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3. Fermi Dirac Distribution 
In quantum statistics, Fermi–Dirac statistics describes distribution of particles in 

a system comprising many identical particles that obey the Pauli exclusion principle 

(The Pauli exclusion principle is the quantum mechanical principle that no two identical fermions 

(particles with half-integer spin) may occupy the same quantum state simultaneously.) 

Fermi–Dirac (F–D) statistics applies to identical particles with half odd integer spin in a system 

in thermal equilibrium. Additionally, the particles in this system are assumed to have negligible 

mutual interaction. This allows the many-particle system to be described in terms of single-

particle energy states. The result is the F–D distribution of particles over these states and includes 

the condition that no two particles can occupy the same state, which has a considerable effect 

on the properties of the system. Since F–D statistics applies to particles with half-integer spin, 
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these particles have come to be called fermions . It is most commonly applied to electrons, which 

are fermions with spin 1
2

 

No. of waysW  in which in indistinguishable particles to place in ig  level with the condition that 
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Fermi-Dirac distribution of the particles among various states is given by  
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when A.>> 1, Fermi-Dirac gas reduces to the Maxwell-Boltzmann gas. Fermi-Dirac gas is said to 

be weakly degenerate when A>1, degenerate when A<1 and strongly degenerate when A = 0. 

Example: What is number of ways if two fermions have to adjust in energy state whose 

degeneracy is  three. 
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Fermions at High Temperature  

A gas of low density and high temperature is known as a weakly degenerate gas  1A  . In a 

Fermi gas, total number N  of particles and total energy U  are 
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   is density of state in three dimension with degeneracy 

2 1g s   where s is spin . 
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Very weakly degenerate gas 

A gas with very large value of A  i.e. at very high temperature T  is known as very weakly 

degenerate gas. For that 1( )nf A A  .  

  
 

A
gVAfgVN 1

32/33 
  

  
 5/ 23 3

3 3 1
2 2B B

gV gVU k T f A k T
A 

   

Thus, we have    3
2 B

U k T
N
   3

2 BU Nk T  

and the specific heat at constant volume vc  is 3
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  so at very high temperature 

Fermi gas behave as ideal gas. 

Weakly Degenerate Gas 

For A>1, the gas is said to be weakly degenerate and equations and give 
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Fermions at Low Temperature  

Strongly degenerate Fermi gas 1A   

The Fermi-Dirac energy distribution is 
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where   is the chemical potential which is a function of T, i.e; ( )T   . the gas is strongly 

degenerate (A = 0) at T = 0. at T = 0, where (0) FE   . The limiting chemical potential is 

known as the Fermi energy EF of the gas and the distribution function can be written as 
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Strongly degenerate Fermi gas at 0T   
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Fermi function  Ef versus E atT    

The number of energy states in the energy range from E  to E dE   
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    Here, g  is the spin degeneracy, (2 1)g s   , where s is the spin 

quantum number of a particle. The number of particles in the energy range from E  to E dE  
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Total energy of the gas at 0T   is   
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Thus, at 0T   we have    FEN
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Strongly degenerate case for 0T   

 Chemical potential               

 
2 2

1 .....
12F

F

TE
T


  
    
   

, where  F F B BT  = E /k  = /k   is the Fermi temperature.        

Internal energy  
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 Pressure of the ideal Fermi gas is 
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Fig: Variation of chemical  
        potential μ with T. 
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Example: Fermions of mass m are kept in two-dimensional box of area A at temperature 0T   

(a) What is total number of particle if FE  is Fermi energy  

(b) What is the energy of the system if FE  is Fermi energy 

(c) Write expression of energy in term of FE  and N  

For two dimensional systems density of state 2
2( ) mg E dE A dE
h

    
 

 and distribution function 

at temperature 0T  for is given by  ( ) 1f E   if FE E  

                                          0  if FE E  
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Example: (a) if Fermi gas is at temperature 0T   what will  Ff E  

(b) At FE E x  , find the fraction of occupied levels  

(c) At FE E x  , find fraction of unoccupied levels. 

Solution: (a) It is also interesting to note that at 0T  , when FE E  we have  
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(b) At 0T  , fraction of levels above EF are occupied and a fraction of levels below FE  are vacant. 

The fraction of occupied levels at the energy E  is  
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(c) The fraction of unoccupied levels at the energy E is  
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At FE E x  , the fraction of unoccupied levels is    TkxF e
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