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

Plan for Lecture 13:
Reading in Shankar:  Finish Chapter 10

Skim   Chapter 11
Start    Chapter 12 

1. Multiparticle systems

a. Distinguishable, Fermi, Bose

b. Second quantized formalism

2. Angular momentum
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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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Refinement of the results for treatment of distinguisable or 
indistinguishable particles
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For distinguishable particles:
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Two types of indistinguishable particles:

Fermi 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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Eigenstates of the single particle Hamiltonian: 
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Treating multiparticle systems using  “second” quantization 
formalism -- continued
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Second quantization representation:
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In general, the number operator can be expressed in 
terms of a product of two operators.   For the case of 
Bose particles, these operators are very similar to the 
raising and lowering operators of the harmonic 
oscillator.
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Second quantization for Bose particles, continued
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Second quantization for Fermi particles
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†
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Second quantized creation and annhilation Fermi operators
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More general treatment of multiparticle system
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Back to single particle treatments; 1-3 dimensional space
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The operator   is the "generator" of linear translations
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Now consider angular momentum

Angular momentum in three dimensions

Consider:
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Summary:
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Summary:
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/

Consider  in spherical polar coordinates:

Following the same logic that we used for linear mome
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generator for rotations

Need to find eigenvalues and eigenfunctions of
L2 and Lz.


