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The Hamiltonian of & harmonie oscillator of mass m in one dimensicn is
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where the frequeney, w, i3 a constant. The energy of the n'® state, |n)}, is
i
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Raising and lowering operators
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may be defined, which have the properties

i jny = iy(n+ 1)hw[n+1)

i_|n) = —ivniw|n-—1).
a) Calculate the cormmulator [f,, &.].

b) Consider adding the interaction h
H =bi

(where b is a constant) to the Hamiltonian. Show that, at first order in perturbation
theory, the energy of the n'* state dves not change. You may use raising and lowering
operators, but are not required to do so.

¢) The relativistic correction to the kinetic energy is
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Use perturbation theory to caleulate the first-order correction to the harmonic oscillator
energies. You may use raising and lowering operators, but are not required to do so.



