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1. Matsubara Green function and distribution functions

Use the Matsurbara Green function to find the Fermi-Dirac distribution by showing that

〈c†νcν〉 = nF (εν) . (1)

How would you calculate 〈cνc†ν〉 ?

2. Single impurity scattering

the Dyson equation in the imaginary time domain for otherwise free electron that scatter against an external
potential is given by

G(b, a) = G0(b, a) +
∑

σ1

∫

dr1

∫ β

0

dτ1 G(b, r1, σ1, τ1)V (r1, σ1, τ1)G
0(r1, σ1, τ1, a) (2)

with a ≡ (r, σ, τ) and b ≡ (r′, σ′, τ ′). Suppose now that the electrons are confined in 1D and that the external
potential is V (x) = V0δ(x).
Show that the solution to the Dyson equation in the frequency domain is in this case

Gσ(x, x′, ik) = G0
σ(x, x′, ik) + G0

σ(x, 0, ik)
V0

1 − V0G0
σ(0, 0, ik)

G0
σ(0, x′, ik) . (3)

Hint: Solve for Gσ(0, x′, ik) first and insert that into the Dyson equation for Gσ(x, x′, ik).
From this show furthermore that the retarded Green function can for x < 0 be written as

GR
σ (x, x′, ω) = t G0R

σ (x, x′, ω)θ(x) +
[

1 + reiφ(x,x′)
]

G0R
σ (x, x′, ω)θ(−x) . (4)

Herefore use the expression for the unperturbed retarded Green function

G0R
σ (x, x′, ω) = −

i

vω

eikω|x−x′| (5)

with kω =
√

2m(µ + ~ω)/~ and the chemical potential µ. Discuss r, t and φ.

Frohes Schaffen!
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