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Question 1.
a) Thetwo measured energies arethen = 1, 2 states, so the measurement tells ustha:

2
P(E,)=[nl (V) =|cn|2
( 0 36_ 9 (%) — 3 I#l
P(E,) 064—16—(g) -4é#2
Thuswe can congruct theorigind state and thetime evolved state:
! (0)‘1§><36'1I1 )+4e(2)%
1 (1) =tgpee " v ace = o)y
1 (1) %&3@1e'2|1>+4é2e'2|z>%
[ (1) =3 M BID + el e |2)%
Now use this to find the expectation value of the posgtion.
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Thiswill beminimal when theargumentis!, soif thisisat t =0, we get
(7,1 )= #
gl =¥ =11

We can ignore theoveall phase of thewave fundion since it is not measurable and write the
state as:

| (1) =285 46 [2)&

b) Now use thisto find the expectation value of the momentum.
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()= (O)]pl! O)=i\ ™ (t)|a #al! (1))
(P) =i 150 # e (28 #a)1 gD # e 2)8

(p)=i /%'%%2@‘ ‘(1a|2)#12¢™ (2]a )&
(p)=+/m T Zsin("1)
¢) Now find theexpectation value of the energy, noting that the Hamiltonian is diagond.
(E)=(" [H]")
1) =380 " 4 |2)&
(E)=385(1" 4™ (2eH 851" 4e ™' |2)&
(E)=289(1H|1)+16(2[H|2)&
(E)=2L6931# +1651 # &= #

(Ey=201/ =214

Thesame result is obtained with the probability weighting method:

(E)=1 EP(E)=3""

n
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Question 2.
"3 10 0%
$ 3 21 0
H!V,S
$0 2/ 5 It
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a) Fortheunpeturbed case we have

3 0

o 01 O O
~N O O O

3
00
0

with eigenvdues E; = 3V, E, = 3V,,, E; =5V, E, = 7V, and eigenvectors
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#08 #08 #08 #18

Notetha |1) and |2) aredegenerate and |3) and |4) are nond@enerate.
b) Let'sfirst donondegyenerate perturbaiontheory for the |3) and |4) states. First we need to

write the perturbation Hamiltonian:

#0 " 0 0&

% o 2" of
H!!v(% o g g

[0)

o - o

Thefirst-order correctionsare

EV =( o|H" 7)

EV =(/ 3H $Y=0

EV =(/ J|H =0

So we need to go to second order for these states

n|H!lk
E(Z) gn ‘E(O) E((J)
£ < $\3|Hl|k\ \3|Hl|1\ \(3|Hl|2\ \(3|Hl|4)\2
E(O) E(O) - E(O) E(O) E(O) E(O) E(O) E(O)

k#n

T [ 1. e A
S5V M3, 5V, M3V, 5V, "V,

£ = o8, (5 + 5

3

B =9V,
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calio _ fari)”  [calry2)”  [cajedy 3]

E(Z) $ —
el E(O) " E(O) E(O) " E1(0) E510) " Eéo) EL(10) " Eéo)
2 2 2
E@ = s + 0 + |%0|
4 7V0 n wo 7VO n WO 7VO n 5V0
1
Eﬁz) = E %VO

Thusthe energi% to secondorde are

E, = Vf —12
1 2o
E4:v0§7+5!.&

Now look at the perturbaion of the degenerate |1) and |2) states. Here we need to diagondize

the perturbaion Hamiltonian within tha 2x2 spece:

0 ¢ 0 O
e 0 2 0 0 ¢
H !V M=UH! LV
°’0 2¢ 0 ¢ 2o %e o
0O 0 € O
Now diagondize this
A, 1"
"2'( )
=+A

Now the corrected energies are
E =E”+E"=3V,+!V,
E2 = E§0)+E§l) = 3VO ! IVO
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