Keynote speaker:

Prof. Douglas D. Osheroff, 1996 Nobel Laureate for Physics at the Department of Physics of
Stanford University

Biography:

Professor Douglas D. Osheroff is a 1996 Nobel Laureate for Physics at the Department of
Physics of Stanford University who was awarded the Nobel Prize for his discovery of
superfluidity in the isotope helium-3. Superfluidity in 3He is a neutral analog to
superconductivity in metals, but here the 3He atoms play the role that electrons play in
conventional superconductors. In addition, there is no lattice in liquid 3He, so the interactions
that lead to the formation of 'Cooper Pairs' results from ferromagnetic spin fluctuations, and not
virtual phonons in the lattice as is the case in most superconductors. Superfluid 3He was the first
example of a BCS state in which the Cooper pairs possess a net angular momentum. Professor
Osheroff’s work was considered a breakthrough in low-temperature physics, and in the course of
his research on helium-3 he developed an early form of magnetic resonance imaging, but only in
one spatial dimension.

Douglas D. Osheroff attended the California Institute of Technology (Caltech), where he took
the famous two year course in physics developed by Nobel Laureate Richard Feynman. In his
senior year Douglas Osheroff became fascinated with the physics of low temperatures and as a
result decided to go into condensed matter physics.

After graduating from Caltech, Douglas Osheroff entered Cornell University for graduate study
in 1967. Working in the university’s Laboratory of Atomic and Solid State Physics with David
Lee and Robert C. Richardson, he and his colleagues began to investigate the behavior of liquid
helium-3 at temperatures within a few thousands of a degree of absolute zero.

It was during this time that Professor Osheroff noticed a jump in the heat capacity of the liquid
3He, which marks the conditions under which helium-3 changes from an ordinary liquid to a
superfluid. This discovery sparked intensive research into superfluid helium-3 and other so-
called “quantum liquids”, as it enabled scientists to study the types of quantum mechanical
effects in large, visible systems that could previously only be studied at the atomic and
subatomic level. It is from this discovery that Lee, Richardson and Osheroff would later be
jointly awarded the Nobel Prize for Physics in 1996.

In 1972 Professor Osheroff moved to AT&T Bell Laboratories in New Jersey, where he
continued his work into helium-3 superfluidity. Between 1973 and 1978 he measured many
characteristics of the superfluid phases. He continued his research at Bell Laboratories as head of
the Department of Low Temperature Research until 1987, when he came to Stanford University,
along with his friend Steven Chu, who would later be appointed Secretary of Energy by
President Obama. At Stanford, Professor Osheroff has been the J.G. Jackson and C.J. Wood
Professor of Physics and the Gerhard Casper University Fellow for Undergraduate Education.



His research there still focuses on the properties of condensed matter near the absolute zero of
temperature. He has also served as Chair of the Physics Department at Stanford from 1993-96
and again from 2001-04.

Professor Osheroff has received numerous honors for his research. Besides the Nobel Prize,
these include the Sir Francis Simon Memorial Award, the Oliver E. Buckley Condensed Matter
Physics Prize and the MacArthur Prize Fellowship Award. In 1991 he received the Walter J.
Gores Award for Excellence in Teaching from Stanford University. Professor Osheroff is a
member of the American Academy of Arts and Sciences and the National Academy of Sciences.

Besides his work in Physics, Professor Osheroff was appointed to the Columbia Accident
Investigation Board in 2003 following the Space Shuttle Columbia disaster, and he currently
serves on the board of advisors of Scientists and Engineers for America, an organization focused
on promoting sound science in American government.

As a fascinating application of superfluidity in helium-3, the phase transitions to superfluidity in
helium-3 have over the years been used by experimental research teams to test a theory regarding
how cosmic strings can be formed in the universe. These immense hypothetical objects, which
are thought possibly to have been important for the forming of galaxies, could have arisen as a
consequence of the rapid phase transitions believed to have taken place a fraction of a second
after the Big Bang. The research team used rapid local heating in the 3He superfluid using both
X-rays and neutron capture in their superfluid 3He to simulate these events that occurred in the
early universe. When these were rapidly cooled back through the superfluid transition, balls of
vortices were formed. It is these vortices that are presumed to correspond to the cosmic strings.

Topic: How science changes our lives (12 December 2012)
Abstract:

Our understanding of Nature (which is what science is all about) has allowed us to better
understand and control powerful forces in Nature for our benefit, such as the conversion of heat
in to mechanical and electrical energy, communications via propagating electromagnetic
waves, etc. Biology has given us a much better understanding of life, and medicine has allowed
us to live longer and more productive lives. However, often these new capabilities produce
unwanted side-effects, such as the global transmission of new diseases, the pollution of our
environment, and a growing human population that has strained our natural environment in
many ways. While all this is true, thanks to science we live more comfortable and meaningful
lives than could ever have been possible a thousand years ago, and our ability to harness Nature
has given us the time and ability to better understand our environment, our universe, and even
ourselves.

This is a very public lecture, not for a scientific audience. In it Professor Osheroff shows how
our ability to develop new technologies has vastly benefitted mankind, but that it has posed a
serious dilemma in that mankind has placed an enormous burden on our environment in order to
deal with the byproducts of our energy production and factories and the growth of the human
population.



