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1. @ Tofind A nomalizethe state, nating tha an overall phase is not physcally meaningful:
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b) Tofindthetime dependence, multiply each energy eigendate by its phase evolution term.

To smplify notation use standad variable change ! =, fm?x = #X
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I (xt) = 1() €™ (9+329% + 2429%0&1)
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c) Cadculate expectation values by doing spaial integrals, but use symmetry to make many
terms go away. Could also dowith ladde opeators
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Ehrenfest'stheorem in thiscase is

(p)= md—#g\/?',cos’ tg

(p)=mZ /2 [& sin!t]
(p)=&%~2!'m/ sin/t

Soitissatisfied.

d) There areonly two possible energieshere:E, = 3!/ , E, =2!! . The probabilitiesare
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P(E,)=|(nlr (1))
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=0.64

2. To solvethis problem we want to write the state in terms of energy eigendates. Rather than
calculating the coefficients uang spatial overlap integrals, let'stry to write our state in away
tha makesit obviouswhich energy states are induded. First write outthe harmonic

oiillator fundionsto see how they will relate to our state:
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switching to bra-ket notation, we have

! (0)) =C#g0)" 2v2|1) +2v2|2)%

where C isthe nomalization congant
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b) Notetha thefundion at thelater time T only has asign changein thelinear x term,
which isrelated only to the! , (x). We also know howthe origind state evolves, so we can

relate thetwo expressions Theresult istha we want the ! 1(x) term to have asign change

in the phase evolution, while the other two terms are unchanged at T.
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3. Thetwo enegiesarethen =0, 1 states, so the measurement tells usthat:

P(E)=knlr () =5("0 ")

We know tha energy measurements are time independent, so we have noinformation onthe
time dependent amplitudefactors, butwe know those from our knowedgeof Schrédinge
time evolution. Thuswe knowtheorigind state and thetime evolved state:
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Now use this to find the expectation value of the momentum.
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Themaximum value occurs when thesinefundion=-1. Since we are told that this happens
at=0wehae(!," ! )=2
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Theoveal pheseis unknown but doesn't matter (cannotbe measured)
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