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J. Robert Schrieffer

National High Magnetic Field Laboratory;

Florida State University; and University of Florida

The Science of High Temperature Superconductivity

Superconductivity is a truly remarkable phenomenon in which electric current flows without resistance.  This effect was discovered in 1905 by Professor Kamerlingh Onnes in studying the properties of metal near the zero of temperature.  He found that if a current were established in a loop of wire, it would flow indefinitely without a battery in the loop that is required for normal metals.  This is truly perpetual motion, which is often said not to exist.  It was later found that a superconductor is a perfect magnetic shield so long as the strength of the magnetic field is less than a critical value.  These remarkable effects were explained by the BCS theory in which pairs of electrons form pairs which condense into a fluid which flows without resistance.  This superfluid has an energy gap for forming single excited electrons and this gap was observed in an elegant experiment in which current was injected from a normal metal once the applied voltage was larger than a critical value equal to the energy gap.  The gap was found to be independent of the direction in which the electrons were moving.  Soon after, Josepheson predicted that if two superconductors were separated by a small spacing, when a small voltage was applied, radiation was emitted whose frequency was proportional to the voltage. 

It was also discovered that in certain superconductors, the magnetic field could penetrate the material in the form of current flow as a vortex, with a magnetic field at the center of each vortex.  As the field is further increased, the material again becomes normal.  As different materials were developed the critical temperature below which the materials became superconducting rose to 23 degrees above absolute zero.  In 1986 there was a dramatic discovery in which the critical temperature jumped to 38 degrees above absolute zero and much higher soon after.  Professor Chu will tell you about this development.

Biographical Sketch

Dr. Robert Schrieffer received his BS from M.I.T. in 1953 and his Ph.D. from the University of Illinois in 1957.  Currently Dr. Schrieffer holds the Eminent Scholar Chair with the State of Florida University System.  Since January of 1992 he has been a Professor of Physics at Florida State University and the University of Florida.  He is also serving as the Chief Scientist for the National High Magnetic Field Laboratory.  Before moving to Florida, he served as Director for the Institute for Theoretical Physics from 1984-1989, and was Chancellor's Professor at the University of California in Santa Barbara from 1984-1991.  He was the Mary Amanda Wood Professor at the University of Pennsylvania from 1964-1979.

In 1968 Dr. Schrieffer received the Oliver E. Buckley Solid State Physics Prize and the Comstock Prize of the National Academy of Science.  In 1972, he received the Nobel Prize in Physics, jointly with John Bardeen and Leon Cooper, for the microscopic theory of superconductivity, and in 1984 the National Medal of Science.

He was President of the American Physical Society in 1996.  He is a member of the Academies of Science of the United States, Denmark, and Russia. Presently Dr. Schrieffer's research is focused on the theory of high temperature superconductivity and magnetism in condensed matter systems.

Paul C. W. Chu

Texas Center for Superconductivity

at the University of Houston

HTS MATERIALS:  FROM DISCOVERY TO PRESENT

Frustrated by the stagnation of Tc at 23 K for 13 years, Professor Alex Müller and Dr. George Bednorz decided to leave the beaten path of intermetallic compounds that provide what we know today as conventional low temperature superconductors, and dive into the wood of non-intermetallic compounds in the mid 80’s.  They raised the Tc to a new record of 35 K in 1986 and the field of superconductivity was no longer the same.  Based on our pressure study, my group at Houston and Professor M. K. Wu’s group at Huntsville at the the time together found in 1987 a new family of oxides with a Tc of 93 K, exceeding the liquid nitrogen boiling point of 77 K, making applications more practical.  In the ensuing years, the Tc continues to climb, first to 110 K in 1988 by Maeda et al. at Tsukuba, then to 125 K by Hermann and Sheng at Arkansas, and to 135 K by Schilling et al. at Zürich in 1993.  When we turned on the pressure button, we at Houston raised the temperature to 164 K, a temperature that can be easily achieved in the Space Shuttle cargo bay without cryogens and on earth by the household air conditioning technology.  There appears to be no Tc-ceiling in sight. Causes for the high Tc and many associated unusual properties of this class of materials remains a mystery.

In the last 14 years, more than 150 non-intermetallic compounds have been found to have a Tc above 23 K, the Tc-record of conventional low temperature superconductors.  They carry supercurrent more easily in one direction than the other.  One therefore has to line up all atoms to take full advantage of the superior superconducting properties of these high Tc compounds for devices.  Indeed, great high quality high temperature superconducting wires, films and disks have been fabricated, and prototype devices built and testedmaking a wide range of applications more realistic than ever before, as will be discussed later by Professor Kristian Fossheim and other distinguished colleagues.  The future of HTS may be now!

Biographical Sketch

Professor Paul C. W. Chu is the T. L. L. Temple Chair of Science, Professor of Physics, and Director of the Texas Center for Superconductivity at the University of Houston.  He received the B. S. degree from Cheng-Kung University in Taiwan, his M.S. degree from Fordham University in New York, and his Ph.D. degree from the University of California at San Diego.

In January 1997, he and his colleagues discovered high temperature superconductivity at 93 K (-270 ∞F) in a new series of 123 compounds.  This discovery was completely contrary to contemporary theoretical predictions.  It made the application of superconductivity more practical by using liquid nitrogen, which is plentiful and inexpensive, as a coolant.  His group continues to discover new high Tc compounds and has raised the Tc to the current record of 164 K (-164 ∞F), with the help of high pressure.  

He has received numerous awards, including the National Medal of Science and the Bernd T. Matthias Prize. He is a member of the National Academy of Sciences of the U.S., People’s Republic of China, and the Republic of China. He has received honorary doctorates from a dozen universities.
Kristian Fossheim

Norwegian University of Sceince and Technology

Superconductivity: Nature`s Own Miracle

In this short presentation we outline the contents of a newly created introduction to the physics of superconductivity for the Internet. Superconductivity is full of amazing invisible phenomena where quantum phenomena operate on both the large and the microscopic scale. The main idea with the Internet material is to make visible by animations what cannot be seen, i.e. the physics going on inside the superconductor: What is going on inside the superconductor when a static magnetic field is suddenly pushed out just by cooling the sample? What happens when we further increase the field, and push it back in: Billions of tiny "tornadoes" of supercurrent are created inside the material. If the field is created by a little piece of permanent magnet, the magnet is attached as if by some invisible elastic spring; actually it is held in place by those billions of tornadoes which are indeed elastic strings. The short course also contains a partly animated sequence about how to make your own superconductor. It gives an idea of what a Cooper pair is, and how we can visually imagine it. Special texts (library) discuss topics like temperature and magnetic field. The role of the main discoverers from the historical development of superconductivity are briefly presented.

Biographical Sketch

Professor Kristian Fossheim studied at the University of Oslo, and obtained his cand. real. degree there in 1964. He held a NATO research fellowship during 1965-66 at University of Maryland, followed by  one year as a research associate at Maryland, both years doing superconductivity research related to the coherence factors of the BCS theory. After this, back in Oslo he held a research fellowhip from the Royal Norwegian Research Council, and did his Doctor of Philosophy there. He was appointed associate professor in solid state physics at the Norwegian University of Science and Technology in Trondheim in 1970, and was appointed full professor there in 1980. He has remained there since. Fossheim spent several periods as a visting scientist and visting professor abroad: Two periods at the IBM Zurich lab in 73 and 75, followed by one year at the Thomas Watson Research Center, Yorktown Heights 1975-76, and later again in 1982 for a shorter period. In 1990 he spent 3 months shared between Electrotechnical Laboratory in Tsukuba and the Superconductivity Reserach Lab of ISTEC in Tokyo. In 1994-95 he spent one academic year at National High Magnetic Field Laboratory in Tallahassee, Florida.  Since 1987 his research has been fully devoted to superconductivity, studying elastic properties, specific heat, flux line dynamics and pinning. Among the new appoaches he initiated was the introduction of carbon nanotubes in Bi2212 for pinning of flux lines. His research has been mostly experimental. Besides research in low- and high-Tc superconductors he has been deeply involved in the area of critical phenomena. About 15 physicists have done their Ph D under his guidance. He has published one book, and about 150 research papers. During a two-year period, 1991-93, he was head of the Academy of Research and Graduate Studies at the university in Trondheim. He has headed several research committees in the Norwegian Research Council, taken an active role in science writing for a broad audience, and in debates about research policy.He has  appeared a number of times in science programs on Norwegian television. He is a scientific adviser to the SINTEF research organization, and the Nycomed-Amersham farmaceutical company.

PAUL M. GRANT

Strategic Science and Technology, Electric Power Research Institute

Palo Alto, California

Power Applications of High Temperature Superconductors

The discovery of high temperature superconductivity was truly one of the most unexpected events of 20th century science.  Now, only 14 years later, we are ready to literally "take High-Tc to the streets" in the form of vastly more efficient power cables, transformers, motors and a number of other energy-saving power devices.  The week following our M2S-HTSC meeting in Houston will see Secretary of Energy Bill Richardson "throwing the switch" energizing a superconducting cable which will be the sole electricity connection to a manufacturing facility near Atlanta, Georgia. Next year an entire substation in Detroit, Michican, will be "wired" with superconducting cables, the first such installation in an American utility. 2001 will also witness pre-commercial demonstrations of 5 MW power transformers and 1000 hp motors, as well as  electicity-storing electromagnetics to assure reliablity of electric power supply,  all

harbingers of the new energy age wrought by superconductivity. 

Biographical Sketch

Dr. Paul M. Grant is Science Fellow for Strategic Science and Technology at the Electric Power Research Institute. He is responsible for the reconnaissance and assessment of developments in frontier science and technology with potential impact on the global energy enterprise. Dr. Grant’s work provides the context for EPRI’s Strategic Science and Technology program, a $38 million annual research effort in which he is also an active participant. Prior to joining EPRI in 1993, Dr. Grant had an extensive career with the IBM Corporation performing basic investigations on the fundamental science of exotic superconductors and conductors and magnetic materials and served in IBM management. Dr. Grant participated in the discovery of the family of high temperature superconductors in the mid-1980s. He is also one of the pioneers of the application of computers and computational methods to experimental and theoretical condensed matter physics. 

Dr. Grant has published more than 100 papers in peer-reviewed journals, holds four patents and co-authored twelve patent publications. His career with IBM included a two-year sabbatical as a Professor at the Materials Research Institute of the National University of Mexico, during which he received the Cátedra Patrimonial de Excelencia, Nivel II, the highest academic fellowship honor awarded visitors by the Mexican government. He presently serves on the materials science advisory boards of the University of Wisconsin and the University of Houston. Dr. Grant holds the Ph.D. and A.M. degrees in Applied Physics from Harvard University and a B.S. in Electrical Engineering (summa cum laude) from Clarkson University. He plays a leadership role in the American Physical Society (where he is a Fellow) and the Materials Research Society to promote international cooperation in science, advance public understanding of scientific issues, and improve the quality of high school physics education. Dr. Grant has been quoted in leading newspapers such as the New York Times, Wall Street Journal, the Financial Times of London and the major wire services, as well as weekly periodicals, Time Magazine, Newsweek, Business Week, US News & World Report and The Economist. Dr. Grant writes regularly for the News and Views section of the respected science journal Nature. In 1994 he was awarded the Nature-sponsored Scientist as Science Writer Prize. He has appeared on several TV specials focused on superconductivity produced by PBS Nova, BBC Horizon, Beyond 2000 and the US Information Agency.

HAROLD WEINSTOCK

Air Force Office of Scientific Research

Physics and Electronics

Arlington, Virginia

Electronic and Communications Applications 

of High Temperature Superconductors
Electronic applications of superconductors to be considered are those based upon Josephson tunnel junctions, e.g., the world’s fastest digital circuitry, the standard volt and SQUID magnetometry used in biomedical engineering, nondestructive evaluation and geophysics.  Additionally, passive applications to radar and cell-phone base stations will be discussed.

Biographical Sketch

Dr. Harold Weinstock manages programs in electronics and electronic materials that related to superconductivity, magnetism and nanostructures.  he received a BA from Temple University in 1956 and PhD in Physics from Cornell University in 1962.  In 1999 he was awarded an honorary doctorate (DHC) from INSA de Lyon, a French technical university, for 30 years of service to and collaboration with its students and faculty.  After 3 years as an Assistant Professor at Michigan State University, he began a 21-year career at the Illinois Institute of Technology (ITT) in 1965 as an Associate Professor of Physics, advancing to the rank of Professor in 1973.  For three years (1979-1982) he served as a part-time consultant to the Office of Naval Research (ONR), and from 1982-1986 he was editor of two scientific review publications, Cryogenic Information Survey and Superconductive Technology in Review, partially funded by ONR.  After two years as a consultant to AFOSR, he joined that organization permanently in mid 1986.

Dr. Weinstock carries out part-time research at the University of Maryland on the application of superconducting magnetometry to nondestructive evaluation, a field he originaged during a sabbatical at the Naval Research laboratory in 1982-1983.  Other leaves have been as a Visiting Professor at the University of Leuven, Belgium in 1970, the University of Nijmegen, The Netherlands in 1972-1973, INSA de Lyon, France in 1993 and 1995, and the University of Houston as Distinguisned Welch Professor in 1997-1998.  From 1972 to 1986 he was a part-time Visiting Staff Member at the Los Alamos National Laboratory, where he engaged in research on current-varrying superconductors.  He is the author of over 100 articles on scientific research or educational development and an editor of 10 books, with the 11th due in late 2000.

Dr. Weinstock has been a Fellow of the American Physical Society since 1975 and has been a Board Member of the Applied Superconductivity Conference since 1990.  He currently serves as Board Chair and will direct the conference in 2000.  He has been Director or Co-Director of 8 NATO Advanced Study Institutes in Belgium, France, Norway, the US (2) and Italy (3), and will direct a NATO Workshop in Greece in June 2000.

DONALD U. GUBSER

Materials Science and Technology Division

Naval Research Laboratory

Washington, D.C.

High Temperature Superconductivity Space Experiment (HTSSE)

I will speak about the High Temperature Superconductivity Space Experiment (HTSSE).  I will provide  background, objectives, approach, and performers in the space experiment.  Descriptions will be given of the devices flown (launch February 1999) and on-orbit results will be discussed (Data collection since May 1999).

Biographical Sketch

Dr. Donald U. Gubser is Superintendent of the Materials Science and Technology Division at the Naval Research Laboratory (NRL).  He was gradu-ated from the University of Illinois with degrees in Physics (PhD, 1969) and has been employed at NRL since that time.  Dr. Gubser's scientific training and personal research has been in superconductivity, mag-netism, and cryogenic properties of materials.  In 1976, Dr. Gubser spent one year on Advanced Graduate Training at the Swiss Federal Technical University (ETH) in Zurich, Switzerland conducting research on superconductors.  In September 1985 he was on detail to the National Science Foundation (NSF), where he headed the Condensed Matter Sciences Section of the Division of Materials Research.  Dr. Gubser is has been a professorial lecturer at the George Washington University and at the Catholic University of America, teaching both graduate and undergraduate courses in Materials Science and Solid State Physics.

In 1983 Dr. Gubser received the Naval Meritorious Service Award for his scientific leadership and research accomplishments, and in 1992 he received the Senior Executive Service Meritorious Service Award for excellence in science management.  He is Chairman of the Naval Consortium for Superconductivity which maintains oversight of the Navy's research and development efforts in superconductivity and is a co-editor of the "Journal for Superconductivity."  Dr. Gubser is active professionally, serving in several external advisory committees for University Programs and for a private manufacturing center.  Dr. Gubser is a Fellow in the American Physical Society (APS), past Secretary-Treasurer and current Vice chair of the Division of Condensed Matter Physics of the APS.

Hiroyuki Fujimoto

Materials Engineering Laboratory, Fundamental Research Division

Railway Technical Research Institute, Tokyo, Japan

Transportation Applications of Superconductors

I will discuss transportation applications of high temperature superconductors, as well as low temperature superconductors, introducing the MAGLEV as an example.

Biographical Sketch

Dr. Hiroyuki Fujimoto is Manager of the Materials Engineering Laboratory, Fundamental Research Division, of the Railway Technical Research Institute in Tokyo, Japan. 
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