
(a) An electron in the 1D infinite potential square well where V = 0 from
0 < x < L has wavefunction Ψ(x, t = 0) = Ax(L − x) where A =
√

30/L5. Write down the appropriate form of the momentum operator,

p, and calculate 〈p〉. Comment on the physical significance of your
answer. [4 marks]

(b) A 1D double finite square well potential has V = 0 for L < x < 2L
and −2L < x < −L, and V0 elsewhere. The potential is large enough
that several bound states occur. Sketch the potential and sketch the
ground state and first excited state wavefunctions. Does the ground
state wavefunction peak at the midpoint of each well, or is the peak
displaced towards the origin or towards the outer edge of each well?
Give a physical explanation for your answer. [4 marks]

(c) The 3D anisotropic harmonic oscillator has energies E = h̄ωx(nx +
1/2) + h̄ωy(ny + 1/2) + h̄ωz(nz + 1/2) Write down the energy and de-
generacy of the ground state and first excited state if ωy = ωx and
ωz = 2ωx Give a qualitative description of the values of ωx, ωy and ωz

which maximize the degeneracy of the first excited state. What values
minimise the degeneracy? [4 marks]

(d) The ground state wavefunction of Hydrogen is ψ000(r, θ, φ) = (πa3)−1/2e−r/a.
Write down the probability to find the electron within a volume dV of
position r, θ, φ. What is the radial probability distribution function
D(r), where D(r)dr is the probability to find the electron within dis-
tance dr of r. Where does this probability distribution peak? [4 marks]
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