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Satellite Science
Designed by students and packed with technology, Cornell’s 

CubeSats are ready for orbit

An engineer’s guide to the brain

Expanding ideas for shrinking circuits

Home sweet solar home

 



The conTinued renewal of The college 
of Engineering through outstanding new faculty 
members working with bright young students is 
made possible to a great extent by the legacies 
of engineering alumni.
 You can become a part of that tradition, 
supporting the future of the college while 
securing your own future, through a variety of 
innovative estate gift arrangements. Options are 
available to enhance your estate, earn income, 
pay fewer taxes. The gift planning professionals 
at Cornell can help you design a plan that’s right 
for you. 
 And you can choose how your gift will be 
used: an unrestricted gift to strengthen the 
college, or a gift designated for the area of your 
choice. To double the impact, consider a gift to 
Duffield Hall: gifts established by June 30, 2005, 
will be matched on a one-to-one basis through 
the Duffield Hall endowment challenge.
 Membership in the Cayuga Society is 
complimentary for those who have made a 
lifetime commitment to Cornell through planned 
gifts; Bob Cowie ’55, BME ’56, MBA ’57, Cayuga 
Society co-chair, would be happy to welcome 
you into this special group.
 To explore the possibilities for securing 
the future for yourself and the College of 
Engineering, visit Cornell’s gift planning website:

http://www.alumni.cornell.edu/gift_planning/

Plan forTheir Future
Professor Harry Stewart and David Ash in the new Civil and Environmental instructional facility.

TOP, MIDDLE, AND BOTTOM RIGHT: FRANK DIMEO; 
BOTTOM LEFT: NICOLA KOUNTOUPES/UP



Three Years and Counting/6
By Jay Wrolstad

Started in 2002, a student project to design, build, 
launch, and operate in orbit a pair of 10-centimeter 
picosatellites carrying real science payloads is now 
ready for blast-off.

Reflecting the Future/16
By Jerry GaBriel

When mirrored objects seem to shrink into infinity, it’s 
merely an optical illusion, but optical signals may be the 
real deal for shrinking the integrated circuit.

Crazy about Brains/12
By Beth saulnier

Jeff Hawkins ’79 EE is exploring what he calls the last great 
terrestrial frontier of science: the human brain. 

A House Undivided/20
By Melanie Bush

When engineers and architects team up to tackle a chal-
lenge, the results are spectacular: A showcase of solar living.
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Never satisfied: Not one to 
rest on his laurels, NCAA 
wrestling champion Travis 
Lee is already thinking ahead 
to the 2008 Olympics.
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I n a preliminary report 
about the Dec. 26 Indian 
Ocean tsunami’s mag-
nitude, Cornell Profes-

sor Philip Liu said three large 
waves engulfed Sri Lanka’s 
coastal areas, and it was the 
second wave—the largest of the 
three—that cost people their 
lives.  

Liu, a professor of civil and 
environmental engineering, led 
a group of U.S. scientists to the 
eastern and southern shores of 
Sri Lanka between Jan. 9 and 
16 and then visited Thailand. 
He returned from his investiga-
tive trip, which was funded by 
the National Science Founda-
tion, in late January. 

A veteran of examining tsu-
nami effects, Liu was struck by 
the power of this killer wave. 
“The destruction was more 
severe than I anticipated and 
the magnitude of destruction 
was beyond any imagination,” 
he said. “The 1992 tsunami in 
Indonesia was severe, but it 
was nothing like this one.” 

Liu spoke to many eyewit-
nesses. They explained they 
saw three waves, and this cor-
roborates the general belief 
that three earthquakes over a 

Wall of Water
Cornell tsunami expert leads scientific delegation into wave-ravaged Southeast Asia.

10-minute period caused the 
tsunami series. The waves trav-
eled at jetliner speeds—about 
500 miles an hour—through 
the Indian Ocean and struck Sri 
Lanka about two hours later. 

The waves measured 
between three and six meters 
(or 10 and 18 feet) high, he 
said. Because the coastal 
plain of Sri Lanka is relatively 
flat—that is, with a very slight 
slope—the ocean water poured 
inland between 500 meters (the 
length of five American football 
fields laid end-to-end) and two 
kilometers (about a mile and a 
half). 

To learn the height of the 
highest wave, Liu and his team 
examined the trunks of trees 
in the vicinity of the shore. The 
wave was so powerful that it 
easily stripped away the bark 
and left a high water mark. He 
found ocean silt on the rooftops 
of structures still standing. 

One hospital, built near the 
shore, had been obliterated. 
The waves overpowered the 
building, sweeping the patients, 
nurses, and doctors into the sea. 

This tsunami, he said, 
points to a need for common 
sense when choosing where to 

build homes, schools, hospitals 
and commercial establishments. 
Even brick structures near 
the shore, thought to be solid, 
crumbled when the wave struck. 

The purpose of the trip was 
to obtain information to further 
understanding of these waves to 
improve predictive capabilities 
and help future development of 
tsunami warning systems.

—Blaine P. Friedlander Jr. 
Cornell News Service

A THoUsAND 
Times BeTTeR 

The National Science Foun-
dation (NSF) has awarded 

Cornell $18 million to begin 
development of a new, advanced 
synchrotron radiation X-ray 
source, called an Energy Recov-
ery Linac (ERL). The ERL, based 
on accelerator physics and 
superconducting microwave 
technology in which Cornell’s 
Laboratory of Elementary Par-
ticle Physics (LEPP) is a world 
leader, will enable investiga-
tions of matter that are impos-
sible to perform with existing 
X-ray sources. 

“The X-ray beams produced 
by the new source will be 
roughly a thousand times better 
in brightness, coherence, and 
pulse duration than currently is 
possible,” said Sol Gruner, Cor-
nell professor of physics, who is 
the principal investigator of the 
ERL project. 

The facility will be a major 
upgrade of the national-user 
synchrotron radiation facility, 
Cornell High Energy Synchro-
tron Source (CHESS), which 
provides service to scientists 
and technologists from around 
the world, as well as to many 
departments at Cornell. The 
ERL will have value across 
the board, Gruner said, from 
research in biology and medi-
cine to materials science and 
nanotechnology development. 

Synchrotron radiation is 
generated when fast-moving 
electrons are forced to change 
direction. In the proposed 
facility, electrons will be pushed 
to within a fraction of the speed 
of light by a microwave beam in 
a linear accelerator (linac), made 
up of two straight tubes each 
about 1.3 kilometers long. The 
energetic electrons will be fed 
into the electron storage ring to 
make only one trip around the 
circle; then they will return to 
the linac where their energy will 
be recovered and used to push 
the next batch of electrons out. 

The ERL radiation may be 
used to determine the structure 
of cells and biological molecules 
that cannot be determined with 
current sources, information 

important both to basic science 
and the pharmaceutical industry. 

It also will make possible 
new study of advanced materi-
als on a nano scale, giving more 
insight into how to make stron-
ger metals and composites, 
better drug delivery systems, 
and more efficient optoelectron-

ics. And the very fast pulses will 
make it possible to follow the 
structural changes that happen 
during important chemical reac-
tions, both of life and chemical 
manufacturing processes. 

Cornell constructed the 
world’s first beam line to study 
synchrotron radiation in the 
early 1950s. Today, CHESS, 
which is directed by Gruner, is 
one of five national hard X-ray 
synchrotron radiation facili-
ties funded by the NSF and the 
National Institutes of Health 
and is the only such facility in 
the United States located on a 
central university campus. 

—Simeon Moss 
Cornell News Service 

LiFe sCieNCes: 
Dig THis

I t was a happening worthy of 
late-night TV host David Let-

terman. The audience of trust-
ees, alumni, and faculty had 
just finished watching a short 
video, specially produced for 
the groundbreaking ceremony 
for the Life Sciences Technol-
ogy Building (LSTB) on March 
11 at Phillips Hall Auditorium. 

The last scene of the video 
showed six Cornell sweatshirt-
clad students—with red shovels 
and buckets on a pile of earth on 
Alumni Field—leaping skywards 
and yelling, “Congratulations!” 

At that instant, the same 
students echoed the word and 
rushed from the back of the 
hall wielding their shovels and 
earth-filled buckets, which 
they presented to the ground-
breaking speakers, including 
renowned building architect 
Richard Meier ’56. 

“Cornell’s first cross-campus 
groundbreaking,” exclaimed Pres-
ident Jeffrey Lehman, receiving 
his bucket of ceremonial soil. 

The virtual midwinter 
groundbreaking for the gleam-
ing white four-story structure—
and the ebullient presentation 
of Alumni Field soil—was cre-
ated to celebrate the final stages 
of planning for the LSTB, which 
will begin to rise on the western 
end of the field in May or June, 
with completion scheduled for 
August 2007. The $140 million 
facility, the university’s most 
ambitious building project yet, 
was described by Kraig Adler, 
vice provost for life sciences, 
as “the central capital element 
in the academic and economic 
leadership of Cornell.” 

The new building will be the 
centerpiece of Cornell’s New 
Life Sciences Initiative (NLSI), 
a $600 million program involv-
ing seven colleges, hundreds 
of faculty members, and up to 
60 departments in research 
across the biological, physical, 
engineering, computational, and 
social sciences. The LSTB will be 
home to the Cornell Institute of 

Read more on 
these and other 
stories at www.
engr.cornell.edu/
news
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Philip Liu, professor of 
civil and environmental 
engineering, speaks to 
members of the press 
Jan. 21 in front of his 
wave tank in Hollister 
Hall. 
 He uses the 120-
foot-long wave tank 
(right) to research the  
characteristics of 
ocean-wave climates 
and how waves interact 
with coastlines and 
coastal structures. 

From left: Richard 
meier ’56, Life  
sciences Technology 
Building architect;  
Leti mcNeil ’05, 
government; Jennifer 
Zhao ’05, engineering; 
Peter meinig, chairman 
of the Cornell Board 
of Trustees; sanford 
Weill, chairman of the 
Board of overseers of 
Weill Cornell medical 
College; and steve 
Hohwald ’07, engineer-
ing, celebrate at the 
indoor groundbreaking 
ceremony for the new 
life sciences building, 
in Phillips Hall,  
march 11. 
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Molecular and Cell Biology and 
the Department of Biomedical 
Engineering, as well as an incu-
bator for start-up businesses. 

New York state has provided 
$25 million to the building 
project, making the LSTB the 
largest life-science research 
facility in the state. It will be, 
said Lehman in opening the cer-
emony, a “building as large in 
scale and bold in design as the 
research to be conducted in it.” 

Ceremony speakers stressed 
the importance of the new 
building and the NLSI to the 
university and beyond. “Con-

nectivity is the key. 
NLSI and the LSTB 
are important for 
Cornell, Ithaca, and 
the world,” said 
Sanford I. Weill ’55, 
chairman of the 
Board of Overseers 
of Weill Cornell 
Medical College in 
New York City and 
a university trustee 
emeritus. The build-
ing and the program 
have “already pro-

pelled Cornell to the forefront 
of life sciences, which will help 
millions of lives in many ways,” 
said Peter Meinig, chairman of 
the Board of Trustees. 

As Lehman noted, “Cornell’s 
revolutionary genius has always 
been in making connections 
across disciplines that no group 
or institution has done before.” 

—Larry Klaes 
Cornell News Service 

A NeW 
BegiNNiNg 

E ighty years after a disgrun-
tled Cornell geology profes-

sor, Gilbert D. Harris, picked up 
his fossils and went home—to 
establish the Paleontological 
Research Institution (PRI) in an 
emphatically off-campus back-
yard—the science of ancient life 
at Cornell is set to expand sig-
nificantly, with the signing of an 
affiliation agreement between 
PRI and Cornell. 

For its part, Cornell gets 
another link in its network of 
“distributed museums,” with 
the addition of the Museum of 
the Earth, which PRI built and 
opened about six miles north-
west of campus in 2003. 

“And PRI gets, among other 
things, the opportunity to reach 
more of the community and the 
wider world,” said the institu-
tion’s fourth director, Warren 
D. Allmon, of some highly suc-
cessful educational-outreach 
programs PRI offers to persuade 
students of all ages that earth 
science is not as dull as dirt.  

Cornell’s Department of 
Earth and Atmospheric Sciences 
(EAS), the modern version of 
Harris’s home department, is 
looking forward to increased 
connections to PRI’s expertise 
in earth history education at 
pre-college and post-college 
levels, as well as its research 
opportunities, according to EAS 
chair Teresa E. Jordan. “Just 
as a central theme in PRI’s 
Museum of the Earth is to illus-
trate that the biological, physi-
cal, and chemical systems inter-
act,” she said, “this is an impor-

tant thrust of Cornell research, 
which can benefit from PRI’s 
extensive collections of ancient 
and modern life forms.” 

The prolonged estrange-
ment began with a dispute over 
fire safety. Harris, a Cornell 
professor from 1894 to 1934, 
was nearing retirement and 
intended to leave his extensive 
invertebrate fossil collection 
and library to the university—
on one condition: that the 
university provide a suitable, 
fire-proof building with non-
flammable furnishings. 

When Cornell demurred, 
Harris built his own facility of 
concrete, with metal fixtures, 
next to his home in the Cornell 
Heights section of Ithaca. He 
filled it with many thousands of 
fossils, laboratories, books, and 
the offices of PRI, which was 
chartered as an independent 
educational institution by the 
state of New York in 1933.  In 
1968 PRI moved across the lake 
to a 12,000-square-foot stone 
structure on Trumansburg 
Road that was once an orphan-
age for the Odd Fellows frater-
nal organization. 

The early rift notwithstand-
ing, research accomplishments 
by Cornell faculty members are 
featured among the museum’s 
exhibits. In addition, Cornel-
lians are volunteers and work-
study students at the museum, 
and PRI’s board of trustees 
includes four Cornell faculty 
members, two staff members, 
and several prominent alumni. 

And now the relationship 
will be official—or at least 
semiofficial. 

“The affiliation agreement 
is defined more by what it is 
not than what it is,” Allmon 
observed. It is not a financial 
arrangement of any sort, he 
says, and the words ‘Cornell 
University’ will not be attached 
to the institution’s already-
unwieldy, 13-syllable moniker. 
“It’s really just a beginning, an 
opportunity to expand the con-
nections that we already have 
with the university.” 

—Roger Segelken 
Cornell News Service

PATCHiNg  
A HoLe 

A Cornell research group has 
discovered serious vulner-

abilities in a widely-used peer-
to-peer file-sharing program. 
The weakness in LimeWire, a 
popular client for the Gnutella 
file-sharing network, would 
allow an intruder to read any 
file on a computer running 
the program, including confi-
dential information and some 
password files. The problem 
occurs in both the free and paid 
versions of the program, in all 
operating systems. 

As soon as members of 
his research group noticed 
the problem, Emin Gun Sirer, 
Cornell assistant professor of 
computer science, immedi-
ately notified Lime Wire LLC, 
the company that distributes 
the software. “Lime Wire 
responded immediately and 
had a patch ready within a few 
hours,” Sirer reported. Patches 
are available for all versions 
except those that run on classic 
versions of the Mac OS, and the 
company is working on that, 
Sirer said. 

The most serious vulnera-
bility affects LimeWire versions 
4.1.2 through 4.4.5. It enables 
intruders to connect to a com-
puter even through a firewall. A 
second vulnerability affects ver-
sions 3.9.6 through 4.6.0, but 
can be stopped by a firewall.

Both vulnerabilities can be 
exploited without any special 
tools, Sirer said, through an 
ordinary telnet login. Like other 
Gnutella clients, the LimeWire 
program is designed to allow 
users to download music and 
video files shared through the 
Gnutella network, and also to 
allow the user to provide shared 
files to others. The glitch in the 
program unfortunately allowed 
remote users to retrieve other 
files, not just those in the user’s 
sharing folder. 

Sirer is a specialist in 
peer-to-peer systems. He and 
graduate student Kevin Walsh 
discovered the LimeWire prob-
lem while working on a new 

W. Kent Fuchs
Joseph Silbert 
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ENG INEE RINGCORNELLapplication, called Credence, 
that is intended to work with 
LimeWire to give users a way 
to determine how trustworthy 
upload sites may be. 

Credence allows users to 
share ratings of objects, similar 
to the ratings on Amazon, but 
with features that discourage 
dishonest ratings. The idea 
has applications to many other 
types of peer-to-peer networks, 
such as those in which distrib-
uted workers collaborate. “As 
systems scale bigger and there is 
more collaboration on the net, 
we are going to need systems 
for evaluating the statements 
made by peers,” Sirer explained. 

—Bill Steele 
Cornell News Service

iN THe  
WiND 

P rompted by students from 
KyotoNOW!, Cornell is 

studying the possibility of 
producing wind-generated 
electricity for its campus and 
has opened discussions with its 
neighbors. 

“Our investigation into 
using renewable wind energy 
is still in the study phase, and 
there still are a lot of issues to 
explore,” said Harold Craft, Cor-
nell vice president for adminis-
tration and chief financial offi-
cer, “but, so far, the possibility 
looks promising.” 

In 2004 Cornell’s Depart-
ment of Utilities and Energy 
Management completed an 

investigation into whether 
locally produced wind-gen-
erated electricity would be 
cost effective for the Ithaca 
campus. This work was 
prompted by a request in the 
fall of 2003 by students from 
KyotoNOW!, an environmen-
tal advocacy organization on 
campus. 

“The students are aware of 
many of the benefits of wind 
energy, and we agreed that 
looking into that possibility for 
Cornell made sense,” said Lanny 
Joyce ’81 ME, Cornell manager 
of engineering, planning, and 
energy management in the 
Department of Utilities and 
Energy Management. He leads 
Cornell’s Kyoto Task Team, 
chartered by Craft in 2001 to 

guide the 
university’s 
effort to 
reduce energy 
use and 
carbon diox-
ide emissions. 
Wind energy 
could comple-
ment the 
many other 
conservation 
measures 
the campus 
utilizes, Joyce 
added. 

Cornell’s 
utilities and 

energy management depart-
ment completed a wind 
inventory study for a 15-mile 
radius around Ithaca, and Mt. 
Pleasant, on university-owned 
property in the town of Dryden, 
has been identified as a possible 
wind resource site. 

The next step for exploring 
the feasibility of wind energy 
generation on the Mt. Pleasant 
site is to install a temporary 
(24-month) meteorological sta-
tion to better assess the wind 
resource, Joyce said. 

Cornell’s energy and other 
sustainability initiatives are 
described online at http://www.
sustainablecampus.cornell.edu 
and http://www.utilities. 
cornell.edu. 

—Cornell News ServiceTO
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is wind energy feasible in Central New York? 

A Star is Born 

The documentary film “Cornell—Birth of the 
American University,” produced by WSKG-TV, pre-
miered on campus Dec. 3 before airing on the public 
television station several times the following week 
week. At the reception prior to the premiere at the 
Statler Auditorium, from left, Carol Kammen, Cornell 
lecturer and historian, Brian Frey, producer of the 
documentary, and Elaine Engst, Cornell archivist, 
chat for a moment. Copies of the documentary may 
be purchased online from the station: http://www.
wskg.com/cornell.htm.

PRi’s mastodon tooth
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Three 
Years 

and 
CounTing

By Jay Wrolstad

IT’S certainly smaller than a breadbox, but it holds the hopes and dreams of scores of engineer-

ing students who have labored over its construction for the past three years. 

A group of some two dozen of those students this winter ran the final battery of tests on ICE Cube, 

michael Willhoff ’03 eCe, m.eng. ’04, left, and Bryan Doyle ’05 eCe work inside the clean room on a power integration 
test with the custom power electronics board, solar panels, and rechargeable lithium-ion batteries.

A student 
project to 
design,  
build,  
launch,  
and then 
communicate 
with  
10-cubic- 
centimeter 
orbiting  
satellites is 
ready for 
blast-off.
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Cornell’s version of the 
CubeSat project run by 
Stanford University and 
California Polytechnic 
University with the 
express purpose of engag-
ing students in the design, 
construction, and launch 
of “picosatellites” measur-
ing just 10 centimeters on 
each side.

Cornell’s ICE Cube 
(Ionospheric sCintillation 
Experiment CubeSat) sat-
ellites are packed tightly 
with technology, enabling 
them to examine a vast 
section of Earth’s atmo-
sphere and the effects of 
so-called “space weather” 
on widely-used Global 
Positioning System (GPS) 
transmissions, collect 
data, and send the find-
ings back to the Cornell 
campus some 400 kilome-
ters distant.

“What’s nice about 
this project is that it’s so 
student-oriented,” says 
Mark Campbell, associate 
professor of mechanical and aerospace 
engineering, who is the ICE Cube fac-
ulty adviser. “They were responsible 
for every aspect of this, from structural 
design to subsystems creation to  
budgeting.” 

Campbell compares the process 
to that of running a business, with 
participants handling all of the issues 
associated with creating a new prod-
uct—including periodic setbacks—and 
eventually emerging from the lab as a 
close-knit team.

“There was a hierarchy, with gradu-
ate students and those who had experi-
ence with the project taking leadership 
positions in the subsystem groups,” he 
says, “then other students and individu-
als who got involved were plugged in 
where they were needed.”

Over the past three years, the 
composition of the ICE Cube team has 
changed continuously with some stu-
dents graduating each spring and new 
ones added each fall. Still, the project is 
more or less on schedule, and everyone 
who played a part is anxiously awaiting 
(with fingers crossed) the July launch of 
the rocket that will carry ICE Cube into 
the outer reaches of the atmosphere.

Getting to the countdown wasn’t 
without its challenges. While construc-

tion of the aluminum cubes was com-
pleted early on at the Cornell physics 
machine shop, creating the internal 
components, such as circuit boards, 
software, and sensors, was an on-going 
effort. Particular attention was paid to 
the size and weight of each component 
that had to fit inside the small container.

Teams working on the power 
subsystem integrated an electronics 
board, solar cells, and a rechargeable 
camera-type lithium-ion battery. The 
CubeSat takes 90 minutes to circum-
navigate Earth, Campbell explains, 
spending about 55 minutes in the sun 
and 35 minutes in the shade, and is 
programmed to alternately absorb solar 
energy or run off the battery. The small 
power plant generates 1.3 watts of use-
able on-board power and weighs just 
180 grams.

The Cornell Amateur Radio Club 
was enlisted to assist in developing a 
communications system comprising an 
on-board radio system, a ground station 
receiver at Barton Hall, software for 
sending and receiving data, and anten-
nas. Eight separate iterations of the 
radios were custom-built by students, a 
task that took three years.

The communications system is 
designed to store at least 1 megabyte of 

The nitty-gritty sci-
ence gets underway after 
ICE Cube is deployed, with 
others of its type, from a 
rocket launched in Kazakh-
stan. The projectiles are 
loaded into a customized 
launcher, known as a P-POD 
(Poly-Picosatellite Orbital 
Deployer). When the rocket 
reaches the desired orbit, 
it ejects the P-POD, which 
holds up to three satellites. 
The CubeSats are then 
released to begin their  
missions.

Paul Kintner, professor 
of electrical and computer 
engineering, has worked 
closely with the ICE Cube 
team, seeking a closer look 
at scintillations in the 
ionosphere interfering with 
space-based global position-
ing systems used by the gov-
ernment as well as drivers, 
boaters, campers, hikers, 
outdoor sports enthusiasts, 
and others who want to pin-
point their location.

There is “weather” 
in space, just as there is 
in the lower atmosphere 
near Earth, caused by charged par-
ticles emanating from the sun. These 
disturbances, or scintillations, in the 
ionosphere can effectively shut down 
GPS signals or other satellite commu-
nications. ICE Cube puts a pair of GPS 
receivers into the ionosphere and takes 
measurements as it flies through the 
“storm.”

In certain positions on Earth, and 
at certain times of day, sunlight heats 
the ionosphere and causes severe tur-
bulence. These disturbances have been 
measured from the ground, but not 
from where they originate.  

“We can get a much better under-
standing of the effects of scintillation 
by taking measurements in space and 
eventually mapping the presence of 
these disturbances for future space mis-
sions,” Kintner says. To do that, he and 
his research team provided a GPS pack-
age including a ground-based receiver 
and sounding rocket-based receiver that 
has been used in previous space mis-
sions. For students, the challenge was 
to modify their software for ground-
based and space-based measurements.

Because of the sensitive nature of 
GPS technology, the ICE Cube project 

needed government clearance to send 
the satellite overseas, and Kintner notes 
that the equipment on board is built to 
be tamper-proof.

The decision to hitch a ride on an 
Eastern European rocket came down to 
dollars and cents, Campbell explains. 
“This is the most cost-effective option, 
since our cost is about $40,000 for each 
launch, while in the U.S. it would prob-
ably be a couple of hundred thousand 
dollars,” he says. And that’s if you can 
find someone closer to home who is 
willing to relinquish precious cargo 
room for a student experiment that has 
the potential to jeopardize an expensive 
launch.

Nevertheless, a long-term goal 
of the CubeSat project is to conduct 
launches in the United States, and 
negotiations are underway with all 
major launch providers to assess that 
possibility.

ICE Cube’s launch, originally sched-
uled for October 2004, was pushed back 
to July 2005. Campbell says that ISC 
Kosmotras, the Kazakhstan-based firm 
providing the Dnepr rocket in which 
ICE Cube will reside, delayed the launch 
at the request of the customer provid-

ing the primary payload and 
footing most of the bill.

“That gave us more time 
to iron out the wrinkles 
through testing, although 
delays can cause problems 
because the optimal launch 
time available each year is 
limited,” Campbell says. 
Cornell’s two CubeSats 
are among a dozen to be 
deployed during the July 
launch.

Participants are grate-
ful for the opportunity to 
explore the final frontier—
an opportunity of immea-
surable value according to 
their mentors. 

“I got involved because I 
was looking for something 
different than my major. 
The project has made some 
of my coursework easier,” 
says Bryan Doyle, a junior 
studying electrical and 
computer engineering, who 
has toiled since fall 2003 
on the ICE Cube power sys-
tems. “With this project I 
got exposure to new areas 
of engineering, like systems 
and mechanical engineering. 

It was a lot of work, but it was enjoy-
able,” he says.

Lucy Cohan, a senior majoring in 
mechanical engineering, was drawn to 
ICE Cube while working with Campbell 
on a different research effort and has 
contributed her knowledge as systems 
engineer since last summer, conducting 
tests, making structural changes, and 
putting the entire package together.

“I always wanted to do aerospace 
research. It’s gratifying to know that 
something I worked on will actually be 
launched into space,” she says. “This is 
important work in that we can detect 
errors in location technology.”

Both students will help deliver the 
ICE Cube satellites to California, and 
then monitor its progress from campus. 
They’re confident the space probes will 
outlast the expected lifespan of three to 
six months.

“This gives students an experience 
that is not lecture-based, or problem-set 
driven,” Campbell says. “They now have 
one foot into the world of industry, and 
they have established camaraderie with 
a group of their peers.”

Kintner concurs, saying that the 
chance to put into practice the knowl-

sample data and to download 
that much information daily 
using amateur radio frequen-
cies, which required approval 
from the Federal Communica-
tions Commission and interna-
tional authorities. 

The final distance test was 
conducted without a hitch, 
using a ground station set up 
at a site at Ithaca College on 
the city’s south hill with a clear 
line of sight to Cornell’s Barton 
Hall a few miles away.

“Students have designed 
all of this equipment from 
the ground up,” says Mike 
Hammer, radio club adviser 
and director of data manage-
ment for student services in 
the College of Engineering. 
The ground station at Barton 
will receive data collected in 
the ionosphere, with a com-
munications window of oppor-
tunity of just three to twelve 
minutes during each orbit, he 
explains.

Those communications 
include verifying the tempera-
ture of the satellite, checking 

the status of on-board systems, and 
sending test results on the signal 
strength of the on-board GPS system.

Other systems for the diminutive 
spacecraft include attitude control 
to keep the antennas on the top and 
bottom pointed in proper directions  
to receive and transmit data and a 
gravity gradient boom to maintain its 
position.

To cope with temperatures in the 
ionosphere that typically vary between 
70 degrees and minus-30 degrees Cel-
sius, the satellite has eight sensors and 
a tiny battery heater to maintain the 
optimum comfort level. “We can use 
the data from this mission to determine 
what worked well in controlling temp 
variations, which will be of use to future 
projects,” Campbell says. 

The brain of the cube is a main 
board that controls activation of indi-
vidual components, samples internal 
systems data, and serves as both the 
central depository for scientific infor-
mation and the agent for downloading 
those findings.

The finished product was put 
through its paces in a vacuum cham-
ber on campus, enabling students to 
accurately replicate conditions found in 
space.

Terence Brauneis ’03 me, m.eng. ’04 (left), and Andrew Welch ’04 
me use the Cornell Thermal Vacuum test facility to simulate the 
vacuum environment and the temperature fluctuations of space. 
Development of the test facility was made possible by a gift from 
edwin W. Hewitt ’54, B.m.e. ’55.

michael Willhoff ’03 eCe, m.eng. ’04, tests the solar panels of the 
Cubesat using a Xenon lamp to mimic the spectral energy from  
the sun.
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standard created by California Poly-
technic and Stanford. The standard 
describes the outer dimensions, offers 
recommended materials, highlights 
restrictions, and describes schedules 
pertaining to systems integration and 
launch. To date, some 40 colleges and 
high schools throughout the world have 
developed, or are working on, CubeSats.

Developers benefit from the sharing 
of information within the community, 
and resources are available to all by net-
working with others creating satellites 
and attending CubeSat workshops.

Beyond delivering small payloads 
into orbit, the project may well lead to 
groups of satellites flying in formation. 
Future mission concepts are expected 
to multiply exponentially, with educa-
tional institutions linking with private 
companies to offer services based on 
the little boxes, perhaps some as low-
tech as carrying ashes into space as an 
alternative to burial.

 “This has been a real challenge, but 
all of the hard work has paid off,” says 
Campbell. “We were able to bring on 
board new members, replacing a major-
ity of students on the team each year. 
Fortunately, the advisers have remained 
the same, and we have maintained very 
good documentation to keep the project 
moving forward. I fully expect that ICE 
Cube will perform up to expectations, 
and we are excitedly looking forward to 
hearing our first signals from space!”

Jay Wrolstad is a freelance writer in Ithaca.

edge they gain from textbooks and 
lectures prompts students to address an 
array of research variables and develop 
solutions to challenges they wouldn’t 
typically face.

Steve Powell, a senior engineer on 
staff in the School of Electrical and 
Computer Engineering who works with 
Kintner and helped build the ICE Cube 
GPS receiver, cites practical experience 
in software development and equip-
ment testing as benefits of the CubeSat 
program. “It’s valuable hands-on work 
that students might not otherwise get 
in school. It enables them to be more 
effective engineers when they gradu-
ate and makes them more attractive to 
potential employers.”

Radio club adviser Hammer says 
Cornell is better than most institutions 
in providing hands-on opportunities to 
students. ICE Cube is a prime example 
of that effort, he says.

“They have to make this work. 
When they are finished, it will be as if 
they have already been at their first job 
before they graduate,” he says. Hands-
on work is done in electrical engineer-
ing design, testing, and verification, 
Hammer says, which contributed to one 
student landing a job at NASA’s Jet Pro-
pulsion Laboratory and another finding 
work with a defense contractor doing 
satellite research.  

Initiated in 1999, the CubeSat 
project provides guidelines for the 
design of small satellites that can use 
a common deployer, with the ultimate 
objective being a low-cost space pro-
gram with frequent launches. Program 
participants must design and construct 
a satellite conforming to the CubeSat 

Terence Brauneis (above) slides the Cubesat into the test box prior to vibration testing 
and (below) works with engineer Judson Holl at the imR Test Labs in Lansing, N.Y., to 
instrument the Cubesat (inside the test box) before vibration testing. Vibration testing is 
used to simulate the launch environment prior to launch.

At right: Norbert Huber 
’05 eCe (left), Lucy 
Cohan ’05 me, and 
Associate Professor 
mark Campbell perform 
a final long distance  
communications test 
with one of the iCe 
Cube flight units. The 
test was set up at 
ithaca College to trans-
mit over several miles 
to the ground station at  
Cornell’s Barton Hall, 
where data will be 
downloaded from the 
orbiting satellites. 
The skyline of Cornell 
campus, including 
mcgraw Tower, can be 
seen in the background.

mark Campbell (left), Terence Brauneis, and Bryan Doyle ’05 eCe (right) discuss design 
and testing issues regarding the Cubesat.
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what we do? How come humans 
have taken over this planet? It’s 
all because of the brain. I like to 
say it’s the last great terrestrial 
frontier of science.” Furthermore, 
he notes, it’s a topic with power-
ful implications for every man, 
woman, and child. “Most of the 
big questions of science have to 
do with things that aren’t very 
here-and-now,” he says. “‘How 
did the universe begin and how 
is it going to end? How do things 
work at the nano scale?’ But 
everyone’s got a brain. It’s who 
we are.”

Hawkins compares the effort 
to understand the fundamental 
nature of intelligence to another 
puzzle, one that transfixed great 
minds centuries ago: the truth 
about how the solar system is 
structured. “The smartest people 
in the world couldn’t figure out what 
was going on up in the sky, and they 
were trying for decades.” he says. “The 
answer wasn’t very hard—but it was 
hard to figure out, because it wasn’t 
intuitive. That’s one of the characteris-
tics of big unsolved problems in  
science.”

As Hawkins himself happily admits, 
he is a man on a mission. He wants both 
scientists and laypeople to get excited 
about figuring out what’s going on 
between their ears. “In an understated 
way, he’s a compelling visionary,” says 
Ramin Zabih, a Cornell computer sci-
ence professor who has visited RNI. 
“You can see how 
he’s succeeded in 
his commercial 
ventures. He has 
a gift for convey-
ing enthusiasm 
about what he’s 
interested in. 
He’s a big-picture 
thinker.” Or, as 
Nobel laureate 
James Watson 
said when he 
introduced 
Hawkins before 
a talk at The Juilliard School in Febru-
ary: “He has changed the lives of many 
people—and I have a feeling he’s going 
to change the lives of many neuroscien-
tists who don’t yet think like him.”

In an effort to spread the word about 
his theories, Hawkins has written On 
Intelligence: How a New Understanding 
of the Brain Will Lead to the Creation of 

Truly Intelligent Machines, published in 
October by Times Books. Co-authored 
with New York Times science writer 
Sandra Blakeslee (but written in the 
first person), the book offers a detailed 
account of Hawkins’s take on how we 
learn. The reviews have been, well, 
fantastic. “I couldn’t put it down,” says 
Cornell president Jeffrey Lehman, a fan 
of Hawkins’s work. “I was swept along 
from page to page. It’s an important 
book, because it offers a theory of what 
the brain is about and a set of testable 
implications about that theory, and does 
it in a way that’s really accessible.”

Though On Intelligence does contain 
its share of technical jargon—in his 

talks, Hawkins good-naturedly warns 
non-scientists to take a deep breath 
before plunging into Chapter Six: “How 
the Cortex Works”—he intended it for 
a broad audience. He’s especially inter-
ested in sparking a fire in young people, 
“students who haven’t decided what 
they wanted to do in life.” “It’s an inter-
disciplinary book,” he says. “I’m trying 

to create a movement in the sense 
that artificial intelligence and neural 
networks had movements. They had 
their day, where for a number of years 
there were thousands of people work-
ing in these fields—companies that got 
started, degree programs, and so on. 
I’m trying to do the same for the correct 
view of how brains work.”

So what is Hawkins’s theory? In 
a nutshell, it’s all about memory and 
prediction, how we form memories and 
how we use those memories to predict 
the future. As Hawkins describes it, 
the human brain stores knowledge in 
a layered hierarchy: at the top is new 
information, while way at the bottom 

are tasks and 
facts that have 
become so well-
learned as to be 
second nature. 
As humans learn, 
we’re constantly 
taking in new 
information, 
comparing it to 
what we already 
know, and using 
that knowl-
edge to predict 
the immediate 

future. “When you’re learning to drive, 
the process of changing lanes requires 
all of your concentration, and you’re 
intensely focused on what your hands 
and eyes are doing,” says Lehman, 
recalling one of Hawkins’s typical exam-
ples. “But when you’ve been driving for 
years, you can go for half an hour and 
suddenly realize you have no idea what 

by Beth Saulnier

J
EFF Hawkins takes the 
podium at the New York 
Academy of Sciences, where 
dozens of extremely smart 
people have packed the house 
on a weeknight in early Feb-
ruary to hear him speak about 
the fundamental nature of 
intelligence. He’s come armed 

with some visual aids: a PowerPoint 
presentation, a blue cloth napkin—to 
depict the surface area of the neocor-
tex—and a classic anatomical sculpture. 
“This looks like a brain model,” he 
says, holding up the grapefruit-sized 
item with a smile, “but it’s actually the 
best way of getting stopped by airport 
security.” His audience offers a collec-
tive chuckle; clearly, Hawkins is no dry 
academic.

He isn’t, in fact, an academic at all. 
The 1979 electrical engineering grad is 
an entrepreneur: inventor of the Palm 

Pilot, founder of Palm Computing and 
Handspring, and creator of the Treo 
line of smart phones. But Hawkins 
is much more than an engineer and 
businessman; he’s what an earlier age 
might have called a gentleman scholar. 
Grown wealthy through his business 
ventures, the Silicon Valley phenom 
has chosen not to retire to some South 
Pacific island but to use his resources 
to study a subject that has fascinated 
him most of his life. As Hawkins him-
self puts it in the third paragraph of his 
recent book: “I am crazy about brains.”

But though Hawkins may not have 
a Ph.D. in neuroscience, he’s nobody’s 
idea of a dilettante. He’s been studying 
the subject for decades and has gained 
the respect of his be-robed peers. “I’m 
not a complete outsider,” he says. “If 
you spoke to anyone who knows me, 
they would likely say I’m an expert in 
neuroscience. I’m not an academic in 

the sense that I don’t make a career 
out of it—I don’t apply for grants or 
worry about tenure—but my science is 
respected.”

While his passion for all things 
neurobiological has been simmering 
since he was a teenager, it wasn’t until 
a few years ago that Hawkins jumped 
into the deep end of the pool. In 2002, 
he founded the Redwood Neuroscience 
Institute (RNI) in Menlo Park, Cali-
fornia, a research center where he and 
eight full-time scientists explore how 
the brain works. “It’s the most impor-
tant question facing humanity,” he 
says. “Every other human endeavor is 
dependent on it. What does it mean to 
understand something? How do we do 

How the brain works is the most important 
question facing humanity. Every other human 
endeavor is dependent on it.

CCrazy
about Brains

It’s no surprise that Jeff Hawkins ’79 EE, inventor of the PalmPilot, is  
passionate about mobile computing. But he’s also
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you did—although you passed cars, 
changed lanes, and got off at an exit—
because these very complex processes 
have been pushed down below the level 
where they’re occupying all your con-
scious energy.”

The power of prediction also plays 
an important role in Hawkins’s premise: 
each time you take a step, he notes, you 
anticipate what a footfall will feel like. 
Similarly, as he demonstrated in the 
science academy talk, once you learn to 
clap your hands, you don’t think about 
it anymore; your brain has learned 
expectations about what clapping 
entails. “I expected my hands would 
stop and not go through each other,” 
he told the audience. “I expected they 
wouldn’t turn into potatoes. They’d 
make a specific sound”—he clapped 
again to demonstrate—“and not squeal 
like a pig.” But when something unex-
pected does happen—you’re zipping 
along the highway, say, and a car sud-
denly cuts you off—your brain jumps 
back up to that top level of awareness 
and information gathering. “His core 
model, which depicts the brain as this 
wonderful recursive prediction machine 
that’s constantly anticipating what 
information will come into it, fits in a 
very intuitive way with my own experi-
ence of both learning and teaching,” 
says Lehman, a legal scholar. “It offers 
a picture of how an experience that we 
all know—having things that were once 
difficult become second nature—could 
actually map onto the physical structure 
of the brain.”

Another basic tenet of Hawkins’s 
theory is that the brain is not a static 
organ: it functions across time. In his 
book, he asks readers to imagine their 
homes, recalling various details.  

What does the front door look like? 
What items do you keep in your shower? 
“You might say these things are all part 
of the memory of your home,” he writes. 
“But you can’t think of them all at once. 
They are obviously related memories 
but there is no way you can bring to 
mind all of this detail at once. You have 
a thorough memory of your home; but 
to recall it you have to go through it in 

sequential segments, in much the same 
way as you experience it.”

Because of this sequential nature, 
Hawkins often illustrates his theories 
by citing how people learn and recall 
music—hence the invitation to speak 
at Juilliard.  “We store the memory of 
the music’s intervals, not the actual 
notes,” he told his audience, after hum-
ming a few bars of Somewhere Over the 
Rainbow. “Music can only exist in time.” 
Hawkins himself is often immersed 
in music—not only as a longtime 
devotee, but also as the father of two 
teenage girls. “Why do we like music?” 
he muses, standing on the Juilliard 
stage in front of a huge set of organ 
pipes and a Steinway concert grand. 
“The brain likes to discover patterns in 
the world. It’s pleasurable for us. And 
music is a pure pattern fix—it’s like a 
drug for the brain.”

Although Hawkins is interested 
in how the entire brain works, he has 
focused his energy on the neocor-
tex—evolutionarily, the newest part of 
the brain, and the center of intelligence. 
Containing some 300 trillion synapses 
(the connections between neurons) the 
neocortex is a mass of scrunched-up, 
wavy matter that sits atop the evolu-
tionarily ancient “old brain,” which  
governs such fundamental things as 
blood pressure, hunger, sex, and  
emotion. If spread out, the neocortex 
would be two millimeters thick and 
about a foot and a half square—roughly 
the dimensions of Hawkins’s trusty 
dinner napkin. “We have a very large 
neocortex,” he says, “and a very sophis-
ticated model of the world.”

Among the early readers of On Intel-
ligence was Bob Constable, dean of the 
faculty of computing and information 

science at Cornell, who offered feedback 
during the writing process. Constable, 
who calls Hawkins “an incredibly smart 
guy,” notes that just as he has a knack 
for starting companies, he was able to 
see that there was a gaping hole in the 
field of neuroscience—that no one was 
trying to present a complete model of 
how the brain works. “The more you 
get to know him, the more you realize 

he has an interesting way of looking at 
the world,” Constable says of his friend. 
“He’s very candid and funny. He’s a 
disarming guy, an incredibly down-
to-earth person. He sits there in his 
institute like everybody else, beavering 
away at the board, writing and thinking 
and talking.”

Cornell psychology professor David 
Field, an expert in computational neu-
roscience, spent an eight-month sabbat-
ical in the Bay Area in 2003; his sched-
ule included working one day a week 
with colleagues at RNI. (The institute 
is scheduled to relocate to the Berkeley 
campus this summer.) He describes 
Hawkins as having infectious enthusi-
asm and a no-nonsense approach. “You 
can see why his companies do well,” 
Field says. “He works very hard, and he 
expects the people around him to work 
hard too. You can get lost in details, but 
Jeff was someone who always wanted a 
bigger picture.” 

Hawkins grew up on the North 
Shore of Long Island, in a family enam-
ored of building things—boats in par-
ticular. Although he says he wasn’t a 
“science kid,” he was deeply curious and 
a voracious reader. At fifteen, he told 
his audience at the science academy, 
he drew up a list of four fundamental 
questions about the world. They went 
something like this:

1. Why does the universe exist?
2. Why does it have the laws that it  

 does?
3. What is life and where did it   

 come from?
4. What is intelligence?

In the interest of addressing Ques-
tion Number Four, he did what he 

always did: went to the library and 
looked for a book on the subject. “As a 
teenager I had become accustomed to 
being able to find well-written books 
that explained almost any topic of 
interest,” he writes in On Intelligence. 
“There were books on relativity theory, 
black holes, magic, and mathematics—
whatever I was fascinated with at the 
moment. Yet my search for a satisfying 

brain book turned 
up empty. I came 
to realize that no 
one had any idea 
how the brain 
actually worked. 
There weren’t 
even any bad or 
unproven theo-
ries; there simply 
were none.”

Fast-forward 
to September 
1979 and the 
dawn of the 
microcomputer 
age. After gradu-
ating from Cor-
nell, Hawkins had 
taken a job with 
Intel in Portland, 
Oregon. That month, Scientific Ameri-
can published a special issue dedicated 
to the brain—a volume that remains 
beloved among many neuroscientists of 
his generation. In addition to address-
ing such topics as brain organization, 
development, and chemistry, the issue 
included an essay by Francis Crick, 
James Watson’s partner in discover-
ing the double-helix structure of DNA. 
In the piece, entitled “Thinking About 
the Brain,” Crick noted that despite all 
the accumulated knowledge about the 
organ, its workings remained a pro-
found mystery. For Hawkins, Crick’s 
piece was a “rallying call.” 

“He was like the boy pointing to 
the emperor with no clothes,” Hawkins 
writes. “According to Crick, neurosci-
ence was a lot of data without a theory. 
His exact words were, ‘what is conspicu-
ously lacking is a broad framework of 
ideas.’ To me this was the British gen-
tleman’s way of saying, ‘We don’t have 
a clue how this thing works.’ It was true 
then, and it’s still true today.”

While at Intel, Hawkins tried to con-
vince his bosses that a greater under-
standing of the brain could lead to the 
development of better microprocessors; 
the company took a pass. After trans-
ferring to Intel’s Boston campus to be 
near his future wife, Hawkins decided 
to apply to MIT’s artificial intelligence 
lab, offering the same proposition. A.I. 
was all the rage—but its researchers 
were looking to surpass the human 
brain, not emulate it. Hawkins’s  
application was rejected.

Hawkins eventually relocated to 
Northern California, where he went to 
work for GRiD Systems, designer of the 

first laptop computer. Still compelled 
to study the brain, he quit his job and 
enrolled as a full-time grad student 
in Berkeley’s biophysics program. 
He studied there for two years in the 
mid-eighties, but left when his thesis 
proposal on neural pattern recognition 
was rejected—because there was no one 
on the faculty studying that topic, and 
therefore no one Hawkins could work 
under. (As Watson joked in his Juilliard 
introduction: “At Berkeley, he found 
out that his professors weren’t that 
bright.”) Hawkins returned to GRiD, 
becoming vice president for research 
and pioneering the GRiDPAD, the pro-
genitor of the Palm Pilot. After licens-
ing the technology, Hawkins founded 
Palm in January 1992. 

Although Hawkins’s brain research 
wasn’t an active part of developing the 
Palm, it did play a role. In struggling to 
solve the problem of handwriting rec-
ognition—which so bedeviled Apple’s 
failed Newton—it occurred to him 
that human beings are happy to learn 
new tools, such as touch-typing, as 
long as they work as expected. “It was 
about predictability, not writing style,” 
he says. “If a tool is predictable then 
people will like it, even if you have to 
learn something new. But most people 
thought the idea of a new alphabet  
was really stupid.” The result of 
Hawkins’s stupid idea: Graffiti, the  
easy-to-master user interface that 
changed the way people manage their 
personal information. 

In March, Hawkins announced his 
latest commercial venture: a company 
named Numenta, founded with long-
time business partner Donna Dubinsky. 

Named after the 
Latin word for 
mind (“mentis”), 
the company will 
develop technol-
ogy stemming 
from his neuro-
science research. 
“It’s very difficult 
to know what 
the exact applica-
tions are going 
to be because we 
are working on 
a fundamental 
technology, but 
I am confident 
it’s going to be 
big business,” 
he says. “It’s 
like when they 

invented the microprocessor—no 
one anticipated the cell phone or the 
internet. I could try to tell you what it’s 
going to be used for, but I’d probably 
get it wrong.”

He does have a few example ideas, 
though. They include the possibility 
of a more accurate weather-prediction 
system, based on the concept that the 
planet’s system of weather sensors  
add up to a “big eyeball.” A computer 
that could process weather information 
like the brain processes visual input, 
he says, “would discover things like El 
Niño quicker than we would.” Another 
potential use would be in analyzing 
genes—taking advantage of the brain’s 
penchant for pattern recognition to 
sift through the genome and identify 
combinations that predict disease. In 
general, he says, his model of brain 
function holds promise for solving long-
standing problems in computer vision, 
robotics, and artificial intelligence.

“He’s just bubbling with ideas and 
plans,” Constable says of Hawkins. “You 
know that when you meet him there’s 
going to be some new thing he tells you 
with a great twinkle in his eye. ‘What do 
you think of this? Isn’t this cool?’ And you 
know that he’ll have something remark-
able to say—and that maybe he’s going 
to create a whole new industry. So when 
you see that twinkle in his eye you 
think, ‘Oh my God—what is he going to 
do now?’”

Beth Saulnier is a journalist and mystery 
author who lives in Manhattan. Her latest 
novel, an urban thriller called “See Isabelle 
Run,” came out in March 2005 under her 
married name, Elizabeth Bloom.

The more you get to know him, the more you realize he has an interesting way of looking at the 
world. He’s very candid and funny. He’s a disarming guy, an incredibly down-to-earth person.

This representation shows how the human brain uses and interprets sensory input to  
predict what it can’t see, in this case the portion of the cat hidden from view.
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F
OR those of us who use computers to do uncom-
plicated things like check the weather or write 
research papers, the how of these machines 
remains elusive. Most people’s understanding 
probably doesn’t run much deeper than a rudi-
mentary awareness that computers operate by 
means of binary code—0s and 1s operating as 
messages to the system to do this and not that. 
We might thank the ’90s tech boom for even this 
scant knowledge; before the internet came along 
and rescued home computing, there may as well 

have been little sprites doing all of the work in there as far as 
we were concerned. 

But understanding the binary is really just part of under-
standing computing. It’s the interface with the real world 
that seems so difficult to get one’s mind around: What is it 
that goes on inside these things that allows you to hit the 
delete key and have that action translated somehow into 0s 
and 1s, ultimately prompting the machine to carry out your 
wish? The answer to the question is circuits; they are the 
place where the analog “real” world (in the form of voltage) 
meets—and gets translated back and forth with—the digital 
cyber world. 

And if you think of the effort to make computers—and 
devices that rely on computing, like calculators and iPods—
smaller over the last half century as a race, then at the center 
of that race has been the integrated circuit. Making the body 
of a computer is after all not a difficult task; what was dif-
ficult was making a smaller computer that performed at least 
as well as the bigger one. 

In 1965, Intel co-founder Gordon Moore predicted in 
a paper that the number of transistors per square inch on 
integrated circuits would double each year for the foreseeable 

future (as they had since the integrated circuit’s invention in 
the late 1950s). The time frame of the prediction was a little 
off—it was more like 18 months—but the gist of the idea, 
known since as Moore’s Law, has held steady, a bit of wisdom 
more valuable in the computer industry than any of Twain’s 
best one-liners. 

The industry’s ability to scale, or shrink the number 
of transistors on an integrated circuit, has accounted for 
improvements in power, density, and performance like 
clockwork ever since. The problem is that the future that 
Moore was able to imagine in 1965 has nearly run its course. 
Scaling, in other words, is beginning to meet with material 
limits—and just about everyone agrees that this is true. In 
its 1999 “International Technology Roadmap for Semicon-
ductors,” the Semiconductor Industry Association itself pre-
dicted that by 2007, electrical fixes for chip-to-chip intercon-
nect problems would be growing scarce. 

Rajit Manohar, associate professor of electrical and 
computer engineering at Cornell, explains the nature of the 
dilemma thus: “There are a number of different physical 
mechanisms that together govern the behavior of devices 
used in a processor. Some are desirable, others not, because, 
for example, they cause a device to stop behaving like an 
ideal transistor. When devices are made very small, these 
less-than-ideal effects begin to dominate, making it difficult 
to design fast devices that have low power consumption.”

If we agree that our yearning for faster and smaller 
computers is going to continue over the next decade and 

Reflecting the Future

By Jerry Gabriel

Alyssa Apsel looks to photonics as  
the small solution for a big problem.
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beyond—and there seems no reason to 
think otherwise—then the computer 
industry is faced with a simple though 
thorny question: what next?

Alyssa Apsel, Clare Boothe Luce 
Assistant Professor of Electrical and 
Computer Engineering, believes she 
knows the answer to that question: a 
new paradigm. 

Whether the actual limit is 35 nano-
meter scale or 15 or 10, Apsel argues, 
the limit for shrinking the integrated 
circuit is real and it calls for a different 
way of thinking. “We’re going to have 
to look at a lot of approaches of doing 
processing in order to improve system 
performance,” she says. A few such 
approaches already under examination 

include innovations in pipe-
lining (the way a processor 
orders tasks) and optimizing a 
processor for a single applica-
tion (as opposed to creating 
a machine, like our current 
computers, that can do a little 
of everything, though nothing 
spectacularly well).

At the chip level, says 
Apsel, “we’re going to have 
to build integrated systems 
that combine approaches, 
that use things like nanotech-
nology, MEMS (micro-elec-
tro-mechanical systems), and 
other sensor devices. 

“And,” she adds, obviously 
leaving the best for last,  
“photonics.”

Photonics is something 
that has been used most nota-

bly in telecommuni-
cations: fiber-optics 
is a word familiar 
to everyone’s ears. 
Optics, because of 
the speed of light, are 
an excellent means 
of passing data over 
long distances very 
quickly (say, between 
continents). But over 
short distances like 
those on a chip, the 
thinking has gone, 
optics are no better 
than wire—in addi-
tion to being more 
expensive. 

But Apsel and 
her lab group, which 
includes graduate 
students, under-
grads, and one post-

doc, have been investigating the truth 
of this wisdom. What they’ve found is 
that it might be possible to combine 
photonics with more conventional elec-
tronic approaches in order to design 
circuits capable of achieving a lower 
cost, higher performance machine. 

“We began to ask what an optical 
signal was good for, rather than just 
speed,” Apsel explains. “There’s a lot of 
benefit to using an optical signal in a 
fiber when you want to transmit data 
from one point to another. We’re look-
ing at ways to make that system useful 
for a computer.”

One of several possibilities that 
Apsel has been investigating is electri-
cal isolation. Electrical isolation means 

that part of a system does not interact 
electrically with another part. Because 
of this, you can transmit data from one 
source to many nodes at higher speeds 
than you could achieve electrically. This 
is because each node no longer drains 
current directly from the source, as 
it would if they were electrically con-
nected. With electrically isolated nodes, 
connecting more circuits or nodes to 
the “receive” side of the interconnect 
will not slow down the signal because 
in this method, the signal has a smaller 
effective load to drive. 

“There are plenty of examples in 
circuit architectures where driving large 
loads is a problem that slows perfor-
mance and costs energy,” says Apsel. 
“With electrical isolation, a signal can be 
broadcasted to more destinations with-
out degradation of the signal speed.”

Some notable areas where electri-
cal isolation might come in handy, 
says Apsel, are clock distribution and 
memories. Memories, for instance, 
have multiple cells connected to a single 
address line, all receiving the same 
signal. As memories increase in size, it 
takes longer and longer to access them 
because of the larger load that needs to 
be driven. Electrical isolation can speed 
up that access by connecting to all the 
cells at once with the ample drive.

Apsel speculates that in the next 
decade or two, we will be seeing these 
types of technology—if not this specific 
one—put in place in industry. “We’ll see 
basic systems with higher performance 
pushed not by scaling, but by the inte-
gration of other technologies,” she says. 
“You’re going to see optics within a 
computer. I don’t want to bet my life on 
it, but I’m pretty sure.” 

G raduate school trains you for much 
of what you end up doing as a 

professor, but it does not train you to 
run a lab. This aspect of the job, says 
Apsel—and particularly working with 
graduate students—has been a very 
pleasant surprise. 

“It’s a real collaboration,” she says. 
“I find it the most interesting thing 
to see how others think, what kinds 
of ideas they generate, how they work 
creatively. A graduate student who is 
excited about a problem can very easily 
infuse me with their excitement.” 

In her own graduate school experi-
ence, at Johns Hopkins, she felt that 
she had a lot of freedom to take things 
in the directions she was interested in, 
which allowed her to get very excited 

about the work she was doing. This 
excitement, she says, goes a long way 
toward understanding. 

“Graduate students don’t need you 
very much actually, maybe just ten per-
cent of the time,” she says. “The value 
you add is by having a global context, 
being able to look at the world and see 
how things fit together and being able 
to come up with interesting new  
problems.” 

In describing the atmosphere of the 
Apsel lab, second year graduate student 
Zhongtao Fu stresses the importance 
of the collaborative, interdisciplinary 
atmosphere. At weekly meetings, the 
group members informally present their 
work to one another. The other mem-
bers then respond, sometimes asking 
probing questions or seeking clarifica-
tion. These discussions help to drive the 
discovery process for everyone. Each 
member, in a sense, is learning about 
the diverse areas that each of the other 
members wander into in the course of 
research. “When we don’t know how to 
make a circuit meet a particular require-
ment,” Fu says of working with Apsel, 
“we learn how to do it together.”

When Apsel first embarked on her 
current research, she says she didn’t 
know much about optics; her back-
ground was in more conventional cir-
cuit design.  But she saw this deficiency 
as an opportunity to learn, an exciting 
challenge.  The hallmark of her career 
so far has been her ability to see the 
system in its entirety and understand 
not just how the parts work together, 
but based on how those parts work, 
what could be improved upon.

Tania Khanna, an undergraduate in 
the lab, sums up the interconnected-
ness, the necessary interdisciplinary 
nature of this work:  “There is no way 
you can design a useful product or idea 
if you know nothing about where it 
will fit into the grand scheme of things, 
though the way you view each part in 
this scheme is strongly affected by your 
area of study.” 

Apsel says that as a researcher, 
she’s learned that there is more than 
one way to proceed—sometimes you 
might address an existing and well 
known problem, which is the way we 
tend to imagine engineers working. But 
sometimes you might go looking for a 
problem that no one else is trying to 
tackle. More often, in fact, she says it 
is the latter of the two that drives her 
research agenda. 

“Frequently,” she says, “my job is 

not really looking at the problem and 
trying to come up with the solution; it’s 
looking at the solution and coming up 
with problems. I’ve done that a lot.”

The optics work is a good example 
of this. Apsel knew there were certain 
advantages to optics; the long-distance 
telecom applications made this abun-
dantly clear. But she began asking what 
other kinds of applications weren’t 
being used, if they were already being 
explored and, if not, if they were worth 
exploring. 

“Being an academic is almost like 
being a comedian,” she says with a 
grin. “You can’t just sit there and 
grind out jokes, because they won’t be 

funny. It has to be organic.” 
For Apsel, keeping the process 

“organic” seems to be connected to the 
combination of collaboration, imagina-
tion, and interdisciplinarity; together 
they provide perspective, and perspec-
tive is something Apsel values a great 
deal. She has a history of finding ways 
to get it. Her roommate at Swarth-
more College, Sylvia Chong, herself an 
assistant professor of literature at the 
University of Virginia now, says that 
though Apsel knew she wanted to be 
in engineering early on, she was always 
straying outside her field—sometimes 
far outside—in her undergraduate 
coursework. She would take upper-level 

courses in subjects like history, and 
during her last two years of college, says 
Chong, Apsel acquired a strong interest 
in oil painting and studio art. Chong and 
many of their friends modeled for her.

“I always thought it was unusual to 
have a scientist who was interested in 
the visual arts,” says Chong. “Most sci-
entists I knew who did anything artistic 
were musicians, maybe because music 
was more mathematical or precise than 
visual art.”

But for Apsel, it was the precision 
she was getting away from. Painting, 
she says, was a way of balancing her 
mind, giving her a break from logical 
thinking, allowing her to look at the 
world in a different way. 

“It’s very hard to paint and stabilize 
a circuit at the same time,” she says of 
the period. “It was almost like a way 
of forcing myself to do meditation. 
After several hours, my perspective 
would be shifted and I could leave the 
studio and either attack problems that 
had been stymieing me with a fresh 
approach or I could at least sleep well 
without obsessing about an equation.

“I sometimes feel,” she adds, “that 
the way we study engineering encour-
ages myopia, the way we have students 
be hyper-focused, only looking at one 
type of problem with one set of appli-
cations. I would urge young engineers 
not to fall into the trap of specializing 
too soon, of becoming pigeon-holed. 
Focus on fundamentals, on basic sci-
ence. Don’t spend a lot of time learning 
detailed protocols. The most interesting 
ideas I’ve seen have come out of breadth 
of ideas.”

Jerry Gabriel lives in Ithaca and is a  
lecturer in Cornell’s Engineering  
Communications Program.

Sometimes you 
might go looking for 
a problem that no 
one else is trying to 
tackle. More often, 
in fact, she says it 
is the latter of the 
two that drives her 
research agenda.

A polyimide waveguide fabricated over a 
traveling wave photodetector enhances 
the efficiency with which light is converted 
into an electrical signal that can be used in 
circuits. This high-speed, high-sensitivity 
photodetector can be directly integrated 
with electronics on a single chip. 

The integrated photodetector shown here is used to con-
vert light signals into electrical signals in a silicon-based 
optical receiver.

This receiver circuit, constructed on a sapphire substrate, is 
bonded to an array of photodetectors and, because sapphire 
is transparent, can be seen through the back side of the chip. 
optical signals can be beamed through the substrate to speed 
movement of data across a single chip and from one chip to 
another.

IM
A

G
ES

 P
. 1

8-
19

 P
R

O
v

ID
ED

, A
. A

SP
EL



Cornell Engineering Magazine   2120  Spring 2005

T
HIS year a Cornell group is proud to be a contender in the second Solar 

Decathlon, which challenges colleges and universities around the globe 

to research, design, and build a house that most spectacularly embodies 

the advantages of solar energy. In October, 18 teams will exhibit their 

finished houses in Washington, D.C., where they will construct a “solar 

village” on the National Mall, open to the public and judged on ten cate-

gories (hence “decathlon”). Although the exhibition stage gets the most 

attention, students have been intensely absorbed for the past two years with fundraising and plan-

ning, and the design and construction of their homes. 

 “We are on a quest for victory,” says Tim Fu ’04 ME, M.Eng. ’05, the driving force behind 

Cornell’s involvement. “As soon as I heard about it, I said, let’s put in a proposal. I liked the idea of 

applying environmental activism to technology and to the real world. It’s pretty clear that the U.S. 

expects to have energy problems, as the war in Iraq shows. Redirecting our long-term goals is what 

sparked my interest.” 

The Solar Decathlon is sponsored by the U.S. Department of Energy’s Office of Energy Efficiency 

A House 
Undivided

Engineers and  

architects join 

forces to create  

a completely  

livable solar 

home.
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and Renewable Energy (EERE) and its National Renewable Energy Labora-

tory (NREL), as well as private organizations and corporations including the 

American Institute of Architects, the National Association of Home Build-

ers, BP, and Home Depot. It is the hope of sponsors that today’s students—

tomorrow’s engineers, architects, entrepreneurs, and homeowners—will 

incorporate energy efficiency and solar energy into their professional and 

personal lives. The contest also serves to raise public awareness of renewable 

energy and energy efficiency and to encourage the U.S. to move solar tech-

nologies more quickly into the marketplace.

NREL’s Cecile Warner led the team that designed the ten categories in the 

Decathlon competition: Architecture, Dwelling, Documentation, Communi-

cations, Comfort Zone, Appliances, Hot Water, Lighting, Energy Balance, and 

Getting Around. “Our biggest fear was that it wouldn’t be interesting 

to the public—we were wrong about that!” (The first exhibi-

tion in 2002 hosted over 100,000  

visitors.) The Department of Energy 

provides $5000 in seed 

money to each 

team, 
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as well as an electric car (to fulfill the 
“Getting Around” requirement), a low-
speed street-legal vehicle to be powered 
entirely by the solar electric system 
on each team’s house. “They can get to 
Home Depot for supplies or up to Capi-
tol Hill to visit their representatives. 
The point of the car [for the contest] 
is to show that solar energy has the 
potential to power every part of our 
lives, including the cars we drive.”

Warner says the Decathlon can help 
shape the nation’s energy future. “I 
think one of the important things the 
contest does is to create this really vis-
ible group of new practitioners in build-
ing energy, a steady population of pas-
sionate people who are being snapped 
up by the building industry.”

The Cornell University Solar  
Decathlon (CUSD) team consists of 
more than 70 graduate and undergrad-
uate decathletes from various academic 
backgrounds, primarily architecture, 
engineering, and business. Many of the 
students feel that CUSD represents a 
kind of proactive involvement that is 
more effective than political protest. 
Among the goals laid out in the team’s 
mission statement are “to create a self-
sustaining solar living system designed 
to exceed the expectations of the Solar 
Decathlon competition; to maximize 
our positive impact on humanity by 
encouraging sustainability in scientific, 
social, economic, and political contexts; 
and to educate industry, academia, 
legislators, and ourselves about sustain-
able living systems and strategies.” 

CUSD’s subteams, each dedicated 

to different parts of the ten contests, 
seem fully capable of implementing 
these goals. The project is entirely stu-
dent-run, with faculty involved only 
as advisers. “It’s better this way,” says 
Jesse Stolow ’04, an applied econom-
ics and management major who led 
the CUSD business team in raising the 
estimated $300,000 needed to design, 
build, and transport the house to D.C. 
“The students have a much stronger 
involvement—we’re making our own 
curriculum. We’re setting our own stan-
dards. In the more traditional approach, 
a professor decides what you should 
learn; here, we’re doing something 
that’s never been done before.”

Students from each discipline are 
building the house’s systems, spending 
countless hours together asking ques-

tions and teaching one another. Each 
category of the competition is managed 
by team leaders, who ensure that work 
is proceeding smoothly. “With this level 
of commitment, giving academic credit 
for CUSD was a great idea,” says Stolow. 
Engineering students are able to sign up 
for CUSD as a three-credit-per-semester 
elective in mechanical and aerospace 
engineering; architects took a Solar 
Decathlon design studio for six credits, 
with a two-credit follow-up class (the 
architectural design component of the 
project is now completed). 

Nick Rajkovich, a visiting lecturer, is 
one of the current faculty advisers from 
the Department of Architecture. He 
feels that students are getting invalu-
able real-life experience with CUSD. 
“Other than the scale of the project, 

which is relatively small, it’s like pro-
fessional practice—resolving conflicts 
that come up in design, coordinating 
construction issues—all things you 
can talk about in classes but you can’t 
really understand until you go through 
them. To my mind, this experience is 
much more intense than a regular archi-
tecture studio because here you actu-
ally get to build the project. I went to 
Cornell as an undergrad and I wish I’d 
gotten to do that.” 

Zellman Warhaft, professor of 
mechanical and aerospace engineering, 
has been CUSD’s engineering adviser 
since the beginning. “From my point 
of view it’s been a lot of fun. Archi-
tecture and engineering are two very 
different disciplines; engineers are 

more involved in the mechanics of how 
things work, specifying the perfor-
mance of different parts of a system, 
whereas architects tend to think more 
holistically, concerning themselves 
with how a project blends into the 
environment, say, or how it can be 

used at a later date. What CUSD is 
doing is making students on both sides 
appreciate each other as doing equally 
valid work. They’re learning to accept 
different viewpoints within a complex 
design process, which is important 
because these interactions are neces-
sary in the professional world, and 
people coming out of programs are 

generally not prepared for this.”
 “Integrating systems can be diffi-

cult,” acknowledges Tim Fu, “and some-
times that presents personal problems, 
though that hasn’t happened a lot. 
Steph and Ben [Stephanie Horowitz and 
Ben Uyeda, the Architecture team lead-

ers] have become my best friends—we 
work together seamlessly. I think the 
hardest and the most rewarding part 
has been dealing with so many other 
people; in other words, developing real 
work skills. By now we’ve developed a 
common set of interests.”

What about Cornell’s famous rivalry 
between architects and engineers, 

best exemplified by Dragon Day? For 
the annual spring event, first-year 
architects construct a huge dragon to 
parade around campus while engineer-
ing students traditionally counterat-
tack—spectacularly in 2002 when the 
tower crane on the Engineering Quad 

for Duffield Hall construction was used 
to fly a huge phoenix in the face of the 
approaching dragon. “It’s clear there’s 
still a culture of competition,” say Fu, 
“but once people feel a sense of owner-
ship for the project they tend to forget 
their previous notions.” 

 “We’ve come to learn,” says Stepha-
nie Horowitz ’05 Arch, “that each 

Among the team’s goals: To maximize our  
positive impact on humanity by encouraging  
sustainability in scientific, social, economic,  

and political contexts.

Larissa Kaplan ’05 Arch
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discipline must really understand the 
requirements and constraints of the 
other disciplines. If I tell an engineer 
that he has five feet for a closet, but he 
needs six feet to fit an air handler or an 
electronic panel, we try to compromise 
in a way that produces something supe-
rior. CUSD is extremely different from 
any class I’ve ever taken—it’s more like 
a part-time or sometimes a full-time 

job. I’ve known since high school that I 
want to work in sustainable design, so 
I feel that this is a bridge between my 
academic and professional careers.” 

The need to transport the house 
400 miles from Ithaca to Washington, 
D.C., has added a design requirement 
usually only present in manufactured 
or modular homes (the CUSD house 
more closely resembles the latter). The 

house is being built directly on a chas-
sis, which will be trucked down the 
highway by a transporter, then jacked 
up and set down on the Mall. “The need 
for transportation had a pretty extreme 
effect on the design,” says Horowitz, 
“because we needed to strip it down to 
road-size limits of 14 feet wide and 40 
feet long. Once we get to the Mall we 
only have three or four days to assem-

ble the house, and it was just not in our 
vocabulary to do that without the chas-
sis.” Other teams are doing more of the 
construction right at the Mall and one 
team—from Madrid—will be shipping 
their house across the Atlantic.

“All in all we decreased the interior 
space—what we call the heated foot-
print—to 650 feet out of the allowed 
800 feet, which also allows us more 

flexibility in designing other elements,” 
Horowitz continues. “For example, 
we’re raising the outside landscape to 
the two-foot-high finished floor of the 
house. So, in some ways, we are going 
beyond the demands of the competition 
while in others we are very constrained 
by them.”

For Tim Fu, the head engineer, the 
solar electric system was the hardest 

part to design. “Photovoltaic electricity 
is such a new field; the other major sys-
tems—mechanical and plumbing—are 
not. We had to design the lighting, 
wiring, and control panels to meet build-
ing codes, and since we don’t have that 
skill set, we’ve had to consult people in 
industry.”

Fu continues, “We had to under-
stand, for example, electrical compo-

nents, division of circuits, where you 
can place outlets. This was also probably 
the most fun part, talking to so many 
people who wanted to help. A local engi-
neer, Ian Shapiro of Taitem Engineering 
in Ithaca, was very helpful. We’re also 
talking with PDC [Cornell’s own depart-
ment of Planning, Design and Construc-
tion] about reviewing our drawings and 
helping with construction. The best 
part of the project will be actually build-
ing the house.”

The HVAC (Heating, Ventilation 
and Air Conditioning) team, which 
designed the house’s other two major 
systems—mechanical and plumbing—is 
led by biological engineering major 
Jordan Goldman ’04, M.Eng. ’05. “Our 
primary goal was to make these systems 
as energy efficient as possible while 
keeping them economically feasible for 
the consumer,” Goldman says. “We’ve 
incorporated an ultra-efficient air 
source heat pump with a variable-speed 
air handler and a custom-designed 
energy recovery ventilator. These three 
pieces in conjunction will satisfy the 
heating and cooling needs of the house 
while meeting the highest indoor air 
quality standards. We’ve also designed a 
gray water tank, which will collect water 
from the shower, washing machine, and 
bathroom sink for reuse as irrigation 
water for the landscape. ”

“Also important is our design’s 
versatility,” adds Jesse Stolow. “Our 
house can integrate itself into any solar 
environment, from sunny Los Angeles 
to cloudy Ithaca, because the panels 
can be positioned at any angle and the 
cladding can be made of almost any 
material—wood, aluminum, crushed 
cans. These things go beyond the con-
test requirements, but we think that 
presenting it as completely livable 
makes it more valuable.” 

The team also hopes 
their house will find a per-
manent home after the 
competition. “We met with 
President Lehman last week 
to discuss our options,” says 
Fu. “Maybe it can be visit-
ing faculty housing or an 
exhibit, so Cornell and the 
public can appreciate our 
legacy.

“A completely livable 
solar home is absolutely 
feasible right now,” he con-
tinues. “It’s just a matter 
of consumer acceptance. 
There’s a large capital cost, 

around $20 to $30K to set up the solar 
array and the control devices to opti-
mize the system, but the government 
offers up to a 75 percent rebate on the 
solar panels—a lot of people are just 
not educated about that. I think it’s 
going to go mainstream in the next five 
years; a lot of big firms, like GE, are now 
constructing solar panels.” 

NREL’s Warner also feels hope-
ful about the future of solar power in 
America. “The National Association of 
Homebuilders just did a study of the 
long-term potential of solar homes in 
the U.S.,” she says, “and they predict 
that with incentives in place, solar 
will have a 20 percent market share by 
2025. That’s just new starts, so that 
represents a lot of housing. We’re very 
excited that industry has solar on its 
screen—if it wasn’t going to be lucra-
tive, they wouldn’t be interested.”

There is no reliable estimate of 
how many solar houses exist in the 
U.S. today; the Solar Energy Industries 
Association says the closest gauge is 
the number of solar panels purchased. 
In this the U.S. lags far behind other 
industrialized countries: Its demand 
for panels has remained about level 
since 1996 while other nations’ con-
sumption has skyrocketed. Govern-
ment incentives have stimulated solar 
panel sales elsewhere, Warner said, 
but what is important is to keep an eye 
on the future. “All you have to do is 
look at Japan, where there are 55,000 
solar houses being built per year, or at 
Europe, with 20,000. These countries 
have long-range energy  
planning.”

Although the CUSD team has made 
consumer affordability a goal determin-
ing all of their choices, a project of this 
magnitude could not have been tackled 
by the group without monetary and 
material sponsors. “As soon as I heard 
about the project,” says Jesse Stolow, 
“being a business student, I thought: 
They’re going to have to raise money. 
That was a challenge, thinking, how am 
I going to raise $300,000?” The busi-
ness team implemented a coordinated 
marketing effort including a website, 
brochures, and press releases, to stimu-
late public giving, and Stolow estimates 
they have so far raised over $150,000 
in monetary and material help. “We 
started fundraising in spring ’04. The 
subteams brought us lists of companies 
they wanted materials from; we did a 
direct campaign to businesses and got 
a great response. GE, for example, has 
agreed to donate all of the photovol-
taic panels, plus a couple of the large 
kitchen appliances, an astronomical 
cash value. A lot of the money came 
from alums.” 

CUSD is already giving back to the 
local community. The Outreach team, 
headed by Melissa Wrolstad ’06 ME, 
has spent the past year developing 
programs with local partner schools 
in Ithaca, encouraging teachers to 
make sustainable energy a permanent 
part of their curricula. In Spring ’04, 
the Outreach team helped students at 
Dewitt Middle School build small solar 
houses, made a three-day presentation 
on passive and active solar concepts to 
sixth-grade science students at Boynton 
Middle School, and led a class on solar 
energy at Enfield Elementary. “The sci-
ence teachers are so excited,” said Wrol-
stad. “They can’t wait to have us back.” 

Next semester, Outreach hopes to 
arrange field trips for kids to 
tour the completed house.

 “We don’t just want to 
win this competition; we 
want to have an impact 
on the whole world,” says 
Stolow. “Every aspect of 
our design is centered on 
the idea that this house 
can be used in everyday 
life. We’d like to win 
because that will prove 
what we’re doing is right, 
but deep down we know 
we’re right anyway.”

Melanie Bush is a freelance 
writer living in Ithaca.

We needed to strip it down to road-size limits 
of 14 feet wide and 40 feet long. Once we get 
to the Mall we only have three or four days to 

assemble the house.

Josh Bonaventura-sparagna ’05 eCe (right) and emile Chin-Dickey ’05 econ display the model of the house at the sustainable  
Technology showcase held in ithaca in January.
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penter Jr. Professor of Interna-
tional Studies, Department of 
Government. 

The awards—$5,000 for 
five years for each faculty 
member—are named for Ste-
phen H. Weiss ’57, emeritus 
chair of the Cornell Board of 
Trustees, who endowed the 
program. They recognize excel-
lence in teaching, advising, and 
outstanding efforts toward 
instructional improvement and 
development. 

“Most Cornell professors 
have a burning need to contrib-
ute something of lasting signifi-
cance to their disciplines and 
a concomitant desire to share 
their intellectual passions with 
students,” said Cornell Presi-
dent Jeffrey Lehman. “I am 
delighted that, because of Steve 
Weiss’s vision and generosity, 
we have the opportunity each 
year to honor some of Cornell’s 

most inspiring and effective 
undergraduate teachers as 
Weiss Presidential Fellows.” The 
faculty members were honored 
at an awards dinner in March. 

Duncan, who joined the 
Cornell faculty in 1990 and has 
been the associate director of 
his school for the last ten years, 
is known for his keen inter-
est in keeping material fresh 
and relevant to students while 
ensuring that it is grounded 
in scientific fundamentals of 
chemistry, physics, and math. 
For example, he devises dem-
onstrations, exercises, and 
competitions for first-year 
engineering students to help 
them learn engineering design 
and creative problem solving. 
He is the recipient of numerous 
teaching awards and has been 
named a Merrill Presidential 
Scholar Mentor six times. 

Johnson, who began teach-

ing at Cornell in 1981, has 
earned a reputation as a pro-
fessor who not only serves as 
a leader in electrical and com-
puter engineering but also as a 
mentor who gets involved with 
undergraduates and changes 
their lives for the better. He 
is considered a demanding, 
involved, and thorough teacher 
who challenges his students 
with significant design projects 
and who brings his research 
experience into the classroom. 
Johnson is the recipient of 
numerous teaching awards, 
including selection as the 1983 
C. Holmes MacDonald Out-
standing Teacher, a national 
award from the electrical engi-
neering honorary society Eta 
Kappa Nu. 

The Stephen H. Weiss Presi-
dential Fellowships were estab-
lished in 1992 by the Cornell 
Board of Trustees in recognition 
of the importance of undergrad-
uate teaching. 

—Susan S. Lang 
Cornell News Service

THose A-mAZiNg 
RoBoTs

I t’s a simple task, really: Pro-
gram a robot to find its way 

through a maze. An electrical 
and computer engineering stu-
dent could probably do it on a 
Saturday afternoon. But it’s not 
a mainstream study for mechan-
ical engineering students, so 
Ephrahim Garcia, associate 
professor of mechanical and 
aerospace engineering, has cre-
ated a course called “mechatron-
ics,” which teaches mechanical 
engineering students the basics 
of using electronics and pro-
gramming to operate mechani-
cal devices. Next year the course 
will be required for all students 
in mechanical engineering. 

The final project in the 
course is to build and program 
small robots to find their way 
through a maze of simulated 
rocks strewn across a 12-foot-
square course painted orange 
to suggest the landscape of 

H undreds of enthusi-
astic students filled 
the Duffield Hall 
atria March 9 with 

glossy posters and computer 
presentations for BOOM (Bits 
On Our Minds) 2005, an annual 
fair that showcases Cornell’s 
best student computing proj-
ects to the community. 

BOOM 2005 boasted more 
than 50 projects with the 
common theme of comput-
ing. In between the expected 
projects on databases, pro-
gramming, and robotics, a few 
displays demonstrated how 
computing could be applied in 
fields as diverse as biology, psy-
chology, economics, and even 
the arts. 

The Genetic MusicCom-
poser—a Java-based creation 
of two students from the Col-
lege of Arts and Sciences, Yash 
Parghi ’06 and Andrew Dailey 
’06—brings together computer 
science and music by intelli-
gently composing short tunes. 
Using a genetic algorithm, the 
program generates random 
tunes and scores them based 

Boomtown in Duffield
Annual showcase fills the atrium with an array of computing projects.

on such criteria as harmony 
and rhythm. In the next stage, 
the most promising tunes are 
selected and recombined to 
make better tunes. This process 
is repeated until a worthy tune 
emerges. “Our program will not 
produce anything approaching 
a masterpiece anytime soon, 
but our approach is very open-
ended and has great potential,” 
said Parghi. 

While its tunes might not 
be ready for the concert halls, 
Genetic MusicComposer was a 
perfect fit at BOOM. The pro-
gram created new tunes within 
seconds and played them 
through speakers. To have an 
objective feedback for their 
work, the team set up a web 
page with five MIDI samples 
and asked participants to rate 
them on humanness and pleas-
antness. “The survey response 
varies. Some would say they 
couldn’t believe the tunes 
were generated by a computer. 
Others, especially the musically 
trained, were disappointed at 
the music quality,” said Parghi. 

Daniel Cohen’s project on 
solid freeform fabrication of 
tissue implants was an inter-
disciplinary effort combining 
computing and medicine. 
Cohen, a master’s degree stu-
dent in biomedical engineering, 
and his adviser, Hod Lipson, 
assistant professor of mechani-
cal and aerospace engineering, 
made gantry robots that deposit 
cell-seeded gels layer by layer, 
following a pattern from com-
puter-aided design drawings. 
When incubated under growth 
conditions, the cells consume 
the gel and form a structure 
made of living tissue. 

“We can make these tis-
sues in impressive geometries. 
Compared to the conventional 

fabrication methods using scaf-
folding, our technique is very 
efficient and quick,” explained 
Cohen. He also noted that their 
technique enables them to 
create tissues consisting of mul-
tiple types of materials. “Our 
eventual goal is to provide inex-
pensive implants that are spe-
cific to the needs of a patient,” 
he said. 

This year was the ninth 
time that BOOM was held, but 
it was the first time the event 
was held in Duffield Hall. The 
spacious atria provided the per-
fect venue for all the student 
projects to be displayed in one 
central location. In previous 
years, the event spanned sev-
eral floors in Upson Hall. 

The BOOM 2005 web site 
at http://www.cis.cornell.edu/
boom contains links for all the 
exhibits. The event was orga-
nized by the faculty of Com-
puter and Information Science 
and sponsored by Bloomberg 
and Credit Suisse First Boston. 

—Alex Kwan
Cornell News Service

sHARiNg THe 
PAssioN

Engineering faculty mem-
bers garnered two of the 

three 2004 Stephen H. Weiss 
Presidential Fellowships for 
effective, inspiring, and dis-
tinguished teaching of under-
graduate students. They are 
T. Michael Duncan, associate 
professor, School of Chemical 
and Biomolecular Engineering, 
and C. Richard Johnson Jr., 
professor, School of Electrical 
and Computer Engineering. 
The third winner was Peter J. 
Katzenstein, the Walter S. Car- Ph
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This was the first year 
Boom exhibitors 
enjoyed one central 
location—the contigu-
ous swanson, Winter 
garden, and Baum 
atria of Duffield Hall. 
in previous years, the 
exhibits were spread 
throughout several 
floors in Upson Hall.

A course called 
“mechatronics,” 
teaches mechani-
cal engineering 
students the 
basics of using 
electronics and 
programming to 
operate mechani-
cal devices.

shen Yuan Huang ’06, melisssa Wrolstad ’06, and Amy orlansky ’06 
make adjustments to a robot during the competition.

Johnson Duncan
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relief money donated world-
wide [$3 billion to $4 billion] 
versus the amount of money 
the United States has spent on 
the war in Iraq [more than $20 
billion]. Evan did a great job of 
clearing up some misconcep-
tions the students had, and 
they learned quite a bit about 
wave formation and why the 
tsunami behaved as it did.” 

Variano visited a half dozen 
schools by the end of January, 
to discuss both the science of 
tsunamis and the socioeco-
nomic problems resulting from 
the disaster. 

—Susan S. Lang 
Cornell News Service

KeePeR oF  
THe FLAme 

K evin Kornegay, Cornell 
associate professor of elec-

trical and computer engineer-
ing, has been named the Janice 
Lumpkin Educator of the Year 
by the National Society of Black 
Engineers (NSBE). The award is 
one of 15 annual Golden Torch 
Awards given by the NSBE for 
those in the profession who 
have achieved excellence in 
their chosen disciplines. The 
award was recognized during 
NSBE’s 31st Annual National 
Convention and Career Fair in 
Boston in March. 

The Golden Torch, which 
symbolizes the “everlasting 
burning desire to succeed and 
affect positive change in the 
quality of life for all people,” is 
the premier award and recogni-
tion program for African-Amer-
ican technical professionals. 
The Educator of the Year award 
recognizes a faculty member 
with demonstrated commit-
ment to advancing education in 
engineering, science, and math-
ematics. This is the second year 
in a row the award has been 
given to Kornegay. 

Kornegay is director of the 
Cornell Broadband Communi-
cations Research Laboratory, 
where research focuses on the 
design of integrated circuits 
that operate at radio and mil-

limeter wave frequencies for 
broadband wired, wireless, 
and optical communications 
systems, such as high-speed 
wireless local area networks. 
He previously has been 
named one of the “50 Most 
Important Blacks in Research 
Science for 2004,” has 
received the Cornell Provost’s 
2004 Award for Distin-
guished Scholarship, and was 
named Black Engineer of the 
Year in 2001. He joined the 
Cornell faculty in 1998. 

—Cornell News Service

A LiTTLe  
HeLP HeRe 

Thanks to some fancy 
number crunching by two 

Cornell operations research 
faculty members and a graduate 
student, the number of under-
graduate students facing three 
finals in a 24-hour period this 
May will fall by roughly 85 per-
cent from what the average was 
over the previous three spring 
terms. 

Likewise, the number of 
students facing three exams in 
the same day will drop by about 
75 percent and those having 
back-to-back exams should fall 
by about 65 percent of what 
they were over the past three 
springs. 

“Kudos to Professors Bob 
Bland and David Shmoys in 
operations research and grad 
student Dmitriy Levchenkov for 
pulling this off,” said Charles 
Walcott, the dean of the faculty. 
He said that he’d received many 
complaints around finals time 
in the past from unhappy stu-
dents who faced three exams in 
one day or back-to-back finals 
with just 30 minutes between 
them. “Students often had to 
ask their professors to give 
them make-ups because of 
back-to-back exams,” Walcott 
said. “That required a lot of 
negotiations, especially for pro-
fessors of large classes.” 

Walcott’s predecessor, J. 
Robert Cooke, professor of 

biological and environmental 
engineering, formed a task force 
in 2002 to address scheduling 
issues and turned to Bland and 
Shmoys, knowing that their 
field of operations research 
engineering specializes in devel-
oping more efficient ways of 
handling data and processes.

Cindy Sedlacek, an expert on 
the university’s student data, 
played a crucial role by extract-
ing and analyzing the historical 
and current data into a form 
suitable for the optimization 
methods. “Without her tireless 
efforts, there is no way this 
project would ever have even 
started,” said Shmoys.

Under the new schedule, 
which was constructed by opti-
mization techniques commonly 
used in a wide variety of busi-
ness and government settings, 
only 51 students who pre-reg-
istered for their courses will 
have three exams in a 24-hour 
period. That’s down from 341 
students that would have had 
three exams in one day under 
the old method of scheduling 
finals. 

—Susan S. Lang
Cornell News Service

AN eARLY  
sTART 

Two Cornell faculty members 
are among this year’s recipi-

ents of National Science Foun-
dation (NSF) Career Awards. 
The Faculty Early Career Devel-

Mars. The final test was held as 
a competition in the atrium of 
Duffield Hall on Dec. 3. About 
115 students, working in teams 
of two or three, participated. 
A sizeable crowd, mostly other 
engineering students, gath-
ered to watch the competition, 
cheering when a robot seemed 
to be heading for the finish box 
and groaning whenever one 
went in the wrong direction. 

As with any engineering proj-
ect, students found themselves 
making last-minute adjustments, 
dashing back to the lab, or tin-
kering with their robots on the 
floor of the atrium. 

The robots, about six inches 
square, use infrared proxim-
ity sensors or tactile “feelers” 
or both. The control unit is a 
commercial Basic Stamp chip. 
An overhead camera provides a 
simulated GPS signal, telling the 
robots where they are in rela-
tion to the start and finish of 
the maze. 

The basic maze-running 
algorithm is something like 
“Go toward the finish until you 
sense an obstacle, then back up, 
turn a little and go again.” But 
variations make all the differ-
ence. Garcia’s requirement was 
that a robot finish in five min-
utes or less, but the robot built 
by the winning team of Gabe 
Newell, Jackie Romero, and 
Frank Keller, all seniors, man-
aged a phenomenal 25 seconds. 
Their secret: confidence. While 
most robots moved in short 
spurts, stopping frequently 
to check for obstacles, theirs 
charged ahead until it sensed 
something, then made a full 90-
degree turn and took off again. 

—Bill Steele
Cornell News Service

TeACHABLe 
momeNT 

I f there ever were a teachable 
moment when it comes to 

tsunamis, physics, and fault 
lines, that moment happened in 
December. And Cornell gradu-
ate student Evan Variano made 

sure it was not lost. 
In the wake of the devastat-

ing Asian tsunami, he took a 
lesson plan he developed—and 
a portable teaching device—to 
high schools in the Ithaca and 
Rochester areas during January 
to answer students’ questions 
about the physics of tsunamis, 
the technology required to 
detect the killer waves, and 
the economics and sociology 
of developing early warning 
systems. 

“I’m trying to cover what-
ever the students are curious 
about,” said Variano, a graduate 
student in Cornell’s School of 
Civil and Environmental Engi-
neering. His mentor is tsunami 
expert Philip Liu, professor of 
civil and environmental engi-
neering, who led a fact-gather-
ing delegation of American 
scientists from the National 
Science Foundation’s Tsunami 
Research Group and the U.S. 
Geological Survey into wave-
ravaged Sri Lanka. 

Variano, whose specialty is 
turbulence, is a fellow in the 
Cornell Scientific Inquiry Part-
nerships (CSIP) program. The 
fellowship is a National Science 
Foundation-supported program 
that gives 10 Cornell graduate 
students free tuition and a sti-
pend in exchange for about 15 
hours a week teaching in area 
public schools. 

He is teaching high school 
students studying earth sci-
ence, environmental science, 
and biology how underwater 
earthquakes trigger the destruc-
tive waves. The teaching device, 
which Variano built with the 
help of Cornell technicians Paul 
Charles and Tim Brock, is a tube 
that allows students to experi-
ment to see how a tsunami 
develops differently depending 
on what type of shoreline it hits. 

“The wave drives through 
the deep ocean at 500 miles per 
hour, and without losing energy 
it builds up to 30 feet tall as it 
approaches shallower water and 
the shore,” explained Variano. 
“When it hits the coastline, it’s 
the turbulence—the mixing—
that hits from all sides and 
holds people underneath the 
water. This causes most of the 
death and destruction.” 

Variano also makes a point 
of discussing more than the sci-
ence of waves and earthquakes 
with the high school students, 
because, he said, “Science 
doesn’t happen in a vacuum.” 
Observed Karen Taylor, an 
earth science teacher at Dryden 
High School, where Variano 
visited in January: “Many eye-
brows were raised when Evan 
shared with them the cost of an 
early tsunami detection system 
in the Indian Ocean [about $20 
million] versus the amount of TO
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Thanks to (from 
left) David shmoys, 
Bob Bland, Dmitriy 
Levchenkov, and Cindy 
sedlacek, undergradu-
ates are much less 
likely to face three 
finals in 24 hours.

evan Variano, a graduate student in civil and environmental engineering, 
demonstrates a portable tsunami teaching device he helped build to an 
earth science class at Dryden High school Jan. 13. As part of his fellow-
ship with the Cornell scientific inquiry Partnerships program, Variano 
put together a lesson on the physics of tsunamis, drawing on his studies 
of turbulence, that he shared with area high school classes. 
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the model for other immersion 
courses at the Johnson School. 
He became emeritus in 1999 
but continued to teach in the 
school’s executive MBA  
program. 

Conway was elected to the 
National Academy of Engineer-
ing 1992 for his contributions. 

—Linda Myers 
Cornell News Service

CoLoRiNg 
soUND

A melody of staccato piano 
notes sings out from the 

speakers of Victor K. Wong’s 
desktop computer. But it is not 
a melody made by Bach, or Lib-
erace, or even Alicia Keys. It is 
the melody of color. 

Wong, a Cornell University 
graduate student from Hong 
Kong who lost his sight in a 
road accident at age seven, is 
helping to develop innovative 
software that translates color 
into sound. 

He helped develop the soft-
ware in the School of Electrical 
and Computer Engineering 
(ECE) with undergraduate engi-
neering student Ankur Moitra 
and research associate James 
Ferwerda from the Program of 
Computer Graphics. 

The inspiration for using 
image-to-sound software came 
in early 2004 when Wong real-
ized his problems in reading 
color-scaled weather maps of 
Earth’s upper atmosphere—a 
task that is a necessary part 
of his doctoral work in Profes-
sor Mike Kelley’s ECE research 
group. 

As a scientist, Wong needs 
to know more than just the 
general shape of an image. He 
needs to explore minute fluctu-
ations and discern the numeri-
cal values of the pixels so that 
he can create mathematical 
models that match the image. 
“Color is an extra dimension,” 
explains Wong. 

At first, the team tried 
everything from having Kelley 
verbally describe the maps to 
Wong to attempting to print 

the maps in Braille. When none 
of those methods provided the 
detail and resolution Wong 
needed, he and Ferwerda began 
investigating software. 

Moitra later became their 
project programmer. Over the 
summer of 2004, he wrote a 
Java computer code that could 
translate images into sound, 
and in August he unveiled a 
rudimentary software program 
capable of converting pixels of 
various colors into piano notes 
of various tones. 

Wong test-drove the soft-
ware by exploring a color pho-
tograph of a parrot. He used 
a rectangular Wacom tablet 
and stylus—a computer input 
device used as an alternative 
to the mouse—which gives an 
absolute reference to the com-
puter screen, with the bottom 
left-hand corner of the tablet 
always corresponding to the 
bottom left-hand corner of the 
screen. 

As Wong guided the stylus 
about the tablet, piano notes 
began to sing out. The full 
range of keys on a piano was 
employed, allowing color reso-
lution in 88 gradations, ranging 
from blue for the lowest notes 
to red for the highest. 

Wong, Moitra, and  
Ferwerda are still working to 
develop software that can effec-
tively pick out the important 
boundaries in an image so that 
it can be printed. 

“It is also important that 
there is no time delay between 
notes,” says Moitra. “That is 
something we need to improve. 
Otherwise the image will 
become shifted and distorted in 
Victor’s mind.” 

One of the major issues 
facing the project is funding. 
“The initial work was done on 
a shoestring as a side project 
to grants Kelley and I have 
received,” says Ferwerda, who 
is preparing a proposal to the 
National Science Foundation to 
extend this work and explore 
other ideas for making images 
and other technical content 
accessible to blind scientists 
and engineers. 

Says Wong: “Tackling com-

opment Program offers NSF’s 
most prestigious award for new 
faculty members. The program 
recognizes and supports the 
early career development activi-
ties of those teacher-scholars 
who are considered most likely 
to become the academic leaders 
of the 21st century. 

Matthew DeLisa and Yong 
Joo, both assistant professors 
of chemical and biomolecular 
engineering, each will receive 
five-year grants of about 

$500,000. 
DeLisa, who earned 

a Ph.D. in 2000 at the 
University of Mary-
land, joined the Cor-
nell faculty in 2003. 
His research focuses 
on the molecular 
engineering of biologi-
cal systems in which 
protein machines play 
an important role. 
Specifically, he aims 
to blend protein engi-
neering principles with 
the tools of genetics 
and molecular biology 

to better understand how com-
plex protein machines perform 
their given tasks.

In the project funded by the 
NSF award, DeLisa will develop 
techniques to analyze and engi-
neer a model complex protein 
machine, namely the bacterial 
twin-arginine translocation 
(Tat) machinery. By exploiting 
the twin-arginine translocation 
system for protein expression 
that transports folded proteins 
across the E. coli membrane, 
he hopes to shed light on a 
poorly understood biological 
mechanism that could lead to 
the expression of commercially 
important proteins, the identi-
fication of correctly folded pro-
tein sequences, and the creation 
of novel biotechnology-based 
drugs. 

Joo, who received a a Ph.D. 
in 1993 from Stanford Univer-
sity, joined the Cornell faculty 
in July 2001. His research 
focuses on the integration of 
continuum analysis with molec-
ular details in polymeric materi-
als processing, specifically the 
microstructural rheology and 

processing of complex fluids, 
the formation of nanofibers via 
electrospinning, and the occur-
rence of purely elastic instabili-
ties in polymer flows. 

In the project funded by the 
NSF award, Joo will investigate 
nanofiber formation directly 
from polymer melts, offering 
a novel solvent-free approach. 
The proposed melt electro-
spinning process can overcome 
some of current barriers for 
commercializing conventional 
nanofiber technology. The 
award will also provide research 
experiences for middle and high 
school teachers and urban high 
school students as well as Cornell 
undergraduate students. Short 
courses on research ethics and 
modules on fiber science also will 
be developed for grades K–12. 

—Susan S. Lang 
Cornell News Service

simULATioN 
PioNeeR 

D ick Conway, a founder of 
Cornell’s computer sci-

ence department and chaired 
professor emeritus at the 
Johnson Graduate School of 
Management, has been hon-
ored by Management Science 
for his early, seminal research 
in computer simulation. The 
pre-eminent journal in its field, 
Management Science is published 
by the Institute for Operations 
Research and the Management 
Sciences (INFORMS). 

The journal’s editor-in-
chief, Wallace Hopp, the Breed 
University Professor at North-
western University, described 
Conway’s findings as “visionary” 
and said that they “established 
the research agenda for the 
simulation field for decades.” 

Computer simulation seeks 
to model such problems as 
inefficiency in a manufacturing 
facility’s supply chain, study 
what’s not working well, and 
come up with a systematic 
way to improve the opera-
tion, said Hopp. “In the ’60s, 
Dick identified what problems 
simulation had to solve. He laid 

them out neatly. People in the 
field followed his road map for 
decades.” 

An article in the July 2004 
issue of Management Science 
by Barry Nelson, a professor 
at Northwestern University, 
noted that a 1959 paper co-
authored by Conway (with 
Cornell researchers William 
Maxwell and B.M. Johnson) 
and a second paper authored 
by Conway alone in 1963 
“described a number of simula-
tion problems that continue to 
occupy researchers to this day.” 
The article, which was writ-
ten as part of a series marking 
the journal’s 50th anniversary 
this year, traced the impact of 
the two papers on the work of 
other researchers, notably the 
authors of eight award-winning 
papers published in Manage-
ment Science. 

Conway, B.M.E. ’54, Ph.D. 
’58, began his academic career 
as a faculty member in opera-
tions research and industrial 
engineering at Cornell. He 
helped found the computer sci-
ence department in 1965 and 
was acting chair in 1978–79 
and 1983–84. In 1966–68, he 
was director of Cornell Com-
puter Services, a precursor to 
Cornell Information Technolo-
gies (CIT). Conway left the Col-
lege of Engineering to join the 
faculty of the Johnson School 
in 1984, becoming the 
first Emerson Electric 
Company Professor 
of Manufacturing 
Management, in 
1989. He was 
instrumental 
in launching 
the Semester 
in Manu-
facturing, 
a course 
that was 

plex color images is only one 
problem out of many that blind 
scientists are facing. But I think 
this is a pretty important idea.” 

—Thomas Oberst
Cornell News Service
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engineering graduate student Victor Kai-Chu Wong uses soft-
ware he helped develop with undergraduate Ankur moitra, left, 
and research associate James Ferwerda, right, that translates 
colors into sounds. The image-to-sound software enables Wong 
to continue his research into space weather. He is shown working 
with a space weather map that represents atmospheric density in 
different colors.

Research Hall of Fame

Cornell President Jeffrey Lehman applauds Dale 
Corson, president emeritus and former dean of engi-
neering, as Corson watches while his portrait is unveiled 
last fall in Clark Hall. The Cornell Center for Materials 
Research (CCMR), the nationally renowned interdis-
ciplinary research group, is creating the beginnings 
of a hall of fame in the first-floor offices of Clark Hall. 
Last summer the center installed a portrait of its first 
director, Robert Sproull. On Dec. 1, it honored Corson, 
its second “hall of famer.” As a professor of physics, 
Corson first proposed such a center in the late 1950s 
and, with his colleagues, helped shepherd it when it 
opened for business as the Cornell Materials Science 
Center in July 1960 under the aegis of the Defense 
Department’s Advanced Research Projects Agency. 
The National Science Foundation took over the funding 
in 1972, using the renamed CCMR as a flagship center 
for what has become a national network of 28 materials 
research centers at major U.S. universities. 
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Conway’s 1967 book was co- 
authored with oRie colleague 
William maxwell and Louis miller 
of the RAND Corporation and 
included computer simulation 
among a range of techniques for 
resolving scheduling problems. it 
was named among the 25 books 
most influential to the develop-
ment of operations research.
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Travis started wrestling as soon as he could chase his broth-
ers around the house. “Obviously, my parents weren’t too 
happy about us always getting into fights,” he says, “but I 
think it helped me become a competitor.” By 5 years old, 
Travis was channeling his aggression into judo, and by 12, 
he was good enough to become a junior national champion, 
but still too small to beat his brothers. So in eighth grade, he 
started wrestling competitively and hasn’t stopped. 

Drawn to Cornell by the dream of training with head 
coach Rob Koll, Lee arrived in town without a single piece 
of warm clothing. He braved that first mild winter, compil-
ing a 33-9 record as a freshman, then topped it as a sopho-
more with a perfect 34-0, upsetting the favorite to win the 
NCAA championship at 125 pounds. For Lee, the surprise 
wasn’t that he’d won, but how quickly he’d done it. “I always 
thought I would become a national champion,” says Lee, “but 
I never expected to do it my second year.” 

Moving up to 133 pounds as a junior, Lee took a hard loss 
in the NCAA quarterfinals, but hasn’t been surprised since. 
At his normal weight of 143, he’s tight as a spring, speaking 
softly but radiating confidence. He’s not sure if engineering 
has made him a better wrestler, but he knows wrestling has 
made him a better engineer. 

“The hard work and determination that we take from 
wrestling allows us to pursue pretty much anything in life,” 
says Lee. “We’ve been through so many hard workouts, and 
the coaches keep testing us to see how far we can go, pushing 
us to our limits. Being able to stay focused, to show that kind 
of determination, that persistence, is what helps push me 
through all the engineering work.” 

With the nationals behind him, Lee plans to concentrate 
on academics again and expects to stay at Cornell until he 
finishes his M.Eng. degree in May 2006. The extra year will 
give him a chance to keep working out with the team, retool 
his technique to fit the rules of amateur competition, and 
wrestle at his first international tournaments. 

After that, the future is much less clear. He’s enjoyed his 
major, especially the coursework in fluid mechanics and an 
internship last summer at Kionix, which he calls his “first 
full-blown research experience, finally getting to see where 
all this biology and chemistry come into play.” But the dream 
of competing at the 2008 Olympics is much clearer than any 
sense of what he might do with his engineering degree. “Now 
that I don’t have to worry about practice every day, life will 
be a lot less stressful,” he says. “Going into the finals, I knew 
this was my last chance for another title. So winning meant a 
lot, but I always think I can do more. That’s my mindset, and 
helps push me to the next level. 

“I’m not sure where my interests are going to fall,” he 
says, “but right now, I can focus on finishing school.” 

—Kenny Berkowitz

H onestly, Travis Lee can’t remember the last time 
he was taken down in a wrestling match. It might 
have been in preseason this year, but he’s not 
sure, and even the question sounds foreign to 

him. That’s how he good he is. Notching his 135th career 
victory in February, Lee became the most successful wrestler 
in Cornell history. Eight matches later, winning the national 
championship for the second time in three years, Lee became 
the most successful wrestler in Ivy League history. 

“It’s a great feeling, being up on that podium,” says Lee, 
a senior majoring in biological and environmental engineer-

ing, relaxing 
at home on 
his first spring 
break in years. 
“And it’s a 
relief too, to 
know that 
the season is 
finally over, 
because there’s 
been a lot of 
pressure.” 

Much of 
that pressure 
comes from 
Lee, whose 
motto is “never 
be satisfied,” 
and even after 
his second 
championship, 
it’s hard for 
him to admit 
more than, 
“I’m happy, 
happy with my 
college career, 

but no, I’m not satisfied.” Still, some of that pressure has 
come from outside, and as he’s tried to balance Division I 
wrestling with Cornell Engineering, he’s missed his share of 
classes and learned that some professors are more forgiving 
than others. 

For most of his four years at Cornell, Lee has spent 15 to 
20 hours a week on wrestling, with one workout in the morn-
ing and another in the afternoon. But even when he’s not 
working out, he’s thinking about wrestling, replaying matches 
in his head, watching videotapes to improve his technique, 
visualizing his next contest, and training his body to drop 
weight—usually about 10 pounds, shed over four days—
before the next meet. 

Growing up in Hawaii as the youngest of three boys, 

Never Satisfied
The most successful wrestler in Ivy League history is already looking for his next challenge: Beijing 2008.
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PHOTOS FROM THE FIRST ANNUAL STUDENT SHOWCASE HELD IN DUFFIELD HALL OCTOBER 16, 2004 SPONSORED BY THE ENGINEERING STUDENT COUNCIL AND CORNELL ENGINEERING ALUMNI ASSOCIATION. 
PHOTOS: CHARLES HARRINGTON

    Join the  
Cornell Engineering 
Alumni Association
 This is the CEAA’s centennial year, and the first 
year with the new name. What better time to 
become a member? Join now through the online 
membership feature of the www.ceaa.cornell.edu  
web page.  
 Membership in the CEAA is a way to support the 
college and network with other alumni. There are 
events on and off campus, activities with current 
students, the annual conference, and an interactive 
web page. Special rates for young alumni, and 
lifetime memberships. 

Contact Jeanne Subialka, membership coordinator, at 607-255-9920 • engr_cse@cornell.edu
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