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PHY 741 Quantum Mechanics 
12-12:50 PM  MWF  Olin 103

Plan for Lecture 12:
Read Chapter #10 in Shankar

Quantum mechanics of 
multiparticle systems

1. Non-interacting particles

a. Distinguishable, Fermi, Bose

b. Second quantized formalism

2. Interacting particles
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Quantum mechanical treatment of multiparticle systems
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For a non-interacting system:
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Quantum mechanical treatment of multiparticle systems
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For a non-interacting system:
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Energy eigenstates:
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Simplification for separable Hamiltonian
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Solution to the many particle problem
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Quantum mechanical treatment of multiparticle systems –
non-interacting particles

The treatment given on previous slides, assumes that the 
particles are distinguishable.
A more sophisticated treatment is needed for indistinguishable
particles. 
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Two types of indistinguishable particles:

Fermi particles:  ( ,.. ... ... ) ( ,.. ... ... )

Bose particles:   ( ,.. ... ... ) ( ,.. ... ... )
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Quantum mechanical treatment of multiparticle systems –
non-interacting Fermi particles
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Example for two particles:
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Quantum mechanical treatment of multiparticle systems –
non-interacting Fermi particles

1 2 1 2Fermi particles:  ( ,.. ... ... ) ( ,.. .. . ), . . .,i j j iN N  r r r r r r r r r r
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Quantum mechanical treatment of multiparticle systems –
non-interacting Bose particles
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Example for two particles:
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Quantum mechanical treatment of multiparticle systems –
non-interacting particles; multiplicity of eigenstates

Consider a system with two independent particle states 
and two particles:
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Possible states for distinguishable particles:

( ) ( ) ( )      

( ) ( ) ( )      

( ) ( ) ( )      2

( ) ( ) ( )    

,

,

,

,   2

I a I a

II a II a

III a III a

IV IV

b b

b b

a

b b b

E

E

E

E

 



  

  







 

 

 

  

  

 

 

r r r r

r r r r

r r r r

r r r r



9/22/2017

4

9/22/2017 PHY 741  Fall 2017 -- Lecture 12 10

Quantum mechanical treatment of multiparticle systems –
non-interacting particles; multiplicity of eigenstates

Consider a system with two independent particle states 
and two particles:
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Possible states for Fermi particles:

1
( ), ( ) ( ) ( ) ( )      
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I a a I ab b bE       r r r r r r
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Quantum mechanical treatment of multiparticle systems –
non-interacting particles; multiplicity of eigenstates

Consider a system with two independent particle states
and two particles:
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Possible states for Bose particles:
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Treating multiparticle systems using  “second” quantization 
formalism
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Consider a non-interacting system:
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For a system of non-interacting identical particles,
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Suppose we have a complete basis set that describes

each single-particle state;

These basis functions can be used to represent

the many particle wavefunctions.
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Slater determinant for  particles:
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Example for Fermi particles

For Fermi particles, the occupation eigenvalues can be
na=0  or 1

9/22/2017 PHY 741  Fall 2017 -- Lecture 12 14

†

† † † †

Creation operator:

0 1

Destruction operator:
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Operators for Fermi system
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Second quantization creation and annhilation operators
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