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Problem 2: Hydrogen Atom (10 pts)

In this problem you will caleulate the relativistic correction to the energics of the hydrogen
atom. The hydrogen alom Hamiltonian is in terms of its clectron in the ficld of the positively
charged nuclous
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where p is the electrons momentum, r its position, m, its mass, and ¢ the charge. This
Hamiltonian is nonrelativistic (p/(me) << 1). The correet relativistic expression to use for
the kinctic encrgy is
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{ Use this information to find the first non-zero order correction to the Hamiltonian due
to the relativistic motion of the electron. (2 Points)

Show that this correction is dmgonql in the jnim} basis by proving that it commutes
w;th the angular momentum operator L. Why is it sufficient to prove that the perturbation
commutes with L to show that the perturbation is diagonal in the |niwn) basis? (4 Points)
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find the relativistic cnergy correction to the energy levels of the Hydrogen atom. {4 Points)
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