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1. A uniform electric �eld is suddenly applied to a charged one-dimensional harmonic
oscillator in the ground state.

a) Evaluate the probability that the oscillator will remain in the ground state. Comment on your
answer in the limiting cases of weak and strong �elds.

b) Evaluate the probability of transition to the �rst excited states. Comment on your answer in
the weak �eld limit.

In dimensionless variables

After the perturbation, the WF�s are and , where

The probabilities are

and

Limits: when (week �eld) and when (strong �eld);
when .

2. Consider a particle in the Coulomb �eld

In the limit of a large angular momentum and , where is the radial quantum number
and is the principal quantum number, the energy levels can be found as those of a
harmonic oscillator that approximates the effective potential

near the minimum. Show that this result is consistent with the exact energy levels of a Coulomb
�eld in the considered limit.

: .

The minimum of is at

whereof the frequency of the harmonic oscillator

and the energies are
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Using the exact energies,

3. For a planar (two-dimensional) harmonic oscillator subject to the perturbation

a) Find the energy splitting of the �rst excited state.

b) Find the correct unperturbed eigenfunctions.

c) (bonus) The problem can be actually solved exactly by a proper rotation of the coordinate system.
Compare the exact energy eigenvalues with the ones obtained using the perturbation theory.

The level is doubly degenerate with two WF�s and having
the same energy The matrix elements are

where . The secular equation

and . The correct unperturbed WF�s are


