Physics 741 — Graduate Quantum Mechanics 1
Solutions to Chapter 10

4. [10] Look up and/or calculate the number density of atoms in copper. Assume there is
one conduction electron per atom.
(a) [6] What is the Fermi energy (in eV) and Fermi degeneracy pressure (in GPa) for
electrons at this density?

Using Wikipedia, we can find the atomic mass of copper and the density, which together
with Avogadro’s number tells us the number density of atoms.

_p_ 896 g/em’

n==—"""°S"" 6022x10* mol"' =8.49x10” cm™> =8.49x10*® m”®
m  63.546 g/mol

We now put this into our formula for the Fermi energy

2 . (1.0546x107 J-s)’ , s
EF :h_(372-2n)3 =( — ) ':37[2'8.49X1028 m_3j|3 — 1128X1_?9 J
2m 2:9.1094x10™" kg 1.602x107° J/eV

=7.044 eV

The degeneracy pressure is

5

P, =2nE, =2(1.128x10"* 1)(8.49x10™ m™) =3.831x10"° N/m* =38.31 GPa

(b) [4] The bulk modulus is defined as K =—V (0P/0V ). Find a formula for the bulk

modulus due to electron degeneracy pressure. Use this to estimate the bulk modulus
of copper (in GPa). Look it up somewhere for copper and compare the result.

Starting from the formula for degeneracy pressure, we have

wlon

a hz 2 % 5 5 hz 2 % 5 5 5

K,=V—|—(37°) NV> |==—(37") NV =3P, =63.84 GPa
oV | 5m 35m

The correct experimental value, according to Wikipedia, is 140 GPa, so this is about a factor of

2.2 too low. I must assume that other electrons besides the conduction electrons are contributing
to the pressure.



