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Early theories

1915, John Thompson: �uctuating electric dipole chains

1921, Kammerlingh Onnes: superconducting �laments

1922, Einstein: molecular conduction chains

1932, Bohr and Kronig: coherent motion of electron lattice

1932, Brillouin: local maxima of band dispersion

1933, Bloch and Landau: electric current as order parameter

First Bloch's theorem: in the absence of a magnetic �eld the

most stable state of an electron system is that of zero current

Second Bloch's theorem:

any theory of superconductivity can be refuted
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Isotope e�ect
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Phys. Rev. 78, 487 (1950)

https://doi.org/10.1103/PhysRev.78.487


Fr�ohlich

Herbert Fr�ohlich (1905�1991)

Theory of metals, theory of dielectrics,
theory of coherent excitations in biological systems

Proposed electron-phonon coupling
as the driving force of superconductivity (1950)

H. Fr�ohlich, Rep. Prog. Phys. 24, 1 (1961)

With Fr�ohlich's work and the observed isotope e�ect, everyone (or nearly everyone)
suddenly realized that here was the answer, it was like the sudden acceptance of
quantum mechanics in 1925-26, when within a year papers could begin "In quantum
mechanics" this or that occurs.

Sir Neville Mott
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Cooper pairs

Leon Cooper

born 1930
Postdoc of John Bardeen,
1972 Nobel prize in physics

Later worked on brain networks

Phys. Rev. 104, 1189 (1956)
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Science 332, 200 (2011)

http://doi.org/10.1126/science.1200182


Formation of Cooper pairs
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Best pairing is achieved when the spheres overlap: K = k1 + k2 = 0

Gross and Marx, Festk�orperphysik
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Personality

John Bardeen
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Bardeen
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John Bardeen

1908�1991

1956 Nobel prize in physics
for the discovery of a transistor

1923�29: studied electrical engineering
at the University of Wisconsin-Madison

1930�33: work for Gulf Research Laboratories

1933�36: PhD in mathematical physics from Princeton

1941�44: military work for the Naval Ordnance Lab

1945�51: work at Bell Labs

1947: discovery of the transistor
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Experiment

microwave and photoemission spectroscopy
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Photoemission spectroscopy
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Phys. Rev. Research 4, 033072 (2022)

https://doi.org/10.1103/PhysRevResearch.4.033072


Photoemission spectroscopy
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Bi2Sr2CaCu2O8

(BSCCO)

Tc = 89K

Phys. Rev. B 85, 064514 (2011)

https://doi.org/10.1103/PhysRevB.85.064514


Microwave spectroscopy
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Gap energies: 0.1− 10meV

(10− 1000GHz)

Phys. Rev. 119, 575 (1960)

https://doi.org/10.1103/PhysRev.119.575

