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8.2: Expectation Values of x2 and p? for the Harmonic Oscillator

As an example of all we have discussed let us look at the harmonic oscillator. Suppose we measure the average deviation from
equilibrium for a harmonic oscillator in its ground state. This corresponds to measuring x. Using
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we find

(p) =0 (8.2.4)

More challenging are the expectation values of 2% and p®. Let me look at the first one first:
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(—(mwz)? 4+ Amw) exp(—%zz). (8.2.6)

Thus,
<132> =[% (%)1/2 (—(mwz)? 4+ Amw) exp(—%wz)dw
=hmwr 2 [% (1 -y?) exp(—y?)dy (8.2.7)

=hmw§.

This is actually a form of the uncertainity relation, and shows that

AzAp > %h! (8.2.8)
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