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Harmonic Oscillator as a model for everything

Everything (just about) in the universe can be modeled by harmonic oscillators
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Harmonic Oscillator as a model for everything

Everything (just about) in the universe can be modeled by harmonic oscillators
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FIGURE 9.1 A general potential energy function (solid)
is approximated by a quadratic harmonic potential (dashed)
in the vicinity of the potential minimum.
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Harmonic Oscillator - Hamiltonian
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Convenient operators

DeSine :\E%Q<x . 753'?)

The University of Sydney Page 5

Pirsa: 16090021 Page 5/30



Convenient operators

- v G o..{‘c\d
De/g:].nef CL - m ( X ~+ ...--———-T' ) i ok cqu.-l-o:
+ % m W) P C\owcffncJ Of)
a— no + \r—’ R
mitia - | ( L fion
HC; M a = 2% X _ m_w_. P) Crcao eredir
Qo 4 s Crais ?nj Of)

The University of Sydney

irsa: 16090021

Page 5

Page 6/30



Convenient operators

-~ T hi od‘c‘o
DeSine o - [me] (x o i) Pripesiss
h By P C\owc.f'u'ncJ Of)

L not+ + \r—’
mitia - |m {ion
HC; t n CL - 2% (x - mw P) Crcao,ocroddf“
Craising of-)

The University of Sydney Page 5

Pirsa: 16090021 Page 7/30



Convenient operators
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The Hamiltonian reexpressed
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The Hamilfonian reexpressed
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TheatH
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Spectrum of the number operator .
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Spectrum of the number operator ‘
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Spectrum of the number operator .
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Spectrum of the number operator ‘
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Spectrum of the number operator ‘
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Spectrum of the number operator
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Spectrum of the number operator
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Spectrum of the number operator
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Spectrum of the number operator
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Spectrum of the number operator
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Spectrum of the number operator
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Spectrum of the number operator
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Expectations values
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Expectations values al02-0
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