HOMEWORK ASSIGNMENT #2, PHYSICS 4309-5304, FALL, 2011
Deadline: 5 PM, Friday, September 23, 2011
NOTE: All references to problem numbers & equation numbers in the following refer to Ch. 3 of the 8th Edition of Kittel’s book! 
Work the following problems: 

1. Problem 2. 
2. Problem 3. 
3. Problem 4. 
4. Problem 7.
5. In the Noble Gas solids, interatomic bonding is caused by the Van der Waals force. Let the potential energy associated with this force be the Lennard-Jones potential (Eq. (10)). As discussed in Ch. 3, in this model, the cohesive energy Utot (at temperature T  = 0) is given by Eq. (15). At equilibrium, this is Eq. (16). From thermodynamics, for a substance with volume V, at temperature T & pressure P, the bulk modulus is                  B = -V((P/(V)T. At T = 0, the pressure is P = -(dUtot/dV). Use these relations to calculate the equilibrium bulk modulus for a Noble Gas Solid. Your results should be expressed in terms of the two Lennard-Jones parameters ε & σ . [Hints: For a solid with N atoms, it might be helpful to re-express B in terms of energy per particle u = (Utot/N) & volume per particle v = (V/N). Also, for the fcc lattice of the Noble Gas solids, the volume per particle is v = (¼)a3, where a is the length of a side of the conventional cubic cell. It is related to the nearest-neighbor distance R by a = (2)½R].
6. Work the following problem (from Ch. 1 of the book “Solid State Physics” by J.S. Blakemore, 1st Edition. W.B, Saunders Co., Philadelphia, 1969). 
[image: image1.jpg]Consider the hypothetical two-dimensional square ionic lattice of Figure
1-57. Show that the Madelung constant is = 1.60 when neighbors as re-
mote as fifth-nearest are considered by the following method. Note the
dashed squares, each of which is electrically neutral if an ion on one edge
of a square is counted as 50 per cent inside and 50 per cent outside and one
on a corner is counted as 25 per cent inside and 75 per cent outside. You
should find that the contents of the first square contribute + 1.28 towards
the Madelung constant, and the area between the first and second squares
an additional +0.32. Is the contribution of the area between any subsequent
pair of squares invariably positive? Explain your answer.
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[image: image3.jpg]Figure 1-57 A hypothetical two-dimen-
sional ionic lattice used for Problem 1.3, in
illustration of the Evjen approach to summing
the series for a Madelune constant.




