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Exam 1 Part 1 - Solid State Physics - Fall 2015
October 12, 2015

Directions: Please clear your desk of everything except for pencils and pens. The exam is
closed book, and you are not allowed a formula sheets, but you may use a calculator. Leave
substantial space between you and your neighbor. Show your work in the space provided on
the exam. I can provide additional scratch paper if needed.

The entire exam is out of 100 points. Each subquestion, (a), (b), (c), . . . is worth 5 points.
This part of the exam is out of 50 points.
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1. Short answer section

(a) What is the density of states? What is the density of states in different dimensions
for free electrons?

(b) What is the Von Laue formulation of X-ray diffraction?

(c) Give two equivalent statements of Bloch’s theorem.

(d) What are the Brillouin zones and why are they important for a weak potential?

(e) Explain how states in an almost filled band with energy proportional to −k2 may
be regarded a positively charged particles (holes).
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2. Lattices

(a) A two dimensional lattice is shown below. Describe it mathematically as a Bravais
lattice and make sure to give the Bravais lattice basis vectors. (All the atoms are
the same.)

(b) In the figure below the lattice has two different kinds of atoms, indicated by light
circles and dark circles. Describe it mathematically as a lattice with basis. Make
sure to give both the basis vectors of the Bravais lattice and the additional basis
vectors needed to get the positions of all the atoms.

3



(c) What is the reciprocal lattice in part (a)?

(d) What is the reciprocal lattice in part (b)?
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(e) Suppose X-rays are sent into powder specimens of the crystals in parts (a) and
(b). What are the angles, φ, of the first four diffraction rings in each case? You
may leave trigonometric expressions if you do not have a calculator.
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