
VOLUME LXXVII, NUMBER 1, SPRING 2014

Life Stories



 2 Caltech on Twitter

 3 From the Editor

 4 Random Walk
   Quantum Kids • Spider Sense • Living Art • And More 

 11 Available Now on Caltech.edu 

 12  Aging from the Inside
  BY JESSICA STOLLER-CONRAD 

   Researchers at Caltech look beneath our wrinkles and gray  
hair to better understand what really happens to us as we age.

 18 A Bacterium’s Best Friend
  BY KATIE NEITH 

   Microbiologist Sarkis Mazmanian takes a closer look at the  
benevolent bugs in our bodies and how helping them thrive  
may be good for our health.

VOLUME LXXVII, NUMBER 1, SPRING 2014



 22 The Medusoid in Motion
  BY CYNTHIA ELLER

   Bioengineers at Caltech study jellyfish morphology  
and locomotion in order to create their own swimming  
creature made of silicone and living muscle tissue.

 26 Inspired by Nature
  BY KATIE NEITH 

   The symbiosis between biology, medicine, and  
engineering is driving innovative research at Caltech.

 32  Alumni Impact:  
Martin Karplus Wins Nobel Prize in Chemistry 
Reading the Leaves

  BY THE CALTECH ALUMNI ASSOCIATION 

 36 Endnotes
   Tell us your life story in 10 words or less.



multimedia

EDITOR 
!"#$%&'$()*+,)$*

MANAGING EDITOR
-"#))+)%."#/0*

ASSOCIATE EDITOR
10,$)%.)$,2

CONTRIBUTING WRITERS
3*4#)(%3''0*5%67*,2$0%8'')#5%10,$)%.)$,25%9)++$:0%;,"'')#<6"*#045%
=)*%>"/'$*

COPY EDITORS
?$:20)'%@0#AB20#5%;20#"*%10C'0*

ART DIRECTOR
9)**7%1D%;"/)#E$'')

STAFF ARTIST 
!0*:)%F070+2$40

DESIGN AND LAYOUT 
1)$,2%G%6"D

BUSINESS MANAGER
H"+0**)%!"/I0#4$

THE CALIFORNIA INSTITUTE OF TECHNOLOGY 
=#$0*%1D%!))!"#$%&"'(&)$*&+,"-.("/&0&1.23&+,"4+*"5+),$,6,&"7&14,$.+)

1#$+,)*%=#"(*!"8))$),4+,"#$%&"'(&)$*&+,"-.("94(:&,$+;"4+*"<.336+$%4,$.+)

=$*,$%F0#E)7, =&+$.("/$(&%,.(!"=,(4,&;$%"<.336+$%4,$.+)

THE CALTECH ALUMNI ASSOCIATION 
F)0,2)#%-)0*5%'(&)$*&+,

H)04%>?=%"*%,2)%J"%0,%80*4;D:0',):2D)4B

6"*,0:,%>?=%0,%'"#$"K:0',):2D)4B

>+;$+&&($+;"?"=%$&+%&%LM;;.%NNOP<QROST%$+%CBI'$+2)4%AB0#,)#'7%0,%,2)%%
60'$U"#*$0%M*+,$,B,)%"U%>):2*"'"J75%OSNN%80+,%60'$U"#*$0%="B')E0#45%%
V0+04)*05%63%WOOSXD%3**B0'%+BI+:#$C,$"*%YSNDNN%4"/)+,$:5%YPNDNN%U"#)$J*%%
0$#%/0$'Z%+$*J')%:"C$)+%YXDNND%;)*4%+BI+:#$C,$"*+%,"%>+;$+&&($+;"?"=%$&+%&5%
60',):2%?0$'%6"4)%X<PS5%V0+04)*05%63%WOOSXD%>2$#4<:'0++%C"+,0J)%C0$4%0,%
V0+04)*05%63D%3''%#$J2,+%#)+)#E)4D%H)C#"4B:,$"*%"U%/0,)#$0'%:"*,0$*)4%2)#)$*%
U"#I$44)*%($,2"B,%0B,2"#$[0,$"*D%\%SNO]5%60'$U"#*$0%M*+,$,B,)%"U%>):2*"'"J7D%%
VBI'$+2)4%I7%60',):2%0*4%,2)%3'B/*$%3++":$0,$"*D%>)')C2"*)^%_S_<PWX<RPQOD

V#$*,)4%I7%.0E$J0,"#%6#"++<?)4$05%M*:D5%`')*40')5%60'$U"#*$0D

PICTURE CREDITS 
6"E)#%0*4%>&65%]5%X5%Q%LI",,"/T5%OR%a%SO^%!0*:)%F070+2$40b60',):2%
?0#:"//Z%P5%S_%L#$J2,T^%`),,7%M/0J)+Z%_%LI",,"/%')U,T^%40E$4c#)/)#+Z%%
Q%L,"C%')U,T^%.3;3b9V!<60',):2b3;MZ%Q%L,"C%#$J2,T^%1)$,2%G%6"DZ%R%L,"CT^%%
1D%!"*JZ%R%LI",,"/T^%6"B#,)+7%"U%?$*):#0U,8-dZ%W^%;),2%F0*+)*Z%OO^%.3;3b
9V!<60',):2b6e6b;3&Z%OS%a%OQ^%62#$+,"U%!"B$+Z%O_%LI",,"/T^%3*2%V20/Z%%
SS5%S]%a%SX%LC2","J#0C27T^%90**0%.0(#",2Z%SS%a%SX%L$''B+,#0,$"*T^%9)++$:0%
;,"c)+Z%S_%L')U,T5%PN%L')U,T5%PO%L#$J2,T5%P_%L,"CT^%;2B,,)#+,":cZ%S_%L/$44')T5%SR5%P_%
L/$44')%0*4%I",,"/T^%$;,":cD:"/Z%PN%L#$J2,T^%=#04%!7"*Z%PO%L')U,T^%!B'B%f$0*Z%

PP^%6"B#,)+7%"U%,2)%9"2*%-D%G%60,2)#$*)%>D%?0:3#,2B#%@"B*40,$"*

VOLUME LXXVII, NUMBER 1, SPRING 2014

Caltech on Twitter
Follow us, retweet us, and let us know you’re talking  
about us by including @Caltech in your tweets.
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We are harnessing the energy of all the  
disparate scientists and engineers who work  
at the intersections between disciplines  
on aspects of the same important problems.

What’s In a Name
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ADVENTURES WITH ALKALIS  Graduate student Mark Kozlowski illustrates the  
reactivity of alkali metals for Chemistry 1a students taught by George L. Argyros Professor 
Nate Lewis. Kozlowski began slowly, throwing bits of lithium, sodium, and potassium into 
Millikan Pond, in order of increasing reactivity. For the grand finale, seen here, Kozlowski 
tossed a gram of cesium, covered with 10 milliliters of mineral oil, in the water. The results 
were spectacular in part because the cesium had melted in the sun, so there was no longer a 
“chunk” of it to arc into the pond but droplets instead. Cesium is so violently reactive that the 
droplets began interacting with water vapor in the air even before they hit the surface of the 
pond, releasing hydrogen gas. As the droplets reached the water, tiny explosions awed the 
audience. But not to worry; it was all perfectly safe.
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random walk

In order to learn more about the circulation and ecology of the Southern Ocean—a cold, remote region  
near Antarctica—and the role it plays in global climate, Caltech oceanographer Andrew Thompson has 
enlisted the help of robots called ocean gliders, which can withstand extreme pressures. He has previously  
used these autonomous underwater vehicles to study a part of the region called the Weddell Sea, setting 
them free from a research vessel to roam the ocean for months at a time. The gliders record information  
about water properties and send data back to Thompson via satellite when they rise to the surface every  
few hours. This fall, Thompson and his research team will deploy the gliders in an area north of the Weddell 
Sea called the Drake Passage; the researchers will then return to Pasadena, where they will send the  
gliders their daily marching orders remotely. Thompson hopes to learn more about the dynamics of the  
region, known to have some of the strongest currents in the world. 

Approximate distance  
(in miles) from Caltech, 

where the gliders will be 
remotely operated,  

to the Drake Passage.

Depth (in meters) that the 
gliders will dive to collect 

information like temperature, 
salinity, and dissolved 
oxygen in the water.

Speed (in miles per hour) at 
which the gliders will move 
along in the choppy currents 

of the Drake Passage. 

Time (in months) that  
the gliders will spend 

collecting data.

Cost (in cents per  
minute) for the glider  

to “phone home” using 
Iridium satellites.
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Spring brings new life to the world  
and to the E&S staff. We welcomed  

baby boys to our  
magazine family this year. 

When we asked alumni to describe their 
lives in 10 words or less, we received 

responses. Check out some of the  
most creative takes on page 36.

The number of bacterial species Sarkis 
Mazmanian (see page 18) has cultured  
in his lab in the name of research.

Insider Info

This letter tray, filled with metal type, is located 
somewhere on campus. Should you decide to  

run off a broadside or two, all you’d need to do  
is dip into the tray to get the letters you need,  

put them in the 6.5”x10” chase (a metal frame  
that holds type), and ink away. This printing device, a 
replica of the popular Chandler and Price “Pilot” first 
produced in 1886, was a hit in the late 19th century 

among teenage boys who wrote and printed their  
own newspapers, calling themselves “amateur 

journalists.” Today it is used to teach Caltech  
students the technology they will need to succeed  

in desktop publishing should the power grid fail.

%R
PSX

On the Grounds%
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In December 2013, Edward C. Stone, Caltech’s David  
Morrisroe Professor of Physics, paid a visit to The Colbert 
Report, a late-night television show on Comedy Central.  
He was there to talk about a historic milestone for the  
Voyager mission: the NASA spacecraft had traveled beyond 
the solar magnetic “bubble” and entered interstellar space. 
Stone has served as project scientist for the mission, now  
in its 37th year, since its inception. As an expert on travel  
beyond the solar system, he was able to answer host  
Stephen Colbert’s questions with ease. Nonetheless, Colbert 
was able to catch him off guard in the final segment when, 
dressed like an astronaut, he presented Stone with the  
NASA Distinguished Public Service Medal (pictured above).  
“I was on the Colbert Report to talk about what I think of as  
humankind’s greatest—and certainly most extensive—journey 
of exploration, and I certainly didn’t expect the host to hand 
me an award,” says Stone, who is also a former director of 
NASA’s Jet Propulsion Laboratory. “That surprise on my face 
was real.” The medal is the highest honor for a nongovern-
ment individual. Video segments of the show can be viewed 
by searching the words Ed Stone at colbertnation.com.

Beyond the Bubble

QUANTUM KIDS
A collaboration between Google Creative Labs and researchers at Caltech’s Institute  
for Quantum Information and Matter has enabled a rare educational interaction  
between quantum mechanics researchers and gaming kids via the video game  
Minecraft. The popular game, downloaded more than 30 million times worldwide,  
allows players to freely build and create their own world by mining and stacking  
different types of bricks in a sandbox-like environment (left). In October, the team—
along with educational partner MinecraftEdu—unveiled an add-on, or “mod,”  
called qCraft. It allows Minecraft players to add special blocks to their environment  
that display several high-level quantum principles—the physics that governs the  
behavior of matter and light at the atomic (and subatomic) scale—including  
observational dependency, superposition, and entanglement. Utilizing the game’s  
capabilities for superposition—the principle that allows particles to occupy more  
than one state at the same time—a number of enthusiastic users have even  
replicated Schrödinger’s notorious simultaneously-dead-and-alive cat. FN=<
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Spider Sense:  
Detecting the Inflation  
of our Universe
Professor of Physics Jamie Bock hopes the baffle tube he’s peering  
through in the photo below will help him also peer into the early universe. 
The baffle tube is a component of one of the six telescopes on one of his 
recent projects, called Spider, which Bock will use to study the inflationary 
expansion of the universe, an event that is thought to have occurred just  
a fraction of a second after the Big Bang. Spider’s instruments will search 
the thermal radiation, a fossil relic of the Big Bang, for polarization signals— 
a telltale signature of background gravitational waves produced by the  
inflationary expansion. “Inflation is thought to have happened just 10–32  
seconds after the Big Bang. To think that we might be able to measure  
something from that period is rather mind blowing,” Bock says.
 If all goes as planned, Spider will begin a two-week voyage in late  
December 2014, first launching in a balloon from Antarctica’s McMurdo  
Station and then circumnavigating the continent. Bock hopes a successful 
Spider mission will lay the technical and observational foundation for future 
orbital missions dedicated to understanding the origin of the cosmos. FN=<
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available now on CALTECH.EDU

GOING OUT WITH A BANG
With the help of the Nuclear 
Spectroscopic Telescope Array, 
or NuSTAR, the first space-based 
observatory capable of focusing 
on high-energy X-rays, Caltech 
researchers have been able  
to map radioactive material in  
the remnant of an exploding star.   
Learn more at caltech.edu/news.

Watch Read Engage

Faculty members 
reflect on and celebrate 
50 years of planetary 
science at Caltech 
in “The Journey of 
Exploration.” Check  
out the video at 
youtube.com/caltech.

Connect with  
the Caltech  
Alumni Association, 
and learn about  
our newest distin-
guished alumni at  
alumni.caltech.edu.

Indulge in an evening 
of folk, bluegrass, 
and country music 
with Robin and Linda 
Williams and Their  
Fine Group on Saturday,  
May 3 at 8 p.m.  
Find out more at  
caltech.edu/calendar/ 
public-events.
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Researchers at  
Caltech peer beneath 
our wrinkles and  
gray hair to add to  
our understanding  
of aging.
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CLIPPING AND REPLENISHING
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The medusoid is the product of  
a collaboration across disciplines,  
marrying biology to engineering, 
electrophysiology to fluid dynamics.
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Nawroth initially came up with some 
very un-jellyfish-like prototypes.
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The symbiosis  
between biology, 
medicine, and 
engineering is  
driving innovative 
research at Caltech.
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The Newest Nobelist
Martin Karplus (PhD ’54, Distinguished Alumnus ’86) 
Martin Karplus was one of three scientists awarded  
the 2013 Nobel Prize in Chemistry for pioneering  
work on computer programs that simulate complex 
chemical processes and that have revolutionized  
research in areas from drug discovery to solar energy.
 The Royal Swedish Academy of Sciences awarded 
the prize of 8 million crowns ($1.25 million) to Karplus, 
Michael Levitt, and Arieh Warshel, noting that their  
work had transformed the modeling of chemical  
reactions and moved it into the computer age.
 Born in Austria in 1930, Karplus was a child  
when his family, fleeing the country’s Nazi occupation,  
emigrated to the United States. He received a BA  
from Harvard University in 1950 and a PhD in chemistry  
in 1954 from Caltech, where he worked with two-time  
Nobel laureate Linus Pauling.
 “Pauling would often drop notes on little yellow 
sheets saying, ‘Wouldn’t it be interesting to do so- 
and-so?’” Karplus recalls. “He wouldn’t necessarily  
expect you to do them. You could throw them away  
or keep them to work on. A number of people built  
their careers on his ideas.”
 After leaving Caltech, Karplus went on to investigate 

complex chemical reactions, which were generally 
understood only down to the molecular level and were 
often modeled using plastic balls and sticks. To learn  
what happens at the atomic scale, Karplus knew, would 
require computers capable of performing mathematically 
intense quantum-theoretical simulations. Karplus,  
Levitt, and Warshel helped to create a bridge from  
those primitive models to computer simulations, offering 
researchers tools to gain a complete view of chemical 
interactions at all levels.
 “This year’s recipients have done important 
computational and mechanistic work on protein and 
enzyme catalysis,” says Rudy Marcus, the John  
G. Kirkwood and Arthur Amos Noyes Professor of  
Chemistry at Caltech and the 1992 recipient of  
the Nobel Prize in Chemistry. “That Karplus was a  
student of Pauling brings the prize this year close  
to home.”
 Karplus is the Theodore William Richards Professor 
of Chemistry, Emeritus, at Harvard, and director of the 
Biophysical Chemistry Laboratory, a joint laboratory  
of the French National Center for Scientific Research  
and the University of Strasbourg, France.

Alumni stories provided by the Caltech Alumni Association.  
For more about these stories and to read about other alumni  
in the news, go to alumni.caltech.edu.
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What is a paleobotanist? Very different people  
work on the front line of fossil records. Some analyze 
vertebrates, such as dinosaurs. Paleobotanists like  
me study how plants are formed. Taken together, all  
of our work creates a picture of Earth’s environment  
from a different time.

How did your time at Caltech lead you to this  
line of research? What I do isn’t the type of biology 
pursued at Caltech, but it was important for me to  
be there. I studied cell morphology in Eric Davidson’s  
lab; Joe Kirschvink in geobiology helped to spark my 
interest in Earth’s biodiversity. I also majored in literature. 
George Pigman’s classes on Chaucer interested me in  
historical texts—which are similar to fossils, in a way. 

How do you approach your work with fossils?
Any examination of fossil records has to start with  
our understanding of modern ecology. You look at a  
fossil of a leaf and think, “Okay, that looks like a leaf.  
I understand that.” But as you examine the details  
more closely—and plant fossils can offer a great deal  
of detail, down to cellular anatomy—you discover that 
there are a number of differences within the structure.  
This leaf may not, in fact, operate like leaves today  
in terms of its construction or biological processes. 

Reading the Leaves  
C. Kevin Boyce (BS ’95) 

Stanford paleobotanist and 2013 MacArthur Fellow C. Kevin Boyce  
answers a few questions about his work, his Caltech education, and  
what a 100-million-year-old leaf can tell us about the world today. 

What significant changes in plants have you  
been able to see? Today, most of the vegetation on our 
planet comprises flowering plants, with reproductive 
characteristics that typically include flowers, seeds, or 
fruit. But more than 100 million years ago, these types of 
plants didn’t exist. So how is it that they came to take over? 
Through my work, I’ve demonstrated that as temperatures 
rose during prehistoric eras, flowering plants evolved a high 
vein density, which allowed them to cycle water at faster 
rates than their previously dominant competitors.

What can these plants teach us about today’s world?
They can help us understand the origins of our food 
supply—which is dominated by crops that are all  
basically flowering plants. 
 One focus of my research is how primary production, 
the process by which living compounds are synthesized  
from carbon dioxide, has changed over time. We know 
that today, carbon dioxide is increasing in the atmosphere. 
Generally, if you give plants more carbon dioxide, they’ll 
perform more photosynthesis and grow faster. That effect is 
easy to study over a couple of years. But what would happen 
if you were looking at increased levels of carbon dioxide 
across very large scales and over revolutionary time periods? 
 Understanding how past ecologies adapted and 
changed may yield us valuable clues into our ecology 
today—and into how, if presented with new changes to  
the environment, it might adapt again.
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LIFE STORIES We asked alumni to tell us their life stories in 10 words or less.
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