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Question 1.

a) The two measured energies are the n = 1, 2 states, so the measurement tells us that:

Thus we can construct the original state and the time evolved state:
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Now use this to find the expectation value of the position.

2mw
(9= 5 e e 31+ 4 e 2l (o' + a) et E [3]1)+ 40 e )
mao
(¥)= 5 126 e (1a]2)+ 1267 (2] |1)]
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mao

<x> = \/%—cos[wt 0, - 91)]

This will be minimal when the argument is 7, so if this is at 7 = 0, we get
—(6,-6,)=x

ei(92—9,) — e*iﬂ«' =—1

We can ignore the overall phase of the wave function since it is not measurable and write the

state as:

A3l - e 2)]

b) Now use this to find the expectation value of the momentum.
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(p)
(py=i mg’h L13(1 -4 (2|](a" —a) L] 3]1) - 4e7"[2) ]

(p)=i mg’h L1267 (1]a]2) - 126" (2]a"|1)]
(p) =~ mwnh Zsin(wt)

(v (1) plw (1)) = "2 (w ()] = alw (1)

¢) Now find the expectation value of the energy, noting that the Hamiltonian is diagonal.
(E)=(v|H|y)
w)=1[3I1)-4¢™|2)]
(Ey=1[3(1|-4e (2| |H L[ 3|1) - 4e|2) ]
(E)=[9C|H[1)+16(2|H|2)]
(E)=%[92hw+162h0]=Cho

(E)="hw=2.14 ho

The same result is obtained with the probability weighting method:

(£)=3 EP(E,)=1hok + 1ok =5 ho

Question 2.
3 € 0 O
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a) For the unperturbed case we have
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oS O O

300
0 5 0
0 0 7

with eigenvalues E, = 3V,, E, =3V, E5; =5V, , E, =7V,, and eigenvectors
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Note that |1> and |2> are degenerate and |3) and |4) are nondegenerate.

b) Let's first do nondegenerate perturbation theory for the |3> and |4) states. First we need to

write the perturbation Hamiltonian:

0 € 0 O

e 0 2 0
I;‘/O

0 26 0 ¢
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The first-order corrections are

E(l):< 0] 3 l//o>
E(l) <l//3 >
B = (| A]w) =0

So we need to go to second order for these states
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E® = 0 |28V0| + |€V0|2
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Thus the energies to second order are

3
E3:V0[5+582}

e
E, =V, 7+58

Now look at the perturbation of the degenerate |1> and |2> states. Here we need to diagonalize

the perturbation Hamiltonian within that 2x2 space:

0O € 0 O

e 0 2 O 0 ¢
H'=V, = H/,2V,

0 2¢ 0 ¢ ’ e 0

0O 0 € O

Now diagonalize this
A &V
eV, -1
2> —(ev,) =0
A==€V,

Now the corrected energies are

E =E" +E" =3V, +¢V,
E,=E" +E =3V, - ¢V,
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