Problems for chapter 7, due March 2, 2012

Singularity in density of states. (a) From the dispersion relation derived in Chap-

ter 4 for a monatomic linear lattice of N atoms with nearest-neighbor interactions,
show that the density of modes is
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where w,, is the maximum frequency. (b) Suppose that an optical phonon branch
has the form @(K) = wy—AK®, near K= 0 in three dimensions. Show that Diw) =

(L27)3(27/A%) (wy — w)"? for @ < @, and D(w) = 0 for @ > wy. Here the density
of modes is discontinuous.

Heat capacity of layer lattice. (a) Consider a dielectric crystal made up of layers
of atoms, with rigid coupling between layers so that the motion of the atoms
is restricted to the plane of the layer. Show that the phonon heat capacity in
the Debye approximation in the low temperature limit is proportional to T=

(b) Suppose instead, as in many layer structures, that adjacent layers are very weakly
bound to each other. What form would you expect the phonon heat capacity to ap-
proach at extremely low temperatures?

a) Derive the expression for the specific heat of a linear continuous chain according
to the Debye theory. Discuss the high and low temperature limits.
b) Repeat part (a) for a continuous sheet.



