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Problem 5: Expanding Harmonic Oscillator (10 pts)

Consider a particle of mass m confined in a 1D harmonic oscillator potential with froquency
wo

P? m
Hy= 2=+ —wf X* 1
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The raising and lowering operators are useful for harmenice oscillator problems:
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where A = Y/ EZ—U is the length seale for the harmonic oscillator:

%) [2 pts] Use the raising and lowering oporators to derive the ground state wavefuction,
E 2 Yp g
ig{x), and the first excited state wavefuction, ¢1(x), for the Hamiltonian H,. Be sure
to show vour work,

yj/ I1 pt] Consider a sudden change in the potential, modeled by a change in the original
frequency of the oscillator by some multiplicative value f, to the new Hamiltonian:

P2 om o, . .
2m 2
“Sudden” in this case means that onc can ignore the time it takes to change the

potential,

If ¢p{x) and ¢ {z) are the ground and first excited state wavefunctions of Hy, what
are the functional forms for these wavefunctions? Explain your answer.

AN

|: (¢)4[3 pts) The oscillator is in the ground state 1hg(z) when the potential suddenly changes.
"+ What is the expectation value of the energy of the oscillator after the potential
changes? Show your work.

) [2 pts} If the oscillator is in the state ihg{x) when the potential suddenly changes, whal
is the probability of the oscillator being in the ground state of Hy, after the potential
changes? Show your work,

() 11 pt] If the oscillator is in the state ¢o{x) when the potential suddenly changes, what is
Lthe probability of the oscillator being in the first excited state of Hy after the potential
changes? Bxplain your answor.

ﬁ')'} {1 pt] Finally, assume the oscillator is in the first excited state of Hg, 41{x), when
“ the potential suddenly changes. What s the expectation value of the energy of the
oscillator alter the potential changes? Is the change in the expectation value of the
energy, from H, to Hy, for oy larger than, smaller than, or the same as ¢y? Explain.

Remember that the Gaussian integrals have the form:
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