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Qur present understanding of superconductivity has arisen from a close interplay of theory and
experiment. It would have been very difficult to have arrived at the theory by purely deductive

reasoning from the basic equations of quantum mechanics. {1] Even if someone had done so, no
one would have believed that such remarkable properties would really occur in nature. But, as

you well know, that is not the way it happened, a great deal had been leamed about the
experimental properties of superconductors and phenomenological equations had been given to

describe many aspects before the microscopic theory was developed. [2] Some of these have been
discussed by Schrieffer and by Cooper in their talks.

My first introduction to superconductivity came in the 1930's and I greatly profited from reading
David Shoenberg's little book on superconductivity, which gave an excellent summary of the
experimental findings and of the phenomenological theories that had been developed. At that time
it was known that superconductivity results .from a phase change of the electronic structure and the
Meissner effect showed that thermodynamics could be applied successfully to the superconductive
equilibrium state. The two fluid Gorter- Casimir model was used to describe the thermal properties
and the London bothers had given their famous phenomenological theory of the electrodynamical

properties. Most impressive were Fritz London's speculations, given in 1935 at a meeting of the

Roval Society in London, that superconductivity i a quantum phenomenon on a macroscopic

scale. He also gave what may be the first indication of an energy gap when he stated that " the

electrons be coupled by some form of interaction in such a way that the lowest state may be
separated by a finite interval from the excited ones. " [3] He strongly urgued that, based on the

Meissner effect, the diamagnetic aspects of superconductivity are the really basic property.

% Nobel Lecture by John Bardeen
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My first abortive attempt to construct a theory, in 1940, was strongly influenced by London's
ideas and the key idea was small energy gaps at the Fermi surface arising from small lattice
displacements. However, this work was interrupted by several years of wartime research, and
then after the war I joined the group at the Bell Telephone Laboratories where my work turned to
semiconductors. It was not until 1950, as a result of the discovery of the isotope effect, that I
again began to become interested in superconductivity, and shortly after moved to the University
of Illinois.

The year 1950 was notabje in several respects for superconductivity theory. The experimental

discovery of the isotope effect and the independent prediction of H. Froehlich that
superconductivity arises from interaction between the glectrons and phonons ( the quanta of the
lattice vibrations ) gave the first clear indication of the direcfions along which a microscopic theo
might be sought. {4] Also in the same year appeared the phenomenological Ginzburg-Landau
equations which give an cxcellent description of superconductivity near Tc in terms of a complex
order parameter, as mentioned by Schrieffer in his talk. Finally, it was in 1950 that Fritz
London's book on superconductivity appeared. This book included very perceptive comments

about the nature of the microscopic theory that have turned out to be remarkably accurate. [S] He

suggested that superconductivity requires " a kind of solidification or condensation of the average
momentum distribution.” He also predicted the phenomenon of flux quantization, which was not

observed for another dozen years.

#¥) Fritz London. H. Froehlich: A%
the Royal Society in London : 12> F2DEVHR
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