4. Perturbations of the Harmonic Oscillator

Consider a particle of mass m and charge ¢ moving in a onc dimensional harmonic oscillator
potential and an electric ficld E. The Hamiltonian for this system is

332 1 2.3
H=—+4 -—mw"z®+qlz.
2m 2

Use the usual notation in) for the states of the harmonic oscillator without an external field.

}4{ (2 pts.) Using perturbation theory, show that there is no change in the eigenen-
ergies of the system to first order in qF.

/(lﬁ'f (2 pts.) Calculate the change in the energy eigenstate n) to second order in F.
(1 pt) Show, by rewriting the Hamiltonian in equation (1}, that the result that
you found in (b) is exact to all orders in F

() (3 pts.) Next, let’s consider what bappens to the harmonic oscillator if the electric
field is turned on abruptly at time £ = 0.
Assume the oscillator is initially in its ground state, |0) when the ficld is turned
on. Using an expansion of the time-dependent state:

¥ () = Z en{t)[nd, rietes acten ;‘-.-?"-'"'f.{-\"f'f'{?.

and the time-dependent Schrédinger Equation, derive an expression for %cn(t)
that is correct to first order in the electric ficld strength F.

Note: This expression should contain terms with the matrix elements of the form
(n|gEx|m). _

LgX (2 pts.) Calculate the probability of finding the oscillator in the first excited state
at some time ¢ assuming it was initially in the ground statc and the field is turned
on abruptly at ¢ = 0,

E() = 0, t<40
Bty = E, t>0.

Note: The problem is done most easily using the raising and lowering operators a, al, and
n = ala, where [a,af] = 1.
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