PHY 407
Homework 11

1. a) Prove the Thomas-Reiche-Kuhn sum rule

S (B — B | X[ = - 0

nl

where X is the coordinate operator and |n) represent the eigenstates
of the Hamiltonian

H= % +V(X). 2)

b) Test the sum rule on the n-th state of the harmonic oscillator.
2. Consider the Runge-Lenz operator defined as
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M; = @Q‘jk (p;Lr — Lipk) — puli? (3)

where L; denotes the three orbital angular momentum operators. Given

that the Hamiltonian for the Hydrogen atom has the form
g=2_2 (4)

show that

b) [MZ, L]] = ZhEUkMk

C) [MZ, M]] = —%heiijLk.

3. Find the lowest energy eigenstate (ground state) of the hydrogen atom
in the coordinate representation starting from the operator formalism
of O(4) symmetry discussed in class.



