
Homework 3
Due Monday, October 19 in class

1. Assume electrons are moving on a two-dimensional triangular lattice
with lattice constant a. The Hamiltonian in the Wannier representa-
tion, restricted to the lowest band, has the form:

H = −t
∑
R,λ,σ

c†RσcR+λσ,

where R label the lattice sites, λ are the nearest-neighbor vectors,
and t > 0 is the overlap integral. As was mentioned in class, this
Hamiltonian describes electrons, tunneling between nearest-neighbor
lattice sites.

(a) Find reciprocal lattice basis vectors for the triangular lattice. Con-
struct the first Brillouin zone.

(b) Diagonalize this Hamiltonian by transforming from Wannier to
Bloch basis and find the band dispersion ε(k).

(c) Plot the dispersion, expressing the band energy in units of t and
momenta in units of the lattice constant a. Make a density plot
of the dispersion and draw the first Brillouin zone on this plot.

(d) Find the effective mass near the bottom of the band.

(e) Draw the Fermi surface ε(k) = εF for several values of εF , going
from a nearly empty to a nearly full band, and observe how the
Fermi surface evolves as the band is filled (use contour plot of
the band dispersion for guidance). What is the most significant
difference between the Fermi surfaces of a nearly empty and nearly
full band?

(f) Find the Fermi energy (in units of t), corresponding to electron
density of 1/3 per lattice site. You can use the effective mass ap-
proximation near the bottom of the band for the band dispersion.
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