5. Quantum Mechanics (Spring 2005)

An electron moves in a hydrogen atom potential — ignoring spin and relativity — in a state [1) that
has the wave function

¥(r,0,¢) = NRao(r) [21Y771(8, 9) + (2 + ) Y7'(6, ¢) + 3iY7 (6, 0)]
where the ¥;™(#,¢) are the spherical harmonics, Rn(r) are the normalized hydrogen atom wave
funections, and N is a positive real number.

{a) Calculate V.

{b} What is the expectation value of L.? (AL =r x p)

(¢) What is the expectation value of L?7?

(d}) What is the expectation value of the kinetic energy in terms of fi, ¢, the electron charge e or
the fine-structure constant «, and the electron mass m?

Note: The explicit forms of the functions that appear in ¥(r, 8, ¢) above are
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