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ω(λ) = ω
√

1 + λ
[t�������A�����������_�����_���N�f��� |λ| ≤ 1

[v������	�
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∑
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a† = 1√
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(p+ imωq), a = 1√
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(p− imωq), [a, a†] = ~ω

W O
=⇒ q = x = i

ω
√
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(a− a†)
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x2 = −1

2mω2

(
a2 − a†a− aa† + (a†)2
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a|n〉 =

√
n~ω |n− 1〉, a†|n〉 =

√
(n+ 1)~ω |n+ 1〉
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a2|n〉 = ~ω

√
n(n− 1) |n− 2〉, a†a|n〉 = ~ωn |n〉,

aa†|n〉 = ~ω(n+ 1) |n〉, (a†)2|n〉 = ~ω
√

(n+ 1)(n+ 2) |n+ 2〉.
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〈n|V |n〉 = mω2
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2
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E(1)
n = 〈n|W |n〉 = λ〈n|V |n〉 = λ
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���¢���_��O�A	����	��
� |n〉
E(2)
n =

∑

k 6=n

|〈k|W |n〉|2
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(
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mω2λ

)2∑
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|〈k|x2|n〉|2
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,

¬$Q��+���
L��
�������V�N��L
���NL�Q��1�:��������¬$Q��
�K���N���  ���
���
�N��Ry���3�������¤R&�_�	��L
�������������_��������Q:� 〈k|x2|n〉 [
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√
(n+1)(n+2) δk,n+2

”2

En−Ek

= λ2 ~ω
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)
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(
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|η1〉 = |x〉, |η2〉 = |y〉+ η2 − 1

λ
|z〉, |η3〉 = |z〉+ η3 − 2

λ
|y〉.
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|x(λ)〉 = |x〉,

|y(λ)〉 = |y〉+ 1−
√

1 + 4λ2

2λ
|z〉 ' |y〉+ λ(λ2 − 1)|z〉+ · · ·

|z(λ)〉 = |z〉 +
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1 + 4λ2 − 1

2λ
|y〉 ' |z〉+ λ(1− λ2)|y〉+ · · ·
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 ⇒ W = V0
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ε1 = 〈z|W |z〉 = W33 = 0.
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ε(λ) = ε0 + λε1 + λ2ε2 + · · · = V0(2 + λ2) + · · ·
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ε0 = V0 −→ ε0 + λε1 =

{
V0(1− λ) = η1

V0 ∼ η2
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