
Identical Particles 
Consider N identical particles confined in a hard box.

Two different
paths, (a) and
(b), of a two-
electron system,
in which we
cannot assert
even in principle
through which of
the paths the
electrons pass.



In quantum mechanics the particles constituting the given 
system are not only identical but also indistinguishable.

accordingly, it is unphysical to label them as No. 1, No. 2, 
No. 3, etc., and to speak of their being individually in the 
various single-particle states i.



All we can sensibly speak of is their distribution over the 
states i by numbers, e.g. n1 particles being in the state 1, 
n2 in the state 2, and so on.
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Thus, the correct way of specifying a microstate of the 
system is through the distribution numbers {ni}, and not 
through the statement as to "which particle is in which 
state". 



To elaborate the point, we may say that if we consider two 
microstates which differ from one another merely in an 
interchange of two particles in different energy states, 

then according to our original mode of counting we would 
regard these microstates as distinct; in view of the 
indistinguishability of the particles, however, these 
microstates are not distinct (for, physically, there exists no 
way of distinguishing between them).
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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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Permutation is conserved



 , 0H P 

P and H have common eigenstates
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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



The state ket for the two particles can be written in
product form,

This is known as exchange degeneracy.



Prove that Pl2 must change the particle labels of
observables:







These are both simultaneous eigenkets of P12, P23

and P13.



Note that Pl23 = P12P13 because

Normalization factor =



SYMMETRIZATION 
POSTULATE 



For bosons there are three states possible:

In contrast, for "classical" particles satisfying
Maxwell-Boltzmann (M-B) statistics with no
restriction on symmetry, we have altogether four
independent states:
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TWO-ELECTRON SYSTEM
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If the space part of the wave function is symmetrical
(antisymmetrical) the spin part must be
antisymmetrical (symmetrical).

As a result, the spin triplet state has to be combined
with an antisymmetrical space function and the spin
singlet state has to be combined with a space
symmetrical function.











THE HELIUM ATOM 

The space part of the wave function for the important
case where one of the electrons is in the ground state and
the other in an excited state characterized by (nlm) is

where the upper (lower) sign is for the spin singlet
(triplet).
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What is a difference between them?



Why?
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