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〈ϕ, ·〉 ←→ 〈ϕ| ≡ bra(ϕ) £ ψ ←→ |ψ〉 ≡ ket(ψ)
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〈ϕ,A∗ψ〉 := 〈Aϕ, ψ〉 (♥)
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iθk
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ρ2
1 + ρ2
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ρk = 1
2
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θk = 1
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(α + (−1)kϕ)
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Ψ(α, ϕ, η) =
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ψ1

ψ2
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=

(
ρ1e

iθ1

ρ2e
iθ2

)
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eiα/2√
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e−iϕ/2

√
1 + η

eiϕ/2
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1− η
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η = cos θ
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θ ∈ [0, π]
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cos 2a = 2 cos2 a− 1 = 1− 2 sin2 a
[

√
1 + η

2
= cos θ/2,

√
1− η

2
= sin θ/2
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χ(θ, ϕ) = |θ, ϕ〉 =

(
e−iϕ/2 cos θ/2

eiϕ/2 sin θ/2

)
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|+〉 =
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(|ψ〉 = |+ x̂〉) = ||Px̂ψ||2 = 〈ψ|Px̂|ψ〉 =
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1 + 〈ψ, σx|ψ〉
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[AL�}~�
����Â����N	��

S(θ, ϕ) =
~

2
σ(θ, ϕ) =

~

2

(
cos θ sin θe−iϕ

sin θeiϕ − cos θ

)
.

�2���N�
σ(θ, ϕ)

�
�K�Ã����Qa¨���Q�	
�Á���$�����NQM�����������Ã�����
	���L��O�$Q����N�_[������ALO�A���
�]�
L��
	
� {+1,−1} ��P+���Á���_�N�
QA	
�Á{$Q��¡8��Q�	
�A����Q����VRS�
��Q�	
�V��Q��
�A�N�����_���Z��������	
�
L½�������
(θ, ϕ)

�
���$�E�N�����_���N��Q�	
����	
����	
���Z���
S(θ, ϕ)

[]L�}~�
�K��Â
���N	�� ±1

2
~
�

ª



¿ ¥SJ:���N���$�
P± = 1

2
(
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|θ, ϕ,−〉 = |π − θ, π + ϕ,+〉 =
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− sin(θ/2) e−iϕ/2

cos(θ/2) e+iϕ/2
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(ŝ1 − iŝ2) =
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∣∣(1 + cos θ)/2 e−iωt/2 + (1− cos θ)/2 eiωt/2

∣∣2
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=
(
~p− e ~A

)2 − ie εk`m(pkA` + Akp`)σm

=
(
~p− e ~A

)2 − ie εk`m(Akp` + A`pk − i~∂kA`)σm
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⊗
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√
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|2, 1〉 ⊗ |1, 0〉+

√
6

15
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√
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e−iπT2 = e−iπ/2σ2 = cos π
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− i sin π
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e−iπT2 ⊗ e−iπT2 |p⊗ p〉 = |n⊗ n〉, e−iπT2 ⊗ e−iπT2 |n⊗ n〉 = |p⊗ p〉.

ª ¥�«Z��QA�
�N���N�
���§}~�N�3�_��	
�N����L��Z�1}~�N�
���
�����
[H, e−iα n̂·

~T ] = 0
[

〈p⊗ p|H ⊗H|p⊗ p〉 = 〈e−iπT2 ⊗ e−iπT2 |n⊗ n〉|H ⊗H|e−iπT2 ⊗ e−iπT2 |n⊗ n〉〉
= 〈n⊗ n|e+iπT2 ⊗ e+iπT2H ⊗He−iπT2 ⊗ e−iπT2 |n⊗ n〉
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