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Question 1
A hydrogen atom is in the state

1√
2
(ψ100 − ψ200).

Write the integral that, when computed, will give the probability of finding the electron
between the radii r = 0 and r = a0 (the Bohr radius). You do not have to compute this
integral.

Question 2
Consider a particle in a 2-d potential well. The potential V(x,y) is infinite at the boundary
and everywhere outside the well and zero inside the well. The length of the 2-d well is Lx

and Ly as shown in the diagram.

The two dimensional Schrodinger equation for the particle is the following:

−ℏ2

2m

[
∂2

∂x2
+

∂2

∂y2

]
ψ(x, y) + V (x, y)ψ(x, y) = Eψ(x, y).

(a) Find a general expression for the possible energies of the given system. Also find the
general expression for the corresponding wavefunctions.
It is possible that Lx = Ly or Lx ̸= Ly. Do parts b,c twice: once with the assumption
that Lx = Ly and once with the assumption that Lx < Ly.
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(b) Are energy levels degenerate for the first excited state ? Justify your answer.

(c) Write down the wavefunctions for the first excited state for each case you mentioned
above.

Question 3
Consider the potential step shown below.

(a) If a particle comes in from the right (as shown with the arrow) with E > VO > 0, find
its wavefunction in region I and II.

(b) Use boundary conditions to write down all the possible coefficients of the wavefunctions
we found in part (a).

(c) What is the probability density of position in region I?
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