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Classic and Quantum statistics 
• Classical Statistics:  

– Maxwell – Boltzmann statistics (MB) 

• Quantum Statistics: 
– Bose – Einstein statistics (BE) 

– Fermi – Dirac statistics (FD) 

 

Gas Model: N particles with volume V, Qi (all 
coordinates), si (state index) 
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Symmetry Requirement 

• MB Statistics: 
–  no requirement, particles are distinguishable 

• BE Statistics: 
– Symmetric Ψ, indistinguishable particle with 

integral spin 

 

• FD Statistics: 

– Symmetric Ψ, indistinguishable particle with half-
integral spin 
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• FD Statistics: 

 

 

If Qi, Qj in the same state, then 

 

 

 

 

Pauli exclusion principle 
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Example 

MB BE FD 



Formulation of statistical problem  
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MB Statistics 
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Photon Statistics 
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This is called the “Planck distribution”. 



FD Statistics 
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BE Statistics 

Similar to Photon 
Statistics 
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Partition Function of BE 
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Similar, for FD distribution 
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Quantum statistics in classic limit 
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Quantum statistics in classic limit 
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Z of particle in ideal gases 

 ln ln ln 1

re

r

Z N N

e 



 

  

  
2

2 2 2

2
x y z

m
     

 
2

2 2 2

, ,

exp
2

x y z

x y z
m  


   

 
    

 


     2 2 2 2 2 22 2 2x y z

x y z

m m m
e e e

     

  

      
      

   
  

 2x x xL n   2 22 2xm

x x

e
L

  



    
     

   2 2
2 2 2

2

2

x
x

x

m
m x

x

L
e e d

 
 






 




 
  

 
 



Same Result with classical statistic 

But h here is Planck’s constant 



Black – Body Radiation 

• Electromagnetic radiation 

• Enclosure of V at T, equilibrium 

• Absorb photon and reemitted by the wall 

Two photon in one k 



Mean number per unit volume 

Mean photon density 

Mean energy density 



Wien’s displacement law 

maximum 



Stefan – Boltzman law 


