Problem 2: The Harmonic Oscillator (10 Points):

The normalized wave functions for the one-dimensional quantum harmonic oscillator can be
written as,

1/2
Tp(z) = (271;/!5\/%.) e—aa;?/QHn(\/ax],

where n is the principle quantum number of the oscillator, I3, is the nt* order Hermite poly-
nomial, & =wm/h, w is the oscillator frequency, and m is its mass. The following equations
may be useful,

Hy1{q) + 2nHp_1(q) — 2¢Hyp{gq) = 0

dHn(q)

dq = ZnHﬂ““}—(g]
and
(HnlgHps1) = 2M{n+ 1)W7
{(Hy|qHp) =0
(Hnlqﬂn—1> = 21“_1?'1'!'\/E
/

( #) 1. Calculate the expectation value of z and z2 for the n'* state of the harmonic oscillator,
where z is the position. (2 Points)

}b/ Y 2. Calculate the expectation value of p and p? for the n'* state of the harmonic oscillator,
where p is the momentum. {2 Points)

{}%/ 3. Calculate Az and Ap for the n'" state. What is the uncertainty product (AzAp) for
‘ the oscillator?(2 Points)

{ 9)4 4. Calculate the expectation value of the kinetic energy and the potential energy of the nth
state of the oscillator. Show that the sum of the expectation value of the kinetic and
potential energies are equal to the total energy of the nth state. {2 Points)

éﬁ.}é 5. How does the uncertainty principle relate to the fact that the energy is not zero in the
ground state? Explain and interpret your answer to receive credit.(2 Points)
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