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� +Q;MBiBp2Hv TH�mbB#H2 KQ/2H
7Q` �M�T?Q`� `2bQHmiBQM

PH;� a2KBM+F �M/ S�b+�H �KbBHB
lMBp2`bBiû S�`Bb .B/2`Qi S�`Bb d

�#bi`�+i

�M�T?Q`� `2bQHmiBQM � Bb +QKTH2t T`Q#H2K �b Bi /2�Hb rBi? bvMi�t- b2K�MiB+b �M/
/Bb+Qm`b2X h?2 bm#D2+i Bb r2HH bim/B2/ BM }2H/ Q7 Tbv+?QHBM;mBbiB+b- r?2`2 KmHiBTH2
T`272`2M+2b r2`2 /Bb+Qp2`2/- �M/ BM i?2 }2H/ Q7 +QKTmi�iBQM�H HBM;mBbiB+b- r?2`2
K�Mv bvbi2Kb ?�p2 #22M /2p2HQT2/ iQ T2`7Q`K �M�T?Q`� `2bQHmiBQM BM /Q+mK2MibX
L2p2`i?2H2bb- i?2 rQ`F /QM2 BM i?2 irQ }2H/b `2K�BMb /Bb+QMM2+i2/X

q2 BMp2biB;�i2 ?Qr r2 +�M #`B/;2 i?2 ;�T #v 2tTHQBiBM; i?2 QTiBQMb 7Q` K�F@
BM; � +Q;MBiBp2Hv TH�mbB#H2 KQ/2H 7Q` �M�T?Q`� `2bQHmiBQMX am+? KQ/2H +�M #2
#2M2}+2Mi 7Q` #Qi? }2H/b �b Bi +�M BMbTB`2 +QKTmi�iBQM�H HBM;mBbiB+b rBi? }M/BM;b
�#Qmi ?Qr ?mK�Mb T`Q+2bb �M�T?Q`�- �M/ ?2HT i?2 Tbv+?QHBM;mBbiB+ +QKKmMBiv
/2p2HQTBM; H�`;2 +Qp2`�;2- BM+`2K2Mi�H KQ/2Hb bBKmH�iBM; i?2 ?mK�M T`Q+2bbBM;
Q7 �M�T?Q`�X

h?2 T`QD2+i

1Mi`QTv Qp2` i?2 "2HH h`22 �b � +Qbi K2i`B+

! 1Mi`QTv `2~2+ib i?2 mM+2`i�BMiv Q7 � `�M/QK p�`B�#H2
! 1Mi`QTv Bb K�tBK�H r?2M �HH TQbbB#H2 Qmi+QK2b ?�p2 2[m�H T`Q#�#BHBiB2bX

>(s) = −
∑

B∈s T(s = B) · HQ;2(T(s = B))X

! h?2 bT�+2 Q7 +Q`272`2M+2 `2bQHmiBQM +�M #2 T`2b2Mi2/ #v i?2 "2HH h`22 (R)X
! h?2 T�i?b Q7 i?2 i`22 7`QK i?2 `QQi iQ i?2 H2�p2b +�M `2+2Bp2 T`Q#�#BHBiv
! �HH i?2 T�i?b 7Q`K � T`Q#�#BHBiv /Bbi`B#miBQM → +�H+mH�i2 2Mi`QTv

! q2 7Q`KmH�i2 i?2 +Qbi Q7 �M �M�T?Q` �b i?2 `�iBQ #2ir22M i?2
2Mi`QTv Qp2` i?2 T`Q#�#BHBiv /Bbi`B#miBQM i?2 T�i?b Q7 i?2 "2HH
h`22 �M/ Bib K�tBK�H 2Mi`QTvX

1KK� b22b � +Qr BM i?2 K2�/QrX
RX &1KK�' RXy

kX &1KK�'
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yXj

yXd

jX &1KK�'

&1KK�- � +Qr'
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*�H+mH�i2
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yXj

yXd

&1KK�- � +Qr- i?2 K2�/Qr'
yXk

&1KK�- � +Qr'-&i?2 K2�/Qr'
yX3

yXR

yXR
yX3

&1KK�- i?2 K2�/Qr'- &� +Qr'

&1KK�'- &� +Qr- i?2 K2�/Qr'

&1KK�'- &� +Qr'- &i?2 K2�/Qr'

yXye

yXk9

yXyd

yXyd

yX8e

JQ/2HǶb S`2/B+iBQM

! 1p2`v `272`2MiB�H 2tT`2bbBQM Q7 � i2ti +�M `2+2Bp2 � /B{+mHiv b+Q`2X
! 6m`i?2` `2b2�`+? +�M BM/B+�i2 B7 i?2 +Qbi K2i`B+ Bb p�Hm�#H2 Q7 �HH ivT2b Q7

+Q`272`2M+2- Q` QMHv +2`i�BM ivT2b Q7 �M�T?Q`� `2bQHmiBQMX

o�HB/�iBQM Q7 i?2 JQ/2H

! q2 r�Mi iQ p�HB/�i2 Qm` KQ/2H QM `2�/BM; iBK2b QM +Q`TmbX
! .mM/22 1v2@i`�+FBM; *Q`Tmb (k)
! 6`2M+? h`22#�MF *Q`Tmb (j)

! *?�HH2M;2b,
! �M�T?Q`� �`2 Q7i2M p2`v b?Q`i UT`QMQmMbV �M/ �`2 Q7i2M MQi }t�i2/X
! q2 M22/ iQ +QMi`QH 7Q` HQr H2p2H 7�+iQ`b, rQ`/ 7`2[m2M+v- rQ`/ H2M;i?-

TQbBiBQM QM i?2 HBM2XXX

⇒ q2 ?�p2 iQ #mBH/ � KBt2/ 2z2+i KQ/2H

*QM+HmbBQM

Pm` KQ/2H Q7 T`Q+2bbBM; +Qbi b22Kb `2�bQM�#H2- #mi Bb MQi v2i p�HB/�i2/ QM +Q`@
TmbX � M2ti bi2T BM `2b2�`+? Bb iQ i�F2 BMiQ �++QmMi KQ`2 7�+iQ`b- 2bT2+B�HHv
7�+iQ`b +QKBM; 7`QK bvMi�tX 6m`i?2`KQ`2- r2 M22/ iQ `2~2+i QM � r�v Q7 K2�@
bm`BM; `2�/BM; iBK2 7Q` �M�T?Q`�X PM+2 r2 /2p2HQT2/ � K2i?Q/ 7Q` K2�bm`BM;
`2�/BM; iBK2 Q7 �M�T?Q`�- r2 rBHH i`v iQ p�HB/�i2 Qm` KQ/2H rBi? � KBt2/ 2z2+i
KQ/2H QM � 2v2@i`�+FBM; +Q`TmbX

_272`2M+2b

(R) sB�Q[B�M; GmQ- �#2 Aiiv+?2`B�?- >QM;v�M CBM;- L�M/� E�K#?�iH�- �M/ a�HBK _QmFQbX
� K2MiBQM@bvM+?`QMQmb +Q`272`2M+2 `2bQHmiBQM �H;Q`Bi?K #�b2/ QM i?2 #2HH i`22X
AM S`Q+22/BM;b Q7 i?2 9kM/ �MMm�H J22iBM; QM �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+b-
T�;2b Rj8ĜR9jX �bbQ+B�iBQM 7Q` *QKTmi�iBQM�H GBM;mBbiB+b- kyy9X

(k) �H�M E2MM2/v- _Q#BM >BHH- �M/ CQďH SvMi2X
h?2 /mM/22 +Q`TmbX
AM S`Q+22/BM;b Q7 i?2 Rki? 1m`QT2�M +QM72`2M+2 QM 2v2 KQp2K2Mi- kyyjX

(j) �MM2 �#2BHHû- GBQM2H *HûK2Mi- �M/ 6`�MÏQBb hQmbb2M2HX
"mBH/BM; � i`22#�MF 7Q` 7`2M+?X
AM h`22#�MFb- T�;2b Re8ĜR3dX aT`BM;2`- kyyjX

�+FMQrH2/;K2Mib

! h?Bb rQ`F Bb bmTTQ`i2/ #v � Tm#HB+ ;`�Mi Qp2`b22M #v i?2 6`2M+? L�iBQM�H
_2b2�`+? �;2M+v U�L_V �b T�`i Q7 i?2 ǶAMp2biBbb2K2Mib /Ƕ�p2MB`Ƕ T`Q;`�K
U`272`2M+2, �L_@Ry@G�"s@yy3jVX

! h?Bb rQ`F Bb bmTTQ`i2/ #v i?2 S?. T`Q;`�K 6`QMiBĕ`2b /m oBp�Mi Q7 i?2
*2Mi2` 7Q` _2b2�`+? �M/ AMi2`/Bb+BTHBM�`BivX

QH;�Xb2KBM+F!+`B@T�`BbXQ`; T�b+�HX�KbBHB!HBM;mBbiXmMBp@T�`Bb@/B/2`QiX7`


