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Spring, 2016
Exam #2







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.  Derive the wavefunctions and energy levels for a 1D Free Electron Gas. Assume periodic boundary conditions with side L and N total electrons. One valence electron per atom. Give answer in terms of L, N, m, ∏, and h.























2.  For a certain material, one mole of atoms with one valence electron per atom will fit into an SCC 3D crystal with size 1.00 cm on a side. Find EF, kF, and rS.
















3.  Sketch and discuss the temperature dependence of the specific heat for metals and non-metals.
























4.  Sketch the reciprocal lattice and the 1st and 2nd Brillouin zones for a 2D crystal with sides 2.00 A and 4.00 A. Indicate dimensions on the sketches.
















5.  Derive the density of states for the 1D free electron gas in terms of L, N, m, ∏, and h. Assume a valency of 1, length L, N atoms. Assume periodic boundary conditions.


















6. Sketch f(), D(n(vs.  for a 2D electron gas (indicate the location of the Fermi Energy in all cases).
a. T=0  
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b. T~2000K
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7.  For a state 0.200 eV below the chemical potential, find the probability, f(),  that a state is occupied for 100K and 2000K. Does your result make sense? Explain.

























8.  a.  Assuming a scattering time constant of 10-5 s, calculate the electrical conductivity of Na in units of (ohm cm)-1.













b.  Compare to the given value. What can you conclude from that?













9.  Calculate the Hall resistivity for Na in SI units. Compare to one of the experimental values.






















10. a.  Calculate Kinetic Energy for the 2D free electron gas at T=0 in terms of L, N, m, ∏, and h.




















b.  Assume a 2D crystal with 100 atoms , square lattice and lattice constant 2 Å. Find the Kinetic Energy in eV.
















11.  For the SCC of side a, give the G vector necessary to reduce the following k vectors into the 1st Brillouin Zone. Give the resultant k vector. Give the k and G vectors in terms of a and ∏. Calculate the energy of the band in each case (in terms of ∏ a, m and h).	
a.  5/a[010]








b.  6/a[110]








c.  /4a[111]







d.  13/3a[123]







12.  For a 2D square lattice with lattice constant a, fill in the table and plot the lowest lying 4 sets of bands (in energy at k=0) in the [11] direction. Find the energy of the lowest band at the zone boundary (in terms of ∏, m, a, and h). and call that Eo. Label the various energies in terms ofand the k values in terms of ∏ and a. Generate the table below, then sketch the bands. Label the plot and the band #'s.

	Band
#'s
	G vector
	E(0 0)
	E(∏/a ∏/a)
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