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	 X W�= 34B-bc5(6(=�:g3 	Ve'7(W': 4ZU f�C

DFEHG
ρ̂ = |ψ〉〈ψ| ⇒ ρ̂ =

I
JLK − ˆMNPO

, ρ̂ =

I
J δ̂( ˆQ − R )

STEHG
ρ( U , V ) = δ( U − U�W )δ( V − VXW ) ⇒ ρ =

I
JYK −

M
( Z , [ )NPO

, ρ =

I
J δ( Q ( U , V )− R )

TV=�3 �'X 6�:gf�C
STEHG U 7\;(WV= U W'7(4�6g34B^]-3�7 i)6�`': W�7 6�70bj=�3�Tce�h�6(=
_�3 	�U 4ZU b e0h�:]U ?@U 7�_�h�6 bN4�`
DFEHGba BB=*W':<6 = 3�=�ca3<B 3�TV6�7 ��`(W'70bc`': fBeZfBb�6�:gf�d]X WV=e_@6 a fBb�WZb�U 3�7(WV= e0h��V=�3VW�	 �(W'7
	fd
6�7\;VU =�3�7': 6�70bch�W�	'6���`(W0bN6g= 6�Wfc]4c3�`'T'X U 7�_�h�TV6�= b U 7(6�70bhB W(4jbB3�= U i0U 7�_ UP7VU b U W'X(fBbNW0bN6�h�6jb�4�`
j�0�3�5 6�7�8 5 1�0 G

ρ = |ψ〉〈ψ| 	@3�6cf]7Z3(b 6>;Z3�X ;(6_U 70b�3
ρ̂ =

I
JLK − ˆMNPO

, ρ̂ =

I
J δ̂( ˆQ − R )

�'`0b 〈ψ|ˆk ( l )|ψ〉 ⇒≈
I
J S)= { K − ˆMNPO ˆk }

B 3'=m;(6(=�e : W'70e a W'X X ��d ˆk
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C�4j3�7Zf U 	'6(=K6 	 ��`(W'70b U b�e
�m;(6�=*W�_@6�C R���� (

�
) =

R

��� �
( U ) ��� �] WV= U W'7(4�6�C ����� (

�
) = R���� [
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] − R���� [

�
]
�
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�
] ≤ � #%$'& − � #%( )

⇒ =*6�X W0b U ;(6gBB=*6���`(6(7(4je 34B fBb�WZbBf B 6�W0bc`'= U 7�_ �
( U ) ≈ R ��� (

�
)
U f]5VU _�5

4j3�7'7(6�4jb�U 3�7abB3 	Ve'7(W':aU 4cf<T�3Vf�f U��'X 6;U B ˙U = * ( U ) �,+.- � * =
l

U 7\;(WV= U W'7(4�6 3<B fBbNW0bN6<fjT(W�4�6 ;Z3�X `': 6Vh�7Z396�=e_V3 	�U 4ZU b e0h�:aU ?@U 7�_�h�6jb�4�`
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�f*

�%�
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� 7 � 5 6 � 7 ��� � � �
	 6 ���Y3,� � 5 1 � �P0 �o1 � � ���o1P741 � G

|ψ〉 =
X



ψ 
 | � 〉 =

X



(η 
 + + ξ 
 | � 〉)

U = {η 
 , ξ 
 } : η 
 , ξ 
 :
=*6�W�X'4�WV= bN6cf U W�7 4c3'3'= 	�U W'7(WZb�6cf

� 0 � 7��Y5 6 � G Y�4�5'=�� 	�U 7�_V6�="6���`(WZb�U 3�7�h ˙U =
Q

( U ) �,+.- � Q
=
l

7X6\6 � � � 5 � 8 � � ��� 5 � � G Π̂α

C�TV=�3���6�4 b U ;(6a4c3�7ZfBbNW'70b�f 3<B :g3�b�U 3�7 a U 7\;(WV= U W'70b
fc` �ZfcT(W(4�6cf�dch�6�` _ ` h�fcT(W�7'7(6 	 �ce_6�7(6�=e_�e_6ZU _@6�7ZfBb�WZb�6cf�h�fcT(W'7'7(6�	 �ce;fBb�WZb�6cf B 6cWZbj`'= UP7�_
6���`(W'X�T(WV= b U 4(X 6 7'`':��V6�=�h�6jb�4�`

Π̂
�
α = Π̂α ,

h

ˆQ , Π̂α

i

=
l

, � α =
S)= {Π̂α} ,

S)= {Π̂α, Π̂β} = � αδβα

���
: {〈ψ|Π̂α|ψ〉 = � α}

3�4c4�`'T(WZb�U 3�7 T�=�3 �(W �VU X U b�U 6cf 34B fc` �ZfjT(W�4�6jf 4c3�7ZfN6(=e;(6 	
6 � � � 5 � � � �
����� 7 � 1�5 190 G �

( U ) = 〈ψ|ˆk |ψ〉

n
�o�
�
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� ���or����
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�
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�f*

� 5 8 � � �q1 � 3�7X6 � 7�� � �
7 �,� ��� � � � � ����7 � 8 � � G

R���� [
�
] ≡ J〈ψ|ˆk |ψ〉K ��� =

S)= {ˆk Ω̂} , Ω̂ =
X

α

� α

� α

Π̂α

��3�X b9i�: W�7'7;fEbNW0bN6 B 6cWZbj`'= UP7�_��E6���`(W'X@W TV= U 3'= U�TV=�3 �(W �VU X U b U 6jf
� 5 8 � � �q1 � 3�7X6 � ��7���5 7 � 6 � ��� � � � � ����7 � 8 � � G (ˆ

k
αβ ≡ Π̂α

ˆk Π̂β)

����� [
�
] ≡ ∆

� �
(〈ˆk 〉) =

X

αβ

� α � β

� α( � β + δαβ)

“ S)= {ˆk
αβ

ˆk †
αβ} − δαβ

S)= {ˆk
αα}

�
� α

”

4c3�7Zf�U 	'6�=�h�64` _�`,C a
∆
� �
(ˆ
k
)
C�fcTV6�4jbc=*W'X�;(WV= U W�7(4c6\d

〈ψ|Π̂α|ψ〉 =
I ⇒ ∆

� �
(〈ˆk 〉) =

I
� α +

I ∆
� �
(ˆ
k
)

19043�5 6�7X8 5 1�0 G =*6���`VU =*6cf<5VU _�5 	�U : 6�7Zf U 3�7(W�X�fcT(W(4�6Vh �V3�`'7
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