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All answers should be given in eV or Å and related units where appropriate, and SI unless otherwise specified. All answers should be given numerically wherever possible unless otherwise stated.

Show your work.


1.  The velocity of sound of copper is 2260 m/s. The mass of a copper atom is 63.5 amu.
a. Find the copper force constant. 10














b.  Find the Debye frequency and Debye temperature. 10


























2.  Calculate the probability in the Planck distribution at 3000K given a frequency 
of 5x1014 rad/s. 10

















3.  Use the frequency of the transverse mode of Al in the (100) direction at the zone boundary (Fig. 24.2) to estimate the Al force constant. Assume a 1D model for Al. The mass of an aluminum atom is 27.0 amu. 10





















4.  From the LA mode of germanium in Figure 8a, estimate the velocity of sound in germanium. (for part b., lattice constant = 5.658 Å) 2 ways and compare: 25
a.  From the frequency at the zone boundary
b.  From the slope at low k



























5.  Derive the phonon density of states for the 3D lattice. 10












6.  Find the high T heat capacity in the Einstein Model.  (You may need the expansion: ex = 1 + x + …. For small x). 20









































7.  	Consider a linear chain of atoms, separation a = 4.00 Å, mass = 6.50x10-25 kg, nearest neighbor interactions with force constant 19.0 N/m. Find the a. energy (eV) and b. momentum (SI units) of a phonon corresponding to the zone boundary. 20





















8.  Consider a lattice of point-like, singly charged ions of mass, M, immersed in a sea of conduction electrons with electron concentration, n. If one ion is displaced from its equilibrium position a small distance, r,
a.  Find an expression for the frequency of a single ion set into such motion (SI units). 15















b.  Estimate this frequency for potassium (m = 39.1 amu). 10













9.  Considering only the phonon contribution for the specific heat of potassium (Fig. 9), find at what temperature this reaches the high T limit as specified by the Law of Dulong and Petit. 10


























10.  Find the specific heat of Germanium using the Debye Model (Low T limit) at a temperature of ~40K. Compare to the experimental data (Fig. 8). 15
