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A colony of young stars in the Orion nebula, as 
captured by NASA’s Spitzer Space Telescope.
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Dava Sobel inaugurates a new 

version of her discover col-

umn, now called Star Fields in 

recognition of her passion for 

all things astronomical. For this 

month’s dispatch, she braved 

110-degree heat in Nevada’s 

Eldorado Valley, chasing down 

sandy wind funnels known as 

dust devils (page 30). Sobel 

joined a team of European and 

American researchers whose 

study of these dust pillars helps 

them model similar events 

on Mars. “I love planetary 

science, and it’s not often that 

I can do something participa-

tory,” she says. “Short of being 

on a spaceship to Mars, this 

was great.” Martin Towner, 

a researcher from Imperial 

College London, used their 

motel’s galley-size kitchen to 

cook a feast for the crew after 

an exhausting day. “I got the 

feeling these guys could do 

whatever needed to be done,” 

says Sobel, whose writing was 

� rst inspired by a Carl Sagan 

lecture about extrasolar planets 

in 1972. She is now writing a 

book about Copernicus and 

is the author of � ve others, 

including � e Planets and 

Galileo’s Daughter. Sobel has 

worked at � e New York Times 

and written for numerous 

publications, including � e New 

Yorker and omni.

Jennifer Ouellette followed 

physicists into the casinos 

of Las Vegas for “Big Game 


 eory” (page 58). Married to 

discover blogger Sean Carroll, 

Ouellette became intrigued by 

a peculiar trend among Carroll 

and his colleagues: Physicists 

love playing poker. “Once you 

know one poker-playing physi-

cist, the rest come out of the 

woodwork,” she says. “I wanted 

to explore this attraction.” Ouel-

lette initially hated the idea 

of losing money in poker, but 

Carroll swayed her to the dark 

side. (
 e two met through 

their blogs in 2006.) “I’m actu-

ally a pretty good player, but I’m 

far too predictable. Je�  Harvey 

kicked my butt,” Ouellette 

says of her encounter with the 

University of Chicago physicist. 

“He read me like a book and 

folded pocket queens. He knew 

I had trip aces.” Ouellette’s 

latest book is � e Calculus 

Diaries: How Math Can Help You 

Lose Weight, Win in Vegas, and 

Survive a Zombie Apocalypse. 

She was recently director of the 

National Academy of Sciences’ 

Science and Entertainment 

Exchange, working with Holly-

wood to make � lms more true 

to the laws of physics. 

Adam Piore lived in Cambodia 

in 1999 and 2000, helping train 

Cambodian journalists and 

writing for � e Boston Globe. 

He was there as the country 

emerged from 30 years of civil 

war. Land mines were every-

where, as were many ampu-

tees. 
 at experience, in part, 

inspired Piore to write “
 e 

Bionic Man” (page 50), about 

expert rock climber Hugh Herr, 

who went hiking in the White 

Mountains of New Hampshire 

and ended up with both legs 

amputated below the knee. 

Herr, then a vocational school 

student, began studying phys-

ics and is now a leading bionic-

prosthetics researcher at mit, 

doing much of his research on 

himself. “You’d never know he’s 

wearing these things,” Piore 

says of his visit to Herr’s lab. 

“A lot of scientists are sort of 

slumpy and chubby. 
 is guy is 

thin and athletic. He thinks his 

legs are more attractive than 

real ones.” Piore, who covered 

9/11 and the war in Iraq for 

Newsweek, was recently a fea-

tures editor at Reader’s Digest 

and has written for gq, Playboy, 

Maxim, and Mother Jones.

Bob O’Connor was majoring in 

architecture as an undergradu-

ate when he realized he would 

rather take pictures of buildings 

than design them himself. “I’m 

most interested in the seem-

ingly authorless institutional, 

commercial, and industrial 

architecture people spend most 

of their time working, learning, 

and shopping in,” he says. “You 

probably spend more than 

half your day in these types 

of buildings, but no one gives 

them much thought.” O’Connor 

recently visited the mit Media 

Lab to photograph prosthetic 

limb researcher Hugh Herr for 

“Bionic Man.” “It’s really easy 

to get distracted looking at the 

stu�  they’re building. 
 ere 

are limbs hanging around in 

various stages of development. 

It gets messy in there. As you 

can see in the photo of Hugh 

at his desk, science is rarely 

neat and orderly as you’d think.” 

O’Connor has photographed for 

Fast Company, Boston maga-

zine, and Technology Review. 

To view more of his work, visit 

www.boboconnor.net. 

CONTRIBUTORS

From left:

Dava Sobel, Jennifer 
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bruce campbell was a visionary 

astronomer who ran into the limits 

of human vision.

I think of him whenever I hear 

about the latest discoveries of planets 

around other stars—which happens 

a lot of the time these days, since the 

study of such “exoplanets” is currently one of the hottest areas of scienti� c research. Just about 

every week, it seems, an astronomer announces some wondrous new world that is hotter, pu�  er, 

smaller, or wetter than anything we’ve seen before.  e discoveries are arriving so fast and furious 

that we needed to cover them twice in this issue just to keep up: once to talk about the latest 

� nding, ba�  ing planets that orbit backward (page 17), and once to preview the research that 

may soon lead us to another place in the universe that actually supports life (page 46).

Campbell paved the way for all this work. Way back in the 1970s he was re� ning an innovative 

technique to smoke out worlds around other stars. By comparing starlight against a reference light 

source housed in his observatory, he and his collaborator, Gordon Walker, showed that they could 

measure the star’s motion to an astonishing accuracy of about 20 miles per hour. If any planet was 

circling around the star, its gravity should noticeably pull the star back and forth.

 e concept seemed sound; the only problem was implementing it. In our solar system, the 

strongest pull comes from Jupiter, which takes 12 years to circle the sun. If other planetary systems 

were similar, Campbell realized, he would have to wait 12 years to get one clear back-and-forth 

signal. Getting two, to weed out errors, would take twice as long. Undaunted, Campbell dug in 

and persisted until the early 1990s, slaving over a hot spectroscope at the Canada-France-Hawaii 

Telescope on Mauna Kea. He eventually gave up the project, however, having achieved only some 

very tentative signs of success. His research seemed doomed to fade into obscurity.

 en came the day when everything turned upside down. Using a technique very similar to 

Campbell’s, Swiss astronomers Michel Mayor and Didier Queloz had been watching a star called 

51 Pegasi. Each day its speed seemed to change a little, inexplicably. Finally Mayor and Queloz 

realized what was going on.  ey were seeing a giant planet whose orbit took it around the star 

not over a period of years but in 4.2 days. According to the scienti� c understanding of the time, 

such a planet should not be possible. But nobody told that to the universe.

 e discovery of the planet around 51 Peg, announced on October 6, 1995, opened the � ood-

gates. Once astronomers understood that other planetary systems need not be at all like our 

own, they started � nding planets everywhere—six more just within the next year, more than 

450 today. Ironically, Campbell himself could have easily found many of these. For instance, 

51 Peg’s planet yanks its star at a speed of about 120 miles per hour. It was well within his grasp. 

Campbell just had the bad luck to have looked at the wrong stars, and the bad fate to have let his 

vision be limited by what his colleagues told him was possible.

Every day, scientists struggle against that fundamental aspect of human behavior: We see 

what we expect to see. When we come across life elsewhere in the universe—as I’m con� dent we 

will—we may well � nd that nature once again has no respect for the scope of our imagination. 

And when that day comes, I hope that Bruce Campbell’s name is not forgotten.

EDITOR’S NOTE

Corey S. Powell, editor in chief

eye of the 
beholder
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Shrunken Brains Explained

I am saddened that anthro-

pologists ignore the possibil-

ity that evolution selected 

for smaller cranial sizes 

based on children’s head 

dimensions at birth [“� e 

Incredible Shrinking Brain,” 

September, page 54]. Child-

birth has historically been 

one of the most danger-

ous physical processes for 

woman and child, especially 

if the baby is too large for 

the birth canal. � e very 

recent increase in cranial 

size could be explained by 

advances in medicine that 

allow more children with 

larger heads to survive.

Jessica Adams

Gainesville, FL

I did not see anyone quoted 

in the article discussing 

which regions of the brain 

are shrinking. Does it occur 

to anyone that we may have 

lost brain mass in areas for 

processing senses like sight, 

smell, and hearing—all 

areas where there may be 

less evolutionary pressure 

in a species with agriculture 

and specialization? We now 

depend far more on intel-

ligence so that we can thrive 

in large groups and establish 

relationships.

Rob Hunnings

Piedmont, SC

A consequence of the shrink-

ing human brain may well 

be the opposite of what 

was written on your cover 

(“Is Evolution Making Us 

Dumber?”). Taming animals 

enhances and extends their 

juvenile behavior, as Richard 

Wrangham says, but such 

behavior correlates strongly 

with higher scores on intelli-

gence tests. It is also notable 

that young people, primarily 

under 30, make most major 

breakthroughs in all � elds. 

Perhaps we have shrunk our 

brains, but by lengthening 

our period of youthful and 

irreverent behavior, we may 

have also increased our intel-

ligence and extended our 

knowledge more quickly.

Paul Sergeant

Allen, TX

Traffic Tech Is Useless

David H. Freedman takes 

the position that faster and 

more accurate information 

about tra�  c will solve con-

gestion by enabling drivers 

to choose alternate routes 

[“Future Tech,” page 36]. 

Haven’t we learned that new 

technologies cannot solve 

every problem of unsustain-

able policies and practices? 

� e lead paragraph of the 

article should have been: 

“Since we will never stop 

relying on private automo-

biles, and since we have found 

that building more and 

more roads has not relieved 

tra�  c problems, let’s try 

some new technology to tell 

us more about the mess we 

are determined to continue.”

Paul Friedman

Brooklyn, NY
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LIFE ON ICE

THE MOMENT Ice worms 
(brown squiggles) make 
their living on the surface of 
Whitechuck Glacier in the 
Cascade Mountains of Wash-
ington State. These relatives 
of earthworms—seen here 
alongside a disintegrating 
balloon littering the ice—are 
found only on the glaciers 
of the North American west 
coast, where they graze on 
algae and bacteria. Unlike 
other animals, the worms 
have a metabolism that 
seems to increase at lower 
temperatures; they typi-
cally die above 50 degrees 
Fahrenheit, and their tissues 
begin to break down at about 
70°F. Some glaciers house 
more than 250 worms per 
square foot of ice, but as 
glaciers in the region recede, 
the worms are expected to 
disappear along with them. 

THE SHOT Photograph by 
Ethan Welty using a Canon 
EOS 40D, 20mm lens, f/5.6, 
ISO 400, 1/125 second. 
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SPARE PART

THE MOMENT A newly dissected human aortic heart valve in culture solution awaits 
cryopreservation at the CryoLife tissue lab outside Atlanta. The valve regulates the flow 
of freshly oxygenated blood from the heart’s left ventricle into the aorta, the largest 
artery in the human body. Heart defects present at birth, infections, and age-related 
problems can all impair heart valve function, necessitating replacement surgery. 
CryoLife began selling frozen human valves to surgeons in 1984; previously, replace-
ment valves often came from pigs.

THE SHOT Photograph by Nathan Ellis Perkel using a Hasselblad H1 with an Ixpress 132C 
digital back, f/8.9, ISO 200, 1/250 second.
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in 2006 an urgent request came 

from the top U.S. military com-

mander in western Iraq. Rather 

than asking for more tanks or 

troops, Marine Corps Major General 

Richard Zilmer said he needed “a 

renewable and self-sustainable 

energy solution” for forward operat-

ing bases and combat outposts. 

Out
 tting bases with solar panels 

and wind turbines, he argued, 

would reduce the need for fuel-

bearing convoys, which are vulner-

able to attack and which draw sol-

diers away from their core mission. 

“� at’s the kind of thing that gets 

people to sit up and take notice,” 

says Alan Sha� er, who served as 

the Defense Department’s acting 

director of operational energy. 

Zilmer’s call for renewables on the 

battle
 eld highlighted a growing 

awareness within the Pentagon 

that clean energy initiatives are 

more than just good public rela-

tions; they can save lives and make 

the American military a more 

e� ective 
 ghting force. 

Both domestically and abroad, 

security issues are increasingly 

in uencing the way the United 

States evaluates its energy policies. 

� e Pentagon does not want its 

military bases to be at the mercy 

of unpredictable oil-rich nations 

Data
Big
Idea Cleaner, Meaner 

War Machines

or volatile price shifts. So in 2006, 

when Army brass committed $5 

billion for construction at Fort 

Bliss in El Paso, Texas, they made 

a new approach to energy one of 

their priorities. � e base’s utility bill 

currently runs about $14 million per 

year, and Major General Howard 

Bromberg, former commander of 

Fort Bliss, says that projections 

had showed annual costs reaching 

$90 million by 2025. But the Army 

saw an alternative future, in which 

wind, solar, and geothermal power 

could provide enough electricity for 

the entire installation by 2025 and 

keep annual costs nearly steady. 

“We can do solar 365 days a year,” 

Bromberg says, “and we have wind 

potential on the mountains.” Addi-

tionally, tests from the 1990s found 

a large geothermal source—a hot 

aquifer with 190 degree water—sit-

ting beneath the base’s training 

grounds. Fort Bliss engineers are 

evaluating the site for a proposed 

10-megawatt geothermal plant. 

Other branches of the military 

are moving in the same direc-

tion. Navy Secretary Ray Mabus 

proposes cutting petroleum use in 

non-tactical operations by 50 per-

cent and shifting half of the Navy’s 

total energy supply to alternative 

sources by 2020. Speaking at the 

Center for National Policy last May, 

Human 
parasites

B Y  E M I L Y  E L E R T

10,773 
Number of protein-coding genes possessed by 

Pediculus humanus humanus (L.), the human body 
louse, according to a new study. Ten of those 

genes code for odor receptors, which researchers 
anticipate could become targets for future louse 
repellents. With 108 million DNA base pairs, the 

louse has the smallest known insect genome. 98
Percentage of people 
worldwide who host 
Demodex folliculorum 
or Demodex brevis, 
the only two arthropod 
species that permanently 
colonize the human body. 
These microscopic, eight-
legged mites live in the 
follicles of our eyelashes, 
eyebrows, and nose 
hairs, where they feed on 
dead skin cells and oil. 

NUMBERS
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Mabus noted that previous energy 

transitions—from sail to coal power, 

coal to oil, and oil to nuclear—met 

resistance but ultimately improved 

the Navy’s adaptability and agility. 

By reducing reliance on fuel convoys 

and increasing domestic control over 

the Navy’s energy supply, he said, the 

current shift will do the same. “We 

are moving toward alternative fuels 

base and exploring a promising new 

technology called ocean thermal 

energy conversion (otec), which 

uses warm surface water to heat a 

liquid with a very low boiling point, 

such as ammonia. � e resultant 

steam runs a turbine, and cold water 

drawn up from deep in the ocean 

condenses the steam to start the 

cycle again. Brian Cable, an ocean 

energy project manager for the Navy, 

says this zero-emission technology 

requires a big up-front investment, 

but a single unit could produce 100 

megawatts of renewable electric-

ity. � at high energy density makes 

otec a more attractive option than 

Buzz Words

 FUEL CONVOY  A delivery 
mission supplying bases and combat 

outposts with fuel. A single Army 
convoy can involve 100 soldiers; 
the wars in Iraq and Afghanistan 

require about 6,000 long-distance 
convoys each per year.

 OCEAN THERMAL ENERGY 

CONVERSION  A technology 
using the temperature difference 
between cold, deep ocean waters 

and warmer surface waters to 
generate electricity.

 ENERGY DENSITY 

The amount of usable energy in a 
system or region. 

 CAMELINA  An oil-containing 
plant, also known as false flax, 

under investigation as a new source 
of biofuel that has the potential to 

replace conventional jet fuel. 

The U.S.S. Makin 

Island assault 
ship (left) and 
the Green Hornet 
supersonic strike 
fighter both run on 
biofuel blends.
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in the Navy and Marine Corps for 

one main reason, and that is to make 

us better � ghters.” Six years from 

now, a fossil-fuel-free carrier strike 

group—including a nuclear-powered 

aircraft carrier, hybrid electric ships, 

and biofueled aircraft—will begin 

missions in international waters. 

Shoreside, Navy scientists are 

experimenting with wave power at 

Hawaii’s Kaneohe Bay Marine Corps 

wave or tidal power, Cable says, 

especially for distant outposts like 

those on Guam, where a cost analy-

sis suggests that otec could provide 

electricity slightly more cheaply 

than existing oil-� red plants. Navy 

researchers are currently scouting 

Hawaii’s coastal waters to identify 

a site for a 5- or 10-megawatt otec 

pilot plant, and Lockheed Martin is 

working on preliminary designs.

Energy issues are particularly 

critical for the Air Force: It accounts 

for more than half of the Defense 

Department’s fuel purchases, gulping 

down about 2.5 billion gallons of jet 

fuel each year. Air Force energy direc-

tor Dave King hopes that by 2016, 

300 million gallons of that total will 

come from alternative sources such 

as biofuels, a move that he argues will 

increase the stability of the force’s fuel 

supply and reduce its vulnerability to 

cost � uctuations. “We’re feedstock 

agnostic—if the market can produce 

it competitively and it works, we’ll buy 

it,” he says. � is past March, an A-10 

� underbolt II streaked across the sky 

near an Ohio Air Force base, powered 

by a 50-50 blend of standard jet fuel 

and biofuel made from a plant called 

camelina. � is � rst-of-its-kind test 

� ight was part of an ongoing Air Force 

e� ort to prove that planes perform 

just as well with biofuel in the tank. 

“We will not sacri� ce operational 

performance at the altar of green—

but we don’t think we need to,” Alan 

Sha� er says. So far, so good: � e test 

pilot’s verdict on the biofuel mix was a 

big thumbs-up.  eliza strickland 

81
Percent increase in bedbug calls to pest-control companies in the United States 
between 2000 and 2010, according to the National Pest Management Association 
and the University of Kentucky. The banned insecticide DDT nearly drove these 
nocturnal, crevice-dwelling, biting insects to extinction nationwide during the mid-20th 
century, but they have recently staged a fierce comeback. New York City alone 
saw 10,985 bedbug complaints in 2009, up from 537 in 2004. 

3 million
Number of medicinal leeches produced each year at the International 
Medical Leech Centre in Russia. Hospitals around the world use the 
bloodsucking annelids—which have three jaws, each bearing 100 tiny 
teeth—for tasks such as stimulating circulation after the surgical 
re attachment of a severed finger or ear. Leeches received FDA approval 
as a medical device in 2004. 

250,000,000
Estimated number of malaria cases each 

year, according to the World Health 
Organization, resulting in nearly a million 

deaths, mostly of children under age 5. 
Other parasitic diseases with a huge 

public health impact include amoebiasis 
(which kills 100,000 per year), leish-

maniasis (60,000), and schistosomiasis 
(20,000). Globally, about one in every 

four people hosts parasitic worms. 
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a group of rats in new haven, connecticut, 

have o� ered living, breathing proof that scien-

tists are learning how to grow replacements 

for vital organs. Earlier this year, researchers at 

Yale University removed the animals’ left lungs, 

swapping them out for new ones crafted in the 

lab. Although the rats survived no more than 

two hours, that was long enough to prove that 

an engineered lung could exchange gas and 

keep an animal alive. In a separate project, rats 

at Massachusetts General Hospital received cul-

tivated livers and survived for up to eight hours 

before the transplant was removed.

� e recipe for these replacement organs begins 

with destruction: Wash away the cells of a donor 

organ with detergent, leaving behind just its 

spongy, protein support structure. � is remainder 

can then be seeded with immature organ cells or 

stem cells from the intended recipient. � e new 

cells grow around the protein sca� old, building 

a complete organ. Researchers at the University 

of Minnesota  rst used this technique in 2008 to 

build a disembodied rat heart that was able to 

pump blood while hooked up to a machine. 

“Each organ has its own speci c set of chal-

lenges,” says Laura Niklason, the Yale bioengineer 

who led the lung project. Human trials for com-

plex organs, such as the liver and heart, are still a 

long way o� ; researchers need to devise a reliable 

way to harvest the required stem cells and perfect 

the method of packing them into the sca� old. But 

two years ago, tissue engineers in Europe success-

fully implanted a lab-grown left bronchus into a 

woman with severe injuries. Niklason hopes that 

other simple engineered tissues, such as the blood 

vessels she has been working on, will be ready for 

human trials within a year. aaron rowe
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ENVIRONMENT BEAT

The Secret Social Life of Plants
we may not think of them as 

outgoing beings, but it appears 

that plants have evolved ways to 

know who  is growing nearby. And 

just like people, some plants do 

better in a social setting while oth-

ers prefer the solitary life. 

Botanists have observed that 

many trees do not grow well near 

members of their own species, but 

they were uncertain how the trees 

could tell. A recent study o� ers an 

answer. Surprisingly, newly sprouted 

seeds do not seem to respond direct-

ly to chemicals from their mature 

relatives; rather, they probably react 

to soil-dwelling microorganisms 

near the trees’ roots. Biologist Scott 

Mangan and his colleagues at the 

Smithsonian Tropical Research 

Institute found that  ve tropical tree 

species grew better in soil collected 

near another kind of tree than in 

dirt gathered near their own species. 

� eir aversion probably occurs 

because the microbial enemies of a 

given kind of tree set up camp in the 

soil surrounding it, Mangan says, 

and “those microbes are more detri-

mental to the tree’s own seedlings.” 

� is process puts pressure on these 

trees to evolve methods of disper-

sal such as fruits or winged seeds, 

he suggests, mechanisms that 

allow seedlings to escape direct 

competition with their parents.

Sagebrush plants, in contrast, may 

fare better when they are surrounded 

by their own kind. Researchers at 

the University of California, Davis, 

previously discovered that these 

shrubs send out airborne chemical 

cues from their foliage and branches 

that play a vital role in protecting the 

plants against insect attack.  In a new 

study, U.C. Davis ecologist Richard 

Karban found that the chemicals 

can also in� uence a plant’s twin: 

Two genetically identical sagebrush 

plants grown side-by-side fended 

o�  herbivores, including caterpillars 

and grasshoppers, more e� ectively 

than did two unrelated plants. “� ey 

are capable of responding to cues 

from other individuals nearby,” 

Karban says. He is now investi-

gating whether this protection 

extends to other closely related 

family members. If the plants rec-

ognize each other’s alarm systems, 

having relatives nearby may help 

keep them safe.  valerie ross
A rat liver whose cells were washed away 
(left) retains the same blood vessel structure
 as a normal liver (right).  
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ever since astronomers started 

� nding planets orbiting other stars, 

they have been learning just how 

rich and peculiar the cosmos can 

be. � e latest observations add yet 

another head-scratcher: giant gas 

planets that circle their stars on 

wildly tilted orbits or go around the 

wrong way altogether. 

Current models suggest that plan-

ets should orbit in the same direc-

tion as their star’s rotation (as is true 

for our solar system), in keeping with 

the view that the whole shebang 

formed from the same spinning disk 

of material. One possible explana-

tion for the newfound rebel planets 

is that they have been pulled out of 

their normal orbits by a nearby stel-

lar companion  to their central star. 

� is deep-space billiards game is 

known as the Kozai mechanism.

 In this scenario, “you have a 

Jupiter-size planet making close 

ASTRONOMY BEAT

Wrong-Way Worlds
passes to one of the stars in a binary 

system,” says Andrew Collier Cameron, 

an astronomer at the University of 

St. Andrews in Scotland. � e planet’s 

swooping 	 ybys create tidal waves 

on the host star, which combine with 

the gravitational tug of its companion 

star to pull on the planet in unpredict-

able ways. “Its orbit 	 ips essentially 

randomly relative to the orbital plane 

of its star,” Cameron says, potentially 

turning over completely. � is process 

may be surprisingly common. Camer-

on and colleagues recently studied 27 

exoplanets and found that one-third 

had highly tilted orbits, including at 

least four that orbited backward.

More oddball � nds are probably on 

the way. Some exoplanets have long, 

cigar-shaped orbits. And researchers 

at the University of Texas just discov-

ered a system in which two worlds 

orbit their star at a 30-degree angle to 

one another. � eir rakish tilt may be 

the result of gravitational disturbances 

from a companion star, perhaps in 

combination with the in	 uence of 

another planet that got tossed out of 

the system entirely. Fred C. Adams, 

an astrophysicist at the University of 

Michigan who studies planet forma-

tion, says such � nds indicate we still 

don’t know the true variety of worlds 

out there: “Planets can wiggle around 

in a lot of ways.” stephen ornes

An artist’s 
conception of 
WASP 8b, an 
exoplanet caught 
orbiting its 
star backward. 

Follow your  on science���.gov
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inspired by the snake’s stream-

lined body and 
 exible spine, 

engineers are building robots that 

can slither into places too tight 

or dangerous for people to enter. 

Such devices have shown some 

promise for search-and-rescue 

operations, but Howie Choset, a 

roboticist at Carnegie Mellon Uni-

versity, is taking them to a more 

intimate location: straight to the 

human heart.

Choset is one of the inventors of 

Cardio Arm, a foot-long serpen-

tine robot designed to assist in 

cardiac surgery. � e device worms 

its way into a patient’s chest 

through a three-quarter-inch inci-

sion in the solar plexus. A surgeon 

controls movement of the robot’s 

head with a joystick, and the 

rest of its 102 joints snake along 

behind. A tiny, front-mounted 

camera lets the operator see 

where the Cardio Arm is going 

TECHNOLOGY BEAT

Here Come the Snake-Bots
and make course corrections.

� e Cardio Arm was used on a 

human for the � rst time in Febru-

ary, when doctors in the Czech 

Republic employed it to perform 

a diagnostic heart-mapping 

procedure. The robot made the 

operation far less traumatic than 

it would have been otherwise. 

“Instead of cracking open a 

person’s chest,” Choset says, “we 

can do a surgery and send patients 

home the next day.” He hopes to 

test the device in other surgeries, 

such as ablation—which involves 

burning away a small amount of 

heart muscle to correct an abnor-

mal beat—and is already dream-

ing of new adventures with other 

snake-bots. “We’re hoping to 

use a remote-controlled robot to 

go through small caves in Egypt,” 

he says, “and � nd remains of 

ancient Egyptian tombs.” 

daniel lametti 

MEDICINE BEAT

Internal Attack on Killer Viruses

viruses, little more than some rna or dna wrapped in 

a protein coat, are among the simplest sources of illness. � ey 

are also the most di�  cult to destroy. Antibiotics are impotent 

against them, and the few drugs targeting a speci� c virus 

often lose their e�  cacy as the pathogen evolves. So it is time 

for a fresh approach, a University of Edinburgh cellular biolo-

gist says. Instead of killing viruses directly, she is trying to turn 

the host’s body into an inhospitable place for the germs to stay.

Amy Buck and her colleagues studied microRNAs, 

snippets of genetic material in a host organism—you, for 

instance—that in
 uence the proteins the organism’s cells 

produce. � e researchers identi� ed several human and 

mouse microRNAs that seem to create an unfavorable physi-

ological environment for viruses. When they cranked up 

levels of those RNAs in cells infected with herpes, the viruses 

almost stopped reproducing. � e same microRNAs were 

also e� ective against Semliki Forest Virus, a mosquito-borne 

pathogen with a very di� erent life cycle and genetic makeup.

By taking away materials viruses need to survive rather 

than attacking them from the outside, the technique might be 

more useful against a wider range of viruses, and for a longer 

time, than any one drug. “We’ll never get around the fact that 

viruses mutate,” Buck says, “but we can develop these alterna-

tive strategies.” She is now testing the approach against one of 

the most common viral killers: seasonal 
 u. valerie ross

The Cardio Arm can perform 
minimally invasive heart surgery.

A cell infected 
with the herpes 
simplex virus 
(round shapes).
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The Laser Interferometer Gravitational-Wave Observatory

L I G O

When two black holes collide, the event 

vibrates the fabric of space-time, creating 

ripples called gravitational waves that reso-

nate across the universe. In fact just about 

every moving object stirs up such waves, 

according to Einstein’s general theory of 

relativity. But so far, no one has managed to 

observe them directly. Doing so requires the 

ability to measure changes in distance on 

the order of one-thousandth the diameter of 

a proton as passing waves stretch and com-

press local space—one of the most delicate 

measurements in all of science.

That is where two giant facilities in Louisi-

ana and Washington state come in, operat-

ing together as the Laser Interferometer 

Gravitational-Wave Observatory (LIGO). At 

each of the facilities , a laser shoots a 35-watt 

infrared beam through a Faraday isolator, 

which directs and polarizes the light. The 

beam then enters a vacuum chamber where 

a partially-silvered mirror splits it in two, 

sending each half down one of the L-shaped 

system’s 2.5-mile-long arms. The beams 

bounce around a system of mirrors about 

75 times before returning to the splitter. 

Normally, the split light waves fall out of sync 

on their journeys and so cancel each other 

out when recombined. When a gravitational 

wave moves through the detector, though, 

it should stretch one arm of LIGO while 

shortening the other, changing the path of 

the beams and causing the rejoined waves to 

produce a detectable pattern of light.

Since 2005 LIGO has tuned in to a small 

portion of the universe, to no avail. But this 

month, the experiment will be suspended 

for a major upgrade, including a new laser 

20 times as powerful as the current model. 

When it goes back online in 2014, LIGO will 

be able to scan a swath of sky 1,000 times 

bigger. “Instead of having a few percent 

likelihood of seeing a signal in a year, we 

should see a signal once a week or once a 

month,” says Caltech physicist Jay Marx, 

LIGO’s executive director. EMILY ELERT

F A R A D A Y  I S O L A T O R

L A S E R

V A C U U M  C H A M B E R

E N D  T E S T 
M A S S  M I R R O R

GOOD NEWS

≥ Get ready to hit the 
dance floor, fellas: Evo-

lutionary psychologists in 
the United Kingdom and 

Germany who asked women 
to rate the attractiveness of 
male dance elements found 

that gals especially like big 
movements of the head 

and torso.

≥ English teachers can 
rest easy: A new exhibition 

called Evolving English 
at the British Library shows 

that text-message-style 
shorthand has a long 

history. The exhibit includes 
an 1867 poem that reads, 

“I wrote 2 U B 4.”
 

≥ Feeding cows a supple-
ment derived from oregano 

can reduce their emissions 
of the potent greenhouse 

gas methane by 40 
percent, according 

to animal experiments at 
Penn State.

≥ Rutgers and Villanova 
psychologists found that 

subjects who saw a reality 
TV makeover show featuring 
cosmetic surgery were more 

likely to want plastic sur-
gery for themselves than 
those exposed to a home 

improvement show.

≥ Americans harbor 
widespread misconceptions 
about how to save energy. 

In a survey, many cited curtail-
ment strategies—such as 

turning off the lights in empty 
rooms—as the best approach, 

but switching to more effi-
cient devices and appliances 

is far more effective.

≥ Stretching before 
distance running may 

hamper performance. 
Runners at Florida State 

who were asked to go as far 
as they could in an 

hour covered less ground 
and expended more energy 

after a stretch than 
when starting cold.

BAD NEWS
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Learn more at www.tmt.org,  

or find us on Facebook.

 T H I R T Y

 M E T E R
 T E L E S C O P E

TMT will take us on an exciting journey of 

discovery, exploring the origin of galaxies, 

the birth and death of stars, and hidden 

details about planets orbiting distant stars, 

including the possibility of life on these 

alien worlds.

B U I L D I N G  T H E  
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Data
Science
News

Mutant strains of 

bacteria—the yellow 

colonies here—can 

Baffin Island rocks contain an incredibly primitive mix of elements.

EARTH SCIENCE BEAT

Found: Remnants of Early Earth
during its violent, molten 

infancy, earth began to settle 

into layers: 	 e densest ele-

ments sank and formed the 

core, the lightest migrated 

upward to form the crust, 

and all the rest ended up 

in the mantle, a mishmash 

that has been churning in 

our planet’s interior ever 

since. Scientists have long 

sought samples of ancient 

mantle that could hold 

the secrets of the earth’s 

early years. In August those 

e
 orts paid o
  when a 

group of geologists led by 

Matthew Jackson, now at 

Boston University, identi-

� ed a reservoir of primitive 

mantle material that is 4.5 

billion years old—almost as 

old as the planet itself.

	 e reservoir, found 

on Ba�  n Island in the 

Canadian Arctic, is part of 

an igneous rock formation 

created 60 million years ago 

when volcanoes unleashed a 

torrent of fast-� owing, deep-

earth lava. Most such lavas 

have been altered by billions 

of years of mixing, but in 

this case, the rocks bore 

chemical signatures of truly 

primitive material, almost 

untouched by time.

Ba�  n Island sparked 

interest among geologists 10 

years ago, when researchers 

discovered it had levels of 

helium isotopes similar to 

those in meteorites thought 

to be among the oldest in 

the solar system. But Ba�  n’s 

concentration of another 

element, neodymium, did 

not seem to match the 

primitive meteorites. In 

2005, however, researchers 

revised their predictions for 

neodymium isotope levels in 

earth’s ancient mantle and 

found that the island actually 

� t perfectly. Jackson’s new 

tests of lead isotopes there 

con� rm the rocks’ ancient 

pedigree, which should help 

researchers better under-

stand the raw materials from 

which our planet formed.

 emily elert
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Urban Canyons

A TREE GROWS IN MANHATTAN 

Although large areas of vegeta-
tion such as parks reduce urban 
heat and pollution, a 2008 wind 
tunnel test found that a single line 
of “avenue” tree plantings can 
actually make conditions worse by 
hindering winds that would other-
wise bring in fresh air.

WINDY CITIES   NASA-sponsored research suggests that Atlanta’s urban 
landscape helped fuel a 2008 tornado in the city’s downtown; the resulting 
models could help forecast another twister. Studies of airflow can also guide 
responses to terrorism. In 2003 and 2005, Department of Homeland Security 
researchers traced test gases released in Oklahoma City and New York City 
(seen here) to predict how toxins might spread in an attack.

HOT TOWN   City surfaces 
retain the sun’s heat, help-
ing to create urban heat 
islands. The Environmental 
Protection Agency estimates 
that the average air tem-
perature of a city of a million 
or more people may become 
1 to 3 degrees Celsius 
warmer than surrounding 
rural areas. Strategically 
planting trees, using building 
materials that reflect more 
of the sun’s radiation, and 
even painting rooftops white 
can help keep cities cool.

EXHAUSTIVE STUDY  

Computer models show 
that when crosswinds 
travel over deep urban 
canyons, sideways-swirling 
vortices may push traffic 
pollution from the 
center of the street onto 
the sidewalk. Planners can 
use these models to 
decide where to target 
traffic emissions and 
to select the best locations 
for pollution-sensitive 
facilities such as children’s 
playgrounds.

TAKING IT TO THE STREETS   Many air quality studies 
rely on data from monitoring stations and Earth-
observing satellites, but smaller sensors allow individu-
als to collect samples on their own. Researchers at 
MIT have developed a bicycle that can record pollution 
levels and upload the data via smartphone to create 
an online map for city planners.

Cities may feel like the antithesis of the 

natural world, but they obey the same 

rules as do the most pristine patches of 

wilderness. Just like mountains and val-

leys, buildings and pavement create their 

own distinctive environments—and none 

so distinctive as urban street canyons, 

the spaces between high-rises and above 

the streets that run between them. 

Studies show that the shape of street 

canyons (the length of blocks and the 

height of buildings relative to street width) 

strongly influence the local climate. Urban 

climatologists are working to predict how 

canyon design can affect temperatures, 

winds, and the concentration of pollutants. 

Learning how to optimize these spaces 

is an increasingly urgent problem: As of 

2008, the urban environment has become 

simply “the environment” for the majority 

of the world’s population. JOSEPH CALAMIA
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 Jesse
Rıssman

Five
Questions
for

What got you interested in 

brain scans in the courtroom?

In India, a woman was convicted 

of murder using a technology that 

recorded electrical activity from 

the scalp while she was viewing or 

listening to materials related to the 

crime. When I learned more about 

the tests and how widely they were 

being used in the Indian legal system, 

I realized these techniques need to be 

evaluated in a more rigorous way.

How do you look for memories?

We had people study photographs 

of faces. Then, while they were in 

an fmri scanner, we showed them 

those faces again, interspersed 

with new ones, and they had to 

judge whether they recognized 

each face. Then we used a com-

puter algorithm to identify neural 

signatures associated with recog-

nition and those associated with 

the experience of something new.

Can you identify a person’s memo-

ries from such scans?

We could tell quite reliably 

whether people thought each 

face was familiar or new, but 

we couldn’t tell the true sta-

tus of the memory. When we 

tried to distinguish faces the 

person had seen from those 

he hadn’t, we were correct 

less than 60 percent of the 

time. � ere are many reasons 

memories may not properly 

form. The person may not 

be paying attention, may be 

under the in� uence of a sub-

stance, may be drowsy—and 

memories are forgotten over 

time. The idea that our brain 

contains a veridical record of our 

experiences is, I think, fanciful.

Will we ever read minds well enough for 

this to be a useful forensic tool?

The ability to read memories will be 

only as good as the ability of the brain 

to form those memories. I’m skeptical 

that we will ever be able to put people 

in the scanner and get an accurate 

readout of their memory that’s not 

biased by their thoughts, their percep-

tions, their misremembering. 

What other kinds of memory studies 

are you conducting?

We’re taking participants out into the 

real world, and then in the scanner 

we’ll test their memories for events 

from their everyday lives. We’re also 

showing the subjects images of events 

that are similar to their own experi-

ences but that didn’t actually hap-

pen to them. This way, we can see if 

there are ways to reliably distinguish 

between true and false remembering. 

� ere are so many aspects of memory 

that I would love to study that I haven’t 

gotten to tackle yet.  valerie ross

jesse rissman cannot read your mind—

but he’s working on it. A postdoctoral 

memory researcher at Stanford University, 

Rissman is studying how much fmri scans 

(which measure activity in the brain) can 

reveal about what a person is thinking. 

Along the way, he is raising a big red � ag to 

those who want to use brain scans to peer 

into the heads of suspected criminals.
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1. From Principles to  
 Paradoxes and Back Again
2. Almost Impossible
3. Perpetual Motion
4. On Sunshine and  
 Invisible Particles
5. Reflections on the Motive  
 Power of Fire
6. Maxwell’s Demon
7. Absolute Zero
8. Predicting the Future
9. Visiting the Past
10. Thinking in Space-Time
11. Faster than Light
12. Black Holes and Curved  
 Space-Time

13. A Spinning Universe,  
 Wormholes, and Such
14. What Is Symmetry?
15. Mirror Worlds
16. Invasion of the Giant Insects
17. The Curious Quantum World
18. Impossible Exactness
19. Quantum Tunneling
20. Whatever Is Not Forbidden  
 Is Compulsory
21. Entanglement and  
 Quantum Cloning
22. Geometry and Conservation
23. Symmetry, Information,  
 and Probability
24. The Future of the Impossible

Impossible:  
Physics beyond the Edge

Explore the Physics of the Impossible
Traveling through a wormhole. Chasing quantum particles. Re-
versing the flow of time. These and other astounding adven-
tures are staples of science fiction. And yet they also provide 
an engaging way to grasp the fundamental laws of nature and 
discover profound truths about our universe.

Impossible: Physics beyond the Edge uses this ingenious ap-
proach in 24 lectures that teach you more about physics than you 
ever imagined. Your guide is Professor Benjamin Schumacher, 
a pioneer in quantum information who deals everyday with 
things once deemed impossible. His richly illustrated course 
probes the nature of the impossible from many perspectives 
and takes you to the frontier of current scientific knowledge—
all in pursuit of an answer to the question, “Is it possible?”

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

Taught by Professor Benjamin Schumacher,  
Kenyon College

Lecture Titles

Order Today! 
Offer Expires Friday, December 10, 2010

Impossible: Physics beyond the Edge
Course No. 1299
24 lectures (30 minutes/lecture)
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HOT SCIENCE
What to read,
view, and visit 
this month

the tornadoes of 2010 were

stronger and meaner than any in 

Reed Timmer’s recent memory. 	 e 

Storm Chasers star started following 

twisters more than a decade ago in 

a 1985 Plymouth Reliant. More lately 

he has been using a custom supercar 

that he calls the Dominator; the 

new season � nds him behind the 

wheel of an even sturdier version, 

now upgraded with new toys such 

as a roof-mounted air cannon that 

shoots parachute-deploying probes 

into the spiraling vortices.  

After three seasons of meteoro-

logical mayhem, Timmer’s travels 

� nally bring his team face-to-face 

not only with storms but with their 

trails of devastation. In one episode, 

he halts a chase to aid victims 

trapped in rubble. Timmer, who just 

published Into the Storm, a book 

about his adventures, says such 

grisly scenes will keep him learning 

about tornadoes “until I’m 95.” 

Discovery Channel, returning 

October 13 at 10 p.m. EDT. 

emily elert

In the Path 

of the Storm

The Emperor of All Maladies

By Siddhartha Mukherjee 

(scribner)

polio surrendered to the

advance of medicine. Small-

pox, too. “But of all diseases,” 

Mukherjee writes, “cancer has 

refused to fall into step in this 

march of progress.” A cancer 

physician and proli� c writer, 

Mukherjee is all-encompass-

ing but never boring in this 

biography of the disease. He 

follows the struggle against 

cancer from ancient Greece to 

the present day, when longer 

life spans make cancer more 

common despite the true gains 

in our war on the illness.

Written in Stone

By Brian Switek (bellevue)

switek seamlessly inter-

twines two types of evolution: 

one of life on earth and the 

Books

Dean of Invention
Dean Kamen—college dropout turned multimillionaire 
inventor of wonders like the Segway Personal Transporter 
and advanced prosthetics (see “The Battle to Build a Bet-
ter Limb,” page 53)—brings his take on innovation to the 
small screen. Each week, Kamen and cohost Joanne Colan 
take a globe-trotting tour in search of, as Kamen says, 
“inventions that will change the way people live.”

In Dean of Invention’s debut, “Meet the Microbots,” 
Colan journeys to Zurich to find a scientist creating tiny 
robots that could perform eye surgery. Meanwhile, the 
consistently denim-clad Kamen meets a pair of research-
ers in Montreal who are building another type of 
medical mini-robot to travel through the bloodstream 

targeting tumors with precision chemotherapy. 
We get to see computer-generated simulations of 

the devices treating disease inside the human body. 
Kamen is no mere spectator, either. He chimes in to 
give his inventor’s take on the new technology. Typical: 
“Good, but not quite perfect.”

The eight-episode run includes shows like “Robot 
Revolution,” detailing the rise of robots in search-
and-rescue and battlefield missions, and “Re-Gen 
Revolution,” a look at how scientists will grow new 
organs and tissue in the lab. 

Planet Green, beginning October 22 at 10 p.m. EDT. 
 DANIEL LAMETTI

TV Driver Aaron Ruppert 
(left) and meteorologist 

Danny Cheresnick chase 
the next big one.
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HOT SCIENCESeeing Further
Edited by Bill Bryson 

(william morrow)

“How many enterprises can you 

name that are still doing today 

what they were formed to do 

350 years ago?” So asks the 

editor of this essay collection, 

which marks the anniversary of 

one such enterprise: Britain’s 

Royal Society.

Neal Stephenson, Richard 

Dawkins, James Gleick, and 

other writers trace the society’s 

unparalleled contributions to 

science, celebrating not just 

the famous members like Isaac 

Newton and Robert Boyle, but 

also the oddballs. 

The Royal Society proves a 

fruitful jumping-off point, too: 

Margaret Atwood says its eccen-

tric members were inspiration 

for literature’s mad scientist; 

Paul Davies ponders whether 

350 years of astronomy have 

led us to expect a life-filled or a 

lifeless universe.  A. M.

Museum

Museum of 
Flight, Seattle
You don’t need to wait around 
for NASA to go back to the 
moon to hone your lunar 
landing skills. Just take a trip 
to Seattle. At the Museum of 
Flight, simulators let visitors 
execute an Apollo lunar 
module landing. They can 
also enter the world of an air 
traffic controller or clamber 
aboard an Eisenhower-era 
Air Force One.

More is on the way. The 
sartorial splendor of “Style 
in the Aisle”—a look at 
the flamboyant, futuristic 
fashions of 1960s and ’70s 
flight attendants—reopens in 
January.

The museum is among sev-
eral bidding to acquire one of 
the retiring space shuttles. 
If it is successful, visitors 
could get an up-close view of 
the Atlantis, Endeavour, or 
Enterprise by late 2011.

VALERIE ROSS

Bad Religion lead singer Greg Graffin (left) says punk rock and 
science are both about “not settling for dogma.” He should know: 

Graffin also teaches evolutionary biology at UCLA. His 
new book, Anarchy Evolution, details his double life. 

Graffin isn’t the only rocker/scientist; others include:

Dexter Holland The Offspring frontman received a master’s 
degree in molecular biology, but quit his Ph.D. work to rock.

Milo Aukerman The Descendents have released only six 
studio albums in three decades, and one reason is lead singer 
Aukerman’s passion for plant genetics. 

Brian May Queen’s founding guitarist, who holds an astronomy 
doctorate, says he used his physics chops to space the sound 
waves in the famous intro to “We Will Rock You.”  A. M.

other of paleontology itself. In the 

� rst he encounters “fossil celebrities,” 

such as Archaeopteryx, a proto-bird; 

the “sea-monster”  Hydrarchos sil-

limani (later revealed as a hoax); and 

Ichthyostega, the four-legged � sh that 

documents life’s transition from sea 

to land. � e second shows how much 

we owe to Darwin, Huxley, and many 

others who struggled to untangle 

humanity’s place in nature in spite of 

the cultural upheaval that their work 

inevitably caused.

The Mind’s Eye

By Oliver Sacks (alfred a. knopf)

sacks dips into his case files 

again, this time to � nd the peculiari-

ties in the brain that can hijack its 

functions somewhere between the 

eye and the mind. He features an 

accomplished musician who loses 

the ability to read music and a man 

who knows the letters of the alpha-

bet but can no longer comprehend 

them as words. � e doctor/author 

examines himself as well, narrating 

his own frightening ordeal with an 

eye tumor that left him with a blind 

spot in his vision. 

Here Is a Human Being

By Misha Angrist (harpercollins)

as an original participant in the

Personal Genome Project, writer and 

ex-geneticist Angrist was one of the 

� rst to wrestle with the scary yet 

thrilling prospect of unlocking his 

own genes. His absorbing account 

details both the big business and 

the sometimes shaky science of 

sequencing: He follows � edgling 

biotech start-ups and the big � sh 

gobbling them up, and he faults 

personal genomics companies for 

not considering environment and 

lifestyle in their clients’ genetic 

assessments . 

andrew moseman & elise marton

Music

The World War I–era Aviatik D.I and, above it, Sopwith Camel F.1.
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A patient’s misconceptions,  

and a medical student’s naïveté, 

mask a critical diagnosis.
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BY H. LEE KAGAN

 THE STUDENT EMERGED FROM THE EXAMINATION ROOM, CHART IN HAND,
and planted himself next to me in the hallway where I was fi nish-

ing up my notes on another patient. Anxious to share his discovery, 
he leaned over and whispered, “I think she has a mass in her pelvis.” 
I nodded and continued to write. One of the local medical schools 
occasionally assigned students to do a rotation with me in my inter-
nal medicine practice, and I had always found them to be bright and 
eager. This one was no exception. I fi nished my charting, then turned 
to the student and asked him to present what he had found. Earlier I 
had asked him to interview and examine a 50-year-old female patient 
who was in the offi ce for her annual checkup.

“She didn’t complain of pelvic discomfort,” he reported, but he 
found the apparent mass while examining her abdomen. It was so easy 

months. When he asked why she 

had waited so long before coming to 

the doctor, she replied that since it 

wasn’t painful, she � gured it wasn’t 

cancer so she didn’t worry about it.

� e student shook his head. “Can 

you imagine? She thought if it didn’t 

hurt it couldn’t be cancer. Amaz-

ing what bizarre ideas people carry 

around with them,” he observed. I 

smiled in silent agreement.

� e list of possible diagnoses for 

pelvic masses in women is long. 

Tumors, of course, both malignant 

and benign, must be considered. 

Ovarian cancers often cause few 

(if any) symptoms until they have 

become advanced. Early symptoms 

like bloating and mild pain are 

frequently ascribed to less serious 

conditions, such as irritable bowel 

syndrome. Benign tumors, likewise, 

may develop into sizable masses 

before they produce any symptoms.

Other common causes of a pelvic 

mass include abscesses—accumula-

tions of pus from a silent bowel leak, 

for example—that may take weeks 

or months to make themselves 

apparent. � ey often produce fever, 

but not always. Vascular anomalies 

like aneurysms (ballooning of a 

defective spot in a blood vessel) in 

the pelvis and groin may also present 

as masses. � ose associated with an 

artery typically will have a pulse that 

the examiner can feel. And patients 

su� ering from chronic constipation 

may have stool backed up into the left 

colon, which can lead less experi-

enced hands to conclude that there is 

an elongated mass in the pelvis. 

i knew the student had asked 

the patient a battery of questions, 

but how good was he at taking the 

next step—making the connections 

between her answers and his physical 

� ndings? I asked him if she had any 

symptoms that he thought might be 

related to a pelvic mass. “Related to 

the mass?” he echoed as I watched 

him struggle to come up with 

something. He drew a blank. (“OK,” I 

thought to myself, “time to teach.”)

“You already told me that she had 

no complaint of pain. Were there any 

changes in her bowel habits or unex-

plained weight loss?” I suggested. 

He shook his head no. “Abnormal 

vaginal bleeding?” No again.

“Dyspareunia?” His brow furrowed 

and his eyes nearly crossed. I realized 

he didn’t know what the word meant. 

It has been estimated that medi-

cal students learn upward of 10,000 

new words in the course of their 

medical education. Besides the names 

of innumerable body parts and 

physiologic phenomena that must be 

memorized, there are words for every 

conceivable symptom. � ere’s a word 

for pain with swallowing, pain with 

breathing, pain with defecation, and 

yes, even pain with intercourse.

“Dyspareunia,” I told him. “Pain 

with intercourse. It can accompany 

a number of conditions, including 

pelvic tumors.”

He stared at me, bewildered.

to palpate, he continued, that he 

asked the patient if she had felt it 

herself. She said she had, adding 

that it had been there for several 
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I stared back at him. “What?”

He glanced away and then whispered, “I 

thought intercourse was supposed to hurt 

the woman.” He was dead serious.

I felt as if the air had been sucked out of the 

room. Where had he, a highly intelligent but 

obviously inexperienced young man, learned 

this? When we chatted earlier, he told me he 

had been raised outside the United States, 

in a country that I knew had less progressive 

views of women’s rights. Had he brought this 

bit of nonsense with him from the old coun-

try? For the moment, it didn’t matter where 

he’d picked it up. He was in my o�  ce to learn, 

and I set about teaching something I hadn’t 

expected to have to teach that day.

After explaining some basic facts about 

female sexuality and discussing some 

misconceptions on his part, we returned to 

the urgent business of sorting out what was 

going on with my patient. 

We went into the exam room, where I 

con� rmed the � nding of a non-tender, non-

pulsatile, very � rm, immovable, grapefruit-

size mass in the patient’s left pelvis. From my 

examination I was unable to determine with 

certainty which structure the growth (if it was 

a growth) had arisen from, or what it might 

have attached itself to. � e rectal vault was 

free of blood and masses. After she dressed, I 

gently chided my patient, whom I had known 

for years, about waiting so long before com-

ing in to see me. She in turn told me that 

she hated to bother me about something 

that she thought might not be important. 

Knowing we were not going to � gure this 

out without imaging, I ordered a CT scan. I 

also drew blood to check for, among other 

things, anemia, pregnancy, and certain 

proteins and other molecules that are tumor 

markers for ovarian cancer.

that evening my thoughts kept 

returning to the case. I was struck by how 

the myths and misinformation that are often 

brought to the doctor-patient interaction 

have the potential to sabotage the manage-

ment and outcome of even the most uncom-

plicated of cases. If my patient was harboring 

a malignancy in her pelvis, for instance, then 

her notion that the absence of pain meant 

it wasn’t cancer might have kept her from 

being diagnosed earlier and, I feared, might 

have worsened her prognosis. And I could 

easily imagine some other setting where my 

student, if not disabused of his naive ideas 

about female sexuality, might easily miss 

diagnosing an ovarian cancer whose only 

symptom was pain with intercourse.

Patients’ complaints of pain are often 

fraught with complexity, distorted and 

disguised in ways that can blindside the 

unwary physician struggling to understand 

their meaning. A whole body of literature 

has been published in recent decades 

concerning the need for physicians and 

other providers to be culturally compe-

tent, mindful of the beliefs and prejudices 

that patients bring with them to the exam 

room. But the doctor-patient interface is a 

two-way street, and the biases and myths 

that doctors themselves carry to the bed-

side likewise may hinder understanding.

I well recall how as a beginning student 

I had arrived at medical school holding the 

idea that pain not arising from a demon-

strable organic source was not “real” pain. 

Hysterical pain, conversion reactions, pain 

related to emotional distress and anxiety: all 

of these were pains of a di� erent order—a 

lesser order, I believed—and as such were 

not as deserving of my sympathy and 

attention as pain from, say, a fractured hip. 

Where I had acquired this cynical prejudice 

I cannot say, but ridding myself of it was an 

essential part of my early medical education.

Within a week all the results on my 

patient were back. I was happy to relay 

the news to her that the tumor marker for 

ovarian cancer was negative. She wasn’t 

pregnant, either. � e scan had revealed her 

mass to be a large � broid tumor, a benign 

growth arising from the muscle tissue that 

makes up the wall of the uterus. She would 

need a surgical procedure to remove the 

tumor, but the prognosis was excellent. She 

was thrilled to learn that she had dodged a 

bullet. And she had learned an important 

medical lesson: � e absence of pain in a 

mass doesn’t guarantee that it is benign.

As for my shockingly misinformed student, 

he, too, had learned something big. � at day 

in my o�  ce, the existence of the female sexual 

response had come to him as an embarrass-

ing surprise . It was to be hoped that in time 

he would come to regard it as good news. 

H. Lee Kagan is an internist in Los Angeles. The 
cases described in Vital Signs are real, but pa-
tients’ names and other details have been changed.
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BY CARL ZIMMER

Your brain manages a vast information high-

way—yet a simple math problem can create a 

traffi c jam that brings everything to a halt.

 POP QUIZ: WHAT IS 357 TIMES 289? NO PENCILS ALLOWED. NO CALCULA-
tors. Just use your brain.

Got an answer yet? Got it now? How about now? Chances are you 
still don’t. As you solved the problem one step at a time, you lost track of 
the numbers. Maybe you tried to start over, lost track again, and eventu-
ally gave up in frustration before you could discover that the answer was 
103,173. I used a calculator to get that, I confess.

Our mutual failure is absurd. The brain is, in the words of neuroscientist 
Floyd Bloom, “the most complex structure that exists in the universe.” 
Its trillions of connections let it carry out all sorts of sophisticated compu-
tations in very little time. You can scan a crowded lobby and pick out a 
familiar face in a fraction of a second, a task that pushes even today’s best 
computers to their limit. Yet multiplying 357 by 289, a task that demands

two. It took them an extra tenth of a 

second to press the key.

� is result reminded Telford of the 

way that muscles jerk in response to 

electric shocks. Muscles need time 

to recover from one shock before 

they can respond to the next. If you 

apply a second shock too soon, noth-

ing happens. Perhaps, he speculated, 

the brain needs time to reset itself 

after a pulse of thought before it can 

carry out another one. 

Psychologists have been running 

variations of Telford’s experiment for 

the past 80 years, and they all get the 

same basic result. If we don’t have 

enough time between two tasks, we 

slow down on the second one—a lag 

known as the “psychological refrac-

tory period.” � e dryness of the term 

hides its huge importance to our 

ordinary life. In some situations the 

psychological refractory period can 

be a matter of life and death.

Harold Pashler, a psychologist at 

the University of California, San Diego, 

ran an experiment in 2006 that shows 

how crucial this lag can be. He had 

subjects sit in a driving simulator, 

complete with gas and brake pedals. 

As they drove along a virtual road 

behind another car, the volunteers 

would hear tones from time to time. 

� ey had to call out “one” or “two” 

depending on the number of tones 

they heard. Occasionally, the car in 

front would put on its brakes, and 

the subjects had to brake as well.

Pashler and his colleagues found 

that it typically took just under a sec-

ond for people to respond to the brake 

lights on the car ahead. But it took 

longer for them to react if they had 

responded to a tone within one-third 

of a second before the lights went on. 

Pashler found that, on average, the test 

subjects’ reaction time increased by 

0.174 second. � at may not seem like 

a big di� erence, but if you are driving 

65 miles an hour, it translates into an 

extra 16 feet. � at distance can mean 

the di� erence between a close call and 

a high-speed rear-end collision. 

psychologists have long been

puzzled by the psychological refrac-

tory period because it doesn’t 
 t 

with other things we know about 

how the brain works. We are very 

good at doing many things at once. 

As you read this column, your brain 

can also manage your heartbeat, 

perceive the melody of a song 

playing on the radio, and send out 

complicated instructions for drink-

ing a cup of co� ee. It can do all that 

because it is parceled into hundreds 

of relatively self-contained regions. 

� ese regions can work on di� erent 

tasks at the same time. Yet there are 

simple jobs—like math problems—

that our brains can handle only one 

at a time. It is as if signals were 

� ying down a 20-lane superhighway, 

and then the road narrowed to a 

single lane.

Each time we perform a task we 

perform it in three steps. Step 1: Take 

in information from the senses. Step 2: 

Figure out what to do in response. 

a puny amount of processing, leaves 

most of us struggling.

For psychologists, this kind of 

mental shortcoming is like a crack 

in a wall. � ey can insert a scienti
 c 

crowbar and start to pry open the 

hidden life of the mind. � e fact 

that we struggle with certain simple 

tasks speaks volumes about how we 

are wired. It turns out the evolution 

of our complex brain has come at a 

price: Sometimes we end up with a 

mental tra�  c jam in there.

One of the 
 rst hints of this tra�  c 

jam emerged from a 1931 study by 

psychologist Charles Witt Telford, 

working out of the University of 

North Dakota. He had 29 graduate 

students sit in front of a telegraph 

key and instructed them to press the 

key as soon as they heard a sound. 

Telford played sounds to the stu-

dents at intervals ranging from half 

a second to four seconds. He found 

that the interval between the sounds 

in� uenced how long it took for the 

students to respond. If the interval 

was one or two seconds, it took the 

students about a quarter of a second 

to react. But if Telford reduced 

the interval to half a second, the 

students consistently slowed down 

on their response to sound number 
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Step 3: Carry out that plan by 

moving muscles. Stanislas 

Dehaene, chair of experimental 

cognitive psychology at the Col-

lege of France, and neuroscientist 

Mariano Sigman of the University 

of Buenos Aires wondered where 

along these steps the tra	  c jam 

arises. To 
 nd out, they designed 

new variations on the classic 

Telford experiments. 

In these experiments, sub-

jects had to decide whether a 

number was higher or lower 

than 45. In each version of the 

test, the scientists varied one 

of the three steps of the 

thought process to see if they 

could change the length of 

the psychological refractory 

period. Only when they tinkered 

with step 2—
 guring out what 

response to make—could they 

produce a change. In that case, 

they showed people numbers 

that were either close to 45 or 

far from 45. When the number 

was close to 45, the psychologi-

cal refractory period got longer.

It is a remarkable discovery 

when you consider that the 

mental activity that takes place 

in Step 2 includes some of the 

most sophisticated forms of 

thought we are capable of: weigh-

ing lots of information, think-

ing about our short-term and 

long-term goals, and 
 guring 

out how to meet them. We like 

to imagine that it is exactly this 

kind of thinking we do much 

better than other animals. But 

when we have any two simple 

decisions to make, we must 

wait for the 
 rst task to move 

through a bottleneck before tak-

ing on the second. � at is what 

makes mental multiplication 

so hard. Instead of carrying out 

many steps simultaneously, we 

have to do them one at a time.

To learn more about the 

mental bottleneck, Dehaene 

and Sigman measured the 

activity in people’s brains. 

� ey had volunteers alternate 

between comparing pairs 

of numbers and indicating 

whether sounds were high or 

low. As the subjects carried 

out these tasks, Dehaene and 

Sigman scanned their brains 

two ways. In some trials they 

recorded the electric voltages 

on the scalp, and in other trials 

they had people lie in an fMRI 

scanner. Together, these scans 

gave the scientists a picture 

of brain activity that was 
 nely 

resolved in time and space. In 

2008 the scientists reported 

that during the psychological 

refractory period, a network of 

brain regions are consistently 

active, some near the front of the 

brain and some near the back. 

Other experiments have 

shown that these regions appear 

to be part of a network that is 

important for our awareness 

of our own experiences. � is 

helps explain why we are oblivi-

ous to our mental tra	  c jams. 

Dehaene and a group of col-

leagues recently measured that 

obliviousness with yet another 

experiment. A group of test 

subjects sat at a computer and 

carried out two tasks: � ey had 

to press a key on the keyboard if 

they heard a low-pitched sound 

and a di� erent key if they heard 

a high one. Meanwhile, the 

letters Y and Z would appear on 

the monitor from time to time, 

and the volunteers had to press 

a di� erent key for each one. 

Dehaene’s team adjusted 

the test, making the interval 

between tasks longer or shorter. 

After each task, the volunteers 

had to estimate how long it took 

to carry it out; then the scientists 

showed them their actual time. 

After a few sessions, the volun-

teers got fairly good at guessing 

how much time had passed. 

� e researchers found that the 

psychological refractory period 

stopped this mental clock. If a 

task was stuck in a bottleneck, 

people did not start timing it. � e 

brain began measuring how long 

a task took only after the previ-

ous task moved out of the bottle-

neck. Whenever a perception of a 

sound or a letter got stuck in the 

mental tra	  c jam, the subjects 

were not aware of it.

dehaene now thinks he 

knows why our thoughts get 

stuck in bottlenecks: � e 

neurons that take in sensory 

information send it to a neural 

network that he and his col-

leagues call the router. Like the 

router in a computer network, 

the brain’s version can be 

recon
 gured to send signals 

to di� erent locations. Depend-

ing on the task at hand, it can 

direct signals to the parts of the 

brain that produce speech, for 

instance, or to the parts that 

can make a foot push down on 

a brake pedal. Each time the 

router switches to a new con-


 guration, however, it experi-

ences a slight delay. 

Recently Dehaene tested this 

theory by building a model of 

the brain. He wrote a computer 

program that would track the 

behavior of 21,000 simulated 

neurons joined by more than 46 

million connections. � is neural 

network could take in two kinds 

of sensory information and 

produce two kinds of responses. 

And just like a human brain, 

if a new task came along too 

quickly, it could not respond 

until its router reset.

If Dehaene is correct, the 

brain’s inner tra	  c jam may 

actually re� ect a cunning evo-

lutionary compromise. We face 

new and unexpected decisions 

many times a day. We couldn’t 

possibly carry a separate network 

of neurons for every response to 

every possible situation. But we 

can learn rules, and we can use 

those rules to rearrange an all-

purpose router. 

One of the deepest � aws in 

our brains, then, might be a 

by-product of one of its most 

impressive strengths. 
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ELDORADO VALLEY, NEVADA—FOR THE FIRST FEW HOURS IT SEEMED AS 
though nothing at all might happen. We would just roast out here 

all day in the 110-degree desert heat, staring across the expanse of dried-
up lake bed without seeing any sign of the “dust devils”—mini-tornadoes—
that the scientists and arrays of instruments stood ready to record. 

Dust devils, I’d learned before coming here, materialize suddenly in fair 
weather over very dry ground. All it takes is sunlight and a rising vortex 
of air to pick up some loose surface sand or dirt and whip the particles 
into a faint, slender funnel cloud. On Earth, the whirlwinds disintegrate 
within moments, without infl icting damage on anyone or anything. But 
on Mars, similar storms unfold on a much larger scale. Dust devils domi-
nate the weather patterns on the Red Planet, sculpting its surface and 

virtually transparent, and lasted just 

slightly longer than � ve seconds, 

which is the low-end cuto�  duration 

for logging a dust devil in a day’s 

record of observations. 

Martian dust devils unfold on a 

whole di� erent scale. � ey grow to 

gigantic proportions, lifting tons of 

dust several kilometers high into 

the orange skies, where the particles 

hang as haze before drifting back 

down to the surface. Dust devils 

occur virtually everywhere on the 

planet, except for the north and 

south poles, which lie under layers of 

wet and dry ice. So far, no dust devil 

has harmed any spacecraft there. 

On the contrary, passing dust devils 

have lent NASA invaluable assis-

tance more than once by whizzing 

over a stalled Mars rover, sweeping 

its solar panels clean so the sun can 

recharge the craft’s batteries. NASA 

hopes these close-up Earth-side 

investigations will help parse the 

dust devils on Mars, which strongly 

in� uence the climate and the ero-

sion of the planet’s surface.

“there’s one right behind you 

guys,” the walkie-talkie announces in 

the voice of Harvey Elliott, a gradu-

ate student from the University of 

Michigan. His station consists of 

a tall pole � tted with sensors that 

monitor the electric � eld at four 

di� erent heights inside passing dust 

devils. � ese electric � eld measure-

ments suggest that dust devils carry 

a positive charge created by larger 

particles rubbing together at the 

base and a negative charge created 

by smaller particles at the top. 

Because the sensors on the Michi-

gan mast are battery powered, the 

researchers have to break down the 

pole every day and take the equip-

In a parched Nevada valley, storm chasers 

pursue miniature cousins of the whirlwinds 

that rage across the surface of Mars.
BY DAVA SOBEL

al Air and Space Museum, standing 

behind a similarly mounted camera 

at our Spotter Station B, snaps the 

same view from a di� erent angle.

Tim and Aymeric point out how 

the dust devil makes the movement 

of the air visible. All around us, they 

say, atmospheric currents tumble 

in cyclonic or anticyclonic patterns 

that remain hidden until a dust devil 

paints them brown. 

“Another,” Oz says as the dust 

devil travels more or less northwest 

through the study area. “� ree, two, 

one, go.” Weeks from now, after this 

phase of � eld activity ends, he will 

superimpose today’s images on a 

painstakingly constructed panoramic 

photomontage of the site, the better 

to trace each dust devil’s path. For 

now, Martin Towner of Imperial 

College London draws the appar-

ent track in pencil on a survey map. 

His Survey Station (the back end 

of a rented, dust-encrusted SUV) 

forms a triangle with the two Spotter 

Stations (folding canvas sling chairs 

under beach umbrellas). Martin 

describes this particular dust devil 

in coded terminology as a “tiny faint 

short.” � at means it appeared to be 

less than two meters in diameter, 

contained so little dust as to remain 

potentially threatening future robotic 

explorers or visiting astronauts. 

Researchers need much more data 

on how dust devils form and behave 

in order to construct a meaning-

ful model of Martian climate. � is 

corner of Nevada o� ers one of the 

best and most accessible arenas for 

studying the phenomenon. 

Still nothing. Tim Michaels of 

the Southwest Research Institute 

in Boulder, Colorado, and Aymeric 

Spiga from Université Pierre et Marie 

Curie, Paris, two atmospheric mod-

elers, wax philosophical over bottles 

of Gatorade. A day when nothing 

happens, they assure me, is as 

important as a day of frantic activity: 

Since no one knows precisely why 

dust devils form where and when 

they do, being able to say for sure 

what does not cause them would 

represent progress of a kind.

� en our luck turns—in a tall, 

� lmy, swirling pillar that is either a 

dust devil or a mirage. “Let’s take 

a picture,” Asmin “Oz” Pathare of the 

Planetary Science Institute says into 

his walkie-talkie, a hundred yards 

away from us. “� ree, two, one, go.” As 

Oz aims and � res the camera on his 

tripod at Spotter Station A, Patrick 

Russell from the Smithsonian Nation-
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Basic Math introduces students to the 
basic concepts of mathematics, as well 
as the fundamentals of more compli-

cated areas. These 30 engaging lectures are 
designed to provide students with an under-
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ety about this insightful—and completely 
understandable—field of study.
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will have improved their understanding of 
basic math. They will be able to clear away 
the mystery of mathematics and face their 
studies with more confidence than they ever 
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ment back to their motel head-

quarters to recharge it. Two 

other masts hold anemometers, 

barometers, and thermometers 

that need no daily energy boost; 

these instruments stay in place 

throughout the two-week 

observing run. Oz visits them 

daily to download the latest 

data onto a laptop.

“Not worried about theft?” 

I ask as I watch him do this. 

� e o	 -road site is accessible 

to workers who maintain 

the power lines from nearby 

Hoover Dam to Las Vegas and 

Los Angeles, not to mention 

the recreational dirt bikers who 

occasionally zoom around the 

site’s perimeter.

“No,” is his terse reply. In 

fact, the team members often 

lament that the teenage bikers 

never approach them to ask 

what they’re doing with all 

their geeky paraphernalia.

At the northern edge of the 

study site, José Verdasca and 

Eduardo Sebastián Martínez of 

the Centro de Astrobiología, a 

public research laboratory in 

Madrid, are testing dust devil 

detection equipment they have 

designed to 
 y on NASA’s next 

Mars mission—a car-size 

ranging rover called Curiosity, 

to be launched in fall 2011. � ey 

have with them their engineer-

ing prototype, which they’ve 

partially disabled for its own 

safety. � e barometer, for 

example, would choke on the 

surface pressure of Earth’s 

atmosphere, 100 times that 

of Mars. Temperatures here 

also shoot far higher than 

anything on the Red Planet. 

José and Eduardo recently took 

the prototype to Antarctica, 

where conditions more closely 

approximate the Martian chill. 

A quick check of weather 

statistics reveals the air 

temperature is 111.2 degrees 

Fahrenheit, while the ground is 

considerably hotter, at 141ºF. 

A black rock on the ground 

has reached 148. � e humidity 

hovers at an astoundingly low 

7 percent. Clouds in the dis-

tance trail tendrils of rain that 

evaporates long before reaching 

the ground. Similarly, we’re all 

obeying the desert safety regu-

lations that require us to drink 

a bottle of water with electro-

lytes every 15 to 20 minutes, but 

the 
 uid just turns to sweat and 

evaporates, seeming to bypass 

the bladder altogether.

� e dust devils increase in 

frequency around 1 p.m. Steve 

Metzger of the Planetary Sci-

ence Institute drives into their 

path in an ’83 Chevy pickup 

laden with sensors to track 

their internal wind speeds 

and other characteristics. � e 

battered old truck rattles at 

full throttle across the desert 

carrying its cameras and other 

instrumentation on a lancelike 

extension ladder bolted to the 

roof of the cab—a research-

oriented Don Quixote. 

I get to ride in the passen-

ger seat as Metzger tilts at a 

few dust devils. He leaves the 

windows open so he can feel 

what his sensors are recording, 

and I tuck my knees under a 

makeshift dashboard desk that 

holds two laptops tied down by 

bungee cords. Metzger has his 

� nest hour later in the after-

noon, driving solo through the 

biggest catch of the day—num-

ber 71, a “large dusty long” that 

completely envelops him and 

the truck in a kilometer-high 

brown column lasting a full 

� ve minutes. “I couldn’t see a 

thing,” he reports, smiling, as he 

dismounts to compare notes 

with his equipment.

� e huge dust devil has also 

run right over Harvey’s station 

at the Michigan mast. We can 

see him in the distance, covered 

with dust. “I would just like to 

say,” he says earnestly into the 

walkie-talkie, “I love my job!”

Oz, too, a veteran of many 

such vigils, rhapsodizes about 

the emotional engagement of 

this specialized brand of storm 

chasing. “I’m an ice guy, not a 

dust modeler,” he confesses. “I 

didn’t expect to care so much.” 

A dust devil, 

photographed by 

Tim  Michaels, 

creates a vortex 

that sucks sand 

tens of meters 

into the air.
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How to Hunt Down a 
Subatomic Particle

The Large Hadron Collider uses massive detectors 
in its effort to find the Higgs boson, a hypothetical 
particle. But in days gone by, other creative methods 
were used to track down such subatomic quarry. 
discovermagazine.com/web/particles

Guantánamo Bay—
The New Galápagos?

Behind the barbed wire and Maximum Security signs at the Guantánamo 
Bay Naval Base, wildlife is thriving. So is scientific inquiry as research-

ers take advantage of the protected ecosystems to conduct fieldwork. 
discovermagazine.com/web/guantanamo

Joe Genius

Check out backyard science gone wild on Joe 

Genius, DISCOVER’s online TV show. At-home 
experimenters push their skills to the limit with 
epic failures, thrilling successes—and the science 
behind it all. Hosted by comedian Jonah Ray. 
discovermagazine.com/web/joe-genius

RIGHT NOW @ BLOGS.DISCOVERMAGAZINE.COM

NOT EXACTLY
ROCKET SCIENCE

Float Like 
a Butterfl y, 
Sting Like 
a Terror Bird

Virtual models of a ter-
ror bird’s skull divulge 
the killing method that 
allowed it to dominate 
the South American 
plains 6 million years 
ago. Ed Yong explains.

BAD ASTRONOMY

Just How Low Can 
a Black Hole Go?

A study that calls into question how black 
holes form has “so much awesomeness...
it’s hard to describe it all,” Phil Plait says.

THE LOOM

When Love Shocks

Carl Zimmer examines the “electric sex 
lives” of fish that can both produce 
and sense electrical pulses and reveals 
how their courtship rituals may have 
caused species to diverge. 

COSMIC VARIANCE 

The Next Decade of 
U.S. Space- and Ground-

Based Astronomy

The recently released decadal survey lays 
out the nation’s astronomy goals for the 
next 10 years. Julianne Dalcanton breaks 
down the recommendations.

SCIENCE NOT FICTION 

Forget Immortality: 
Live Lıfe Without Aging

In response to a recent book about 
scientific quests to extend the human life 
span, Kyle Munkittrick argues that a better 
goal is to give people more years of physical 
strength and mental acuity. 

VISUAL SCIENCE 

Astronaut Undies and 
Other Space Oddities

Auction houses offer space buffs the 
chance to buy a bit of history, from old 
Soviet posters praising U.S.S.R. cosmonauts 
to NASA-style astronaut underwear. 

THE INTERSECTION

Reaching Beyond the 
Choir ın Climate 

Change Communication

In a video interview, Chris Mooney highlights 
the Evangelical Climate Initiative as a group 
that has effectively spread an environmental 
message. 

GENE EXPRESSION

The Dog’s World 
of Genetics

Razib Khan delves into the genetic under-
pinnings of dog diversity and finds that just 
a few regions on the dog genome make 
the difference between a Chihuahua and a 
Great Dane. 
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BY REBECCA COFFEY

scıence

As I � ew at night into the Las Vegas McCarran International 

Airport, the Strip casinos rose like man-made mountains from a desert 

of low, dark buildings. � e lights called to me, and once I reached them, I 

ducked into a blackjack area and watched desperate people try to beat the 

house—which, of course, they never would (see “Big Game � eory,” page 58). 

I sidled up to a table, but before even one card got tossed my way I realized 

that the blaring music—na na na na, hey hey-ey, good-bye—was telling me 

what the casino wanted me to say to my money. � at moment also reminded 

me of my real reason for coming to Vegas. I was here not for the man-made 

mountains but for the much more spectacular real ones just outside of town.

I escaped the casino, rested up in an inexpensive hotel, and the next 

morning set o�  to the Red Rock Canyon National Conservation Area,

which includes a 13-mile scenic drive about a half hour west of the Strip. � e 

landscapes around Las Vegas present an exceptionally stark account of plate 

tectonics in action, as nearly 2 billion years of pushing and shoving have 

LAS VEGAS,
NEVADA, USA

Gambling 
on Geology
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scrambled the layers of the earth’s 

crust—aptly enough, not unlike a 

deck of shu�  ed cards. Dune-shaped 

mountains display 520-million-year-

old gray limestone, formed from the 

remains of marine organisms that 

once 	 lled a shallow ocean covering 

the western United States. � e lime-

stone sits neatly atop 180-million-

year-old red sandstone, representing 

ancient Jurassic sand dunes. A period 

of violent tectonic thrusting during 

the Cretaceous reorganized the rocks 

into their current arrangement.

I arrived at 8 a.m., early enough to 

beat the crowds. � e 	 rst few trails 

were populated with people dressed 

for the casinos, but they were easy 

enough to shake. (A warning to 

casual day-trippers: Open-toed 

shoes are no match for these trails.) 

A mile in, I found welcome solitude 

and spectacular views.

My destination was the Keystone 

Thrust Fault, formed during the 

same Cretaceous uplift that built 

the shu�  ed mountains. � e fault is 

among the park’s most signi	 cant 

geologic features in terms of size and 

surface exposure. Along the way, I 

encountered a couple returning to 

the trailhead. “We couldn’t 	 nd it,” 

one of the pair complained. “� ere’s 

no there when you get there.” For-

Red Rock Canyon 
National Conserva-
tion Area (previous 
page) hosts the 
remains of an an-
cient sea and sand 
dunes. Hoover Dam 
(bottom left) is a 
short drive from 
the Vegas Strip.

tunately, during my planning I had 

spoken with Michael Wells, a geolo-

gist at the University of Nevada, Las 

Vegas (UNLV), who had advised me 

what to look for. On the edge of a 

slight basin would be an abrupt hori-

zontal shift between limestone and 

sandstone, with the older limestone 

slightly higher than the younger 

rock. “You can stand on the thrust,” 

he had told me. Jubilantly arriving, 

I planted one foot on red sand and 

the other on gray and took a photo, 

thinking of Mama Cass Elliot: “� ey 

tell me the fault line runs right 

through here.”

Red Rock’s 196,000 acres lie 

adjacent to another product of the 

Cretaceous—the stunning Spring 

Mountains—which I explored the 

following day. Formed when mas-

sive slabs of seabed limestone were 

thrust on top of one another, the 

Springs are in many ways a distinct 

eco-island, complete with locally 

endemic species. � e highest point 

is the summit of Charleston Peak, 

just shy of 12,000 feet. Rising from 

scorching desert, Charleston Peak is 

blanketed with ponderosa pines and 

bears snow as late as May. I man-

aged to hike high enough to have 

some trouble breathing, though the 

waterfall at trail’s end made me glad 

I had kept going.

My next target, on day three, was 

a traveling mountain. Between 5 and 
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While You’re There...
Hoover Dam  Constructed in the 
1930s on the Colorado River, this man-
made wonder created Lake Mead, the 
largest reservoir in the United States.

Valley of Fire State Park  See 
petrified logs dating from the Triassic and 
sandstone “beehives” resembling apart-
ment buildings that may have provided 
shelter to the area’s early inhabitants, who 
left petroglyphs on canyon walls. For movie 
buffs, this is where Captain Kirk met his 
death in Star Trek: Generations.

Death Valley National Park
Explore 3 million acres of wilderness, 
including the Badwater Basin salt flats, 
the lowest elevation in North America at 
282 feet below sea level.

City Center  When you’re ready to 
return to civilization, check out the engi-
neering marvels of this new, 18-million-
square-foot Las Vegas complex, the first 
in the city to earn the U.S. Green Building 
Council’s LEED Gold environmental cer-
tification for features such as a natural 
gas electricity plant whose waste heat is 
used to generate hot water.
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Help Tempur-Pedic,® the 

maker of The Most Highly 

Recommended Bed in America,™ 

fight one of the deadliest cancers 

in America.  Although pancreatic 

cancer is the fourth leading 

cause of cancer death in the 

U.S., only 2% of the National 

Cancer Institute’s annual 

budget is spent on researching 

the disease. But you can help.

www.pancan.org

™ Visit us at 

to learn 
more and 
find a 
participating 
retailer 
near you.

TempurPedicHugsBack.com 
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19 million years ago, the Paci� c 

Plate’s northwest movement tugged 

the North American Plate westward, 

breaking Frenchman Mountain o	  

the Colorado Plateau, home to the 

Grand Canyon. 
 e plate interac-

tions hauled the mountain 50 miles 

west and deposited it on the eastern 

edge of what is now metropolitan 

Las Vegas. Layer for layer, the rocks 

of Frenchman match those of the 

Grand Canyon. And, like the canyon, 

Frenchman is famous for an enor-

mous gap in the ages of two adjacent 

rock strata. Stephen Rowland, a 

paleontologist in the UNLV depart-

ment of geoscience, told me that 

the Precambrian granite and schist 

at the base are about 1.7 billion 

years old. Sitting immediately above 

them is Tapeats sandstone, just a 

half-billion years old. 
 e missing 

1.2 billion years—25 percent of the 

earth’s age—is a gap known as the 

Great Unconformity. Rowland says 

that the granite and schist formed 

deep inside an ancient mountain 

range. Erosion eventually wore the 

mountains down, exposing the older 

rocks. Rising sea levels then buried 

them in sand, which became the 

younger stone.

Seeing the geologic remnants of 

the prehistoric ocean that once cov-

ered the region got me curious about 

the gargantuan water recovery e	 ort 

that makes a desert megalopolis like 

Las Vegas possible, so I made my 

last stop the Clark County Wetlands 

Park Nature Preserve, just south 

of Frenchman. 
 ere, wastewater 

from the city is cleaned before being 

shunted back into Lake Mead, the 

city’s primary freshwater supply. A 

water puri� cation plant handles 

most of the task, but the wetlands’ 

strategically planted vegetation 

helps. 
 ere is no smell, and the 130 

acres of � ora provide habitat for an 

impressive variety of wildlife.

As dusk descended and the air 

cooled, I heard a coyote in the 

distance. 
 is may not be what most 

people think of when they imagine 

getting wild in Vegas, but for me it 

felt perfect. 
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PRINT OF LIFE
Chemical reactions brewing between the stars 

may have jump-started biology on Earth, and all 

across the universe.

By Andrew Grant

In the latest scienti� c version of Genesis, life begins, para-
doxically, with an act of destruction. After 10 billion years of 
guzzling the hydrogen in its core, a sun-size star runs out of 
nuclear fuel and becomes unstable. It goes through a series 
of convulsions and expels a shell of searing-hot atoms—
including hydrogen, carbon, and oxygen. The star fizzles 
into an inert cinder, and its atoms drift o� , seemingly lost 
in the interstellar gloom. ¶ But next the story takes a sur-
prise turn, from destruction to construction. Some of those 
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T

rogue atoms � oat into a nearby gas cloud and stick to � ne grains 

of dust there. Even at a frigid –440 degrees Fahrenheit, the atoms 

bump and crash into each other, merging to form simple mol-

ecules. Over millions of years, one relatively dense region of the 

cloud begins to collapse in on itself. An infant star takes shape at 

the center. In the surrounding areas, temperatures rise, molecules 

evaporate from their icy dust grains, and a new round of more 

intricate chemical reactions begins.

� en comes the most wondrous part of the whole tale. � ose 

reactions weave the simple atoms of hydrogen, carbon, and oxy-

gen into complex organic molecules. Such carbon-bearing com-

pounds are the raw material for life—and they seem to emerge 

spontaneously, inexorably, in the enormous stretches between 

the stars. “� e abundance of organics and their role in getting life 

started may make a big, big di� erence between a giant universe 

with a lot of life, and one with very little,” says Scott Sandford of 

NASA’s Ames Research Center in Mo� ett Field, California, who 

studies organic molecules from space. 

The notion that the underlying chemistry of life could have 

begun in the far reaches of space, long before our planet even 

existed, used to be controversial, even comical. No longer. Recent 

observations show that nebulas throughout our galaxy are burst-

ing with prebiotic molecules. Laboratory simulations demon-

strate how intricate molecular reactions can occur efficiently 

even under exceedingly cold, dry, near-vacuum conditions. Most 

persuasively, we know for sure that organic chemicals from space 

could have landed on Earth in the past—because they are doing 

so right now. Detailed analysis of a meteorite that landed in Aus-

tralia reveals that it is chock-full of prebiotic molecules.

Similar meteorites and comets would have blanketed Earth 

with organic chemicals from the time it was born about 4.5 bil-

lion years ago until the era when life appeared, a few hundred 

million years later. Maybe this is how Earth became a living world. 

Maybe the same thing has happened in many other places as well. 

“� e processes that made these materials and dumped them on our 

planet are universal. � ey should happen anywhere you make stars 

and planets,” Sandford says. 

the first persuasive hints of life’s possible cosmic ances-

try came in 1953, courtesy of a renowned experiment devised by 

chemists Stanley Miller and Harold Urey. From studies of ancient 

rocks, geologists had a rough sense of our planet’s original chemi-

cal composition. Biologists, meanwhile, had uncovered the amaz-

ingly complex organic molecules that allow living cells to survive. 

Miller and Urey wanted to see if pure chemistry could help explain 

how the former transformed into the latter. 

� e two researchers prepared a closed system of glass � asks and 

tubes and injected a gaseous mixture of methane, ammonia, hydro-

gen, and water—four basic compounds thought to be abundant in 

Earth’s primitive atmosphere. � en Miller and Urey applied an elec-

tric current to simulate the energy unleashed by lightning strikes. 

Within a week their concoction had produced several intriguing 

prebiotic compounds. Many scientists interpreted this as hard 

experimental evidence that the building blocks of life could have 

emerged on Earth from nonbiological reactions. 

In many ways, though, the experiment supported the opposite 

view. Even the simplest life forms incorporate two amazingly com-

plex types of organic molecules: proteins and nucleic acids. Proteins 

perform the basic tasks of metabolism. Nucleic acids (speci� cally 

RNA and DNA) encode genetic information and pass it along from 

one generation to the next. Although the Miller-Urey experiment 

produced amino acids, the fundamental units of proteins, it never 

came close to manufacturing nucleobases, the molecular building 

blocks of DNA and RNA. Furthermore, it is likely that Miller and 

Urey erred by simulating Earth’s early atmosphere with gases con-

taining hydrogen, which reacts easily, as opposed to carbon dioxide, 

a gas that is far less reactive but was probably far more plentiful 

at the time. “Interesting chemicals could not have been made as 

easily as the experiment made it seem,” says astrobiologist Douglas 

Whittet of Rensselaer Polytechnic Institute in upstate New York. 

 If life could not so easily have begun on Earth, a few voices 

argued, perhaps it originated from beyond. � e most notable advo-

cate of that hypothesis was the in� uential British cosmologist Fred 

Hoyle, who coined the term Big Bang. His 1957 science � ction novel, 

� e Black Cloud, envisioned a living, intelligent dust cloud in space; 

it foreshadowed his later support of panspermia, the theory that life 

evolves in space and spreads throughout the universe. Starting in 

the 1960s, Hoyle wrote a series of academic papers describing how 

bacterial cells could make their way from interstellar dust grains to 

comets and eventually down to planets like Earth. 

Most of Hoyle’s peers considered his ideas borderline delusional. 

Back then, almost nobody thought prebiotic molecules, let alone 

entire microbes, could survive the harsh vacuum of space. “Everyone 

assumed space was too cold and too low-density to form molecules,” 

says National Radio Astronomy Observatory (NRAO) astrochemist 

Anthony Remijan, a leading expert in interstellar chemistry. “� at 

assumption became ‘fact’ without any evidence behind it at all.”

One of Remijan’s mentors, astronomer Lew Snyder, then at 

NRAO, dared to disagree. He did not share Hoyle’s vision of bacte-

ria hitching rides across the galaxy, but he thought that interesting 

molecules might subsist in the alleged desert of interstellar space. 

Snyder had a strategy for � nding them, too. He knew that many 

chemical compounds are dipolar—they have a positively charged 

side and a negatively charged one—and that charged particles in 

motion release energy. If molecules were freely � oating as gases, 

Snyder realized, some of them should spin like batons and create a 

faint radio-wave signal. Even better, each type of mol-

ecule should have its own unique energy signature: 

It should broadcast at a specific set of frequencies 

that could be detected and identi� ed by astronomers 

using radio telescopes on Earth. 

Starting in the mid-1960s, Snyder applied for 

observing time on the main radio telescopes, to no 

avail. � e scientists in charge of the observatories 

agreed with the consensus view that space could 

not support complex chemistry. In December 1968, 

Snyder traveled to Austin, Texas, for a meeting of the 

American Astronomical Society, where he and a col-

league, David Buhl, hoped to change some minds. At 

the end of their talk, famed physicist Charles Townes 

(who won a Nobel Prize for his work in the develop-

ment of the laser) stood up and announced that he O
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Molecules 
of hydro-
gen and 
carbon 

glow green 
in this 

infrared 
image 
of the 

nebula 
T 942. 
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had found ammonia molecules 

near the center of the Milky Way 

using the radio telescope at the 

University of California, Berkeley. 

“Suddenly the people at NRAO 

decided we weren’t crazy any-

more,” Snyder says, “and asked us 

for a list of molecules we wanted 

to look for.”

Early in 1969, Snyder and Buhl 

set up shop at NRAO’s Green Bank 

Telescope in West Virginia and 

chose their 	 rst target: formalde-

hyde, an organic molecule made 

up of two hydrogen atoms and an 

oxygen atom tethered to an atom 

of carbon. Sure enough, when 

they pointed the 140-foot radio 

dish at a massive cloud of gas and 

dust near the center of the Milky 

Way, there was a distinctive dip in 

the radio signal at 4.8 gigahertz—

the music of formaldehyde. The 

same signal appeared in cloud 

after cloud. After waiting for more 

than a year to get observing time, 

Snyder needed just a few nights 

at the telescope to demonstrate 

that complex organic molecules, 

formaldehyde in particular, per-

meate the galaxy. He soon found 

hydrogen cyanide (88.6 gigahertz) 

in the Orion nebula and isocyanic 

acid (87.9 gigahertz) in a cloud 

called Sagittarius B2. “After that, 

we could have gotten telescope 

time to do anything,” Snyder says. 

“We could have looked for inter-

stellar � u germs.” 

Within a few years, Snyder and 

other radio astronomers had identi	 ed dozens of organic molecules, 

including formic acid (which causes the sting in ant bites) and meth-

anol (a simple alcohol). Although none of these molecules reached 

the complexity of Miller and Urey’s amino acids, some of them can 

form proteins and other biologically important compounds when 

mixed together in water on Earth. Contrary to all expectation, inter-

stellar clouds proved to be very friendly environments for breeding 

complex chemistry. Now a whole new discipline—astrochemistry—

began to emerge, and its emboldened practitioners set out to learn 

more about what is cooking in those colorful nebulas. 

Despite the large and growing catalog of space chemicals com-

ing from the radio observatories, astronomer J. Mayo Greenberg 

of the University of Leiden in the Netherlands suspected that 

his colleagues were missing a vital piece of the puzzle. � e radio 

astronomers were searching for free-floating gas molecules in 

space, but nebulas also contain dust, microscopic grains of car-

bon and silicon. What would happen, Green-

berg wondered, if interstellar gas molecules like 

formaldehyde collided with frigid grains of dust? 

They would freeze there instantly, he surmised, 

creating another kind of environment in which 

chemical reactions, driven by starlight, could take 

place. At temperatures just a few degrees above 

absolute zero, the molecules would still vibrate. 

� ese vibrating molecules—just like the rotating 

dipolar ones Snyder observed—could absorb and emit radiation. 

� e frozen chemicals Greenberg was postulating would show up 

not in radio, however, but at infrared wavelengths.  Starting in 

the 1970s, Greenberg was vindicated by a team of astronomers 

at the University of California, San Diego. � ey pointed a variety 

of infrared telescopes at interstellar dust clouds and discovered 

dips at speci	 c frequencies corresponding to molecules includ- E
S
O

Infrared 
image of 
RCW 120, 
a star-
forming 
region 
harboring 
organic
molecules.
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ing methanol, ammonia, and water ice. 

Now that Greenberg knew interstellar space harbored frozen 

molecules as well as gaseous ones, he wanted to know how these 

chemicals interact under such extraordinary conditions. � eory 

alone could not provide the answer; this question called for some 

hands-on experiments. So in 1976, Greenberg hired Louis Alla-

mandola, a recent Berkeley Ph.D. graduate in low-temperature 

chemistry, to re-create the kinds of reactions that might take 

place on microscopic icy grains thousands of light-years away. 

allamandola’s solution was to create an apparatus that 

could replicate the exotic cold depths of space—in essence, an 

extraterrestrial version of the Miller-Urey experiment. With col-

league Fred Baas, he installed equipment to chill a shoebox-size 

chamber to within several degrees of absolute zero and depressur-

ize it to a near vacuum. � en he set up a plasma lamp to � re beams 

of ultraviolet light at the chamber, much like the radiation present 

in planet- and star-forming regions of dust clouds. Finally, in true 

Miller-Urey fashion, he threw in a gaseous mixture of simple mol-

ecules, mimicking what was then known about the composition of 

interstellar clouds, and watched the results.

Allamandola’s simulations, carried out � rst at Leiden and now 

at NASA’s Ames Research Center, revealed not only that some 

chemical reactions really do occur at extremely low temperatures, 

but also that these reactions produce other reactive chemicals, 

thereby providing the spark for more molecular hookups. Ultra-

violet radiation spices things up as well: It heats the grains and 

breaks up some of the molecules into reactive fragments, which in 

turn bond with other fragments to form new kinds of molecules. 

Once again, nature proved extremely adept at brewing complex 

molecules. In current versions of Allamandola’s experiment, the result-

ing icy mixtures contain dozens of pre biotic molecules, among them 

the same amino acids that Miller and Urey found. In fact, Allaman-

dola’s nebula-in-a-box has yielded an even richer chemical palette. He 

has manufactured intricate molecular rings containing carbon, nitro-

gen, and hydrogen; fatty-acid-like molecules that look and behave like 

the membranes protecting living cells; and nucleic acids or nucleo-

tides, the primary components of RNA and DNA.

Creating molecules in the lab does not prove that the same mole-

cules exist on dust grains in distant nebulas, but so far Allamandola’s 

technique has an impressive track record. By 1990 he had published 

a list of simple compounds his group at Ames had created in simu-

lations. By 2000 radio astronomers had found almost all of them 

in various dust clouds throughout our galaxy, suggesting that the 

interplay between ice and gas may be one of the most important 

mechanisms for synthesizing the precursors of life. 

Still, Allamandola’s research could not explain how compounds 

moved from the far reaches of space to the surface of Earth, where 

life actually took hold. Addressing this question meant bridging the 

gap between di� use interstellar clouds and the condensed objects 

that ultimately emerge from them. When dense regions of a cloud 

collapse, the massive inner part becomes a star while the rest forms 

a swirling disk of gas and dust that may give rise to planets. (We now 

know that many, perhaps most, stars produce such planetary sys-

tems; see “Is Anybody Out � ere?” on page 46.) As large planets come 

together, the process involves such heat and pressure that all traces 

of preexisting organic matter are destroyed. Not all material in the 

disk gets treated so brutally, however. Some of it remains nearly 

intact in comets and asteroids, smaller conglomerations of ice and 

rock. When bits of these objects struck Earth as meteorites, they 

could have delivered organic molecules back onto its surface.

Convincing evidence that meteorites could be rich sources of 

organic molecules came in 1969, when a 200-pound meteor ite hur-

tled to the ground in Murchison, Austra-

lia. Analysis indicates that the rock con-

tains millions of organic compounds, 

including amino acids that could not 

have come from terrestrial contamina-

tion. Two years ago, Zita Martins from 

Leiden showed that the meteorite con-

tains nucleobases. David Deamer of the 

University of California, Santa Cruz, even 

found fatty-acid-like molecules similar 

to those Allamandola created in the lab. 

Other meteorites—including Murray, 

which landed in Kentucky in 1950, and 

Allende, which made landfall in Mexico 

in 1969—have been shown to contain 

similar organic compounds. 

Meteorites carrying the same com-

plex chemicals have been striking Earth 

since it formed 4.5 billion years ago.

“The things we see landing on Earth 

now are probably representative of what 

was landing on us back during Earth’s 

infancy,” says NASA’s Sandford, who has 

traveled the world searching for samples 

from on high. In 1984 he found a rock 

from Mars, and in 1989 a piece of the 

moon, all right here on Earth. During a 

six-week tour of Antarctica, he slept in 

a tent under the midnight sun and rode 

a snowmobile to ice � elds littered with 

meteorites by day. 

Gradually, painfully, through some 

four decades of e� ort, Sandford and the 

other scientists have teased out di� erent 

strands of the story of prebiotic chemis-

try. Carbon, hydrogen, oxygen, and other 

atoms knock about in nebulas, some-

times freely and sometimes bound up 

with ice and dust. They arrange them-

selves into elaborate molecular struc-

tures. Meteorites abound with organic 

compounds, which rain down on any nearby planets.

Helping to weave all those strands into a single, elegant nar-

rative is an Emory University astrochemist with a providential 

name: Susanna Widicus Weaver. � rough a series of models and 

experiments, she has demonstrated that ultraviolet radiation can 

break chemical bonds and split molecules into highly reactive 

fragments called radicals. It is di�  cult for radicals to do much at 

–440ºF, but when the temperature warms even slightly (as when a 

ORGANIC 
SPACE 
Since Lew Snyder and 
David Buhl discovered 
interstellar form-
aldehyde in 1969, 
astronomers have 
identified more than 
150 molecules in deep 
space, mostly by using 
radio telescopes to 
detect the faint radi-
ation the molecules 
emit. Notable space 
chemicals found in 
just the past few years 
include the sweet 
(a sugar, glycolalde-
hyde), the fragrant 
(ethyl formate, which 
smells like rum), and 
the explosive (fulminic 
acid, used in detona-
tors). Most exciting, 
some of the molecules 
resemble those as-
sociated with life: In 
2007 an international 
team found amino ace-
tonitrile (NH2CH2CN), 
a molecule structurally 
similar to glycine—one 
of the building blocks 
of biological proteins. 
 A. G.
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star begins to form), the radicals merge to form larger molecules. 

“You can take methanol [CH3OH], break it apart, and make sev-

eral types of radicals, and then those can all find each other,” 

Weaver says. “In just two or three steps on the grain surface, you 

can go from a simple mixture to something a lot more complex, 

like methyl formate [HCOOCH3].” In a major 2008 paper, Weaver 

predicted an abundance of such radicals in dust clouds. A thor-

ough search of interstellar ice grains by infrared astronomers 

should determine whether radicals indeed play a primary role in 

constructing prebiotic molecules. If they do, astrochemists in the 

lab could see what other complex combinations result from these 

radicals and then search for those molecules in space.

Weaver’s models also demonstrate that once the temperature 

in the dust cloud reaches about –280ºF, most of the molecules 

evaporate from the ice on dust grains and enter a gas phase, 

allowing them to react a lot more quickly and to form complex 

molecules. Molecular players might include acetone (the stu�  in 

nail polish remover), methyl formate, and ethylene glycol (anti-

freeze), she notes. That explains why radio astronomers have 

found more complex molecules in the warmer, more active star-

birthing regions of dust clouds than in the colder, darker areas. 

But then the story becomes less clear. Radio astronomers have yet 

to identify anything as complex as an amino acid, so astrochemists 

do not know exactly how complex these gaseous molecules can get. 

We know that meteorites contain amino acids and even nucleobases, 

but not whether they scooped up those molecules from dust clouds 

or created them later, on their interplanetary course. “We really don’t 

know where the chemistry in the dust cloud stops and where the 

chemistry in meteorites starts up,” Weaver says. She notes that the 

answer has tremendous implications for one of science’s most funda-

mental questions: How common is life throughout the universe? 

If meteorites create most of the direct chemical precursors of life, 

our solar system might be an unusual case.  According to Weaver, the 

size of our sun, the region of the galaxy in which it formed, even how 

long it took for the planets to form—all these characteristics are dif-

ferent in other star systems and may in� uence the chemical invento-

ry available to any Earth-like planets orbiting there. But if dust clouds 

can manufacture these molecules on their own, then life is probably 

prevalent throughout the universe. “No matter which dust cloud you 

look at, things look very similar chemically,” Allamandola says. 

A new generation of sensitive, high-resolution telescopes will help 

resolve the debate by probing both dust clouds and the protoplan-

etary disks from which asteroids, comets, and planets form. Remijan 

and his colleagues are salivating over the scienti� c potential of the 

Atacama Large Millimeter/submillimeter Array (ALMA) in Chile, a 

network of 66 radio dishes that will provide unprecedented resolu-

tion and sensitivity when it becomes fully operational in late 2012. 

 And two space-based infrared observatories—the European Space 

Agency’s Herschel Space Observatory, which has been gathering data 

since last year, and NASA’s James Webb Space Telescope, scheduled 

to launch in 2014—will allow astronomers to search for the infrared 

signatures of the speci� c icy radicals that Weaver’s model predicts.

As much as astronomers love new instruments to play with, noth-

ing beats seeing extraterrestrial chemistry in action. We cannot yet 

send probes to the Orion nebula, but we can look for clues closer to 

home. Europa, a large satellite of Jupiter, is covered with a thick shell 

of ice crisscrossed with long, brownish or pinkish fractures. Saturn’s 

much smaller moon, Enceladus, features a network of icy volcanoes 

spewing ammonia, formaldehyde, and other organic molecules. 

� ese water-rich moons might have replicated the organic chemistry 

found within interstellar dust clouds. One clue involves the chang-

ing colors of the moons. “Some of the same processes that take place 

in deep space may occur in these icy bodies in the supercold outer 

regions of the solar system,” Allamandola says.

  

taking the big view, remijan marvels at all he and his col-

leagues have achieved. Not so long ago, deep space seemed static 

and dull; now it looks like the possible breeding ground for a blue-

print of life that might be shared all across the universe. Yet the 

greatest enigma remains untouched: How did a collection of organ-

ic molecules, whatever their origin, make the leap to life on Earth? 

“The overall goal is to take this chemical inventory, mix it all 

together, and form a self-replicating molecule like RNA,” Remijan 

says. He has personally helped detect 11 interstellar molecules with 

the Green Bank Telescope in West Virginia but recognizes that a 

full list of the organic chemicals out there is only a start. What sci-

entists really need is a snapshot of the chemistry that was happen-

ing on Earth 4 billion years ago. � at might actually be possible.

Titan, another of Saturn’s moons, has a thick, methane-tinged 

atmosphere that is reminiscent of early Earth’s. It even has pools 

of hydrocarbons on its surface, the only known bodies of liquid 

on any world other than our own. But Titan’s –290ºF surface tem-

perature means that all of its chemistry moves in slow motion. 

Studies of Titan could therefore provide a peek at how complex 

prebiotic molecules came together on Earth, and potentially on 

many other worlds too. 

In a new study, researchers from the United States and France 

conducted a new Miller-Urey-style experiment that mixed the 

organic molecules found in Titan’s atmosphere. � ey ended up 

with all of the nucleobases that make up RNA and DNA. � e study 

suggests the beginning of a new synthesis that reframes the old 

questions in a deeper and more meaningful way. It may not be 

a question of whether life’s chemistry began in space or in mete-

orites or on the surface of a planet (or moon). All three environ-

ments may very well have lent a hand. 

“When life was forming on Earth, it probably used a large variety of 

sources, some from the planet and some from the sky,” Sandford says. 

“Life doesn’t care about the ‘Made in…’ label on the molecules.” 

Deep space may be the ultimate breeding ground for life, but the 
greatest enigma remains untouched: How did a collection of organic 
molecules, whatever their origin, make the leap to life on Earth? 
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What is most exciting to you about the 

recent discoveries in astrobiology? 

How are they changing the way we think 

about our place in the universe?

Gibor Basri: I’ve been teaching astronomy for 

28 years. Early on, I always had to say to the 

class, “It’s probably true that planets around 

other stars are out there, but we really don’t 

know.” It was amazing to be able to stop say-

ing that and start saying, “We know there are 

planets out there, and we’re � nding more and 

more of them.” � at was a real breakthrough. 

Tori Hoehler: For me, one part of it has 

been the discovery of this absolute zoo of 

weird planets out there. You really have to 

stretch the way you think about what life 

is and what it could tolerate and where it 

could be, and then try to place it in the con-

text of all these strange, di� erent worlds out 

there. � ere are also the questions that have 

been pondered for such a long time: “Are we 

alone? How commonly does life arise?” It’s 

not something we can constrain based on 

our one example of life here, but now we 

have the potential to get some valid sta-

tistics on that—to look at places where we 

think life could arise and get some evidence 

as to how often that happens. � ose kinds 

of observations are a long ways o� , but the 

potential is there, and exoplanet research is 

what got it started.

What is the next breakthrough for 

studying planets around other stars?

Basri: � e big news is the Kepler Mission 

[NASA’s search for Earth-size exoplanets, 

As astronomers uncover a bewildering array of planets orbiting distant 

stars, four top researchers in the field reveal their plans to study these 

exotic worlds and search for signs that we are not alone in the universe. 

Moderated by Phil Plait, photography by Robyn Twomey

    OUT 
THERE?

anybody
is

Fifteen years ago, two Swiss astronomers discovered a planet orbiting the sunlike 

star 51 Pegasi. Until then, nobody had known if our solar system was unique; now 

we have a catalog of more than 450 extra solar worlds. We still have no idea whether 

any planet beyond Earth harbors life, but that could soon change too: Scientists are 

increasingly optimistic that they will � nd evidence of biological activity on an alien 

planet within the next few years. In collaboration with the � irty Meter Telescope 

and the National Science Foundation, DISCOVER invited four top researchers in the 

� eld to discuss how that extraordinary discovery might unfold. 

Gibor Basri is an astrophysicist at the University of California, Berkeley, who stud-

ies stars that have planetary systems. John A. Johnson, an astronomer at Caltech, 

searches for and characterizes planets around other stars. Sara Seager is a planetary 

scientist and astrophysicist at MIT whose research focuses on understanding the 

atmospheres and interiors of exoplanets. Tori Hoehler, an astrobiologist at NASA’s 

Ames Research Center, studies how living things on Earth create detectable changes 

in their environments. � e conversation took place at Caltech and was moderated by 

DISCOVER’s “Bad Astronomy” blogger, Phil Plait.
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launched in March 2009], which is gather-

ing data right now and has been for more 

than a year. � is is the � rst time humanity 

has been able to seriously search for ter-

restrial planets around other stars. And we 

hope it will tell us about the frequency of 

terrestrial planets in our galaxy or in the 

universe. � at’s a major piece of this puzzle. 

Kepler is basically a giant, 98-megapixel 

digital camera. It looks for planets using 

the transit method: You just wait for a planet 

to cross in front of its star as it’s orbiting. 

When it does that, the planet blocks a little 

bit of light from the star. The camera will 

measure a dip in the star’s brightness, and if 

a planet is really what’s causing that dip, it 

will come around and cause the same kind 

of dip again and again. � at’s the essence of 

the mission. Kepler has already found a lot 

of potentially interesting things, but it’s easy 

to be fooled. For example, stars crossing in 

front of other stars can also cause dips in 

the signal. So right now the project is sift-

ing through 700 of these potential discover-

ies, trying to � gure out which of them are 

actually planets. But I think it’s safe to say 

that terrestrial planets will be announced 

within the next year.

Sara Seager: We have to be careful about this. 

To astronomers, “terrestrial” only means rocky 

and roughly Earth-size; it doesn’t necessarily 

mean habitable. � ere are planets at all dis-

tances from stars. Earth is pretty far from the 

sun. � e � rst Earth-size planets that Kepler 

� nds will probably be very close to their star, 

so they will be very hot, probably too hot for 

Alien hunters (from left): 
Tori Hoehler, Sara Seager, Gibor 

Basri, and John A. Johnson.
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complex molecules to exist and too hot for 

life. � ese probably won’t be much like Earth.

So when we find a rocky planet, it 

might be more like Venus—with a surface 

temperature of 900 degrees Fahrenheit—

than like Earth. How do we take the 

next step and figure out whether any 

planets we find could support life? 

Hoehler: � ere are two ways to think about 

habitability. One way helps to give us a 

sense of possibility for life in the universe. 

So when we’re surveying with something 

like Kepler, we should allow ourselves to 

think of habitability as broadly as possible, 

to think of life as being as capable as pos-

sible, and get some overall sense of how 

much habitable real estate might be out 

there. [In our own solar system, for exam-

ple, it is possible that areas beneath the ice 

of Jupiter’s moon Europa or in the geysers 

of Saturn’s moon Enceladus might support 

some form of life.] 

But if we want to begin to narrow down 

to a place we could actually search for 

life, then we ought to be fairly restrictive. 

In order to come up with an answer that’s 

going to convince a lot of people, we’ll 

need to � nd a place where we can widely 

agree, “Yeah, these are signatures of life as 

we fairly closely understand it.” So what we 

should do depends on the technology that 

is available to us at the time. If you have 

the technology, the next step is to try to 

say something about the atmosphere of 

the planet. � at is fairly simple in principle. 

In practice, I think it’s going to be a di�  -

cult endeavor.

Seager: To elaborate on that, we want 

to look at an atmosphere and search for 

things that are unusual. Our own atmo-

sphere is 20 percent oxygen by volume. If 

an alien civilization is looking at us from 

far away, and it knows something about 

chemistry, it will know that we have mil-

lions to billions of times more oxygen than 

we should [if there were no life on Earth]. 

It’s hard to come up with any other process 

that can produce that amount of oxygen, 

other than the activity of living things. 

So we’re looking for an atmosphere with 

chemicals in it that should not be in it by 

any stretch of the imagination. 

Hoehler: It’s really an issue of degree, too. 

For a long time, there was the notion that 

� nding oxygen and methane in a planetary 

atmosphere would be a smoking gun for 

life. But those things are present in small 

amounts on Mars, and nobody is propos-

ing that there’s photosynthetic life on Mars. 

Maybe there are deep subsurface microbes 

producing methane, but maybe not. � ere 

are precious few chemical signatures we 

could look at as evidence of life, and in 

most cases other explanations exist for 

those observations. When we find some-

thing, we’ll have to ask, could this be made 

any way other than biologically? When 

we look at an atmosphere, what matters 

is this: If you took the entire atmosphere 

and reacted everything that can react, how 

much energy would come out? By that 

measure, Earth’s atmosphere and Mars’s 

atmosphere di� er by about 60,000-fold or 

so. That’s the sort of characterization we 

need to be able to do.

Let’s say I handed you a check for 

$1 tril lion to use in the hunt for

life on other planets. What would 

you do with it?

John A. Johnson: My collaborators at Yale 

and Penn State and I have put in a request—

not for $1 trillion, but for a substantial sum 

of money—to build the next generation of 

instruments to make the next big leap: � nd-

ing truly Earth-like planets. With our cur-

rent detection technologies, we’re � nding 

these interesting things called super-

Earths. These are about 5 to 10 times the 

mass of Earth, and we � nd them by looking 

at the gravitational wobble that the planet 

induces in the star. What we would like to 

do is move down to about three, two, and 

one Earth mass, and to do that you need 

to make sure the instrument you’re using to 

measure those wobbles is rock steady. We 

have the technology at hand to stabilize 

our instrumentation to get down to about 

three Earth masses for planets in the hab-

itable zones around stars. With the next 

jump after that, we can push down to one 

Earth mass. We’re a check away from making 

that next step. If you handed me $1 trillion, 

I would build three of these new instru-

ments and use them to find the closest, 

most interesting planets. And then I would 

hand off the rest of the money to NASA, 

which would need about one-thousandth 

of that to build satellites that could go out 

and take images of the planets to see if 

they really are habitable.

Seager: I’m glad you only want a few bil-

lion, because I can de� nitely use the rest of 

that! We think that every star has a planet. 

That’s basically what we’re seeing right 

now. Our nearest star, Alpha Centauri, is 

actually two stars, A and B. They’re sun-

like stars. No one has found any big Jupi-

ter-size planets around them; we’ve ruled 

that out. But maybe there is an Earth-size 

one. I would say for $1 trillion you could 

develop a way to travel at one-tenth the 

speed of light. Alpha Centauri is four light-

years away, so at that speed, you could get 

there in 40 years. I would find a 20-year-

old volunteer to go there and tell us what 

she sees. For a lot less than $1 trillion, with 

just a little more technology development, 

I think we could � gure out how to tell the 

di� erence between a Venus-like planet and 

an Earth-like one. � ey’re about the same 

size and mass, but Venus is not habitable. 

We could build a special kind of space 

telescope to help us tell the di� erence. It 

would block out the light from the star so 

we could see the planets directly, look at 

their atmospheres for oxygen or ozone or 

other things that shouldn’t be there, and 

move forward that way.

Even without trillion-dollar funding, you 

are all making huge advances in our 

understanding of planets around 

other stars. Where do you see this work 

leading in the next decade or two? 

Seager: About 10 years ago, I was giving 

a talk here at Caltech about atmospheres 

on other planets. I don’t think a single 
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‘
person in the audience believed we’d ever 

have any measurements. Ten years later, 

we now have measurements of more than 

three dozen exoplanet atmospheres. [Sea-

ger recently edited the first textbook on 

the subject, titled simply Exoplanet Atmo-

spheres.] These are big, hot planets that 

almost certainly have no life. But we’re 

practicing, using the tools we’ve developed 

over the past decade to understand them. 

I think in 10 years we’ll have several exam-

ples of planets in habitable zones around 

small stars, and we’ll have data to work 

with to understand their atmospheres. 

John will 	 nd us a bunch of planets that we 

can follow up on. 
 e planets won’t be just 

like Earth—they’ll be bigger, and orbiting 

smaller stars—but we’ll 	 nd them. 

Eventually you might be able go out at 

night with your children or grandchildren 

and point to a bright star and say, “That 

star has a planet like Earth.” We need to 

look at the atmospheres to do that, and 

that’s what we’re planning to do. We may 

even find signs of life that soon, 10 years 

from now. 

Johnson: A recent result that highlights 

the way surprises keep popping up is the 

discovery of a batch of planets that are 

orbiting in the wrong direction. All of 

the planets in our solar system orbit in the 

same direction, the direction in which our 

star spins. 
 at re� ects the way we think 

planets form, which is from a flattened 

disk of gas and dust around a star. We set 

out to make what are called spin-orbit 

measurements of other planets. At 	 rst it 

looked as though everything was aligned, 

like in our solar system. 
 en all of a sud-

den we found some tilted orbits, and then 

we found one planet going backward 

around its star. So I’m afraid to predict 10 

years out; this kind of result shows that it’s 

almost impossible to predict. But every-

thing leading up to the point where we can 

detect biosignatures on other planets is 

going to be exciting. 

Basri: We’ve learned that we really don’t 

know what we’re talking about with respect 

to exoplanets: how they form, what their 

distributions are, anything! The very first 

exoplanet found was a complete surprise. 

It was a Jupiter-size planet in a really short 

orbit, which was utterly unexpected. But 

now we are right on the cusp of learning 

whether rocky terrestrial planets are a com-

mon thing in the universe. That will be a 

really interesting result, and it’s very excit-

ing to be around when it’s happening.

Let’s say we actually find the 

smoking gun: definitive proof of life 

on an alien world. How should 

that announcement be handled?

Hoehler: 
 e reality is that we’re just going 

to have gases in the atmosphere of some 

distant point of light. We won’t even have 

the gases, just little squiggles in a spec-

trum, so I don’t know that there will be a 

definitive “smoking gun.” If you heard an 

announcement that we’re about 95 per-

cent sure that some planet seems to have 

a substantial amount of oxygen in the 

atmosphere, so life is probably there—I’d 

be blown away by that sort of thing. But for 

most people, would that be an astounding, 

satisfying result, or just kind of like, “Okay, 

that’s nice”?

Johnson: The only truly definitive sign of 

life would be a SETI [Search for Extrater-

restrial Intelligence] signal: a message that 

says, “Here we are!” If that happened, I 

don’t think you could sit on it. 
 at would 

be exciting to everybody, and it would be 

widely in� uential. Absent that, there will be 

caveats, and people will react accordingly. 

Audience member: It seems that we’re 

looking only for planets like Earth and 

life that’s like the life we know. Shouldn’t 

we broaden our perspective?

Johnson: We could be in the same situ-

ation as when we were first looking for 

planetary systems. We thought we would 

	 nd nice, well-behaved Jupiters where they 

were supposed to be [ far from their stars], 

but we found out that planets are all over 

the place. This is the problem of having 

a sample size of one. We could be in the 

same situation with life. 

Hoehler: Philosophically, I absolutely agree 

with you. I want there to be life elsewhere, 

and I want it to be weirdly di� erent from 

us. With that said, the more you look 

into the details, the more our kind of life, 

broadly categorized, seems to do a lot of 

things that would be di�  cult to do in other 

ways. But what’s significant is that there 

is virtually nothing that you would look 

for or detect that is specific to one kind 

of life–what it’s made of, what kind of bio-

molecules it has, that sort of thing. Instead, 

you look for what life is doing. Life must 

channel and use energy much more quickly 

than abiotic processes in order to be alive, 

and that’s what we’re looking for : some-

thing that markedly distinguishes life from 

nonlife by how much energy it seems to be 

using. Not just whether something is there, 

but how much of it is there. 
 at’s the kind 

of signal we’re going to look for.

Basri: The thing I like about this view is 

that even robotic life would 	 t the bill. If 

robots are producing a lot of energy and 

using it, that would show up. So looking for 

energy is a more general approach.

Audience member: We’ve made 

our planet noisy with radio signals that 

could be detected light-years away. 

Other advanced civilizations might be 

doing the same thing. Are we looking 

for these signals? 

Basri: Yes, SETI, which we mentioned ear-

lier, is broader now, but it began with radio 

waves. People are looking for exactly what 

you’re talking about. The Allen Telescope 

Array at Berkeley is engaged in that; Paul 

Allen gave $25 million for that purpose. 


 ere are about 60 radio telescopes scan-

ning the skies for these signals right now. 


 at would be the de	 nitive answer to the 

search for life: If you get an intelligent sig-

nal, then you know for sure. 

‘ This search for life in the galaxy is really an inward search. It’s a 
search for something else out there like us. And I think that’s one of the 
most exciting, most noble adventures that we can go on.” –PHIL PLAIT
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In those devastating early days after the operation, Hugh Herr had a recurring 

dream. He was running through the corn� elds behind his parents’ house in rural 

Pennsylvania, going impossibly fast, the sun and the wind on his face, almost � y-

ing. � e ine� able sensation of freedom remains vivid decades later. � en the 17-

year-old would wake up to the stumps of his legs below his sheets and remember: 

Both his limbs had been amputated � ve inches below the knee. � e doctors said 

he would never run again. 

� ey were wrong. Almost every other day for four years now, Herr, 46, has been 

jogging the 1.7-mile wooded loop around Walden Pond in Massachusetts on spe-

cially designed prostheses. “I was out just yesterday,” he says. “It’s a beautiful run.”

For Herr science is intensely personal. Before his accident, he was a world-class 

rock climber—but a C and D high school student who attended vocational school at 

night and “didn’t know what 10 percent of 100 was.” Today he has a master’s degree 

in mechanical engineering from MIT and a Harvard Ph.D. in biophysics, and he 

is walking around on motorized bionic limbs that adjust 500 times a second for 

THE

MAN
BIONIC

A mountain-climbing tragedy 

cost him both legs, so Hugh Herr set about 

reinventing the artifi cial limb. 

By Adam Piore Photography by Bob O’Connor

Prosthetic limb researcher Hugh Herr shows off his wares in his biomechanics lab at MIT.
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angle, sti� ness, and torque. He 

designed them himself.

In early 2011 his company, 

iWalk—headquartered near 

the MIT campus in Cambridge, 

Massachusetts—will release the 

PowerFoot One, the world’s 
 rst 

robotic ankle-foot prosthesis, to 

the general public. With an elec-

tric motor, 
 ve internal micro-

processors, and a quarter-size 

inertial measurement unit that 

tracks and adjusts its location 

in space, the PowerFoot One is a 

giant leap over existing prosthe-

ses. It reacts to changing terrain 

and different walking speeds 

much like a natural human foot, 

facilitating a normal gait and 

allowing its users to push off 

the ground with seven times as 

much power as is possible with 

the best of its predecessors, all 

while expending less energy. 

Herr, who directs the Biome-

chatronics group at the MIT 

Media Lab, spent the last eight 

years studying and re
 ning com-

puter models of the human leg 

to develop the PowerFoot. Bit by 

bit he has overcome most of its 

limitations. Still, there remains 

one stark di� erence between his 

invention and the real human 

limb: Herr’s prosthesis does not 

connect to the central nervous 

system, so the wearer cannot 

move it just by thinking. At least 

not yet. Sharing an ambition that 

would have sounded like science 


 ction just a few years back, Herr 

and a handful of other prosthet-

ics engineers are now working 

to create lifelike limbs that users 

can control with their minds. 

There are nearly 2 million 

amputees in the United States 

alone who could benefit from 

these breakthroughs. Most 

immediately, Herr’s inventions 

could soon enable the million-

plus people who are missing 

lower limbs to do things they can 

now only dream of: Standing on 

tiptoes to pull a jar out from the 

back of a cabinet. Flexing their 

feet to put on shoes. Dancing.

� at Herr is so close to achiev-

ing this dream is remarkable 

in itself. What is even more 

extraordinary is the path he 

trod to get there. 

 

 T
he first f lakes 

had begun to 

fall when Herr 

and his pal Je�  

Batzer headed 

into the wilds surrounding New 

Hampshire’s Mount Washing-

ton, the Northeast’s highest 

peak, to ice climb and hike in 

January 1982. By the time the 

teenagers turned to head back, 

just a few feet from the summit, 

the wind was gusting at up to 94 

miles an hour, visibility was less 

than 10 feet, and the tempera-

ture had fallen below zero. � e 

two became disoriented and 

headed in the wrong direction. 

It was three days before a 

woman in snowshoes stum-

bled upon the boys’ tracks and 

found them huddled and fro-

zen, hours from death. By then, 

an avalanche had claimed the 

life of a searcher, and both Herr 

and Batzer had severe frost-

bite. Doctors amputated four 

of Batzer’s 
 ngers, a thumb, his 

left foot, and all the toes on his 

right. Herr wasn’t as lucky. 

His 
 rst prosthetic legs were 

made of plaster of paris. The 

prosthetist who fitted them 

suggested he might one day be 

able to walk without canes. But 

nothing could keep Herr from 

the climbing wall. Seven weeks 

after doctors amputated his 

lower legs, he hopped in a car 

with one of his older brothers, 

Tony, and headed to a series of 

cliffs along the Susquehanna 

River. For years he had been 

doing things on rock faces that 

people said he couldn’t, but 

even he was amazed by his per-

formance that day. Weak and 

recovering from the surgeries, 

Herr was wobbly on his new 

feet. On the rock wall it was a 

di� erent story. “I felt more natu-

ral scrambling on all fours than 

walking,” he says.

By spring Herr was in a local 

machine shop experimenting 

with his artificial limbs. Every 

few weeks he headed to Phila-

delphia to meet with prosthe-

tist Frank Malone for re
 ttings 

and adjustments. Herr began 

tinkering with the design of his 

new legs, adjusting the length 

and playing with dif ferent 

materials to make them lighter. 

“I realized that my prostheses 

need not look human,” he says. 

“� ey are a blank slate: I could 

create any prosthetic device I 

wanted for form, function, and 

enhancement.” 

Herr threw out his climbing 

shoes and glued climbing rub-

ber directly to the bottom of 

his mechanical feet. Then he 

went to work on their shape. 

For expert pitches where he 

planned to stand on small rock 

edges the width of a dime, nor-

mal feet were a disadvantage. 

So he designed a prosthetic 

about the size of a baby’s foot. 

He created a pair of feet with 

toes made of laminated blades 

that he could jam into tiny rock 

fissures far too slim to hold a 

normal human foot. He made 

the height of the legs adjust-

able; at 7 feet 5 inches, he could 

reach handholds and footholds 

far beyond the range of any 

able-bodied climber. And he 

made his legs easier to move. 

Herr drilled holes throughout 

legs fashioned from aluminum 

tubes, making them so light 

that they just barely supported 

his weight, while increasing the 

number of pull-ups he could 

do and the distance and speed 

with which he could climb. 

“From that personal experi-

ence, I realized that technology 

has an extraordinary capacity 

to heal, to rehabilitate, to aug-

ment, and that really set the 

tone for my entire professional 

life,” Herr says.

He spent a couple of years 

traveling and living in the 

climbing meccas of North 

America, burnishing a reputa-

tion for his skill that eventually 

won him a spot in the national 

Sports Hall of Fame. But even 

as Herr excelled on rock walls, 

he was increasingly frustrated 

with what he could do on the 

ground. His rigid prosthetics 

lacked the natural cushioning 

provided by the tendons of the 

ankles and feet. The sockets 

where his legs met the arti
 cial 

limbs chafed when he walked, 

leaving him raw and bloody 

and putting powerful strains on 

his knees.

By 1985 Herr had had enough. 

When the doctors said no solu-

tion existed for the problem, 

      I realized that my prostheses need 
not look human. They are a blank slate.‘
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his experiments moved beyond 

climbing feet and into the realm 

of medical devices. “� e medical 

community was giving me these 

devices and saying, ‘� is is the 

best, live with it,’ ” Herr says. “I 

just couldn’t accept that what 

they gave me was really the best 

that we could produce.” 

First he tried stuffing the 

sockets with leather and rub-

ber to cushion them. Then Jeff 

Batzer, his fellow Mount Wash-

ington survivor, introduced him 

to a prosthetist and orthotist 

named Barry Gosthnian. Gosth-

nian had been an Air Force 

mechanic in Vietnam and 

recalled the shock-absorbing 

hydraulic supports used in air-

craft landing gear. Perhaps, he 

suggested, a hydraulic cushion 

of some sort could soften the 

impact in the socket.

Herr and Batzer toiled in a 

workshop to develop a better 

hydraulic socket. � at fall, Herr 

enrolled at nearby Millersville 

University, a state school in cen-

tral Pennsylvania. With a new 

reason to study, he developed 

a passion for math and physics, 

earning almost all A’s.

By the time Herr graduated 

from college, he had his first 

patent—shared with Gosthni-

an—and a prototype for a cush-

ioned socket with inflatable 

bladders. The bladders, made 

out of soft, � exible polyurethane 

membranes, were located wher-

ever weight-bearing portions of 

the leg stump pressed against 

the socket, cushioning the force 

and softening the pressure on 

the stump as needed. (His pri-

mary research subject? Him-

self, of course.) He also had an 

acceptance letter to a graduate 

program at MIT in mechanical 

engineering. 

 S
eeing Herr stride 

casual ly  across 

MIT’s campus in a 

rainstorm, wearing 

blue jeans and a 

pair of Italian leather loafers, it’s 

virtually impossible to tell that 

he is missing both lower legs. He 

moves with a seamless, � owing 

gait—hands in the pockets of 

his puffy, green jacket, his gaze 

roaming the grounds. But in his 

lab, Herr often goes shoeless, his 

pant legs hiked up to expose alu-

minum legs an inch in diameter 

atop sleek masses of silver gears 

and wires, which power flat 

black feet resembling the bot-

toms of flip-flops. “I think they 

are more attractive than human 

legs,” he says.

Herr began work on the Pow-

erFoot about six years ago with 

a simple realization: No avail-

able prosthetic came close to 

replicating the beauty and sim-

plicity of human locomotion. 

Even with the best available 

models, most amputees walked 

more slowly and had less bal-

ance. � eir gaits were eccentric, 

and their devices often caused 

back problems. When a person 

with intact lower limbs walks, 

the amount of power the calf 

muscles expend increases with 

walking speed. Yet virtually all 

commercially available ankle 

and foot prosthetics are pas-

sive devices, containing spring 

mechanisms to absorb shock as 

a person walks but making no 

e� ort to replace the power-gen-

erating capabilities of the mus-

cles in a person’s lower limbs.

Herr and his collaborators 

believed that the lack of ankle 

power was one of the main 

THE BATTLE TO BUILD A BETTER LIMB

Hugh Herr’s work with PowerFoot One is just 

the most dramatic in a series of advances that 

are reverberating through the field of prosthet-

ics. A major factor behind this scientific surge is 

war. The conflicts in Iraq and Afghanistan have 

sent home thousands of maimed soldiers and 

unleashed a flood of research dollars to help 

them. The U.S. Department of Veterans Affairs’ 

funding for “classic prosthetics” rose from $5.2 

million for 21 projects in 2006 to $9 million for 

38 projects this year. After Bush administration 

officials raised concerns about the large number 

of soldiers returning from Iraq as upper-limb 

amputees, the Pentagon’s Defense Advanced 

Research Projects Agency (DARPA) shelled 

out $130 million to develop its Revolutionizing 

Prosthetics Program. This includes funding for 

the DEKA Research and Development Corpora-

tion—a company founded by Segway inventor 

Dean Kamen—to develop an advanced robotic 

arm that would allow an upper-limb amputee to 

“pick up a raisin or a grape,” Kamen recalls.

For decades, even the most advanced 

upper-limb prostheses could perform just a few 

movements. Kamen’s eight-pound appendage, 

nicknamed Luke after the Luke Skywalker char-

acter in Star Wars, contains a suite of micropro-

cessors and advanced electronics that respond 

when amputees flex their shoulders or press 

buttons built into shoes. Luke contains six user-

selectable hand grasps that allow the wearer 

to perform a variety of everyday tasks, such as 

clasping keys, turning doorknobs, or pulling the 

trigger on a tool. It also has a device that vibrates 

on the skin to signal the strength of the user’s 

grip. Fred Downs, who heads the prosthetics pro-

gram at the Veterans Health Administration and 

who lost his left arm during combat in Vietnam, 

recently tested Luke for two weeks. “I did things I 

haven’t been able to do for 42 years,” he says. 

“I could hold a cup and drink—using my left arm.”

In a complementary project, the Defense 

Department’s Telemedicine and Advanced 

Technology Research Center (TATRC) recently 

contributed $3.6 million toward the development 

of an advanced prosthetic knee. And last year 

the U.S. Army Medical Department began pro-

viding some amputees with the X2, an artificial 

knee that allows the user to walk backward, ride 

a bicycle, and climb stairs with ease. The knee 

is produced by Otto Bock, a German company 

that developed a groundbreaking computer-

controlled prosthetic leg in the 1990s called the 

C-Leg. The C-Leg relies on microprocessors and 

sensors to adjust stance and knee movements. 

The X2 knee can determine its location in space 

and calculate how fast the wearer is moving, 

even if he or she is stepping over an obstacle. 

The next-generation X3 knee, also produced 

by Otto Bock, will be capable of operating in 

seawater and sand, according to TATRC, mak-

ing it possible for soldiers who have lost a leg 

to continue serving in the field if they choose. 

All of these advances will also help millions of 

amputees who have never seen combat. The X3 

will be commercially available in fall 2011.  A. P.
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reasons amputees burn 30 per-

cent more energy walking than 

do humans with intact lower 

limbs. Addressing that problem 

would be no easy task, however. 

“At the time Hugh started this, 

if you had asked anyone in pros-

thetics, they would have told 

you that the ankle requires so 

much power that you could not 

build a lightweight, compact, 

quiet one,” says Bruce Deffen-

baugh, a longtime researcher at 

the MIT Media Lab who worked 

on the project. “But Hugh is 

unstoppable.” 

Herr and his partners began 

collecting all that was known 

about the dynamics of the 

human leg and the interac-

tion of its component struc-

tures. Where the literature was 

sparse, they tried to fill in the 

blanks by taking precise mea-

surements of a healthy human 

leg and creating a mathemati-

cal model that spelled out how 

the di� erent components of the 

leg interact. They had to ask 

fundamental questions about 

everyday behavior. How much 

power, for instance, does a nor-

mal calf muscle in a 5-foot 9-

inch male generate right before 

the foot pushes o�  the ground? 

When that muscle flexes, how 

will it a� ect the sti� ness of the 

tendons attached to it? How 

sti�  is the ankle when a person 

attempts to slow down? 

While creating this mam-

moth mathematical description 

of a leg at work, Herr set out to 

build a robotic prosthetic able 

to mimic the human foot and 

ankle. To replicate the ankle’s 

natural ability to brake when 

walking downhill, he modified 

a previous invention he had 

created to control the sti� ness 

of a prosthetic knee. � e device 

contains sliding steel plates 

separated by an oily liquid that 

grows thicker when a magnetic 

field is applied. Electrical sen-

sors measure both the angle 

and the force applied by the 

user on the ankle, and a com-

puter modifies the strength of 

the magnetic � eld accordingly. 

Then, to determine the ankle’s 

location in space and to adjust 

the angle of the prosthetic foot 

appropriately (if, say, a person’s 

foot is suspended in midair 

going down stairs), Herr incor-

porated the same sensors used 

in guided missile systems.

 B
y 2005 Herr’s lab 

had produced 

its � rst portable, 

motorized foot 

and ankle proto-

type and had demonstrated 

that the device could replicate 

the feel of actually walking. 

But the big challenge of pow-

ering the prosthetic remained 

unsolved. The prototype was 

connected to a backpack con-

taining almost 13 pounds of 

electronics that ampli� ed pow-

er coming from a wall socket—

not a practical solution for an 

amputee on the go. Herr’s grad-

uate students spent months 

trying to reduce transmission 

losses and cut back on energy 

costs but could not come close 

to creating a motorized ankle 

small enough and powerful 

enough to match a real one. 

Meanwhile, Herr continued 

working on what would prove 

to be key to the solution: springs 

that use the same principle as 

the human leg. Human tendons 

and ligaments contain springlike 

� bers that store, release, amplify, 

and redistribute the energy we 

use when we walk. “The body 

uses springs to reduce the work 

the muscles have to do,” Herr 

says. “The human leg is filled 

with them, and there is this 

elaborate energetic � ow. Energy 

is constantly being shu�  ed from 

tendon to tendon to tendon.” 

Early on, Herr had concluded 

that a small motor alone would 

not be capable of delivering ade-

quate energy quickly enough to 

replicate the burst of force with 

which the foot pushes off the

ground when we walk. But if 

the motor gradually fed energy 

into a spring, the speed of ener-

gy production wouldn’t matter. 

When it came time to push o� , 

that spring could release all that 

pent-up energy at once, pro-

pelling the human foot off the 

ground with the explosive force 

of a natural human ankle.

Herr’s lead graduate student 

on the project, Samuel Au, spent 

months tinkering unsuccessfully 

with the motor. � en Herr real-

ized that none of the versions 

of the motor incorporated the 

secondary usage of tendons that 

happens in a real ankle joint. 

Perhaps the solution was to add 

more springs, this time in paral-

lel with the motor. 

The hunch paid off. The sec-

ondary springs reduced the 

amount of force required by 

the motor, mimicking the calf 

muscle’s usage of the Achilles 

tendon, which allows the calf 

muscle to provide power with-

out contracting. When Herr put 

      Herr set to work building a prosthetic 
able to mimic the human foot and ankle.‘

on the reworked prototype and 

began shambling down a walk-

way in the lab, a broad smile 

spread across his face. He picked 

up his pace, walking faster and 

faster. By the time he announced 

that the ankle felt “just the same 

as walking with a normal ankle,” 

the lab assistants were cheering. 

Making full use of this newly 

reconfigured web of springs, 

the lab soon doubled the power 

emanating from the battery in 

the small motors in PowerFoot 

One. Today when Herr walks, a 

motor in the back of each foot 

gradually feeds energy into a 

combination of springs inside 

the foot. Some of the energy is 

released when he simply pushes 

o�  the ground. If he climbs a hill 

or picks up his pace, the motor 

and the springs release more 

energy, as required. 

“� at,” Herr says, “is just how 

the body works.” He and his team 

have added other touches to the 

PowerFoot One that replicate the 

way the tendons in intact legs 

function. When a person steps 

in a pothole and pressure on his 

leg increases, nerves at the back 

of the human tendon detect the 

change in the springlike fibers 

and send a signal up the spinal 

cord, which instructs the calf 

muscles to power more force-

fully. When Herr steps in a pot-

hole, sensors attached to elastic 

structures in his PowerFoot do 

the same thing. They detect 

the added pressure and send 

the information to a computer 

chip. � e chip’s software tells the

gears of the foot to push off 

the ground with more force to 

compensate. “Even though it is 

made of aluminum, silicone, and 
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ADVERTISEMENT

Concerned persons suggest that unless there is 
an “awakening,” government in America’s small-
government republic will continue being trans-
formed into the large-government, progressive 
ideology. But what awakening is powerful enough to 
halt the progressive juggernaut of large-government 
control of what people can and cannot do?
The writer would like you to consider that the above awakening to the 
existence of a natural law of right behavior has that power. The law is 
known as nature’s law of absolute right.

For nearly two decades, this behavioral law has 
often been carefully explained in one-page adver-
tisements in several national magazines and newspa-
pers, and on radio broadcasts. There is also a Website 
where people worldwide can learn how to get out of 
trouble, stay out of trouble, and start a new life.

This natural law exerts the power of life and death 
for every person alive today as is evidenced by the 
untold trillions of those people who had previously 
populated this planet.

“How?” you ask. Creation’s law of absolute right 
states: Right action gets right results; wrong action 
gets wrong results. The law defines right action as 
thoughts and behavior that are rational and honest 
and fill the need of each situation.

Therefore, people’s motivation consisting of man-
made laws, judgments, beliefs, likes and dislikes, 
wants and don’t wants does not conform to creation’s 
law of absolute right, and when wrong results occur, 
people do not look to themselves.

Laws of nature never play favorites. People obey 
natural laws or they suffer the consequences. That is 
the awakening information for this generation. And 
if some people choose to ignore nature’s behavioral 
law, eventually their wrong action will cause an eter-
nal sleep from which there has been no awakening.

WHOEVER OR WHATEVER IS THE CREATOR 
revealed this behavioral law to the mind of Richard 
W. Wetherill in 1929 in answer to his fervent ap-
peal for an understanding of humanity’s plight. And 
although Wetherill took no credit for identifying this 
law, his efforts to inform people of the flaw in their 
approach to life met with an almost impenetrable 
wall of resistance and opposition until he published 

his book, Tower of Babel, on January 2, 1952. Then 
small study groups were formed near several large 
cities in America. Later all the members who were 
able to relocate came together under Wetherill’s 
direction in southeastern Pennsylvania.

So much for a brief history of the group that now 
brings you the good news of the law of absolute 
right, and the awakening that it brings to a world 
population in deep trouble and chaos.

A few centuries ago the Founding Fathers of 
America did their best to establish a country ruled in 
a God-fearing way by representatives of the people. 
Newcomers from other countries who were willing 
to be governed by its Constitution and Bill of Rights 
were welcomed. Over the years, people came in 
droves. Now the divergence of thinking about wheth-
er the country should be transformed is causing much 
turmoil and confusion for the populace.

There is only one solution: everybody must obey 
creation’s law of absolute right or suffer the con-
sequences of disobedience to whoever or whatever 
is the creator of natural laws and all that exists of 
planet Earth.

Visit our colorful Website www.alphapub.com 
where several essays and seven books describe 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.

This public-service message is from a self-financed, non-

profit group of former students of the late Mr. Wetherill. 

Please help by directing others to our Website so that they 

can learn that obeying this natural law provides a life that 
is both fair and well worth living.

Richard W. Wetherill
1906-1989
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carbon, it behaves as if it were 

� esh and bone,” Herr says. “If you 

put nature in the machine, the 

biological body attached to it will 

be familiar with those dynamics 

and adapt comfortably.” 

Herr has tested the leg at the 

state-of-the-art Gait Laboratory 

in MIT’s Computer Science and 

Artificial Intelligence building, 

donning a mask that measures 

his oxygen consumption and 

carbon dioxide exhalation to 

calculate how many calories he 

is burning. Sensors attached to 

two- by four-foot floor plates 

precisely measure the force he 

exerts when he walks, dances, 

or runs. At the same time, cam-

eras around the room track 30-

plus reflective markers affixed 

to well-defined anatomical 

locations across his body. They 

capture variables like knee and 

ankle angles and joint torque. All 

the data are synced up and com-

pared with similar data taken 

from a subject with intact limbs 

performing identical tasks.

“I am an amazing experimen-

tal model because if you put 

robots below me, we can actu-

ally test hypotheses,” Herr says. 

“If my body responds as if I had 

intact lower limbs, then that 

would suggest our theory is 

robust. If my body responds in 

a pathological way, it suggests 

our theory needs work.” 

But the more powerful evi-

dence of the device’s utility 

is revealed in the response of 

some of the subjects from out-

side the lab who have tested out 

the ankle, and their loved ones 

watching them walk. Often they 

start to cry.

An early generation of the Power-

Foot prosthesis shows how the 

ankle handles its weight load.
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“It can be very emotional,” 

Herr re� ects. “It can feel like you 

have your biological foot back.”

 T
he U.S. Depart-

ment of Veterans 

Affairs (VA) has 

been the prime 

funder of Herr’s 

work on the PowerFoot One 

and has enlisted returning vets 

to test out the device. Not sur-

prisingly, the people who have 

so much to gain from Herr’s 

achievements are also the ones 

� nancing his plans to take them 

a radical step farther—linking 

bionic limbs directly to the 

human nervous system.

� at goal is not as outrageous 

as it would have sounded a few 

years ago. At Brown University, 

just a couple hours’ drive from 

Herr, neuroscientist and engi-

neer John Donoghue is develop-

ing a brain-computer interface 

known as BrainGate. � is revo-

lutionary device literally creates 

a direct connection between 

man and machine.

Donoghue and his team have 

surgically implanted miniature 

electrodes in the brains of five 

patients who had injured spi-

nal cords or who had suffered 

stroke or disability from ALS. 

The sensors can register neu-

rons firing in the areas of the 

brain that generate movement 

commands. In a healthy person, 

such neural impulses would be 

transmitted through the spinal 

cord down to intact limbs and 

would signal them to move. 

� e BrainGate’s sensors instead 

transmit the impulses to a plug 

attached to the top of a patient’s 

head, which passes the com-

mands on to a computer that 

can translate them into signals 

controlling a robotic arm.

Herr is taking a slightly dif-

ferent approach, developed in 

conjunction with two other 

leaders in the e� ort to connect 

nerves and machines: Richard 

Weir and Todd Kuiken, both 

of Northwestern University 

and the Rehabilitation Insti-

tute of Chicago. Unlike the 

BrainGate researchers, who 

are trying to tap directly into 

the brain, Weir and Kuiken are 

attempting to pick up impulses 

coursing through the nerves 

and muscles that remain in the 

parts of amputee limbs that 

remain intact. For instance, 

the nerves that once sent sig-

nals to Herr’s ankles and feet 

are still there, ready but unable 

to deliver volitional signals to 

the missing limbs. 

To get at the data, Kuiken 

has developed a technique he 

calls targeted muscle reinner-

vation. Surgically, he connects 

those orphaned nerves to other 

muscles—like the muscles that 

remain below Herr’s knee. Once 

connected, those muscles con-

tract in response to signals from 

the brain meant for the absent 

limbs. Electrodes attached to the 

skin just above those muscles 

pick up the contractions and 

send a signal to the PowerFoot. 

Computer software then tells the 

arti� cial foot to � ex as intended. 

Kuiken has already used this 

technique successfully on upper-

limb amputees. One subject, 

Jesse Sullivan, lost both arms at 

the shoulder. Kuiken took the 

four main nerves going to his 

arm and transferred them to his 

chest muscles. Sullivan is now 

able to close the hand of a com-

mercial prosthesis simply by 

thinking about closing his hand. 

The thought causes muscles in 

one part of his chest to contract, 

which the computer translates 

into the appropriate movement 

of the prosthetic arm. � inking 

about bending his elbow causes 

contractions in a di� erent area 

of Sullivan’s chest. 

But relying on electrodes 

attached to the body has limita-

tions. “If I were to go run a mile 

right now, I could fill this glass 

with sweat,” Herr says. “It’s dif-

ficult to imagine an electrode 

being able to get any type of sig-

nal at all in that environment.” 

He believes that implanting a 

wireless sensor inside the body 

is a better solution. Weir has 

developed such a device, called 

an Implantable Myoelectric Sen-

sor, or IMES, which he has been 

using to develop arti� cial hands. 

� e VA is funding a collabo-

ration between Herr and Weir, 

intended to let amputees easily 

and subconsciously control the 

PowerFoot using IMES. � e two 

hope to make a small incision 

in a human leg and implant two 

microchips in what remains of 

the muscles leading to the front 

and back of the calves. � e chips 

would pick up muscle contrac-

tions inside the leg and wire-

lessly transmit a signal to the 

PowerFoot that would instruct 

it to move the prosthetic ankle. 

Weir has already safely insert-

ed IMES into the forearms of 

monkeys in the laboratory. With-

in the year, he and Herr hope to 

use part of their VA grant to win 

FDA approval for a human trial. 

      It can be very emotional. It can feel like 
you have your biological foot back.‘

“If we get it into people and it 

proves e�  cacious, it will have a 

huge impact on how prosthetic 

systems are designed and con-

trolled,” Weir says. “We’ll have 

the ability to design much more 

advanced systems.” 

In the original grant appli-

cation for IMES, Herr had pro-

posed that his colleague cut 

him open and perform the sur-

gery. � e VA didn’t go for it. “� e 

reviewers thought that I would 

bias the data because I would 

so badly want it to work,” Herr 

says, clearly irritated, “which is 

odd in my opinion because we 

are going to use another bilater-

al amputee. But if it’s successful 

I will certainly get them. Ulti-

mately many, many amputees 

will be implanted.”

New technology will also ush-

er in new attitudes, Herr hopes. 

It was not so long ago, he points 

out, that the visually impaired 

were viewed as disabled. Today 

glasses are so ubiquitous that 

nearsighted people are no lon-

ger seen as handicapped. Soon 

it may be the same with pros-

thetics. “Right now, well over 

half the world’s population has 

some condition, and because of 

poor technology, society con-

siders those conditions disabili-

ties,” Herr says. “As the human-

machine inter action becomes 

more sophisticated, we will see 

fewer and fewer disabilities. 

One day I will truly no longer be 

disabled and maybe augmented 

in some ways.” 

� e way Herr talks about rock 

climbing in northern Italy’s Dolo-

mites or going for a hike in the 

wilds of New Hampshire, that day 

seems just around the corner. 
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What are so many 

physicists doing playing 

poker for hours on 

end in gaming rooms 

from Vegas to Monaco?

Probably winning.

By Jennifer Ouellette

G♠ME 
THEORY

BIG
 T

he american physical society—the largest 

professional organization for physicists in the 

United States—once held its annual meeting in 

Las Vegas. From the city’s perspective, the meeting 

was a fiasco. The assembled physicists shunned 

the usual casino delights: showgirls, blackjack, 

roulette, craps, and copious amounts of alcohol. Plus they were 

lousy tippers. Vegas made so little money, legend has it, that the 

society was asked never to come back. � e physicists could do the 

math, you see: � ey knew the odds were stacked against them in 

the casinos. � at’s why physicists aren’t the gamblin’ kind.

Or so goes the conventional wisdom. Conventional wisdom 

hasn’t met my husband, Caltech cosmologist and poker fiend 

Sean Carroll, who happily spends hours on end in poker rooms. 

It started in 2004 after he read Positively Fifth Street, James 

McManus’s account of covering the World Series of Poker (WSOP) 
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for Harper’s Magazine. McManus 

got so caught up in his reporting 

that he entered the tournament 

on a lark and ended up winning 

$247,760. Intrigued, Sean began 

lurking around poker rooms 

to watch the play, becoming 

a “railbird,” in poker parlance. 

He bought a few instructional 

books and played a bit online 

before venturing out to the Hol-

lywood Park Casino just outside 

Los Angeles. 

Hollywood Park has a seedy, 

vaguely disreputable vibe. The 

occasional fistfight breaks out 

late at night, and the fast rate 

of play can be intimidating for 

a new player (a “fish” or “dead 

money”). But there are also 

plenty of unskilled (often ine-

briated) players whose strategy 

seems to be “Call everything—

you might get lucky!” � at � rst 

night, Sean walked away $250 

richer, and hooked on poker.

Later that year, Sean played in 

an informal poker tournament 

in Chicago (organized as a fund-

raiser for presidential candi-

date John Kerry) and found that 

there were three other physicists 

among the participants. One of 

them, string theorist Je�  Harvey 

of the University of Chicago, won 

the tournament. He had learned 

the rules of the poker game being 

played from his teenage daughter 

just the week before, and he has 

been an avid player ever since. 

One poker-playing physicist 

is a statistical anomaly; two is a 

coincidence; three, and it might 

just be a pattern. Michael Binger 

placed third at the 2006 WSOP 

main event, two months after 

earning his physics Ph.D. from 

Stanford University, and walked 

away with a cool $4.1 million. 

He has since played all over the 

world, racking up six tournament 

wins and an additional $2 million. 

At a tournament in San Remo, 

Italy, last spring, the final table 

included two more physics gurus: 

Michael Piper and Liv Boeree, 

former classmates at the Univer-

sity of Manchester. Piper placed 

fourth and Boeree won, pocket-

ing 1.25 million euros—about $1.6 

million—for her trouble.

Perhaps poker appeals to 

physicists because it is an intri-

cate, complex puzzle, steeped in 

statistical probabilities and the 

tenets of game theory. � e best 

players evince a rare combina-

tion of skills in math, strategy, 

and psychology. “Both phys-

ics and poker attract people 

who like to solve multifaceted 

problems,” says Marcel Vonk, a 

Dutch-born physicist at the Uni-

versity of Lisbon, who claimed 

his � rst WSOP winner’s bracelet 

this past summer in Las Vegas, 

beating out 3,800 players to win 

$570,960. “� e skills required are 

similar: mathematical abilities, 

the ability to spot patterns and 

predict things from them, the 

patience to sit down for a long 

time until you finally achieve 

your goal, and the ability to say, 

‘Oh well,’ and start over when 

such an attempt fails miserably.” 

Most poker-playing physicists 

don’t consider poker to be true 

gambling. In craps or blackjack, 

Sean explains, you’re playing the 

casino (the “house”), and thanks 

to a slight statistical edge, the 

house always wins in the long 

run. What self-respecting physi-

cist would accept those odds? 

But in poker you are playing 

against other people; casinos 

typically take a cut of the pot. 

Luck may be a factor, but poker 

is more a game of skill than of 

chance. “When played by a pro-

fessional, poker is not gambling,” 

insists Eduard Antonyan, a for-

mer physics graduate student 

of Harvey’s. “While you can get 

unlucky for extended periods of 

time, eventually, if you’re good, 

you’re going to pro� t.” 

Modern p oker 

tournaments did not flourish 

until the World Series of Poker 

in Las Vegas took off in the 

1970s, launching thousands of 

how-to books on foolproof poker 

strategies for amateurs harbor-

ing fantasies of beating the pros. 

With the introduction of online 

poker and the advent of camer-

as capable of showing a player’s 

hidden cards to a TV audience, 

poker has become a bona fide 

spectator sport. 

� e most popular form is Texas 

Hold ’Em.  As in physics, the basic 

rules are simple. Each player is 

dealt two “hole cards” that only 

he or she can see. There is a 

round of betting, followed by the 

“	 op”: three common cards dealt 

face-up in the middle of the table. 

� ere is another round of betting, 

and another common card is 

dealt (the “turn”). � e players bet 

again, and a � fth and � nal com-

mon card is dealt (the “river”). 

� e winner is the player who can 

construct the best � ve-card hand 

out of seven: their two hole cards 

and the � ve common cards.

The challenge lies in analyz-

ing the probabilities. One well-

established tenet of probability 

theory is the law of the sample 

space, the set of all possible out-

comes of a random process. � e 

probability of winning a roll of 

the dice, for example, is equal 

to the proportion of winning 

outcomes relative to all pos-

sible ones. A die can land on any 

one of its six sides, and those six 

potential outcomes make up the 

sample space. Place a bet on one 

such number and your chance of 

winning is one in six; place bets 

on three such numbers and your 

odds improve to three in six. 

When rolling two dice, the 

reality is more complicated 

because not all outcomes are 

equally likely ; different out-

comes have di� erent probabili-

ties. It is another established 

tenet of probability theory that 

the odds of a particular outcome 

depend on the number of ways 

in which it can occur. To roll a 

2, you would need to roll snake 

eyes (1+1). In contrast, there are 

three di� erent combinations of 

dice that total 7: 1+6, 2+5, and 

3+4. And because each die is dis-

tinct, you must also account for 

the combinations 4+3, 5+2, and 

6+1. In fact, 7 is the most likely 

number to be rolled. 

Therein lies the secret of the 

house advantage. In craps, for 

instance, it is no accident that the 

“losing” roll is 7 once the game 

gets under way. Even a slight edge 

of 1.4 percent (a measure of the 

house’s advantage in a particular 

bet) is enough to tip the scale 

irrevocably in the casino’s favor. 

Play craps long enough and even-

tually you will lose everything. 

� e probabilities in poker are 

P=       =0.0032%
4 x 47C2

52C7
The probability equation for a royal flush in seven-card Texas Hold ’Em: It’s all about the possible combinations.
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Eighty-six years ago, a watchmaker 
in Paris famous for building the 

magnificent clocks at Versailles created a
legendary timepiece. He invented the first
watch with an automatic mechanical
drive. These innovative movements
required no batteries and never needed 
to be manually wound. Only seven of
these ultra-rare watches were ever made
and we’ve studied the one surviving 
masterpiece in a watch history museum.
Inspired by history, classic design and
technology, our Stauer Meisterzeit has
been painstakingly handcrafted to meet
the demanding standards of vintage 
watch collectors. 
Why the new “antique” is better
than the original. The original 
timepiece was truly innovative, but, as we
studied it closely, we realized that we could
engineer ours with a much higher level of
precision. The 27-ruby-jewel movement
utilizes an automatic self-winding mecha-
nism inspired by a patent from 1923, but
built on $31 million in state-of-the-art
Swiss-made machinery. With an exhibi-
tion back, you can see into the heart of the
engineering and view the rotor spin—it’s
powered by the movement of your body.

This limited edition Stauer Meisterzeit
allows you to wear a watch far more 
exclusive than most new “upscale” 
models. Here is your chance to claim a
piece of watchmaking history in a rare
design that is priced to wear everyday.
Elegant and accurate. This refined
beauty has a fastidious side. Each move-
ment and engine-turned rotor is tested
for 15 days and then certified before it
leaves the factory. 
The best part is
that with our
special price, you
can wear a
superb classic
historical repro-
duction watch
and laugh all the
way to the bank.
Stauer specializes
in classic time-
less watches and
jewelry that are
made for the 
millionaires who want to keep their 
millions. This watch will quickly move
to heirloom status in your household. 

Try it for 30 days and if you are not
thrilled with the beauty and construc-
tion of the Meisterzeit, simply return it
for a refund of the purchase price. 
Extremely limited availability.
Since it takes about 6 months to build
each watch, the release is a limited 
edition, so please be sure to order 
yours soon.

A rare chance to claim a unique piece of watchmaking history for under $100!

Smar t  Luxur ies—Surpr is ing  Pr ices

Exclusively Through Stauer
Stauer Meisterzeit Watch—$395
Now only $95 +S&P  Save $300!
Call now to take advantage of this limited offer.

1-888-324-4351
Promotional Code MZW334-02
Please mention this code when you call.

14101 Southcross Drive W.,
Dept. MZW334-02
Burnsville, Minnesota 55337

www.stauer.com 

WATCH SPECS:
- 14K Gold-clad case and bezel
- Precision 27-jeweled movement
- Interior dials display day and month
- Croc-embossed leather strap 
- Fits 6 3/4"–8 1/4" wrist

View the precision move-
ment of the Meisterzeit

through the  rear exhibi-
tion port.

We Can Only Find One

76% 
OFF

“As the master craftsman who opened
the famous Lincoln Pocket Watch in

Washington, D.C., I recently reviewed
the Stauer Meisterzeit timepiece. 

The assembly and the precision 
of the mechanical movement 

are the best in its class.”

—George Thomas
Towson Watch Company

ADVERTISEMENT
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much harder to calculate. The 

deck has 52 cards, so 2,598,960 

� ve-card hands are possible. � at 

number comes from a simple sta-

tistical formula of factorials; it is 

(52 × 51 × 50 × 49 × 48)/(5 × 4 × 

3 × 2 × 1). Texas Hold ’Em further 

complicates matters because 

you use the best of seven cards 

(133,784,560 potential combina-

tions) to develop your five-card 

hand. And your information is 

woefully incomplete: You can 

only guess which cards an oppo-

nent holds based on your analy-

sis of body language, nervous tics, 

betting patterns, and so forth. 

So while math skills are criti-

cal for analyzing the odds of win-

ning a given hand, it is unwise to 

put too much stock in the num-

bers. As Harvey—ever the string 

theorist—puts it: “Chess is like 

classical mechanics. Poker is like 

quantum mechanics. In chess 

there is only one right move. In 

poker there is no single right 

move. � ere is a probability dis-

tribution of right moves.” 

E nt er  gam e th e or y,  an 

approach to devising a “math-

ematics of life” pioneered by 

the brilliant mathematician 

and computer pioneer John 

von Neumann in the 1920s. He 

was fascinated by the art of the 

blu� , famously observing, “Real 

life consists of bluffing, of little 

tactics of deception, of asking 

yourself what is the other man 

going to think I mean to do.” He 

used hands of poker for his anal-

ysis, modeling strategic interac-

tions between two players, each 

of whose actions depended on 

determining what his opponent 

was likely to do. With economist 

Oskar Morgenstern, Neumann 

published the de� nitive treatise 

on this topic in 1944, “� eory of 

Games and Economic Behavior.” 

Ideally, say physicist/poker 

players like my husband, you 

want to employ a mixed strategy 

in poker based on the probabili-

ties. If your hole cards are pocket 

aces (a pair) before the � op, you 

may raise 80 percent of the time 

and check 20 percent of the time. 

If your paired 6s are going head-

to-head against ace-7 unsuited 

(in different suits)—a close to 

50/50 probability—game theory 

dictates you should bet half the 

time and fold the other half. 

Varying your behavior in accor-

dance with the odds has the 

added bene� t of throwing your 

opponents o� -guard. 

Chris Ferguson—who holds a 

Ph.D. in computer science from 

UCLA and has written academic 

papers on poker and game the-

ory with his father, UCLA math-

ematician Thomas Ferguson—

won the 2000 WSOP, relying 

heavily on game theory. Some 

viewed this as a triumph of math 

over intuition and experience. 

But Neumann’s model had one 

serious limitation, especially as 

poker caught on with the masses: 

Traditional game theory is best 

equipped to handle highly sim-

plified situations, where play-

ers are perfectly rational; in the 

messy real world, human judg-

ment remains crucial.

Deciding how much to bet to 

maximize one’s winnings is also 

math intensive, but a simple 

equation exists to determine 

that: the Kelly Criterion, named 

after John Kelly, a physicist who 

worked at Bell Labs in the 1950s. 

You simply divide your “edge” by 

the odds to find what percent-

age of your bankroll you should 

bet each time. In poker, the 

edge describes the amount you 

expect to win, on average, if you 

make the same wager repeatedly 

under the same probabilities; 

the odds determine how much 

pro� t you make if you win. Even 

if the odds are in your favor, you 

don’t want to bet your entire 

bankroll; one stroke of bad luck 

and you’ll lose everything. Play it 

safe and bet too little, however, 

and your return won’t be suffi-

cient to make up for the inevi-

table losses. 

The trick is figuring out the 

values for the edge and the odds. 

For poker, it is very di	  cult to 

do this with sufficient preci-

sion, even if your name is John 

von Neumann. Fortunately, sev-

eral effective computational 

models have been developed; 

most serious, mathematically 

inclined players � nd their opti-

mal balance through a mix of 

theoretical research and practi-

cal, hands-on experience. 

Still, the player has to prepare 

for the variables. “You need to 

start out with a su	  ciently large 

bankroll to weather the inevita-

ble statistical � uctuations,” Har-

vey says. He estimates 15 to 20 

times the amount of the buy-in 

is a good rule of thumb, “because 

you can easily lose two or three 

buy-ins just due to variance, even 

if you play perfectly.” Antonyan 

once lost 30 buy-ins in a row.

Every player has a trove of 

such “bad beat” stories. My hus-

band Sean once ran into a string 

of bad beats at the MGM Grand 

in Las Vegas. Twice he had a 

straight—putting him ahead of 

another player who had three 

of a kind at the turn—only to 

be beaten by a full house on the 

river. When Sean finally drew a 

full house, his opponent snagged 

a coveted four of a kind. I found 

him that evening in the Bellagio’s 

Baccarat Bar, nursing his wound-

ed pride with a dry martini. 

Statistical anomalies are inevi-

table; that is the hallmark of true 

randomness. Michael Binger 

ran afoul of the odds at the 2010 

WSOP during an early shoot-out 

event with 10 players. He made it 

to the final two and had a sub-

stantial 3:1 chip lead over his 

opponent, an amateur who had 

a “rather recklessly aggressive 

style of play,” as Binger recalls. 

Lady Luck seemed to be smiling 

on Binger at first. He was dealt 

the ace and king of clubs—an 

excellent starting hand—so he 

raised. � e other player went “all 

in,” and Binger called, only to � nd 

his opponent was holding a pair 

of 3s. When the � op cards were 

turned, Binger got another king, 

but the third card was another 3, 

giving his rival three of a kind (or 

“trips”) to win the hand.

That hand alone was not 

particularly surprising, given 

the close to 50/50 odds. But 

on the very next round, Binger 

once again had the ace and king 

of clubs in his hand. � e same all-

in scenario played out—and his 

opponent again revealed a pair 

of 3s. Even more astonishing, the 

same three cards as in the prior 

hand (though of different suits) 

appeared on the � op. Binger esti-

mates the odds of that happening 

as “many, many billions to one.” 

He lost that hand, too, and 

was eliminated from the tour-

nament shortly thereafter. Ever 

the professional—and perhaps 

ever the physicist, too—Binger 

took the crushing loss in stride. 

“� at’s poker,” he shrugged. 

    “Chess is like classical mechanics. Poker is like quantum 

mechanics. In poker there is no single right move. 

         There is a probability distribution of right moves.”
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This story breaks my heart every time. Allegedly, just two
years after the discovery of tanzanite in 1967, a Maasai

tribesman knocked on the door of a gem cutter’s office in
Nairobi. The Maasai had brought along an enormous chunk
of tanzanite and he was looking to sell. His asking price? Fifty
dollars. But the gem cutter was suspicious and assumed that a
stone so large could only be glass. The cutter told the
tribesman, no thanks, and sent him on his way. Huge mistake.
It turns out that the gem was genuine and would have easily
dwarfed the world’s largest cut tanzanite at the time. Based on
common pricing, that “chunk” could have been worth close 
to $3,000,000! 

The tanzanite gem cutter missed his chance to hit the 
jeweler’s jackpot...and make history. Would you have made
the same mistake then? Will you make it today?
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Merelani Hills, in the shadow of Mount Kilimanjaro), the 
precious purple stone is 1,000 times rarer than diamonds.
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that supplies of tanzanite will not last forever. And in this
case, they’re right. Once the last purple gem is pulled from
the Earth, that’s it. No more tanzanite. Most believe that we
only have a few years supply left, which is why it’s so amazing
for us to offer this incredible price break. Some retailers along
Fifth Avenue are more than happy to charge you outrageous
prices for this rarity. Not Stauer. Staying true to our contrarian
nature, we’ve decided to lower the price of one of the world’s
rarest and most popular gemstones.

Our 2-Carat Sunburst Tanzanite Ring features marquise-cut
gems set dramatically in gorgeous sterling silver. Each facet
sparkles with the distinct violet-blue hue of the precious
stones. Behind the shine you’ll find that the exquisite 
silverwork of the setting calls to mind the detailed treasures
being produced by Europe’s finest jewelers. This is a ring 
designed to impress and it does not disappoint.

Now is the point where opportunity knocks. If you open that
door today, you can own this spectacular ring for less than
$100. If you wait? We can’t say for sure. 

Your satisfaction is completely guaranteed. For our
client-friendly approach, Stauer has earned a rare A+ rating
from the Better Business Bureau, a rating we wish to keep.
So, of course, your satisfaction is 100% guaranteed. If you are
not completely aglow with the Sunburst Tanzanite Ring,
send it back within 30 days for a prompt and courteous refund.
But, please don't wait, our supply is dropping rapidly.
JEWELRY SPECS:

– 2 ctw genuine tanzanite   – .925 sterling silver setting   – Ring sizes 5–10
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Burnsville, Minnesota 55337Stauer
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Sunburst Genuine Tanzanite Ring (2 ctw)—$795
Now $95 +S&P Save $700
Call now to take advantage of this limited offer.

1-888-201-7112
Promotional Code TZR156-01
Please mention this code when you call.
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dress the gaping wound in her belly, which had to be left open to con-

trol the infection as she healed. Unable to work, Keeton couldn’t 

keep up with her condo payments.

During the 16 subsequent surgeries and procedures Keeton 

would undergo, doctors discovered that the mesh had sliced its 

way through her bladder like a grater through cheese. Infections 

were forming on the mesh itself. Doctors worked to extract that 

mesh bit by bit, but it was so embedded in her internal tissues, 

they are still trying to remove every last piece today.

To understand why this was happening to her, Keeton went 

online. What she encountered left her dumbfounded: hundreds 

of patients talking about their problems with surgical mesh 

implants. Many told stories like hers, of recurrent pain, infections, 

and bleeding. Men whose hernias had been repaired with mesh 

were left incontinent and forced to wear adult diapers. Keeton 

was enraged. Here she was reading about serious, even life-threat-

ening complications, yet her doctor either hadn’t known or hadn’t 

told her of any of the risks—risks she says “I would never have 

taken for such a minor inconvenience as urinary incontinence.” 

MEDICINE’S DARK SIDE

in a recent poll conducted by the campaign for effective 

Patient Care, a nonprofit advocacy group based in California, 65 

percent of the 800 California voters surveyed said they thought that 

most or nearly all of the health care they receive is based on scienti� c 

evidence. � e reality would probably shock them. A panel of experts 

convened in 2007 by the prestigious Institute of Medicine estimated 

that “well below half ” of the procedures doctors perform and the 

decisions they make about surgeries, drugs, and tests have been ade-

quately investigated and shown to be e� ective. � e rest are based on 

a combination of guesswork, theory, and tradition, with a strong dose 

of marketing by drug and device companies. 

Doctors are often as much in the dark as their patients when 

they implant new devices (like the surgical mesh used on Keeton), 

perform surgery, or write prescriptions. The U.S. Food and Drug 

Administration (fda) regulates drugs, devices, and many tests, but 

it does not control how doctors use them and has no control at all 

over surgeries. Lack of strong oversight means doctors often have 

limited information about side e� ects, even from products and pro-

cedures used for years. One surgeon who complained  says, “Device 

makers could sell us a piece of curtain and call it surgical mesh and 

we wouldn’t know the di� erence.”

Of course, some treatments don’t have to be studied. Penicillin, 

for example, is an accepted drug for pneumonia. But a surpris-

ing number of treatments are later found to be useless or harmful 

when they are � nally put to the test. Many widely adopted surger-

ies, devices, tests, and drugs also rest on surprisingly thin data. For 

instance, many doctors routinely prescribe a powerful blood thin-

ner called warfarin to prevent a pulmonary embolism, a potentially 

deadly blood clot that blocks an artery in the lungs. Warfarin has 

been in use for decades. Yet when the Cochrane Collaboration, a 

highly regarded international consortium of medical experts, exam-

ined the evidence, they could � nd only two small (albeit randomized 

and controlled) studies supporting the use of warfarin for patients 

at risk of developing clots. Neither study proved that the risky blood 

thinner was superior to simply giving the patient ibuprofen.

Another widespread practice for more than 40 years is spinal 

fusion, a surgery for back pain that often involves implanting expen-

sive devices known as pedicle screws. It can take weeks to recover 

from the surgery, and costs can run into the tens of thousands of dol-

lars. Yet it is anybody’s guess whether any given patient will have less 

pain after surgery because nobody has conducted crucial studies to 

determine who needs spinal fusion and who would do better with less 

invasive treatment. Even the imaging tests that doctors use to make 

the case for back surgery, including mri, X-rays, and ct scans, are 

not very good at pinpointing the cause of pain, comments Jerome 

Groopman, chief of experimental medicine at Beth Israel Deacon-

ess Medical Center in Boston and author of How Doctors � ink.

� e holes in medical knowledge can have life-threatening impli-

cations, according to an Agency for Healthcare Research and Quality 

report published in 2001: More than 770,000 Americans are injured 

or die each year from drug complications, including unexpected side 

e� ects, some of which might have been avoided if somebody had 

conducted the proper research. Meaningless or inaccurate tests can 

lead to medical interventions that are unnecessary or harmful. And 

risky surgical techniques can be performed for years before studies 

are launched to test whether the surgery is actually e� ective. 

“All too often a new procedure is developed, it is used widely, and 

then if doubts appear we might or might not do the research that’s 

needed,” says Carol Ashton, a physician at the Methodist Hospital 

Research Institute in Houston who studies surgical evidence . Com-

plicating matters, many clinical guidelines are written by physicians 

and members of professional societies who have � nancial con� icts 

of interest with drug, device, or test kit companies. 

A 2002 study in the Journal of the American Medical Association 

(jama) found that 87 percent of guideline authors received industry 

funding and 59 percent were paid by the manufacturer of a drug 

a� ected by the guidelines they wrote. Evidence of resulting con� icts 

continues to mount. A report published this year found that authors 

of medical journal articles favorable to the controversial diabetes 

drug Avandia (thought to increase the risk of heart attack) were three 

to six times as likely to have � nancial ties to the manufacturer as were 

the authors of articles that were neutral or unfavorable. Physician 

David Newman, director of clinical research at Mount Sinai Medical 

Center’s department of emergency medicine in New York City, says, 

“We’re � ying blind too much of the time, and it’s hurting patients.” 

Many policy experts believe we could substantially improve the 

quality of health care and reduce costs if only we would do more 

research to determine what works best in medicine, and for which 

patients. Giving patients care they don’t need and failing to give 

them care that is necessary account for an estimated 30 percent or 

more of the $2.4 trillion the nation spends annually on health care . 

“We don’t like to acknowledge the uncertainty of medicine, either 

to ourselves or to our patients,” says Michael Wilkes, a professor of 

medicine and vice dean of education at the University of California, 

Davis. “But patients deserve to know when their doctor’s recom-

mendation is backed up with good evidence and when it isn’t.” 

THE SURGERY PROBLEM

nowhere in medicine is this more of a problem than in sur-

gery. Even essential surgery may pose risk of infection, medical error, 

or a bad reaction to anesthesia. But risks are compounded because 
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many common surgical techniques are not as e� ective as physicians 

believe or are simply performed on the wrong patients, says Guy 

Clifton, a neurosurgeon at the University of Texas Medical School at 

Houston and author of Flatlined: Resuscitating American Medicine. 

Take the practice of cleaning out the carotid arteries, the large 

blood vessels that run up each side of the neck. Just like the coro-

nary arteries, where heart attacks occur, the carotid arteries can 

become clogged with fatty tissue. If a clump of this tissue, called 

plaque, breaks free, it can travel into the brain and block a smaller 

blood vessel, causing a stroke. Several large clinical trials, involv-

ing thousands of asymptomatic patients in the United States and 

Europe, have shown that a surgical technique known as carotid end-

arterectomy can remove the plaques and slightly reduce the risk of a 

stroke, by about 1 to 5 percent over � ve years. But about 3 percent of 

the time, the surgery itself can trigger a stroke, heart attack, or even 

death, so it o� ers meaningful bene� t only to people who are at the 

highest risk of having a stroke . � at would be symptomatic patients, 

those with a serious blockage of a carotid artery and a history of at 

least one previous stroke. Nevertheless, neurologist Peter Rothwell, 

a researcher at Oxford University and specialist on stroke, has found 

that 80 percent of such procedures were performed on low-risk 

patients without symptoms—an inappropriate group.

Then there is the other half of the story. In 1989, as part of 

an effort to improve carotid surgery, vascular surgeons began 

employing a technique called stenting to prop open clogged carotid 

arteries with metal mesh tubes. Stenting is less invasive, but that 

does not necessarily mean it is safer. One study, conducted in France 

and published in 2006 in the New England Journal of Medicine, had to 

be stopped because stenting was killing patients. Another large study, 

out this year, found that 4.7 percent of endarterectomy patients had 

a stroke or died within four years after surgery, compared with 6.4 

percent of those receiving stents. Rothwell is not optimistic that even 

this evidence will dampen surgeons’ enthusiasm for stents. “One 

issue is how these fashions arise in medicine—why do doctors accept 

a new technique and begin using it widely?” he says. “Innovation in 

medicine is not synonymous with progress.” Yet no country has set 

up a systematic program for evaluating new surgeries. 

THE DRUG PROBLEM
if surgery is the wild west of medicine, shouldn’t oversight 

by the fda ensure that drugs, at least, are safe and e� ective? Not 

necessarily. All drugs must undergo a slew of tests before they are 

approved, but many studies the fda oversees are poorly designed 

or too small to answer important questions, such as how often 

rare but potentially harmful or lethal side e� ects occur, and which 

patients are unlikely to be helped. And many drugs are not ade-

quately monitored for safety problems after they reach the market. 

“It’s impossible to guarantee that unexpected problems won’t 

crop up over time,” notes Jerome R. Ho� man, a professor of emer-

gency medicine at the University of Southern California. “But the 

fda makes matters worse by failing to adopt the precautionary 

principle ‘Let’s be fairly sure it’s safe before we use it’ in favor of 

‘We’ll approve it unless you can prove that it’s dangerous.’ ”

� e fda currently relies on the drugmakers themselves, along 

with scattered reports from individual doctors, to identify prob-

lems once a drug is on the market. “� e situation is hardly better 

Doctors worked to extract

 that mesh bit by bit, but  

it was so embedded

 in her internal tissues, 

they are still trying to

       remove every last piece.
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with regard to e� ectiveness,” Ho� man continues. “� e fda requires 

only that a drug is by some measure better than nothing. Most new 

drugs are ‘me-too’s,’ and they don’t have to prove that they are an 

advance over older and cheaper drugs, including some long proven 

to be safe. � ese don’t have to be the terms under which the fda 

operates. But as long as fda’s primary mandate seems to be that it’s 

industry friendly ,  it is hard to see any of this changing.” 

Although the fda collects safety data on drugs, experts estimate 

that only a fraction of the potentially related harms and deaths—

about 10 to 50 percent—end up in fda databases, in part because 

reporting is voluntary. Also, what is reported is often so incomplete 

that there is no way to tell whether a drug or device is at fault. Accord-

ing to William Maisel, formerly of Harvard Medical School and now 

chief scientist at the fda’s Center for Devices and Radiological Health, 

many trivial and unrelated events are thrown in along with serious 

incidents, “making it hard to � nd the signal amid all the noise.” To 

top things o� , the fda does not routinely analyze the reports for 

each drug or device, so serious side e� ects can be missed for years. 

� is is the issue that drew so much attention to Avandia, the dia-

betes drug made by pharma giant GlaxoSmithKline. In 2007 Steven 

Nissen, a prominent cardiologist from the Cleveland Clinic, and 

another researcher published an analysis of 42 studies, concluding 

that Avandia increases the risk of heart attack and death. � is past 

February, the U.S. Senate Committee on Finance (which has juris-

diction over Medicare and Medicaid) released documents and other 

evidence suggesting that GlaxoSmithKline knew about possible 

cardiac side e� ects for several years before Nissen’s report. Rather 

than warn patients and government o�  cials, company executives 

“attempted to intimidate independent physicians [and] focused on 

strategies to minimize or misrepresent � ndings that Avandia may 

increase cardiovascular risk,” according to the committee.

Mary E. Money, an internist in Hagerstown, Maryland, says she 

became alarmed in 1999 after several of her patients on Avandia 

developed symptoms of congestive heart failure. She and a colleague 

looked at the records for all of their patients on the drug and found 

an unexpectedly high percentage was experiencing symptoms of 

heart failure. In January 2000 Money contacted the manufacturer 

to alert it to the problem. � e company eventually sent a letter to 

the chief of sta�  at the hospital where Money worked, telling him 

that she should not be permitted to talk about the problem since, it 

said, the issue of congestive heart failure was not proved to be an 

e� ect of the drug. Money says she felt “highly intimidated” by the 

letter and what she perceived as the implicit threat of a lawsuit. She 

had planned to publish her � ndings, but after the hospital received 

the letter, one of her intended coauthors, an epidemiologist, stopped 

responding to her e-mails, e� ectively killing publication. 

A spokesperson for GlaxoSmithKline called Money’s theories 

“unsubstantiated.” Nonetheless, this July, the fda suspended enroll-

ment in Glaxo’s large clinical trial comparing the safety of Avandia 

with that of a competing diabetes drug and may halt the study alto-

gether. Nissen argues that the drug should be taken o�  the market. 

It is all too easy for physicians to ignore or miss evidence, par-

ticularly when drug or device companies use aggressive marketing 

to counter reports that could harm sales. In 2002 jama published 

results of a huge study, called the Antihypertensive and Lipid-

Lowering Treatment to Prevent Heart Attack Trial, or allhat, 

which looked at drugs used to lower blood pressure. � e research-

ers concluded that inexpensive generic diuretic drugs were just as 

e� ective at controlling blood pressure and preventing heart attacks 

as were brand-name drugs. For some patients the diuretics were 

actually safer, with fewer side e� ects.

The study, which was funded by nih’s National Heart, Lung, 

and Blood Institute, made headlines around the world. Given the 

strength of the results, its authors and the nih believed it would 

encourage physicians to try diuretics first. Yet after eight years, 

the allhat report has hardly made a dent in prescribing rates for 

name-brand blood pressure medications, according to Curt Furberg, 

a professor of public health sciences at Wake Forest University.

usc’s Hoffman says the scenario repeats itself time and again. 

“Some expensive new drug becomes a blockbuster best seller fol-

lowing extensive marketing, even though the best one might be able 

to say about it is that it seems statistically ‘non-inferior’ to an older, 

cheaper drug. At the same time, we don’t have any idea about its 

long-term side e� ects.” 

After the publication of some allhat results, P� zer—one of 

the manufacturers of newer and more expensive antihyperten-

sive drugs—commissioned a research company to survey doctors 

about their awareness of the results. When the company learned 

that doctors were generally in the dark about the study, Pfizer 

helped make sure they stayed that way. Two Pfizer employees 

were praised as “quite brilliant” for “sending their key physicians 

to sightsee” during Furberg’s allhat presentation at the annual 

American College of Cardiology conference in California in 2000, 

according to e-mails entered into the public record after a citi-

zen’s petition to the fda.  P� zer sales reps were instructed to pro-

vide a copy of the study to doctors only if speci� cally asked. “� e 

data from a publicly funded study may be good, but you don’t 

have anyone out there pushing that study data, versus thousands 

of people doing it for the drug companies,” says Kevin Brode, a 

former vice president at marketRx, a � rm that provides strategic 

marketing information to the pharmaceutical industry.

THE DOCTOR PROBLEM
misleading marketing isn’t the only issue. in many cases, 

physicians perform surgeries, prescribe drugs, and give patients 

tests that are not backed by sound evidence because most doctors 

 are not trained to analyze scienti� c data, says Michael Wilkes, vice 

dean of education at U.C. Davis. Medical students are required 

Company executives tried 

to intimidate doctors 

and misrepresent the drug. 
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to memorize such a huge number of facts—from the anatomy 

and physiology of every structure in the human body to the � ne 

details of thousands of tests, diagnoses, and treatments—that 

they generally do not have time to critique the information they 

must cram into their heads. “Most medical students don’t learn 

how to think critically,” Wilkes says. 

� at was not true for Mount Sinai’s David Newman. “I grew up 

questioning authority—and it got me kicked out of kindergarten,” he 

says with a laugh. In medical school, he was surprised that his ques-

tions were often met with answers that were rooted not in evidence 

but merely in the opinions and habits of senior physicians. Over the 

years as a practicing physician, he says he has come to believe that 

most of what physicians do daily “has no evidence base.” 

� is was the gist of a talk Newman delivered on a cool, gray day 

last fall to a packed lecture hall in the cavernous Boston Conven-

tion and Exhibition Center, where more than 5,000 emergency phy-

sicians from around the world gathered for the Scienti� c Assembly 

of the American College of Emergency Physicians. Much of what 

doctors know and do in medicine is � at-out wrong, Newman told 

his colleagues, and the numbers tell the truth. 

Newman started his talk by explaining two concepts: the “number 

needed to treat,” or nnt, and the “number needed to harm,” or nnh. 

Both concepts are simple, but often doctors are taught only a third 

number: the relative decrease in symptoms that a given treatment 

can achieve. For example, when an ad for the anticholesterol drug 

Lipitor trumpets a one-third reduction in the risk of heart attack 

or stroke, that is a relative risk, devoid of meaning without context. 

Only by knowing how many patients have to be treated to achieve a 

given bene� t—and how many will be harmed—can doctors deter-

mine whether they are doing their patients any good, Newman 

says. In the best-case scenario, 50 men at risk for a heart attack 

would have to be treated with statins like Lipitor for � ve years to 

prevent a single heart attack or stroke. Stated di� erently, 98 of 100 

men treated for � ve years would receive no bene� t from the drug, 

yet they would all be exposed to risk of its potentially serious and 

fatal side e� ects, such as muscle breakdown and kidney failure. 

Another example cited by Newman: Doctors routinely give anti-

biotics to people with possible strep throat infections in order to 

prevent heart damage that can, in rare instances, develop if a strep 

infection leads to acute rheumatic fever. In practice, doctors pre-

scribe an antibiotic to more than 70 percent of all adults with a sore 

throat, says the Centers for Disease Control and Prevention (cdc), 

even though almost all throat infections are caused by viruses, for 

which antibiotics are useless. 

Are doctors keeping their patients safe by freely prescribing anti-

biotics, Newman asks, or are they doing more harm than good? 

To answer the question, he dug up statistics from the cdc and 

found that the nnt was 40,000: Doctors would have to treat 40,000 

patients with strep throat to prevent a single instance of acute 

rheumatic fever. � en he looked up how many fatal and near-fatal 

allergic reactions are caused by antibiotics. � e number needed to 

harm was only 5,000. In other words, in order to prevent a single 

case of rheumatic fever, eight patients would su� er a near-fatal or 

fatal allergic reaction. 
 

 continued on page 76 
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SPECIAL MARKET OPPORTUNITY
Your Expert Guide to the World’s Finest Coins

®

1-888-201-7047
www.1stfederalcoin.com/10geagle26

Almost everyday, very successful, very sophisticated 
business people tell us they’re interested in buying gold.
The problem is, they don’t have the first notion of where
to begin.

Our response is always the same: there’s bullion gold,
and then there’s collectible gold. We’re not talking
about bullion gold. We’re talking about a special kind 
of gold that collectors climb all over themselves to get
their hands on.

Use our Collector’s Checklist when you go shopping 
for gold.
First on our list: collectors look for a coin that’s in 
demand. And there are few gold coins that collectors
want more than the American Gold Eagle. It was 
created during Ronald Reagan’s administration. 

In real estate, value is driven by location, location, 
location. In coins, it’s quality.

For collectors, the higher a coin’s grade, the higher the
coin’s value. That’s number #2 on our checklist. One of
those $5 Gold Eagles is the highest collectible grade pos-
sible: the absolutely flawless grade of MS70 (MS stands
for “Mint State”). It’s referred to as the “perfect” coin.

Consider this: In its bullion grade, a 2001 $5 Gold Eagle 
is valued at $150—but a perfect grade MS70 is valued at
$950—a staggering 600% difference!

Of course you have to understand that the population of
this MS70 coin is small, but it’s an example of a coin in its
finest Mint State grade.

No. 3 on our checklist: Collectors covet First Strikes.
If a $5 Gold American Eagle in MS70 is sizzling hot, 
what happens when it achieves the exalted status called
First Strike™?

This is the pinnacle of a coin’s
state of quality. It just doesn’t
get any higher. Bottom line:
collectors often pay more 
for them.

You want to buy 
collectible gold, 
but not just any 
collectible gold.

You’ve paid
close attention
to our collec-
tor’s checklist: Is
it in demand? Has
it earned the high-
est grade possible? 
Is it a First Strike?

Our recommendation:

A 2010 $5 Gold American Eagle MS70 First Strike.

You’d expect to pay a premium for such a unique 
combination of quality factors.

But we have a special opportunity for you:

$249 each for up to 4 coins
$239 each for 5 to 9 coins
The best deal—$229 each for 10 coins or more!

Hurry! This is a first come, first served offer! 
Call 1-888-201-7047 to find out how you can qualify 
for free shipping. Mention offer code: PGE139 

Call First Federal Toll-FREE today 1-888-201-7047 
to Reserve Your 2010 $5 Eagle MS70 First Strike!

Offer Code PGE139
Please mention this code when you call.

American Numismatic Association
Nicholas Bruyer
Life Member 4489

Past performance is not an indicator of future performance. Prices subject to change without notice.
Note: First Federal Coin Corp. is a private distributor of government and private coin and medallic issues and is not affiliated with the United States government. Facts and figures were deemed accurate as of August 2010.

How can two $5 Gold Eagles
have a 600% difference in value?
If you’re not interested in the answer, give this to your best friend.

Nicholas J. Bruyer, CEO, First Federal Coin Corp.
ANA Life Member Since 1974

Actual size 
is 16.5 mm 
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Olde King James wOuld lOveth this new BiBle!
The Holy Bible In Its Original Order
Why This Bible is Unique Above All Other Bibles . . .

To order call 1-800-852-8346  
or mail coupon to

CenturyOne Books
111 South Orange Grove Blvd.  

Suite 300-DS
Pasadena, CA 91105

Includes over 280  
pages of commentaries 

and appendices!

Special Offer for Discover Magazine Readers!
The Holy Bible In Its Original Order will retail in bookstores for 

$169.95, but Discover Magazine readers can own this exceptionally 
high-quality Bible for as low as $99.50 (+ $9 for S/H).

Save $70 Off Act Now!

SAVESAVE
FrEE ShippingFrEE Shipping
On orders of  Bibles or more

SAVESAVE
FrEE Shipping

$25
FrEE ShippingFrEE Shipping
On orders of  On orders of  Bibles or more

2

SAVESAVE
FrEE ShippingFrEE Shipping
plus

Preview Online! www.OriginalBibleRestored.com

Name  ________________________________________________________

Address  ______________________________________________________

City/State/Zip  __________________________________________________

No. Ordered  _____ @ $______ + $9 each for S/H  Total $  _______________

___  Deluxe Lambskin  ___  Black Faux Calfskin   _____ Paper Edition w/ carrying case

 Check/Money Order enclosed Please bill my credit card:

 MC VISA AMEX DISC

CC#  ___________________________________________ Exp.  ___  / ____ 

Signature  ________________________________  Sec Code  ____________
CA residents please add 9.75% sales tax | Distributor Inquiries Welcome

$119.50 $99.50 $99.50

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 
or 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 
to the lst century ‘manuscript’ order, a purposeful 
design, symmetry and story flow order of the 
Bible become more readily apparent.
 It is a little known historical 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—an 
accurate 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, 
accuracy and grandeur of the King James 
Version, and eliminates archaic terms from 
the Middle Ages such as thee, thou, ghost, 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 1432 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: 
“ExCEllEnt tranSlatIon!”

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

Why 

he Holy Bible In Its Original 
Order is an extraordinary 
Bible—unique in two 
ways. 
complete 
published—with both Old 
and New Testaments—that 

accurately follows the original canonical 

hear Ye! hear Ye!

333 Easy  Easy  Easy 
PaymPaymPaymEEEnts!nts!nts!***

*You may charge *You may charge *You may charge 
any order                                               any order                                               any order                                               any order                                               any order                                               any order                                               

in 3 equal monthly 
in 3 equal monthly 
in 3 equal monthly 

installmentsinstallmentsinstallments

King James I (1567 - 1625)

Includes over 280 
pages of commentaries 

International Society of Bible Collectors: 

This new second edition of the Original Order Bible is now available in 3 styles:
The Perfect 

Christmas Gift!

• Special Limited Deluxe Lambskin Edition with Custom Presentation Box (pictured) 
Christmas Gift!
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Visibly Erase Wrinkles Without Botox®*?
Clinically proven anti-
wrinkle cream combines
three scientifically advanced
wrinkle-reducing ingredients.

In recent years there have been many
procedures touted as the leader in 
anti-wrinkle treatments. Although 

they can be successful, some are expensive,
painful, and in many cases, two or three
treatments are required. After years 
of research and testing, a new safe, 
affordable product is now available.

Among The Most Advanced 
Anti-Wrinkle  Product Available

Women all over the world are discovering
Hydroxatone®. It is a clinically-proven
anti-wrinkle regimen without pain, risk 
or long appointments. Hydroxatone® is 
a superior facial cream that can visibly 
reduce the appearance of deep wrinkles,
and it’s clinically tested to be proven safe
for all skin types. Hydroxatone® contains
three of the most effective substances
known that are needed for real results.
Most products use one or two of these 
important ingredients, but the makers 
of Hydroxatone® were among the first 
to combine all three, resulting in our 
scientifically advanced, clinically-
proven anti-wrinkle product. 

Three Advanced Ingredients = 
Visible Results

Hydroxatone® is unlike any other wrinkle
cream you’ve ever tried because it relies
on THREE anti-wrinkle ingredients for
REAL results. Matrixyl™ 3000‡ is proven
to promote healthy looking collagen,
which is among the most powerful sub-
stance known to help keep skin staying
young, soft and vibrant. Argireline®§ is a
combination of amino acids formulated 
to relax the appearance of facial wrinkles,
re-duce the appearance of deep wrinkles
and maintain healthy vibrant-looking
skin. And Hyaluronic Acid is virtually 
unmatched in hydrating the skin, resulting
in increased smoothness, softening, 
elasticity and decreased appearance of 
facial wrinkles. But Hydroxatone® doesn’t
stop there! It also includes other natural 
antioxidants, botanicals, vitamins, and
peptides and a gentle but powerful 
exfoliant...all to nourish your skin 
while visibly fading wrinkles.

Visibly Younger Looking Skin
Unless you’ve actually tried Hydroxatone®,
it’s hard to imagine it can work as users
claim it does. But women and men of all
ages are using Hydroxatone® and seeing
real and noticeable results every day. The
cumulative results that are seen within
two weeks will continue with daily use.

Over six months customers have reported
a significant visible reduction in the 
appearance of deep wrinkles. 

There Is No Comparison
Throw out other creams that simply don’t
work. Hydroxatone® is the anti-wrinkle
cream that is proven. Within as little as
two weeks many of our customers report
a visible reduction in fine lines and wrin-
kles! With continued use, your skin will
become softer, smoother, more radiant,
and young looking...  
Your Satisfaction is GUARANTEED!

What Our Customers Have To Say
About Hydroxatone®…
“Within two weeks of using Hydroxatone®, 
I was getting compliments on my skin 
from friends and co-workers. My skin 
not only feels great, but it looks great too!
You’ve made me a Hydroxatone®

believer!”

— Robin B., Los Angeles
Results not typical

For years consumers have only had 
expensive and ineffective alternatives 
to achieve younger-looking skin. You 
may have seen some inferior products
costing hundreds of dollars at some high
priced salons. Unlike those pricey and
unproven alternatives, the manufacturer
of Hydroxatone® is so confident in their 
anti-aging technology
that they are offering
a 30-day risk free
trial offer... because
seeing is believing! 

To get your supply of
Hydroxatone® risk free, for
just a small shipping & processing fee call
888-320-0601. Our operators are available
to let you try one of the greatest break-
throughs in wrinkle fighting technology
without spending hundreds of dollars. If
you are not 100% satisfied, simply return
the unused portion for a complete refund
(less shipping & processing)

Call 888-320-0601
to get your Hydroxatone® 30-Day

Risk Free Trial Offer Today!
Mention Promotion Code HY100146 

for a Free Upgrade!

Having A Hard Time 
Finding Hydroxatone® ?

www.hydroxatonedirect.com

HYDROXATONE®

HEALTHNEWS

*Botox® is a registered trademark of Allergan, Inc. – †Olay® Regenerist is a registered trademark of Procter & Gamble. – **Strivectin SD® is a registered trademark of
Klein-Becker IP Holdings, LLC. – §Argireline® is a registered trademark of Lipotec S.A.–  ‡Matrixyl™ 3000 is a registered trademark of Sederma S.A.S. – Hydroxatone® is
not endorsed by Allergan, Inc., Procter & Gamble, Klein-Becker IP Holdings, LLC., Lipotec S.A. or Sederma S.A.S. 
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“...one of the most 
productive charities—

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

Donate online: www.smiletrain.org or call: 1-800-932-9541

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

Z10111086ZFHY11

Of All The Good Deeds You Do 
In Your Entire Life, 

This Just Might Be The Best.

According to the U.S. Government, women should take sufficient levels of folic acid (400 micrograms/day) during pregnancy to help prevent neural tube defects and reduce the risk for
cleft lip and palate. When folic acid is taken one month before conception and throughout the first trimester, it has been proven to reduce the risk for neural tube defects by 50 to 70
per cent. Be sure to receive proper prenatal care, quit smoking and drinking alcohol and follow your health care provider’s guidelines for foods to avoid during pregnancy. Foods to avoid
may include raw or undercooked seafood, beef, pork or poultry; delicatessen meats; fish that contain high levels of mercury; smoked seafood; fish exposed to industrial pollutants; raw
shellfish or eggs; soft cheeses; unpasteurized milk; pâté; caffeine; and unwashed vegetables. For more information, visit www.SmileTrain.org. Smile Train is a 501 (c)(3) nonprofit recognized
by the IRS, and all donations to Smile Train are tax-deductible in accordance with IRS regulations. © 2010 Smile Train.
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We Will Beat Any Competitor’s Price Within 1 Year Of Purchase!

FACTORY DIRECT 
TO YOU!

How does Harbor Freight Tools sell 
high quality tools at such ridiculously 
low prices? We buy direct from the 
factories who also supply the major 
brands and sell direct to you. It’s just 
that simple!  Come see for yourself at 
one of our 330 STORES NATIONWIDE and 
use this 20% OFF Coupon on any of our 
7,000 products. We stock Automotive 
products, Shop Equipment, Hand Tools, 
Tarps, Compressors, Air & Power Tools, 
Material Handling, Woodworking Tools, 
Welders, Tool Boxes, Outdoor Equipment, 

Generators, and much more.

NOBODY BEATS OUR QUALITY,
SERVICE AND PRICE!

√ We 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

20%OFF ANY 
SINGLE 
ITEM!

Get More Coupons at HarborFreight.com/discovermag

SUPER
 

COUPON!

SUPER
 

COUPON!

SUPER
 

COUPON!

SUPER
 

COUPON!

SUPER
 

COUPON!

 OSCILLATING 
MULTIFUNCTION

POWER TOOL 

LOT NO. 
 67256 

 $2999 
REG. PRICE 

$59 .99 

17 DIFFERENT ATTACHMENTS 
AVAILABLE IN OUR STORES!SANDING

CUT 
METAL

CUT 
DRYWALL

CUT 
PLASTIC

CUT 
FLOORING

PLUNGE 
CUTTING

SCRAPE 
CONCRETE

SAVE 80% TODAY – SHOP ONLINE at HarborFreight.comUP
TO

 $5999 
REG. PRICE $99 .99 

 3000 LB. CAPACITY 
LIGHTWEIGHT 

ALUMINUM 
RACING JACK 

LOT NO. 
 91039/67408 

SUPER
 

COUPON!

Item 
91039
shown

Use this coupon to save 20% on any one single item purchased when you shop at a Harbor Freight Tools 
store. Cannot be used with any other discount or coupon. One coupon per customer. Coupon not valid 
on any of the following - prior purchases, gift cards, Inside Track Club membership or Extended Service 
Plans. Coupon cannot be bought, sold, or transferred. Original coupon must be presented in store in order 
to receive the offer.  All Campbell Hausfeld products are excluded from this offer. Valid through 2/12/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight 
Tools (retail stores, online, or catalog). Coupon not valid on prior 
purchases. Coupon cannot be bought, sold, or transferred. Original 
coupon must be presented in store, or with your catalog order form or 
entered online in order to receive the offer. Valid through 2/12/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or catalog). Coupon 
not valid on prior purchases. Coupon cannot be bought, sold, or transferred. Original coupon must be presented 
in store, or with your catalog order form or entered online in order to receive the offer. Valid through 2/12/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or catalog). Coupon 
not valid on prior purchases. Coupon cannot be bought, sold, or transferred. Original coupon must be presented 
in store, or with your catalog order form or entered online in order to receive the offer. Valid through 2/12/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or catalog). Coupon 
not valid on prior purchases. Coupon cannot be bought, sold, or transferred. Original coupon must be presented 
in store, or with your catalog order form or entered online in order to receive the offer. Valid through 2/12/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or catalog). Coupon 
not valid on prior purchases. Coupon cannot be bought, sold, or transferred. Original coupon must be presented 
in store, or with your catalog order form or entered online in order to receive the offer. Valid through 2/12/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or catalog). Coupon 
not valid on prior purchases. Coupon cannot be bought, sold, or transferred. Original coupon must be presented 
in store, or with your catalog order form or entered online in order to receive the offer. Valid through 2/12/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, 
online, or catalog). Coupon not valid on prior purchases. Coupon cannot be bought, 
sold, or transferred. Original coupon must be presented in store, or with your catalog 
order form or entered online in order to receive the offer. Valid through 2/12/11.

Coupon cannot be bought, sold, or transferred.  Original coupon must be presented in store, or 
with your catalog order form or entered online in order to receive the offer.  Valid through 2/12/11.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools 

(retail stores, online, or catalog).  Coupon not valid on prior purchases. 

SAVE 
50%  

SAVE 
$40  

SAVE 
46%  

SAVE 
46%  

 45 WATT  
SOLAR PANEL

KIT 
LOT NO. 

90599

REG. PRICE $249 .99 

SAVE 
$100  

SUPER
 

COUPON!

SAVE 
$70  

 60" HARDWOOD 
WORKBENCH 

 $12999 
LOT NO. 93454

 Tools sold 
separately. REG. PRICE $199 .99 

REG. 
PRICE 

$74.99

REG. PRICE 
$14.99

 3 GALLON 100 PSI 
OILLESS PANCAKE 
AIR COMPRESSOR 

 $3999 

 $799 

LOT NO.  95275 

SUPER
 

COUPON!

SAVE 
37%  

REG. 
PRICE 

$39.99 $2499 

 WEATHERPROOF COLOR 
SECURITY CAMERA 
WITH NIGHT VISION 

 LOT NO. 95914 

SAVE 
40%  REG. PRICE $49.99

$2999 

 HEAVY DUTY 
HAND TRUCK 

 LOT NO. 95061 
 600 LB. 

CAPACITY 

 1000 LB. 
CAPACITY 

 MOVER'S 
DOLLY 
LOT NO. 

 93888 

SUPER
 

COUPON!

 $14999 
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Finding the hard statistics for antibiotics is 

relatively easy, but sometimes data are literally 

withheld. Lisa Bero at the University of Cali-

fornia, San Francisco, found that clinical trials 

producing positive outcomes were nearly � ve 

times as likely to be published as those with 

neutral or negative outcomes, allowing health 

care providers to come away with rosier views 

of a drug’s value than might be warranted. As 

Bero and her coauthors so drily put it, “The 

information that is readily available in the sci-

enti� c literature to health care professionals is 

incomplete and potentially biased.”

Adding to the confusion caused by data 

suppression are instances of spin that cast 

marginally effective medicines as “miracle 

drugs” and transform risky devices into 

technological breakthroughs. Tom Jeffer-

son knows about spin firsthand. Jefferson, 

a physician based in Rome and prominent 

member of the Cochrane Collaboration, was 

charged with reviewing studies of the anti� u 

drug oseltamivir, sold as Tami� u, during the 

height of the avian � u scare in 2005 . He and 

his team concluded that the drug was e� ec-

tive against complications of � u, like pneu-

monia, thus encouraging its use. But several 

years later, another physician challenged that 

conclusion because 8 of 10 studies in a meta-

analysis —a review of studies—that Je� erson 

relied on had never been published. 

Although Je� erson had trusted the unpub-

lished study conclusions at the time, the 

challenge sent him on a hunt for the raw 

data in 2009. He was stymied when sev-

eral study authors and the manufacturer 

gave one excuse after another for why they 

couldn’t supply the actual data. Jefferson’s 

concern turned to outrage when two 

employees of a communications company 

came forward with documents showing 

that they had been paid to ghostwrite some 

of the Tami� u studies. � ey had been given 

explicit instructions to ensure that a key 

message was embedded in the articles: Flu 

is a threat, and Tami� u is the answer. 

After reanalyzing the raw data � nally made 

available (they still don’t have it all), Je� erson 

and his colleagues published their review 

last December, saying that once the unpub-

lished studies were excluded, there was no 

proof that Tami� u reduced serious � u com-

plications like pneumonia or death. Health 

o�  cials around the world had assumed the 

drug was as effective as claimed and rec-

ommended Tami� u for patients during the 

recent h1n1, or swine flu, pandemic. That 

pandemic turned out to be far milder than 

expected, and it is anybody’s guess whether 

better information about Tami� u—or better 

drugs—will appear before a more serious � u 

outbreak hits. “We shouldn’t have taken any-

body’s word for it. We took it on good faith. 

Never again,” Je� erson says today.

FIXING MEDICINE

an essential part of the solution is

better medical evidence based on indepen-

dent research, and lots of it. Yet the nih

allocates less than 1 percent of its $30 bil-

lion annual budget to “comparative effec-

tiveness research,” the kind needed to sort 

out the surgeries, drugs, and devices that 

work from those that do not. � e rest goes 

toward more basic science aimed at find-

ing new cures. The Agency for Healthcare 

Research and Quality, established in the late 

1980s to fund such research, has a budget 

of less than $400 million a year. � e quest 

for change is stymied by pharmaceutical 

company lobbying aimed at convincing 

the public that shutting some doors would 

amount to health care rationing, not better 

treatment or medical advance.

Very slowly, however, some things 

have started to change. The economic 

stimulus package of 2009 contained 

more than $1 billion in funding over 

two years for comparative ef fective-

ness studies, and health care reform leg-

islation signed by President Obama in 

March establishes the nonprofit Patient-

Centered Outcomes Research Institute to 

set priorities and distribute the funds. 

 Beyond more and better medical evi-

dence, a growing number of physicians 

want to enfranchise patients with a renewed 

emphasis on informed consent, ensuring 

that patients know what they are getting into 

when they agree to an elective test or sur-

gery. “Patients let their doctors make a lot of 

important decisions for them. � ere’s a large 

body of research that says many would make 

different decisions, especially in surgery, if 

they understood the trade-o� s and the lack 

of evidence involved,” says Jack Fowler, past 

president of the Boston-based Foundation 

for Informed Medical Decision Making. 

Shared decision making might have saved 

Lana Keeton years of pain and disability. In 

October 2008, seven years after she had the 

surgical mesh implanted, the fda issued 

a warning that the products of nine mesh 

manufacturers (including the one implant-

ed in Keeton) were associated with serious 

complications, from bowel and bladder per-

forations to infections and pain. � at year, 

Keeton founded Truth in Medicine, an orga-

nization devoted to ensuring that surgeons 

obtain genuine informed consent from 

patients before they implant devices. “If you 

go to a grocery store, they list all the ingredi-

ents in the products,” she says. “But surgeons 

don’t tell you what they’re putting in your 

body or what the complications are.” 
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(1) Egyptian alabaster vessel. 
10” x 5 ½” 1085-950 BC $800
(2) Greek silver Alexander the Great 
drachm coin. ¾” 315-294 BC $150
(3) Byzantine gold coin of Constantine X. 
1” 1059-1067 AD $1,200
(4) Holy Land bronze Menorah pendant. 
2” 100 AD $400
(5) Egyptian green soapstone Oroboros 
ring. Size 6 - 8. 300 BC $150
(6) Egyptian bronze ankh.
1 ½” 600 BC $120
(7) Egyptian carnelian scarab amulet. 
1” 2040-1786 BC $100
(8) Roman faceted carnelian bead 
necklace. 21” 300 AD $120
(9) Holy Land lapis lazuli and glass bead 
cross pendant. 3” 1800’s AD $100
(10) American Colonial silver Atocha 
coin. 14” x 12” 1622 AD $300
(11) Holy Land bronze crucifixion nail. 
5” - 6 ½” 100 BC-100 AD $99
(12) Roman Thetis terracotta oil lamp. 
3 ¾” 100 BC-100 AD $200
(13) Holy Land lapis lazuli Star of David 
pendant. 2 ½” 1800’s AD $100
(14) Egyptian turquoise scarabs earrings. 
1 ¾” 2040-1786 BC $150
(15) Mesopotamian bronze spear point. 
7” 1200 BC $140
(16) Egyptian mummy bead necklace& 
earrings set. 19” 600-300 BC $120
(17) Roman Unguentaria double-glass 
vessel. 5 ¼” x 2 ½” 100 AD $600
(18) Egyptian green soapstone falcon 
statue. 3” 715-332 BC $120
(19) Roman bronze fish pendant. 
2” 100-300 AD $300
(20) Roman bronze Romulus and Remus 
pendant. 2” x 1 ¾” 100-300 AD $400
(21) Roman mold-blown glass vessel. 
2 ½” x 1 ½” 50-100 AD $500
(22) Prehistoric amber bee pendant. 
1 ¾” 12 Million Years Old $300
(23) Persian bronze camel statue. 
5 ¾” x 4” 1850’s AD $100
(24) Holy Land resin Hebrew prayer 
plaque. 8 ½” x 6 ¼” 1800’s AD $200
(25) Roman bronze Herakles statue. 
2 ½” x 1 ½” 100 AD $150
(26) Egyptian green soapstone wearable 
cat. 1 ½” 305-30 BC $150
(27) Greco-Roman bronze hook medical 
instrument. 5 ¾” 100-200 AD $90 
(28) European white marble Virgin Mary 
statue. 12” x 2 ½” 1800’s AD $450
(29) Near Eastern lapis lazuli silver 
necklace. 22” 3000 BC-1900 AD $100
(30) Byzantine bronze cross pendant. 
3” x 1 ¾” 600 AD $150
(31) Prehistoric stegosaur dinosaur egg. 
3” x 2 ½” 65 Million Years Old $400
(32) Egyptian limestone wearable scarab.
1 ½” x 1” 305-30 BC $200
(33) Mesopotamian bronze horned     
animal pendant. 1 ½” x 1” 1200 BC $100
(34) Holy Land bronze First Crusader’s 
cross pendant. 2” 1096-1099 AD $100
(35) Egyptian bronze inlay of Goddess 
Hathor. 3 ¼” x 2 ¾” 663-525 BC $400
(36) Asian black basalt Buddha head. 
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(37) Asian white marble Kuan Yin bust. 
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(38) Greek wooden icon of the Baptism 
of Jesus in Jordan. 9 ¾” 1900 AD $350
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“A delightful tour, with extraordinary footage of
the Monarch’s lifecycle.”

Christian Science Monitor
“Two videos in one. Fantastic video of the endan-
gered species. Inspiring. ” The Nature Conservancy

“A skillful mix of video and stills that will delight
and inform.” New York. Times
“Enthusiastically recommended.” Library Journal
“An important addition to printed field guides.”

Philadelphia Inquirer

For complete information or to order please visit mastervision.com

Enriching DVD Gifts for Family, Friends and You!
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Having Math Problems? We can help!

This ad material is the property of M.I. Media Services and may not be published or reproduced without written consent.

AwArd
winning

MAth & Physics tutoriAl dVds

SubjectS:
Basic Math

__________________
7 Hours - $26.99

Basic Math Word ProBleMs
___

8 Hours - $26.99

Pre-algeBra/algeBra 1
_____

10 Hours - $26.99

algeBra 2
____________________

6 Hours - $26.99

algeBra Word ProBleMs
____

6 Hours - $26.99

geoMetry
____________________

9 Hours - $26.99

advanced algeBra
__________

7 Hours - $31.99

Matrix algeBra
_____________

7 Hours - $31.99

trig/Precalculus
____________

5 Hours - $31.99

calculus 1&2 
________________

8 Hours - $36.99

advanced calculus 2
_______

14 Hours - $49.99

calculus 3, vol 1 
____________

10 Hours - $44.99

calculus 3, vol 2
____________

11 Hours - $49.99

Physics
_____________________

11 Hours - $39.99

ProBaBility & statistics
___

10 Hours - $39.99

unit conversions
___________

4 Hours - $21.99

Visit our website 
to View sAMPle 
Video cliPs of 
eVery course

raise grades or your money back                

to order: 877-Math-dvd or www.Mathtutordvd.com

All topics taught 
entirely through worked 

example problems.  

Recent Student Feedback:
“Your methods are so clear that my seven year old 
son was grasping the trigonometry lessons.  I’m 
picking up some new things as well.”     Gary G.

“Watching your videos is wonderful because, as 
you work the problems, you show and explain 
every step.”     Marilyn D.

“All of the instruction and examples on the 
DVDs are very clearly explained and your style 
of teaching definitely makes the viewer very 
comfortable with the material being presented.”     
Doug F.

“I found the lectures very clear, straight to the 
point, and the pace was just right for me, who has 
not seen any calculus or trig in the past 10 years 
and needed to come up to speed fast.”     Sophia A.

“You have a serious teaching gift.”     Dennis S.

“I tell all my friends who have difficulty in 
algebra, calculus, or physics that there is help 
available at MathTutorDVD.com.  It would be 
selfish to keep this information to myself!  I have 
two words for you, “thank you!”     Les J.

Not in Stores. Call 610-827-2200
Or view the science and order
Athenainstitute.com

Unscented Formulas
for Women and Men.

Vial of 1/6 oz. added to 2-4 oz. of
fragrance, worn daily lasts 4 to 6
mos. Effective in published studies
Will work for most, butnotall .10:13 for women
$98.50, 10X for men $99.50.

�Mary (NY) “I have been using the same
fragrance for 10 years & since mixing it
with your product...my ‘long term partner’
tells me that my fragrance ‘lingers in his
mind’ long after we’re together.”

� Rudy (TX) “ Your product is incredible!
I am not unattractive nor super handsome,
but I am somewhat shy, so this product
has given me a boost of confidence.
Women of stunning beauty seem to be
very interested in me now, now they are
the ones starting the conversations!”

INCREASE AFFECTION

Created by Dr. Winnifred Cutler
co-discoverer of human pheromones

tm
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Don’t delay – these historic coins WILL NEVER BE MINTED AGAIN!
To order, please mail coupon or visit us at www.LittletonCoin.com/specials

Complete 4-Coin Uncirculated Set of 2009
cents, featuring special designs honoring
the bicentennial of Lincoln’s birth!

Special Offer for New Customers Only

Card No. Exp. Date_____/_____

©
20

10
 L

CC
, L

LC

Please send me the Complete Uncirculated
56-Coin Set of 1999-2009 Statehood, 

D.C. & U.S. Territories Quarters for ONLY $29.95 – regularly
$96.75, plus Free Shipping (limit 5 sets). Also send my 
FREE Uncirculated 2009 4-Coin Lincoln Cent Set (one 
per customer, please).

❐YES!✓

How Many Sets (limit 5): $________

Total Cost @ $29.95 per set: $________

Add a Custom Statehood, 
D.C. & U.S. Territories Display 
Folder and SAVE over 10%

at $3.50 each (limit 5): $_________

Shipping & Handling: $_________

Total Amount: $__________

FREE!

Method of payment:
❏ Check payable to Littleton Coin Co. 
❏ VISA ❏ MasterCard
❏ American Express ❏ Discover Network

Order Deadline: 12:00 Midnight, November 30, 2010

America’s Favorite Coin Source • TRUSTED SINCE 1945

Please send coupon to:

Dept. 9SP508
1309 Mt. Eustis Road
Littleton NH 03561-3737

Name ____________________________________________________

Address ______________________________________ Apt#_______

City _______________________________State ____ Zip _________

E-Mail ____________________________________________________

Please print your complete name and address clearly

SPECIAL
SAVINGS!

Complete Uncirculated Set of Statehood, D.C. & U.S. Territories Quarter designs

Get ALL 56 Commemorative Quarters
from 1999 to 2009 ...before it’s too late!
Now that the wildly popular Statehood quarters 
have ended, and the last of the 2009 D.C. & U.S.
Territories quarters have been released, collectors
are snapping up these coins in preferred Uncirculated
condition. Minted only briefly, these special quarters
will never be struck again! Don’t miss out, get your
complete Uncirculated set of all 50 Statehood
quarter designs, plus all six one-year-only 2009 D.C.
& U.S. Territories quarter designs – before it’s too late
– for the special price of ONLY $29.95! You’ll SAVE

69% off the regular price, and enjoy Free Shipping.
Order now and you’ll also receive all four
Uncirculated 2009 Lincoln bicentennial cents,
absolutely FREE!

You’ll also receive our fully illustrated catalog,
plus other fascinating selections from our Free
Examination Coins-on-Approval Service, from
which you may purchase any or none of the coins –
return balance in 15 days – with option to cancel at
any time.

45-Day Money Back Guarantee of Satisfaction

FREEGift!
when you order by deadline

SAVE 69%
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EXPENSIVE BUT FANTASTIC!

In business over 20 years
Over 5300 machines sold

EXERCISE IN EXACTLY
4 MINUTES PER DAY

Same or better results in exactly
4 minutes on the ROM Machine as
from 60 to 90 minutes in a gym…

unbelievable but true!

That’s why over 97% of people
who try the ROM for a
30 day rental buy it.

Order FREE DVD
Call 818.504.6450

www.ROMmachine.com
or www.QuickGym.com

Rent the ROM Machine
for 30 days to test it.
Rental applies to purchase.

$14,615

Old North American Indian, Northwest
Coast, Eskimo, Plains & Woodlands
Indians, South Pacific, New Guinea
Polynesian, African and Indonesian,
Borneo, Sumatra artifacts including 
South American and ancient Egyptian.
Also Eskimo soapstone carvings.

C O L L E C T O R  S E E K S

416.596.1396 | goldenc@inforamp.net
OFFERING FREE IDENTIFICATION

O L D  A R T I F A C T S

COLLECTIONS PURCHASED.  PRIVACY ASSURED 
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.com

Over 150 Working Steam Toys, 
Stirling Hot Air Engines and 

Collectible Tin Toys
Kits or Assembled From $87.96 

YesterYear toYs & books Inc.
Box 537 • Dept.D8• AlexAnDriA BAy, ny 13607

43 page Colored Catalog $6.95

1-800-481-1353  www.yesteryeartoys.com

steaM Models

refunDABle with orDer

                  



AMAZON RAINFOREST

Award-winning lodge in Tamshiyacu-

Tahuayo Reserve shown to have the 

world’s greatest diversity of primates. 

Customized itineraries. Weekly 

departures. 1-800-262-9669. 

Visit: www.perujungle.com.



GAMES FOR THINKERS

Revolutionary games that cultivate 

profound understanding in math, logic 

science and language. Discover fun ways 

to ignite motivation and learning for 

players of all ages. Designed by university 

professors to increase IQ scores and 

achievement. Satisfacation guaranteed. 

Call now for free catalog.

 800-289-2377 

www.wff nproof.com



DO YOU HAVE A JOB, PRODUCT, OR SERVICE YOU WANT TO ADVERTISE TO OVER 6 MILLION READERS? 
    : 212-624-4811  @.
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“A delightful tour, with extraordinary footage of
the Monarch’s lifecycle.”

Christian Science Monitor
“Two videos in one. Fantastic video of the endan-
gered species. Inspiring. ” The Nature Conservancy

“A skillful mix of video and stills that will delight
and inform.” New York. Times
“Enthusiastically recommended.” Library Journal
“An important addition to printed field guides.”

Philadelphia Inquirer

For complete information or to order please visit mastervision.com
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“Your methods are so clear that my seven year old 
son was grasping the trigonometry lessons.  I’m 
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“Watching your videos is wonderful because, as 
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DVDs are very clearly explained and your style 
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selfish to keep this information to myself!  I have 
two words for you, “thank you!”     Les J.
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BY DEAN CHRISTOPHER

1. 	 e voice box sits lower in the throat in humans 

than it does in other primates, giving us a uniquely 

large resonating system. 	 at’s why we alone are able 

to make the wide range of sounds needed for speech.  

2. 	 at also explains Mariah Carey, Barry White, and 

Robin Williams.  3. Unfortunately, the placement of our 

voice box means we can’t breathe and swallow at the 

same time, as other animals can (choke).  4. Fortu-

nately, the human voice box doesn’t drop until about 

9 months, which allows infants to breathe while nurs-

ing.  5. Still the one: Mandarin is the long-standing 

champ among world languages with 845 million native 

speakers, about 2.5 times as many as English.  6. But 

more than 70 percent of all the home pages on the 

Internet are in English, and more online users speak 

English than any other language, making it the world’s 

lingua franca (assuming you consider brb, omg, g2g, and 

ro�  English).  7. Hey, the world will never change—

right? English is mandatory for every student in China, 

starting in third grade. But in America, only 3 percent of 

elementary schools and 4 percent of secondary schools 

even o� er Chinese.  8. Many science-related English 

words starting with the letters al—including algebra, 

alkaline, and algorithm—are derived from Arabic, in 

which the pre� x al just means “the.”  9. 	 is is a legacy 

of the medieval era, when ancient Greek and Roman 

knowledge was largely lost in Europe but preserved 

and advanced among scholars in the Islamic world.  

10. Modern technology is making everything smaller, 

even our words. “Bits of eight” shrank to become byte, 

“modulate/demodulate” became modem, “picture 

cell” became pixel, and of course “web log” became 

blog.  11. At the other end, the longest word recog-

nized by the Oxford English Dictionary is pneumono-

ultramicroscopicsilicovolcanoconiosis, a lung disease 

caused by inhaling volcanic silicon dust.  12. Grüss dich, 

Dunkelheit, mein alter Freund. 	 ree- to � ve-day-olds 

born into French-speaking families tend to cry with 

the rising intonation characteristic of French; babies 

with German-speaking parents cry with falling tones, 

much like spoken German. Infants may start learn-

ing language in the womb, it seems.  13. 	 e neural 

equipment for language development then seems 

to ripen between birth and age 3. People deprived of 

language before puberty (due to isolation or abuse, for 

instance) might later learn a limited supply of words, 

but they never develop the ability to make meaningful 

sentences.  14. Other clues about language processing 

come from damaged brains. People who have sustained 

an injury to a region called Broca’s area have trouble 

producing even short phrases, indicating it is critical 

to speech.  15. And damage to the brain’s superior 

temporal gyrus can lead to Wernicke’s aphasia. Patients 

sound as if they are speaking normally, but what they 

say makes no sense.  16. In old Westerns, Native 

Americans often made a sound like “ugh.” 	 is wasn’t 

a commentary on the plots; it was a naive attempt to 

reproduce the sound of the glottal stop of many Native 

American languages, produced by brie� y closing the 

vocal cords during speech.  17. !Say !What? When 

the Dutch encountered Africa’s Nama people, whose 

language includes clicking sounds, they dubbed them 

Hottentots, Dutch for “stuttering.”  18. Really foreign 

sounds: Spanish Silbo, a whistle language, has only four 

vowel and four consonant sounds. Audible for miles, 

it resembles bird calls and is indigenous to—where 

else?—the Canary Islands.  19. Indian Sign Language is 

the world’s most widespread silent language, with some 

2.7 million users.  20. Another sound of silence: More 

than one-third of the world’s 6,800 spoken languages 

are endangered. According to UNESCO, about 200 

tongues now have fewer than 10 surviving speakers. 
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now with an entirely new online experience that 
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