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Stephen C. George, editor in chief

When it came time to pick the cover for this issue, it 

wasn’t much of a debate. “The Second Coming of 

Sigmund Freud” (page 54) was the clear choice for our 

cover story, and not just for the light it sheds on the 

fascinating feld of neuropsychoanalysis, or the new 

ways in which Freud’s insights into the mind could aid 

the study of the brain. 

As one of our editors said during our cover meeting: 

“Whether his theories were right or wrong, Freud’s 

pretty iconic. Almost as iconic in his way as Einstein. 

Why wouldn’t we put him on the cover?” Of course, 

some of you might not consider that a rhetorical 

question, and already may be composing a vigorously 

worded response. 

That’s the thing about heroes and icons: We all have 

an opinion about who deserves status among the giants 

of any given feld. And when it comes to extolling 

the virtues of our personal heroes, or defending them 

against those who would cast them as pariahs, we’re 

prepared to be quite passionate, sometimes to an amaz-

ing and even amusing degree. 

One of my dearest friends, an otherwise mild-

mannered electrical engineer, has almost come to blows 

defending the reputation of his idol, the visionary 

inventor Nikola Tesla. My father, another engineer, 

revered Benjamin Franklin, and felt that history tended 

to gloss over old Ben’s contributions to science. On staff, 

we have an editor who will tell you about the life of 

Sir Isaac Newton in the same breathless tones that my 

children might reserve for the exploits of Hollywood’s 

latest action hero. (My kids, by the way, have expressed a 

lasting admiration for Bill Nye the Science Guy.) 

As for me? Well, as someone who once wrote a daily 

comic strip about the adventures of Aristotle and other 

thinkers of antiquity, it’s safe to say I take a more classi-

cal view when it comes to icons of science. 

Who are your icons? Living or dead, real or fctional, 

what science heroes or heroines have inspired you, 

or captured your imagination? Write me a note and 

tell me about them. You know the email address: 

editorial@discovermagazine.com. We’ll devote some 

space to your favorites in future issues.

When it 

comes 

to defending 

our heroes, 

we are 

prepared 

to be quite 

passionate, 

sometimes to 

an amazing 

and amusing 

degree.
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Math, Measurements and Matrix
Don’t be shy about sharing your opinions, whether via letters, email or our social media communities. 

Here’s what you’ve been telling us lately.

Taking Measure
The stories in our Year in 

Science issue raised a couple 

of questions regarding units 

of measure.

As an electrical engineer, I 

cringe every time I read an 

account describing electrical 

power production in terms 

of “megawatts per year” or 

“megawatts annually.” These 

are meaningless terms: A 

megawatt is an instantaneous 

measurement of output, 

which to describe total power 

production must be summed 

over time, as in “megawatt-

hours annually.”

But you then add insult to 

injury: I assumed that when 

you claimed the [Ivanpah solar 

thermal power plant] produces 

“up to 377 megawatts annu-

ally — enough to power about 

140,000 homes” that you must 

have meant “megawatt-hours 

annually.” But a quick calcula-

tion shows that 377 megawatt-

hours would power only a 

small fraction of that number 

of homes for a year. Could you 

please revisit these numbers 

and tell us what this fascinating 

plant actually produces? 

Don Hutchins

Kingston, WA

Questioning Randomness
December’s issue included an 

excerpt from Our Mathematical 

Universe by MIT professor Max 

Tegmark. His book suggests that 

the physical world is one big 

mathematical object. 

I am 14 years old and was very 

interested by Max Tegmark’s 

article “Math Made Flesh,” 

but I had one question. How 

does this theory account for 

radioactive decay or other ran-

dom events? Are these things 

not truly random, or is there 

some mathematical equation 

for true randomness that we 

have yet to discover?

Colin Bott

Ann Arbor, MI

Max Tegmark responds:

Thanks for this excellent ques-

tion. It’s a really deep one, 

which I explore in detail in the 

book. According to the con-

troversial but elegant Everett 

interpretation of quantum 

mechanics, randomness is an 

illusion. There are effectively 

two universes, one where the 

atom decays and one where it 

doesn’t. There’s a copy of you 

in both universes, and to both 

of you it feels random when  

you observe the atom and 

thereby fnd out which universe 

you’re in. If someone made a 

perfect clone of you and placed 

a decayed apple next to it and  

a fresh apple next to the origi-

nal you, the decay status of  

the apple would similarly feel  

random to each of you on 

awakening, even though nothing 

truly happened.

Our apologies. The plant’s 

net turbine capacity — 

its maximum usable output 

at any moment in time — 

is 377 megawatts. It is 

expected to generate 

1,079,232 megawatt-hours 

of electricity per year. 

In your January/February 

Year in Science issue,  

No. 3, on carbon dioxide 

levels hitting 400 parts per 

million, the article says that 

rising carbon dioxide levels 

could bring sea levels up by 

“80 mSheeters.” I’ve searched 

for a defnition of this word 

but couldn’t fnd it. What is 

an mSheeter?

Ann Odun

Des Moines, IA

From Steve George, 

our editor-in-chief:

Ah yes, the mSheeter. That’s 

a new unit of measurement, 

invented just for this issue. 

It measures the level 

of embarrassment felt 

by an editor when the word 

“She” is accidentally dropped 

into the word “meters” 

and then makes it into print. 

Sorry for the error, and the 

ensuing confusion.

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

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

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

RED PILL or BLUE PILL?
In a recent article, we wrote about how physicists’ tests could 

determine if we live in the Matrix. But the bigger question is, would 
you really want to know? Here’s how our readers responded:

92.9%
Heck yes! 

7.1%
No way! A
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Why Is Chemistry the 
Easiest Class in School?
Is high school chemistry so intrinsically difficult that it takes heroic 
efforts for students to master it? Award-winning Professor Frank 
Cardulla—winner of a Presidential Award for Science Teaching—
doesn’t believe that for a moment. In the 36 accessible lectures of 
Chemistry, 2nd Edition, he will convince you, as he has thousands of 
high school students, that “chemistry is the easiest class in school.”

Professor Cardulla refuses to have students learn mathematical 
“gimmicks” that allow them to obtain answers without any real 
understanding. Instead, he establishes a firm foundation based on 
a strong grasp of basic concepts and the application of everyday 
quantitative reasoning to chemistry problems. Originally created for a 
high school audience, this course is a useful tool for anyone interested 
in the subject.

Of er expires 05/09/14
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a total solar eclipse in the Arctic sky. 
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Comet ISON may have vaporized —
but our photo contest hasn’t!
Join the National Science Foundation, Astronomy magazine, and Discover 
magazine for a big announcement of our Comet ISON Photo Contest 
winners! The contest features prizes up to $2,500.

Many astroimagers shot great images of the comet (C/2012 S1) from 
September through November 28. Astronomy Editor David J. Eicher 

will announce and show the competition’s winning photos at the 
2014 Northeast Astronomy Forum, Saturday, April 12, 

at Rockland Community College in Suffern, New York.

For more information on NEAF, see:  
www.rocklandastronomy.com/neaf
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CYGNUS RISING 

High above the 
Alps, the Interna-
tional Space Sta-
tion’s robotic arm 
prepares to grasp 
the unmanned 
Cygnus spacecraft 
on Jan. 14. In its 
first fully loaded 
supply mission, 
Cygnus carried 
over 2,700 pounds 
of provisions and 
science gear, includ-
ing microsatellites, 
material for antibi-
otics research and 
a colony of ants. 
Cygnus and the 
Antares rocket that 
carried it to orbit 
were designed and 
built by Orbital 
Sciences, only the 
second private com-
pany (after SpaceX) 
to send a payload 
to the ISS. — ERNIE 

MASTROIANNI; 

PHOTO BY NASA
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Angkor’s 
Sprawling 
Cityscapes
Revealed
BY JOSIE GARTHWAITE

10  DISCOVERMAGAZINE.COM

Above right: Lidar 
technology reveals a tight 
center and suburban 
sprawl beneath the forest 
of Angkor Wat, which 
spanned the ninth to 
15th centuries. Red lines 
show modern roads and 
canals. Right: A 3-D im-
age of Angkor Wat shows 
relative elevations.

For 20 hours in spring 2012, a red helicopter 

crisscrossed northwest Cambodia, flying over one 

of the world’s greatest archaeological sites: Angkor, 

the onetime heart of Southeast Asia’s Khmer Empire. 

A team led by archaeologist Damian Evans beamed 

a laser pulse 200,000 times per second from the 

helicopter toward the dense forest below. They 

hoped a few pulses would slip through tiny gaps in 

the lush canopy and, by bouncing off objects and 

earth, send back secrets from a long-lost metropolis. 

It worked. By calculating the precise distance of each 

split-second journey, Evans and his team captured 

the remarkably orderly contours of long-hidden 

cityscapes. The work has revealed never-before-seen 

footprints of ancient roads, canals, ponds, field walls, 

occupation mounds and other facets of urban life in 

the heyday of the Khmer Empire. 

 

CAMBODIA

Angkor Phnom Kulen

Koh Ker

Phnom Penh

TO
P

 T
O

 B
O

TT
O

M
: F

R
A

N
C

IS
C

O
 G

O
N

C
A

LV
E
S/

P
T 

M
C

E
LH

A
N

N
E
Y;

 D
A

M
IA

N
 E

V
A

N
S,

 U
SE

D
 W

IT
H

 P
E
R

M
IS

SI
O

N
 F

R
O

M
 P

R
O

C
E
E
D

IN
G

S 
O

F 
TH

E
 N

A
TI

O
N

A
L 

A
C

A
D

E
M

Y
 O

F 
SC

IE
N

C
E
S 

U
SA

 (
2
);

P
T 

M
C

E
LH

A
N

N
E
Y

/K
H

M
E
R

 A
R

C
H

A
E
O

LO
G

Y
 L

ID
A

R
 C

O
N

SO
R

TI
U

M

  



April 2014  DISCOVER  11

A
LL

 I
M

A
G

E
S
: 
D

A
M

IA
N

 E
V

A
N

S,
 U

S
E
D

 W
IT

H
 P

E
R

M
IS

S
IO

N
 F

R
O

M
 P

R
O

C
E
E
D

IN
G

S
 O

F
 T

H
E
 N

A
T
IO

N
A

L 
A

C
A

D
E
M

Y
 O

F
 S

C
IE

N
C

E
S
 U

S
A

Before the arrival of airborne 

laser scanning technology  

known as lidar (for light detection 

and ranging), archaeologists working 

in Angkor had to hack through 

thick jungle or painstakingly analyze 

aerial photos and satellite images 

— essentially guessing at what was 

beneath the dense canopy. Lidar has 

revolutionized tropical archaeology 

in Mesoamerica in recent years, but 

this is the frst time the technique has 

been used in Asia. “Almost within 

minutes of receiving the data, we 

clicked a few buttons, and millions  

of data points coalesced into cities  

in front of us,” says Damian Evans 

of the University of Sydney, 

Australia, who spearheaded the 

$250 million lidar mission. “We were 

all a little bit speechless.” 

The implications of the work are 

profound. It establishes the full scale 

and sprawling suburban nature of 

Angkor, where the largest urban 

settlement of the preindustrial world 

began clattering to life in the ninth 

century. Scholars already knew 

that one of the largest religious 

monuments ever built — the 

pinnacled sandstone temple Angkor 

Wat — rose from the region’s central 

foodplains in the 12th century and 

that a complex water management 

system snaked through its soil. 

But the medieval metropolis all 

but vanished around the 15th 

century. Since at least the 1930s, 

archaeologists have been trying to 

piece together the story of Angkor’s 

cities and understand their role in the 

collapse of the Khmer Empire. 

Although masonry used for 

great temples like Angkor Wat has 

survived the centuries, the wood, 

thatch and soil used to build the 

infrastructure of secular life largely 

succumbed to the appetites of a 

tropical climate. As a result, Evans 

says, the extent of Angkor’s urban 

and agricultural development has 

been “dramatically underestimated” 

— until now. “What we can now see 

is not only [a] vast, dispersed urban 

sprawl, but also this incredibly dense 

downtown area surrounding the 

temples,” he says.

Central Angkor 

Phnom Kulen

Koh Ker

Mystery coils: Lidar revealed a series of 
coil-shaped embankments of still-unknown 
function — apparently not related to 
agriculture, housing or water management. 

Orderly temple: Each city block inside Angkor 
Wat’s moat featured earthen mounds to elevate 
homes above floodwaters, and artificial ponds 
of uniform size. Each pond was positioned  
immediately northeast of the mound —  
suggesting urban planning orchestrated on a 
large scale. The strict patterning has helped 
archaeologists establish the timing of construc-
tion of neighborhoods and developments. 

A growing grid: By the middle of the 
12th century, the rigid urban structure 
found inside Angkor Wat’s enclosure begins 
to appear outside the temple moats. 

Angkor Thom: Conventional theory holds that 
the formally planned “downtown” area of 
Greater Angkor spanned only the 3.5 square 
miles within these city walls. Evans’ analysis 
of the lidar data shows traces of urban life 
reaching farther out. “This formally planned 
downtown extended pretty much everywhere 
beneath the forest,” he says.

City center: By the 13th century, the densely 
populated urban core of Angkor encompassed 
some 13 square miles, a little more than half 
the size of Manhattan. 

Suburban sprawl: Networks of roads, canals, 
mounds and ponds gradually expanded 
beyond central temples throughout Angkor 
to cover a suburban area of about 385 square 
miles — about three times the area of Atlanta.

Mountain of the Lychees: Phnom Kulen, 
or “Mountain of the Lychees,” is one of the 
holiest sites in Cambodia. Here, rivers and wa-
terfalls slice through sloping terrain carpeted 
by ferns and shaded by a lush forest canopy. 

Eighth- and ninth-century city: In a forested 
mountainside, Evans’ team found new 
evidence of a previously undocumented city, 
including highways and never-before-seen 
temples. The red lines at left show what is 
believed to be a subset of one of the first 
capitals of the Khmer Empire, the city of 
Mahendraparvata, previously known only 
from written inscriptions. 

Bleeding edge: At Koh Ker, a city that briefly 
served as capital of the Khmer Empire, lidar 
revealed an array of ponds, village shrines, 
reservoirs, gardens and irregularly shaped 
mounds beyond its central enclosure. The 
open form of this early city helps establish 
that highly structured, walled-in urban spaces 
were an 11th-century innovation. 

Taming the monsoons: Hydraulic engineering 
and water management systems captured 
monsoon rainwater, making it possible to 
grow surplus rice for hundreds of thousands 
of city dwellers of the Angkor region. Lidar 
revealed evidence of these large-scale 
systems in Koh Ker and Phnom Kulen, sug-
gesting they may have been a common 
feature of early Khmer settlements across 
Southeast Asia, even on higher ground. But 
“it never really worked all that well,” says 
Evans: The archaeological record, based in 
part on studies of satellite imagery and 
sediments, shows breaches, failures and ad 
hoc renovations over the course of centuries.
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O Holey Leaf
Evolutionary biologist Christopher 

Muir has seen plenty of unusual vegeta-

tion while exploring tropical rainforests, 

from a foot-long fower to a plant that 

uses ants to protect itself. But it was in a 

hallway near his offce at the University 

of the Balearic Islands in Spain that 

he spied something truly memorable: a 

holey houseplant, Monstera deliciosa, 

also known as the Swiss cheese plant for 

the large holes that punctuate its leaves. 

The plant immediately struck Muir 

(a distant relative of famed naturalist 

John Muir) as odd because plants need 

to maximize surface area to absorb as 

much sunlight as possible. They can do 

this by either having lots of small leaves, 

or fewer large ones. 

Why, Muir wondered, 

would this large-leafed 

plant punch windows 

in its foliage? Searching 

for a plausible evolu-

tionary explanation, he 

considered where the 

plant naturally grows: 

in thick tropical forests, 

clinging to the trunks 

of  trees about midway 

between ground and 

canopy. Might the holes 

somehow help Mon-

stera capture the sparse, 

dappled sunlight that 

flters down through the 

thick trees? 

Muir proposed to solve the puzzle 

by creating a mathematical model that 

captures the relationship between a 

leaf’s shape, size and ability to intercept 

stray glints of sunlight that flter 

through the canopy. He saw that surface 

area wasn’t everything: By extending a 

leaf’s overall size while keeping living, 

energy-greedy matter to a minimum, 

the plant increases the odds that at 

least some of the splotchy sunlight will 

strike each leaf.

It’s a smart strategy. “If  you have 

some resources you’re going to allocate 

to make a leaf, you can make it smaller 

but completely flled in, or make 

windows and take up a larger area,” 

Muir says. “If  light is relatively random, 

it makes sense to spread the leaf area 

you have … to give you more chances to 

intercept those sun fecks.”— MARY HOFF

Monstera deliciosa, a tropical plant named 
for its aberrant leaf shape and tasty fruit, 
makes the most of the sunshine it receives 
with the unusual perforations in its leaves. 
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Birth
of a New 
Language 
The indigenous village of 
Lajamanu, population 600, sits 
on the southern edge of the 
subtropics of northern Australia. 
It’s the kind of place where a 
truck rumbles in once a week to 
deliver staples to the local store, 
and where electricity comes 
from diesel and solar generators. 
It’s so remote that the oldest 
members of the community still 
remember the first time they saw 
a white person in the 1930s.

Carmel O’Shannessy landed on 
Lajamanu’s dirt airstrip in 1998 as 
a government employee sent to 
support local teachers of English 
and Warlpiri, a language spoken 
in several places in the Northern 
Territory. By 2001, she realized 
that the children had been busy 
inventing an entirely new mixed 
language, borrowing words and 
grammar from both mother 
tongues. O’Shannessy, now 
a linguist at the University of 
Michigan, describes how she got 
the chance to witness a language 
— which she later dubbed Light 
Warlpiri — in the making.

To learn Warlpiri, I was mostly spending 

time with older women. On the weekends, 

a group of us would go out to the bush, 

hunting for goanna, which is a kind of 

lizard. The women walked for hours, and 

then we would sit in the shade and boil a 

pot of tea and chat. I would be listening 

avidly and making notes, asking, “How do 

you say this?” and “How do you say that?”

But back at the school, I kept hearing 

younger students switch between English 

and Warlpiri, something linguists call 

code-switching. I didn’t pay too much 

attention to it because I was still trying 

to learn Warlpiri. Then one day, I saw 

a group of children around 6 or 7 years 

old playing with each other in the dirt, 

and I decided to listen to them carefully. 

I realized that every single sentence had 

both English and Warlpiri in it. I was 

intrigued because while it’s common for 

bilinguals to switch between languages, it’s 

not usually in this pattern.

The next year, I came back as a 

researcher and started recording the 

children and looking at their transcripts. 

I realized that all but eight of  their verbs 

came from English, while their noun 

structure mostly came from Warlpiri. It is 

a very unusual way to combine languages. 

The best source of  data is often just 

listening to people talk spontaneously, 

but to know more about their grammar, 

I needed to elicit particular linguistic 

structures, such as how the language 

indicates who is performing an action or 

when the action took place.

I made a picture book, called The 

Monster Story, about a dog that gets locked 

up by a monster and then gets rescued by 

its mother. I photographed toys and then 

changed their facial expressions using 

Photoshop so that the children could create 

the story in their own words. It worked! 

When I listened to children describe what 

they saw, I learned that they could put 

nouns anywhere in the sentence and were 

using different endings to say whether a 

particular noun is the subject or the object. 

Although Light Warlpiri uses elements 

from English and Warlpiri, it would not be 

intelligible to speakers of just one parent 

tongue. It’s truly a new language.

— AS TOLD TO BRENDAN BORRELL

I N H ER OW N WOR DS

Carmel 
O’Shannessy 
stands with 
Gracie White 
Napaljarri and 
her family 
members 
in Lajamanu. 

Watch a video of a child 
reading The Monster Story 
at DiscoverMagazine.com/
Language

➔
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Let’s Take It Slow
Geologists work to crack the mystery of earthquakes 

that drag on for months, instead of mere seconds.

New Zealand’s largest earth-

quake of 2013 hit the country’s 

second-most populated area 

— and nobody felt a thing. No 

buildings collapsed, no roads 

buckled, not a single teacup 

toppled off a shelf.

The quake, equivalent to 

magnitude 7 on the Richter 

scale, stretched out over 

months, and only the most 

sensitive seismic instruments 

picked up the tectonic action 

near Wellington. Geologists 

are keen to understand 

whether these “slow earth-

quakes” are merely leaks of tectonic 

pressure, like the hiss of air from a 

punctured tire, or warning signs of a 

more dangerous, fast-moving temblor. 

“Until slow earthquakes were observed 

10 to 15 years ago, conventional wisdom 

held that faults either released energy 

slowly and steadily by creeping, or would 

store tectonic stress until they failed 

catastrophically,” moving at a rate of 

about 3 feet per second, says Demian 

Saffer, a geophysicist at Pennsylvania 

State University. In the past decade, more 

sensitive equipment has allowed geolo-

gists to detect earthquakes that creep at 

rates measured in inches per week, like 

the one in New Zealand. But so far, no 

one can explain why these slow earth-

quakes happen or what they portend.

To learn more, Saffer and three 

colleagues investigated slow movements 

along a fault off the Japanese coast. They 

drilled 1 kilometer beneath the seafoor 

to extract a dozen dark-gray, clay-rich 

sample cores, each about the size of a 

soda can, from the fault. Back at the lab, 

they shaved 1-millimeter wafers from 

each core and sheared the slices between 

two steel blocks, at varied velocities, 

to simulate a fault slipping in a long, 

controlled motion. The rock’s response to 

these pressures surprised Saffer.

Initially the clay resisted the sliding 

motion, and then it slowly began to 

weaken. In an actual fault, the rock 

would be stationary under growing 

tectonic pressure, then would slowly give 

way. Although it’s not completely clear 

why the rocks held and released energy 

this way, Saffer believes the fatness of 

clay particles and the way clay absorbs 

water are part of the answer. Knowing 

that clay-rich rocks can release tectonic 

energy in a controlled way could explain 

how a fault might creep along, he says, 

and might help scientists predict a fault’s 

next move. — CARRIE ARNOLD (ADDITIONAL 

REPORTING BY EMILY EGGLESTON) 

Above: In this graphic 
depicting a months-long 
“slow quake” off New 
Zealand’s coast, arrows 
show length and direc-
tion of slip; darkest red 
shows greatest move-
ment. Right: Core sam-
ples were arranged in the 
order in which they were 
drilled. Those at left were 
closest to the surface; 
those at right were from 
deeper in the seafloor. 
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O
ver the years, digital 

electronic technology 

has made the way 

we live easier, safer and more 

convenient. In many cases, it’s 

even made many products more 

affordable… (remember how 

much the first VCR’s used to 

cost?). Unfortunately, the cost of 

many digital products, including 

the hearing aid never seemed to 

come down. Now, a new option 

has been invented… it’s called 

Perfect Choice HD™.

Perfect Choice HD is NOT a 

hearing aid. It is a Personal 

Sound Amplification Product 

(PSAP). Hearing aids can only 

be sold by an audiologist or a 

licensed hearing instrument 

specialist following hearing 

tests and fitting appointments. 

Once the audiologist had 

you tested and fitted, you would 

have to pay as much as $5000 

for the product. 

Now, thanks to the efforts of the 

doctor who leads a renowned 

hearing institute, there is Perfect 

Choice HD. It’s designed to 

accurately amplify sounds and 

deliver them to your ear. Because 

we’ve developed an efficient 

production process, we can 

make a great product at an 

affordable price. The unit has 

been designed to have an 

easily accessible battery, but 

it is small and lightweight 

enough to hide behind your 

ear… only you’ll know you 

have it on. It’s comfortable 

and won’t make you feel like 

you have something stuck in 

your ear. It provides high 

quality audio so sounds and 

conversations will be easier to 

hear and understand.

 

Try it for yourself with our 

exclusive home trial. Some 

people need hearing aids but 

many just want the extra boost 

in volume that a PSAP gives 

them. We want you to be happy 

with Perfect Choice HD, so we 

are offering to let you try it for 

yourself. If you are not totally 

satisfied with this product, 

simply return it within 60 days 

for a refund of the full product 

purchase price. Don’t wait… 

don’t miss out on another 

conversation… call now!

The invention of the year 
is great news for your ears.

Are you or a 

loved one frustrated 

in these situations?

• Restaurants 

• Dinner parties 

• Outdoor conversations 

• Lectures • Sermons 

• Meetings 

…and other times where 

you need to turn up 

the volume
Perfect Choice HD is not a hearing aid. 

If you believe you need a hearing aid, 

please consult a physician.

Call now for the 

lowest price ever.
 Please mention promotional 

code 51479.

 1-888-328-7453
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NEW
Now with more 

power and clarity!

Virtually 

impossible 

to see.

Affordable, 

Simple to use.

Why Perfect Choice HD is the best choice !

Less than 1 ounce

Excellent – 
Optimized for speech

Yes 

No 

Free 

60 Days

Lightweight / Inconspicuous 

Sound Quality 

Increased Loudness

Test and Fitting Required

One-on-One Personal Set Up
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Perfect Choice HD™ is simple to use, hard to see and easy to afford… 
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Why Randy Peacocks 
Would Give a Hoot 
During a research trip to 
northwest India’s Keoladeo 
National Park in 2011, Jessica 
Yorzinski sat inside a hunting 
blind. Searing summer tem-
peratures caused her camcord-
ers to malfunction. Animals 
— probably jackals — growled 
and scratched at her shelter, 
while a speaker blared an odd 
hooting noise. She watched for 
peahens to approach. 

They did, far more frequent-
ly on days when Yorzinski, then 
a postdoc biologist at Duke 
University, played a particular 
peacock mating call, called 
a hoot-dash, than when she 
played nothing. Male animals 
often use mating calls to at-
tract females, but the hoot-

dash is peculiar. Indian blue 
peacocks emit a single ecstatic 
hoot just before dashing less 
than a yard toward females to 
mount them. “Few species emit 
courtship calls directly before 
copulating,” says Yorzinski, 
now at Purdue University. 
Not only do the calls expend 
energy, they might also attract 
predators like jackals, tigers 
and leopards. During Yorz-
inski’s research trials, some 
predators approached, but 
none struck.

So why would peacocks be 
so reckless? Yorzinski’s obser-
vations showed that the hoot-
dash attracted other females, 
increasing the male’s chances 
of mating again. Despite the 

How to Make Light Matter
In a lab in Cambridge, Mass., a vacuum chamber the size of 

a shoebox has made history. Here, Harvard physicist Ofer 

Firstenberg has created a new form of  matter: a pair of 

photons, stuck together. The “light molecule” is, potentially, 

the building block of  technology that 

uses some form of  tangible light — from 

light sculptures to lightsabers to (perhaps 

more practically) computers that can 

perform vastly more complex calculations 

than today’s machines. 

Unlike atoms and the matter they’re 

made of, two photons on a collision course 

will simply pass through one another, 

with no interaction. To get photons to 

stick together, a frst step for all the above 

technologies, Firstenberg and his team 

used a setup they’ve spent years perfecting. 

They rigged a specialized metal box with 

a laser on one side to let in one photon at 

a time. The frst photon slips into a cloud 

of  rubidium atoms, which were chosen 

because they can easily be cooled to the 

extreme point at which they are nearly motionless. A second 

photon then enters the cloud. The two photons end up stick-

ing together and move forward just like a two-atom molecule. 

The interaction between the two allows one photon to 

alter the quantum information carried 

by the other by changing its properties 

(such as momentum and polarization). 

This kind of  control over light will help 

researchers working on quantum comput-

ers, the next-generation machines that 

use photons instead of  electrons in their 

computations. These can take advantage 

of  the wacky laws of  quantum mechanics, 

resulting in devices that could leave today’s 

computers in the dust.

But that’s a long way off. For now, 

Firstenberg and his colleagues are slowly 

building their understanding of  the strange, 

new matter and how it operates by taking 

the next logical step: They’re trying to 

make a light molecule composed of  three 

photons. — SHANNON PALUS

Physicists have created a device 
(illustrated here) that can bind photons 
together to form “light molecules.”

peacock’s over-the-top tail and 
infamous strutting display, the 
birds need help finding each 
other in India’s dense forests 
and scrubland. Yorzinski 
believes peahens may also be 
able to decode a male’s hoot 
for useful information, like  
his size or dominance status. 
And frequent hooters may 
take advantage of a phenom-
enon called mate-choice copy-
ing, in which females prefer 
popular males. 

But peahens should beware, 
Yorzinski says: “Peacocks occa-
sionally produce the hoot when 
they’re not mating, giving the 
false impression that they’re 
with a female.” Future studies 
could explain why peacocks 
don’t fake it more often. Two 
possibilities: Females might 
reject them if they catch them 
bluffing, or other males might 
attack them if they appear to 
be greater rivals.  
— JENNIFER ABBASI

Even when Indian blue peacocks have their potential mates well in 
range, they make a point to hoot and announce their intentions.

  



San Fransisco CA…It is 1937. You never saw a genius more in love. She loved him
back, but how could he surprise her and stun her without breaking the bank? He
knew she loved that glittering green necklace in the jewelry store window. But he
also knew that he could never afford a natural emerald on a chemist's salary. So he
made his own.

A few years later, he brought 100 carats along on his honeymoon in New York City.
But when the couple visited a Fifth Avenue jeweler for a professional opinion, the
manager called the cops. He assumed the gems were stolen because they looked too
good to be true. His beautiful wife just smiled knowingly.

Own a piece of emerald history. We have spent the last few years refining this
complex process and the results are stunning. The spectacular lab-created stone at
the heart of our Scienza® Marquesa Pendant is a vivid ¾ carat marquise-cut green
beauty cradled in gleaming .925 sterling silver and surrounded by the fire of our
exclusive DiamondAura® rounds.

Perfect from the start. Mined emeralds are born in chaos. As a result,
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But every Scienza emerald begins and ends in perfection. 

The process begins with the seed of a natural emerald. In strictly
controlled conditions, using intense heat of over 1800 degrees
celsius, that seed takes over seven months to grow into a larger
rough emerald. Chemically, the scientific stones grown in a
lab are identical to mined emerald. They are just as hard and
an incredibly rich, intense green.

Our expert appraiser has valued this pendant at $345 but
since our chemist appreciates hard gems as well as hard
earned cash, we are pricing this emerald pendant for the 
astoundingly low price of $39. That's 89% LESS!

A much greener emerald. Our Scienza Marquesa Pendant
originates from the mind not the mines. The win-win result
is an indulgent adornment that’s literally and figuratively
green—flashing more color, clarity, and fire than mined 
emeralds but without the environmental damage associated with
gem mining.

Your satisfaction is guaranteed. Bring it home and see for yourself. If the
brilliance of our Scienza Emerald fails to impress, simply send it back within
30 days for a full refund of your purchase price. But after wearing the world’s
smartest gem, you will see first-hand how beauty and brains come together.

Chemistry Casanova
Reinvents the Emerald 

* For more information concerning the appraisal, visit http://www.stauer.com/appraisedvalues.asp.
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Oceanographers have mapped the 

seafoor and tracked endangered marine 

species for decades using autonomous 

underwater vehicles, or AUVs. But the 

ocean is a huge, constantly moving 

three-dimensional ecosystem, and 

obtaining precise, real-time observa-

tions of marine life and of oceanic 

conditions such as temperature, current 

and salinity is quite challenging and 

astronomically expensive.

“Because of this, it has not been pos-

sible to get large-scale bulk phenomena 

over large spatial and temporal domains. 

You can’t do it with a ship,” says Kanna 

Rajan, an engineer at the Monterey 

Bay Aquarium Research Institute who 

studies artifcial intelligence capable 

of making decisions. That’s why he 

wants to do it with robots.

When Rajan met Joao Sousa, an 

engineer at the University of Porto in 

Portugal, an idea for how to study the 

oceans in real-time 3-D was born. Sousa 

had just given a lecture suggesting that to 

really study the oceans, you need a large 

network of robots working together 

seamlessly to gather data. Sousa had the 

infrastructure to connect autonomous 

machines together, but he needed a 

smart robot from which to build his feet. 

And Rajan knew he could program a 

robot smart enough for the job. The two 

quickly agreed to collaborate.

Sousa already had a feet of small, 

torpedo-shaped underwater robots that 

he used to explore shallow coastal areas 

off  Portugal. Each was equipped with 

sensors that can measure conductivity, 

Navy ship, the two scientists and their 

teams launched several AUVs into the 

water. Then they threw over a cylindrical 

drifter buoy (the target) that broadcasts 

its position to the AUVs and serves as a 

mobile hotspot, allowing the underwater 

vehicles to communicate with the aerial 

ones and the support vessel.

The third element was an eye in the 

sky: an off-the-shelf  fxed-wing aircraft 

about 6 feet long with a GoPro camera 

mounted slightly behind its nose. After 

the aerial drone spotted the buoy, 

the underwater and surface vehicles 

converged on that area to measure the 

surrounding ocean environment: current 

direction, speed, strength, temperature 

and water density.

In May, the crew will take the 

three-dimensional experiment to the 

next level. Instead of a foating buoy, 

the fying drone and the underwater 

vehicles will track a fsh called Mola 

mola, or ocean sunfsh — a creature 

that can weigh up to 5,000 pounds and 

has a bad habit of getting caught in 

commercial tuna pens. Marine biologists 

working with Rajan and Sousa will ft 

30 of these gentle giants with GPS tags, 

then send out the drone and underwater 

vehicles to pursue them for several 

days to learn more about their life 

cycle and feeding habits. 

As the duo’s marine technology and 

software improve, they hope to make the 

underwater, surface and aerial vehicles 

truly autonomous, capable of both com-

municating with each other and making 

their own decisions, says Rajan. Then, 

it will for the frst time be possible to 

investigate large-scale phenomena such 

as ocean fronts, eddies and blooms, as 

well as to study movements and environ-

ments of marine animals that dive to 

depths no human could withstand. 

“The step after that is, we set out an 

ensemble of vehicles and tell them, ‘You 

go fgure it out.’ ”— ERIC NIILER (ADDITIONAL 

REPORTING BY MEGAN MOLTENI)

temperature and depth. Rajan installed 

software allowing the robots to make 

decisions autonomously. The software 

gives the vehicles “smarts,” he says. 

“Instead of saying, ‘Turn right and 

dive,’ you tell it, ‘I want you to do a 

survey of this area.’ ” It’s like a Roomba 

in the open ocean: You just turn it 

on, set it loose, and it dives, collects 

measurements, routes itself  and returns 

before its battery runs out. 

Last summer, the pair put their ideas 

to the test in a trial run off  the southern 

coast of Portugal, to prove that this net-

work of robots could follow a moving 

target. From the stern of a Portuguese 

Eyes in 
the Sky — 
and the 
Sea

By combining aerial views (top) with 
underwater autonomous vehicles (bottom), 

scientists can get an unprecedented look 
at undersea environments in real time. An 

upcoming experiment will study Mola mola 
(center), the heaviest known bony fish.
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It’s an animal-eat-plant world out there, 
with the consumers and consumed en-
gaged in a continuous evolutionary race to 
come out ahead. Scientists at the Universi-
ty of Wisconsin-Madison have uncovered a 
new twist in one roadside weed’s strategy: 
It makes itself less palatable when it senses 
an herbivore lurking nearby, instead of 
waiting to be attacked. 

Ecologist John Orrock, who studies how 
animals balance the need to protect them-
selves from predation with other needs, 
such as eating and mating, hatched the 
idea for this research when he was study-
ing snails in a California grassland. He 
already knew that plants can change their 
chemical structure to protect themselves 
once attacked, or just touched, by a hun-
gry herbivore. But what if the aggressor 
were just hanging around, looking at its 
options? The fact that snails excrete slimy 
evidence of their presence made them the 
perfect subjects for studying how plants 
might respond to an enemy who was lurk-
ing but hadn’t yet attacked.

Orrock and colleagues watered black 
mustard seedlings, a common annual 
plant found the world over, using water 
spiked with the slimy residue of com-

Ask Discover

QSince quantum entanglement 

enables us to know both the 

simultaneous position and velocity 

of subatomic particles, doesn’t that 

invalidate the uncertainty principle?

 — Gary D. Podolner

Chicago

ALet’s back up a minute, frst. When 

two particles — let’s call them 

photons A and B — are “entangled,” 

it means that the act of measuring a 

property of photon A (say, its position) 

reveals the value of this same property 

for photon B. According to the 

uncertainty principle, however, physicists 

Snail Fail

can only know so much about two related 

properties of a particle simultaneously. 

For example, the more certain they are 

about a photon’s position (where it is), 

the less they know about its momentum 

(where it’s going). 

You’d think that, in theory, one could 

try to make separate measurements for 

the entangled photons A and B — say, A’s 

position and B’s momentum — and thus 

know both values for each, in apparent 

violation of the uncertainty principle. But 

the step of measuring a given property 

— which, remember, reveals whether two 

particles are entangled in the frst place 

— breaks the particles’ entanglement for 

any other properties. Thus, one can know 

B’s defnite position via A’s, but then B’s 

momentum will have no bearing on the 

value of A’s momentum. Uncertainty 

remains. — ADAM HADHAZY

mon garden snails, a natural predator. 
The treatment, given five times over two 
weeks, mimicked snails crawling their way 
around plants, choosing the best greens 
to eat and depositing their slime as they 
go. The researchers put these plants, along 
with untreated seedlings, into boxes with 
hungry snails. The plants that had repeat-
edly received the slimed water were least 
likely to end up a snail snack. 

What’s in the snail slime that triggers 
the plant’s response and exactly how the 
plant makes itself less palatable to snails 
are unclear, Orrock says. “People that work 
on animals realize the world is an informa-
tion-rich place, and animals pay attention 
to that information,” he says. But as his 
research shows, animals aren’t the only 
ones tuning in. “The world of the plant is a 
lot more interesting than we might give it 
credit for.” — MARY HOFF

The thick slime garden snails leave behind tells 
some plants to become less tasty to the snails.
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→ 
Mind reading usually conjures 

images of scam artists with 

crystal balls, but a group of San 

Francisco neuroscientists and engi-

neers is developing a device that can do 

it sans crystal ball. Their research aims 

to fgure out what people with paralysis 

or brain injury are trying to say by 

studying how they attempt to move 

their mouths. By decoding patterns in 

the part of the brain that orchestrates 

the movement of the lips, tongue, 

jaw and larynx, the mechanical mind 

reader — a speech prosthetic — will 

give these people a voice through a 

computer-driven speech synthesizer. 

In the short term, the device would 

help patients whose brains can’t drive 

the vocal machinery in their mouths. 

That includes the thousands of people 

with brain trauma, spinal cord injury, 

stroke or ALS who are fully conscious 

but unable to express their thoughts. 

(Most now rely on devices that require 

physical input.) The team published a 

paper in Nature mapping the relevant 

brain activity with unparalleled preci-

sion and has developed a general de-

sign for the device. After fxing bugs 

and securing funding, the research-

ers expect to start human trials in 

two or three years. 

In the long term, the technology 

underlying this prosthetic could ad-

vance the broader feld of brain-ma-

chine interfaces. The key to this device 

is not so much in its physical mecha-

nisms but in the algorithms behind 

it, says neurosurgeon Edward Chang 

of the University of California, San 

Francisco. They’re what gives the de-

vice its ability to decode the complex 

“language” of the brain, expressed 

through the electrical signals of large 

groups of neurons. 

LEARNING TO SPEAK BRAIN

Chang — co-director of the Center for 

Neural Engineering and Prostheses, a 

UC Berkeley-UC San Francisco col-

laboration — is both a brain surgeon 

and a neuroscientist familiar with the 

feld’s deep computational frontiers. He 

says he works in “the most privileged 

research environment in the world: the 

inside of the human brain.”

This environment is complicated, 

but a speech prosthetic isn’t actually as 

tricky as you might think. “The signals 

generated in the part of the motor 

cortex that controls and coordinates 

the lips, tongue, jaw and larynx as a 

person speaks are already intended to 

control an external device: the mouth,” 

says Keith Johnson, a UC Berkeley 

professor of linguistics and a co-author 

with Chang on last year’s Nature paper, 

which describes, for the frst time, 

the neuronal mechanisms controlling 

speech. “Having those same signals 

control a different physical device, 

the speech prosthetic, is a much more 

tractable problem than trying to fgure 

out what thought a person would like 

to express and trying to give voice to 

that,” Johnson says.

Reading brain commands for mouth 

movements may be simpler than read-

ing cognitive content, but it is hardly 

easy. “As far as motor activities go, 

human speech is as complex as it gets,” 

says Chang. Even a simple phrase is the 

equivalent of an Olympic gymnastics 

routine for the speaker’s tongue, lips, 

jaw and larynx. Just as a gymnast’s 

twists, fips, jumps and landings all 

require precise muscle control and 

perfect timing, a fraction of a second 

too long before curling the tongue 

or engaging the larynx can mean the 

critical difference between saying 

“snappy” or “crappy.” 

Beyond mapping the precise 

locations of the brain areas controlling 

these movements for the frst time, 

Chang and colleagues also recorded 

and analyzed patterns of neuron 

activity in those areas. By cataloging 

these dynamic “higher-order” patterns 

showing when, and how intensely, each 

set of neurons turns on, Chang’s lab 

learned how to read intended speech 

directly from the brain. 

INSIDE MAN

“Speech is one of the most defning hu-

man behaviors,” says Chang, “but until 

now we just haven’t been in a position to 

study how the human brain orchestrates 

it.” Functional MRI and other nonin-

vasive imaging techniques, which have 

revealed much about other parts and 

functions of the brain, are too imprecise 

to measure the exact neurological 

What’s on Your Mind?
A speech prosthetic could give voice to people who can’t speak 

by converting their brain activity into words. 
BY GORDY SLACK 
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“As far as motor activities 

go, human speech is as 

complex as it gets.” — CHANG

Edward Chang studies exactly what our brains 
do when weÕre trying to speak.

Big
Idea
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activity responsible for speech. Animal 

studies don’t help either; we’re the only 

species that really talks. To fnd out how 

the human brain coordinates speech, 

the researchers had to study it in people.

As a neurosurgeon specializing in 

epilepsy, Chang already has access 

to living brains. To study both the 

nature of seizures and the best surgical 

path to the part of the patient’s brain 

causing them, Chang removes a large 

piece of each patient’s skull to reveal 

the brain beneath. He then places thin, 

dense grids of sensitive electrodes 

directly onto the brain’s exposed 

surface; these sensors read changes in 

the activation behavior of columns of 

neurons beneath them. 

The grids stay in place for up to 

two weeks, as the patient experiences 

a number of seizures, at which point 

the grids are removed. But while 

Chang’s patients wait for the seizures, 

with the grids installed and already 

collecting data, many of the patients 

volunteer to have him collect more 

information about the brain’s func-

tions, as was the case with this study of 

speech and language.

To map the speech centers, Chang 

and his colleagues recorded electrical 

activity from about 12 patients while 

they pronounced various sounds, such 

as “bah,” “dee” and “goo.” They ana-

lyzed the data to determine exactly what 

was happening in the ventral sensory 

motor cortex (vSMC) — how that area 

of the brain region was laid out, and in 

what order the neurons activated.

Kristofer Bouchard, a postdoctoral 

fellow in Chang’s lab, then applied 

state-space analysis, a mathematical 

technique for understanding the struc-

ture of a high-dimensional, complex 

system like the vSMC. The analysis 

allowed the researchers to identify and 

isolate the specifc patterns of neural 

activity that play out in this part of the 

brain when someone speaks, effectively 

enabling them to decode the brain’s 

signals. Put another way, they can 

now turn thoughts into words through 

mechanized mind reading.

Soon a permanently embedded grid 

of electrodes will identify those patterns 

and simultaneously send them to an 

external processer that will convert the 

brain signals into synthesized words. 

TALKING TO YOURSELF

Helping voiceless patients speak their 

minds is already a laudable goal, 

but this device could do more. The 

technology may one day let healthy 

people control electronic gadgets 

with their thoughts. 

UC San Diego neuroscientist Bradley 

Voytek suggests such speech-reading 

brain-machine interfaces (BMIs) could 

make an excellent control interface for 

all kinds of devices beyond voice synthe-

sizers because speech is so precise. We 

have much better control over what we 

say (even what we say to ourselves in our 

own minds) than over what we think. 

The possibilities are tantalizing. You 

could silently turn off your phone’s 

ringer in the theater just by thinking 

the words, “Phone controls: turn off 

ringer.” Or compose and send an email 

from the pool without interrupting 

your stroke: “Email on: Toni, I’m still 

swimming and will be 15 minutes late 

for dinner. Send. Email off.” Voytek 

dreams even bigger: “Pair this [technol-

ogy] with a Google self-driving car, and 

you can think your car to come pick 

you up. Telepathy and telekinesis in 

the cloud, if you will.”

Here’s the rub. Even if Chang’s 

speech prosthetic 1.0 is ready to roll 

in two or three years, implanting the 

device would require serious brain 

surgery, something that would make 

even committed early adopters balk. 

For commercial speech-reading BMIs 

to become mainstream, one of two 

things would need to happen: Brain 

implant surgery would have to become 

much safer, cheaper and more routine, 

or noninvasive sensing devices would 

have to become much more powerful. 

But triggering a wave of new, 

convenient gadgets for the masses 

would just be a bonus. This technology 

already promises to make a difference 

for patients who’ve lost their voices. It 

doesn’t take a mind reader to see that.  D

Gordy Slack, an Oakland, Calif.-based science 

writer, is working on a book about the central 

role of epilepsy in the study of neuroscience.

How It Works

3 Surgically implanted 
electrodes intercept the 
original signals.

2 The ventral sensory motor cortex receives 
the message and attempts to send the proper 
commands to speech organs, but the signal is lost.This simplified 

diagram shows 
Chang’s speech 
prosthetic 
in action.

1 Subject tries  
to say something.

4 The signals are 
sent to a computer 
for analysis.

5 Software matches 
the brain patterns to 
an associated sound.

6 Synthesizer 
“speaks” the in-
tended speech.

Speech organs  
necessary to 

generate words

Lips

Tongue

Larynx

Jaw

Electrodes
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like any modern leap frog advance, many others 
will be left in the dust holding their limited, or 
useless drugs and remedies.

It is now thought that HGH is so comprehen-
sive in its healing and regenerative powers that 
it is today, where the computer industry was 
twenty years ago, that it will displace so many 
prescription and non-prescription drugs and 
health remedies that it is staggering to think of.

The president of BIE Health Products stated in 
a recent interview, I’ve been waiting for these 
products since the 70’s.  We knew they would 
come, if only we could stay healthy and live 
long enough to see them! If you want to stay on 
top of your game, physically and mentally as 
you age, this product is a boon, especially for 
the highly skilled professionals who have made 
large investments in their education, and 
experience. Also with the failure of Congress to 
honor our seniors with pharmaceutical coverage 
policy, it’s more important than ever to take 
pro-active steps to safeguard your health.  
Continued use of GHR will make a radical 
difference in your health, HGH is particularly 
helpful to the elderly who, given a choice, 
would rather stay independent in their own 
home, strong, healthy and alert enough to 
manage their own affairs, exercise and stay 
involved in their communities. Frank, age 85, 
walks two miles a day, plays golf, belongs to a 
dance club for seniors, had a girl friend again 
and doesn’t need Viagara, passed his drivers test 
and is hardly ever home when we call - GHR 
delivers.

HGH is known to relieve symptoms of Asthma, 

Angina, Chronic Fatigue, Constipation, Lower 

back pain and Sciatica, Cataracts and Macular 

Degeneration, Menopause, Fibromyalgia, 

Regular and Diabetic Neuropathy, Hepatitis, 

helps Kidney Dialysis and Heart and Stroke 

recovery.

For more information or to 

order call 877-849-4777 

www.biehealth.us

©copyright 2000

Grow Young with HGHGrow Young with HGH
Choose LifeChoose Life

This program will make a radical difference in your health, 
appearance and outlook.  In fact we are so confident of the 

difference GHR can make in your life we offer a 100% 
refund on unopened containers.

BIE Health Products
3840 East Robinson Road

Box 139
Amherst, NY14228

All NaturalFormula

RELEASE YOUR OWN GROWTH HORMONE AND ENJOY:

DIV 2037839 ON

www.biehealth.us
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Te ER doctor’s 

phone call awoke me 

in the call room at 

3 a.m., and the message 

was terse: “Gunshot 

wound. Unstable. 

Hurry.”

→
I stood peering into the patient’s 

abdomen, feeling like an animal 

chased to the edge of a cliff. I knew that 

at some point the only option was to 

dive into the chasm. 

The anesthesiologist’s voice sounded 

from the head of  the bed. “Pressure’s 

still not good — I’m pushing fuids.” 

His eyes widened as he looked over 

the blue paper drape at the bloody 

mass. “Oh my God,” he murmured. 

“What’s your plan?”

I was a senior surgical trainee on 

rotation at a small downtown hospital 

not far from the university medical 

center where I normally worked — and 

where a trauma center surgical team 

was on duty every night. Here, I was 

the only surgeon on site after hours. 

Ambulance drivers routed seriously 

injured patients here only when police 

performed a “scoop and drop,” bring-

ing a patient to the nearest hospital.

The ER doctor’s phone call awoke 

me in the call room at 3 a.m., and the 

message was terse: “Gunshot wound. 

Unstable. Hurry.”

In the ER I found a nurse strug-

gling to place an IV in a young man 

lying shirtless and unconscious on a 

stretcher. He had two gunshot wounds 

to his upper right abdomen.

Monitors indicated his blood pres-

sure was 70/40 — half  normal — and 

his heart rate was 120 beats per minute 

— twice normal. That combination 

indicated one thing: life-threatening 

internal bleeding.

“We have to get him to the operating 

room, now,” I shouted. I asked the nurse 

to get the on-call surgeon, Dr. Jones.

I pushed the patient’s stretcher out 

of  the ER and into the operating room, 

where a nurse was waiting 

to prep him. A few min-

utes later, I was scrubbed 

in. “Does anyone know if  

Dr. Jones is en route?” I asked.

“No word,” the anesthesiologist 

answered. 

“I may have to start without him,” I 

said. To delay for even a few minutes 

could mean the patient would bleed 

to death. I noticed that a bullet was 

lodged under his skin near one of  the 

two wounds. That left one bullet in the 

abdomen. My heart was racing as I 

called for a knife. I sliced through the 

patient’s skin and subcutaneous fat 

from his breastbone to his navel. Then I 

used an electric knife to open the layer 

of  fbrous tissue beneath, where the 

muscles coalesce in the center of  the 

abdominal wall.

A GROWING DANGER

There was no gush of blood from the 

abdomen, and my own heart rate slowed 

a little. Whatever the problem was, I 

would have a little more time to fgure it 

out. I shoved sponges into all four cor-

ners of the abdomen to forestall any new 

bleeding my exploration might cause, 

and then slowly removed each one. 

When I pulled the sponge from beneath 

the liver, which I saved for last, my heart 

rate quickened again. 

A large hematoma — blood that has 

started to clot and collects in one spot 

— was lodged in an area where two of 

the largest blood vessels in the body 

enter the underside of  the liver. This 

area, called the porta hepatis, is one of 

the most treacherous parts of  the body 

to operate on in an emergency because 

of  the possibility of  fatal bleeding 

or permanent liver damage if  those 

vessels are injured.

The hematoma was half  the size of 

a grapefruit and was contained only 

by a thin, fragile layer of  tissue called 

the peritoneum. This tissue “coats” the 

back wall of  the abdomen and forms 

a protective sac around the abdominal 

organs. It could easily rupture, releas-

ing a potentially uncontrollable torrent 

of  bleeding. I quickly replaced the 

sponge. The only other injury I could 

fnd was an entry wound to the front 

surface of  the liver.

I assumed the bullet had sliced 

through the soft liver tissue, like a hot 

knife through butter, before injuring 

one of  the large blood vessels entering 

the liver. I pulled the sponge down and 

looked again at the hematoma. To my 

horror, it had grown substantially in 

just a few minutes.

“Can you drain it?” the scrub 

tech asked me.

Hidden Bullet
The patient arrived in the ER in dire condition 

— and harboring two surprises.
BY W. ROY SMYTHE 

Vital
Signs
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“If  I open the hematoma now, and 

one of  those big vessels is injured, he 

will bleed to death,” I replied without 

looking up. I stared into the chasm. 

“We may not be able to fx this, and  

I can’t do it alone. … Any word from 

Dr. Jones?”

The anesthesiologist shook his head 

as he prepared a blood transfusion. Sev-

eral more minutes passed while we stood 

there, motionless and quiet. A rivulet 

of sweat ran down the back of my neck 

and between my shoulder blades. 

STRANGE TURNS

Ten minutes later, Jones fnally arrived. 

His forehead wrinkled when I showed 

him the hematoma, which had doubled 

in size since I started. 

“Bad … bad,” he said. Then: “Is there 

any family?” I knew he wanted to know 

if  there was someone a nurse should 

prepare for bad news. 

“No,” I replied. “He was a scoop and 

drop, and there was no identifcation.”

“We have no choice,” he said. “We 

have to see if  we can fnd the injury and 

fx it.” I reached to lift the front edge 

of the liver, but he grabbed my hand. 

“Don’t do that, son. You could stretch 

an injured vessel, and we could lose 

control before we start.”

Then he barked to the anesthesi-

ologist, “Get ready for some blood 

loss,” and using a pair of  long scis-

sors, Jones opened the peritoneum 

containing the hematoma.

But there was no rush of blood, just 

some ooze. It didn’t make sense. How 

could the hematoma have grown so 

quickly without a major injury? “Retract 

the edge of the liver,” Jones suggested. I 

reached down to do so and felt some-

thing familiar to any general surgeon. 

“He has a big stone in his gallblad-

der,” I remarked, managing to crack a 

small smile. This was a problem that 

could be easily dealt with by simply 

removing the gallbladder, which is 

tucked under the front edge of the liver.

“Interesting,” Jones replied. 

“Young, thin guy … he doesn’t ft the 

profle for gallstones.” 

W. Roy Smythe is chief medical officer 

at Avia LLC in Chicago. The cases described 

in Vital Signs are real, but certain details 

have been changed.

I squeezed the stone against the thin 

wall of the organ so I could see its 

outline. It wasn’t a gallstone. Somehow 

the second bullet had come to rest in 

the gallbladder and was rattling around 

harmlessly inside.

Now it made sense. The bullet had 

exited the liver and entered the gallblad-

der, just underneath it. The hematoma 

that seemed so dangerous likely resulted 

from an injured small blood vessel 

inside the liver, causing blood to track 

down into the space below. 

We quickly removed the gallbladder 

and placed two drain tubes in the 

area of  the oozing, which had almost 

completely stopped. 

I later found two women in the surgi-

cal waiting area — they were called 

in once the police traced the patient’s 

vehicle. The women told me the victim 

was held up at gunpoint and shot while 

attempting to get into his car after 

leaving a nearby party.

I explained the bizarre fndings and 

the amazingly fortunate outcome. 

Normally I would have politely excused 

myself  then, but something stopped me. 

“Do I know you?” I asked one of  the 

women. “Yes,” she replied, laughing. “I 

work at University Hospital, and Mitch 

is my nephew.”

“Mitch, who works on the surgical 

foor?” I asked. Mitch was working part 

time to put himself  through graduate 

school. We were good friends.

After acknowledging our shared 

connection, I was ready to move on, but 

she continued: “Wild that you would 

operate on him.” 

“What?” I asked, perplexed.

“You just operated on Mitch,” she said.

I was incredulous. “You’re kidding!”

“You didn’t see his face?” she asked.

I stammered, “No … no, I didn’t,” 

and then, shaking my head and smiling 

as we hugged, muttered to myself, “I 

guess I was a little distracted.”  D
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Y
our watch shouldn’t cost more than

your car. It should look and feel like a

power tool and not a piece of bling.

Wearing it shouldn’t make you think twice

about swinging a hammer or changing a tire.

A real man’s timepiece needs to be ready for

anything. But that’s just my opinion. If you

agree, maybe you’re ready for the Stauer

Centurion Hybrid. Use your Exclusive

Insider Promotional Code below and I’ll

send it to you today for ONLY $59.

This watch doesn’t do dainty. And nei-

ther do I. Call me old-fashioned, but I want

my boots to be leather, my tires to be deep-

tread monsters, and my steak thick and rare.

Inspiration for a man’s watch should come

from things like fast cars, firefighters and

power tools. And if you want to talk beauty,

then let’s discuss a 428 cubic inch V8. 

Did I mention the $59 price tag? This

is a LOT of machine for not a lot of money.

The Stauer Centurion Hybrid sports a

heavy-duty alloy body, chromed and

detailed with a rotating bezel that allows

you to track direction. The luminous hour

and minute hands mean you can keep

working into the night. And the dual digital

displays give this watch a hybrid ability. The

LCD windows displays the time, day and

date, includes a stopwatch function, and

features a bright green electro-luminescent

backlight. We previously offered the

Centurion for $199, but with the exclusive

promotional code it’s yours for ONLY $59!

No matter what, this watch can keep

up. Thanks to the Stauer 30-day Money

Back Guarantee, you’ve got time to prove it.

If you’re not totally satisfied, return it for a

full refund of the purchase price. You also

get a 2-year replacement guarantee on both

movements. But I have a feeling the only

problem you’ll have is deciding whether to

keep the Stauer Centurion on your dresser

or tucked inside your toolbox.

Digital-Analog Hybrid • Dual digital displays • Heavy-duty chromed body • 3 ATM Water Resistant

LCD windows for time, date and day • Luminous hands • Contrast Stitch Band fits a 7 1/4"–9 1/4" wrist  


“I work in the surveying and
construction industry... 
This is my work horse watch
and I am proud to wear it.”

— C.S. from Fort Worth, TX

How to Tell Time Like a Man
Our digital-analog hybrid has two sides... tough and tougher.
Get it now for an unbelievable $59!  
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Visions of Math
From alien angels to hyperbolic lamp shades,    
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From alien angels to hyperbolic lamp shades,    these works of art were created not with paintbrush or chisel, 

               but with equations and geometry.

Though math and art may seem like complete opposites, for some artists, mathematics actually 

provides a rich vein of ideas for an artist to tap. And, conversely, exploring those ideas artistically  

can offer new insights into the mathematics involved. This fusion can result in deeply beautiful and 

meaningful objects like the ones youÕll see here, our favorites from competitive displays at recent 

Joint Mathematics Meetings, which bring together thousands of mathematically inclined individuals.

Gabriele Meyer’s Hyperbolic Lamp 

Shade is the physical manifestation 

of the solution to a 2,000-year-old 

mathematical conundrum.

From extraordinarily simple, ap-

parently unassailable assumptions 

called axioms (such as “Things that are equal to the same thing 

are also equal to one another”), Greek mathematician Euclid 

deduced surprising truths that seemed to apply unfailingly to 

the real world. But for centuries, one of the axioms he built 

his geometry on — one far more complex than the others — 

bugged mathematicians. To understand it, imagine a straight 

line and any point not on that line. Is it possible to draw a line 

through the point that is parallel to the given one? The axiom 

says yes, but only one such line could exist.

But mathematicians always wondered: Couldn’t you prove 

that, rather than assuming it? In 1826, Russian mathematician 

Nikolai Lobachevsky shocked the world with a simple answer: 

No. He created a new form of geometry that was the same as 

Euclid’s except for that one axiom. In Lobachevsky’s geometry, 

there can exist many lines through a particular point that are 

parallel to another line. 

Lobachevsky’s work seemed to  

be a mathematical curiosity of  

immense theoretical importance — 

but entirely inapplicable to the real 

world. In the early 1900s, however, 

physicist Herman Minkowski realized 

that non-Euclidean geometries like 

Lobachevsky’s may be superior at 

describing our physical world, de-

spite being extraordinarily difficult 

to visualize. 

Enter crocheters like Meyer, a mathematician at the  

University of Wisconsin-Madison. Crochet, as seen in Meyer’s 

lamp shade, is the perfect tool to help people visualize 

Lobachevskian geometry. Imagine crocheting what would 

ordinarily be a flat square except that in each new row, the 

number of stitches increases by, say, 10 percent. Then the  

number of stitches will grow exponentially. If the first row 

had 10 stitches, then after only 25 rows, each row would have 

more than 100 stitches — and after 50 rows, you would have 

more than 1,000! With all those extra stitches, the fabric  

can’t lie flat, so it bulges and waves.

Meyer started by crocheting an ordinary spiral. Then on the 

edge, she added more stitches than fit in a flat space, creating 

frilly, billowing edges that catch light or let it through. 

“The number of stitches grows so fast that eventually, 

you have to stop,” she says. “It just won’t all fit in Euclidean 

space.” So maybe this model of Lobachevskian space isn’t 

perfect — but it is beautiful. 

BY JULIE REHMEYER

Hyperbolic 
Lamp Shade
 Crochet, 24" x 24"{ }

This crochet model (from another artist) 
demonstrates the falsity of Euclid’s  
parallel postulate in Lobachevskian space.

Alternate view
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Most artists apply their colors using 

paintbrushes, pens or pencils, but 

Etienne Saint-Amant uses mathemati-

cal formulas. How do these abstract 

mathematical relationships produce 

works of art? Because of two properties of the functions: They 

can be defined and expressed on the two-dimensional plane, 

which naturally corresponds to the canvas; and Saint-Amant 

can associate colors with the numbers the functions ordinarily 

produce. This way, each function translates into an image. By 

tweaking the functions and overlapping their output, Saint-

Amant creates depth and emotive abstraction in his artworks. 

To create the sky and clouds in this image, The Key, 

Saint-Amant used a function that describes the way that dust 

particles randomly bounce and jiggle in the air, a phenomenon 

called Brownian motion. A different well-known function pro-

duces the reflecting lake, and another (created by Saint-Amant 

himself) produces the foreground.

Instead of watching TV, high school 

math teacher Daniel Gries relaxes 

by playing around on computers, 

programming them to make art. This 

piece began with his attempts to get a 

computer to draw a circle imperfectly, 

as though drawn by a wobbly human hand. A technique 

derived from fractals provided him with just the tool he 

needed, creating a similar kind of wobble at different scales, 

as if combining a slight quiver in the fingers with a larger 

tremble in the wrist. This allowed him to produce a bunch 

of cute little dots — the edge of the faux-hand-drawn circle. 

Next, he started dragging his circles across the page while 

allowing them to deform according to his fractal method. 

He traced each point on the circle in a different color to create 

this organic, scarflike image. 

Te Key
Digital, 18" x 36"

Fractal  
Cylinder 1
Digital, 11.5" x 22"
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The roots of Francesco De Comité’s Serendipist Alien 

Angel go back 2,300 years to Greek geometer Apollonius 

of Perga, whose mathematical work inspired the idea 

of an Apollonian gasket.

To make an Apollonian gasket, start with three circles 

that just touch each other (mathematicians call them “tan-

gent”) and that just fit inside a bigger circle. Then, wherever 

three circles come together, squeeze in a fourth one that 

just touches the other three. Do that again, and again and 

never stop — you’ll end up with a sort of mathematical doily. 

This is the Apollonian gasket. It has the remarkable property 

that it looks just the same if you zoom in on one piece of 

it as if you look at the whole thing, which, in mathemati-

cal terms, makes it a fractal.

But that raises a thorny mathematical question: How do you 

determine a fourth circle that squeezes perfectly inside three 

tangent circles? Apollonius claimed he knew how — but the 

book in which he provided the proof was lost to time. Renais-

sance scholars heard the statement of Apollonius’ theorem of 

how to construct the fourth circle and challenged one another 

to re-create his missing proof. Descartes discovered how to 

compute the radius of the new circle in 1643, but he couldn’t 

figure out how to place it in exactly the right place. It wasn’t 

until the 1990s that Allan Wilks and Colin Mallows of AT&T 

Labs finally found that final piece of the puzzle, and they had 

to use computers to do it. 

De Comité was working on a computer program to efficient-

ly create an Apollonian gasket; he began to experiment with 

variations and was struck by the beauty of some of the results. 

This image is the result of one of his experiments. 

{Serendipist  
Alien Angel
Digital, 24" x 24" }

Continue this process forever, and you will have an Apollonian gasket.
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Mojgan Lisar is an artist who specializes in 

tahzib, the Persian style traditionally used 

to illuminate the margins and title pages of 

medieval holy books. Reza Sarhangi is a 

mathematician at Towson University in Maryland 

who specializes in mathematical art, especially Persian 

tilings. Blue Sun combines both forms of Persian art.

The central construct of the piece is the decagram, 

a type of 10-pointed star, which Persian artists have 

incorporated into their art for centuries because of its 

geometric properties. To create a decagram, take a 

pentagon and set a second pentagon on top of it with 

a 36-degree twist. The star-shaped outer edges of the 

pentagons form a decagram. 

Blue Sun has a structure of four concentric deca-

grams. Sarhangi created a Persian tiling pattern for the 

innermost and outermost regions between the decagrams, 

using only shapes that could be created with a straightedge 

and compass. Lisar created a tahzib pattern for the two middle 

regions, with traditional stem, leaf and flower 

images. Both artists incorporated 10-fold rota-

tional symmetry — if you imagine a clock hand 

starting at the top and sweeping one-tenth of the 

way around, the 36-degree slice it sweeps out will 

be identical to each of the nine remaining slices. Each 

sector also has its own reflective symmetry: Draw a line 

starting at the center of the figure dividing the slice in 

half, and fold along it. The sides that fold on top of each 

other will be identical.

Persian tile artists were mathematicians, even if 

they didn’t prove any theorems, Sarhangi says. “The 

main concern of a designer or craftsman was to pres-

ent a visual harmony and balance,” he says, “not only 

in deep details, but also as a whole. Nevertheless, the 

steps taken for creating such designs include techniques that 

are only acquired and understood by mathematicians. An 

individual with the knowledge of such detailed techniques is 

a mathematician, artist or not.”

Blue Sun
Digital, hand-painted,  

16" x 16" 
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The miracle of George Hart’s 

sculpture SuperFrabjous is that it 

doesn’t fall apart. 

Two smaller structures make up 

the sculpture: The first contains six 

flat pentagons that interweave with 

each other, each floating in isolation, 

unsupported by any of the others. 

The second contains five interlocking 

tetrahedra (pyramids with a trian-

gular base), also floating in isolation 

from one another. Separately, each 

structure would collapse, but the 

two support one another, stabilizing 

their airy flotation. 

“It works because the floating tetra-

hedra want to fall apart into five pieces 

and the floating pentagons want to fall 

apart into six pieces,” Hart says. “They 

can’t agree 

on how to fall 

apart, so they 

end up staying 

together.”

Each of the 

two smaller 

structures has 

30 sides: six 

pentagons 

with five sides 

each, and five 

tetrahedra with 

six edges each. 

Each pentagon 

side connects with a single tetrahedron 

edge — this is what gives the sculpture 

its solidity. Hart chose sharply waved 

edges for the pentagons and allowed 

the edges of his tetrahedra to stray 

from straight lines, undulating first up 

and then down in a wave. The sculp-

ture is thus created from 30 laser-cut 

wood pieces, each containing one pen-

tagon edge and one tetrahedron edge.

Hart built his sculpture on the under-

lying geometry of the rhombic triacon-

tahedron, which is most familiar — if it’s 

familiar at all — as the 30-sided die in 

Dungeons & Dragons. 

(“Triacontahedron” is 

a mouthful, but it just 

means “30-sided solid 

figure with straight 

edges and flat faces.” 

“Rhombic” means that 

its faces are all rhombuses — parallelo-

grams with sides of equal lengths.) 

“I think of myself as an applied 

mathematician, applying math to 

sculpture,” Hart says. “Working three-

dimensionally gives you a tactile under-

standing, a different way of knowing 

what’s happening. Like in any other 

branch of mathematics, you notice 

things that seem to work out, and you 

make conjectures, and that leads you 

to prove them or disprove them. It 

leads to mathematical questions.”  D

Julie Rehmeyer is a Discover contributing 

editor and freelance writer in Santa Fe, N.M. 

SuperFrabjous
Wood sculpture, 12" x 12" x 12"

➔
See more examples of these artists’ work, and other mathematical creations, at DiscoverMagazine.com/MathArt

SuperFrabjous 
is actually two 
interlocking 
sculptures in 
one, made up 
of 30 pieces 
that make up 
the two struc-
tures’ edges.
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edge

Five tetrahedra
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BY STEVE NADIS   ILLUSTRATIONS BY ROEN KELLY
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The earliest stars began to glow mere eons after the Big Bang.

 Finding them now isn’t easy.
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A few years ago, Avi Loeb 
spent some time with 
his family near Cradle 
Mountain in the highlands 
of  central Tasmania, a 
rugged island 150 miles 
south of  Australia. Their 
cabin had no Internet 
connection, affording 
Loeb some free time after 
dinner to step outside and 
look up at the clear night 
sky, untainted by any trace 
of  urban glow. He was 
bowled over by a dazzling 
spectacle: the countless 
stars of  our galaxy, the 
Milky Way, airily stretched 
across the heavens. Off  to 
the side, he could see our 
nearest galactic neighbor, 
Andromeda, a twinkling, 
iridescent patch roughly 
the size of  the moon.

Taking in the view for hours, 

Loeb, chairman of  Harvard’s 

astronomy department and director 

of  its Institute for Theory and 

Computation, was overwhelmed 

upon seeing the things he studied as 

a theorist suddenly made palpable. 

While admiring the celestial display, 

he felt a heightened resolve to 

answer the question long at the 

heart of  his research agenda: How 

and when did the frst generation of 

stars and galaxies light up? 

The Bible attributes the 

appearance of  these luminous 

sources to a divine proclamation: 

“Let there be light.” But Loeb 

wanted to tell the scientifc version 

of  the Genesis story instead.

CHASING STARLIGHT

A youthful-looking 52 with short-cropped brown hair and 

a compact, athletic build, Loeb did not always plan on 

becoming an astrophysicist. Born and raised on a farm 

in Israel, he spent weekends seeking out quiet spots to 

read and think. “I soon realized that philosophy asked 

the fundamental questions but often didn’t resolve them,” 

says Loeb. Science, he realized, might put him in a better 

position to provide some answers.

He got the opportunity to pursue math and physics through 

Talpiot, the elite eight-year military program he entered in 
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1980 at age 18. When he wasn’t 

parachuting, driving tanks or 

participating in naval exercises, he 

worked toward a Ph.D. in physics. 

His research — which yielded a 

new kind of  gun for accelerating 

projectiles to high speeds — earned 

him free trips to the United 

States at the behest of  President 

Ronald Reagan’s Strategic Defense 

Initiative (aka “Star Wars”). During 

these stateside visits, he toured 

research centers like the Institute 

for Advanced Study in Princeton, 

N.J., where the late astrophysicist 

John Bahcall offered him a fve-year 

fellowship, provided that he switch 

from physics to astrophysics. 

Loeb gladly accepted. He worked 

at the institute and taught himself  

astronomy from 1988 to 1993. 

“I had to learn everything from 

scratch,” he says. “I didn’t even 

know how the sun shines.” He 

published a number of  papers, but it wasn’t until he came to 

Harvard in 1993 as an assistant professor that he settled on 

a principal theme for his work: the frst sources of  light. It 

was hardly a feld at all back then, Loeb recalls, since just a 

handful of  researchers worldwide were active in that area. He 

chose to focus on the birth of  the earliest stars, rather than the 

birth of  the universe some 13.8 billion years ago, because he 

wanted to get closer to “our cosmic roots,” as he puts it: “We 

are made of  the heavy elements that were produced by the frst 

stars, not by the Big Bang.” 

Furthermore, while there is no foreseeable way of  looking 

at the Big Bang directly, cosmologists can look for the frst 

The Bible 
attributes the 
appearance  
of stars and 

galaxies 
to a divine 

proclamation: 
“Let there be 

light.” But Loeb 
wanted to tell the 
scientific version 

of the Genesis 
story instead. 

Avi Loeb
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stars and galaxies with today’s telescopes and new ones being 

built. Loeb compares this search to archaeology, where deeper 

excavations uncover older artifacts. Cosmology is similar: 

Because light travels at a fnite speed, looking at distant light 

sources is literally looking back in time. Therefore, spotting a 

galaxy that was once 13 billion light-years away (and is now 

much farther away because the universe is expanding) gives us 

a glimpse of  the universe as it was 13 billion years ago.

A STAR IS BORN

One of  Loeb’s earliest contributions to this endeavor came in 

the mid-1990s when he, along with graduate student Zoltan 

Haiman and postdoc Anne Thoul, worked out the processes 

that likely created the frst stars. The story starts shortly after 

the Big Bang, which left a universe where matter was spread 

more or less, though not exactly, evenly: Certain regions of 

the cosmos started out slightly denser than average by a mere 

0.001 percent. Clumpiness begot more clumpiness, as gravity 

pulled more matter into these dense regions, and clouds of 

gas, composed mostly of  hydrogen atoms, began to assemble. 

To simplify their calculations, Loeb and his collaborators 

assumed the clouds were symmetrical spheres that, under the 

right circumstances, could collapse to form stars. It was a 

delicate balancing act: Gravity tries to make the gas contract, 

but as the gas volume shrinks, the temperature goes up and so 

does the outward pressure, resisting further collapse. To make 

a star, the center of  the gas cloud would need to become dense 

enough to trigger thermonuclear fusion, in which atomic 

nuclei fuse, releasing a burst of  energy. But the cloud would 

never reach that critical density without some way of  cooling 

down, thereby reducing the pressure of  the gas.

Soon Loeb’s team hit upon a way that might occur. 

As the gas becomes denser, two hydrogen atoms could 

occasionally combine to form a single hydrogen molecule. 

These molecules initially comprise just a small fraction of 

the gas, but they can absorb heat from the surrounding 

gas and get rid of  it by emitting light, thereby cooling the 

cloud enough for stars to form.

Loeb and his team modeled these processes as far as 

paper-and-pencil calculations could take them, at which point 

Loeb decided to enlist astronomers who had access to more 

sophisticated computer hardware and methodology. “Avi 

gave us this wonderful physics problem,” says Volker Bromm, 

now based at the University of  Texas at Austin. “He got this 

whole program in computational astrophysics started by 

laying out the big picture.” 

To look back 
in time,
astronomers 
need only 
develop 
instruments that 
can see farther 
away. In the 
field of galaxies 
below, astrono-
mers spotted 
one particularly 
distant galaxy, 
UDFj-39546284. 
Its light has been 
traveling toward 
us for 13 billion 
years, culminat-
ing in the view 
at left.
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Proton

After the Big Bang, the 
universe flls with ionized 
hydrogen, single positive 
protons.

10,000 
years

IONIZATION

BIG 

BANG

Three
minutes 

Logarithmic scale
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Over the years, the simulations of  Bromm and other 

theorists have evolved to show that clouds following Loeb’s 

general pathway could give rise to multiple stars of  varying 

sizes. In aggregate, the process could be prolifc enough to give 

rise to the early galaxies themselves.

 

PROSPECTING FOR CLOUDS

In the hopes of seeing the gas clouds from which the frst stars 

arose, Loeb has devoted much of the past decade to a new feld 

called 21-centimeter cosmology, a branch of radio astronomy 

that focuses on identifying electromagnetic radiation that 

started out with a wavelength of 21 centimeters. This technique 

exploits the fact that the clouds in question, the progenitors 

of stars, are composed primarily of hydrogen atoms. Each 

hydrogen atom, made up of just a single proton and electron, 

can be found in two slightly different states: a higher energy 

state in which the electron and proton essentially spin in the 

same direction, and a lower energy state in which they spin in 

opposite directions. When the atom drops from the higher to 

the lower energy state, it emits a photon, or light particle, in 

the form of a radio wave 21 centimeters long. By fnding places 

in the sky where radio telescopes pick up these 21-centimeter 

emissions, astronomers can identify light from faraway, 

hydrogen-rich regions so ancient they date back to the era when 

stars were starting to form. 

Loeb and his Harvard colleague at the time, Argentine-

born astrophysicist Matias Zaldarriaga, caught the interest 

of  the observational community when they explained how 

21-centimeter cosmology could provide a more detailed 

picture of  the universe than ever before. The approach offers 

astronomers the only way yet devised of  peering into the 

so-called “dark ages” — the murky period between the Big 

Bang and the time, roughly 100 million years later, when 

starlight began bathing the cosmos. 

Another potential payoff  could be charting the evolution of 

the universe as a whole. Remember, the universe has continued 

to expand since the moment of  the Big Bang and long 

after those dark ages came and went. Not only does space 

stretch, but so do light and other forms of  electromagnetic 

radiation. Now suppose that the 21-centimeter radio waves 

from a hydrogen cloud were emitted when our universe was 

just 500 million years old. By the time those radio waves 

reached us, some 13 billion years later, the universe would 

have expanded by factor of  10. The radio waves, which started 

out as 21-centimeter signals, would have stretched out by the 

same factor of  10, registering as 210-centimeter radio signals 

at receivers on Earth. Radio waves that originated at a later 

time in cosmic history, on the other hand, might be stretched 

only, say, fvefold, arriving here as 105-centimeter signals. 

By capturing radio signals given off  by gas clouds, Loeb and 

Zaldarriaga told their peers, they could explore the history of 

the universe with greater clarity than ever before. 

EPOCH OF REIONIZATION

With new radio antenna arrays now being deployed for 

this purpose, the cosmologists plan to begin their search 

by determining exactly when star formation began. To 

understand the approach they’re taking, let’s revisit the fery 

aftermath of  the Big Bang, when most ordinary matter 

consisted of  hydrogen atoms.

Due to the high temperatures and intense radiation 

present, these atoms initially existed in an “ionized” state: 

The negatively charged electrons had been stripped from 

positively charged protons, leaving behind positive hydrogen 

ions (essentially, just protons). Some 380,000 years after the 

universe’s explosive debut, things cooled down enough for 

electrons and protons to combine to form so-called “neutral” 

21-Centimeter 
Cosmology Explained

  



Radio telescopes detect 
the 21cm emissions, now 
stretched out by the 
universe’s expansion. 
Whenever they no longer 
appear, the frst stars 
have formed.
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EPOCH OF 

REIONIZATION
DARK AGES

As the universe expands, 
hydrogen clouds cool off. 
Positive protons combine 
with negative electrons 
to create neutral 
hyrdogen. The atoms 
can shift between 
two energy states.

Proton

Electron-

First
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form
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13.8 billion years

LOWER STATE

Absorbs 21cm 
photon

Emits 21cm 
photon

-

HIGHER STATE

Due to ultraviolet radiation 
from the frst stars, neutral 
hydrogen atoms lose their 
electrons and become 
positively charged again.

First

stars

form

Clouds 
of neutral 
hydrogen
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hydrogen — hydrogen with its electrons in tow, thus having no 

net electrical charge. Hydrogen atoms remained in this neutral 

state until stars and galaxies began to form. In addition to 

emitting visible light, the stars also gave off  ultraviolet (UV) 

radiation, which split the neutral hydrogen it encountered into 

electrons and protons — ionizing it once again, and thereby 

launching what researchers call the “epoch of  reionization.” 

An ionized hydrogen atom, consisting of  a proton shorn 

of  its associated electron, cannot undergo the 21-centimeter 

transition discussed above, since that transition depends on 

the relative spins of  the electron-proton pair. Astronomers, 

therefore, look for signs of  reionization by determining when 

21-centimeter emissions start to turn off  — evidence that 

stars are, simultaneously, starting to turn on. Their tactic, in 

other words, is to seek out the effects of  the frst stars rather 

than the stars themselves.

This predicted shutdown in 21-centimeter radio signals 

will not occur everywhere at once, Loeb says. To picture 

what happens, he suggests imagining a block of  Swiss cheese. 

The holes in the cheese represent places around stars and 
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galaxies where UV radiation has 

ionized hydrogen atoms, bringing 

21-centimeter emissions to a halt. 

The solid parts of  the cheese 

represent places farther removed 

from the radiation, where neutral 

hydrogen still exists. 

Over time, Loeb says, the holes 

keep growing and eventually 

overlap until there is no “cheese” 

(neutral hydrogen) left. We know 

this is the case because the universe 

is almost completely reionized 

today and has been for more than 

12 billion years. In fact, Loeb 

claims that 99.99 percent of  the 

universe’s volume was reionized 

during the 950 million years 

that followed the Big Bang. 

When, during that time, did 

the stars switch on? One observer 

inspired to fnd out was Aaron 

Parsons at the University of 

California, Berkeley. Parsons is co-principal investigator 

on the Precision Array to Probe the Epoch of  Reionization 

(PAPER), a 128-antenna telescope in South Africa’s Karoo 

Desert. Parsons explains his goals this way: The frst stars 

generated UV radiation, and at some point these stars 

produced enough radiation to 

ionize the gas lying between 

galaxies. “The question is, ‘When 

did that happen?’ ” he says. Instead 

of  looking at the stars, Parsons is 

trying to catch the moment when 

the 21-centimeter signal disappears, 

which should correspond to the 

time when most of  the hydrogen 

became ionized. 

For starters, Parsons and his 

collaborators are essentially looking 

at many single, two-dimensional 

slices of “Swiss cheese” and 

counting the number of holes to 

get a statistical measure of how 

patchy the cheese is — the number 

of holes indicating how far along 

reionization is. If  that approach 

proves successful, the plan is to 

expand PAPER or build a new and 

improved instrument that could 

directly map in three dimensions the 

distribution of neutral hydrogen and the “cheese holes” where 

neutral hydrogen is absent. That would provide a fuller picture, 

and chronology, of reionization throughout the cosmos. 

Knowing when reionization kicks in will allow scientists to 

deduce precisely when the earliest stars ficked on.

Loeb hopes 
the revised 
account of 

first light will 
hold up in the 
wake of the 

newly acquired 
information — 
but he says he 
will be equally 

happy if the 
stars surprise 
him yet again.

It’s taken billions 
of years, but our 
once-uniform 
universe has 
evolved some 
stunning diversity 
— such as spiral 
galaxy M83, 
a hotbed of 
star formation.   
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THE NEXT FRONTIER

Loeb, meanwhile, is also working on the next big frontier in 

cosmology, using neutral hydrogen observations to explore 

an even earlier chapter in cosmic history: the dark ages before 

star formation. He says this might be the most interesting 

epoch of  all — a time when the primordial clumps of 

hydrogen took shape, becoming the clouds from which the 

frst stars and galaxies would eventually form.

Toward that end, Loeb is an investigator on the Dark Ages 

Radio Explorer (DARE) mission, which aims to put a radio 

antenna on a spacecraft orbiting the moon. Flying above 

the Earth’s ionosphere, which blocks or scrambles certain 

electromagnetic frequencies, DARE would deliver much 

cleaner measurements than today’s antennas. Loeb helped 

optimize the instrument’s design but stresses that DARE is 

still just an idea, and an unfunded one at that. 

Even without DARE up and running, existing projects are 

starting to gather new data. For instance, the Hubble Space 

Telescope recently spotted a galaxy that ficked its lights on 

just 380 million years after the Big Bang. Hubble’s successor, 

the James Webb Space Telescope, will sport a mirror nearly 

three times the diameter and seven times the collecting area of 

Hubble’s. This 6.5-meter mirror should enable it to detect even 

fainter (and therefore older) galaxies.

Loeb and his university, Harvard, are also partners in the 

Giant Magellan Telescope (GMT), a 24.5-meter instrument 

being built on a Chilean mountaintop. The GMT is aiming 

to begin observations within the next decade, and since it’s 

about fve times bigger in area than today’s biggest optical 

telescopes, it should drastically accelerate the search for the 

universe’s frst galaxies.

Meanwhile, two even more grandiose projects — the Thirty 

Meter Telescope in Hawaii and the 39-meter European 

Extremely Large Telescope in Chile — are also moving 

forward, although funding remains a challenge. 

To Loeb, these high-profle developments offer a welcome 

change from the quiet, data-poor feld he entered two decades 

ago. And he’s already making advance preparations, devising 

strategies to process and interpret the deluge of  data he 

expects to see in the coming years. Although it’s impossible to 

know what discoveries these data will yield, Loeb hopes the 

revised account of  frst light that he’s helped draft will hold up 

in the wake of  the newly acquired information — but he says 

he will be equally happy if  the stars surprise him yet again. 

During a recent, refective moment, Loeb decided to grade 

the Bible’s creation story. He gave it a B-plus, taking into 

account the work’s age. 

“The insight that the universe had a beginning is very 

impressive,” he says, “but the subsequent details are 

fawed.” With the beneft of  modern technology, plus two 

decades’ worth of  theoretical input, Loeb is optimistic that 

he and his colleagues can turn that B-plus into an A (or 

at least an A-minus).  D

Steve Nadis, a Discover contributing editor, is co-author of A History in 

Sum: 150 Years of Mathematics at Harvard, published in November 2013.

The Precision Array 
to Probe the Epoch 
of Reionization 
in Africa will help 
pinpoint the earli-
est stars’ births.  
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I
t is a dark night on a lonely highway outside Sante Fe, 

N.M. In the distance on either side of the road, you can 

still see the looming outlines of stately mesas.

“That’s all sedimentary rock up there. If  you need to 

urinate, I’m happy to pull over,” Matt Lewin says as I 

glance out the window. “Some of the greatest fossil discoveries 

on Earth have been made from taking a piss.”

Lewin is not being sarcastic. For him, a drive down a 

New Mexico highway is something between taking a trip to 

Disneyland and being subjected to Chinese water torture. Miles 

upon miles of potential fnds lie in wait, but each mile marker 

 

Traveling 
to the nether 

reaches of the 
planet to treat 
scientists in the 

field, wilderness 
physician 

Matt Lewin 
has X-rayed 

dinosaur eggs 
and developed 
an antidote to 

deadly snakebites 
along the way.

BY ERIK VANCE
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represents another lost opportunity. A few times he can’t contain 

himself, and we pull over to look at deposits by the highway. 

“I’m not a snob,” he says at one point during the trip, 

examining an ordinary piece of  petrifed wood that most fossil 

hunters would probably ignore. “Something that lasted 35 

million years or 100 million years, and it’s as beautiful as the 

day it was laid down.” 

Lewin is not a professional paleontologist. At best he is an 

enthusiastic amateur with an exceptionally good eye. Yet as an 

expert in “expedition medicine,” Lewin has been a part of some 

of the remotest digs on Earth. When a 1-ton dinosaur bone 

breaks a scientist’s leg three days’ travel from the nearest hospital, 

few people are better equipped to deal with it than him.

Lewin’s dual passions of  medicine and fossils make for 

dizzying conversation as he switches, rapid fre, between how 

to fll a dinosaur footprint with plaster and how to use that 

same plaster to fashion an emergency cast. Back in the car, he 

lists famous fossil discoveries the way others recite baseball 

stats, and he holds forth on the many uses of  safety pins in an 

emergency — like pinning an unconscious patient’s tongue to 

his cheek to prevent choking. 

I am in New Mexico crashing Lewin’s vacation to learn 

Wilderness doctor 
Matt Lewin in  
the field in the 
Philippines.
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how doctors working days away from civilization respond to 

emergencies with little more than intuition and a cooler full 

of medical equipment. Through a new institute he directs in 

San Francisco, Lewin has become the go-to guy for scientists 

worried about tropical diseases and exotic poisonous animals, 

by providing advice, logistics and referrals. But his pathway to 

expedition doctor was hardly direct.

M
att Lewin was exposed to science as a small child by his 

father, an industrial chemist, and his aunt, who worked 

at New York’s American Museum of Natural History, 

where she would often bring her dinosaur-obsessed nephew.

But Lewin’s career-defning moment came when Carleton 

Gajdusek came to his second-grade classroom. Gajdusek had 

just won the 1976 Nobel Prize in medicine for unmasking a 

bizarre disease in Papua New Guinea called kuru, a byproduct 

of ritualistic cannibalism. His presentation was dazzling, 

with wild stories of jungle adventure. The laureate acted out 

stages of kuru, which often causes victims to shake or laugh 

spontaneously. The class was captivated, but none more than 

the little kid in the front row with the bright-red hair.

For Gajdusek’s grand fnale, he brought out the brain and 

heart of a sheep. “When he dissected that heart, I was right 

there. And he opened it up and showed me the valves,” Lewin 

recalls. “I was the only person there. He was talking to me. 

That’s how I felt — all I remember is me and him.” 

After that, Lewin decided to become an exotic adventurer, 

too. It was a career born of  a childhood fantasy. He imagined 

himself  an intrepid dinosaur hunter, trekking through deserts 

like the ones he saw pictured at the museums in search of  the 

next Tyrannosaurus rex. Windblown, perhaps squinting to the 

horizon, he would brave scorching sun and exotic predators to 

save lives, just like Gajdusek did. 

Classifed ads for “desert adventurer doctor” are few and 

far between, so an aspiring student must build his own road 

map. Lewin got a degree in entomology from the University 

of California, Berkeley and started looking at medical schools. 

To avoid hundreds of thousands in debt, he enrolled in a 

University of Texas program that awards full scholarships to 

medical students who also complete a Ph.D. Afterward he 

chose emergency medicine — known for its short spurts of 

intense crisis — fguring this was as good a place as any to start. 

In 2000 Lewin moved to New York for a high-octane ER 

residency in a part of  the city where the emergency room was 

the closest thing many people had to health insurance. Here 

he was just one young physician among many, immersed 

in urban crises. The ER was less a place of  Victorian-style 

contemplation and more one of  constant turmoil and 

compromise, so Lewin struggled. He felt his dream of 

adventure and love of  healing slowly slipping away. 

Until one tragic day. It was cold and wet. After fve 

consecutive shifts, Lewin was physically and emotionally 

exhausted. As he remembers, a woman in her 40s whom I’ll call 

Brenda (to protect her privacy) entered the emergency room, 

babbling incoherently, her body swollen beyond recognition. A 

faky substance called uremic frost, likely the detritus of kidney 

failure, coated her skin, giving it a greasy feel. Lewin and the 

others realized she didn’t have much time. He told the husband 

and son to go to the waiting room as Brenda, paranoid and 

confused, screamed in the background.

“She was saying to her husband, ‘They’re going to kill me!’ ” 

Lewin recalls quietly, the memory vividly painted across his 

face. “She was crazy. She was insane with uremia, and yet she 

said this thing that was so … prescient.” 

They needed to get an 8-inch catheter into her jugular 

vein to administer medication, but the attending physician, 

underequipped and overextended, said they didn’t have the 

resources to sedate her. He instead ordered another resident 

to hold down the hysterical Brenda so Lewin could insert a 

Above, left: Matt Lewin cares for a young patient during a maritime 
expedition to Indonesia in 2013. Above: Lewin treats the victim 
of an accidental machete injury during a trip to Mount Banahaw 
in the Philippines in 2011. Opposite page, left to right: During the same 
expedition, Lewin demonstrates how to turn a shirt into a sling using 
safety pins; examines a large toad that he found; and explains 
to researchers how to use an injectable snakebite antidote — a 
conversation that inspired him to make a nasal spray as an alternative.
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needle in preparation for threading the catheter. As Lewin 

lifted the needle, Brenda slipped out of  the resident’s grip and 

vaulted onto the 3-inch spike in his hand, impaling her chest 

and puncturing her lung. She died minutes later. 

The attending physician barely blinked as he moved on to the 

next crisis. Lewin, badly shaken, was left to inform Brenda’s son 

and husband that she had died, offering no other details. They 

quietly accepted the news, assuming she died as a result of her 

condition. “She would have died anyway,” Lewin remembers 

the attending physician saying.

A
fter that, Lewin sank into a depression. He went home 

and wrote a list of  the “Ten Things That Can Kill 

You Quickly.” The key for him was to separate the 

situations in which a doctor needs to rush from those that can 

beneft from him taking a step back. Choking, for example, 

or a potent toxin or cardiogenic shock, where the heart is 

too damaged to function — these things require fast action. 

In scenarios that didn’t make it onto his list, Lewin decided, 

physicians could take more time.

“Most diseases just don’t kill you that fast. It’s not like 

television,” he says. “If  fve seconds makes the difference, 

then probably the die is cast.” That was often the case in 

the emergency room, which was starting to feel more like a 

frenzied factory than a place for saving lives. He decided he 

had to pull away and focus instead on the list, which would 

later become his mantra.

Lewin began spending more time at the Natural History 

Museum, hanging around the fossils. He needed a change, 

but as he withdrew emotionally, his performance reports 

tanked, and he was no longer an attractive transfer to the 

other hospitals where he applied. But one spring day in 2001, 

an email popped up on his screen. It read, “Matt, Herb Bivins 

here. You don’t like New York. Call me.” 

Bivins was head of the University of California, San 

Francisco’s emergency medicine program in the Central Valley 

town of Fresno. The program is legendary in the feld of 

wilderness medicine, which refers to the practice of medicine 

with minimal equipment in remote places. The program 

is housed in the only major trauma center near the Sierra 

Nevada, so its doctors handle serious wilderness injuries, such 

as lightning strikes and snakebites, up and down the mountain 

range. They also train and advise backcountry medics in several 

national parks as far away as the Grand Canyon. Their research 

is a broad mix that includes the long-term effects of rattlesnake 

venom and new ways to reduce a dislocated hip.

Bivins had gotten Lewin’s inquiry and decided to take a 

chance. At the same time, Lewin overheard a conversation in 

the museum about two paleontology students who became sick 

in Mongolia. They got better, but the team was nervous about 

the mysterious disease. Lewin bolted home to read everything 

he could on Mongolian diseases and wrote the expedition 

leader — famed paleontologist Mark Norell — begging for a 

chance to fgure out the diagnosis. Norell took a shine to the 

eager doctor and agreed. So Lewin asked for blood samples 

from other paleontologists who visited the region; being 

scientists themselves, they were happy to roll up their sleeves. 

Four other members of the expedition had gotten sick, and 

all of them showed antibodies for North Asian tick typhus, 

although only two remembered being bitten. Lewin sketched 

 
 Cardiogenic shock: 

Heart cannot pump blood 
effectively for any reason, 
such as heart attacks. Some 
types of unusual heart 
rhythm also result 
in sudden death. 

  Neurogenic shock: A 
catastrophic drop in blood 
pressure due to damage to 
the nervous system. Stroke, 
bleeding into or around the 
brain and some broken-neck 
injuries fit into this category.

 

 
Sepsis: A whole-body 
inflammation in response 
to an infection. Often 
called “blood poisoning” by 
laypeople, it can happen in 
the lungs or skin and usually 
accompanies a fever. Left 
untreated, sepsis leads to 
multisystem organ failure.

10 Things 
That Can 
Kill You 
Quickly 

1 2 3
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out a paper on the tick-borne infection (later published in The 

Lancet) and packed his bags for Fresno.

With roots as an agricultural town out of The Grapes of 

Wrath, Fresno has gangs, high poverty rates and a downtown 

that is frequently voted the worst in the state. But Lewin thrived 

there. Fresno offered what New York couldn’t: a different way 

to look at medicine. In the Fresno ER, he 

treated the usual gunshot wounds and drug 

overdoses, but he also got to see hikers and 

climbers, teach medicine to backcountry 

rangers and give lectures on venomous insects. 

Then in 2003, he got a call from Norell. 

Asia was gripped in panic over the viral 

respiratory infection SARS, and Norell 

was nervous about his upcoming dig in 

Mongolia’s Gobi Desert. Remembering the 

quirky redheaded doctor’s eagerness to treat 

his former crew, Norell invited Lewin to 

accompany the Mongolian expedition as a 

medic and fossil spotter.

Most of Lewin’s medical work turned out 

to be keeping people hydrated and upright. 

(Cracked and blistered feet are a common 

problem in the Gobi.) He patched up feet, 

treated sunburn and worked his turns in 

the kitchen. Then one day, on the way back 

from a dig, he spotted an odd spherical rock 

half-exposed in the sand. Looking closer, he 

discovered it was a dinosaur egg. 

A dinosaur egg is rare, but even more so 

if  the embryo is still inside. The only way to 

confrm it would be to X-ray the egg. So he 

cataloged it, carefully packed it in a medicine 

bottle, and few it to San Francisco. At 3 a.m. he went to the 

CT scan lab at Fresno’s parent campus in San Francisco, 

registered the fossil as a patient named Egg Kernberg, and 

scanned it. Inside were forelimbs, legs, scattered vertebrae, 

the mandible and the base of  a skull, all from a distant 

relative of  Triceratops. Eventually, Lewin’s discovery found 

its way onto the cover of  the prestigious German journal 

Naturwissenschaft.

After that, Lewin was a fxture on Gobi fossil trips. He took 

a job teaching at UCSF and working in its emergency room. 

The academic calendar allowed him to duck out every year for 

Mongolia or any of half  a dozen other countries. The more 

trips he went on, the better a medic he became and the more 

eclectic his publishing. Over the next few years, he co-published 

papers on performing emergency throat incisions with a hollow 

plastic spike; the discovery of a large, birdlike dinosaur; the 

defensive behavior of moth larvae; and how to hum to make 

your jugular vein more accessible. 

Meanwhile, he patched up a Mongolian porter 

who tripped over an open manhole and saved 

another’s life after a cut led to an infection that 

got out of hand deep in the Gobi. But it was not 

just cuts and antibiotics. Long, lonely hours in 

an unfamiliar place can drive some people to 

drink heavily, get in fghts or become depressed. 

Others just make really bad choices. On one of 

his earliest expeditions, Lewin brought an acidic 

callus-removal cream that rapidly dissolves 

layers of  skin. Despite a large, handwritten label 

reading “Not for face, lips or masturbation,” 

a male student had quietly raided his med kit, 

leaving Lewin to treat the badly placed wound. 

On that same trip, Lewin saw that some doses of 

Vicodin, an addictive painkiller, had gone missing. 

Trusting his team members, he hadn’t thought 

to keep the narcotic under lock. Then he noticed 

some members of his crew acting “unusually 

chipper.” Lewin confronted one of the students, 

who denied stealing the drugs until Lewin pointed 

out that with pupils the size of pinpoints, the 

student was clearly high. 

The oddest use of Lewin’s skills came in 2005. 

During another project in Asia, a group of 

armed men claiming to be local park enforcement 

descended on the camp and halted the dig. They asked the team 

to contribute to a “wilderness restoration fund.”

This obvious demand for a bribe rankled the government 

minder assigned to watch the team. The minder was from a 

higher social class than the armed men and refused to pay, 

calling them “primitive sheeplike people.” 

With some members of the crew now afraid for their safety, 

Lewin found himself on hazardous moral ground. A patient 

who puts his life or the life of others in danger loses the right 

to make his own decisions and can be restrained or sedated. So 

after conferring with the team leader, he offered a glass of wine 

Lewin co-

published papers 

on performing 

emergency 

throat incisions; 

the discovery 

of a birdlike 

dinosaur; 

the defensive 

behavior of moth 

larvae; and how 

to hum to make 

your jugular vein 

more accessible.

  Embolism: A blood 
clot or nitrogen bubble 
(the bends) that blocks 
circulation of blood from 
the heart to the lungs. 
Emboli can be pumped from 
the heart to the brain or 
other crucial organs, causing 
deadly complications.  

Fluid and blood loss: 
Essentially, bleeding 
to death or severe 
dehydration. When large 
amounts of fluid leave the 
body, blood pressure falls 
dramatically.

  Toxic-metabolic-
environmental 
problems: Lewin lumps 
venoms, poisons, acute 
electrolyte, glucose and 
hormone disturbances 
into one category relating 
to body chemistry and 
extreme exposures.

  Tension pneumothorax: 
A hole in the lung that 
creates a one-way air valve. 
Air traps in the chest and 
eventually compresses the 
heart. It can, potentially, 
be relieved using a large 
needle. 
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Tamponade: An 
accumulation of fluid 
or blood around the heart 
that compresses the heart 
and causes dangerous drops 
in blood pressure.

 
 

Anaphylaxis and  
similar reactions: An 
extreme allergic reaction 
that can, with fast action, 
be reversed with drugs  
like epinephrine.

 Choking: This danger 
can arise from swallowing 
an object, but also from 
swelling or trauma. 
“Everyone should be 
educated in handling this 
fatal emergency in babies 
and adults,” Lewin says.  — EV 

 

8 9 10

Matt’s  

Must-Have 

Med Kit 
It’s impossible to prepare 
for every emergency, but in 
addition to standard first-
aid supplies, there are a few 
things Lewin rarely leaves 
civilization without.  — EV

Safety pins: Lewin prefers 
medium or large. They’re 
crucial for turning shirts 
into slings, and they can be 
heat-sterilized and used 
to relieve blood trapped 
under a toenail.

Heavy-duty nail clippers: 
Crucial to a happy team 
are happy hands and feet. 
Hangnails, ingrown toenails 
and other slight discomforts 
for city dwellers can be misery 
in the backcountry.

Skin stapler and staple 
remover: Lewin is a 
huge fan of these. Like a 
normal stapler (but not to 
be swapped with one), skin 
staplers punch stainless-steel 
clips over a wound to close it. 

Sugar: Never assume that a 
diabetic has brought it. Lewin 
brings granular sugar, which 
he also uses to clean wounds. 

Baby aspirin: This is less 
for pain and more for heart 
attacks and strokes, which 
demand a fast blood thinner. 
The small-size pills allow  
Lewin to administer just the 
right dose.

Thermometer: Amazingly, 
many people don’t think 
to pack this medicine-cabinet 
staple into their roving 
med kits. But if a patient has 
a fever, this is a crucial tool. 
Taking regular temperature 
readings will help you 
distinguish minor bugs from 
life-threatening disease. 

Fingertip pulse 
oximeter: Combined with a 
thermometer, a finger oxygen 
sensor — available at many 
drugstores — gives a great 
read on vitals. It distinguishes 
between someone who is in 
real trouble and someone who 
is just short of breath.

Presence of mind: If you 
have nothing else, this is the 
most important asset you can 
bring into the wilderness.
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containing a sedative to the minder, who had been drinking 

heavily already. He passed out shortly after, allowing the team to 

pay and make apologies to the bandits, who soon left in peace. 

When not on expeditions, back home outside San Francisco, 

Lewin treated all manner of exotic parasites in scientists 

returning from the feld. In 2004, a scientist who had been 

surveying elephant seals in Greenland turned up with seal 

fnger — a swollen, purple, bacteria-induced blister found in 

seal hunters. Then there was the researcher, just back from 

Myanmar, panicked about a tumor in his lung. Lewin knew 

that some rare Asian worms form benign cysts in the lung, 

so he suggested the man get a biopsy before planning an 

operation. The biopsy came back clean.

Exotic adventures do not pay the bills, so Lewin continued 

to work in San Francisco ERs. But his guerrilla tactics 

were not always appreciated in the big city. It wasn’t just 

the crazy hair or regular use of  tuxedo T-shirts that riled 

some colleagues. It was his willingness to abandon standard 

procedures for what he perceived to be a better solution. 

When a woman without insurance came to him with a nasty 

laceration to the head, Lewin sealed the wound by tying the 

long strands of  hair on either side of  it together, like laces on 

a shoe, so the patient could avoid paying to remove stitches. 

Although this is technically an acceptable treatment, his boss 

asked him to leave the “Gobi tactics” in the desert.

N
ot exactly at home in big-city ERs, Lewin decided in 

2008 to take a unique position as a medical adviser 

to the California Academy of Sciences in the heart of 

San Francisco’s Golden Gate Park. The academy is famous for 

its bright, sunny museum flled with wonders from around the 

world. Behind the scenes is a maze of offces and storage units 

carrying bugs, birds, lizards and slimy, furry, stinging critters 

from every continent on the globe. 

People there are welcoming and enthusiastic — a byproduct 

of working at a museum. But there is one topic no one will 

discuss. In 2001 Joe Slowinski — a much-beloved, cheerful 

Midwesterner — was one of herpetology’s rising stars, wrangling 

Not in Kansas Anymore
Every field site comes with its own set of dangers. As expedition medic, Lewin  
has to think carefully about every site and plan for the worst.  — EV

ANTARCTICA: 
The biggest 
danger in any 
emergency is 
remoteness, 
and nowhere 
is more remote 
than Antarctica, 
where — without 
the possibility 
of airlift — small 
problems become 
crises. During 
an overwinter 
assignment in 
1999, a doctor 
famously 
operated on 
her own breast 
cancer. Of course, 
hypothermia 
and frostbite 
are concerns at 
the foot of the 
world, but people 
there are highly 
prepared for it 

— more so than 
folks in places like 
New York or even 
Fresno, Calif., 
where Lewin has 
seen a surprising 
number of 
cold-related 
emergencies. 

THE PHILIPPINES: 
Venomous animals, 
disease or even slipping 
on a rock can end a 
forest expedition. 
Malaria is by far the 
most prominent risk 
to explorers in jungle 
regions. But in the 
Philippines, Lewin was 
just as concerned 
about mudslides 
as snakes or fevers. 

CENTRAL AFRICAN REPUBLIC: Whether it’s rov-
ing bandits, corrupt cops or paramilitary groups, the 
most dangerous part of some foreign expeditions is 
political strife. Brian Fisher, a close friend of Lewin’s 
who often consults with him on safety issues, 
collected ants in the Central African Republic until 
2002, when civil war forced him to be airlifted out.

THE GOBI DESERT: All deserts pose a risk of 
dehydration, heatstroke and poisonous bites. In 
addition, many desert expeditions are fossil-hunting 
trips that require use of heavy, injurious equipment 
like jackhammers. Places like the Gobi also have 
unexploded ordnance, which members of Lewin’s 
team have discovered and even unwittingly picked up. 

PAPUA NEW GUINEA: The most hazardous activity on the 
ocean is diving. One risk is the bends — a sudden release 
of dissolved gases in the blood that occurs when a diver 
stays down too long or comes up too fast. Unfriendly ocean 
creatures and simple on-boat accidents are also a danger. 
Using a satellite phone, Lewin once coached a team on a 
boat off the coast of Papua New Guinea to staple shut the 
wound of a patient who slipped on deck and cut her leg. 
After such injuries are patched up, the biggest concern 
then becomes infections, which are rampant with injuries 
sustained in ocean water.
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the world’s most dangerous snakes with superhuman ease. 

That September, he took an academy expedition to the farthest 

reaches of the Burmese jungle, cataloging new species of reptiles 

and amphibians. Reaching into the wrong collection bag one 

morning, he pulled his hand out with a banded krait — one of 

the world’s most lethal vipers — attached. The venom quickly 

blocked communication between Slowinski’s neurons and the 

muscles they controlled, causing progressive paralysis that made 

his diaphragm limp, preventing him from breathing. His lungs 

stopped working, and a little over a day later, he died.

Seven years later, Lewin became a go-to guy for scientists 

preparing to go into the feld. He put together frst-aid kits, 

advised safety measures and planned for emergencies. He 

helped retool the academy’s safety standards, running drills 

to test and fne-tune protocols for responding to emergencies 

such as poisonous fsh bites. He helped design a new system 

of checks, complete with color-coded labels, to safeguard his 

colleagues in real life. And in 2010, he created the Center for 

Exploration and Travel Health, a clearinghouse that academy 

scientists working in remote sites can turn to for referrals to 

expedition doctors; it even includes Lewin’s home number — 

which they can call at all hours — in case disaster strikes. 

With the center now running, Lewin has turned his 

attention back to Slowinski and what he calls “the biggest 

gap in feld treatments for 10 things that can kill you quickly.” 

Namely, snakebites. 

Snakebites kill nearly 100,000 people worldwide each year, 

mostly in the developing world. Those who get to a hospital in 

time receive antivenom and are put on life support, which keeps 

them breathing until the venom clears their system. But in the 

feld, the only effective treatment is to give a patient mouth-

to-mouth for hours or even days. What bite victims in the 

wilderness need most, therefore, is time. And Lewin thinks he 

has found a solution. Two common drugs — neostigmine and 

glycopyrrolate — could buy a victim some time. As the venom 

snips the lines of communication between the neurons and 

muscle, the drugs work to enhance the signal — like sending a 

surge of electricity down an increasingly fraying wire. 

Lewin has come up with a travel-friendly nasal spray 

incorporating the two drugs that could be used in dozens of 

snake-riddled countries. Last year, after tinkering with the doses 

on himself, he tested the treatment in the lab. Sure enough, it 

worked. Now he is searching for funding to build a pilot project 

to put the spray through clinical trials and eventually distribute 

a refned product in countries like India, where snakebites cause 

thousands of deaths before victims can reach the hospital. 

Could this nasal spray have saved Slowinski? Maybe. Rais 

Vohra, a Fresno colleague who advised Lewin in the early 

stages of his research into the antivenom combination, says, 

“This is not going to be a defnitive treatment. It may not do 

much but buy a few hours. But that much might count.”

Today Lewin has forged the alternate path he frst imagined 

a decade ago while sitting among museum fossils, lamenting 

the death of  a woman from an ER procedure gone wrong. 

He still works part time in ERs, and when he sees patients, 

he runs through his list of  killers (updated these days with all 

manner of  clauses and addenda). If  the problem is not on the 

list, he takes a step back. The litany “is my daily prayer. It’s 

my calisthenics,” he says.

Whether in the ER or the Gobi, the list of quick killers 

dictates how Lewin thinks about treatment and evacuation. 

Expeditionary medicine is about good decisions coupled with 

preparation. Over the next year, he’ll fy to Papua New Guinea, 

India, Australia and Argentina. Before his plane touches down 

in each, he will be able to recite all the local diseases, poisonous 

snakes, frogs, bugs, fsh and plants. He will know where the 

medical facilities are, what equipment they have and what’s 

broken. He also keeps a list of classically Lewin-esque research 

questions to explore: How well does honey treat wounds? Can 

raw eggs make a suitable feld dressing? Does hot water actually 

release a Gila monster’s jaws?

W
 e’ve reached the end of  our New Mexico road 

trip, and we have scoured the side of  the road 

for long-dead sea creatures, found a shark tooth 

in an ancient seafoor and tracked long-dead worms across 

fossilized mud. Today, Lewin has managed to pull a few 

strings to get us a backstage look at the legendary Ghost 

Ranch. In addition to being the stunning backdrop for 

countless movies, for 125 years this sandstone formation has 

yielded a continuous line of  important Triassic dinosaurs, like 

Coelophysis and Dromomeron.

Kneeling next to an active dig of an ancient crocodilian 

creature, Lewin admits that he is not a paleontologist, but 

he can pore over a fnd like this for hours. This quality may 

seem incongruous with the adrenaline-infused ER, but Lewin 

disagrees and points to the fossil. “It has a story. Same thing as 

when you are seeing patients. You are trying to fgure out the 

story,” he says. The story of a 200-million-year-old animal or a 

single disease — the only difference is the pace.  D

Erik Vance is a Mexico City-based contributing editor at Discover. 

He also writes for Harpers, Scientific American and other magazines.

Lewin examines preserved biological samples in the specimen room 
of the California Academy of Sciences, where he is a medical adviser.
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ILLUSTRATIONS BY ALISON MACKEY

   THE 

 SECOND 
   COMING 

   OF

     SIGMUND

    FREUD
Just as the old  

psychoanalyst  

seemed destined  

for history’s  

trash heap,  

neuroscientists  

are resurrecting  

his most defining  

insights.
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HE PARTY IS AT A TRENDY 

Harlem restaurant, in the 

private rooms downstairs. 

It is crowded and, for a 

science event, glamorous. 

Many women are in sparkly 

cocktail dresses. Men are 

wearing expensive ties. 

Everyone has fashionable eyewear. Over at 

the bar is the goateed Joe LeDoux, known 

for his groundbreaking research on fear, 

as well as for his rock ’n’ roll band of 

scientists. The celebrity chef who owns the 

restaurant is personally greeting guests.

This gathering is unusual for other 

reasons. A beneft for the Neuropsycho-

analysis Foundation, it is celebrating 

the idea that psychoanalytic concepts 

like repressed impulses and unconscious 

drives remain important and relevant in 

this era of the neurobiological study of 

the brain. If  that seems surprising, so 

will this: Sigmund Freud, the creator of 

psychoanalysis, actually began his career 

as a neurobiologist, dissecting the nerves 

of crayfsh. But in his late 19th-century 

era, brain science was primitive. Even the 

basics of how a neuron worked were still 

mysterious. Freud abandoned objec-

tive science, developing a subjective 

approach to understanding the 

mind based on what his unhappy 

patients told him about their inner 

lives. Psychoanalysis, the discipline 

he created, began as a technique to 

help miserable people. It became the 

20th century’s single most infuential 

theory about the human mind. 

Freud’s theory, which he formu-

lated in the 1890s and revised repeat-

edly, was both comprehensive and 

radical. Its bottom line is that we do 

not know ourselves. In his formulation, 

the mind constantly generates powerful 

wishes that are repressed — shut down 

by our own internal censors before we 

even become aware of them. Much of 

what we do and think is shaped by these 

unconscious impulses, unbeknownst 

to us. Dreams, slips of the tongue and 

psychiatric symptoms are the result of 

desires distorted by the mental censors. 

In the “talking cure” — the practice of 

psychoanalysis — the therapist helps 

the patient notice these mental lapses, 

interpret the unconscious struggles they 

refect and bring them into the light of 

self-awareness. 

After Freud, psychoanalysis fractured 

into many schools of thought, but the 

idea of an inner world of unconscious 

confict, and the notion that subjective 

experiences are meaningful and impor-

tant, remain at the core of this view of 

human nature. Meanwhile, neurobiology 

— the scientifc study of the physical 

brain — evolved in the other direction. 

Neuroscience focused on the nuts and 

bolts of the brain: how nerve cells com-

municate with electrical and chemical 

pulses, how brains learn and calculate 

and remember. But neuroscience avoided 

subjective experiences, sticking to what it 

could measure and observe. 

By the end of the 20th century, the two 

disciplines, psychoanalysis and neurosci-

ence, did not even seem to be talking 

about the same thing. Psychoanalysis was 

hostile to the idea of testing hypotheses 

through experiments. Neuroscience 

claimed to explain the brain but ignored 

its fnest product: the dazzling, intimate 

sensations of human consciousness. 

That is both a shame and an amaz-

ing intellectual opportunity, says the 

South African neuropsychologist and 

psychoanalyst Mark 

Solms, co-chair of 

the International 

Neuropsychoanalysis 

Society. Neuropsy-

choanalysis is his 

life’s project, and 

more than any other 

single person, this 

is his party tonight. 

He roams about the 

room, kissing women 

on both cheeks, bear-

hugging old friends. 

If he seems a bit like 

an evangelist on the hunt for converts, it’s 

for good reason. Solms is convinced that 

reconnecting psychoanalysis and neurosci-

ence is absolutely essential — the only way 

we will ever truly understand the brain.

The point is not to prove that Freud 

was right, but to apply the techniques 

of modern biology to explore some of 

his most enduring ideas. It’s to put the 

study of the mind back in the study of 

the brain, says Solms: “What neuropsy-

choanalysis is all about is this: How does 

the actual stuff  of being a person relate 

to the tissue and physiology and anatomy 

and chemistry of the brain?” Psychoanal-

ysis has insightful, provocative theories 

about emotions, unconscious thoughts 

and the nature of the mind. Neurobiol-

ogy has the ability to test these ideas with 

powerful tools and experimental rigor. 

Together, the two felds might fnally 

answer the most elusive question of them 

all: How is it that dreams, fantasies, 

memories and feelings — the subjective 

self  — emerge from a hunk of fesh?

 

BROTHERLY ORIGIN

Solms’ intellectual crusade was launched 

by a childhood trauma. As a child, he 

loved and revered his older brother Lee. 

But when Solms was 4, Lee fell off  the 

roof of the local yacht club and hit his 

head, seriously injuring his brain. 

When Lee came home from the hospi-

tal, he had changed. He had no interest 

in the elaborate fantasy games that the 

brothers used to play. He was lethargic 

and slow, and he had to wear a helmet. 

He seemed like a different person. 

Mark was devastated. He had lost 

his best friend. But his crisis was also 

existential. How could a person’s identity 

be snuffed out so easily, just by a blow 

to the head? The shock shaped Solms in 

ways he would not recognize for years 

to come. When he began college in 1980, 

he studied medicine and brain science, 

planning to help people like his brother. 

But he was also seeking answers to the 

question that haunted him: How can it 

be that a physical organ — a piece of 

meat — determines who we are? 

He soon found out, to his dismay, that 

neuroscientists at that time did not probe 

the mystery of the self. Faced with the 

complexity of the brain, neuroscience 

focused on questions that could be subdi-

vided into manageable units: How we see, 

how we move, how nerve cells work. The 

vivid experience of selfhood, the swirl of 

being, was not on the curriculum. 

Yearning for answers, Solms wandered 

into a university philosophy seminar on 

Freudian dream theory. Our minds are 

divided, the lecturer explained. Roiling 

beneath the surface are the primal drives 

of the id — the mental force that Freud 

said generated unconscious lust, aggres-

sion, hidden fantasies and wishes. The 

mental mechanisms of the ego struggle 

to contain this mad turmoil. One result 

of this constant battle: the twisted, dis-

torted narratives in dreams. The lecturer 

A YOUNG FREUD  
actually started out 
as a neuroscientist.
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also described Freud’s abortive attempt 

to ground psychology in neurological 

observations about the brain. 

It was an awakening. Finally, here was 

someone trying to think systematically 

and scientifcally about the real matter 

of  inner life. “Here was this philosopher 

talking about dreams, fantasies, wishes, 

sex,” says Solms. “I thought, ‘That’s 

life! This means me!’ ” Eagerly, he asked 

his neurobiology professors which 

scientists were studying these ideas now, 

in light of  modern research. The answer: 

nobody. Such topics are not appropriate 

for science, the young Solms was told. 

“Don’t ask these questions,” a professor 

warned him, trying to be helpful. “It 

will damage your career.” 

Solms had run headfrst into an 

ideological roadblock. At the time, 

psychoanalytic ideas still guided the 

treatment of  the mentally ill. But lab 

scientists engaged in brain research — 

the neuroscientists — rejected psycho-

analysis whole cloth. There were no 

experiments — no objective data — to 

show it made any sense at all.

By the 1980s, Freud-bashing was a 

well-established sport in neuroscience. 

Harvard neurobiologist J. Allan Hobson 

used recordings of  brain activity from 

sleeping people to gleefully trash 

psychoanalytic dream theory, and 

by implication, the central Freudian 

ideas of  censorship and repression. 

The nonsense in dreams is caused by 

random electrical noise in nerve cells, 

asserted Hobson, a kind of  cellular 

static; repression had nothing to do with 

it. Psychoanalysis belonged “on the 

junk heap of  speculative philosophy,” he 

wrote. He might as well have danced on 

Freud’s grave.

 

AN EXISTENTIAL MYSTERY

Solms was undeterred. After he fnished 

his doctorate degree in 1992, he was 

faced with being drafted into the white 

South African military. He left for a job 

as a neuropsychologist in the U.K., treat-

ing people with strokes and other brain 

injuries. By day, he was a conventional 

doctor in the neurosurgical rehab ward at 

the Royal London Hospital. By night, he 

studied to become a psychoanalyst. He 

thought that some of what he was being 

taught was speculative and dogmatic. 

But at least it recognized that the real 
NEUROPSYCHOLOGIST MARK SOLMS, here in his office in Cape Town, South Africa, says 
Freud’s ideas may yet resolve many mysteries of the brain.  
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much his brother’s injury had affected 

him. Lee never regained his lost abilities, 

and to this day he struggles with his 

mental impairments. Out of  sympathy 

with his brother, Mark went through 

childhood flled with guilt about grow-

ing up, of  learning and achieving and 

doing things his brother would never 

be able to do. He held himself  back. 

Only in analysis did he realize how he’d 

avoided his own ambitions. He realized 

it was time to take on the intellectual 

project he’d been preoccupied with his 

whole life: studying the human mind 

with rigor and precision. 

He began planning how to scientif-

cally scrutinize psychoanalytic concepts, 

starting with Freud. At the same time, 

Solms began using techniques from 

analysis to help his brain-injured patients 

cope with their confusion and fear. Some 

had lost most of their memories. Others 

couldn’t speak or walk. Some no longer 

had any idea who they were. From the 

perspective of most doctors, a psycho-

therapy approach was bizarre: These 

patients’ minds didn’t need help because 

it was their brains that were broken. Yet 

to Solms, it made perfect sense. Someone 

whose life has been shattered clearly 

needs counseling as well as medical 

treatment. He sat down with his patients 

and listened to their experiences. 

Studying how brain damage affects 

thoughts and behaviors is one of the 

oldest techniques in neuroscience. Solms 

mystery of the brain was an existential 

one. It posed the crucial question of what 

it means to be a mind that thinks. To 

disregard this problem, as neuroscience 

did, was a massive intellectual error, 

Solms believed. It would be like trying to 

study the solar system while pretending 

gravity doesn’t exist. Any answers you get 

are bound to be wrong. 

As all shrinks-in-training are still 

required to do, Solms went through 

analysis himself: fve days a week 

for nine years. Like other types of 

psychotherapy, psychoanalysis focuses 

on emotions and explicit beliefs about 

the world. Unlike the briefer forms of 

counseling that are now more common, 

it also explores unconscious thoughts 

and feelings, the wishes, memories and 

other self-involved thoughts constantly 

bubbling beneath the surface. 

In Freud’s model, the relentless efforts 

by other parts of the mind to control 

these potentially destructive notions and 

impulses can lead to crippling symptoms 

such as anxiety, depression and pervasive 

misery. The analyst helps the unhappy 

patient notice destructive patterns in 

his own life, especially where he avoids 

painful memories or feelings. “Analysis is 

about having somebody help you to face 

facts that you would rather not face up 

to,” says Solms. In practice, this talking 

cure translates into deep self-knowledge. 

For Solms, the experience was liberat-

ing. It helped him fnally recognize how 

began to systematically evaluate the hal-

lucinations and delusions of his patients 

in the light of Freudian concepts like 

denial and wish fulfllment. Simply put, 

these two ideas propose that we prefer to 

see the world as we wish it were, rather 

than as it truly is. Facing the facts is 

diffcult, requiring sustained mental labor 

and a high-functioning brain. A person 

who cannot sustain this effort winds up 

living in a fantasy world. 

Many of  Solms’ patients’ brains were 

indeed not up to the task. Some had 

survived an arterial rupture, a common 

type of  stroke that damages brain 

regions that organize the perception of 

space and time. The bewildered patient 

makes up ludicrous stories to explain the 

world, a condition called confabulatory 

amnesia. To Solms, it was fascinating. 

The mind that lurked behind the dam-

aged brain could be seen in the details of 

these loopy explanations. 

For example, one patient, a former 

electronic engineer, always greeted 

Solms as a fellow engineer. He told 

Solms and his other doctors he owned a 

Porsche and a Ferrari, and he frequently 

asked to cut short his medical visits in 

order, he said, to play squash. “Where’s 

my beer?” he would ask his examiners, 

searching for a glass right there in the 

exam room. From a neurobiological 

perspective, his problem was a ruptured 

aneurysm that had damaged his frontal 

lobes, impairing his ability to monitor 

his own memory. Psychoanalytically 

speaking, he was acting out fantasies 

— that he was a respected expert rather 

than a brain-damaged patient, that he 

drove race cars, that he was at a bar. 

Both explanations contained part of  the 

truth. His brain was indeed injured, and 

now his mind ran wild with daydreams 

of  freedom and pleasure. 

Another patient happily told Solms 

that an old friend had just dropped by 

for a visit — a lovely surprise, he said, 

given that the man had been dead for 

decades. Others, partly paralyzed by 

damage to one side of the brain, denied 

they were affected. They were too tired 

to move their limbs, they’d say, or they 

Solms began to evaluate the hallucinations and delusions of his patients 
in the light of Freudian concepts like denial and wish fulfillment.

  



April 2014  DISCOVER  59

G
R

E
G

 R
U

F
F
IN

G

would patiently explain to Solms that 

their motionless arms and legs belonged 

to other people. They weren’t consciously 

lying. They were oblivious to the 

problem, a condition called anosognosia. 

The conventional medical explanation, 

that this type of brain damage causes 

attention defcits, did not explain why 

these patients generate such surreal 

explanations of their paralysis, Solms 

believed. Psychoanalysis offered a 

clearer rationale: Rather than face facts, 

these patients unconsciously chose to 

live out the fantasy that they are well. 

The content of the patients’ delusions 

revealed ordinary human wishes: to be 

competent, to be healthy, to be at home. 

It was poignant and fascinating. “There’s 

much tragedy and pain involved, but 

from a scientifc point of view, it was like 

being a kid in the toy shop,” says Solms. 

His insights also helped in his clinical 

practice. Because he thought about 

the emotions that must lie behind the 

patients’ fantasies, he could explain their 

odd behavior to families and talk to his 

patients in ways that would calm them 

down. Explaining patients’ bizarre delu-

sions to them as emotional fantasies — 

you wish life were this way because you 

are frightened — could often lift their 

confusion. With a few colleagues, Solms 

conducted a systematic study of the 

engineer’s confabulations, fnding that 

they were substantially positive or wish-

ful. And he began to pair his patients’ 

subjective reports with their objective 

diagnoses, launching the scientifc 

practice of neuropsychoanalysis.

UP AGAINST DOGMA

To be fair, neurobiologists had good 

reasons to be wary of studying inner 

life. Interpreting data about internal 

experiences is fraught with potential 

errors. People are notoriously inaccurate 

at identifying their own sensations and 

emotions, and words are vague. When 

someone says he feels good, does it mean 

the same as someone else who also feels 

good? Before the spread of neuroimaging 

techniques in the late 1990s, there were 

few objective markers of mental events. 

(Even today, neuroscientists’ ability to 

connect people’s specifc thoughts and 

feelings to their brain signals is crude.)

But some of the opposition was 

just dogmatic. Many brain researchers 

believed that only cognition and behavior 

were suitable for study. Emotions were 

dismissed as evolutionary detritus — 

primitive refexes that interfere with more 

important functions like calculating, 

planning and reasoning. 

Solms was not the only one to ques-

tion this doctrine. Antonio Damasio, a 

neurologist and neuroscientist now at the 

University of Southern California, began 

thinking seriously about emotions after 

meeting a patient named Elliot. Damasio 

had seen many odd patients in his studies 

of how brain damage affects language 

and memory, but he’d never met 

someone so hard to fgure out. After a 

successful surgery to treat a brain tumor, 

Elliot seemed to recover completely, but 

he began making terrible decisions that 

were ruining his life. At work, he became 

so obsessed with trivial decisions that he 

neglected important problems that got 

him fred. He threw money at ridiculous 

fnancial schemes, losing his life savings. 

Elliot aced every personality and 

cognitive test, and his memory, intellect 

and speech were normal to excellent. 

Eventually, Damasio fgured it out: 

The tumor damaged regions of Elliot’s 

frontal lobes responsible for emotional 

processing. Because he no longer knew 

his own feelings, he could no longer 

make good decisions. Damasio soon 

discovered other people with damage in 

the same regions of the brain suffering 

from the same problem. These observa-

tions, and the experiments that followed, 

led Damasio to conclude that emotions 

are not irrational intrusions into reason. 

They are intrinsic to rational thought. 

At about the same time, during the 

1990s, neuroscientist Jaak Panksepp  

was exploring the feelings of  animals. 

Panksepp saw that human emotions and 

emotional problems could be explored 

by studying other mammals — how 

their brains generated emotions akin to 

the anger, sadness and joy that humans 

describe, what neurons and neural 

circuits were involved. Using animals as 

models of  humans is the basis of  bio-

medicine, but for a long time Panksepp’s 

work was marginalized and ignored 

because it focused on the internal 

experiences of  animals, a realm sup-

posedly inaccessible to science. “Most 

people truly do not understand the limits 

scientists impose upon themselves,” 

says Panksepp. “One big limit was the 

idea that we can study animal behavior, 

but we cannot understand their minds 

because that’s subjective.” 

Panksepp persevered, identifying seven 

basic emotions shared by species ranging 

from chickens to guinea pigs to people 

and tracing the neural networks involved 

in each. He explored attachment, the 

intense bond between mother and child, 

by observing what a puppy does when it 

is taken away from its mother. It whines, 

cries and searches for her, then gives up 

and collapses into passive despair. The 

combination of panicky grief  and apathy, 

he noted, looks a lot like the feelings of a 

person in the grips of depression, and he 

began to consider how the neural systems 

that ensure attachment might also 

cause depressive disorder. He was not a 

Freudian, but he was converging toward 

a similar idea of depression that focuses 

on the fear of separation and loss. 

Other researchers, such as Elizabeth 

Phelps and Joe LeDoux (he of the 

goatee and guitar), were describing the 

way emotions infuenced learning and 

memory, focusing on how the brain 

detects, analyzes and remembers threats. 

Together, these research projects 

established that studying emotions was 

not only possible in the mainstream of 

JAAK PANKSEPP pioneered the study of animal 
emotions — a subject most neurobiologists 
considered off-limits.
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Since then, thousands of  studies 

have proven that people process most 

information, especially social data like 

other people’s behavior, unconsciously. 

We also make many decisions without 

much input from conscious thought. 

If  anything, Freud underestimated the 

power and sophistication of  uncon-

scious thought, says social psychologist 

Timothy Wilson of  the University of 

Virginia. The nature of  unconscious 

thought that emerges from contempo-

rary experiments is radically different 

from what Freud posited so many years 

ago: It looks more like a fast, effcient 

way to process large volumes of  data 

and less like a zone of  impulses and 

fantasies. But he was absolutely right to 

put it at the center of  psychology. 

Another Freudian premise that reap-

pears in current science is that our minds 

are inherently conficted, the terrain of a 

struggle between instinctual impulses and 

inhibitory mechanisms. Instead of the 

Freudian terms id and ego, biologists use 

neuroanatomical descriptions: Motiva-

tions like pleasure and reward arise from 

circuits in the limbic system, a center of 

emotion, loosely parallel to the id. The 

prefrontal cortex handles self-control and 

the override of habitual responses, sort 

of like the ego. The difference isn’t just 

a matter of terminology; Freud’s id was 

a chaotic zone that inspired barbaric, 

unpredictable behavior, whereas the 

limbic system is tightly regulated, the 

origin of rigid and infexible emotional 

reactions. But the big picture — of a 

mind at war with itself  — is fundamen-

tally the same, says Bradley Peterson, 

chief  of child psychiatry and director of 

MRI research at Columbia University, 

who also trained as a psychoanalyst. 

Freud revised his ideas many times, 

and even his most prescient insights only 

roughly anticipate scientifc fndings. 

Plus, he was often simply wrong, for 

example in his theories about the 

elaborate mental lives of infants. “The 

guy often makes not only errors but 

outlandish errors,” says Matthew Erdelyi, 

a cognitive psychologist at Brooklyn 

College with a long-standing interest 

neurobiology, but essential. As scientists 

like Damasio and Panksepp published 

infuential books in the 1990s, Solms 

discovered he was not alone.

 

FREUD’S IDEAS ENDURE

More than a decade later, the study of 

emotions is a major feld in brain science. 

Even the study of consciousness, long 

considered impossibly speculative, now 

attracts mainstream researchers. But 

as biologists wander into these realms, 

they need guidance — hypotheses to test 

and refne, well-thought-out concepts 

and questions that point the way toward 

useful experiments. They could do worse 

than look to Freud for inspiration, 

suggests Eric Kandel of Columbia 

University, a Nobel Prize-winning expert 

on learning and memory and one of the 

most respected voices in neuroscience. 

“Flawed as it may be, Freud’s is still a 

coherent and intellectually satisfying 

view of the mind,” says Kandel. “You 

can’t have a meaningful science of the 

brain without having a meaningful 

science of the mind.”

Although many details of  Freud’s 

theories are wrong, some of  his major 

ideas have been borne out. One of  those 

trailblazing observations concerns the 

scope and infuence of  unconscious 

thought. Freud put the unconscious 

on the throne of  the mental kingdom, 

but the subjectivity problem led brain 

scientists to ignore the plentiful evidence 

of  unconscious mental processing 

for nearly a century. How could they 

measure mental activity that subjects 

weren’t even aware of  themselves? It 

wasn’t until the 1980s that researchers 

began to solve this conundrum. 

In a study that is now legend, cognitive 

scientist Benjamin Libet asked people to 

press a button whenever they felt like it 

while he monitored the electrical activity 

in their brains. He could see that move-

ment-controlling brain regions become 

active about a quarter of a second before 

subjects said they’d consciously decided 

to push the button. Some unconscious 

part of the brain decided well before the 

conscious mind did.

in psychoanalysis. “But he also comes 

up with ideas that absolutely nobody 

else would come up with,” ideas worth 

further consideration. 

The diffculty is selecting the ones that 

have merit, and testing them in a way 

that provides concrete answers. 

Emory medical school neurologist and 

depression researcher Helen Mayberg 

explains that her work on depression 

strives to describe the same overarching 

concepts that Freud invoked, includ-

ing links between brain circuits and 

disordered moods. “Analysis has a much 

richer tapestry of both words and con-

cepts” than neurobiology, says Mayberg. 

“The things Freud wrote about are things 

that every awake person on the planet 

thinks about.” She has pioneered the 

treatment of profound depression with 

deep-brain stimulation, a technique that 

stimulates precise brain locations with 

electricity, but she recognizes that she 

cannot yet account for why some patients 

improve so dramatically and others do 

not. A psychoanalytic perspective might 

begin to explain this X factor — the 

invisible psychological dynamics that 

allow some patients to escape depression, 

while others remain trapped in misery 

despite the change in their brains. 

Neuropsychoanalysis may illuminate 

another mystery: the origins of anorexia. 

Neurobiologist Samantha Brooks at 

Uppsala Biomedical Center in Sweden 

is studying how anorexics control their 

desire to eat. She probes neural circuits 

that link inhibitory systems of the 

prefrontal cortex to reward systems 

deeper in the brain, but she says this 

reductionist approach does not fully 

explain how someone with anorexia can 

dampen bodily sensations of pleasure 

and pain. Psychoanalysis suggests the 

answer may lie in the interplay between 

physical sensations, emotions and 

anxiety, ideas Brooks is now exploring 

with brain imaging. 

A neuropsychoanalytic approach, 

combining subjective reports and 

objective measurements, could be used 

to explore a big mystery in current 

neurobiology: the purpose of the recently 

The nature of unconscious thought that emerges from contemporary  
experiments is radically different from what Freud posited.   
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discovered “default mode net-

work.” This network of neural 

regions is active during mind-

wandering, daydreaming, free 

association and other dreamy 

introspective states. It seems to 

be fundamental, accounting for 

as much as 80 percent of  the 

brain’s energy consumption, but 

why it exists and what it’s for 

are still open questions. 

From a psychoanalytic perspective, this 

portrait of a brain preoccupied with intro-

spective activity sounds strikingly familiar, 

says Maggie Zellner, who collaborates 

with Solms and is executive director of the 

New York-based Neuropsychoanalysis 

Foundation. In the psychoanalytic 

model, our minds constantly sift through 

thoughts about ourselves and our experi-

ences. Below the surface of consciousness, 

our minds are absorbed with ruminating 

over memories and feelings, dreaming up 

fears and fantasies of the future, generat-

ing all the raw material that the “talking 

cure” taps into. The activity of the default 

mode network might be the biological 

equivalent of this incessant running 

internal monologue, suggests Zellner — 

the neural phenomenon that underlies this 

mental experience. It’s mostly just a hunch 

at this point, she says, but it could lead the 

way to a new perspective on this neural 

mystery.

 

A GROWING MOVEMENT

Solms now spends much of  his time 

in South Africa, where, as chair of 

neuropsychology at the University of 

Cape Town, he studies dreams, brain 

injury and related subjects, and he treats 

brain-injured patients. He travels to New 

York regularly, where the Arnold Pfeffer 

Center for Neuropsychoanalysis hosts 

public lectures presenting neurobiological 

work: Panksepp on his emotion research, 

Mayberg on her efforts to treat depres-

sion. Solms has just fnished retranslating 

all 24 volumes of Freud’s psychological 

writings, a project begun in the 1990s and 

scheduled to be published in late 2014. 

Neuropsychoanalysis is now a growing 

intellectual movement in its own right. It 

has two international organizations that 

give small grants to young investigators 

and host a world conference. In the 

broader world of neuroscience, Freud 

is no longer uniformly shunned and 

avoided, but is frequently seen as the 

author of interesting hypotheses that 

provoke worthwhile questions and debate. 

The resurgence of Freud may also have 

a more profound impact. Psychoanalytic 

thought is fundamentally humanistic. 

It honors the unique experience of 

individual human beings — something 

often overlooked by the current medi-

cal approach to the mind. Solms and 

Panksepp, now at Washington State Uni-

versity, lay the blame for the generally 

poor quality of psychiatric treatments 

on that reductive mentality. They say an 

approach inspired by neuropsychoanaly-

sis offers a better way.

Depression is a perfect example. 

The prevailing theory in biomedical 

research is mechanistic: Depression 

is just another biochemical problem, 

essentially no different from diabetes 

or gout. That approach leads to the 

creation of  dozens of  medicines that 

tamper with serotonin and other brain 

chemicals — drugs that, for more than 

half  of  patients, don’t work. “Pharma 

has dumped a gazillion dollars down the 

drain and never [has] come up with a 

new concept,” says Panksepp. 

Like most psychiatrists, he and 

Solms say the place to begin is with the 

existential reality of  depression — the 

soul-crushing hopelessness and despair. 

Their fundamental question: Why does 

depression feel so bad? Based on decades 

of  Panksepp’s research, the hypothesis is 

that the misery of  depression is related 

to errors in the brain mechanisms that 

ensure emotional attachment. For mam-

mals, whose babies are born helpless, 

attachment is a life-or-death matter: A 

curious baby who wanders off  does not 

last long on its own. When everything is 

working correctly, the terrible pain  

of  separation is a warning, ensuring  

that a crying baby sticks close by. If  

mother and baby do get separated, 

despair and apathy kick in, eventually 

immobilizing the baby and preventing it 

from getting even more lost. 

When these sensitive systems malfunc-

tion — perhaps overreacting to a loss 

that is not life-threatening — persistent, 

panicky grief  and crushing apathy result. 

In humans, we call it depression. “The 

pain of loss and despair evolved for a 

biological reason,” says Solms. “It feels 

bad to be separated from those who care 

for you because this is nature’s way of 

making sure that you are reunited. You’ll 

never understand depression if  you 

don’t see that.” Their approach focuses 

on the circuits involved in attachment 

that are sensitive to opiates and related 

compounds. Unhappy puppies can be 

soothed by morphine and similar drugs 

that alter neurochemistry in the circuits 

involved in the distress of separation. 

Based on this idea, a non-addictive 

morphine derivative called buprenor-

phine (often prescribed to treat pain or 

opiate addiction) is now being tested in 

suicidal people with good early results. 

“It’s not as if  we’ve cracked depression, 

but we’re on the verge of a whole new 

era,” says Solms. In Solms and Pank-

sepp’s vision of the future, depression 

treatment might blend various types of 

therapy — sometimes including psycho-

analysis — with drug regimens designed 

to target the neural circuitry involved in a 

well-understood emotional response. 

Whether or not Freud is vindicated by 

modern science, that humane perspective 

may be the most enduring contribution 

of neuropsychoanalysis. It is what 

inspires Solms as he tries to understand 

the mental realities of his neurological 

patients. “What is most signifcant about 

the brain, in comparison to other bodily 

organs, is that it’s not just an object but a 

subject,” says Solms. “To truly recognize 

that has massive implications. That’s 

really what’s motivated me consciously 

in my scientifc life.” We must embrace 

the fact that a brain is also a mind, that 

it thinks, it experiences, it suffers. In a 

word, that it is us.  D

Kat McGowan, a contributing editor to 

Discover, lives in New York and Berkeley, Calif.

THE RED BLOBS above reveal the “default 
mode network,” regions that become active 
when we daydream or brood. Psychoanalysis, 
with its focus on inward thoughts, might 
help explain this puzzling activity.
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The beast at the heart of our 

galaxy lurks so stealthily that for 

a long time many scientists were not 

certain it existed at all.

The frst hint of that monster came in 

February 1974, when astronomers Bruce 

Balick and Robert Brown discovered an 

unusually compact source of radio waves 

at the exact center of the Milky Way, 

some 26,000 light-years away. Brown 

subsequently named this enigmatic 

object Sagittarius A* (pronounced “A 

star”), after the constellation where it 

appears in the sky. Then came more 

hints of something strange in the 

neighborhood: a trickle of X-rays from 

the same spot, tendrils of agitated gas 

surrounding it and, most telling, a small 

group of stars racing around madly for 

no obvious reason.

Tracking the motions of those stars 

enabled astronomers to estimate the 

mass of the unseen object directing the 

action. From there they built a convinc-

ing case that Sagittarius A* was in fact 

a black hole — the biggest one in the 

galaxy, with a mass 4.3 million times that 

of the sun and a diameter of about 25 

million kilometers. At the black hole’s 

outer boundary, known as the event 

horizon, the fabric of space pours inward 

like a waterfall at the speed of light. 

Anything caught up in that fow takes 

a one-way journey to oblivion, winking 

out of our reality as it crosses the event 

horizon and then entering an inner realm 

cut off from the rest of the universe. 

Given the incredible gravitational 

fury of Sagittarius A*, it seemed odd 

that such an object would be so calm. 

Now a team led by Maïca Clavel of 

Paris Diderot University has found that 

the black hole’s present mild demeanor 

hides a wild past. She has picked up 

echoes of Sagittarius A* roaring to 

life. Related observations show that 

even the black hole’s present slumber 

is not as peaceful as it once seemed. 

And more drama could be on the way, 

possibly later this year. 

RUMBLINGS AT THE GALACTIC CENTER

Left to themselves, black holes are 

almost completely inert. They turn 

ferocious only when they encounter any 

outside material, which gets swept into 

a rapidly orbiting swirl, or accretion 

disk, just outside the event horizon. 

As that disk spirals inward, it grows 

tremendously hot and radiates intensely. 

The fact that Sagittarius A* is currently 

so dim indicates that it must be on a 

starvation diet, with only a trickle of 

material leaking in.

But what happens, Clavel wondered, 

when it is feeding time at the galactic 

center? She and her colleagues pored 

over observations from NASA’s space-

based Chandra X-ray Observatory to 

get some answers. From 1999 to 2011, 

Chandra has monitored the region 

around Sagittarius A*, recording an 

intriguing series of X-ray fickers. 

In a new paper published in Astron-

omy & Astrophysics, Clavel identifed 

those fickers as “light echoes” of some 

long-ago event. Brilliant outbursts of 

radiation from near the black hole had 

spread outward, struck iron atoms 

in surrounding gas clouds, and then 

refected toward Earth, becoming visible 

here long after the original eruption. 

(Visit chandra.harvard.edu to watch a 

cool video of the light echoes.)

By meticulously analyzing the 

changing pattern of illumination, Clavel 

and company deduced that Sagittarius 

A* had experienced not one but two 

separate outbursts in the past few 

centuries. Many of the details got lost 

in the echo, unfortunately. “The precise 

When a Slumbering 
Monster Awakens
A supermassive black hole sits quietly at the center of our galaxy — for now.
BY COREY S. POWELL
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Gas cloud G2 (its orbit in red) approaches the black hole at the center of the Milky Way while stars 
(orbits in blue) whip around. This simulation shows true locations when G2 was found in 2011. 

Out
Tere

  



April 2014  DISCOVER  63

dating of these two fares, their chrono-

logical order and the level of emission 

in between are diffcult to assess,” Clavel 

laments. But the brightness of the 

echoes gives a good sense of the peak 

luminosity of the original events: When 

Sagittarius A* was acting up, it was at 

least a million times as energetic as it is 

today. Put another way, it briefy shone 

as brilliantly as a million suns. 

As for why Sagittarius A* went 

haywire in the frst place, Clavel and her 

colleagues offer several explanations, 

all of them pointing to the black hole’s 

intermittently savage nature. It might 

have stripped off the outer layers of a 

nearby star, caused a pair of stars to 

interact and consumed the released gas, 

or swallowed some planets whole. 

In fact, other researchers may have 

already caught Sagittarius A* in the 

act of such a feeding frenzy, albeit on 

a much smaller scale. Every day or so, 

Chandra captures modest fare-ups dur-

ing which the black hole brightens up to 

a factor of 160 for a few hours. Astrono-

mer Kastytis Zubovas interprets those 

events as the burps caused when an 

asteroid or comet, at least 10 kilometers 

across, passes within about 100 million 

kilometers of the black hole, quickly 

getting shredded and consumed. 

The centuries-old twin eruptions of 

Sagittarius A* deduced by Clavel may 

also explain why our monster black hole 

is such a shrinking violet today. One of 

the many paradoxes of black holes is that 

in the act of feeding, they tend to starve 

themselves. The outbursts probably 

cleared gas from the immediate region: 

With no material falling in, Sagittarius 

A* fell into a near-dormant state.

COSMIC FIREWORKS AHEAD

Black hole researchers dream of getting 

to watch one of the awakenings of Sagit-

tarius A* as it happens. To their delight 

and amazement, they may get their 

wish soon. (Don’t worry; we are plenty 

far enough away to be safe.) Even as 

you read these words, a large gas cloud 

known as G2 is whipping past the black 

hole at 10 million kph. It is the frst time 

scientists have ever seen such a thing.

The latest studies by Stefan Gillessen 

of the Max Planck Institute for Extra-

terrestrial Physics in Germany show 

that the black hole’s potent gravity has 

warped G2 into a long, snaking blob, 

with the leading part already coiled all 

the way around Sagittarius A*. At its 

closest, G2 will pass about 25 billion 

kilometers from the event horizon, far 

enough that it is unlikely to get entirely 

sucked in. But the cloud is so elongated 

that it will take a full year for all of it to 

clear the black hole, and there is plenty 

of room for surprise. 

G2 might make freworks another 

way, because Sagittarius A* is probably 

surrounded by smaller black holes. 

Much as hair collects around a bathtub 

drain, the most massive objects in the 

Milky Way tend to spiral downward 

toward the center. As a result, an 

estimated 20,000 black holes, each about 

the size of a city and containing a few 

times the mass of the sun, are thought 

to be circling Sagittarius A*. As G2 

blows past that dark swarm, the smaller 

black holes may scoop up bits of loose 

gas and light up with bursts of X-rays 

that could be visible to Chandra or 

NASA’s NuStar space telescope.

Whatever happens as Sagittarius A* 

and its companions awake, astronomers 

will be watching with unprecedented 

acuity. The Event Horizon Telescope 

project is starting to link about a dozen 

different observatories around the world 

to create, in effect, a single radio receiver 

as big as Earth. The name gives away 

the project’s goal: to resolve the details 

happening right at the event horizon of 

Sagittarius A*, 26,000 light-years away.

What does a monster look like up 

close? We are about to fnd out.  D

Corey S. Powell is editor at large of Discover. 

Follow him on Twitter, @coreyspowell, and his 

blog, at DiscoverMagazine.com/outthere

A supermassive black hole, 
like the one illustrated 
above, lurks at the center 
of our galaxy, deceptively 
quiet. 

These antennas at the 
Atacama Large Millimeter/
submillimeter Array in Chile 
will observe the black hole 
in unprecedented detail as 
part of the Event Horizon 
Telescope project.
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WELCOME TO 

THE MACHINE

Workers access the 
14,000-ton Compact 
Muon Solenoid 
(CMS) at CERN, near 
Geneva, Switzerland. 
The CMS was one 
of the detectors that 
captured evidence 
of the elusive Higgs 
boson in 2012.
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 SCIENCE HOT EN TERTA IN MEN T

Moments from Particle Fever, which captures both the daily lives and big dreams of an international team of physicists.
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DISCOVER: How did you come up with 

the idea to make a movie about the 

LHC and the Higgs boson?

DAVID KAPLAN: I started out as a 

flm major in college. But I decided flm 

was too hard, so I switched to physics. I 

found it easier. [Laughs.] But I realized 

the Higgs experiment would revolutionize 

our feld — or prove everything we’ve 

been doing might be worthless. Film was 

my most comfortable medium, so seven 

years ago I started taking cameras to 

presentations and talking to people like 

Sheldon Lee Glashow, a Nobel laureate 

in physics. I soon realized, however, that 

the flm needed to be made with more 

technical profciency.

D: Once you brought on director Mark 

Levinson, who also has a doctorate 

in particle physics, and acclaimed film 

editor Walter Murch, who took home 

Oscars for both Apocalypse Now and 

The English Patient, was your role in 

the movie strictly on-screen?

DK: I’m a physicist, but when it came 

to being in the editing 

room, I was there, guiding 

the scenes to be sure they 

were true to the events. We 

wanted to show the real-

time experience of being 

a scientist and of being 

unsure of the future. 

One of the most im-

portant things about this 

movie to me was that it was 

made by someone active on 

the cutting edge of physics, 

someone writing papers, 

responding directly to data, someone in 

it emotionally, with strong opinions and 

interacting with people in the commu-

nity. I wanted it to really refect the world 

as I knew it. I made the flm because 

I wanted it to be made, not because I 

wanted to make it.

D: Why did you zero in on the hunt 

for the Higgs? Why not make a movie 

about, say, dark matter?

DK: The Higgs experiment was a 

unique opportunity. The thing about 

the Higgs was that you could predict 

either: One, the LHC would show it 

was there; two, it would show it was not 

there; or three, that it would show it was 

there but not in the way the standard 

model predicted. But you could predict 

a revolution was coming.

But with something like dark mat-

ter, we have an enormous amount of 

circumstantial evidence of a substance, 

not made of anything we know, dominat-

ing the universe, and in the simplest of 

Particle Fever has all the trimmings of a Hollywood 

blockbuster: an epic quest, memorable characters, a tension-filled 

climax and a huge crash sequence. There’s also an ending that begs 

for a sequel. It’s got a romantic angle, too: The movie is, at its heart, 

a love story between physicists and the elusive truths they pursue.

The documentary takes viewers behind the scenes at the Large 

Hadron Collider (LHC) outside Geneva, Switzerland, from early test 

runs to the 2012 success of finding the Higgs boson. Fever handles 

the science nimbly, including perspectives of both theorists, who 

come up with ways to explain our universe, and experimentalists, 

who try to prove (or disprove) their ideas. But the movie’s greatest strength 

may be its human dimension. Following half a dozen scientists at different 

stages of their careers (and with different, often opposing viewpoints), Fever 

captures their personalities, their bickering and camaraderie, their dedication 

and, on occasion, well-earned jubilation.

After making the international film festival circuit in 2013, Particle Fever is 

getting wider release this spring. (Visit particlefever.com for the latest listings.) 

Producer David Kaplan, a physicist at Johns Hopkins University who conceived the 

film project and features prominently in it, talks with Discover’s Gemma Tarlach 

about bringing theories of the multiverse to your local multiplex.

Smashing Success
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Under the dome: Much of the movie’s action is set in CERN’s Globe of Science and Innovation.
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theories, the LHC could be able 

to create it. Despite so much 

evidence for dark matter, we 

don’t know where or when it 

can be created.

D: And now that Higgs has 

been proven, is that the end  

of the story?

DK: No, not at all. There’s still 

more to learn. The Higgs doesn’t 

explain its own mass, or where 

the mechanism for it comes from 

in the frst place, for example.

D: It’s fascinating to watch 

the drama at the LHC and the 

various research universities 

as events unfold. There’s a 

sense that every physicist on the planet 

was invested emotionally in finding 

the Higgs. What made the hunt so 

personal for so many?

DK:  We’ve really gone without a 

major direct discovery of a new 

particle for many decades. Finding 

the Higgs gave everyone more conf-

dence. Finding the Higgs was a mas-

sive relief: Thank God we got that 

stupid thing over with, now we can 

get on with deeper things. The Higgs 

was almost a burden because we usu-

ally don’t sit around and wait. The 

Higgs theories were frst written in 

the early ’60s. Theory doesn’t take 30 

or 40 years. But progress is extremely 

slow on the experimentalist side, 

partly because these experiments 

are extremely hard to do, but also 

for sociopolitical reasons. Our feld 

is still getting over post-traumatic 

stress from the cancellation of the 

Supercollider [a planned particle accelerator 

in Texas that would have been larger than 

the LHC but was shelved in 1993].

D: What’s next for you? Are you tempted 

to go Hollywood?

DK: Personally, I think I’ve still got some 

physics in me. I’m happy to consult now 

with people on their flm projects, but I’d 

like to spend the vast majority of my time 

doing physics. I’m on the edge between 

theory and experiment. There’s a place 

for theorists to think very creatively about 

possible experiments that might fnd things 

other experiments have missed. That’s the 

realm I want to think in.

“I made the 
flm because 

I wanted it 
to be made, 
not because 

I wanted 
to make it.”

David Kaplan

Thinking  
Inside  
the Box
BEYOND RUBIK’S CUBE
Liberty Science Center, 
Jersey City, N.J.

It’s been 40 years, believe 

it or not, since the first 

twist and turn of that 

multicolored, maddening 

cube. More than just the 

world’s best-selling puzzle, 

Rubik’s Cube has helped 

teach mathematics and 

problem solving, and has 

inspired projects by every-

one from statisticians to 

artists (two groups rarely 

mentioned in the same 

sentence). This highly in-

teractive exhibit celebrates 

every side, ahem, of the 

cube in a multimedia love 

letter to the enduring 

puzzle. Opens April 26. 

lsc.org — GEMMA TARLACH

The Groovik’s Cube, a supersize 
version of Rubik’s Cube.

The iconic puzzle game is the 
star of a new exhibit.
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Of Mice and Men ( and  
Monkeys, Snakes, Crows … )

Left: Lloyd Buck and a puzzle-
solving crow help viewers get 
“Inside Animal Minds.” 

Right: Neil Shubin, author 
and host of The Inner Fish, 
shows off a model and 
cast of Tiktaalik roseae, 

the 375-million-year-old 
“fishapod.”

INSIDE ANIMAL MINDS

NOVA’s three-part “Inside  

Animal Minds” melds the latest 

research on animal cognition  

with in-the-field profiles of some 

amazing critters, such as a bird 

whose problem-solving skills  

are something to crow about.

PBS, 9 p.m. EDT April 2, 9 and 16 

YOUR INNER FISH

Based on a popular book of the 

same name by paleontologist  

Neil Shubin, the three-part series 

Your Inner Fish traces our  

often unexpected evolutionary  

connections with other species, 

including reptiles and shrews.

PBS, 10 p.m. EDT April 9, 16 and 23 

Two new public television shows explore the  
connection between our species and the rest of  
the animal kingdom, with surprising results.

HA!

By Scott Weems

Neuroscientist 

Weems applies 

the scientific 

method to the 

human funny bone 

to find out what 

makes us laugh. 

He discovers that 

laughter is one way 

the brain deals with 

the discomfort of a 

particularly inappropriate joke, or the 

surprise of an unexpected punch line. 

A good belly laugh can boost a person’s 

mood and lower blood pressure, but 

Weems says humorous people tend 

to have neurotic personalities, which can 

actually shorten their lives. Ha! makes 

for quick reading, but the research-heavy 

book is woefully short on the very humor 

that Weems seeks to understand. 

— BREANNA DRAXLER

THE REMEDY

By Thomas Goetz

In the late 19th century, 

tuberculosis was respon-

sible for 1 in every 4 

deaths worldwide. Rich 

and poor, young and 

old, no one was safe. 

Rumors of a possible 

cure sent thousands 

of desperate patients 

to Germany — and 

aroused the curiosity of 

an English country doctor (and aspiring writer) 

named Arthur Conan Doyle. He traveled to 

Berlin to learn more about the alleged remedy 

and its creator, Robert Koch, a detail-mad 

perfectionist. What Doyle witnessed, however, 

was the unraveling of both Koch’s career and 

the hope of a cure. Former Wired executive 

editor Goetz weaves the suspense of a Sherlock 

Holmes mystery into a tale of ambition, obses-

sion, scientific discovery and skepticism at the 

dawn of modern medicine. — GEMMA TARLACH

THE AGE OF  

RADIANCE

By Craig Nelson

From a quaint 

foundation built on 

vacuum tubes and 

X-rays to 2011’s 

catastrophic melt-

down at Fukushima, 

Nelson deftly weaves 

together science and 

history as he spans 

the Atomic Age. 

Gritty with detail, Radiance captures thrilling 

moments of discovery (and occasionally fail-

ure): We see Enrico Fermi sprinting through 

corridors en route to a new element — and a 

Nobel — and hold our breath alongside Rob-

ert Oppenheimer in the desert as a clock 

counts down the seconds to the first test of 

an atom bomb. Radiation is all around us, 

even passing through us, but Nelson shows 

— as Marie Curie might say — it is not to be 

feared, only to be understood. — BECKY LANG  
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Microbiome research  

project American Gut hit 

the big time in 2013,  

garnering major media 

attention and drawing in 

thousands of  participants. 

I was one of  them. The 

crowdfunded endeavor 

offers a glimpse of  how 

each person’s trillions of 

microbial passengers stack 

up compared with others.

That’s right, now we can 

actually measure our own 

intestinal fortitude.

And it’s relatively easy to  

participate. I signed up online, paid 

$99 and received a kit in the mail 

with a small tube and two swabs 

to take my choice of  a stool, skin 

or saliva sample. I logged my diet 

for a week, entered the data on the 

project’s website and then mailed off  

my stool sample. Eight months later, 

I got my results: A single page of 

candy-colored graphs compared my 

guts with those of  the 

average participant. Like 

all participants’ results, 

my data, minus identify-

ing information, will be 

added to an open-source 

database as part of 

the Earth Microbiome 

Project. 

But back to me. Turns out my  

most abundant microbe belonged  

to a genus called Prevotella, which 

has anti-infammatory properties.  

I had 19 times more Prevotella than 

average. Why? Did this mean I had 

superior poop? Could my obsessive 

tendency to eat oatmeal, berries and 

nuts for breakfast every day fnally  

be paying off ? I felt like I needed  

to fnd someone to interpret my  

bacterial tea leaves.

Rob Knight, one 

of  the project’s lead 

scientists, couldn’t say 

whether I’ve got the 

golden gut. The project 

isn’t meant to be a diag-

nostic test, after all, just 

an interesting break-

down of  the different 

species in our individual 

body jungles. 

As American Gut 

continues to recruit 

participants, however, 

Knight hopes his team 

will start to see more 

patterns in how diet and 

certain bacteria affect 

health. Until then, I’ll 

keep eating my oatmeal. 

— LEAH SHAFFER

What’s in
your gut?

I had 19 times 
more Prevotella 

than average.  
Why? Did this 

mean I had  
superior poop?

LEARN MORE
AMERICAN GUT

Join a growing global database  

of individual microbiome data.

Sampling kits cost $99 and up.  

Open to anyone 3 months  

or older as well as household  

pets and some other animals.

americangut.org

Prevotella  
melaninogenica 
culture

CITIZENSCIENCE

The Formation Of Water 
And Our Solar System 
From A Fission Process 

With An Improved 
Heliocentric Model 

(The AP Theory) 

www.aptheory.info • Barnesandnoble.com

Amazon.com • orders@xlibris.com.au

SATISFACTION GUARANTEED
E-book from Xlibris

$80.00 Hardcover • $60.00 Soę cover

23 original 4-color high gloss prints included.

THE ONLY COMPREHENSIVE 

DESCRIPTION OF THE 

FORMATION OF WATER 

FROM GAS EVER PUBLISHED.

Some of the most fundamental questions 
about the formation of water and our solar 
system are logically answered for the very 
f rst time in this new, non-f ction, cutting 
edge, easy to understand book. T e AP 
T eory is the most provable, must read 
book that directs our minds down new 
paths describing water and our solar 
system’s formation. T e AP T eory is the 
logical answer to the fundamental 
questions: how was water and our solar 
system formed? Grounded in science; it 
dispels the many myths and misconceptions 
surrounding water and our solar system’s 
formation with a def nitive description and 
chronological interpretation.

T is easy to read, essential book is a 
welcome addition to the information 
presently being of ered as fact. T ere 
weren’t any “water from gas” formation 
theories until now and scientists admit they 
haven’t a clue as to how water formed. T e 
AP T eory is the only theory which 
satisfactorily describes exactly when and 
how hydrogen and oxygen gases became 
water and where and how the heat and 
pressure necessary to forge the gases into 
water (H2O) originated. T e AP T eory 
turns the astronomy community on its ear 
by presenting questions which severely 
cloud the creditability of the accretion 
(theory) process and by presenting 
compelling evidence, to discredit the 
“gravitationally held (gas) atmosphere” theory. 
Internationally acclaimed for its controversial, 
courageous and “bold truth” statements this 
one of a kind, watershed book advances 
cosmology and science to a new level of 
enlightenment by using the latest scientif c 
discoveries to help prove its position. T e AP 
T eory supersedes the present texts and 
library reference books.

Volume Discounts library & school sales
aptheory@aptheory.info
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Check It Out!
Put your library card to use: Take home some  
Asimov or another sci-fi classic and support  
National Library Week. tinyurl.com/NatLibWeek

April2014

March of the Lemurs?

Morgan Freeman narrates as 
viewers journey to Madagascar 
with Island of Lemurs, 
in Imax theaters April 4.  
islandoflemurs.imax.com

Celebrating Teeny-Tiny Science
Break out your microscope: After kicking  
off in late March, NanoDays continues  
with events across the nation exploring  
small-scale science, from the structure  
of a butterfly’s wing (shown at right)  
to how a hard drive stores information.  
nisenet.org/nanodays

H O T C A L E N DA R

4/20–4/26

When the Moon Goes Dark
Large portions of North and South 
America, the Pacific, New Zealand 
and eastern Australia are treated 
to a total lunar eclipse tonight. 
astronomy.com/aprilmoon

Lights Out

Celebrate International  

Dark Sky Week with a  

star party, or take this  

opportunity to limit 

light pollution outside your  

own home. darksky.org/idsw

Bears Release
Disneynature’s film is 
the story of two mother 
bears, their cubs and 
their survival in the 
Alaskan wilderness, 
getting by with the …  
bear necessities. 
nature.disney.com/bears

Seismology’s Shaky Start
The brutal 1906 San Francisco earthquake that happened 
on this day prompted the first government-commissioned 
investigation into earthquakes and launched seismology 
into the modern age. tinyurl.com/SanFranEarthquake

Data Depp
A terminally ill scientist  
gets uploaded to a  
computer and goes 
on a power trip 
in Transcendence, 
opening today and  
starring Johnny Depp.  
transcendencemovie.com

SCIENCE FESTIVAL LINEUP

Love a good a science festival? April’s your month.  
Check out this listing for festivals around the  
country — or maybe in your own backyard:

 4/1-4/6  Michigan State University Science Festival  

  East Lansing, Mich., sciencefestival.msu.edu

 4/18-4/27 The Cambridge Science Festival  

  Cambridge, Mass., cambridgesciencefestival.org

 4/24-4/27  Nebraska Science Festival  

  Omaha, Neb., nescifest.com

 4/25-5/3  Philadelphia Science Festival  

  Philadelphia, philasciencefestival.org

 4/26-4/27  USA Science and Engineering Festival  

  Washington, D.C., usasciencefestival.org

 4/25-5/3  Las Vegas Science and Technology Festival 

  Las Vegas, lasvegassciencefestival.com

70  DISCOVERMAGAZINE.COM

C
LO

C
K

W
IS

E
 F

R
O

M
 L

E
F
T:

 E
R

N
IE

 M
A

S
T
R

O
IA

N
N

I/
D

IS
C

O
V

E
R

; 
D

R
E
W

 F
E
LL

M
A

N
/W

A
R

N
E
R

 B
R

O
S.

; 
F.

 N
IJ

H
O

U
T,

 D
U

K
E
 U

N
IV

E
R

S
IT

Y
 V

IA
 T

H
E
 N

IS
E
N

E
T.

O
R

G
; 
P

IO
T
R

 M
A

R
C

IN
S
K

I/
T
H

IN
K

S
TO

C
K

; 
P

E
T
E
R

 M
O

U
N

TA
IN

/A
LC

O
N

 E
N

T
E
R

TA
IN

M
E
N

T
/W

A
R

N
E
R

 B
R

O
S.

; 
D

M
S
P

/N
A

S
A

; 
D

IS
N

E
Y.

C
O

M

  



A
U

R
IG

A

B
O

O
T
E
S

C
A

N
C

ER

CA
NIS

 M
AJ

OR

C
A

N
IS

 M
IN

O
R

CASSIOPEIA

CENTAURUS

CEPHEUS

C
O

M
A

B
ER

EN
IC

ES

 C
O

R
O

N
A

B
O

R
EA

LIS

CORVUS

CRATER

DRACO

G
EM

IN
I

H
ER

CU
LES

HYDRA

LEO

LIB
R

A

O
R

IO
N

PERSEUS

PUPPIS

S
E
R

P
E
N

S
C

A
P

U
T

TA
U

R
U

S

URSA MAJOR

URSA MINOR

VELA

V
IR

G
O

A
ld

e
b
a
ra

n

Al
go

l

Alphard

A
rctu

ru
s

B
e
te

lg
e
u
se

Cap
el

la

C
as

to
r

Denebola

Polaris

P
o
ll

u
x

Pr
oc

yo
n

Regulus

R
ig

el

S
ir

iu
s

Spica

Vega
Double Cluster

P
le

ia
de

s

H
ya

de
s

M
42

M
3
5

M
41

M
47

M
4
4

M
5

M
13

Ecliptic

S
aturn

M
ars

Ju
p
it

e
r

URBANSKYGAZER N

WE

S

April 2014  DISCOVER  71

R
IC

H
 T

A
L
C

O
T
T

Constellations are pictures made of stars, but not all pictures 

made of stars are constellations. Technically these other star 

patterns are asterisms, but psychologically they are the most 

real constellations of all — the ones that refect current sensi-

bilities and that show up well in light-polluted skies.

The most obvious one is the Big Dipper, a subset of stars in 

Ursa Major (the Great Bear), high overhead this month. Any-

one can pick out the dipper; few can connect the dots to draw 

a bear. The Little Dipper is another, much fainter, asterism 

and includes Polaris (the North Star) at the end of its handle. 

Down low, on the opposite side of Polaris from the Big Dipper, 

is a prominent W-shaped zigzag of stars; forget trying to see it 

as Queen Cassiopeia. The distinctive backward question mark 

high in the south is a subset of Leo the lion. The kite rising 

sideways in the east is from Boötes the herdsman. 

The modern asterisms are bright and simple, and they dis-

pense with old, largely unfamiliar mythologies. In short, they 

are relevant. They also personalize the sky. If  you’re looking 

for specifc celestial objects, then yes, you need to know your 

constellations. But if  you just want to learn the landscape of 

the heavens, there is a special joy in going out, fnding patterns 

and making a new lore all your own.  — COREY S. POWELL

Te Un-Constellations

WHEN TO LOOK:

This chart shows the sky  

at the following times:

11 p.m. April 1 

10 p.m. April 15

9 p.m. April 30

WHAT TO SEE:

On April 8, Mars reaches peak 
brightness for the year, outshining 

the surrounding stars of Virgo.

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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ENLIGHTENMENT
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fresh perspective 

on rationality and 

ultimate conse-

quence of our 

physical world, life 

and endeavors?

WWW.PHILOGOS.ORG

The Philogos Foundation - for the futherance of 

fundamental philosophical thought and inquiry.

 Our book, 

TABULA RASA - On The 

Manifest Need For Fundamental 

Philosophical Redirection, 

is a consistent, comprehensive, 

rational and consequent world view, 

and universal perspective whose 

time has come.

For a limited time receive  

a FREE COPY.
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20 Things      You Didn’t Know About …
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1 Marco Polo’s famous 13th-century account of Asia 

is an encyclopedia of hoaxes, describing unicorns 

and a solid gold palace. 2 The claim that Polo intro-

duced noodles to Europe is also a hoax — though 

more plausible than the frst televised April Fool’s 

prank: In 1957 the BBC showed spaghetti being har-

vested from trees. Many viewers inquired where 

to buy a spaghetti plant. 3 Another hoax: that the 

April Fool’s tradition began with Renaissance cal-

endar reform, when the new year was moved from 

April to January, and those ignorant of the switch 

were mocked. Small problem: The old Julian calen-

dar started in January, too. 4 The real originator was 

Julius Caesar, who reserved April 1 to ridicule polit-

ical enemies. They assassinated him on the Ides of 

March to avoid the annual ignominy. 5 Et tu, read-

ers? In 1995, Discover ran an April Fool’s story about 

the fctional hotheaded naked ice borer, provoking a 

record amount of hate mail. Nineteen years later, we 

still receive the occasional angry note warning us not 

to try that kind of funny business ever again. 

6 At least we never took a page from Aristotle’s 

Masterpiece, a hodgepodge of classical medical texts 

and folklore falsely attributed to the great thinker. 

The manual hoaxed women into believing their chil-

dren would be deformed if they even pondered adul-

tery. 7 The frst hoax you ever perpetrated was as a 

fetus, when you tricked your mother into giving you 

more food by releasing vast quantities of hormones 

that her body believed were her own. 8 And children 

only get more devious after they’re born — if they’re 

smart. In lab experiments, the frequency with 

which toddlers lie correlates with their intelli-

gence. 9 Some 37 percent of American voters 

believe global warming is a hoax. 10 You 

can predict whether people think climate 

science is a hoax based on whether they 

believe in conspiracy theories, accord-

ing to a 2012 University of Western Aus-

tralia study. Conspiracy theorists dismiss 

many scientifc fndings, such as the con-

nection between HIV and AIDS. 11 And 

people duped by one conspiracy hoax fall 

for many, even if contradictory. University 

Hoaxes
of Kent research shows that people who believe most 

fervently that Princess Diana faked her own death are 

the ones who most strongly believe she was murdered. 

People don’t fall for individual conspiracies so much 

as conspiracy as a concept. 12 More than 80 percent 

of the marine fossils in Chinese museums involve fak-

ery, according to Chinese paleontologist Li Chun. 

13 National Geographic was duped by one Chinese 

chimera, announcing the discovery of “a true miss-

ing link” between dinosaurs and birds in 1999. Fur-

ther research showed that “Archaeoraptor” was the 

tail of a dino glued to the body of an extinct bird. 14 

Even more audaciously, Piltdown Man was heralded 

as the missing link between apes and Homo sapiens 

in 1912. The cranium came from a modern human 

linked to the jaw of an orangutan. 15 The platypus 

was originally deemed a hoax by British zoologists. 

The strange juxtaposition of bill and fur reminded 

scientists of fraudulent mermaids. 16 Yeti may be as 

real as the platypus, though. Last year, Oxford genet-

icist Bryan Sykes sequenced DNA from alleged yeti 

hair samples and got a perfect match to an ancient 

Scandinavian polar bear. The species may still sur-

vive in the high Himalayas. 17 A lack of DNA hasn’t 

hurt Clonaid, the company that in 2002 claimed to 

have cloned the frst human baby but refused to pro-

vide genetic evidence. Clonaid — closely tied to the 

Raelian sect, which believes aliens created humans 

and cloning is the gateway to immortality — is still in 

business. 18 In 2010 researchers from the Laser Inter-

ferometer Gravitational-Wave Observatory detected 

the frst direct evidence of gravitational waves — cru-

cial proof of relativity. After thousands of hours of 

verifcation, they learned that the signal was a “blind 

injection,” an authorized prank by colleagues to check 

their work. 19 Another blind injection: Science sub-

mitted a spoof research paper about a cancer cure to 

304 open-access journals in 2013. Despite numerous 

intentional errors, 157 journals accepted it for publi-

cation. 20 So don’t believe everything you read. One 

of these 20 items is a hoax. We couldn’t resist.  D

Jonathon Keats, a frequent contributor to Discover, is the 

author of Forged: Why Fakes Are the Great Art of Our Age.
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➔
Did you figure out which one is a hoax? Tell us at  
DiscoverMagazine.com/Hoax

Te frst hoax 
you ever  

perpetrated 
was as a  

fetus, when 
you tricked 

your mother 
into giving you 

more food.

These reconstructions of Piltdown Man’s skull 
and possible appearance were made in 1950, three 
years before the ”fossil” was proved a fraud. Oops. 
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Reported by J. Page

     Chicago: Board-certifi ed physician Dr. S. 

Cherukuri has done it once again with his 

newest invention of a medical grade ALL 

DIGITAL affordable hearing aid. 

     This new digital hearing aid is packed 

with all the features of $3,000 competitors 

at a mere fraction of the cost. 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
     This sleek, lightweight, fully programmed 

hearing aid is the outgrowth of the digital 

revolution that is changing our world. While 

demand for “all things digital” caused most 

prices to plunge (consider DVD players and 

computers, which originally sold for thousands 

of dollars and today can be purchased for 

less then $100), yet the cost of a digital 

medical hearing aid remained out of reach.     

     Dr. Cherukuri knew that many of his 

patients would benefi t but couldn’t afford the 

expense of these new digital hearing aids. 

Generally they are not covered by Medicare 

and most private health insurance. 

New nearly invisible digital hearing aid breaks price barrier in affordability

A study by Johns Hopkins and National Institute on Aging researchers 

suggests older individuals with hearing loss are signifi cantly 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?

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

     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 

MDHearingAid® AIR for its virtually 

invisible, lightweight appearance.

Af ordable Digital Technology
     Using advanced digital technology, 

the MDHearingAid®AIR automatically 

adjusts to your listening environment—

prioritizing speech and de-emphasizing 

background noise. Experience all of the 

sounds you’ve been missing at a price you 

can afford. 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 the soft fl exible ear buds are so 

comfortable you won’t  realize you’re 

wearing them.

Try It Yourself At Home

With Our 45 Day Risk-Free Trial 
     Of course, hearing is believing and we 

invite you to try it for yourself with our 

RISK-FREE 45-day home trial. If you are 

not completely satisfi ed, simply return it 

within that time period for a full refund of 

your purchase price. 

“Satisfi ed 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 defi nitely 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 profi le

✓ 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 Of er Code WT38 to get

FREE Batteries for a Full Year!

www.MDHearingAid.com/WT38

Proudly assembled in the USA

from Domestic & Imported Components.

45 DAY 

RISK FREE 

TRIAL

100% 
MONEY BACK 

GUARANTEE

©2013
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The universe 
at your fingertips

Four gorgeous packages – each fi lled with interactive graphics, embedded videos, 

and informative articles – show you how the universe formed and evolved.

Coming soon! 
Get a sneak peek at 
Astronomy.com/cosmicorigins

Android  and Google Play are trademarks of Google Inc. Apple, the Apple logo and 

iPad are trademarks of Apple Inc., registered in the U.S. and other countries. 

App Store is a service mark of Apple Inc.

Zoom, pinch, and play your way through the 

universe with Cosmic Origins, Astronomy 

magazine’s one-of-a-kind interactive app for 

your iPad® or AndroidTM tablet! 

3 How stars 
form and 
evolve
Find out how 
stars create 
elements, how 
black holes form, 
and how the Sun 
formed.

2 How galaxies 
came to be
Discover how galaxies 
and galaxy clusters 
evolve through time.

1 How the solar 
system formed
Revisit Earth’s fi ery 
beginning, the cataclysm 
that formed the Moon, and 
life’s start on our planet.

4 How the 
universe 
began
Learn about the 
Big Bang and 
how the cosmos 
will end.

  


