PHY455
Spring, 2015
Exam #3




Name		_______________






Total		_______________


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.  Sketch the temperature dependence of the heat capacity from 0K to room temperature for a nonmetal and indicate the functional dependence on T at low and high T.
[image: ]
2.  Sketch the temperature dependence of the thermal conductivity for a large crystal and for a very small crystal.
[image: ]
3.  If you increase or decrease the wavevector of a phonon mode by a reciprocal lattice vector, what happens to
a.  the energy/frequency?





b.  the displacement of the atom?





4.  For a 2D lattice with N atoms, mass M, 1 atom per unit cell, and side length L,
a.  Find the expression for the phonon density of states, D().
















b.  Using the result of part a., find an expression for the energy of the system.










c.  The answer in part b. should include a sum over polarizations. How many polarizations are there and what are they?










d.  Find an expression for the density of states using the Debye Model in terms of vs and the parameters given at the beginning of the problem.














e.  Find an expression for the Debye frequency in terms of , vs and the parameters given at the beginning of the problem.


















f.  Find an expression for the density of states in the Einstein Model in terms of , the Einstein frequency  , and the parameters given at the beginning of the problem.








g.  Find an expression for the energy in the Einstein Model in terms of the Einstein temperature TE.
















h.  Find an expression for the heat capacity in the Einstein Model.














i. Find the high T limit of the heat capacity in the Einstein Model.













5.  For  a 1D lattice with N atoms, 1 atom per unit cell, mass M, force constant C, and lattice constant a, write out the equation of motion and solve for the dispersion assuming solutions of the form:




Plot the  vs. k dispersion in the first Brillouin Zone and find the value of  at the zone boundary.


































[image: ] 

6.  For the 1D lattice with mass M, lattice spacing a, and 1 atom per unit cell, assume the  and k are related by . Find an expression for the density of states.













7.  Given a velocity of sound for Al of 5000 m/s, calculate (SI units):
a.  The density of Al atoms.






b.   The Debye frequency.












c.  The Debye temperature.





8.  A beam of wavelength 4.00 Å neutrons is incident normally on a cube face (call this the x-direction) of a monoatomic SCC crystal with cube edge 3.25 Å. Some neutrons are scattered in a single phonon event and exit along a diagonal of a cube face (in the x-y direction) with wavelength 2.50 Å. Find the energy (eV) and wavevector (Å -1)of the phonon involved in this process.
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