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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.


Exam2S21
1. Let’s model the electron density of a black hole with the mass of the electrons equal to the mass of the sun in a sphere of radius 1.00 micron.
a.  Find the Fermi wave vector in m-1. 10














b.  Find the Fermi energy in eV. 5










c.  Find the Fermi temperature. 5







d.  Find the rs value in Å. 5






2.  Derive an expression of the density of states of an electron gas in 1D. 10























3.  For the electron gas, find the occupation probability for a state 0.250 eV a. below and b. above the chemical potential for a temperature of 4000K. 10


















4. a.  Sketch a. D(),  b. f(), and c. n() vs.  for a 3D electron gas at T~4000K. Indicate the approximate location of the Fermi Energy in both cases. 15


[image: ]




5. Find the Hall coefficient of Rubidium. Compare to the experimental value. 10





















6.  Given an rn value of 2.65 and a valency of 2, find the material. 10




















7. For Rubidium, assume an electron collision time constant of 5.00 x 10-8 s.
a.  Calculate the mean free path. 10





















b.  Calculate the mobility. 10


8.  For a 1D lattice with lattice constant a, fill in the table and plot 5 of the lowest lying sets of bands (in energy at k=0) direction. 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 axes and bands and plot and the bands below. 30

	Band
#'s
	G vector
	E(0)
	E(zone boundary)
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9. A 2D metal with a square lattice has a valency of 2 atoms and a cell size of 3.00 Å on a side. 20
a.  Find the reciprocal lattice in vector notation and sketch the 1st Brillouin Zone.

















b.  Calculate the radius of the Fermi sphere in Å -1. (In a homework problem, we worked out that for the 2D case, kf2=2pN/A.)












c.  Draw the Fermi circle in a reduced scheme.	









10.  A square lattice has a side edge a = 6.00 Å. Calculate the 4 lowest free electron energies (in eV) if the wave vector k in the reduced zone scheme has a magnitude /(4a) and is normal to a side (take that as the x-direction). 30
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