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Question 1 (i) 

We have N non-interacting and distinguishable particles. So 
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So the graph looks like this: 

 

 

 

Question 1 (ii) 
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At high T,   is small, so 

  
   

   

    

          
 

   

   

 

 
         

  

 
  

 

 

   

   
   

 

At low T,   is big, so 

  
   

   
       

Because the exponent blows up before the 
 

   term. 

 

Hint: In actual fact, the graph looks something like this: 

 
 

 

Question 1 (iv) 

  
 

 
       

  

 

 

     
                 

  

     
             

 

At high temperature,  

     
  

 
            

 

   
     

 

At low temperature,  
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Question 2 (i) 

    
   

   
 

 
 

 

            

 

  
  

  
  

 

           
   

   
 

 
 
                

 

Hint: make use of the power series of the exponent. 

 

 

Question 2 (ii) 

               
   

   
 

 
 
        

     
   

   
 

 
 
    

   

  
 

  
 

 

 

  
      

 

  
          

   

  
 
   

   
   

   
 

 
 
    

      
 

 
                

 

 

Question 2 (iii) 

                

 

     
             

 

 
 

 

 

  

   
            

 

  
 

   

   

   
 

 
 

 

 

  

 

  
           

 

  

  

  
 

 

 
 
    

  
 
   

         
    

  
 
   

 

 

          
    

  
 
   

 

 

 

Question 2 (iv) 
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This follows the Poisson distribution. So the fluctuation in particle number is negligible if the 

system is large. 

 

 

Question 3 (i) 

   

  
   

 

    
   

 
   

 

    

                   
 

  
  
 

    

 

   
 

  
 
 

  
  
 

     
 

  

 

  
  
 

    
 

 
              

 

 

Question 3 (ii) 

  
 

    
   

 
   

  

 
 
 

   

 

1st order, 

   

 
   

 

2nd order, 
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Question 3 (iii) 
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2nd order, 

   

 
 

 

   
      

 
  

  

 
 

  

      
 

 
 
  

 
  

 
 

 
 
      

 
  

  

 
 
 

  
 

 
 

 

     
 
   

  

 
 

 
 
   

  

 
 
  

 
 
 

  

    
  

 
   

  

 
 
  

 
 
 

 

 
 

 
  

 
   

  

  
 
  

 
 
 

  

         
  

  
 
  

 
 
 

             

 

 

Question 3 (iv) 

 
The blue line is for fermions and the green line is for classical particles. The line for fermions 

does not start from    , and it is always higher than the classical results. 
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Question 4 (i) 

  
 

  
    

 

 
   

 

 
 

  
    

  

 
      

  

  
    

 

      

 

  
    

  

 
      

  

  
        

 

  
   

    
  

  

 
     

  

  
       

       

 

  
   

  
    

  
   

   

  
 
 

   
       

 
  

 

  
 

    

    
   

   

  
 
 

      
  

 

  
   

 

It is like a simple harmonic oscillator, so we have 

  
  

 

  
  

  

  
   

 

 
  

  
  

 

  
       

 

 
             

 

The energy is independent of   . F r  ac  j  t  r ’  a d g   racy  qua  t  t   a     d va u   
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∴ the degeneracy,   
  

  
   

 

 

Question 4 (ii) 

            

 

 

                  

  

 

   

 

   

 



PC4241 Statistical Mechanics 

AY2012/2013 Exam Solutions 

 

7 
 

    
 

 

 

   

    

 

 

                  

 
   

 
     

 

 

                 

 

   

            

 

Hint: in this question,            and          . 

 

 

Question 4 (iii) 

At high temperature,   is small, 

    
   

 
     

 

 

           

 

   

 
   

 
     

 

 

 
      

  
 

  
       

 
 
  

 

   

 

 
   

 
     

  
 

  

 

 

            
 
 
 

 

   

 

 
   

  
  

   

 
  

    
 

 

        
 

 
   

 

   

      
            

 

    
   

 

 

      
 

 
   

 

 

     
  

  
  

      
  

  
  

  
 

 
   

 

 

    
   

 

 
 
    

 
 
 

 

  

 
   

 

 

    
   

      
 

  
  

 
      

    
   

 

  
 
   

  
 
 

  
   

  
   

 

  
 
   

  
 
 

  

     
 

  
 
   

  
 
 

             

 

Hint: use the formula of sum to infinity for the geometric series. Also, remember that 
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Question 4 (iv) 
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We see that   
 

 
  t i  i  i  acc rda c  t  Curi ’  La . 
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