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The five problems are worth 20 points each.
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1. Find the packing ratios of 3D fcc and bec lattices. Assume that all atoms
are identical spheres. The packing ratio is defined as the maximum
- fraction of the unit cell volume taken up by the non-overlapping spheres.
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2. Please answer the following conceptual questions:

a) Please describe why it is energetically favorable for valence electrons to
delocalize (i.e. detach from their atoms) in metals.
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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 and why?
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c) Vacancies are missing atoms in an otherwise near-perfect crystal. Since
they create disorder and increase the entropy, vacancies are always present at
non-zero temperatures in real crystals. How would you expect the X-ray
diffraction of a crystal change due to a small number of vacancies?
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d) Please describe main conceptual differences between Einstein and Debye
theories of specific heat.
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3. Please consider a monolayer of atoms that is a two-dimensional array in
the (100) surface of the sc lattice. The cubic lattice constant is a = 4 A.

Assume that the phonon dispersion is given by o =ck .

a) What is the phonon density of states D(w) for this 2D solid?
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b) Assuming that the speed of sound in the monolayer is ¢ = 3 x 10° m/s

what is its Debye temperature? Note that

hi=1.05x10"*J s, k, =1.38x10"J/K .
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4. Please describe with a minimum of four sentences the key findings about
disordered packing of ellipsoids reported in “Improving the Density of Jammed
Disordered Packings Using Ellipsoids” by Donev et al. in Science (2004).
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5. a) The Bragg angle for reflection from the (110) planes in bcc iron is 22 deg
for an X-ray wavelength of 4 = 1.54 A. Please find the cube edge for bcc iron
(you can assume that n=1). What is the maximum wavelength with which the
structure of this unit cell can be probed?
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b) Using the result from (a), calculate the mass density of bcc iron. You can
take the atomic weight of Fe to be 56.
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