














Quantum Mechanics Ph.D. Qualifying Exam (Fall 2014)

I. A particle moves in one dimension under the influence of a quartic potential V (x) = λx4. Show
that the energies depend on λ and the mass m only through the combination

En = Ēn

(

λ

4m2

)
1

3

Estimate the ground state energy using a trial wave function of the form

ψ(x) = Ne−a2x2/2

and compare to the exact numerical values (to eight decimals) of Ē0 = 1.060362.

II. The excited electronic configuration of the Helium atom (1S)1(2S)1 can exist either as a
singlet, or as a triplet state. Which state has the lower energy, and why? Write down an expression
which represents the triplet-singlet energy splitting in terms of the single-electron orbitals ψ1s(x)
and ψ2s(x).

III. Usually in atomic physics the proton is assumed to be a pointlike particle, but in this
problem we will assume that the proton has a non-zero physical radius r0 ≈ 10−13cm, with an
interior uniform charge distribution. Using perturbation theory determine quantitatively what
effect this has on the 1S and 2P energy levels of Hydrogen. Try to be as quantitative as you can
in the finals answer, by making suitable approximations if needed.

IV. A simple Hamiltonian describing neutrino mixing is given by

H = −ω

(

cos 2θ − sin 2θ
− sin 2θ − cos 2θ

)

In this basis the top row is one neutrino type (say νµ) and the bottom row is the second neutrino
type (say ντ ). The quantity θ is the neutrino mixing angle. At time t the system is therefore
described by a two-component vector

ψ(t) =

(

ψνµ(t)
ψντ (t)

)

(a) Find the eigenvalues of the above matrix H.
(b) If the neutrino is in a pure νµ state at t = 0, what is the probability that it will be detected as
a ντ at a later time t?
















