QM 15-030-710-003 Spring 1999
Midterm: Perturbation Theory.
Monday, May 3

1. (20 points) In the Hamiltonian of a harmonic oscillator,
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consider az?/2 formally as a perturbation.

a) Calculate the energy shift of the ground state and compare with the exact result.

b) Based on the exact result, evaluate the matrix element (552) 03"

Hint: Only (22) , and (z?), are non-zero.

¢) (bonus) Since (a:Z)nm = > TnkTkm and only ,, for n =k + 1 and n = k — 1 are non-zero,

(12)02 = xzp1212. Use b) and evaluate xg; and 219 explicitly to verify this result.

Solution

The exact energy of the ground state is
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where the second equality is the expansion for @ < k. Treating ax?/2 as a perturbation, we find
(a® = h/mw)
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in agreement with the expansion of the exact result. Obviously,
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On the other hand, direct evaluation gives
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2. (20 points) A linear oscillator in the ground state begins, at ¢ = 0, begins moving with a constant
velocity v . Find the probability that the oscillator will remain in the ground state.
Hint: Consider the problem in the frame of reference moving with the oscillator and notice that, in
this frame, the original WF can be written as ¢ (ml) = exp (fimvml /h) Ug (x') where 2 is the

coordinate in the moving frame (z = @ — vt) while the new WF of the ground state is 1, (xl>

Solution

Using a? = h/mw,
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= exp (—m2a2v2/2h2) = exp (—mv? /2hw)



