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Solution #9

Question A: Variational Calculation for the Anharmonic Oscilator
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First we need to make the ansatz normalized:h ↵| | ↵i = 1
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Next some results from Mathematica are attached to compare our numerically ”exact” result
with this variational result.
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Question B: Variational Method fro Excited States

Answer:
First let’s write  in the terms of energy eigenfunctions | i =
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The ground state | 0i, is orthogonal to  . We have h | | 0i = 0
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The expectation value of the first excited state:
< E↵ >= h ↵|H | ↵i = A2
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According to variational method, we minimize the expectation value, d<E
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In fact our ansatz is from the wave function for the first excited state so that we get such an
good estimation.

Question C: Feynman-Hellmann and the Expectation Values of 1/r and 1/r2

in Hydrogen Atom
Answer: /Gri↵th 6.32(a)
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Gri↵th 6.33
(a) Use � = e in the Feynman-Hellmann theorem to obtain < 1/r >.
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