BCS Theory 1957
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general representation of one Cooper pair

\ / probability that a pair state is occupied

real coefficients
~ probability that a pair state is unoccupied

BCS ground state 1" = 0

Hamiltonian
Ne = h2k2/2m — EF
kinetic energy potential energy: electron-phonon interaction

expectation value
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Minimizing Wy with respect to & and uk
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» occupation of a pair at T =0 resamples
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condensation energy

normal state internal energy

/

replace sum by integral

explains isotope effect

weak coupling
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Excitation of BCS ground state

ground state:

™~

breaking of one Cooper pair:
o electron with k plus hole with —k’

~. ' two quasi-particles
electron with —k plus hole with k’

energy of remaining Cooper pairs

energy difference:

dispersion of quasi-particles

=== even if unpaired electrons have
no kinetic energy ( = () to break a
Cooper pair one must invest

=) energy gap: ground state = —ee—eeee oo oo oo ee oo s oo

two particle description

360



Density of states of quasi-particles

— each state in normal conductor is uniquely
connected with one in the superconductor
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singularity at Ex = 4y

experimental observation using superconducting tunnel junctions
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BCS state at finite temperatures

Cooper pairs — quasi-particles —— BCS state weakens —— energy gap decreases

BCS theory in weak coupling limit

Ay =

Al cd Hg

In Nb Pb /n

Ao/ (ks Te) 1.7 1.6 2.3

1.8 1.9 2.15 1.6

energy gap at finite temperatures

T

weak coupling regime
does not really apply
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y 3/2
Specific heat: Cs — 1.34 Ao o= Ao/keT
Y1 kT
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Ultraound absorption
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