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Evidence of a Phase Transition

Cs » e¡¯¢



  

Meissner Effect
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A superconductor is an ideal diamagnet. I.e.
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The London Equations
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Now consider a the superconductor in an external field. The field 
is only in the x-direction, and can vary in space only in the z-
direction, then since ×B=4π/c μj, the current is in the y-direction, ∇
so
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4¼ne2¹ is the penetration depth.



  

Cooper Pairing
The Retarded Pairing Potential



  

To take full advantage of the attractive potential, the spatial 
part of the electronic pair wave function is symmetric and 
hence nodeless. To obey the Pauli principle, the spin part must 
then be antisymmetric or a singlet.



  

Scattering of Cooper Pairs

k1 + k2 = k01 + k02 = K



  

If the pair has a finite center of mass momentum, so that 
k

1
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2
=K, then there are few states which it can scatter into 

through the exchange of a phonon.



  

The Cooper Instability of the Fermi 
Sea

Now consider these two electrons above the Fermi surface. They
will obey the Schroedinger equation.
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The Schroedinger equations may be converted to a k-
space equation by multiplying it by
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The BCS Ground State

If w
k
 is the probability that a pair state (k ↑, −k ↓) is occupied
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The BCS state may be written as
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By the Pauli principle, the state (k ↑, −k ↓) can be, at most,
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The total energy (kinetic plus potential) of the system of Cooper 
pairs is
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If we now make these substitutions
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