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Physics 353:  Problem Set 3 – SOLUTIONS 

 
 
 
 
 
1  Kittel and Kroemer Chp. 4 #18.  Isentropic expansion of a photon gas.     
 

 



 
2   Phonon heat capacity.   
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= , simplifying the algebra and using the definition of the 

Debye temperature D maxωΘ ≡ . 
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3  Photon Energy.   
 

 



 
4  Surface temperature of the Earth – Part 1.  Kittel and Kroemer Chp. 4 #5.   
 

 
 



 
5  Surface temperature of the Earth – Part 2.  The greenhouse effect. 
 

 



 
6  Kittel and Kroemer Chp. 4 #8.   

 
 



 
7  Chemical Potential of an Ideal Gas.   
 

 
 

b.  It is true that 3
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.  However we can’t simply evaluate μ  by 

differentiating U  since this partial derivative must be taken at constant entropy and volume.  It is 

not at all evident from 3
2

U Nτ=  how U  would change as a function of N  if entropy and volume 

were held fixed.  Entropy for example varies in a complicated way as a function of N , τ , etc. – 
varying N  but keeping entropy fixed, we would certainly have to change τ , which would affect our 
derivative. 
 
 


