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This set of lecture notes are prepared for the ZCT 207 course offered to
mainly second year students in the school of physics, USM. It is basically a
set of notes on selected topics from the text book “Statistical physics: An
introductory course”, by Daniel J. Amit and Josef Verbin, World Scientific
Publishing, 1999. However, the style of explanation and presentation were
modified to a certain extent, with additional drawings and graphical repre-
sentations. Some sections were adopted from other text books, mainly from
“Statistical Physics” (2nd Ed.) by F. Mandl, John Wiley 1988 and “Ther-
mal and Statistical Physics”, by Harvey Gould and Jan Tobochnik, free book
downloadale from http://stp.clarku.edu/notes/.
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Course Title: Statistical Mechanics

Course Code: ZCT 207

Credit: 2

Student Learning Time: (28 hour/semester)

Prerequisite: (S) ZCT 212/2 Thermodynamics

Learning Outcome:

At the end of the course, students are able to:

1. Understand the basic statistical physics methodology in describing the behavior of macroscopic 
physical systems. 

2. To explain macroscopic thermodynamical  phenomena in proper and clear statistical mechanics 
terms.

3. To list the procedural knowledge to arrive at a solution for different simple systems. 
4. To demonstrate mathematical know-how necessary to solve problems as in (3) above.

Synopsis:

This course introduces the basic concepts of statistical mechanics. It deals with the early form of 
statistical mechanics and then goes on to modern ideas involving the quantum nature of particles. 

Course Content :
The Kinetic Theory of Gases
Essential Background in Thermodynamics
Microscopic States and Average
Microcanonical Ensemble
Subsystems and Temperature
The Canonical Ensemble
Harmonic Oscillator and Einstein Solid
Statistical Mechanics of Classical Systems
Statistical Mechanics of an Ideal Gas
Phonon Gas and the Debye Model
Thermodynamics of Electromagnetic Radiation
Grand Canonical Ensemble
Statistical Mechanics of Identical Quantum Particles

Assessment:
coursework: 30%
final exam: 70%

Final exam format:
• A two-hour paper.



• 5 Questions are prepared. Choose 3 to answer.
• Questions will in the the form of structured type.
•  ~ 40% (or slightly less) to test knowledge in theoretical understanding.

Text Book:
Statistical physics: An introductory course, by Daniel J. Amit and Josef Verbin, World Scientific 
Publishing, 1999. 

References:
1) Thermal and Statistical Physics, Harvey Gould and Jan Tobochnik (free access e-book 

downloadable from http://stp.clarku.edu/notes/ )
2) F. Mandl, Statistical Physics (2nd Ed.), John Wiley, 1988.

Topic-by-topic lecture schedule:

Topic Lecture

Velocity and Position Di stributions of Molecules in a Gas: 
Avogadro’s law, or the equation of state of an ideal gas 1
Temperature and thermal equilibrium 1
Equipartition of energy per molecule and its 
constituent parts — a fundamental problem 2
The density in an isothermal atmosphere - the Boltzmann factor in the potential energy 2
The Maxwell–Boltzmann distribution 3
Averages and distributions 3

Essential Back ground in Thermodynamics:
The first law 4
The second law and the entropy 4
Thermodynamic potentials 5
The third law 5

Thermodynamic s with Magnetic Variables:
Introduction 6
The first law in magnetic variables 6

Microscopic States and Averages: 
Magnetic states, angular momentum and paramagnetism 7
Microscopic states, observables, Probabilities and averages 7

 
Isolated Paramagnet — Microcanonical Ensemble:
Number of states and probabilities 8
Calculating averages and correlations 8
Numerical examples and Stirling’s formula 9

Isolated Paramagnet — Subsystems and Temperature:

http://stp.clarku.edu/notes/


Microscopic states and thermodynamic equilibrium 9
β and the temperature 10
Sharpness of the maximum 10
Identification of temperature and entropy 11

Paramagnet at a Given Temperature:
The canonical ensemble 11
The partition function and thermodynamic quantities 12
Susceptibility and specific heat of a paramagnet 12

The Canonical Ensemble and Thermodynamics:
The partition function and the internal energy 13
Thermodynamic work 13
Entropy, free energy, the first and second laws 14
The paramagnet — revisited 14 
On the statistical meaning of the free energy 15

Harmonic Oscillator and Einstein Solid:
Microscopic states 15
Partition function for oscillators 16
Einstein’s solid 16

Statistical Mechanic s of Classical Systems:
Statistical mechanics of a single particle 17
Statistical mechanics of a classical gas 17

Statistical Mechanics of an Ideal Gas:
The ideal gas 18
Maxwell–Boltzmann distribution and equipartition 19
Ideal gas of quantum particles 19

Phonon Gas and the Debye Model:
Sound waves in a crystal 20
Vibrational modes, phonons and enumeration of states 21
The Debye model 22

Thermodynamic s of Electromagnetic Radiation:
General considerations of radiation at thermal equilibrium 22
Radiation density 23
Black body radiation 23

Grand Canonical Ensemble:
Definitions and motivation 24
Connection to thermodynamics 24

Statistical Mechanic s of Identical Quantum Particles:
Classification of states — occupation numbers 25



Quantum statistics — many-particle states 25
Thermodynamics of fermions and bosons 26
Average occupation numbers 26
Electrical Conductivity in Metals – the Sommerfeld model 27
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 

 
 

     
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  
 
      

      
  

      

 

      
      

   
       

     

    
        

     
   

    


 
      

      
  

      

 

      
      

   
       

     

    
        

     
   

    

  



 

     
 



      

    

         

    




   

      

         
   

         

  
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
 
      

      
  

      

 

      
      

   
       

     

    
        

     
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         
   

       


       


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              

                 

                  


      

                

    

         

       
   

  
      




              
    


 


   

  

               

   
             

          
    


 


    


   

        
                


  

      
   

   



           

          




      

         

        
             

  

 

            

          

  

          

        
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    
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
        

      

            
      
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
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
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          
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

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           
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

 




    




     

       
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      
      

   
       

     

    
        

     
   

    

  

   

           
 

 

       



   

        

       

   

      
         

          
   

     
  
         

          
          
        

         
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  

          

 

 

 

 
 




    

    

    

    

 

 

 

 
 





 
      

      

  
      

 

      
      
   

       
     

    
        

     
   

    

   

        






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  

           

          

         
      


    

        
         
  

 

  

       
             

  

           

       

        

   
      


  

     



          

       


     

           
   

          

      

           
         
           

 

   

  

       


  

     


  

   
     
 


        

   


       
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  


    

      


    


           

             

       

              
  

          

            
      

 


          

     


        
              
        

  

  


   





     





    

   

     
 



 

  

       

            

               

           
        

           

   

   


    


     
           

    
         
               

               

  
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      

    

           
     


 
      

      
  

      

 

      
      

   
       

     

    
        

     
   

    

    



         

     

         

          


       

       
         

         
 

      

    

 

       

         
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    

            

    

  

       


     

     








 

 



 


  

 
 

 

 








      

 

     
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              

         
          

         

    


  

         

 

   

   





           
 


    


 
      

      

  
      

 

      
      
   

       
     

    
        

     
   

    

    

          
       

        

         

            
  



 

      

Printed with FinePrint - purchase at www.fineprint.com



   

        




       
       

  



 







 






 





 

       

      





 







        

 

 




   
  

       

 
 





















 
  


  

 
  

   

    


  

  
    

           
             

         
         

  

        

            
       
           

         

       


       
            
         

       

        

  


    
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 


     

      







  
 







 

    


 




 



  



 




            

   




  




    





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
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  
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     
  

    


      

       
         

      
  


    

       

         
       

   



       

         
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    

 



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 
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    

       
      
    

     
           
    

    

       

    


    


 
      

      

  
      

 

      
      
   

       
     

    
        

     
   

    

 

      
  

         

         
    

          

       
   

        
        
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   

       

         
        

       

       
        
       


       
  

     

      
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


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 
    

 


 
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   

  
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
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   
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     

         

     



        
          

       

           
   


        

          
          
   
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     

       

           
    

        


    



    

       

   

    
 
       



  

     


  


  


 

    

       


   

     

     


        

     

   

          

       


       





         
  

  

         
         

   




  

  



     


 

   

   


 

             

          
 

          
         
        



    

         
     

         
     
 


 

    

            

    

         
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     

 


 
      





     

    

  


  
    





  

   
  

 



  
   




  

    





  

   


 

     

   





       

   
           

       

    

               

      
          

         
        

       

         
             
    

     
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    

    


         
         

        

        
  



        

  

            

            

         
   



            

            

     
          
 

         

       

        

        

         

        

        

        

        

      



 

   

 
  
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    

        



  

         
     

   

      

 

  





 

        

      

      


 
  

       
    

      



   
  


 




    

       

 
    


 


       

  
   

     
 

   

     

 




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      


    

 



       

          

            
         

    

      












            
    

    

    

       

      
    

           

         



          

           

    

   
            

    

            

       
 

     
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     

  

      

       
  

   
        

       
  

    
 

       
      

      
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
    

      

      


    

    

        
 
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        
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






 
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

     



  




     

       

   









          

        
           

        
            



         

          

        
        
  

  


 

   




       


Printed with FinePrint - purchase at www.fineprint.com



    

             
          
       



          

         

 


  

 

   

    

            

    

     
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              

       
 

             



 

    

        

           
      

 
  

          
           

       
   

 
     

      

       
  

            

     

     
      

           
    

  


   


 
   

   


 
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


 






 
        
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

          
  

            

       

      

     
 

    

            
         

   

  
    




    




    
 

      


 


   
 

  

      


  
   

 

     
 

    

      



   


     

    

      

   



  


   

 

 


 
 

   
   

 






  


 




   


 

              

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          
 

     

              

         
   

  
 

   

         

      

       
   

     

  

    

  





         


  
  

 

   





 




    
               



       

  
 

 
  


 





 



 
 

 




    

        

              

       
 




  


 
     

     



   

      
      

         
    

         

          
          

  
     
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      

        
              

          

     

     

 


         

       



    

     




  

 


    

  


       

        

 



 

 



 

 
  

 
 

  
 

     

             
           
     

          

      

       
  

   
        

       
  

    
 

       
      

      

        

   
   
     
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  

         
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         

  

      
        
 

           

     

         
          



 

    
         

  

  



   



  




 


 

   





    
         

       

      


    

    

            

        

        
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

      

       
  

   
        

       
  

    
 

       
      

      

        
   
   
     

         

        
           



  
           

        
          
         

          

 

         



           
   

     

         
           
      

      

     

          
      

     

          
           
            

       


 
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              

           

   

    

    


 




   
     

         

         
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  




  
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      

         

       

 


     







 


     

          

 



    

 






 

          
  

    


   
       

 







   


 


  

 

     



 







    






  

 



 



 




 

 

  

         

              


      

   





    

   

         

  

  
  

       



  
  

    

    



         

    


   

 

      


 

         

      

            

     
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  

          







 
  

      
         
         
    

             
          

     
             



        

           
     



        
  

        

         
      

 




      

         

    

       




 




       

     
        

  



 


 


 


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              

         
        
   
          

  
    

       

          

  



 


 


 




          
     


       

        

        

 

         
          
        

 




  














































   

         

  

            

         

    


 


 


    




            
  

         

  
    

Printed with FinePrint - purchase at www.fineprint.com



        

          

      

 








 









 


 





 


   



 


  







  

           


 

       




  
 

    

        



         







 


 





 





  


  

         
       
    


  








 


 





 





  












 

 




 








       

         
         

  

           


   
 

          

     








 





 


 





 








  




 



 

Printed with FinePrint - purchase at www.fineprint.com



         

    

    






 



 





 



 





 



 






 
 








 
  

            

        

          
          


 

 




 
 

  

 


 

 
 

  

 
 

 

            
            

        
           

      

            




         

       

             

            
           

          

    

          

       
        
          

 
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        

    

           
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           


           
          
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 

   
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        

 

         
            

        
         




          
           

       
     
          

      
    

        

      



 


 



       
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  

        

            

      
       

  
   



        

            

      
       

  
   

      

         

       
      
  
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          
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           

  

         
         
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       

         

     
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        

  

Printed with FinePrint - purchase at www.fineprint.com



       

           
           
           

      

        
          
          
      

   

        
        

 

          

           
   

            
        
        
  

         
         

        
     

        

         

   

          


         

           
       
  

            

            


        
            

         
      

Printed with FinePrint - purchase at www.fineprint.com



     

       

   
               

  

 

     
       

        
    

     
   


    

            

         
     

     

   


  


  


     

               

 



   

 

        

        

        
          
        

  



   




 





      

  

            
        
       

  



  




 








  










 








      
        


   

   

  




    

 


Printed with FinePrint - purchase at www.fineprint.com



    

 





     

         

  

 


 




  
 

   
      

  
  

        
      

 


 
   

    

          
      

         
         

          
          
           


          
         

        
         

     

           
          

          
         

           
           
          
 

     

         

          
           

      
          
 

          
         

          
       

           
     
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

         
          

          

       

        
         
     

      

         

           
         

         
    

         



          

           

         
          
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   


    

 



  


    

          

  
         

  
             
      

 
 

  

       

         

           
           

  
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     

                
    

   


      


      

          
      

           

  

 

   

   

            
        

 
 




              
      

  
 




      

 
 



      

          

    

 

        
   

  
  

               

 
 

       

         

          

     
 

    

 


         

     

 
 


 

 

   
 

         
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

     

   

        

     

     
   

      

   
      

   
      

    
     

     

          

        
         
         

        





  

     

         

 
            

          
         

            
          

        





 


 




         

        

          
            

          
     
 
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      

       

  

  

         
 

        
 

          
   

     


 


    

       

   

          

           


             
                
      

            
         

     

        

 

  

        
           
     

          



           
          

     

          

            



        

         
          
    

           
               
               

         
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            
    

       

              

            
           

  

        

            
 

           

           
           

   

         
  

        
        

          

         
        


            

       

       

           
          
       
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




    






  





  



    


         

          
 

        

  

             
           

         
         

        
            

Printed with FinePrint - purchase at www.fineprint.com



        
     

           
         

   

       

          

        
        



             

       

            
        

            


   

            

   

          
        
        



           
        

  

   

            
         

              

    



     

   

        

     

     
   

      

   
      
   
      

    
     
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 

        

 
 

        

        
          

   

        

   

         
        

     

  

           



       

       

         
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            
 
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     

           
     

    

           

             
        
  

           
 

    

          

        


        
    

           
        
           

         

           
  

      



        
        
          

     

    
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
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
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

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
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


 











    
 

     

           
  







    


      

          

           
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 

          
          
   

       
    

             


         

           
          

 

      

        

 

      
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


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           

    


 



 


     

           

 



      

 

           
          

        

 

      






          



       

           
  

     

    

      
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        

      
     

   


    

   
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    

         

           
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         
            
  

    

          
           
              

       

        

 

           
          
   

            
  

  

             
       

          

        
           
                 

 








   


        
         

        


 



  



 



   

    

        
          
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              


          
           

 

           
          
        



        
        



        

     
         

         
         
          

           
          



       

        
           

        

           
   
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           


         

          
           

   

          
         
  

         

   
        

 




 





 










    







 







    














   






 







         



       
     
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