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Respostas da 4a lista

2) a)

[a, a†] = 1 , H = h̄ω
(

a†a+
1

2

)

.

N = a†a conta o ńıvel de energia: N |n〉 = n|n〉.
b) A Hamiltoniana é separável: H = Hx +Hy, com
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c)

|ψ(t)〉 = 1√
5

[

e−i( 5

2
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i(ωx+ωy)t|1 1〉

]

Para 〈p2x〉 = 5mh̄ωx/2, a medição de energia deve colapsar o estado para |2 0〉, que tem
probabilidade |〈2 0|ψ(t)〉|2 = 1

5
.

d) deg(|nx ny〉) = nx + ny + 1.

3) a)

|n1, n2, n3〉 = |n1〉 ⊗ |n2〉 ⊗ |n3〉 , En1n2n3
= h̄ω

(

n1 + n2 + n3 +
3

2

)

b) deg(7
2
h̄ω) = 6, com os estados {|200〉, |020〉, |002〉, |110〉, |101〉, |011〉}

c) Prob(5
2
h̄ω) = 3

4
, e Prob(7

4
h̄ω) = 1

4
.

d)

|ψ(t)〉 = e−
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2
iωt
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4) a)
[
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]

Ψnxny
(x, y) = Enxny

Ψnxny
(x, y),

onde o potencial V (x, y) se anula na caixa e é infinito fora.
b)

Ψnxny
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ab
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a
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)
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c)

Prob (|E11〉) =
C2

C2 +D2
, Prob (|E12〉) =

D2

C2 +D2

d) Não é estacionário.

Φ(x, y, t) = CΨ11e
−iE11t/h̄ +DΨ12e

−iE12t/h̄

9) b) Autofunções : Y ml

l (θ, φ), autoenergias: El = l(l + 1)/2m.
c) deg(|El〉) = 2l + 1
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