Problem 6: Perturbations in a 2D well

Consider a spinless particle of mass m and charge ¢ confined to a hard-walled square
well (in two dimensions) with sides of length L. The potential can be written:

L L L L

m —_—— e — — T

Vigy) = 0, —gso<sy, ~5Sysy
V{z,y) = oc otherwise

[2 pts] Write down the eigenencrgics, eigenstates, and degeneracies of the first three
{ g 8
cnergy levels for this well. You do not have to solve for these explicifly, but you must
explain and justify how you obtained these results.

(7( 12 pts] Consider applying a constant electric ficld in the z-direction to this system,
E = Epéy (1)

Assuming that Fp is small, determine the first order shift in the energies for the ground
state and first excited states. Be surc to show your work.

At 9{-) {3 ptsl The sccond-order, in Ep, cnergy shift of the ground state can be written in

terms of a sum. Write down an expression for this sum using the general form for
the cigentstates you determined in part (a}). Calculate an approximate value for this
encrgy shift by solving for the largest term in the sum. Your answer should be in
terms of the parameters given in the problem, and fundamental constants.

(d) [1 pt] Considering the sum you wrote down in part (c), what is the next largest term
“ that will contribute a non-zero value to the sum? Explain your answer, but you do
not need to compute this tern. :

/(9)[2 pts] Finally, instead of an clectric field, consider the effect of a localized perturbation:
V{t,y) = VoL?8(2 ~ 20)3(y — yo) (2)

where (g, yo) is some point in the well. Write down an expression for the first order
energy shift for the ground state, showing how the energy shift depends on the position
of the perturbation {zg, yo).

Determine a position for the perturbation where the ground state energy changes, but
the first excited state does not.

Determine a position for the perturbation that splits the degeneracy of the first excited
state.
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