
Problem Set 4, Due After Thanksgivings Break

Problem 1:
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∑
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εkc
†
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†
k↓ | 0〉
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a) zero temperature.
Calculate the Fourier transform of Gρ(t, q), Gp(t, q) in time.

Gρ(t, q) = (−i)〈T (ρq(t)ρ−q(0))〉

Gp(t, q) = (−i)〈T (∆q(t)∆
†
q(0))〉

write an expression it will involve a k - integration consider the case of d
dimensions can you evaluate some of the integrals in d=1,2, or 3?

Problem 2 Repeat the first problem at finite temperature Finite temper-
ature - if τ is the imaginary time it is convenient to use Fourier series

Gρ(iνn, g) =
∫ β

o
eiνnτGρ(τ, q)dτ

Gp(iνn, q) =
∫ β

o
eiνnτGp(τ, q)dτ.

Evaluate them in 3 and 2 dimensions. 1
Now Gρ and Gp are defined by
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Gρ(τ, q) =
1

Z
tre−β(Ho−µN)ρq(τ)ρ−q(o)

Gρ(τ, q) =
1

Z
tre−β(Ho−µN)∆q(τ)∆

†q(o)

Problem 3: Evaluate the following Matsubara sums

g(τ = 0+) = T
∑
n

eiωn0+

iωn − εk

and

g(τ = 0−) = T
∑
n

eiωn0−

iωn − εk
,

where ωn is fermionic Matsubara frequency, i.e. ωn = (2n+1)π
β

. Interpret the
result why the two sums differ
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