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FMb�RsE9L$EBdeIKLuI�O�^�~UFHGTZ�O=^=b�I�agkuv�IfdÀt$EUbuvwIUt$L$NsZ�GJIUb�NPYÁFTIUY�k>Y�FHGJIUL3NPZ�bgdeIULgGMEzd�k-YÂO=E�O=^=~UF%GMZ=O�^=b�I�_$X%^�k-F}vwIULuI
d´bUEU_;Z�XMO=NsZ�GMEf[%Z�F%G)GME`[%r3i�^=L$IUO=^�L$NPZ�_;EBd{IUi=L3NPZ�[%F%^=Z�d�k-^}deIUL3NPZUl)��hBd�NS~KO�dÃGTIUb�NPY�FMIUY�k-Y�F%GTIUL$NPZ�bgdeIKL>�
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v�IU¥%L$NPZ�LuIU^}k-d{IUY�k
[%Z+L3NPZ=F%_;EURSIUXHk>^�EBdeIULgk-Y+�f_$X%^=Z�^+_1E9RSIUXHk-^�IKGME9Xfb�GMh9X%k�_$X%^=Z�_$r$¥MO�N{G\k-RPbKE�¥%d�NPIKG�vSE�E�E9b�XMZ=¥%RPE9L3Z�[�_1E9RSIUXHk-^�IUO\[%N�l
��E9i�Z=Y�k�b�XMy�O=NP|�_;EURSIUXHk>^=IKGTEUXMZ=Y�GTIUbxIUagk�^=IUY�NSIUFHG�_3XM^=Z�_$r$F%^=O=^=IU|V¥%d�NPIKG�vSE+FM_1E9RPIUX%k-^=EBd{IUL$Z�L$_ml)_3NPE9L$EBd�E
_$X%^=Z=_3r$¥MO�N6vC¥Hd�NSIKG}vwE�FM_1E9RSIKX%k-^=EBd{IUL$Z)L3_ml�_;E-t�bK~�GTZ=Y

45◦
l�D GMZ=L�F%_;E9F%h9a+Y�E9i�Z=Y�k�d�k�G\d�E9XM^}k>|`¥Hd�NSIKG}vwE�E

t$EBd�E9RPL$Z\[�_1E9RSIUXHk-^�IUO\[%N-RsNPL$NsEBd{Z\[�l�\FHGTL$NsZ�[%ZC[%Z=FM^�O=^�Z{GT^}dfl�_;EURSIUXHk>^=IUO�[MI�bUE-vwEBdeI�¥%d�NSI�G�v�I>�KbgGThUXMZ�[�L3NPZ¿a;y�t$^=NsZ=Y�k
[%Z=t3LuIUb�_1EUGTX%^=Z�a;EBd{IU|�d tuIURsFM^�k-OJQxXME9^}deIKi�IUL$NPIUOJQml

¦ ¥Hd�NPZ�GMRPZ�L3NPZ�tuI�F%NPy�[%Z�t$LuIUb�Y�k-¥MRPZ�|�[%Z=t3k-L$NsZ�[MIUbUE�E�Ë6IURsN�l
D d�NPZ�RPr°FHk-GMruIUO\[MIUOJQ©¥Hd�NSIKG}vwE�_$X%^=Z\[MIBd�NPI
LuIKGMr$XMy�O=^=~UF%GMZ=O�^=bUEBd{~Ê��bUE9X%_$r$F%b-r3RSIUX%Lu~g�`N¿GMXM^=Z�auI�Y�k>¥%RPZ�|+E�L3NPYx��i�Z+F%buvwIUtuIxFMNPy�^+O�^�~UFHGTZ�b1lx��Z+O=^=~UF%GMb�N
LuIU^}k�deIUY�k�Ë�EKGTE9LuIKY"NÄl��uEUGME9L$E9Y¶_3XM^�k-_$NsFMr�[%Z�Y�kVGJIUb�NsZ�FMIUY"Z]O=Z�OJQgk+O�E�Ë6IURsNuZ=RPZ�bgGTXMEUY+IUWUL$Z�G\k-O=^�L$Z�[�³�bKE9RPEUX¿N
_1E9RSIUXHk-^�IUO\[%yU�U[MIUb�bUE9R�d�NPZ�b�GTXMr3t$L$E+NsLgGTr$NsO�k�[%L$NPZfr$OJQgd�k-O=Ns|�_1E�[%y=O�NPZ�_;E9RPIUX%k-^=IUO�[%NÄ�uO=^�kxbKE9RPE9X%r�_1E�[%Z�t3k-L$O=^�Z=W9E
Ë�EUGME9L�rml

ÈmIU_1E9Y"L3N¢[%Y�k�L$I�[MIUb�NP¥�O�^�IUF�E°G\k-Yx��i=Z+Ë�EKGTE9L®Y"I�bKE9RPE9X�N{F%b-r3_$Y�k®F%NPy+G\k-RsbUE�LuIV[%Z�W9E�_1E9RSIUXHk-^�IUO\[%N�l
��E°_;EUY"E9i�Z+LuIKY¹^�XME9^�r$Y�NPZ=|"t$RSIKO=^=Z�W9E°b�RPEUL$EBdeIUL3NPZ"Ë�EKGTE9L�rx[%Z�F%G�L$NsZ=Y�E9i=RsNsd�ZUl�¾UZ=¥%RPN¿r$F%GTIBd�NsY�k©NPt$Z=IURPLgk
_1E9RSIUXHk-^�IKGME9X�GJIKb IUagk _$X%^=Z=_3r$FM^�O=^�I�v
¥Hd�NSIKG}vwE�FM_1E9RSIKX%k-^=EBd{IUL$Z�_$NPEUL$EBd{E$��I�LuIUFHGTy=_3L$NPZ�_$r$¥%O=NsY�k®LuI�GJIKb-N
_1E9RSIUXHk-^�IKGME9X
_1E�[%Z=t3k-L$O�^�k�Ë�EUGME9L�E�_;E9RPIUX%k-^=IUO�[%N�_$NPE9L3Ezd�Z�[)GTE�Ë�EUGME9L�GTZ�L�L$I

100%
_$XM^�Z�[%t$^�NPZV_$X%^=Z=^V_1E9RSIz�

X%k-^=IKGTE9X�l¿¾UZ=¥%RPNCLuI�GTZ�L�FMIUY�_1E9RSIKX%k-^�IKGME9X{_3r$¥MO�NPY�k�Ë�EKGTE9L�FM_1E9RPIUX%k-^=EBd{IULgk�_1E9^=NsE9Y"E3�-GMEVG\k-Y�XMIU^=Z�Y�Ë�EUGTEUL
LuIx_;Z}d�L$E°_$X%^=Z=^"_;EURSIUXHk>^=IKGTEUX�L3NPZ�_$XM^�Z�[%t$^�NPZUl�D GTIUb�NPY¸XTIK^=NPZK�u[%Z�¥MRsN¿bgGME9¥�_$X%^=Z�¥MRPZ"LuIUY�[%Z=t3Z=L·Ë�EUGME9Lm��I
Y�k�L3NPZ`d�NPZ�Y�k�O=^}k�[%Z=FHG�EUL�F%_;E9RPIUX%k-^�Ezd{IULgk�_$NsE9L$EBd{E�O=^}k�_;EU^=NPEUY"E�GME�d�k-F%GTIUXMO�^�k�d�^=NP~U|`GJIUb�NC_1E9RSIKX%k-^�I��
GTEUX
N@[%Z�¥MRPN�Ë�EUGTEUL�_$XM^�Z�[%t$^�NPZ�GTE�EU^=LuIUO�^�I�i=Z�Y�NSI�v�_1E9RSIKX%k-^�IUO\[%y�_$NsE9L$EBde~>�CI�[%Z=¥%RPN�L3NPZ�GME�E9^=LuIKO=^�I>�Ci=Z�Y�NSI-v
_1E9^=NsE9Y+~>l ¯ RsZ�O=E�a1y=t$^�NPZ�[%Z=¥%RPNebgGTEU¥�L$IUY _$X%^=Z�¥MRPZ�_1E�[%Z=t>k>L3O=^�k/Ë�EUGME9L/E�_;E9RPIUX%k-^=IUO�[%N�_;E-t/bK~�GTZ=Y

45◦
±

» ^�k�LuIKFM^+_1E9RPIUX%k-^�I�GTE9X`W9E�^�IKGMXM^}k>Y"I�O=^�k�_$X%^=Z�_$r$¥MO�Nw± ¦ GThUi�GMr©d
v�IK¥ML$NsZ"E9a�[MIBd�NPIxFHd{Ez[M~�LuIKGMr$XMyV¬u^�k-b�I
bgdeIKL�GMEBdeI�N�Y�hBd�N�³e¼��]NPZ�Y�E9i�LuI+_$X%^=Z�d�Nst$^=NsZ=|�O�^�k�Ë�EKGTE9L°_3XM^=Z\[%t$^=NsZ�O=^}k°L$NsZUÇ���E9i�LuI�_;EBd�NsZ=t$^�NPZ=|�G\k>RsbUE$�
i=Z+^�_$XTI�d�t$E9_1E-t$E9a$NsZ=£$FHG\d{Z�Y

50%
_$X%^=Z\[%t$^=NsZ�I°^�_$XMIBd�t3E9_;E-t$E9a3NPZ=£3F%G\d�Z=Y

50%
L$NPZ ½Jl�¾UZ�¥MRPN�bgGTE9¥�LuIKY

_$X%^=Z=FHkuv�I�_;Ez[%Z=t3k-L$O�^�k+Ë�EKGTE9L�E�_;E9RPIUX%k-^=IUO�[%N;IURPa1E�_1E9^�NPE9Y�Z�[��-IURsa;E�_$NPE9L3Ezd�Z�[��3IURPa1E
45◦

�-GTE�Y�k"r$FHGJI�d�NSIz[M~KO

�



_1E9RSIUXHk-^�IKGME9X�NCFM_$XMI�d�t$^�Iz[M~KO�O=^}k�Ë�EUGTEULx_3XM^=Z�FM^�Z=t;v�O=^�kxL$NsZU�$L3NPZ{[%Z=FHGTZ=¥%Y�k�dÃFHGJIUL$NsZfF%G\d�NPZ�XMt$^�NP|{[MIUb�NCË�EUGTEUL
^=EUF%GJI�v�LuIUY�_$X%^�k-F}vwIULgk1Çe¾UZ�¥MRPNmË�EKGTE9L�_$X%^=Z\[%t$^=NsZ�_3XM^=Z�^�_1E9RPIUX%k-^�I�GTE9X¿GTEVL$NPZ
d�NsZ=Y�k�O=^�k�a�kuv�GTE�Ë�EUGME9L�EV_;EK�
RSIKX%k-^�IUO\[%N'_$NPE9L3Ezd�Z�[��1O=^}k�GMZ=i�Ë�EUGTE9L�E+_1E9RSIKX%k-^�IUO\[%N

45◦
�1bgGTh9X%Z=Y�r�FM^=O�^=y�¥MRPN�d�NPZ��6^�_$XTI�d�t$E9_1E-t$E9a$NsZ=£$FHG\d{Z�Y

50%
�]r$tuI-vSE�FMNsy�_$XM^�Z�[%¥%|�_3XM^=Z�^�_;EURSIUXHk>^=IKGTEUX=lf¾UZ�t3k-L$ZVO=E�Y�E9i=Z�Y�k�d´GMZ�[)F%k�GTr$IUO�[%N�_1EBd�NPZ�t$^=NsZ=|�GME�GTE$�;i=Z

LuI�_;Z}d�L$E�L$NsZ�agkuv;GTE�Ë�EKGTE9L�E�_1E9RSIKX%k-^�IUO\[%Nu_;EU^=NPEUY"Z\[��ga;E�GTZ=L"agk"L$I�_1Z�d�L$E�L$NPZ]_$XM^�Z=F%^=Z=t1v\l ¯ LuIKRPE9W9NsO=^�L$NPZ
Y"IfF%NPy�F%k�GMruIUO�[MI�W9t3k�Ë�EKGTE9L�_$XM^�Z=^]_;EURSIUXHk>^=IKGTEUX�L$NPZ�_$X%^=Z\[%t$^=NsZUln��EUi=Z=Y�k�d�GTZ=t>k"_1EBd�NPZ�t$^=NsZ=|�i=Z�LuIf_;Z}d�L$E
L$NsZ�agkuv�GME�Ë�EKGTE9L�E"_1E9RSIKX%k-^�IUO\[%NC_$NPEUL$EBd{Z\[��¤IURsZfL$NPZ{[%Z=FHGTZ�¥MY�k�d FHGJIUL$NsZ�X%E9^=FHGTX%^�k-W9Lu~U|�O=^}k�agkuv�GME�Ë�EKGTE9LxE
_1E9RSIUXHk-^�IUO\[%Nm_;EU^=NPEUY"Z\[eO�^�k�_1E9RPIUX%k-^�IKO�[%N

45◦ � lD·X%h>|�Y�kxGTZ=XMIU^�t$E+b-RsE9L$EBd{IUL$NSI>l`�
GTE9¥�LuIUY _$XM^�Z=F%kuvwI�¼Pd´bUE9_1Z=X%O=NsZ}½�Ë�EUGTE9L�E�L$NPZ�^=LuIKL$Z�[)_1E9RSIUXHk-^�IUO\[%N�l
�)IKFM^�k-Y�^�IKtuIUL$NsZ=Y [%Z�F%G�FMb�RPE9L3Ezd{IU|�GTZ=L�Ë�EUGME9Lm�uGTE�^=LuIKO=^�kx^}d�XMh-O=NP|f^�RPZ=O�Z=L$NsE>t$IBd�O�kxt3d{I�Ë�EKGTE9Lgk�E�GJIUb�NPZ\[
FTIKY"Z\[n_1E9RSIUXHk-^�IUO\[%N�[MIUb�Ë�EUGME9LV_$XM^}k>F v�IULgkUl���IUFMrgd{I�F%NPy]F%GTXMIKGTZ�W9NSI>�gLuIz[%_$NsZ=X%dÊFM_$XMI�d�t$²=Y�k
[MIUb�~`_1E9RSIUXHk-^�IUO\[%y
Y"IVË�EUGME9LxI"_1EUGTZ�Y�d�k�G\d{EUXM^�k-Y�k�[%Z=WUE"bKE9_$NPyKl��>_$X%h9a$r�[%Y�k�_;E9FHGJ~�_$NP|
dÃFM_1E9FMh9a�E9_$NsFTIULgk�d _1E9_$X%^=Z=t3L$NPY
IUb�IU_$NsO=NsZUl �]F%GJI�d�NPIUY�k�_1E9RPIUX%k-^�I�GTE9XeL3_ml�GJIUb"a�k�_$XM^�Z=_$r$F%^=O�^�I-v�¥%d�NSI�G�vwEVF%_;E9RPIUX%k-^�Ezd{IUL$Zf_$NsE9L$EBd�E�N�l=l=l%L$E
O=hUi+Y"IUY�k°GMZ=L·FMIUY _$XMEUa$RPZ�Y¸O=E�_1E9_$X%^=Z�t$L$NPE3lx¾UZ=¥MRsN¿Ë�EKGTE9L�_$XM^�Z�[%t$^�NPZ�GTE�d�NsZ=Y�k�G\k-RsbUE�G\k-RsZ+i=Z�L$NsZ"agkuv
GTE®Ë�EKGTE9L F%_;E9RPIUX%k-^�Ezd{IULgkÀ_1E9^�NPE9Y�E$��IURsZ�Y�h9W>v`agk-|�GTE®Ë�EUGME9L FM_1E9RPIUX%k-^=EBd{IULgkÀ_$NsE9L$EBd�E$�)IKRPa1E·Ë�EUGTEULÀE
_1E9RSIUXHk-^�IUO\[%N>_1E>t�b�~KGMZ=Y

8◦
�
17◦

�
34◦

�
77◦

�$l=l�l=��bgGTh9X%Z=Y�r�F%^=O�^=y=¥%RPN�d�NPZer$t$I-vwE`F%NPye_$X%^=Z\[%¥M|Ul�D§Nsy=O{d
vwIU¥MO�Nsd�NsZ
L$NsO�L$NsZ�d�NPZ�Y�k9l » E�W9EUXMFM^=I�_;E�t3E9bUE9L$IUL$NPr�_1E9Y�NSIUX%r�L3NPZ=E-t3d�XMIUO�IURsL$NPZ�^�IKa$r$XM^}k-RPNP¥%Y�k�F%GJIKL°Ë�EUGTE9L�rml�¾UZ�¥MRPN
Ë�EUGME9LVY"NPI-v@_1E9RSIUXHk-^�IUO\[%y

45◦
NuF%^=O�^=y=F%RPN�d�NPZ�r$tuI-vSE�Y�r"F%NPy�_$X%^=Z�[%¥%|)_$X%^=Z�^�_1E9RSIKX%k-^�IKGME9X=�9GMEf_;E�_$XM^�Z�[%¥%O=NPr
[%Z=FHG

[%r$i]Ë�EUGTE9L3Z=YÂE�_1E9RSIUXHk-^�IUO\[%N1_3NPE9L$EBd�Z�[�N1O�I-vSbUEBd�NPO�NPZ�¼\^=IU_;EUY"L$NPI-v�½�FHd{E�[M~�_3NPZ=XHd{EKGTLu~�L$IKGTr$X%yUl�D§NstuIU|�i=Z�GTI
Y�Z�GTE-tuI�L$NsZf_;E9^}d{EURPNmLuIKY�FMb�RPEUL$EBdeIU|`Ë�EUGME9L�rml ¯ Y"EUi=Z�[%Z=FHG]NPL$LuI9±

��E9i�Z�L$NsZ�LuIURPZ�i�k d�k-bUEUL�k�d{IU|°_1E9Y�NSIUX%rjL$I�_$X%^�k-F}vwIULgk-Y Ë�EKGTE9L$NsZUl¨�]d{IULgGTEBd{I·LuIKGMr$XTI�Ë�EUGTEUL-rjL$NsZ
_1E9^�d{IURSI°t3Ezd�NsZ=t$^�NPZ�|�FMNPy�E�L$NsY¹GMZ=W9E�O�^=Z=WUE�agk-¥MY�k/OJQ$O=NsZ=RPN�_$XM^}k _1E9Y"E-O�k©_1E9Y"NPIUXMr·LuI�_;E�[%Z�t3k-L$O=^}k-Y
Z=WU^=Z=Y�_$RPIUXM^�rml ��GTE�L3NPZ
t$RPIKGTZ�W9E$�-i=Z
_1E9Y�NSIUXn_$X%^�k+_;E9Y�E-O�k�_;EURSIUXHk>^=IKGTEUXTI�[%Z�F%G�^�agk-G�_3X%k-Y"N�G\k�d�L�kUln�fIUi=t3k
NPL3LuI�_$XMh9a$IV_1E9Y�NSIUX%r�_1E9RSIUXHk-^�IUO\[%Nm_;Ez[%Z=t3k-L$O�^=Z=WUE"Ë�EUGME9L�r�^�E9F%GTIBd�N�v�IUagk�L$IUY�GTZ�L�FMIUY�L$NsZ=t$EUF%k�G�l

È¤XMZ�^�k-W9L�r�[%Y�k�d�Nsy=O]^]_1E9Y�NSIUX%rVNu^�IUFHGJIUL$hBd�Y�kVF%NPy�O=^}k�Y"E9i�Z=Y�k�FMb�RPE9L3Ezd{IU|�Ë�EUGTEUL�L3NPZ�t$EBd�NSIUt3r�[M~UO�FMNsy
d�O�IURsZ�[MIUb�N@E9L`[%Z=F%G=l���E�^�IUt$IUL$NPZ�L$NsZ�[%Z�F%G¿d{O=IURPZ�IUi�GJIUbVIKa$FMr$X%tuIURsL$ZUln�xE9i=Z�Y�k�LuI�_$X%^�k-b$v�IUt+_$XM^}k>WUEUGTEBd{IU|
r$X%^�~Ut$^�Z=L$NsZU��t$E bgGTh9X%Z=W9E d�_$r$F%^=O�^�IUY�k Ë�EKGTE9Lm��E9L GTIUY E-t$t$^�NSI-vSr�[%Z°^"[MIUb�NsY"¥�d�^=a$r$t3^=E9Lgk-Y IKGTE9Y�Z=Yx�
bgGTh9XHk�d¨d�k>L3NPb�r"E-t$t$^�NSI-vPk�deIUL3NSI�d�k-F%kuvwI�t$E-tuIKGMbUEBd�k�Ë�EUGME9L�E`GJIUb�NPZ\[�FTIUY�Z�[�_;EURSIUXHk>^=IUO�[%NB[MIUb�Ë�EKGTE9Lm�Ub�GMh9X%k
d�_uIUt1v�t$E�r3XM^�~Kt$^=Z�L$NSI3l)�)I+i=IUt$Lgk-YÌZ}GJIU_$NsZ�GMZ=W9E+_$XME-O=Z�FMr�L$NsZ�d�k-bUEUL-rz[%Z=Y�k�_1E9Y�NSIUX%rm�uL$NsZ�d�NPZ�Y�k�d�NPy�O
[MIUb�I"[%Z=FHGV_;E9RPIUX%k-^=IUO�[MI�_$X%^�k-F}vwIUL$Z=WUE�Ë�EUGME9L�rml/µ�E�d�k-_$X%E>t$r3bUEBdeIKL$NPr�[%Z=W9E�bUEU_$NPNeEUauI°Ë�EUGTE9Lgk E-t$FHk@vwIUY�k
^=RsZ=O�Z=L$NsE>tuI�d�O�kU�uXMhBd�L$NPZ�i`GTZ=XMIU^fL$NPZ`Y�NPZ�XM^=~UO`NPOJQ�_1E9RSIUXHk-^�IUO\[%Nn�6a1EVY"E9WURPNPagk-¥MY�k+O�E9¥�_;E9_3FMr$|��}l

��NsZ=F%GMZ�G\k�EUbKIK^=r�[%ZfFMNsyU�$i�ZfL$NPZ
Y�E9i�LuI�FMbUEUL$F%GMXMr$EBd{IU|�GTIUb�NPZ=WUE�r$XM^=~Ut$^=Z�L$NSI>�$bgGTh9X%Z�agk�b�RsE9L$EBdeI�vwE�Ë�EUGTEUL
E
L$NsZ=^�LuIUL$Z\[�_1E9RPIUX%k-^�IKO�[%N-N3agkuvwE`^=WUE>t$L3Ze^=Z�^�LuIULgk-Y"N>LuIUY _$XTI�d{IUY"N-Y�Z=OJQuIUL3NPb�N3bgd{IULgGTEBd{Z\[�l¿µnX%^=Z�t$F%GTIBd�Nsy
GTr>GJIz[
t$EBd{h-t�GTZ=WUExË6IUbgGMr�d�k-L$Nsb�Iz[M~UO�k�[%Z=t3k-L$NsZ�^�GMZ=W9E$�'i�ZVd�F%^=Z�RPb�NPZVE9_1Z=XMIUO�[%Z�dcY"Z�OJQuIUL$NsO=ZVbgdeIULgGMEzd�Z�[
�6_1E9Y�NSIUX��>Z}d{EURPr$O\[MI�r$b$vwIUt$r@�eFT~VE9_1Z=XMIUO�[MIUY�N¤RsNPL$NsEBd�k>Y�N�l
D©kUE9a$XMIU²=Y�k§F%E9a$NsZ�Y"IUF%^�k-L$yU�)b�GMh9XTI/_1EUGTXMIK¬�t$E9a$X%^=Z�b-RsE9L$EBd{IU|�Ë�EUGTE9Lgk Y"Iz[M~UO�Z�IURPa1E _1E9RSIUXHk-^�IUO\[%y

_$NsE9L$EBde~>�;IKRPa1E�_1E9^�NPE9Y"~���GTIUb�I�Y"IUFM^}k-LuI`[%Z�F%G�t$E9_$r$F%^=O�^�IURsLuI"_$X%^=Z�^�Y�Z=OJQuIUL3NPbUy�bgdeIKL�GMEBde~g� l ¦ ^=LuIUO�^=Y�k
F%GTIUL�_;E-O=^=~KGTbKEzd�k�Y"IUFM^}k-L�k+[MIKbUE |M0〉

l ¦ ^=LuIKO=^=Z�L$NPZVFHGJIUL�r©d¶_;E9FHGJIUO�N | 〉 L3E9FMN�d¶¬$^�k-O=Z�LuIU^}d{yV¼\bUZ}G%½Tl
ÈmIU_$NsFM^�Y�k�O=E�X%E9a$N1Y+IUF%^�k-LuI�[%Z�¥MRsN;t$EUF%GJIKL$NPZ�LuI�d�Z�[%¥MO�NPr�Ë�EUGME9L+E�_;E9RPIUX%k-^=IUO�[%N@_1E9^=NsE9Y"Z\[ | ↔〉 �-RPr3a+Ë�EUGTEUL+E_1E9RSIUXHk-^�IUO\[%Nm_$NPEUL$EBd{Z\[ | l 〉 ³







| ↔〉|M0〉 −→ | ↔〉| ↔〉|M1〉

| l 〉|M0〉 −→ | l 〉| l 〉|M2〉
�HoB�

��� Î��eÚ Î}Ø6ÞCãKÓ�Ð Î}Õ���Ö%Î�Ý	��Ú 45◦ �eÓ�
H×KÎ�Ô���â
������xãUÓ�����
%ØÄÖ��BÝ���Õ�Ó}Ö��¤Î�
%Î}×zÚ Î�Ý���ãKÓ�Ð Î}Õ���ÖMÎ}Ý	��Ú����CÚ Î Þ���Î{ãKÓBá
áBÓ��¤Ó}Ð ×���� Ù��JÞ�à��
×zã�Ñ 30◦ ��Ô���Ð à�Þ���Ð Ù}Ó�Ú ×z×zà��m×�Ú 
�ãKÓ�ÖHÚ Ó���ÎeÚ-ãzÚ Ó}×�Ó��¤Î�Ñ"!�ãUÓ��;ÓBáBÓ��mÎ��ÜÓ}Ô��eÞ�Ó#��à%á���×zÚ ànÖ��{Ú Î ×$nãzÕÅÎ%�'áBÓ}ãUÓBáBÓ}ÔzÚ à�&KØ�Þ���ãzÕÄÖ%à�����Ý�Ú Î
Ð âzÔf×zÚ à¿ãzÕ�ÖHà����ÄÝHÚ Î{ÞÅÎ Ù�Ú à�'}Ó�ÏÜÓ ÞÄÓ�×�â`ãzÕÄÖ%àHÖnãUÓ}Ð Î Õ(��Ö%Î ÞÄÓ}Õ)�BÖ%Î��eÚ Î�Ø�Þ 50% Ú 50% ��Ô���ßÓ�Ô��)×zã�Ñ 25% Ú 75% Ñ+*'Ú à¿Ö��eÚ àH×zÚ,�ÜÓ}Ô��]Þ�Ó
��à%áz×�Î Ù�ÖMÎ}Ø�Î}áB×�Ú ÝHÖ��BÝ��-�C×zÚ Ó�ØÄÙ�.��xÖná��BØ6Ù�â�Ø/��Ú

0



ÈmIU_$NsF�_;E"RPZ�d�Z�[�F%GTX%E9L$NsZ�E9^�LuIUO�^�I3�1i=Z�LuI"_1E-O=^�~�GTb�r�Y"IUY�k�Ë�EUGME9LxE+_1Z�d�L$Z\[�_;E9RPIUX%k-^=IUO�[%N¿��_;E9^�NPE9Y�Z�[��3_$NPEK�
L$EBd�Z�[T�}��E9XTIK^xY"IUF%^�k-L$y�d�F%GTIUL$NsZ�_;E-O=^=~KGTbKEzd�k-YxlÊµ�E©t3^=NSI�v�IUL$Nsr Y+IKFM^�k-Lgk9��LuI�d�kB[%¥%O=NsrÊEUGMXM^�k-Y�rz[%Z=Y�k
t3d{I�Ë�EKGTE9Lgk°E�G\k-OJQ�FTIUY�k-OJQ�F%GTIULuIUOJQ�_;EURSIUXHk>^=IUO�k�[%Lgk-OJQ·E9XMIU^�Y"IUFM^}k>L3yU�'bgGTh9X%Z�[
F%GJIKL©Y�E9i=Z�d¶E9W9hURPL$E9¥%O=N
^�IKRPZ=i�Z=|xE>t GMZ=W9E�[MIUb�NeË�EUGTEULjb�RsE9L$EBdeI�v�I¨�6F%GT~UtjXMh9i�L$Z�FHGJIULgk |M1〉

E9XTIU^ |M2〉
� ljD ^�IU_$NsFMNsZ�_;E�_$XTI�d�Z�[

F%GMXME9L3NPZ�Y"IUY�kxGTXM^}k�¼ÅbUZ�G\kg½V_3NPZ=XHd�FM^}k�E9^=LuIKO=^�I�FHGJIUL�_$NsZ=X%d�F%^=Z�W9ExË�EKGTE9L�rm�Ct$X%r$W9N�EU^=LuIUO�^�I�F%GTIUL�t$XMr$WUNPZ=WUE
Ë�EUGME9L�r+I`GTX%^=Z=O�N;FHGJIUL�Y"IUFM^}k>LgkUl{�xE9i=LuIfY�k-¥MRsZ=|]E�G\k-OJQ"¼ÅbUZ}GJIUOJQ>½T�>i�Z�FM~�_$X%^=Z�^�F%NPZ=a3NPZ�Y"L3E9i=E9L3ZU��O=E�a;y�t$^=NsZ
d{IUi=L$Z
d�tuIKRPFM^�Z�[�O�^=y=¥%O=NmX%E9^=r3Y"EBd{IUL$NSI>ln¾UZ=FHG�GTE�LuIB[%E9W9h9RsL$NPZ\[%FM^�I�_;EUF%GJIK|)Y"IUFM^}k>LgkU�$bgGTh9XMI�t$E9a$X%^=Z
b�RPEUL-rz[%Z
F%GTIULgk | ↔〉 E9XTIK^ | l 〉 ln�-_$XTI�d�t$²�Y�k+GMZ=XTIK^)O=^}k"GTI�Y"IUFM^}k>L$I�t$E9a$X%^=Z
F%b-RsE9L�r�[%Z)X%hBd�L$NPZ�i)Ë�EUGTEUL�E�NPL3L$Z�[¿L3NPi_$NsE9L$EBdeI�Rsr$a�_;E9^�NPE9Y"I�_1E9RSIUXHk-^�IUO\[%N¤L$_ml

45◦
l

�-GJIKLfË�EKGTE9L�rfE�_;EURSIUXHk>^=IUO�[%N
45◦

d©Y"Z�OJQuIUL$NsO=Z�bgdeIKL�GMEBd{Z\[�^�IU_3NPFMrz[%Z�FMNsy;[MIUbUE |45◦〉 = 1/
√

2 (| ↔〉 + | l 〉 l¦ FHGJIULuIKOJQ"dÀY�Z=OJQ$IUL$NPO�Z�b�d{IULgGTEBd�Z�[�Y�E9i=L$IfY�k>¥%RPZ�|�[MIKb�E�d�Z=bgGME9XTIUOJQ+E�t1vwr$W9EU¥MO=N
1
l�D G\k-Y�_$X%^�k-_uIUt3b-r

[%Z=FHG�GME"F%^=O�^=Z=WUh9RPL$NsZ�NsLgGTr$NsO�k�[%L$ZUle��E9i�LuI"Y�k-¥%RPZ=|�i=Z�F%GTIUL | ↔〉 GTE�d{Z�bgGTE9X]t;vwr3W9E9¥MO�N 1
FMb�NsZ=XMEBd{IULgkxL$_ml{d

_$XMIBd�E$��F%GJIKL | l 〉 GTExd{Z�b�GME9X�t1vwr$W9EU¥MO=N 1
FMb�NPZ�XMEBdeIKL�k©t$E�W9h9X%kUl ¯ FHGJIUL |45◦〉 GME�d�Z=bgGTE9X�FMb�NPZ�XMEBd{IULgk_1E>t/b�~KGTZ�Y

45◦
l ¦ F%GTIUL$NsZ |45◦〉 Y�E9i�LuI°Y�k-¥MRsZ=|�[MIUbUE�E�_;Z}d�L$Z�[�bUE9Y�a$NPLuIKO�[%Ne_1E9RSIKX%k-^�IUO\[%N{_$NsE9L$EBd�Z�[VN_1E9^=NsE9Y"Z\[��=l�D©FM_1h>vwO�^�k-L$L$Nsb

1/
√

2
^�IU_1Z�d�L$NPI�i=Zft;vwr3W9E9¥M|`d�Z=bgGTEUXTI |45◦〉 [%Z�F%G 1

l
» E�agk�E9^�LuIUO�^�I-vSE�t$E9a$X%Z�b�RPEUL$EBdeIUL3NPZ�FHGJIUL�r |45◦〉 ±j��I"d�k�[%¥MO=Nsr�OJQ$O=NsZ=RsNPagk-¥MY�kxr$^}k>F%b�IU|�t3d{I+Ë�EUGTE9LgkdÃFHGJIUL3NPZ |45◦〉 O=^}k>RsNCF%GTIULm³

|45◦〉|45◦〉|M3〉 =
1√
2

(| ↔〉 + | l 〉) 1√
2

(| ↔〉 + | l 〉) |M3〉
� � �

W9t$^�NPZ |M3〉
E9^=LuIKO=^�I�F%GTIUL"Y"IUF%^�k-Lgk�_;E�b�RPE9L3Ezd{IUL$Nsrm�gbgGTh9XHk�Y�E9i=Z�agk-|]dÊE9W9h9RsL$E9¥MO�N$NPL3L�k�E>t |M1〉

N |M2〉
l

D�k>Y�LuIUi=Iz[M~UOfLuI�d�NSIKF%k�_$X%^=Z�^�F%NPZ�a$NPZ`EUGMXM^}k>Y�r�[%Z=Y�kU�ui=ZfF%GTIUL�[MIUb�NCOJQ$O=NsZ=RPNsagk>¥%Y�k�r$^}k-FMb�IU|e[%Z=F%G]_1E9F%GTIUO=NÄ³

1

2
(| ↔〉| ↔〉 + | ↔〉| l 〉 + | l 〉| ↔〉 + | l 〉| l 〉) |M3〉

� 0 �

¯ O�E)LuIUY´tuI]LuIUF%^�I)Y"IUFM^}k-LuI)b�RPE9L�r�[M~KO�I�[%Z�¥MRsN�d�_3r$¥MO�NPY�k�t$E�L$NPZ\[�F%GTIUL |45◦〉 = 1/
√

2 (| ↔〉 + | l 〉) ±�>bKE9XM^}k>FHGJIUY�k�GTr3GTIz[�^f^�IK_;EBd�NSIKtuIUL$Z\[ed�O=^�Z=¥ML3NPZ�[�RPNPL3NPEBd{EU¥MO=N;Y"Z�OJQuIUL$Nsb�NCb�d{IULgGTEBd�Z�[�N¤d�^�E9XMhBdÆ��oz�}³��

1√
2

(| ↔〉 + | l 〉|M0〉 −→
1√
2

(| ↔〉| ↔〉|M1〉 + | l 〉| l 〉|M2〉) .
�����

��NsZ=F%GMZ�G\k�b�r�LuIUFM^�Z=Y�r�^=Y"IUX%G\d�NsZ=L$Nsr�Y�r$F%NPY�k�FHG\d�NPZ�XMt$^�NP|U�;i=Z�[%Z=F%G)GTE+^�LuIUO�^�~UO�E�NPL$LgkxF%GTIUL°L$Nsi�GMZ=L°d
d�k-XTIUi�Z=L$Nsr¡� 0 � �¿bgGMh9X%k·OJQ$O=NsZ=RPN{a�k-¥%Y�k r$^}k>F%b�IU|�E>t/NPt3Z�IURsL$Z�[�Y"IUFM^}k-L�k®b-RsE9L�r�[M~UO�Z�[�l®��I�d{Z}G`[%Z�¥MRsNe_$XM^}k�[��
Y�NPZ=Y�k9��i�Z |M1〉 = |M2〉 = |M3〉

GME�N�GTIUb�d�k-XMIUi=Z�L$NSI°a1y=tu~°F%NPy�X%h9i=L3NP|+G\k-Yx��i=Z�dÆXMhBd�LuIUL3NPr����g�}��d
bUEU£$O=EBd�k-Y F%GJIKL$NPZ�Y"IUY�k�d�LuI�d�NPIUFMNsZ�t$E>t$IUL$Z�t$E�FMNsZ=a$NsZ�t3d{I�O�^�vwEUL�kU�eI°d�d�k-XMIUi=Z�L$NPr � 0 ��FM~�O�^�GMZ=X%k
FMb$vwIUt$L$Nsb-NÄ��^�bgGTh9XHk-OJQ¨i=IUt$L$Z�L$NsZ�FMb�XMIUO�Iz[M~�F%NPy�^�Z�FME9au~>l©µ�E>t3FMr$Y�EBd�r�[M~UOU�¿b�IUi=t$I°Y+IUF%^�k-LuI3�nbgGThUXTI°t$EK�
a$X%^=ZVb�RPE9L�r�[%Z�FHGJIULgk | l 〉 N | ↔〉 L$NPZ�Y"E9i�Z�t$E9a$X%^=Z�b�RPEUL$EBdeIU|VFHGJIUL�r |45◦〉 l » ^�k-RsN�L$NPZ�Y"I�r$X%^�~Ut$^�Z=L$NPIb�RPE9L�r�[M~KO=Z=WUE�t3E9a$XM^�Z�Ë�EKGTE9L�E�t$EBd{EURPL$Z\[�_1E9RSIKX%k-^�IUO\[%N�l

È+GTZ=WUE
d�FM^�k-FHGTb�NPZ�W9E�_1vSk-L$NPZ{auIUXMt3^=E`_$X%E9F%G\k�N3E9W9hURPLgk�d�L3NPE9F%Z=b@l ��E9^�d{IUi�IKRPNP¥%Y�ke[%Z=t$Z�LV^eLuIz[%_$X%E9F%GMFM^}k>OJQ
_$X%^�k-b$v�IUt$hBd r3buvwIUt$r�bgdeIULgGMEzd�Z=WUE$�3Nut$EUFM^=RsNP¥%Y�k�t$E`d�L$NsE9FMb�rm�-i=Z�L$NsZ�tuIfFMNPy�F%b�RPE9L$EBd{IU|�GTZ=WUE�r3buvwIUt$rm�=[%Z�¥MRPN
^=L$Iz[%t$r�[%Z�FMNsy�E9L�dÊL3NPZ=^�LuIULgk-Y¶F%GTIUL$NsZUl ¦ O=^}k�d�NP¥MO�NPZ�[%Z�¥MRPN3NPLgGTZ�XMZ=F%r�[M~`LuIUF�G\k-RPbKEfd�k-a$XMIUL$Z�F%GTIULgkVbgdeIULgGMEzd�Z

� Í�.��C×zÚ à�áBÓ�ÔzÕ�ÖHà�ãUÓ}Ð Î Õ(��Ö%Î�Ý	��$fãUÓ}Ö%Ú Ó � �VÚ�ã�Ú Ó�×zÓ��"� �{Ó 
H×�Î�Ô�� ����ÕÅÎ Ö%Ú �`×�ã�Ñ®ãzÕÄÖ%àHÖ�ãKÓ�Ð Î}Õ���Ö%Î�Ý	��àfãUÓBá�Ù��JÞ�à�� 45◦ ÚãUÓ}Ð Î Õ(�=ÖMÎ}Ý���$@ãKÓBá�Ù��JÞÄà�� 135◦ Ñ	�fÎJÞ�à���ÎJÞ��BÝHÖH×zÚ à1Ó�ÖH×�Î�Ý�Ö%ÎCÞÄÓ��
Hà1ÖMáBà%Ý��BáBÓ��¤Î}Ð Ú ��� ��Ø6Ú $;×KÎ+����Ô .�Õ>ãUà��C×�à��>ÔKÎ Ö����Vã�ÕÄÖ%à%Ø6ÞÄÕ�ÖHàH×�Ú
�¤àHÙ=ÞÄÓ�ÕÄÓ��¤à���Ñ�
>ÓCÞ�Î}Ù �6Î}Ù�Ó�ãzÚ ØÄâ�����Ý �;à%Ù=ÞÄÓ}Õ(�'×�Î'ã �ÜÎ�Ø6ÖMÝ�Ö���%×zÚ à �{Ó 
Hà�� � ����ÔzÕÅÎ��$Õ(.�
%×zà@âzÙ��Î}á�� �'Ø6ã .��ÜÕ�Ö�$%áz×��BÝ���Ñ *�ã�Ñ3Ö%Î��eÚ Î}Ø6Þ
Ó�ØÄÚ x � y �{Ó 
Hà�� � ����ÔzÕ�Î ��âzÙ��Î}á �'ØÄã .��ßÕ�Ö�$MáB×��BÝ�� x′ � y′ Ó}ÔzÕ(.BÝ�Ó}×�� �CÖ�'�Ð $MáBà�� Þ�Î��nÞ�à�'}Ó�Ó 45◦ Ú¤Õ�Ó}Ö%ãzÚ Ø����mÎ�� �¤àHÙ=ÞÄÓ�Õ�� �
×zÓ������/âzÙ��Î}áBÖ%Ú à��'ØÄã .��ßÕ�Ö�$MáB×��BÝ���Ñ

��� ãKà%Õ�Î�Ý	��$ A ×�Î �;à%Ù=ÞÄÓ}ÕÅÎ}Ý���×�Î Ö����¤Î�� ��Ð Ú ×zÚ Ó��"� ��à��ÄÐ ÚzØ6ãUà%�Ü×zÚ Ó}×zàCØ(��ã�Õ�Î%�mÎ�� A(~v+ ~w) = A(~v)+A(~w) � A(α~v) = αA(~v) �
'�ázÖHÚ à ~v � ~w áBÓ��¤Ó}Ð ×zà �;à%Ù=ÞÄÓ}Õ(���BÎ α ��àMØ�Þ'Ð Ú ÝHÖHÔ��Ñ

�



L$_ml�G\k-RPbKE°_;EURSIUXHk>^=IUO�[MIx_$NPEUL$EBdeI�Nn_1E9^=NsE9Y"I�GME�b�RPE9L3Ezd{IUL$NsZf[%Z�F%G�Y�E9i�RPNsd�ZUl�D©FM^}k>FHGTbKE�GME�_$X%^=Z�L$E9FMN�FMNsy
LuI�a$IUXMt$^�NPZ\[¿FMbKE9Y"_3RPNPbKEBdeIUL3Z)r$b$v�IKt3k+bgd{IULgGTEBd�Z
GJIUb�NPZ�[MIUbVIKGME9Y�k9�-O=^=~UF%GMZ=O�^=b�NCI�LuI�d�Z�G�EBd�NsZ=O=^�b�N�l¿��Iz[M~KO
[%Z=t3Z=L�Z�W9^=Z�Y"_$RPIUXM^nr$b$vwIUt$r�bgd{IULgGTEBd�Z=W9E`N�L$NsO¿L3NPZnd�NPZ=t3^�~UO¿En[%Z�W9E�FHGJIUL3NPZ¿L$NPZntuI]FMNPynFHG\d{E9X%^�k-|�[%Z�W9E�d�NsZ=XML3Z�[
bUEU_$NPNÄl�µ�XM^�Z=^�d�NPZ=X%Lu~fXME9^�r$Y"NsZ=Y�k�E>O�^�k�d�NP¥%O=NsZ]r3buvwIUtVd t$E9b$v�IKt$L$NPZeGTIUb�NPY¶FMIUY�k-Y¶FHGJIUL$NsZ�b�d{IULgGTEBd�k-YÌ��d
_$X%^�k-_uIUt$b�rxË�EUGTE9L�rxF%GTIUL�b�d{IULgGTEBd�kxr3GME9i=FMIUY"NsRPNs¥MY�k�^{[%Z=W9EV_1E9RSIKX%k-^�IUO\[M~g�}l

�)I`_$X%E9a$RPZ�Ycb�RPEUL$EBdeIUL3NSI`F%GTIUL$hBdÀbgd{IULgGTEBd�k-OJQ�Y"EUi=LuI`_uIKGMXM^�Z=|U�=[MIUb�LuI`_$XMEUa$RPZ�Yc_1Ezd�NsZ=RsZ=L$NPI
_;Z}d�L$Z�[
NPL>Ë�E9XMY"IUO�[%NÄl���XMr$t3L$E9¥M|�bgdeIKL�GMEBd{Z�W9E�b�RPEUL$EBdeIUL3NSI�L$NPZ�_1E9RsZ=WgI�LuI�G\k-Y��'i�Z�L3NPZVY+IKY�k�Y"IKGMZ=XMNPI-vwhBd i=Z�agk
d�k�G\d{EUXM^�k-|�b�RsE9Lm�1IUL$NCi�Z�L$NsZ�r3Y"NsZ=Y�k+^�vwEUi�k-|�E-t$_1Ezd�NsZ=t$L3NPOJQxO=^=y�¥MO�N�^=Z�FMEUau~3l�µ�XMEUa$RPZ�Y�GTbgd�N�LuIKGTEUY"NPIUF%G
G\k-Y���i=Z"L$NPZV_1EUGTXMIK¬uY�k�_1EBd�NPZ=RsNP|VF%GTIUL�r®bgdeIKL�GMEBd{Z�W9E�r$b$v�IUt3rml���hBd�NS~UO�NPLuIKO=^=Z\[�L$NsZ"r$Y�NPZ�Y�k�_1EBd�NPZ=RsNP|
bgdeIKL�GMEBd{Z\[�NPL3Ë�E9X%Y+IKO�[%N$^=IU_$NPFMIUL$Z\[�dÀFHGJIUL3NPZ�r$b$v�IUt3rmln�`RSIUFHk>O�^=LuIfNPL>Ë�E9XMY"IUO�[MI�vwIKG\d�E�_1E>t3tuIz[%Z�FMNsy]_1EBd�NPZ�RPZ}�
L$Nsrm�>L$IKGTE9Y�NSIKF%G¿bUE9_3NPEBdeIKL$NPZ]NPL3Ë�EUXMY"IUO�[%Nubgd{IULgGTEBd{Z\[�[%Z�F%G{L$NPZ�Y"E9i�RPN�d{ZKl ¦ W9XTIKL$NPO�^=Z=L3NPZ�GTE�Y"I�FHd{Ez[%Z`t$E9a$X%Z
F%GMXME9LgkUl���^=NPy�b�NmGTZ=Y�r�NsF%GTL3NPZ�[%Z)a;Z�^=_$NsZ=O=^�LuIVb�d{IULgGTEBd{I"Y�Z�GME>tuI�X%E9^=FHk@vwIUL$NPI�b-Rsr$O=^=I3�ubgGTh9X%Z=W9EVr$i}k-|�Y�E9i=L$I
t$EVFM^}k�Ë�XMEBdeIKL$NSIVd�NSIUt$EUY"E9¥%O=N��6b�X%k-_3GME9W9XTI�¬@I�bgd{IULgGTEBd{Ig�}l

¯ O�E+^fGTZ�W9E�d�k-L$Nsb�I"t$RPIVEBd�NsZ=O=^�Z=b>±��{NsE9RPEUW9EBd�NPZ`Y"Iz[M~�Y"L$NsZ�[%F%^=Zfd�k>Y"IUWgIKL$NSI�O=E�t$E�GTZ=WUE"O�E"GTE
[%Z=FHG
d�NPZ�XML$Z�b-RsE9L$EBd{IUL$NPZKl��]NPZ�Y+IUXHG\d�NS~+F%NPy�E�bgd{IULgGTEBd{~xLuI�GTr$X%y�r$b$v�IUt3r�N�t$RSI�GTZ=WUE�Y"EUWg~+FMNsy�FM^�O=^}k>O�NP|�G\k-Y��
i=Z"r$Y�NPZ�[M~�b�RPE9L3Ezd{IU|Kl°�xk�[%Z�t$LuIUb�d�NPZ�Y�k9��i=Z+L3NPZ�Y+IxY"Z}GTE-t3k�i=Z�a�k©EBd�NPZ�O=^=b�I°��E9RPR�k9��a�kuvwI�LuIU_$XMI�d�t$y
�6bgd{IULgGTEBd�E���Nst$Z=LgG\k-O=^�LuI"^�ZfF%d�E9NPY�_3NPZ=XHd{EBd�^�E9XMZ�Y�Ç

�


