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Here we present the formula for the canonical ensemble for the convenience. 
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The internal energy U: 

 

T

Z
Tk

T

Z

T

Z
U C

B
CC


















lnln1ln 2


. 

 

since 

 

21
Tk

T

T

T

T
B



















 

 

_____________________________________________________________________________ 

The pressure P: 
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The Helmholtz free energy F as 
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F is a function of T and V; ),( VTFF  . From the equation of dF, we have 
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Helmholtz free energy F: 
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which leads to 
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The entropy S in a canonical ensemble 
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where U is the average energy of the system, 
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Then entropy S is written as 
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or 
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where pi is that the probability of the i state and is given by 
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The logarithm of pi is described by 
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Here we have 
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or 
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or 
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We start with the expression (Fermi) 
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Note that 
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At constant V, we get 
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Using the relation 
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we have 
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The Helmholtz free energy is 

 

1
ln lnBF k T Z Z


     

 

The entropy S is 
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This expression of S can be also derived as 
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Energy fluctuation: 
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where C is the heat capacity. 

 

Similarly we have 
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In the limit of N  (thermodynamic limit), the energy fluctuation becomes zero. 

 


