Homework 4, PHY4905
Due Monday, February 1, 2016
Kittel, Chap. 5:
1. Kittel problem 4 in Chap. 5 (hint:  follow the treatment for the specific heat in 3 D, but instead of chap. 5, equations 18 and 19 in 3 D (and still using (=vK) find the total number of modes with wavevector less than K in 2 D.  Then use this N for D(() and plug into the integral for U (like in eqn. 5-25) and do the low T limit)
2.  Imagine a 3 D material with a van Hove singularity at a frequency 

(van Hove = kBTvan Hove/ħ, with Tvan Hove = 100 K.  
a.)  Considering only the contribution to Clattice from the phonons at this frequency, 

what is the lattice specific heat at 50 K if the fraction of the total 3N phonon modes in the material involved in the van Hove singularity is 50%?
b.) If the other 50 % of the phonon modes (i. e. the other 1.5 N phonon modes) obey the Debye model of the specific heat  (i. e. D(() ~ (2) and ( (or (Debye)=300 K, at what temperature is the specific heat contribution from the two types of phonons equal?

3.  At 4 K, assuming both materials follow the Debye model of the lattice specific heat in this temperature range, what is the ratio of Clattice for Ge to Clattice for diamond?
4.  Stainless steel (of approximate composition Fe0.74Cr0.18Ni0.08) has a rather low thermal conductivity, approximately 18 W/mK at room temperature vs over 200 W/mK for aluminum and around 80 W/mK (see Fig. 19 in Chap. 5) for germanium.  Why is that?  (Please state your reasoning clearly.)
