
Physics 195 Problem Set 10 Due: Tuesday, December 9th, 2003

Problem 1 (Problem 5 from Chapter 22 of Ashcroft and Mermin, page 448).

Consider a face-centered cubic monatomic Bravais lattice in which each ion interacts
only with its (twelve) nearest neighbors. Assume that the interaction between a pair of
neighboring ions is described by a pair potential � that depends only on the distance r
between the pair of ions.

(a) Show that the frequencies of the three normal modes with wave vector k are given by
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where the � are the eigenvalues of the 3 x 3 matrix:
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Here the sum is over the twelve nearest neighbors of R = 0:
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1 is the unit matrix ((1)�� = Æ��), and R̂R̂ is the diadic formed from the unit vectors

R̂ = R=R (i.e., (R̂R̂)�� = R̂�R̂�). The constants A and B are: A = 2�0(d)=d; B =
2[�00(d)� �0(d)=d], where d is the equilibrium nearest-neighbor distance. (This follows from
Equations (22.59) and (22.11).)

(b) Show that when k is in the (100) direction (k = (k, 0, 0) in the rectangular coordi-
nates), then one normal mode is strictly longitudinal, with frequency
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and the other two are strictly transverse and degenerate, with frequency
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(c)� (Extra credit problem).
What are the frequencies and polarizations of the normal modes when k is along a [111]
direction k = (k; k; k)=

p
3)?



Problem 2� (Extra credit problem).

In a linear chain of lattice spacing a, particles of mass m are connected by �rst-neighbor
springs of spring constant �. In addition to the elastic forces, each particle is subjected
to a damping force F = �� _sn, where sn is the displacement of the nth particle from the
equilibrium position, and _sn is its velocity. How does the damping change the frequencies
! = !(k), and what is the relaxation time of the modes? Assume �2 << �=m and discuss
the k � �=a and k � 0 modes separately.


