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Letter From The Chair

Jeevak Parpia

Outgoing Department Chair

This is our first Newsletter that we will
produce yearly. Its an offshoot of the
Career Day organized in September of
2015 that provided an opportunity for our
undergraduates, graduate students and
postdocs to meet with four alumni (Troy
Hoffa, David McQueeney, Valerie Thomas,
Ragu Raghavan) who related aspects of
their career paths for the audience. We will
continue to engage with Alumni to provide a
source of mentorship to physics graduates
going forward. There will be opportunities
for alumni to meet with faculty away from
campus so we can keep you current on
activities. One such event was organized in
NYC by David Kupperman (‘92) in March of
this year.
Our faculty continues to receive national
and international recognition. Peter Lepage
received the Sakurai Prize, J.C. Séamus
Davis the St. Patrick’s Day Science Medal,
Saul Teukolsky earned a share of the Special
Breakthrough Prize in Fundamental Physics
for efforts on development and deployment
of LIGO II. Eun-Ah Kim (2016) and Maxim
Perelstein received Simons Fellowships.
Katja Nowack received a prestigious DoE
Career award and was one of two Cornell
submissions for the Packard Award.
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Rendering of an atomic magnetic
superlattice of LaMnO3 and SrMnO3,
synthesized layer-by-layer using
molecular beam epitaxy, and investigated
using transmission electron microscopy
(micrograph on left) and angle-resolved
photoemission spectroscopy.

E.J. Monkman et al., Nature Materials 11,
855 (2012).

The department faculty continues to be
deeply engaged in leadership on- and offcampus. Jim Alexander served this year as
LEPP Director, Peter Wittich will take over
next year. Ritchie Patterson serves as the
Director of CLASSE. Dan Ralph is Lester
B. Knight Director of the Cornell NanoScale
Science & Technology Facility (CNF), Paul
McEuen co-Directs the Kavli Institute for
Nanoscale Science and Erich Mueller
directs LASSP; J.C. Séamus Davis directs
the Center for Emergent Superconductivity
at Brookhaven National Laboratory.
Michelle Wang continues as a HHMI
Investigator. Peter Lepage will serve as the
College’s Director of Education Innovation
and was recognized by the Trustees by
being designated as the Goldwin Smith
Professor of Physics. Julia Thom-Levy

will serve as the Dean of Bethe House and
as the Provost’s Fellow for Pedagogical
Innovation within the Office of the VP for
Undergraduate Education.
This year the faculty will be joined by Brad
Ramshaw and Natasha Holmes who
start as tenure track Assistant Professors
in January of ‘17. Brad comes to us from
Los Alamos, and his wife Natasha from
Stanford. Brad’s specialty is in exploring the
properties of exotic superconductors using
high magnetic fields and Natasha’s research
area is physics education research. Speaking
of physics education, the Active Learning
Initiative in the College was spearheaded
by the flipped-classroom model adopted
by Physics. Led by Tomas Arias (with
Phil Krasicky, Rob Thorne, Julia ThomLevy, Kyle Shen and Matthias Liepe),

by all accounts the experiment has been
received well by students who demonstrated
significant learning improvement over
conventional methods.
We had an unusually large undergraduate
class this year, with 40 students. The robust
number of majors reflect efforts in advising
and community building. In particular our
undergraduate Society for Physics Students
is strong (thanks to Jim Alexander, Yuval
Grossman, Itai Cohen and Erich Mueller).
We continue our success with integrating
research into our undergraduate education.
Almost all of our graduating seniors have had
at least some research experience during
their time at Cornell.
The incoming graduate class (2016) is 29
strong, back to the neighborhood of our long
term average of ~32. Our student-support
survey of the faculty indicated that we could
return to our traditional level without needing
extraordinary means to meet our funding
commitments to students. The department
continues to pursue external fellowships
with vigor for our current graduate students,
with twelve of our students attending a
CCMR course with grant preparation as a
major component. This past year, our current
continued on pg. 3
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students garnered 1 DOE, 1 NSERC, 2 NSF
and 2 URA Fellowships.
The number of applicants to our graduate
program increased by 20% ; a similar
increase was seen last year. We have
an unusually strong incoming class. This
year 15 Fellowship offers were accepted
and include 1 Dean’s Excellence Fellow,
and three NSF Fellowship recipients. The
students we attracted include three from
our top 20 ranked applicants, the highest
number from this elite group in many
years. The students in this range are widely
admitted and heavily recruited by our peer
schools, and are often difficult to recruit.
Great credit for this success belongs to our
DGS, Lawrence Gibbons.
The research programs in physics are strong
despite vacancies. LASSP would like to bring
in the strongest candidates possible, and has
made its choices to fill in areas of Materials
by Design (e.g. new materials like topological
matter) and Complex Matter (bio-physics,
and beyond). With vacancies in sister
departments (A&EP, Chemistry), there is
great scope for coordinated hiring and filling
these positions should be regarded as an
opportunity. LEPP theory and experiment are
fully populated but there is certainly a need to
expand our reach going forward and we are
exploring possibilities with the Dean’s office.
We anticipate hires in areas that broaden
LEPP’s experimental reach as well as in
numerical relativity.
A critical need for the Department is to find
funding for Named Postdoctoral Fellows.
These PhDs would have the freedom to
work in an interdisciplinary environment
functioning as initiators and facilitators of
research at the interface between theorists
and theory and experiment. We currently
have 4 Bethe Fellows (named after Hans
Bethe) whose influence and philosophy still
serve as an example for the Department.
Finally, I would like to introduce Eanna
Flanagan who will have succeeded me as

Chair of the Department on July 1, 2016.
Eanna is the Edward L. Nichols Professor of
Physics. It has been a great privilege to have
served as the Chair of the Department and
I would like to thank all previous Chairs for
their advice and counsel in these past four
and a half years, the past and present LASSP,
CLASSE and LEPP Directors, DUS and DGS
for their support and help. And lastly I’d like
to acknowledge and laud the long service
of John Miner as Departmental Manager
as well as introduce his supremely able
replacement, Craig Wiggers.
Sincerely,
Jeevak Parpia

Welcome to the inaugural edition of the Cornell
physics department’s yearly newsletter,
The Bethe Way. Our department is dedicated
to deciphering the secrets and mysteries
of the physical universe, to teaching the
fundamentals of physics to a broad student
body, and to mentoring the next generation of
physicists. This newsletter is intended to keep
our alumni and the Cornell physics community
abreast of ongoing exciting progress and
developments in our pursuit of these goals.
It is named after Hans Bethe, whose fabled six
decade long career here laid the foundations
and set the tone for our endeavors today.
I thank Jeevak Parpia, the outgoing chair,
for his four and a half years of dedicated
and visionary leadership of the department.
Thanks to Jeevak’s efforts, we have expanded
our research efforts in a variety of areas
via four new faculty hires: observational
cosmology (Mike Niemack), mesoscale
scanning probe microscopy (Katja Nowack),
quantum gravity and black holes (Tom
Hartman), and observational study of
quantum materials (Brad Ramshaw, arriving
in January).

Eanna Flanagan

Incoming Department Chair

Professor Tomas Arias, have implemented
a new technique in our introductory physics
courses, in which traditional lectures are
replaced by a more interactive classroom
experience, the “flipped classroom.” This
technique grew out of the field of physics
education research, and we are delighted that
the first Cornell physics faculty member in
this field, Natasha Holmes, will be arriving
in January.
In closing, I thank all of you who have
made donations to the physics department
this past year. Your contributions have
contributed greatly to the teaching, outreach
and research missions of the department.
Friends and alumni of the department are
always welcome to drop by 109 Clark Hall
whenever you are in Ithaca, or to contact me
at physicschair@cornell.edu; I welcome your
feedback and involvement.
Sincerely,
Eanna Flanagan

Our teaching mission has also seen major
transformations in the past few years.
A team of several of our faculty, led by
CORNELL UNIVERSITY • COLLEGE OF ARTS & SCIENCES • DEPARTMENT OF PHYSICS
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Cornell Astrophysicists Earn Share of $3M Prize
BY BLAINE FRIEDLANDER

Founder of the prize Yuri Milner:

“The creative powers of a unique genius, many
great scientists, and the universe itself, have come
together to make a perfect science story.”
Cornell astrophysicists Saul Teukolsky
and Lawrence Kidder have earned a
share in the Special Breakthrough Prize in
Fundamental Physics – a $3 million award
– that recognizes those who helped create
the Laser Interferometer GravitationalWave Observatory (LIGO) and its ability
to find gravitational waves. The discovery
announced in February provided strong
confirmation of Albert Einstein’s general
theory of relativity.

– will share $1 million of the award. The
remaining $2 million will be shared among
1,012 contributors to the experiment.

Teukolsky, the Hans A. Bethe Professor of
Physics and Astrophysics, and Kidder, senior
research associate, played a vital role to
validate the historic news of the first direct
detection of gravitational waves, predicted a
century ago by Einstein.

Until then, this scenario had only been
predicted theoretically. Many astrophysicists
doubted it would occur often enough ever
to be detected. However, soon after LIGO
detectors in Livingston, Louisiana, and
Hanford, Washington, were upgraded,
in September scientists found two black
holes – each about 35 times the mass of
our sun – moving at more than half the
speed of light, orbiting each other and
creating waves. Researchers spent autumn
2015 confirming results.

Theoretical physicist Stephen Hawking,
winner of the 2013 Special Breakthrough
Prize, noted of the LIGO team, “This discovery
has huge significance: firstly, as evidence
for general relativity and its predictions of
black hole interactions, and secondly as the
beginning of a new astronomy that will reveal
the universe through a different medium.”
Announcing the award, the prize committee
cited Teukolsky and Kidder for their
achievement. The Special Breakthrough
Prize is given when an extraordinary scientific
achievement occurs.
The three founders of LIGO – Ronald W.P.
Drever and Kip S. Thorne of the California
Institute of Technology and Rainer Weiss of
the Massachusetts Institute of Technology
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Led by scientists from the LIGO collaboration
at Caltech and the Virgo group collaboration,
research published in February in Physical
Review Letters reported detection of
gravitational waves resulting from two black
holes spiraling in toward one another and
smashing together.

Saul Teukolsky

LIGO and Virgo researchers confirmed the
waves came from a black hole merger by
comparing their data with a theoretical
model developed at Cornell. Teukolsky and
the Cornell-founded Simulation of eXtreme
Spacetimes collaboration group have been
calculating and completing a full catalog
of theoretical solutions since 2000, when
supercomputers first became capable of
the task.
This article appeared in the Cornell Chronicle.
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Lawrence Kidder

“On my first day
after joining a
research group in
graduate school
a professor said,
‘I hear you’re
interested in
instrumentation.’
I didn’t know
what that was,
but I thought I’d
better say yes.”
–Peter Wittich

European Organization
for Nuclear Research
(CERN)

Physicist’s
Experiments Resolve
Nature of Neutrinos
BY LINDA B. GLASER

As a graduate student Peter Wittich,
associate professor of physics, worked
at the Sudbury Neutrino Observatory
(SNO), located in an active nickel mine in
Ontario, Canada. The observatory is deep
underground to block out background
radiation from other particles.
To reach the clean room and the SNO
instruments, Wittich descended 6,800 feet
straight down through solid rock in a tiny
elevator, then walked a mile through either
ankle-deep mud or air so dusty that visibility
was only a few feet ahead.
That dedication paid off when, on Wittich’s
29th birthday, the SNO detected its first
neutrino, setting the stage to prove that the
sub-atomic particles do indeed have mass.
“We could already see from this beginning
what the results of the larger experiment
would be – the discovery for which Art
McDonald just received the [2015] Nobel Prize
– but I couldn’t say anything for years after my
thesis was written, until the collaboration felt
the data was sufficient for the discovery to
be announced,” says Wittich. “At times it was
touch and go, but in the end the experiment
worked beautifully and we were able to
resolve a 30-year mystery about how the sun
works and the nature of neutrinos.”
Wittich and his group built the bulk of the
electronic instrumentation that collected the
data for the SNO; the experiment required
a tank containing 10,000 tons of water.
Ironically, Wittich says he “stumbled” his
way into experimental physics. “On my
first day after joining a research group in
graduate school a professor said, ‘I hear
you’re interested in instrumentation.’ I didn’t
know what that was, but I thought I’d better
say yes.”

That answer determined Wittich’s future.
Decades later, he is still building electronics.
“When people think about physics, they think
about a guy with a pencil and paper,” he says.
“But physics is an experimental science.”
After SNO, Wittich moved on to Fermilab,
where he continued studying the
fundamental nature of particles, working with
a team of 700 scientists. He’s now at the
European Organization for Nuclear Research
(CERN) working with the Large Hadron
Collider (LHC) and a team of 3,000. The large
team is necessary, Wittich says, because of
the enormous complexity of the LHC.
“We’re at the forefront of big science. We
work collaboratively to build the instruments,
then use the data individually to try to
understand the particular characteristics
of particles we already know or to find
new particles. But every one of the papers
has the same 3,000 authors in the same
order, because building the apparatus and
collecting the data was the huge work.”
That data is created, Wittich explains, by
colliding a beam of protons 40 million times
a second. The researchers collect tens of
petabytes of data a year (there are a million
gigabytes per petabyte).
Right now Wittich is working with four
Cornell researchers, postdoc Livia Soffi and
graduate students Jorge Chaves, Margaret
Zientek and Kevin McDermott, to find
evidence of dark matter in the LHC results.
“The scale of energy ought to be right to find
it at CERN,” says Wittich. “This is a really
exciting time to be doing physics.”
This article appeared in the Cornell Chronicle.
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Physicist Katja Nowack Earns
DOE Early Career Award
Katja C. Nowack, assistant professor

of physics in Cornell’s College of Arts
and Sciences, has been selected by the
Department of Energy (DOE) to receive
$750,000 for research over five years as part
of DOE’s Early Career Research Program for
her research project, “Magnetic Imaging of
Topological Phases of Matter.”
She is one of 49 scientists chosen for the
grant, now in its seventh year, which intends
to bolster the nation’s scientific workforce by
supporting exceptional researchers during
their early career years.

novel quantum materials. Before coming to
Cornell, she was a postdoctoral researcher
at Stanford University (2011-14) and Delft
University of Technology, Netherlands
(2010-11), where she received a Ph.D. in
physics in 2009.
Said Cherry Murray, director of DOE’s
Office of Science: “We invest in promising
young researchers early in their careers to
support lifelong discovery science to fuel the
nation’s innovation system. We are proud of
the accomplishments these young
scientists already have made, and look
forward to following their achievements in
years to come.”

Cornell Women in Physics
and related fields

All-Class Reunion

Nowack joined the Cornell faculty in January
2015. Her research group is building a set
of low-temperature scanning platforms to
implement a toolbox of scanning probes
that will provide greater understanding of

Under the program, university-based

researchers receive at least $150,000 per
40th
anniversary of the

in celebration of the year to cover summer salary and research
founding of the Women in Physics group

Katja Nowack

expenses. To be eligible, a researcher must
be an untenured, tenure-track assistant
or associate professor at a U.S. academic
institution or a full-time employee at a DOE
national laboratory, who received a Ph.D.
within the past 10 years.
This article appeared in the Cornell Chronicle.

Women in Physics 40th Anniversary
Date: October 15,
All Class
Reunion
2016
This fall, the Cornell Department of Physics
will be celebrating women in physics with
an all class reunion in honor of the 40th
FRIDAY
anniversary of the Women in Physics group.
TH
Much has changed since a small group of
female students started meeting in 1976
Reception for early arrivals
when there were no women faculty or
and current faculty
postdocsGreene,
in the department.
TheSATURDAY
keynote speaker will be Laura
ChiefToday’s much
larger group has grown to include female
Scientist, National
Field
Laboratory,
TH High Magnetic
faculty,
students,
and staff from Physics,
Astronomy,
Applied
& Engineering Physics,
Full day event
President-elect
of the American Physical Society
Biophysics,
and
other
related fields.
(Visit cornellwip.com for further details)

OCTOBER 14

Location: Cornell
University

OCTOBER 15

‘84, Chief cornellwip@gmail.com
Scientist
For Laura
moreGreene
information:
A full day reunion event is planned for
of the National High Magnetic Field
Patti Sparks, Harvey Mudd College Saturday, October 15, 2016, with a reception
Laboratory and president-elect of
JuliatheThom-Levy,
Cornell University for early arrivals and current faculty on
American Physical Society will
Ritchie
Cornell University Friday October 14th. Laura Greene ‘84, Chief
be thePatterson,
keynote speaker.

Help us highlight the many
contributions
of Cornell women
Everyone
is welcome.
to STEM and other fields.
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Scientist of the National High Magnetic
Field Laboratory and president-elect of
the American Physical Society will be the
keynote speaker.
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There will be opportunities to reconnect with
classmates, network with other alumnae,
and visit with faculty. All Cornell women
in physics and related fields, whatever
your career or life path, and supporters
are welcome to attend whether or not you
participated in the group while you were here.
More details and registration information can
be found on our website: cornellwip.com.
Whether or not you can attend, we would
like to include you in our slideshow of Cornell
women in physics and related fields.
To participate please e-mail
the following information to us at
cornellwip@gmail.com: Name, year(s)
and type of degree(s), department, a few
career and/or personal highlights and some
photos from your time at Cornell as well as a
more current one.

Stoltzfus, Thom-Levy To Share Vice Provost
For Undergrad Ed Post
BY DANIEL ALOI
Professor Rebecca Stoltzfus has been
appointed vice provost for undergraduate
education for a five-year term effective July
1, Provost Michael Kotlikoff announced May
9. She will oversee initiatives enhancing
undergraduate instruction and related
programs, in collaboration with academic
leaders and units across campus.
Along with Stoltzfus’ appointment, faculty
member Julia Thom-Levy has been named
to a new position, the provost’s fellow for
pedagogical innovation, for a three-year term
beginning Aug. 1. Thom-Levy will focus on
curriculum and supporting excellence and
innovation in teaching, and will work in close
collaboration with Stoltzfus as vice provost.
Both positions will report to the provost.
“In seeking to advance our pedagogical
mission, we are fortunate to be able to
draw on the expertise of both Rebecca and
Julia,” Kotlikoff said. “Together they will be
invaluable assets in creating and supporting
initiatives to enhance learning experiences for
all Cornell students.”
The vice provost for undergraduate education
works closely and in collaboration with
deans and academic associate deans of
the university’s undergraduate colleges
and schools, as well as with the other
vice provosts, the Division of Student and
Campus Life, and various units on campus
affecting undergraduate life at Cornell.
Responsibilities of the position include
direct, and in some cases shared, oversight
of initiatives designed to enhance
undergraduate instruction and to promote
an intellectual community in and out of the
classroom and the laboratory, including
living and learning experiences in student
residences.
Major responsibilities also include
accreditation issues related to undergraduate
education, support and development of
academic initiatives such as undergraduate
research, online education, academic

Rebecca Stoltzfus

integrity, and campus efforts to support
inclusivity and academic success for all of
Cornell’s students.
“I look forward to promoting the excellence
of the Cornell undergraduate experience,
and am especially pleased to collaborate
with Professor Thom-Levy as a leader in
pedagogical innovation,” Stoltzfus said. “It’s a
privilege to serve such a creative and diverse
community of students and educators.”
Stoltzfus is a professor in the Division
of Nutritional Sciences in the College of
Human Ecology. She serves as the provost’s
fellow for public engagement and directs
the Program in Global Health. Her work
has included developing partnerships for
international student engagement, and she
has led in the design of curricular integration
of experiential learning.
Her research focuses on causes and
consequences of malnutrition among women
and children in developing countries, with
ongoing projects in Zimbabwe, Zambia,
Tanzania and India.

Julia Thom-Levy

Bloomberg School of Public Health for a
decade and returned to Cornell in 2002 as
associate professor of nutritional sciences.
She was promoted to professor in 2005.
Thom-Levy, associate professor of physics,
came to Cornell in 2005 and has taught
introductory physics as well as laboratory and
advanced-topics courses in particle physics.
She also directs a research group at the
Large Hadron Collider at CERN in Geneva,
Switzerland, that includes Cornell postdocs
and graduate students. She has mentored
students in Cornell’s Research Experience
for Undergraduates, Hunter R. Rawlings III
Presidential Research Scholars and McNair
Scholars programs.
She earned her Ph.D. in 2001 at the
University of Hamburg, Germany, and has
developed instrumentation and operated
detectors at the Stanford Linear Accelerator
Center, at the Fermi National Accelerator
Laboratory near Chicago, and at CERN.
This article appeared in the Cornell Chronicle.

She earned her Cornell doctorate in human
nutrition in 1992, taught at Johns Hopkins
CORNELL UNIVERSITY • COLLEGE OF ARTS & SCIENCES • DEPARTMENT OF PHYSICS
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The secret of Oobleck revealed at last
BY BILL STEELE
If your kids ever brought home some
Oobleck from school, you had a glimpse of
a long-standing scientific controversy. Next
time, you can just have fun with it, knowing
that the argument is over. Cornell physicists
have finally explained what makes
Oobleck so weird.
Oobleck – named by the creators of the
popular grade-school project for a gooey
substance that fell from the sky in a Dr.
Seuss story – is just a thick solution of
cornstarch in water, but it’s not as simple as
that sounds.
It’s a “non-Newtonian” fluid that doesn’t
respond to outside forces the way you’d
expect. The harder you stir it, the thicker it
gets and the more it resists your stirring. Hit
it hard enough, say with a hammer, and it
instantly hardens enough to shatter.
On YouTube you can find videos of people
running across pools filled with Oobleck:
The pressure of a foot striking the surface
causes the liquid to thicken under it enough
to support the runner.
This phenomenon, called “shear thickening,”
occurs in materials made up of microscopic
solid particles suspended in a fluid. Important
examples of this type of material include
drilling mud used in oil wells and fluid used
to couple automobile transmissions to the
wheels. One type of body armor uses a
solution of polymer particles soaked into
porous fiber; ordinarily flexible, the impact of
a bullet turns it solid. Shear thickening is a
challenge in many industrial processes where
the goal is to get fluids to flow smoothly.
Even in the simplest system of particles
suspended in a liquid, however, there is still a
debate about the mechanism for thickening.
One proposed theory is that friction
between the solid particles locks them
into configurations that resist the flow; the
other is that as particles are pushed closer,
resistance from draining the liquid between
them slows down their movement and locks
the particles into clusters.
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“Itai Cohen, associate professor of physics, and his team came
up with an experiment in which behavior in the everyday world
reveals what’s happening deep down inside.”
The debate has continued for decades
because there is no way to observe directly
what’s happening at the nanoscale. So Itai
Cohen, associate professor of physics, and
his team came up with an experiment in
which behavior in the everyday world reveals
what’s happening deep down inside. They
report their results Nov. 24 in the journal
Physical Review Letters.
If fluid being pushed out from between the
particles is what’s slowing down movement,
they reasoned, then when the shearing
force is reversed, it will generate the same
resistance since the fluid needs to flow back
in; if it’s just solid particles bumping into each
other, then as soon as the shearing force is
released the contact stress between them
will disappear. The immediate response to a
sudden change in shear force will answer
the question.
To observe that effect they employed
“shearing reversal,” using an apparatus that
inserts a probe into a test fluid and shears it
just long enough to cause thickening, and
then quickly reverses to pull in the opposite
direction. Delicate sensors on the shaft
measure the fluid’s instantaneous resistance
to being pushed or pulled. They used a
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“laboratory grade” suspension of spherical
microparticles to isolate the effects of particle
interactions; too much else is happening in
ordinary Oobleck.
The experiment showed that there was
negligible resistance pulling back. This means
that while the liquid does flow out as particles
come together and back as they separate,
the resulting force does not account for the
actual thickening resistance. The contact force
dominates, so friction between particles is the
primary mechanism for shear thickening.
“Knowing the underlying mechanism, we can
design industrial processes to handle these
fluids better and can ‘tune’ the properties
of a fluid by adjusting the friction of the
microparticles,” said graduate student
Neil Lin, first author of the paper. Another
way to tune the effect is by varying the
concentration of the nanoparticles, so “Now
we have two knobs to turn,” he said.
The Cornell researchers collaborated with
physicists at the University of Edinburgh.
The research was primarily supported by the
National Science Foundation.
This article appeared in the Cornell Chronicle.

Simons Fellowship
Supports Alum’s
Study of the Brain

Alumni News
Cornell Alum Earns
Prize for Research in
Physical Science

BY LINDA B. GLASER

BY GRACE SANTARELLI

Vikram Gadagkar,
M.S. ’ 10, Ph.D. ’13, was
recently awarded a
three-year, $234,150
Simons Foundation
fellowship with the
Simons Collaboration on
the Global Brain (SCGB).
SCGB seeks to expand understanding of the
role of internal brain processes in the arc from
sensation to action, thereby discovering the
nature, role and mechanisms of the neural
activity that produces cognition.

Mohammad Hamidian
Ph.D. ’11 was named
the 2016 winner of the
Lee-Osheroff-Richardson
Science Prize for his
discovery of new forms of
electronic matter at the
nanoscale and at extreme
low temperatures, according to a University
press release. The award, sponsored by
Oxford Instruments NanoScience, promotes
and recognizes the work of young scientists
in physical sciences research, according to
the Oxford Instruments website.

Gadagkar is a postdoctoral fellow in the
Department of Neurobiology and Behavior,
working with assistant professor Jesse
Goldberg, the Robert R. Capranica Fellow.
He is interested in how networks of neurons
in the brain produce behavior, and views
computation as the key intermediate link
between neural circuits and behavior.
Using a combination of awake-behaving
electrophysiology in singing birds,
advanced cellular-resolution imaging and
network models, Gadagkar aims to identify
computational principles underlying trial-anderror learning.
During his SCGB fellowship, Gadagkar
will explore how performance is evaluated
and encoded in the brain, i.e., why we get
better with practice. He explains that in the
classic neuroscience experiment with rats,
the animals learn by trial and error to press
a lever to get food. “In this simple case, the
action-reward relationship is clear: press the
lever, get the food. But what about cases
in which the reward isn’t so immediately
obvious, such as learning to speak or play
a musical instrument? We’re studying how
the brain masters skills that are not learned
for immediate external rewards but instead
by matching ongoing performance to
internal goals.”

Hamidian will receive $8,000 and the
opportunity to attend the 2016 American
Physical Society conference later this
month, according to the website. Hamidian
is particularly commended for his research
in the technology of scanning tunneling
microscopy that allow operation at ultra-low
temperatures, the University said.
At Cornell, Hamidian worked under Prof.
J.C. Séamus Davis, physics, who he said
provided him with “excellent mentoring and
guidance to ask the significant questions
in science, develop the necessary tools to
explore those issues and think deeply about
their implications.”
Hamidian invented techniques that allowed
him to search for states of electronic
quantum matter that only occur at
extremely low temperatures, according to
the University.
Hamidian said he was honored to be awarded
the prize, adding that his time at Cornell
helped set the foundation for his future work.
“I’m still an experimental physicist and Cornell
is where I did my graduate studies that set
me off on that path,” he said.

Giving to Physics
Gifts of all sizes are powerful
investments in Cornell’s mission and
our department’s future programming.
Your philanthropy helps educate
deserving students, strengthen
research that leads to new knowledge
and solutions, prepare tomorrow’s
leaders, and serve the public good.
We are very grateful to our Friends
of Physics for the generous support
to our department. This year alone,
contributions have supported the
creation of an undergraduate “Honors
Lab” and the Undergraduate Teaching
Assistant Initiative – both examples
directly impact our department and
students on a daily basis and we
could not have achieved this success
without your support.
Mail your contribution to:

Cornell University
Department of Physics
P.O. Box 25842
Lehigh Valley, PA 18003-9692

Thank You!
Hamidian currently works as a research
associate, managing Harvard University’s
branch of the Hoffman Laboratory. He said
he studies electron system interactions that
give rise to new phases of electronic matter.
“The electrons reorganize themselves in
ways that we haven’t always been able to
predict,” he said. “So a lot of my research
involves trying to understand the underlying
mechanisms for those properties and those
electronic organizations.”
These articles appeared in the Cornell Chronicle.

CORNELL UNIVERSITY • COLLEGE OF ARTS & SCIENCES • DEPARTMENT OF PHYSICS

9

Peter Lepage wins prestigious
Sakurai Prize in physics
By LINDA B. GLASER
Physics professor Peter Lepage has won
the 2016 J.J. Sakurai Prize for Theoretical
Particle Physics. The $10,000 prize is
awarded by the American Physical Society
“to recognize outstanding achievement in
particle theory” and was presented at its
annual meeting in April.
The Sakurai Prize is the only award in
Lepage’s subfield in the U.S. He received it
“for inventive applications of quantum field
theory to particle physics, particularly in
establishing the theory of hadronic exclusive
processes, developing nonrelativistic
effective field theories, and determining
standard model parameters with lattice
gauge theory.”

Lepage’s current research involves quantum
chromodynamics, the theory of quarks and
gluons that explains the internal structure
and interactions of protons, neutrons
and other strongly interacting particles. A
full solution of this theory relies on largescale computer simulations. Lepage and
his collaborators have developed new
techniques that have made such simulations
thousands of times faster, greatly extending
the range and precision of problems that can
be studied. They are particularly interested
in applications to the physics of particles
containing heavy quarks.
Lepage received his bachelor’s degree from
McGill University in 1972 and his doctorate
continued on pg. 11

Peter Lepage
to lead
education,
innovation
at Arts and
Sciences
By LINDA B. GLASER
The College of Arts and Sciences has
announced a new senior-level position to
enhance and support its long-standing
commitment to education innovation. Peter
Lepage, professor of physics and former dean
of the college, will serve as the college’s first
director of education innovation.
“Peter is a real leader in educational
excellence both within the college and
nationally. He helped to initiate the Active
Learning Initiative (ALI), and we are fortunate
that he will be at the helm of the college’s

10

ongoing efforts to expand our engaged
learning strategies,” said Gretchen Ritter, the
Harold Tanner Dean of Arts & Sciences. “We
have fabulous faculty in the college and we
look forward to finding new ways to enhance
their success as educators both inside and
outside the classroom.”
Lepage brings a long-standing interest in
innovative pedagogy to his new position.
He served as co-chair of the working group
for the President’s Council of Advisors on
Science and Technology, which in 2012
produced the often-cited report, “Engage
To Excel: Producing One Million Additional
College Graduates with Degrees in Science,
Technology, Engineering, and Mathematics.”
He currently serves on the Technical Advisory
Committee for the Association of American
Universities’ Undergraduate STEM Education
Initiative, and is vice chair of the National
Science Board’s Committee on Education
and Human Resources.
The college’s engaged learning initiatives
have strong alumni support. The ALI five-year
pilot project, for example, is funded by Alex
and Laura Hanson, both Class of 1987.
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“We have many donors who are passionate
about the well-being of students and excited
about initiatives around student learning,”
says Lepage. “Thanks to their support, we
have resources to initiate broad, innovative
projects in the college. Part of my job will be to
help departments scale up from the individual
efforts of professors who have initiated new
models of teaching to a departmentwide
curriculum of engaged learning.”
Many of the college’s more than 700
instructors already use active learning
techniques. Assistant Professor Andrew
Hicks’ Elements of Music class features a
broad collaboration among faculty across
the music department and hands-on,
interactive opportunities for students, such
as experimentation with instruments, an inclass sound art installation, and collaborative
performance and dance.
“Students learn best when they’re actively
engaged, so each year I try something new,”
says Suzanne Mettler, the Clinton Rossiter
Professor of American Institutions. Last year
she added iClickers, an audience response
system, to her Introduction to American
continued on pg. 11

Receiving the Sakurai Prize has a particular
resonance for Lepage, he says, because J.J. Sakurai
received his doctorate from Cornell in 1958.
from Stanford University in 1978. He came to
Cornell the same year and has taught here
ever since; he served as physics chair from
1999-2003, acting dean from 2003-04, and
the Harold Tanner Dean of the College of Arts
and Sciences from 2004-13. He is a fellow
of the American Physical Society and the
American Academy of Arts and Sciences, and
has been a member of the National Science
Board since 2013.
Receiving the Sakurai Prize has a particular
resonance for Lepage, he says, because J.J.
Sakurai received his doctorate from Cornell
in 1958. While a Cornell graduate student
Sakurai made one of his most notable
contributions, independently discovering the

V-A theory of weak interactions. Lepage says
he often has used Sakurai’s textbooks in his
own classes.
The prize has been awarded annually
since 1985; the last time it was awarded
to a Cornell faculty member was in 1990,
when Toichiro Kinoshita received it for
his theoretical contributions to precision
tests of quantum electrodynamics and the
electroweak theory.
This article appeared in the Cornell Chronicle.

“The iClicker, for example, is a powerful
tool for the kind of humanities and social
science questions with no clear-cut
answers. Audience response technologies
enable all students, even in a large class,
to participate and contribute to class
discussions.”
One misconception about engaged learning
models is that they are meant to replace
lectures, and that is incorrect, says Lepage.
“Active learning models use short lectures
in strategic ways, teaching according to
how people learn most effectively. Studies
show that student-student discussion
followed by a lecture results in the best
learning. Exercising your knowledge by

The Yennie Prize in Physics, for
a senior student majoring in physics
who shows unusual promise for future
contributions to physics research and
who intends to earn a doctorate, went
to Ivaylo Madjarov and Venkatesa
Chandrasekaran.
The Kieval Prize in Physics,
awarded to senior physics students who
demonstrate unusual promise for future
contributions to physics research, went
to Ian MacCormack.
The Hartman Prize in Physics and
Applied Engineering and Physics,
awarded to recognize outstanding
work in experimental physics by an
undergraduate in either program, went
to Sarah Marie Bruno.
The Douglas Fitchen Memorial
Award, in support of student travel
abroad to study, pursue research, or
participate in international physicsrelated events held outside the United
States, went to graduate students
John Stout, Sina Bahrami, James
Maniscalco, Simon Loewe, and
Yu-dai Tsai.

Government and Politics class, which
already features an engaged learning
exercise that simulates the budget process
in the real U.S. Senate. The iClickers enabled
Mettler to assess how much students
understood in their assigned reading.
Emerging technologies offer tremendous
possibilities in all disciplines, Lepage notes.

Graduate and
Undergraduate
Awardees

Peter Lepage

talking to someone is hugely beneficial in
cementing knowledge.”
Measured results from the ALI courses
at Cornell prove the point. There have
been significant improvements in student
learning, as reflected by their performance
on exam questions. “It’s impressive what
the faculty have done,” says Lepage.
Student feedback from active learning
classes has been overwhelmingly positive.
After taking Introduction to Neuroscience
with Ron Harris-Warrick, the William T.
Keeton Professor of Biological Sciences, a
student wrote, “I now understand what it is
like to BE a scientist.”
This article appeared in the Cornell Chronicle.

The Albert Silverman Memorial
Award, in support of travel by graduate
students in high energy physics, went
to graduate students Steven Full and
Dan Quach.
The Stirling A. Colgate Award,
in support of enhanced excellence in
physics/astrophysics, went to graduate
student Salvator Lombardo.
The Boochever Fellowship from the
Boochever family went to Wee Hao Ng
for spring 2016.
The Rao Fellowship, endowed by
Professor and Mrs. Vithala Rao in
honor of his late brother, is given to an
international student to help encourage
study in the U.S. and to recognize
their accomplishments. This year’s
recipient is graduate student Meera
Ramaswamy.
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Quest for
Exotic
Materials
By ALEXANDRA CHANG
Photo By FRANK DIMEO
Kyle Shen, physics, likens his work to the

surprise of receiving a holiday present.
Only instead of getting a shiny gadget or
fashionable tie, the gifts are new insights
into quantum materials.
Shen creates and investigates artificial and
unconventional materials with unusual
electronic and magnetic properties. Think
superconductors, which transport electricity
with zero losses, and very thin materials just
two or three atoms thick, which could be
incorporated into transistors.
The novelty of such materials makes it
nearly impossible to anticipate everything
that they can do. A researcher can
make educated guesses about various
properties, but end up seeing something
entirely different. For Shen, this sense of
unpredictable discovery is one of the most
exciting aspects of his field.
“My students will phone me in the middle
of the night, and I’ll head over to the lab or
log into our system to see data on a new
material coming in for the first time. Usually
there’s really cool data that I don’t expect,”
he says. “I love these surprises.”

The Search Is On
Shen spends the bulk of his time on
transition metal oxides (TMOs), a class
of materials that share a common crystal
structure known as the “perovskite”
structure. TMOs consist of oxygen and a
transition metal element, such as copper,
iron, manganese, cobalt, or titanium.
The objective is to preserve the perovskite
structure while swapping out different
transition metal elements to create materials
with a range of electronic and magnetic
properties. This includes superconductivity,
ferromagnetism (the phenomena in which
12

Kyle Shen

A high-temperature superconductor … could be used for zero-loss
power transmission, levitating trains, low-power consumption
electronics, and “all sorts of crazy, revolutionary ideas that no one
has thought of yet.”
materials are permanently magnetic
or attracted to magnets), and large
thermopower. They are useful toward a
range of applications, from electronics to
power transmission to refrigeration.
Shen’s lab most recently discovered that
a particular TMO, known as lanthanum
nickelate (LaNiO3), switches from a metal
to an insulator when its thickness is reduced
by a single layer of atoms. The material is a
metal at a thickness of three nickel atoms,
but when shaved down to two unit cells, its
conductivity abruptly switches off.
Understanding lanthanum nickelate’s ability
to transition from metal to insulator at an
atomic level paves the way for figuring
out how to manipulate its properties
for practical applications. For example,
researchers can potentially use it to
make very thin switches to make smaller
devices, Shen says, like smartphones or
wearable electronics. Shen published the
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results in the June 2014 issue of Nature
Nanotechnology.

Collaborating to Make
a New Machine
Like many first-time faculty, when Shen
arrived at Cornell in 2007 he wanted to
establish a niche in his field. He had worked
with top-notch researchers in condensed
matter physics while getting his PhD in
applied physics at Stanford University and
doing a post-doc at the University of British
Columbia. Instead of staying with the same
research as his former advisors, he aimed to
find a new direction.
At Cornell he met Darrell Schlom,
materials science and engineering. Schlom
is one of the world’s leading experts in
molecular beam epitaxy (MBE), a method
by which researchers can “spray paint”
elements one atomic layer at a time to
create artificial materials with atomic
precision. Shen’s expertise is in Angle-

continued on pg. 13

What if you unwrapped a gift and found a new
material that could ease the world’s energy worries?
Resolved Photoemission Spectroscopy
(ARPES), a measurement technique that
uses x-rays to create maps of the directions
and speeds at which electrons travel inside
a material.
Both techniques are ideal for making and
studying TMOs. Shen and Schlom decided to
combine the two techniques and construct
an instrument that nobody had made before.
By 2009, they had built the world’s first
MBE-ARPES system in Duffield Hall. The
machine, which fills an entire room, can make
materials at high temperatures (for example,
1,000 degrees Celsius), and then perform
measurements just a few degrees above
absolute zero, all while maintaining a vacuum
comparable to outer space.
The system has proven to be very successful
and productive, and now numerous labs at
other universities and national laboratories
around the world are developing similar
systems, Shen says. Cornell’s machine
has over 20 users, primarily graduate
students, postdoctoral scholars, as well as
visiting scholars from other institutions and
countries. Its high demand means that it’s in
use 24 hours a day, 365 days a year.
Their work is an important part of a larger,
campus-wide effort on electronic materials
research. Shen and Schlom co-lead
an Interdisciplinary Research Group on
Controlling Complex Electronic Materials—
part of the NSF-funded Cornell Center for
Materials Research—which consists of
more than 20 members, including faculty,
graduate students, and postdoctoral scholars
in physics, materials science, and applied and
engineering physics.
Given the first machine’s success, Shen
and Schlom sought to build a new and
improved version 2.0. At the end of 2013,
they received $4.13 million in funding from
the Gordon and Betty Moore Foundation to
develop the Moore Creation and Observation
of Novel Quantum Electronic Structures
(CONQUEST) facility, which includes not
only improved MBE and ARPES capabilities,
but also a scanning tunneling microscope
(STM)—a specialty of J. C. Séamus Davis,

physics—which measures a material’s
electron density and atomic structure with
subatomic precision.
CONQUEST will increase the speed at
which Shen, Schlom, and Davis can explore,
discover, and create quantum materials.
Unlike the first version of the machine, the
CONQUEST facility’s STM capabilities will
be able to provide crucial information on
how atoms and electrons are arranged in a
material at the nanoscale. The new system
will be housed in the sub-basement of the
Physical Sciences Building, and is slated for
completion by 2016.
Shen says that collaborations with Schlom
and others are some of the highlights of his
time at Cornell. “People at Cornell like to think
about how we can work together to achieve
something totally new and different. If you
look at a lot of the most successful research
groups around here, a lot of them are really
collaborative. Other people see that and
realize it’s a good way of doing things. They
follow their lead, which is basically what I do,”
he says with a laugh.

A Materials Holy Grail
Since coming to Cornell, Shen has received
the Presidential Early Career Award for
Scientists and Engineers, the Office of
Naval Research Young Investigator Award,
the Air Force Office of Scientific Research
Young Investigator Award, the Research
Corporation Cottrell Scholars Award,
the National Academy of Sciences Kavli
Frontiers Fellowship, and the National
Science Foundation CAREER Award. Each
has facilitated Shen’s work in discovering
materials that could some day have
significant applications in our lives.
Shen is lighthearted when he talks about
his “ultimate dream” of creating a roomtemperature superconductor. “This is a
very, very far fetched, ambitious goal. But
I have to have goals,” he says, laughing.
He jokes about how he could retire happy
after discovering this “holy grail” of materials
physics. But when it comes down to the work
and the science, it’s clear that Shen is serious.

A high-temperature superconductor
could be used for zero-loss power
transmission, levitating trains, low-power
consumption electronics, and “all sorts of
crazy, revolutionary ideas that no one has
thought of yet.”
Using the MBE-ARPES system, Shen and
Schlom are stacking different TMOs (like
LEGO blocks, since they all share the same
structure) in order to see how various TMOs
affect the properties of the materials. They
are particularly interested in the interface
where the two TMOs meet. They’ve
discovered that the interface often acts as
an entirely new material, distinct from either
of the individual components. Their hope
is to exploit this interfacial phenomenon as
one avenue to create higher temperature
superconductors.
“We know that some empirical rules exist. If we
change the structure a little bit so it correlates
well with higher transition temperatures, we
might be able to engineer the material to be
an even higher temperature superconductor,”
he says. “Researchers couldn’t optimize these
properties when making bulk crystals,” so by
stacking materials and measuring them with
MBE-ARPES system, Shen and Schlom are a
step closer.
Anything that requires electricity could
potentially become dramatically more efficient.
Shen is quick to add that he has modest
goals as well. For example, he’d like to
make a material that has an atomically thin
layer of high-density electrons that can be
easily switched on and off. Such a material
could play an important role in future
electronic applications, such as
next-generation transistors.
No matter what goals or aspects of
his work he speaks of, Shen returns to
embracing the surprises.
“In our field discoveries are made all the
time,” Shen says. “A lot of people will think
something is impossible, and three years
later, somebody proves the contrary. You can
never count things out. There are always lots
of surprises.”
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CUPID’s Arrow Hits Target

C orn

By TOMÁS ARIAS

I niti

% Students in Range

a tiv e in D elib e r a t e

The concept
40
undergirding the
reform, deliberate
30
practice, is
something that
20
most teachers
and students of
10
physics have
recognized for
0
many years: physics
40-55
is a skill, something
that you learn by actual
practice, not something
that you can learn from
just sitting and listening
to a lecture. A developing
body of Physics Education Research
(PER) literature also supports this
conclusion. The question has always been
how to implement this idea using our current
facilities, personnel, and scheduling, in
such a way that students and faculty will
accept the changes.
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The first team up was Physics I. Rather than
have students miss out on valuable practice
time in lecture, Krasicky and Thom-Levy
designed a carefully crafted set of multiplechoice exercises for students to do in lecture,
with guidance from neighboring students and
the lecturer. This, however, does reduce the
time the students have the material explained
to them. To offset this, the students are
assigned and are expected to read the
textbook before they come to class, which
is now ensured by giving the students online
quizzes before each lecture. This model
where students’ first exposure to material is
outside of class and exercises are actually
done in lecture is known as a “flipped”
classroom. Krasicky and Thom-Levy also
provided the students with significant
additional practice through a set of group
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Flipped lectures —
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The project began when a smaller core of
the team (Krasicky, Arias and Thorne) spent
a semester investigating the best current
teaching methods and theories, and visited
innovative physics programs across the
country, including at Ithaca College, MIT, and
Harvard. These three faculty then shared
their findings with their teammates, and work
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The project began as a successful proposal to
the College of Arts and Science’s Advanced
Learning Initiative (ALI), initiated by our own
Peter Lepage while he was Dean. The initial
team involved six faculty: Phil Krasicky and
Julie Thom-Levy (Physics I), Tomás Arias
and Kyle Shen (Physics II), and Rob Thorne
and Matthias Liepe (Physics III). Most
recently, also Bert Fulbright (Physics I)
and Alan Giambattista (Physics II) have
joined the effort.

Final Exam
Grade Distribution
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Tomás Arias

began in earnest
on redesigning
the courses.
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The Department’s teaching reform initiative,
formally known as the Cornell University
Physics Initiative in Deliberate practice
(CUPID), has now transformed three of
our core courses, Physics I-III (Phys 1112,
2213, 2214). The results are in, and with
entirely redesigned teaching methods and
technologies, the new courses are quite
popular with the students, who are now
learning more, better, and deeper than
they ever have before. (Figure to the right
compares Physics II final exam results from
before and after the reform.)

e ll U

Range

cooperative exercises in discussion section,
and also have the usual expected written
problem set assignments due each week.

YouTube video lectures —
With incoming students from Physics I now
accustomed to the new deliberate practice
model, the Physics II team was able to take
the reform significantly further. The Physics II
team rethought from the ground up how we
deliver content and exercises. The Physics
II team seized upon the new opportunities
presented by modern communication
technologies with which our students are
very comfortable. For example, Physics I-III
students reported that they still craved the
verbal explanations and real-time diagrams
and explanations provided by traditional
lectures. So, the Physics II team now delivers
the same lectures that the students would
have gotten in a traditional course format, but
now via YouTube! This then enables Physics
II to spend nearly all of the highly valuable
lecture time practicing physics, rather than
spending time on explanations that can
be delivered offline. Students appreciate
continued on pg. 15
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that, unlike traditional lectures, they can
backup and replay if they need to review
a certain point, and can play videos back
at 1.5X speed for parts which they already
understand. Finally, faculty find producing
the videos convenient because they can be
produced easier with nothing other than a
modern tablet computer and screen capture
software on the faculty’s own schedule and
because, once made, lectures need never
be repeated.

Modern response technologies —

the student falls into one pitfall or another.
With modern response technologies,
students are no longer limited to multiplechoice responses, but also can enter
diagrams and equations, all of which are
scored, collated, and transmitted instantly
to the instructor. We then share the
incoming answers with the entire class
(anonymously of course) and point out and
explain the various pitfalls and successes
in real time. Key to this approach is the fact
that the new technologies allow us to see
in detail what the students are thinking.
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A second, technology-enabled Physics II
innovation brings our students’ classroom
experience even closer to the absolute ideal
of working with a personal tutor giving realtime feedback. Like a coach, a personal
tutor closely observes a student’s steps
along the path to the solution of a complex
problem, providing guidance along
the way whenever

The new free-response innovation in
particular is very popular with the students.
Among students expressing a preference,
a five-to-one ratio prefer the new system
over multiple-choice systems. (Survey
results to the right.) The faculty also find
this new system very convenient and simple
to use. Designing questions is no harder
than creating an email with an
attachment. The system is
highly flexible, runs on
any device, and
e
tic
requires no special
c
ra
hardware or
Spring 2016
software that
iClicker vs Learning Catalytics (2016)
needs to be
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installed or could fail. Instead, students and
faculty need only use a wireless device
running a standard web browser (laptop,
tablet, smart phone).
Finally, there is only a single, unified system
that delivers all of the online quizzes,
questions in lecture, and cooperative
exercises in discussion section. This way,
faculty and move questions seamlessly
from any venue to any other.

Moving forward —
The new Physics III is the youngest sibling
of the group and has so far run for only
one semester under the new deliberatepractice model. Particularly because there
is no good single text covering the material
for the course (which includes vibrations,
waves, optics and quantum mechanics),
the Physics III team so far has focussed its
efforts on creating a tremendous portfolio
of new materials, including detailed written
notes and the required question databases.
Benefiting from the best experiences of
Physics I and II, the Physics III team is now
pivoting to the question of how to best
deliver the course content, and already has
decided to create lecture videos.
Given the great improvements in learning,
and the positive experiences of the faculty
and students involved in the reformed
courses, the Department hopes to expand
these new teaching methods into our
intermediate and perhaps even advanced
undergraduate courses, with appropriate
modifications as needed. Our graduate
statistical mechanics course (led by Jim
Sethna) has also been adopting the
new methods.

new courses are quite popular with the
“The
students, who are now learning more,

”

better, and deeper than they ever have before.
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To Discover a Dream Material
By J. C. SÉAMUS DAVIS

We watch electrons—a billion times smaller than atoms—in complicated
materials to enable the unimaginable materials of the future.
Seeing Electron Waves

To see miniscule subatomic quantum
mechanical waves shooting around in a
piece of material is beautiful. It’s like looking
at Cayuga Lake on a breezy, blustery day:
you see waves of large amplitude, lots of
short waves, and long waves all interfering
with each other, making a very complicated
visual pattern. That’s what I see—the same
kind of wave patterns, but now quantum
mechanically—when I watch electrons in
materials. I had to invent a scheme to be able
to see this.

Complicated 21st-Century
Materials

We have known for 50 or 60 years how to
design instruments and materials, like silicon,
gold, aluminum, and platinum, for use in our
technology. But the new electronic materials
being developed in the 21st century are
immensely more complicated than a familiar
material like silicon or gold.

From Seeing Atoms to
Seeing Electrons

The technique my lab developed is
called spectroscopic imaging scanning
tunneling microscopy. It works like an
atomic-scale gramophone.

It has been extremely challenging to
understand the properties of new materials—
how and why they work. One of the
reasons is because scientists could not see
To develop the unimaginable materials of the
directly what electrons are doing in these
future, we need to see how electrons move in materials. But as soon as we developed
complicated materials.
a technique to visualize the action of
the electrons, we saw that it’s extremely
J.C. Séamus Davis
complicated. My lab develops tools,
approaches, and instrumentation to tackle
the complications—to visualize what’s called
complex electronic structure, which describes
Waves in the ocean
look different
as the electrons The
how
work
in complicated
21stfundamental
issues in this field
are some of the most profound in physics. Although we talk in terms of
they splash around
a lighthouse.
Like
century
materials. making new materials, iPads, saving energy, and so on, for a physicist, there are deeply profound questions
Research
in Progress

Davis Lab

Why this Research?

a lighthouse in the
ocean, this is a
lighthouse of zinc
surrounded by waves.

posed by the existence of complex materials. It’s fascinating as a professional to have an opportunity to
learn about and attempt to solve some of these problems. I want to mine down and get to the lowest, most
elementary, most elegant level of explanation of what’s going on. I’ve had marvelous opportunities
and very good luck. I also have wonderful colleagues at Cornell with whom to collaborate in this area
of research. I’m delighted to have a career as a physicist. I wouldn’t change it for anything.

28
Shows a way of visualizing the lengths of different electron waves in the material

around on the surface—it’s a moving

a fabulous device, but we can’t see

zoom around in circles and never stop. The

