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Cooper pairing in superconductors
Part IV: The Cooper problem
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Bardeen-Cooper-Schrieffer theory
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0 The Nobel Prize in Physics 1972
John Bardeen, Leon N. Cooper, Robert Schrieffer
The Nobel Prize in Physics 1972 was awarded jointly to John Bardeen, Leon Neil Cooper
/ and John Robert Schrieffer "for their jointly developed theory of superconductivity,

usually called the §C5—theory”.




Isotope effect

/ Superconductivity of Isotopes of Mercury*

C. A. REyNoLDS, B, SeEriN, W. H., WrIGHT, AND L. B. NESBITT
Rutgers University, New Brunswick, New Jersey
March 24, 1950 ‘
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TABLE I, Transition temperatures.
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Sample Average mass number To(°K)
1 203.4 4.126
2 202.0 4,143
3 200.7 4.150
4 199.7 4.161 /3
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This discovery led to the realization that interactions with the crystal lattice play a key role.
Electrons exchange phonons (waves running through the lattice), which leads to weak

effective phonon-mediated attraction between the electrons.



@ model of the phonon-mediated attraction

electron

* Electrons interact by exchanging phonons. Energy and momentum
must be conserved in this (and any other) process

 The phonon energies available are pretty low compared to the

Fermi energy. When converted to temperature:
£ /ka A&y /4s
Ty ~ 10,000 K and Ip ~ 400 K

* The exact interaction is complicated. We'll use a simple model:
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0, otherwise.



Cooper pairing problem

e The Schrodinger equation (c.f., Lecture 5):
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Keeping in mind that only momenta near the Fermi surface play a role.

2
e The energy of two electrons: E =2Ep + A ="E£ 4 A



