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1.1 (a)

Express the time-evolved state as:
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where the coefficients potentially depend on time, and the ),,’s are eigenstates of the unper-
turbed Hamiltonian. ¢, is the time at which we are told the system is in the ground state of the
harmonic oscillator. Then applying time-dependent perturbation theory gives:
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where 7 denotes the initial state. This way we can calculate the coefficient of the state we care
about, which we call :
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Now notice that:
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Since the problem doesn’t say at time t” and instead it says ends up in the first excited state”,
we’ll assume they mean that ¢, — —oo and ¢ — o0, so:
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The only allowed value of final momentum, according to the delta function, is:

pr =P} — 2mw

s o (05 — /P — 20)?
P = AQef(pif p2—2mw)? /2mw (p bi mw) 4 2 (1)

7
2mw




