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8.511 Theory of Solids I Problem Set 11 Due December 9, 2004


1. (a) Start with the reduced Hamiltonian 

H = H0 − V0 c† c† −k ckk ↓ ↑↑ −k↓ c
k,k

where H0 = k,σ εkc† | |k,σck,σ . Show that W ≡< Ψ H − µN Ψ > is equal to 

2| |
k,k

k� ukvk, (1)W = 2(εk − µ) vk − V0 uk� v∗ 

k � 

where |Ψ > is the BCS wavefunction. 

(b) Derive the BCS self­consistent equation 

� ωD 1
1 = N(0)V0 dξ � (2) 

0 ξ2 + Δ2 

by directly minimizing the function W with respect to uk and vk subject to the con­
2straint uk + |vk

2 = 1. It is useful to parametrize uk = cos θk and vk = sin θk, and |
show that θk obeys the form 

Δ
tan 2θk = 

ξk 

where 

ξk = εk − µ 

. 

(c) At finite temperature, Eq. (2) becomes 

� ωD 

�� � 
ξ2 + Δ2 1

1 = N(0)V0 dξ tanh �
2kT ξ2 + Δ20 

Show that 

Δ(T ) = Δ0 1− ae−Δ0/T 

for T � Δ0 where a is some constant times 
√

T . 


