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1 Harmonic oscillator general states

Consider the following states of a harmonic oscillator
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a) Consider single particle in each state. List the meaﬁﬁrement outcomes and probabilities
with which they occur.

b) Given a single particle guaranteed to be in any of the three states, could an energy
measurement be used to decide which state with certainty.

c¢) Are there any states that can be distinguished via some single measurement on a single
particle

d) Determine the expectation value of the measurement outcomes for each state. Given

an ensemble of particles, each in the same one of the three states, could an energy
measurement decide which state it is?
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2 Wavefunction for the n = 1 harmonic oscillator state

The ground state harmonic oscillator wavefunction is
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This is normalized. Determine the wavefunction for the n = 1 energy eigenstate,
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3 Position and momentum statistics for harmonic oscillator energy eigenstates

A harmonic oscillator is in the state |1) .

a) Determine (z) and Awz.

b) Determine (p) and Ap.
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Harmonic osullator fime  evolubon
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4 Harmonic oscillator superposition temporal behavior

A harmonic oscillator is initially in the state
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a) Determine the state at a later time.
b) Determine (z) at any later time.
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