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1. Single particle Matsurbara Green function for non-interacting particles

Consider a system of non-interacting particles described by the Hamiltonian

Hy = Zeu cf,cu (1)

(a) e Use the creation and annihilation operators in the imaginary-time Heisenberg picture, cf,(7) and ¢, (1),
to calculate the single particle Matsurbara Green function Gy, which in general is defined as

Gvr, V7)) =— <TT [CU(T)CZ(TI)]> ) (2)
Perform the calculation for both free fermions and bosons.

(b) e Fourier transform the resulting Gy r (v, 7 — 7') into the frequency representation. Compare the results
with the retarded Green function.

2. Polarizability of free electrons

Calculate the retarded polarization function x(q,w) starting from the expression

(g, w) = x0(, 10n)|ign—w+in (3)

with the Matsurbara function xo = Cpp0. Start calculating xo in the imaginary time domain

Xola,7) =~ (T: [pla, 7)p(~a, 0], @

and use Wick’s theorem to split the average over four creation/annihilation operators into products of averages
containing only two operators. After Fourier transformation in order to get the frequency dependent quantity,
perform the summation over Matsurbara frequencies, proving that for N > 2

N

iky j=1 j=1

with the fermi function np(z) = [exp(8z) + 1)L

Frohes Schaffen!



