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1. Find the approximate ground state energy to second-order in λ for the
Hamiltonian
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using perturbation theory.

2. The Hamiltonian of helium-like ions (i.e, ions with two electrons and a
nucleus of charge Ze) is given by
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where r1 and r2 are the positions of the two electrons and pi their mo-
menta and r12 = |r1 − r2| is the separation of the two electrons. The last
term in the above Hamiltonian arises from the repulsion between the two
electrons.

(a) Neglecting the repulsion term, the Hamiltonian can be written as the
sum of two independent electrons in a central force potential as in an
hydrogen-like atom. Estimate the ground state energy and compare
with the experimental value of −78.6eV for the case of helium.

(b) One can improve this using first-order perturbation theory by treat-
ing the repulsion term as a perturbation. Estimate the ground state
energy of the helium atom using first-order perturbation theory.

3. Linear Stark effect: Consider perturbing the Hydrogen atom by turning
on an electric field along the z-direction. The perturbing Hamiltonian is
given by H1 = eEz. Focusing on the 2s and 2p states: |2, 0, 0〉 and
|2, 1,m〉 (m = 0,±1), choose the following orthonormal basis1:

|2, 1, 1〉 ; |2, 1,−1〉 ;
|2, 0, 0〉 ± |2, 1, 0〉√

2
.

Show that, to first-order in the perturbation, the energies of the first two
states are unchanged while the other two states have an equal but op-
posite first-order shift in energy. If you need to see the answer to this
problem, the solution to this problem is given here:
http://farside.ph.utexas.edu/teaching/qm/lectures/node54.html

1Since we did not do degenerate perturbation in class, I am giving you the preferred basis
in which the perturbing Hamiltonian is diagonal in the (degenerate) n = 2 subspace. In such
a basis, the blowing up of energy denominators do not occur.


