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Stephen C. George, EDITOR IN CHIEF

Science for Us

Editor's Note®

SCIENCE FOR THE CURIOUS

The first time I used the term citizen science on this page, I 
felt like I had to explain exactly what citizen science was.  
I don’t feel that way anymore. 

After all, we run a citizen science page in Hot Science 
almost every issue (and this issue we have bonus CitSci 
content starting on page 68). We’ve added Citizen Science 
Alerts to many of our stories, pointing readers to related 
crowdsourced science projects they can become involved 
in. This year, DiscoverMagazine.com saw the launch 
of the Citizen Science Salon blog with our partners at 
SciStarter. And the response to our recent online citizen 
science essay contest was tremendous, generating many 
inspirational stories from readers who have participated 
in an amazing range of research projects. You’ll find our 
favorites in Inbox (page 8).

This issue celebrates the citizen scientists, the do-it-
yourselfers, people like you and me who may not actually 

be scientists, but who share with the 
scientific community a sense of 
wonder and curiosity. We also 
give a nod to those scientists who 
create and encourage opportuni-
ties for the rest of us to indulge 
more easily in that curiosity. 

Here I’m thinking of people like 
Berkeley neuroscientist Bob Knight, 

creator of the reviewed-by-kids, for-kids 
research journal Frontiers for Young Minds, and the 
subject of this issue’s Q&A (page 28). Or geologist Emily 
Lakdawalla of the Planetary Society, who helps connect 
the public to the vast and rich collections of images and 
data from decades of NASA spacecraft, and who encour-
ages amateurs the world over to turn those raw images 
into stunning works of art. (We’ve spotlighted a gallery 
of them for you beginning on page 42.) You’ll find these 
stories and others marked with our DIY Science icon. 

Of course, you don’t have to embark on science projects 
all by yourself. One of the best aspects of projects and 
initiatives like the ones we showcase in this issue is the 
sense of community they foster, connecting like-minded 
folks in a shared love of science — which, in the end, is 
what Discover is all about.
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Noise and Nothing
Don’t be shy about sharing your opinions, whether via letter, email  
or our social media communities. Here’s what you’ve been telling us lately.

of a drug’s effectiveness 
can be attributed to 
the placebo effect. 
Using placebos in the 
Internet era would be 
problematic, however, if  
not impossible; people  
are much more savvy 
about their medicines 
these days. In the ’70s, 
we weren’t even able to 
tell patients the names of 
their medicines unless the 
doctor specifically gave us 
permission. (Most didn’t.) 
Today, people know the 
names of the drugs and how 
they work. They participate 
in forums on WebMD and 
other sites, discussing whether 
one drug works better 
than another. For placebo 
treatment, at least with 
medication, to work at all, 
pharmaceutical companies 
would have to make both 
active and placebo versions 
of their medicines, and drug 

company-produced placebos 
won’t likely happen because of 
the potential for lawsuits.

Jim Roth-Roffy, Sr.
Bettendorf, IA

“Why Nothing Works” 
made me think of how the 
placebo effect may work in 
an entirely different area. For 
hundreds of years, scientists 
have been at a loss to explain 
how prayer can often have 
dramatic effects in healing 
the sick and helping people 
recover from injury. Could 
the act of praying or knowing 
others are praying for your 
recovery elicit the same types 

of chemical responses in the 
body that lead to recovery? 
People who pray and are 
not cured may take some 
comfort in knowing that it 
was not for lack of faith, 
but rather a lack of proper 
body chemistry. Quality 
research in this area could 
yield some interesting, if  not 
controversial results.

Jon Hyman
Baltimore, MD

Author Erik Vance responds:
I think you hit the nail on the 
head. Your idea has probably 
crossed the minds of everyone  
I talked to. The question always 
comes down to how you could 
do it in a quantitative way 
with good science. I think that 
everyone I talked to wants to hold 
to the very highest standards, 
since they already study a 
somewhat controversial thing. 
My guess is that we are not there 
yet. But that doesn't stop us from 
wondering, “What if ...?”

Sound Off
The June issue included  
“20 Things You Didn’t Know 
About ... Noise.” One reader 
sounded a note of concern.

The sixth statement, “Since  
the decibel scale is logarithmic, 
growing exponentially, that 
means a jet sounds 10 times 
noisier than a train when the 
noise levels of both vehicles 
are objectively the same,” is 
incorrect. In acoustics, a  
10-db difference is perceived 
to be twice as loud, not  
10 times.

Greg Beard
Raleigh, NC

Placebo Connections
In July/August's "Why Nothing 
Works," Erik Vance examined 
the effectiveness and ethics 
of using placebos.

As a pharmacist who 
graduated back in 1974, I 
vividly remember a professor 
telling us that up to a third 
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Robert Young’s 
July 10 Crux post, 
“Jeans Designed 
by Lions and 
Tigers Are a 
Win-Win for 
Zoos,” described 
the Japanese 
blue-jean designer 
that gets the 
“distressed” look 
for its jeans 
by having zoo 
carnivores gnaw 
and rip at them.

READER 
REPARTEE
Comments from 
our blog posts 
— the witty, 
the quippy and 
the thoughtful.

“Do the 
lions make 
more than 
minimum 
wage?”

Maxine H.

“OK, I would seriously 
buy lion-distressed 
jeans. Shut up and 
take my money!” 

@TrancewithMe

Check out the latest discussion on Discover blogs at Blogs.DiscoverMagazine.com

A few Zoo Jean  
designers hard at work.

“I own a pair  
designed by 
house cats, 
much more  
dramatic look-
ing and furry.” 
@AngryGamerMom

 Inbox
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• When our eldest son was at university studying 
physics and cosmology, he was always leaving his 
books open when he left. I began to look at them as 
I tidied up and became fascinated! — Valerie N.

• A friend in grad school said, “You are so creative, 
it’s a shame you don’t know science.” No one likes 
feeling inadequate, so that comment hit a nerve. 
Later, as a college librarian, I saw a Discover charter 
subscriber card. I sent it in and have renewed since. 
— E. Champion

• In junior high, I was interested in being an artist. 
Colors were a great fascination. At some point in 
a science class, the teacher said that the electron 
arrangements in different elements or compounds 
determined color. Neither of my parents had gone 
to high school, so going to college was not a sure 
thing. Fortunately, Brooklyn College was free then, 
so my parents allowed me to go (even though I was 
a girl and did not “need” more education). I majored 
in chemistry, then worked as an analytical chemist 
for the FDA. — Sally

• When I was a child in Sandusky, Ohio, my cousin’s 
husband was a jet airplane test pilot stationed at 
Wright Patterson Air Force Base. 
Every time my grandmother 
heard a jet coming, she would 
rush us all outside to wave at 
my cousin’s husband. I never did 
find out if he actually flew over 
our house, but those episodes 
made me want to learn more 
about jets, and that led to my 
interest in science. — Ingrid W.

• When I was 13, a friend had 
a little glass container with 
strange-looking items in it. The 
lid had three wires sticking out. 
Two of the wires went to a set 
of headphones and the third 
to an alligator clip. When my 
friend would connect the clip 
to a downspout, fence or just 
about any metal framework, 
the local radio station would 
come blasting through the 
headphones. — Don G.

• I must have read Louis 
Leakey’s article on human 
evolution in the World Book 
Encyclopedia 1969 Year Book a 
thousand times as a youngster. 

I followed my interest in human evolution and 
eventually did my own fieldwork in Tanzania. Today,  
I work as a science editor at World Book Publishing; 
it has come full circle. — Nicholas K.

• I grew up on the shores of Lake Ontario and was 
mesmerized by the tumultuous weather patterns I’d 
see daily. My bedroom radio was firmly set to the 
NOAA weather station, with a second dedicated to 
tuning in to pilot chatter to learn what they were 
experiencing. — Carrie G.

• My grandfather always had medical journals out 
on his card table, open to articles about surgical 
advances, amputations, treatments, etc. I was a 
teenager before I discovered none of my friends’ 
grandparents had anything like that available to 
anybody in their families. — Carolyn

• My inspiration came from two men — Jacques 
Cousteau and a family friend, Mr. Moody, who 
taught me to snorkel on the coral reefs in Florida. 
While I never became a world-renowned marine 
biologist, I did become an ecologist and spent 
a long, rewarding career with the U.S. Fish and 
Wildlife Service. — Karen M.

Many readers  
wrote in with films, 
television shows  
and books that  
inspired their interest 
in science, including:

October Sky

20,000 Leagues  
Under the Sea

Nova

Jack and Jill magazine  
serial story “Johnny  
and the Space-o-tron”

How and Why  
Wonder Books

Carl Sagan’s Cosmos

Science fiction by  
Ray Bradbury, Isaac 
Asimov, H.G. Wells 
and Robert Heinlein

OWL magazine

Ben Bova’s  
The Exiles Trilogy

Walt Disney’s 
The Living Desert

Jacques Cousteau’s  
television shows

SCIENCE STARTS
In his May Editor’s Note, Steve George asked readers to submit stories sharing the moment that kickstarted their interest in science. 
Here are just a few from the flood of inspiring and intriguing answers. (Check out more online at DiscoverMagazine.com/Inspiration)



CITIZEN SCIENCE ALERT Do these reader essays inspire you to get involved? Search over 800 citizen science projects at SciStarter.comCS
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Science is all around us — and now anyone can  
be a scientist. Citizen scientists study everything 
from distant galaxies to firefly populations,  
helping researchers collect valuable data. In a 
recent essay contest, we asked you to tell us  
about your experiences as a citizen scientist.  
Thanks to all the readers who entered! These  
five winners will receive a yearlong subscription  
to Discover.

“Living near the water on Quadra Island, I have 
been reporting cetacean sightings to Wild Whales 
for a few years. I think my brain remains on alert 
for sights and sounds that announce their arrival. 
One evening, I was awakened at 3 a.m. by a 
thunderous blow. I jumped out of bed and strained 
to see what was going on. I spotted Pender, a well-
known and loved lone orca on the west coast. He 
was hunting in the bull kelp 100 feet off shore. As 
my husband had passed away recently, the sight of 
Pender was a huge consolation. Pender continued 
his slow, methodical search for a few minutes when 
he disappeared. I lost sight of him and assumed he 
had gone. Then I heard another blow and realized 
he was just on the other side of the cedar hedge. 
I ran to put on a jacket and sat on the seawall 
while Pender remained close to the shore. I felt a 
complete sense of peace as I got to hang out with 
this magnificent creature. His presence filled an 
incredible void. I thought, ‘Pender has come to 
keep me company during this difficult time.’ ” 

— Catherine Smith, BC, Canada

“For years I have been a contributor to Project 
Feederwatch. I love birding, and my first year 
living in Utah I shared this love with my third-
grade students as the spring migration began.  
To view and count the birds at the feeder with- 
out disturbing them, I had to stand on a table  
to look out. My first Lazuli bunting! Crash! I  
fell, broke my leg and ended up having surgery.  
I added a great new bird to my lifelist — and  
11 pins to my leg!”

— Cynthia Hori, Bountiful, UT

“I moved to Knox County, Ohio, about two years 
ago. I started submitting photos of moths taken at 
my porch lights to Butterflies and Moths of North 
America (BAMONA). I knew nothing about moths 
and had little interest. But when I saw that many 
of my sightings were the first reported for Knox 
to that site, I got ‘moth fever.’ I have now brought 
the total of moth species in Knox from 13 to 63, 
with more than a thousand photos not submitted 

and many more photo sessions to come. It’s 
low-hanging fruit — more people are interested 
in butterflies than moths. I’m told the average 
county-size area probably has 500 species. But of 
Ohio's 88 counties, 86 have 146 or fewer species 
listed. I also take part in other projects, but it’s 
BAMONA that keeps me up late at night!”

— Donald Comis, Howard, OH

“I didn’t feel qualified to be part of the Landbird 
Monitoring Program, as a mother of three who can 
only occasionally make time for my bird-watching 
hobby. Yet here I was, preparing to cross the Cuivre 
River and hoping I wouldn’t end up dodging barges 
in the Mississippi. We dragged the kayaks ashore 
and hiked through a field of weeds that towered 
over my head. I encountered slugs at eye level on 
plants still wet with dew. At our first study point, 
we instantly identified prothonotary warblers, 
white-eyed vireos and tufted titmice by ear, and 
we spotted a screech owl. The mosquitoes were so 
heavy that I had to shake them off the clipboard 
to write. We struggled over downed branches 
submerged in the murky water, and hanging vines 
grabbed my waist as we trekked to the other study 
points. Despite these challenges, we were able to 
record dozens of birds. In this area, so wild and 
untouched that I could barely believe it was in my 
hometown, I got to live my dream job for a day 
while helping the ecosystem as a citizen scientist.”

— Jeanne Gearin, St. Louis, MO

“The diameter of a single Atlantic salmon egg  
is approximately 6 mm — about the size of  
an eraser at the end of a pencil. The small, 
vulnerable egg has a translucent covering that 
affords it little protection from threats that will 
kill 9 out of 10 eggs. These developing fish have 
about as much a chance at survival as you have of 
living to 100. Within the walls of an old garage, 
volunteers and I attempted to better those odds. 
A project of Ontario Streams, we transformed 
PVC pipes into mobile incubators. Complete with 
sediment and mesh for oxygen exchange, these 
PVC incubation tubes provide the necessary 
conditions for eggs to develop while protecting 
them from predation. We scattered incubation 
tubes across the Humber River’s tributaries and 
then waited out the winter. For five months we 
speculated on their growth and fate. When the 
ice subsided, we returned to the river, opened 
the tubes and watched as fish came pouring out. 
Survivorship increased sixfold in the tubes. The 
artificial nursery had worked. We had helped 
bring a species lost to human disturbance back  
to this river.”

— Monica Granados, Toronto, ON, Canada

CITIZEN 
SCIENCE 
IN A SENTENCE

“I felt I really was  
contributing to  
important science  
— and on top of that,  
I knew my services 
were needed and that 
my visual-processing 
skills outmatched 
those of any computer.” 
  KELLY BANCO

“Citizen science  
engages the public  
and establishes  
a bridge between  
research and  
the surrounding 
community, weakening 
the stigma that ‘science  
is for the scientists.’ ”  
  RACHAEL JOAKIM

“Muddy, wet, fun  
and a standardized 
method of collecting 
scientific data!”  
  CHRISTINE ROSS
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FACE OF WEEVIL
Trick or treat! East Carolina University photography professor Daniel Kariko found this tiny visitor, a quarter-inch-long 
weevil, on his doormat one day. A type of beetle known for its destructive appetite, weevils also are abundant: An 
estimated 40,000 species exist. The armlike appendages on this weevil’s long snout are its antennae, and you can see one 
of the insect’s compound eyes at the base of its right antenna. Kariko used two instruments to make this photo: a 
scanning electron microscope for detail and an optical microscope to record natural color. He merged the photos for this 
entry in his insect portrait project, “Suburban Symbiosis.”  ERNIE MASTROIANNI, PHOTO BY DANIEL KARIKO
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NASA’s current generation spacesuit, the EMU (Extravehicular Mobility 
 Unit), is as awkward as its avian namesake. The suit weighs 310 pounds on 
Earth and needs to be inflated with gas to provide the necessary pressure 
(4.3 pounds per square inch) the body needs to survive in places with little or 
no atmosphere. Otherwise, the reduced pressure would boil the fluids in the 
astronaut’s body, causing them to expand as bubbles and vapors form under 
the skin, something even less pleasant than it sounds.

MIT engineer Dava Newman decided to overcome the EMU’s deficiencies with 
a futuristic alternative: the BioSuit. Although NASA isn’t currently funding her 
research or suit development, she hopes the space agency will consider her design 
by the time it sends manned missions to Mars in the coming decades.

Instead of high-pressure gas, the BioSuit uses mechanical compression. A 
full-body elastic outfit, augmented by custom-made shape-memory alloys, 
squeezes the skin to keep fluids in check. The extra-tight squeeze can keep future 
astronauts alive, mobile and styling.

The leotard-like BioSuit would allow astronauts to do backbends and more 
with ease, impossible in today’s EMU. Here’s how this spacesuit of the future 
could fix the problems of the past.

Dava Newman  
models a  
prototype of  
the BioSuit.

Astronauts wear what’s 
called a Liquid Cooling 
and Ventilation Garment 
beneath the EMU.

The EMU 
has been 
called the 
world’s 
smallest 
spacecraft.
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What If It Rips?
EMU: If a traditional spacesuit 
gets torn, it immediately begins 
to decompress. The mission 
aborts, and the astronaut must 
swiftly return to the spacecraft. 
But he or she might die before 
arriving because the gait from 
the EMU is so awkward.

BioSuit: A rip in the elastic 
of this get-up? No problem. 
A space version of an Ace 
bandage will do the trick. 
A tight squeeze is all that’s 
keeping the astronaut alive, 
so wrapping the bandage 
around the hole will recompress 
the affected area.

     A Sexier 
    Spacesuit

Tomorrow’s astronauts 
will have greater 
range of motion, 
protection and even 
style if this spacesuit 
designer has her way. 

BY SARAH SCOLES



BioSuitExtravehicular  
Mobility Unit

A new helmet design 
offers greater freedom 
of movement for 
future explorers.

Today’s space helmets afford  
little head movement.

NASA’s 
clunky 
gloves.
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HELMET

VS.

GLOVES

UNDERGARMENTS

BioSuit: An 
astronaut 
can’t run an  
asteroid mine  
with a face 
wrapped in 
elastic, so this  
suit, too, has 
an air-pressurized helmet. It is 
gas-pressurized via a neck seal 
akin to a commercial diving 
helmet’s. Newman’s group 
is working on a new kind 
of airtight joint that  
will provide natural 
movement and allow 
astronauts to turn and look 
over their shoulders. But they 
still won’t be able to scratch 
their noses.

BioSuit: Since fingers can move in so 
many different directions, glove design 
has been one of the hardest challenges. 
Other teams have provided initial pro-
totypes for gloves that use mechanical 
compression to provide maximum mobil-
ity and dexterity for the gloves’ wearers.

BioSuit: Elastic undergirding, Spanx-style, 
provides about two-thirds of the necessary 
counterpressure to keep someone alive 
in a vacuum. Active nickel-titanium coils 
incorporated into the second skin contract 
if electricity’s applied, essentially shrink-
wrapping the suit the rest of the way — 
no gassy overwrap required. In the latest 
tested prototype, the metal stretches over 
non-stretching parts of skin, so a seam 
won’t pop while bending to investigate 
a Martian pebble. 

EMU: NASA calls it a “plastic 
pressure bubble,” and it looks 
like a place to put a pet fish 
rather than someone’s head. 
The helmet seals onto the 
hard-shell torso via an O-ring, 
and once it’s locked into place, 
it won’t move.

EMU: Glove 
fingers, though 
capped with 
silicone rubber 
fingertips for a 
better grip, are 
stiff and bloated.

EMU: A long underwear-
like layer lines the interior of 
the protective, pressurized 
balloon. This catchily named 
Liquid Cooling and Ventilation 
Garment houses personal air 
conditioning: Tubes tucked 
against the skin circulate cool 
water all along the body, 
drawing excess heat away. 

Pressure 
sealed 
zipper

Divisible 
sealed 
ring

Neck 
seal



12  DISCOVERMAGAZINE.COM

CRUXTHE

Cock-a-Doodle View
Unimaginable order lurks within the chaos 
of a chicken’s eye.

Up close, many systems look chaotic — clusters of stars, 
the atoms in superfluid helium, the haphazard arrange-
ment of certain subatomic particles. Zoom out, though, 
and they appear organized. They possess a “hidden order,” 
says Salvatore Torquato, a Princeton theoretical scientist 
who discovered this phenomenon a decade ago, calling it 
“hyperuniform and disordered.” 

Recently, neuroscientist Joseph Corbo of Washington Uni-
versity in St. Louis came to Torquato with a biological puzzle. 
In their beady eyes, chickens have five kinds of cones — cells 
that help perceive color (humans have three) — tightly packed 
into a small space. Corbo wondered why the cells were ordered, 
but not perfectly ordered. What was he missing? Together, he 
and Torquato found, the cones’ tight arrangement is actually 
hyperuniform and disordered. “However,” says Torquato, 
“it also came with a twist.”

When Torquato looked at just one kind of cone at a time, he 
found these, too, had a hyperuniform, disordered arrangement. 
There was a hidden order within the hidden order. This “multi-
hyperuniform” and disordered scheme is an arrangement of 
matter never before seen in biology. It’s actually an example of 
evolution bumping up against the limits of physics: Ideally, the 
cones would evolve into a perfect pattern, but without enough 
room in the eye, they have to do the best they can.

It also might not be that unique. 
Corbo believes if  we look 
a little closer, the eyes 
of other birds or even 
other kinds of animals 
will reveal a similar 
multi-hyperuniform 
structure. (There’s 
nothing particularly 
special about chicken 
vision, after all.) But 
understanding and 
re-creating the chicken 
eye’s organizational scheme 
could lead to applications 
for cameras, scanning equip-
ment and other detectors 
— machines that, like any 
biological eye, should pick 
up some kinds of light and 
not others.  SHANNON PALUS

You Sound Tall
Someone who witnesses a crime can 
try to identify the perp in a lineup 
later on — but what if you merely 
heard a person commit a crime? Would 
you be able to physically identify the 
perpetrator based on voice alone?

New research from two experiments 
by Washington University psychologist 
John Morton and colleagues indicates 
that might just be possible. In the 
first, they recorded two people of the 
same sex but different heights reading 
identical sentences and asked listeners 
to guess who was taller. In the second, 
study participants ranked five same-sex 
speakers from tallest to shortest after 
hearing recorded readings. Both ex-
periments showed that listeners could 
figure out whether an individual was 
taller or shorter simply by listening.

The researchers think people can 
distinguish between the two by pick-
ing up on a vocal property known 
as subglottal resonance — sounds 
produced in our lower airways. 
Taller people’s lower airways are 
larger, allowing more room for vocal 
sounds to reverberate and create 
deeper-pitched tones.

Not that this quality is exactly easy 
to hear. On some level, though, we’re 
able to perceive it and make an ac-
curate estimate of the relative height 
of a speaker 62 percent of the time, ac-
cording to Morton’s study. So perhaps 
a hypothetical “ear-witness” testimony 
wouldn’t be perfect, but the witness 
would have a decent chance of being 
correct — just like with eyewitness 
testimony.  MICHAEL FRANCO

Can you tell height from voice?  
Take the test yourself at 
DiscoverMagazine.com/Tall
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The distribution 
of cones in a 
chicken’s eye 
(above) belies 
a unique and 
layered hidden 
architecture.
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QComets, meteors and other space 
rocks have been colliding with the 

planets forever. Could the interior of 
Jupiter eventually be filled in so the rocks 
and other junk become visible?

— Daniel Jones, Washington, D.C.

Although it would be cool to see space 
rocks poking out of Jupiter’s deep 

atmosphere like islands from an ocean, it’s 
not going to happen. Countless asteroids 
and comets have indeed plowed into 
Jupiter, the solar system’s biggest planet, 
for billions of years. Yet the sheer volume 
of this mostly gaseous world ensures that 
it won’t ever fill up. It’s really huge: All 
the other planets, let alone the “leftovers” 
of meteors, comets and other debris, 

could fit inside Jupiter’s 343-trillion-
cubic-mile volume.

Models of Jupiter’s interior suggest it 
has a solid core of up to 18 Earth-masses’ 
worth of rocky material — just about 
6 percent of Jupiter’s total mass. The 
stuff at the core is packed in tightly, too, 
under atmospheric pressure as much as 40 

million times that of the Earth. We’d need 
a lot more material than what’s in our 
solar system before anything would start 
peeking above Jupiter’s cloud tops. Plus, 
its atmosphere is so thick that asteroids 
and comets approaching the planet would 
quickly disintegrate, so there’s just no way 
to “fill up” the gas giant.  ADAM HADHAZY

Visit DiscoverMagazine.com/Ask for more answers. To submit a question, send an email to Ask@DiscoverMagazine.com

Ask Discover

Cargo Ants
If you’ve ever watched ants work cookie crumbs across a kitchen floor, you know they’re 
all business. Now scientists have modeled this extremely efficient foraging to optimize the 
handling of shipping containers at international ports.

When worker ants find a food source, they systematically carry bits back to the nest, 
leaving a scented trail for other ants to trace to the booty. The scent wears off over time, 
indicating the distance to the food and how many ants have already accessed it. 

Civil engineers Omor Sharif and Nathan Huynh, both from the University of South 
Carolina, developed a computer model that adapts this behavior so it could be used at 
international ports. Here, import containers move from waterside docks to one of many 
storage sites, and eventually to truck gates for distribution, while export containers make 
the same moves in the opposite direction.

The model employs virtual ants to deposit digital scents, modeling storage site 
congestion. That, in turn, relays information about potential tie-ups to actual shipping 
container movers. The model continually adjusts the containers’ storage assign-
ments to minimize delays and shorten trips. 

Next, Huynh plans to tap ants’ route-choosing talents to optimize other as-
pects of shipyard operation so computerized container-handling can be as sweet 
for shipyard owners as cookie crumbs are for the ants that inspire it.  MARY HOFF
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More than 1,000 
Earths could fit 
inside Jupiter, but 
could space rocks 
ever fill it up?



Happisburgh

UNITED 
KINGDOM
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The East Anglian village of Happisburgh, on the U.K.’s Nor-
folk coast, is a picturesque farming community of about 1,400 
people. For 150 years, severe coastal erosion from groundwa-
ter and the North Sea has undermined land near the beaches 
— but that’s not always a bad thing. Just ask British paleoan-
thropologist Chris Stringer.

Stringer, of the British Natural History Museum, is best 
known as a founding theorist of the so-called “out of Africa” 

theory, which contends that modern 
humans evolved in Africa before 
radiating around the globe. In May 
2013, he was part of a team conduct-
ing an excavation on a beach near 
Happisburgh when the researchers 
stumbled upon a treasure, a gift that 
was the result of erosion. 

After a portion of cliff was washed 
away by the sea, the team found an-
cient hominid footprints within the 
hardened clay that had been buried 
beneath, dating back about 900,000 
years based on the vegetation 

preserved in the clay’s sediments. The researchers had to rush 
to document the prints before the ocean and the elements 
washed away the newly exposed and vulnerable discovery. 

Finding Fast-Fading Footprints
A serendipitous discovery leaves scientists thanking, and cursing, the weather.

I N H IS OW N WOR DS
We’ve been excavating a site on the 
beach about 10 meters from the high 
tide line for about 10 years, finding 
stone tools and ancient mammal bones 
and teeth. We didn’t know that we 
would find anything like this, and of 
course the first reaction was disbelief.

Richard and Martin Bates, two 
team members (who are brothers), had 
been on the beach doing some coring 
and a geophysical survey to map river 
deposits. They were walking along the 
beach and suddenly came upon these 
depressions, which were about twice as 
long as they were wide — exactly the 
proportion of a footprint. 

The weather was appalling; it rained 
the whole time. Every time you tried to 

mop the water out 
of the prints, they 
would just immedi-
ately refill. 

The prints were found in an inter-
tidal area and had been uncovered 
about a week when we found them. 
Twice a day the tides were steadily 
washing them away — within a couple 
of weeks they’d disappeared. 

We were able to lift one footprint 
in the sediment, and with digital 
photography we’ve replicated many 
of the others in 3-D. In two of the 3-D 
replicas you can even see the toes. 
Feeling the shape of these prints is the 
next best thing to actually touching the 
living person who made them.

We believe these were probably left 
by the ancient species called Homo 
antecessor. Along with the stone tools 
we’ve excavated, these prints help to 
push back the timeline of known homi-
nid occupation in Northern Europe by 
at least 200,000 years. 

There’s quite an element of luck in 
this discipline. Of course we can now 
use much more systematic methods 
of searching, such as Google Earth, 
to locate promising sites, but you 
still need luck to make the really 
big finds.  AS TOLD TO HILLARY WATERMAN

CRUXTHE                      PERSONAL

CL
O

CK
W

IS
E 

FR
O

M
 TO

P:
 A

LI
SO

N
 M

AC
KE

Y/
DI

SC
O

VE
R;

 A
SH

TO
N

 E
T 

AL
/ P

LO
S 

O
N

E 
9(

2)
: E

88
32

9.
 D

O
I:1

0.
13

71
/JO

U
RN

AL
.P

O
N

E.
00

88
32

9;
 M

AR
TI

N
 B

AT
ES

/T
RU

ST
EE

S 
O

F 
TH

E 
N

AT
U

RA
L 

HI
ST

O
RY

 M
U

SE
U

M
, L

O
N

DO
N

; T
RU

ST
EE

S 
O

F 
TH

E 
N

AT
U

RA
L 

HI
ST

O
RY

 M
U

SE
U

M
, L

O
N

DO
N

Paleoanthropologist  
Chris Stringer

Some of the Happisburgh footprints 
even included toe impressions. 

Richard Bates inspects the nearly million-year-old hominid footprints.
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That Old Future
A corroding photograph may help 
improve today’s industrial materials.

Physicist Volker Rose is looking for a 
reaction in the crumbling, 150-year-old face 
of a nameless woman. As she stares back at him 
from a daguerreotype, one of the earliest kinds of 
photographs, he’s specifically interested in the chemical 
reactions that have affected the image’s silver-plated 
surface. For Rose, peering into historical art is a way to 
foretell the future of today’s materials.

The chemical corrosion of daguerreotypes like this one (from the 
Smithsonian Institution) can be used as a model for today’s oil pipelines 
because the two contain similar chemicals. “Since the daguerreotype is 
150 years old, it allows us to fast-forward what we would usually have 
to simulate,” says Rose, of Argonne National Laboratory in Illinois. It’s 
like looking into a pipeline’s future.

To look into the woman’s aging features, Rose and his collaborator Edward 
Vicenzi from the Smithsonian turned to an instrument known as a hard 
X-ray nanoprobe. The instrument shoots X-rays at samples — in this case, 
a chip from the old daguerreotype. Chemicals in the sample respond with a 
kind of radiation fingerprint that helps Rose identify each one individually. 
This method showed that sulfur present in the environment had settled on 
the daguerreotype and reacted with the silver surface, causing it to fade. 

Understanding this chemical breakdown could help protect these 
iconic images — among the earliest and most historically important 
pictures we have — as well as lead to the development of more corrosion-
resistant oil pipes down the line.

It’s not the first time old art has aimed to inform future tech: Similar 
work, studying the chemical reactions at play in Picasso’s The Red Armchair, 
could influence the design of longer-lasting semiconductors and solar panels. 

“Nanotechnology is really where everything comes together — physics, 
chemistry, biology, art,” says Rose. “We can learn from the past to design 
smarter materials.”  JYOTI MADHUSOODANAN
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Volker Rose prepares to study decaying art with the hard X-ray nanoprobe, a powerful 
particle accelerator that allows him to analyze the work in minute detail.

The 150-year-old 
face of a faded 
daguerreotype.
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Conventional wisdom: 
Antibiotic regimens should be 
taken in full, even after the 
patient feels healthy again. 

Contrarian view: Shorter 
courses are often just as effective 
and do a better job at preventing 
antibiotic resistance. 

You know the drill: When you’re 
prescribed a typical seven- to 14-day 
antibiotic course, do not, repeat, do not 
forget to take all the drugs. This take-
all-your-pills orthodoxy, championed 
since the discovery of antibiotics some 
70 years ago, is based on eliminating all 
bacterial culprits as quickly as possible.

Doing so, in theory, reduces the odds 
that the bugs will develop random muta-
tions or pick up drug-resistant genes 
from other bacteria. Plus, the sustained 
antibiotic onslaught supposedly ensures 
that any hardier, partially drug-resistant 
bacteria also succumb, and thus don’t 
pass on “stepping-stone” genes leading 
to full-blown resistance.

An emerging view, however, suggests 
that standard long antibiotic courses 
are wrong on both counts — they’re no 
better than shorter courses and actually 
promote antibiotic resistance. 

“The science is clear,” says infectious 
disease specialist Brad Spellberg of 
the Los Angeles Biomedical Research 
Institute. “Every study that has been 
done comparing longer versus shorter 
antibiotic therapy has found shorter 
therapy just as effective.” A few days 
of taking antibiotics, it seems, should 
usually be enough to knock infections 
on their heels, allowing the patient’s 
immune system to come in and mop up.

Taking the full course of antibiotics 
unnecessarily wastes medicine, and more 
drugs translates to increased evolution-
ary pressure on the harmless bacteria 
in our bodies. These “good” bugs can 
develop drug-resistant genes, which can 
then transfer to bad bugs. 

Furthermore, wiping out drug-
susceptible bacteria in infections too 
quickly makes it easier for drug-resistant 
bacteria to compete over a host’s 
resources. Better access to nutrients 
lets the mutant bugs multiply far more 
rapidly, upping the odds that they’ll 
reach a so-called “transmissible density.” 
That means the resistant bacteria 
proliferate so much that they can escape 
and infect another person. 

In essence, if  you take all those extra 
antibiotics, you might be doing the 
worst bugs’ dirty work for them by 
removing a check on their growth. 

Shorter antibiotic regimens, in 
contrast, intentionally allow some 
susceptible bacteria to survive in 
order to help suppress any resistant 
pathogens. A recent study showed 

just this: Mice infected with both 
drug-susceptible and drug-resistant 
malaria, when treated less aggressively, 
were 150 times less likely to pass on the 
resistant pathogens. 

Multiple studies demonstrate how 
doctors might gauge when to end 
antibiotic therapy. (See “Less Is More? 
Selected Studies” below.) Thriving 
bacteria raise blood levels of the 
hormone precursor procalcitonin, for 
example; guiding treatment based on 
procalcitonin concentrations led to half  
as much antibiotic use across seven 
studies, with no drop in cure rates. More 
signs of improved health, such as fever 
alleviation, could also indicate antibiot-
ics are no longer necessary.

Overall, the accumulating data lend 
support to the heretical notion of 
patients, in consultation with their doc-
tors, stopping their pill-popping upon 
feeling better. “The issue of continuing 
therapy until all doses are done is an 
old wives’ tale,” Spellberg says. “There’s 
no data to support it. You can’t make a 
cured patient better.”  ADAM HADHAZY

                     CONTRARIAN

Stop Taking 
Antibiotics When 
You Feel Better?

Less Is More? Selected Studies
• Mild to moderate pneumonia: Three days is as effective as eight (el Moussaoui et al., 
2006, British Medical Journal); four studies suggest three days is as effective as five 
in children (Haider et al., 2008, Cochrane Database of Systematic Reviews).

• Hospital-acquired ventilator-associated pneumonia: Eight days is as effective as 15 
(Chastre et al., 2003, Journal of the American Medical Association); eight studies suggest 
for certain pneumonias, seven- to eight-day courses have better outcomes than 10 to 15 
(Pugh et al., 2011, Cochrane Database of Systematic Reviews). 

• Acute pyelonephritis (kidney infection): Seven days is as effective as 14 (Sandberg 
et al., 2012, The Lancet). 

• Septic arthritis (joint infection): Twenty days can cure most cases compared with the 
typical one to two months of antibiotics usually accompanied by surgery (Peltola et al., 
2010, The Pediatric Infectious Diseases Journal).
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SAILING ON SOLAR WINDS
A 64.5-foot-wide test version of the Sunjammer solar sail sits unfurled in a large vacuum chamber during tests at NASA’s Plum Brook facility in Ohio. 
Slated for launch in 2017, the full-size 124-foot-wide version will be the largest orbiting solar sail ever, employing 13,000 square feet of thin Kapton 
film to harness the weak but constant force of solar photons. Movable vanes at the sail’s four corners act like rudders so operators can help it 
achieve and maintain a gravitationally stable solar orbit. Despite its size, the sail weighs just 70 pounds and will carry scientific instruments to 
observe space weather.  ERNIE MASTROIANNI, PHOTO BY NASA/L’GARDE
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→Try not to panic, but quantum 
computers stand poised to upend 

today’s information technology infra-
structure. These revolutionary machines, 
though likely at least a decade off, could 
handily crack the encryption codes that 
protect everything from email to online 
shopping and banking, even classified 
government documents. 

“With quantum computers, there is a 
real danger that the encryption algo-
rithms we use today may be compro-
mised,” says quantum physicist Andrew 
Shields of Toshiba. It’s one of many 
large companies investing in quantum 
computer-related initiatives — not just 
quantum computers, but also quantum 
encryption and networks. “If  that 
does happen, the consequences could 
be very bad indeed.” 

Online security today chiefly relies on 
two encryption schemes: RSA (named 
for its developers), based on factoring 
the product of two big prime numbers, 

and ECC (elliptic curve cryptography), 
rooted in the algebraic structure of 
points on a curve. These two methods 
create public keys and related private 
keys that encrypt data and create digital 
signatures (so your computer knows it 
really is Microsoft or McAfee sending 
you a software update). 

Cracking encryption codes based 
on either scheme could take normal 
computer processors thousands of years 
because they perform operations one 
after the other, using bits, either 0 or 1. 

Quantum computers, on the other 
hand, can do loads of operations 
simultaneously using “qubits.” These 
machines harness a quantum effect 
known as superposition, in which a 
qubit can somehow be both 0 and 1 at 
the same time. With enough qubits at 
its disposal, a quantum computer could 
slash through today’s encryption within 
minutes or seconds. 

The tension from this looming threat 
ratcheted up in January with leaks from 
Edward Snowden reportedly about a 
secret $80 million National Security 
Agency program called “Penetrat-
ing Hard Targets,” which is focused 
on building a quantum computer. 
Although the NSA doesn’t appear closer 
to having one than anyone else, the 
revelation fueled worries over the secret 
construction of quantum computers. 
The NSA efforts also suggest that other 

deep-pocketed governments might go 
quantum first. 

Some scientists doubt that quantum 
computers powerful enough to threaten 
today’s systems will ever arise. It 
wouldn’t be for lack of trying, though, 
since the futuristic tech promises far 
more than mere code-busting. 

Quantum gizmos would process 
information and solve problems in novel 
ways, advancing fields such as drug 
development and weather forecasting. 
“Governments are going to want to 
have quantum computers flourish in 
their country,” says Michele Mosca, a 
mathematician at the Institute for Quan-
tum Computing at the University of 
Waterloo in Canada. “They’re not going 
to want to wait for another country to 
make an industry out of it.” 

The promise of quantum code-
cracking has sparked two trends in 
digital security. The first, quantum 
encryption, replaces today’s vulnerable 
codes with a system based on the kooki-
ness of quantum mechanics. The second 
involves new encryption codes based on 
math problems that would stump even 
quantum computers.

TAKING THE QUANTUM LEAP
Quantum encryption has made the 
jump from laboratory experiment to 
commercial reality. About a year ago, the 
nonprofit research and development firm 

Preparing 
for the 
Quantum 
Storm
Whether or not they’ll ever 
work, quantum computers pose 
a big enough threat to online 
security that cryptographers 
are already scrambling to adapt. 
BY ADAM HADHAZY
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CITIZEN SCIENCE ALERT 
Can you keep up with qubits?  Play a 
game that helps you better understand 
how quantum computing works: 
DiscoverMagazine.com/Quantum
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Aff ordable Performance
Th e Advanced Aff ordable Hearing HCX digital hearing aid is simply the best 
value in the hearing aid market today. For under $300, you can experience 
the same digital technology used in far more expensive hearing aids. With 
the HCX, hearing really is believing! We believe so strongly that you will love 
what you hear that we off er a 100% Money Back Guarantee if you are not 
satisfi ed for any reason. Th is Risk Free Off er allows us to prove to you the 
quality and craft smanship of our products.

Discreet With Unmatched Comfort
Th e HCX is an extremely discreet hearing aid that is comfortable enough 
to wear all day. Friends and family will probably not even notice! Th e HCX 
comes with a nearly-invisible thin tube that connects you to 12 bands of 
frequency shaping. Additionally, it comes with 10 bands of layered noise 
reduction to help you hear more clearly. Combine this technology with a 
small case and soft  medical-grade tip, and you will experience remarkably 
comfortable hearing.
 
Quality FDA Registered Hearing Aid
Expert hearing researchers and technicians have 
spent years perfecting our products. We off er you 
the best possible value in hearing today. We have 
set a high standard to make sure YOU are happy 
with your new hearing aid. Each hearing aid is 
inspected and tested before you receive it. If you are 
not satisfi ed for any reason, we off er a 100% Money Back Guarantee!

Now You Can Hear Clearly
Without Spending Thousands.  
Our innovative hearing aid fi nally makes 
great hearing aff ordable! Here’s how...

Visit And Save: www.advancedhearing.com/D40

New breakthroughs in digital hearing technology allow you to experience 
remarkable improvement in your hearing without having to spend thousands 
of dollars. Since 1996, our innovations have been breaking cost barriers. Th e 
result is our new, low-priced HCX Digital Hearing Aid. Th e HCX has all the 
important features you need to hear clearly without the unnecessary bells and 
whistles that just add to the cost. We believe quality hearing aids should be 
aff ordable to everyone!

Let us show you how much Advanced Aff ordable Hearing can 
help improve YOUR hearing today. . . Risk Free!

“Thank you. It works better than my 
$2,000.00 hearing aid!” 
- Jim W

“I will defi nitely recommend your 
company to my patients.”
- Dr. Arun P.

“We had no idea it would be such a 
fast, simple and enjoyable process. 
Thank you for your help and your 
patience. Now we can enjoy those 
excellent hearing aids. We are very 
grateful!” 
- Monique S.

 Digital sound processing chip provides 
crystal clear sound and makes speech 
easier to understand without feedback

 Multiple memory programs adapt to 
most listening situations

 Nearly invisible thin tube design

 Helpful low battery warning so you are 
never caught unprepared

 Easy to fi nd, long lasting size 13 
batteries

 10 bands of layered noise reduction 
helps to emphasize voices while 
balancing out background noise

 100% Money Back Guarantee

“I replaced my $2,100 aid with 
one of these last week!” -Earl M.

The All New HCX Hearing Aid!

Call Today And Save! 1-888-700-2152
Visit Us Online: www.advancedhearing.com/D40

GET FREE BATTERIES! Use Coupon Code: D40

US Company 
Owned And
Operated

The 
HCXTM

FDA
REGISTERED
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Battelle partnered with Switzerland-
based network encryption company ID 
Quantique to complete the first essen-
tially unhackable commercial network in 
the United States. Connecting Battelle’s 
headquarters in Columbus, Ohio, to 
a satellite office in Dublin, Ohio, the 
network is secured by quantum key 
distribution (QKD). 

A QKD system ensures that anyone 
trying to hack into a secure connection 
to discover the encrypting key irrevoca-
bly alters that key, alerting the system 
to a break-in. Here’s how the Battelle 
system works: Say Alice wants to send 
information to Bob. Alice’s computer 
uses a laser to fire single particles of 
light, called photons, through two filters 
into a regular fiber optic cable to begin a 
transmission. The photons possess one 
of four polarizations, representing bits: 
Half  the polarizations represent 0, the 
other half  1. Bob’s computer measures 
the photons’ polarization when they 
pass through identical filters at his end 
of the fiber optic line. Each filter only 
allows half  of the polarizations through. 

By conversing “in the open” through a 
standard communication channel before 
establishing an encrypted line, Alice and 
Bob decide which filters they’re using. 
As a result, Bob’s computer will receive 
photons from Alice’s computer without 
openly announcing their exact polariza-
tion. Bob continues accepting Alice’s 
photons and the two parties home in 
on exactly which polarizations Alice 
sends and Bob receives. Ultimately, 
this exchange gives Alice and Bob a 
matching code of bits known only to 
them. That code can be used to create 
a standard, bit-based key for encrypt-
ing data sent between Alice and Bob, 
now or in the future. 

Then if an eavesdropper — we’ll call 
her Eve — attempts to snatch some of 
the exchanged photons to learn the key, 
the laws of quantum mechanics would 
trip her up. Bizarrely, the polarizations of 
Alice’s photons are not determined until 
Bob measures them, only then assigning 
them a distinct value. If Eve measures 

the photons’ polarization while they’re 
en route, she introduces errors, altering 
the shared key. “The idea is to use this 
principle to detect an interception” and 
abort a data transfer, says Gregoire 
Ribordy, CEO of ID Quantique. 

These systems, however, are expensive: 
as much as 50 percent higher than stan-
dard encryption tech. Early adopters of 
QKD accordingly must be high-security, 
cash-loaded organizations like govern-
ments and banks. “But eventually, as 
this technique becomes cheaper — and 
it certainly will as the market gets larger 

and there is mass manufacturing — it 
could even roll out to the home,” says 
Toshiba’s Shields. In a Nature paper last 
year, Shields and colleagues demon-
strated just such a cost-saving technique 
that could allow consumers to share a 
single, fancy QKD detector using simple 
equipment on their end.

ENCRYPTION 2.0
Alongside retrofitting the Internet’s 
security backbone with QKD, deploying 
new encryption codes also could stump 
would-be hackers. Four contenders have 
emerged for replacing RSA and ECC, 

according to Jintai Ding, a mathemati-
cian at the University of Cincinnati. 
These “post-quantum” cryptographical 
approaches would take quantum 
computers just as much time to crunch 
as normal computers. 

The first involves finding the nearest 
point to another given point in a lattice, 
or a set of points in a space, a surpris-
ingly tricky computational task. The 
second uses theories on error-correction 
code to generate public key systems: 
A receiver would possess a code to 
correct purposefully introduced errors 
in data that make it unreadable in 
transit. The third is multivariate, which 
revolves around difficult-to-solve sets 
of algebraic equations. The fourth 
draws short, unique private and public 
keys out of long strings of bits. Again, 
our traditional computers are already 
capable of using such coding schemes, 
and they’re conveniently complicated 
enough that quantum computers won’t 
be better at cracking them.

Adopting any of these novel encryp-
tion standards will take time, Ding says, 
and people will debate which approach 
is the best. Plus, they’ll face the typical 
challenges of new technologies, reconfig-
uring new and existing devices to work 
with the new standards. Companies 
might balk at upgrading their hardware 
and software as long as quantum 
computers remain the stuff  of fiction. 
Ding worries that reluctant CEOs will 
just kick the can down the road and let 
rivals splurge on quantum gear instead.

It’s this sort of procrastination that 
has security-minded folks nervous. 
“Planning and action need to start 
immediately to make our cryptogra-
phy system robust against emerging 
quantum technology,” says Mosca, the 
University of Waterloo mathemati-
cian. “If  we do so, we can essentially 
avoid catastrophe.”  D

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.

With enough qubits at 
its disposal, a quantum 

computer could 
slash through today’s 

encryption within 
minutes or seconds.
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Iwasn’t looking for trouble. I sat in a café, sipping my espresso
and enjoying the quiet. Then it got noisy. Mr. Bigshot 

rolled up in a roaring high-performance Italian sports car, drop-
ping attitude like his $14,000 watch made it okay for him to
be rude. That’s when I decided to roll up my sleeves and teach
him a lesson.

“Nice watch,” I said, pointing to his and holding up mine. He
nodded like we belonged to the same club. We did, but he lit-
erally paid 100 times more for his membership. Bigshot bragged
about his five-figure purchase, a luxury heavyweight from the
titan of high-priced timepieces. I told him that mine was the
Stauer Corso, a 27-jewel automatic classic now available for
only $179. And just like that, the man was at a loss for words.     

Think of Stauer as the “Robin Hood of Watchmakers.” We believe
everyone deserves a watch of uncompromising precision, impressive
performance and the most elegant styling. You deserve a watch that can
hold its own against the luxury classics for a fraction of the price. You’ll feel
the quality as soon as you put it on your wrist. This is an expertly-crafted
time machine... not a cry for attention.    

Wear a mechanical masterpiece for only $179! Our customers have out-
grown the need to show off. They have nothing to prove; they have already
proved it. They want superb quality and astonishing value. And that’s
exactly what we deliver.

The Stauer Corso is proof that the worth of a watch doesn’t depend on the size
of its price tag. Our factory spent over $40 million on Swiss-made machinery to
insure the highest quality parts. Each timepiece takes six months and over 200
individual precision parts to create the complex assembly. Peer through the 
exhibition back to see the 27-jeweled automatic movement in action and you’ll
understand why we can only offer the Corso in a limited edition. 

Our specialty is vintage automatic movements. The Corso is driven by a self-
winding design, inspired by a 1923 patent. Your watch will never need batteries.
Every second of power is generated by the movement of your body. The dial 
features a trio of complications including a graphic day/night display. The Corso
secures with a two-toned stainless steel bracelet and is water-resistant to 3 ATM.

Your satisfaction is 100% guaranteed. Test drive the Stauer Corso. If you don’t
love it, send it back within 30 days and we’ll refund every dollar of your purchase
price. And you’re welcome to keep the $99 sunglasses as our gift! Spending more
doesn’t make you smarter. But saving thousands on a watch this stunning will
leave you feeling (and looking) like a genius! 

27-jeweled Vertex automatic movement  -  Interior dials  -  Transparent caseback  -  Dual-toned stainless steel case and bracelet band fits wrists 6 ½"–9"

A Stauer Exclusive Not Sold in Stores
Ostentatious Overpriced Competitors Price $14,575.00

Stauer’s Corso Timepiece — PLUS Free $99 Stauer 
Flyboy Optics™ Sunglasses — only $179 +S&P
Call now to take advantage of this fantastic offer with our 30-day money back guarantee.

1-800-859-1626
Promotional Code CSW501-06
Please mention this code when you call.

14101 Southcross Drive W.,
Dept. CSW501-06

Burnsville, Minnesota 55337
www.stauer.com

Stauer®

How to Outsmart
a Millionaire
Only the “Robin Hood of Watchmakers” can steal
the spotlight from a luxury legend for under $200!

Exclusive OFFER!
Order the Stauer
Corso and these
Stauer Flyboy
Optics™ Sunglasses
(a $99 value) are
yours FREE!

Flyboy Optics™

Sunglasses with 
UV protection

Rating of A+

Limited
Edition
–Order
Today!
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→ “Hi, Carlos. What’s that you’re 
playing with?”

The 2½-year-old boy with curly dark-
brown hair was sitting in my exam room, 
holding a Spider-Man figure in his small 
hands. He looked up at me with a shy 
smile, but didn’t say anything. 

“He doesn’t talk much,” said his 
mother. “And when he does, it’s really 
hard to understand him.”

“Yes, Dr. Connolly mentioned that 
when he referred Carlos to me,” I 
replied. “Is there anything else you’re 
worried about?”

“Well, he just seems slow. He didn’t 
start walking until he was almost a 
year and a half, and he still doesn’t say 
many words — probably less than 30 
altogether. And he only says one word 
at a time.” 

“I see. Does he point to any body 
parts? You know, eyes, nose, mouth?”

“Just his nose. Mostly he just looks at 
us and smiles. He’s really friendly.”

“Yes, I can see that,” I said. Clearly 
something was off. At 30 months, 
Carlos should have been saying more 
than 100 words, and ought to be putting 
them together in three- or four-word 
sentences. And he had not started 
walking until 18 months, while most 
children are walking by a year. I asked 
about things he was and was not able 
to do, and then I watched him play 
with blocks, do puzzles, draw with 
crayons — all part of  the developmental 
assessment. Carlos was functioning at 
about the 21-month level in his motor, 
cognitive, language and social develop-
ment. This gave him a “developmental 
quotient” of  about 70, which is in the 
mildly delayed range.

There are many reasons for a child to 

have a developmental 
delay, and in many cases 
we never come up with a 
specific reason. I started going 
through the list in my mind, 
and then noticed something: When 
Carlos did talk, his speech was even less 
clear than an 18-month-old’s, let alone a 
2½-year-old’s. Many of his words were 
very distorted, which suggested that he 
might not be able to move his tongue, 
pharynx and palate properly when he 
tried to speak. 

Also, when he made certain sounds, 
air seemed to come out of his nose. That 
meant he could have velopharyngeal 
insufficiency — the soft palate wasn’t 
closing off the nasal cavity during speech. 

Then I remembered something I’d 
noted when reviewing Carlos’ medi-
cal history. He was born with a large 
ventricular septal defect (VSD), a “hole 
in the heart” that required surgery when 
he was 3 months old.

While a VSD would not have caused 
his developmental problems, that bit 
of medical history, combined with the 
way his mouth and palate worked, led 
me to what might be causing Carlos’ 
developmental delay. I just needed to do 
one blood test to be sure. 

Carlos had three red flags in his 
medical history: congenital heart 
disease, developmental delay and a likely 
problem with his soft palate. When I put 
these together, I suspected that he might 
have a genetic disorder called velocar-
diofacial syndrome (VCF). 

VCF is also known as 22q11.2 
deletion syndrome because it occurs 
when a small piece is missing from a 
specific location on chromosome 22. 
Interestingly, there is another condition, 

DiGeorge syndrome, that is caused 
by a deletion in the same location on 
the same chromosome. I once cared 
for a 7-year-old boy with DiGeorge 
syndrome. David had persistent 
hypocalcemia (low blood calcium levels) 
and frequent infections because of  inad-
equate levels of  T cells in his immune 
system. He also had a small head, 
moderately severe mental retardation 
and a large ventricular septal defect. 

If  I had seen David and Carlos in my 
office on the same day, I would never 
have thought they had the same genetic 
disorder. But the field of genetics has 
undergone a revolutionary change 
during my clinical career. When I was 
in training, we made genetic diagnoses 
largely by recognizing patterns of abnor-
malities. Now we can detect very small 
changes in the chromosomes that are 
the root causes of those patterns. Except 
for the heart defect, David and Carlos 
had no abnormalities in common. Yet 
if  Carlos had the chromosomal deletion 
I suspected, it would mean that he and 
David had the same genetic condition. 

AN ERROR OF DIVISION
How can this be? To understand the 
solution to this puzzle, a brief  review of 

Unexpected Delay 
A toddler’s developmental speed, distorted speech  
and heart defect help solve a genetic puzzle.
BY MARK COHEN

Vital
Signs
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to look at a person’s chromosomes, 
a technologist would literally take a 
photograph of  a dividing cell, print 
the photo, cut out the images of  each 
chromosome and line them up in 
order on a sheet of  paper. We now use 
what’s called an aCGH study (array 
comparative genomic hybridization), 
in which the patient’s DNA, broken 
into small pieces, is placed on a plastic 
chip that has been impregnated with 
hundreds of  snippets of  DNA. If  the 
patient’s chromosomes have extra or 
missing genetic material at one location 
on a particular chromosome, then too 
much or too little DNA will bind to the 
corresponding area of  the chip, and the 
anomaly can be detected. 

A few days later, Carlos’ aCGH test 
came back positive for a deletion in the 
long arm of chromosome 22, at location 
22q11.2. I called his mother and told 
her the results. 

“But what does it mean?” she asked.
“It means we now know why Carlos 

is developing and learning more slowly 
than other children. And we also know 
that it isn’t your fault.” I have rarely 
known a patient with a developmental 
disability whose parent did not wonder 
if  they might have “caused” the problem 
in some way, though that is almost 
never the case. 

But there is no treatment for con-
tiguous gene syndromes like 22q11.2 
deletion; too many genes and complex 
biological systems are affected. However, 
Carlos’ delays appeared to be mild. With 
early intervention and special education 
programs, and with kind and loving 
care at home, there was a good chance 
that Carlos would eventually be able to 
live on his own and have a happy and 
productive life. 

And that’s just what every parent 
hopes for.  D

Mark Cohen is a developmental pediatrician 

with Kaiser Permanente in Santa Clara, Calif. 

The cases described in Vital Signs are real, but 

names and certain details have been changed.

basic genetics may be helpful. Most of 
us remember from high school biology 
that the genetic material in each of our 
cells is composed of long strands of 
DNA, which are arranged in thousands 
of segments called genes. During most 
of the cell’s life, the strands are in relative 
disarray. But at the time of cell division, 
they are packaged into elongated bundles 
called chromosomes. 

Human cells have 46 chromosomes 
arranged in pairs — except for the germ 
cells, sperm and egg, which each have 
23 unpaired chromosomes. The process 
of meiosis, the delicate dance of DNA 
twisting and untwisting with its support-
ing cast of proteins and other molecules, 
neatly separates each pair of chromo-
somes and allocates them efficiently to 
the nuclei of the primordial germ cells. 

But the process is seldom that neat. 
Errors can occur, and even a small one 
can result in big problems for a child like 
Carlos. Sometimes an entire chromosome 
is misdirected during the formation of 
a germ cell. Then all the cells of the 
resultant embryo have a missing or added 
chromosome, as in trisomy 21 (Down 
syndrome), where chromosome 21 has 
three chromosomes instead of a pair. 

I didn’t think that Carlos had Down 
syndrome. Instead, I suspected that when 
his genetic code was forming, a much 
more common type of error occurred. A 
tiny piece of a chromosome can get lost, 
or duplicated, or moved onto another 
chromosome where it doesn’t belong. This 
happens more frequently than you might 
think. Most of the time, the misplaced 
genetic material is not critical, and this 
natural error does no harm. But if enough 
critical genes are lost or gained, a pattern 
of significant medical or developmental 
problems can result.

The 22q11.2 deletion is an example of 
a contiguous gene syndrome: The deleted 
genetic material includes a number of 
genes that are next to one another on the 
chromosome. This particular syndrome, 
which occurs in about 1 in 4,000 births, 
has been associated with more than 

200 abnormalities. The most common 
problems include heart defects, unusual 
facial features, problems with the palate 
(sometimes affecting speech), feeding 
problems, gastrointestinal difficulties, 
frequent infections and other manifesta-
tions of immune system problems, growth 
delay, kidney problems, hearing loss, low 
calcium in the newborn period, cognitive 
difficulties including developmental delay 
and learning disorders, behavior prob-
lems, and other developmental disorders, 
including autism. 

Whether a particular person with 
22q11.2 deletion has any or all of these 
conditions depends on how large the 
deletion is — in other words, which 
genes are lost and which are retained. 
David, the boy with DiGeorge syndrome, 
presumably lost a larger piece of the 
chromosome than Carlos, who had heart 
disease but did not have many of the 
other complications. 

TEASING OUT THE ANOMALY
The blood test I ordered for Carlos 
is a way of looking at an individual’s 
chromosomes in very fine detail. When 
I was a medical student, if  we wanted AL
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I didn’t think that Carlos 
had Down syndrome. 

Instead, I suspected that 
when his genetic code 
was forming, a much 
more common type 

of error occurred. 
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→ In September 2013, at age 64, 
distance swimmer Diana Nyad 

achieved a goal she’d been chasing for 
more than 35 years: She swam from 
Cuba to Florida, 110 miles, without a 
shark cage to protect her. During the 
53-hour swim, she paddled through 
swarms of  venomous box jellyfish and 
vomited repeatedly from swallowing 
saltwater. Her entire body trembled 
from the cold. But she forged on, reso-
lute in her determination to complete 
one stroke after another. 

“We should never, ever give up,” she 
told reporters as she staggered onto 
the beach at Key West, slurring her 
words through swollen lips. Nyad, a 
muscular dynamo with close-cropped 
blond hair and a sun-weathered face, has 
trained for so long that her superhuman 
endurance now feels like second nature. 
“I steel myself, over months and years 
of training, that absolutely nothing will 
stop me,” she says. “Your mind begins to 
have an unconscious set.”

It’s easy to assume that Nyad and 
other champions of 
endurance — Olympic 
medalists, Navy SEALs, 
marathon dancers — are 
freaks of nature, capable 
of feats of will the rest of 
us could never accomplish. 
But according to University 
of California, San Diego, 
psychiatrist Martin Paulus, 
who studies how the brain 
responds to stress, persever-
ance isn’t just an inborn 
trait. His work suggests that 

toughing it out Nyad-style is a specialized 
skill that’s potentially accessible to all of 
us — with a little training. 

Curious about why some people 
knuckle under in difficult situations while 
others power through, Paulus and his 
colleagues set up some unusual experi-
ments. Over the course of a few years, 
they recruited a diverse array of subjects, 
ranging from Navy SEALs to office 
workers. To simulate real-world stressors, 
Paulus had them wear special masks that 
periodically restricted their air intake for 
a few seconds, making them tense up and 
gasp. (While the test is uncomfortable, 
it does not harm participants.) Using a 
functional MRI (fMRI) scanner, which 
detects changes in blood-flow patterns, 
the scientists monitored what was hap-
pening inside subjects’ brains.

As Paulus analyzed the scan data, 
he noticed some interesting patterns. 
When warned their breathing was 
about to be restricted, the most resilient 
participants — SEALs and adventure 
racers, among others — showed a burst 
of blood-flow activity in an area of the 
brain that registers sensations in the 
body, called the insular cortex. When the 
constriction actually kicked in, however, 
activity in the insular cortex decreased. 
By comparison, participants who hadn’t 
had special endurance training showed 
less insular cortex activity before the 
breathing restriction, and more after it. 

Paulus realized that the most 
perseverant subjects in his studies were 
anticipating the sensation of restricted 
breathing and mentally preparing them-
selves for it. That preparation allowed 
them to keep their composure when the 
challenge actually arose. 

“Many people think, ‘I’m tough 
by nature,’ ” Paulus says. “But it 
became very clear that the way they 
accomplish these things is by having 
parts of their brains regulate the things 
that happen to them.” 

Relative to ordinary participants, 
the steely performers also showed less 
blood flow in a part of  the brain that 
helps govern emotional responses, 
the anterior cingulate cortex. These 
changes indicated the stalwart subjects 

Feats  
of Will 
What makes some people capable 
of extraordinary perseverance?
BY ELIZABETH SVOBODA

“We should never, 
ever give up,”  

Nyad told reporters 
as she staggered 

onto the beach at  
Key West, slurring 
her words through 

swollen lips.
Diana Nyad’s 53-hour 
epic swim took a toll on 
her body, but not her will. 

Mind
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had less of  an emotionally charged 
reaction to the stressor. 

When Nyad took part in the restricted-
breathing studies, Paulus noticed that 
her fMRI scans looked very similar to 
those of Navy SEALs he’d studied. “We 
put her under momentary stress, and her 
brain just did not overreact at all,” Paulus 
recalls. Nyad says she’s developed various 
conscious tactics, too, to direct her 
mental focus away from stress and pain, 
including counting in four languages and 
repeatedly singing favorite songs 
like “The Needle and the Damage 
Done” by Neil Young. 

TRAINING THE MIND
So people with unusual strength 
of will are skilled at keeping a 
level head when things get hairy. 
But Paulus wondered: Can this 
ability be taught? To find out, 
he and his colleagues turned to 
a training protocol developed 
by Georgetown University’s 
Elizabeth Stanley to help military 
trainees blunt their reaction to 
stressors. During the course, called 
Mindfulness-Based Mind Fitness 
Training, commonly referred to 
as “M-fit,” students learn how to 
focus intently on specific sensa-
tions — how it feels to stand with 
their feet flat on the ground, for 
instance. Later in the course, they 
practice “shuttling” their focus between 
inner sensations and the outside world. 

The goal of such exercises is to teach 
people to pay nonjudgmental atten-
tion to exactly what they’re feeling in 
the moment. That means that if  they 
get a cramp during a run, rather than 
thinking, “Ow! This hurts!” they think, 
“I have a strong pain in my side.” 

“You’re not trying to change [the 
stressor],” Paulus says. “You’re just 
paying attention to it. And that paying 
attention has a profound effect on how 
the brain naturally adjusts itself  to 
down-regulate emotions.” By monitor-
ing your feelings without judgment, his 
theory goes, you achieve detachment 

from them, which allows you to soldier 
through difficult moments without 
letting discomfort disrupt your focus. 

To put the mindfulness training tool 
to the test, in 2011, Paulus and colleague 
Douglas C. Johnson performed a before-
and-after study on a group of more than 
200 Marine recruits going through pre-
deployment training. Paulus gave the 
recruits the restricted-breathing stress 
test before the program began. Then 
half  the platoons received 20 hours of 

M-fit classroom instruction over about 
two months, while the other half  stuck 
to an ordinary training regimen. At the 
end of the training period, the subjects 
performed the restricted-breathing test 
again. The recruits in the M-fit group 
displayed brain-scan patterns strikingly 
similar to those Paulus had seen in the 
SEALs and Nyad, suggesting the trained 
recruits had gotten better at anticipating 
stress and staying calm while facing it. 

“What we’re seeing is that [the 
training] actually changes how the 
brain processes information,” says pain 
specialist Gary Kaplan, founder of the 
Kaplan Center for Integrative Medicine, 
who is familiar with Paulus’ work. “We 

have information coming in, and the 
more present in the moment we are, the 
more we can interpret it realistically.” 

While pushing through discomfort 
might initially be an effortful process, 
Paulus says, over time your brain begins 
to make the necessary adjustments 
almost automatically.

Paulus’ theory rings true for Nyad. 
It’s the repeated experience of negotiat-
ing obstacles, she says, that’s trained 
her brain to surmount them. “It turns 

me on doing big, epic things,” she 
says. “I set my mind to a vision, as 
if  I have built my will to this cause 
out of titanium. And when forces 
of nature stop me, I gather that 
titanium resolve to try again.”

But how much of  perseverance 
is inborn and how much is train-
able? “The answer is complex, 
a mix of  nature and nurture,” 
Paulus says. DNA studies have 
zeroed in on various genes, 
including the glucocorticoid 
receptor gene, that dictate how 
intensely our brains and bodies 
react to stress. So no matter how 
much mental preparation we do, 
some of  us may not be cut out to 
swim from Cuba to Florida. 

Still, Paulus believes we can 
cultivate doggedness whatever our 
genetic starting point. “There’s a 
lot of flexibility,” he says. “The sys-

tem is not fixed.” Well-honed attention-
focusing skills can be as useful to midlife 
career changers or cancer patients as they 
are to extreme athletes, he points out. 

“The way I see it is, life is life — things 
are going to happen to you,” Paulus says. 
“Let’s find ways of making your brain 
more ready for that.”  D

Elizabeth Svoboda is a writer in San Jose, 

Calif., and is the author of What Makes a 

Hero?: The Surprising Science of Selflessness.

Well-honed attention-focusing 
skills can be as useful to midlife 

career changers or cancer patients 
as they are to extreme athletes.

Want to boost your perseverance? 
Try a brain-training exercise at 
DiscoverMagazine.com/Perseverance

It took Nyad five tries to complete her swim across the Florida 
Straits, using a combination of steely resolve and mindfulness.
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Neuroscientist 
BOB KNIGHT thinks 

we should ask  
children how they  

want to learn science.

BY GEMMA TARLACH 

PHOTOGRAPHS BY PETER DASILVA 

→Kids say the darndest things when they’re reviewing 
a neuroscience study up for publication.

That’s what Bob Knight discovered when, almost on a whim, he started a 
kid-reviewed online journal — and found his passion.

Knight ran the Helen Wills Neuroscience Institute at the University 
of California, Berkeley, for a decade and was the founding editor of the 
online, open-access journal Frontiers in Human Neuroscience. His pages-
long list of published studies is the envy of any academic, but Knight still 
has the straight-talking style and self-deprecating wit of a kid who grew up 
on the blue-collar Jersey shore.

The Kids Are All Right

Discover
Interview
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Q What drew you to neuroscience  
in the first place?

A I came to neuroscience through 
clinical neurology, which studies 

diseases of the nervous system. I like 
areas dealing with connectivity, and I 
liked the detective story aspect of it: to go 
into a room, take a patient’s history and 
have a good idea of what was going on.

Q Where did the idea for a  
kid-reviewed, kid-targeted  

journal come from?

A Six years ago I was in a meeting 
about the future direction of the 

review process for a journal. I half-
jokingly said, “Why don’t we have kids 
review it?” The idea stuck in my head.

Q So how does the whole process 
work? The researcher submits a 

paper through kids.frontiersin.org, and 
it’s assigned to a kid reviewer? 

A There’s a pre-step there: We look 
at it first. We don’t want to control 

structure, but we want to make sure 
there’s a clear hypothesis. We want the 
same thing for the kid reviewers. We want 
them to understand the scientific method, 
and to ask whether the author had a 
hypothesis and conducted an experiment 
that allowed them to test the hypothesis 
with a yes or no answer to a question. 
The review comes in [from the kid] and 
that’s it. There’s no back and forth. 

Q How tough are the  
kid reviewers?

A The kid reviewers are brutal! A 
14-year-old boy reviewed a paper 

on the relationship between the brain’s 
reward system and Facebook likes and 
concluded: “The research is interesting, 
but it’s not obvious how this knowledge 
will help with anything.” The researcher 
went back and changed the paper to 
make its value clearer. In the usual 
journal review process, a couple of 
people review the paper and send it back 
with comments, and the author grumbles 
and then enters a discussion: “OK, I’ll 
change this but not that.” But in our 

It’s Knight’s combination of endless intellectual curiosity and down-to-earth realism 
that led him to start Frontiers for Young Minds in 2013. He wanted to inspire the next 
generation of researchers, but on their own terms.

Like the rest of the Frontiers series, the journal is online and open access, but 
Frontiers for Young Minds is reviewed for, and aimed toward, children. Although 
initially evaluated by an adult member of the editorial staff, each study posted at the 
site must also make it past a “kid reviewer” age 8 to 15.

Originally recruiting the reviewers from English-speaking children of neuroscientists 
around the world, Frontiers is now focused on expanding. A seventh-grade inner-city 
class recently reviewed a study on the neuroscience of dance, for example, and Knight’s 
staff will roll out Spanish translations of articles in 2015. There’s even a Chinese version 
in the works. The journal is also broadening its coverage beyond the study of the brain.

Knight took some time recently to talk to Discover about brains, baloney and pop 
star Beyonce — and how Frontiers fits into it all.

Bob Knight’s kid-reviewed, kid-targeted 
online journal, Frontiers for Young 
Minds, now focuses on neuroscience 
but will expand to include medicine, 
astronomy and other areas of research. 



At the Helen Wills Neuroscience Institute at UC Berkeley, Knight demonstrates an electroencepha-
logram and eye-tracking equipment to students from Berkeley’s Summer Institute for the Gifted. 

process, whatever the kid says to do, 
the author has to do, or it doesn’t get 
published.

Q Researchers today are arguably 
more time-crunched than ever.  

Why should they bother getting involved 
with a journal aimed at children rather 
than their peers?

A It’s their duty. They need to be 
involved in education. They need 

to be teaching the next generation of 
researchers, or we’ll go backward and in 
30 years, we’ll all be pushing handcarts 
again.

And for young scientists, those early 
in their careers, there is an immediate 
payoff. When you come up for tenure, 
you have to show your work in three 
areas: research, teaching and public 
service. This hits all three.

Q And what’s been researchers’ 
response to Frontiers?

A Look, if  I started a new journal 
and sent out a request for associate 

editors, maybe 10 percent of  the people 
I contacted would say yes. With this, 
I contacted 52 people and 47 said yes. 
They’re interested.

Q How big of a staff does  
Frontiers have?

A I’m the chief  editor, Fred Fenter 
is the managing editor and Noah 

Gray calls himself  the “engagement 
editor” — he’s our social media guy. We 
have 15 areas [within neuroscience], and 
each area has three associate editors. 
The number of  kid reviewers is growing 
all the time. It’s important to me that 
we recruit reviewers from the whole 
spectrum of  society, so we’re starting 
outreach programs, and our Berkeley 
students have really stepped up to 
participate and be mentors.

Q Is Frontiers publishing original 
research, or has it appeared 

elsewhere already?

A The papers have appeared 
elsewhere. There are two kinds 

of papers we review: a paper you just 
published and now want to do a kid-
friendly version of, or a review article 
that draws on previous research. We’re 
working on a system where, when a 
researcher gets an acceptance email for 
a peer-reviewed journal, they also get 
a note saying we’d like you to consider 
submitting a kid-friendly version.

Q All of this sounds time-intensive 
and fairly expensive. You recently 

secured $480,000 in funding over 
the next two years from the Jacobs 
Foundation and are pursuing additional 
philanthropic grants, but have you 
considered charging for the site or 
finding a corporate sponsor?

A I want to make sure nobody ever 
commercializes this. I want it to 

be open source. I want it to be free for 
everyone. A lot of people involved in 
online projects will say it’s all kumbaya, 
we’ll do it because we love the world. 
Baloney. They’ll do it because they want 
to make zillions of dollars. We’re not 
going to slap ads up on the site. But our 
budget to do this is about $1.2 million 
a year. That’s a lot of dough. To keep 
it open access, I’ve got to line up that 

Discover
Interview

money. I’d like to stick to government 
agencies and foundations, but if some big 
corporation offers me $500,000, I’m not 
going to turn it down. But I’m not going 
to put ads for them on the site, either.

Q OK, so we’re not talking from a 
marketing perspective but, from an 

audience perspective, among children, 
who is Frontiers’ prime demographic?

A You know, I was just at the D.C. 
science festival. It was incredible. 

There were 35,000 attendees, and I think 
10 to 12 was the average age. That’s the 
right age. It’s becoming clear to me that 
this is not a high school science club 
journal. Frontiers is a middle school 
journal to get kids engaged in science, to 
show them how fun it can be. It’s about 
analytical thinking and understanding 
the scientific method, which will help 
them figure things out in their lives,  
not just in science. It’s about using  
more analytical thinking, not just 
emotion-based.

Q Do you think it’s a basic lack of 
analytical thinking that is causing 

Americans to fall further behind other 
countries in science literacy, or is it how 
we’re teaching children? Or is it perhaps 
how issues such as climate change and 
evolution have been politicized?

A I think first you have to make clear 
that there’s a difference between 
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ignorance and intelligence. I was raised 
in Laurence Harbor, N.J., and I think I 
was only the second person from there 
to go to college, though the kids there 
were just as smart and creative as the 
ones I come across here [in Berkeley]. 
The reason I’m doing [Frontiers] is 
because education was the ticket for me 
— it’s the only thing that makes up for a 
lack of socioeconomic access.

Telling kids you have to believe in 
climate change, or you have to believe in 
evolution, is not going to go anywhere. 
You have to let them figure it out, to 
explore the world, to test their ideas. 
That’s the only way you’re going to get 
change. Trying to change things from 
the top down never works.

Q So, would you include Frontiers as 
part of the Science, Technology, 

Engineering and Math (STEM) trend in 
education?

A This STEM thing that everyone’s 
always talking about and touting is 

all top-down. People are telling kids do 
this, do that. I’ve never heard anybody 
say, “Maybe the kids should tell us how 
they want to be educated.” Frontiers is 
about putting kids in control. We’re not 
there yet, but in the future I’d eventually 
like kids to be the ones guiding the 
material and driving the content.

Q Aside from STEM, another big trend 
now in science education is citizen 

science: projects, often crowdsourced, in 
which non-scientists, including children, 
contribute to research through collecting 
data or analyzing it. Do you see Frontiers 
evolving a citizen science component?

A I don’t know. I’m about to set 
up a parallel editorial board of 

kids. If  they tell me, “Hey, we want to 
crowdsource something,” fine, but it’s 
got to come from them. I don’t want to 
tell them what to do.

Q A common criticism of the gulf 
between researchers and the 

public in science understanding and 
interest is that many researchers aren’t 
able to explain their work in terms the 
average American can understand or find 
relevance in. Do you think that’s a fair 
critique?

A I think most scientists can talk 
about what they’re doing and why 

it’s important if  you let them. But I 
think most journalists don’t give them 
that chance. They think scientists are 
these weird, geeky people. And kids have 
the role models that the press promotes. 
I heard that the No. 1 role model in the 
world is Beyonce — give me a break. If  
that’s true, we’re in the most shallow end 
of the pool.

Q Where will Frontiers  
go from here?

A When I first came up with the idea, 
we were going to call it Frontiers in 

Neuroscience for Young Minds. But we 
took out the neuroscience part. That 
was a calculated decision. We will be 
expanding: The next three areas we’re 
exploring are medicine, which is huge 
— everything from asthma to pimples 
to obesity; and astronomy, which is a 
natural — kids wonder what’s up in the 
skies; and environmental science. We’re 
definitely going to branch out. But we 
want to grow it organically. We want 
to be a portal for good information for 
kids. You have to go through us and you 
have to go through our scientists, but 
once it’s vetted, we post it.

Q So, is Frontiers going to be the 
answer to motivating kids to want to 

emulate scientists rather than pop stars?

A Is it just a cool website, or is it 
going to change things long term? I 

don’t know the answer to that. We have 
to wait and see. Things aren’t going to 
change in five or six years. It’s going 
to be a generation. But I would like to 
think Frontiers is a small building block 
leading to that change.  D

Senior Associate Editor Gemma Tarlach 

enjoys neuroscience and Beyonce in equal 

measure.

Scientists have a duty to inspire the next generation of researchers, says Knight, shown here 
explaining the workings of an MRI with the help of a young volunteer. 

“I want to make sure nobody ever 
commercializes this. I want it to be open 
source. I want it to be free for everyone.” 

— BOB KNIGHT
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Jonathan Alava, 7, 
sits in a treatment 
room at the Roberts 
Proton Therapy Center 
in Philadelphia. It’s 
been nearly two years 
since he received 
radiation therapy. 

Proton beam therapy can 
save some cancer patients 
— just not always the ones 
medical centers market it to.

BY KEITH EPSTEIN
PHOTOGRAPHS BY PETER TOBIA (EXCEPT WHERE NOTED)

  Precision
         Profitsvs.
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         hen 5-year-old Jonathan Alava  

             complained about stomach pains  

one day in February 2012, his mother, Shinna,  

laid him on the couch and rubbed his tummy.  

Only the flu, she figured; another preschool bug.  

Then she felt the hard lump, immediately knowing  

it didn’t belong and dreading its meaning.  

Diagnosis: a malignant tumor 10 centimeters  

wide, the size of a small grapefruit.

The accelerator achieves unparalleled precision by harness-
ing the power of protons, positively charged particles in the 
nucleus of an atom. These protons yank negatively charged 
electrons from their orbits around atoms within molecules. 
In the body, this process, known as ionization, strips 
away electrons from the DNA molecule, which houses 
the genetic instructions for a cell’s development and 
function. Without electrons, the DNA molecule falters, 
and the cell is obliterated or unable to proliferate. Unlike 
X-rays, which also ionize atoms, protons are heavier and 
contain more energy, allowing them to move in a straight, 

thin path. In this way, protons avoid indiscriminately 
mutilating a high proportion of healthy cells along with 

cancerous cells as photons do in other forms of radiation. 
The formidable energy of protons can be focused on the tumor 

itself  and, amazingly, stopped at its far edge.
Yet the forces of commerce can eclipse 

the science. An investigation by Discover has 
found that the technology, which inspires an 
almost blinding awe even among sophis-
ticated oncologists, likely is providing no 
benefit to many of the tens of thousands of 
patients steered to it. Despite complications 
sometimes more severe than with standard 
radiation therapy — and costs that are much 
higher for taxpayers, patients and insurers 
— proton beam therapy is heavily marketed 
for treatment of prostate cancer.

While enriching investors and giving 
medical centers and health providers a 
competitive edge, the popularity of treat-
ing prostate cancer with protons has had 

financial side effects, draining government coffers of millions 
of dollars. This is just one example of how profligate spend-
ing on treatments of marginal benefit contribute to runaway 
health care expenses. Across all health spending in America, an 
estimated $210 million is spent each year on unnecessary tests 
and procedures that do nothing to make patients healthier.

“One of the wonderful things about the U.S. health care 
system is that it’s rapidly rewarding, which leads to rapid 
innovation. But it does have a tendency toward excess,” says 
Harvard Medical School radiation oncologist Anthony 
Zietman, who was an early proton beam proponent before 
doubting its advantage in treating prostate cancer. He now is a 
co-investigator in the first randomized clinical trial comparing 
proton therapy with more conventional radiation — something 
he acknowledges should have happened before so much use.

“We rush into treatments before they are proved,” he says, 
referring to the wide array of pharmaceutical interventions 
and medical devices made available to U.S. consumers before 
thorough scientific scrutiny. “In some instances,” he adds, 
“proton therapy might be inferior to existing treatments.”

Exactly one research team has independently analyzed what 
prostate patients get for the money spent on proton treatment. 
Conclusion: not enough to justify the procedure. Over the past 

For more than 10 months, the child’s 
journey followed the kind of dreary, double-
edged protocol so familiar to cancer patients 
and their families. The blunt weapons 
against cancer tend to be both helpful and 
harmful, especially in children. First came 
relentless weeks of chemotherapy to reduce 
the mass — enveloped, in Jonathan’s case, in 
a tangle of blood vessels doctors dared not 
disrupt with surgical tools. Chemo is a toxic 
brew that destroys microscopic metastases, 
errant cancer cells that have spread through-
out the body, along with many healthy 
ones. Vomiting became a regular part of 
Jonathan’s life.

Once the tumor was reduced to the size of 
a walnut, a surgeon could move in and remove the mass. But it 
had attached to Jonathan’s bladder, abdominal muscles and the 
iliac artery, a major thoroughfare for blood between the heart 
and the pelvis. Worse, after a biopsy, specialists spotted an even 
more disconcerting complication lurking at the edge of the 
pathology specimen: stray cancer cells. They would have to use 
radiation on the preschooler.

That’s when doctors say Jonathan got lucky. He had access to 
one of the most precise and powerful weapons in the modern 
anti-cancer arsenal, born out of regret after the bombings of 
Hiroshima and Nagasaki: a massive particle accelerator. Once 
exclusively the tool of physicists seeking to unravel mysteries 
smaller than the atom, the cyclotron has become the world’s 
most complicated and costly medical device. The machine, 
increasingly popular since it was introduced at a California 
medical center nearly 25 years ago, typically is as heavy as an 
airliner, surrounded by a shield of concrete and often housed 
in a building several stories tall. It delivers a straight, narrow 
beam of radiation that deposits most of its energy on the target 
tumor. Inflicting less collateral damage to surrounding organs 
and healthy tissues, it can minimize side effects and increase 
cure rates for some cancers — just what patients with small 
bodies like Jonathan need.

W

Shinna Alava with her son Jonathan.
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year, some regional insurers have begun to concur, refusing to 
pick up the tab for early treatment of prostate cancer. Even so, 
Medicare still subsidizes its use for prostate cancer, paying more 
than twice as much for proton treatment than conventional 
radiation — $50,000 vs. $20,000 — despite a distinct lack of 
proof that it’s superior. 

That isn’t stopping doctors and medical centers from pushing 
proton therapy with the kind of enthusiasm once reserved 
for lucrative MRI machines or surgical robots — expensive 
technology that also has been overused. At price tags of 
$150 million or more, proton treatment centers can generate 
$50 million in revenue each year. Companies, governments and 
nonprofit medical centers are building or planning dozens of 
proton beam centers from Minnesota to China — in addition 
to the 42 already operating, 14 of which are in the U.S. It is 
simply modern medicine’s most audacious arms race.

Not that there are many complaints from pediatricians or 
parents of the relatively small number of children who develop 
uncommon cancers best treated with proton therapy. Proton 
therapy has been shown to be beneficial for certain uncommon 
ocular and brain cancers, and especially for treating children 
like Jonathan, whose developing tissues can be highly sensitive 
to stray radiation. In attacking the sarcoma in Jonathan’s belly, 
doctors could spare his bladder, rectum and pelvic bones, 
greatly reducing the risk of later disabilities.

But few cyclotrons would get built if  it were just about 
the children. The same health care economics that generate 
revenues and hefty reimbursements for prostate cancer centers 
while siphoning millions from Medicare has essentially 
created subsidies that put a lifesaving technology within reach 
of  the smallest patients. Unrestrained health markets are, in 
effect, taking from older men to pay for treatment of  children 
like Jonathan.

POWER OF REDEMPTION
Healing with protons had its origins in the effort to harness 
particles for once-unimaginable destruction — the Manhattan 
Project, which produced the first atomic bomb — and in the 
remorse of a scientist who helped create it. After the bombings 
of Hiroshima and Nagasaki, the application of nuclear knowl-
edge to medicine served as an act of atonement for Robert 
Rathbun Wilson. Recruited by J. Robert Oppenheimer to head 
the project’s experimental division in 1944, Wilson, a young 
physicist at the University of California, Berkeley, was driven 
by the potential — he later called it rationalization — that the 
work would lead to a powerful new source of electricity, and a 
test detonation that would end the war.

Instead, the first explosion proved an emotional turning 
point. “It literally dwarfed the great desert basin,” he later 
wrote. “My technical work was done, the race was run, and 
the full awful magnitude of what we had done came over me. 
I determined at that moment that having played a small role 
in bringing it about, I would go all out in helping to make it 
become a positive factor for humanity.” Returning to Berkeley 
was “a great relief  … yet I still had a terrible load of guilt from 

Once  
exclusively  
the tool of  
physicists  

seeking 
to unravel  
mysteries  

smaller than  
the atom,  

the cyclotron  
has become  
the world’s  

most  
complicated  

and costly  
medical device. 

From top: The outside of the 220-ton 
cyclotron at the Texas Center for 
Proton Therapy; the inner workings 
of an accelerator, shown in Belgium; 
the beam transport system; and a 
control room. 
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having helped to build the bomb,” he acknowl-
edged years later, in handwritten notes located by 
Discover at the archives of  the Energy Depart-
ment’s Fermilab. 

In his earlier work at Berkeley, he gained 
intimate knowledge of  the behavior of  protons, 
using the cyclotron to measure their penetra-
tion into various materials. From that, he knew 
protons traveling through matter move in a 
straight line, depositing most of  their energy in 
the final millimeters of  their trajectory, when their 
speed slows. Whereas the photons used in conven-
tional radiation therapy produced a kind of  fog 
of  small clumps of  ionization, protons — 2,000 
times heavier — left a dense and distinct line of 
ionization. This meant you could irradiate a strictly localized 
region within the body. He calculated the range of  a beam the 
diameter of  a needle.

“I worked out how much scattering and straggling would 
occur, and realized that much of the ionization would be depos-
ited in a volume at the end of a narrow beam not much larger 
than the eraser on a pencil — and with very little exposure of 
the skin at the point of entry,” Wilson recalled in a draft for a 
speech. He thought of the beam as a heavy cannonball rolling 

through grass. Up against a single blade, it wouldn’t 
stop, but millions of collisions would bring it to a 
stop. The faster it was fired, the farther it would go. 

In a 1946 paper in the journal Radiology, Wilson 
proposed that contemporary cyclotrons had almost 
become capable of energizing protons that could 
tackle deep-seated cancers. Depth and dose could 
be controlled. Initial speed of the charged particles 
would determine how deep in the body the particles 
would penetrate, while the intensity of the beam 
would determine the dose reaching the target. A 
more powerful dose could be exquisitely planned and 
directed anywhere in the body with more precision 
than X-rays. Finally there was a way to bend a 
particle to the purpose rather than blast a swath of 

sensitive tissue, as X-rays did. 
“You can say it in one word: control,” explains James Slater, 

a proton pioneer who built the first hospital-based proton treat-
ment center at Loma Linda University in Southern California. 
“The physician can control the proton. Nobody can control the 
photon.”

Wilson predicted a new cyclotron soon would produce “some 
real down-to-earth good.” He figured that, “in a few years, we’d 
be treating patients.”

ROBERT RATHBUN WILSON harbored 
dreams of helping create an intense and 
beneficial new source of energy from 
the most elemental building blocks of 
matter. As a boy in Wyoming, Wilson 
fiddled with vacuum tubes and pumps, 
and thrilled at the notion that one might 
likewise mix parts of the atom to “make 
the whole universe.”

During his childhood, scientists were 
swiftly uncovering more and more about 
the inner life of atoms, upending dogma 
going back to the ancient Greeks about 
the smallest components of all things. 
The atom, previously believed indivisible, 
could be artificially disintegrated, and 
chemical elements, long thought unalter-
able, could be metamorphosed.

In the first engineered “nuclear reac-
tion,” in 1919, Ernest Rutherford pro-
duced oxygen from nitrogen by dislodg-
ing positively charged particles he called 
protons. “I have broken the machine and 
touched the ghost of matter,” Rutherford 
declared, giving birth to nuclear physics. 
Rutherford’s atomic model described a 
new world of worlds in which electrons 
orbited a nucleus like planets encircling 
the sun.

At the edge of this new frontier, 

Wilson’s professor and 
mentor at the University 
of California, Berkeley, 
Ernest O. Lawrence, 
invented the first crude 
cyclotron from shards 
of glass, wires and wax. 
It used magnetic fields 
to contain electrically 
charged particles in a 
narrow, spiraling path 
while an electric field 
accelerated them. “At-
om-smashers,” as they 
became known, grew 
larger, more complex 
and powerful, pushing 
particles through the 
equivalent of a million 
volts — enough to create new elements.

Lawrence’s brother, John, a doctor at 
Yale, used one of the elements from his 
brother’s cyclotron, radioactive phos-
phorus, to examine metabolism in mice. 
Unexpectedly, mice injected with the 
radioactive phosphorus produced fewer 
white blood cells, and he theorized that 
the element suppressed production of 
bone marrow cells.

Wondering whether such radioac-

tive isotopes might 
“perhaps attack 
cancer,” he injected 
the phosphorus from 
the cyclotron into 
mice with leukemia, 
a cancer of the bone 
marrow. A few weeks 
later, the irradiated 
mice were vigorous. 
The control group: 
dead. He had become 
the first to demon-
strate the susceptibil-
ity of tumor cells to 
radiation.

Within months, the 
brothers irradiated 
people, including, 

in 1937, their mother, Gunda. She had 
inoperable uterine cancer, and specialists 
gave her three months to live. Though 
she grew violently ill, pleading for the 
treatments to stop, “this massive tumor 
just started evaporating,” John Lawrence 
recalled, according to an oral history kept 
at the University of California.

Gunda Lawrence lived for another 15 
years, and radiation soon became a main-
stay of cancer treatment.  K.E.

Dreaming of Atoms 

Photons

Proton

After the Manhattan Project, Robert 
Rathbun Wilson sought to use his 
science for the benefit of society. 
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His calculations proved better than his 
predictions. A decade passed before the 
first people were treated with protons, 
and even then only sporadically in 
research settings.

MAPPING TREATMENT
The voyage of discovery is rarely a straight 
line, and despite Wilson’s insights, other 
pieces had to fall into place — some more 
serendipitous than scientific. For one thing, 
shooting a thin and powerful beam into the body 
requires the ability to see where it is going. At the 
time, a physician’s vision of the inside of a patient’s 
body was limited to shadowy X-ray images. Doctors 
crudely outlined boundaries for radiation exposure with wax 
crayons. They could only guess at depth and contours of a 
malignancy. “You had this precise beam — but you couldn’t see 
the tumor,” recalls Harvard radiation oncologist Zietman. 

A handful of  researchers refused to wait. Herman Suit, a 
radiation oncologist at Massachusetts General Hospital and 
one of  Zietman’s mentors, had long been intrigued with the 
promise of  curing people without opening them up. He had 
used cloned mice with identical tumors to determine ideal 
radiation doses before turning to protons. The implications 
of  Wilson’s paper and his own studies on mice were “anything 
but subtle,” he says. A tumor could be irradiated with protons 
at higher doses than other radiation, with much less damage 
to normal tissue.

Suit invited himself  to a cyclotron at Harvard, and in 1973 
he persuaded its operators to let him use it on patients five days 
a week. Eventually he was treating many different kinds of 
cancers all over the body. 

Suit recruited high-energy physicist Michael Goitein to Mass 
General and had him map out how protons interact with mat-
ter. That kind of information was too general, however, and the 
team knew they needed a unique map for each patient. At first, 
this required complicated mathematical calculations and large 
mainframe computers. Working from more than a dozen X-ray 
images to piece together a full image of the tumor and organs 
of the body, Goitein had to make thousands of calculations for 
each patient to figure out the angle, strength and penetration of 
the beam. Typically it took many hours of painstaking work. 
The task was prone to error and “devilishly hard,” Goitein says. 
“So I searched for technology that would make it easier.” 

Fortunately for Goitein and Suit, such technology was 
emerging: computed axial tomography (CAT) scanners, which 
could produce cross-sectional images, or “slices,” of the inside 
of the body. Computer graphics displays common to the first 
video games soon improved the task of visualizing the inside 
of the body and planning treatment. Like a pilot in a simulator, 
an oncologist could see the beam’s vector in virtual reality. 
By 1980, the team could afford a computer the size of several 
refrigerators with enough memory to handle the calculations 
needed to reconstruct the image. 

With multidimensional vision, computing power and the 
Harvard cyclotron, the Mass General team could increase 
accuracy and design detailed treatment plans. “It was amazing 
stuff  they were able to do clinically,” says Zietman, then a 
young doctor chosen by Suit for a fellowship at Mass General. 
“Herman Suit drove it and took it to the next level, and Goitein 
was the father of 3-D radiation planning. They took what 
Wilson had only talked about and put it to use. The proton 
beam wasn’t the big step forward; it was the understanding of 
how to treat in three dimensions.” 

Yet conventional attitudes persisted. “There was a dogma in 
radiation oncology that a higher dose would be super lethal,” 
recalls Suit. Top radiation oncologists advised Suit to go back 
and review the standard protocol. 

More than convention was at play. “The reason for resistance 
wasn’t science. It was the medical business,” says Suit. “If  
[radiation oncologists] were to say protons are better, and 
they didn’t have their own facility for it … they’d have to refer 
patients somewhere else. You’d be shipping out paying custom-
ers. It amounted to the fear of losing business.” 

So cancer patients continued to endure photons.
James Slater, a young resident at a Los Angeles hospital dur-

ing the 1960s, was horrified that radiation acted like a machete 
rather than as a scalpel. It just wasn’t precise enough. “We were 
making some patients too sick,” he recalled. “They dreaded it. I 
got to dread it myself.” He considered switching specialties, but 
then he decided he’d rather improve the specialty he was in.

By 1985, after years of taking patients to the research cyclo-
trons and seeing many of them benefit, Slater sought to bring 
the treatment to patients. He would build a proton accelerator 
inside a hospital. It opened at Loma Linda University in 1990, 
and the timing was good. A new screening tool for prostate 
cancer, the prostate-specific antigen test, enabled doctors to 
detect it earlier in more men, and patients were flocking to 
hospitals for low doses of conventional photon radiation. But 
the test also revealed that the standard radiation treatment 
wasn’t wiping out the cancer.

PROTONS are heavier than 
photons. They scatter less, 
releasing more of their 
energy around the target. 
The depth of penetration 
can be controlled.

PHOTONS (conventional 
X-ray) produce a kind of 
fog of ionized particles. 
They pierce through the 
body, leaving a larger 
path of damage.

More Precision, Less Destruction
PROTONS OVER PHOTONS

Proton beam  
therapy

Conventional  
(X-ray) therapy
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Studies on tumors in other parts of the body showed that 
protons might safely be used at higher doses than photons, 
so some radiation oncologists decided to give protons a try. 
In 1995, Zietman began a key study with Slater’s son, Jerry, 
at Loma Linda and Mass General comparing the standard 
dose of proton and photon treatment for prostate cancer with 
a higher dose. The first results, published in 2005, suggested 
men receiving the higher dose were more likely to be cured. “I 
imagined if  proton beam [therapy] proved to be superior,” says 
Zietman, “nothing else could come close.”

That was what he thought then.

ARE PROTONS REALLY BETTER?
At first, there seemed to be nothing to worry about. A handful 
of new proton beam treatment centers appeared to replicate 
successes at Loma Linda and Mass General, and they were 
meeting a worrisome need. While other cancers can be more 
lethal, prostate cancer is among the most feared when it strikes. 
It was, and still is, the most common malignancy in men, with 

233,000 new diagnoses expected this 
year, and 29,480 deaths. Men took 

“radiation vacations” — proton treat-
ment in the morning, sightseeing or even 

a round of golf  in the afternoon. Referrals 
swelled, and the Internet helped popularize 

the procedure.
Through the 1990s, production of accelera-

tors for medical treatment went commercial. The 
Belgian company Ion Beam Applications entered the 

market with an off-the-shelf  prototype at Mass General 
in 1994. It cost far more than Mass General’s $46 million 

tab, but IBA swallowed the expense, gaining a foothold in the 
market, credibility and, soon enough, rising share value.

The popularity and cost of protons blindsided the federal 
government. Medicare in 2000 allowed proton treatment, on 
a case-by-case basis, for “conditions of possible benefit” — 
usually prostate cancer — never suspecting the number of 
treatment centers would grow. From 2006 to 2009, the number 
of beneficiaries doubled, and Medicare’s annual tab reached 
$27 million. As of March 2013, more than 105,743 patients 
have been treated around the world with protons — 17,829 of 
them at Loma Linda alone, according to the Particle Therapy 
Cooperative Group, which tracks usage. 

As patients and revenues improved, so did competing 
technology and data on how patients fared in the years after 
treatment. Conventional radiation with photons gave way to 
intensity-modulated radiation therapy, or IMRT, in which more 
precise beams of photons could be moved dozens or hundreds 
of times with varying intensities, attacking tumors in three 
dimensions with safer high doses. 

As data on proton treatments continued to dribble in, it 
was hard for Zietman to accept the implications of his own 
studies, which tracked patients’ progress. Their quality of life 
had not improved. They had not escaped the gastrointestinal YO
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• Forty-two facilities are in use worldwide.

• In the U.S.,14 proton beam centers are operating, and another nine are being 
built. One of the largest is a $225 million facility at Hampton University in Virginia 
that lacks a medical school and plans to treat more than 2,000 patients per year 
with breast, lung, prostate, pediatric and other cancers.

• The Mayo Clinic is spending more than $370 million, one-third from a wealthy 
donor, to bring accelerators to centers in Minnesota and Arizona.

A Swiftly Growing Industry
BUILDING BOOM

PROTON THERAPY 
CENTERS IN THE 
UNITED STATES

In operation

In development

IN OPERATION 
Location

Start of  
treatment

Loma Linda, Calif. 1990
San Francisco 1994
Boston 2001
Bloomington, Ind. 2004
Houston 2006
Jacksonville, Fla. 2006
Oklahoma City 2009
Philadelphia 2010
Warrenville, Ill. 2010
Hampton, Va. 2010
Somerset, N.J. 2012
Seattle 2013
St. Louis 2013
San Diego 2014

IN DEVELOPMENT 
Location

Start  
(planned)

New Brunswick, N.J. 2014
Orlando, Fla. 2014
Jacksonville, Fla. 2014
Oklahoma City 2014
Knoxville, Tenn. 2014
Flint, Mich. 2014
Rochester, Minn. 2015
Chicago 2015
Phoenix 2016

SOURCE: PARTICLE THERAPY 
COOPERATIVE GROUP

Partly because of a marketing push, pros-
tate cancer patients have flocked to proton 
therapy despite the lack of evidence that it’s 
better than less expensive treatment.
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issues, rectal bleeding, incontinence and impotence 
associated with other forms of radiation such as 
IMRT. One case still haunts Zietman — a patient 
with bleeding that couldn’t be stopped, the compli-
cations cascading until the patient was dependent 
on transfusions. The realization that something 
was amiss had been in the background. “I had a 
creeping sense of concern and despair,” he says. 

Eventually, “the data was staring me in the face: 
Protons weren’t any better. They were being sold 
as if  they had zero side effects.” 

But they did have side effects. 
In June 2011, a study of radiation therapy 

for prostate cancer found that patients receiving 
conventional radiation experienced fewer gastro-
intestinal problems than a similar group exposed 
to proton beams. In 2012, a separate study of 
1,600 patients from 2002 through 2007 found 
that men treated for prostate cancer with proton 
beam therapy experienced more bowel problems, 
such as bleeding and blockages, than those treated 
with the more common IMRT. “We did not 
find a significant benefit in patient outcomes,” 
its lead author, University of North Carolina 
radiation oncologist Ronald Chen, told Discover. 
“Our results call for additional comparative 
effectiveness research.”

Zietman realized an experiment was the only way to settle 
the matter. In 2011, he helped lead the first randomized trial 
comparing IMRT with equivalent doses of protons. The first 
results aren’t expected for several years. 

The industry, its backers and some clinicians say the trial 
is a waste of time and money — and unethical. Goitein, the 
physicist who helped bring 3-D to proton therapy, challenges 
the wisdom of subjecting half  of the study’s 400 test subjects to 
IMRT instead of what he is convinced is a better therapy.

“Most people who do proton therapy believe physician and 
biological arguments are compelling enough to make it impos-
sible to say to a patient with a straight face, ‘I 
think it is a toss-up,’ ” Goitein says. “People 
who advocate trials are ignoring the physical 
evidence.”

Zietman counters that good intentions and 
business imperatives sometimes blind scientists 
to the truth about risks and effectiveness. “It’s 
amazing how many people drank the Kool-
Aid,” he says. “When you are enthralled to an 
investment company or have opened a center 
at enormous expense and must treat hundreds 
of patients, you kind of have to believe. You 
become an evangelist for a cause.”

A WEAPON OF PRECISION
Each day for 20 days, Shinna and Jonathan 
Alava followed a new routine. Jonathan even 

began looking forward to the one-hour drive to the Children’s 
Hospital of Philadelphia from their home just south of 
Princeton, N.J. He enjoyed playing the hospital’s Wii video 
games until he fell into the kind of sleep induced by general 
anesthesia. Hospital staff  wheeled him into a room on a gurney, 
taped his eyes shut, strapped him onto a treatment table, then 
directed the machine to aim a nozzle at him, unleashing the 
beam of energized subatomic particles at his pelvis. 

The underground steel cyclotron, weighing 220 tons, is 
positioned, along with five gantries three stories tall, within a 
giant bunker the length of a football field beneath the bustling 
streets of West Philadelphia. Hydrogen gas is injected into the 

cyclotron, where static electricity separates protons 
from hydrogen molecules. Then massive magnets 
coerce the thin beam of protons into circular 
orbits as they accelerate toward the speed of light 
at 100,000 miles per second. Concrete walls, 6 to 
10 feet thick, shield patients and personnel from 
dangerous neutrons released from the interactions 
of the proton beam. 

Inside the University of Pennsylvania’s Roberts 
Proton Therapy Center, radiation oncologists sit 
in front of colorful, detailed images of patients’ 
bodies, clicking mice and tapping keyboards. Once 
the program is ready, the therapy team springs into 
action, and a traffic controller of sorts, positioned 
near the accelerator, observes animation of the 
beam as it moves through 100 yards of piping 
along five possible pathways to treatment rooms 

 Good  
intentions  

and business 
imperatives 
sometimes  

blind  
scientists  

to the  
truth about  

risks and  
effectiveness, 
Zietman says. 

Most of this enormous gantry sits behind a wall, with just the front end visible in a 
patient’s room. The gantry helps aim the proton beam at specific targets on the body.
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Subscribers can take an interactive tour of how proton 
therapy works at DiscoverMagazine.com/ProtonTherapy 

Atom Smashers  for Tumors
PROTON THERAPY starts with accelerators housed in 
concrete bunkers several stories tall and large enough 
to hold a cyclotron. Giant magnets speed subatomic 
particles toward the speed of light.

HOW IT WORKS

TREATMENT ROOM

GANTRY

ELECTROMAGNETS

CYCLOTRON

WATER MOLECULE

Hydrogen 
atoms

Hydrogen 
gas

Proton

Neutron

Electrons

Oxygen atom

1. Hydrogen atoms are 
separated from water 
molecules.

2. Radiofrequency  
power accelerates  
protons from hydrogen  
gas in a circular path. 

3. High voltage deflects 
protons into an airless 
tube the length 
of a football field.

4. Proton beam 
is channeled 
by magnets into 
treatment rooms.

5. Beam flows 
through nozzle 
with its shape 
and energy 
matching 3-D 
profile of tumor.
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and, finally, through a small nozzle toward the patient. 
The smallest cough or twitch can undermine the 

precision; moving even a centimeter can undo weeks 
of a radiation oncologist’s preparations and calcula-
tions, dispatching the beam in the wrong direction. 
This is why patients are anesthetized and strapped 
down. Jonathan’s treatment room, at 80,000 cubic feet, 
is 20 times the size of a typical CT or MRI room. The 
motorized gantry is 33 feet high and rotates around 
the patient to optimize the beam angle. Jonathan 
looks absolutely dwarfed and vulnerable.

For three weeks beforehand, Christine Hill-Kayser, 
the child’s radiation oncologist, worked out with col-
leagues just how strong a dose to deliver, and where 
in his pelvic area to direct the beam. Their computer 
screens filled with vivid colors as they calculated 
and checked their work, plotting targets and designating 
no-radiation zones. Jonathan’s pelvic bones flashed white — 
areas to avoid — while the intended trajectory for the protons 
glowed green and blue. The space where the tumor once 
mushroomed had a purple perimeter. Hill-Kayser circled the 
target area — only slightly larger than where the tumor had 
been — in bright yellow.

Although radiation oncologists can visualize the body far 
better than those who used wax crayons on X-ray scans, they 
still face thorny choices. Irradiating the area too far beyond 
the tumor’s edge can destroy healthy cells and sensitive tissues. 
“It can be very difficult finding that balance, that line between 
harm and benefit,” Hill-Kayser says.

But for young patients like Jonathan, proton therapy does 
appear to offer more benefit. Conventional therapy, even 
IMRT, would have irradiated Jonathan’s organs and hip joint, 
causing acute side effects such as bleeding into the urine, addi-
tional diarrhea, rectal bleeding and, soon after, arthritis, likely 
leading to deformities and disability. Side effects — nausea, 
infections and radiation injuries — also are more manageable 
with proton therapy because the beam can avoid sensitive areas 
from the skin to nearby organs and healthy cells. Simply put, 
long-term pediatric cancer survivors can be healthier.

Today, Jonathan is learning his times tables and playing soc-
cer. He has regained his balance enough to earn his camouflage 
belt in tae kwon do. His eyebrows and eyelashes are back. The 
rosiness has returned to his cheeks. 

Jonathan’s doctors say it’s still too early to know the effect of 
protons on his long-term health. His prognosis is excellent, says 
Hill-Kayser. There’s no longer a malignant mass, and he hasn’t 
needed radiation for nearly two years. But cancer can be latent 
on a microscopic level, so Jonathan returns for scans every four 
months. “It’s been a shocking, upside-down year, but now we’re 
really hopeful,” says his mother, Shinna.

She no longer anxiously monitors his intake of  meds, 
supplements and calories lest he lose weight and strength. 
He sleeps in his own bed again. The darkness in his mother’s 
spirit has passed, with resumed faith and newfound friends. 
She no longer asks God, “Why my child?” She marvels at the 
machines, the know-how, the return to normalcy. “I’ve got my 
son back,” she says.  D

Keith Epstein is an investigative reporter and investment researcher 

based in Washington, D.C. 
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Oncologist Christine Hill-Kayser shows Jonathan Alava images from his proton 
therapy during a follow-up visit earlier this year. 

• By late 2013, some regional units of insurance carriers, such  
as Aetna and Blue Cross, were refusing to pay for proton treatment  
for prostate cancer.

• About 70 percent of all proton therapy patients were receiving  
treatment for prostate cancer only two years ago, while today only 
about half are prostate patients.

• A joint venture involving ProCure, a New Jersey private-equity  
operator of three proton centers, has struggled to meet targets;  
at one center, which opened to widespread publicity and investor  
excitement in 2012, only one-fourth of all patients are coming for  
prostate cancer treatment, well below the expected 80 percent.

This rendering shows the 
massive concrete walls 

that encase each  
treatment room. Colliding With Reality

ECONOMICS . . .
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→ Alien sunsets, shimmering rings, brilliant blasts of 
light that thrill the senses and fuel the imagination — 
astronomy is a visual science. In recent decades we’ve 

seen many astonishing views of exotic space vistas, thanks to 
unmanned robotic spacecraft. But these complex machines were 
built only to gather scientific data.

Now, a growing community of space-photo fanatics is finding 
the beauty behind the science. Using common but sophisticated 
software like Adobe Photoshop, combined with open access to 
literally millions of raw images taken by publicly funded space 
missions of the past and present, many amateurs are find-
ing few technical barriers to creating stunning images. Their 
work shows familiar objects in a fresh light and coaxes new 
detail from vintage images.

The collection of old and new photos is vast. The Hubble 
Space Telescope alone has made more than a million ob-
servations since its 1990 launch; spacecraft at Mars, the 
moon and Saturn produced 120,000 new images during a 
typical 90-day period this year. Even terminated missions, 
such as the 1970s-era Mars Viking landers, have data avail-
able online, ready for tinkering. 

The Planetary Society, a nonprofit group that promotes robot-
ic space exploration, has collected some of the community’s best 

images (at www.tinyurl.com/theplanetarysociety). Geologist 
Emily Lakdawalla, a senior editor and “planetary evangelist” at 
the society, has long worked to connect the public to the vast 
spacecraft image collections online.

“One thing that motivates the amateurs is to go into data 
sets and find the pictures that have esthetic value, not just 
value to explain a scientific concept,” she says. “The images 
you see repeated over and over on the Internet are ones that 
were produced for a press conference about a scientific result.” 
The society’s website includes detailed instructions and videos 
to help those who want to find images and process them into 
beautiful pictures. Anyone can register and upload away.

But creating a striking image, as with all good art, takes 
time and effort. Spacecraft often use black-and-white cam-
eras, taking color photos by snapping three exposures through 
three different-colored filters. That means if you want to turn 
three images into a wide, colorful vista, you’ll actually need 
at least nine photos. It’s a manageable task from the Mars 
rovers, which often shoot in color while stationary. But the 
Cassini probe moves between each picture it takes, and so do 
Saturn’s moons. Depending on Cassini’s position and direction 
of travel, Saturn may also appear larger or smaller from image 
to image. That’s a lot to coordinate.

Space
 Alchemists

These artists scour  
NASA data for  
raw materials they  
can transform into  
masterpieces with  
modern-day wizardry.

BY ERNIE MASTROIANNI
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The older data sets are even trickier. “Voyager images can be 
pretty challenging,” says Lakdawalla. It’s not like the spacecraft 
was snapping digital photos — all the original images require 
conversions to modern formats before amateurs can work on 
them with today’s commercial software. Plus, the old Viking and 
Voyager spacecraft used analog television-type cameras, not 
fixed CCD imaging chips, so each frame might not be perfectly 
proportional to the next.

Despite the difficulties, there’s no shortage of artists in the 
community who take up the challenge, whether as an outlet for 
creative expression or a way to do some virtual stargazing from 
a bright city. Some take it beyond improving NASA’s images and 
help choose a camera’s target. The team behind the University 
of Arizona’s HiRISE camera, aboard the Mars Reconnaissance 
Orbiter, actively seeks public input on targets for its high-
resolution camera. Similarly, the folks running the Pluto-bound 
New Horizons mission solicited help from forum members at 
UnmannedSpaceflight.com (run by the Planetary Society), seek-
ing photo opportunities as the probe flew by Jupiter in 2007. 

Even if they didn’t have today’s Internet in mind, scien-
tists have always known the importance of preserving data 
for future generations. Take a look at what others are doing 
with the image legacy they left us. 

The Ant Nebula By Judy Schmidt, New York
Schmidt, a onetime web developer, creates these im-
ages in her spare time. Her interest in Hubble photos 
began with the Hidden Treasures contest, which en-
couraged people to find beautiful overlooked images 
from the observatory archives. For this shot of the Ant 
Nebula, Schmidt started with typical Hubble data sets 
and combined them to achieve these colors, while also 
adjusting the color balance and sharpening the details 
to create an original view of the symmetrical planetary 
nebula, the remains of a star that blew itself to pieces. 
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Huygens Parachuting Onto Titan’s Surface By Rene Pascal, Bonn, Germany
A physicist and amateur stargazer, Pascal has sought Saturn’s 
moon Titan ever since he saw it passing in front of a star in 1989. 
He jumped at the chance to assemble images from the Huygens 
spacecraft, which took pictures during its descent there in 2005. 
Undeterred by a spacecraft error that left each descent image 
without proper alignment information, Pascal painstakingly 

assembled the available images into an accurate panorama of 
Titan’s surface as the lander saw it from about 43 miles overhead. 
Pascal rendered the colors based on photos from Cassini, colored 
pictures from the European Space Agency and old spectrographic 
data from Titan; he based the spacecraft on illustrations from the 
ESA and NASA.
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Jupiter’s Great  
Red Spot, 1979
By Bjorn Jonsson,  
Gardabaer, Iceland
Jonsson’s photo looks 
deep into Jupiter’s 
swirling Great Red 
Spot, revealing details 
as small as 11 miles 
across. It combines 12 
separate frames, each 
one itself a blend of 
three color channels. 
Thirty-seven minutes 
separate the first and 
last images, a problem 
for Jonsson because Ju-
piter spins so quickly. (It 
makes one full rotation 
in less than 10 hours.) 
Features on the planet 
had moved signifi-

cantly during that 
time, so Jonsson 
made numerous 
adjustments to 
correct for these 
and other changes 
that occurred in 

each frame during the 
exposure. 
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Moon Spectacle at Saturn, 2011 
By Gordan Ugarkovic, Zagreb, Croatia
Captured by Cassini’s narrow-angle camera, five of Saturn’s 62 
known moons appear together, hovering near the planet’s outer 
rings. Ugarkovic, a software developer, assembled photos taken 
through red, green and blue filters for the image, but since Cassini 
can take only one picture per minute, the positions of the moons 
changed as the spacecraft sped along. Ugarkovic had to digitally 
shift the position of the moons in two color channels to align with 
the moons in the third. The smaller photo reveals their movement 
during the time Cassini took each of the three filtered photos. 

Janus

Pandora

Enceladus

Mimas

Rhea
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Viking’s Mars View, 1976
By Emily Lakdawalla, Los Angeles
In June 1976, television cameras on the Viking 1 
spacecraft captured Mars only half-illuminated, 
an unprecedented sight. The photos got wide 
media exposure, but a month later, when Viking’s 
lander relayed the first-ever pictures from the 
planet’s surface, those initial images faded from 
memory. Thirty-two years later, the Planetary 
Society’s Emily Lakdawalla downloaded one 
of those forgotten Mars images. Using imag-
ing technology that was science fiction in the 
1970s — you know it as Photoshop — she coaxed 
much finer detail from the original (three black-
and-white images through different filters) and 
processed the color to a more realistic hue. 

Sunset on Mars, 2012
By Don Davis,  
Palm Springs, Calif.
Poised on a ridge overlooking the 
14-mile-wide crater Endeavour, the 
Mars rover Opportunity snapped 
a photo made more dramatic by 
the long shadows before sunset. 
Even the rover’s shadow is visible 
in the upper right. Davis is a space 
artist who drew early inspiration 
from the work of Chesley Bonestell, 
a Sputnik-era illustrator whose 
futuristic illustrations of space 
travel often appeared in national 
magazines. Bonestell’s future has 
actually arrived, along with the 
Mars lander that produced the 
six images that Davis assembled 
into this mosaic. 
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Verde Vallis, Mars, February 2014 
Suggested by Bill Dunford, South Jordan, Utah

Knowing where to point the camera to get a perfect shot is an art unto itself — espe-
cially when the camera in question is 140 million miles away. Dunford, a communications 
manager for a Utah software firm, also calls himself a desktop astronaut, blogging 
about robotic spacecraft and space exploration. This background informed his proposal 
to the HiWISH program, which takes suggestions for where to point the HiRISE camera 
orbiting Mars. Dunford proposed focusing on 
an ancient riverbed called Verde Vallis. The 
choice of location resulted in more than just a 
pretty picture, though. It matched one of the 
many phenomena — fluvial processes, erosion 
by moving water — that HiRISE scientists hope 
to observe in better detail. This part of the 
photo (which Dunford did not process) shows 
windblown dunes in a long, dry riverbed (A) 
and evidence of avalanches (B).  D

Ernie Mastroianni, Discover‘s photo editor, wishes he could ride these spacecraft and take pictures.

The Right Spot for the Right Shot

See full-size versions of these images at DiscoverMagazine.com/BeforeAfter

CITIZEN SCIENCE ALERT Have your own ideas that could help NASA visualize 
its data? Check out this citizen science project at DiscoverMagazine.com/NASA
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Already endangered,  
Southwestern species struggle  
to survive in a landscape  
remade by fences, roads 
and border patrols.
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Sonoran pronghorn 
(left) in the captive 
breeding program 
at Cabeza Prieta National 
Wildlife Refuge in Arizona, 
on the U.S.-Mexico border. 
The pronghorn is one 
of several endangered 
species whose habitat 
is severely impacted 
by human encroachment 
in the form of highways, 
access roads for increased 
border patrols, fences 
and other barriers. 
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We’re deep in the desert with the engine off. 
No sooner do we start to drive again than 
the fastest animal in America, the prong-
horn, bolts out of the brush. I had been 
hoping to see one. White- and chestnut-
colored, deep-chested and springy, it runs 
directly across the rutted track in front of 
the truck — and in an instant, it is gone. 

“Robust,” is James Atkinson’s first comment. “They don’t 
stop and look back like a deer does. They keep going.” 
Atkinson works for the U.S. Fish and Wildlife Service 
(FWS) at Cabeza Prieta National Wildlife Refuge in 
Arizona. He heads the recovery team for the endangered 
Sonoran pronghorn, which some call an antelope, 
though technically it is not. A subspecies of the wide-
spread North American pronghorn, it was first listed as 
endangered in 1967.

Twelve years ago, the U.S. population of Sonoran 
pronghorn fell to just 21 animals. Thanks to a cap-
tive breeding program, which maintains some of the 
pronghorn in a 1-square-mile pen with periodic releases 
into the refuge, the number of pronghorn in the wild 
here has grown to about 200. A second population of 30 
animals was recently established at the Kofa National 
Wildlife Refuge, about 90 miles north. Several hundred 
others live across the border in Mexico. 

The buck we have flushed is probably still running; 
speeds of up to 60 mph have been recorded. Atkinson 
does not seem to be a romantic sort, but when he 
describes a herd of 20 or 30 pronghorn traveling through 
the desert, he gets a lilt in his voice. “Like bison, they’re 
a range animal. When they have to move, they go. They go 
where they need to go, and they go as a group.”

Unfortunately they cannot roam freely anymore. To the west, 
toward the Lower Colorado Valley, the terrain is extremely dry 
“and they prefer not to go there,” says Atkinson, while in other 
directions “they’re bracketed on three sides.” Highways to the 
north and east, interstates 10 and 8, and Arizona Route 85, are 
barriers to migration, while the pronghorn are cut off from the 
herds to the south by the international border and another high-
way in Mexico. The pronghorn on Cabeza Prieta are confined 
to an island of cactus, mesquite and creosote bush. It’s a large 
island, to be sure, about 1.6 million acres, but the habitat is so 
harsh that a successful recovery would be a herd of 300 animals.

For the pronghorn and 25 other endangered or threatened 
species, these are the hardest living conditions in the United 
States, and they are made worse by livestock grazing, recreational 

and urban development, hunting and poaching, and the effects 
of climate change. The latest and most conspicuous environ-
mental threat stems from the flux of illegal border crossings and 
the muscular response by the U.S. Department of Homeland 
Security (DHS). Since 2006, DHS has built hundreds of miles 
of steel fencing and roads in the strip of rough country between 
southern Arizona and the Mexican state of Sonora. A kind of 
border war is underway — with wildlife caught in the middle — 
as drug smugglers and illegal immigrants dodge the all-terrain 
vehicles of the Border Patrol, a DHS agency. 

Whether the species is a pronghorn, a 200-pound jaguar or a 
pygmy owl, the fortifications and human activity cannot help but 
impede animals’ movements and reproductive behavior. When 
breeding is curtailed, adverse genetic effects may occur. Therefore 

federal and state biologists are scrambling to assess the impacts, 
using funds largely provided by DHS. To reduce the issue to 
a word, they are studying “connectivity” — how do species 
respond when the geographical connections between the places 
they like to wander are blocked or degraded? Concerns about 
connectivity reach far beyond the border, since wild land is being 
broken up or broken down almost everywhere in the world.

The conditions here are favorable in one key respect. The 
border zone is fragmented in a positive way by the diversity of 
its natural features. As you move from west to east, from the 
low, scorching deserts of the Colorado River basin to the snow- 
and pine-topped mountains near the New Mexico border, a 
range of habitat unfolds. The prickly plains surrounding the 
isolated mountains are like seas that animals navigate when 
moving from one high sanctuary to another. Rich in large 
mammals, the borderlands of Arizona bring together North 
American species like bighorn sheep and black bears with 
rare Neotropical migrants like jaguars and ocelots. The area’s 

James Atkinson of Cabeza Prieta’s breeding program and Mindi Avery 
of the U.S. Fish and Wildlife Service monitor the pronghorn breeding pen.

CITIZEN SCIENCE ALERT 
Help monitor and report sightings of endangered species 
with this project: DiscoverMagazine.com/Sightings
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On the Border
Cabeza Prieta National Wildlife 
Refuge and the adjacent Organ 
Pipe Cactus National Monument 
sit right along the U.S.-Mexico 
border and Mexico’s Highway 2. 
It’s a high-traffic zone for illegal 
immigration and smuggling, 
leading to increased border 
patrols, Normandy-style vehicle 
barriers (above) and pedestrian 
fences that inhibit both human 
and animal passage.



wetlands and streams, though taxed by drought and widely 
separated, are islands in their own right: an aquatic archipelago 
for rare fish, snails, plants and frogs.

HUMAN INCURSIONS
Back at the Cabeza Prieta refuge with Atkinson, it’s May; not 
the best time to visit the pronghorn breeding operation, though 
not as viciously hot as it will get in June. The air condition-
ing of the truck gradually loses its battle with the 95-degree 
atmosphere. After showing me the captive breeding pen — its 
75 skittish inhabitants all keeping out of sight today — the 
biologist takes me next to the Camino del Diablo in the 
southernmost part of the refuge. The Spanish explorers called 
this trail the Devil’s Highway. Centuries of travel have cut 
banks two feet deep into the baked sand. Slithering when it’s 
not jouncing, the truck pushes farther into the desert. A spur 
of low, brown mountains opens onto a flat valley, at the end of 
which an identical line of mountains partitions the passage to 
another flat valley. If  the sun weren’t holding steady, I would 
think we were driving in circles.

We pass a Border Patrol agent standing on the door mount 
of his green-and-white SUV. The agent is holding an antenna 
high in the air and swiveling it, evidently checking for intrud-
ers. Cabeza Prieta is constantly being surveyed, whether by 
unmanned drones overhead or distant radar towers. “We’re 
probably being monitored by both sides,” says Atkinson as we 
bump along, since the drug cartels are known to post spies on 
the rocky outcrops. 

In a little while, we come to a Border Patrol encampment 
called Forward Operating Base No. 1, an otherworldly sight. 
Hummers and paddy wagons are parked inside a chain-link-
fenced yard alongside fuel tanks and a boxy barracks. The 
American flag is streaming high while hot gusts blow a fierce 
dust onto the compound as if  the desert were trying to expunge 
it. “It’s a little city … like dorms on Mars,” Atkinson says drily. 
“There goes your wilderness experience.”

Cabeza Prieta’s wilderness saw very few human beings until 
the late 1990s. After a crackdown at the urban crossings in Cali-
fornia, illegal traffic from Mexico and Central America shifted to 
the Arizona desert, a riskier environment. Migrants died in the 
heat — so many that the government permitted private groups 
to put out water stations. We pass one of the stations, marked by 
blue pennants. When the 9/11 attacks made homeland security 
a hot-button issue, enforcement intensified. In addition to new 
fencing, DHS has deployed 4,200 agents within the Tucson sector 
of the Border Patrol, three times as many as a decade earlier. 
Apprehensions of illegal migrants have gone down as a result, 
but they still number about 120,000 a year.

The legislation enabling the border fencing released DHS 
from environmental safeguards. If  it needed to, the department 
could have ignored the Endangered Species Act. The project 
was completed in 2012, but DHS retains the right to invoke 
environmental waivers for project maintenance. Currently, the 
Border Patrol is required to notify Cabeza Prieta’s manager 

whenever its vehicles leave the Camino during an “incursion.” 
Atkinson points out tire tracks going every which way in the 
flats. Though shallow, the tracks of the vehicles last for years 
in the crusty soil. Representatives of conservation groups, who 
periodically fly over the refuge and take photos, allege that 
American agents cause most of the damage on the refuge. After 
all, the barrier along the 56-mile-long border with Mexico has 
stopped most foreign vehicles, but was not designed to prevent 
foot traffic. “People are still coming — waves of drug smug-
glers,” says Atkinson. “There’s no sign of letting up.”

Fifty miles west of the main road, Atkinson stops the truck, 
and we get out at a bleak place called Pinta Sands. Amid the 
dunes and outcrops of black, igneous rock stand a few scraggly 
saguaro cacti. We start walking south, accompanied by an 
armed ranger since we are not allowed to approach the border 
without protection. 

After a mile or so, a dark fence appears, its beams made of 
weathered steel, its posts filled with concrete. Atkinson says that 
the pronghorn, if  they want to, crawl under it. But we are at 
the edge of their island nonetheless, since in the near distance 
trucks are moving along Mexico’s Highway 2, a busy, two-lane 
artery. People cross here but, without underpasses, the highway 
repels all but the most adventurous pronghorn. Connectivity 
for the species has been lost. Atkinson says that only one 
pioneering animal from the breeding program is known to have 
made it over. That buck now lives with a herd in Sonora.

GEOGRAPHICAL LIFELINES
The field of connectivity studies dates to the 1967 publication 
of The Theory of Island Biogeography, by R.H. MacArthur and 
E.O. Wilson. In this seminal work, which focused on islands 
in the sea, MacArthur and Wilson related the size of an island 

U.S. Border Patrol agent Vicente Paco examines Mexico-bound footprints 
(most likely drug smugglers) near the barrier fence on the Mexico border. 
A Department of Homeland Security employee (opposite page) repairs 
a portion of 12-foot-high pedestrian barrier along the border.
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and its distance from the mainland to the richness and resil-
ience of the island’s animals and birds, which were now natives. 
The idea was to understand the factors that either promoted or 
retarded the loss of island species. The authors considered such 
factors as the rate of new arrivals of a species, which bolstered 
the group both numerically and genetically. They also estimated 
the rate that alien species appeared on the island and set back 
the endemic populations. By weighing all the factors, positive 
and negative, island biogeography was able to model the prob-
ability and frequency of extinctions.

Next, biologists applied the models to virtual islands on 
continents. The tropical forests of the Amazon, for example, 

were being fragmented by logging and burning, resulting in a 
patchwork of good and bad habitat. Scientists observed that 
animals came and went from such islands through safe cor-
ridors, skirting human settlements and degraded landscapes. In 
most instances, the creatures at risk on continental islands can 
be found in healthy, or at least adequate, numbers not too far 
away. So connectivity researchers try to identify the geographi-
cal lifelines between the robust and marginal populations. A 
corridor that is doing its job pushes back the probability of 
a local extinction — of island species winking out — just as 
trapped miners can be kept alive by tubes of air snaked from 
the surface.

But what if  the rescue never comes? As wildlands are 
chopped into ever smaller chunks, migratory corridors are cut 
off. Healthy genetic exchanges between unrelated animals — 
the scientific term is gene flow — slow to a halt. At that point 
an inbred, isolated species, its numbers declining, is vulnerable 
to disease and to winking out. Bulldozers, chain saws and 
fences accelerate the process, but it’s worth noting that con-
nectivity between populations may also fade gradually, over an 
eon, as climatic conditions shift. That is what happened to the 

Quitobaquito pupfish, which is the most vulnerable species on 
the border today.

The Quitobaquito pupfish is about the size of my thumb. 
Rather, of Izar Izaguirre’s thumb, since he is a holding one in 
his meaty palm. Izaguirre, a Mexican biologist, works for the 
Pinacate Biosphere Reserve in northern Sonora, across the line 
from Cabeza Prieta. He has scooped a specimen from a shallow 
pool in the otherwise dry bed of the Sonoyta River. “It’s so 
small,” jokes Izaguirre, that “it’s not a real fish.” The dull color 
indicates either a female or a non-breeding male, since breeding 
males turn a jaunty blue during mating season. 

This species lives in just two places: the Sonoyta River and 
Quitobaquito Springs, islands that 
are only a mile apart with the border 
between. Quitobaquito Springs 
bubbles from the ground in Organ Pipe 
Cactus National Monument, a unit of 
the National Park Service just east of 
the Cabeza Prieta wildlife refuge, while 
the Sonoyta River flows intermittently 
through the Mexican city of the same 
name. Quitobaquito Springs is open on 
a limited basis during the springtime, 
when the park service brings tourists 
there under escort of armed guards. 
Ever since a park ranger was killed in a 
shootout with drug smugglers in 2002, 
the Border Patrol has played it tough 
in Organ Pipe. At present, some 500 
agents are assigned to the park.

The Sonoyta River has its own 
set of problems. Izaguirre brings me 
to a normally reliable stretch called 

Agua Dulce (Soft Water). It is west of town in the flat scrub off  
Route 2. But when we get there, we find that Aqua Dulce has 
been reduced to a few slits of dark water. Awaiting the summer 
monsoon, the Sonoyta River is more stressed than ever since a 
nearby farming operation has started to pump the groundwater 
beneath it. The fish that we discover hiding in the pool is 
extremely hardy, though. A Quitobaquito pupfish can survive 
in a salty puddle in 100-degree temperatures; a bit of wet algae 
draped on its skin can keep it alive until the water returns. 

Not only does an international border lie between the river 
and Quitobaquito Springs but so does a highway, four fences 
and, of  course, the desiccated landscape. Although it appears 
that, for these two populations of pupfish, ne’er the twain shall 
meet, the reasons for their mutual isolation are geology and 
climate rather than man-made interference. At the end of the 
last ice age, when the climate was much wetter, an extended 
family of  desert pupfish mingled in the streams and ponds of 
the Southwest. Flooding provided the corridors needed for 
migration and gene flow. As the climate dried, the fish retreated 
to small, separate refuges, where exchanges of  DNA stopped. 
With time and distance, different species and subspecies of 
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pupfish emerged. According to a mineral analysis of  the 
water, there was connectivity between the Sonoyta River and 
Quitobaquito Springs when the area was rainy. But even before 
then, the Quitobaquito pupfish had broken from the main 
branch of desert pupfish because a volcanic eruption altered 
the drainage of the region and cut off  the southern population 
from the rest. 

The best proof of connectivity (or lack of it) comes from 
comparisons of DNA. In 1987, when the Quitobaquito pupfish 
was declared a distinct subspecies of the desert pupfish, it was 
largely on the basis of genetics. Here’s how DNA and con-
nectivity relate: When movements and mating across blocks of 
territory are taking place smoothly, gene flow is unrestricted, 
and scientists don’t find a difference in DNA between the 
members of a species or subspecies. But where the flow has 
been interrupted or pinched, as with the pupfish, telltale 
patterns develop. The groups’ DNA become less alike with 
each new generation. In 2000, after more detailed study, the 
Quitobaquito pupfish was named a species in its own right 
and put on a separate taxonomic rung from the desert pupfish. 
DNA trumps physical form, because the two species still look 
very much the same.

BORDERLINE SPECIES
A DNA lens is also being turned on the big animals of the 
border. For example, biologists have looked for evidence of 
connectivity in the genetics of black bears. In a 2011 report, a 
team led by Todd Atwood of the state Game and Fish Depart-
ment compared the genetic markers of “mainland” bears living 
in the forested central part of Arizona with the bears in the 
mountains near the Mexican border. The latter are near the 
southern limits of their natural range and, in addition to being 
less abundant, they show less DNA diversity than the central 
population. The bears of southern Arizona can be genetically 
differentiated from the northern group, which may mean that 
movement between the highlands and border mountains is 
being constricted. 

Extending the sample across the border, a University of 
Arizona team has established a high degree of connectivity 
between Arizona’s and Mexico’s black bears. Although the 
populations are closely related at present, Melanie Culver, 
the USGS geneticist who directed the work, points out that 
bears live a relatively long time, so the distinctions between the 
groups may show up in future generations. “The wall hasn’t 
been there long enough to have demonstrated it yet,” Culver 
argues. “There are bears alive that predate the wall, and they’ve 
had an opportunity to move from one side of the border to the 
other. It’s not a complete barrier yet.”

“Bears in Sonora are endangered,” emphasizes Atwood, who 
has since moved to Alaska to work on polar bears. “It’s highly 
probable that the fence is restricting gene flow where the fence 
is not permeable.” Atwood concedes that the species is at the 
extreme margin of its range in Mexico, but if  bears there are 
cut off  and disappear, “it will be a loss, and you hate to see a 

loss of range.”
To mitigate the 

impacts of the fence and 
Border Patrol activity, the 
Department of Homeland 
Security has committed 
to spend $50 million for 
environmental enhance-
ment projects and field 
studies, but few projects 
have materialized. In 
Cabeza Prieta, DHS has paid for water catchments for prong-
horn — shallow troughs that capture rainwater for drinking 
— and has also contributed funds to the captive breeding 
program. Species along the border are, in effect, competing 
with one another for DHS funding, and the larger animals tend 
to do better than smaller ones in the competition. The jaguar, 
for example, which is popular with the public, has garnered 
more than $2 million worth of “mitigation money.” At least 10 
studies of the big cat are underway.

A solitary hunter with skull-crushing jaws, the jaguar is 
the largest feline predator in the New World. Hounded for 
centuries, this endangered species no longer breeds in the 
southwestern United States. Indeed, the nearest healthy breed-
ing population of jaguars is located 120 miles south of the line 
in Sonora. Yet because roaming males are occasionally sighted 
in Arizona, University of Arizona scientists, led by Culver, got 
$800,000 to deploy motion-sensitive cameras in areas where the 
cats were most likely to venture across. Before biologists even 
think about managing a population, as with the pronghorn, 
a rough inventory must be taken. Meanwhile, responding to 
pressure from environmental groups, the FWS has listed some 
760,000 acres of Arizona and New Mexico as critical habitat 
for the jaguar.

That millions of dollars are being spent on a species without 
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a foothold in the U.S. bothers connectivity specialists such 
as Aaron Flesch. Flesch, a biologist at the School of Natural 
Resources and the Environment at the University of Arizona, 
has studied ferruginous pygmy owls, whose short, low flights 
might be crimped by high border walls. He would like to see 
more species in the mix being studied. “Not hummingbirds,” 
he explains. “They can fly over the fence. But I’d select [species] 
on the basis of how fragmented their habitats are and their 
capacity for movement across the border.”

Like others entering the field, Flesch has tried to fit his past 
research on animal movement behavior into the new conditions 
at the border. When he and five colleagues analyzed the harm-
ful effects of the border fence on pygmy owls, bighorn sheep 
and other species in a 2010 paper, they dealt with hypotheticals. 
The real work simply didn’t start soon enough. “The fence 
gained its political traction quickly — with no environmental 
assessments,” says bear biologist Atwood. “We had no baseline. 
Everyone was caught flat-footed.”

THREADS OF CONNECTION
One day in March, during very unusual weather on the border 
— a snowstorm — Flesch drives me to the small town of Naco, 
Ariz. The black branches of the mesquite bushes are about to 
leaf into green, but today they are blotched in white. We cross 
into Naco, Sonora. The federales on the Mexico side, cradling 
automatic rifles, have woolen masks on the lower half  of their 
faces, ostensibly to guard against the wet snow but also so that 
bad guys cannot identify them.

We turn right out of town and drive west on a soggy, red dirt 
road. The rocky desert around Naco is badly overgrazed, worse 
on the Mexican side. We are next to a 12-foot-high pedestrian 
barrier, its mesh so heavy that the light from America passes 
through with difficulty. Flesch says human beings could get 
over if  they had to. “Only wildlife can’t cross.”

He urges me to look at the big picture of fragmentation 
and extinction, a worldwide picture symbolized by the dark 
fence. “Populations wink off  and on,” he says. “Say you have 
a bad year for reproduction, and a population winks off. 
So for that species to reoccupy a territory, you need corridors. 
Movement is essential. It applies to a unicellular organism 
as well as to a jaguar. What matters is whether their habitat 
is continuous or fragmented. And with climate change, no 
patch is too big.” 

Flesch talks about the “meta-population” — a series of 
populations occupying a network of habitats, like beads strung 
on a necklace. Insofar as black bears, pronghorn or pygmy owls 
live in patches, they form meta-populations. The links between 
the patches make the strand of the necklace, without which the 
groups fall apart. Gesturing once more at the fence, Flesch says, 
“A patch could wink off  and then you’ll look at the impact of 
the wall. What if  no animal can reoccupy?”

Except for Atkinson, whose desert pronghorn are on the rise, 
none of the American biologists I interviewed were particularly 
hopeful about the species they study. They see the changes at 
the border as just another piece chipped from the shrinking 
store of habitat. Species disappear in direct proportion to the 
expansion of the human meta-population. True, the number of 
Homo sapiens is projected to peak and go down before the end 
of the century, but by then the islands occupied by endangered 
creatures may be zoos, and gene flow will be provided by 
animals in shipping crates.

Across the border, Izaguirre is gloomy about the wildlife of 
Sonora. The general deterioration of aquatic habitat around 
the impoverished city of Sonoyta makes the border barrier less 
of an issue for him. Besides the hazards of low water, exotic fish 
in the river are preying on pupfish. “We are working alone,” he 
says of conservationists in Mexico. “It’s not enough, what we 
do. The national interest is elsewhere.” But before taking me 
back to the crossing to Arizona, the biologist wants to end the 
afternoon on a positive note, so he makes a detour to a local 
high school. 

As we pull in, the girls and boys are just getting out of 
school. They’re laughing and twiddling on their cell phones 
as kids do anywhere. There in the lawn of the courtyard is an 
artificial oasis. It’s got marsh grass, native wildflowers, rocks 
and circulating water. I’m reminded that zoos, aquaria and 
other refuges for wildlife can be very pretty when they’re done 
right. A population of Quitobaquito pupfish is thriving in the 
pool, connected only to the goodwill of children.  D

Jeff Wheelwright is a frequent Discover contributor and author of 

The Wandering Gene and the Indian Princess: Race, Religion, and DNA. 

Clockwise: A ferruginous 
pygmy owl in the Sonoran 
desert of Mexico, across the 
border from Cabeza Prieta; 
a male jaguar is captured 
by a motion-sensitive camera, 
part of a University of Arizona 
survey; Sonoran pronghorn 
at the refuge at Cabeza Prieta; 
a Sonoran pupfish swims 
in a refugium at Cabeza 
Prieta’s visitor center. 
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id we talk about my pine tree?” 
says Drew Endy. I nod. I have 
heard his pine tree spiel (and 
you will, too). So he turns to 

another example to make his point: a plastic 
garbage can near his office door. His plan 
is simple: fill up the can with sawdust, add 
some “programmed wood fungus,” as he 
calls it, and leave.

“I come back a week later, and I shake 
out all the extra loose sawdust and spent 
materials, and out comes my new laptop,” 
he says.

“Are you serious?” I blurt out. I must 
sound incredulous, and I am. 

“I’m serious,” he says, sitting cross-legged 
on his swivel chair.

I have caught Endy, an associate professor 
of bioengineering at Stanford University in 
California, at a cusp in his career. A boyish-
looking 40-something, he has spent the past 
decade trying to reimagine the very idea of 
manufacturing by co-opting the inherent 
intelligence and capabilities of biology — 
partnering with biology to change how 
we make things, how we live. It has meant 
ignoring naysayers and believing in a vision 
that is as difficult to comprehend as it would 

Bioengineer Drew Endy shares his vision to reprogram  
  biology as a precision manufacturer — and possibly  
 change civilization as we know it. 

BY ANIL ANANTHASWAMY

D“ have been to imagine an Apple iPad in the 
days of the first mechanical computer.

But persistence seems to be paying off. 
A slew of recent successes means that 
what seemed a pipe dream to many is 
looking much less so, especially to Endy 
and a growing band of believers. “It is 
a moment in time where there is a lot of 
burden relieved and a lot of freedom and 
dancing,” he says.

At the heart of their vision is a form of 
bioengineering called synthetic biology, 
which would let them rewire biology to 
make organisms do our bidding — from 
making drugs, biofuels and fragrances to 
the decidedly futuristic manufacturing of 
laptops from sawdust. It’s a grand vision for 
a new way of being: in tune with biology, 
rather than destroying it.

Biology is an unusual ally for Endy, who 
trained as a civil engineer and worked with 
reinforced concrete, sewage treatment and 
even managed construction one summer 
for Amtrak. “Biology is a manufacturing 
partner that is the most amazing I have ever 
encountered,” he says.

To make his point, he once asked 
his students, all sophomores taking his LI
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bioengineering laboratory class at 
Stanford, to look out the classroom 
window and point out the things that 
impressed them. Some picked out the 
150-foot-wide radio telescope in the 
Stanford foothills. Others were impressed 
by the new quarter-billion-dollar 
bioengineering building. 

No one picked out what Endy was 
eyeing — the green, forested coastal 
ridgeline. “What impresses me is that 
ridgeline, and not just the fact that there 
is a ridgeline, but that it’s covered with 
this wild biology,” he says. “There is this 
natural technology out there in the wild 
that is so capable of manufacturing stuff  
that it coats the surface of the Earth. 
It takes atoms from the atmosphere 
and light from the environment and 
self-assembles huge structures with 
atomic precision.”

PRECISE BIOLOGY
It’s this atomic precision that enamored 
Tom Knight, often called the godfather 
of synthetic biology. In the 1980s, Knight 
was at MIT designing very large-scale 

integrated circuits (VLSI) out of silicon, 
the basis for electronic computing. 
But his crystal ball was getting cloudy. 
He could see that Moore’s Law, which 
observes that the number of transistors 
crammed into integrated circuits doubles 
every two years, would eventually 
plateau, “which is what is happening 
right now,” says Knight.

That’s because of technological 
limitations. Semiconductors are made 
by bombarding pure silicon with atoms 
of phosphorus or boron, thus “doping” 
silicon to turn it into a semiconductor.

The process has inherent randomness. 
As transistors get smaller and smaller, 
occupying ever-tinier regions of a silicon 
chip, it becomes increasingly likely 
that any given region (barely tens of 
nanometers across) may have too many 
or too few dopant atoms.

“You are losing control over the 
fabrication of those devices, and you 
could see that coming,” says Knight. “I 
decided the future was going to be based 
on a technology where you get to put 
atoms where you want them.”

“There is this 
natural technology 
out there in 
the wild that is 
so capable of 
manufacturing 
stuff that it coats 
the surface of the 
Earth. It takes 
atoms from the 
atmosphere and 
light from the 
environment and 
self-assembles huge 
structures with 
atomic precision.”
—DREW ENDY

Drew Endy’s next challenge is harnessing 
biology’s production power.
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notion of standards goes back to the 
Roman Empire. Take the aqueduct of 
Segovia, Spain. “You’ll see that it’s not 
made from rocks that were lying about 
the countryside,” he says. “It’s made from 
standard rocks, and the standardization 
allowed for coordination of labor, over 
location and across time.”

The second part was the need for 
abstraction, a concept that is abundantly 
clear to, say, computer programmers. 
High-level programming languages, 
like Java or C++, provide access to 
the underlying hardware via layers of 
abstraction, so you can write data to 
a file on a disk regardless of whether 
the disk is a magnetic hard drive or 
flash memory. Synthetic biology had to 
embrace abstraction so that designers 
could make a genetic program without 
having to memorize and fiddle about 
with every specific sequence of DNA.

The third, related requirement was to 
separate designers from builders. Think 
architecture and construction: The 
architect draws up the plans and hands 
them over to the building contractor. 
The synthetic biologists argued that they 
needed to embrace this, too.

To this end, Knight invented the first 
BioBrick standard for assembling DNA 
parts. The resulting parts are pieces of 
DNA with specific ends that act as targets 
for enzymes that cut and splice DNA. 
This allowed other researchers to mix 
and match BioBrick parts via a standard 
construction process, and then insert the 
composite parts into cells to make them 
carry out a designed genetic program.

In 2004, these early principles were 
tried out by students during a synthetic 
biology competition, now known as the 
International Genetically Engineered 
Machines (iGEM) contest, an effort 
that grew out of Endy’s and Knight’s 
labs. Teams from five U.S. universities 
vied to build a biological system using 
standardized parts. In 2013, more than 
200 undergraduate teams from around 
the world competed in iGEM, creating 
novel biological systems (such as an E. 
coli-based sensor to detect arsenic in 
drinking water) using BioBrick parts 
made and freely shared by previous 
iGEM students, and stored and 
distributed from the freezers at iGEM 
headquarters in Cambridge, Mass.

That technology is all around us, and 
it’s called biology. At its core, the idea 
behind synthetic biology is simple: design 
and build biological systems to do what 
we want them to do. To do that, you need 
to design DNA sequences and insert 
them into the bacterial cells of your 
choice, a technique pioneered by the first 
generation of genetic engineers. But the 
early days, the late 1990s and earlier, were 
rough. Everyone had their own way of 
making snippets of DNA. “That drove 
me crazy as an engineer,” says Knight.

He wasn’t the only one feeling 
frustrated. Fast-forward to the beginning 
of the new millennium. Endy, who had 

by now retooled himself  as a bioengineer, 
was at MIT, too. Knight, Endy and many 
others — the list of participants reads 
like a who’s who of today’s synthetic 
biologists — organized meetings and 
workshops in Massachusetts, Virginia 
and California. They asked themselves: 
How do we get much better at 
engineering biology?

The answer was threefold. First, 
synthetic biology needed standardized 
parts, much like how computer engineers 
design and build using standard 
electronic components with well-defined 
interfaces. Or like the nuts and bolts of 
mechanical engineering. To Endy, the 

Despite the dramatic growth in such 
student-led efforts, many still doubted 
whether the principles of standardization 
and abstraction were applicable to 
biology. Endy recalls a 2006 New York 
Times article on synthetic biology in 
which Frances Arnold, a distinguished 
professor of chemical engineering at 
Caltech, said, “There is no such thing 
as a standard [biological] component, 
because even a standard component 
works differently depending on the 
environment. … The expectation that 
you can type in a [DNA] sequence and 
can predict what a [genetic] circuit will do 
is far from reality and always will be.”

Endy paid heed to such criticism, 
and it weighed on him. “I have been 
carrying a technical, scientific burden,” 
he says. “It’s hard to ignore when smart 
people say what you are trying to do is 
impossible.”

ENGINEERING A TRANSISTOR
As far as Endy is concerned, that burden 
has lifted somewhat in the past two 
years. In June 2012, his Stanford lab 
published what would turn out to be the 
first of three key papers that advanced 
the cause of computing inside cells using 
standardized parts. In the first paper, 
a team led by postdoc Jerome Bonnet 
showed how information could be stored 
inside a cell. Granted it was just a single 
bit of memory, but there it was: the 
ability to store either a 0 or 1, and flip 
the bit at will.

To do this, the team borrowed 
know-how perfected by bacteriophages 
— viruses that can infect bacteria by 
inserting their viral genome into the 
bacterial genome. At the heart of the 
“bit” of memory is essentially a fragment 
of DNA called a promoter, which enables 
the machinery of a cell to make a given 
protein. In this case, if  the promoter 
faced one way (0), it would enable the 
production of a green fluorescent protein 
inside E. coli cells. If  the promoter were 
facing the other way (1), a red fluorescent 
protein would be produced.

The team showed how they could 
flip the direction of this promoter using 
bacteriophage enzymes, whose levels 
inside the cells they controlled using 
chemicals. Once flipped, the DNA 
sequence would continue to be replicated 

Synthetic biology pioneer Tom Knight sought a 
standardized way to assemble DNA parts. 
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A Production Standard for Biology
In the BioBrick assembly system, two parts — blue and green — are combined. Both frag-
ments are flanked by four enzymes — represented by E, X, S and P — and are enclosed by 
a pair of transcription terminators, shown in red. The blue part is cut and mixed with the 

green. The cells are then grown to produce as many blue-green parts as needed. 

E    X                 S     P
Blue Part

by the bacteria, thus maintaining the bit 
as 0 or 1 until it was flipped again. It had 
been a long, draining effort to get this 
simple element working. “It took three 
years to get a single bit of memory out 
of the lab,” says Bonnet. 

Later that year, the team built 
another cog in the wheel of biological 
computing: the ability to send arbitrary 
messages between cells, again with help 
from a bacteriophage called M13. This 
wondrous virus can package its DNA 
into “particles” and send them to other 
cells without killing the host cell. Endy 
and his student Monica Ortiz tweaked 
M13 to send arbitrary DNA messages 
of their own choosing, instead of viral 
DNA, from one cell to another.

But the singular achievement in 
Endy’s eyes came in 2013, when his team 
built its first biological amplifying logic 
gate. In conventional digital electronics, 
the key to building logic gates is the 
transistor, a component in which a 
modest control signal can regulate the 
flow of a large electric current. Their 
biological transistor, which they named 
the “transcriptor,” is a device made from 
an engineered sequence of DNA. The 
“current” is the flow of a molecule called 
RNA polymerase, which moves along the 
DNA “wire” and transcribes it, allowing 
the cell to make the relevant protein. The 
key here was to create a control signal that 
could let the RNA polymerase transcribe 
or stop it from doing so.

To do this, they embedded within the 
DNA strand another bit of DNA called 
a transcription terminator. They then 
used bacteriophage enzymes to flip the 
direction of this terminator — technology 
perfected while creating the 1-bit 
memory. In one direction, the terminator 
allowed the RNA polymerase to zip 
across the DNA sequence and transcribe 
downstream genes. Flipped, it prevented 
transcription. Endy and his team had 
their basic biological transistor, and they 
used it to implement a variety of Boolean 
logic gates, such as AND and OR.

To Endy, the team’s paper in Science 
detailing these logic gates did not tell 
the full story. “What was mind-boggling 
to us was that every one of our DNA 
designs worked the first time,” says 
Endy. “We didn’t have to go around the 
design-build-test cycle multiple times.” 

Standardization and abstraction had 
finally worked — so much so that the 
parts they created are now freely 
available and being used by others 
to implement genetic computing in a 
variety of organisms.

While performing this work, Endy 
was involved with BIOFAB, a facility in 
Emeryville, Calif., that he co-founded 
with bioengineer Adam Arkin of the 
University of California, Berkeley. By 
2013, BIOFAB had produced a first 
collection of reliably reusable DNA 
parts for synthetic biology. Among 
the key elements engineers need to get 
an organism such as E. coli to make a 
protein from a synthesized gene are extra 
sequences such as promoters (to help the 
cell make RNA from DNA) and ribosome 
binding sites (or RBS, which the cell needs 
to make proteins from the RNA).

Over the years, researchers have 
identified a plethora of promoters and 
RBSs that work in E. coli. “But their 
performance in combination is not 
reliable and predictable,” says BIOFAB’s 
Vivek Mutalik, a synthetic biologist who 
was lured by Arkin and Endy to work 
on the project. “There was a 50 percent 
chance that things will work for one gene 
and not work with another gene.”

Mutalik led the effort to design a set 
of promoters and RBSs that could be 
attached to any “gene of interest” such 

that a bioengineer could be near certain 
(well, 93 percent sure, but that’s near 
certain in biology) that the protein could 
be made within an organism to a desired 
target range. The team tested various 
combinations of promoters and RBSs 
and characterized their performance. 
In essence, they were able to assign to 
each part a “quality score” that tells a 
designer how effective the part will be in 
a given context. These parts, too, are now 
freely available for public use and were 
instrumental in getting Endy’s logic gates 
on the first try.

Taken together, these developments 
have lightened the load on Endy’s 
shoulders. “Psychologically, if  you will, 
or operationally, you are catching me 
at this moment between the last decade 
and the next decade. When posed with 
the question, ‘Can we make biology easy 
to engineer?’ the answer is, ‘Yes, it’s not 
impossible.’ It wasn’t obvious the answer 
was going to be yes,” he says. “In a very 
real way, I am liberated.”

PINE POWER
That’s probably why he’s letting himself  
dream, which brings us back to the 
pine tree, the one in the front yard of 
his home in Menlo Park. For two years 
now, Endy has been watching the tree 
shed hundreds of pinecones. “I finally 
couldn’t escape from the fact that there is 

E    X                 S     P
Green Part

E    X                 S    
Cut With Enzymes

E                          X                 S     P
Cut With Enzymes

E     X                                     S     P
Mix and Tie Together (Blue-Green Part)
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San Francisco artist Phil Ross uses wood 
fungus to create super-strong bricks, above. 
His arch was part of an exhibit in Germany.

a surplus manufacturing capacity in my 
front yard,” says Endy.

The tree was turning undifferentiated 
balls of sap into elaborately structured 
pinecones. He figured that the 32,000 
people of Menlo Park each threw away 
about 500 pounds of garden waste each 
year. That’s 16 million pounds — far 
greater than the worldwide production 
of engineered silicon to make computer 
chips. Could a pine tree be used to 
produce computer chips? “There is no 
chance today that I can make my pine 
tree make computer chips rather than the 
pinecones,” says Endy. “But if  I got really 
good at engineering pattern formation 
within living systems, change the 
fertilizer a little bit, make connections 
between the organic and the inorganic, 
there is a chance that I could create a 
new kind of cash crop in my front yard.”

If  you leave aside the pine tree and 
the sawdust-eating, laptop-producing 
wood fungus for now, there are humbler 
attempts that are showing us the way. 
San Francisco artist Phil Ross has 
already begun taking baby steps toward 
the kind of  future Endy envisions. He 
has used the biological might of  wood 
fungus, primarily Ganoderma lucidum, 
to make bricks that could one day 
lead to buildings.

He begins by stuffing sawdust into 
airtight bags and steam-cooking them. 
He waits for the bags to cool before 
adding fungal cells, which begin to 
transform the sawdust. While the mix is 
still squishy, Ross puts each bag into a 
mold and waits. Eventually, the fungus 
consumes the sawdust. “It can do a 
complete biotransformation,” says Ross. 
“It can turn all of that wood completely 
into its own body.”

That body, it turns out, is a rigid 
structure of the biopolymer chitin. Each 
brick ended up having a spongy core but 
a tough outer skin so hard that the tools 
used to try to cut and shape the bricks 
were ruined. So molding the bricks in 
the right shape in the first place helped. 
Ross’ team showed how the bricks could 
be stacked to build an arch in a museum 
in Germany. At the end of the exhibit, 
pieces of the bricks were mixed in hot 
water and served as herbal tea — a 
demonstration of the biodegradability 
of the material. Now he’s working on 

growing furniture, much of which is on 
display in San Francisco.

How far can we push such ideas? “It’ll 
transform the world,” says Ross. “It’ll 
create material wealth that will make 
our current standards of  materiality 
seem trivial and obtuse.” As with my 
earlier encounter with Endy’s vision, 
I’m taken aback.

“You are saying that seriously, not 
facetiously?” I ask.

“I’m absolutely being serious,” he 
replies. “What if  you can imagine that 
there was as much of anything that 
you could possibly want. Rather than 
having to hold on to things because 
of a perceived future value, if  you just 
grew things according to your want and 
desire, and it cost almost nothing, and it 

took almost no energy, and it was fully 
biodegradable — our ideas of material 
reality would go through a gigantic 
transformation.”

To go from bricks to laptops would 
mean engineering the wood fungus to do 
exactly what we want it to with atomic 
precision, using potentially the kinds of 
reusable biological parts being designed 
in Endy’s lab and elsewhere. But where is 
this going in the near term? “Don’t expect 
miracles in the next five years, but watch 
out 10 years from now,” says Knight. 
But predicting exactly what synthetic 

biology will enable even 10 years hence 
is like trying to predict cell phones when 
vacuum tubes were invented.

ETHICS OF BUILDING SEQUENCES
Given all that, isn’t anyone worried 
about how far this could go, and whether 
things could go badly wrong? “We are all 
worried,” says Mukund Thattai of the 
National Centre for Biological Sciences 
in Bangalore, India. Thattai was at MIT 
when iGEM was launched, and he has 
helped judge iGEM entries and mentored 
students on their projects.

One such project arose out of ethical 
concerns raised by artists in Bangalore. 
The project imagined a future, 100 years 
from now, in which synthetic biology 
was the norm and BioBrick parts were 
ubiquitous in organisms around us. How 
would we know whether humans had 
introduced those DNA sequences unique 
to BioBrick parts? The students went 
around Bangalore and into the forests 
of the state of Karnataka, brought soil 
samples and looked for BioBrick-specific 
DNA sequences in the soil microbes. 
They found nothing. “So if  you ever 
find them, 10 years from now, 100 years 
from now, they came from human 
interference,” says Thattai. “We should 
be aware of what we are doing. We 
should engage with the public, we should 
engage with artists, we should think 
about the ethics of it. But we should 
accept that this is coming.”

Endy accepts — embraces, really 
— the idea of a synthetic biological 
future. Not doing so, and continuing 
to live and manufacture and consume 
the way we do, is not an option for him. 
“We are destroying environments, we 
are critically ripping away biodiversity; 
it’s a disaster,” he says. Partnering with 
biology — ethical concerns and obvious 
dangers notwithstanding — could help 
transform us. “We actually have a chance 
of reinventing civilization,” he says.  D

Anil Ananthaswamy is a science writer 

and author of The Edge of Physics.
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→For Laura Mersini-Houghton, 
it’s been a surprisingly short 

journey from Tirana, Albania, to the 
edge of  the universe.

Step one came 20 years ago, when 
she moved to the United States as a 
Fulbright scholar, studying physics at the 
University of Maryland. Step two came 
a decade later, when she began exploring 
novel ways to merge quantum theory and 
cosmology. Step three arrived in May 
2009 with the launch of the European 
Space Agency’s Planck satellite, which 
soon began making detailed maps of the 
Big Bang’s leftover radiation.

And step four? That’s happening right 
now. Mersini-Houghton has developed 
an expansive theory that explains not 
only how our universe began, but also 
where: among a far grander universe of 
universes, the multiverse. Her concept 
sounds like science fiction, but she 
insists she was merely being logical. 

“I was trying to understand the 
question of  the origin of  our universe, 
and I realized that the only way to 
address the question is by allowing a 
multitude of  possible universes,” she 
says in a brisk voice. 

She’s not the first scientist to take this 
kind of  head trip. More than 50 years 
ago, Hugh Everett postulated an endless 
series of  parallel universes as part of 
his “many worlds” interpretation of 
quantum physics. Recent versions of 
string theory, which attempts to knit 

together all of  physics into a single set 
of  equations, predict 10500 different 
realities, each with its own physical 
laws. But Mersini-Houghton brings 
something unique: evidence.

“The power in this theory is that 
you have a whole series of  predictions 
that are all starting to be observed,” 
she says. In the latest Planck satellite 
data, Mersini-Houghton sees nothing 
less than the outlines of  other universes 
projected onto the sky.

A LOPSIDED UNIVERSE
You can see those spectral universes, 
too, once you know what to look for, 
if  you do as Mersini-Houghton did. 
Check out Planck’s full-sky map (you 
can view the complete set online at  
sci.esa.int/planck) and focus on 
anything that’s out of  balance.

The Planck map shows microwave 
radiation emitted shortly after the birth 
of  the cosmos. It is covered with spots 
and blobs, indicating places where the 
infant universe was either denser or less 
dense than average. The dense spots 
are what gave rise to structure in the 
universe, from superclusters of  galaxies 
down to stars and planets. (In case 
you’re wondering, the relatively sparse 
areas evolved into enormous voids with 
few galaxies.) So far, so good. If  there 
were no structure in the early universe, 
we wouldn’t be here. 

Trouble starts when you pull back 
and take in the big picture. Scientists 
have long believed that the universe as a 
whole must be the same in all directions. 
The laws of  physics are symmetric, 

after all, so the universe should be 
as well. Einstein even enshrined that 
idea as the “cosmological principle.” 
But the Planck maps are not nice and 
uniform — not even close.

Look closely, and you’ll notice two 
major signs that something’s off-kilter. 
First, the northern half  of  the sky 
looks substantially lumpier than the 
southern half. Second, the southern 
part of  the sky sports a large “cold 
spot” where the cosmic microwaves 
are less energetic than average. If  you 
run statistics on the Planck data (don’t 
worry, someone already did this for 
you), you’ll discover a third oddity: The 
universe is distinctly less lumpy on large 
scales than it should be, according to 
standard cosmology models. 

I asked George Efstathiou, a veteran 
astrophysicist at the University of 
Cambridge and a key member of  the 
Planck science team, what he makes of 
these anomalies. “You’d have to admit 
that the universe looks a bit odd,” he 
agrees. “The question is, how odd? My 
own assessment is that it’s odd at the 
1/20 level.” That means there’s a 1 in 
20 chance that we are simply seeing the 
effects of  random variations. 

Flip it around, and there’s a 19 in 
20 chance that there is some funny 
business going on. 

COSMIC BELLY BUTTONS
The reason the universe looks odd to 
us, Mersini-Houghton thinks, is that 
cosmologists have been starting from 
a faulty assumption: that our universe 
is the one and only. “Whenever we get 

Planck’s map of the early universe shows asymmetry between hemispheres and a striking cold spot. 

Beyond 
the Outer 
Limits
Maps of radiation left over from 
the Big Bang may show traces  
of universes besides our own. 
BY COREY S. POWELL
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will turn into a compelling case. That 
would certainly make my day,” he says. 

OUT OF MANY, ONE
No matter what the Planck team finds, 
Mersini-Houghton is convinced that 
other universes must exist. Maybe her 
particular theory is not correct; maybe 
the other universes aren’t detectable for 
now. But on the deepest theoretical and 
philosophical level, she thinks that the 
traditional concept of  a single, lonely 
universe makes no sense. 

Current cosmology models indicate 
that our universe was born with an 
extremely high initial energy, Mersini-
Houghton notes; otherwise it would 
have fizzled out as soon as it began. 
That specificity gnawed at her, especially 
after she heard physicist Roger Penrose 
calculate that the odds of  it happening 
by chance were an absurd 1 in 10127. “I 
wondered, ‘Why should we have had 
such a special start?’ That’s been a big 
problem in physics.” 

The multiple-universe theory is her 
solution. She pictures a vast landscape, 
far grander than the visible universe, 
in which the natural fluctuations of 
quantum physics drive endless random 
energy variations. Any one of  those 
fluctuations can spawn a universe, but 
the weak ones go nowhere; they appear 
and die away without a trace. Only the 
rare, high-energy fluctuations produce 
viable Big Bangs and keep going. 
Successful universes like ours would 
inevitably come to dominate. That 
problem of  specificity vanishes.

Mersini-Houghton places this new 
conception of  the universe in the 
context of  the discovery that Earth 
is one of  many planets, the sun one 
of  many stars, the Milky Way one of 
many galaxies. For her, the multiverse 
is the next step away from the primitive 
idea of  cosmic uniqueness and toward 
grander enlightenment. Who knows 
where the next steps might lead?  D

something that doesn’t make sense, we 
have oversimplified the system,” she 
says. “If  you consider the possibility 
of  other universes, you can still have a 
universe that is uniform, but then there 
is something else creating anomalies.”

She traces those anomalies back to a 
fraction of  a fraction of  a second after 
the Big Bang, when our universe was so 
small that it behaved like a subatomic 
particle, dominated by quantum physics. 
Such particles can get intertwined, 
or “entangled,” so that their physical 
properties remain linked even if  they 
move huge distances apart. 

Mersini-Houghton theorizes that our 
entire universe became entangled with 
others during its formative moments. 
The features in the Planck map are 
the lingering result. “If  I look in 
one direction in the sky, I see a wave 
that corresponds to a particular type 
of  universe,” she says. “If  I look at 
another direction, I see a different wave 
with a different energy.”

Take away the esoteric physics 
language, and Mersini-Houghton’s 
theory boils down to a simple, startling 
idea: The oddities in the Planck maps 
are like cosmic belly buttons that 
trace an ancient umbilical connec-
tion between our universe and other 
universes that have grown up and gone 
their separate ways. 

With such an extraordinary claim, 
I call on Efstathiou, a no-nonsense 
seasoned observer, for a reality check. 
“It’s a novel idea; very speculative 
physics but completely plausible,” he 
says brightly. “The question is, what can 
we do? Is there an observational way of 
testing the multiverse?”

Efstathiou is busily answering his 
own question, sifting through the rest of 
Planck’s enormous data archive. By the 
end of  the year, he and the rest of  the 
Planck team will release an improved, 
far more complete description of  the 
north-south asymmetry, the cold spot, 
the missing large-scale structure and 
other currently inexplicable deviations 
in the cosmic microwave background. 
“Then maybe these hints of  something 

Corey S. Powell is editor at large of Discover. 

Follow him on Twitter, @coreyspowell, and 

his blog, DiscoverMagazine.com/outthere

Out
There

PROFESSIONAL QUALITY CLIPPERS!
Keep nails in salon condition with these unique 
ultra-sharp EZ grip clippers. Won’t slip ‘n slide 
like ordinary clippers, preventing accidental 
nicks. Exclusive dual finger loop design is the 
secret. Crafted of durable chromed steel to last 
& last. Toenail clipper is 41⁄4” L & the Fingernail 
clipper is 3”L; both  have precision sharp cutting 
edges. Hurry, order today and Shipping & Han-
dling is FREE when ordering 2 or more!

Satisfaction Guaranteed or Return For Your Money Back

Name 

Address

City                                                              ST          Zip

Daytime Phone #

Email Address

 VISA     MasterCard     Discover®/NOVUSSMCards     
Card#                                 Exp. Date  /

EZ Grip Nail Clippers

2.95

CA residents must add 7.5% sales tax

TOTAL  $

  $

 $

 $

 $

Check or money order payable to: Dream Products, Inc.
Send Order To:  412 Dream Lane, Van Nuys, CA  91496

FOR EXPEDITED SHIPPING (optional)
Add An Additional $2.95

(receive your order 5-7 days from shipment)

_____ Toenail Clipper(s) @ $6.99 ea.

_____ Fingernail Clipper(s) @ $4.99 ea.

#82472
#96865

Dept. 
70348

Add $3.95 Regular Shipping and Handling 1st item
FREE Shipping & Handling when buying 2 or more

Extra Large
Finger Loops Are 

The Secret

EZ Grip Nail 
Clippers Won’t 
Slip Or Slide!

Folds For 
Compact Storage

Introducing...
The World’s Best

Nail Clippers!

EZ Grip Nail Clippers

1-800-530-2689

 www.DreamProducts.com (website offers 
may vary) 

Toll-FREE
OR

Toenail

Fingernail

FREE 
Shipping & 

Handling

FREE 
SURPRISE GIFT 

with every 

order

when buying 2 or more

D
ep

t 7
03

48
 ©

 2
01

4 
D

re
am

 P
ro

du
ct

s,
 In

c.
 (P

ric
es

 v
al

id
 fo

r 1
yr

.)



We ship the same day we receive your order. Please give order code Z588!



DIGITAL 
FORMAT

GET 
DISCOVER 
MAGAZINE 

IN       
Discover’s thought-provoking and cutting-edge content 

is now available in convenient digital format on your PC, Mac®, 
laptop, iPad®, iPhone®, iPod touch®, and select Android™ tablets.

Subscribe today at 
www.DiscoverMagazine.com/digital

Apple, the Apple logo, iPad, iPhone, iPod touch, and Mac are trademarks of Apple Inc., registered in the U.S. 
and other countries. App Store is a service mark of Apple Inc. Android is a trademark of Google Inc.

P22178

Get full digital access anytime, 
anywhere and enjoy:

•   Live links:
Link to website content, blogs, 
advertisers’ websites, audio, 
and videos instantly

•   Zoom: 
Zoom in and magnify to see all 
the details of Discover’s 
stunning imagery

•   Convenience:
Save on storage space 
and view your issues 
wherever you are



October 2014  DISCOVER  67

PH
AS

EO
N

EP
HO

TO
G

RA
PH

Y

HOT SCIENCE
Your Guide to Cool Culture, New Tech and What’s Next

FEEL IT 
Inside the 
interactive 
Cocoon, experi-
ence your voice 
as a handheld 
vibration. Talk 
about getting 
in touch with 
yourself. (See 
page 72.)

  68
   CITIZEN 

SCIENCE  
Six ways 
to make a 
difference

  72
   Q&A 

Inventor Tod 
Machover 
talks sound 
health 

  73
   EXHIBIT 

Voodoo 
gets serious 

  74
   BOOKS 

Web comic 
creator 
wonders 
“what if” 
and more 

   TECH 
Penned-up 
innovation 

  76
   TRAVEL 

Go dark 
in Canada 

  78
   CALENDAR 

Dig up  
the dead 
(fossils) 
and more 

  79
   URBAN 

SKYGAZER 
October’s 
eclipse 
twofer



 d
o 

it y
ourself

  s c i e nc e

CL
O

CK
W

IS
E 

FR
O

M
 L

EF
T: 

RE
CO

N
YX

; B
U

SH
N

EL
L;

 E
M

AM
M

AL
 (3

)

2. Baby World

Admit it: You waste time watching Internet videos of cute babies. Now do it for science.
Many of us might think babies pick up new words by observing how grown-ups talk about their 

surroundings. But do they? Adults often speak with each other about things in other places (“We 
tried that new restaurant”) or in the abstract (“How’s work?”).

The social scientists behind GamesWithWords.org are now asking you to watch 15- to 30-second 
clips of baby videos and take note of what attracts the tykes’ attention. Researchers hope analyzing 
these Vine-like vids will help them understand the world in which little ones acquire language. Visit 
gameswithwords.org/BabyWorld to learn more. 

Find out which furry creatures 
are in your backyard with 
eMammal. Volunteers set up 
infrared-activated camera 
traps and monitor them for 
mammals, including predators 
such as coyote and the 
weasel-like fisher. Originally 
focused on natural areas in 
the mid-Atlantic, the program 
is expanding its range across 
North America, including 
urban centers. 

Researchers want to 
examine how populations and 
diversity change as the animals 
move from wild and rural areas 
to suburbs and cities. Anyone 
with a Reconyx or Bushnell 
brand camera trap ($200-$500) 
can participate, but wildlife 
enthusiasts around Raleigh, 
N.C. (bit.ly/QxULXV), and 
Washington, D.C.  
(bit.ly/1hjIuQY), can sign up 
to borrow a camera trap 
from eMammal.

Secure the camera trap in 
your yard or, with permission, 

a nearby park. Then transfer 
photos from the memory 
card to your computer, where 
you can identify and submit 
the species observed using 
eMammal’s downloadable 
software. The program, 
currently focused on eastern 
mammals, will be updated 
this year to include species 
throughout North America 
and, eventually, the world. 
Go to eMammal.org for 
sign-up, software and 
instructional videos. 

Set up a camera trap (left; 
loaners available through 
eMammal in some areas) and 
you, too, can help make wildlife 
census-taking bear-able!

eMammal 
cams capture 
critters from 

coyotes to 
barred owls. 

1. eMammal 

We don’t have to tell you that science is cool. But actually contributing 
to research that’s refining our understanding of life, the universe and everything 
is a rush. Try it yourself: Join one of these citizen science projects; lab coat optional. 

Citizen Science: The Hot Half-Dozen

SCIENCE HOT
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4. MicroPasts

Bring prehistoric Britain into 
the digital age. MicroPasts’ 
two projects enable anyone 
with Internet access to 
help digitize thousands of 
prehistoric metal artifacts 
housed at the British Museum. 

In the British Museum 
Bronze Age Index project, 
you transcribe scanned 
catalog cards — some a 
century old and filled with 
handwritten notes and 
illustrations — from 
an archive of the 
museum’s Bronze 
Age collection 
that features 
weapons and 
tools more 
than 4,000 
years old.

In a related 
project, 
Photo-
Masking of 
British Museum 
Bronze Age 
Objects, you use 
your computer 
mouse to draw an 
outline around bronze 
axes photographed from 
the same collection. This 
technique, known as photo-
masking, separates the 
artifact from its background 
and happens to be something 
humans do more accurately 
than computers. Museum 
curators can then use these 
clean image outlines to create 
high-quality 3-D models of 
the artifacts to compare and 
identify variations in style 
and origin.

University College London 
and the rest of the MicroPasts 

You and your smartphone can help the American Meteor 
Society (AMS) determine the path of extremely bright 
meteors known as fireballs. Download the free AMS 
Meteors Reporting app for Android or iOS devices.

When you spot a fireball — anything brighter than 
the planet Venus — open the app and point your phone 
to where you saw the fireball appear and disappear in 
the sky to capture its start and end points. Then, wave 
your phone or swipe the screen between the points at 
the same speed as the fireball and gather data used 
to calculate the meteor’s velocity. You’ll repeat each 
step three times to increase your report’s precision. 
The app accurately records latitude and longitude and 
determines several more measurements, resulting in 
major improvements to your report’s reliability and 
usefulness. Visit amsmeteors.org/fireballs to learn more.

3. AMS Meteors Reporting app

team are expanding the 
platform so volunteers can 
also create and fund their 
own archaeological research 
projects. Visit crowdsourced.
micropasts.org to get started 
and register for an (optional) 
account. 

Be an armchair Indiana Jones 
and help researchers decipher 
field notes from generations past 
(bottom) or create digital images 
of Bronze Age artifacts (top).

The Leonid meteor shower (above, over California’s Joshua Tree 
National Park) is famous for its light show, but you can help track 
fireballs that might otherwise vanish into obscurity.
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SCIENCE HOT

6. USGS iCoast: Did the Coast Change?

This all-volunteer group in the San Francisco Bay Area believes 
technology can connect people to the natural world. Each month, 
Nerds for Nature hosts a variety of collaborative projects and 
events based on members’ skills and interests. During their popular 
“bioblitzes,” you converge on a park or green space and document 
every single life form found using the free smartphone app iNaturalist.

Bioblitzes have taken a remote-controlled submersible under 
Oakland’s Lake Merritt, and in the future may take to the skies via 
drones, through a U.S. Geological Survey collaboration, to collect 
environmental data, such as the paths of migrating animals. The group 
is also monitoring the ecological recovery of Mount Diablo State Park 
after a 2013 fire. Hikers take photos at camera stands around the park 
and submit them via social media.

You can learn more at nerdsfornature.org and join at meetup.com/
Nerds-For-Nature. Not in the Bay Area? Visit bit.ly/Wyq4oy to check out 
NfN’s new online guides to bioblitzing in your neck of the woods.

In 2012, Hurricane Sandy’s intense wind and waves 
reshaped hundreds of miles of coastline. After Sandy made 
landfall, U.S. Geological Survey (USGS) scientists took an 
unprecedented 9,000 aerial photos of the shoreline from 
Montauk, N.Y., to Cape Lookout, N.C. Surprisingly, although 
the damage in the aerial photos is obvious to human eyes, 
computers have a tough time quantifying it. The photos 
have too many topographical variables, from dunes and 
roads to marshes and beaches.

“It’s like asking a face recognition [program] to also recog-
nize different species, age and mood,” says USGS oceanogra-
pher Nathaniel Plant. Help the agency document the damage 
by comparing before-and-after photos of the coast with the 
online app USGS iCoast: Did the Coast Change?

After creating a free account, you’ll analyze pre- and post-
storm images, identifying various features and noticeable 
changes to the landscape. 

These real-world observations will help USGS scientists 
fine-tune their models and improve their damage predictions 
before the next big storm. The USGS collects an average of 
3,000 aerial images per storm, so iCoast will be expanded to 
include past storms and those that hit our coasts in the future. 
Go to coastal.er.usgs.gov/icoast for more info.   ASHLEY BRAUN

5. Nerds for Nature

Nerds for Nature crews take 
wildlife counts — including 
marine life — and monitor 
fire damage at numerous sites 
around California’s Bay Area.

Left: Geologist 
Karen Morgan 
taking images 
in 2012. Below: 
Mantoloking, 
N.J., before 
and after Hur-
ricane Sandy.

Before

After
CITIZEN SCIENCE ALERT Check out many more 
citizen science opportunities at SciStarter.com
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Handling Add $2.00 no matter how many ordered
FOR EXPEDITED SHIPPING (optional)

Add An Additional $2.95
(receive your order 5-7 days from shipment) 2.95

CA residents must add 7.5% sales tax

TOTAL  $

  $

 $

 $  FREE 

 $

 $

Please Print Clearly

Zippered Compression Stockings

Buy 1 Pair, Get 1 Pair FREE

At Last!
EASY ON,
EASY OFF
Zippered Compression Stockings

INCREASE 
  Circulation

REDUCE 
  Swelling/Fluid Retention

SUPPORT 
  Aching Tired Muscles

EASE 
  Varicose Vein Discomfort

Gentle Compression Helps:

$1699
Only

FREE
SHIPPING 

FREE 

COMFORTABLE
Zip-Up Design

Medical Grade Quality

Compression
Rating

20 - 30
mmHg

2.00

BUY 1 PAIR
GET 1 PAIR

www.DreamProducts.com 1.800.530.2689 (website offers 
may vary) 

ORDER NOW 

TOLL-FREE
OR

Check or money order payable to: Dream Products, Inc.
Send Order To:  412 Dream Lane, Van Nuys, CA  91496

Check or money order payable to: Dream Products, Inc.
Send Order To:  412 Dream Lane, Van Nuys, CA  91496

 VISA     MasterCard     Discover®/NOVUSSMCards     
                                 Card#                                Exp. Date 
 

 VISA     MasterCard     Discover®/NOVUSSMCards     
                                 Card#                                Exp. Date 
 

Dept. 70347Dept. 70346 //

Name 

Address

City                                                            ST           Zip

Daytime Phone #

Email Address

Name 

Address

City                                                            ST           Zip

Daytime Phone #

Email Address

Open Toe
For Swollen Or
Sensitive Feet

Receive A Free Surprise Gift With Every Order! Satisfaction Guaranteed or Return For Your Money Back

Dept. 70347 © 2014 Dream Products, Inc. (Price valid for 1 yr.)

Adjustable Health Slippers

2.95

CA residents must add 7.5% sales tax

TOTAL  $

  $

 $

 $

 $

 $

Indicate QTY Under

Style & Size

FOR EXPEDITED SHIPPING (optional)
Add An Additional $2.95

(receive your order 5-7 days from shipment)

__ Pr(s) Adjustable Health Slippers @ $16.99

Regular Shipping Add $3.95
Add $3.00 Handling No matter how many ordered

FREE

MEN’S

LADIES’

#95021

______
S (6-7)

#95017

______
S (5-51 2)

#95022

______
M (71 2-81 2)

#95018

______
M (6-71 2)

#95023

______
L (9-10)

#95019

______
L (8-9)

#95024

______
XL (11-12)

#95020

______
XL (91 2-101 2)

3.00

The Longer You Wear Them...
The Better Your Feet Will Feel!

Diabetes
Blisters

Bunions

Refresh | Revitalize | Invigorate

24 Hours 

THERAPY
    FOAM
       INSOLES

   SHOCK ABSORBING 
SOLE IS EASY ON LEGS, 

KNEES  AND ANKLES!

of Soothing Therapeutic Comfort

Great for ADJUSTABLE — CUSTOM FIT

FREE
SHIPPING 

24 Hour 
Health Shoes

ONLY $1699
SAVE $3.00
Off Original Price

So Comfortable...You’ll Never Want To Take Them Off
These may very well be the most comfortable shoes you’ll ever slip your 
feet into. Not only are they totally constructed of imported plush polyes-
ter from heel to toe, they have a therapeutic foam insole that conforms to 
the exact shape of your foot for ultimate comfort. If that’s not enough, the 
top has a self closure that adjusts for an even more custom fi t. Also fea-
tures a fl exible TPR “rubber” sole for sure footing and durability indoors 
or out. So comfortable you might forget you’re wearing them. Hurry, 
order today and get a FREE surprise gift and FREE SHIPPING.
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Stop struggling to put on too-tight compression stockings.  
Uniquely comfortable zip-up design makes it oh so easy to put 
them on…take them off.  Protects the health of your legs with 
gentle compression to help increase circulation with open toes to 
create a better fi t for swollen, sensitive feet.  Can be easily worn 
with shoes & socks for all-day relief.  Compression rating 20-30 
mmHg.  One size fi ts most. Imported of nylon & elastane.
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Music Man 
Tod Machover is more 
than the godfather of 

Guitar Hero. The inventor, 
composer and MIT professor 
created the technology behind 
the popular video game series, 
but for Machover, music is not 
just entertainment: It’s a tool 
with potential health applications 
ranging from diagnosing early 
Parkinson’s disease to retraining 
stroke victims to speak.

Machover’s new installation, 
called Vocal Vibrations, looks at 
relationships between the voice 
and human physiology. It  
opens at The Lab Cambridge 
(thelaboratory.harvard.edu) in 
Boston in October. Machover 
spoke with writer Cory Ramey 
for Discover about research 
that’s just starting to tap music’s 
potential for improving health.

QA highlight of Vocal Vibrations is 
the Cocoon, a little room where 

visitors hold a vibrating orb. How does 
it work?

AYou have a high-quality little 
microphone that fits over your ear 

and comes across your cheek. When 
you pick up [the orb] and make a sound 
with your voice, you feel your voice 
in your hands. Every little nuance is 
reflected in its vibrating pattern. 

QWhy would I want 
to feel my voice?

AThis is the start of an experiment. 
My intuition is that by controlling 

and learning to master the way your 
voice vibrates, there are all kinds 
of positive effects, from improving 
concentration to controlling things like 
blood pressure and heart rate. 

QCould your voice really change 
things happening inside your body?

AAl Grodzinsky, who is a 
biomechanical engineer here at 

MIT, has said that he had a feeling 
that a regime of vibration exercises 
might be a really powerful thing to 
try. So that’s one of the things we’re 
starting to test.

QWhat about using music 
for diagnosis?

AA mathematician named Max 
Little works specifically on taking 

the speaking voice and doing signal 
processing on it, and finding out things 
about your state of health. 

In particular, Parkinson’s disease 
happens to be something that, before 

Tod Machover’s latest installation 
explores sound and physiology. 

Visitors to the Cocoon (above) hold a 
device in their hands (inset) that creates 
vibrations based on their voice.

SCIENCE HOT
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you can diagnose early stage 
Parkinson’s in any other way, you 
can literally 
take someone 
speaking over 
the telephone 
and analyze it 
really quickly. 

QCan I get health benefits just 
by listening to music, a popular 

idea called the Mozart Effect, which 
came out of research in the mid- to 
late ’90s?

AIt’s very hard to measure just 
pure listening. Most of the 

papers that have been written in the 
past 10 years really contradict those 
findings, and the original research 
was pretty weak. It was also 
very difficult to realize what was 
occurring because there was music 
in the background, versus quite a 
few other phenomena. 

QWhat do you feel is some of 
today’s most promising research?

AThere is a wonderful person 
named Gottfried Schlaug, 

who has probably the best lab 
around that does imaging studies 
and cognitive studies for musical 
behavior. He has a famous 
technique called melodic intonation 
theory, and he is retraining people 
to speak after they’ve had strokes.

He found that especially for 
people who have strokes and 
aphasia — they can imagine things 
but they can’t speak — those people 
often can sing a song with the 
words, but can’t translate that back 
to speech. Gottfried found that if 
you teach someone to speak very 
rhythmically, alternate syllables 
by a minor third and tap with his 
prominent hand on every beat,  
that combination is magical for 
restoring speech. 

Just Don’t Call It 
Voodoo 
VODOU: SACRED  
POWERS OF HAITI
Field Museum, Chicago

Forget dolls stuck full of pins, 
New Orleans tourist traps and 
blood-soaked Hollywood ste-
reotypes: The Field Museum’s 
new exhibit skips myths and 
misconceptions in favor of a rich 
cultural anthropology case study. 
Through centuries of hardship, 
poverty and turmoil, the spiritual 
practice of Vodou — that’s the 
correct spelling — has helped 
Haitians find meaning and even 
express their creativity through 
visual arts and music. More than 
300 authentic objects from Haiti 
will be on display, some accom-
panied by video interviews with 
practitioners. Opens Oct. 24.  
fieldmuseum.org 
 GEMMA TARLACH

Artifacts in the Vodou exhibit 
include a horned figure 
(top left) symbolizing the 
fighting spirit of slaves who 
overthrew their oppressors 
in 1804; forest spirit and 
protector Zazi Maza Wangòl 
(top right) and an Iwa, or 
spirit figure (bottom).

Read more about 
the project at 
parkinsons
voice.org/
science.php 
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WHAT IF?
By Randall Munroe

There’s good reason Munroe 
has earned a devoted global 
fan base through his web comic 
series xkcd. The former roboti-
cist for NASA is funny, clever 
and has a knack for diving deep 
into geeky detail without losing 
those of us who never took 
an AP class. All those qualities 
are on display in What If? as 
Munroe answers questions from 
curious readers that range from 
the profound (“What if Earth 
suddenly stopped spinning?”) to 
the practical (“How fast can you 
hit a speed bump while driving 
and live?”). Loaded with the 
same dry wit and blank-faced 
stick figures that populate xkcd, 
What If? is that rare book that 
will have you laughing as you 
learn just how a mass extinction 
might unfold.  GEMMA TARLACH

ACID TEST
By Tom Shroder

LSD and Ecstasy, or MDMA, go 
from party drugs to powerful 
medicines when journalist Shro-
der questions the status quo. He 
follows three men renewed by 
transcendental encounters with 
the drugs: Nicholas, a Marine 
who developed PTSD after 

serving in Iraq; Rick, an activist 
waging a 30-year battle against 
proscriptive drug laws; and 
Michael, a psychiatrist at the 
forefront of psychedelic therapy 
research. Their experiences serve 
as testimony for treating mental 
disorders with the stigmatized 
drugs, though Shroder makes 
it clear that altering society’s 
perception of psychedelics is a 
formidable task.  CARL ENGELKING

THE HUMAN AGE
By Diane Ackerman

Have humans surpassed nature 
as the primary shaper of the 
planet? Yes, Ackerman says — 
but that’s not necessarily a bad 
thing. She takes readers on a 
tour of human activity in the 
21st century, from melting per-
mafrost that’s swallowing a tiny 
Alaskan village to an energy-ef-
ficient high-rise office complex 
in Zimbabwe inspired by termite 
towers. In surveying both the 
damage and the technological 
marvels wrought by humans, 
Ackerman, best known for her 
book A Natural History of the 
Senses, concludes that human 
ingenuity and conscientiousness 
can win out over greed and 
exploitation in the Human Age.  
 APRIL REESE

Nifty and cheap, Circuit Scribe looks like an ordinary 
roller ball pen. But its ink is a conductive silver that dries 
instantly, allowing users to create electronic circuits on 
printer or photo paper.

The pen is the brainchild 
of Analisa Russo. In 2010, 
while pursuing a doctorate 
in materials science and 
engineering at the University 
of Illinois at Urbana-
Champaign, Russo wanted to 
give ordinary people access to 
advanced industrial materials, 
including the conductive 
inks used in 3-D printing. 
Those inks are expensive and 
don’t dry quickly, so Russo 
created a workaround, filling 
a regular roller ball pen case 
with an ink she developed.

Initially, she thought it 
could be used to create mock-
ups and product prototypes. 
But then Russo and two 
fellow graduate students, 
Brett Walker and Michael 
Bell, realized its potential 
in schools, from light-up 
textbooks to DIY circuitry 
projects for kids as young 
as elementary school age. 
Outside the classroom, think 
light-up birthday cards and 
scrapbooks, even homemade 
night-lights. 

Electroninks, the company 
Russo started with Walker 
and Bell, now sells a few 
different Circuit Scribe kits ($25 and up) with components 
geared to different projects and levels of complexity, 
including light and sound. The company is also working 
with schools and museums in Massachusetts and Illinois 
to spread the circuit love. Russo plans to expand the 
product line, too. She won’t say how, but she does admit 
the company gets a lot of calls from tattoo artists. 
electroninks.com  MICHAEL FITZGERALD

Circuit Pen Draws 
Up Possibilities

OTHER PAGES WE’RE TURNING

THE COPERNICUS COMPLEX, by Caleb Scharf: Do quantum 
physicists talking about the multiverse make your head spin? 
Not to worry. With an engaging, accessible style, astrophysicist 
Scharf breaks down the concept of multiple universes, the 
promise of exoplanets and how we fit into it all.
MAPS, by Rose Mitchell and Andrew Janes: Too many scholarly 
works on cartography skimp on the maps themselves, but 
this gorgeous book is full of them. Though biased toward the 
British Isles, Maps is a visual treat that shows the evolution of 
humans’ understanding of place.  GT

Filled with conductive ink, the 
Circuit Scribe pen (top) can be used 
to draw circuits on paper (middle), 
allowing makers of all ages to light 
up (literally) their ideas (bottom).
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COUPON!
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COUPON!
SUPER

 

COUPON!

SUPER
 

COUPON!

SUPER
 

COUPON!

SUPER
 

COUPON!

LIMIT 7 - Good at our stores or HarborFreight.com or by calling 800-423-2567. Cannot be used with other discount 
or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 
Non-transferable. Original coupon must be presented. Valid through 1/9/15. Limit one coupon per customer per day.

LIMIT 5 - Good at our stores or HarborFreight.com or by calling 800-423-2567. Cannot be used with other discount 
or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 
Non-transferable. Original coupon must be presented. Valid through 1/9/15. Limit one coupon per customer per day.

LIMIT 3 - Good at our stores or HarborFreight.com or by calling 800-423-2567. Cannot be used with other discount 
or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 
Non-transferable. Original coupon must be presented. Valid through 1/9/15. Limit one coupon per customer per day.

LIMIT 6 - Good at our stores or HarborFreight.com or by calling 800-423-2567. Cannot be used with other discount 
or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 
Non-transferable. Original coupon must be presented. Valid through 1/9/15. Limit one coupon per customer per day.

LIMIT 8 - Good at our stores or HarborFreight.com or by calling 800-423-2567. Cannot be used with other discount 
or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 
Non-transferable. Original coupon must be presented. Valid through 1/9/15. Limit one coupon per customer per day.

LIMIT 5 - Good at our stores or HarborFreight.com or by calling 800-423-2567. Cannot be used with other discount 
or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 
Non-transferable. Original coupon must be presented. Valid through 1/9/15. Limit one coupon per customer per day.

LIMIT 5 - Good at our stores or HarborFreight.com or by calling 800-423-2567. Cannot be used with other discount 
or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 
Non-transferable. Original coupon must be presented. Valid through 1/9/15. Limit one coupon per customer per day.

LIMIT 3 - Good at our stores or HarborFreight.com or by calling 800-423-2567. Cannot be used with other discount 
or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 
Non-transferable. Original coupon must be presented. Valid through 1/9/15. Limit one coupon per customer per day.

LIMIT 5 - Good at our stores or HarborFreight.com or by calling 800-423-2567. Cannot be used with other discount 
or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 
Non-transferable. Original coupon must be presented. Valid through 1/9/15. Limit one coupon per customer per day.

QUALITY TOOLS AT RIDICULOUSLY LOW PRICES
HARBOR FREIGHT500 Stores

Nationwide
LIFETIME

WARRANTY
ON ALL HAND TOOLS

LIMIT 1 - Save 20% on any one item purchased at our stores or HarborFreight.com or by calling 
800-423-2567. *Cannot be used with other discount, coupon, gift cards, Inside Track 
Club membership, extended service plans or on any of the following: compressors, 
generators, tool storage or carts, welders, fl oor jacks, Towable Ride-On Trencher, 
Saw Mill (Item 61712/62366/67138), Predator Gas Power Items, open box items, 
in-store event or parking lot sale items. Not valid on prior purchases after 30 days 
from original purchase date with original receipt. Non-transferable. Original coupon 
must be presented. Valid through 1/9/15. Limit one coupon per customer per day.

SUPER COUPON!

ANY SINGLE ITEM

20%
OFF

LIMIT 1 - Cannot be used with other discount, coupon or prior purchase. Coupon good at 
our stores, HarborFreight.com or by calling 800-423-2567. Offer good while supplies last. 
Shipping & Handling charges may apply if not picked up in-store. Non-transferable. Original 
coupon must be presented. Valid through 1/9/15. Limit one coupon per customer per day.

SUPER COUPON!

FREE

WITH ANY 
PURCHASE

NOBODY BEATS OUR QUALITY, SERVICE AND PRICE

How Does Harbor Freight 
Sell GREAT QUALITY Tools 

at the LOWEST Prices?
We have invested millions of dollars in our 
own state-of-the-art quality test labs and 
millions more in our factories. So our tools 
will go toe-to-toe with the top professional 
brands. And we can sell them for a fraction 
of the price because we cut out the middle 
man and pass the savings on to you. It’s just 
that simple! Come visit one of our 500 Stores 
Nationwide and see why now more than ever…

IF YOU BUY YOUR TOOLS ANYWHERE ELSE, 
YOU’RE THROWING YOUR MONEY AWAY!

•  We'll Beat Any Competitor’s Price
Within 1 Year Of Purchase
•  No Hassle Return Policy

•  100% Satisfaction Guaranteed

Customers and Experts Agree 
Harbor Freight WINS in QUALITY and PRICE

Item 
95275 
shown

 3 GALLON, 100 PSI 
OILLESS PANCAKE 
AIR COMPRESSOR 

LOT NO.  95275 
60637/69486/61615

REG. 
PRICE 

$79.99 $3999 SAVE 
50%

 RAPID PUMP®

3 TON 
HEAVY DUTY 
STEEL FLOOR JACK 

LOT NO.  68048 /69227/62116

 $7499 
REG. PRICE $159 .99 

• Weighs 74 lbs.

Item 
68048 
shown

SAVE 
$85

SAVE 
50%

 MECHANIC'S SHOP TOWELS
PACK OF 50 

 LOT NO. 
46163/61878 
69649/61837

 $999 
REG. PRICE $19 .99 

Item 46163
shown

SAVE 
$170

8750 PEAK/
7000 RUNNING WATTS

13 HP (420 CC) 
 GAS GENERATORS  

LOT NO.  68530/ 69671
LOT NO.  68525/69677

CALIFORNIA ONLY 

SUPER
   QUIET

REG. PRICE $699.99
 $52999 

• 76 dB Noise Level

Item 
68525 
shown

SAVE 
34%

STEP STOOL/
WORKING PLATFORM

LOT NO. 66911

REG. PRICE $34 .99 
 $2299 

• 350 lb. 
Capacity

SAVE 
62%

Item 47872 
shown

 16 OZ. HAMMERS
 WITH FIBERGLASS 

HANDLE 

 $299 REG. 
PRICE 
$7 .99 

YOUR CHOICE!

 LOT NO. 47872 
69006/60715/60714

 LOT NO. 47873 
69005/61262

 CLAW RIP

Item  69039  shown
LOT NO.  69039

68217 /60727/62286

REG. PRICE $299 .99 
 $17999 

10 FT. x 17 FT. 
 PORTABLE 

GARAGE 

SAVE 
$120

 18 VOLT CORDLESS 
3/8" DRILL/DRIVER 

WITH KEYLESS CHUCK 

 $1599 
REG. 

PRICE 
$34 .99 

LOT NO. 
 68239 /69651

Includes one 
18V NiCd 

battery and 
charger.

Item 
68239 
shown

SAVE 
54%

SAVE 
$130

 45 WATT SOLAR 
PANEL KIT 

REG. PRICE $279 .99 
 $14999 

SUPER
 

COUPON!

Item 68751 
shown

LOT NO. 
68751
62443

SUPER
 

COUPON!

 $19999 
$13999 REG. PRICE 

$299.99

SAVE
$160

LOT NO.  69684/61776/61969/61970 

Item 
69684
shown

12" SLIDING COMPOUND 
DOUBLE-BEVEL MITER 

SAW WITH LASER GUIDE
SUPER

 

COUPON!

LIMIT 5 - Good at our stores or HarborFreight.com or by calling 800-423-2567. Cannot be used with other discount 

or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 

Non-transferable. Original coupon must be presented. Valid through 1/9/15. Limit one coupon per customer per day.

SUPER
 

COUPON!

LIMIT 5 - Good at our stores or HarborFreight.com or by calling 800-423-2567. Cannot be used with other discount 

or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 

Non-transferable. Original coupon must be presented. Valid through 1/9/15. Limit one coupon per customer per day.

REG. PRICE 
$89.99

$4499
SAVE
50%

AUTO-DARKENING 
WELDING HELMET WITH 

BLUE FLAME DESIGN   
LOT NO. 

  91214  /61610Item 
 91214 
shown 

 $5499 

SUPER
 

COUPON!

LIMIT 4 - Good at our stores or HarborFreight.com or by calling 800-423-2567. Cannot be used with other discount 

or coupon or prior purchases after 30 days from original purchase with original receipt. Offer good while supplies last. 

Non-transferable. Original coupon must be presented. Valid through 1/9/15. Limit one coupon per customer per day.

REG. PRICE $499.99$31999
SAVE
$180

 $36999 

LOT NO. 
67831/61609

26",  16 DRAWER 
ROLLER CABINET  

• 1060 lb. Capacity

• 14,600 cu. in. 
of storage Item 67831 

shown

VALUE
 $699 

6" MAGNETIC 
PARTS HOLDER

ITEM 61428/97825

Item 97825 
shown



A CONSTELLATION OF 

ACTIVITIES: The lineup 
for Dark Sky Festival 2014 
includes the “Symphony 
Under the Stars” concert 
performed by the Edmonton 
Symphony Orchestra, a night-
sky photography workshop, 
inflatable planetariums, and 
presentations from astronomy 
educators and authors — and 
don’t forget the docent-led 
star parties, among other 
events. 

GROUND CONTROL TO 

MAJOR SPEAKER: One of the 
brightest stars visible at this 
year’s fest arrives on two legs. 
Former International Space 
Station Commander Chris 
Hadfield (a YouTube sensation, 
thanks to his cover of David 
Bowie’s “Space Oddity” while 
aboard the ISS) will be the 
headline guest and speaker. 

THROUGH A GLASS, 

DARKLY: Typical city skies rate 
an 8 or 9 on the Bortle Dark-
Sky Scale, the astronomer’s 
yardstick of darkness. Jasper 
National Park ranks as a 1 or 
2, which means that features 
usually seen only through a 
telescope become visible with 
the naked eye, such as the 
Andromeda galaxy and all 
seven sisters of the Pleiades 
star cluster. 

FROM DAWN TO DUSK: 

When you’re not stargazing, 
try your luck at wildlife 
watching (including caribou) 
along more than 600 miles 
of hiking trails at the park. 
Feeling brave? Take a stroll on 
the new glass-bottom Glacier 
Skywalk that’s suspended 918 
feet above a canyon. 

North America loses 6 percent of its dark skies every year 
— but you’d never know it at Jasper National Park Dark Sky 
Preserve’s annual festival. During the week-plus celebration 
of the night sky, the preserve — the world’s second largest 
at 4,335 square miles — attracts hundreds of visitors from 
across the continent to celebrate all things astronomical. 
“There’s nothing like this in North America,” says Peter 
McMahon, a space journalist and self-described wilderness 
astronomer. “It’s kind of the Disney World of dark-sky 
preserves.” 

Go Over to the Darker Side
Jasper Dark Sky Festival 

Jasper National Park, Alberta, Canada, Oct. 17-26

52°47'60" N, 117°54'0" W
jasper.travel/dark-sky-festival-2014

The Milky Way lives up to its name when it’s observed through telescopes 
or even with the naked eye in Jasper National Park Dark Sky Preserve.

Astronaut Chris Hadfield is the 
fest’s top star, but wildlife, including 
Southern Mountain woodland caribou 
(below) is a draw, too.

ALBERTA

Jasper National Park
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GO:  Jasper National Park Dark 
Sky Preserve is about 200 miles 
west of Edmonton and the 
nearest commercial airport. 
There’s also train service to 
Jasper from Vancouver and 
Edmonton, if you want to 
travel the scenic way (VIARail.
ca). For those without a car, 
Tourism Jasper offers free 
shuttles from town to some of 
the festival’s events. Just make 
sure to bundle up: October 
nighttime temperatures can dip 
below freezing. 

GO DEEPER:  Want more? 
Whether daytime sightseeing 
or nighttime stargazing, take 
a drive to Pyramid Island, 
Maligne Lake or Athabasca 
Glacier. Just make sure to check 
the astronomer’s forecast for 
“Jasper Maligne Lake” or 
“Jasper Athabasca Glacier” 
over at cleardarksky.com for 
a peek at cloud cover and 
transparency, as well as sun and 
moon data, before you set out. 
 ANNE CASSELMAN

During Jasper’s Dark Sky Festival, stargazers near Pyramid Island use red lights to preserve their 
dark-adapted vision (top). But you’ll probably want sunglasses as you take in the park’s many 
daytime sites, including the Glacier Skywalk (below) and Athabasca Glacier (bottom).
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From a mile away! – Used by federal 
agencies and armed forces throughout 
the world, these Military Zoom 
Binoculars by Spion bring life 20 to 140 
times closer. Ideal for bird watching, 
boating, surveillance –even star gazing! 
They are the only binoculars with the 
power and precision to bring the world 
right to you with just a touch of your 

the action at sporting events. See the 
distant world with such sharpness and 

away. 
MEASURES:  

12” x 9”x 4” 
FEATURES:    

70mm Precision
Lens System
One-Touch 20x to
140x optical zoom

See the color of an eagle’s eye...

 Zoom
Binoculars

SPECIAL LIMITED TIME OFFER!

Coupon Code:  MB2KFN6

 
to order and Save $50.00 off your 

SPION Military Zoom Binoculars! 

Military Zoom Binoculars   
 TC243.......................$199.95

 Now $149.95
 Binocular Tripod 
TC243TP......$29.95

www.spionusa.com/MB2KFN6
or call (800) 429-0039

Zoom 
20 to 140x with 
a single touch!

140x MILITARY

ONE TOUCH 

ZOOM
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10/15
Can You Dig It?

Celebrate National Fossil Day by 
joining special activities planned  
at museums around the country.  
Or, if you’re a wee one, spend  
the day earning a Junior 
Paleontologist Badge at a 
participating national park.
nature.nps.gov/geology/ 
nationalfossilday

10/11
Using the Force … 

to Inspire Readers

Bookstores, libraries and schools 
across the country celebrate Star 
Wars Reads Day with craft projects, 
costume contests and, of course, 
readings. We have a good feeling 
about this! starwars.com/READS

10/4–10/13
Culture Con

Fermentation Fest in Reedsburg, Wis., combines chemistry and 
cookery in workshops on cheese, beer, kombucha, kefir, hard 
ciders, pickles, jams, wine, yogurt, sourdough bread, kimchi, 
sauerkraut and … you get the idea. fermentationfest.com

10/4
Life in Motion

Today through Dec. 21, photographer Lois Greenfield’s Resonating Fields 
showcases the human body’s precision and power in motion at the Alden 
B. Dow Museum of Science and Art in Midland, Mich. 
mcfta.org/museums/alden-b-dow-museum-of-science-and-art

10/4
Winged Things

Don’t let the name fool you: The 
Florida Museum of Natural History’s 
ButterflyFest features bats, bees and 
birds, as well as butterflies. Activities 
include a plant sale and costumed 
Pollinator Parade.  
flmnh.ufl.edu/butterflyfest

10/17
Elementary Exhibition

The game is afoot at the Museum 
of London, where Sherlock Holmes: 
The Man Who Never Lived and Will 
Never Die dives into the creation, 
character and mind of Sir Arthur 
Conan Doyle’s genius detective. 
museumoflondon.org.uk

10/14
Making History

PBS and AOL premiere “Makers: 
Women in Space,” narrated by Jodie 
Foster and featuring interviews with 
astronauts Mae Jemison (right), Eileen 
Collins and Ellen Ochoa. makers.com

Calendar compiled by Elisa Neckar. Submit your events to 
thismonth@DiscoverMagazine.com
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SCIENCE HOT



Skygazers are light-seekers. Regardless of whether you view 
bright planets, conspicuous constellations or splashy deep-sky 
objects, the things that interest us either radiate or reflect 
copious amounts of light.

That’s what makes October so unusual. This month’s two 
most intriguing events literally lurk in the shadows. On the 
morning of Oct. 8, the full moon passes deep into Earth’s 
shadow, and observers from eastern North America to East 
Asia can witness a total lunar eclipse. From North America, 
the partial phase begins at 5:15 a.m. EDT, while totality 
commences at 6:25 a.m. and lasts 59 minutes. During totality, 

the moon typically sports a reddish hue. As sunlight passes 
through Earth’s atmosphere, air molecules refract the light, 
scattering blue light more effectively than red, leaving red to 
fill our planet’s shadow. 

The geometry reverses the afternoon of Oct. 23, when most 
North Americans will be standing in the moon’s shadow. Dur-
ing this partial solar eclipse, observers can watch our satellite 
block up to 81 percent of the sun’s disk. (The farther north you 
live, the more the moon covers.) To protect your eyes, make 
sure to view this eclipse only through a safe solar filter. 
  RICHARD TALCOTT

U R B A N S K YG A Z E R N

E

S

In October, a Double Play of Eclipses

ABOUT THE MAP
It depicts the sky from mid-northern 
latitudes at:

10 p.m. Oct. 1 
9 p.m. Oct. 15
8 p.m. Oct. 31

WHAT YOU CAN SEE
Look low in the southwest 

as darkness falls to spy Mars. 
Observers with telescopes can 

watch the Red Planet pass 
just south of the Lagoon 
Nebula (M8) on Oct. 27.

MAGNITUDES
Higher magnitudes  
(and smaller dots on  
the page) denote dimmer  
stars. A 0-magnitude star  
is exactly 100 times brighter  
than a 5th-magnitude one.

0.0     1.0     2.0     3.0     4.0     5.0 For more on this month’s sky, go to Astronomy.com
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dangerous, and wanting to make sure Denis failed 
before he started a trend, according to historian 
Holly Tucker’s book Blood Work. 11 Speaking 
of iffy practices, in 1892, citizens of Exeter, R.I., 
exhumed the body of Mercy Brown, recently dead 
of tuberculosis, and fed the ashes of her heart and 
liver to her sickly younger brother. They believed 
she had become a vampire and was preying on 
him. 12 Such 19th-century New England vampire 
panics coincided with tuberculosis outbreaks. 
The dead person’s family members often got sick 
and died, suggesting supernatural interference to 
townsfolk. 13 True blood eating, or hematophagy, 
is practiced by about 14,000 insects, including the 
dreaded bedbug, scourge of the mattress. 14 A 
sup of blood is referred to by entomologists as 
a bloodmeal. Transparent young bedbugs turn 
ruby-red after their first feed. 15 Being a blood-
meal’s no fun, but at least it’s temporary. A more 
serious burden plagued the British royal family until 
recently: hemophilia, a blood-clotting disorder. 
The mutation that caused it arose spontaneously in 
Queen Victoria. 16 In 2009, researchers reported 
that the “royal disease” was in fact quite rare. It 
was hemophilia B, which affects about 1 in 25,000 
males in the U.S. — that’s five times fewer sufferers 
than hemophilia A. 17 The conclusion was drawn 
from an analysis of the bones of the assassinated 
Romanov family of Russia, descended from 
Victoria’s daughter Alice. 18 Today, hemophiliacs 
are treated with regular infusions of the clotting 
factors their bodies are unable to make, which are 
manufactured from donated blood. 19 Researchers 
are investigating ways to insert functioning versions 
of the clotting factor gene into patients’ own cells. 
In 2011, six hemophilia B patients were able to stop 
or decrease the frequency of their usual injections 
thanks to gene therapy. 20 No one is proposing 
gene therapy for a more common blood-based woe, 
however: the ice cream headache. You’ll just have to 
learn to live with the pain, believed to be caused by 
quick dilation of the brain’s anterior cerebral artery 
due to sudden temperature changes in the mouth.  D  

Veronique Greenwood writes about everything from 

elephant larynxes to exoplanets.

1 Karl Landsteiner discovered blood types in 
1901 by observing that blood from people of 
different types would clot when mixed together. 
He later classified them as A, B and O. 2 ABO 
isn’t the only blood grouping system, however. 
There are currently 33 systems recognized by the 
International Society of Blood Transfusion, with 
monikers like Lutheran, Duffy, Hh/Bombay and 
Ok. 3 Blood type refers to different molecules on 
the surface of red blood cells. A mismatch of these 
molecules between donor and recipient can trigger 
a fatal immune reaction after a blood transfusion, 
as the recipient’s body attacks the outsider blood. 
4 But not all blood types matter for all transfusions. 
Some variants are very rare, or exist only in certain 
ethnic groups, so the danger of getting a mismatch 
is, for most people, low. 5 The Junior blood type 
was formally classified just two years ago when 
researchers pinpointed the molecule responsible for 
it. The vast majority of people are Junior positive, 
but more than 50,000 Japanese are Junior nega-
tive. For them, a mismatch can cause a dangerous 
reaction. 6 Blood types aren’t unique to humans. 
Dogs have more than a dozen, for example. 
7 Before blood types were discovered, doctors 
experimented with blood transfusions between 
humans and animals. Spoiler: It didn’t go well. 8 In 
December 1667, physician Jean-Baptiste Denis 
twice infused a man with calf ’s blood in an attempt 
to cure him of mental illness. After tolerating the 
first procedure, the patient responded to the second, 
larger transfusion by vomiting, passing black urine 
— never a good sign — and complaining of pain 
in his kidneys. 9 After suffering a third and final 
transfusion, the man died. Denis went on trial for 
murder, but was acquitted when it became clear the 
patient had been poisoned — not with blood, but 
with arsenic. 10 Other doctors had orchestrated 
the poisoning, fearing the procedure was morally 
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Reported by J. Page

     

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

     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.

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?

New nearly invisible digital hearing aid breaks price barrier in affordability

How a Chicago Doctor Shook Up the Hearing 
Aid Industry with his Newest Invention

Affordable Digital Technology
      
the MD ®AIR

 

     

The 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 day long and 

-
able 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

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 com-

pression 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 AK62 to get 

FREE Batteries for a Full Year!

www.MDHearingAid.com/AK62

Proudly assembled in the USA
from Domestic & Imported Components. 

45 DAY 
RISK FREE 
TRIAL

100% 
MONEY BACK  
GUARANTEE

©2014

BBB RATING A

FDA Guidance and  
Consumer Education

The FDA states that only FDA-registered 
hearing aids, such as the MDHearingAid 
AIR should be used to help people with 
hearing loss. Imitation “Personal Sound 
Amplifiers (PSAPs)” are not a substitute for 
hearing aids and can, in fact, lead to more 
damage in your hearing.

http://www.mdhearingaid.com/ak62
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Fundamentals 
of Photography
Taught by Joel Sartore 
Photographer, National Geographic Fellow

LECTURE TITLES

1. Making Great Pictures

2. Camera Equipment—What You Need

3. Lenses and Focal Length

4. Shutter Speeds

5. Aperture and Depth of Field

6. Light I—Found or Ambient Light

7. Light II—Color and Intensity

8. Light III—Introduced Light

9. Composition I—Seeing Well

10.  Composition II—Background and Perspective

11. Composition III—Framing and Layering

12. Let’s Go to Work—Landscapes

13. Let’s Go to Work—Wildlife

14.  Let’s Go to Work—People and Relationships

15.  Let’s Go to Work—From Mundane to Extraordinary 

16. Let’s Go to Work—Special Occasions

17. Let’s Go to Work—Family Vacations

18.  Advanced Topics—Research and Preparation

19. Advanced Topics—Macro Photography

20. Advanced Topics—Low Light

21. Advanced Topics—Problem Solving

22.  After the Snap—Workfl ow and Organization

23. Editing—Choosing the Right Image

24.  Telling a Story with Pictures—The Photo Essay

Learn the Inside Secrets of 
Professional Photographers
Photographs can preserve cherished memories, reveal the beauty of life, 
and even change the world. Yet most of us point and shoot without 
really being aware of what we’re seeing or how we could take our photo 
from good to great. 

Just imagine the images you could create if you trained yourself to “see” 
as the professionals do. With Fundamentals of Photography, you’ll 
learn everything you need to know about the art of taking unforgettable 
pictures straight from photographer and National Geographic Fellow 
Joel Sartore—a professional with over 30 years of experience. Whatever 
your skill level, these 24 engaging lectures allow you to hone your 
photographer’s eye, take full advantage of your camera’s features, and 
capture magical moments in any situation or setting imaginable.
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