HOMEWORK ASSIGNMENT #4, PHYSICS 4309-5304, FALL, 2011

Deadline: 5 PM, Friday, October 28, 2011

Yes, I know that this is after the Mid-Term Exam!
NOTE: Unless otherwise stated, all references to chapters & problem numbers in the following refer to the 8th Edition of Kittel’s book!
1. Consider the monatomic chain, discussed in Ch. 4, pages 91-95. The calculation of the dispersion relation ω(K) there assumes that “Hooke’s Law” type forces couple each atom to it’s nearest-neighbors only. So, there is only one force constant, denoted there as C.  Generalize this model by assuming that each atom couples with “Hooke’s Law” like forces to both it’s nearest-neighbors and it’s second nearest-neighbors. Let the nearest-neighbor force constant be C1 &  the second-neighbor force constant be C2.  Calculate the dispersion relation ω(K) for this model. Sketch ω(K) for the case C2 = 0.25 C1. Note: A complete solution REQUIRES that you make the sketch asked for!! If you don’t do this you will lose points!
Work the Following Problems from Chapter 4: Phonons I. Crystal Vibrations

2. Problem 1.
3. Problem 3.
4. Problem 5. Note: For the model lattice described in the problem, you are asked to find the dispersion relation ω(K) at K = 0 & K = (π/a). Instead of this, find ω(K) for all K in the first Brillouin Zone. It isn’t very difficult to do this general calculation. The procedure is similar to that used in Ch. 4 to calculate ω(K) for the diatomic chain (pages 95-99). Also, the results should be qualitatively similar to the diatomic chain results. That is, you should find acoustic modes & optic modes with a gap in between. [FYI: The problem says that this model simulates a crystal of H2 molecules. Some interesting facts (to me!) are: Solid (3 dimensional!) H2 crystals can be made (at low temperatures, of course!). There are 2 possible crystal structures: fcc & hcp. Which one forms depends on the temperature and the pressure.]  
5. Problem 6.

6. Consider the vibrational dispersion relation for the diatomic chain, calculated on pages 95-99 and plotted in Fig. 7, p. 96. 
a. Derive expressions for the group velocity vg(K) in the acoustic branch & in the optic branch. (Group velocity is discussed on page 94). For the acoustic branch, evaluate vg(K) at the Brillouin zone edge, K = (π/a). Evaluate it for the optic branch at the Brillouin Zone edge, K = (π/a) & the Brillouin Zone center, K = 0.

b. In a couple of English sentences, discuss the meaning of these Brillouin Zone edge & Brillouin Zone center group velocity results. What can you say about propagation of longitudinal acoustic waves in this lattice at frequency ω(K = π/a) & about propagation of longitudinal optic waves at frequencies ω(K = π/a) & ω(K = 0)?
Work the Following Elastic Wave Problems from Chapter 3: Crystal Binding (pages 87-88).
7. Problem 8.
8. Problem 9.
9. Problem 10.
10. Problem 11.
