Homework 1
Due Tuesday, September 29

1. Calculate the total internal energy per electron at zero temperature of
a free noninteracting gas of electrons of density n, in the following two
cases.

(a) First assume that states with both spin directions are populated
equally.

(b) Now assume that the gas is fully polarized: only states correspond-
ing to one spin direction, say “up”, are populated.

Compare the two energies.

2. Consider a system of N free noninteracting electrons in a box of volume
V. For simplicity, assume the electrons are spinless. Pair distribution
function g(r — r’) measures the probability of finding an electron at
location r and another electron at r’. It can be calculated as:

glr—r") = N(N - 1)/dr1 coodry

X 6(ry —r)o(ry — )| U(ry, ... vy

Here W(ry,...,ry) is the Slater determinant ground state wavefunction
of this system. Express the result as a function of the Fermi momentum
kp and |r — r'|. Plot g as a function of kpjr — x|, Observe that it
vanishes when r and r’ approach each other--this reduction of ¢ when
two electrons approach each other is called exchange-correlation hole.
What is the characteristic size of the hole?

Hint: Use Leibnitz formula for the determinant of a matrix to write the
Slater determinant in a form, convenient for this calculation.
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