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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.  a.  For a 1D diatomic lattice, evenly spaced atoms, lattice constant a; force constants C and 2C, masses M and 2M, set up the linear equations you would need to find the frequency as a function of k. You don’t need to solve for arbitrary k, but find the frequency or frequencies at the zone center. Show your work. (30)














































b. Sketch the phonon dispersion in the 1st BZ. (10)
[image: ]
2.  Plot frequency vs. k for the a. Debye model and the b. Einstein model. Indicate relevant vales on the plots. (20)
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3.  Derive the density of phonon states for the 2D case. (20)





















4.  For the 2D case in the Debye Model, find and plot the density of states. (10)
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5.  Assume that 

                  

Find the density of states for the 2D case and plot it. Find o. (20)
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6.  A beam of wavelength 6.00 Å neutrons is incident normally on a cube face (call this the x-direction) of a monoatomic SCC crystal. Some neutrons are scattered in a single phonon event and exit in the y-direction with wavelength 5.00 Å. Find the energy (eV) and momentum (SI units) of the phonon involved in this process. (20)













7.  Given the velocity of sound for lead of 1158 m/s, find the force constant (in SI units). (10)
















8.  For lead, find the a. Debye wavevector, b. Debye frequency, and c. Debye temperature in SI units. (15)






9. Sketch the typical phonon dispersion for a 3D crystal having 3 atoms per unit cell. Include labeling of the phonon modes. (10)


[image: ]


10.  Find the temperature at which the occupation probability of a phonon with frequency half of the Debye frequency of lead is 0.5. (10)
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