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Atomic, Molecular, and Condensed Matter Physics

Problem Set 3

1. Consider a hydrogen atom. Seek the variational electron wave function in the form ψ(r) =
(πa3)−1/2 exp(−r/a) with an unknown a (the function should be normalized!). Find the
energy

∫
ψ∗(r)Ĥψ(r)dV using the electron Hamiltonian in the hydrogen atom. This energy

will be a function of a. Minimize this function with respect to a and find the variational value
of the energy in the ground state (5 pt)

2. Consider a helium atom. Seek the electron wave function of the ground state in the Hartree
form, Ψ(r1, r2) = ψ(r1)ψ(r2) and use for ψ(r) the same form as for the wave function of the
ground state of the hydrogen atom in problem 1, and again assume that a is a variational
parameter. Find the ground-state energy (10 pt).

The solution is due on September 25.


