Solid State Physics Homework 6: Assigned Wed Mar 2; Due Wed, Mar 9
Dr. Colton, Winter 2011

1. Heat capacity: 1D. Calculate the specific heat due to free electrons for the 1D case. Follow the steps I used in class (and in the handout) for the 3D case. To review, those steps were: (a) Figure out the density of states in terms of energy. (b) Calculate the Fermi energy, EF. Use the regular method as well as the alternate method to check your work. (c) Derive a simple expression for the density of states at the Fermi energy. (d) Write down the integral expression for the energy. (e) Take dE/dT to calculate the heat capacity CV. (f) Do a small temperature approximation to write CV in terms of T, N, and EF. In particular, show that the 3D heat capacity we derived in class is 3( the 1D heat capacity you derived in this problem.*
2. Heat capacity: 2D. Repeat the previous problem for the 2D situation. In particular, show that the 2D heat capacity you derived for this problem is 2( the 1D heat capacity you derived for the previous problem.**
3. Kittel 6.1. Kinetic energy of electron gas.
4. Kittel 6.2. Pressure and bulk modulus of an electron gas. Hint for (a): P = -dU/dV, as mentioned in problem 2 of exam 1. Hint for (c): By “Table 1”, Kittel means Table 1 of Chapter 8, in case that wasn’t clear. You can get EF and N/V from that table. 
Additional part: compare your answer from part (c) to the experimental value of the bulk modulus given in chapter 3 table 3. The close agreement means that the electron gas is the dominant contributor to B.
5. Kittel 6.3. Chemical potential in two dimensions.
6. Kittel 6.5. Liquid He3.  
7. Kittel 6.6. Frequency dependence of the electrical conductivity. Hint: assume v = v0e-it. This is a way of representing sinusoidal oscillations, where it’s understood to get the real information, one must take the “real part” of the quantities of interest. If you make that assumption, then the given equation lets you solve for v in terms of the electric field. You should then be able to figure out what is  in terms of the electric field.






* Well, it’s not really 3( the value, since one equation has the Fermi energy for 3D and the other has the Fermi energy for 1D, but the equations will look like one is 3( bigger than the other.


** See previous footnote. It’s not really 2( the value, but the equations will look like one is 2( bigger than the other.
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