QM

Consider a quantum simple harmonic oscillator with time-dependent fre-
quency and Hamiltonian
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here wy, wy, T are constants. For all ¢ < 0 the oscillator is in its ground state
|0).

a) Using the wavefunctions given below, compute the matrix elements
(0]22|0) and (2|2?|0) where |n) are the eigenstates of the original w = wy
oscillator.

b) Suppose that 7 is very large (the adiabatic limit). Compute, without
making any approximations, the probabililty that the oscillator ends
up in its new ground state |0)’ at times ¢ > 0.

c¢) Using the phase choice for the wavefunctions given below, does the adi-
abatically evolving state of part (b) accumulate any geometric phase?

d) Suppose now that 7 = 0 — id.e. the sudden limit. Compute, again
without making any approximations, the probability that the oscillator
is in its new ground state |0) at ¢ > 0.

e) When 7 is neither large or small, use first order time-dependent per-
turbation theory to compute the the amplitude that the oscillator is to
be found in its original w = wy ground state at time ¢t > 0.

The normalized energy eigenfunctions for the w? = w? oscillator are
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You will only need

Hy(z) =1, Hy(x) =42 —2.



