Physics 220- Fall 2017
Theory of Many Body Physics

Homework 6
10 November, 2017

. Consider the free Fermi gas Hy = >__ (g4 — i) f1, fao and the density
matrix py = 2e 70 where Z is the partition function, so that the
thermal average

<A >o=tr poA

a) Show that
< fhor fao >0= 0asloor f(Ea — 1),
namely the Fermi function f(x) = 1/(1 + ¢%%).
b) Show that
< faoFhy >0= Sagboor Flea — 1),
where f(z) =1— f(z).
. Show that
< o Fos faos Fras >0= (00508y00s030010s — 0ap0500s040003) () F(B).

where the Fermi function energies are €, — v etc. These look identical to
the zero T results shown earlier. The paper by Gaudin on the website
gives the idea of the proofs, it is a very elegant paper well worth the
read.

. Show that

< fﬁalféazflgdf»yg4 ( a55,8750'20'350'104 - 504,8567 0204 010'3) .f( )f(ﬁ)

. In the Kohn Sham paper, verify equations (2.8) and (2.9) follow from
(2.5)

. In the Kohn-Sham paper verify (2.10) in detail.



6. For the free Fermi gas Hy = Y., (ea — 1) f1, fao calculate the Greens
functions in real times

Go(a,t) = —i < Ty fo(t) F1(0) >0

where 7" time orders in real time and also the Matsubara time Greens
function

Gola,7) = —i < Ty fo(T) £1(0) >0 .

7. Verify the antiperiodicity of G(k, ) that we proved in class, and com-
pute its frequency transform.



