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All answers should be given in eV or Å and related units where appropriate, and SI unless otherwise specified. All numerical answers should be given to 3 significant figures.

Show your work.


1.  Find the specific heat of silver at 200 K (Fig. 11-4). Compare to the prediction of the Law of Dulong and Petit. 15















2.  From the LO and LA modes of KBr in the (111) direction at the zone boundary (Figure 12-10), estimate the force constants and compare them. 15
























3. Estimate the electron scattering time constant due to (mainly) phonons at 600K for copper. (Assume a valency of 1 for Cu.) See Fig. 25-7. 10














4.  A beam of 4.00 Å neutrons is incident normally on a cube face (take this as the z-direction) of a monoatomic SCC crystal with cube edge 4.00 Å. Some neutrons are scattered in a single phonon event and exit along the x-y-z diagonal with wavelength 1.50 Å. Find the energy (eV) and momentum (SI units) of the phonon involved in this process. Assume the phonon is absorbed. 20






















5.  The velocity of sound in diamond is 18,000 m/s. (Use the N-N distance and atomic concentration of carbon.)
a. Find the force constant of diamond. 10


















b.  Find the Debye frequency and Debye temperature of diamond. 10






















6.  Sketch w vs. k and the density of sates vs. w for the Einstein Model. 10
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7.  Derive the phonon density of states for the 4D lattice. (Hint: The area of a 4D sphere is 2p2r3. 15



















8.  Calculate the occupation number in the Planck distribution at 2000K given a frequency of a. 2.00x1011 rad/s. b. 2.00x1014 rad/s. Briefly discuss whether your result is reasonable. 15


















9.  The velocity of sound of potassium is 2000 m/s. Find the energy (eV) and momentum (SI units) of a phonon at the zone boundary of K in a 1D model. 20




















10.  From the thermal conductivity of “normal” Ge at high T (Figure 19), compare the values at 50K and 300K to determine if the thermal conductivity is ~1/T as predicted. 15
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