


PHY455
Spring, 2019
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.  Find the KE cubed in (eV3) for 1000 atoms of Rb, treating it as a 3D electron gas at 0K. (20)

























2.  Consider an electron state that is occupied with probability 0.980 at temperature T. 
a. Derive an expression for -, the energy relative to the chemical potential. (10)















b. Evaluate the expression for T=3500K. (5)











c.  Sketch the occupation probability for that temperature. Indicate the approximate position of the Fermi Energy. (10)

[image: ]
3.  For a relaxation time of 10-12 s, find the mobility of a free electron gas. (10)














4.  A certain SC has a cube edge a. Calculate the three lowest free electron energies if the wave vector k in the reduced zone scheme has a magnitude  and is along the diagonal of the cube [in the (111) direction]. Give the energies in terms of E0=(h2/2m)(/a)2. (15)
























5. Derive and sketch the energy density of states for a 1D free electron gas, valency 1. Assume N atoms, and crystal length L. Assume rigid boundary conditions. (15)























6.  Sketch (C vs. T) and give the temperature dependence of the specific heat for metals and non-metals. (10)
















7.  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 ∏. (20)
a.  5/a[010]




b.  6/a[110]




c.  /4a[111]




d.  13/3a[123]




8.  Given a 2D crystal with valency 3 and square lattice of side 4.50 Å.
a.  Sketch the reciprocal lattice and the 1st and 2nd Brillouin zones. Give dimensions. (10)


















b.  Find the radius of the Fermi circle in Å-1. (For the 2D lattice with valency of 1, we have worked out that ) (5)








c.  Sketch the Fermi circle in a reduced zone scheme. (10)














9.  Assume sodium forms a gas at standard temperature (RT) and pressure (atm). (It doesn’t!) Assume it is a plasma of Na ions and electrons.
For the electrons, calculate:
a.  The density of electrons (in m-3) (5)










b.  Fermi wavevector (SI units) (5)




c.  Fermi energy (eV) (5)











d.  Fermi temperature (5)








e.  rs parameter (Å) (5)











f.  Density of states at the Fermi Energy (in units of eV-1). (You may find the expression D(E) = (3/2)(N/E) helpful.) (5)









10.  Assume for the sodium “gas” of problem #9 that the electrical conductivity is the same as that of sodium metal at room temperature. 
a.  Find the corresponding average time between collisions. (10)






















b.  Find the mean free path (Å) (10)



1

oleObject1.bin

image1.emf
f(E)











image2.emf
k. =JQrN/A)









k

F

=

(2

p

N

/

A

)


