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Partition function

The mathematical details of this derivation can be found in 

Kubo (1965), pp. 175-177.



In the classical limit (βhω << 1), the distribution becomes

purely thermal-free from quantum 

At the other extreme (βhω >> 1), the distribution becomes

purely quantum-mechanical -free from thermal effects:

Note that the above limiting distribution is precisely the one 

expected for an oscillator in its ground state (n = 0):
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We would like to be all the electrons in quantum mechanics 

indistinguishable. 

How can we do it?
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(1, 2) (2,1)H H=

(1, 2) (1, 2) (1, 2)E EH EΨ = Ψ

(2,1) (2,1) (2,1)E EH EΨ = Ψ

(1, 2) (2,1)E EPΨ = Ψ

(1, 2) (2,1) (2,1)E EH EΨ = Ψ

(1, 2) (1, 2) (1, 2)E EH P EPΨ = Ψ

(1, 2) (1, 2) (1, 2)E EH P PEΨ = Ψ
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Permutation is conserved



[ ], 0H P =

P and H have common eigenstates

(1, 2) (1,2)P λΨ = Ψ

2 (1, 2) (1, 2)P PλΨ = Ψ

2(1, 2) (1, 2)λΨ = Ψ

1λ = ±
Bosons

Fermions
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Always we can separate a wavefunction into symmetric and asymmetric parts

For two particles we have

For three particles we can write
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For non-interacting particles
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Antisymmetric property is satisfied.
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Pauli’s exclusion principle is also satisfied.

Regardless of spin in each state only one electron can be found
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Therefore, this is why Gibbs correction yields correct 

answer:
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1  For even permutation P

-1   For odd permutation P
Pδ

+
= 
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From now on instead of Slater’s determinants we will 

use the following form just for simplicity: 



Or simply for both Bosons and Fermions we can use 

only one expression:
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E
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Permutation P acts on particles:

But due to symmetry we can rewrite:



1,2,..., 1 , 2 ,...,HN e Nβ− ′ ′ ′



Here you may remember the procedure for a single particle:

1/V





It follows that if the mean interparticle distance,

(V/N)1/3, in the system is much larger than the mean

thermal wavelength, i.e. if

Then we may use the following approximation

1≈

Accordingly, the partition function of the system becomes:





Thirdly, in deriving the classical limit we have also evolved a

criterion which enables us to determine whether a given physical

system can be treated classically; mathematically, this criterion is

given by following condition:

3

1

! NN λ



= 1



Deviation from classical treatment

Probability density of Bosons

Probability density of Fermions
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In conclusion, another way to treat quantum mechanically a

system composed of bosons/Fermions is adding the following

effective potential to the Hamiltonian and solve the problem

classically:

In this case correlation is taking into

account. It should be noticed that this

correlation is not due to spin. It is due

to indistinguishability or existed

symmetry in the wavefunctions.


