
PHY455
Spring, 2017
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.  For a 1D diatomic lattice, all atoms mass M spaced evenly by a/2; force constants C1 and C2 = 2C1. If you did the above derivation correctly you would have gotten a result of:




a.  Find the limits  of at k=0 and at the zone boundary.

















b.  Plot (and label) vs. k for the 1st Brillouin Zone.

[image: ]


c. Examine the behavior of vs. k at small ka.



















2.  Given a velocity of sound for Al of 6420 m/s, calculate 
a.  the force constant (SI units). (Hint: consider lattice parameter vs. N-N distance.)











b.   The Debye frequency.










c.  The Debye temperature.












3.  A beam of wavelength 5.00 Å neutrons is incident normally on a cube face (call this the x-direction) of a monoatomic SCC crystal with cube edge 3.00 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 4.00 Å. Find the energy (eV) and wavevector (Å -1) of the phonon involved in this process.

























4.  Derive D(for a 3D crystal of N atoms, mass M, volume V.
























5.  For the 3D case, assume =Ak2. Find D() in terms of A, V, and .

















6.  In the Einstein model, find the average over 2 (3D case). Answer should be in terms of N and o.












7.  Sketch a typical dispersion curve ( vs. k) for phonons in the Debye approximation. Label and indicate key values.
[image: ]

8.  Sketch a typical dispersion curve ( vs. k) for phonons in the Einstein approximation. Label and indicate key values.
[image: ]
9.  Plot the density of states, D(), vs.  in the Einstein model. Assume a 1D monoatomic chain of 3.0x1010 atoms with lattice constant 4.00 Å and a characteristic Einstein temperature of 1500K. Provide numbers for Do and o.
[image: ]









10.  Calculate the Planck distribution for T=0 and T=1000K assuming a frequency of 5x1013 rad/s.




















11. Plot and label a typical phonon dispersion for a (3D) material having 2 atoms per unit cell. Label L and T modes.
[image: ]



12. For a non-metal what scattering events determine the mean free path for phonons? Which are more important at low T? Which are more important at high T? (In terms of determining the thermal behavior of the thermal conductiviity.)


13. In the Einstein model, derive the behavior of the heat capacity at high T.
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