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PROBLEM 3: Harmonic Oscillator in 3 Dimensions

Consider a particle subject to a 3-dimensional harmonic oscillator potential:
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where w, = w, = w and w, = 2w. The wave function is given by:
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}a’{. For the ground state wave function, determine, AX, AP, and their product AXAPF,
using Dirac notation and raising and lowering operators. (8 points)

(/?i{ For the ground state, Wy g9, do you expect

¥/ AZ to be larger or smaller than AX7?
il AZAP, to be larger or smaller than AXAP,?
Explain your reasoning in each case. (2 points)

(7{. Assume that at t = 0 the particle is in the stafe:
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If one measures the total energy, I8, what is the probability of obtaining 5hw? (2 pein

(}5{{ Immediately after the measurement performed in part (c), what harmonic oscillator
state {or superposition of states) is the system in? (1 points)

(7’/{. Assume that at time ¢ = { the measurement described in part (c) is performed and that

the energy is found to be F = bAw. If the obscrvable, X, is measured at a time ¢ > 0,
will its probability distribution be be time dependent or time independent? Explain
your reasoning. (2 points)
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