it was anyone’s guess what would 

happen if something went wrong on the 

extreme-oil frontier, at depths where no 

human or manned vessel could venture, 

and where the last line of defense would be 

a subsea robot piloted from miles away by 

remote control. Thanks to BP, we can now 

watch the unthinkable unfold on YouTube. 

The Deepwater Horizon disaster has been 

called the 9/11 of the oil business, the event 

that changes everything in the industry. With 

its reputation in tatters and its liabilities piling 

up, BP will surely be reeling for years. 

But as emerging markets drive an ever-

greater share of worldwide economic 

growth, the pressures that drove Big Oil 

into the Gulf of Mexico and the Atlantic 

are not about to disappear. Certainly the 

Brazilians—with plans to more than double 

oil production to 5 million to 6 million bar-

rels a day by 2020—betray no signs of 

wavering. “There’s a perception in Brazil 

that they have a better handle on deep-sea 

drilling than almost anyone,” says Garman 

of the Eurasia Group.

What keeps Petrobras going is the size 

of the prize. Just the proven reserves in 

three different Brazilian pre-salt explo-

ration areas total 10 billion to 16 billion 

barrels, the largest oil discovery in the 

Western Hemisphere in three decades. 

And that may be only the beginning. After 

drilling 13 more test wells, the experts now 

reckon that the pre-salt reserves sprawl 

over an oblong slab of more than 57,000 

square miles of ocean—Brazilians call it 

“the blue beefsteak.” And the petroleum 

there is not the heavy, low-grade stuff 

that Brazil currently fetches from existing 

offshore wells, but light, sweet crude, the 

prize of hydrocarbons, preferred for jet 

fuel. By the end of the year, Petrobras will 

have to report to Brazil’s National Petro-

leum Association whether its test well in 

the Tupi reserve is commercially viable, a 

formal step in its development.

Environmentalists and politicians might 

want to back off, but economic pressures 

keep pushing the other way. “The respon-

sibilities are frightening. The International 

Energy Agency says we’re going to need 

to � nd another 65 million barrels globally 

by 2030,” says Guilherme Estrella, chief of 

exploration and production at Petrobras. It 

seems that the riches and risks of extreme 

oil are just beginning.
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DREAM CHASERS
CONTINUED FROM PAGE 46

JULY/AUGUST WHAT IS THIS? FETAL CAT

sion to a free-market philosophy. “I think they 

made a mistake by canceling the Constella-

tion program without having an alternative in 

place,” he says.

Back in the hangar outside Denver, Sir-

angelo crawls into the Dream Chaser. The 

interior is long and round, with blue walls 

and gray seats. At the moment, because 

it is just a demo, there are no windows 

by the passenger seats. The best view is 

out the windows up front, where Sirangelo 

plans to be sitting when the Dream Chaser 

makes its inaugural � ight.

Yes, that’s right: One perk of the com-

mercial space� ight business is that the boss 

gets to hitch a ride without shelling out the 

$30 million it would cost to be a space tourist 

in the Soyuz. Sirangelo, whose pilot training 

quali� es him for the trip, � gures there’s no 

better way to assure NASA—and the public 

—that the private space vehicles can really 

� y. “I told NASA I’m going to go up and show 

them it’s safe,” he says.

As Sirangelo exits the ship and climbs 

down the ladder in this hangar, it is a � tting 

echo of the moment when astronauts � rst 

descended onto the surface of the moon. 

In the near future the great leaps will not be 

on a faraway planet. They will be in a han-

gar like this one, where some entrepreneurs 

and maybe some geeks are dreaming up 

the next big space thing. 

As for what comes next for the Dream 

Chaser, Sirangelo has plenty of goals in 

mind. His focus now is on completing 

NASA’s remaining milestones to get the rest 

of the initial funding. Sierra Nevada will then 

have to obtain more financing, since the 

company’s total budget for Dream Chaser 

production is estimated to be at least $200 

million. Despite the skeptics, the company 

remains bullish on its target operational date 

four years from now. In fact, Sierra Nevada 

is mapping out a follow-up strategy, provid-

ing not only training and � ight services for 

NASA but commercial ventures and even 

space tourism. Sirangelo hopes that the 

Dream Chaser will live up to its name, inspir-

ing a new generation of explorers let down 

by the years of drift in NASA’s human space 

program. “When people look at the stars, 

there’s a huge pent-up emotion,” he says. 

“We want to � gure out how we � t into the 

universe. Man needs to experience space. 

It can’t be all robotics.”

As Sirangelo heads back to his of� ce, 

the helicopter pilot wishes him well. “Beau-

tiful day for � ying,” he says.

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

Testaments—that accurately follows the 
original canonical manuscript order as 
recognized by most scholars.  
In addition, once the original order of the 49 
biblical books has been restored, the Seven 
Divisions of the Bible are also re-established. 
The Old Testament contains: 1) The Law, 2) 
The Prophets, and 3) The Writings. The New 
Testament contains: 4) The Gospels and Acts, 
5) The General Epistles, 6) The Epistles of 
Paul, and 7) The Book of Revelation. With 

this restoration, God’s purposeful design of 
the Scriptures begins to unfold, revealing His 
divine inspiration.
 It is a widely unknown fact that the 
original manuscript order of both the Old and 
New Testament books was altered by early 
church fathers. The Holy Bible In Its Original 
Order includes commentaries that trace 
precisely how the Bible erroneously came to 
be in its present 66-book format—revealing 
how and why its books were mysteriously 
repositioned from their original order by 
fourth-century “editors.”
 Second, this version is a new 
translation—A Faithful Version—that reflects 
the true meaning of the original Hebrew and 
Greek with fidelity and accuracy, showing the 
unity of Scripture between the Old and New 
Testaments. Today, in the face of rampant 
religious confusion, those who read and 
study the English Bible deserve a quality 
translation that can be trusted. Reviewer 
Dan Decker of Bible Editions and Versions 
(January 2009) writes of this new version of 
the Bible: “It is an excellent translation for 
those desiring a literal one.... We heartily 
recommend this fine translation.”  
      This new Original Order Version uses 
modern English, but retains the original 
grace and grandeur of the KJV, by 
eliminating the King James-isms like thee, 
thou, hath and shalt.
 Included are vital Commentaries 
providing accurate accounts of the history, 
canonization and preservation of the books 
of the Bible: Who wrote them? When were 
they written? When were they canonized 
and by whom? Other Commentaries and 
Appendices answer critical questions such 
as: When was Jesus born? How did Jesus 
Christ fulfill the Law and the Prophets? When 

was Jesus crucified? How long was He in the 
tomb? When was He resurrected? What does 
it mean to be born again? What are works 
of law? What are the true teachings of the 
early apostolic New Testament Church that 
Jesus founded? Also, biblical and historical 
chronologies show an accurate timeline from 
the creation of Adam and Eve to the present. 
There are detailed footnotes and marginal 
references explaining hard-to-understand 
passages of Scripture.
 With 1442 pages, The Holy Bible In 
Its Original Order is only 1-3/8 inches 
thick—and measures 8-1/4 by 10-1/2 inches. 
The genuine handcrafted lambskin cover 
features gold stamped lettering. The paper 
is high-quality French Bible paper with 
gold gilded edges. The pages are easy to turn 
and do not stick together. The Bible also 
features wide margins for note-taking, and 
a center column with selected references, 
word definitions and alternate renderings 
for various key words. It comes in a highly 
durable presentation box, beautifully 
adorned with original artwork.
Other Features: Triple bound for extra  
long life (Smythe stitched, spine stitched  
and glued)  
• beautiful original artwork of the Temple in 
Jesus’ time  
• 14 commentary chapters  
• 25 appendices  
• six chronologies  
• various maps

International Society of Bible Collectors: 
“HEARTILY RECOMMENDED!”

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

• Faux Black Calfskin Edition with Custom Presentation Box $99.50

• Durable Laminated Paper Edition with Zippered Leatherette carrying case with handle and pockets for pens, notes   
(This $24.95 value is your free gift!). $99.50
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1 Watch what you bite: Enamel, 

the sturdiest substance in the 

body, is harder than a copper 

bullet but slightly less hard 

than a stainless-steel fork . 

2 Enamel also develops tiny 

cracks that diffuse the stress 

of chewing and help prevent 

breaks. Aerospace engineers 

are studying this feature 

with an eye toward creating 

stronger spacecraft.

3 Yet your teeth cannot always 

stand up to your mouth’s 

native population of bacteria, 

which produce acids that 

leach calcium and phosphate 

from the enamel—the process 

that leads to cavities.

4 Nothing personal: Those 

acids are an accidental by-

product created when the 

bacteria digest sugars in the 

food you’ve eaten. (Before 

the invention of re� ned sugar, 

cavities were rare.) 

5 Fluoride counters tooth 

decay by preventing the loss 

of minerals from enamel and 

promoting reabsorption of 

calcium and phosphate from 

saliva into the enamel.

6 In 1945, Grand Rapids, 

Michigan, became the � rst 

community in the world to put 

� uoride into its water system. 

Today, two-thirds of U.S. resi-

dents get � uoridated water. 

7 The next stage in � ghting 

tooth decay? Jeffrey Hillman, 

professor emeritus of oral 

biology at the University of 

Florida, has begun human 

trials of a genetically engi-

20 THINGS YOU DIDN’T KNOW ABOUT TEETH

neered version of the oral 

bacterium Streptococcus 

mutans, which he modi� ed to 

produce less acid.

8 This strain also creates an 

antibiotic that kills other 

S. mutans strains, allowing it 

to take over inside the mouth.

9 A study by researchers at 

Yale and New York University 

has con� rmed a bit of folk 

wisdom: The more children a 

woman has, the more likely 

she is to have missing teeth.

10 Possible explanation: 

Pregnant women tend to 

develop gingivitis (in� amma-

tion of the gums) as hormonal 

shifts make the tissues more 

sensitive to irritation.

11 In 18th-century England, 

wealthy women might have 

opted for a tooth transplant, 

which was brie� y popular 

among the upper classes.

12 No—really, honey, it was 

the dentist’s fault: Such 

operations usually failed, and 

worse, the transplanted teeth 

often carried syphilis.

13 Teeth begin developing 

in utero at about six weeks. 

Long after birth, they retain 

many substances to which 

the fetus was exposed—and 

so offer a good record of the 

nutrition and environmental 

exposures of the child (and 

the mother).

14 Accordingly, MoBaTann, a 

tooth bank based in Norway, 

plans to collect 100,000 

baby teeth to study the rela-

tionship between pollution 

and disease.

15 The stem cells that produce 

teeth can turn up in horrify-

ingly wrong places. Teeth have 

been known to form in tumors 

called teratomas, which may 

also include hair, bones, or 

other specialized tissue.

16 The earliest teeth may have 

appeared in the throats of jaw-

less � sh more than 500 million 

years ago. Like oral teeth, they 

crushed food as it was eaten.

17 Teeth can still be found in 

the throats of some � sh spe-

cies today, including cichlids 

in East Africa’s Lake Malawi.

18 By studying these cichlids, 

scientists in Tennessee and 
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Georgia have identi� ed the 

master set of genes that reg-

ulate the construction of all 

teeth in the animal kingdom. 

The discovery could aid the 

effort to biologically engineer 

human teeth.

19 There have already been 

some remarkable feats of 

dental engineering. Last year 

a Mississippi woman became 

the � rst American to undergo 

osteo-odonto-keratoprosthe-

sis, a treatment for blindness 

caused by corneal damage. An 

extracted tooth is sculpted to 

form a frame for a tiny lens and 

is then implanted in the eye. 

20 How could it be other-

wise? The tooth of choice for 

the procedure: a canine, or 

eyetooth. MEGAN TALKINGTON
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LET’S PASS ENERGY ON TO THE NEXT GENERATION. 
LET’S GO.
The Yoshida children have a lot of energy. But the country they’re growing up in 
doesn’t. Japan needs affordable, reliable energy. Shell is helping to deliver this 
energy in the form of liquefied natural gas. Not just for tonight’s warming noodles, 
but potentially in years to come, when they may have children of their own. It’s 
another example of how we’re helping to build a better energy future. Let’s go.
www.shell.us/letsgo
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