Physics 406, Spring 2012

Midterm |

February 16, 2012
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The five problems are worth 20 points each.

Problem | Score
1 2.0
2 2 Q
3 20
4 2C
5 2.0
Total 400




1. Your experimental friends present you with a diffraction pattern resulting
from a scattering experiment on a three-dimensional solid with one type of
atom. This pattern includes (111) and (222) reflection lines. Unfortunately
your friends have mixed up their samples since their measurements and
cannot recall whether or not this pattern results from the fcc or the bee
sample. Can you helpthem?-

Please note the following bases (of identical atoms) with respect to the
cubic lattice axes:

Bce (000) (2 2 V2)

Fcc (000) (0%2%) (20 %) (V2 2 0)
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2. Please answer the following conceptual questions:

a) Why is the energy of a neutron so much smaller than the energy of an
electron in radiation beams used to probe crystal structure?
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b) Aluminum is less dense.than uranium. Assuming that these-two metals
have roughly the same stiffness, what can you say about the expected
speeds of sound in these two metals? Please justify your answer.
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c) What is the main difference between Einstein and Debye theories of
specific heat?
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3. Please consider a monolayer of Al that is a two-dimensional array of Al
atoms in the fcc (100) surface. The cubic lattice constant is 4 A.

a) Assume that the phonon dispersion in Al is well-described by the Debye
approximation (i.e. w=ck). What'is the phonon density of states' D(w) for this

2D solid?
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b) The speed of sound in Al is ¢ = 5 x 10 m/s. Assuming that this value is
also appropriate for our 2D monolayer, what is the Debye temperature for
the Al monolayer?
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4. a) Consider a 3D bcc lattice with the lattice constant a. Derive corresponding

basis vectors for the reciprocal lattice. What is the type of the reciprocal lattice
defined by these vectors?
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b) Draw a square 2D reciprocal lattice with the lattice constant a’, and show

the 1® and 2™ Brillouin zones on the drawing. Provide a step-by-step explanation
of how the zones have been drawn.
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5. a) Derive an expression for the average energy of a QM simple harmonic
oscillator (SHO) which is at thermal equilibrium with temperature T.
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b) Use this equation to.derive.the expression. for. the.specific- heat . C,- (per
mole of substance) according to Einstein’s theory.
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c) Examine the high- and low-temperature limits of this expression. Compare
the high-T limit to the results of the classical theory. What is the T-dependence of
the low-T limit? How does it compare with experimental data?
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