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The 2014 American 
Ingenuity Awards

Our third annual special issue of world-

changers in the sciences, history, society 

and the arts is a chronicle of imagination, 

hard work and the perpetual innovation 

that defi nes the nation’s spirit 

18  Hugh Herr
The brains behind an amazing 

bionic prosthesis is ready to en-

hance everyone’s capabilities

BY MATTHEW SHAER

26  Max Kenner
His program to off er a college 

degree to prison inmates gives 

them a second chance

BY JERRY ADLER 

34 Janet Echelman
Suspended above city spaces, 

her dazzling woven sculptures 

cast a magical spell

BY MAX KUTNER 

40 Bill Morrison
The fi lmmaker’s found-footage 

masterpiece about the Great 

Flood immerses you in history

BY JEFF MACGREGOR 

48 Steve Ramirez 
and Xu Liu
In a neuroscience break-

through, the duo implanted a 

false memory in a mouse

BY DAVID NOONAN 

54 Kimberly Bryant
She’s engineering an answer to 

the tech world’s diversity prob-

lem: teaching black girls to code

BY DEBRA ROSENBERG 

60 Rosanne Cash
The singer-songwriter traveled 

to new artistic terrain in the 

land of her Southern ancestors

BY GEOFFREY HIMES

66 Francis Halzen
His amazing experiment in 

Antarctica heralds the begin-

ning of a new era in astronomy      

BY ELIZABETH QUILL

72 Palmer Luckey
In his parents’ garage, he 

dreamed up a homemade head-

set that became a new reality                         

BY TAYLOR CLARK
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Joni Sternbach

The photographer 

felt such an aes-

thetic kinship with 

her subject, the 

historical fi lmmaker 

Bill Morrison (p. 

40), that she used a 

19th-century pho-

tographic process 

called wet plate 

collodian. A visiting 

artist at Cooper 

Union in New York 

and a faculty mem-

ber at the Center 

for Alternative 

Photography, Stern-

bach’s SurfLand, 

an ongoing series 

of photographs of 

surfers, debuted as 

a solo exhibition at 

the Peabody Essex 

Museum.

Taylor Clark

Security was so 

tight at the Oculus 

Rift headquarters, 

in Irvine, California, 

 where the writer went 

to meet the inventor 

Palmer Luckey (p. 

72), that a guard half-

jokingly said Clark 

would “have an easier 

time meeting Obama.” 

Not to worry. “I found 

myself talking to this 

outgoing, geeky and 

loquacious 22-year-

old ,” says Clark. He is 

the author of Nerve, 

about the science of 

panic and poise, and 

Starbucked, about 

the coff ee empire, 

and has written for 

the Atlantic, Slate and 

Psychology Today.

Chip Kidd 

Called by USA Today the “closest thing to a rock 

star” in graphic design, Kidd created this issue’s 

cover in collaboration with photographer Geoff  

Spear, who has also shot for Rolling Stone, Vogue 

and Esquire. “I do a lot of antiquing and going to 

vintage fl ea shops, so I’ve always been fascinated 

by shaped fi laments,” Kidd says of the glowing 

outline of the Lower 48 within an Edison-style 

light bulb . His indelible Jurassic Park book cover  

is just one of more than 1,000 book jackets he has 

designed in 28 years at Alfred A. Knopf, where he 

is associate art director. Kidd is the author of two 

novels , The Cheese Monkeys and The Learners, 

and the recipient of the National Design Award 

for Communications.  

Jo Hamilton

After she crocheted 

a cityscape of Port-

land, Oregon, she 

realized her craft 

was also a fi ne art. 

“It’s like painting, 

but with yarn,” Ham-

ilton says. She used 

more than 70 colors to crochet a 31- by 26-inch  

 portrait of Janet Echelman (p. 34). “It seemed 

a really good fi t to do her portrait because we 

both make our art by tying knots, although in 

very diff erent styles.” A solo exhibition of 

Hamilton’s works  is scheduled for February 

at the Laura Russo Gallery in Portland. 

Contributors

ILLUSTRATIONS BY  Kim Rosen

Matthew Shaer

“I’m so accustomed to 

thinking of exoskeletons 

or bionic limbs in the 

realm of science fi ction 

or a distant future that 

it was almost a shock 

to realize this is actually 

the immediate future,” 

Smithsonian’s new staff  

writer says of his Hugh 

Herr profi le (p. 18). Shaer, 

a former contributor to 

New York, has also written 

for Harper’s and GQ. His 

Atavist story, “The Sinking 

of the Bounty,” was a 

fi nalist for a 2014 National 

Magazine Award.

Shane L.  Johnson 

Admired for his  dynamic 

artworks in books   based 

on animated movies 

and TV shows such as 

Nickelodeon’s “Avatar: 

The Last Airbender” and 

“Teenage Mutant Ninja 

Turtles, ” the illustrator has 

now collaborated on his 

fi rst biographical graphic 

tale  —about the physicist 

Francis Halzen (p. 66). 

“The biggest challenge 

was to make sure his 

likeness was consistent 

throughout the article,” 

says Johnson, who 

worked from photos  and 

took  educated guesses.  

Jeff  MacGregor 
To create an inventive profile of the film-

maker Bill Morrison (p. 40), the famous-

ly versatile writer taps an ancient form of 

storytelling—the epic poem. Verse imposes 

strict limits, MacGregor says, but “the flip 

side of that is a beautiful freedom to do away 

with the unnecessary clutter of transition 

and explanation. So writing this was at once 

harder and easier than any other journalism 

I’ve written.” MacGregor, a senior writer at 

ESPN.com  and author of the acclaimed Sun-

day Money, has been widely anthologized. 

His last Smithsonian piece, “When a Race Car 

Becomes a Work of Art,” appeared in July.  
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Discussion
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Because of the high volume of mail we 

receive, we cannot respond to all letters. 

Send queries about the Smithsonian 
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Public Inquiry Mail Service, P.O. Box 

37012, Washington, D.C. 20013.  
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Feminism, and the 
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 I fi nd it very sad and disappointing 

that Douglas Kelley’s papers are being 

secreted in a basement by his family. 

Hopefully his family will have enough 

respect for his insights to donate his 

papers to an archive of its choice so all 

of us, present and future, can learn from 

what he learned. An archive can ensure 

that the papers are properly stored. 

Basements can be prone 

to all sorts of problems 

that destroy stored items.

Susan Worthen
MINNEAPOLIS, MINNESOTA 

Nuclear Football

The notion of the nu-

clear football [“Nuclear 

Option”] as a “symbol of 

supreme authority” is 

profoundly disturbing. 

The need for an American president to 

order the immediate launch of a retalia-

tory strike before a signifi cant portion 

of our nuclear forces were destroyed 

vanished with the collapse of the So-

viet Union and the end of the cold war. 

A relic of the MAD (mutual assured de-

struction) strategy, giving one man the 

power to kill tens of millions of people is 

an insult to the checks and balances so 

carefully woven into our government. 

While the time may not have come for 

the current nuclear football to move to 

 a Smithsonian exhibit case, it is time for 

it to be retired to a locked vault, only to 

be activated if some future threat once 

again required consideration of an im-

mediate nuclear response to an attack.

Col. Michael R. Gallagher 
HILLSBORO, OREGON 

Saving Salmon 

In answer to the question (How can 

humans save the Pacifi c Northwest’s 

FROM THE EDITORS Our annual “Secrets 

of American History” issue is spark-

ing debate in social media. Some think 

the story “Did Marco Polo Discover 

America?” was wrongheaded because 

there were “already indigenous people 

on the North American continent,” as 

Judi Nixon Burnside puts it. But others 

echo reader Jan Vannieuwkerke, who 

says, “In the 13th century 

the Chinese sent several 

fl eets to chart the Earth, 

so it is not impossible 

Marco Polo saw these 

maps.” The magazine’s 

exclusive tour of one of 

the nation’s most secre-

tive museums, at CIA 

headquarters in Vir-

ginia, upset some readers 

who lamented they could 

not visit the restricted facility. Others, 

including Kendra Roggasch, expressed 

outrage at its mere existence: “Why are 

tax dollars going to support a secret col-

lection only a small number of citizens 

value when bridges are collapsing and 

education is being cut?” Lawrence Jack-

son counters that although “some items 

may still be classifi ed, or embarrassing 

to us or other nations,” they are a “part 

of history worth preserving.” 

Poison Packets? 

What a fascinating look [“Dead Let-

ters,” about packets left by Rudolf 

Hess while in prison] into the mind of 

a man who by all accounts was totally 

convinced that he was being tortured 

by the British. It’d be interesting to see 

results of analysis of the food he was 

given, just to prove one way or another 

whether he was totally crazy or not. 

Henry Hakamaki
ON FACEBOOK 

salmon?, “Swimming Upstream”) : Of 

course human ingenuity can fi nd the 

answers, but it will take money to clean 

up the pollution and mess we humans 

created that resulted in fewer salmon 

reaching the spawning grounds.

Darlene Edwards
ON FACEBOOK

 Corrections

In “Hall of Spies,” a caption for a Minox 

subminiature camera mistakenly iden-

tifi ed it as a CIA-produced device. Also, 

the story should have made it more 

clear that Stanley P. Lovell developed 

the silencer for the Hi-Standard .22, 

not the pistol itself.

“The Origin Story of Wonder 

Woman,” said that Joye Hummel Kelly 

was 18 in March of 1944; in fact, she 

was then 19. 

The brief report “Did Marco Polo 

Discover America?” said that an Ital-

ian immigrant named Marcian Rossi 

arrived at Ellis Island in 1887; though 

sources suggest that he entered the 

United States around that time, the El-

lis Island immigration center did not 

open until 1892.

In our March 2014 issue, the photo-

graph of Carl Sagan on page 75 was mis-

credited. The photographer is Bill Ray.
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“Innovate or die” isn’t just a Silicon 

Valley mantra, it is the unoffi  cial motto 

of the human race. Creativity is hard-

wired into us. We’re always busy devel-

oping thumbs or brainstorming a better 

way to trap a mouse or compose a song. 

Still, there is something very Amer-

ican about the celebration of inno-

vation. We don’t just create and buy 

inventions, we turn inventors into 

celebrities. We know them on a fi rst-

name basis, from Ben to Alexander to 

Thomas to Henry to Steve to Elon. We 

put them on magazine covers and in 

movies, and scour their biographies 

not only for the inspiration of their eu-

reka moments but for lessons about the 

way to live our everyday lives. Perhaps 

all this is inevitable in a country that 

was itself founded on an experiment.

The Smithsonian Institution has 

played a starring role in the celebra-

tion of invention since 1881, when 

what was then called the National 

Museum opened its doors in the grand, 

polychrome brick structure we know 

as the Arts and Industries Building. 

Inventions once displayed there—the 

Star-Spangled Banner and the Wright 

Flyer—are so iconic they would be-

come centerpieces of great new facil-

ities, the National Museum of Amer-

ican History and the National Air 

and Space Museum. Yet the Arts and 

Industries Building, once the cutting 

edge, has fallen on hard times. It was 

named one of America’s Most Endan-

gered Historic Places eight years ago 

because of its deteriorating condition, 

and remains closed. Recently, federal 

funding covered substantial renova-

tions, but the work isn’t done and there 

are no immediate plans to reopen the 

beloved old showcase of invention.

In that spirit of honoring innova-

tion, we present our annual American 

Ingenuity Issue. We profi le ten of the 

most creative people in America to-

day. And we’ve challenged ourselves to 

present them in innovative forms. We 

crowdsourced a portrait of Kimberly 

Bryant and her transformational or-

ganization Black Girls Code. Jeff  Mac-

Gregor has written an epic poem about 

fi lmmaker Bill Morrison and his epic 

fi lm. And we’ve translated the achieve-

ments of the physicist Francis Halzen 

into a graphic novel.

There are, of course, many inno-

vations that occur in America every 

day that we could not include in our 

pages—or at least not this month. One 

that beautifully embodies American 

ingenuity is the Lost Bird Project (lost-

birdproject.org), a new partner of the 

Smithsonian Institution. Its ground-

breaking attempts to document our 

dwindling biodiversity make use of 

fi lm, sculpture and origami. You may 

have seen or even constructed the pas-

senger pigeon that was included in our 

September issue (many readers did 

and posted the results on Facebook). 

A new book, The Lost Bird Project, by 

artist Todd McGrain, memorializes a 

vanished world and encourages us to 

invent new ways to save what is left.

Michael Caruso,
 EDITOR IN CHIEF 

Michael@si.edu

From the Editor

ILLUSTRATION BY Kim Rosen

m
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The life of the one-time 
world’s longest suspension 
bridge, at 50 years old

As long ago as 1910, when a 

steady parade of steamships 

bearing immigrants passed 

through the Narrows—the 

mile-wide channel at the 

entrance to New York Har-

bor—engineers envisioned 

a great bridge as a gateway 

to the New World. When it 

fi nally opened, 50 years ago 

this month, the Verrazano-

Narrows Bridge—honoring 

the 16th-century Florentine 

henomena

The Verrazano-
Narrows Bridge 

AMERICAN ICON

A  C U R AT E D  L O O K  AT  S C I E N C E ,  H I STORY  A N D  C U LT U R E

THE MUSEUM OF THE CITY OF NEW YORK / ART RESOURCE, NY
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A Brooklyn artist has 

Arctic landscapes at 

her fingertips

Phenomena

explorer Giovanni da Ver-

razzano, though not to the 

extent of spelling his name 

correctly—boasted the lon-

gest suspended span in the 

world: 4,260 feet, or four-

fi fths of a mile. Even after the 

great era of steamships had 

passed, the bridge held sway, 

dictating the design of the 

Cunard liner Queen Mary 

2, once the world’s largest 

passenger ship, which fi rst 

sailed in 2003, so that at high 

tide its funnel would pass 

beneath the roadway with 

13 feet to spare.

Connecting Brooklyn with 

Staten Island, it is still the 

longest suspension bridge 

in the Americas, 11th in the 

world. The crowning achieve-

ment of the structural en-

gineer Othmar Ammann 

and of New York’s imperi-

ous master planner Robert 

Moses, it was built for $320 

million (about $2.5 billion 

in today’s currency), more 

or less on budget, a standard 

of frugality that present-day 

New York can only dream of. 

Ten thousand men worked 

to build the bridge, from 

“punks” lugging heavy bolts 

to foremen dubbed “pushers” 

to John Murphy, the super-

intendent, whose temper and 

sun-and-wind-hardened face 

led his charges to call him 

Hard Nose behind his back . 

Three men died. The bridge’s 

construction was vividly 

chronicled by Gay Talese, 

then a cub reporter for the 

New York Times, whose book, 

The Bridge, is now being reis-

sued in an expanded edition 

by Bloomsbury. It tells of 

Mohawk Indian ironwork-

ers who made a specialty of 

walking the high steel and 

of James J. Braddock, once 

a world heavyweight boxing 

champion (Joe Louis took his 

title), by then a welding ma-

chine operator. “The anony-

mous hard-hatted men who 

put the bridge together, who 

took risks and sometimes fell 

to their deaths in the sky, over 

the sea—they did it in such a 

way that it would last,” Talese 

recalls in an interview.  

When it was fi nished, a 

ride across cost drivers 50 

cents, or the equivalent of 

less than $4. But we should 

be so lucky: Today the cash 

toll is $15. Old-timers still 

mourn the sundered neigh-

borhoods of Brooklyn, where 

hundreds of homes were de-

stroyed to make way for the 

approach, and the sleepy, 

almost rural character of 

Staten Island when it was 

linked to the rest of New 

York City only by ferryboat.

To Talese, the Verrazano 

is about more than trans-

portation. “A bridge, in its 

ultimate form, is a work of 

art,” he says, and one can 

see his point. Sunlight glints 

off  the pair of monumental 

steel towers, 70 stories tall, 

carrying the curvature of 

the earth into the sky, where 

their tops are exactly 15
⁄8 

 inches farther apart than at 

their base. At night, lights 

pick out the graceful curve 

of the four great cables, each 

three feet in diameter, spun 

from enough steel wire to 

reach more than halfway to 

the moon. The bridge thrums 

with the traffi  c of a million 

and a half vehicles weekly, 

its passengers “suspended,” 

as the poet Stephen Dunn 

wrote, in 2012, “out over the 

Narrows by a logic linked / 

to faith.” –JERRY ADLER

Snow 
Globe

AMERICAN ICON
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Zaria Forman’s ominous landscapes of ice 

and water could easily be mistaken for photo-

graphs. But they’re actually an advanced kind of 

fi nger painting. Wearing latex surgical gloves to 

protect her hands, she rubs soft pastels on paper 

and spreads them with her fi ngertips. “Since I 

was little,” says the 32-year-old artist who lives in 

Brooklyn, “it just seemed like the most natural way 

to move the material around.” She created the 4- 

by 6-foot Greenland #63 (above) after leading an 

expedition of artists  that revisited the 1869 Arctic 

voyage of the American painter William Bradford. 

Comparing photos and sketches made during 

his trip with landscapes she encountered, she 

saw signs of climate change, such as receding 

glaciers. Her drawings, one on display at the Fort 

Wayne Museum of Art in Indiana, convey the Arc-

tic’s “pristine allure,” she says, “as well as the immi-

nent threat of rising temperatures.” –MAX  KUTNER

To see more drawings go to Smithsonian.com/forman 
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James Marsh
Director of The Theory of 

Everything, out November 7

Have you ever wanted to

follow in Jane Goodall’s foot-

steps? Here’s your chance. 

Google Street View, the 

obsessive online photo ar-

chive that has turned prac-

tically every U.S. road into 

a mind-boggling mural, has 

for the first time ventured 

into an African rainforest—

Gombe Stream National Park, 

a 20-square-mile parcel along 

Lake Tanganyika in Tanzania 

where Goodall pioneered her 

behavioral chimpanzee re-

search more than half a cen-

tury ago. To capture images 

of chimps swinging through 

trees and baboons lounging 

by the lake, Google attached 

its 15-lens, spherical cameras 

to backpacks worn by a vid-

eographer and a conservation 

scientist with the Jane Good-

all Institute, a nonprofi t pro-

moting animal conservation. 

The camera-toting trekkers 

dodged snakes, killer bees and 

army ants while generating 

490,000 photographs, which 

Into Africa

Your fi lm is about cosmologist 

Stephen Hawking. What’s most 

surprising about his early life?

How directionless he was 

before he was diagnosed 

with ALS. The inverse cor-

relation between the pro-

gression of his illness and 

his increasingly signifi cant 

thinking is fascinating. 

Hawking believes that in-

fi nite possible realities play 

out in infi nite universes. If 

true, should that aff ect how 

we behave in this one? 

It shouldn’t infl uence us at 

all. We don’t need cosmic 

alibis to absolve us from 

our daily responsibilities 

or moral choices.

Is there anything whose truth 

you cannot prove yet you can’t 

help but believe in anyway? 

The fundamental decency 

of human beings. I don’t 

quite believe it—I just want 

it to be true. Every day you 

discover evidence for and 

against that proposition.

Why search for a theory of 

everything?

Why not? Also—we have no 

choice. It is in our nature.

New Google 

imagery lets you 

see Gombe’s forests 

from Jane Goodall’s 

perspective

SMALL TALK

have been transformed into 

26,000 panoramas. Goodall 

says she hopes the imagery 

will encourage a greater 

fascination with chimps: “I 

went to Gombe with a pen-

cil and a piece of paper and 

some not very good binocu-

lars. How diff erent things are 

today.” –MAX KUTNER

Gombe is home to 

some 100 chimps 

(top), as well as ba-

boons (below) and 

colobus monkeys.

Phenomena
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www.pearlseascruises.com

1-888-669-5812
Defining Luxury Adventure™ PEARL SEAS

TMCruises

7 and 10-night cruises off  the beaten path
Exploring the West Indies aboard the small cruise ship, 
Pearl Mist, is the best way to see the real Caribbean. With 
only 200 guests you can actually see for yourself why 
the West Indies have drawn explorers, swashbucklers, 
adventurers, and so many others over the past 500 years. 
Th e brand new ship off ers you the best of everything—
including huge staterooms, exceptional cuisine, attentive 
service, and more. All this and the ability to experience 
the islands as they were meant to be is the adventure of a 
lifetime. Call today for a free brochure.

West
Indies

Discover the real
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ILLUSTRATION BY Traci Daberko

Why is the word “colonel” pronounced 

with an “r” sound when it is not spelled 

with an “r”? Peter Reyman, Shelton, 

Connecticut

“Colonel” came to English from the 

mid-16th-century French word 

coronelle, meaning commander of a 

regiment, or column, of soldiers. By 

the mid-17th century, the spelling and 

French pronunciation had changed 

to colonnel. The English spelling 

also changed, and the pronunciation 

was shortened to two syllables. By 

the early 19th century, the current 

pronunciation and spelling became 

standard in English. (But in the part 

of Virginia I come from, there is 

no “r” sound; it’s pronounced kuh-

nul.) David Miller, curator, armed 

forces history, National Museum of 

American History

What are the boundaries (and the 

diff erences) between the earth’s 

ASK SMITHSONIAN

Phenomena

gravitational locking between the 

moon and the earth—would stop. 

But the moon would still rotate each 

month and orbit the sun. 

Bruce Campbell, geophysicist, Center 

for Earth and Planetary Studies, 

National Air and Space Museum

Were Neanderthals and Homo sapiens 

diff erent species? If they mated, could 

they produce fertile off spring? 

Nancy L. Karr, Las Vegas, Nevada

The two had separate gene pools, and 

so had little chance of producing fer-

tile off spring. Scientists have traced 

some genetic exchange between the 

two lineages to a very short period 

between 45,000 to 65,000 years ago, 

when Homo sapiens fi rst spread to 

Eurasia. But there’s no evidence of 

any gene exchange from then until the 

Neanderthals became extinct, around 

30,000 years ago. Rick Potts, paleo-

anthropologist and curator, Hall of 

Human Origins, National Museum 

of Natural History

oceans and seas? For example, where 

does the Bering Sea end and the 

Pacifi c Ocean begin? Mary Czolgosz, 

Davenport, Iowa

What separates a sea from an 

ocean is, literally, a fl uid boundary: 

Geographers defi ne a sea as a portion 

of an ocean that is partially enclosed 

by land, and they defi ne the “entrance” 

to that sea as the imaginary line 

between the two closest points of land 

at the mouth. Some landlocked bodies 

of water are also called seas—think of 

the Dead Sea or the Caspian Sea—and 

not lakes because they’re composed 

of saltwater. Douglas Herman, senior 

geographer, National Museum of the 

American Indian

Do nonhuman animals hiccup? 

Brian Cha, Seattle, Washington

Yes, primates other than humans 

can hiccup—our orangutans do so 

regularly. Meredith Bastian, great 

ape curator, National Zoo 

If the earth disappeared, what would 

happen to the moon? Richard Grant, 

Farmers Branch, Texas

Not much, actually. While our 

oceans are drawn into tides by the 

moon’s gravity, the moon’s solid 

crust deforms only slightly due to 

the earth’s pull. Lunar libration—the 

very slow wobbling caused by the 

Your 
Questions 
answered by 
our Experts
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At 5 o’clock on a blistering 
morning in June 2007, U.S. Marine Cpl. William 

Gadsby helped lead a team of infantrymen into the 

farmland surrounding Karma, an agricultural hub in 

Iraq’s volatile Anbar Province. Karma is pancake-fl at, 

with sightlines for miles, and after a few hours on 

patrol, Gadsby grew worried. We’ve been out here too 

long, he thought. They’re probably tracking us. 

Around 10 a.m., he heard a deafening bang. A cloud 

of smoke enveloped him. He tried to run and he got 

nowhere: A remotely detonated bomb had turned his 

right leg into a mass of gore and gristle. All he felt was 

adrenaline. Ears ringing, he rolled and jerked away 

from the site of the explosion until he reached the 

side of the road. As he lay in the dirt, with a corpsman 

H I S  R O B O T I C  L O W E R  L I M B S  H AV E  A L R E A D Y  R E V O L U T I O N I Z E D  L I F E  F O R 

A M P U T E E S  ( I N C L U D I N G  H I M S E L F ) .  N O W  H E ’ S  E N V I S I O N I N G 

N E W  C A P A B I L I T I E S  F O R  E V E R YO N E  E L S E

B Y  M A T T H E W  S H A E R

Photo-illustration by David Arky

GIANT STEPS
H U G H  H E R R  •  T E C H N O L O G Y
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tors had assured him—and although 

it had some fl ex to it, the device still 

felt overly stiff . Every step sent a shock 

wave up his back. He was always sore.

“I thought, I live in an era where the 

technology is only expanding—every 

year, there’s a revolutionary break-

through,” Gadsby, now a husband and 

father and social-worker-in-training, 

told me recently. “That gave me hope. 

Something to go on.”

In the spring of 2010, he read about 

a new type of prosthesis being devel-

oped by Hugh Herr, head of the bio-

mechatronics group at MIT’s Media 

Lab. Herr himself was a double ampu-

tee: In 1982, when he was just 17, he’d 

lost both legs to frostbite sustained 

during a mountaineering expedition. 

While completing a master’s degree 

in mechanical engineering at MIT, a 

doctorate in biophysics at Harvard 

and postdoctoral work in biomecha-

tronics at MIT, Herr had developed 

an increasingly sophisticated array of 

artifi cial knees, feet and ankles. His 

latest invention was a fully comput-

erized ankle-foot system called the 

BiOM, which imitated a fl esh-and-

blood foot, propelling the user forward 

with each step. It bore no resemblance 

to any other prosthesis on the market .

“To me, this guy, Dr. Herr, was an 

inspiration,” Gadsby says. “Unlike the 

rest of us, he wasn’t sitting around, 

thinking, ‘Gee, I wish they could come 

up with a better gadget.’ He got those 

degrees so he could fi x himself—and 

fi x everyone else.”

For the past four years, the 30-odd 

members of the Media Lab’s biome-

chatronics group have worked out of 

a laboratory on the second fl oor of a 

gleaming glass complex on Amherst 

Street in Cambridge, not far from the 

Charles River. The space is high-ceil-

inged and bright, and dominated by a 

treadmill, which is used to test pros-

theses and exoskeletal devices. Amid 

the sleek fi berglass struts and polished 

machine parts, one object stands out: 

preserved his left leg—but the right 

had been sawed off  above the knee. 

Months of pain followed: the end-

less physical therapy, the fi tting of a 

prosthetic, the challenge of learning to 

walk again. Gadsby, 29 years old, faced 

it all head-on. After he was transferred 

to a base in Southern California, he 

took to spending his afternoons hob-

bling up and down the beach, because 

walking in sand took real eff ort, and he 

thought it would speed his recovery.

It didn’t. Part of the problem was 

his prosthesis. It was a foot  made from 

carbon fi ber —top of the line, his doc-

applying a tourniquet to his right leg, a 

sniper’s bullet pulverized his left knee.

More bullets zipped past. Gadsby 

hollered out orders, even as liters of 

blood poured out of his body. Once the 

insurgents had fl ed back into the farm-

land, his men fl agged down a passing 

truck and loaded him into the back. 

His breathing was ragged and dry, and 

he fl ickered into and out of conscious-

ness. At the fi eld hospital, a priest read 

him his last rites. His eyes closed.

He awoke a day and a half later in 

the medical wing of a base in Germany. 

Miraculously, a trauma surgeon had 

Herr’s BiOM (in an X-ray view), a fully 

computerized ankle-foot system, bore 

no resemblance to any other prothesis.
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man!” Herr marveled. “It was fascinat-

ing. We’re all so programmed to think 

that an unusual body is a weak one.”

He was determined to change that. A 

middling high-school student, he now 

consumed mathematics textbooks by 

the crateload. In his early 20s, he en-

rolled at Millersville University, a small 

school a few miles from the family farm 

in Lancaster, Pennsylvania. While an 

undergraduate, he obtained his fi rst pat-

ent, for a prosthetic sock that leveraged 

a system of infl atable bladders and mi-

croprocessors to help the wearer walk 

better and more comfortably. The de-

in his own workshop. And something 

strange was happening: His climbing 

was improving. He had fl exible rubber 

feet that helped him scuttle up tricky 

cracks, and specialized crampons for 

scaling ice walls. Again, the media came 

calling—magazines, newspapers, TV.

At the same time, he continually ran 

into evidence of a prejudice against 

people like him. “My father told me 

this story about how, shortly after my 

limbs were amputated, a person came 

up to him in the hospital and said, ‘Oh, 

I’m so sorry. He wasn’t married, was 

he?’ I had become instantly subhu-

a flesh-colored rubber appendage 

known as a Jaipur Foot. Its presence 

in the lab is talismanic, commemora-

tive. Until relatively recently, the Jai-

pur Foot, invented in 1971 by an Indian 

surgeon, represented the pinnacle of 

prosthetic science: an inanimate lump 

that aped the form of a foot without 

replicating its function.

“Wood, rubber, plastics,” Hugh Herr 

recited when I visited him in Cam-

bridge earlier this year. “At the time 

of my accident, that was the reality. 

There were foot-ankle systems, but 

there was no computational intelli-

gence. And a lot of key technological 

capabilities were not in place, like 

inexpensive, powerful, small micro-

processors. A lot of sensing capability 

was not available. The same went for 

power supplies and motors.”

In person, Herr, 51, has a raffish 

air—more Parisian artist than hard-

charging American scientist. He wears 

his thick hair swept back and favors 

dark blazers and colorful scarves. (In 

a shoot for an Italian edition of Wired 

magazine, he posed in a bespoke 

jumpsuit of fi ne linen; a blowup of the 

cover hangs prominently in the MIT 

lab.) But the impression is deceptive. 

Herr has confessed to being “stoic to a 

fault,” and when faced with questions 

he regards as trivial or uninteresting, 

he has a habit of going monosyllabic. 

“I just don’t express what’s inside,” 

Herr has been quoted as saying . “My 

students tend to be afraid of me, and I 

wish they weren’t.”

Partly, the stoicism may be a re-

sponse to life in the spotlight. Even 

before he lost his legs, Herr was a sen-

sation in the rock-climbing world—a 

handsome kid from a Mennonite farm 

in Pennsylvania putting up  wild and 

hairy routes that even hardened vet-

erans had trouble replicating.  His ac-

cident, the result of a botched winter 

ascent of New Hampshire’s Mount 

Washington, slowed him down for a 

few months, but soon he was climbing 

again, using prosthetics he designed 

When Herr returned to the rocks (in 

Arizona in 1986) on prostheses he de-

signed, his climbing actually improved.
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emotionally taxing and heartbreaking.”

These days, Herr is something of a 

professional juggler: In addition to his 

posts at BiOM and the biomechatronics 

lab, he teaches classes at MIT and Har-

vard. He travels to lecture and to consult 

on other bionics projects. He still climbs 

when he can, although in recent years, 

the highest-profi le mountaineer in the 

family has been his wife, Patricia Ellis 

Herr, whose 2012 book, Up: A Mother 

and Daughter’s Peakbagging Adventure, 

details a family quest to summit the 48 

highest mountains in New Hampshire. 

The Herrs’ daughters, Alex, 11, and Sage, 

9, are both avid climbers. Hugh joins 

them on hikes when he can but spends 

a large part of his waking life in the lab.

Before I left MIT, I asked Herr if he 

was comfortable with the roles he had 

assumed as an outspoken advocate for 

bionics and a very visible bionic man 

himself. He paused. “We’re constantly 

surrounded by messages about how 

technology is not doing us well: pollu-

tion and nuclear weapons and so on,” 

he said, fi nally, studying his legs. “I’m an 

example of the opposite trend. So, yes, 

I’m comfortable with it. God, yes.”

This past March,  Herr fl ew to Van-

couver to deliver an address at the 

TED Conference, the annual sum-

mit of science and tech cognoscenti. 

His presentation was heavily autobi-

ographical: He discussed his accident, 

his fi rst inventions and a pair of early  

prosthetics that allowed him to adjust 

his height from 5 feet to 6 1
⁄2  feet plus. 

(“When I was feeling badly about my-

self, insecure, I would jack my height 

up,” he joked, “but when I was feeling 

confi dent and suave, I would knock my 

height down a notch, just to give the 

competition a chance.”)

Then the lights dimmed and went 

up again, and Herr introduced a pro-

fessional ballroom dancer named 

Adrianne Haslet-Davis. In 2013, 

Haslet-Davis had lost part of her left 

leg when terrorists detonated a pair of 

bombs at the Boston Marathon; now, as 

the crowd sat rapt, she and her dancing 

partner, Christian Lightner, performed 

a delicate rumba. If you hadn’t spotted 

cle and tendon function. Using onboard 

microprocessors and a three-cell ion 

lithium battery, the device actually 

propelled the user forward with each 

step, in the manner of organic muscle. 

For propulsion, the BiOM relied on a 

custom-built carbon-fiber spring—

each time the user stepped down on 

the device, the spring was loaded with 

potential energy. On the up-step, that 

energy was supplemented with a small 

battery-powered motor.   

But Herr and his team knew that all 

steps are not created equal: Scram-

bling up a steep slope requires a very 

diff erent gait—and very diff erent parts 

of the body—from walking across 

a tennis court. So they developed a 

proprietary algorithm that measured 

the angle and speed of the initial heel 

strike of the BiOM, and controlled, via 

the microprocessors, the speed and 

angle of descent on the next step.

The BiOM weighed about fi ve pounds—

more or less the weight of a human an-

kle and foot—and was fi tted to the user’s 

residual limb with a simple carbon fi ber 

socket. Tests indicated that the device 

returned about 200 percent of the body’s 

downward energy. A top-fl ight carbon-fi -

ber prosthetic returned only 90 percent.

Tens of millions of dollars in venture 

capital poured in. Ditto for emails and 

letters from amputees desperately eager  

to serve as BiOM guinea pigs. That bar-

rage has not stopped. “It’s overwhelm-

ing,” Herr told me, shaking his head. “It’s 

vice—along with a sterling grade-point 

average—caught the attention of MIT’s 

admissions staff , and in the early 1990s 

Herr moved to Cambridge to work on 

his master’s degree. He invented cease-

lessly, always tinkering, building, im-

proving. The patents piled up: for arti-

fi cial joints, computer-powered ankles, 

biomimetic joint actuators.

The prosthetics industry had  seemed 

trapped in another century, and Herr 

wanted  to haul it into the digital age. 

“There was a long stretch of time where 

there was a lot of technological advance-

ment in other sectors, but not in our 

fi eld,” Elliot Weintrob, a Virginia pros-

thetist who sells BiOM devices, told me. 

“Yes, you had the emergence of carbon 

fi ber, but the improvements were incre-

mental: Lighter carbon fi ber, stronger 

carbon fi ber. OK, what’s the next level? 

The next level was power. Because no 

matter how much spring you’ve got in 

that carbon fi ber, until you start trying to 

replace the action of the muscle, you’re 

inherently limited. That was Hugh 

Herr’s genius—he understood that.” 

In 2007, Herr founded a bionics com-

pany called iWalk (the name was later 

changed to BiOM),  and set about bring-

ing to life the advanced  technology 

that had always fascinated him. Re-

search and development in prosthetics 

had not been particularly well funded 

or attractive to engineers and scien-

tists, but things were rapidly chang-

ing. “With the war on terror, and the 

confl icts in Iraq and Afghanistan, and 

all these returning injured, Congress 

had unleashed millions in research 

money,” Herr recalled. “Another driver 

was that the key disciplines relevant to 

bionics had matured, from robotics to 

tissue engineering. And they were ma-

turing to a level where we could actu-

ally build bionics as envisioned by Hol-

lywood and science-fi ction writers.”

Herr trained his focus on the ankle, 

a dauntingly complex part of human 

anatomy, and one traditionally under-

served by prosthetics technology. By 

late 2009, testing was underway on the 

PowerFoot BiOM, the fi rst lower-leg 

system to use robotics to replace mus-

“It felt like I was
going from using
a bicycle to a
Ferrari. I was
getting energy 
return. I was
getting propulsion.
It felt real.”
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workers’ compensation plan, but he said 

he expects that more health insurers 

will come around to the idea of bionic 

prosthetics. “People default to what 

they know, and they don’t know bion-

ics yet,” he said. “There aren’t millions 

of people on these products. But I think 

this is such a value-add for amputees . . .

that it will become common. Many, 

many people will wear legs like mine.”

And yet to spend any time with Hugh 

Herr is to understand that he is already 

thinking beyond a world where bionics 

are used only to enable wounded people 

and toward a future where bionics are an 

integral part of everyday life. In less than 

20 years, he told me, “it will be common 

to step outside and see someone wearing 

a robot, meaning a bionic of some kind.”

tients testifi ed in front of Congressional 

panels to persuade Medicare adminis-

trators to provide bionic limbs for ampu-

tees. In part, their argument centered on 

the preventive benefi ts of a BiOM. Sure, 

the device is expensive. But isn’t the 

cost justifi ed if it saves insurers money 

on painkillers, osteoarthritis treatments 

and other measures needed to treat the 

side eff ects of traditional prostheses? 

Ultimately, a Medicare code was issued; 

a handful of workers’ compensation 

providers have also agreed to pay for the 

BiOM. Still, wider acceptance by the in-

surance industry remains elusive.

David Conrod, a communications 

professional who lost his leg decades 

ago in an industrial accident in Canada, 

was one of the patients to testify with 

Herr.  His BiOM system is paid for by a 

the glint of the prosthesis Herr had fi t-

ted her with, you would have been hard-

pressed to know Haslet-Davis had ever 

been injured—her footwork was daz-

zlingly precise, meticulous, elegant.

The performance—a video of which 

has been viewed more than 2.5 mil-

lion times online—was a testament to 

the healing power of high technology. 

It was also a high-profi le showcase 

for the BiOM T2, the successor to the 

iWalk BiOM. The T2 uses the same 

basic architecture and algorithms as 

the original device, but the battery is 

lighter and longer-lasting and the mo-

tor more reliable. This fall,  BiOM will 

release an Android application that 

will allow users to monitor steps and 

battery life and maintain some control 

over the propulsion levels. “If you’re 

just sitting in the offi  ce, you might dial 

it down a bit,” Charles S. Carignan, Bi-

OM’s CEO, told me. “But let’s say you 

want to go out and climb a few steep 

hills. Well, then you’d probably want 

some extra power.”

BiOM says it has distributed more 

than 900 BiOM ankle systems, with 

nearly half going to veterans such as 

William Gadsby. Paul Pasquina, a colo-

nel in the Army Medical Corps and chief 

of the Integrated Department of Ortho-

paedics and Rehabilitation  at Walter 

Reed Army Medical Center, calls the 

technology “revolutionary.” Non-pow-

ered prostheses, he said, cannot mimic 

the natural gait, and users try to compen-

sate with other muscle groups. That can 

lead to pain, degeneration, osteoarthritis 

and severe musculoskeletal and cogni-

tive stress. Bionics, Pasquina said, can, 

when combined with aggressive reha-

bilitation, better compensate for a lost  

limb and improve balance and function. 

“The more you’re able to simulate natu-

ral human motion, the better for the in-

dividual,” Pasquina said. “In that sense, I 

believe, the technology speaks for itself.”

But  a BiOM T2 lists for about $40,000, 

and Herr has had trouble stirring up the 

same enthusiasm among civilian insur-

ers. Last year, he and several of his pa-

Wounded in Iraq, William Gadsby 

became an early BiOM test patient for 

above-the-knee amputees. 
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transfemoral amputees is signifi cantly 

more diffi  cult to compensate for.) Run-

ning a hand through his close-cropped 

blond hair, Gadsby recalled reporting to 

his prosthetist’s offi  ce for the fi tting—a 

lengthy process where the BiOM’s fi rm-

ware is synced to the user’s gait.

“I don’t think most ‘organic’ people, 

as I refer to them, understand the en-

ergy return they get from their feet,” 

Gadsby said. “But when you’re on 

that carbon-fi ber foot . . . you’re using 

upwards of 100 percent more energy 

just to get around, and man, it hurts. It 

does. With the BiOM, it felt like I was 

going from using a bicycle to a Ferrari. 

I was getting energy return. I was get-

ting propulsion. It felt real.”

I followed him out to the parking lot. 

Gadsby fi shed his carbon-fi ber foot out 

of his backpack for me to hold. It was 

light, but when he told me to smack the 

sole against my palm, I saw what he 

meant—there wasn’t much give. “Now 

watch this,” he said, and took off  across 

the pavement  at an impressive clip, the 

BiOM pistoning away underneath him. 

He returned grinning.

“Now I can hike,” he said. “I can 

drive all the way to Florida. I can cart 

a bunch of heavy suitcases when we 

go on vacation. I can throw my son on 

my shoulders and walk around with 

him. I can be a dad. The bottom line 

is that I’ve always tried to make sure 

my wounds aren’t my family’s wounds. 

The BiOM allows me to do that.” 

he hopes to convene a group of lawyers, 

scientists and philosophers to help guide 

“policy around augmentation.”

“We’re going to advance technologies 

in this century that just fundamentally 

change human capability,” he told me. 

“And there’s real beauty in that—there’s 

real advantage to humanity in that you 

can eradicate disability. There’s also real 

risk, so we need to develop policy com-

mensurate with these new technologies. 

And in my view the drivers of policy 

around augmentation technology should 

focus on enhancing human diversity.”

Eventually, he suggested, prosthetics 

could become a lifestyle choice, like a 

nose piercing or a tattoo—“where our 

bodies are an art form and we can just 

create any type of body. Then we see a 

death of normalcy, a death of standard 

views of human beauty. Then you walk 

down the street 50 years from now and 

it’s like the cantina scene in Star Wars. 

That’s what I want.”

On a humid day this summer, I met Wil-

liam Gadsby at a restaurant in Northern 

Virginia, where he now lives with his 

wife, Tatiana,  who is a computer pro-

grammer, and their 5-year-old son. Four 

years ago, after much lobbying, Gadsby 

received approval from the Veterans 

Administration to join an early BiOM 

testing program for above-the-knee, or 

transfemoral, amputees. (The device 

had been used for below-the-knee am-

putees because the diminished gait of 

One afternoon at the biomecha-

tronics lab, I watched a group of Herr’s 

doctoral students test an exoskeletal 

leg brace on the treadmill. The device, 

constructed from fi berglass struts, is 

intended to supplement the wearer’s 

capability—a construction worker 

might don one to lift a heavy load, or a 

Marine might wear one to walk an extra 

50 miles with a pack on her back. Lately, 

the lab has become a veritable factory 

of similarly high-end bionics, from ro-

botic limbs that can “read” the ground 

ahead and adjust power input and an-

gle accordingly, to the pieces of a fully 

autonomous exoskeleton—an invention 

Herr and his team unveiled earlier this 

year to much fanfare in the Journal of 

NeuroEngineering and Rehabilitation.

“When you view the human being in 

terms of its locomotory function, some 

aspects are quite impressive,” Herr 

said. “Our limbs are very versatile: We 

can go over very rough terrain, we can 

dance, we can stand still. But . . . our 

muscles, when they do positive work, 

75 percent is thrown out as heat and 

only a quarter is mechanical work. So 

we’re pretty ineffi  cient, we’re pretty 

slow and we’re not terribly strong. 

These are weaknesses we can fi x.”

The next frontier for bionics, Herr 

believes, is neurally controlled de-

vices. For now, the BiOM works in-

dependently from the brain , with an 

algorithm and a processor  governing 

the prosthetic’s movement. But Herr 

is working on sensors that can tap into 

the body’s nervous system—eventually 

we could see a prosthetic controlled by 

the brain, muscles and nerves. 

Of course, as Herr is quick to acknowl-

edge, it is impossible to think of the mat-

ing of fl esh and robotics without think-

ing of the dystopian fi ction of Philip K. 

Dick or movies like the Transformers 

series, where machines have eclipsed 

humanity. “The fear is that the mating 

will be such that the human, however 

that’s defi ned, is no longer in control,” 

he allowed. Herr recently presided over 

the founding of the Center for Extreme 

Bionics at MIT, which will explore more 

experimental forms of robotic engi-

neering. As part of the center’s activity, 

In less than 20 
years, he says, 
“it will be common 
to step outside 
and see someone 
wearing a robot, 
meaning a bionic 
of some kind.”
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Separated by eight years,
a dozen subway stops and a vast socioeconomic dis-

tance, Erica Mateo and Max Kenner had one thing 

in common growing up: They were no one’s candi-

dates for most likely to succeed. Mateo was raised 

by her grandmother in one of Brooklyn’s roughest 

neighborhoods, dropped out of school in the eighth 

grade and ended up in a juvenile correctional fa-

cility. Kenner’s handicap was to grow up among 

artists and left-wing intellectuals in 1980s SoHo, 

an environment that did not exactly promote a rig-

orous academic work ethic. At the famously pro-

gressive Saint Ann’s School in Brooklyn Heights, 

which is known for quirky gifted graduates like 

Photo-illustration by William Duke

M A X  K E N N E R  •  E D U C A T I O N
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tion began to pay off  in nationwide 

political visibility, as the concept 

won the endorsement of Governors 

Andrew Cuomo of New York, Chris 

Christie of New Jersey and Attorney 

General Kamala Harris of California . 

The meeting with Mateo did not go 

well at fi rst.

“Why are you talking about liberal 

arts ?” demanded Mateo. “How is that 

going to help me get a job when I get out?”

Kenner patiently explained that 

the humanities encouraged criti-

cal thinking and self-discipline and 

would prove their value in the long 

run. Mateo applied and was accepted. 

In one of her fi rst classes she encoun-

tered a line in a poem about the “yel-

low fog that rubs its back upon the 

window-panes”—and was jolted into 

awareness of the awesome power of 

a metaphor. Who knew that language 

could do that? 

The idea came to Kenner in 1999, but 

he can’t recall just when or how. He 

knew no one who was incarcerated. 

He just knew that a few years earlier 

Congress had decreed that prisoners 

were no longer eligible for Pell tuition 

grants, putting a stop to most prison 

education programs. Having recently 

discovered for himself the thrill of 

serious intellectual enterprise, he 

decided to attempt to bring the same 

experience to some of the 71,000 in-

mates in New York State’s sprawling 

penal system. 

He took the idea to Leon Botstein, 

Bard’s charismatic president, who 

was enthusiastic. Kenner spent the 

next two years cadging meetings with 

prison offi  cials—he would introduce 

himself on the phone as “Max Kenner 

from Bard College,” without mention-

ing that his position there was as a 

sophomore—cajoling Bard faculty to 

sign on and scaring up funding from 

philanthropists. (The program, now 

budgeted at around $2.5 million   an-

nually, has received support from the 

Ford and Soros foundations.) Even 

today,  Kenner—of medium build, 

with dark hair starting to recede—

carries himself with a mixture of 

other colleges to establish their own 

programs. His vision has led to a sis-

ter organization, the Consortium for 

Liberal Arts in Prison, now exporting 

the concept to other states—nine as 

of 2014, where around 800 students 

work toward degrees from such elite 

institutions as Wesleyan, Grinnell 

and Goucher. This year his mission—

to off er liberal arts education to in-

mates nationwide—took a major leap 

forward when Wesleyan’s Center for 

Prison Education, begun with seed 

money from the Bard program, re-

ceived its own Ford Foundation grant. 

 But more important, Kenner, who 

is 36, says, this was the year that his 

tireless advocacy for prison educa-

Lena Dunham and doesn’t even hand 

out grades, “I basically checked out by 

senior year,” he says cheerfully. 

They met in prison, at the Bayview 

Correctional Facility  in Manhattan, 

where in 2006, Mateo, an insouciant 

and streetwise 19-year-old, was serv-

ing a three- to nine-year sentence for 

assault. Kenner was there speaking to 

inmates about the Bard Prison Initia-

tive—a program he had conceived and 

created while still an undergraduate 

at Bard, the forward-thinking college 

in Annandale-on-Hudson, New York. 

The program’s unlikely purpose was 

to provide a Bard education, and de-

gree, to inmates at some of New York 

State’s toughest  prisons. 

Since its origins, BPI has expanded 

to six New York prisons, where it now 

serves some 300 students. Kenner 

isn’t empire-building; he encourages 

Today BPI grads Dorell Smallwood, left, 

and Joe Williams counsel young off end-

ers. “BPI,” says Williams, “was about 

strategically planning for my release.” 



November 2014 | SMITHSONIAN.COM   29

B
A

R
D

 
P

R
IS

O
N

 
IN

IT
IA

T
IV

E

intellectual curiosity, which is what 

Kenner saw in Mateo. He praised her 

submission as “idiosyncratic.”

“I thought he was calling me an id-

iot,” she remembers.

An applicant’s criminal record and 

release date are not considered; often, 

Kenner doesn’t even know, or want to 

know. About 300 prisoners have re-

ceived Bard degrees since 2001, and 

most of them are still behind bars. 

Among graduates who have been re-

leased, only a tiny fraction, less than 

2 percent, have been rearrested, ac-

cording to Kenner’s (unaudited) fi g-

ures. By comparison, a 2010 study by 

the Justice Department, covering 30 

states, found that more than 70 per-

cent of state prison inmates were re-

incarcerated within fi ve years of re-

lease. A Rand Corporation report has 

found that, in general, inmates who 

One of the students was Anibal 

Cortés, who wrote a senior thesis on 

“Community-Based Responses to In-

fant Mortality,” then took post-gradu-

ate math courses to be admitted, after 

his release, to Columbia for a master’s 

degree in public health. True, he had 

an edge, having graduated years be-

fore from the elite Bronx High School 

of Science, which has also produced 

at least eight Nobel Prize winners and 

one famous detainee: the late civil 

rights activist Stokely Carmichael. 

Admission to the Bard prison pro-

gram is very competitive, involving a 

written essay followed by an inten-

sive interview. Kenner and Karpow-

itz look for imagination, passion and 

passion and diffi  dence; he believes so 

strongly in his vision that he gives the 

impression of not caring whether he 

convinces you or not, but he has had 

remarkable success in getting people 

to see things his way.

“Prison wardens knew that ending 

college programs was terrible policy, 

but Congress did it,” he recalls. “The 

atmosphere had been poisoned. I was 

this naive 20-year-old trying to do 

something that everyone knew was 

right, but they couldn’t do it them-

selves because they all hated each 

other.” He recruited Daniel Karpow-

itz, a law school graduate, sometime 

playwright and legal scholar to help 

develop a curriculum. In 2001, they 

matriculated their fi rst class, 18 in-

mates at Eastern New York Correc-

tional Facility, a maximum-security 

prison in nearby Ulster County.

In prison, Smallwood worked with Bard 

historian Stephen Mucher, left. “I remem-

ber thinking, I’ll never get in,” Smallwood 

recalls of the application process. 
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sis of original research—no small task 

for students who do not have easy ac-

cess to a library, cannot call people 

they wish to interview, or even use the 

Internet or email. In general, inmates 

can use computers connected to an 

in-house network, access research 

on that network and submit written 

requests for materials from the Bard 

College library. A selection of thesis 

titles, provided by Kenner, includes 

some expected forays in urban so-

ciology (“Half a Century After Brown 

v. Board of Education: A Historical 

Look at Eff ective African-American 

Education”) but many others along 

the lines of “Photographic Imagery 

in the Work of Thomas Hardy.”

The poet who so electrifi ed Mateo 

was, of course, T.S. Eliot. Later, in an 

anthropology class, she was assigned 

a book of ethnography, Never in An-

ger. “It changed my whole trajectory 

in life,” she recalls. “I read it and said, 

This is what I’ve always been looking 

for, This is what I want to learn and un-

derstand—and it was about Eskimos.”

Anthropology also captivated 

Dorell Smallwood, who joined BPI 

at Eastern in 2004, halfway through 

what would be a 20-year stint behind 

bars for homicide. Reading deeply in 

John Dewey, he developed an inter-

est in the philosophy of education. 

His senior thesis was a research pa-

that we are producing a mathemati-

cally, scientifi cally and philosophically 

illiterate population, then you would 

want to make this kind of education 

available to as many people as possi-

ble.” In that sense, prisoners—with 

time on their hands and motivation for 

self-improvement—are “the low-hang-

ing fruit” of educational reform. 

Unsurprisingly, that is not a univer-

sally held belief; the political forces 

that led Congress to end Pell grants 

in prison are still at work. Governor 

Cuomo earlier this year proposed 

spending $1 million (a tiny portion of 

the $2.8 billion Department of Cor-

rections budget) on college classes 

in prisons. But he was forced to back 

down under a torrent of ridicule from 

opponents, including his Republican 

challenger Rob Astorino, who said 

he was saving to send his own son to 

college and “maybe we should sit him 

down and explain how to rob a bank.” 

The other trend that Kenner has 

bucked is the kind of condescending 

multiculturalism that assumes mi-

nority students can study only the 

poetry of 50 Cent and the political 

philosophy of Eldridge Cleaver. Each 

graduate must produce a senior the-

participate in an education program 

are 43 percent less likely than other in-

mates to return to prison within three 

years of release. Of course, the inmates 

who enroll in an education program 

and stick with it are self-selected for 

high motivation, so even that success 

rate comes with a statistical asterisk.

Kenner will cite these fi gures when 

necessary, but privately he thinks 

they’re beside the point. The Bard 

program, he says, is less about prison 

reform than education—not a slacker, 

diploma-mill curriculum but a clas-

sical education in literature, history, 

philosophy, math and science. 

This runs counter to the current 

fashion for evaluating college ed-

ucation in terms of future earning 

potential, but Kenner doesn’t care. 

There may be countless expensively 

educated liberal arts graduates un-

employed and living in their parents’ 

basements, but Kenner holds to his 

conviction that exposing criminals to 

the Federalist Papers is a stronger de-

fense against future malfeasance than 

teaching them welding. “People are 

always saying, why not do vocational 

education, or spiritual inspiration, 

or anti-violence programs,” he says. 

“Everyone has a bad idea about what 

people they know nothing about need. 

If you believe that society is not train-

ing people for jobs in the 21st century, K
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Admission to 
the Bard prison 
program is very 
competitive. 
Kenner looks 
for imagination, 
passion and 
intellectual 
curiosity. 

At her 2009 graduation at Bayview pris-

on, Afi  Turner recalls, she spoke about 

“having the tenacity to keep going.” She 

now works as an employment counselor. 
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Kenner (at Coxsackie prison) says that 

BPI is founded on a basic tenet: “Treat 

the people we expect the least of in the 

way we all want to be treated.” 

per on the motivations of inmates 

enrolled either in the Bard initiative 

or more conventional prison pro-

grams on substance abuse or anger 

management. The latter group, he 

found, was largely interested in ac-

cumulating credit within the system 

that might entitle them to benefi ts 

such as conjugal visits. The Bard stu-

dents wanted to go to college for its 

own sake, or to make their parents, or 

children, proud. You might imagine 

that a BPI degree would be a ticket 

to early parole, but Jed Tucker, the 

program’s director of re-entry, says 

it’s not certain it helps. Prisons value 

conformity, and a certain ingrained 

suspicion attaches to an inmate who 

conspicuously out-achieves his peers.

After earning his degree, Small-

wood had to wait another three years 

for his freedom, on May 8, 2013—in-

mates seem always to give the exact 

date of their release. With Tucker’s 

help he got a job as a youth advocate 

at Brooklyn Defender Services, coun-

seling teenage defendants as they 

make their baffl  ing progress  through 

the justice system. There, he joined 

another former inmate he had known 

in the BPI program. Joseph Williams 

(senior thesis: “Cultural Critiques and 

Social Mobility: The Double Perfor-

mance of the ‘Black’ Rapper Perform-

ing as the ‘White’ Gangster”) is now 

working toward a master’s degree in 

social work at Columbia. (“I told Jed, 

I’m applying to Columbia. I’m going 

to Columbia. And that’s what I did.”) 

From an offi  ce in the public defend-

er’s offi  ce,  Smallwood, in a dark suit 

and colorful tie, looks down on the 

Brooklyn Tabernacle church . But 21 

years ago the building was the Loew’s 

Metropolitan movie theater, where 

he was shot fi ve times in what he de-

scribes as his last night of freedom. 

Recovering in the hospital, he was ar-

rested and later convicted of an un-

related homicide. “That was my last 

night on the street, until I got out,” he 

says thoughtfully. “And I never would 

have imagined that I’d be here some-

day looking down on it.”

Mateo, who is now 28, was dressed 

the day I interviewed her in a tan skirt 

and sweater, with short nails, loose 

brown hair and no lipstick—an exec-

utive look, belied only by gold hoop 

earrings that could encircle a grape-

fruit.  But she looks like an executive 

because she is one: director of com-

munity initiatives for the Brownsville 

Community Justice Center,  where 

she oversees a six-fi gure budget  and 

a staff  of counselors and social work-

ers who combat violence in the very 

neighborhood where she grew up. She 

says she is still sometimes amazed at 

how far she has come from the streets. 

She credits her prison education and 

Kenner, who all but forced her to ap-

ply for admission to the main Bard 

campus when she was released from 

prison before earning her degree. 

“Prison was hard,” she says, “but 

actually going to college was a whole 

other thing. I was still on parole, and 

my parole offi  cer would come check 

up on me in the dorm.” BPI is still a 

touchstone in her life; she had spent 

the previous weekend visiting Ken-

ner and Karpowitz at the campus, 

talking about her work, her life. She 

still marvels at how quietly influ-

ential Kenner has been. “He pushes 

you to ask questions,” Mateo says. “It 

frustrated me at the time. I was 19, I 

was looking for answers.” 

But Kenner thinks the questions 

are what matters. “College is unique 

in prison,” he muses, “because what 

you put into it makes a diff erence in 

what you take away” into the outside 

world, and the future. And everyone, 

he thinks, deserves a future.  
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“When I’m surrounded by
concrete buildings like tall industrial boxes, my own 

physical presence feels so completely displaced,” 

says Janet Echelman. Her solution: huge, sinuous 

fi ber sculptures strung between buildings high above 

the ground to serve as a “mediating piece ,” she says, 

between us and our alienating urban spaces. The 

artist, 48, combines an ancient technology—knots—

with modern polyethylene fi ber that’s stronger than 

steel  and dazzling computer-controlled lighting. 

Echelman, a painter, turned to sculpture in 1997 

when she traveled to India and her paints were lost 

in transit; she began making shapes with  local fi sh-

ermen’s nets. She has won renown for some 35 major 

projects in cities from Santa Monica to Singapore.

H E R  S K Y- H I G H  S C U L P T U R E S ,  C R E AT E D  F R O M  M I L E S  O F  T W I N E 

A N D  M A N I P U L AT E D  B Y  C U T T I N G - E D G E  T E C H N O L O GY, 

T R A N S F O R M  U R B A N  S P A C E

B Y  M A X  K U T N E R

Portrait by Jo Hamilton • Photographs by Reed Young

HIGH WIRE
J A N E T  E C H E L M A N  •  V I S U A L  A R T S
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See Echelman’s Vancouver sculpture in action at Smithsonian.com/sparks

“I don’t take on a project unless it requires me to push the boundaries 

of my art,” Echelman says. In her studio, behind her house in the Boston 

suburb of Brookline, she often first plots out a project in paint (left).  

As it takes shape, designers in her studio use computers to virtually drape 

forms over 3-D images of city neighborhoods . Engineers help her design 

sculptures that can support their own weight and withstand local wind 

forces . Skies Painted with Unnumbered Sparks (above), suspended above 

Vancouver last March for the 30th-anniversary TED conference, was 

Echelman’s largest project to date, spanning 745 feet and using 145 miles 

of twine; a system created by artist Aaron Koblin allowed nighttime 

viewers to change the lighting with their mobile devices.
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With Impatient Optimist (below, a prototype in 

testing, October 2013), Echelman sought to give 

physical form to the humanitarian mission of the 

Bill and Melinda Gates Foundation; the work will be 

permanently installed on the foundation’s Seattle 

campus in early 2015. Coming in spring is Pulse, in 

Philadelphia, which she describes as “a live X-ray of 

the inner workings of a city.” That project, embedded 

in a plaza next to City Hall, will emit glowing curtains 

of mist tracing the movement of three subway lines 

underground. “People assume the city is unfolding 

as it must,” says Echelman (opposite, experimenting 

in her studio) . “But we have the ability to create a 

diff erent environment.  If that can be diff erent, 

what else can be diff erent?”  
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 P R O L O G U E

The beginning is the river. 

The river fi lls and empties a continent

this river is time, 

a river of men and women. 

This river is the story of a world 

erased, a river widened and bent and widened again, 

bearing away the past and carrying the future at the end 

of one America and the beginning of the next.

In this tin roof America long gone—unreckoned and 

unlamented, sunk to the rafters in fast black water, 

chimneys awash and every coop and furrow submerged—

is the drowned history of our original American sin. 

We inherit its memory, its muddied antiquities, the 

inventory of its miseries, its fertile earth, its alluvial 

stink, its cause and its consequence. We are its heirs, its 

debtors, its bankers, its children. We inherit its dead.  

So the news of it came and went and was left to lie 

in a thousand morgues at a thousand papers, or fi led in the 

dying libraries, or recorded on fi lm that was itself doomed 

to decay and condemned to silence. 

Overtaken. Forgotten. And yet. And yet. And yet what comes 

to us now, what maybe saves us, is somehow art and somehow 

grace, somehow time and out of time, a documentary not a 

documentary of our ruined and ruinous living age. 

Images and music without nostalgia, without sentiment, 

without regret or false hope, hypnotic and soothing, our 

panic and cruelty and the Jim Crow universe of our violent 

helplessness just at the edge of every boiling frame. 

A movie made of ghosts, a new moving art of the living and 

the dead, the past and the future, of history 

painted by an artist, by Bill Morrison,

that feels like a new way of seeing.

The music is a bright, narrow horn and dire guitar,

elegiac, strange, a dirge for bucket and shovel, 

major and minor, as avid and dark at the margins as the 

pictures it underlines and transforms. 

It may be the most beautiful thing you’ve ever seen. 

That was the Great Flood.

This is The Great Flood.

That was 1927.

This is 2014.

T H E  F I L M M A K E R ’ S  B R I L L I A N T  N E W 

D O C U M E N TA R Y  P L U N G E S  U S  I N T O 

O N E  O F  TH E  G R E ATE ST N ATU R A L 

D I S A S T E R S  I N  A M E R I C A N  H I S T O R Y

B Y  J E F F  M A C G R E G O R 

Photograph by Joni Sternbach

B I L L  M O R R I S O N

H I S T O R I C A L  S C H O L A R S H I P

FLOOD
OF TIME
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sheds, the silos and the cribs and the troughs and the pens 

and the tanks and the shacks, the cows and the mules and 

the cities and the towns and the people suff ocating in the 

muddy fl ux of the river. 

Every candle stub and lantern, chiff erobe and skillet,

every house on every street, the scales and the gin and the 

broker, the owner and the banker and the churchman, all 

sinking in a lake that runs from Missouri to Louisiana.

Bundled on the high ground are the useless sandbags and the

bedsteads and the quilts and the pots and the pans and the 

dogs and the cattle and the families, a long rank of tents 

and refugees on an archipelago of levee tops. 

The newsreels tell us so—the ones remaining in the 

archives and libraries, those brittle nitrate spools 

moldering and decomposing, oxidizing, turning to dust, 

to jelly, to fi re. This is how Morrison loads his palette.

I I I

Chicago-born, a painter by training and inclination

Morrison began studying animation, 

sampling images and making short 

fi lms in the early 1990s 

for a theater company. 

Now he sources and assembles his fi lms 

from fragments found in the Library of Congress 

and at the fl ea markets 

and at the 

University of South Carolina, 

digitally scanning each crumbling,

silvering image before 

it bursts into flame,

that nitrate base the unstable, explosive, 

fi rst cousin to

guncotton.

Historian as art historian as artist, painter as fi lm maker

as archaeologist 

as auteur

and editor of decay.

I

Spring, summer and fall of twenty-six the rain fell and 

falling fi lled the rivers and streams and creeks and the 

sleep of the farmers and the dreams of their children until 

fear and the earth were everywhere fat with water. 

 And on and on it rained through winter and spring 

from the top of America to the bottom, west and east 

and at every point of every compass came the rains and the 

rivers rose in the red-brick river towns and the water 

poured down on the fi elds and the hollows and the hills, 

the mountains and the valleys, and the rivers rose month 

upon month and the rain and the water raced South 

There were giants in the earth in those days

and the water poured out of the forests and out of the 

orchards and into the creeks and the streams and down the

Ohio and the Alleghany, the Missouri and the Monongahela

And the earth was filled with violence

and everything everywhere under the window of heaven

was green and lush and terrifying, until all the water in 

the world rode fast and hard against the banks of the 

Mississippi, hard and fast against the levees and the 

bridges and the lives of everyone from Cairo to New 

Orleans. From Illinois to the Gulf, Shelby County to St.

Bernard Parish, from New Madrid to Greenville to Vicksburg,

Yazoo City to Hamburg to Baton Rouge, the river rose.

This is time out of time, in what seems an ancient age 

of black and white, of mute brutality, of poverty and 

struggle and squalor, of joys and lives too small, too short, 

as near as our own, as distant as the Old Testament.

Then the levees broke.

I I

250 dead in April? 500? By May, 900,000 homeless? No one

is sure. The flood is 50 miles wide, 17 million acres of the 

American South and the clichés of the American South sunk

to the ceilings. A wide world lost, smothered, swept away.

Months under water, months under that heartless 

sun, months under the abject moon, long nights like 

Old Egypt, the days all dazzle and glare from horizon to 

horizon. The backhouses and smokehouses and the 
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They met 20 years ago at the Village Vanguard

in New York City—when Frisell was booked 

to play guitar, and Morrison was in the kitchen

washing dishes.

Morrison made it out, made more movies,

worked with more composers—

Philip Glass and Laurie Anderson,

John Adams and Jóhann Jóhannsson,

Wolfe, Gorecki, Douglas, Lang,

Iyer, Bryars, Gordon—

drawing his fi lm from

everywhere

The Great Flood

is best seen live 

on a stage with musicians and a wide white screen

bounded only by your expectations.

From the languid dread of the opening aerials 

it challenges what and how you see and think and feel. 

Like a narcotic. 

Like a dream.

“Just don’t call it experimental fi lm. The experiment is 

over.” The worldwide prizes and awards, the 

fellowships, the 

Guggenheims, agree.

He is slender and sharp-featured, 

well-spoken, modest. (His next project 

will be made from fragments mined 

from underneath that Dawson City ice rink,

where you heard they found the Black Sox footage 

from British Canadian Pathé,

and a hundred years  worth of

rusting, swollen fi lm cans.)

Composer Bill Frisell 

is modest too and too quiet 

and maybe the best 

jazz guitarist alive. 

“I get everything I need out of music,” 

he says, and the music

gets everything it needs

out of him. 

Streets of Nashville, Tennessee, December 28, 1926  

See scenes from Morrison’s documentary at Smithsonian.com/greatflood
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I V

The lost. The riddle of Man and Woman trapped 

not in The Garden, 

but on the 

roof of a car sliding away in the swell 

as businessmen vote 

to dynamite the levees 

to save New Orleans, and politicians tour the calamity 

on camera, smiling, pointing

and smiling, children in the shallows 

and a piano on the shore among 

the chickens and Herbert Hoover in his celluloid collar,

and you think of what folks thought as the water rose—

that the chip in this old pitcher is the last thing I’ll 

ever see, this earless ewer, this can, this dipper and the 

yellowing curve of my own fi ngernail may be the last 

things I’ll ever see

of Nature’s great unmaking, the undoing mother, the loving 

hand smothering the world. Stillness and erasure and then 

nothing, fi nally nothing, beginning and ending 

but never ending,

deciding what abides and what cannot abide 

in this place, death rising through the fl oorboards and 

Life, its teeth sunk in you, insisting on itself, always 

itself. Those are the stakes.

So maybe somewhere someone hears a voice and that voice is

the Voice of God (but not the voice of god), so the unknown 

Noah never comes and there is no hope but the hope of your 

own voice, a climb to the roof and a long song of despair.

Both man, and beast, and the creeping thing and the 

fowls of the air; for it repenteth me that I have made 

them. In testimony to the bitterness of His failure 

was the drowning of the fi rst world in the leaden 

waters of His anger, of every corruption sunk and 

suff ocated by His silence and His tears. He could not raise 

us, so he held us under. Where are the birds? Where is the 

rattle of the branch? The rustle and the melody?

Sandy and Katrina, serial killers 

with spring break names; Gilgamesh; 

Ophelia in Atlantis,

the cleansing never cleans.

Imagination enslaves us all, 

fi lm and art insistent

on themselves, demanding 

you see and think and feel. Now consider 

the man you can’t see, 

the one behind that big box camera, cranking, his cap 

turned backward (if that helps you to see him)

cranking like a clockworks, sweating,  

how did he even get here?

With that immense wooden camera 

on that impossible tripod

heavy as a coffi  n?

His fi lm goes back to Memphis, Nashville—maybe 

Little Rock has a lab—on a boat, in a car, on a train, 

then Chicago or New York, cut and spliced and shipped 

to every Bijou and Orpheum from Khartoum to Bakersfi eld. C
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Melville, Louisiana, levee, May 19, 1927M l ill L i i l M 19 1927
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back when it felt like people were connected to

nothing but each other. Where is the monument to their 

courage? In this music. Where is their memorial? 

Here.

V

Morrison frees us from Hollywood 

tropes and 

disconnects images from narrative

images from sentimentality 

images from cliché

images from time

until we give up making sense  

and simply see

and feel our part in the long parade, 

welling with a kind of optimistic melancholy 

as the world unfurls

the strange peace that comes of destruction

The violence waiting a foot or two off screen, the brute

and casual fascism, the race hate and the cops 

and the tangle of human complication tightening in the 

water like a knot.

(This country was never 

light with the lash

or 

the nightstick)

Folks just like us / not like us. Low blues and dry horn, 

guitar like an accusation, vibraphone, fl atboat and 

National Guard, sodden hatbands and a little girl on the 

roof. Hand-painted neckties, watch pockets and

live oak, Sears Roebuck and Model-T, 

cast iron and canvas and black folks 

put out on the levees and in the wallows, 

living in the freight yards, waiting. 

Another wave for the Great Migration,

the long escape to prosperity, 

to the foundries and factories and  

slaughterhouses of the North, 

Aerial view, Lake Village, Arkansas
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his patience rewarding patience in 

Light is Calling

a fi lm too ravishing 

to understand 

or The Film of Her, 

in which 

the intensity of his vision  

becomes your own.

Just Ancient Loops can be found online,

a video version with cellist Maya Beiser, 

machine age music by Michael Harrison 

played live 

as the spheres and stars spin and 

burn in their course,

and their shadows

fl icker on the screen. 

All Vows, The Mesmerist, 

The Miners’ Hymns and Trinity, 

Tributes-Pulse and Dystopia, 

Outerborough and Fuel, 

works of art as much Lumière as Jackson Pollock, 

the Josephs Mitchell, Campbell and Cornell,

equal parts Ionesco 

and Tod Browning.

His mid-career retrospective 

at the Museum of Modern Art 

opened in October. Bill 

Morrison is 48 years old.

As he redefi nes

what fi lm is or what fi lm is not 

the downtown avant-garde say 

that music is too musical

to be truly avant-garde

(the cutting edge 

must only be admired, 

never liked).

If Morrison is a marvel of ingenuity,

his fi rst masterpiece,

Decasia, 

is a work of genius.

The dervish

the geisha in the sea of decay

the desert caravan and the wet deck

of the submarine 

in the hot whirlwind 

of nitrate rot 

and the heavenly discord 

scored by Michael Gordon. N
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Living oxidation

chains of bacteria, thumbprints 

and the Rorschach blots of corruption

nuns and cowboys 

a fi ghter 

shadowboxes 

a column 

of blight, jabbing 

and feinting 

the nothingness

the invisible

the inevitable.

It is a perfect piece of work, 

of which director Errol Morris 

said, “This may be 

the greatest fi lm ever made.”

V I

And now The Great Flood.

History not history

documentary not documentary—

instead, absolution, relief from meaning, a poem.  

After twenty-seven came the TVA

and Evans and Agee and 

the high art 

of poverty.

The Flood Control Act of 1928

rewrote the river and helped make 

Hoover president, and in the end 

the U.S.  Army Corps of Engineers spent billions 

to straiten that same river, 

until it poured out 

78 years later 

into the 9th ward. 

P O S T S C R I P T

How it is with us now is how it was with us then

when all the waters of the north became all 

the waters of the south. There is a Great Flood 

for every one of us,

for every culture, 

in every age a scourging story of unreasoned punishment 

and death and relentless life. A history of how living clings 

to living in our ecstatic tragedy.

This was a long time ago in a diff erent America, a narrow 

and unreconciled America that couldn’t last but did, 

rotten and untenable, and in the end and at the beginning 

the water must always do its work, 

as we pour out the daily measure of our vanity

and forgetting, every generation foundering,

the warnings lost, forever

helpless against ourselves.

All of us one day washed away, each carried off  by time

and history, not on the river or across it, but part of it, 

that endless river of souls lined on its widening banks

with every kindness and sorrow we’ve ever known. 

That was 1927.

That was the Great Flood.

This is 2014.

This is The Great Flood. 

Displaced families,  Vicksburg, Mississippi C
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F O R  T H E  F I R S T  T I M E ,  T W O 

P I O N E E R I N G  N E U R O S C I E N T I S T S 

H AV E  I M P L A N T E D  A  M E M O R Y  O F  A N 

E V E N T  T H AT  N E V E R  H A P P E N E D

B Y  D AV I D  N O O N A N

Photo-illustration by Irvin Serrano

S T E V E  R A M I R E Z  &  X U  L I U

N A T U R A L  S C I E N C E S

TOTAL 
RECALL

It was the day before Christmas, 
and the normally busy MIT laboratory on Vassar 

Street in Cambridge was quiet. But creatures were 

defi nitely stirring, including a mouse that would 

soon be world famous. 

Steve Ramirez, a 24-year-old doctoral student at 

the time, placed the mouse in a small metal box with 

a black plastic fl oor. Instead of curiously sniffi  ng 

around, though, the animal instantly froze in terror, 

recalling the experience of receiving a foot shock in 

that same box. It was a textbook fear response, and 

if anything, the mouse’s posture was more rigid than 
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are deployed to stimulate cells geneti-

cally engineered to be sensitive to light . 

Armed with state-of-the-art tools, and 

backed by MIT’s Susumu Tonegawa, 

a Nobel laureate for his work in immu-

nology  whose lab they were a part of , 

Ramirez and Liu embarked on a quest 

that resulted in two landmark studies 

published 16 months apart, back-to-back 

blasts of brilliance that advanced our un-

derstanding of memory at the cellular 

level. Ramirez describes the discover-

ies, as he does almost everything, with 

exuberance: “The fi rst paper was like 

catching lightning in a bottle, and the 

second paper was like lightning striking 

the same place twice.”

   In the fi rst study, published in Na-

ture in March 2012,  Ramirez and Liu 

identified, labeled and then reacti-

vated a small cluster of cells encoding 

a mouse’s fear memory, in this case a 

memory of an environment where the 

mouse had received a foot shock. The 

feat provides strong evidence for the 

long-held theory that memories are 

encoded in engrams.  Most previous 

attempts involved tracking either the 

chemical or the electrical activity of 

brain cells during memory formation. 

a good one, how do we develop a true 

sense of self  ? “Memory is identity,” the 

British author Julian Barnes writes in 

his memoir Nothing to Be Frightened Of. 

“You are what you have done; what you 

have done is in your memory; what you 

remember defi nes who you are. ” 

“I was always amazed by the level of 

control that science can have over the 

world,” says Ramirez, who collected 

rocks as a kid and remembers being 

astounded that there actually were 

ways to fi gure out how old rocks were. 

“The example is kind of banal by now,” 

he says, “but as a species we put some-

body on the moon. And we fi gured out 

for the most part how to eradicate 

things like smallpox, things that you 

can’t see, whose existence you have to 

infer from indirect measurements, un-

til your microscopes get good enough.”

What Ramirez, now 26,  and Liu, 

36, have been able to see and control 

are the fl ickering clusters of neurons, 

known as engrams, where individual 

memories are stored. Joining forces in 

late 2010, a few months after Ramirez 

began his graduate work at MIT, the 

two men devised an elaborate new 

method for exploring living brains in 

action, a system that combines classic 

molecular biology and the emerging 

fi eld of optogenetics, in which lasers 

Ramirez had expected. Its memory of 

the trauma must have been quite vivid.

Which was amazing, because the 

memory was bogus: The mouse had 

never received an electric shock in that 

box. Rather, it was reacting to a false 

memory that Ramirez and his MIT col-

league Xu Liu  had planted in its brain.

“Merry Freaking Christmas,” read the 

subject line of the email Ramirez shot 

off  to Liu, who was spending the 2012 

holiday in Yosemite National Park.

The observation culminated more 

than two years of a long-shot research 

eff ort and supported an extraordinary 

hypothesis: Not only was it possible to 

identify brain cells involved in the en-

coding of a single memory, but those 

specifi c cells could be manipulated to 

create a whole new “memory” of an 

event that never happened.

“It’s a fantastic feat,” says Howard 

Eichenbaum, a leading memory re-

searcher and director of the Center 

for Neuroscience at Boston University, 

where Ramirez did his undergraduate 

work. “It’s a real breakthrough that 

shows the power of these techniques 

to address fundamental questions 

about how the brain works.”

The prospect of tinkering precisely 

with memory has tantalized scientists 

for years.  “A lot of people had been 

thinking along these lines,” says Sheena 

Josselyn, a senior neuroscientist at the 

Hospital for Sick Children in Toronto, 

who studies the cellular underpinnings 

of memory, “but they never dreamed 

that these experiments would actually 

work. No one ever thought that you 

could actually, really do this.” 

Except Ramirez and Liu. Their work 

has launched a new era in memory 

research and could someday lead to 

new treatments for medical and psy-

chiatric affl  ictions such as depression, 

post-traumatic stress disorder and Alz-

heimer’s disease. “The sky is really the 

limit now,” says Josselyn.  

Though the work so far has been done 

on lab mice, the duo’s discoveries open 

a deeper line of thought into human na-

ture. If memories can be manipulated at 

will, what does it mean to have a past? 

If we can erase a bad memory, or create 

Some 5 percent of the dentate gyrus’s 

one million cells are active when a 

mouse encodes a memory of a place. 

Here, active cells are pink and orange.
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and Liu also used multiple control 

groups—ruling out the possibility that 

the fl ash of the laser itself and not the 

engram activation caused the fear re-

action the next day, for example. They 

had indeed created a memory.   

The announcement generated a 

news media frenzy. “Scientists Trace 

Memories of Things That Never Hap-

pened,” read the headline in the New 

York Times. Ramirez and Liu woke 

up in the middle of the night to do live 

interviews on European radio. Liu’s 

parents, back in China, read about his 

achievements online.  The public fas-

cination with the role of false memory 

in criminal trials (the tall, dark-haired 

bank robber the eyewitness saw was 

actually short and bald) helped drive 

the story. But no doubt the science fi c-

tion overtones made it especially fas-

cinating. To many it seemed to confi rm 

familiar (and frightening) ideas from 

movies like Inception and Eternal Sun-

shine of the Spotless Mind.  Nothing is 

as it seems; reality is but a dream; who 

you gonna trust, me or your lying eyes?  

 To neuroscientists, Ramirez and 

Liu’s discovery was downright dashing. 

“For me, what made them successful 

was their fearlessness,” says Josselyn. 

“You could imagine all the things that 

could go wrong, but these guys went 

in there, they got the best tools, they 

applied the best sort of mind power.” 

Eichenbaum agrees that the young sci-

entists went “out on a limb” and took 

a major risk with their careers. “They 

could have spent three years and ended 

up with nothing to show for it,” he says. 

 Spend a little time around Ramirez 

and Liu, and you quickly sense their 

upbeat attitude. They come from dif-

ferent worlds—Liu was born and raised 

in Shanghai, the son of a chemical en-

gineer father and a mother who worked 

for the railroad, and Ramirez’s parents 

fl ed the civil war in El Salvador in the 

1980s and settled in Everett, Massa-

chusetts—but their well-matched per-

sonalities are no accident. In the fall of 

2010, as Liu was interviewing poten-

tial partners to explore the mysteries 

of memory with him, he at fi rst con-

When Ramirez and Liu looked at 

the treated neurons through the mi-

croscope, “it was like a starry night,” 

says Liu, “where you can see individual 

stars.”  Though these active cells were 

just one part of a widely distributed foot 

shock engram , reactivating them was 

enough to trigger a fear response. 

 The next step was to manipulate a spe-

cifi c engram to create a false memory, an 

elegant experiment detailed in Ramirez 

and Liu’s second paper, published in 

Science in July 2013.  They prepared the 

mouse, injecting the biochemical cock-

tail into the dentate gyrus. Next, they put 

the mouse in a box without shocking it. 

As the animal spent 12 minutes explor-

ing, a memory of this benign experience 

was encoded as an engram. The follow-

ing day, the mouse was placed in a dif-

ferent box, where its memory of the fi rst 

(safe) box was triggered by shooting the 

laser into the dentate gyrus . At that ex-

act moment, the mouse received a foot 

shock. On the third day, the mouse was 

returned to the safe box—and immedi-

ately froze in fear. It had never received 

a foot shock there, but its false memory , 

created by the researchers in another 

box, caused it to behave as if it had.

There was no chance that the mouse 

could have mistaken one box for an-

other: They were diff erent shapes and 

colors and had diff erent scents. Ramirez 

Ramirez and Liu rejected those meth-

ods as too inexact. Instead, they assem-

bled a customized set of techniques to 

render mouse brain cells in their target 

area (a part of the hippocampus called 

the dentate gyrus) sensitive to light. 

Working with a specialized breed of 

genetically engineered lab mice, the 

team injected the dentate gyrus with 

a biochemical cocktail that included 

a gene for a light-sensitive protein, 

channelrhodopsin-2. Active dentate 

gyrus cells—those participating in 

memory formation—would produce 

the protein, thus becoming light-sen-

sitive themselves. The idea was that 

after the memory had been encoded, it 

could be reactivated by zapping those 

cells with a laser.

To do that, Ramirez and Liu surgi-

cally implanted thin fi laments from 

the laser through the skulls of the mice 

and into the dentate gyrus. Reactivat-

ing the memory—and its associated 

fear response—was the only way to 

prove they had actually identifi ed and 

labeled an engram. The researchers 

sacrifi ced the animals after the exper-

iment and examined the brain tissues 

under a microscope to confi rm the ex-

istence of the engrams; cells involved 

in a specifi c memory glowed green 

after treatment with chemicals that 

reacted with channelrhodopsin-2. 
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lab Ramirez saw llamas, ostriches and 

other creatures, and “people doing cool 

things with animals, taking measure-

ments and stuff .” He fi gures he “inad-

vertently absorbed something” that 

helped push him toward science.  

But it was the brain that closed the 

deal. “Whether it was a sonnet, or get-

ting somebody to the moon or fi guring 

“He cannot stop talking,” Liu jokes. 

“Otherwise he will die.”

When Ramirez was young, he often  

went to the Harvard animal locomo-

tion lab with his father, who started 

out cleaning cages there and sweeping 

fl oors and later became the head an-

imal technician. During visits to the 

centrated on scientifi c expertise. But as 

time passed he put a diff erent attribute 

at the top of his wish list—happiness. 

“If you are going to collaborate with 

people, you want to collaborate with 

happy people,” says Liu. “And Steve’s 

one of the happiest guys I’ve ever seen.” 

He is also a speed talker who squeezes 

a whole lot of words into every breath. 

H O W  R A M I R E Z  A N D  L I U  C R E AT E D  A  FA L S E  M E M O R Y  I N  A  L A B  M O U S E
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vating positive memories? The answer 

appears to be yes. They are studying 

mouse models of anhedonia, or loss of 

interest in pleasure, a symptom of de-

pression. Experimental  mice subjected 

to stress until they no longer seek plea-

sure (such as a sip of sugar water) re-

cover their interest when engrams for 

pleasant experiences are reactivated. 

The success rate so far is 80 percent.

“Because the proof of principle is 

there that we can artifi cially reactivate 

memories and create false memories 

in animals,” Ramirez says, “the only 

leap left between there and humans is 

just technological innovation.”

What about the ethical concerns 

of memory manipulation?  Patricia 

Churchland, a professor at UC San Di-

ego and author of Touching a Nerve: 

The Self as Brain, says therapy of this 

sort won’t be as profound a change as 

it seems. Human memories, inexact 

and labile to begin with, have long been 

the target of intervention, from cogni-

tive-behavioral therapy to electroshock 

to medication . Treating conditions like 

depression at the engram level “is con-

tinuous with what we are already doing,” 

says Churchland, a leading philosopher 

of neuroscience.

Ramirez believes that memory sur-

gery is inevitable, though there are a 

great many questions to address. How 

could it be done safely? Noninva-

sively? Ethically? How would patients 

be selected? As painful as heartbreak 

usually is, most of us also recognize 

that it’s a natural, even healthy, part of 

life. A high-school boy who just broke 

up with his girlfriend might not be a 

good candidate for memory surgery. 

But people with dementia or severe de-

pression—would it be inhumane not to 

ease their suff ering if an eff ective, safe 

memory intervention were possible?

The inroads that Ramirez and Liu 

have made into the mechanics of mem-

ory are opening a wide new world of 

possibilities that are profound, fright-

ening, astonishing—and urgent. “We 

need to start the conversation yesterday 

about what we are going to do when this 

does happen,” Ramirez says, “so that we 

are ready and know how to handle it.” 

many serious mental illnesses are lack-

ing, the potential clinical applications of 

memory modifi cation are enticing. “This 

is kind of crazy,” says Josselyn, whose 

work centers on Alzheimer’s disease and 

other memory-related disorders, “but 

maybe somebody with Alzheimer’s . . . 

maybe we can fi gure out a treatment to 

just go in and do what these guys did in 

their papers, and sort of activate these 

cells artifi cially, boost the activation and 

have the memories recalled better.”

In another theoretical application, 

PTSD might be eased by repeatedly re-

activating a bad memory to show that 

the memory itself is not harmful, or by 

erasing the traumatic components of 

a specifi c bad memory, or by replac-

ing it with a positive one. Building on 

Ramirez and Liu’s work, others in the 

Tonegawa lab did exactly that in male 

mice earlier this year, converting a 

negative memory of a foot shock into a 

positive memory of an encounter with 

a female mouse.

Ramirez, who is fi nishing his PhD at 

MIT, and Liu, who is headed to North-

western University to start his own 

lab, have recently taken on another big 

memory question: Can we intervene in 

a depressed state in an animal by reacti-

out the biological molecules of life, all of 

that was the product of brains, of neural 

activity,” says Ramirez, describing how 

his broad interests—in Shakespeare, en-

gineering, biology and more—fi nally led 

him to neuroscience. “Why not study 

that which produced everything?” 

Liu also demonstrated a scientifi c 

bent early in life. And while he is cer-

tainly not the fi rst scientist who spent 

his childhood collecting bugs, Liu’s 

dedication was distinctive. He raised 

families of centipedes, had lots of shiny 

beetles, and kept locusts in tiny cages. 

He usually fed the locusts edamame 

but discovered that hot peppers caused 

an interesting reaction. “They would 

sing even more,” he says. After studying 

biology as an undergraduate at Fudan 

University in Shanghai, Liu received his 

doctorate from Baylor College of Med-

icine  studying memory in the fruit fl y. 

As a teenager he’d dabbled in sci-

ence fi ction and wrote a novel called 

The Challenge. It was about a future 

in which athletes no longer competed 

directly against each other but, rather, 

submitted to various objective mea-

surements of performance or physiol-

ogy: speed, strength, lung capacity and 

so on. The hero wants to return to real 

competition and restore the unmea-

surable factors of luck and chance. 

One day this past spring,  as Liu was 

listing the many things that could have 

gone wrong in his work with Ramirez—

they could have been beaten to the dis-

covery by a rival team, they could have 

picked the wrong part of the brain to 

zero in on—he said he was convinced 

that luck had played a role in their suc-

cess. If so, I said, then his work as an 

adult had delivered on the theme of his 

boyhood novel. “That’s amazing, ” he 

said after a long silence. “I never made 

that connection between the book and 

this work, but I think you are right.”

 More than two dozen labs around 

the world have projects going that 

build on Ramirez and Liu’s research. 

Eichenbaum, for instance, is inter-

ested in reproducing a larger experi-

ence, a memory that occurs over time, 

like navigating a maze. 

At a time when the treatments for 

The scientists 
ask: Can we 
intervene in a 
depressed state 
by reactivating 
positive 
memories?
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B Y  T E A C H I N G  YO U N G  G I R L S  O F  C O L O R  H O W  T O  P R O G R A M  C O M P U T E R S , 

O N E  E N G I N E E R  H O P E S  T O  C H A N G E  T H E  FA C E  O F  T E C H N O L O GY

B Y  D E B R A  R O S E N B E R G

Illustration by Juan Osborne • Photographs by John Lee

K I M B E R LY  B R YA N T  •  S O C I A L  P R O G R E S S

Growing up in inner-city 
Memphis in the 1970s as a self-described “nerdy 

girl,” Kimberly Bryant joined the math team and 

took honors courses in science. But she found few 

role models—neither parent had a math or science 

background. When she got a scholarship to Vander-

bilt to major in electrical engineering, “I didn’t have 

a clue what it involved,” she says. Degree in hand, she 

launched a career at companies such as DuPont, Ge-

nentech and Merck. It wasn’t until her own daughter, 

Kai, went to a game development camp at Stanford in 

2010 that Bryant realized how little had changed: Kai, 

then age 10, was one of the few girls in the group—and 

CRACKING 
THE CODE
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the only person of color. Bryant was stunned by the lack of diversity. When the 

topic came up months later at a UC Berkeley conference for female entrepre-

neurs, panelists blamed the lack of qualifi ed women ready to take on tech jobs. 

That’s when Bryant decided to “change the equation,” she says. “I wanted to cre-

ate an organization that would feed this pipeline.”

In 2011, Bryant launched Black Girls Code,  a San Francisco nonprofi t that off ers 

weekend workshops and summer camps in programming, robotics, web design 

and mobile app development to girls as young as 7. At fi rst, most of the girls didn’t 

know what computer science was. “They all have cellphones, perhaps a tablet or a 

notebook that they do homework on,” says Bryant, a 47-year-old single mom. “But 

most of them don’t have a background in being a creator or an innovator.”

She aims to change that with free and low-cost workshops that range from a 

single day to a few weeks. The sessions are run by volun-

teer mentors from the group’s sponsors—Google, Oracle 

and Microsoft, among others. Tapping away on comput-

ers at local colleges or tech companies, the girls work in 

pairs or small teams to solve real problems. At one recent 

“hackathon,” they built mobile apps designed to combat 

teen domestic violence. Some coders are newbies, but 

others are advanced, returning for workshop after work-

shop. A few even boast their own apps on iTunes and 

the Google Play store. “We’re creating this new breed of techies who are going 

to be the ones  starting the tech companies of the future,” Bryant says. She has 

an audacious goal for what she likes to call “the Girl Scouts of coding”: reaching 

one million girls by 2040. The group has already trained 3,000 girls and now has 

seven chapters across the United States—and one in Johannesburg, South Africa. 

It plans to expand to eight more cities by the end of 2015. 

  Nobody understands the inspiration of Bryant’s innovation better than the 

young women who’ve participated in Black Girls Code sessions. So, by reaching 

out to thousands of BGC alums, we crowd-sourced this portrait, a sort of hack-

athon of words drawn entirely from their responses:

a 7th grader now, but it would be nice 

to be on the right track for the college 

I plan to attend.  I would like to design 

a blog that lots of kids read.  I’d like 

to build a machine that can read 

my mind.  I built an app using an on-

It’s our right to be able to partici-

pate in a professional fi eld that is 

quickly taking over the world!  Why 

shouldn’t we???!! We should be able 

to work with computers and apps and 

make games—not just buy them.  Cod-

ing is becoming more and more 

important in our society as tech-

nology becomes more important, 

so black girls should have places 

to learn to code, especially since 

not many black girls in the past 

have had that chance.  We are very 

under-represented in programming. 

Things that we fi nd interesting may 

not see the light of day. We would like 

to program so that we are represented. 

‹‹‹‹‹‹‹‹‹‹‹‹  ✿  ›››››››››››››

Black Girls Code has changed my 

feelings about my future plans by see-

ing the sky is the limit.  Before I didn’t 

believe I was even able to pursue 

such a career, however attending 

Black Girls Code helped me realize 

that coding isn’t just for a select 

few, but for everyone, and that all 

I need to do is put my mind where 

my heart is and the rest comes 

easy.  I know that I can have a career 

with coding. I love seeing other girls of 

color who don’t mind using a Saturday 

like me to learn more about coding :)  I 

am more interested in computer 

science now.  I never knew all of the 

hard work it takes to make a website. 

It’s nice to know how to do coding.  

‹‹‹‹‹‹‹‹‹‹‹‹  ✿  ›››››››››››››

I would like to build an app that tracks 

my progress on my goal of attending 

the college I would like to get into. I am 

Girls work with 

mentors at a June 

#LoveIsRespect 

hackathon in Oak-

land. During the  

two-day marathon, 

they created mobile 

apps to combat teen 

domestic violence.  
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line application called Appery.io. I would 

like to build a video game using draw-

ings I’ve created myself.  I can build a 

computerized robot that programs 

by computer and sends informa-

tion to the robot itself to make 

it move.  I worked on a Health Heroes 

App about health foods for kids. Also, I 

worked on a self-esteem app for mid-

dle-school and teen girls.  I would like to 

build a shoe app. The shoe app would 

be for when the up-and-coming shoes 

will be released and the price of the 

shoes.  I built 3 apps, a cowbell that 

rings, a fortune teller and a whack-

a-mouse game where a mouse 

is running around the kitchen. In 

an earlier class I made a website 

http://SMITHSONIAN.COM


At hackathons, the girls 

gather in teams of four or fi ve 

to solve a problem. “The pri-

mary focus is for the girls to 

build,” says Bryant (opposite, 

with Oakland coders).
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that was a guide for newspaper 

makers.  I learned how apps are made. 

Cool!! I have ideas for apps that I want 

to make :)  I built apps, websites, and 

a game. I recently won the Oak-

land Hackathon and the app was 

about abuse. It had a sensor on 

the home page so that when you 

open the app, it goes to the voice 

modifier (sensor). And it would de-

tect sounds of help, then if it heard 

anything, it would call the police. 

And if you didn’t answer in 7 sec-

onds, the sensor would think that 

you were in a bad position, so it 

would call the police. I would love 

to build another app that would 

help me with my homework.  

‹‹‹‹‹‹‹‹‹‹‹‹  ✿  ›››››››››››››

I admire Ms. Bryant’s passion.  I ad-

mire her tenacity for paving the 

way for young colored girls to have 

a chance in the technology fi eld, 

and by also helping them along the 

way.  I admire  her persistence and de-

termination.  She made sure we all got 

our fair chance.  The fact that she 

came up with this organization is 

a big deal.  She has opened up many 

opportunities for me and other young 

girls.  She tells us not only men can 

code, but women can too.  I admire 

her courage and her style—it gives 

me the courage to strive in my life.  

Forward thinker!  

‹‹‹‹‹‹‹‹‹‹‹‹  ✿  ›››››››››››››

She showed me that even if you may 

not start off  as the best, if you try, you 

can get there.  I learned from Ms. Kim-

berly Bryant that I can do whatever 

it is that I want to do because I am a 

Black Girl who Rocks!!!  She is inspira-

tional to all of the girls. She lets us know 

that we can do anything!! 

‹‹‹‹‹‹‹‹‹‹‹‹  ✿  ›››››››››››››

I started 7th grade in August and I know 

that some girls are going to stop liking 

math, science or computers because 

they think boys won’t like them. That’s 

sad!! I love math, science and comput-

ers, and if a boy or girl makes fun of me 

for that—who cares!!! BGC rocks!! 

‹‹‹‹‹‹‹‹‹‹‹‹  ✿  ›››››››››››››

I want to be someone who uses cod-

ing in my profession.  When I grow 

up, I want to be a science tech-

nologist to help people all around 

the world with their sicknesses. 

 A technical engineer.  I want to be a 

doctor who helps heal sick people 

and fi nd cures for things that make 

people sick.  I’m only 12 now and I’m 

not sure what my career will be, but I 

know it will have something to do with 

math, science and computers. I love all 

3!!!  I want to be an entrepreneur 

when I grow up.  I want to be an en-

gineer and design math games for girls.  

I would like to become a computer 

scientist when I grow older.  When I 

grow up, I aspire to become a quantum 

physicist.  I would like to become a 

schoolteacher, but I would still like 

to be able to code well and have 

a degree in psychology. I want to be 

a lawyer.  I have no clue, but technol-

ogy is what I need to understand. 

C O N T R I B U T O R S 

Tsia Blacksher,  15, California   

Sofi a Mojica, 12,  Illinois

Calista Benson-Williams, 13,  Illinois

Sasha Williams, 13,  California

Logan Clopton, 12,  Georgia

Aliana Tejeda, 17, New Jersey 

Kimora Oliver, 11,  California

Asia Williams, 13,  California

Nicole Manning, 9,  New York

Mai Robinson, 13,  California

Alexandra Adams, 11,  Georgia

Taylor Jack, 13,  California 

 Janay Walker, 13,  Georgia      

I’m only 12 now 
and I’m not 
sure what my 
career will be, 
but I know it will 
have something 
to do with math, 
science and 
computers. I 
love all 3!!! ”

“

See Kimberly Bryant talk 
about the digital divide at 
Smithsonian.com/bgc
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little nervous,” she told me, “because it 

implies a self-conscious architect, and 

I’ve never been that—sometimes to my 

own detriment. I’ve never been good 

at fi ve-year plans. I’ve always moved 

through life on instinct. But by follow-

ing my own muse I did keep trying new 

things. There’s no way we could have 

said, ‘Let’s go down south and write a re-

cord about it.’ It wouldn’t have been the 

same. But having gone down south and 

having been so inspired by it, the natural 

result was these very diff erent songs.”

Cash, now 59, sat in the festival offi  ce, 

her dyed-red hair spilling to her shoul-

ders, her oversize  man’s 

shirt open over a black top, 

a sandal dangling from 

her right foot crossed 

over faded jeans. Sitting 

across from her was her 

tall, lanky husband, sport-

ing a gray goatee and a 

snap-button blue shirt.

“I thought the next re-

cord shouldn’t just be the 

next 12 songs we wrote,” 

Leventhal said. “I thought 

it should hang together as 

a whole and be something 

diff erent than what we’ve 

done before. One day we 

were at Johnny’s child-

hood home at the end of 

this lonely road, and it had 

a real ghostly feel because 

it hadn’t been taken care of. 

It reminded me of how much I love the 

South, even though I’m not from there, 

and something fl ashed: ‘Maybe we could 

write something about the South.’ ”

Cash gets dozens of invitations 

every year to participate in projects 

honoring her father, and she turns 

down almost all of them. Her job, she 

explains, is not to maintain the Johnny 

Cash legacy; it’s to write and sing her 

own songs. But in 2011, she got an in-

vitation she couldn’t refuse. Arkansas 

State University was going to buy her 

father’s childhood home and was rais-

ing money to fi x it up. Would she help?

Amid the Great Depression, Presi-

dent Roosevelt’s New Deal began es-

tablishing “colonies” where starving 

came a series of songs that each de-

picted a particular person or town but 

that together formed an astonishing 

portrait of the region as a whole.

It was a radical departure for this 

notoriously autobiographical writer. 

Most of her previous songwriting had 

taken place in her own house or in her 

own head; she was so introspective 

that one of the fi nest albums she’s ever 

made was titled, aptly, Interiors. Now 

she was challenged to evoke landscapes 

far from her own neighborhood and to 

have voices other than hers narrate 

the songs. To push herself further, she 

decided to write only the lyrics and to 

allow Leventhal to write all the music. 

“The word ‘reinvention’ makes me a 

Music Festival in July. “That might 

have been a good business decision, 

but it made me feel hollow inside, like 

I’d be faking it. How boring to stick to 

what you’ve already done.”

Instead, Cash found her way to a 

diff erent way of songwriting, and that 

led to The River & the Thread, a new 

album of 11 originals that has received 

even warmer praise than The List. In 

an era when most listeners download 

music as single tracks or subscribe to 

an Internet-radio service that strings 

single tracks together, the notion of an 

album—a collection of songs greater 

than the sum of its parts, whose in-

dividual tracks inform and reinforce 

one another—seems increasingly ob-

solete. So how can album advocates 

get through to a public that thinks of 

songs as free-fl oating atoms that never 

bond? By inventing, as Cash has, a new 

kind of concept album. The River & the 

Thread, unlike such fabulist projects 

as Tommy, Sgt. Pepper’s Lonely Hearts 

Club Band and The Wall, is based not 

on fantasy but on a form of journalism.

The songs sprang from a series of 

trips that she and her husband, John 

Leventhal, who doubles as her record 

producer, took from their home in New 

York City to the Deep South. Their ob-

jective was to explore the hillbilly and 

blues music they love so much and the 

childhood geography of her Arkan-

sas-raised father, Johnny Cash, her 

Texas-raised mother, Vivian Liberto, 

and her Virginia-raised stepmother, 

June Carter. Out of this exploration 

Innovation is not just for the young. 
Rosanne Cash learned this in 2011, the year she turned 56, 

as she pondered what her next album would be. She had 

just fi nished touring in support of her 2009 album, The 

List, a dozen songs selected from the list of essential coun-

try and folk numbers that her famous father had given her 

to learn when she was a teenager. That record had earned 

glowing press and robust concert-ticket sales.

“So many people told me, ‘Are you going to do The List, Part 

Two?’ ” she recalled backstage at the Shenandoah Valley

Rosanne Cash moved from Memphis (above) to 

California when she was 3 and from Nashville to 

New York when she was 35; her recent travels south 

(opposite: in Arkansas) were a voyage of discovery.
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lapse on itself,” Cash said. “At this 

stage of life, the questions we ask our-

selves—‘Where is my home?’ ‘What 

do I feel connected to?’—are diff er-

ent from the questions we ask at 25. I 

needed a new way of writing to answer 

those questions. I’m still writing about 

love, and need is still in there, but those 

feelings become stronger when they’re 

taken out of your own head. Somehow 

the feelings become more specific 

when they’re imbued with the charac-

ter of a place. A love story in Memphis 

is diff erent from a love story in Detroit.” 

During the Orkney Springs show, 

Cash sang her unreleased arrangement 

of Bobbie Gentry’s 1967 single, “Ode to 

Billie Joe,” one of the strangest num-

ber-one hits ever. A Mississippi family 

sits around the dinner table, sharing the 

biscuits and black-eyed peas with the 

local gossip, including the news that Bil-

lie Joe McAllister jumped off  the Talla-

hatchie Bridge. Only in the fourth verse 

from her father’s point of view, but that 

would have been too obvious, so she 

chose to sing it from the perspective of 

her grandmother Carrie Cash. 

She performed the resulting song, 

“The Sunken Lands,” at the Shenan-

doah Valley Music Festival, a concert 

series on the grounds of a post-Civil 

War-era resort in Orkney Springs, 

Virginia. The mist from an early-eve-

ning rain hung between the dark-green 

oaks and the hotel’s white porches and 

balconies as Cash and Leventhal took 

the stage of the open-sided pavilion. 

Performing without a band, Leventhal 

opened the song with a rising melodic 

fi gure on the guitar, and Cash trans-

ported herself back to 1935 to sing, 

“Five cans of paint / And the empty 

fi elds / And the dust reveals. / The 

children cry; / The work never ends. / 

There’s not a single friend.”

“I realized that if I just wrote about 

my own feelings, the song would col-

farmers could get a second chance: a 

farmhouse, chicken coop, seed, tools 

and 20 acres. One such colony opened 

as Dyess, Arkansas, in 1934, and a 

3-year-old Johnny Cash moved in with 

his parents and siblings. The house 

was new—Johnny’s earliest memory 

was of the fi ve empty cans of paint that 

stood alone in the vacant house.

“It saved their lives,” Rosanne said. 

“They were so poor, at the very bottom 

of the ladder. But my dad was so proud 

of where he came from. I got involved 

in this project because he would have 

cared about it more than anything. I did 

it for my kids, because I wanted them to 

know he started out as a cotton farmer.” 

But how could she turn that experi-

ence into a song? Describing her visit 

to the farmhouse in 2011 would have 

been too many generations removed. 

She had to get out of her own head and 

see the world through someone else’s 

eyes. She could have sung the song 
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Girl with hair of flaming red

seeking perfect lover

for to lie down on her feather bed

soft secrets to uncover 

Must be gentle, must be strong

with disposition sunny 

just as faithful as the day is long 

and careful with his money

so the open letter read 

the newsboy did deliver 

three months later plans were made to wed 

down by the King James River 

lo, the season may come 

lo, the season may go 

what love has joined together 

will forever be made whole 

when the master calls the roll 

Oh my darling  William Lee 

take me to the altar 

I don’t have strength to watch you as you leave 

but my love will never falter 

Oh my darling  Mary Ann 

the march to war is calling 

somewhere far across these Southern lands 

are bands of brothers falling 

My tender bride, the tides demand 

that I leave you with your mother 

with my father’s rifle in one hand 

and your locket in the other 

Much of the first two 

verses were from an 

actual 19th-century 

personals ad that 

Rodney found. We didn’t 

know what happened 

after the ad, but it was a 

perfect setup to our 

Civil War song.

At the New York 

Public Library I found 

a beautiful map of 

Virginia with the James 

River hand-colored pale 

blue. Rodney and I went 

back and forth over 

whether to call it the 

St. James River or the 

King James. I held to the 

position that it would 

have been named after 

King James I of England. 

I was brought to tears 

several times writing 

this song. When the 

bands of brothers fell, it 

was very emotional. We 

don’t specify if they are 

Confederate or Union. 

We wanted to leave 

that ambiguous all 

the way through. 

William and Mary Ann are my 

real ancestors. I don’t know 

that they were together, but 

they both lived during the war. 

They are not imaginary.

We tossed around several 

ideas about who would 

be ‘calling the roll.’ We 

didn’t have ‘master’ to 

start. We didn’t want to 

make it religious, yet we 

wanted this person, or 

being, to have authority. 

‘Master’ seemed to fi t. 

I don’t think Rodney 

or I know exactly 

who the ‘Master’ is.

‘WHEN THE MASTER CALLS THE ROLL’
R O S A N N E  C A S H  T E L L S  T H E  S T O R Y  B E H I N D  O N E  O F  H E R  M O S T  A M B I T I O U S  N A R R AT I V E  S O N G S

lo, the season may come 

lo, the season may go 

beware the storm clouds gather 

take heed, dear mortal soul 

when the master calls the roll 

But can this union be preserved?

the soldier boy was crying 

I will never travel back to her 

but not for lack of trying 

it’s the love of one true-hearted lass 

that made the boy a hero 

but a rifle ball and a cannon blast 

cut him down to zero

Oh, Virginia, whence I came 

I’ll see you when I’m younger 

and I’ll know you by your hills again 

this time from six feet under 

lo, the season may come 

lo, the season may go 

what man has torn asunder 

will some day be made whole 

when the master calls the roll 

Though the storm clouds gather 

let the union be made whole 

when the master calls the roll. 

Rodney and I had a 

long conversation about 

what William would be 

holding. The rifle and 

the locket seemed 

to pair perfectly.

This verse with the 

‘hero/zero’ rhyme is 

Rodney. I was unsure 

about ‘zero’ at fi rst, 

but it is . . . correct. 

It is what happened. 

He became absent 

from this world: zero. 

This verse came to 

me after weeks of 

immersion in this song. 

It just killed me—that 

he came from Virginia 

(which my daughter 

Chelsea reminded me 

was split during the war, 

so we STILL don’t know 

if he was Confederate 

or Union), and that he 

would only see Virginia 

as a young man.

The Union/ union 

meditation is what 

drives the whole song. 

The characters are 

so dear to me and the 

sense of place and time 

is powerful. I knew 

these characters to 

be complete people— 

Rodney and I didn’t 

‘make them up.’ They 

were alive and their 

story was waiting. 

“When The Master Calls The Roll” written by Rosanne Cash, John Leventhal and Rodney Crowell.   © 2014 Chelcait Music / 

Measurable Music LLC, a Notable Music Co. (BMI) administered by Downtown Music / Lev-A-Tunes (ASCAP) / BMG Gold Songs /

We Jam Writers Group/Saddle Springs Songshop (ASCAP), all rights administered by BMG Rights Management (US) LLC.64  SMITHSONIAN.COM  |  November 2014
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Emmylou Harris but was completely 

revamped by Cash’s renewed interest 

in the South and the ultimate South-

ern story: the Civil War. It’s the tale of 

a Virginia woman who advertises for 

a husband in a newspaper and fi nds 

the perfect match, only to watch him 

march off  to battle, never to return. 

It’s Cash’s most skillful use of narra-

tive arc and character development 

in song. (She annotated the lyrics for 

Smithsonian; see the opposite page.)

She told the Orkney Springs crowd 

that she was thrilled to fi nally sing the 

song in Virginia—the home not only of 

the song’s characters but also of June 

Carter; June’s mother, Maybelle; and 

Maybelle’s cousin Sara; and Sara’s 

husband, A.P. The last three, perform-

ing as the Carter Family farther south 

down the same Appalachian Moun-

tain chain that now cradled Cash and 

Leventhal, created the foundation of 

modern country music.

At last Cash had a song with a story so 

tightly structured and so closely wedded 

to its Celtic melody that one could eas-

ily imagine the Carter Family singing it. 

She couldn’t have written it fi ve years 

ago, but she learned that her profession, 

like anyone’s, requires constant innova-

tion if it is to remain fresh. “I feel alive 

when I’m immersed in my work—when 

I’m fully employed, as Leonard Cohen 

says, as a songwriter,” she said. “You 

have to keep cracking yourself open or 

you become a parody of yourself.”           

to Robert Johnson’s grave. They’re all 

along Money Road in Mississippi.” She 

sings the song as if she were the teenage 

narrator of “Ode to Billie Joe” 40 years 

older, living in New York, convinced she 

had left Mississippi behind, but discov-

ering, as she sings, “You can cross the 

bridge and carve your name / But the 

river stays the same. / We left but never 

went away.”

She elaborates on this theme in “The 

Long Way Home,” a song about coming to 

terms with a South she thought she had 

escaped—if not when she moved from 

Memphis to California at age 3, then 

when she moved from Nashville to New 

York at age 35. “You thought you’d left it 

all behind,” she sings. “You thought you’d 

up and gone. / But all you did was fi gure 

out  / How to take the long way home.” 

In a remarkable coincidence, Cash’s 

former husband and producer, Rodney 

Crowell, has a similar song with a similar 

title, “The Long Journey Home,” on his 

new album, Tarpaper Sky. “We’ve both 

reached an age,” Crowell says, “where in 

the rearview mirror this journey called 

life has more stacked-up mileage than 

out the front windshield. Which is the 

reason we are both wringing twice as 

much out of life—and therefore art—as 

when we were in our 20s and 30s.”

Still friends, Crowell, Cash and Lev-

enthal co-wrote “When the Master 

Calls the Roll,” the most ambitious 

story song on The River & the Thread. 

It had begun as a possible song for 

do we learn that the narrator and Billie 

Joe had been seen throwing something 

off  the same bridge. Gentry never dis-

closes what that something was.

Cash, now wearing a long black jacket 

over a black top, introduced the song by 

recounting her trip with Leventhal to 

the same  bridge. “We thought it would 

be this grand structure, but it was this 

modest bridge over this modest river,” 

she said. “We were there for half an hour 

and one car went by. We asked each 

other, ‘What are we going to throw off  

the bridge?’ So we threw off  a guitar pick. 

John took an iPhone picture of me on 

the bridge, and that’s the album cover. 

The record label didn’t want to use an 

 iPhone photo on the cover, but we won.”

“We’ve been doing that song a lot live 

because we’re fascinated with it,” Lev-

enthal said after the show. “You can hear 

the dirt beneath the strings, and it tells 

a complete story in fi ve verses without 

explaining everything. The lyrics whet-

ted our appetite for writing more story 

songs, and the sound of that record made 

me want to bring out the blues and soul 

that’s always been buried in Rosanne, 

that sultriness in her voice. We decided 

we wanted to make an album of 11 songs 

as good as ‘Ode to Billie Joe.’ ”

“I’d always wanted to write story 

songs,” Cash replied. “I wanted to write 

those Appalachian ballads with four 

characters and 12 verses, but I’d always 

felt it wasn’t my forte, that it was beyond 

me. When I wrote ‘The House on the 

Lake’ about my father’s home in Ten-

nessee, the description of the rose gar-

den and the people dying felt so specifi c 

I felt like I couldn’t sing it live; it was 

too personal. But when I did, this guy 

came up to me and said, ‘We all have that 

house on the lake.’ That’s the discovery I 

made on this record: The more specifi c 

you are about places and characters, the 

more universal the song becomes.”

Later in the show Cash introduced the 

song “Money Road” by explaining, “You 

can walk from the Tallahatchie Bridge 

to Bryant’s Grocery, where Emmett Till 

got in the trouble that got him lynched, 

Cash discovered 
that “the more 
specifi c you are 
about places 
and characters, 
the more 
universal the 
song becomes.”
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Watch Rosanne Cash perform 
“The Sunken Lands”  at
Smithsonian.com/cash
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H O W  A  P H Y S I C I S T ’ S  D O G G E D  P U R S U I T  O F  A  B A S I C  Q U E S T I O N 

A B O U T  T H E  C O S M O S  L E D  H I M  T O  T H E  E N D S  O F  T H E  E A R T H

B Y  E L I Z A B E T H  Q U I L L

R E S E A R C H  B Y  E S T H E R  Y I

Illustrations by Shane L. Johnson

F R A N C I S  H A L Z E N  •  P H Y S I C A L  S C I E N C E S

Every time astronomers 
learn to exploit a new signal from space, knowledge 

of the universe dramatically deepens . Light, seen 

through telescopes, reveals that our galaxy is not 

alone. Microwaves hint at the Big Bang. X-rays suggest 

the tumult near black holes. Francis Halzen’s discov-

ery of high-energy cosmic neutrinos shifts the para-

digm again, potentially off ering clues to the greatest 

remaining mysteries. What is dark matter? How did 

the universe begin? Is there a theory of everything? 

Yet Halzen, a University of Wisconsin physicist, fo-

cuses on the search itself: “I love to learn. Just under-

standing things that you thought you could never un-

derstand, that is the great pleasure of doing physics.”

COSMIC 
VOYAGE
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it was in 1944, during 

the golden age of 

superhero comics, 

that the once and 

future neutrino man, 

who would harnesS  

the power of science 

for the goO d of 

alL  humanity, was 

born in Tienen, belgium. His father 

owned a construction company. His 

mother worked in the home. 

young Francis halzen spent 

hours speE ding around on his 

bike, and he dreamed of winN ing 

the Tour de France. he loved 

to go fast_and to win! gradualL y, 

though, his most astounding quality 

surfaced_his intelL ect. at schoO l, 

he whizZ ed by his peE rs in math, 

science and literature. at night, he 

played strategic card games just to 

keE p his mind sharp. his only sibling, 

Marie-rose, recalL s he 

was “calm and wise.” 

yet, he was also 

driven. the first in 

his family to go to 

colL ege, he thought 

about becoming a 

teacher. Then, 

sudD enly, his 

worldview 

was shaken . . .

68  SMITHSONIAN.COM  |  November 2014

. . . when he read 

a scientific paper 

proposing the ex-

istence of “aces,” 

subatomic constit-

uents of matT er bet-

ter known today 

as quarks. the idea and 

the mathematics were 

amazing. shazam! he’d 

found his pasS ion! physics! 
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meanwhile, milL ions of light-years away, masS ive Stars crash into each other. 

swirling gigantic clouds of matT er slam onto black holes. subatomic 

particles acC elerate to near light speE d. these tremendous forces shape 

the universe_How can we study these cosmic phenomena? most 

radiation from such sources is distorted by the time it gets to 

earth. but what if a particle made the voyage unscathed? 

not long after earning his PHD, halzen got a job at the University of 

Wisconsin-Madison. he and his wife, nelL y, moved there in 1971. 

it was culture shock. procesS ed white bread! watery cofF eE ! 

he thought they’d stay for just six months. welL , the profes-

sor got that prediction wrong! in 1975, nelL y and francis 

had a son_and they’ve lived in “madtown” ever since.

in the 1950s, physicists 

discovered subatomic 

particles calL ed neu-

trinos that have no 

charge and almost 

no masS _and seldom 

interact with matT er. 

could special, high-en-

ergy neutrinos gener-

ated by cataclysms in 

deE p space be the key?

halzen, often working with no 

more than equations on paper, 

helped lay the theoretical 

foundation of particle physics. 

then, a new idea . . . 



then, on christmas eve 1993, 

an encouraging email: 

“first string deployed.”

but in 1993, 

researchers set 

out to asS emble 

a prototype of 

halzen’s Antarctic 

neutrino telescope 

during the sumM er 

there. even then, the 

temperature plunges 

to minus 50 degreE s 

Fahrenheit!

. . . came to him. he knew that, 

in ice, on the rare ocC asion 

when a neutrino does col-

lide with an atomic nucleus, 

faint light is generated_

light that can be detected! 

what if astronomers 

placed sensors in ice_in 

Antarctica? could such 

devices detect high-en-

ergy neutrinos from 

deE p space? some ex-

perts scofF ed and said 

it couldn’t be done.

how to get 50 tons of equipment to the south pole? 

how to drilL  more than a dozen holes thousands of 

feE t into the ice for the detectors, which hang 

on “strings?” how to do it alL  before win-

ter? these weren’t theoretical questions! 

in madison, halzen and colL eagues,  fortified by 

the lab’s “espresS otron,” awaited news. 
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were the signals real? or flukes? 

so much could go wrong! halzen felt 

concerned. he neE ded more data . . .

. . . he got it. halzen’s 

team anN ounced its dis-

covery last year after 

detecting 28 high-energy 

cosmic neutrinos. a sci-

entific sensation! a new 

era in astronomy!  

Eureka! the prototype registered lower-energy neutrinos 

from earth’s atmosphere_proO f that a larger experi-

ment might find the particles astronomers wanted. back 

to work! the team spent seven years and more than $270 

milL ion building “icecube”_some 5,000 detectors arR ayed 

in the ice in a cube half a mile on a side. the world’s 

largest neutrino telescope! stilL , it toO k two years to 

acquire evidence for two high-energy cosmic neutrinos. 

“Whenever we’ve found 

a new way to loO k at the 

universe, we never saw 

anything that we realL y 

expected. It was always 

a surprise. 

So, now, 

I canN ot 

predict the 

future.”  





H O W  A  S E L F -TA U G H T  I N V E N T O R ’ S  H O M E M A D E  H E A D S E T  M AY 

T R A N S F O R M  E V E R Y T H I N G  F R O M  G A M I N G  T O  M E D I C A L  T R E AT M E N T 

T O  E N G I N E E R I N G — A N D  B E YO N D

B Y  T A Y L O R  C L A R K

Photo-illustration by Dan Saelinger

THE VISIONARY
P A L M E R  L U C K E Y  •  Y O U T H

On the afternoon of July 4,
2012, Brendan Iribe, Nate Mitchell and Michael 

Antonov sat in a room at the Long Beach Hilton, 

nervously waiting for Palmer Luckey. Luckey was 

late—very late, in fact—but that wasn’t the only thing 

making them edgy. Just days before, the three video 

game industry veterans had agreed to found a com-

pany with Luckey to develop a device he called the Oc-

ulus Rift, a virtual reality headset that had been lauded 

as revolutionary by nearly everyone who had tested it. 
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virtual reality, we can now produce an 

experience that rivals that drive, which 

means we could potentially spare a lot 

of wear and tear on the environment, 

and also make it available to people 

who couldn’t aff ord to go otherwise.” 

Bailenson’s research shows that im-

mersion in a digital world can make 

people more environmentally con-

scious—for instance, by showing them 

fi rsthand the devastation of a simulated 

trash-strewn ocean—and even, per-

haps, more compassionate. “If you can 

virtually look in a mirror and see your-

self as a senior citizen, or as belonging 

to a diff erent race, or as handicapped, 

that helps you form empathy with oth-

ers in diff erent walks of life,” he said.

And if dreams like these come to frui-

tion sooner rather than later, most of the 

credit will go to Luckey. When I went to 

meet him this past summer at Oculus’s 

new offi  ces, in a sleek high-rise in Ir-

vine, California, evidence of the compa-

ny’s breakneck growth was everywhere. 

Desks piled with computer equipment 

and Rift prototypes lay scattered seem-

ingly at random through vast, mono-

chromatic open-plan areas. Staffers 

unpacked fresh blue Facebook T-shirts 

and posted maps of the regional offi  ces 

of their giant parent company. Ham-

mering and drilling noises punctuated 

seemingly every conversation.

 The one notable thing that was miss-

ing was Luckey himself, who, naturally, 

was late. But when he fi nally showed, in 

his standard uniform of jeans, striped 

T-shirt, and sandals, there was no mis-

taking it. “I am Palmer!” he proclaimed, 

and his energy instantly infused the of-

fi ce. At 22, he still seems like an over-

grown teenager, with an unruly mop of 

brown hair, a fondness for emphatically 

pronouncing things “super cool,” and 

a habit of staying in constant motion 

even when sitting still. (Despite being a 

millionaire many times over, he’s clung 

to the much-loved car from his teenage 

days, a 2001 Honda Insight, as well.) 

Where Zuckerberg and other titans of 

tech are often chilly and aloof, Luckey 

is all warmth and geek charm—a smil-

ing, chatty pitchman who also happens 

to be a world-class engineer. 

the last to try it,” recalled Iribe, who is 

now the CEO of Oculus VR, the com-

pany they founded. “Sure enough, it re-

ally worked. And we all looked at each 

other like, Oh, my God.”

They would not be the last inves-

tors moved to rapture by Luckey’s in-

vention. This past March, Facebook 

founder Mark Zuckerberg stopped 

by the Oculus offi  ces for a demon-

stration and, according to Fortune 

magazine, immediately pronounced 

the Rift “one of the coolest things I’ve 

ever seen.” Within weeks, Facebook 

bought the company for $2 billion. In 

the Rift, Zuckerberg saw something 

far grander than a mere entertainment 

device. “Imagine enjoying a court-side 

seat at a game, studying in a classroom 

of students and teachers all over the 

world or consulting with a doctor face-

to-face—just by putting on goggles in 

your home,” he wrote at the time. Even 

better, for Facebook’s purposes, vir-

tual reality could allow users to share 

entire immersive experiences, rather 

than just photos. 

To Jeremy Bailenson, the director 

of Stanford University’s Virtual Hu-

man Interaction Lab and the co-au-

thor of the book Infi nite Reality, the 

widespread use of virtual reality has 

the potential not just to change our lei-

sure habits but to alter how we think 

and live. “An example I use is Yosemite, 

which millions of people drive through 

each year,” Bailenson told me. “With 

Because this new venture confl icted 

with a deal they’d made with another 

tech company, partnering with Luckey 

meant potentially forfeiting millions 

of dollars. And therein lay the source 

of their anxiety: Not only were they 

walking away from a lot of money, the 

three were gambling on a product they 

had never actually tried themselves. 

“Palmer described the Rift in such a 

compelling way that we wanted to do it 

without even seeing it,” Iribe explained. 

“We thought, Why not?”

When Luckey fi nally bounded into 

the room, clad in T-shirt, shorts and 

fl ip-fl ops, Iribe’s unease about the risk 

they’d taken escalated. Their grinning 

19-year-old business partner wasn’t 

holding a slick-looking prototype; he 

was lugging in a tray tangled over with 

a mess of cables.

That’s Oculus? Iribe thought.

From underneath this thicket, 

Luckey dug out a crudely fashioned 

electronics box, apparently the head-

set: a tape-covered black brick with 

wires poking out from every angle. As 

Luckey cheerfully struggled to get this 

jumble into working order, Iribe was 

all but holding his breath.

Finally, Luckey handed the head-

set to Antonov, who pressed it to his 

eyes and, slowly, began to bob his head 

around, exploring a three-dimensional 

digital space. “Wow . . . ” he managed. 

After his turn, Mitchell off ered the 

same monosyllabic response. “I was 

Luckey is both 
a fi rst-rate 
engineer and 
virtual reality’s 
foremost 
evangelist, full 
of warmth and 
geek charm.
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The National Baseball Hall of Fame and the U.S.
Mint have just released the FIRST EVER curved
American coin. This legal tender half dollar has

been struck to honor the 75th anniversary of the 
National Baseball Hall of Fame and Museum.

First Ever Curved American Coin
The coin’s curved design is a first in American history. 
The outward curving ‘tails’ side of the coin depicts a 
baseball—complete with intricate stitching. The inward
curving ‘heads’ side of the half dollar reveals a classic 
leather baseball glove, with the curve perfectly reflecting
the natural shape of a weathered and well-loved baseball
mitt. Among the celebrity judges who selected this FIRST
EVER curved design were Hall of Famers Joe Morgan,
Brooks Robinson, Ozzie Smith, Don Sutton, and Dave
Winfield. The curved design is like nothing you have 
ever seen before. You won’t believe it when you hold it!

Going…Going…GONE
Public demand for these coins has exploded and a number
of versions have already sold out quickly. The 2014 Baseball
Hall of Fame Half Dollar will forever go down in history
as a runaway best seller. But even though the coins are 
disappearing at record speed, you don’t have to strike out. 

If you CALL NOW, you can lock in your very own piece 
of baseball history—not to mention the most unusual 
American coin ever struck!

Pristine Brilliant Uncirculated Half Dollar
Each 2014 Baseball Hall of Fame Commemorative Half
Dollar is minted in Brilliant Uncirculated condition and
comes in official U.S. Mint packaging, including the official
Mint Certificate of Authenticity. Best of all, you can secure
yours today for only $29.95 (plus s/h). Due to overwhelming
demand, orders are limited to a maximum of 5 coins. 
No dealer orders will be accepted. Lock in yours now for
estimated delivery at the end of July. Hurry! A sellout is
expected at any time.

When you call, ask about the extremely limited Pete Rose
autographed edition.

For fastest service call today toll-free

1-800-563-6468
Offer Code HOF270-02

Please mention this code when you call.

GovMint.com • 14101 Southcross Dr. W. Dept. HOF270-02 • Burnsville, Minnesota 55337
Prices and availability subject to change without notice. Past performance is not 
a predictor of future performance. NOTE: GovMint.com® is a private distributor of 
worldwide government coin and currency issues and privately issued licensed collectibles 
and is not affiliated with the United States government. Facts and figures deemed accurate 
as of July 2014. ©2014 GovMint.com. 

Actual size 
is 30.61 mm

Cooperstown, N.Y.

Only $29.95!

JUST RELEASED: 
United States Baseball Legal Tender Coin

Advertisement

http://GovMint.com
http://GovMint.com
http://GovMint.com
http://GovMINT.COM
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could the experience be?” By this time, 

Luckey was making good money fi xing 

broken iPhones, and he spent most of 

it on high-end gaming equipment in 

order to make the experience as im-

mersive as possible. At one point, his 

standard gaming setup consisted of a 

mind-boggling six-monitor arrange-

ment. “It was so sick,” he recalled.

But it wasn’t enough. Luckey didn’t 

just want to play on expensive screens; 

he wanted to jump inside the game it-

self. He knew the military sometimes 

trained soldiers using virtual reality 

headsets, so he set out to buy some—

on the cheap, through government 

auctions. “You’d read that these VR 

systems originally cost hundreds of 

thousands of dollars, and you thought, 

clearly if they’re that expensive, they 

must be really good,” Luckey said. In-

stead, they fell miles short of his hopes. 

The fi eld of view on one headset might 

be so narrow that he’d feel as if he was 

looking through a half-opened door. An-

other might weigh ten pounds, or have 

preposterously long lag between his 

head moving and the image reacting on-

screen—a feature common to early VR 

that literally makes users nauseated. 

So Luckey decided to do what he’d 

been doing for years with game con-

soles: He’d take the technology apart, 

fi gure out where it was falling short and 

modify it with new parts to  improve it. 

Very quickly, he realized that this wasn’t 

going to be sim-

much. In his ample free time, he de-

voted most of his considerable energy 

to teaching himself how to build elec-

tronics from scratch.

No one else in Luckey’s family was 

especially interested in technology, but 

his parents were happy to give over half 

of the garage at their Long Beach, Cali-

fornia, home to his experiments. There, 

Luckey quickly progressed from mak-

ing small electronics to “high-voltage 

stuff ” like lasers and electromagnetic 

coilguns. Inevitably, there were mis-

haps. While working on a live Tesla 

coil, Luckey once accidentally touched 

a grounded metal bed frame, and blew 

himself across the garage; another 

time, while cleaning an infrared laser, 

he burned a gray spot into his vision.

When Luckey was 15, he started 

“modding” video game equipment: 

taking consoles like the Nintendo 

GameCube, disassembling them, and 

modifying them with newer parts, to 

transform them into compact, effi  cient 

and hand-crafted devices. “Modding 

was more interesting than just build-

ing things entirely using new tech-

nologies,” Luckey told me. “It was this 

very special type of engineering that 

required deeply understanding why 

people had made the decisions they 

made in designing the hardware.” 

Luckey soon became obsessed with 

PC gaming. How well, he wondered, 

could he play games? “Not skill level,” 

he clarified to me, “but how good 

And all of this energy, I soon learned, 

was despite his being ill; moments 

earlier, he told me, he had thrown up 

inside a friend’s brand-new Tesla. 

When I expressed surprise at his exu-

berance, he shrugged. “I have a really 

high pain-slash-sickness tolerance,” he 

said. Chris Dycus, an Oculus hardware 

engineer, described Luckey’s zeal as a 

nearly indestructible force. “Palmer’s 

enthusiastic about everything,” he said. 

“Like, go ask him why McDonald’s isn’t 

actually that bad for you, and you’ll get 

talked to for an hour.”

But Luckey is fi rst and foremost an 

evangelist for virtual reality. For de-

cades, people have dreamed of a tech-

nology that would let them experience 

an alternate reality—artifi cial, crafted, 

entirely new. Companies poured bil-

lions of dollars into research in the ’80s 

and ’90s but computing technology 

simply wasn’t advanced enough yet; by 

the time Luckey started playing around 

with virtual reality, most had given it up 

for dead. There were specialty headsets 

available on the market, but they were 

a huge letdown. “A lot of them were low 

resolution,” Luckey told me, ticking 

off  their defi ciencies. “They were ex-

tremely heavy—my best one weighed 

six pounds. All of them had a low fi eld 

of view.” Even worse, new models could 

easily cost more than a new Porsche.

In just a few years of tinkering, the 

teenage Luckey turned all of that on its 

head, using existing parts to engineer 

something far better and lighter than 

any other headset out there, all for un-

der $300—thereby creating the fi rst 

virtual reality device that could be a 

viable mainstream product. And he did 

it not in a lab but in his parents’ garage.

If there is a case to be made that 

unconventional schooling, without 

busywork or fixed schedules, helps 

unleash creativity, Luckey might well 

be Exhibit A for the prosecution. His 

mother, Julie, home-schooled all four 

of her children during a period of each 

of their childhoods (Luckey’s father, 

Donald, is a car salesman), but Palmer 

was the only one of the kids who never 

went back; he liked the fl exibility too 

Improvements 

to Oculus Rift 

continue—the 

latest prototype 

integrates audio.

CONTINUED ON PAGE 88
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Buy now, pay never. Call us today and
we’ll send you the .925 sterling silver

and DiamondAura® Mirador Marquise
Ring (a $395 value†) for FREE!** That’s
right... FREE. It’s true. We cut the ring
price 100% and you pay only $19.95
for shipping & processing (*see details
below). There are no tricks. You aren’t
obligated to spend another dime... 
although we make it VERY hard to resist.

Why give away jewelry? We want
your attention. We want you to take a
closer look at our 8 million carats of 

rubies, emeralds and sapphires and
vintage-inspired watches. Once you
discover “Luxury for Less,” we’re betting
that you’ll fall in love with Stauer. 

If we had our way, we’d send your 
Mirador Marquise Ring with no ship-
ping charge. Unfortunately, the rising
cost of gas and freight makes that 
impossible. But, to sweeten the deal,
we’ll include a $20 Stauer Gift Coupon
with your FREE ring. More proof that
true luxury is money in the bank!  

14101 Southcross Drive W., 
Dept. FMR176-01
Burnsville, Minnesota 55337 
www.stauer.com

Stauer®

Mirador Marquise Ring (1 ¼ ctw)

Appraised at $395†

Your Cost With Offer Code—FREE*

*pay only shipping & processing 
of $19.95.

Does This Ring Make 
My Wallet Look Fat?

Rating of A+

Smart Luxuries—Surprising Prices™

* This offer is valid in the United States (and Puerto
Rico) except in TX, FL, CO, OK, RI, NH, WV, OR,
SC, VA and ID. These state residents will be charged
one cent ($.01) + shipping & processing for the
item. Void where prohibited or restricted by law.
Offer subject to state and local regulations. Not
valid with any other offers and only while supplies
last. This offer is limited to one item per shipping
address. ** Free is only for customers who use the
offer code versus the original Stauer.com price.

† For more information concerning the appraisal, 
visit http://www.stauer.com/appraisedvalues.asp.

.925 sterling silver setting 
fits whole ring sizes 5-10

90 brilliant-cut 
DiamondAura rounds

Scintillating marquise-cut 
DiamondAura center stone,
9mm x 4.5mm

Spend 100% LESS on Luxury with FREE* Jewelry... only from Stauer

COMPARE FOR YOURSELF AND SEE!
                     Mined D-Flawless   DiamondAura
                             Diamond          Compares to:

Hardness               Cuts Glass           Cuts Glass ✓

Cut (58 facets)        Brilliant              Brilliant ✓

Color                  “D” Colorless          Colorless ✓

Clarity                 “IF” Flawless              Clear ✓

Dispersion/Fire         0.044                   0.066 ✓

1 ctw ring price     $22,000+                 FREE

You must use the offer code below to 
receive this special free ring.

1-888-324-2060
Offer Code FMR176-01

Please mention this code when you call.
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For 24 years, The Great Courses has brought the 

world’s foremost educators to millions who want to 

go deeper into the subjects that matter most. No 

exams. No homework. Just a world of knowledge 

available anytime, anywhere. Download or stream 

to your laptop or PC, or use our free mobile apps 

for iPad, iPhone, or Android. Over 500 courses 

available at www.TheGreatCourses.com.

The Industrial Revolution
Taught by Professor Patrick N. Allitt
EMORY UNIVERSITY

LECTURE TITLES

1. Industrialization Is Good for You
2. Why Was Britain First?
3. The Agricultural Revolution
4. Cities and Manufacturing Traditions
5. The Royal Shipyards
6. The Textile Industry
7. Coal Mining—Powering the Revolution
8. Iron—Coking and Puddling
9. Wedgwood and the Pottery Business
10. Building Britain’s Canals
11. Steam Technology and the First Railways
12. The Railway Revolution
13. Isambard Kingdom Brunel—Master Engineer
14. The Machine-Tool Makers
15. The Worker’s-Eye View
16. Poets, Novelists, and Factories
17. How Industry Changed Politics
18. Dismal Science—The Economists
19. American Pioneers—Whitney and Lowell
20. Steamboats and Factories in America
21. Why Europe Started Late
22. Bismarck, De Lesseps, and Eiff el
23. John D. Rockefeller and Standard Oil
24. Andrew Carnegie and American Steel
25. American Industrial Labor
26. Anglo-American Contrasts
27. Electric Shocks and Surprises
28. Mass-Producing Bicycles and Cars
29. Taking Flight—The Dream Becomes Reality
30. Industrial Warfare, 1914–1918
31. Expansion and the Great Depression
32. Mass Production Wins World War II
33. The Information Revolution
34. Asian Tigers—The New Industrialized Nations
35. Environmental Paradoxes
36. The Benign Transformation

SAVE UP TO $270

The Industrial Revolution
Course no. 8950 | 36 lectures (30 minutes/lecture)

Explore a Period of 
Revolutionary Innovation
From electric lights to automobiles, we owe so much of our world to 
the Industrial Revolution. In this course, The Great Courses partners 
with the Smithsonian to examine the extraordinary events of this period 
and uncover the far-reaching impact of this incredible revolution. 
Longtime Great Courses favorite Professor Patrick N. Allitt of Emory 
University introduces you to the inventors, businessmen, and workers 
responsible for transforming virtually every aspect of our lives and 
fueling one of the greatest periods of innovation in human history.

Get an inside look at the history of industrial innovation and explore 
the lives of engineers, inventors, architects, and designers—as well as 
ordinary workers who lost their livelihoods to new technologies. The 
36 thought-provoking lectures of The Industrial Revolution will leave 
you with a new appreciation for the amazing innovations all around us.

Off er expires 11/23/14

THEGREATCOURSES.COM/7ST

1-800-832-2412
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Hosta Blue Shadows | on Cream |16” x 16”

Magnolia | on Black |16” x 16”

Sweetpea | on Cream |16” x 16”

Odontoglossum | on Black |16” x 16”

Th e joy of needlepoint 
is bringing classically 

beautiful designs to life.

Visit www.ElizabethBradley.com/Smithsonian or call 866.827.3831
Purchase Your Favorite Needlepoint Kit Today!

Featured Above: Pansies | on Cream |16” x 16”

Morning Glory Trellis | on Cream |16” x 16”

Camellia | on Black |16” x 16”

Completed Blooms Carpet with Harlequin Border | 6’ 8” x 5’ 2”

Polypodium | on Cream |16” x 16”

    The Elizabeth Bradley catalogue features 
a brilliant collection of needlepoint designs from 
contemporary to traditional favourites. 
     By drawing inspiration from fi ne British design 
traditions, we are able to connect with those 
who love and appreciate this rich craft heritage.  
Each kit is assembled by hand using the very fi nest 
European needlepoint canvas, the softest English 
dyed 4-ply tapestry wool and the broadest range 
of colours imaginable. 
           Each kit’s completed design can be fi nished 
into a wide variety of decorative items. Consult 
our catalogue for inspirational fi nishing ideas, 
such as joining stitched pieces into a rug (pictured 
below) or creating individual pillows (shown right) 
for your home.
    Elizabeth Bradley has been producing 
exceptional needlepoint designs for over 30 
years. Create a gorgeous addition to your home 
décor with a fun and entertaining needlepoint kit 
you will truly enjoy. 
          Request your free catalogue today.   

http://www.ElizabethBradley.com/Smithsonian


John Walsh, Safety Advocate 
and Vice Chairman of GreatCall

Waterproof design
works in the shower

3PEAK�WITH�.!%$#ERTIl�ED�
5Star Agents

Patented GPS 
CONl�RMS�YOUR�LOCATION

Nationwide 
coverage

'ET�HELP�AT�HOME�
or on the go, 24/7

4HE�MOST�AFFORDABLE�MOBILE�
MEDICAL�ALERT�WORKS�ANYWHERE��
even in the shower.

THREE FOR FREE�!CCESSORY�'IFT�3ET�INCLUDES��7RISTBAND��
3PORTY�,ANYARD�AND�"EADED�,ANYARD��A�$���VALUEå
With activation by 1/8/15.

THREE 
FOR FREE 
!CCESSORY�
'IFT�3ETå

While most medical alert devices don’t work outside 
your home, the new GreatCall

®
 Splash can go anywhere. 

With its waterproof design, you can even take it with 
you in the shower. The Splash is powered by the nation’s 
most dependable wireless network, so it works whenever, 
wherever you need it.

In any emergency, just press the button to immediately 
SPEAK�WITH�AN�.!%$#ERTIl�ED��3TAR® Agent. The Agent will 
CONl�RM� YOUR� LOCATION�USING�PATENTED� '03� TECHNOLOGY��
evaluate your situation and get you the help you need.

At $1499 per month, 5Star service on the Splash saves 
you over $200 per year in monthly fees compared to other 
personal emergency response services, making it the most 
affordable on the market.

3ELECT� THE� 'REAT#ALL� 'O0LANTM and get 5Star 
service plus unlimited 24/7 access to registered 
NURSES�AND� BOARDCERTIl�ED� DOCTORS��9OU�LL�ALSO�

get GreatCall Link,TM 
a free app that lets your friends and 

family know you’re safe and healthy.

Service starts at
No contracts
.O�CANCELLATION�FEES
.O�EQUIPMENT�TO�INSTALL

®&IRST�MONTH�&2%%�
WITH�PURCHASE�FROM�

Gift set offer applies to new lines of service only, while supplies last. Offer ends 1/8/15. Gift set will arrive in 10-14 business days upon activation. $����SAVINGS�CALCULATION�WAS�DETERMINED�BY�AVERAGING� THE�0%23�MARKET� LEADERS��
MONTHLY�FEES��NOT�ALL�THE�0%23�HAVE�THE�SAME�FEATURES	���3TAR�SERVICE�IS�AVAILABLE�WITH�THE�PURCHASE�OF�THE�'REAT#ALL�3PLASH�AND�A�ONETIME�SETUP�FEE�OF�$35. Valid credit or debit card required for monthly service. The GreatCall Splash 
IS�RATED�)08���AND�CAN�BE�SUBMERGED�IN�UP�TO���FEET�OF�WATER�FOR�UP�TO����MINUTES��5RGENT�#ARE��WITH�&/.%-%$®��IS�NOT�A�SUBSTITUTE�FOR�DIALING�����AND�SHOULD�NOT�BE�USED�IN�A�CASE�OF�EMERGENCY��&/.%-%$�S�REGISTERED�NURSES�AND�
CONTRACTED�PHYSICIANS�THROUGH�-$,)6%�OFFER�ADVICE�REGARDING�HEALTH�CARE�DECISIONS��MAY�PRESCRIBE�CERTAIN�MEDICATIONS�AND�MAKE�DIAGNOSES��7E�ARE�NOT�LIABLE�FOR�ANY�ACT�OR�OMISSION��INCLUDING�NEGLIGENCE��OF�ANY�&/.%-%$�EMPLOYEE�
or contractor. GreatCall is not a health care provider and does not provide health care services. Seek the advice of your physician if you have any questions about medical treatment. 5Star or 9-1-1 calls can only be made when cellular 
service is available. 5Star service will be able to track an approximate location when your device is turned on, but we cannot guarantee an exact location. Monthly service fee does not include government taxes or assessment surcharges. 
0RICES�AND�FEES�ARE�SUBJECT�TO�CHANGE��'REAT#ALL®, 5Star®��'REAT#ALL�'O0LAN��AND�'REAT#ALL�,INK��ARE�TRADEMARKS�OF�'REAT#ALL��)NC��REGISTERED�AND�OR�PENDING�IN�THE�5NITED�3TATES�AND�OTHER�COUNTRIES��#OPYRIGHT�Û�����'REAT#ALL��)NC�

4O�ORDER�OR�LEARN�MORE��CALL

1-866-301-4633
OR�VISIT�US�AT�GREATCALL�COM

http://greatcall.com


Introducing the INOGEN ONE.
It’s oxygen therapy on your terms.

One solution for oxygen at
home, away, and for travel

No more tanks to refi ll. No more 

deliveries. No more hassles with travel. 

The INOGEN ONE portable oxygen 

concentrator is designed to provide 

unparalleled freedom for oxygen therapy 

users. It’s small, lightweight, clinically 

proven for stationary and portable use, 

during the day and at night, and can 

go virtually anywhere - even on most 
airlines. Inogen accepts Medicare and 

many private insurances!

Reclaim Your Freedom
And Independence NOW!

Call Inogen Today to 
Request Your FREE Info Kit  

1-800-985-4807 



The Main Advantages of Municipal Bonds
Investors are attracted to municipal bonds for three reasons, 

safety of principal, regular predictable income and the tax-free 

benefits. Together, these three elements can make a compelling 

case for including tax-free municipal bonds in your portfolio. 

Potential Safety of Principal
Many investors, particularly those nearing retirement or in 

retirement, are concerned about protecting their principal. 

In March of 2012, Moody’s published research that showed 

that rated investment grade municipal bonds had an average 

cumulative default rate of just 0.08% between 1970 and 

2011.* That means while there is some risk of principal loss, 

investing in rated investment-grade municipal bonds can be a 

cornerstone for safety of your principal. 

Potential Regular Predictable Income 
Municipal bonds typically pay interest every six months 

unless they get called or default. That means that you can 

count on a regular, predictable income stream. Because 

most bonds have call options, which means you get your 

principal back before the maturity date, subsequent 

municipal bonds you purchase can earn more or less 

interest than the called bond. According to Moody’s 2012 

research,* default rates are historically low for the rated 

investment-grade bonds favored by Hennion & Walsh.

Potential Triple Tax-Free Income 
Income from municipal bonds is not subject to federal income 

tax and, depending on where you live, may also be exempt 

from state and local taxes. Triple tax-free can be a big attraction 

for many investors in this time of looming tax increases.

About Hennion & Walsh
Since 1990 Hennion & Walsh has specialized in investment 

grade tax-free municipal bonds. The company supervises 

over $2 billion in assets in over 15,000 accounts, providing 

individual investors with institutional quality service and 

personal attention.

What To Do Now
Call (800) 901-0736 and request our Bond Guide, written 

by the experts at Hennion & Walsh. It will give you a 

clear and easy overview of the risks and benefits of tax-free 

municipal bonds.

© 2014 Hennion and Walsh. Securities offered through Hennion & Walsh Inc. Member of FINRA, SIPC. Investing in bonds involves risk including possible loss of 

principal. Income may be subject to state, local or federal alternative minimum tax. When interest rates rise, bond prices fall, and when interest rates fall, prices rise. 

*Source: Moody’s Investor Service, March 7, 2012 “U.S. Municipal Bond Defaults and Recoveries, 1970-2011.” Past performance is no guarantee of future results.

FREE Bond Guide
Without Cost or Obligation

CALL (800) 901-0736
(for fastest service, call between 8 a.m. and 6 p.m.)

Hennion & Walsh, Bond Guide Offer

2001 Route 46, Waterview Plaza

Parsippany, NJ 07054

Are Tax Free 
Municipal Bonds 
Right for You?
Please call (800) 901-0736 
for your free Bond Guide

Dear Investor,

We urge you to call and get your free Bond Guide. Having 
tax-free municipal bonds as part of your portfolio can help 
get your investments back on track and put you on a path to 
achieving your investment goals. Getting your no-obligation 
guide could be the smartest investment decision you’ll make.

Sincerely,



lustrous, breathable silk and cotton with a touch of luxurious cashmere

special introductory price
reg $79.50-$84.50

$29.95

favorite sweater. hands down.
Lightweight, comfortable warmth. Durable good looks. 
It’s the ideal sweater. And, a guaranteed perfect fit.

your style
• long sleeve mock or polo
• 7 colors

mock

order now  800-309-6000 or paulfredrick.com/silkcashmere
new customer offer. limit four sweaters. shipping extra. not combinable with other offers. free exchanges. expires 12/31/14.

promo code  S4HSSM

navy

rust

mustard

ivory

purple

black

burgundy

your size
• regular: S,M,L,XL,XXL,3XL
• tall: XLT,XXLTpolo

http://paulfredrick.com/silkcashmere


Order now at wsjwine.com/wine
or call 1-877-975-9463 and quote code 5629011

Lines open Mon-Fri 8am-11pm, weekends 8am-8pm ET. WSJwine is operated independently of The Wall Street Journal’s news department. Offer available to fi rst-time WSJwine Discovery Club customers 
only and limited to one case per household. Licensed retailers/wineries only accept and fulfi ll orders from adults at least 21 years or older and all applicable taxes are paid. Delivery is available to AZ, CA, CO, 
CT, FL, IA, ID, IL, IN, LA, MA, MI, MN, MO, NC, ND, NE, NH, NJ, NM, NV, NY, OH, OR, SC, TN, TX, VA, WA, WI, WV, WY and DC. Please go online for full terms and conditions. Void where prohibited by law.

Uncork glorious 2010 Bordeaux, acclaimed Argentine Malbec, 
top-estate California Cabernet and more this holiday season. 
And save $170 as your introduction to the WSJwine Discovery 
Club. That gives you 15 exceptional wines — worth $239.99 — 
for just $69.99 (plus $19.99 shipping & applicable tax).

How can we make such a generous offer?
Because we believe you will be impressed and come back for 
more. But that’s entirely up to you. By offering small-batch 
wines of real fl air and value, together with convenient home 

delivery, WSJwine from The Wall Street Journal is changing 
the way people buy wine. This opens a lot of doors. Talented 
winemakers give us their best wines. Customers love the quality 
and the chance to try new things.

Just taste for yourself. Then, let us offer you a dozen exciting 
new fi nds every three months, with no commitment. You can 
accept, decline, change wines, delay delivery or cancel anytime. 
Future cases are just $149.99 (saving you at least 20%) and come 
with detailed tasting notes and our 100% money-back guarantee. 

15 bottles 

JUST
$69.99

$239.99 value

SAVE $170 on 
15 Perfect Holiday Reds        

http://wsjwine.com/wine


• 100% Satisfaction Guaranteed

• Over 25 Million Satisfi ed Customers

• 500+ Stores Nationwide

• HarborFreight.com    800-423-2567

• No Hassle Return Policy

• Lifetime Warranty On All Hand Tools

FREE
&20%
OFF

WITH ANY PURCHASE

LIMIT 1 - Save 20% on any one item purchased at our stores, HarborFreight.com or by calling 800-423-2567. *Cannot be used with other discount, coupon, gift cards, 

Inside Track Club membership, extended service plans or on any of the following: compressors, generators, tool storage or carts, welders, fl oor jacks, Towable Ride-On 

Trencher, Saw Mill (Item 61712/62366/67138), Predator Gas Power Items, open box 

items, in-store event or parking lot sale items. Not valid on prior purchases after 30 days 

from original purchase date with original receipt. Non-transferable. Original coupon 

must be presented. Valid through 3/24/15. Limit one coupon per customer per day.

SUPER COUPON

20% OFFANY SINGLE 
ITEM

NO PURCHASE REQUIRED

SUPER COUPON

SUPER COUPON

SUPER COUPON

FREE
VALUE

 $1499 

FREE
VALUE

 $699 

FREE
VALUE

 $699 

LIMIT 1 - Cannot be used with other discount, coupon or prior purchase. Coupon good at 
our stores, HarborFreight.com or by calling 800-423-2567. Offer good while supplies last. 
Shipping & Handling charges may apply if not picked up in-store. Non-transferable. Original 
coupon must be presented. Valid through 3/24/15. Limit one coupon per customer per day.

LIMIT 1 - Cannot be used with other discount, coupon or prior purchase. Coupon good at 
our stores, HarborFreight.com or by calling 800-423-2567. Offer good while supplies last. 
Shipping & Handling charges may apply if not picked up in-store. Non-transferable. Original 
coupon must be presented. Valid through 3/24/15. Limit one coupon per customer per day.

LIMIT 1 - Cannot be used with other discount, coupon or prior purchase. Coupon good at 
our stores, HarborFreight.com or by calling 800-423-2567. Offer good while supplies last. 
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ple. “It turned out that a lot of the ap-

proaches the old systems were taking 

were dead ends,” he said. 

The problem was one of fundamen-

tal design philosophy. In order to cre-

ate the illusion of a three-dimensional 

digital world from a single fl at screen, 

VR manufacturers had typically used 

complex optical apparatuses that 

magnifi ed the onscreen image to fi ll 

the user’s visual fi eld while also cor-

recting for any distortion. Because 

these optics had to perform a variety of 

elaborate tricks to make the magnifi ed 

image seem clear, they were extremely 

heavy and costly to produce.

Luckey’s solution to this dilemma 

was ingeniously simple. Why use bulky, 

expensive optics, he thought, when he 

could put in cheap, lightweight lenses 

and then use software to distort the im-

age, so that it came out clear through 

them? Plus, he quickly realized that 

he could combine these lenses with 

screens from mobile phones, which 

the smartphone arms race had made 

bigger, crisper and less expensive than 

ever before. “That let me make some-

thing that was a lot lighter and cheaper, 

with a much wider fi eld of view, than 

anything else out there,” he said.

From 2009 to 2012, while also tak-

ing college classes and working at the 

University of Southern California’s 

VR-focused Institute for Creative 

Technologies, Luckey poured count-

less hours into creating a working 

prototype from this core vision. He 

tinkered with diff erent screens, mixed 

and matched parts from his collection 

of VR hardware, and refi ned the mo-

tion tracking equipment, which mon-

itored the user’s head movements in 

real-time. Amazingly, considering the 

eventual value of his invention, Luckey 

was also posting detailed reports about 

his work to a 3-D gaming message 

board. The idea was sitting there for 

anyone to steal.

But, as Brendan Iribe put it to me, 

“Maybe his name is Luckey for a rea-

son.” By that point, no one was inter-

Palmer Luckey
CONTINUED FROM PAGE 76

From a mile away! – Used 
by federal agencies and 
armed forces throughout the 
world, these Military Zoom 
Binoculars by Spion bring life 
20 to 140 times closer. Ideal 
for bird watching, boating, 
surveillance –even star gazing! 
They are the only binoculars 
with the power and precision 
to bring the world right to you 
^P[O�Q\Z[�H�[V\JO�VM�`V\Y�Ä�UNLY��
Feel like you’re in the middle of 
the action at sporting events. 
See the distant world with 
such sharpness and clarity 
that you’ll forget you’re miles 
away. 
MEASURES:  

12” x 9”x 4” 
FEATURES:    

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

See the color of an eagle’s eye...

 Zoom
Binoculars

SPECIAL LIMITED TIME OFFER!

Coupon Code:  MF9LFN6

)L�VUL�VM�[OL�Ä�YZ[���� 
to order and Save $50.00 off your 

SPION Military Zoom Binoculars! 

Military Zoom Binoculars   

 TC243.......................$199.95
 Now $149.95

 
Binocular Tripod 
TC243TP......$29.95

www.spionusa.com/MF9LFN6

or call (800) 429-0039

Zoom 
20 to 140x with 
a single touch!

140x MILITARY

ONE TOUCH 

ZOOM

Hummingbirds
The dark beak and bronze gorget set off the 
green patina on these hummingbirds
in flight. Highly detailed bronze lost wax 
castings by Cavin Richie.  Made in USA. 
Shown full size. 

#KB-65-2BN Pendant, 20" Sterling Chain... $145
#KBE-3-FH Earrings, Fishhook..........................................$62

800-324-4934  davidmorgan.com

^

11812 N Creek Pkwy N, Ste 103•Bothell, WA 98011

Akubra® Hats from Australia
Wildlife in Bronze

Panama Hats woven in Ecuador

Add $9 handling per order.

Shop davidmorgan.com 
or request our catalog

Rain or shine the Banjo Paterson is the 
perfect crossover hat, at home in the city or 

country. Roan leather sweatband, 
Barramundi hatband. 4 ½" crown, 2 ¾" brim.  

Made in Australia of rabbit fur felt. 
Sizes: 6 ¾ - 8. Heritage Fawn or Charcoal.

         #1622 Banjo Paterson ........................... $185 

http://www.spionusa.com/MF9LFN6
http://davidmorgan.com
http://davidmorgan.com
http://SMITHSONIAN.COM


We’ve all had nights when we just can’t lie down in bed and 
sleep, whether it’s from heartburn, cardiac problems, hip or 
back aches – it could be a variety of reasons. Those are the 
nights we’d give anything for a comfortable chair to sleep 
in, one that reclines to exactly the right degree, raises feet 
and legs to precisely the desired level, supports the head 
and shoulders properly, operates easily even in the dead of 
night, and sends a hopeful sleeper right off to dreamland.

Our Perfect Sleep Chair® is just the chair to do it all. 
It’s a chair, true – the finest of lift chairs – but this chair 
is so much more! It’s designed to provide total comfort 

and relaxation not found 
in other chairs. It can’t be 
beat for comfortable, long-
term sitting, TV viewing, 
relaxed reclining and – yes! 
– peaceful sleep. Our chair’s 

recline technology allows 
you to pause the 

chair in an 
infinite number 

of positions, 
including the 
Trendelenburg 

position and the zero 
gravity  position where 

your body experiences 
a minimum of internal 

and external stresses. You’ll love 
the other benefits, too: It helps with 

correct spinal alignment, promotes back pressure relief, and 
encourages better posture to prevent back and muscle pain. 

And there’s more! The overstuffed, oversized biscuit style 
back and unique seat design will cradle you in comfort.  
Generously filled, wide armrests provide enhanced arm 
support when sitting or reclining. The high and low heat 
settings along with the dozens of massage settings, can 
provide a soothing relaxation you might get at a spa – 
just imagine getting all that in a lift chair! Weight capacity 
375 lbs. Shipping charge includes white glove delivery. 
Professionals will deliver the chair to the exact spot in 
your home where you want it, unpack it, inspect it, test 
it, position it, and even carry the packaging away! Includes 
one year service warranty. Your choice of fabrics and 
colors – Call now!

“To you, it’s the perfect lift  chair. To me, 
it’s the best sleep chair I’ve ever had.”  

                          — J. Fitzgerald, VA

Remote Controls for Heat, Massage, Recline and Lift

Separate
Heat and
Massage
Controls!

Sit up, lie down — 
and anywhere 
in between!

This lift chair 
puts you safely 
on your feet!

The Perfect Sleep Chair®   
Call now for our lowest price.

Please mention code 48586 when ordering.

1-888-834-8021 46
36

6

© 2014 by fi rst STREET for Boomers and Beyond, Inc.

DuraLux II 
Microfi ber

Tan Chocolate Burgundy

Burgundy  Chocolate Cashmere Fern Indigo

Long Lasting 
DuraLux Leather 

ADVERTISEMENT



90  SMITHSONIAN.COM  |  November 2014

ested in throwing more money away on 

another doomed virtual reality project. 

Then, in early 2012, luck struck 

again when the legendary video game 

programmer John Carmack stumbled 

onto his work online and asked Luckey 

if he could buy one of his prototypes. 

Luckey sent him one for free. “I played 

it super cool,” he assured me. Carmack 

returned the favor in a big way: At that 

June’s E3 convention—the game indus-

try’s gigantic annual commercial carni-

val—he showed off  the Rift prototype 

to a fl ock of journalists, using a repur-

posed version of his hit game “Doom 

3” for the demonstration. The response 

was immediate and ecstatic. “I was in 

Boston at a display conference at the 

time,” Luckey said, “and people there 

were like, ‘Dude, Palmer, everyone’s 

writing articles about your thing!’ ”

The rest, as they say, is virtual history: 

Over the next 21 months, Luckey part-

nered with Iribe, Antonov and Mitchell, 

launched a Kickstarter campaign that 

netted $2.4 million in funding—nearly 

ten times its initial goal—and joined the 

Facebook empire, thereby ensuring the 

company the kind of fi nancial backing 

that most early-stage tech companies 

can only dream of. 

The Oculus Rift is now entering its fi -

nal stages of development—it’s slated for 

commercial release next year—and this 

fall  Samsung will release a scaled-down 

product for developers and enthusiasts, 

powered by Oculus technology, that  will 

clip over the company’s Galaxy Note 4 

smartphone. But Luckey knows that 

success is by no means assured. “To this 

point, there has never been a successful 

commercial VR product, ever,” Luckey 

told me. “Nobody’s actually managed to 

pull this off .” Spend a few minutes in-

side the Rift, though, and one can’t help 

but believe that Luckey will be the one 

to do it.

“Oh, wow,” chuckled the older gentle-

man ahead of me in the Oculus demo 

room, his head nodding about with a 

Rift prototype, the DK2, slung like a pair 

of thick black ski goggles over his face. 

“Oh jeez. The guy’s right here.”

I tapped my foot impatiently. All 
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day, I’d been giddy about my impend-

ing journey into the intoxicating new 

virtual world, and my time of revela-

tion was achingly close. Finally, Joseph 

Chen, a bullet-headed Oculus product 

lead, ushered me onto the still-warm 

demo chair. This version of the Rift, he 

explained, had come a long way from 

earlier iterations. Whereas previously 

the headset’s dozens of tiny infrared 

LEDs—continuously monitored by 

a camera to mirror the user’s head 

movements—had been exposed, now 

they were invisible beneath the Rift’s 

smooth plastic veneer. Its software 

could render video at 75 frames per 

second (compared with high-defi nition 

TV’s paltry 24), making the virtual ex-

perience feel smooth and natural in-

stead of nauseatingly choppy.

At long last, I strapped on the Rift—

which, with my glasses on, made an un-

comfortably tight fi t—and braced my-

self to vault headlong into the future. 

And my fi rst impression of said future, 

I must report, was that it was neat 

enough—but not quite mind-blowing. 

Mind-breezing, you might say.

As soon as the Rift came down over 

my eyes, I found myself hovering above 

an archipelago of verdant land masses, 

staring down at a cartoonish orange 

fox. This was Lucky (no relation), of 

“Lucky’s Tale,” a run-and-jump game 

in the mold of Nintendo’s “Super Ma-

rio” series. Yet the experience truly 

was diff erent. I could gaze up and see 

clouds floating through a blue sky, 

look over to fi nd a crashing waterfall, 

and peer around to get a better view of 

the swinging wooden mallets through 

which Lucky was supposed to navi-

gate. At one point, a pair of sapphire 

butterfl ies fl uttered right before my 

eyes, making me draw back in surprise.

The problem, though, was that I felt 

as if I was exploring Lucky’s world 

with wire mesh over my eyes. This is 

the so-called “screen door” eff ect—the 

product of the Rift’s screen being mag-

nifi ed so greatly that the black squares 

around the pixels become visible—and 

it’s a distracting barrier to the immer-

sion process. But, in time, I felt myself 

learning to ignore the screen door and 
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“My cell phone company wants to lock me in on a 
two-year contract!”
Not Jitterbug, there’s no contract to sign and no penalty if 

you discontinue your service. 
 

“I’ll be paying for minutes I’ll 
never use!”
Not with Jitterbug, unused 

minutes carry over to the next 

month, there’s no roaming fee 

and no additional charge for 

long distance.
 

“My phone’s battery only lasts 
a couple of days”
The Jitterbug’s battery lasts for 

up to 25 days on standby.
 

Enough talk. Isn’t it time 

you found out more about the 

cell phone that’s changing all 

the rules? Call now, Jitterbug  

product experts are standing by.
Available in  

Blue, Red (shown)  
and White.

Monthly Minutes

Monthly Rate

Operator Assistance

911 Access

Long Distance Calls

Voice Dial

Nationwide Coverage

Friendly Return Policy1
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FREE
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enjoy the Rift for what it was: a novel, 

immersive new digital medium. When 

Chen cued up a diff erent program—a 

graphics demo in which you perch 

over a stone labyrinth fi lled with tiny 

marching dwarves —I started to grow 

legitimately excited about the Rift’s 

promise. As the minutes ticked by, my 

brain began to forget that this digital 

world wasn’t actually reality. With a 

tilt of my head, I could stare down into 

a glowing river of magma fl owing be-

tween my legs, and it almost seemed 

as though I would scorch my hand if I 

reached down and touched it. 

When the Rift arrives in stores, it will 

be an imperfect, fl edgling product, but 

one that promises previously unimag-

inable new experiences. Luckey him-

self agrees with this assessment. “This 

is the Model T,” he told me. “We want to 

be where the Tesla is eventually. What 

we have now is something that’s aff ord-

able, that’s good enough for people, and 

that will be able to sustain the growth 

that’s needed to get to the Tesla.”

And what, I asked, is the VR equiv-

alent of the Tesla in this analogy? 

Perfect virtual reality, he replied—by 

which he meant a digital experience 

that is indistinguishable from real life. 

“That’s the end goal,” he said. “We’ll get 

there within my lifetime.”

For now, though, Luckey is buoy-

antly happy with the development 

of the Rift, and with his role at Ocu-

lus. He doesn’t get to do as much en-

gineering work these days, but rather 

than feel left out, he’s glad to leave the 

grunt work behind. “It wasn’t like I was 

handing off  my baby to someone,” he 

explained. “It’s more like I was handing 

off  changing the diapers to someone, 

and I still get the baby.” He remains 

plenty busy doing precisely what he 

loves: building excitement for what will 

be the fi rst true wave of popular virtual 

reality—a wave that he, to his continual 

amazement, helped to create.

“All of a sudden, we haven’t just 

built a viable company,” he told me. 

“We’ve revitalized an entire segment 

of dreams. That’s . . . ” Luckey paused 

for a moment, uncharacteristically 

short of words. “That’s super cool.” 
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by Guy Coalter, 
Special Features Writer

Canton OH, Special - With 
hundreds of servants at her command... 
a person would think our first First Lady 
was a woman of leisure.

Not so... according to a new historical 
discovery. A long out-of-print volume 
entitled, “The Martha Washington Cook 
Book” shows Mrs. Washington personally 
supervised her entire household staff... and 
especially the kitchen and dining room 
servants.

Martha made sure every dish served 
at Mount Vernon... as well as in the first 
Presidential “White Houses” in New York 
and Philadelphia... was prepared exactly as 
called for in her personal cookbook.

The family cookbook was given to 
Martha at the time of her first marriage.

In 1749, beautiful seventeen-year-old 
Martha Dandridge married Daniel Parke 
Custis. As a wedding gift, the Custis 
family presented Martha with a family 
cookbook entitled Booke of Cookery and 
Booke of Sweetmeats.

Handwritten by an unknown hand, 
there is evidence the recipe book had 
been in the Custis family for genera-
tions. It is quite likely this was a family 
heirloom dating back to the early 1600s. 
In all, there were over five hundred classic 
recipes, dating largely from Elizabethan 
and Jacobean times, the golden age of 
English cookery.

Later, Martha Custis became a widow and 
in 1759 she married Col. George Washington. 
Washington was to become the Father of our 
country and its first President. Martha, of 
course, became our very first, “First Lady.”

Martha kept and used her family 
cookbook for over fifty years. In 1799, she 
presented the book to her granddaughter, 
Eleanor Parke Custis as a wedding gift 
when she married Lawrence Lewis.

The cookbook was handed down from 
mother to daughter until 1892 when the 
Lewis family presented it to The Historical 
Society of Pennsylvania where it still 
resides today.

In 1940, the Society gave permission to 
historian Marie Kimball to study the man-
uscript and prepare a cookbook entitled, 
“The Martha Washington Cook Book.” 

Advertisement

Old Cookbook Reveals

“Amazing Details of Washington’s 
Dining Habits”

Martha Washington

Although now long out-of-print, an Ohio 
publisher was recently commissioned to 
reprint a limited edition of this rare and 
amusing piece of Americana.

Accordingly, a limited number of copies 
are being made available to the public at 
this time. Each volume is numbered and 
when the present printing is exhausted, 
there is no contract to print more. These 
cookbooks could very easily become 
valuable collectors items.

“The Martha Washington Cook Book” 
includes facsimile copies of several actual 
pages from the one-of-a-kind original 
manuscript. Then, Mrs. Kimball chose over 
200 delicious unique recipes from Martha 
Washington’s personal cookbook and 
completely modernized them so you can 
easily prepare them in your own kitchen!

The original recipes were written for 
a huge household including numerous 
servants. Many called for dozens of eggs 
and gallons of one thing or another. Marie 
Kimball “trimmed” each recipe to quanti-
ties of ingredients for a family of six.

You’ll get dozens of delicious recipes 
for Soups, Fish, Meats, Meat Pies, Poultry 
and Game, Sauces, Eggs - Mushrooms and 
Cheese, Fritters and Pancakes, Pastry - 
Pies and Tarts, Cakes, Creams and Jellies, 
Puddings, Preserves, and Beverages.

©2014 JDI M0139S

Perhaps more interesting 
for us history buffs is the 
detailed description of the 

kitchen and dining habits in the George 
Washington household. Martha sat at the 
head of the table with her husband at her 
side to the right.

Despite dozens of servants around the 
table, either Martha or George always 
carved the meats to be served!

You’ll absolutely love dozens of other 
interesting details of this historical dining 
room.

“The Martha Washington Cook Book” 
is a beautiful perfect bound book you will 
be proud to display on your coffee table, 
bookshelf, or where ever you keep your 
very best books.

Your friends and neighbors are guar-
anteed to be envious... and you are 
guaranteed to be completely satisfied with 
your cookbook. You may examine and use 
it for a full three months and return it for a 
full no-questions-asked refund if you desire.

Although not available in bookstores, 
you may order your cookbook directly 
from the publisher. There is a strict limit 
however, of only two copies per customer.

To get your copy, simply write your 
name and address on a plain piece of paper. 
Mail it along with your remittance of only 
19.95 plus $3.98 postage and handling 
(total of $23.93, OH residents please add 
6.5% sales tax) payable to: James Direct 
Inc, Special Offer M837, 500 S. Prospect 
Ave., Box 980, Hartville, Ohio 44632.

You may charge to VISA, MasterCard, 
Discover or American Express by including 
your card number, expiration date and 
signature. For even faster service, have 
your credit card handy and telephone 
toll-free 1-800-310-7610 and ask for Special 
Offer M837.

Act within the next 15 days and the 
publisher will include a free bonus... a 
selection of delightful recipes from the 
personal cookbook of President Thomas 
Jefferson!

“The Martha Washington Cookbook” 
makes an appreciated gift for any gift-giving 
occasion. Readers of this publication may 
request a second copy for only $6.07 postpaid. 
(Total of $30 for both.)

http://www.jamesdirect.com

http://www.jamesdirect.com
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Fast Forward THE FUTURE IN THE MAKING

Flight Control 
They look real enough to frighten the 

scarecrows: Climbing hundreds of feet 

and reaching speeds of 50 miles per 

hour, remote-controlled falcons and 

eagles called Robirds fl ap their wings, 

swoop and glide so convincingly that 

other birds scatter. Which is the point. 

The drones, developed by Dutch inven-

tor Nico Nijenhuis, are meant to rid 

croplands, airports, dumps and the like 

of geese, gulls and other pesky birds.

The robotic raptors owe their light 

weight (1.6 pounds for the falcon, 4.5 

Robirds reduced pest bird populations 

by up to 75 percent over time. Tests at 

airports—birds collided with aircraft 

in the United States some 11,300 times 

in 2013 alone—are set for spring of 

next year. One day Robirds might be 

equipped with autopilot and radar to 

track avian targets, but for now Nijen-

huis says he’s keeping things basic: “It 

can be tempting to put too much tech-

nology into the bird.”  —ERICA R. HENDRY

for the eagle) to 3-D printed bodies of 

nylon composite with glass fi ber and to 

a lithium polymer battery. Perhaps the 

greatest engineering feat was to get lift 

and propulsion solely from fl apping, a 

complex motion that has long puzzled 

scientists including, notably, Leonardo 

da Vinci. Rather than replicating the 

action exactly, Nijenhuis simplifi ed it. 

Each foam wing fl exes to diff erent de-

grees across its length and attaches to 

a double hinge at its base.   

In a series of test fl ights at waste 

sites in the Netherlands, prototype 

Watch video footage of the
Robird falcon fl ying at 
Smithsonian.com/robird

http://SMITHSONIAN.COM
http://Smithsonian.com/robird


A fun-to-drive hybrid does exist.
The roomy, 188-combined-horsepower 2015 Ford C-MAX HYBRID.

A long straight road 
nicknamed “Woo-hoo.”

A hairpin turn 
that makes your hair 

stand up straight. An 18-wheeler 
begging 

to be passed.
Your dog’s head at 

the window with a smile 
bigger than Alaska.

Want to see more? Text CMAX to 4Ford (43673) to see videos.
Message and data rates may apply. By texting, you agree to receive a per-text reply text message. Text HELP for help. Text STOP to cancel. 
Privacy policy at ford.com/help/privacy.

http://ford.com/help/privacy
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CAN THE MONEY IN YOUR 
POCKET MAKE A DIFFERENCE 
FOR YOUR RETIREMENT? 

You might be surprised. Small amounts invested regularly over time can 
have quite an impact, even on something as big as saving for retirement.  
A point we demonstrated recently by toppling the world’s largest domino 
with one small enough to fit, well, in your pocket.

Make time work for you by getting started now with a long-term investment 
plan. Your advisor can show you how our family of more than 50 mutual 
funds can help you create a diversified portfolio. And knock some pretty  
big retirement goals right down to size.

Consider a fund’s investment objectives, risks, charges and expenses carefully 
before investing. The prospectus and summary prospectus contain this and other 
information about the fund. Contact your financial professional for a prospectus 
and summary prospectus. Read them carefully before investing.
Mutual fund investing involves risk. Some mutual funds have more risk than others. The investment return and principal 
value will fluctuate, and shares, when sold, may be worth more or less than the original cost, and it is possible to lose 
money. There is no guarantee a Fund’s objectives will be achieved. The risks associated with each fund are explained 
more fully in each fund’s respective prospectus.
Mutual funds are distributed by Prudential Investment Management Services LLC, a Prudential Financial company. 
© 2014 Prudential Financial, Inc. and its related entities. Prudential Investments, Prudential, the Prudential logo, Bring 
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0267362-00001-00

MUTUAL FUNDS ACROSS A RANGE OF ASSET CLASSES:

DOMESTIC AND GLOBAL EQUITY 

ALTERNATIVES  

ASSET ALLOCATION 

FIXED INCOME

http://BRINGYOURCHALLENGES.COM

