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Simple Harmonic Oscillator

It I1s one of those few problems that are important
to all branches of physics. The harmonic oscillator
provides a useful model for a variety of vibrational
phenomena that are encountered, for instance, In
classical mechanics, electrodynamics, statistical
mechanics, solid state, atomic, nuclear, and
particle physics. In quantum mechanics, It serves
as an Invaluable tool to Illustrate the basic
concepts and the formalism.
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The Hamiltonian of SHO
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Here w = /k/m is angular frequency of the oscillation.
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Factorizing the Hamiltonian

. 1 52
H——mw2(§72 b )

> 202 a’ + b* = (a —ib)(a + ib)
AP 1 9 p* b
T T = I | (Tp — pT)
Mw mw m2w?  mw
/\2 .
N T . .
= @ =+ —I, 7]

m2w?  mw




Factorizing the Hamiltonian
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Therefore, the Hamiltonian | H = §mw2ATA + Eﬁw.
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The commutator of A and AT
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Creation and annihilation operators

Annihilation operator ¢ = /Tg—gﬁ,

Creation operator &' = | /7"21—2)14*.
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Creation and annihilation operators

Annihilation operator ¢ = /Tg—gﬁ,

Creation operator 4 =, /%AT.




Factorized Hamiltonian of SHO
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The ground state

On any normalized state Y
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The ground state wave function
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Hamiltonian operator and number operator
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Thus 9 is an eigenstate of the operator N with an eigenvalue
N = 0. Therefore vy is an energy eigenstate with energy Fj
given by
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Quantum Harmonic Oscillator
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