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Assignment #5 
PHYS-410 
Fall 2013 
Mr. Scofield 

Announcements 

Reading 
If you have not already done so please read the notes I have posted online regarding 
density of states and the MB velocity distribution. 

Read Chapter 5, Sections 1 through 3 (to page 174).  The various thermodynamic 
definitions and relationships can make your head spin!  Important topics include:  
Enthalpy, Helmholtz free energy, Gibbs free energy, chemical potential, Understand what 
is meant by negative temperature and population inversion.   

Homework Problems (from Schroeder, unless otherwise specified) 
Your solutions to the problems below are due at the beginning of class, Friday, October 18 
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5.01 

 
5.02 

Show that 
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Hint: Recall earlier you used induction to show that  
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 .  Here you may wish to look at the derivative, df/dx and see 

how this relates to the sum of interest. 
5.03 At absolute zero temperature the N atoms of a certain solid are arranged in a perfect 

(simple) cubic lattice.  This represents the minimum energy configuration for these 
atoms.  It is possible for an atom to move from a cubic lattice site to an interstitial 
site at the center of a unit cell (i.e., cube).  This increases the energy of the solid by 



Physics 410 Assignment #5 Fall 2013 
file "hw-05" The Canonical Ensemble (Boltzmann Factor) II October 12, 2013 

 

 Page 3 of 3  
 

an amount .  Note that the vacancy (empty lattice site) and interstitial atom need not 
be tied to the same unit cell – each are free to “wander” around the crystal.  These 
vacancy/interstitial pairs are called “Frenkel” defects. 
 
Show that in thermal equilibrium at T > 0 is the structure of this solid is not a perfect 
crystal, but instead contains n vacancies (and necessarily n interstitial defects) given 
by 

    
2 Bk Tn Ne


  

Hint:  Find the number of ways that n vacancies and n interstitials can be arranged in 
a lattice containing N unit cells.  Find that value of n that minimizes the free energy 
of the solid. 

 
5.04 

 
Though not stated, it is clear that the volume V is assumed to be fixed. 

 


