
 

 

Physics 558: Introduction to Solid State Physics 
Spring 2013 

Instructor: Tony Dinsmore 
 

Homework Assignment #6 
Due in class on Thursday, March 14, 2013 
 
0) Continue reading Ch. 11 of Sidebottom 
  
1) Mean-square displacement at the high-T limit in 2D.  In class, we discussed the mean-square 

thermal displacement, u2, of an atom in a 1D lattice.  For the first two problems of this HW, 
you will repeat the calculation for higher dimensions.  As in class, assume that the dispersion 
relation is given by the Debye model.  
 
For a two-dimensional system, find u2 at high T and show that it diverges as ln(L/a)where a 

is the lattice constant and L is the width of the system. For simplicity, assume the system is 
a square of size LL.     (This result shows that there is no true long-range crystalline order 
in two dimensions, though it turns out that there is still a phase transition between fluid and 
what is for all practical purposes a solid.) 

 
2) Mean-square displacement at the high-T limit in 3D. 

(b) For a three-dimensional system, show that that u2 has a finite value for large L and T. 
(Assume a cubic system, LLL).  Comment on the dependence of u2 on T and modulus: 
does it make sense? 

 
3) Number of phonons in a solid. Consider a cube-shaped piece of gold at a temperature of 4 K.  

The size of the gold is 1 m  1 m  1 m.  Gold has a Debye temperature of 165 K and a 
sound/group velocity of 1424 m/s. 

 
 Estimate how many phonons in this sample have frequencies that lie within 1% of 5.241011 

rad/s.  (That is, with  5.191011 <  < 5.291011.)  Your answer should be a number, but 
please show what equations you used to obtain it. (Note that you do not need to calculate an 
integral for this.  If you make approximations, please justify them.) 

 
4) Density of states for particles with mass, such as neutrons.  I have emphasized a few times that 

the dispersion relation contains much of the essential information about waves.  So far we 
have considered only massless quasiparticles such as phonons or magnons, where energy () is 
given by  = ħ.  For this problem, consider the case where the energy of a wave () is given 
by  = ħ2k2/(2m). (This applies for particles with mass m.)   
 
(a) Find the functional form of the density of states, D(), in one dimension.  (No Debye 
approximation should be used here.)  Sketch a plot of D() (by hand is fine). 

 
 (b) Find the functional form of the density of states, D(), in three dimensions.  (Again, no 
Debye approximation should be used here.) Sketch a plot of D() (by hand is fine). 
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