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The Ultimate Shock Absorbing  
Footwear
As featured in hundreds 
of magazines, on radio 

and TV nationwide, 
Gravity Defyer® shoes 

are changing lives every 
day.  They have become a 

comfort phenomenon, 
and are being used 

and recommended by 
professionals in hospitals, the food 
service industry, board rooms across 
the country and more.

A Decade of Science in Every Pair 
The patented VersoShock® system 
was developed by Impact Research 
Technology and is found exclusively 
in Gravity Defyer® footwear. It absorbs 
harmful impact relieving discomfort from 
every step before returning energy that 
propels you forward. Stay more active 
on your feet and experience unparalleled 
comfort and performance.

Feel Weightless
Standing, walking, and 
running are easier as the 
VersoShock® system’s 
energy return makes 
you feel lighter, like you’re 
walking on clouds.

      

Absorbs Shock 
on Impact

Energy Return 
Propels You

*Offer valid for new customers only. Deferred billing for 30 days from the date shipped and is an option selection during checkout. Credit card authorization required. See website for details.

SHOES THAT WILL CHANGE YOUR LIFE... GUARANTEED!

VS2W VersoShock® 
Trampoline Sole
Smart Memory springs 
combined with elastic 
polymers AVS3 Ventilation System 

Cools the foot and circulates air

Accommodates 
Orthotic Inserts

G-DEFY SUPER WALK

MEDIUM & WIDE WIDTHS

WHITE TB9004MWS
BLACK TB9004MBS

MEDIUM WIDTHS

BLUE TB9004MUS
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BLK/RED TB9004MBR

MEDIUM & WIDE WIDTHS
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WHT/BLU TB9004FWSU
WHT/PNK TB9004FWSP

MEDIUM WIDTHS

GRY/BLU TB9004FGA
GRY/PNK TB9004FGP
WHT/GRN TB9004FWL

life’s dream and go to 
China…without my 
Gravity Defyer® [shoes] 
this would have been 
impossible.” – Eleanor W

“After ordering and wearing your 
Gravity Defyer® [shoes], I have 
renewed faith that I will be able 
to continue my passion for senior 
softball. Thank you.” – Ron B

“I work in a restaurant. Finally 
found the shoes that don’t kill my 
legs and feet…Gravity Defyer® 
shoes are awesome!” – Diana B

Super Walk   $129.95

Men · Sizes 7.5-15 Women · Sizes 5-11
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Stephen C. George, EDITOR IN CHIEF

A friend of mine who is a novelist has a sheet of paper 
taped to his wall, just above his computer. It says, 
simply: The Book is the Boss. I assume it’s a mantra he 
repeats to himself  whenever he’s in danger of missing 
his deadline (which for him is often).

In my work, I’m motivated by a similar maxim, 
although I don’t have it written on my wall. It’s 
ingrained in my mind, and it’s this: The Reader is the 
Boss. I work for you. But I do my best work in a team 
environment, which is why I tend to think of our work-
ing relationship as a partnership, one that depends on 
actively soliciting your input. 

That’s why I throw a question out to readers at the 
end of almost every editor’s note I write. It’s not just 
to fill a few lines on the page. I look forward to your 
answers — as well as your letters, emails, online com-
ments and participation in social media — and use that 
input to make Discover’s magazine and website content 
more informative and engaging.

In the coming months, we’ll be creating even more 
opportunities to solicit your feedback, and to have 
your comments help shape something bigger than 
just Discover’s articles. I’m excited to announce that 
we’ve recently entered into a collaboration with our 
friends at SciStarter (who produce DiscoverMagazine.
com’s Citizen Science Salon blog) and the Robert 
Wood Johnson Foundation, the country’s largest 
philanthropic organization devoted exclusively to the 
public’s health. We know that medicine and health are 
topics of enormous interest to you, so be sure to keep 
an eye out for future posts on Citizen Science Salon that 
will spotlight innovations at the cutting edge of health. 
What’s more, you can join the conversation by sharing 
citizen science projects of your own that just might help 
create a healthier population.

Meanwhile, you can always send us your thoughts 
and comments about anything you read in Discover, 
or about any science topic at all. You know the email 
address: editorial@DiscoverMagazine.com. We read 
every single one of your notes. It’s not just our job — it’s 
our pleasure.

Creating 
every 

opportunity 
for reader 

feedback is 
just part of 

the job here 
at Discover.
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Don’t be shy about sharing your opinions, whether via letters, email  
or our social media communities. Here’s what you’ve been telling us lately.

conversation. Thanks for  
the memories.

Paul Marrow
Winterbourne, ON, Canada

Amphibian Antibiotics
In May’s “Milking Frog Skin,” 
Jennifer Abbasi explained 
the skin secretions of the 
Russian brown frog were 
as effective against bacteria 
as prescription antibiotics.

This little gem of an article 
validates a story told by my 
95-year-old mother-in-law 
about her childhood in 

Poland. After 
she stepped on a 
pitchfork on her 
parents’ farm 
and developed 
an infection 
that went into 
the bones of 
her foot, her father cleaned 
out the infected bone and 
tied a frog to her foot 
for many nights until the 
infection was totally gone.  
I love the circle of science!

Jim Linck
South Branch, MI

Printing Parts
Christian Millman wrote  
“20 Things You Didn’t Know 
About 3-D Printing” in our 
March issue.

I always get something out 
of your magazine. Loved 
the 3-D printing article. My 
brother had a massive brain 
aneurysm about two years 
ago. After surgery, they left 
out about a fourth of the 
top of his skull. When it 
came time to replace it, the 
missing piece had become 
contaminated in storage. 
No problem! They ran him 
through a CT scanner that 
made the piece. I assume 
this is some of the same 
technology. Where would he 
have been without it?

Elaine J. McElhaney
Columbia, SC

Hotheaded Lessons  
in Skepticism
April’s “20 Things You 
Didn’t Know About Hoaxes” 
mentioned Discover’s 1995 
April Fools’ story about the 
fictional hotheaded naked 
ice borer, a source of much 
hate mail from our readers.

For many years in my high 
school biology classroom, I 
used the ice borer article. It 
was used at first as a tool in 
teaching scientific skepticism, 
and later as an exercise in 
writing precisely and as a test 
of reading comprehension. 
However it was repurposed, 
it always elicited a vigorous 

March 
2014

JOIN THE 
CONVERSATION
Send email to:
editorial@DiscoverMagazine.com.

Address letters to:
DISCOVER
21027 Crossroads Circle
P.O. Box 1612
Waukesha, WI 53187-1612

Connect with us on:
Facebook
facebook.com/DiscoverMag
Twitter
twitter.com/DiscoverMag
Google+
plus.google.com/+discovermagazine

April 
2014

May 
2014

Road Trip! In our May issue, we wrote about our 
top four science destinations for the summer. Then we asked 
you: What’s your favorite science destination? Here’s 
what you said:

”Miguasha National Park, 
Quebec, Canada. Some 
of the first examples of fish 
conquering land can be 
found fossilized in those 
cliffs.”  — Mathieu D.

”Mammoth Spring/Hardy, 
Ark. Got the beautiful 
springs in Mammoth, then 
the short, scenic drive 
along the river to the 
cute town of Hardy.” 
 — KitKat R.

”Ashfall Fossil Beds 
in northeastern 
Nebraska! Complete 
articulated rhino 
skeletons and much 
more! The bones 
are still in place 

in the ground where the 
animals fell.”  — Sandy W.

”Smithsonian Air and 
Space Museum in 
Washington, D.C.” — Nick W.

”Yellowstone National Park 
because of the magnificent 
wildlife, forests and 
geysers.”  — Laura W. 

Just what 
the doctor 
ordered.

 Inbox
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Gallery of Heroes 

In our April issue, Editor in Chief Steve 
George asked who your science idols 
and heroes are. Here’s what you said:

“How could anyone overlook the unforgettable 
Hungarian physician Ignaz Semmelweis,  
who understood that puerperal fever was  
spread by an unknown infective agent 
on physicians’ hands transferred between 
patients, leading to modern-day sterile 
techniques?” — Michael Paterson

“Carl Sagan might seem like an unusual hero 
for an anthropologist, but he was, and is, 
mine. His blend of skepticism and wonder was 
unparalleled and inspiring.” — Jay Fancher

“My hero is Monseigneur Georges Henri 
Lemaître, ‘the Father of the Big Bang,’ 
the most significant cosmological concept 
of all time.” — haynes121

“Eugene Shoemaker convinced us that Earth 
was occasionally struck by massive objects. We 
need to invest MANY more resources to detect 
and prepare to deflect incoming asteroids and 
comets. Following Shoemaker’s lead could save 
the lives of all future humans.” — Edward Bower

“My science heroes have been some remarkable 
teachers. Too bad so many of the very best 
teachers are often so underappreciated, never 
knowing how dramatically they have influenced 
their students’ entire lives.” — Barbara Boone

“I think we would be remiss if Stephen Hawking 
were not mentioned. So much for the ‘mysteries’ 

of black holes, not to mention Hawking’s spin  
on time.” — Ted Cox

“The man at the top of my science heroes list is 
Charles Stark Draper. He stood on the shoulders 
of giants Newton, Faraday, Tesla, Edison and 
many others by combining his knowledge and 
understanding of their theory and application to 
develop a ship’s inertial navigation system that 
allowed WWII submarines to have an estimate 
of their actual location despite being submerged 
for an extended period.” — Bob Miller

“My favorite scientist — my science hero — is 
Richard Feynman: brilliant, funny, irreverent, 
articulate, intellectual, pragmatic. What else do 
you need? How can you go wrong?” — Roger Dean

“Was there ever a more pure thinker, denier 
of superstition and supporter of reason and 
science over man’s false gods than Robert Green 
Ingersoll? He stated the unequivocal truth in the 
face of centuries of fear, denial and the hypocrisy 
of the world’s churches.” — Sean O’Brien 

“My first science icon was Herbert S. Zim. 
Many will recognize the name as the originator 
of the Golden Guides, found in gift shops 
of museums and national parks. But, before 
his long involvement with Golden Guides, 
he taught at a private school in New York 
City and was my science teacher in sixth 
grade.” — Mike Schaughency

“I was first clued in to science from reading 
H.G. Wells and Sherlock Holmes. Also, comic 
book characters were an inspiration, and in my 
youth I watched The Undersea World of Jacques 
Cousteau and Wild Kingdom.” — Wade Carmen

TWEET OUT OF CONTEXT Reply to an article we posted on Twitter, apropos of nothing.  

 “I keep hoping we’ll get inside a black hole and discover a big, 
swingin’ party.” — @SteveVolk

Readers 
love Carl 
— and his 
turtleneck. 
They also 
admire …

Georges Henri Lemaître Stephen Hawking Richard Feynman H.G. Wells

Science&Celebs
We asked our Facebook readers:  
If money weren’t an issue, 
what celebrity object would 
you pay top dollar to have 
in your collection? You said: 

Carl Sagan’s turtleneck.
 — Eric H.

First-edition Philosophiae 
Naturalis Principia  
Mathematica.
 — Curt C.

Tesla’s lost 
research.
 — Jennifer W.

One of the 
working 
Impalas from 
Supernatural. 
— John D.

The TARDIS. 
 — Andrew M.

The DeLorean. 
I’d settle for  
the Death Star. Even the  
Enterprise would suffice. 
— Justin S.

Tim Curry’s corset from  
Rocky Horror Picture Show.  
— Stephanie P.

Fully functional Batman  
Begins Tumbler vehicle.
— Cora V.

Sci-fi rides (like 
the TARDIS 
from Doctor 
Who) ranked 
high on your 
wish lists.



Decades ago Richard Wetherill identifi ed a natural law, defi ning 

its intent for people’s behavior. Wetherill named it the Law of Right 

Action, calling for people’s rational, honest thinking and behavior.

Thanks to Wetherill’s insight, we now have the opportunity to adjust 

our thinking and behavior to conform to the intent of this inviolable, 

self-enforcing natural law.

People who have accepted the logic of the above explanation live by 

the intent of nature’s Law of Right Action to the best of their ability. 

They know that when problems or troublesome results occur, they 

have deviated from the creator’s behavioral requirements.

Eagerly they drop their personal intent and return to the safety of 

the intent of this natural law.

Join with them to eliminate all confl ict within a person, with close 

associates, other races, and nations. Thus the promised peace and 

productivity of a truly civilized civilization is achieved.

Visit alphapub.com for more information or for a free mailing 

write to The Alpha Publishing House, PO Box 255, Royersford, 

PA 19468.

This public-service message is from a self-fi nanced, nonprofi t group of former students of Mr. Wetherill.

Have you considered that when we keep our 
balance, we are complying 
with the intent of a natural 
law we call gravity? As a 
matter of fact, people already 
know that to be safe and/or 
successful, they must comply 
with the intent of every 
natural law, not just gravity.

“Just found your site. I 

was quite impressed and 

look forward to hours of 

enjoyment and learning. 

Thanks.” - Frank

“I have fi nished reading 

the book How To Solve 

Problems. So simple, yet 

so profound and powerful. 

Thank you.” - Alex

Visit alphapub.com to read Natural-law Essays and eBooks FREE
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CAVITY SEARCH
In this three-dimensional view of a patient’s chest cavity, you can see bones, organs and tissue with varying 
degrees of transparency. By rotating and zooming in on the digital image, Swedish radiologist Anders Persson 
got a clear view of his patient’s newly installed mechanical heart pump (blue) to ensure the surgery was successful. 
The technique uses a dual-energy CT scan, in which two X-ray sources image the body in “virtual slices.” This allows 
doctors to peer inside a patient without wielding a scalpel.  ERNIE MASTROIANNI, PHOTO BY ANDERS PERSSON
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Three years ago, Dana DeBeauvoir,  

a county clerk in Austin, Texas, had a 
problem. Soon she’d have to replace the 
aging voting machines her county had 
bought eight years earlier. Congress had 
ponied up the money for those machines, 
driven by the hanging chad debacle in 
Florida’s 2000 election. But this time,  
the feds weren’t coughing up any cash.

Even if she had the money, though,  
she didn’t like her choices. Computer  
scientists had been sounding alarms  
about the rampant security flaws in  
voting machines for years, and the 
manufacturers hadn’t responded. So 
DeBeauvoir took a very unusual step:  
She gave the keynote speech at a 
computer voting security conference, 
challenging the assembled computer 
scientists to build her the voting system  
of her dreams.

She outlined four requirements.  
First, the system had to use inexpensive, 
off-the-shelf hardware. Second, voters 
had to know that their votes were 
counted accurately and that the election 
outcome was correct. Third, voter  
privacy had to be protected — in 
particular, vote-selling had to be 
impossible, allowing no way for a voter 
to show anyone else their vote. And 
finally, it had to be convenient and 
practical, requiring few extra steps  
for voters or election officials.

Dan Wallach, a computer scientist  
from Rice University who was in the 
audience, was electrified. He and a few 
hand-picked colleagues flew to Austin 
and got to work. Their central tool was 
cryptography, the same idea that allows 
you to safely send your credit card 
number over the Internet via  

encrypted numbers. They named the 
system STAR-Vote: Secure, Transparent, 
Auditable and Reliable Voting System.

It essentially creates an automatic 
recount every election, without the 
expense of lawyers and the immense 
effort involved in traditional methods. 
“The auditing process happens largely 
electronically, so it’s cheap,” Wallach 
says. Not, he adds, that money should 
necessarily be the top concern when 
democracy is at stake.

2. Controller 
scans token 
and exchanges 
it for a unique 
authentication 
slip.

Barcode scanner 
reduces input errors

System monitors 
voting machines, 
alerts staff of 
malfunctions

Connected to an 
internal network

The STAR-Vote 
system works 
like this:

1. Check in 
to receive 
a token.

Lock the   
BY JULIE REHMEYER, DESIGN BY ALISON MACKEY

Authentication slip

CRUXTHE

ote

Connected to 
the Internet

Thermal receipt printer uses 
less energy than laser or 
inkjet, allowing the system 
to continue to operate on 
batteries in a power outage

Token
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Vote verification, 
in two ways:

VERIFY VOTE. Voters  
keep a take-home receipt with 
their authentication number  
and a website that contains  
an encrypted version of each 
ballot. Voters can then confirm 
that each of their votes was 
indeed counted by decoding it 
with the authentication number.

VERIFY MACHINE. Voters can also check that the  
machines are correctly encrypting their vote: Before they  
put their ballot in the scanner, voters can decide instead  
to spoil their ballot and ask the machine to hand over the  
keys to decode the encrypted receipt. If the unencrypted  
version doesn’t match the printed ballot, they’ve caught  
the machine cheating. Either way, the voter would then  
have to return to the computer to vote again, because their 
vote doesn’t count until the ballot makes it to the ballot box.

3. Voter selects 
candidates on a 
computer, which 
prints out a 
paper ballot 
showing whom 
they voted for. 

4. To finish voting, the voter 
confirms the choices then 
takes it to a ballot box, which 
scans and records the vote. 
This creates a paper trail that allows 
for old-fashioned recounts. 

Off-the-shelf 
touch-screen 
technology

Printer Printed ballot

Dana DeBeauvoir challenged a group 
of academics to design a better voting 
system for her county.

5. Finally, anyone 
can download all the 
encrypted votes from 
the website to verify 
the votes and check 
that the totals add up 
correctly. Election of-
ficials can then prove that 
the vote totals they have 
announced reflect all the 
votes — without revealing 
any individual’s vote.

Download and 
check votes via 
the Internet from 
home computer



CITIZEN SCIENCE ALERT Curious about air quality where you live? Join this 
research project: DiscoverMagazine.com/AirQuality
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China is the undeniable global leader when it 
comes to human-made air pollution, and a recent 
report reveals just how much of its smog is a by-
product of outsourcing from other countries.

An international team of researchers analyzed 
economic and environmental data from 2000 to 
2009 and found that production of goods for 
export in 2006 alone accounted for between 
one-fifth and one-third of China’s air pollution, 
depending on the pollutant. And the U.S. can 
take credit for about 21 percent of those emis-
sions, according to the report in Proceedings of 
the National Academy of Sciences.

Since America has shipped manufacturing  
overseas, many factories in the eastern half of the 
U.S. now sit idle, and air there is cleaner than it 
would have been. But thanks to prevailing winds 
that waft over the Pacific, the U.S. pays for its 
cheap-goods obsession via air quality on the 
West Coast. On a daily basis in 2006, as much as 
11 percent of airborne soot in the western U.S. 
and up to 24 percent of sulfate concentrations 
were made in China.  REBECCA COFFEY

CRUXTHE

Tourists visiting Hong Kong in August 
pose before banners (originally used to 
hide construction) depicting the skyline 
on a clear day. Many people opt to take 
photos with this background instead of 
the actual smog-filled view of the city. 

Fetal Attraction
Mothers-to-be may have their babies to blame 
for a poorly understood medical condition.

Fresh from prenatal yoga, a woman walks into her 35-week 
OB appointment glowing. But the doc frowns as she watches 
the woman’s normally low blood pressure soar past 140. 
Then a routine test shows protein in her urine. Diagnosis: 
preeclampsia. These few symptoms are often the only indica-
tion of  the condition; the mom-to-be feels fine, but until she 
has her baby, she’ll likely be put on bed rest and monitored 
closely, as preeclampsia can quickly escalate to severe swelling, 
seizures, and even coma or death. 

As many as 8 percent of pregnant women worldwide are 
diagnosed with preeclampsia, and while the condition is on 
the rise in the U.S., no one knows exactly what causes it. Some 
researchers have suspected fetal DNA or pieces of the placenta 
— long known to circulate in the bodies of pregnant women — 
could kick off  an inflammatory immune response intended to 
kill and clean up the intruders. Hilary Gammill, an OB-GYN 
at the University of Washington, has spent years looking at 
fetal cells in particular. In a recent study, she and colleagues 
compared blood samples from 46 pregnant women diagnosed 
with preeclampsia with samples from 47 women with uncompli-

cated pregnancies. The researchers found that the women with 
preeclampsia were more likely to have intact fetal cells in their 
bloodstreams, and many more of them.

While carrying more fetal cells seems to protect against breast 
cancer, women with severe preeclampsia have up to an eightfold 
risk of cardiovascular disease later in life. Such outcomes may 
be linked to an immune response similar to that of preeclamp-
sia. “It’s sort of a double-edged sword,” Gammill says.

She aims to learn more about these stowaway cells so she 
can figure out what triggers preeclampsia and tailor treat-
ments for her patients, who may experience its effects long 
after pregnancy.  CAMERON WALKER

Pollution:  
Made in China
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Archaeological 
Crap Shoot
Researchers uncover ancient Rome’s toilet troubles.

Unlike the relaxation associated with Roman baths, 
ancient Roman bathrooms triggered trepidation. They 
consisted of  dark, dank holes leading to sewer channels 
from which emerged biting creatures or even, because of 
methane buildup, naked flames. Independent archaeolo-
gist Gemma Jansen has studied these unsavory sites for 
the past 20 years, becoming one of  the go-to latrine 
gurus among classical researchers. 

In January 2013, beneath layers of architectural ruins in 
Rome’s Palatine Hill, Jansen examined something of a treasure 
among toilets: a chamber likely to be the loo that slaves in 
Nero’s palace would have frequented 2,000 years ago. The 
stone bench that wraps around the room would have housed 
some 50 soccer ball-size holes, but no dividers.

“Like public toilets today, they are convenient if  you need 
them, but mostly they are not pleasant nor desirable places,” 
says Ann Koloski-Ostrow, an archaeologist at Brandeis 
University who collaborates with Jansen.

Restroom-goers relied on superstition to protect them. 
Throughout the empire, Jansen has found magical spells (like 
abracadabra) meant to ward off  demons scrawled on lavatory 
walls. Laughing apparently could expel demons, too, which is 

why, Jansen presumes, Romans 
colored a caricature of Jesus 
as a fish at another site. 
Jansen and Koloski-Ostrow 
have also identified several 
bathrooms guarded by an 
image of Fortuna, the goddess 
of luck.“Fortuna seems to have 
had a special relationship with 
toilet users,” Koloski-Ostrow 
says. “Perhaps you prayed to 
her for a good bowel move-

ment. Perhaps you prayed to her to prevent a fire from tickling 
your bottom or a rat from biting you as you sat over open 
sewers.” But as the team’s soon-to-be-published findings show, 
the Romans didn’t need luck or magic — they needed hygiene. 

It turns out the practice of wiping with shared sponges, a few 
per communal restroom usually sitting in a water basin, was 
an efficient means of spreading bacteria, possibly promoting 
diseases like typhoid and cholera. And, of course, being bitten 
or stung by some sewer-dweller does little for one’s health. No 
wonder the Roman baths get all the attention.  CHELSEA WALD

Above: Ancient Roman 
lavatories were a more 
social affair, as seen 
in this example from 
Ostia Antica, less than 
20 miles southwest 
of Rome. 

Right: Consisting of 
little more than holes 
over open sewers, 
the lavatories were 
rightfully feared: 
Biting creatures or even 
flames could catch 
anyone by surprise.

Fortuna watches over a defecating 
man in this Pompeiian depiction.

Gemma Jansen (left)  
and Ann Koloski-Ostrow 
investigate a latrine near 
the Colosseum.
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Tracking 
tag

CITIZEN SCIENCE ALERT Listen 
to whale calls and help scientists 
match them to different species! 
DiscoverMagazine.com/Whales
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It was a nice overcast day, no wind, 
with grays and whites and dark colors 
all around. We saw a couple of minke 
blows 2 or 3 miles away and launched 
our small boat to go see.

Typically we see one or two minke 
whales at a time. But when we started to 
get close, all of a sudden they came up 
en masse, and there were about 40. We 
were shocked. None of us had ever seen 
a group that large. Amazingly, they were 
being very social, surfacing right next 
to each other and rolling almost on top 
of each other, behaving in a way none 
of us had ever seen. 

Usually it’s very difficult to stay with 
minkes and keep track of them. But 
these animals were paying us no atten-
tion at all, and we realized that we were 
going to have the opportunity to deploy 
some data-gathering tags on them. On 
this trip, we had satellite-linked tags, 
which are implantable tags that transmit 
locations for a couple of months, and 
suction-cup tags, which deploy for 15 to 
20 hours and collect behavioral data. 

We kept up with the animals, and I 
got up in the bow of the boat. From 
up there, I could see down into the 
water. The animals just look like a 

rocket underwater. They’re amazingly 
streamlined. They’re absolutely beauti-
ful. You can see these very distinct 
patterns on their backs and different 
swashes of colors that you just don’t see 
when they surface quickly. 

I had one whale off the bow that I was 
concentrating on. It came up precisely 
where I wanted it, and the tag went 
on perfectly, high up on the back near 
the dorsal fin. This was the first time 
anybody had ever put a tag on a minke 
whale. We were so excited; we high-fived 
and hugged each other. 

From about 8 to 10:30 in the morn-
ing, we deployed that suction-cup tag 
and then eight satellite tags, and we 
really did more in that two and a half  
hours to increase our understanding 
of minke whales than in the previous 
30 years of research in the Antarctic. 
We are showing that we don’t need 
to kill the animal to understand 
it.  AS TOLD TO REBECCA KESSLER

They may not be white whales named Moby, but Antarc-
tic minke whales can be just as elusive. Generally shy and 
abundant only around the inhospitable southern continent, 
the dark bronze beasts — among the smallest baleen 
whales at roughly 5 to 10 tons each — have been difficult 
to study in their environment, so biologists know little 
about their behavior. In fact, their elusive nature has been 
used by some as an excuse to hunt and kill the whales, say-
ing it’s the only way to study them.

But last year, Ari Friedlaender, a marine mammal ecologist 
then at Duke University, discovered a new method. He was 

aboard a research vessel off the Antarctic Peninsula studying 
humpback whales when an unusual group of minkes let his 
team into their midst. Data from the following encounter 
was used as evidence when the International Court of Justice 
ordered a halt to Antarctic whale hunting this past March.

I N H IS OW N WOR DS

Frolicking With 
the Whales
A lucky encounter in Antarctica proves you don’t 
have to kill minke whales to study them.

Ari Friedlaender was among the first to study a group of Antarctic minke 
whales up close, near enough to attach research tags.

An Antarctic minke whale surfaces while sporting an Acousonde tag, which records behavior.

FU N FACT  Minke whales turned out to be the 
source of unusual “bio-duck” quacks heard 
underwater for decades.
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 Cuba’s New Wave
Energy buoys could reduce diesel dependence.

Cuba, like most Caribbean island 
nations, depends almost entirely 
on inefficient and highly polluting 
diesel generators for electricity. But 
a new project using small wave-
energy buoys aims to harvest clean 
energy from the ocean instead.

Diesel generators crank out 
greenhouse gases and black carbon 
that contribute to climate change 
— the very thing that threatens to 
swamp more than 100 communities 
along Cuba’s coasts as seas are 
expected to rise an estimated 3 feet 
by 2100. Marine scientist David 
Guggenheim is working with Cuba’s 
National Center for Protected Areas 
to reduce the country’s diesel use 
and the pollution that comes with it.

“These are environmentally 
sensitive areas, and we want to 
make sure we start in these places,” 
says Guggenheim.

The team’s plan is to gradually 
replace diesel generators with 
groups of energy-generating buoys. 
Each one consists of a horseshoe-
shaped float and a central lever 
secured to the seafloor with a 
mooring line. As a wave passes, the 
horseshoe pivots away from the 
anchored lever, activating the generator and producing a burst of electricity, 
transferred to shore via an electric cable running through the mooring line 

and along the ocean floor.
A single buoy can generate 

an average of 5 kilowatts of 
energy per hour, replacing 
the burning of up to 10,000 
liters of diesel per year. Since 
each buoy costs up to $30,000, 
though, the project is starting 
with just one or two. 

Guggenheim hopes that 
with a successful launch, 
the Cuban government will 
continue to invest in renew-
able energy by expanding the 
project.  ALLIE WILKINSON

Brighter Idea
Fireflies give LEDs a boost.

Light-emitting diodes (LEDs) are far more 
energy efficient than incandescent or 
compact fluorescent bulbs. Unfortunately, 
much of the light LEDs produce remains 
trapped within the inner surfaces of the 
diode. Engineers tried to build a brighter 
LED, but when modifications hit a plateau, 
they sought inspiration from the bugs that 
light up many a summer night.

An international team of researchers led 
by Annick Bay at the University of Namur in 
Belgium examined the light-emitting organ 
of Photuris fireflies under a scanning elec-
tron microscope and identified seven struc-
tures that showed promise for boosting 
LED output. Using computer simulations, 
the scientists determined that the most 
influential aspect was misfit scales on the 
organ’s surface that give it a rough, shingle-
like quality. The multiple abrupt edges 
scatter light rays to increase the amount of 
light that escapes the glowing organ.

Led by Bay, a second team then etched a 
similar shingle-like surface and added it to 
existing LED bulbs, boosting their light out-
put by 55 percent. Now the researchers are 
using computer models to further refine 
the firefly-mimicking surface and maximize 
light output.  MARY HOFF

Jagged scales on a 
firefly’s lantern help 
the bug shine brighter 
(above). Scientists de-
signed synthetic scales 
based on this model and 
applied them to LEDs 
to make them emit one 
and a half times their 
normal light (right).

HOW IT WORKS

Float

Electricity

Lever

Mooring 
line
Secures 
buoy to 
seafloor

Electric 
cable
Transfers 
energy 
to shore

Pivot motion 
produces electricity

Shore

CITIZEN SCIENCE ALERT Help track 
the fate of fireflies with Firefly Watch: 
DiscoverMagazine.com/Firefly

CS

These 3-foot-long energy-generating buoys 
were deployed in Indonesia in 2012 as part 
of a coral reef restoration project. In Cuba, 
larger, more powerful versions, nearly 12 feet 
long, could reduce reliance on diesel.

CRUXTHE                      TECH
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Swimming in a Black Hole
A mathematician discovers  
a surprising similarity  
between the cosmic object  
and an ocean mainstay.

At first glance, a swirling vortex of 
water seems similar to a black hole: 
Both take hold of the matter around 
them, sucking in and trapping what-
ever drifts too close. Well, it turns out 
the analogy is more than just skin 
deep. The oval boundary of water 
around a vortex in the ocean can be 
described with the same mathemati-
cal equations as the light that whips 
around the edges of a black hole. 

Oceanic vortices are stealth forces 
of nature. They trap water and 
pollutants, and shuttle warm water 
northward — influencing the rate  
of melting sea ice. Even though 
they’re about 90 miles across, they 
are still relatively small features in 
the huge ocean, hard to detect in 
satellite data. George Haller, an 
applied mathematician at the Swiss 
university ETH Zürich, wanted to 
better understand their movement 
and characteristics, so he set out to 
describe the invisible barrier that 
surrounds a vortex — the “coherent 
boundary,” in which water circles, but 
does not fall in or break away. 

Black holes also have coherent 
boundaries: If  you could shoot a 
beam of light so it just skims the edge 
of a black hole, the light’s photons 
would whiz around it, forming a photon sphere. As Haller explored the coherent 
boundaries of vortices, he found the mathematics of both phenomena are analogous. 
“Literally the same type of equation,” he says.

Haller and a colleague at the University of Miami put the mathematical “aha” 
moment to practical use, searching South Atlantic satellite data for the thin 
boundaries of swirling water behaving in a black hole-like way. Using equations, 
they successfully found several “black holes of turbulence,” as Haller describes 
them. Their discovery will help scientists track and study how vortices transport 
pollutants, and carry warm water to colder areas. For Haller, it’s the deeper 
understanding of fluid mechanics that’s most important — but there’s also 
something satisfying in knowing that the strange geometry of deep space can hap-
pen right here on Earth.  — SHANNON PALUS

Black holes and water vortices both have 
a coherent boundary, shown in red above, where 
matter circulates but doesn’t escape or fall in.
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Doctors have been 
anxious to test 

anti-inflammatory 
drugs as a potential 

treatment — but 
there’s a catch.

→Depression can be a devastating 
illness, plaguing millions of people 

worldwide with feelings of sadness, 
hopelessness, apathy and fatigue. 
Despite numerous antidepressant drugs, 
as many as a third of patients don’t 
respond to medication. This has forced 
doctors to be more creative in finding 
different treatments for the condition.

In the past two decades, researchers 
have tied depression to a seemingly 
unrelated condition: inflammation, 
the body’s natural response to stress. 
It could stem from injury or infection, 
or even emotional issues like an 
unhappy marriage or problems at 
work. Some amount of inflammation 
is generally beneficial, as it ramps up 
production of cytokines, proteins that 
help us heal and protect us from the 
effects of overexertion. 

But excessive cytokine levels, and 
the inflammation they bring on, could 
come at a cost: A number of studies 
suggest that high levels of cytokines 
could contribute to depression. 
Some studies even indicate that anti-
inflammatory drugs could reduce 
those cytokine levels and help people 
recover from depression. 

As promising as anti-inflammatory 
drugs might seem for depression, 
though, actually using them as a 
treatment won’t be easy. Only a fraction 
of people with depression — an 
estimated 20 to 30 percent — have high 
inflammation (though for people with 
treatment-resistant depression, it’s 
45 percent). No treatment guidelines 
yet exist to figure out who they are and 

how much they need. And treating 
depression patients who don’t have high 
inflammation with anti-inflammatory 
drugs could be detrimental. 

MOUNTING EVIDENCE
For years, doctors believed that 
depression weakens the immune 
system, making it harder for people to 
fight off  infections and recover from 
an injury. But about 20 years ago, 
researchers started noticing that the 
levels of cytokines and T-cells, which 
help drive immune responses and 
secrete cytokines, were higher instead 
of lower in blood samples from people 
diagnosed with depression. 

Since then, inflammation’s connection 
to depression has turned out to be 
even stronger. When people with skin 
cancer or chronic hepatitis C take a 
type of cytokine medication called 
interferon-alpha to spur their bodies’ 
immune systems, they often start having 
symptoms of depression. Numerous 
studies have also found that healthy 
adults who produce above-average levels 
of cytokines are more likely to develop 
depression later in life. 

Cytokines can reach the brain several 
ways: directly through the blood-brain 
barrier or indirectly by binding to nerve 
fibers elsewhere, which send signals to 
the brain to produce the inflammation 
molecules. In the brain, cytokines can 
disrupt the production and release of 
several important signaling chemicals, 
including serotonin, dopamine and 
glutamate, which help control emotion, 
appetite, sleep, learning and memory. 

It’s thought that a lack of serotonin 
activity in the brain causes depression; 
most antidepressants increase the 
activity. But cytokines also have been 
shown to activate stress hormone 
signaling in the brain, which may also 
prime some to develop depression. M
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Depression’s Dance 
with Inflammation 
Why the body’s natural protective response to injury, infection 
and stress may have unexpected emotional consequences.
BY CARINA STORRS

Big
Idea
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associated with learning, forming 
memories and making new neurons. 
So, what do we make of inflammation’s 
double-edged nature?

SELECTIVE BENEFITS
While Miller’s study indicates that 
anti-inflammatory drugs aren’t a 
perfect cure for depression, it does give 
clues about how to use the medication 
effectively for specific groups. The 
key lies in identifying individuals 
with high inflammation. In Miller’s 
study, researchers measured levels of 
C-reactive protein (CRP), which our 
bodies make in response to high levels 
of cytokines. Blood tests for CRP are 
already a routine part of monitoring and 
treating inflammation-related diseases, 
such as heart disease and arthritis, and 
Miller predicts that the same will one 
day be true for depression.

One day, perhaps, depressed patients 
will come to a primary care office 
and have their blood drawn. If  CRP 
is high, they will go straight to a 
combination of anti-inflammatory and 
antidepressant. “That is my vision,” 
says Carmine Pariante, a biological 
psychiatrist at King’s College London. 
But more studies would need to confirm 
Miller’s findings. For now, Pariante 
talks with his recovering patients about 
the importance of exercise and eating 
a balanced diet, which also can help 
maintain normal levels of inflammation. 

Measuring inflammation levels 
could move physicians toward 
personalizing depression treatment. 
Until then, doctors will likely continue 
to treat people with depression with 
an antidepressant, and if  the first one 
fails, they try another version every few 
months, hoping to find one that relieves 
symptoms. As Pariante says, “It’s about 
not wasting all this time if  an anti-
inflammatory can tackle the biological 
mechanism of depression.”  D

With all the evidence implicating 
inflammation in depression, doctors have 
been anxious to test anti-inflammatory 
drugs as a potential treatment. Four 
small studies published between 
2006 and 2012 by research groups in 
Europe and Iran found that adults 
diagnosed with depression who took 
aspirin or another anti-inflammatory 
drug called Celecoxib, along with an 
antidepressant, got more relief  from 
feelings of sadness, hopelessness, guilt 
and fatigue compared with those taking 
an antidepressant alone.

NOT SO FAST
However, Andrew Miller, a professor 
of psychiatry at Emory University, 
thought something was amiss in these 
small, limited studies. None of them 
looked at whether the participants 
had to have high levels of cytokines 
before they’d see a benefit from anti-
inflammatory drugs. “Unfortunately, 
much of the field has fallen into the 
trap of viewing inflammation as the 
be-all, end-all,” Miller says. He and his 
colleagues wanted to see whether the 
effect of these drugs was limited to the 
subset of depression patients with high 
cytokine levels, or if  it helped all people 
diagnosed with depression. 

Miller’s team measured inflammation 
levels in 60 adults with depression, but 
who were otherwise healthy, and divided 
them into two groups. One group 
received a potent anti-inflammatory 
drug called Infliximab, and the other 
group got a placebo. Among the 
participants with high inflammation, 
those who received Infliximab 
experienced a reduction in their 
symptoms. Good news so far. 

But when Miller’s team analyzed 
the group with normal inflammation, 
they were taken aback. They naively 
assumed that using anti-inflammatory 
drugs to treat depression would take a 
one-size-fits-all approach. Instead, they 
found that the group of participants 
who received Infliximab were less likely 
to recover from depression than those 
who got the placebo. 

“If  you block inflammation in 
people who don’t have high levels 
of inflammation, you can do them a 
disservice,” Miller says. “What’s now 
becoming better appreciated is that 
there is a certain level of inflammatory 
cytokines that is probably necessary 
for brain function.” 

The study, published in 2013, 
shows that the role of  inflammation 
in mental health might be more 
nuanced than once thought. It also 
helps make sense of  other research 
suggesting that anti-inflammatory 
drugs may undermine depression 
treatment in some individuals. One 
recent analysis of  more than 1,500 
people found that those who took an 
anti-inflammatory drug along with 
an antidepressant were less likely to 
overcome their depression than those 
who only took an antidepressant. 

“For 20 years, we thought that only 
the higher side of the inflammatory 
processes in the body and brain are 
associated with depression,” says Raz 
Yirmiya, a psychobiologist at The 
Hebrew University of Jerusalem. Now it 
seems like both the high and low levels 
could lead to depression: Yirmiya and 
his colleagues have done studies in mice 
for the past 20 years suggesting that a 
specific level of cytokines is needed to 
ward off  symptoms of depression. 

As Yirmiya points out, these 
molecules at normal levels have 
many important brain functions 

Carina Storrs is a New York-based 

science writer whose work has 

appeared in Scientific American and 

The Scientist, among other publications.

“What’s now 
becoming better 

appreciated is that 
there is a certain 

level of inflammatory 
cytokines that is 

probably necessary 
for brain function.”

— Andrew Miller
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→ I was getting ready for rounds 
when the page came in.

“We have a stat consult in the ER,” 
I told my entourage when I hung up 
the phone. “A woman presented with 
syncope and significant bradycardia.”

“What’s that?” asked Ellie. I almost 
forgot my teenage daughter was shadow-
ing me today. 

“A fainting spell,” I explained, as 
Brian and Adam, the medical residents 
assigned to my service, and Ellie and 
I proceeded at a brisk pace to the 
emergency department. “The paramed-
ics found her heart rate to be in the 30s.”

“What should it be?” asked the ever-
inquisitive Ellie.

“The heart should beat around 60 
times a minute at rest,” I answered. 
“Faster with activity.”

We arrived in the emergency depart-
ment. “She’s stable now. She got 
atropine,” a nurse reported.

“It’s a drug we give intravenously to 
speed up the heartbeat,” I told Ellie, 
anticipating the question brewing in her 
head. “It works very fast.”

“Her heart rate is now in the 80s,” 
continued the nurse. “The medics said 
she went nuts at the scene. They needed 
three men to hold her down.”

I took the clipboard from the nurse 
and proceeded to the patient’s room, my 
eyes scanning the few documents that 
made up her chart.

The patient’s name was Mary, a 
42-year-old, previously healthy woman. 
She was grocery shopping when she 
suddenly collapsed. She remembered 
nothing from then until the ambulance 

ride to the hospital.
“Why am I restrained to the bed, 

doctor?” she asked.
“The paramedics told us you were 

combative at the scene. The restraints 
are for your protection.”

“Do I still need them?”
“I don’t think so,” I said, and I began 

to undo her wrist restraints. I explained 
that her collapse was due to her heart 
rate dropping suddenly, resulting in 
insufficient blood flow to her brain, 
which then turned off  momentarily, 
causing her to lose consciousness.

“Your heartbeat most likely paused,” 
I said. “By the time the paramedics got 
to you, your pulse was only in the 30s. 
By then you were awake but belligerent 
and cantankerous.”

“I don’t remember any of  it,” she 
said. “Is that common?”

“No, not at all,” I said. 
I asked Brian to make arrangements 

for admission and for a pacemaker 
implantation later in the day. I asked 
Adam to explain the procedure to Mary 
and get informed consent. 

“What caused her heart rate to get so 
slow?” Ellie asked me outside the room.

“Sick sinus syndrome,” I replied. “The 
sinus node is the part of our heart that 
generates an electrical stimulus that 
spreads throughout the area and causes 
the heart to beat. Something is somehow 
intermittently interfering with her sinus 
node’s ability to do its job, but I don’t 

yet know what.”
Satisfied with the answer for now, Ellie 

disappeared back into the room. As I 
went to call my patient’s primary care 
doctor, I mused: Why did she develop 
this? And why the combative behavior?

“Isn’t she too young for this?” asked 
Mary’s doctor when we finally con-
nected. “She’s been pretty healthy all 
her life.” 

“Sick sinus syndrome usually occurs 
in the over-60 crowd, but 40s isn’t totally 
unheard of,” I said. “But yes, unusual. 
What bothers me even more, though, is 
the combative behavior when she first 
came to. And that she recalls none of it.”

“She has no history of disruptive 
behavior,” her doctor said. “She’s always 
even-keeled.”

We were both puzzled. My entourage 
arrived as I ended the call.

“So tell me about pacemakers, Dad, 
uh, Dr. Janeira,” said Ellie.

I explained to her that the implanted 
device monitors for slowing of the 
heartbeat. It’s on standby if  the heart 
rate is normal. If  the heart rate slows, 
typically less than 60 beats a minute, the 
pacemaker detects the change and keeps 
the heart on track to avoid slowdown.

It’s a fairly straightforward surgery, 
and usually a patient is kept in the 
hospital only overnight. 

“Tell her about the new leadless 
pacemaker,” said Brian, a tone of 

There’s Something 
About Mary
A fainting spell uncovers a lurking heart 
symptom — with a bizarre behavioral twist.
BY LOUIS F. JANEIRA
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enthusiasm brewing.
“The way pacemaker systems are 

implanted now involves inserting leads, 
which are electrical connectors through 
which the pacemaker sends electrical 
impulses to stimulate the heart. The 
actual pacemaker is placed in a pocket 
created below the collarbone. The leads 
go into a vein under the collarbone, 
and pass into the heart. Most of the 
complications we get from the implanta-
tion surgery are related to these leads. 
A new system is being developed that 
involves placing the actual pacemaker 
device inside the heart, thereby being 
able to do without the leads,” I said.

FLIPPED OUT
“The pacemaker implantation surgery is 
scheduled for 3 o’clock this afternoon,” 
said Adam. “I’ll get the consent signed 
as soon as she arrives in the CCU.”

“Where?” asked Ellie.
“Coronary care unit, or CCU,” 

said Adam. “Where we put our heart 
patients.”

We checked in on our ward patients 
for about an hour until the stat page 
from CCU sounded.

As I answered the call, the nurse’s 
voice was drowned out by the shouts in 
the background.

“My name’s not Mary, you dimwit,” 
I heard a woman yell. “I’m Courtney.” 
Her words had a hint of a British accent. 
It was the nice, peaceful, reasonable 
woman I had earlier unrestrained. 

We rushed to the CCU. Two orderlies 
and two nurses held her down to the 
bed. But it wasn’t the commotion that 
caught my attention. The heart moni-
tor at her side indicated her heart rate 
was only 37 beats per minute. Within 
seconds, more personnel arrived, and 
soon Mary, or Courtney, was again 
restrained to the bed, her body still mov-
ing wildly in all directions as she cursed 
like a drunken sailor, her behavior that 
of a possessed woman.

“Get the hell away from me!” she 
yelled. “Take these restraints off  me, 
now!” She went on, her expletives raun-

chier and more profane by the second.
The nurse quickly filled me in on 

the latest events, and I ordered more 
atropine to be given stat. The drug was 
injected, and our eyes brightened as the 
bedside monitor indicated her heartbeat 
was climbing into the 90s. Almost like a 
switch was thrown, Mary settled down, 
took a deep breath and looked around.

“How did I get here?” she asked, her 
voice again mellow and calm. “I was just 
in the elevator on the way here from the 
ER. How did I get into this bed?” 

“Mary, your heartbeat was nor-
mal when you entered the elevator 
downstairs,” I explained. “Your heart 

suddenly stopped for eight seconds, 
and you passed out. When your heart 
resumed beating, it was very slow — in 
the 30s. During that time, you were 
again very combative. You sounded like 
you had a British accent and said your 
name was Courtney. We gave you a 
medication that sped up your heart, and 
you normalized.”

“Why would I do or say those things, 
doctor?” she said. “And why can’t I 
remember?”

“I don’t know,” I said, pensively. Why 
indeed? Could it be that when the blood 
flow to the brain diminishes due to bra-
dycardia, there are neurologic changes 
that cause this different personality? Or 
is there something going on in her brain 
that causes both her heart rate to drop 
and her behavior to change?

“So, if  I get the pacemaker, my heart 
rate won’t drop and these things won’t 

keep happening to me?” Mary asked.
“That’s probably right,” I told her, 

thinking to myself  that I’m going 
to want a neurology and psychiatry 
consult, too.

BATTLING FOR CONSENT
Ellie and I continued CCU rounds.

About 30 minutes later, Adam 
returned with the latest news: Courtney 
was back, and she wanted nothing to do 
with a pacemaker. 

“I can’t get her consent. We haven’t 
been able to contact any family yet,” the 
resident said.

After consulting with physicians 
in neurology and psychiatry, we all 
agreed that a temporary pacemaker 
was necessary. After giving her more 
atropine, Mary came around again and 
gave her consent. The procedure went 
well. Mary’s heartbeat remained above 
60 beats per minute. Her heart rhythm 
problem was solved, but we were still 
unsure why it happened in the first place 
and why her behavior was so unusual.

That answer wasn’t long in coming: 
The neurologist ordered a brain CT 
scan, which showed a brain tumor. This 
was removed the next day and was, 
thankfully, benign. Courtney never again 
bothered Mary.

Brain tumors can provoke significant 
slowing of the heart rate by pressing 
and stimulating the areas in the central 
nervous system that govern heart 
rate. This effect can be intermittent. 
Brain tumors can also cause changes 
in personality and behavior. It’s likely 
that the brain tumor had caused the 
severe slowing in Mary’s heartbeat, and 
led to the changes associated with a 
multiple personality-type syndrome. The 
temporary pacemaker was removed, and 
Mary has remained well ever since.  D

Louis F. Janeira is a cardiac electrophysiologist 

in Terre Haute, Ind., and the author of three 

medical murder mystery books under the 

pen name Jan Eira. The cases described 

in Vital Signs are real, but names and 

certain details have been changed.

“Get the hell away  
from me!” she yelled. 
“Take these restraints 

off me, now!” She went 
on, her expletives  

raunchier and more 
profane by the second.
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→ It took many years of musical 
training for me to realize just how 

bad my singing voice is. I’m a respectable 
musician when I play a guitar, mandolin 
or other stringed instrument. But when I 
open my mouth, a cacophony comes out. 

I have tried to get better — pity the 
vocal teachers who worked to help me. 
But my voice remains defiantly bad, 
and I wonder: What is to blame for this 
selective musical sabotage? Is it my brain, 
my ear or my vocal cords? 

In search of answers, I approach 
the experts at BRAMS (International 
Laboratory for Brain, Music and 
Sound Research), the Montreal-based 
research institute devoted to musical 
cognition and the complex neurobiology 
involved in musical aptitude. I present 
my problem to Sean Hutchins, who 
spent four years at BRAMS studying 
the neuroscience of music. (He is now 
at the Royal Conservatory of Music in 
Toronto.) He says he thinks he can help 
me. He also tells me that the majority of 
self-diagnosed bad singers aren’t quite as 
inept as they think. I like him already.

Hutchins says that even though nearly 
all of us are equipped with the biological 
hardware to produce a wide range of 
notes, bad singing is rampant. “Singing 
is a complex expression,” he explains. 
“The majority of people, around 
60 percent, have a difficult time” with it. 

Over the years, many neurobiologists 
have investigated musical ability, 
exploring how and why we create 
music, the relationships between song 
and language, and other mysteries of 
musical cognition. Hutchins, who has a 
lovely singing voice himself, is an expert 
in musical aptitude. His work centers 
on the puzzle of why musical talent, 
particularly singing, differs so widely 

among us. Much to my delight, he tells 
me that his research explores why some 
people with musical aptitude struggle 
to carry a tune. It turns out that even 
though I have a terrible voice, there are 
some fascinating things going on in my 
brain — and in the brains of all poor 
singers like me. 

THE TUNELESS TRUTH
We all know bad singing when we hear 
it. I recall a minor league baseball game 
where an earnest but dreadful version 
of the national anthem frightened the 
bald eagle that was supposed to glide 
majestically out to the pitcher’s mound; 
he retreated high into the outfield 
bleachers until the song was over. 

But bad singing also has a scientific 

definition. It involves a deficiency 
in three areas: pitch accuracy, the 
ability to keep time and note memory 
(remembering the words and how long a 
note is sustained). 

The research shows that most people, 
regardless of musical training, are 
quite good at two of the three elements: 
timing and note memory. That’s why 
you can still recognize the song I’m 
trying to sing, even though you might 
regret hearing it.

Instead, the usual cause of bad 
singing is a problem with pitch accuracy, 
also called intonation. Pitch is measured 
in cents (100 cents = 1 semitone = 1∕12 
octave), and pitch errors can be defined 
as the number of cents a sung note 
differs from the intended note. 

Singing in the Brain
Why is my voice so bad? It turns out that my noggin is to blame. 
BY JAMES DZIEZYNSKI
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Being off  by more than a half  semitone 
(50 cents) is considered poor singing. 

Overall, Hutchins found that about 
60 percent of non-musicians could be 
classified as bad singers because of pitch 
accuracy errors. Science has proven 
what anyone who watches American 
Idol already knows: Most people really 
cannot carry a tune.

In 2008, Hutchins began exploring 
why so many of us struggle with pitch 
accuracy. He started by ruling out the 
simplest explanation: Bad singers just 
have bad vocal cords (more accurately, 
vocal “folds”). He quickly found that 
the muscles in their throats were not 
to blame, and they were all physically 
capable of hitting a note. 

That narrowed it down to two 
suspects. Bad singing could be a matter 
of perception: Maybe people weren’t 
hearing the notes correctly to begin 
with. Or it could be a difficulty with 
motor control — bad singers couldn’t 
control their vocal cords enough to 
duplicate what they heard. Hutchins put 
both theories on trial. 

He explored perception first. 
Hutchins tested non-musicians and 
musicians with at least seven years of 
experience, requiring them to reproduce 
synthesized vocal tones that he made 
with a computer. First, they matched 
the note using a slider, a simple device 
in which a sliding button changes the 
pitch of a sound, like sliding a finger 
up and down a guitar string. Both 
groups eventually were able to make 
the match, suggesting perception was 
not the problem. “People were hearing 
the right notes,” explains Hutchins. 
“While the trained musicians were 
quicker, all of the participants could 
accurately match the notes.” But 
when they were asked to use their 
own voices to match the note, non-
musicians were successful just 59 
percent of the time. 

What accounted for the difference? 
Hutchins suspected that error correction 
— the brain’s ability to compare its 
output against a target and adjust its 

activity in response — was at the root of 
the problem. Even when he played the 
same note more than 20 times, the non-
musicians who got it wrong the first time 
could not reproduce the pitch. Tellingly, 
they often sang the same erroneous note 
over and over, as if  they were locked in. 
He even allowed them to use a computer 
for help, with a program that depicted 
the pitch of their voice as a bar on a 
screen. They still couldn’t get it right. 

SOUNDS LIKE A CONCLUSION
The fact that untrained people can’t find 
a note even with help, and even after 
many tries, suggests that the brain is 
insistent on producing the error, even 
when the ear knows better. They know 
they’re off-key, but they can’t find their 
way to the right notes. Hutchins’ conclu-
sion: Our brains have the ability to sig-
nal the voice to produce the correct note, 
but have mapped out the wrong output 
to match a perceived note. “Our brains 
are quite good at perception, which is 
why so many of us enjoy listening to 
music without being great musicians,” 
he says. But those same brains give our 
vocal cords faulty instructions.

The term for this error is imitative 
deficit. The brains of bad singers 
associate a note we hear with the wrong 
muscle movement in the voice. The 

Now Hear This
Think you might be tone deaf? 

Try the Distorted Tunes Test at
www.nidcd.nih.gov/tunetest/
Pages/Default.aspx to see if you’re 
able to hear the good, the bad and 
the pitchless. 

To explore your ability to identify 
notes, try this test of absolute 
pitch: www.audiocheck.net/
blindtests_abspitch.php

If you really want to work on your 
voice, this BBC site will help you:
bbc.co.uk/sing/learning/voice.shtml 

James Dziezynski is an author and writer 

living in Boulder, Colo.

wires are crossed. In my case, when I 
hear an E and call upon my brain to 
reproduce it, my brain commands my 
voice to produce a G sharp. It’s as if  
someone switched around all the keys on 
my computer keyboard and punching 
the letter B produces the letter F. My 
ear knows better, which is why I cringe 
when I hear myself, but I cannot easily 
reprogram my brain. 

Researchers studying brain trauma 
and damage have found that remapping 
the brain is possible, but for adults it 
can be a very laborious task, requiring 
practice every day for years. When I 
ask Hutchins if  there is hope for us 
poor singers, he laughs. “I would say 
there’s plenty of hope. Practice, practice, 
practice. A good vocal teacher and 
patience will help.”

Ah, hard work: the answer nobody 
likes to hear. I think I’ll stick with 
rolling up the car windows and letting 
the radio drown out my voice — and 
leave crooning to the pros.  D

Research shows 
that most people, 

regardless of musical 
training, are quite 

good at timing and 
note memory. That’s 

why you can still 
recognize the song 
I’m trying to sing, 
though you might 
regret hearing it.

CITIZEN SCIENCE ALERT Want to 
find out how good you are at pitch 
recognition? Try the Perfect Pitch Test 
at DiscoverMagazine.com/Pitch
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This brain 
researcher wants 
to understand 
why you think 
your memory’s 
better than it 
actually is.

BY KAT MCGOWAN

PHOTOGRAPHS BY

DAVID FRIEDMAN

→Early in her restless, inventive career, Elizabeth Phelps was trying to understand 
the deep structure of memory by showing word lists to people with amnesia — patients who’d 

survived a brain injury or stroke but lost the ability to remember. When she’d talk about her work 
with friends, somebody would eventually ask: What do word lists really have to do with memories 
— the vivid images and intense emotions that flood the mind? It’s a good question. Why do you 
remember best the things that really matter to you? That question, among others, led her to explore 
emotion and the fascinating terrain where memories, fears and stress come together. 

Ever since, Phelps — a past president of the Association for Psychological Science and a  
psychologist at New York University — has pursued questions that get to the heart of what it 
means to be human. She has investigated unconscious bias, decision-making and neuroeconomics, 
all while exploring how emotions influence the way we learn and remember: Why are memories for 
emotional events so vivid, and seemingly so hard to forget? What do we forget, and why? 

To find the answers, Phelps uses the tools and principles of cognitive neuroscience, a discipline 
that explores how the brain gives rise to the mind: how neuroanatomy and the electrical activity 
of nerve cells relate to thoughts and actions.

Hold That Thought

ELIZABETH 
PHELPS 
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Q Many people say we have a 
“rational brain” and an “emotional 

brain.” Is there any truth to that? 

A The idea has been there since the 
early philosophers. It’s intuitive. 

But it’s not scientific. It doesn’t make 
any sense. It doesn’t fit with what we 
know about the brain.

The way it’s described — as if  we have 
two separate tracts in the brain, one of 
which does emotion and one that does 
reason, with separate outputs — doesn’t 
make any sense. It holds us back to think 
about these things so simplistically. 

The role of emotion is to modulate 
your decisions, to prioritize. You should 
be influenced by things that evoke an 
emotional response in you. It would be 
unreasonable not to be. What emotion 
is telling you is, “This is something 
that matters to me.” 

I think we can be much more 
sophisticated and nuanced about how 
we understand the relationship between 
emotion and choices. 

Q Philosophers have a lot to say about 
the human experiences you’re 

interested in — emotions, memories, 
mental life. You were always interested in 
philosophy, and even minored in it. Why 
go the psychology route instead?

A Studying philosophy, you’d spend 
forever talking about the structure 

of knowledge, the nature of human 
beings, or something like that. 

At the end of the semester, 
you’d be thinking, “OK, so 
what’s the answer?” I started 
doing research on memory 
as an undergrad and liked it. 
To me, psychology was like 
philosophy with answers. 

Q What answers did you 
begin to find? What was 

your approach in studying the link 
between memories and emotions? 

A I went on two paths. One was 
to look at what emotion does 

with episodic memories — our ability 
to consciously recollect the events 
of our lives, what most people call 
“memory.” The other path was to study 
fear learning — simple associations 
that are expressed physiologically 
through a bodily response such as a 
change in heart rate, skin conductance, 
arousal or pupil dilation. These are 
part of the fight-or-flight response, 
and they are easy to measure in the 
lab. In my lab, our first 10 years or so 
of research was on how we acquire 
fear. The second decade has been: 
How do we get rid of fears? 

Q You and others have found that 
strong emotions enhance memory. 

But we often think our memory is more 
accurate than it really is. 

A The biggest 
misconception is 

that the strong feelings 
we have for highly 
emotional memories 
indicate they are 
more accurate. We’ve 
known this since 
cognitive psychologist 
Ulric Neisser studied 
memories of the 
explosion of the space 
shuttle Challenger. But it’s so 
compelling. For example, people think 
they have totally accurate memories 

about 9/11. I wouldn’t be able to 
convince you that you don’t. But like 
any other memory, you actually forget 
most of the details.

Q You lived and worked in Manhattan 
on 9/11, and launched a study 

with others on how emotions influence 
memory. How did that happen? 

A Like everybody else, I felt I had 
to do something. An old friend 

and colleague, [neuroscientist] John 
Gabrieli, called just to see if I was OK, 
and the idea of doing a study came 
up. We had little booths on the street, 
and we surveyed people, asking some 
of the canonical questions in memory 
research: How did you become aware of 
it? Where were you, what were you doing, 
who else was there? 

There was a lot of street traffic and 
the weather was beautiful, and people 
seemed to want to be around each other. 
We had a good response.

Q What did you learn when you 
followed up with the same people 

some years later?

A In the study, people were about 50 
percent consistent in remembering 

whom they talked to, but they were 
closer to 80 percent in where they were. 
It makes sense. Some details, because of 
their usefulness, are more important to 
remember than others. We’re set up to 
capture time and place. 

One of the more interesting things 
about emotion and memory is the 

fact that it gives us a height-
ened sense of confidence 

about the memory 
without increasing 
accuracy for a lot of 
the details: whom you 
were talking to, where 
you went afterward. I 

don’t mean people for-
got that 9/11 occurred. 

But people were wrong 
about all the little details 

about 50 percent of the time. 
You forget most of the details — but 
you don’t think you forgot them. TO
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Q So why does it feel like these 
intense experiences are perfectly 

preserved in memory? 

A The term for that is flashbulb 
memory. These are memories for 

highly emotional and traumatic events. 
The term is used because people have 
the feeling that these memories are so 
detailed and vivid that it’s almost like a 
picture taken with a flashbulb. 

In the lab, the way we measure this 
enhanced confidence is that I show you 
scenes that are emotional, such as car 
accident scenes, versus office scenes, 
which are not. Then I show them again 
later and ask you: Do you remember 
this scene with a lot of  detail and 
context? Or does it just seem familiar 
to you? This is the subjective sense of 
remembering: Is it a strong memory 
or a weak one? Do I recollect all 
the little details? 

We see a difference in brain regions 
for emotional versus neutral scenes. If  
it’s a neutral scene, and you remember it 
in a lot of detail, we see more activation 
in an area called the posterior parahip-
pocampus, which is involved in remem-
bering places or physical layout. [On 
the other hand] we see more amygdala 
involvement when you say, “Yeah, I 
really remember it in a lot of detail” if  
it’s an emotional scene. This suggests 
that you’re making the same memory 
judgment — whether the memory is 
strong or weak — but different brain 
systems are involved if  it’s emotional as 
opposed to neutral. 

What does this tell us? We know 
this posterior parahippocampus is 
important for memories for contextual 
details, such as location. We know the 
amygdala is important for enhancing 
your perception and attention for 
central threatening details. That makes 
sense: We should pay extra attention 
to threats in the environment. The cost 
is that sometimes we miss the other 
details. In eyewitness testimony, they 
call it “weapon focus.” At a crime 
scene, if  someone has a gun, people are 
so focused on the weapon, they don’t 
remember the face of  the criminal. 

Maybe what’s happening is that for 
highly emotional situations, you’re 
getting really strong memory for a few 
details, but worse memory for a lot of 
other details. The fact that the memory 
for these few details is really strong leads 
you to believe you have strong memory 
for all the details.

Q So the upshot is that we can’t trust 
our own memories?

A Memory does work. It’s good for 
a lot of things, but it’s not perfect. 

People have a naïve view of what 
memory is supposed to be like, that it 
should always be accurate. That’s not 
the case. Our memory works for us in 
our lives, which doesn’t necessarily mean 
it’s 100 percent accurate. 

If  there’s a threatening circumstance, 
you need the memory of it to avoid it in 
the future. Maybe something like whom 
you are with is not so important, but 
where it happened is really important. 
That’s what I think is going on. 

Q What about you? How’s your  
own memory? 

A I don’t worry about it. When you 
do memory research, forgetting is 

a normal part of memory. Ever since I 
started studying amnesics, I realized I 
don’t have a problem with my memory 

because I met people who really did.
And I don’t believe people who tell 

me they do have a good memory. I 
don’t buy it. When someone says, “I 
absolutely remember you saying that,” 
I say — only in my head because it’s 
annoying — “There’s no way in hell you 
remember those details.” When people 
say, “Oh, I have a really good memory,” 
I think they actually have a bias about 
their memory. Usually they say that 
because they’re trying to prove that 
they’re right and you’re wrong!

Q After you studied how fears are 
acquired, you focused on how 

they’re forgotten. Will we ever be able 
to voluntarily forget our fears? 

A Initially, when you learn to 
fear something, you form an 

association — in our lab, for example, 
we often pair simple images, like a blue 
square, with a shock. Now you have 
a learned fear response to the blue 
square. This very simple notion is what 
Pavlov first described. 

“Fear extinction” is when you learn 
that something that was in the fear 
domain is no longer aversive. In this 
example, the blue square is no longer 
paired with the shock, so you form a 
second association: The event (the blue 
square) that previously predicted the 

Elizabeth Phelps has long sought to understand how memories and emotions interact.



the prefrontal cortex is highly sensitive 
to stress. When you’re highly stressed, 
you’re going to have problems with this 
form of regulation.

So how do we make these reappraisals 
depend less on the prefrontal cortex? For 
anything you learn that takes effort, the 
more you practice it, the more automatic 
it becomes and the less the prefrontal 
cortex is involved. It may be the case 
that when you’re highly skilled at using 
a cognitive strategy to reinterpret, it 
becomes automatic. 

For example, if  you’re afraid of 
parties, you have to go in there think-
ing about all the positive things that 
could happen, rather than the negative 
things. By reinterpreting what you think 
might happen, you might get better 
feedback from other people, and that 
might become how you naturally view 
parties. The more you practice it, the 
more it works. As it becomes more 
habitual, the less likely it is that stress 
would interfere with it — we haven’t 
shown this yet, but it fits in with a lot of 
other science out there.

A lot of our work may be relevant to 
things like trauma and post-traumatic 
stress disorder because the neural cir-
cuitry of PTSD is built on the circuitry 
of fear learning and fear regulation. If  
we can identify ways that stress impairs 
us, we can think about strategies that 
might be more effective in situations 
where people are not adjusting so well. 

Exposure therapy is the best 
treatment we have for phobias, but 
it doesn’t work for everybody, and 
it may work less well in people who 
are highly stressed. 

That’s why reconsolidation is so 
exciting, because we have shown it 
diminishes involvement of the prefrontal 
cortex, which is impaired by stress. The 
hope is we can identify a faster, more 
effective, more long-lasting treatment. 
Clinically, we still have to prove that — 
but hopefully, we’ll get there.  D

A Part of the problem with talking 
about this is people who are truly 

suffering can get excited about it. It’s 
not that we aren’t excited about it. 
We are. But we’re very far away from 
using this in treatment. 

Ultimately, our goal is to be able to 
translate this and a lot of our other 
work to new methods of treatment 
that are more effective. We are nowhere 
close to that right now. That’s why 
we do the research. 

Q You also have researched how stress 
influences thinking. What have 

you found so far? 

A Stress has very uneven effects 
on brain systems. It impairs 

the prefrontal cortex, enhances the 
amygdala, and it might impair the 
hippocampus — all depending on the 
level of stress. So under stress, I’m going 
to get all these imbalances in decision 
and learning systems, and in social 
response systems. For example, we have 
one study showing that if  you’re under 
stress, you’re more likely to attribute 
somebody’s bad actions to who they are, 
as opposed to the circumstances.

What’s underappreciated is how much 
the way we think about a situation 
influences our emotions. This is part of 
the inherent intertwining of emotion 
and cognition. Cognitive-emotional 
regulation is the idea that deliberately 
changing your thoughts about a 
situation can change your emotions. So 
you might have a predisposition to see 
the glass half-empty, but if  you really 
decide to think about it differently, you 
can convince yourself  that the glass is 
half-full. You’re applying a cognitive 
strategy effortfully to change how you 
appraise a situation. 

Q You make it sound easy, but for 
people who tend to see the glass as 

half-empty, it’s very hard to start seeing 
it as half-full. Why is that so difficult? 

A We know from lots of work, not 
just mine, that the prefrontal 

cortex is required to effortfully change 
the way you interpret a situation, and 
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negative outcome (the shock) no longer 
does. To do this, you need activity in the 
[brain’s] prefrontal cortex, which signals 
the cells in the amygdala to inhibit the 
expression of the fear memory. 

This is the same idea as exposure 
therapy for phobias. Say you’re deathly 
afraid of snakes. They’ll first do some-
thing minor, like show you a picture of 
a snake, until you can deal with that. 
Then they’ll show you a fake snake, or 

something like that, until your fear is 
diminished. You’re repeatedly exposed 
to the thing, and you slowly diminish 
your fear response. 

But the original fear doesn’t go 
away. It’s really a competition between 
the fear memory and the extinction 
memory. With the passage of time, the 
fear can come back, we think, because 
you never actually change the original 
fear memory. This may be why exposure 
therapy doesn’t work all the time. A pos-
sibly more effective method is to try to 
change the original fear memory. That’s 
why reconsolidation is so exciting.

Q How does reconsolidation  
work? 

A Every time you retrieve a memory, 
it’s once again vulnerable. The idea 

with reconsolidation is that maybe we 
can target the actual fear memory — 
change it as opposed to inhibiting it. 

Q So we could really get rid of phobias 
or fearful memories this way?

Kat McGowan is a contributing editor 

for Discover. She lives and works 

in New York and Berkeley, Calif. 

The memory studies in Phelps’ NYU lab can 
include giving participants mild electric shocks. 



34  DISCOVERMAGAZINE.COM

Our planet’s c
ore powers a magnetic fi

eld 

that sh
ields us fro

m a hostile
 cosmos. 

But how does it r
eally work?
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Magnetic field lines emanate from Earth’s 
core, deflecting cosmic and solar radiation 
that would otherwise make life impossible.
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A team of Soviet scientists began drill-
ing at Kola in the spring of 1970, with 
the goal of penetrating as far into Earth’s 
crust as their technology would allow. 
Four years before the Russians started 
punching their way into the Kola crust, 
the United States had given up on its own 
deep-drilling program: Project Mohole, 
an attempt to bore several miles through 
the Pacific seafloor and retrieve a sample 
of the underlying mantle. Mohole fell 
far short of its target, reaching a depth 
of just 601 feet after five years of drilling 
under more than 11,000 feet of water.

The Soviets were more persistent. 
Their work at Kola continued for 24 
years — the project outlived the Soviet 
Union itself. Before drilling ended in 
1994, the team hit a layer of 2.7-billion-
year-old rock, almost a billion years 
older than the Vishnu schist at the base 
of the Grand Canyon. Temperatures at 
the bottom of the Kola hole exceeded 
300 degrees Fahrenheit; the rocks were 

On the remote Kola Peninsula in northwestern Russia, amid the rusting ruins of an 
abandoned scientific research station, is the deepest hole in the world. Now covered and 
sealed with a welded metal plate, the Kola Superdeep Borehole, as it’s called, is a remnant 

of a largely forgotten Cold War race that aimed not at the stars, but at Earth’s interior.

so plastic that the hole started to close 
whenever the drill was withdrawn.

While the researchers at Kola bored 
patiently downward, their counterparts 
in the space race sent dozens of craft 
heavenward: as far as the moon, Mars and 
beyond. By the early 1990s, when the Kola 
effort began to stall, the Voyager space-
craft had already passed beyond Pluto’s 
orbit. And the depth of the Kola hole 
after 24 years of drilling? About 7.6 miles 
— deeper than an inverted Mount Everest 
and roughly halfway to the mantle, but 
still a minuscule distance, considering 
Earth’s 7,918-mile diameter. If Earth 
were the size of an apple, the Kola hole 
wouldn’t even break through the skin. 

All the mines on Earth, all the tunnels, 
caves and chasms, all the seas, and all 
of life exist within or on top of the thin 
shell of our planet’s rocky crust, which 
is much thinner, comparatively, than an 
eggshell. Earth’s immense, deep interior 
— the mantle and core — has never been 

directly explored, and probably never 
will be. Everything we know about the 
mantle, which begins about 15 miles 
below the surface, and about Earth’s 
core, 1,800 miles beneath us, has been 
gleaned remotely.

While our understanding of the rest 
of the universe grows almost daily, 
knowledge of the inner workings of our 
own world advances far more slowly. 
“Going into space is just a lot easier than 
going down for an equivalent distance,” 
says David Stevenson, a geophysicist at 
the California Institute of Technology. 
“Going down from 5 kilometers to 10 is 
much harder than going from zero to 5.” 

What scientists do know is that life on 
Earth’s surface is profoundly affected by 
what happens at inaccessible depths. Heat 
from Earth’s inner core, which is as hot 
as the surface of the sun, churns an outer 
core of molten iron and nickel, generating 
a magnetic field that deflects lethal cosmic 
and solar radiation away from the planet. 
For a glimpse of what Earth might be like 
without its protective magnetic shield, we 
have only to look at the lifeless surfaces 
of worlds with anemic magnetic fields, 
like Mars and Venus. 

The planetary architecture that 
provides Earth’s sheltering field has been 
broadly understood for several decades 
now: a solid-iron inner core roughly 
the size of the moon, surrounded by a 
1,400-mile-thick outer core of liquid 
iron and nickel, with 1,800 miles of 
solid mantle above, topped by a crust of 
slowly drifting tectonic plates. But when 
it comes to the very center of the planet, 
this blueprint is sorely incomplete.

“Right at this moment, there is a 
problem with our understanding of 
Earth’s core,” says Stevenson, “and it’s 
something that’s emerged only over 
the last year or two. The problem is a 
serious one. We do not understand how 
the Earth’s magnetic field has lasted 
for billions of  years. We know that the 
Earth has had a magnetic field for most 
of  its history. We don’t know how the 
Earth did that. … We have less of  an 
understanding now than we thought 

Crust
5-25 miles thick

Mantle
1,800 miles thick

Outer core
1,400 miles thick

Inner core
Radius: 760 miles

After 24 years of drilling, 
the Kola well reached 
about 7.6 miles — only 
halfway to the mantle, 
but deep enough for heat 
and pressure to mangle 
the drill bit.

The bulk of our planet is hidden 
beneath a deceptively thin 
crust. At the Kola Peninsula  
in Russia, Soviet scientists 
spent decades just trying  
to reach the core-mantle  
boundary.
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we had a decade ago of  how 
the Earth’s core has operated 
throughout history.”

A MODEST PROPOSAL
On a warm summer morning, 
I met with Stevenson at his 
Caltech office in Pasadena. He 
was dressed for the weather, 
wearing shorts, sandals and a 
short-sleeved shirt. We talked 
for a while about how the 
surfaces of Mars and other 
planets, despite being tens or 
hundreds of millions of miles 
away, are far more accessible 
than Earth’s core.

“Of course, the universe 
above the Earth is mostly 
transparent! So you have the 
wonderful opportunity to use photons 
to tell you about the rest of  the uni-
verse,” he says. “But you can’t do that 
inside the Earth. So the methods we 
have for seeing inside the Earth, if  you 
will, are actually quite limited.”

Eleven years ago, Stevenson published 
a paper in the journal Nature outlining 
a wild scheme to get around some of 
those limitations. His article, “Mission 
to Earth’s core — a modest proposal,” 
described a way to send a small probe 
directly to the center of the Earth. The 
article’s title was a nod to Jonathan 
Swift’s 1729 satirical essay, “A Modest 
Proposal,” which mocked harsh British 
policies in Ireland by suggesting that the 
Irish alleviate their poverty by selling 
their children as meat to the English 
gentry. Like Swift, Stevenson wasn’t 
arguing for the actual feasibility of his 
idea; the paper was a thought experi-
ment, an exercise to show the literally 
earthshaking scale of effort that would 
be needed to probe deep into the planet. 

The first step in Stevenson’s journey to 
the center of the Earth: Detonate a ther-
monuclear weapon to blast a crack several 
hundred meters deep in Earth’s surface. 
Next, pour 110,000 tons of molten iron 
into the crack. (Stevenson told me that he 
now thinks 110,000 tons is an underesti-
mate. On the plus side, a nuclear explosion 
might not be necessary — a million tons 
of conventional explosives might suffice.) 
Molten iron, being about twice as dense as 
the surrounding mantle, would propagate 
the crack downward, all the way to the 

core. The crack behind the descending 
blob of iron would quickly seal itself  
under pressure from the surrounding rock, 
so there would be no risk of the crack 
spreading catastrophically and splitting 
the planet wide open. Carried along with 
the sinking iron would be a heat-resistant 
probe about the size of a football. 
Stevenson estimated that the molten iron 
and probe would move at a rate of about 
10 mph and reach the core in a week. 

The probe would record data on the 
temperature, pressure and composition 
of the rock it passed through. Since radio 
waves can’t penetrate solid rock, the probe 
would vibrate, transmitting data in a 
series of tiny seismic waves. An extremely 
sensitive seismometer on Earth’s surface 
would receive the signals.

It’s within the reach of current 
technology to build a probe capable of 
surviving immersion in molten iron and 
to collect its data, but what about the 
rest of the plan? Could some version of 
Stevenson’s idea possibly work?

“The particular scheme I proposed is 
probably impractical,” he tells me, mostly 
because of the enormous quantities 
of molten iron that would be needed. 
“But it was not physically ridiculous. 
Engineering it may have been ridiculous, 
but in terms of physical principles, I 
wasn’t violating any laws of physics. I 
was showing that in a world unrestricted 
by concerns about how much money you 
would spend, you could contemplate 
doing what I described.”

Proposing a realistic mission wasn’t 

the point of the paper, Stevenson says. 
He wanted to highlight the limits of what 
can be known by constructing theories 
about Earth’s interior from our perch on 
the planet’s surface. “I wanted to remind 
people that the history of planetary 
exploration has told us the importance 
of going there. Time after time, we have 
learned things when we arrive at a planet 
that we had not suspected by looking 
at that planet from afar. I believe very 
strongly in this aspect of science.

“There is a danger that we will 
compartmentalize our understanding 
of an aspect of the universe by saying 
to ourselves, ‘OK, we know we can’t 
go there, so we’re going to build this 
elaborate story of what’s there based on 
remote observations.’ And this is what we 
do for the Earth,” Stevenson continues. 
“We don’t even know whether the 
material immediately adjacent to the core 
is entirely solid or partly solid. We don’t 
know the character of the core-mantle 
boundary. There are a lot of questions 
that would only be answered with preci-
sion by going there.”

SEEKING THE CENTER
Lacking direct access to anything beyond 
a few miles beneath Earth’s surface, 
Stevenson and other geophysicists are 
forced to rely on indirect methods, at 
least for now. Educated guesswork — 
and not-so-educated guesswork — has 
a long history in geology. While Kepler, 
Galileo and others were establishing the 
foundations of modern astronomy in the 

The surface of Venus, shown in this artist’s interpretation, appears as a bleak 
hellscape filled with choking sulfur clouds. The planet’s magnetic field offers 
little protection against the sun’s deadly rays. 

FFFoorr aa ggglllimmmpsseee  
oooff wwwhaaattt EEEaarrtthhh 
mmmigghhtt  bbbee likkeee 
wiitthhooouuutt itss 
prrootteeecccttiiivvee  

mmaaagnnneetttiiccc ssshhieelldd, 
wwwe hhaavvveee ooonnlyyy  
ttoo lloooookkk attt thheee 
liifffelleeesss sssuurrrfaaccee 

off aa wwwoorrrldd  
likkee VVVeeennuuss.. 
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17th century, the study of Earth itself  
remained a medieval science, mired in 
myth and fantastic imaginings.

A map published in 1664 by Jesuit 
scholar Athanasius Kircher depicts a 
cavernous Earth riddled with chambers 
— some filled with air, some with water, 
some with fire. Hell occupied Earth’s 
blazing center; purgatory lay a bit farther 
out. Ducts flowing with flames warmed 
hot springs, fed volcanoes and tormented 
the damned. Whatever his faults as a 
theoretician, Kircher was no armchair 
scholar. He once had an assistant lower 
him into the active and smoking crater 
of Mount Vesuvius so he could take 
temperature measurements. 

Even the best astronomers of the day 
stumbled when they turned their atten-
tions Earthward. In a paper published 
in 1692, Edmond Halley, later famed 
for charting the orbit of his eponymous 
comet, argued that Earth was mostly hol-
low, consisting of three concentric shells 
rotating around a core. He estimated that 
the outermost shell — the one we live on 
— was 500 miles thick. (Halley based his 
calculations on a mistaken result by Isaac 
Newton regarding the relative masses 
of the moon and Earth, leading Halley 
to grossly underestimate Earth’s mass.) 
Atmospheres of glowing gas separated the 

shells, each of which 
had its own magnetic 
poles. Halley believed 
the inner shells might even 
be inhabited and lit by subterranean suns.

A detailed picture of Earth’s structure 
began to emerge only after the invention 
of the time-recording seismograph in 
1875. North America’s first seismograph 
was installed at Lick Observatory near 
San Jose, Calif., in the late 19th century; 
it recorded the San Francisco earthquake 
of 1906. By the early 20th century, 
a global network of the instruments 
allowed researchers to record seismic 
waves that had traveled from one side of 
the planet to the other.

An earthquake powerful enough to 
be felt occurs somewhere 
in the world about once 
every 30 minutes. Each 
releases a variety of 
seismic waves. In addition 
to the waves that distort 
Earth’s surface and cause 
so much destruction, 
earthquakes spawn two 
other types of seismic 
energy that ricochet 
through the body of the 
entire planet. Primary 
waves, or P-waves, 

compress the layers of rock or liquid 
they pass through. They move at more 
than 16,000 feet per second through 
granite. Secondary waves, or S-waves, 
pull rocks apart as they undulate through 
the planet, creating what scientists call 
shear forces. Traveling at about half  the 
speed of P-waves, they’re the second 
type of wave to reach seismographs, 
hence their name.

Secondary waves move only through 
solids; shear forces don’t exist in liquids 
(since liquids can’t be torn apart). The 
speeds and paths of both types of waves 
vary with the density and elasticity of the 
materials they encounter. Whenever the 
waves reach a boundary between regions 
differing in density or other properties, 
they are deflected from their trajectories. 

By analyzing these sorts of data from 
seismic waves, scientists can identify 

the rocks and metals that make up 
Earth’s mantle and core.

Until well into the 20th 
century, most scientists believed 
Earth had a liquid iron core. The 

evidence seemed clear: Seismic 
maps of Earth’s interior revealed an 

absence of S-waves at the center of the 
Earth, presumably because the waves hit a 
liquid zone through which they could not 
travel. Seismic studies also revealed that 
all earthquakes created a P-wave “shadow 
zone” on Earth’s surface where primary 
waves didn’t arrive at some seismic sta-
tions; the location of the P-wave shadow 
zone varied with the point of origin of the 
earthquake. To explain the shadow zone, 
scientists reasoned that Earth’s presumed 
liquid core deflected P-waves from their 
expected trajectories, so they wouldn’t be 
recorded at all seismographic stations. 

The first hint that Earth actually 
had a solid iron core beneath a liquid 

layer came in 1929, after a 
magnitude-7.8 earthquake 
shook New Zealand. Such 
large temblors provide a 
wealth of data, and research-
ers around the world pored 
over seismograph recordings 
in the quake’s aftermath. But 
only one scientist noticed 
anything unusual. Inge 
Lehmann, a Danish seismolo-
gist, made meticulous notes 
on seismic activity, including 
the arrival time of P-waves, at 

The late 1600s brought fantastical views of our planet’s interior, such  
as those by Athanasius Kircher (above) and Edmond Halley (right).

The Lick 
Observatory in 
California was 
home to North 
America’s first 
time-recording 
seismograph, 
shown here 
in a drawing.
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various seismographic stations. 
(Lehmann kept her notes on 
cards that she stored in empty 
oatmeal boxes.) She found 
P-waves in what should have 
been P-wave shadow zones. If  
Earth’s core were completely 
liquid, P-waves should have 
been deflected away from the 
shadow zones. In a paper pub-
lished in 1936, she argued that 
the anomalous P-waves must have been 
deflected from some denser structure 
within the liquid core, sending them 
on trajectories into the shadow zones. 
Lehmann concluded that Earth must 
have a solid inner core. It wasn’t until 
1970 that instruments became sensitive 
enough to prove beyond a doubt that she 
was right. Lehmann, who published her 
last scientific paper when she was 98, died 
in 1993 at the age of 104.

EARTH’S BURNING,  
CHURNING ENGINE
With the discovery of  the nature of 
the inner core, the basic components 
of  Earth’s composition — and even 
the planet’s evolution from its molten 
origins — were in place. Or so it seemed 
until recently. New research has uncov-
ered a flaw in our understanding of  the 
core — specifically, about the manner in 
which heat energy flows from the core 

and through the overlying 
mantle. The problem raises 
important questions about 
the age of  the inner core, and 
about how Earth generates its 
magnetic field, a phenomenon 
crucial for the existence of  life.

Based on the radioactive 
dating of  ancient rocks, 
scientists estimate that Earth 
formed about 4.5 billion years 

ago. As the molten proto-Earth cooled, 
its outermost layer hardened into a thin 
crust. Earth’s mantle also solidified over 
time, though even now the temperature 
at the lower mantle is about 4,000 F.

The inner core, once entirely liquid, 
is slowly solidifying from the inside out, 
increasing its diameter by about half  a 
millimeter per year, according to some 
estimates. Iron’s melting point is greater 
at higher pressure, and as the planet 
cooled, the extreme pressures at the very 
center of Earth eventually prevented the 
iron there from continuing to exist as a 
liquid. Despite sunlike temperatures, the 
inner core began to solidify, 
and it’s been growing ever 
since. Under slightly less 
pressure, the outer core — a 
1,400-mile-deep, 8,000-degree 
ocean of iron and nickel — is 
still hot enough to be fluid. 
“It would flow through your 

hands like water,” says Bruce Buffett, 
a geophysicist at the University of 
California, Berkeley.

All of Earth’s layers, from core to 
crust, are in constant motion, caused by 
the flow of heat. Heat moves through 
Earth’s interior in two fundamentally 
different ways: convection and conduc-
tion. Convection occurs when heat from 
below creates motion in the layers above 
— heated material rises, then falls back 
again as it cools, only to be heated once 
more. Convection is what roils a pot of 
boiling soup. Deep inside Earth, slow-
motion convection of rocky minerals in 
the mantle and heat loss from the cooling 
solid inner core cause convection in the 
liquid outer core.

Heat also makes its way through the 
Earth by conduction — the transfer 
of thermal energy by molecules inside 
a material from hotter areas to colder 
ones — without causing any motion. To 
continue the soup example, heat is con-
ducted through the bottom of the metal 
pot. The metal in the pot doesn’t move; it 

simply transmits, or conducts, 
heat to the pot’s contents. The 

same is true inside the Earth: 
In addition to convection currents 
moving heated material through 
the outer core and mantle, heat 
is conducted through liquids and 
solids without roiling them.

Primary (P) waves
compress the layers of rock or 
liquid they pass through and are 
the first to reach seismic stations.

Secondary (S) waves
travel half as fast as P-waves, 
shearing rocks apart. S-waves stop 
when they hit a liquid boundary.

Lehmann’s errant P-wave 
shown at left in yellow.

Unlike S-waves, P-waves can travel through liquid, but 
the change in density deflects them, creating “shadow 
zones” with no P-waves. The absence of S-waves 
at Earth’s center and the presence of P-wave shadow 
zones led scientists to believe Earth’s inner core was 
liquid. In 1936, seismologist Inge Lehmann reported 
P-waves in a P-wave shadow zone. (Her findings  
are redrawn at right.) She recognized the unexpected 
deflection pattern as a hint of a solid inner core.

Earthquakes send seismic waves coursing 
through the planet (right). Analyzing the 

waves’ strength and arrival times at seismic 
stations around the world allows scientists to look 

inside our otherwise inaccessible interior. Two types of 
waves are key to seismic studies: P-waves and S-waves.

Inge Lehmann
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Researchers have known for many 
decades that the slow, convective 
sloshing of  liquid iron in the outer core, 
aided by Earth’s rotation, generates the 
planet’s magnetic field. As the molten 
iron flows, it creates electric currents, 
which generate local magnetic fields. 
Those fields in turn give rise to more 
electric currents, an effect that results in 
a self-sustaining cycle called a geody-
namo. Evidence from ancient rocks 
reveals that Earth’s geodynamo has been 
up and running for at least 3.5 billion 
years. (When rocks form, their magnetic 
minerals line up with Earth’s field, and 
that orientation is preserved when the 
rocks solidify, providing geophysicists 
with a record, written in stone, of  the 
planet’s magnetic past.)

But here is the fundamental problem 
with our understanding of the geody-
namo: It can’t work in the way geophysi-
cists have long believed. Two years ago, 
a team of scientists from two British 
universities discovered that liquid iron, 
at the temperatures and pressures found 
in the outer core, conducts far more heat 
into the mantle than anyone had thought 
possible. “Earlier estimates were much 
too low,” says Dario Alfè, a geophysicist 
at University College London, who 
participated in the new research. “The 
conductivity is two or three times higher 
than what people used to think.”

The discovery is vexing: If  liquid iron 
conducts heat into the mantle at such 
a high rate, there wouldn’t be enough 
heat left in the outer core to churn its 

ocean of  liquid iron. In other words, 
there would be no heat-driven convec-
tion in the outer core. If  a pot of  soup 
conducted heat into the surrounding 
air this effectively, convection would 
never start, and the soup would never 
boil. “This is a big problem,” Alfè says, 
“because convection is what drives 
the geodynamo. We would not have a 
geodynamo without convection.”

Alfè and his colleagues used supercom-
puters to carry out a “first principles” 
calculation of heat flow in liquid iron 
at Earth’s core. By first principles, they 
mean that they solved a set of complex 
equations that govern the atomic states of 
iron. They weren’t estimating or extrapo-
lating from lab experiments — they 
were applying the laws of fundamental 
quantum mechanics to derive iron’s 
properties at extreme pressures and tem-
peratures. The British researchers spent 
several years developing the mathematical 
techniques used in the equations; only 
in recent years have computers become 
powerful enough to solve them. 

“It was exciting and scary because we 
found values that were very different from 
what people have used,” Alfè says about 
the discovery. “The first thing you think 
is, ‘I don’t want to be wrong with this.’ ”

NO IMPACTS, NO MAGNETIC  
FIELD, NO LIFE?
The work has gained wide acceptance 
since its publication in Nature two years 
ago, especially since their first principles 
calculations now have some experimental 

backing. A team of Japanese researchers 
recently found that small samples of 
iron, when subjected to high pressures 
in the laboratory, displayed the same 
heat-transfer properties that Alfè and 
his colleagues predicted. Stevenson, 
the Caltech geophysicist, says the new 
values for liquid iron’s conductivity will 
probably stand the test of time. “It’s 
possible that the numbers might come 
down a little bit, but I’d be surprised to 
see them come all the way down to the 
conventional value,” he says.

So how can the new findings be 
reconciled with the undeniable existence 
of  the planet’s magnetic field? Stevenson 
and other researchers have previously 
proposed a second mechanism besides 
heat flow that could produce the 
required convection in the outer core. 
The inner core, although composed 
almost entirely of  pure iron, is thought 
to contain traces of  lighter elements, 
primarily oxygen and silicon. As 
the iron in the inner core cools and 
solidifies, the researchers hypothesize, 
some of  those light elements would be 
squeezed out, like the salt extruded from 
ice crystals when seawater freezes. Those 
light elements would then rise into the 
liquid outer core, creating convection 
currents. This so-called compositional 

A 

Solar radiation strikes the magnetic 
field, compressing its sunward side 
into a “bow shock” and forcing  
particles to detour around Earth in 
an area called the magnetosheath. 

Convection of mantle 
material and liquid iron  

in the outer core (black arrows), 
aided by Earth’s rotation, generates  

the planet’s magnetic field (blue arrows and 
lines). This cycle, called a geodynamo, protects  
Earth from cosmic and solar radiation.



July/August 2014  DISCOVER  41

JU
LI

AN
 B

AU
M

/T
AK

E 
27

 LT
D

convection would be another way to 
power the geodynamo.

But compositional convection would 
work only once an inner core had already 
formed. In a purely liquid core, the light 
elements would be evenly distributed 
throughout the liquid, so there would 
be no compositional convection. Based 
on how fast Earth’s core is cooling and 
solidifying now, it’s likely that the inner 
core formed relatively recently, perhaps 
within the past billion years.

How did the geodynamo manage to 
function for at least a couple of billion 
years before the inner core existed? “The 
problem is actually in Earth’s past,” not 
in the present, says Alfè. “This is where 
new hypotheses are coming in. Some 
people are saying maybe the Earth was a 
lot hotter in the past.”

If  the young Earth contained more 
heat than current theories account for, 
there might have been enough left over 
to power the requisite convection, even 
given the new findings about liquid iron’s 
higher conductivity. What could have 
provided the extra heat? One of the lead-
ing explanations would have beggared the 
imaginations of even the most inventive 
medieval mapmakers: Primordial colli-
sions between the young Earth and other 
protoplanets forced mantle material into 
the core, providing the heat that kick-
started Earth’s geodynamo.

The idea that a Mars-size body 
smashed into Earth roughly 4.5 bil-
lion years ago was first proposed in 
the 1970s, in an effort to explain the 
uncanny resemblance of  moon rocks to 
terrestrial ones. Moon rocks are unique 
in that regard. Meteorites, for example, 
have chemical and elemental profiles that 
mark them as distinctly otherworldly. 
“But rocks from the moon and the Earth 
look identical,” says Buffett.

Stevenson, Buffett and other research-
ers suspect that the theory of the moon’s 
fiery birth might also solve the problem 
of how Earth kept its geodynamo 
running before the inner core formed: 
Much of the impact energy of primordial 
collisions, like the one that may have 
caused the moon to form, would have 
been converted into heat, liquefying 
Earth’s interior. Some of the debris from 
one of these impacts eventually coalesced 
to form the moon. Earth itself  was left so 
hot that it would have glowed like a small 

star for a thousand years. “Most people 
think that these impacts probably set the 
initial thermal conditions of the planet,” 
says Buffett. “And the core has been 
tapping that heat over geological time.” 

Were it not for that store of excess 
heat, Earth’s geodynamo might never 
have started. And without a protective 
magnetic field around the planet, solar 
radiation would have stripped Earth’s 
atmosphere and bombarded the surface, 
which was apparently the fate of Mars. It 
may be that several seemingly disparate 
phenomena were essential in making 
Earth a habitable world: the formation 
of the moon, the planetary magnetic 
field, plate tectonics and the presence of 
water. Without the collision that created 
the moon, there wouldn’t have been 
enough heat for convection to start in 
Earth’s core and power the magnetic field. 
Without water, Earth’s crust might have 
remained too strong to be broken up into 
tectonic plates; and without a tectonically 
fractured crust, too much heat would have 
been trapped inside Earth. Without Earth 
being able to cool, there would have been 
no convection and conduction.

“Are these things connected, or are 
they just happy coincidences?” asks 
Buffett. “We don’t know for sure. These 
correspondences are intriguing. You 
can look at Venus: no plate tectonics, no 
water, no magnetic field. The more you 
look at this and think about it, the more 
you think it can’t be a coincidence. The 
thought that these things might all be 
connected is kind of wondrous.” 

Is Earth unique, then? Does life 
require more than oxygen, water and 
suitable temperatures? Are a fortuitous 
primordial collision and a moon also 
necessary, along with a churning liquid 
core? How repeatable might the circum-
stances be that gave rise to our world, 
with its crust filmed with life, shielded 
from a hostile cosmos by a 3.5-billion-
year-old internal engine of heat and iron?

“It’s still not clear how unusual our 
solar system is,” says Stevenson. “It’s 
certainly clear that planets are extremely 
common — there is absolutely no doubt 
about that. But the formation of planets 
is not a deterministic process. It is a 
chaotic process that has a variety of 
outcomes. In our solar system alone, 
there are striking differences between 
Earth and Venus. I think it’s a matter of 
chance, just how the game played out, 
how the dice were thrown.”

The answers may come as we learn 
more about the sorts of worlds that orbit 
other stars, Stevenson says. Perhaps a 
handful of those worlds will resemble 
our own, or maybe thousands will. And 
maybe one will have inhabitants dwell-
ing on a thin mutable crust, drilling, 
monitoring tremors, building theories, 
seeking to understand what lies beneath 
them, and wondering if  their world is 
miraculous or mundane.  D

Tim Folger is a contributing editor to Discover 

and series editor of The Best American Science 

and Nature Writing series, an annual anthology. 

He lives in New Mexico.
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iinnteeerrriooorr. Protoplanet collisions with a young Earth may have led to the  

birth of our moon and could have kick-started the geodynamo  
that makes life here possible.
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Why

Works
Once dismissed 
as a psychological 
curiosity, the 
PLACEBO effect is 
now recognized 
as the key to the 
brain’s “inner 
pharmacy.” If only 
doctors knew 
how to open the 
medicine cabinet. 

BY ERIK VANCE
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Sarah Lidstone has a long history with the medical world. A ballet 
dancer from the age of 3, she developed acute scoliosis and wore 
a back brace throughout much of her teens. “I spent a lot of my 
childhood in doctors’ offices,” she says with a wide Cheshire grin. 
“I loved carrying my X-rays around when I was 10.”

The brace gradually coaxed Lidstone’s body to straighten itself 
out, but her experience left her with an enduring fascination for 
medicine and a desire to ease the suffering of others. In college 
she gravitated to brain science, and particularly to Parkinson’s 
disease, a crippling condition caused by chronically low 

dopamine levels in the brain. Dopamine, 
in addition to moderating mood, controls 
brain regions crucial to movement. 
Lidstone was fascinated by the brain’s 
dopamine systems and by these patients, 
who were trapped in bodies that wouldn’t 
respond properly.

After starting her doctorate work in neurology in 2003 at 
the University of  British Columbia, Lidstone led a rather 
odd brain-imaging experiment. She brought 40 patients with 
mild Parkinson’s into the lab for a simple drug therapy and 
explained that some would get their usual dose of  Parkinson’s 
medication, which boosts the brain’s dopamine levels. The 
others, she said, would get a placebo — an inactive pill that 
looked just like their usual drug. Then they would lie in a 
high-resolution positron emission tomography (PET) scanner 
for a grueling 90 minutes while the machine took pictures 
in 2-millimeter increments of  their nucleus accumbens, 
a region deep in the brain that (among other things) 
controls reward and motivation.

When Lidstone’s patients emerged from the scanner, many 
of  them moved easily, as one would expect after a dose of 
their medication. One older patient with a tall, stooped frame 
arrived in a wheelchair. He took the pill, sat through the 
scan, and then walked out past the wheelchair and up a flight 
of  stairs to the debriefing room. There, Lidstone dropped a 
bomb on him: There was no drug. Everyone in the trial got 
the same thing — a simple placebo pill.

“When I told him he actually got a placebo, he laughed 
at me,” Lidstone says. “He was like, ‘Are you serious? I 
can’t believe I was able to do this on my own without 
my medication.’ ”

Whether he improved “on his own” is open to 
interpretation. Parkinson’s patients are especially susceptible 
to the placebo effect — a phenomenon by which a condition 
improves solely because the patient believes treatment has 
occurred. When Lidstone’s team analyzed the patients’ brain 
activity, the PET images showed dopamine flooding the 
synapses in the crucial motor control region of  their brains, 
just as surely as from a dose of  medication. It was the first 
time placebo responses in Parkinson’s disease had been 
definitively linked to a natural burst of  dopamine.

“Perhaps it was because I’ve been a patient myself, I don’t 
know. I think the idea of patients being able to heal themselves 
is very powerful,” says Lidstone, a gregarious woman who still 
moves with the grace of a dancer.

Some practitioners dismiss placebo effects as irrelevant. 
Others blame such effects on neurosis. But scientists are 
increasingly recognizing the placebo response as an authentic 
neurochemical reaction in the brain. In the past decade, imaging 
studies have opened up the possibility that scientists will soon 
understand the mysterious phenomenon and even harness it in 
clinical practice — unleashing the power of, well, nothing. 

The new evidence has established that placebos trigger the 
brain’s “inner pharmacy” — in essence, a warehouse perpetually 
stocked to deliver active drugs to itself. In addition to improving 
Parkinson’s symptoms, that same inner pharmacy can affect 
conditions like pain, depression, irritable bowel syndrome, 
anxiety, schizophrenia and more. As the placebo effect emerges 
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from a long history in the shadows, the new question is: How can 
we use this age-old brain trick to our advantage?

or as long as medicine has existed, the placebo 
effect has been quietly playing a role in treatment. 
Benjamin Franklin formally demonstrated 
placebos in 1784, using them to show that magnets 
can’t cure disease. But it wasn’t until after World 

War II that they became the milepost against which all drugs 
would be measured. The change came about after a massive 
scandal surrounding the drug thalidomide, which in the 1950s 
was widely prescribed to pregnant women to alleviate morning 
sickness. The drug, untested in pregnant women, caused severe 
birth defects in thousands of  infants, and the FDA scrambled 
to improve drug testing. The use of  placebos, though it would 
not have prevented the thalidomide disaster, was one such 
improvement. Beginning in 1962, drug trials had to include a 
patient group getting bogus treatment. Today, every drug must 
outperform a placebo before being sold in the U.S. 

The numbers here are not trivial. In some conditions, such 
as cancer, few patients respond to placebos; in others, such 
as pain and depression, more than 50 percent might. But 
despite the placebo effect’s clear influence on health, it was 
long consigned to a mysterious realm somewhere between 
psychology and pharmacology. The placebo effect “was 
regarded for many, many years as just a nuisance variable, 
something you had to take 
into account to find out about 
something else,” says Harvard 
University psychologist Irving 
Kirsch, who has studied 
placebos and clinical trial 
design for decades. “And 
very few people were at all 
interested in understanding it.” 

Interest sparked with the 
discovery of  endorphins — 
morphine-like molecules, 
often called opioids, that the 
body produces during exercise 
and that have painkilling 
or euphoric effects on the 
brain. It wasn’t long before researchers made the connection 
between opioids and placebos. In 1978, rheumatologist Jon 
Levine and neurologist Howard Fields, both at the University 
of  California, San Francisco, did a simple experiment with 
people in pain after dental surgery. Telling patients it was 
something to ease their pain, Levine and Fields gave patients 
either a placebo injection or a dose of  naloxone, which blocks 
the brain’s ability to soak up endorphins. 

The patients who got naloxone remained miserable; their 
brains couldn’t use endorphins to temper their pain. In 

contrast, many who got a placebo felt their pain subside. The 
study elegantly showed that for pain, placebo effects were not 
some neurosis but the brain medicating itself. 

The paper was hailed as further proof  of  the need for 
placebo controls in drug trials. But Fabrizio Benedetti, an 
Italian neuroscientist, saw wider implications. In the 1990s, 
he further tested the relationship between opioids and the 
placebo effect. He was also curious whether a similar process 
could explain nocebo effects — a parallel phenomenon in 
which the brain is fooled into perceiving increased pain. He 
focused on the natural hormone cholecystokinin (CCK), 
which actually increases pain by counteracting opioids. In one 
experiment, Benedetti gave patients recovering from minor 
surgery a drug that he said would increase their pain. Really 
what he injected was saltwater, yet just as they’d been led to 
expect, they reported more pain. When Benedetti blocked the 
release of  CCK in his patients, they felt immensely better. 

Perhaps, Benedetti thought, CCK is to nocebos what opioids 
are to placebos: Whereas blocking opioids canceled pain relief, 
blocking CCK actually supercharged it by allowing opioids to 
run wild in the brain. It was a fascinating idea, but still mostly 
inference, as Benedetti and others weren’t able to truly watch 
either the placebo or the nocebo process unfurl. Scientists needed 
a tool to allow them to witness the process in action.

Then came two papers that took placebo research into 
the age of  brain imaging. In the first, published in Science 

(  )(  )Nocebo
From the Latin “I shall 

harm,” a nocebo is an 
intervention that has the 

opposite effect of a placebo, 
causing patients to expect 

symptoms to worsen. 
Nocebos, like placebos, 

can stimulate 
physiological effects. 

Placebo
From the Latin “I shall 
please,” a placebo is a 

sham medical intervention 
(such as an inert pill) that does 
not contain active medicine. 
Placebos can alter patients’ 
expectations for healing, 

triggering powerful effects 
in the brain and body.

in 2002, a team led by neuroscientist Predrag Petrovic at the 
Karolinska Institute in Stockholm strapped painful, hot metal 
pads to nine subjects. They injected some subjects with a 
powerful opioid painkiller and others with a placebo and had 
them rate their pain. As expected, the placebo worked.

But Petrovic was most interested in how the placebo effect 
played out in the brain. Subjects completed the experiment 
while in a PET scanner, allowing Petrovic to track their brain 
activity as they experienced both pain and pain relief. As 
hypothesized, the brain activity of those in the placebo group 
resembled those that got the drug, especially in a region called 
the anterior cingulate cortex, or ACC. This region in the middle 
of the brain is important in processing emotion, anticipating 
rewards and registering pain. Clearly, Petrovic’s findings 
showed, the ACC also responds to placebos.

The mind’s power to heal goes beyond placebo.  
See six ways to unlock your built-in medicine cabinet:  
DiscoverMagazine.com/Healing
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Then psychologist Tor Wager, at the time a graduate 
student at the University of  Michigan, took placebo imaging 
one step further. Raised in Christian Science, Wager had an 
enduring curiosity about mind-body connections. But he got 
the impression that many in his field considered that kind 
of  work too “flaky” for a promising young scientist. “When 
I started grad school, there was this idea that there were 
certain areas that people should study,” says Wager, now at the 
University of  Colorado at Boulder. The placebo effect was not 
one of  them. “Placebo has a long history of  being a word for 
an effect that can’t possibly be something real, by definition.”

But Wager longed to follow up Benedetti’s work looking at 
a tangible link between thought and bodily experience. So he 
set up a side project attempting to map the placebo effect as it 
was happening. In one experiment, he and colleagues had 24 

Placebos trigger the 
brain’s “inner pharmacy” 

— in essence, its 
warehouse, perpetually 

stocked to deliver real 
and active drugs to itself. 
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PAIN MIGRATION 
THROUGH THE BRAIN
Pain signals travel from 
the body to the thalamus, 
insula and anterior 
cingulate cortex, and then 
to the prefrontal cortex, 
producing the conscious 
experience of pain. 
Release of opioids and 
other neurochemicals can 
“short circuit” pain signals 
ascending to the cortex.

PLACEBO MIGRATION 
THROUGH THE BRAIN 
Research indicates that 
the placebo response 
travels the opposite 
course, beginning with 
conscious expectations in 
the prefrontal cortex and 
then proceeding to more 
primitive regions.

Anterior cingulate 
cortex (ACC)

Anterior cingulate 
cortex (ACC)

Thalamus and 
insula regions

Thalamus and 
insula regions

Prefrontal 
cortex

Prefrontal 
cortex

subjects lie in an fMRI machine, an imaging device that tracks 
the blood flow and oxygen use that accompany brain activity. 
While subjects were in the scanner, the researchers administered 
a series of electric shocks to their wrists, each time warning 
them (by showing them either a blue or a red cue on a screen) 
whether the next shock would be mild or intense. After each 
shock, subjects described their pain. 

After a round of  shocks, the experimenter rubbed a skin 
cream on subjects’ wrists, telling some it was an experimental 
salve and others that it was a placebo cream. In reality it 
was all placebo cream. A third of  subjects who got what 
they thought was the painkilling cream reported less pain, 
showing a clear placebo effect. 

When Wager analyzed subjects’ brain activity, he found that 
the people who reported the greatest relief  after receiving a 
placebo also showed the strongest reduction in activity in the 
ACC, the thalamus and the insula, all evolutionarily primitive 
brain structures that respond to physical pain. 

Suddenly, it was clear that when a patient improved on 
placebo, it wasn’t just some delusion or an effort to please 
a person in a lab coat. It was a measurable brain event and 
reflected an actual reduction in the experience of  pain.

Even more interestingly, Wager and his colleagues saw 
that when their subjects were anticipating pain relief, activity 
spiked in the more evolutionarily advanced prefrontal cortex, 
a region in the front of the brain that is central to generating 
expectations, and in a section of the midbrain that is key to 
the release of opioids. The more a subject’s prefrontal cortex 
ramped up with anticipated pain relief, the more activity 
Wager’s group saw in the midbrain.

Wager’s findings implied that the physiological stream of 

events involved in placebo responses might be the reverse 
of  what happens during the experience of  pain. Normally, 
pain signals begin somewhere in the body and work their 
way to the thalamus, deep in the brain, and then to the 
prefrontal cortex, producing conscious perception of  pain. 
By contrast, Wager’s work, published in Science in 2004, 
suggested that the placebo effect starts in the evolutionarily 
newer parts of  the brain related to expectations and works 
its way backward toward more primitive areas that release 
opioids. It’s as though the brain goes out of  its way to 
ensure reality matches expectations.

ike many in the field of  placebo research, 
neurologist Luana Colloca has a practiced 
calmness about her. Her bedside manner is a 
sort of  bashful nerdiness punctuated by sudden 
mischievous smiles. That manner, coupled with a 

level gaze and warm eyes behind glasses that slip down her 
nose, inspires both comfort and confidence.

Perhaps that is how she persuaded me one cold, clear January 
day to strap a painful electrode to my left hand for half  an 
hour. Colloca’s laboratory is tucked into a small corner of the 
sprawling National Institutes of Health complex in Bethesda, 
Md. Her lab is tidy, containing her electric chair, in which I will 
be shocked, and a few odd little instruments, like a bike helmet 
that blows air on your face to make you anxious.

Soon an assistant is sticking sensors below my eye, on my 
chest and on my hand to measure my reactions — sweating, 
flinching, heartbeat. But it’s the electrodes on the back of 
my hand that have my attention. That’s where Colloca will 
repeatedly zap me, sometimes mildly and sometimes not so 
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Could there 
be something 
permanently, 
physiologically 
distinctive 
that makes 
some people 
especially 
prone to 
the placebo 
effect? Do 
some people 
harbor a sort 
of permanent 
medical 
optimism that 
makes them 
hyperprone 
to placebos?

A student demonstrates Luana Colloca’s study, in which 
subjects are cued to expect mild or more severe shocks.

mildly. A computer screen, she explains, will 
warn me which shock I am to receive — a green 
screen for a mild zip and a red one for a blast 
I’ve ranked on a pain scale as six out of 10. I’ll 
then rate the pain of each shock as I go.

Alone in the room, I quickly learn to hate 
the red screen. It’s not technically torture, but it 
really hurts — my foot twitches with each shock 
— and I find myself fretfully counting seconds 
between the red screen and the jolt. We go three 
rounds of 18 shocks each. In the third round, 
I notice that the diminished “green” shock has 
gotten slightly worse, mounting from a 1 to a 2 
on my pain scale. I worry momentarily that I’ve 
somehow short-circuited my hand.

Finally, the session is done and Colloca 
returns. As before, she wears a long lab coat 
and a deadpan expression. She starts by telling 
me that I have a decent tolerance to pain, 
which is deeply gratifying. But a sheet of  paper 
in her hand says the “red” shock represented 
about 101 milliamps — not even enough 
to power a light bulb. Less gratifying. 
Colloca’s results also show that for the 
first two rounds of  shocks, the difference 
between what I rated as light and strong 
pain was about 40 milliamps. 

Then Colloca points to the results 
of the third round and says something 
that nearly topples me out of my chair. 
For that one, she fired every shock 
at full blast. Yet the shocks that 
came after a green screen felt far less 
painful — barely a 2 on my pain scale. 
Colloca flashes a mischievous smile. 

Essentially, in the first two rounds of 
shocks my brain tied “less pain” with 
“green screen.” So in the third, when 
a green screen was paired with harder 
shocks, my brain released opioids 
rapid-fire to dampen the increased 
pain. A high tolerance to pain, but it 
seems I’m kind of gullible. 

Colloca smiles at this. She says 
not to think of myself  as gullible, 
but rather as a good learner. In two 
rounds of shocks, my brain learned to 
activate complex pathways — starting 
in my prefrontal cortex and trickling 
through to more primitive parts — 
every time I saw a green screen. 

In 2006, Colloca found that this 
kind of limited placebo “learning” 
stays with a person for days. 
Theoretically, with lots more time in 
her terrible chair, the effect could be 
cemented in my brain for years. 

ntil recently, most scientists 
thought the placebo effect 
was all about tricking gullible 
patients into responding to 
fake drugs. But studies such as 

Petrovic’s and Wager’s linking placebo effects 
to real neurobiological processes have painted a 
more nuanced picture. 

Today, placebos are widely recognized not as 
a psychological mirage, but as a potent inner 
pharmacy that we might someday even harness.

In practice, though, unlocking that inner 
pharmacy presents an ethical challenge. 
Sparking a placebo response usually requires 
doctors to dupe patients, withholding treatment 
while giving them the false expectation that 
they’re getting the real thing. 

It may be possible to sidestep that ethical 
roadblock, however. In a 2010 study, Harvard 
medical researcher Ted Kaptchuk showed that 
some patients with irritable bowel syndrome 
improved even when they knew the treatment 
they were being given was a sham, suggesting 
that deception could, at least in some cases, 
be unnecessary. And Harvard University 
neuroscientist and placebo researcher Karin 
Jensen has found a way to elicit a placebo 
response without giving patients any conscious 
expectation at all.

Jensen got hooked on studying placebos 
while researching fibromyalgia, a condition 

involving muscle and joint pain 
without any observable injury, at 
the Karolinska Institute in the 
mid-2000s. She had learned that 
fibromyalgia patients struggled to 
access certain opioid-related brain 
regions, including the ACC — the 
center of  emotion, reward and 
pain that Petrovic had found 
played a role in placebos. 

Petrovic happened to sit in the chair 
next to Jensen. When she realized 
they were focused on the same 
brain region, she wondered: What if  
fibromyalgia came down to a problem 
with the brain’s ability to medicate 
itself ? To study this question, Jensen 
decided to separate placebos from 
deception and expectation. To do this, 
she needed to create a placebo that 
subjects would not consciously detect. 

Jensen used a setup similar to 
Wager’s — pairing images on a 
computer screen with different levels 
of  pain (in this case, painful heat). 
But instead of  tying the pain stimuli 
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to blue or red cues, she used images of  two similar-looking 
men. Then she added a major wrinkle to the procedure, 
flashing the faces on the screen for just 12 milliseconds, too 
fast for subjects to tell which was which. 

But the human brain excels at recognizing faces — and 
hates pain. So Jensen was betting that some part of subjects’ 
subconscious minds would catch subtle differences between 
the faces and pair each one with either high or low pain. If  so, 
their brains should learn to mount a placebo response without 
subjects’ conscious awareness. 

And that’s exactly what happened. After learning to 
unconsciously associate particular faces with different 
levels of  pain, subjects continued to report more pain 
when presented with the high-pain face and less pain 
when presented with the low-pain face, regardless of 
how high the heat was set. Not only could their brains 
unconsciously spot the different faces, they instantly doled out 
painkillers accordingly.

The findings could have tantalizing implications for doctors. 
“Everything that has to do 
with the elaborate ritual of 
delivering care could be a 
target to enhance the placebo 
effect,” Jensen says. Our brains 
may be spotting any number 
of potential cues — the way 
a doctor is dressed, the words 
she chooses to describe a 
drug, the size of the needle 
she uses, or even the painting 
on her wall, which the patient 
fixates on as the needle goes in.

xploiting the 
placebo effect 
in the clinic setting will be hard, though. As 
powerful as they can be, the biochemical 
processes underlying placebo effects don’t seem 

to unfold the same way in every brain. Perhaps more than 
anything else, this problem haunts placebo research: In any 
study, there are some people who respond to placebos with a 
special zeal. And when people respond well to placebos, they 
show stronger activation in brain circuits that control pain 
compared with those who are less susceptible to the placebo 
response. Could there be something physiologically distinctive 
that makes some people especially prone to the placebo 
effect? Do some people harbor a sort of  permanent medical 
optimism that makes them hyperprone to placebos? If  so, 
such people would not only benefit from all kinds of  placebo 
treatment, they also could be excluded from clinical drug 
trials. That would mean that many drugs that couldn’t beat 
a controlled trial because of  overzealous placebo responders 
might get another chance. 

The placebo community, however, is divided over whether 
true “placebo responders” even exist. In drug trials, some 
people respond better to placebo injections than to placebo 
pills; or better to placebos for nausea than to those for pain; 

or even to one color pill than to another. But they are not 
always the same people. A person might respond well to 
one doctor and poorly to the next, or well in one phase of 
a drug trial and not at all in a different phase of  the same 
trial just a month later. 

To sort it all out, we need a clear distinction between those 
who respond to placebos and those who don’t (and maybe 
some sense of  why). Kathryn Hall, a molecular geneticist in 
Kaptchuk’s research group at Harvard, and her colleagues 
think they’ve caught the scent of  an answer to both questions.

Hall reasoned that if  some people are indeed placebo-
prone, their ability must be genetically related to brain 
function. She also saw that the conditions most susceptible to 
placebos — pain, depression and Parkinson’s disease — share 
one thing in common: dopamine.

A neurochemical messenger involved in the brain’s 
processing of  reward, dopamine moderates all manner of 
experiences, from the perception of  happiness to sexual 
ecstasy to the enjoyment of  chocolate. But dopamine’s 

importance goes beyond hedonism. Parkinson’s disease is 
often treated by giving patients more dopamine, while people 
with higher levels of  dopamine might be more susceptible to 
pain and possibly, according to Hall, depression. 

Dopamine’s role in all these conditions brought Hall to the 
enzyme COMT, or catechol-O-methyltransferase. This enzyme 
roams the brain, devouring dopamine, and comes in several 
different flavors. Depending on his or her genetics, every 
person has a COMT recipe that includes some combination 
of  two ingredients: the amino acids valine and methionine. At 
the extremes, some people (known as “met/mets”) only have 
methionine and some (“val/vals”) only have valine.

Because val/vals degrade dopamine about four times as 
fast as met/mets, people’s lifelong dopamine levels, and 
thus mood and personality, are a reflection, in part, of  their 
COMT recipe. In 2009, Jensen showed that met/mets, flush 
with dopamine, are also more sensitive to certain types of 
pain than val/vals. If  people’s COMT recipe affects how 
they perceive pain, Hall reasoned, then it might also affect 
their response to placebos. 

To test this, she turned to the mysterious irritable bowel 
syndrome. IBS, an uncomfortable and often painful 

(  )(  )Met/mets
inherit a COMT recipe that 

includes more methionine, 
an amino acid that leaves 

more dopamine circulating 
in the brain. Met/mets 

seem more sensitive to pain 
compared with val/vals and, 

according to one study, more 
susceptible to placebos. 

Val/vals
inherit a “recipe” 

of the brain enzyme 
catechol-O-methyltransferase, 
or COMT, that includes more 

of the amino acid valine. 
Val/vals degrade dopamine 
at high rates, which, among 
other things, could dampen 

pain perception.
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gastrointestinal ailment that affects 
some 10 percent of  American 
adults, resists both classification 
and treatment. But studies like 
Kaptchuk’s show people with IBS 
often respond well to placebos. 

In a 2011 study, Hall analyzed 
blood samples taken as part of  an 
earlier study of  112 patients with 
mild IBS, examining each person’s 
COMT recipe. Patients had been 
split into three groups for a three-
week fake acupuncture treatment, 
using placebo needles that only 
appeared to break the skin. One 
group got the fake needles with 
an aloof  practitioner; another got 
them with a warm, supportive 
acupuncturist (Hall calls this 
“augmented” treatment); and the 
last group sat on a wait list. 

Overwhelmingly, met/met 
patients responded splendidly to sham 
treatment, especially when they had a caring 
acupuncturist. Val/val patients had a dismal 
response to placebos — even worse than those 
who got no treatment. People with a mix 
of  valine and methionine fit perfectly in the 
middle of  the spread.

Hall was excited by this discovery of  a 
potential biomarker for placebo responses, 
especially because it suggests there may be 
many more. She is under no illusion that 
the gene for COMT will turn out to be the 
placebo gene — placebo effects are way too 
complicated for that. But her results for the 
first time establish a link between the placebo 
response and a physiological event with a 
known genetic cause — namely, the flavor of 
COMT in a person’s brain.

Hall, who worked for a time in the 
pharmaceutical industry, says that might 
be enough to lure big drug companies into 
investing more in placebo research. “Having 
a biomarker for placebo is a product — it’s a 
real asset that the pharmaceutical industry can 
engage with,” she says. 

But the real placebo revolution may be in 
reshaping clinical practice. Jensen says many 
doctors cripple their chances of  leveraging 
the placebo effect by acting disinterested or 
lacking confidence with patients. She would 
know: When she started out, she had trouble 
eliciting a placebo effect. It was the doctor, 
not the patient, who had to change in order 
to boost the placebo. She learned to exude 
confidence and crafted a warmer manner, and 

her patients began to respond. 
Lidstone shares Jensen’s 

resolution to use placebo research 
to change medical practice. If  
not, she asks, “Why else are we 
doing it?” 

After finishing her Ph.D., 
Lidstone made the tough decision 
to go back to medical school. 
Four years later, she’s working at 
a Toronto hospital — just another 
anonymous neurology resident. 
But her work with placebos has 
made its mark on her, and at times 
she yearns to marshal her lessons 
from placebo research to help 
her patients. What doctors need, 
she says, is a list of  indicators 
of  diseases for which placebo 
treatments might be suited. Not 
long ago, she treated a young 
arthritis patient with mysterious, 

intractable stomach pain. After multiple 
emergency room visits and fruitless tests — a 
CT scan, an ultrasound and blood work — 
nothing about her condition was clearer. 
The girl’s pain and the resemblance of  her 
symptoms to those of  IBS indicated placebo 
treatment might have been the best option.

“She’s freaking out and at her wit’s end,” 
Lidstone remembers. “I was like, ‘Look, in the 
past 24 hours you’ve given her tons of morphine, 
and it’s not making her feel better at all. She 
knows it doesn’t work for her.’ ” Lidstone 
thought the answer might be to use the power 
of suggestion: to “hang a bag of saline [and] 
say we have this new pain medication … it’s 
really effective in situations like this. But I’m not 
allowed to try that. It’s not considered ethical.”

Tellingly, Lidstone is nervous about even 
discussing the situation on the record, afraid 
of  seeming irresponsible. Despite all scientists 
have learned about placebos, even just talking 
about implementing it is taboo, she says.

Nevertheless, one survey of  general 
practitioners found that about 85 percent had 
incorporated a placebo into their treatment 
at least once. And that is key: “incorporate.” 
Placebos won’t kill Big Pharma or replace pill 
popping. But they could augment existing 
treatment rituals. First, though, the placebo 
effect will have to pass the rigorous tests 
and analysis of  medical researchers — just 
like any other drug.  D

Erik Vance is a Mexico City-based contributing 

editor to Discover and an avid placebo abuser. 

Our brains 
may be 
spotting 
any number 
of potential  
placebo cues 
— the way 
a doctor 
is dressed, 
the words 
she chooses 
to describe 
a drug, the size 
of the needle 
she uses, 
or even the
painting on 
her wall, which 
the patient 
fixates on 
as the needle 
goes in. 



50  DISCOVERMAGAZINE.COM

Lab director JoAnn Kuchera-Morin 
and media systems engineer 
Matthew Wright use an image 
of the moon to calibrate the 
AlloSphere at UC Santa Barbara.

Immersive, 3-D environments give researchers a   
            and visualize a protein’s structure,  
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One winter evening in the early 1860s, German chemist 
August Kekulé dozed off  while sitting before a fire, 
falling into a remarkably vivid dream. Atoms formed 

themselves into undulating strings that morphed into a snake 
eating its own tail. Kekulé contended that this intense imagery 
helped him solve the mystery of benzene’s ringlike structure, a 
discovery that is considered a foundation of modern chemistry.

Nearly 100 years later, research teams on both sides of the 
Atlantic were vying to be the first to decipher the structure 
of DNA, the genetic material that is the basic molecule of 
life. In the United States, Nobel laureate Linus Pauling found 
himself  up against obscure English physicist Francis Crick 
and his 20-something American postdoc, James Watson, in 
Cambridge. The upstart British team had a hidden advantage: 
crystallographic X-rays of DNA taken by colleague Rosalind 
Franklin. This chemically enhanced X-ray 
technique revealed that DNA was composed 
of two complementary strands of nucleic 
acids linked by chemical bonds on a ladder-
like chain. The ability to visualize DNA gave 
them insights into the spiral double-helix 
structure — and they won the race.

In 1993, Kary Mullis won the Nobel for his 
invention of polymerase chain reaction, the 
chemical Xerox machine that makes thousands 
of copies of tiny strands of DNA, a break-
through that jump-started the biotech revolu-
tion. The biochemist, then based in Berkeley, 
freely admitted he conceptualized this advance 
while under the influence of the mind-altering 
drug LSD, which helped him visualize the 
complex chemistry three-dimensionally.

These three examples center on the power 
of visualization — that ability to “see” some-
thing from a different perspective, a spark of insight that pares 
away mountains of extraneous details and distills seemingly 
impenetrable puzzles down to their essence. But now we’re in 
the era of big data, which harnesses the computing power of 
massive databases with bytes measured in teras (trillions) and 
petas (quadrillions), combined with sophisticated algorithms 
that can grapple with problems on a once-unimaginable scale. 
While this numbers-crunching ability promises to greatly 
accelerate the pace of scientific discovery, we’re suddenly buried 
in an avalanche of information.

Immersive environments — 3-D virtual reality worlds — 
can help us make sense of this in a tangible way. Big data 
collects such a vast amount of information that it’s difficult 
to see patterns. Using computing power to translate data 
into something that can be seen and heard makes it easier to 
understand. “Scientists and engineers can work with their data, 
perceptually and intuitively, the way artists do,” says JoAnn 
Kuchera-Morin, creator of the AlloSphere. It is perhaps the 
most advanced of these immersive environments, housed on 
the campus of the University of California, Santa Barbara.

These electronically simulated worlds of sight and sound 
cut through a lot of the noise of big data, and they enable 
researchers to synthesize, manipulate and analyze large data 
sets in a way that is easier to comprehend and digest, providing 
unparalleled insights into the whole picture and how each 
individual piece fits in. “We have so much data that we need 
these bigger lenses to get a full picture of what’s really going 
on,” says Andrew Johnson, director of research at the Elec-
tronic Visualization Laboratory at the University of Illinois at 
Chicago. “These kinds of environments are lenses to look at 
data — the modern equivalent of the microscope or telescope.”

Pooling massive amounts of data allows patterns and trends 
to emerge that aren’t apparent in small, individual studies, and 
the applications are virtually infinite — think Moneyball, the 
2003 best-selling book about how the perennially cash-strapped 

Oakland A’s used analytics and baseball stats 
to scout overlooked talent. Another example: 
In 2013, it took number-crunching algorithms, 
sifting through terabytes of data, to spot the 
distinctive signature of several Higgs boson 
particles. Physicists could finally identify them. 
Medical scientists, on the other hand, are 
crunching billions of data points culled from 
millions of patients about genetic mutations 
that make people more vulnerable to diseases 
like diabetes, heart disease and cancer. They 
combine this information with sequences of the 
proteins those bits of DNA produce. (Proteins 
are the body’s workhorses that control every 
cell.) This information is used to concoct 
more targeted therapeutics and more precise 
diagnostics using biomarkers — in a patient’s 
blood, saliva or urine — that signal the pres-
ence of a disease.

Immersive environments like the ones you’ll see in the 
following pages allow scientists to watch a tumor grow, observe 
molecules binding together — or even see a re-enactment of 
the Big Bang and witness the transformation of the universe 
over billions of years. Rudimentary versions of these environ-
ments have been around since the 1990s, but with today’s 
technology, scientists can sink into even greater realism and 
visualize more with sharper resolution. This immersion is used 
in disciplines as diverse as medicine, physics, neuroscience, 
green technology, structural engineering and archaeology 
at universities, government research agencies and in private 
industry all over the world.

“Originally, we created these as an educational tool for 
visualizing concepts and ideas — in place of a blackboard 
and hand waving — to help people see things they never did 
before,” says Thomas DeFanti, a research scientist at UC 
San Diego’s California Institute for Telecommunications and 
Information Technology, and a pioneer of virtual reality sys-
tems. “But the newest technology gives you the feeling of true 
immersion that makes for a completely riveting experience.”

BIG DATA and MACHINE DREAMS

This X-ray diffraction image of DNA 
taken by Rosalind Franklin in 1952 
gave Watson and Crick the edge 
when it came to first visualizing a 
double-helix structure.
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“Shall we, Matt?” 
JoAnn Kuchera-Morin instructs her media 

systems engineer, Matthew Wright, to fire 
up the computer cluster that powers the 
AlloSphere. With a simple keystroke, we’re 
suddenly plunged into a virtual world of sight 
and sound that transports us on a fantastic 
voyage through a three-dimensional model of 
the human body. We hurtle down an artery, 
as if we’re sliding down a slippery chute, 
and nearly collide with the liver and heart. 
It feels as if we’re propelled, airborne and 
hovering in free fall in an onrush of images 
in the darkened chamber. 

We’re wearing 3-D glasses and stand-
ing on a sturdy metallic catwalk suspend-
ed at the center of a 33-foot-diameter 
sphere, which seems to be floating inside 
a 2,000-square-foot room three stories 
high. Dozens of speakers and other audio 
equipment envelop us in sound from 
every direction, while high-resolution 
video projectors beam floor-to-ceiling 
images in 40-million-pixel detail. This 
all creates a unique 360-degree immersive 
environment that far outstrips the technology 
of other virtual reality systems. Here, research-
ers can use all of their senses to uncover 
new patterns in the data.

The AlloSphere cost $12 million for the 
structure alone and was completed in 2007. 
It is the brainchild of Kuchera-Morin, an or-
chestrally trained composer turned computer 
geek who directs the AlloSphere Research 
Laboratory at the University of California, 
Santa Barbara, perched on the rocky shoreline 
of the Pacific. A gregarious woman clad all in 
black with long, straight gray hair that makes 
her resemble a hippie grandmother, Kuchera-
Morin began dabbling with big mainframe 
computers in the 1980s, when traditional 
instruments couldn’t translate the sounds she 
heard in her head into music.

“The computer helped me understand all 
of the acoustics, vibrations and physics of 
instruments,” she says. “And through math-
ematical equations, I could transform them 
into anything I wanted to.”

Her early experiments ultimately evolved 
into the AlloSphere, which converts reams of 
data into moving images and sound that are 
easier for researchers to comprehend and di-
gest. Sometimes, dozens of scientists in data-
rich disciplines ranging from neuroscience and 
medicine to green tech, theoretical physics, 
materials science and nanotechnology gather 
on this bridge. They use special wireless con-
trollers and sensors embedded in the railings 
to maneuver through the constellation of 
images. Physicists can watch representations 
of electrons spinning inside hydrogen atoms, 
allowing them to actually “see” these invisible 
processes of nature, while neuroscientists can 
seemingly fly through 3-D images inside a pa-
tient’s brain. “Everything you see is a number 
that’s been crunched,” says Kuchera-Morin. 

INSIDE the ALLOSPHERE 

A video game-style controller is used to 
navigate the virtual environment inside the 
AlloSphere, while polarized 3-D glasses add 
another layer to the immersive experience.

A 33-foot-diameter sphere 
sits inside a three-story, 
2,000-square-foot, nearly 
echo-free chamber at the 
University of California, 
Santa Barbara.

3-D video projectors and audio 
equipment surround the sphere, 
which is bisected by a central catwalk 
that can accommodate large groups of 
viewers while they interact with data.

The top of the sphere. 

AlloSphere Research Laboratory 
Santa Barbara, California
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“Mathematical algorithms can be translated 
into visual and audio frequencies by map-
ping their vibratory spectrum in the light and 
sound domain — like mapping heat through 
infrared light. The AlloSphere is a virtual 
instrument that allows scientists to do simula-
tions, which will speed up time to discovery.”

On this particular day, we’re looking at a 
project by Jamey Marth, director of the Cen-
ter for Nanomedicine at UC Santa Barbara. 
Marth is using the simulation version of the 
human body to examine the makeup and 
behavior of critical cell components, such as 
proteins, lipids (fats) and glycans (sugars). 
This particular simulation was built with MRI 
information collected from a living human 
body. Using specialized software and compu-
tational language to translate mathematical 
algorithms and scientific data into sight and 
sound, Kuchera-Morin’s band of techies first 
integrated the geometries of the arteries, 
veins, pancreas and liver, and then scaled 
them up like a high-powered digital micro-
scope so researchers can better visualize the 
biological processes of health and disease. 

Right now, Marth’s team is simulating 
the transport of chemotherapy directly to 
cancerous tumors in the pancreas and liver 
without harming healthy tissue. Artificial 

nanoscale particles might prove 
a good trucking device. But first, 
the researchers have to gauge if 
the organic nanoparticles can suc-
cessfully navigate through blood 
vessels and then bind with cancer 
cells to deliver their toxic payload. 
In the AlloSphere, it’s as if Marth’s 
researchers are standing inside 
blood vessels, visualizing data on 
a human scale that is normally 
too small to see. The next step 
is to integrate fluid dynamics 
to simulate precisely how blood 
flows through arteries and veins. 
They’ll also work with materials 
scientists to create a reproduction 
that mirrors the composition of 
different-shaped nanoparticles to 
see how they navigate through 
the bloodstream so the team can 
run virtual tests of new treat-
ments in nanomedicine. 

“We need to design nanopar-
ticles that will, like a lock-and-key 
mechanism, travel through the 
body and interact only with the 
diseased cell surface,” says Marth. 
“Right now, we use MRIs and  
PET scans to visualize these  
processes, but other imaging  
approaches are needed — and 
that’s where the AlloSphere 
comes in. This is the breeding 
ground for the next generation  
of solutions in medicine.”

Above: The AlloSphere helps visualize a 
hydrogen bond. 

Below: Kuchera-Morin stands amid virtual 
veins and arteries rendered for nanomedicine 
researcher Jamey Marth.

Kuchera-Morin, standing on 
the catwalk, and Wright, in the 
control room, check the accuracy 
of pixels as they warp to fit on 
the AlloSphere’s blank screen.

“Scientists 
and engineers 
can work with 
their data,  
perceptually 
and intuitively, 
the way  
artists do.”  

— JoAnn Kuchera-Morin, 
creator of the AlloSphere
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IMMERSIVE INNOVATIONS
The AlloSphere is one of dozens of immersive environments that are now routinely used at universities, government agencies 
and key research centers. Here’s a sampling of some of the more innovative applications.

UIC’s CAVE2:  
Tracking Depression’s  
Footprints in the Brain
At the Electronic Visualization Labora-
tory (EVL) at the University of Illinois at 
Chicago, a psychiatric team is mapping 
the brain’s intricate web of neural con-
nections, using images from MRI scans, 
to try to identify regions responsible for 
depression. They’re in CAVE2 (Cave Au-
tomatic Virtual Environment), a 24-foot-
wide, 8-foot-tall, 320-degree panoramic 
room, with 72 3-D liquid-crystal displays 
that have a 37-megapixel resolution, 
which is about the limit of human 20/20 
visual acuity. 

The bundles of neural fiber tracts in 
this brain visualization are color-coded 
by their primary direction (green: front-
back; red: left-right; blue: up-down). 
Scientists are scouring this rainbow 
array for faulty wiring in the neural 
connections in the white matter, which 
takes up half the brain. It serves as 
a neural switchyard with millions of 

communication cables that operate 
like telephone trunk lines connecting 
different regions of the brain. Previous 
research suggests that damage to these 
cables in the white matter is associated 
with depression.

“We’re hoping this 3-D environment 
will help us spot differences that aren’t 

easily detectable in two dimensions on 
a flat screen,” says Olusola Ajilore, the 
UIC psychiatrist conducting the research. 
“If we get better at mapping the brain 
areas responsible, it will lead to more 
precision in the use of technologies that 
may repair these damaged connections, 
like deep brain stimulation.”

Underground Lakes at the Bottom of the World
CAVE2 is able to switch gears from the inner workings of the 
brain to Antarctica’s West Lake Bonney. Peter Doran stands 
in front of the EVL’s 8-by-24-foot wall of LCD screens at the 
University of Illinois at Chicago, wearing 3-D glasses and 
surrounded by images from the 2½-mile-long pool of water 
entombed beneath 15 feet of ice. His glasses are outfitted 
with tiny tracking balls and sensors that adjust the projections 
on the screen according to his movements. A turn of his head 
changes the scene, accentuating the sense of immersion.

An earth and environmental scientist, Doran was part of 
a NASA-funded team that did field trips in 2008 and 2009 in 
Antarctica’s Dry Valleys to explore the underground lake. Each 
day, ENDURANCE (Environmentally Non-Disturbing Under-ice 
Robotic Antarctic Explorer) was lowered through a hole in 
the ice and used its sensors to take readings in different parts 
of the lake — temperatures, light levels, solar radiation and 

dissolved organic matter. The $2.3 million research project 
may be a dress rehearsal for future exploration when a modi-

fied version of ENDURANCE could be 
dispatched to explore the extreme 
environments of the solar system, such 
as Mars or Jupiter’s moons. 

The information Doran’s team 
gathered was relayed to the EVL to 
generate 3-D images and maps to help 
them get a better understanding of 
the lake’s watery depths. “This is an 
incredible tool — you feel like you’re 
flying through the lake, and it’s the 
closest thing to actually being there I 
could imagine,” says Doran. “If I put 
all this data on my laptop, I’d miss a 
lot, and I’d have to break it down slice 
by slice, which would be grueling and 
take years to accomplish.”

The brain’s neural fiber tracts are shown on 72 3-D LCD screens that line the inside of a 
24-foot-wide, 8-foot-tall, 320-degree room at the University of Illinois at Chicago.

UIC graduate student Alessandro Febretti stands inside CAVE2, immersed in 3-D images from 
Antarctica’s West Lake Bonney. The project may lead to more work on extreme environments.

Peter Doran (center) manipulates the visualization of data that 
depicts Antarctica’s West Lake Bonney. 

CAVE2   Chicago



56  DISCOVERMAGAZINE.COM

 A
LL

 IM
AG

ES
: S

TO
N

Y 
BR

O
O

K 
U

N
IV

ER
SI

TY

 — Arie Kaufman of the Center of Excellence in Wireless 
and Information Technology at Stony Brook University

 “Hollywood is  
looking at this  

technology for the 
next generation  

of super-high-def  
TV and 3-D movie 

experiences.”  

Stony Brook’s Reality Deck: 
Up Close and Personal in the City of Dubai
Called “virtual reality on steroids,” the $2 million Reality Deck 
at Stony Brook University in New York is the world’s highest 
resolution panoramic immersive environment. The facility, which 
debuted in 2012, has a total resolution of more than 1.5 billion 
pixels (1,500 megapixels). For comparison, high-def TVs have 
2 million pixels, while 3-D movies have 4 million; the Reality 
Deck boasts about 500 times more resolution. This surround-view 
theater, a 627-square-foot room tiled floor-to-ceiling with 416 
high-resolution flat-screen monitors, can display a 45-gigapixel 
photograph of the city of Dubai as a single image. Researchers can 
soar over the city, yet detect such minute details as a car’s license 
plate number. No need to pan or zoom — to see something close 
up, just walk up, thanks to the “infinite canvas,” a 360-degree 
smart screen that changes images as you walk around the deck.

The level of detail is remarkable: Flood maps can pinpoint sub-
merged areas during Superstorm Sandy, even the debris on some-
one’s lawn. A shot of the half-million people at Barack Obama’s 
presidential inauguration in 2009 is “so detailed that you can 
recognize each and every face in the crowd,”says Arie Kaufman, 
chief scientist of Stony Brook’s Center of Excellence in Wireless and 
Information Technology.

This technology can be used for applications as diverse as tour-
ism or thwarting terrorists because of its uncanny ability to detect 

a suspicious person in vast crowds. It’s also useful in cosmology and 
charting the far reaches of the Milky Way, weather prediction and 
climate change modeling or even aerial reconnaissance missions 
for national defense.

The Reality Deck’s 627 square feet are tiled floor-to-ceiling with 416 high-
resolution monitors. Its total resolution is more than 1.5 billion pixels.

Reality Deck   Stony Brook, New York

No panning or zooming — to see something in greater detail, just walk 
closer to the wall. The “infinite canvas,” a 360-degree smart screen, 
alters images in concert with viewers moving around the Reality Deck.

A 45-gigapixel photograph of Dubai is displayed across 416 monitors as a single image. Researchers can soar over the city yet detect such minute 
details as a car’s license plate number.
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UC San Diego’s StarCAVE:  
Engulfed in Virtual Proteins
Inside the StarCAVE at the University of California, San Diego, high 
school biology students find themselves engulfed in virtual 3-D 
renderings of green fluorescent proteins and other structures de-
rived from the university’s Protein Data Bank. The five-sided virtual 
reality room, with 70 monitors and nearly 287 million pixels, is the 
third generation of technology first developed at the University of 
Illinois’ EVL. (See page 55.) StarCAVE has been integral to projects 
in areas ranging from molecular biology to archaeology and struc-
tural engineering. Neuroscientists, working with architects, have 
built virtual hospitals, allowing them to design workspaces that 
ensure better patient care, such as keeping a line of sight from the 
nurses’ station to patients’ bedsides. Engineers are devising blood 
flow simulations to im-
prove cardiac pumps for 
children with heart de-
fects. Archaeology teams 
have used the StarCAVE 
to interact in real time 
with ongoing excava-
tions at ancient dig sites 
in Jordan and to study 
satellite images and data 
gathered during field ex-
peditions to Mongolia to 
aid in the quest to find 
Genghis Khan’s tomb.

Linda Marsa is the author of Fevered: Why a 

Hotter Planet Will Hurt Our Health and How 

We Can Save Ourselves.

StarCAVE   San Diego

Eighty 30-inch monitors cover a single wall, making up the 328-megapixel Stallion system.

Above: Researchers can stand immersed in 3-D render-
ings of green fluorescent proteins and other structures 
derived from UC San Diego’s Protein Data Bank. 

Left: Research scientist Jürgen Schulze (left) and doctoral 
student Kyle Knabb traverse an archaeological site in 
southern Jordan using a virtual “wand” in the StarCAVE.

UT’s TACC Visualization Laboratory: Advance Warning on Hurricanes
In 2008, Hurricane Ike had already deci-
mated parts of Cuba and the Bahamas, 
and it was barreling for the U.S. mainland. 
Disaster management teams had less than 
72 hours to make decisions that would 
affect millions. Before it made landfall in 
Galveston, Texas, Ike was a powerful cat-
egory 4 storm 450 miles wide with winds of 
up to 145 mph. It ultimately caused billions 
of dollars in damage from the Louisiana 
coastline to Corpus Christi, Texas, shutter-
ing oil refineries and forcing more than a 
million people to evacuate. 

Scientists at the Texas Advanced Com-
puting Center (TACC) at the University of 
Texas’ Austin campus turned to Stallion, a 
328-megapixel system that uses 80 30-inch 

flat-panel monitors covering a single wall, 
and worked closely with the National Oce-
anic and Atmospheric Administration and 
state emergency management teams. By 
combining actual photos with satellite im-
ages, they devised real-time global and re-
gional 3-D simulation models of when and 
where the hurricane would make landfall.

“Think of it as a flow problem, trying to 
get millions of people out of harm’s way in 
a couple of days,” says Kelly Gaither, TACC’s 
director of visualization. “You must have 
an efficient way to evacuate the large coast 
regions via your pipeline, and they have to 
have somewhere to go.”

TACC’s Stallion has been used in several 
research projects, including visualizations of the Southwest Power Grid, with images 

streamed directly from its source in Pasa-
dena, Calif.; massive oil spills; the spread of 
the flu across the region; and the birth of 
the universe with the Big Bang. “Visualiza-
tion technology allows us to leverage the 
world’s most powerful pattern recognition 
engine — the human mind,” says Gaither. 
“Seeing is a way to gain insights into very 
large data sets that we would have a dif-
ficult time understanding otherwise.”  D

Stallion  Austin, Texas

TACC scientists worked with NOAA to create 
real-time 3-D simulation models of Hurricane Ike 
making landfall to help Texas make decisions 
about evacuations when the storm hit.



Marine biologist Tom Iliffe sees what others miss 
in ecosystems thriving where life shouldn’t.
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Cave Man
PHOTOGRAPHY AND STORY BY JENNIFER L. BERGLUND
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Tom Iliffe (below, 
right) explores 
waters below 
Yucatan’s Cenote 
Taj Mahal (left). Iliffe 
often collects tiny 
remipedes (below, 
left) during cave 
dives. The Gran 
Cenote sinkhole 
(right) is one 
of hundreds 
on the Mexican 
peninsula that lead 
to underwater 
cave systems.
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About 20 miles south of Cancun, Mexico, 
on a stifling summer day, Tom Iliffe squints 
over a limestone ledge and into a giant pool of  scuzzy, brown 
water. Despite the heat, he’s wearing a wet suit that covers 
everything but his blue eyes and white goatee. A spool of 
bright-orange nylon line and an assortment of  mesh bags 
carrying glass test tubes, plastic caps and measuring devices 
dangle at his side. Below, the water temperature is roughly the 
same as the air. He jumps.

“This water is about as refreshing as piss,” he exclaims with a 
playful smile after coming up for air. 

For almost 30 years, Iliffe has made a pilgrimage more or 
less annually to the Yucatan Peninsula, sharing the plane ride 
with throngs of Jimmy Buffet-loving “Parrotheads” and spring 
breakers bent on partying. Although they all arrive together, 
their paths diverge at the airport. Iliffe is here to explore the 
hidden side of paradise — a vast, underworld frontier mere feet 
below the hordes in their flip-flops.

Iliffe, an underwater cave biologist, discovers the life 
scattered throughout a network of caverns beneath the 
peninsula’s crust. These anchialine, or coastal, caves are filled 
by both freshwater and saltwater. The Yucatan’s are the most 
extensive on Earth, yet of the hundreds of miles of documented 
caves here, scientists have studied only 10 percent of them. Less 
is known about them, and similar formations, than the ocean 
floor or even outer space. The creatures living in these caves are 
just as mysterious. Iliffe discovers new species on nearly every 
dive. To date, he’s identified nearly 300.

Today, Iliffe and his graduate student, David Brankovits, 
are collecting specimens from a cave system known as 
Crustacea. As its name suggests, the system houses a variety of 
crustaceans specific to the region’s underwater caves. Iliffe and 
Brankovits are entering through a cenote, or sinkhole. Flying 
above the peninsula reveals just how plentiful these open pits 
are — the lush, green landscape is pocked with circular black 
holes. The cenote here is about the size of  a Little League 
baseball field, lined with ribbons of  red mangrove roots 

Subscribers can take a video dive into the Yucatan’s 
underwater caves at DiscoverMagazine.com/Caves
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drinking the water below. 
As Iliffe and Brankovits prepare to swim below the limestone 

ledge and into Crustacea, marine biologist Fernando Alvarez 
and his students from the National Autonomous University of 
Mexico lower more gear for the divers: four large steel oxygen 
tanks, each weighing about 30 pounds. Alvarez is counting on the 
duo to retrieve tiny albino shrimp found only in these caves. Each 
diver needs two tanks, which they attach to their diving vests and 
nestle below their armpits to avoid damaging the cave ceiling.

Iliffe nods toward Alvarez. “See you in a couple of hours,” he 
says. Then, he and Brankovits disappear into the sludgy water. 

Cenote Crustacea is across a small, dirt road from an 
abandoned shantytown that once housed workers building a 
nearby mega-resort. The town lacked running water, so residents 
used the cenote for bathing, drinking and dumping their trash. 
The evidence still floats in its water and litters the perimeter.

While there is a cenote tourist industry, it’s centered around 
crystal-clear blue holes better suited for depicting paradise. 
Most tourists never see the likes of Crustacea. Aside from Iliffe 
and a small cadre of explorers and scientists, who would want 
to? It’s gross. The fecal-brown water and smell of stagnant, 
decaying vegetation would be enough to turn away even the 
most intrepid adventurer. But about 33 feet below the murky 
surface, the water becomes beautifully transparent.

Like oil on water, freshwater that seeped into the cave 
from the surface floats above a denser layer of saltwater from 
the ocean. These layers meet and mix in a lens of brackish 
water called the halocline. If left undisturbed, the halocline 
can be paper thin, yet still visible to the naked eye. Whereas 
saltwater and freshwater are clear, the halocline appears 
somewhat like a hazily defined liquid body rippling within the 
water. It can act like a barrier, preventing leaf litter from the 

surrounding forest — along with plastic bags, soda cans and 
other light trash — from sinking into the denser saltwater. 
Along with the debris, the upper freshwater layer contains 
more oxygen than the saltwater below, and it supports a 
completely different set of life-forms.

The halocline divides the freshwater and saltwater 
throughout the cave system of limestone passageways — so 
narrow in parts that a diver must detach from his oxygen tanks 
to fit through — and caverns sometimes large enough to drive 
a semi-truck through them. Only a few known species live here: 
a variety of tiny crustaceans, a blind fish and an eel. Life is 
impossible for all other organisms. In an environment devoid 
of sunlight, with no obvious energy source for the most basic 
life-forms, it remains a mystery how life can exist here at all. It’s 
a puzzle Iliffe can’t resist trying to solve.

THE LIFE AQUATIC
As a kid, Tom Iliffe dreamed of life as Jacques Cousteau. The 
ocean’s mystery excited him, and the prospect of discovery 
was enthralling. At Pennsylvania State University, where he 
studied biochemistry, Iliffe saw a scuba class among the course 
offerings and jumped on the opportunity. He fell in love with 
scuba diving and started planning his life around it.

After college, Iliffe began a master’s degree program in 
oceanography at Florida State University in Tallahassee. It was 
the early ’70s, a golden age in underwater cave exploration. 
Diving technology was now sophisticated enough to support 
long dives during which divers could be disconnected from an 
air supply above water. Legendary cave diving pioneers like 
Sheck Exley began breaking deepwater diving records. Much 
like the Yucatan, Florida’s panhandle is dotted with wet caves 
that were then just opening to exploration. Iliffe was simply in 

Iliffe and student 
David Brankovits, 
holding a dive tank, 
prepare to dive 
into a coastal cave 
on the Yucatan. An 
underwater sign 
(opposite page) 
warns of hazards 
in the caves, but 
fatalities still occur. 
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the right place at the right moment to find his calling. “It was 
something that offered an opportunity to go places where no 
one had ever been before — to do true exploration,” he says. 

Iliffe earned his doctorate degree at the University of Texas 
and did a stint as a researcher in the Bahamas before landing 
a teaching gig at Texas A&M at Galveston. At the same time, 
22-year-old John Pohlman had just begun graduate school 
there, but he wasn’t quite sure what he wanted to study. Then 
he met Iliffe. It was the early ’90s, and Iliffe was just beginning 
his work in Yucatan’s caves. He needed a diving partner for an 
upcoming research trip. A few weeks later, even though they 
barely knew each other, Pohlman and Iliffe hopped in a van 
and drove south through Mexico. Even 20 years later, “I still 
think about these things and tell these stories to my friends,” 
says Pohlman. “It was such a wild experience.” Money was 
tight, so they slept outside in hammocks. On more than one 
occasion, Pohlman recalls waking to an unwelcome surprise in 
his face. One time, it was the snout of a horse. Another time, 
while they camped outside an abandoned research station, it 
was the gun barrel of a concerned security guard. 

During those long hours on the road, Iliffe instructed 
Pohlman, reviewing scientific diving techniques like how to drag 
a plankton net to collect microscopic crustaceans. By the time 
they got to Cozumel, an island off  the Yucatan’s eastern coast, 
Pohlman had a pretty good idea of what he wanted to study. 
He spent the next two years working with Iliffe to figure out 
what powered life in the deep caves. When he analyzed isotopic 
signatures of carbon and nitrogen found in the tissues of some 
of the small cave crustaceans, he discovered that the animals 
had a food source fueled by something other than the sun. 
Pohlman believed chemosynthetic bacteria, like the kinds found 
around deep-ocean hydrothermal vents, must be the answer.

Researchers had thought that since there were no other 
obvious energy inputs, the fodder for bacterial life must fall 
from the surrounding forest into cenotes, eventually floating 
into the deep parts of the caves. This was happening closer to 
the cave entrances, but Pohlman’s data indicated it was rarely, 
if  ever, the case farther into the system. Iliffe and Pohlman 
thought a chemical reaction must be happening somewhere in 
the cave system — not as dramatic as the billowing black clouds 

Paradise Losing
Human civilizations have existed on 
the Yucatan Peninsula for millennia, re-
lying on the freshwater in caves below 
the limestone crust where Tom Iliffe 
does his work. But since the 1970s, ex-
plosive growth from tourism has dam-
aged many of these fragile ecosystems, 
at times beyond repair. 

At the same time that freshwater 
is being pumped out of the caves 
for drinking water, sewage is being 
pumped in. The peninsula’s porous 
limestone surface allows contaminants 
from golf course herbicides and motor 
oil from roads to seep into the cave sys-
tems, causing further contamination. 

“Humans are extending their reach 
with their garbage faster than they 
can explore the caves,” says Iliffe. 
More than once over the years, Iliffe 
has swum into masses of plastic bags 
floating inside previously unexplored 
coastal caves. The tainted water also 
flows out to the Caribbean, smack into 
the Mesoamerican Barrier Reef System, 
the second-largest barrier reef in the 
world. Where these outflows are the 
most voluminous, coral reef has largely 
been overtaken by green algae, which 
has destroyed habitat for an untold 
number of marine species.

Ironically, species threatened by 
increased human stresses to their en-
vironment are a big draw for tourism 
in the region, and that only drives the 
already staggering rate of develop-
ment. The population of Quintana 
Roo, the Mexican state that extends 
240 miles along the eastern coastline 
of the Yucatan Peninsula, grew from 
88,150 people in 1970 to 1.3 million 
in 2011. Many suspect this is just the 
beginning of a major environmental 
catastrophe that might extinguish the 
biodiversity, effectively ending tour-
ism on the coast.

“All of these cave systems — the 
cave systems, the coral reefs, the 
mangroves, the seagrass habitats, 
the jungle — are all interlinked and 
intermeshed together. It’s like a chain 
of dominoes,” says Iliffe. “If you push 
one over, it’s going to knock every-
thing over in its path.” — JB

In the Yucatan’s 
coastal caves, 
freshwater seeps 
from the surface 
through porous 
limestone into the 
caves. The lighter 
freshwater sits atop 
denser saltwater 
that flows in from 
the Caribbean. The 
layer where the two 
meet is the halocline, 
which may host a 
unique ecosystem. 

Limestone

Saltwater

Freshwater

Halocline

Cenote

Water 
from sea
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Iliffe collects a remipede from Cenote Crustacea during 
a 2009 expedition. Adapted to a lightless environment, 
the inch-long animal has lost all pigmentation.

of dissolved minerals that erupt from deep-ocean hydrothermal 
vents, but something more subtle. 

Iliffe believes the answer is in the halocline. “Literally 
everything that can be measured,” Iliffe says, including 
temperature, salinity, acidity, biodiversity and more, “is 
dramatically different above, inside and below [the thin 
layer].” Such differences across minute distances can indicate 
chemical activity. What’s more, gelatinous orange, green and 
brown bacterial mats often rim the halocline on the cave walls. 
Sometimes clouds of accumulating bacteria can even be seen 
just above the halocline. Something happening here generates 
enough energy to feed basic bacterial 
life, and it’s obviously not sunlight.

The halocline itself is responsible for 
the formation of these cave systems. 
When saltwater and freshwater 
mix together, the result is reactive 
brackish water that dissolves the 
calcium- and carbon-rich limestone 
walls, eroding the rock and enlarging a 
cave’s passageways. Because different 
water densities meet at the halocline 
and both organic and inorganic 
particulates accumulate there, it’s an 
intriguing place, chemically speaking. 
Iliffe and Brankovits haven’t zeroed 
in on what kinds of chemosynthetic 
bacteria actually exist there, or 
what their food sources could be 
— methane, hydrogen sulfide and 
ammonia are all potential candidates. 
But there’s a good chance that the 
answer, when they find it, might also 
explain how some of Earth’s earliest 
life-forms emerged from an environment that was nearly as 
inhospitable as the caves.

Although a number of scientists study the creatures that 
divers like Iliffe carry out of the caves, few have ventured 
into these difficult environments. That puts Iliffe and his 
students in a unique position to study the halocline’s biological 
significance. But while Iliffe has a lot of theories, evidence 
to support them has been slower in coming, hindered by the 
logistical challenges of studying the halocline and the fact that 
only a small cadre of people, mostly around Iliffe, share his 
quest for understanding this obscure natural phenomenon. For 
now, all we know for sure about the halocline is what has been 
observed by the naked eye: Bacteria tend to grow there, and 
crustaceans appear to be eating them. 

Underwater cave biology as a field is still relatively new, and 
Iliffe sees himself as an evangelist, responsible for promoting 
as many areas of research within these unique environments 
as possible. As a result, he spends a lot of time in the field, 
and not nearly as much in the lab, so he needs to collaborate 
with a variety of more specialized researchers. “When I find 
something really cool, I try and get the best people in the 
world to work with me,” Iliffe says of his strategy to do good 
science across multiple fields.

Alvarez, a crustacean biologist, is one of these experts. After 

Iliffe’s dive into the Crustacea system, the shrimp specimens 
he gathers will go back to Alvarez’s lab to be identified and 
studied. Iliffe relies on the expertise of microbiologists, 
geologists, other marine biologists and even archaeologists, 
among others, to complete his work.

Collaboration is also something Iliffe encourages in his 
students. “He finds students and identifies what their interests 
might be, and then he tries to align those interests with experts 
he knows from his years of interaction and experience in the 
field,” says Pohlman. Case in point: Pohlman, who is now a 
biogeochemist for the U.S. Geological Survey, studies global 

distributions of methane deposits, 
stored in the seafloor as solid methane 
hydrates, and how the destabilization 
of those deposits could impact 
climate change. Currently, he is 
informally co-advising Brankovits, 
who is investigating energy inputs for 
microbial life within the caves. 

PLAYING IT SAFE
Preceded by a swirl of air bubbles, 
Brankovits emerges from Crustacea. 
He lost sight of Iliffe moments 
earlier. Unable to see through 
Crustacea’s polluted water, 
Brankovits was hoping his adviser 
was still right behind him. But it’s 
a few suspenseful minutes before 
Iliffe emerges. He’s unscathed — and 
unaware he was missed. 

“Where were you?” Brankovits asks.
“Oh, I was just following a 

shrimp,” Iliffe says. 
Despite the occasional distraction, Iliffe has managed to stay 

safe for more than three decades diving into environments that 
have claimed nearly 400 lives since 1969 just in the U.S. Among 
cave divers, it is often said there are no accidents, only fatalities.

Knowing when to turn around keeps Iliffe alive, says Jill 
Heinerth, an underwater cave filmmaker and explorer who 
has dived with him for years. Just last year, Iliffe traveled to 
Christmas Island, a remote spot in the Indian Ocean, for a 
high-profile, National Geographic-funded expedition to discover 
life in the island’s underwater caves, and in particular to find 
a small crustacean called a remipede. It was an expensive 
expedition — the entirety of which was documented by 
professional underwater filmmakers, including Heinerth — for 
a potential TV special. But conditions weren’t right for finding 
the remipedes and, when his window of opportunity for diving 
closed, Iliffe left empty-handed but undaunted.

Iliffe is a persistent scientist, but he also knows when to step 
back. “That’s the earmark of a good explorer,” says Heinerth. 
And it’s the mark of a researcher in it for the long haul: Iliffe 
returns to Yucatan’s coastal caves this summer, hoping to 
unravel more of their secrets.  D

Jennifer L. Berglund is a journalist, photographer and multimedia 

producer based in Boston.



Dive guide Sandy 
Moskovitz joined 
Iliffe on a recent 
expedition. Cave 
diving, whether 
for fun or research, 
is a dangerous 
pursuit that requires 
planning, vigilance 
and teamwork.

The Cave Critters of 
Crustacean Nation
Tom Iliffe spends much of his time document-
ing the biodiversity in underwater caves, 
including these ghostly, unique species. 

THERMOSBAE-
NACEAN 
Tulumella unidens

The front legs of 
these shrimp-like 
crustaceans look 
like paintbrushes. 
Iliffe thinks the tiny 
creatures — about 
the size of a pencil 
eraser — might use these appendages to clean 
themselves and then eat whatever bacteria 
they’ve cleaned off their bodies. 

REMIPEDE 
Speleonectes 
tulumensis

This primitive 
centipede-like 
crustacean, which 
can grow up to an 
inch, uses venom-
ous fangs to capture 
prey. No other crus-
tacean has this characteristic; it’s usually seen 
only in insects. Indeed, this was a clue that 
led some scientists to believe it might be the 
missing link between the two closely related 
arthropod groups. Of the handful of species 
known around the world, Iliffe has discovered 
about half of them.
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ISOPOD 
Metacirolana mayana

These aspirin-size 
cave scavengers feed 
on whatever they 
can get their claws 
on — usually smaller 
crustaceans. During 
one of his expedi-
tions in the Bahamas, 
Iliffe and his team dropped a chicken leg onto 
the floor of one of the caves, only to find it 
replaced by a writhing swarm of hundreds of 
isopods the next day. 

MEXICAN BLIND 
BROTULA 
Typhliasina pearsei

A fish species that 
inhabits the brackish 
and freshwater lay-
ers of the Yucatan’s 
caves, the albino, 
sightless brotula 
grows no longer 
than an iPhone. And unlike most other fish,  
it gives birth to live young.  — JB



What’s in 
a NAME?

An explosion of newly discovered 
planets outside our solar system sparks 
debate over dense scientific monikers  

vs. traditional names.  
 

BY ADAM HADHAZY

HI, I’M
MUSTAFAR
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Just as nature abhors a 
vacuum, humans can’t stand 
things not having names. 
As soon as naturalists spy a never-
before-seen creature or explorers 
stumble upon a new land, they set 
about christening their discoveries. 
This undeniable urge has led to some, 
shall we say, issues over the naming 
of exoplanets, the worlds beyond our 
solar system. 

For the past 22 years, ever since 
finding the first exoplanets, researchers 
have generally preferred alphanumeric 
scientific designations blessed by the 
International Astronomical Union 
(IAU) — we’re talking exoplanetary 
handles like UScoCTIO 108b and 
TrES-3b. But now that scientists are 
finding thousands of new worlds, 
the populace is rising up to demand 
more prosaic names.

The ruckus over popular exoplanetary 
names finally reached a boiling point 
last year. The startup company Uwingu 
(meaning “sky” in Swahili), composed 
of several prominent astronomers — 
and IAU members — publicly thumbed 
its nose at the IAU. It held a contest to 
name the closest exoplanet, designated 
(by the IAU, of course) as Alpha 
Centauri Bb. The contest doubled as 
a fundraiser for space exploration, 
research and education, charging $4.99 
for name nominations and 99 cents 
for votes, and yielded such names as 
Rakhat and Caleo. 

The IAU denounced the contest 
as a “name-selling campaign,” saying 
such projects “have no bearing on 
the official naming process.” Uwingu 
bristled and responded with fightin’ 
words: “The IAU has no purview 
— informal or official — to control 
popular naming of bodies in the sky or 
features on them.” 

GREETINGS, I AM 
KNOWN AS HD 85512 b
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(All the exoplanets shown are illustrations.)



Adam Hadhazy is a freelance science 

writer based in New Jersey. He also writes 

for Popular Science and Scientific American’s 

website, among other publications.

66  DISCOVERMAGAZINE.COM

CL
O

CK
W

IS
E 

FR
O

M
 L

EF
T: 

N
AS

A/
AM

ES
/JP

L-
CA

LT
EC

H;
 N

AS
A/

ES
A/

M
IK

E 
BR

O
W

N
; C

HR
IS

TO
PH

 K
U

LM
AN

N
; E

SO
/L

. C
AL

ÇA
DA

The IAU, feeling the heat, is now 
working to involve the public while 
retaining its role as the authoritative 
astronomical name-giver. But the 
war-of-words between exoplanetary 
naming camps isn’t over. (The 
public naming of craters on Mars 
spurred more sniping between the 
organizations in February.) As IAU 
General Secretary Thierry Montmerle 
understatedly put it: “Planet naming is 
a very emotional issue.” 

The desire just to name these things 
already will only increase. Thousands 
to tens of thousands of new planets 
will be rolling in, and the verification of 
the first truly Earth-like alien planet — 
which will beg for a real name — is also 
likely right around the corner. 

The IAU is holding off on the urge 
to name. “I think we should not rush 
into the planet-naming process,” 
says Montmerle. “We have to be 
careful not to name everything now 
precisely because future generations 
might have different ideas.” 

Alan Stern, CEO of Uwingu and 
principal investigator for NASA’s New 
Horizons mission to Pluto, disagrees. 
“It’s much like the opportunity our 
ancestors had when they were coming 
across the continents — they got to 
name everything,” says Stern. “With 
exoplanets, it’s the people of the 21st 
century who are going to do this job.” 

So how will this end? Here is a 
run-through of popular naming 
schemes, starting with today’s ad hoc 
designation system. It’s not all serious 
business: Some worlds could sport the 
names of fictional Star Wars planets 
or — who knows — even your mother’s 
uncle’s pet iguana. Either way, it’ll be 
fun to see what happens.

Scientific Designations 
How it works  In the current system, one of three things 

determines an exoplanet’s name: how it was found, the tool 
that found it or who found it. “Every method and team has its 
own internal naming system,” says the IAU’s Montmerle. This 
approach has led to an inconsistent designation scheme, which 
he jokingly calls “organized chaos.”

The 1995 discovery of the first exoplanet around a sunlike 
star set a precedent. That star, officially called 51 Pegasi, is the 
root of the exoplanet’s name. To catalog it, the planet-finding 
astronomers added a lowercase b, after other classification 
schemes that deem the star itself A. Astronomers used the 
“wobble” method to detect 51 Pegasi b, in which the planet’s 
gravitational tug alters its star’s light. Most exoplanets found 
in this way simply retain their star’s official name, followed 
by a lowercase letter. Other exoplanet names likewise derived 
from star names include the HD series, such as the super-Earth 
HD 85512 b, and the Gliese and GJ planets. 

Exoplanet hunters also use the transit method, which scours 
stars for the tiny shadows of crossing planets, to find new worlds. 
Because many of those stars don’t have an official name yet, 
any exoplanetary quarry found this way gets named after the 
observing instrument or spacecraft. NASA’s Kepler space telescope 
has bagged nearly a thousand transiting exoplanets; the European 
Space Agency’s defunct CoRoT (COnvection ROtation and 
planetary Transits) has scores to its credit. Resulting names include 
Kepler-22b and CoRoT-7b. From the ground, meanwhile, the 
SuperWASP project, using observatories in the Canary Islands and 
South Africa, has yielded several dozen WASP exoplanets. 

But wait, there’s more! The tiny Persian Gulf nation of Qatar, for 
instance, funds an exoplanet search project that’s nabbed a couple 
of worlds, dubbed Qatar-1b and Qatar-2b. Meanwhile, the citizen 
science Planet Hunters project has notched a planet on its belt: 
PH1b. What was that about organized chaos?

The pros  Some so-called exoplanetologists embrace the scientific 
designations despite their quirks. “I’m personally very happy with 
the current system,” says Massachusetts Institute of Technology 
astrophysicist and planetary scientist Sara Seager. She cites its 
functional universality to scientists around the world; anyone can 
go and look up an exoplanet by its basic, agreed-upon designa-
tion. NASA’s Bill Borucki, Kepler principal investigator, agrees: “The 
scientific name is a good name — it’s simple, it’s short.” 

The cons  For others, the designations fail to inspire. Wladimir 
Lyra, a planetary scientist at the Jet Propulsion Laboratory in 
Pasadena, Calif., says the names are boring and don’t resonate 
with non-scientist audiences. Lyra is tired of being asked at 
public lectures about what these worlds are called, and “the 
only thing I had to give them were names that look like car 
plates and phone numbers.”

KEPLER-22b
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Greek and Roman Mythology 
How it works  Lyra has proposed expanding on the Greek and 

Roman mythological motif used in our solar system. In a 2009 
paper, he suggested Greco-Roman names for almost all 403 
exoplanets then known. Lyra chose monikers associated with the 
myths of the exoplanet host star’s constellation. For example, 
in the constellation Hercules, exoplanets would be named after 
the Greek hero’s 12 labors, which included capturing the giant 
deer Cerenytis (now 14 Her b) and killing the man-eating birds 
of Stymphalia (HD 155358 c). 

The pros  This method jibes with the naming styles we’re all accus-
tomed to for the solar system’s worlds. “I was trying to go back to 
classical tradition,” Lyra says. 

The cons  We’ll run out soon — there are only so many mythologi-
cal Greco-Roman names. And most have already been attached 
to the approximately 15,000 named asteroids in the solar system. 
But names are frequently repeated in astronomy anyway (Atlas is 
a moon of Saturn as well as a star in the Pleiades), and Lyra says 
such repetition is not as problematic as you might think. “You 
have Memphis in Tennessee and Memphis in Egypt. They’re both 
Memphis, but you don’t confuse them,” he says. 

Lyra suggests that not every exoplanet needs a handle beyond its 
scientific designation, given that the Milky Way alone likely boasts 
billions of worlds. Instead, only the nearest and dearest should be 
blessed with a name, he says: “I think we should name planets up to 
a boundary, set arbitrarily at 100 light-years or so.” But perhaps the 
biggest issue with the Greco-Roman naming scheme, Lyra admits 
and Montmerle agrees, is its inherent cultural bias. 

World Mythologies
How it works  While Greco-Roman names might have been 

the way of the past, expanding into other mythologies 
could be the way of the future. For instance, exoplanets in 
constellations named after birds, such as Aquila the Eagle, 
might draw a similar avian treatment, with names like the 
mythological Chinese birds Jingwei and Peng. Alternatively, 
non-classical constellation names also could serve as wellsprings 
of mythological characters. The Sumerians, for example, named 
the constellation of Orion after their hero Gilgamesh, whose 
epic poem remains well-read.

The pros  Why shouldn’t other cultures’ mythologies get a go? 
“I would be quite happy with the internationalization of the 
system to include other mythologies,” Lyra says. 

The IAU has started down this road as well. In 2008, the 
organization rechristened Kuiper Belt object 2005 FY9 — a 
dwarf planet out past Neptune’s orbit — as Makemake, after a 
god of the Rapanui people of Easter Island. Haumea, another 
dwarf planet, is named for a Hawaiian goddess of childbirth. 

Montmerle sees it as a potentially promising exoplanet 
naming convention. Until recently, he says, “names have been 
entirely dominated by Western culture and mythology. I would 
personally advocate taking this extraordinary opportunity of 
naming exoplanets to really represent the world culture.”

The cons  Because today’s mythology is yesterday’s religion, 
invoking other mythologies could prove offensive. “We should 
be very careful not to give the name of a god being actively 
worshipped,” says Montmerle. He also thinks moving beyond 
mythology would be more creative. Exoplanets could be named 
for “people who have contributed to the enhancement of 
humankind — musicians or writers or painters or artists,” he 
says. Indeed, within the solar system, the IAU has invoked such 
conventions, like naming craters on Mercury after deceased 
artists and Uranus’ moons after Shakespearean characters. 

HUBBLE PHOTO OF MAKEMAKE

14 Her b

CoRoT-7b

CITIZEN SCIENCE ALERT Want to become a planet hunter 
yourself? Discover new worlds with this project you can do at 
home: DiscoverMagazine.com/PlanetHunters
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Exoplanetary Taxonomy 
How it works  Exoplanets could have a taxonomical species 

name, mirroring biology’s kingdom-phylum-class-order-
family-genus-species arrangement — one that could reveal 
something about their characteristics. 

Eva Plávalová, an astronomer at the Slovak Academy of 
Sciences in Bratislava, proposed in a 2011 paper an exoplanet 
classification system with five parameters. Take the exoplanet 55 
Cancri e. In Plávalová’s labyrinthine system, it would be 9E-1.8R1, 
and here’s what that would tell you: The first parameter, 9E, is 
the planet’s mass, expressed in equivalent masses of solar system 
planets. Scaling from the pipsqueak to the gargantuan, M is 
for Mercury, E for Earth, N for Neptune, and J for Jupiter. So, 
this exoplanet has nine times Earth’s mass. The 1.8 refers to the 
distance from its host star. For the third parameter, Plávalová 
devised four temperature classes: F represents freezing; W, 
water; G, gaseous; and R represents, I kid you not, roasters — so 
9E-1.8R1 is a hot, hot place. The fourth parameter is an estimate 
of eccentricity — how much a planet’s orbit deviates from a 
perfect circle, and ranges from 0 to 1, rounded up or down. The 
final proposed parameter is an exoplanet’s surface attributes, 
with t as terrestrial, g as gaseous and i as ice. Since we’ve never 
imaged the surface of any exoplanet, this fifth parameter 
remains blank for 55 Cancri e when it’s renamed 9E-1.8R1. (For 
those keeping score at home, Earth comes out as 1E-0W0t.)

The pros  Just by looking at the exoplanet’s taxonomic species 
name, someone in the know would glean loads of information. 
Plus, it would bring order to the current (allegedly organized) 
chaos of planetary designations. 

The cons  Don’t expect the idea to catch fire with the public. 
55 Cancri e is already a mouthful — good luck with 9E-1.8R1. 
In rare cases, duplicate taxonomical names could crop up, too. 
Plávalová realizes such a scheme is at best a long shot, but 
she’s hopeful that fellow scientists will consider it over today’s 
willy-nilly designations. “When you write a paper, you have to 
name the planet something,” Plávalová says. “It’s important to 
establish some classification.”

Should people be able to buy planetary naming rights? 
Weigh in on our poll: DiscoverMagazine.com/Names

Publicly Selected, 
or ‘Popular’ Names

How it works  Although not everything’s been worked out, the 
main idea is that the general public or an official group, guided 
by public feedback, approves popular names for exoplanets in 
tandem with the original scientific designations. Leaders of the 
IAU and Uwingu hold very different views on the matter. 

“We have to be very selective on the quality of the names,” 
says the IAU’s Montmerle. “The names should stand the test of 
time and not be your neighbor’s girlfriend’s name, but something 
that reflects something really deep within humanity.” Montmerle 
envisions everyday folks working with local astronomy clubs 
to submit thoughtful name proposals with broad appeal. The 
professional astronomers of the IAU Commission would then 
review the suggestions and ratify the most appropriate or 
best sounding. Even something like Alderaan from Star Wars 
could end up passing muster. “I see no big problem with that,” 
Montmerle says. “Star Wars, after all, is part of our culture.”

Uwingu’s Stern frowns upon this sort of bureaucracy. Instead, 
he thinks naming should operate on a first-come, first-served 
basis. “We feel it should be open to the people of the Earth to 
name exoplanets anything they like as long as it’s not pejorative, 
prejudiced, insulting or profane,” Stern says. Given the likely 
billions of exoplanets in the Milky Way alone, Stern does not 
feel that any one planet has to be sanctified with some hallowed 
name. Family members, co-workers, sports teams and commercial 
brands are all fair game. “If United Airlines wants a planet, let 
them have it,” he says. “Get over it. They have one in a hundred 
billion.” As if to prove the point, the winning entry in Uwingu’s 
Alpha Centauri Bb contest last year was Albertus Alauda, a 
Latinized version of a participant’s grandfather’s name. 

Montmerle says the IAU will continue working toward a 
solution, but he cautions: “I think we are still a far cry from 
having found any valid method.”

The pros  Informal names for astronomical objects are common 
and have stood alongside official IAU names. Examples include 
the Milky Way for our galaxy, Mount Sharp for the official 
Aeolis Mons on Mars and Polaris for a star with dozens of 
recognized astronomical names, including, as most people 
would call it, the North Star. Popular naming would engage 
the public with astronomy in a whole new way, Stern argues, 
“and I think that’s crazy exciting.”

The cons  Public naming involves the risk of a vocal few 
“winning” to the disgust of virtually everyone else. Uwingu’s 
monetary model also has drawn criticism. “When you combine 
anyone naming planets by whatever way they want and 
actually paying to do that, you end up with bad names,” says 
Lyra. “I think naming should be given to a committee that 
cares about nomenclature.” 

NASA’s Borucki is also skeptical of public naming, especially 
of potentially habitable worlds. “Leave the scientific name 
as is,” he says, “until the people on that planet tell you what 
they want it to be called.” 

ALPHA CENTAURI Bb, aka  
ALBERTUS ALAUDA

55 Cancri e
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The First Popular 
Exoplanet Names?
Uwingu’s Alan Stern believes the exoplanet naming issue will 
ultimately resolve itself through usage — whatever names the 
public simply begins using in aggregate will stick, regardless of 
any official approval or contest. Assuming myriad news articles 
and Wikipedia serve as a good source on societal group-think, 
clear exoplanet name examples already stand out.

Osiris  An Egyptian god of the afterlife and the unofficial 
alias for the “hot Jupiter” HD 209458 b. 

OSIRIS

BELLEROPHON
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Bellerophon  The nickname for 51 Pegasi 
b, the first planet found around a sunlike 
star, named after the Greek mythological 
hero who rode the winged horse Pegasus.

Methuselah  The eldest of the known 
exoplanets, aged 12.7 billion years, 
PSR B1620-26 b circles a pulsar and a 
white dwarf, two incredibly old stars. Its 
namesake is the oldest person to have ever 
lived, according to biblical lore. 

Tatooine  A commonly used nickname 
for Kepler-16b, the first confirmed 
circumbinary planet, meaning it orbits 
two suns like the fictional desert world 
of Luke Skywalker in Star Wars.

Zarmina  Steven S. Vogt, a professor at 
the University of California, Santa Cruz, led 
the team that has claimed the detection of 
the unconfirmed and potentially habitable 
world Gliese 581 g. The team named it 
after Vogt’s wife.  D  

RING SYSTEM OF AN OBJECT ORBITING 1SWASP J140747.93-394542.6



 
Neural signals zip through our brains. Cells produce proteins faster  

BY BOB BERMAN
ILLUSTRATIONS BY JEONG SUH, BRYAN CHRISTIE DESIGN

THE  
HUMAN BRAIN:

85 billion 
neural cells 

150 trillion 
synapses
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than a blink. We are creatures of varying velocities. 

“Sorry, I’m busy right now,” you tell 
a friend. That’s so true. For its size,  
your body is as busy as the galaxy.

Even when we’re resting and daydreaming, internal activity is nonstop. 
The brain, of course, is the crown jewel of our nervous system. It has 85 
billion neural cells and 150 trillion synapses. These are its electrical connec-
tions, its possibilities. This figure is nearly a thousand times as great as the 
number of stars in the Milky Way.

The number of brain neurons is impressive. To count them at the rate of 
one a second would require 3,200 years. But the brain’s synapses, or electri-
cal connections, are beyond belief. Those 150 trillion could be counted in 
3 million years. And that’s still not the end of the matter. What’s relevant 
is how many ways each cell can connect with the others. For this we must 
use factorials. Let’s say we want to know how many ways we can arrange 
four books on a shelf. It’s easy: You find the possibilities by multiplying 
4x3x2 — called “4 factorial” and written as 4! — which is 24. But what if  
you have 10 books? Easy again: It’s 10! or 10x9x8x7x6x5x4x3x2, which 
is — ready? — 3,628,800 different ways. Imagine: Going from four items to 
10 increases the possible arrangements from 24 to 3.6 million.

Bottom line: Possibilities are always wildly, insanely greater than the 
number of things around us. If  each neuron, or brain cell, could connect 
with any other in your skull, the number of combinations would be 85 bil-
lion factorial. This winds up being a number with more zeroes than would 
fit in all the books on Earth. And that’s just the zeroes after the 1, the mere 
representation of the number, not the actual count. The brain’s connection 
possibilities lie beyond that same brain’s ability to comprehend it.
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All this architectural complexity may seem to lie inertly like 
a 3-pound lump of cheese with the same volume as a 1,400-cc 
motorcycle piston. Since the brain has barely more density than 
water, it does indeed appear to be a mushy, unimpressive lump. 
Its animation is utterly disguised. Making the brain vibrant are 
its relentless electrical activities. Unseen sparks fly everywhere. 
Each neuron functions on about 100 millivolts. A tenth of a 
volt is darned efficient. Even if  you add up the brain’s entire 
energy consumption, it’s a mere 23 watts (for a typical person 
consuming 2,400 calories daily). Still, the brain uses a whop-
ping 20 percent of the body’s energy despite taking up only 2 
percent of the body’s mass. It’s an energy hog, and there’s no 
“off” switch; the current courses continuously.

FASTER THAN A SPEEDING BRAIN
Electricity travels through a copper wire at 96 percent the 
speed of  light. No such luck when it comes to neural strands. 
Our body’s neurons come in several different varieties and 
capacities, but none lets current flow even 
1 percent as swiftly as in an electric can 
opener. Yet we apparently don’t need 
such light-speed cognition to accomplish 
everyday mental brilliancies like bagging 
the garbage. Our actual maximum operat-
ing rate of  just 390 feet per second, or 
less than a millionth of  light speed, is fast 
enough to do the job.

This is obvious with a quick experiment. 
Close your eyes and rapidly flail a hand 
— over your head, to the sides, anything. 
You’re always aware of exactly where it’s 
located, every moment, no matter how 
quickly you alter its position. Your in-the-
moment cognizance of your hand’s location 
proves that neural signals must reach your 
brain extremely quickly. In fact, those 
impulses travel faster than 250 mph.

That’s the nerve transmission speed for 
essential stuff. But what qualifies as “essential?” Fortunately, 
you don’t have to personally prioritize the relative importance 
of all the sensory, muscular, pressure, pain and other inputs. It 
was taken care of, designed and hardwired before you even left 
the womb. A friend’s carelessly exuberant hand gesture is about 
to poke your eye? You instantly blink and evade. You’re eating 
and would prefer not to stab yourself  with the fork? The posi-
tional signals from your fingers and lips are in-the-moment. On 
an overnight camping trip, stepping out of the tent barefoot, 
you tread on a suspicious object that feels an awful lot like a 
snake? You yank your leg up in an eyeblink. All these reflexes 
were neurally commanded at 250 mph.

But now stub your toe. Or just remember when you did. 
It took several seconds to feel any pain. That’s because pain 
signals travel along separate cables at a low-priority speed of 
just 3 mph. There’s no rush to deliver bad news.

Meanwhile, thinking signals occur at an in-between speed. 
They slither and branch through the cerebral cortex at 70 mph. 

All these fast, slow and intermediate electrical impulses and 
synaptic connections happen continuously, with their pace peak-

ing in the morning. We get a break only when the lights go out: 
The brain operates at a much-reduced level when we’re asleep.

The nervous system’s activity, which peaks between ages 22 
and 27 and starts to diminish thereafter, is of course the control 
system for a myriad other internal motions. The well-known 
ones are our breaths and heartbeats.

 The heart beats 2.5 billion times in a lifetime. The 5 quarts 
of blood an adult male continually pumps (4 quarts for 
women) flow at an average speed of 3 to 4 mph — walking 
speed. That’s fast enough so that a drug injected into an arm 
reaches the brain in only a few seconds. But this blood speed 
is just an average. It starts out by rushing through the aorta at 
an impressive 15 inches a second, then slows to different rates 
in various parts of the body.

Normally, liquids like water speed up when forced to flow 
through a narrower pipe. Kids like to squeeze a hose to 
make the water jump farther, to douse their friends. But the 
opposite happens in the narrow capillaries. Here is where 

blood flow is slowest.
It’s all part of the oxygen-exchange plan. 

The reason goes beyond the fact that capillar-
ies are farthest from the heart. Rather, there 
are so many of them that their cross-sectional 
area is greater than what’s found in veins 
and arteries. The blood volume is essentially 
spread out there.

Lymph fluid moves through its own system 
of channels, at the low speed of a quarter-inch 
a minute. But air is much livelier. Men 
and women normally inhale and exhale about 
a pint of air — half  a quart — 12 or 15 times 
a minute. This adds up to an air intake just 
shy of 2 gallons a minute. To make this 
happen, the lungs and diaphragm move in 
and out an inch a second.

WHAT GOES IN …
Meanwhile, we pop a pastry into our mouth 

and chew with lower teeth performing all the motion, rising 
and falling at the rate of an inch a second. (Studies show that 
more saliva squirts out when we’re hungry.) Gulp, and down 
she goes, and now we rely on esophageal peristalsis, a wave of 
contractions that brings the food stomach-ward at the speed of 
¾-inch per second.

Splash — into the tummy. There it remains for an average of 
two to four hours.

Next, the food is additionally processed, together with water 
removal, as it chugs growlingly through the 20-foot-long small 
intestine and then the 6-foot large intestine. This mass barrels 
along at a speed that varies from a foot an hour to a foot every 
three hours. It depends on the person and also on the food. 
Stuff  with a lot of roughage moves fastest. And fully half  the 
weight of stool is bacteria. Indeed, research in 2012 revealed 
that about 3 percent of each of us is pure bacteria. We’re each 
an “us” rather than an “I.”

The entire process — in one end and out the other — can 
be over in a single day. Or it may require three days. There’s no 
“normal” here, despite everyone having some opinion of how 

ALL THESE FAST,  
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BODY of
NUMBERS
• LYMPH FLUID moves 

at 1⁄4-inch per minute

• AIR INTAKE averages  
2 gallons per minute

• FOOD travels through the 
ESOPHAGUS at 3⁄4-inch 
per second

• URINE FLOWS 1⁄3-1⁄2 ounce 
per second

• BLINKING takes 1⁄10 second 
and happens about 10 times 
per minute

• A CELL can make a PROTEIN  
in 10 seconds

• The fastest SNEEZE was 
recorded at 102 mph



From the forthcoming book Zoom  — How Everything 
Moves: From Atoms and Galaxies to Blizzards and Bees 
by Bob Berman, to be published by Little, Brown and Co. 
Copyright © 2014 by Bob Berman. Printed with permission.
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often they should go to the bathroom. Some individuals have 
bowel movements three times a day. Others just once every 
other day. If  you want to speed things up, increasing dietary 
fiber to 25 grams or more a day is the best method. We cannot 
control our neuron electrical speed, lymph fluid rate, airflow 
exchange or capillary blood flow velocity. Nor can we alter 
the speed of asteroids. In the personal digestive realm alone 
do people wish to become control freaks to obtain what they 
imagine to be optimum velocity.

Same with urination. Men and women, big and small, all pee 
at the same average rate — between 1⁄3 and ½ ounce per second. 
Since the mean urine quantity is 1 to 2 quarts a day, we are 
condemned to spend one to two full minutes on daily peeing. 
Rarely more than three. The average woman urinates eight 
times a day, the average man seven times, though up to 13 times 
is not, believe it or not, considered abnormal. Adding it all up, 
a person who urinates seven times daily will require between 
nine and 27 seconds to do the job per session.

We thus dedicate an entire month of our lives to this activity.

SOMETHING TO SNEEZE AT
Men and women blink at the same rate, 
too. That is, about 10 times a minute, or 
once every six seconds. Staring — like 
when reading — counterintuitively cuts 
that rate in half. But while extended focus-
ing on one visual task makes us blink less, 
being tired does the opposite, and creates 
more blinking.

Each blink takes just a tenth of a second. 
The instigation of the eyeblink is even faster 
than the blink itself. The human eye’s reflex 
elicited by an air puff is 30 to 50 millisec-
onds, better than one-twentieth of a second. 
Compared to that, voluntary reaction time 
to a visual “act” signal in a laboratory, even 
when the subject is keyed up and expecting 
it, is around one-seventh of a second. In a road situation, it 
would take an additional three-quarters of a second for a driver 
to move her foot from the gas pedal to the brake. Conscious 
choices may be overrated. Reflexive actions are the way to go.

Consider that within each cell, protein synthesis creates new 
substances, each with a particular vital function. How fast? 
A cell’s ribosomes can make a disease-fighting protein in 10 
seconds. Given the millions of cells all simultaneously produc-
ing proteins to combat an infection, it’s very long odds against 
any given invading bacterium ever gaining a foothold.

Good thing. These armies are often evenly balanced. A 
colony of bacteria can double its size in 9 minutes and 48 
seconds. We’ve all experienced boils and other germ cities that 
temporarily manage to get the upper hand against our defenses.

Our fastest movements are involuntary. One of  these is 
legendary: the sneeze. Yet it usually begins in slow motion. 
The first phase of  the sneezing reflex is a nasal tingling after 
it’s been stimulated by a chemical or physical irritant. Or, 

sometimes, by a strange bright-light response called the photic 
sneeze reflex, when people emerge from a movie matinee 
into brilliant sunshine. Whatever the basis, the initial odd 
tingling grows until it reaches a level that triggers the far more 
animated second act.

It’s this so-called efferent or respiratory phase that consists 
of eye closing, sudden uncontrollable deep in-breath, and then 
blowing out air while closing the throat and increasing air 
pressure in the chest. The reflexive sudden opening of the throat 
releases a supernova air rush through the mouth and nose, 
explosively expelling any irritants.

A sneeze can release 40,000 particles at high speed. What 
speed is it, exactly? You’ll find all sorts of disparate velocity 
figures on the web. Some claim that this is the only body 
event that breaks the sound barrier. The truth, while still 
impressive, doesn’t come close to such a 768-mph achieve-
ment. The TV show MythBusters actually measured sneezes; 
their subjects’ fastest was 39 mph. In a medical setting and 
using trustworthy equipment, the fastest recorded sneeze 

was 102 mph. For some reason, Guinness 
World Records lists the greatest sneeze a 
bit slower than this, at 71.5 mph, or 115 
kph. Definitely fast enough to count as the 
highest-velocity body motion.

A long-standing puzzle is why sneezers 
are forced to close their eyes during the 
event. The best guess is that we are then 
protecting our eyes from the ultrafast spray 
of  sneeze germs and particles. Another 
possible reason is that a sneeze is a unique 
reflex that involves nearly the entire body. 
Many muscles contract in the nose, throat, 
abdomen, diaphragm, all the way to the 
back and even the sphincters. This is why 
people with “weak bladders” may release 
a bit of  urine during a sneeze. So the eyes 
closing is just part of  a much larger, unique 

display of  physiological violence.
It all originates in a part of the brain stem called the medulla 

oblongata, which is present in countless other animals that 
sneeze pretty much the same way we do. So we just can’t escape 
this hurry-up universe. We can’t even avoid it by staying in bed.

We take it with us, inside our skulls and under our skin.  D

Bob Berman, Discover’s former “Night Watchman” columnist, now 

writes the “Strange Universe” column for Astronomy and is science 

editor for the Old Farmer’s Almanac. His previous books include The Sun’s 

Heartbeat and Other Stories from the Life of the Star that Powers Our 

Planet and Secrets of the Night Sky.

Bob Berman explores the speeds of the universe in a video interview at DiscoverMagazine.com/Zoom
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Raising 
Rice Right
Will tourism make or break 
the traditional cultivation system 
that has made Bali famous?
BY FLORENCE WILLIAMS
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→Balinese farmer I Made Perasi 
understands the challenges of 

modernization well. He straddles two 
worlds as the owner of a car wash and 
the leader of a thriving but threatened 
rice cultivation system in the Pakerisan 
River’s Valley of Kings. His title is 
pekaseh, the elected head of a green and 
fruitful pocket of the watershed, which 
includes 110 families and their separate-
but-cooperating rice paddy operations.

At the edge of one such paddy, Perasi 
dismounts his Honda motorbike and 
walks along a narrow canal. He’s wear-
ing a traditional head wrap and sarong 
topped by an apricot-colored polo shirt. 
Perasi waves at a family splashing in 
water that will later flow out to irrigate 
their rice, as well as the coconut trees and 
bird-filled shrubs that divide the paddies. 
This may be rice country, but that’s 
hardly the only thing that grows here. 

Perasi stops at a spot overlooking 
fields of lime-colored, foot-tall organic 
brown rice. These fields, along with a 
millennium-old system of ditches, weirs 
and temples, make up his “subak.” The 
term refers to all the farmers who share 

irrigation water from a common source, 
be it a natural spring or the flow from a 
weir. Perasi’s duties here include settling 
disputes, worrying about the weather and 
making regular flower offerings to the 
water gods at nearby springs. Lately, they 
also include dipping into national and 
even global environmental politics.

Subaks like this one are becoming 
increasingly rare. Most of the rice 
currently grown in Asia’s picturesque 
terraces is fast-growing white rice, 
introduced, along with pesticides, in 
the 1970s. Many of Bali’s other subaks 
(there are 1,200 in all) have been whittled 
down as land and water get sold for 
hotels or other real estate development. 

In fact, the undeveloped farmland 
and beauty of the ancient temples along 
the springs in Perasi’s subak are so 
unusual that in 2012 the United Nations 
listed it and 20 others as part of Bali’s 
first World Heritage site. Ironically, 
while Bali’s commercial tourism industry 
threatens these complex working 

landscapes, it also provides the best hope 
to conserve them, if  it can be done right.

HARMONY FROM THE BOTTOM UP
Why is the U.N. bothering to protect a 
few terraced rice beds? They certainly 
aren’t as visually impressive as some 
World Heritage sites, such as the Taj 

Mahal. The significance of Bali’s subaks 
lies in their coordinated operation. 
Farmers self-organized a democracy 
from the bottom up, free of the order 
imposed by kings or lords. Through trial 
and error, they perfected an amazingly 
effective way to divvy up water, time 
their harvests and boost yields. 

Joining Perasi along the canal 
is American anthropologist Steve 
Lansing, director of  the Complexity 
Institute at Nanyang Tech University 
in Singapore. He started studying Bali’s 
subaks three decades ago to learn 
how they consistently produced good 
rice yields without modern inputs like 
pesticides. The answer was part ecologi-

For I Made Perasi, temples are as essential 
to running a subak as irrigation infrastructure.

Farmers self-organized a democracy from the bottom 
up, free of the order imposed by kings or lords.

Notes
From
Earth



model to investigate the emergence of 
cooperative behavior among Balinese 
rice farmers. It showed that complex, 
optimized irrigation networks could 
arise from a series of  false starts, 
abandoned irrigation works, conflicts 
between groups of  farmers and 
environmental perturbations. And the 
resulting systems responded nimbly to 
problems like droughts or pests without 
any overarching management.

“The rice paddies impose very 
stringent requirements on not a single 
individual but whole communities,” 
explains Lansing. “A very high level of 
cooperation is necessary for generations 
to create these terraced landscapes and 
then to maintain them. If  everyone 
makes decisions about the balanced flow 
of water from one field to the next, a 
global solution emerges.”

TOURISM, REVISED
But as 3.3 million tourists a year bike, 
surf, hike and downward-dog their way 
through the scenic Indonesian island, 
more and more farmers are selling 
their land to foreign developers. Of 
Bali’s 81,000 remaining hectares of 
subaks, about 1,000 are lost each year 

cal and part social, he says. 
The rice here doesn’t need much 

fertilizer because the volcanic soil is 
already rich in potassium and phos-
phorus. And the cycle of  wet and dry 
phases fosters the growth of  nitrogen-
fixing cyanobacteria in the terraces, 
providing the plants with a naturally 
occurring source of  usable nitrogen. 
Subak members have also learned that 
by planting their rice in unison, they 
can starve out pests during the agreed-
upon fallow season.

A deep, shared spiritual cosmology 
smooths occasionally rough-edged 
human relationships within the subak, 
Lansing says. Together, members of 
the subak travel to their water source’s 
shared delivery canal and “borrow” cups 
of water to sprinkle on their fields. The 
ceremonial practice reminds them that 
they are relying on the same resource, 
like an extended family sharing a house.

The subaks are governed by the 
Balinese-Hindu concept of  Tri Hita 
Karana, meaning “harmony between 
people, nature and God.” Lansing 
calls this stable but changing harmony 
a “complex adaptive system.” In the 
early 1980s, he wrote a computer 
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Bali’s terraced rice paddies sustain local 
residents and also attract foreign tourists.

Balinese bathe in the sacred springs of Tirtha 
Empul. This water also irrigates Perasi’s subaks.

Bali is the most popular tourist destination 
in Indonesia, partly because of the island’s 
picturesque, terraced landscapes. Of Bali’s 
1,200 subaks, 21 are protected by the 
United Nations as a World Heritage site.
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to development, and the water that once 
cultivated rice now fills hotel pools. The 
land sales increase taxes for the farmers 
who remain and create more pressure to 
sell, which threatens the whole delicate 
irrigation system.

“We need to protect the subak,” 
Perasi says, looking out over the shining, 
water-soaked paddies. He says he is 
pleased that this subak, called Kulub, 
was included in the World Heritage site 
because the designation requires that 
the Balinese government come up with a 
plan for maintaining it.

The designation alone, though, 
does not ensure protection because it 
doesn’t come with instructions on how 
to protect the sites or manage tourism. 
If  anything, the new listing may bring 
more tourists, roads and hotels to the 
area. That’s what happened to the rice 
terraces farther west, near the border of 
Mount Batukaru National Park.

Perasi has a more subak-centered 
vision for the future, and it includes a lot 
of hiking. “I would like to see tourists 
be able to trek through the subak,” says 
Perasi. “Not too many structures, not a 
lot of concrete, just grass trails. They can 
drink a coconut. If it doesn’t interrupt 
the farmers, it will be no problem.” He’d 
also like to help design small-scale tour-
ist facilities and keep some visitor fees 
for maintaining the subaks. That’s not 

always the case in these sites, Lansing 
points out; at Angkor Wat in Cambodia, 
another World Heritage site, most of the 
tourism revenues go to a private manage-
ment company, and very little money 
reaches the local communities.

Empowering village and subak 
leaders to control the influx of  tourism 
around the new World Heritage site was 
a key component in the management 
plan that Lansing helped draft as part 
of  the site’s nomination dossier. So 
far the Indonesian government has 
been slow to include these players in 
discussions, but if  history is any lesson, 
Lansing and Perasi have reason to 
be hopeful. The defiantly democratic 
subaks have avoided top-down manage-
ment for 1,000 years, so if  any cultural 
site can pull off  locally driven tourism, 
it should be this one.

Perasi’s counterpart, I Gusti Ngureh 
Anom Mika, whom we visited in the 
next town, hopes someday that his 
subak, too, may be included in the pro-
tected zone. “I worry about the future. 
We should be keeping the inheritance 
of our ancestors,” says the pekaseh who 
works in a high-end hotel bar by day. 
“Hotels are stress. When I go to the rice 
paddy, I feel free.”  D

Florence Williams is the author of Breasts: 

A Natural and Unnatural History (2012).

Coconut trees line terraced rice paddies in Bali’s Pakerisan region, where Perasi’s subak is situated. 
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→Lately it seems like the 
research world has launched 

into a full-throttle game of “what 
superpower would you choose?” 
For those who desire invisibility, 
engineers are developing exotic 
materials that can bend an 
object’s light completely out of 
view. For would-be telepaths, 
neurobiologists are working on 
ways to read one person’s brain 
wave patterns and transmit them 
into another person’s head.

My personal favorite, though, 
is perhaps the most outrageous 
fantasy power of all: teleportation, 
the ability to arrive without traveling. 
Imagine being able to dematerialize 
from your living room and show up the 
next moment in Venice or the Amazon 
rainforest or the rings of Saturn (wearing 
an appropriate space suit, of course). 
The idea is so seductive that it has been a 
mainstay of science fiction since the early 
days of Star Trek and Doctor Who, but it 
also seems an affront to common sense.

Fortunately, common sense doesn’t 
guide the rules of quantum physics, as 
evidenced by a brief  1993 paper with 
a mouthful of a title: “Teleporting an 
Unknown Quantum State Via Dual 
Classical and Einstein-Podolsky-Rosen 
Channels.” In it, a team led by Charles 
Bennett of IBM’s T.J. Watson Research 
Center demonstrated how to link two 
particles together a certain way, and 
keep them linked even at great distances. 

That connection, known as quantum 
entanglement, has a remarkable power. 
It enables someone holding one of the 

particles to send, instantaneously, a 
chunk of information — the “unknown 
quantum state” in the paper’s title 
— to someone else holding the other 
particle. Because of that weird quantum 
connection, the information goes 
from one person to the other without 
physically passing between them. It 
arrives without traveling. 

Relocating information from one 
particle to another may not sound a 
lot like, “Scotty, energize,” but at a 
fundamental level, they are two versions 
of the same process. Every atom in 
Captain Kirk’s body is a set of data 
(type of atom, location, energy state 
and so on); the captain as a whole is 
just an enormous collection of those 
data sets. Teleport all the relevant 
information to the surface of a planet, 
and you can re-create Kirk exactly as he 
was aboard the ship. 

Well … maybe. Teleportation 
technology has progressed rapidly since 

1993, and it is now being tested 
in the lab. But as the crew of the 
Enterprise repeatedly discovered, 
human teleportation is hard to do 
right and easy to do wrong. There 
may be better, simpler ways to 
attain that type of superpower. 

LOG ON TO A 
QUANTUM COMPUTER
Even a limited form of 
teleportation could be a 

revelation. Physicists are hard at work 
developing a quantum computer, 
a related technology that processes 
information using individual atoms or 
particles instead of transistors. Such 
a computer could vastly outperform 
traditional processors on certain types 
of calculations: cracking codes and 
solving complex equations, for instance. 

More exciting, a quantum computer 
could lead to the first fully realistic 
simulations of quantum phenomena. 
All of biology, chemistry and nanotech-
nology fundamentally operate at the 
quantum level. Being able to understand 
those processes on their own terms 
would be a giant leap. 

Teleportation is a key enabling 
technology for quantum computing 
because it allows you to extract the 
information the computer produces 
without disturbing the rest of the system. 
No teleportation, no results. Last year, a 
team led by physicist Alex Kuzmich, then 

The Ups and Downs 
of Teleportation
Quantum physics and information theory suggest 
it’s really possible to get there from here.
BY COREY S. POWELL
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Star Trek-style teleportation (above) 
isn’t as crazy as it sounds, though it 
would depend on intricate quantum 
information systems (left), as 
developed by physicist Alex Kuzmich.
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along with an appropriate incubator, to 
distant planets and synthesize people 
at the other end. Then your clone could 
start setting up shop on a world orbiting 
Alpha Centauri B. 

Cloning still doesn’t fulfill the full 
superpower fantasy of teleportation, I 
realize. No, what you ideally want is a 
complete mind-upload to your distant 
doppelganger, so that you/he/she can 
really be there. That would reduce the 
teleportation problem from “probably 
impossible” to “wildly difficult.” That 
still leaves the problem of the brain’s 
enormous information content. But if  
you accept that information is the only 
thing that defines your mind, the task 
seems feasible. No longer do you need to 
assemble atoms meticulously in the right 
locations; just the facts will do.

Note a fascinating common thread 
through all these possibilities. Whether 
you regard yourself  as a pile of atoms, 
a DNA sequence, a series of sensory 
inputs or an elaborate computer file, 
in all of these interpretations you are 
nothing but a stack of data. According 
to the principle of unitarity, quantum 
information is never lost. Put them 
together, and those two statements lead 
to a staggering corollary: At the most 
fundamental level, the laws of physics 
say you are immortal. 

How about that for a superpower?  D

at the Georgia Institute of Technology, 
demonstrated a practical form of 
information teleportation by entangling a 
computer’s atoms and photons (particles 
of light) on demand. Once you can do 
that, you can take advantage of that 
quantum connection to beam data out 
of your quantum computer and get it 
exactly where you need it. 

And once you can build a 
quantum computer, the possibilities 
keep going. Kuzmich and others 
envision entire “quantum networks” 
that would link together multiple 
computers and provide high-speed 
communications between them. If  
you think that idea sounds vaguely 
familiar, you are right; it’s a quantum 
version of the Internet.

A primary reason to go down this 
path is security. Working with entangled 
particles requires incredible delicacy, 
but that also makes it incredibly 
private. If  anyone tries to eavesdrop 
on an entangled message, the very 
act of unwanted listening disrupts 
the whole teleportation process. Any 
message sent over a quantum Internet 
is therefore perfectly secure — or as 
perfect as anything known to humanity. 
Heartbleed bug? No problem.

WHAT ABOUT ME?
Yeah, yeah, yeah. If  you are anything 
like me, you want to know about 
the unlimited form of teleportation, 
the kind that beams people from 
place to place. Let me temper your 
enthusiasm with two considerations, one 
philosophical and one technological. 

First, extracting all the information 
from Captain Kirk’s body (or yours) 
requires knowing the physical state of 
every atom, which would require total 
disintegration. Each time Kirk steps into 
the transporter, then, he is committing 
suicide and then getting reborn at the 
other end. Second, the amount of 
information required to re-create him 
is staggering — about 4.5 x 1042 bits, by 
one estimate, determined recently as part 
of a highly entertaining graduate physics 
project at the University of Leicester. 

Nobody knows 
how to collect 
and transmit that 
much information. 
And remember 

how the slightest disturbance ruins 
quantum entanglement? The process 
of reassembling your atoms would 
inherently scramble the information. At 
this point, it’s suicide at one end without 
rebirth at the other. Kirk might as well 
put on a red shirt first.

The teleportation situation becomes 
much less bleak if you bend the definition 
a bit, however. As many a video game 
player has noticed, the human brain 
has a remarkable ability to project itself  
outside the body and into other objects 
or virtual spaces. NASA is exploiting 
that ability with Human Exploration 
Telerobotics, a project that lets astronauts 
“inhabit” robots in locations that are 
fatal or inaccessible. A mechanical 
astronaut will soon be strolling outside 
the International Space Station. In 
the near future, you might be able to 
experience space exploration vicariously 
through a Mars rover or mechanical 
arms poking at a distant asteroid.

If  that’s too much of a cheat for you, 
how about a DNA fax machine? Biotech 
guru J. Craig Venter proposes that if  we 
find microbial life on Mars, we could 
sequence its genome locally, transmit the 
information and rebuild the organism 
here on Earth. In principle, Venter notes, 
the process could go the other way: It 
would be possible to send human DNA, 

Corey S. Powell is editor at large of Discover. 

Follow him on Twitter, @coreyspowell, and 

his blog, DiscoverMagazine.com/outthere

NASA plans to 
explore Mars via 
virtual teleportation 
(right); the iRobot 
Corp. already makes 
the Ava 500 (below), 
a robot that lets 
workers interact 
while miles apart.
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CHIMPIN’ AIN’T EASY
Actor Andy Serkis, the 
master of motion-capture 
characters, reprises his 
role as Caesar, leader 
of a burgeoning ape 
culture, in July’s Dawn 
of the Planet of the Apes. 
The movie, a sequel to 
2011’s Rise of the Planet 
of the Apes, is the eighth 
big-screen outing for 
the ultrasmart animals. 
In Dawn, Caesar decides 
what to do with those 
damn dirty humans.
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 SCIENCE HOT

HOT MOV IE

DISCOVER: What was the most 
important element to you in Dawn?
MATT REEVES: The tone is the most 
important thing. Everything has to feel 
grounded in reality. The only fantastic 
element is the intelligent apes. The dysto-
pian, post-apocalyptic theme for the 
humans was the least interesting aspect 
to me. I was into the ape civilization.

D: We’ve come a long way from the 
then-cutting-edge makeup and masks 
of the 1968 film Planet of the Apes, but 
do you feel, effects-wise, that Dawn is 
an improvement even on 2011’s Rise?
MR: I was so blown away in Rise by the 
emotionality. The most human, relatable 
character in that movie was an ape, 
Caesar. But Rise was shot mostly on a 

It’s 2026, and humans aren’t doing so well. Over the past decade, 
simian flu has nearly wiped us out, and intelligent apes — the product of 
misguided lab experiments — are quickly climbing to the top of the food chain.

The challenge for our species is to survive. The challenge for Matt Reeves, 
director of Dawn of the Planet of the Apes (in theaters July 11), is to live up to all 
the Apes that have gone before — and to go even further, creating a new level 
of realism. We caught up with Reeves as he was putting the finishing touches 
on Dawn, the sequel to 2011’s Rise of the Planet of the Apes, to talk about his 
chapter of a franchise that began more than 50 years ago with a French novel.

Apes of Wrath

stage. I wanted to increase the sense of 
visual reality. The last film was an emo-
tional victory, but in Dawn, the physical 
manifestation (of computer-generated 
characters) is a quantum leap forward. 

Andy Serkis (left) and director Matt Reeves 
fine-tune a motion-capture performance. 
Serkis is an experienced “mo-cap” actor, 
having first donned a dotted suit and 
headgear as Gollum in The Lord of the Rings.

Reeves (top) on set. An uneasy truce is estab-
lished between human leader Malcolm (Jason 
Clarke, above left) and his counterpart, Caesar 
(Serkis). Koba, played by actor Toby Kebbell 
(left), faces off against attacking humans.

It’s photorealism. The volume of the 
movie was shot on location with motion 
capture and witness cameras (which 
provide 3-D reference points to help cre-
ate 3-D computer-generated characters). 
That’s been done before, but not on this 
scale. Dawn was also shot with native 
3-D cameras, which are enormous and 
heavy, and have to be used on cranes. It 
was unbelievably difficult dealing with 
them on hillsides in mud and rain.

D: How did you approach depicting 
the still-evolving ape civilization?
MR: There were some early production 
design ideas about them repurpos-
ing human tools and other items, but 
I thought that cheapened them and 
made them seem like scavengers. Apes  TO
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THE SKELETON CREW
By Deborah Halber
Fascinated by the tens of 
thousands of unidentified 
human remains in America, 
civilian sleuths comb through 
missing persons databases, 
police reports and news sto-
ries, searching for matches to 
John and Jane Does. Science 
journalist Halber focuses less 
on hard forensics and more 
on the passionate, com-
petitive amateur investigators 
and their online communities, 
where remains are referred to 
as “Tent Girl” or “The Head 
in the Bucket.” Halber’s frag-
mented organization makes 
for a choppy but compelling 
read, particularly when the 
crowd-sourced investigations 
pay off and a body is posi-
tively identified. 
 ELISA NECKAR 

DEEP
By James Nestor
After years of living next to 
the Pacific, journalist Nestor 
decides to zip up his wet suit 
and embark on a pilgrimage 
to understand our connection 
to the ocean from surface to 
floor. In this deeply personal 
account, Nestor travels with 
individuals devoted to the 
same mission, including 
freedivers who descend 
— sans equipment — to 
ear-popping depths, grad 
students who spend weeks 
crammed into an under-
water research station and 
an eccentric inventor who 
built a functioning deep-sea 
submarine. Deep also probes 
our evolutionary links with 
ocean life: We can echolo-
cate like dolphins and even 
identify true north like a 
shark. Nestor organizes each 
chapter around a progressive-
ly deeper level of the ocean; 
the farther we descend into 
his experience, the more 
we understand our aquatic 
origins.  CARL ENGELKING

AMERICAN CATCH
By Paul Greenberg
So much coastline, so much 
seafood and so little of it on 

don’t need our scraps. They’re going to 
build their own world. They don’t need 
clothes. Everything they make is func-
tional. They’re ingenious engineers, but 
they’re using primitive materials. And 
they’re seven times stronger than we are. 
You’re seeing them on their ascendency, 
but they’re still primitive.

D: So … no sharp dressers like 
Cornelius in the original movie?
MR: In the ’68 movie, they’ve taken on 
clothing; they’re dressed like humans. 
But for Dawn, to give them anything 
that had no function seemed frivolous. 
 GEMMA TARLACH

our plates. We Americans 
are caught in our own net 
and don’t even know it. The 
majority of salmon caught in 
Alaskan waters is exported, 
and the long heritage of oys-
ter harvest along our eastern 
seaboard is all but forgotten. 
Meanwhile, we’re in a frenzy 
for imported seafood — 
90 percent of our shrimp 
comes from overseas — that’s 
often farmed in environmen-
tally destructive ways. Green-
berg takes readers to the wild 
tundra surrounding Alaska’s 
Bristol Bay, the murky waters 
of Long Island’s oysterless 
Jamaica Bay and the deck of 
shrimper boats off the Loui-
siana coast. Grounding the 
narrative in each of the three 
seafood meccas, he finds 
those people who are work-
ing hard to make Americans 
understand, respect — and 
eat — our own bounty. 
 BECKY LANG

Caesar (above)
prepares to lead 
his followers into 
a confrontation 
with humans.

Karin Konoval 
(below) wears 
mo-cap gear with 
reference points 
that capture her 
performance 
as Maurice the 
orangutan, digi-
tally rendered in 
post-production. 
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DESTI NATIONS

NOBEL-ITY: Eight Nobel 
laureates have worked at the 
laboratory, including James 
Watson, who discovered DNA’s 
double-helix structure with 
Francis Crick in 1953. 

TOUR IT: Learn about the 
lab’s Nobel legacy, historic 
architecture and current 
research in cancer and neuro-
science on a 90-minute tour 
led by graduate students and 
postdoctoral candidates. Tours 
($5) are offered from March 
through October. Reservations 
must be made seven days in 
advance; call 516-367-8455.

HISTORY LESSON: On the 
opposite side of town, The 
Whaling Museum and Educa-

tion Center of Cold Spring 
Harbor allows you to step back 
in time and explore the area’s 
whaling history. The museum 
has an extensive scrimshaw 
collection, and New York’s 
only 19th-century whaleboat 
that’s fully equipped with 
its original gear — but don’t 
worry, it hasn’t been in use for 
nearly 100 years. 
cshwhalingmuseum.org

ALL ABOUT TROUT: Across 
the street from the lab, watch 
one of the daily feeding demos 
at the Cold Spring Harbor Fish 
Hatchery and Aquarium, 
which has the largest living 
collection of freshwater fish, 
reptiles and amphibians native 
to New York. cshfha.org

 SCIENCE HOT

Located just outside the historic seaside town of Cold 
Spring Harbor, the eponymous laboratory sits on the 
former grounds of a 19th-century whaling company. 
The institution was founded in 1890 as a biology teacher 
training laboratory, but is now an international leader 
in molecular biology and cancer research. 

Cold Spring Harbor, N.Y. 
40°51’30’’ N, 73°27’59’’ W
cshl.edu

 SCIENCE HOT

DESTI NATIONS

Cold Spring 
Harbor Laboratory

Less than two hours from Manhattan, Cold Spring Harbor is a town 
of about 5,000 and a popular day trip from the city (top). Stretching 
80 feet, the sculpture “Waltz of the Polypeptides” is one of the artworks 
on the Cold Harbor Spring Laboratory grounds (above).

SEA-BOUND: Take a scenic 
paddle around the tranquil 
waters of nearby Oyster Bay, 
past lush wetlands and water-
side homes. Kayak rentals are 
available May through Sep-
tember from the WaterFront 
Center in Oyster Bay, less than 
7 miles away.  
thewaterfrontcenter.org

GO: Two of metro New York’s 
biggest airports — LaGuardia 

and JFK — are about 30 miles 
away. Stay in Cold Spring 
Harbor and walk or bike to the 
lab and other sites.

GO DEEPER: From October 
through June, the laboratory’s 
DNA Learning Center offers its 
monthly hands-on “Saturday 
DNA!” programs for ages 10 
and up. Past programs have 
focused on botanical barcod-
ing, fingerprinting and even 

The waters around Cold Spring Harbor were once full of whalers; 
these days, things are more peaceful but still busy during the summer. TO
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HOTEXHIBIT

Nap Time Not Included
DISCOVERY ZONE
Denver Museum of Nature and Science

The Mile-High 
City gets a brand-
spanking-new 
spot for budding 
brainiacs. Sorry, 
maybe we shouldn’t 
have mentioned 
“spanking” because 
there’s nothing 
but fun at the new 
Discovery Zone for 
children. Tomorrow’s 
researchers and 
innovators can 
excavate fossils 
in a simulated 
dig, learn about 
water’s acrobatic 
properties and cook 
up some chemistry 
experiments in the 
Science Kitchen. 
There’s even an area 
for tots younger than 
3 to begin a lifelong 
love of learning.
Opens June 7. 
dmns.org 
 GEMMA TARLACH

From paleontology 
(top) to ecology 
(bottom), Denver’s 
new Discovery Zone 
introduces kids to vari-
ous fields of science. 

using bioluminescent proteins 
of one organism to study the 
genes of another. Sessions 
are two hours long and cost 
$15 per person; reservations 
and payment must be mailed. 
More info at dnalc.org/ 
programs/saturdaydna.html. 
Free public lectures are also 
offered throughout the year: 
cshl.edu/campus-events/ 
campus-tours/concerts-a- 
lectures.html   ALLIE WILKINSON

Famous for past 
Nobel laureates, 
the lab is still a center 
for cutting-edge 
research (below). The 
skull of an Orsinus 
orca greets visitors at 
the nearby Whaling 
Museum (bottom).
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HOTINTERV IEW

Q If there’s intelligent life out there, 
do you think they’d establish contact 

with us using a droid, as in Earth to Echo?

AWell, one never knows what aliens 
have in mind. But the amount 

of energy required to go from one 
star system to another is daunting. 
If the aliens were that advanced and 
could handle interstellar travel, they 
would also be advanced enough to 
know already that there’s biology on 
Earth. They can tell from the oxygen 
in our atmosphere, the signal that it’s 
transmitted into space for the past 
couple billion years. Would they send 
an exploration party? It’s plausible. 

The smart and tech-savvy kid characters of Earth 
to Echo, opening in theaters July 2, establish contact with 
an alien robot via texts. Smartphones and other consumer 
gadgets play a major role throughout the movie. Is the 
premise any more plausible than, say, Will Smith outwitting 
otherworldly hordes in Independence Day? We asked a 
man who’d know: Seth Shostak, senior astronomer at the 
SETI Institute, an alien hunter by trade and an informal 
consultant to Hollywood.

Finding iET

Q What’s your favorite  
alien movie?

AI like them all. Sometimes the 
cheesier, the better. I was heavily 

influenced as a child by those Saturday 
creature-feature movies. The thing 
with science fiction that’s different than 
other genres is that it’s always about 
the idea. The idea, in science fiction, is 
the real leading man or leading lady. 
And I like that because I’m a big fan 
of ideas. You always learn from ideas, 
even the crazy ones.

Q Is it a crazy idea that actual alien 
beings, not just an exploratory craft 

or robot, might come to Earth?

A Most of the movies with aliens 
coming to Earth are quite 

implausible — especially the ones 
with malevolent aliens, which it seems 
seven out of 10 of those movies are. 
Malevolent aliens make for a stronger 
story, of course. But then in the 
movie we always fight them with our 
military and prove we’re better. That’s 

Shostak says Hollywood rarely gets it right when it comes to depicting an alien invasion, but sometimes the results are too cheesy-fun to quibble 
about, as in these sci-fi classics Plan Nine from Outer Space (left and right) and The Day the Earth Stood Still (middle).

Alien hunter Seth Shostak’s official job title 
is senior astronomer at the SETI Institute.
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It’s not enough to keep your eyes on the road and your hands on the 
wheel — you’ve got to stay awake and alert when driving. According to the 
National Highway Traffic Safety Administration, drowsy driving accounts for 
more than 100,000 crashes and 1,550 fatalities each year. 

Manufacturer-installed anti-driver-
fatigue systems have been around a 
while: In 2007, Volvo introduced a 
forward-facing camera that gauged 
steering accuracy, and Mercedes-
Benz began offering Attention 
Assist in 2009. But now, a trio of 
aftermarket products makes staying 
awake — and alive — even easier.

Asleep at the Wheel

Denmark is 
My Co-Pilot
A DIY solution 
comes from 
Danish firm ASP 
(Anti-Sleep Pilot). 
Inspired by his ex-
perience of falling 
asleep behind the 
wheel one night, 
company founder 
Troels Palshof developed this dash-mounted 
device that might be mistaken for a hockey 
puck with lights. Establish your own fatigue 
level at the start of a trip by answering 
questions such as whether you’ve taken 
medicine and how long you’ve already been 
awake. Then the device collects personal 
driving-habit data during the first few 
miles of your trip. After that, at specified 
intervals, the ASP prompts you to perform 
simple tests to gauge your alertness level. If 
it thinks your reaction time is off, the device 
gives you both audible and visual signals 
suggesting time off from the road. At press 
time, the company had sold out of its sup-
ply but planned to have additional units 
available later in the year for about $180. 
antisleeppilot.com/en

Working in the Coal Mine
Seeing Machines’ Driver Safety System uses 
a dashboard-mounted driver-facing camera 
to detect if the person behind the wheel is 
paying attention or falling asleep. Tracking 
software builds a 3-D model of the opera-
tor’s head using infrared lighting, then mea-
sures and analyzes changes in head position 
as well as eye closure rate. If the system 
doesn’t like what it sees, visual and audible 
cues, as well 
as seat vibra-
tion, alert the 
driver. The 
product is 
already in use 
worldwide in 
partnership 
with Caterpil-
lar, and in mining operations in Australia. It’s 
also being tested on several buses operated 
by Royal Beuk, a large European tourist 
carrier. If the current trial is a success, the 
system will be installed on the entire Royal 
Beuk fleet by the end of 2014. Availability in 
non-commercial vehicles could soon follow. 
seeingmachines.com  JIM SULLIVAN

Roads Scholar
Optalert, an Australian company founded 
by sleep expert Murray Johns, makes glasses 
with a tiny LED built into the nosepiece 
of the frame that aims brief bursts of 
low-intensity infrared light at a driver’s 
eye. Reflected light from the upper eyelid 
is measured 500 times per second by a 
phototransistor positioned alongside the 
LED. Blink amplitude — how much the 
eyelid opens after a blink — and blink veloc-
ity, which is slower in drowsy drivers, are 
analyzed and given a weighted score, which 
is then displayed on the driver’s dashboard. 
The score is also transmitted in real time to 
a supervisor. (It’s currently used mainly in 
the open-pit mining and long-haul trucking 
industries.) The glasses are worn like regular 
sunglasses, but those who require prescrip-
tion lenses can have them inserted into the 
Optalert frames. optalert.com

nonsense. Any aliens who could 
come here would be so much more 
advanced than us that we’d never be 
able to take them on.

QYou’ve suggested in the past 
that, with some of the new ways 

we’re looking for electromagnetic 
signals from exoplanets and evaluating 
the data, we’ll probably find 
extraterrestrial life in the next few 
decades. What are the chances of it 
finding us first?

ALow. Hey, I don’t want to 
shortchange the aliens, but how 

are we advertising our presence? 
There’s oxygen in our atmosphere 
that is the result of photosynthesis, 
but if  that’s what they’re looking for, 
they could have found out that plants 
covered the Earth a billion, 2 billion 
years ago. But if  you’re talking about 
them finding us, Homo sapiens, that’s 
not likely. We’ve only been advertising 
our presence with radio signals for 
less than a century. Consequently, 
all that stuff  about aliens coming to 
Earth to abduct and mate with us is 
not plausible. And another thing: Why 
would they, if  they even could? I don’t 
go into the garden and try to mate 
with what’s back there.

QWell, this chat has taken an 
unexpected turn.

ALook, we’re easy to find through, 
say, our radar and TV emissions, 

our “leakage.” All you need is a big 
antenna to pick it up. If  we can build 
those, and we can, then so can they. 
But to be picked up, our signals have 
to get to them first. We’ve only been 
sending these signals out since World 
War II, 75 years. Now, wait a millennia 
for our leakage to reach millions more 
stars — then it’s much more likely 
we’ll be found.  GEMMA TARLACHTO
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7/18–7/20

7/9

7/12–7/13

7/12

7/4

7/2

Re-Broadcast
Commercial use of Morse code 
ended in the U.S. in 1999; 
the Maritime Radio Historical 
Society welcomes the public 
to help commemorate the 
event at a historic, Marconi-era 
station along California’s Point 
Reyes National Seashore. 
nps.gov/pore/historyculture/
people_communications.htm

Rube Goldberg’s 131st Birthday
Cutting the cake 
in honor of the 
late cartoonist 
and inventor  
should require 
at least 12 steps, 
including a 
mousetrap, a 
cuckoo clock, a 
robotic leg in a boot and a hamster running on a wheel.
rubegoldberg.com

Is the Truth  
Out There?
It’s World UFO Day: 
Believers organize 
sky-searching parties 
and encourage 
governments 
to declassify 
their records 
of UFO sightings.
worldufoday.com

7/31

Grounded!
Halle Berry plays Molly Watts, an astronaut who struggles with 
life on Earth in the premiere of the new CBS series Extant. She’s 
been alone in space for a year, and the course of human history 
is rapidly changing. Also, her kid is an android.  cbs.com/extant

Convention in Code
The New York Academy of Sciences hosts a symposium 
on “Fifty Years of the Genetic Code,” highlighting  
advances since 1964.  tinyurl.com/50YearsGeneticCode

Let the Sun Shine In
Blending arts and renewable energy education, the 20th 
annual Solar Fest in Tinmouth, Vt., offers hands-on workshops, 
a sustainable marketplace and musical acts.  solarfest.org

Artificers’ Weekend
Join rangers and volunteers 
at Saratoga National Histori-
cal Park as they forge, stitch, 
hammer and snip their way 
through re-creating the 
trades that supplied the 
Continental Army.
nps.gov/sara

7/20
Man on the Moon
Apollo 11 astronaut 
Neil Armstrong took 
that one giant leap for 
mankind 45 years ago today.
www.nasa.gov/mission_pages/
apollo/apollo11_40th.html

7/29
Light Show
The Delta Aquariids meteor shower peaks in the hours before 
dawn in a nearly dark southern sky, unhampered by a moon only 
a few days into its waxing phase.
astronomy.com/deltaaquariids

7/19–7/27
Have a (Moth) Ball
National Moth Week’s citizen 
science projects, identification 
parties and educational workshops 
should draw budding entomologists 
like moths to a … well, you know.
nationalmothweek.org
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8/29

8/23

8/18

8/8

Calendar compiled by Elisa Neckar. Submit your events to 
thismonth@DiscoverMagazine.com

Flying Jewels
See hummingbirds up close 
as experts catch, measure 
and band the tiny birds 
at the Yew Dell’s Botanical 
Gardens Hummingbird 
Festival in Crestwood, Ky.
yewdellgardens.org

Come Together, Right Now, Over Me
In the hours just before dawn, Venus and Jupiter  
appear very close together in the sky, creating their best  
conjunction since 2000.
astronomy.com/jupitervenus

Dive! Dive!
Opening today, 
James Cameron’s 
Deepsea Challenge 
3-D recounts Camer-
on’s record-breaking 
solo expedition 
to the Mariana 
Trench, the deepest 
part of the ocean.
deepseachallenge.com

Marvels of 
Engineering 
and Ecology
Experience diverse 
flora and fauna 
at Gainesville’s 
Florida Museum 
of Natural History 
exhibit “Panama’s 
Tropical Ecosys-
tems,” opening 
Aug. 9, then stick 
around for the 
University of 
Florida’s Panama 
Canal Centennial 
Celebration, 
Aug. 15-17.

Take Your Best Shot
Turn your lens toward science, technology, engineering and math-
ematics by today’s deadline for the National Museum of Nuclear 
Science and History’s photo competition. Winners will be displayed 
in the museum’s “Atomic STEaM Photo Show,” opening Nov. 8.
nuclearmuseum.org

SUMMER SCIENCE LINEUP: QUICK HITS
 6/30-7/6  The Royal Society Summer  
  Science Exhibition  
  Carlton House Terrace, London, U.K.  
  royalsociety.org/summer-science/ 

 7/11 Youth Science Day 
  Science Museum of Minnesota, St. Paul, Minn.  
  smm.org/youthscienceday

7/25-7/27  Winchester Science Festival 
  Discovery Centre, Winchester, Hampshire, U.K.  
  winchesterscifest.org

 8/22-8/23  Engineer It! Weekend 
  Pacific Science Center, Seattle  
  pacificsciencecenter.org

Every Weekend – July and August

Take an Expedition
Launching at Lewis and Clark National Historical Park’s 
Netul Landing on the Oregon coast, these two-plus-hour 
kayak and canoe tours are led by rangers who share 
stories of exploration, local wildlife and restoration 
efforts.  nps.gov/lewi

August2014

flmnh.ufl.edu/exhibits/coming-soon/upcoming
uflib.ufl.edu/giving/images/Panama-canal-celebration.pdf
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The Milky Way’s Dark Heart
Summer is traditionally vacation season, when city dwellers escape 
the hustle of daily life for some rest in the country. For anyone 
experiencing a truly dark summer sky for the first time, one of the 
most impressive sights is the light of the Milky Way, the edge-on 
view of our galaxy from our planet’s position near its fringe. The 
luminous belt stretches from the southern to northern horizon and 
appears thickest around the galaxy’s center, in western Sagittarius.

The Milky Way is composed of billions of stars, most of them 
too far away to appear as individual suns. Although impressive 
under a dark sky, the Milky Way would look even brighter if dust 

didn’t block most of its light — the galaxy’s core alone would 
shine as bright as the full moon. Each dust particle is only about 
0.1 micrometer across (roughly the size of particles in cigarette 
smoke), but lots of them block the 27,000 light-years between 
Earth and the galaxy’s center.

But within the Milky Way’s invisible heart lurks something even 
darker: a black hole about 4 million times as massive as the sun. Yet 
the black hole doesn’t take up much space. Its diameter is about 
15 million miles (24 million kilometers), less than half the distance 
between the sun and innermost Mercury.  RICH TALCOTT

WHAT YOU CAN SEE:
Our galaxy’s dust appears most 

prominent in the so-called 
Great Rift, which splits the 

Milky Way from Cygnus (nearly 
overhead in summer) 

to Sagittarius.
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WHAT YOU CAN SEE:
Venus passes close, just 0.2 

degrees north of Jupiter in the 
predawn sky Aug. 18. The sky’s 

two brightest points of light 
haven’t appeared this close 

since May 2000.

For more on this month’s sky, go to Astronomy.com

ABOUT THE MAP:
It depicts the sky from mid-northern 
latitudes at: 

11 p.m. August 1 
10 p.m. August 15 
9 p.m. August 31

Catch a Scorpion by the Tail
Two of the sky’s finest open star clusters lurk in the southern part 
of Scorpius the Scorpion. Both M6 and M7 appear as fuzzy patches 
to the naked eye under a dark sky. Yet through binoculars, a 
dozen or more stars come into view whether you observe from 
the country or a suburban backyard. The two clusters lie far 
enough south, however, that only in the summer can northern 
observers see them well during the evening hours.

M7 is the bigger and brighter of the two, about 5 degrees 
(10 full-moon widths) northeast of Shaula, the bright star that 
marks the Scorpion’s stinger. Located a little less than 1,000 

light-years from Earth, M7 resides along the inner edge of the 
sun’s spiral arm. The crowded star fields in the cluster’s back-
ground belong to our galaxy’s bulge, some 25,000 light-years 
beyond. M6 appears 4 degrees (eight full-moon widths) northwest 
of M7. It lies nearly twice as far from Earth as its neighbor, so it 
appears smaller and fainter. 

As with all open star clusters, M6 and M7 won’t last forever. 
Gravitational forces will slowly strip stars from each, and both will 
likely die within a billion years. Our sun was probably born in a 
similar cluster that dissipated long ago.  RT
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of dressing up as, and assuming the identity of, a 
fictional character, popular at fan conventions. In 
2013, Australian researchers argued that cosplay is 
motivated by the desire to join the unreal with the 
real. 13 Real play mastery takes real work: Even 
the most talented performers need a minimum of 
10,000 hours of intense practice to attain elite status 
in their field, whether it’s volleyball, violin or chess, 
according to Florida State University’s K. Anders 
Ericsson. 14 But Brunel University researchers 
found that it took anywhere from 3,000 to 24,000 
hours for someone to become a chess master, 
depending on general cognitive abilities. 15 Teens 
have no problem hitting 10,000 hours of playing 
time, at least when it comes to video games. That’s 
the average time gamers spend by the age of 21.  
16 Not that video games are just for kids. Research-
ers at the University of California, San Francisco, 
reported last year in Nature that playing NeuroRa-
cer, a video game designed for their study, boosted 
both long- and short-term memory in participants 
as old as 79. No word on whether players forgot 
to switch off  their turn signals, though. 17 Game 
play was one of the first popular uses for comput-
ers. In 1962, MIT students programmed an action 
game called Spacewar! on the school’s $120,000 
DEC PDP-1. The game swiftly spread when DEC 
began installing it on new units to demonstrate the 
machine’s capabilities. 18 The history of human 
flight is grounded in play, beginning with the Chi-
nese top, a toy propeller on a stick invented around 
400 B.C. The same type of top was later a favorite 
boyhood plaything of British inventor George 
Cayley, and inspired his pioneering 19th-century 
flying machines. 19 Playfulness has also been the 
basis of major scientific discoveries. Albert Einstein 
formulated his special theory of relativity after 
imagining himself  chasing a beam of light. 20 UC 
Berkeley psychologist Alison Gopnik says all child’s 
play is science. When kids play with a new toy, they 
use probabilistic models to determine how it works. 
They’re conducting experiments — just like the 
psychologists who study child’s play.  D  

Jonathon Keats is the author of The Book of the 

Unknown, a collection of fables for grown-ups.

1 Children will play whether they live in a suburb 
or a war zone. The urge is so strong that children 
even played in concentration camps during the 
Holocaust. 2 Play reflects a child’s surroundings. In 
the Confederate South, black children held mock 
slave auctions, a psychological means of coping 
with extreme anxiety. 3 Essential to the growing 
brain, play stimulates development of the cerebel-
lum, which coordinates movement, and the frontal 
lobe, which regulates decision-making and impulse 
control. 4 Washington State University neuroscien-
tist Jaak Panksepp believes diminishing classroom 
playtime could be responsible for the recent rise 
of attention deficit hyperactivity disorder. 5 And 
then there are communication skills. A 1981 
study showed that preschoolers use more complex 
language while playing make-believe than during 
ordinary conversation. 6 University of Pittsburgh 
ecologist Jonathan Pruitt has observed juvenile 
spiders playing make-believe, simulating copulation 
before reaching sexual maturity to improve their 
courtship skills. 7 For wild Alaskan brown bears, 
roughhousing seems to make cubs more resilient. 
According to a 2009 study in Evolutionary Ecology 
Research, just 1 percent more time spent playing 
correlated with an 18 percent greater chance of 
survival into adulthood. The study’s authors 
theorized play could give the cubs a behavioral or 
even immunological advantage. 8 Young dolphins’ 
spontaneous games, such as blowing bubbles for 
fun, might be related to learning more practical 
applications: Dolphins sometimes use “bubble 
curtains” to trap fish when hunting. 9 Generally 
speaking, the larger a mammal’s brain, the greater 
its tendency to play, according to a 2001 Journal 
of Comparative Psychology study that correlated 
play with relative brain size across 15 orders, from 
Rodentia to Primates. 10 Though most other 
mammals stop playing in adulthood, dogs are an 
exception. Bred to be our dependents, they retain 
frisky puppy behavior throughout life. 11 Speak-
ing of frisky: According to Pennsylvania State 
University anthropologist Garry Chick, men act 
playfully to signal nonaggressiveness to a potential 
mate, while women do it to evoke youthful fertility. 
12 Unless we’re talking about cosplay — the act 

PlayBY JONATHON KEATS

The history 
of human 
flight is 
grounded  
in play.
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ALL DIGITAL affordable hearing aid.  

Now, most 
people with hearing loss are able to 
enjoy crystal clear, natural sound—in a 
crowd, on the phone, in the wind —
without suffering through “whistling” 
and annoying background noise.

New Digital Hearing Aid  

Outperforms Expensive Competitors
     

not

Proudly assembled in the USA
from Domestic & Imported Components. 

45 DAY 
RISK FREE 
TRIAL

100% 
MONEY BACK  
GUARANTEE

A study by Johns Hopkins and National Institute on Aging researchers 

suggests older individuals with hearing loss are significantly more likely to 

develop dementia over time than those who retain their hearing. They 

suggest that an intervention—such as a hearing aid—could delay or 

prevent dementia by improving hearing!

Can a hearing aid delay or prevent dementia?

     The doctor evaluated all the high priced 
digital hearing aids on the market, broke 
them down to their base components, and 
then created his own affordable version—
called the MD ® AIR for its 
virtually invisible, lightweight appearance.

Affordable Digital Technology

      
MD ®AIR

This 
doctor designed and approved hearing aid 
comes with a full year’s supply of long-life 
batteries. It delivers crisp, clear sound all 

so comfortable you won’t  realize you’re 
wearing them.

Try It Yourself At Home 

With Our 45 Day Risk-Free Trial 
     

“Satisfied Buyers Agree AIR Is Best Digital Value!”
“I am hearing things I didn’t know I was missing. Really amazing.  
I’m wearing them all the time”  —Linda Irving, Indiana

“Almost work too well. I am a teacher and hearing  
much better now” —Lillian Barden, California

“I have used many expensive hearing aids, some  
over $5,000. The Airs have greatly improved my  
enjoyment of  life”  —Som Y., Michigan

“I would definitely recommend them to my patients with  
hearing loss”  —Amy S., Audiologist, Munster, Indiana

©2014

BBB RATING A

For the Lowest Price plus  

FREE Shipping Call Today

SAME FEATURES AS  

EXPENSIVE  HEARING AID 

COMPETITORS

  Mini Behind-The-Ear hear-

ing aid with thin tubing for 

a nearly invisible profile

  Advanced noise reduction 

to make speech clearer

  Feedback Cancellation  

eliminates whistling

  Wide dynamic range 

compression makes soft 

sounds audible and loud 

sounds comfortable

  Telecoil setting for use 

with compatible phones, 

and looped environments 

like churches

  3 programs and volume 

dial to accommodate most 

common types of hearing 

loss even in challenging 

listening environments

Nearly  

Invisible!

800-873-0541
Phone Lines Open  

24 Hours EVERY DAY

Use Offer Code AD53 to get 

FREE Batteries for a Full Year!

www.MDHearingAid.com/AD53

Chicago Doctor Invents Affordable Hearing Aid  
Outperforms Many Higher Priced Hearing Aids

http://www.mdhearingaid.com/ad53
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