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Evidence of a Phase Transition
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Meissner Effect
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ﬁ A superconductor is an ideal diamagnet. |.e.
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The London Equations
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Then, using the Maxwell equation
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or defining m/n_e” the London Equations become
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If we now apply the Maxwell equation VxH=4r/c |

= VxB =4m/c uj then we get
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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 VxB=41/c yj, the current is in the y-direction,
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wher A = 4/ 0427?; = ,/% is the penetration depth.



Cooper Pairing
The Retarded Pairing Potential

ot o © e o o o o

1ons
e o O+ O
¢ > region of

@

@ o' 0 o O
vF~108c:m/s o o o o positive charge ,J;' o o @

@

attracts a second/’

+
o o o electron @ o o o



£ ~ 10004

A
\_/

- ki

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

ki + ks = ki + ky =K



_~scattering shell
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If the pair has a finite center of mass momentum, so that
k,+k,=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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where we assume that k. =-k, = k. For small V, we will perturb
around the V = 0 state, so that
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The sum must be restricted so that
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this may be imposed by g(k), since |g(k)|? is the
probability of finding an electron in a state k and the other
In —k. Thus we take
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The Schroedinger equations may be converted to a k-
space equation by multiplying it by
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This may be converted to a density of states integral on E =h%k?2m
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The BCS Ground State

If w_is the probability that a pair state (k 1, =k |) is occupied
then
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Annihilation and creation operators for the pair states labeled
by k
1), (k 1, —K J)occupied

0), (k 1, —K J)unoccupied
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The BCS state may be written as
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By the Pauli principle, the state (k 1, -k |) can be, at most,
singly occupied, thus a (s = 1 ) Pauli representation is possible
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Where ¢*, and o, describe the creation and anhialation of the
state (k 1, -k |)
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The total energy (kinetic plus potential) of the system of Cooper
pairs is
5 Vo
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Sincew,=vZ?and 1-w,_ =u?, we may impose this constraint
by choosing

Vi = cos O, U = sin Oy,
At T =0, we require W__. to be a minimum.
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Conventionally, one introduces the parameters Ej = \/ &+ A2,
A = % L WUk = % > . coslysinfy. Then we get
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If we now make these substitutions (2ukvk = & v =

Wpgcs, then we get
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Compare this to the normal state energy, again measured
relative to E_
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