
PROBLEM SET 5 Due Friday December 13

Physics 240A– FALL 2019

[1.] Consider a long thin wire of copper along the z-direction with length L = 1 cm and a
square cross section (width a is a few Å). Treat the wire as a free electron gas, demanding
that the wave function vanishes outside of the wire. Use periodic boundary conditions along
the length of the wire. The electron density for copper is 8.49x 1022 electrons/cm3.
a) Solve the Schrödinger equation for this geometry.
b) Which states are occupied at zero temperature? Qualitatively describe the dependence
on the width a.
c) Calculate the maximum possible width a of the wire such that only the ground state in x
and y directions is occupied.
d) Calculate the low-temperature specific heat for the case when only the ground state in x
and y directions is occupied (algebraic answer in terms of a and the electron density OK).

[2.] Consider a metal at uniform temperature in a static uniform electric field E. An elec-
tron experiences a collision, and then, after a time t, a second collision. In the Drude model,
energy is not conserved in a collision, for the mean speed of an electron emerging from a
collision does not depend on the energy that the electron acquired from the field since the
time of the preceding collision.
a) Show that the average energy lost to the ions in the second of two collisions separated
by a time t is (eEt)2/2m. (The average is over all directions in which the electron emerged
from the first collision.)
b) Show that the average energy loss to the irons per electron per collision is (eEt)2/m, and
hence that the average energy loss per volume and time is σE2. Deduce that the power loss
in a wire of length L and cross section A is I2R, where I is the current flowing and R is the
resistance of the wire.
Hint: You will need to argue that the probability that the time interval between two succes-
sive collisions is in the range [t, t+ dt] is (dt/τ) et/τ .

[3.] Consider 2D electrons subject to a weak periodic potential
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a) Find the energy bands near the edges of the first Brillouin zone. (Hint: the edges of the
Brillouin zone are the Bragg planes where the eigenstates are doubly degenerate.) Plot the
bands and isoenergetic surfaces.
b) Repeat the analysis of part a) for regions near the corners of the first Brillouin zone,
where there are four degenerate eigenstates.



[4.] As we discussed in Problem Set #1, in the
lattice of the CuO2 planes of the cuprate super-
conductors, the copper atoms (blue) form a square
array, and oxygen atoms (green) live between each
near-neighbor pair of copper atoms. See Figure at
right. Solve for the tight-binding energy levels of
this lattice, assuming that electrons can only hop
on the (red) bonds which link neighboring cop-
per and oxygen atoms. The amazing feature of
this problem is the presence of “flat bands”: the
electron energy is completely independent of the
momentum for one of the three bands.

[5.] Compute the tight-binding bands for the hexagonal (honeycomb) lattice. You need to
combine the unpleasantness of non-orthogonal axes of the triangular lattice done in class
with having two atoms per unit cell.
Optional: Just as you did in Problem Set #4, compute (numerically) the density of states
N(E). You will find that, although there is no gap, N(E) vanishes linearly at the ‘Dirac
point’ at E = 0. This is the remarkable feature of graphene.

[6.] Problem 8-1 from Kittel (which I reproduce on the next four pages).










