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(a) Stokes' Theorem (b) Gauss' Theorem
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n26�G-B+, 	 �¶ÊTË<Ì9��1D:+B � ��ÊTË<Ì9�tfk:21DCE6�G-MFf 	 ��ÊD�
1D:+B � ��Ê4�l876�,93k6�.�57*mbF6�G-MFf^_i6�.Q1D:!,<(+Ih_õ57(2145���,<6�6�ªos^6�87.�*-,<6 ~ V   �

' 	 �¶ÊTË<Ì9� È � ��Ê;Ë<Ì9��(uÍ ~
� ­*¯/. 	 ��Ê4� È �10 ��Ê4�32$� � ~ V ~ V�� ² �

¨P6�876Df�57(+6EbF6�.�57ID8 	 ��Ê4� È � 0 ��Ê4��*H,�1DG-,<I%U\:+I�_/:}1D,�57(+6E.�IJC�32GH6ts ¡ I�M\:;5<*H:+L!bF6�.tN57ID8QV)WrID876�IhbF6�8QfSRS6�.Q1D@+,<6�IJ>¥*-57,�1D>AID876�CE6�:F57*-IJ:+6�B�3+87ID3S6�895OMFfk1D:+Br*-57,�B+*-CE6�:+,<*-IJ:�IJ>
3SIh_i6�8=B+6�:+,<*-5�MFfp_i6�_/*HG-G`,j57@+B^M!*m57,=.�IJ:+,96�8<b41457*-bF6?3+87ID3S6�895OMFVa'�IEB+IE,<I+f2_i6�5014UF6�*-57,B+*-bF6�8<LJ6�:+.�6
1D:+B%@+,<6�57(+6�143+3+87ID3+87*H14576�bF6�.�57ID8/*HB+6�:F57*-5�M�57I�IDR+501D*H:

Ç Ô � 	 È �10 �oÍ �10 Ô�ÇÉÈ 	 Î 	 Ô�ÇÉÈ �10 � � ~ V ~ V�� ~ �



�.4.564*798;:=<�>.?@?@ACBEDGFIH=8KJ=LNMIO;B 4
5 6ts^5�f^@+,<*H:+LqWX1vs^_i6�GHGg�³,a6�[\@21457*-IJ:+,a>AID8 Ç È 	 1D:+B Ç�È � 0 1D:+B�57(+6?.�IJ:+,957*m57@^57*-bF6876�GH1457*HIJ:+,a>AID8P1D:+*-,<ID5<87ID32*-.�C$6�B+*y1^f^_i6�(21hbF6

Ç�Ô � 	 È � 0 �¥ÍÁ·"º � 0 Ô � Îÿ·"º 	 Ô & 0 Î 	 Ô Ò 0
ÍÁ·"º �10 Ô â Ô � Î�·"º 	 Ô à 0 Ô 	60 Î 	 Ô Ò 0 � � ~ V ~ V��J�J�

')(+6�14RSIhbF6�*-,?1DGH,<I�U^:+Ih_=:]1D,?5<(+6�.�IJC�32GH6ts ¡ IhM^:F57*H:+L�57(+6�ID8<6�C!V
w�5�.�1D:e1DGH,9I
RS6�_/8<*-5<576�:%*H:%1D:!*H:F576�LD871DG`>AID8<C @+,9*H:+L�¦?1D@+,<,��257(+6�ID876�C%f+:21DCE6�G-MFf� �W� Ô � 	 È � 0 �¥ÍÁ·"º ��

� ��� � 0 Ô â Ô � Î 	 Ô à 0 Ô 	 0 �xÎ ��
� � 	 Ô Ò 0 � � ~ V ~ V��   �

�87 �
���k�Q�Q���^�Q�����ß�:9x�A���¶�ß�x�
£ßID8/1q8<6�LJ*HIJ:Ù�¸57(2145/*H,)GHIJ,<,<G-6�,<,=1D:+B!,<IJ@^87.�6ZNÅ>y876�64fßÒ!Í ² 1D:+B

­°¯ � � �W� Ô � 	 È �10 �oÍ ² Ë

RS6�.�1D@+,<6$57(+6�8<6E*H,
:+I%:+6�5
57*-CE6tN�1QbF6�801DLJ6�B�3SIh_i6�89Ng¯2I�_«IJ@^5
IJ>iID8�*H:F57I%57(+*-,�876�LJ*-IJ:�$Vo')(+6�8<6�>AID876Df\Rk6�.Q1D@+,<6PIJ>Y6�:+6�87LDME.�IJ:+,<6�8<b41457*HIJ:Yf;57(+6=876�1DGp3p148<5lIJ>S57(+6=87*-LJ(;59Nï(21D:+B,<*HB+6?IJ>a�ï�J�J�Zf^_=*m57(+IJ@^5/5<(+6 	 Ô Ò 0 5<6�87C!f+C�@+,95)RS6�©�6�87I+V¥wO:!ID57(+6�8)_iID87B+,�f�
�
� ��� � 0 Ô â Ô � Î 	 Ô à 0 Ô 	 0 � � ~ V ~ V��4é;�

C�@+,95aRS6
1�876Q1DG�[\@21D:F57*m5OMFV
°P57(+6t8�57(21D:q57(+6)3kIJ,<,<*mR2*HGH*m5�M�57(2145d5<(+6�14RSIhbF6)*H,o©�6�87I+fF57(+6)LJ6�:+6�801DG2876�[T@+*-876�C$6�:;5

>AID8u*-5�57I=Rk6l876Q1DG;*H,K57(2145 � 0 Ô â Ô � 1D:+B 	 Ô à 0 Ô 	 0 148<6�876Q1DGT[\@21D:F57*-57*-6�,�V � @^5K,<*H:+.�6l5<(+6.�IJ:<;j@+LF14576�59801D:+,93SIJ,96iIJ>21=876Q1DG;:T@+C�RS6t8¥*H,x*m57,<6�G->Åf4_i6l(21QbF6�� � 0 Ô â Ô � �)=�Í � 0 Ô â Ô � V')(+6t876�>AID876Df
� �10 Ô â Ô � � = Í¸� � Ô â 0 Ô �10 � µ Í �10 Ô â = Ô � Í �10 Ô â Ô � � � ~ V ~ V��JóJ�

')(+6�GH1D,95�6�[T@21DGH*m5OM�*H:{57(+6�14RkI�bF6�*-,�3SIJ,<,9*-R2GH6�IJ:+GmMe*H> â�Í â = �¶_/(+6�876E5<(+6?>$*-C�N
32GH*-6�,�.�IJ:<;j@+LF145<6E5<801D:+,93kIJ,<6�1D:+BeÌ?*HC$32G-*H6�,�5<801D:+,j3SIJ,<6h�ZfxID8
57(2145 â *H,�¨P6t87CE*-5<*y1D:YV')(+6t876�>AID876Df257(+6?.�IJ:+B+*-5<*HIJ:+,=>AID8�1D:+*H,<ID5987ID32*H.?CE6�B+*H1�57IqRS6?GHIJ,<,9GH6�,<,=14876â Í â = Ë à�Í à = Ë � ~ V ~ V��~�F�
876�[T@+*-87*-:+LE57(+6�3S6�87C$*-5<57*mb^*m5OM�1D:+B�3S6t87CE6Q14R2*-GH*-5�M�576�:+,<ID87,�5<I�Rk6�¨P6�87CE*m57*y1D:YV�')(+6�:Yf>AID8�1D:X*-,<ID5<87ID32*-.�CE6�B+*H@+C%fk57(+6�GHIJ,<,9GH6�,<,�.�IJ:+B+*m57*HIJ:+,?14876�,<*-C$32G-M�57(2145A@CBe�D���/Í ²1D:+B1@CBe� � �dÍ ² V



E ÖY×¥ØkÙTÚgÛEÚ�ÜlÝd×ßÞáà�Ýoâ�ãläo×¥åxæ�Ülç
wj>x1ECE6�B+*H@+C *H,/,<IJ@^87.�6ZNÅ>y876�64fSR2@^5PGHIJ,<,jMFf25<(+6�: ­*¯GF ��� Ô � 	 È � 0 ��H ² V)�aIJ:\N,<6�[T@+6�:;5<G-MFf2>y87IJC|�ï�   �tf^57(+*-,/*-C$32GH*-6�,

@�B �
�
� ��� � 0 Ô â Ô � Î 	 Ô à 0 Ô 	 0 ��I ² � � ~ V ~ V�� � �

� @^5)5<(+6
14RSIhbF6?*H,a57(+6�,71DC$6�1D,
· ��

� �×± �10 Ô � â = Î â)� Ô � Ñ 	60 Ô � à = Î àv� Ô 	 ¶JI ² � � ~ V ~ V�� � �

')(+6t876�>AID876DfJ>AID8x1=CE6�B+*-@+C®57I=RS6dGHIJ,<,jMFf-·0� â = Î â)��1D:+B9·0� à = Î à4��C�@+,95�RS6�¨P6t87CE*-5<*y1D:YfÂÅÈÇÆKÕ"Ö�Õ"û=Ë¡ÒWËLK*Î+Õ"Ö
Ë?CE145<87*H.�6�,�f\57Iq6�:+,<@^8<6�57(+6?*H:+6�[T@21DGH*m5OM�*-:e�g� � �tVdz\*HCE*-Gy1487GmMFfT>AID8=1D:1D.�57*mbF6=CE6�B+*-@+C!f;·0� â = Î â)��1D:+B×·7� à = Î àD�dC�@+,95�Rk6�¨P6�87C$*-57*H1D:YfÅÎ/Ë�úÇÄÇÖ�Õ�û$Ë¬ÒWËLKèÎ+Õ�Ö
Ë
C�145<87*-.�6�,���,<6�6�ªos^6�87.�*-,<6 ~ V(�F�tV

£ßID8=1�G-IJ,<,9M�CE6�B+*H@+C÷_/(+*H.0(�*H,/.�IJ:+B+@+.�57*mbF6Df2_i6�C�1QM�B+6�n2:+6�Ò�Í M Ô 	 _=(+6�8<6Mù*-,�1�.�IJ:+B+@+.�57*-b\*-5�M!576�:+,<ID8QVPwO:r5<(+*H,�.Q1D,<6DfYªd[\@21457*-IJ:}�ï�   �tfY1D>y5<6�8�.�IJC�R2*H:+*-:+L�5<(+6Gy1D,95a5�_iIq576�87CE,�fpCE1hM�Rk6?_)87*-59576�:!1D,� � ��� Ô � 	 È � 0 �dÍÁ·�º ��
� �ON � 0 Ô â Ô � Î 	 ÔGP à 0 Î · M 0ºRQ Ô 	 0TS

ÍÁ·�º ��� �×± �10 Ô â Ô � Î 	 Ô�Uà 0 Ô 	60 ¶ïË � ~ V ~ V�� ± �
_=(+6t876 Uà¢Í à�Ñ ³ V´ *-,EU^:+Ih_=:ø1D,$57(+6�Ï�ÈÇÔ�ÂÐý£ËXW ÂÅË�É3Ô¨Õ�Ö�Ö�Õ�û~Õ"Ö�Ñ Ö�Ë3Î+Æ3ÈÇÉvV¬wO: 57(+*-,
C�1D:+:+6�8Qf`�g� ± �a(21D,a57(+6�,<1DCE6�,95<87@+.�5<@^876�1D,a57(+6�,<IJ@^8<.�6tNÅ>y8<6�6 ¡ IhM^:F57*H:+Lq57(+6�ID876�C%V

')(+6�[T@21D:;57*m5�M � 0 Ô â Ô � >AID8�GHIJ,<,9GH6�,<,�CE6�B+*y1!*H,�1D,9,<I\.�*H14576�B{_/*-57({57(+6�57*-CE6tN1hbF6t801DLJ6�Br6�:+6�87LDM!B+6�:+,<*-5�Mr,95<ID876�Br*H:�57(+6�C�1DLJ:+6�5<*H.�n26�G-BYfS_=(+*-GH6
57(+6�[T@21D:;5<*-5�M 	 Ôà 0 Ô 	 0 >AID8/GHIJ,9,<GH6�,9,)C$6�B+*y1�*H,)1D,<,<IT.�*y145<6�B�_/*-5<(�57(+6�57*-CE6tN�1QbF6�801DLJ6�B�6�:+6�87LDM�B+6�:+,<*m5OM,957ID876�B%*H:�57(+6?6�GH6�.�5<87*-.?n26�G-BYVl'a(+6�:Yf2>AID8=G-IJ,<,<G-6�,<,�f2,<IJ@^87.�6tNÅ>y876�6
CE6�B+*H1^f`�ï�   ��*HC$32G-*H6�,57(2145
@�B � � ��� Ô � 	 È �10 �¥Í�º ��

� ��� �10 Ô â Ô � Î 	 Ô à 0 Ô 	60 �ZË � ~ V ~ V  J² �

ID8/5<(2145 @CB � � �W� Ô � 	 È � 0 �
*H,Y3+87ID3kID8<57*HIJ:21DGv57I)5<(+6¥5<*HCE6x80145<6oIJ>T.0(21D:+LJ6dIJ>;57(+6¥B+*-ÆS6t876�:+.�6dIJ>T57(+6u57*-CE6tN�1QbF6�801DLJ6�B6�:+6�87LDM�,957ID876�B}*-:e57(+6EC�1DLJ:+6t57*H.$n26�GHB¢1D:+B{57(+6�6�G-6�.�5<87*-.$n26�G-BYV�z\*H:+.�6�5<(+*H,�3kI�_i6t8
*H,�:+IJ:+B+*H,9,<*-3p1457*mbF6Df�*-5?*H,?1DG-,<I�U^:+Ih_=:�1D,�5<(+6¡ÉrË�Ä�Ï-Ö�Õ"û=Ë×ÂÅÈ"Y*Ë�É��¶,<6�6�ªos^6�87.�*-,<6 ~ V óJ�tV¨P6�:+.�6Df¥57(+6�*HCE1DLJ*H:2148<MX3p148<5qIJ> 	 È � 0 C�1hM]RS6�1D,<,<IT.�*y145<6�B}_/*-5<(}57(+6�876�1D.�57*-bF63SIh_i6�8/B+6�:+,<*m5OMFV



�.4.5[Z]\/^�8;?@8`_�a 8cbI>�DGFIH=8KJ=LNM;OIB d
���h´pµ�´pµfe¸·�Ýß¿+À¶¹j¾D�g�?¼4¹¶½E©v¹HÂdÀÅ»

W]1vs\_i6�G-Gg��,=6�[\@21457*-IJ:+,�6ts+(+*mR2*-5?1�.�6�8<571D*H:r,9M^C$CE6�5<8<M�RS6t5O_l6�6�: 	 1D:+B � f�1D:+B& 1D:+B � Vd¨PIh_i6�bF6�8�fp57(+6�14R2,<6�:+.�6
IJ>xC�1DLJ:+6�5<*H.�.0(21487LJ6�,=B+6�,95<87IhM^,)57(+6�,9M\CECE6�598<M
>AID8�5<(+6],<IJ@^8<.�6�,�V 5 6�bF6�8<5<(+6�GH6�,9,�fP>y87IJC 1}C�145<(+6�C�1457*-.Q1DG/b\*H6�_)3SIJ*-:;5Qf=W]1vs\_i6�G-Gg��,
6�[\@2145<*HIJ:+,�.Q1D:�Rk6dCE1DB+6u,9M^CEC$6�5<87*-.Q1DGvR;M?*H:F5<87I\B+@+.�*H:+L�1aC�1DLJ:+6�5<*H.u.�@^8<8<6�:;5KB+6�:+,<*m5OM� 1D:+B%1�C�1DLJ:+6t57*H.�.0(21487LJ6�B+6�:+,<*-5�M]èih)V¥wj:�57(+*H,).Q1D,<6DfK� ~ ��57I!��é;��RS6�.�IJC$6

ÇÉÈ 	 �¶ÊTË<Ì9�¥Í�ÎøÏ
Ï Ì
� ��Ê;Ë<Ì9�xÎ � ��Ê;Ë<Ì9�tË � ~ V ~ V  ^~ �

ÇÉÈ � ��Ê;Ë<Ì9�uÍ Ï
Ï Ì
& ��Ê;Ë<Ì9�YÑ}Òo��Ê;Ë<Ì9�tË � ~ V ~ V   �J�

Ç�Ô � �¶ÊTË<Ì9�¥Í�èih���Ê;Ë<Ì9�tË � ~ V ~ V  J  �
Ç�Ô & ��Ê;Ë<Ì9�uÍ�è^�¶ÊTË<Ì9�@� � ~ V ~ V   é;�

')(+6X,9M^C$CE6�5<8<M 6ts+(+*mR2*-576�BøRTMÐ57(+6]14RSIhbF6X6�[\@21457*-IJ:+,�*-C$32GH*-6�,�57(2145�LJ*-bF6�:­1
,<IJGH@^5<*HIJ:E57I�WX1vs^_i6�GHGg�³,i6�[\@2145<*HIJ:+,�f\_/*-5<( 	 f & f � f � f � f\ÒufYèjh/f^1D:+BXè;f+1D:+ID57(+6t8
,<IJGH@^5<*HIJ:�.Q1D:%RS6�IDR+501D*H:+6�B�R;M�57(+6?>AIJGHG-I�_/*H:+Lq876�32GH1D.�6�CE6�:F57,��

	 ¼ � Ë � ¼ 	 Ë � ¼ Î & Ë & ¼ Î � Ë
� ¼ Î)ÒuË ÒØ¼ Î � Ë èih�¼ Î?èTË è�¼ Î?èih°� � ~ V ~ V   óJ�5 ID57*H.�6x57(2145�57(+6�14RkI�bF6u876t32Gy1D.�6�C$6�:;5<,K14876¥:+IJ:;@+:+*H[T@+6l1D:+B�1D:;M�ID57(+6t8�876t32Gy1D.�6�C$6�:;5<,

57(2145dC�14UF6aª�[\@2145<*HIJ:+,=�  ^~ �K57I��   é;�x*-:;b41487*y1D:F5�_/*HG-G21DGH,<I�,<@�ßE.�6���,<6�6=ªos^6�87.�*-,<6 ~ V � �tV
wj>`57(+6?.�IJ:+,957*m57@^57*-bF6�876�GH1457*HIJ:+,/143+3S6�148=6ts\32GH*-.�*-57GmM�*H:e�  ^~ ��57I��   é;�Zf\57(+6�8<@+GH6?>AID8876�32GH1D.�6�CE6�:F57,d.Q1D:ERS6P1DGm576�876�B�1D.�.�ID87B+*-:+LJG-MFVu£pID8l6ts+1DC$32GH64fT>AID8a1D:+*-,<ID5<87ID32*-.=CE6�B+*y1^f� Í â Ô � 1D:+B & Í à Ô 	 fp1q3kIJ,<,<*-R2G-6�,<6t5=IJ>K8<6�32Gy1D.�6�CE6�:F5/87@+G-6�,=*-,

	 ¼ � Ë � ¼ 	 Ë âd¼ Î àTË à�¼ Î âPË
� ¼ Î)ÒuË ÒØ¼ Î � Ë èih�¼ Î?èTË è�¼ Î?èih°� � ~ V ~ V   �F�

£ßID8),<IJ@^8<.�6tNÅ>y8<6�6�WX1vs^_i6�G-Gg�³,/6�[T@21457*HIJ:+,�f^57(+*H,)RS6�.�IJC$6�,/,9*HC$32GmM
	 ¼ � Ë � ¼ 	 Ë â ¼ Î àTË à�¼ Î â�� � ~ V ~ V  F� �

ªdbF6�: 57(+IJ@+LJ( 5<(+6�876�*H,$:+Ie5<87@+6�C�1DLJ:+6�5<*H.%.�@^8<876�:F5Qf)IJ:+6!.Q1D:Ð,957*-GHG),93S6Q14UáIJ>
6�[\@+*mbD1DG-6�:F5�C�1DLJ:+6t57*H.a.�@^8<8<6�:;5�Vd£pID8o*H:+,9501D:+.�6Df^1?.�@^8<876�:F5lG-I\ID3$.Q148<8<M\*H:+L
1D:�6�GH6�.�5<87*-..�@^8<876�:;5qLJ6�:+6�8714576�,�1�n26�GHB¢57(2145�876�,<6�C�R2G-6�,�57(2145�IJ>/1rCE1DLJ:+6�57*H.�B+*m3SIJG-6DVe�iIJ:+,<6tN[\@+6�:F57GmMFf+*H:%57(+6�GH*-CE*-5i_/(+6�:!57(+6�6�GH6�.t5<87*H.�.�@^8<876�:;5PG-I\ID3%*H,abF6�8<M�,<C�1DG-Ggf+*-5/*H,/6�[\@+*mbTN1DGH6�:F5i57Iq1�C�1DLJ:+6�57*-.�B+*-3kIJGH6DVo'a(+6�:Yf21�,<6�87*-6�,aIJ>�.�@^8<876�:F5)GHI\ID32,i,9@+.Z(%1D,a1�,<IJGH6�:+IJ*-B
ID8)1
57ID87IJ*HB�LJ6�:+6t8014576�,)1�n26�GHB�,<*HC$*HGy148�57I�57(2145aLJ6�:+6�80145<6�B�R;M�1�C�1DLJ:+6�57*-.P.�@^8<876�:;5QV
� 
p� Õ �lk �p��� Ênm �"op�r	��Y�K�+���¶�ß�x�

�a6�89501D*H:�32(FM^,<*-.Q1DGS32(+6�:+IJCE6�:21�.Q1D:�RS6�B+6�,<.t87*-Rk6�B%@+,<*-:+L�IJ:+GmME57(+6�,<.Q1DGH148i_a1QbF66�[\@2145<*HIJ:Yfa>AID8�6ts+1DC$32GH6Df)1D.�IJ@+,j57*H.!_a1QbF6�,�1D:+Búz\.0(^8ipIJB+*H:+LJ6t8�_i1hbF6�,�V¬wj:Ð>�1D.�5�f)*-:




"q ÖY×¥ØkÙTÚgÛEÚ�ÜlÝd×ßÞáà�Ýoâ�ãläo×¥åxæ�Ülç
.�6�8<571D*H:�,<*-57@2145<*HIJ:+,�f+6�G-6�.�5<8<IJC�1DLJ:+6�57*-.�_a1hbF6�,/.Q1D:�1DGH,9IqRk6�B+6�,9.�87*-Rk6�B%R;M�57(+6?,<.Q1DGy148
_a1QbF6X6�[\@21457*-IJ:YV�¨P6�:+.�64f=_i6r,<(21DGHGP,j57@+B^Mò57(+6X,<.Q1DGy148�_a1QbF6r6�[\@2145<*HIJ:ú1D:+Bøn+87,j5
*HG-GH@+,95<8714576P57(+6�B+6�8<*-b41457*HIJ:�IJ>�57(+6�1D.�IJ@+,957*-.?_a1QbF6�6�[\@21457*-IJ:YV
���h´pµ£ySµ¶´srÙ©JÄ/ÝpÃJ¾7¹�©utò¿oÞ+»wv�x�Ýß¿Y¾7¹ïÄ+½

')(+6�1D.�IJ@+,957*-.�_a1QbF6
6�[T@21457*HIJ:�.Q1D:!RS6�B+6�87*-bF6�B!Rp1D,<6�B�IJ:%57(+6�.�IJ:+,<6�8<b41457*-IJ:!IJ>
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LJ@214801D:F576�6�Br145�1D:;M�>y876�[T@+6�:+.�MFfk6tbF6�:r143+3+87ID3+87*H14576�RSIJ@+:+B21489M!.�IJ:+B+*m57*HIJ:+,/IJ: �Ð145
*H:^n2:+*m5OMFfx1D,�1�8<6�,<@+G-5�IJ>l5<(+6E3+876�,<6�:+.�6�IJ>i57(+6�.�IJ:F57*-:T@+@+C IJ>i876�,9IJ:21D:+.�6�>y876�[\@+6�:\N
.�*H6�,�V¬°P:+6!876�C$6�B^Má57(+6�:ò*H,$57I{*-:;5987I\B+@+.�6r1],<C�1DGHG)GHIJ,9,�Vøcú*-5<( 57(+*H,E,9C�1DGHGaGHIJ,9,±[@CBe�Ê�\�zI ² ¶ïf¥57(+6�,<IJGH@^57*-IJ:Ó*-,�6�*-57(+6t8�6Zs^3SIJ:+6�:;57*H1DGHGmM{,<C�1DG-Gd_/(+6�: è ¼ Ù �¶*H>/1
,<IJGH@^5<*HIJ:%.�ID8<876�,93kIJ:+B+,=57I$1D:%IJ@^57LJIJ*-:+L�_a1QbF6DfÅ¯ ³¥¤)õ �tf2ID8/6ts^3kIJ:+6�:F57*y1DG-G-M�Gy148<LJ6�_/(+6�:è ¼ Ù ��*->l1%,9IJGH@^57*-IJ:�.�ID8<8<6�,93SIJ:+B+,�57I!1D:e*-:+.�IJCE*-:+L�_a1QbF6DfG¯ ²$³¥¤)õ �tV 5 Ih_�f`*H>�5<(+6,<IJGH@^5<*HIJ:E*-,l6ts^3kIJ:+6�:F57*y1DG-G-M�,<C�1DGHG�fF:21DCE6�G-MFfFUF6�6�32*-:+L�IJ:+G-M�57(+6�IJ@^57LJIJ*-:+L�_a1QbF6�,<IJGH@\N
57*HIJ:+,�fp*m5=*-,=.�G-6Q148=5<(2145/57(+6�,<@^87>�1D.�6�*-:;5<6�LD801DGY576�87C *H:{��é;�ib41D:+*H,9(+6�,=_/(+6�:Ù��¼ Ù­f
1D:+BX5<(+6q@+:+*-[\@+6�:+6�,<,�IJ>¥57(+6q,<IJGH@^57*-IJ:r*H,�LJ@214801D:F576�6�BYV�'a(+*H,?C�1D:+:+6�8�IJ>d*HC$3kIJ,<*H:+L
57(+6!IJ@^57LJIJ*-:+L�_a1QbF6!.�IJ:+B+*m57*HIJ:Ð145�*-:^n2:+*-5�MÓ*H,�1DG-,<IeU^:+Ih_=:Ð1D,�57(+6¯®/ÈÇÔ¨ÔuË�É�Ê~Ë�ýzÒÉ�ÄWÒÇÕiÄÇÖ�ÕªÈÇÎ ÏKÈÇÎ/ÒÇÕ�Ö�ÕªÈÇÎð�ïz\IJCEC$6�87>A6�G-B ~h± é ± fl3�V ~h�J� �tVÐ')(+*-,$801DB+*H1457*HIJ:Ó.�IJ:+B+*-57*-IJ:.Q1D:áRk6%@+,<6�Bò*-:á57(+6�GH*HC$*-5�IJ>P1]b41D:+*H,9(+*H:+LeG-IJ,<,�>AID8E1D: @+:FRSIJ@+:+B+6�BøCE6�B+*-@+C 5<I
LJ@214801D:F576�6?@+:+*H[\@+6�:+6�,<,�V
���h´pµf�ßµzy±°a»Ç©\¾tÄ\¼Ïtò¿oÞ+»wv�x�Ýß¿Y¾7¹ïÄ+½

z\*HCE*-Gy148l57I�57(+6�@+:+*H[T@+6�:+6�,<,/.�IJ:+B+*-5<*HIJ:+,a>AID8a57(+6�,9.Q1DGy148a_a1QbF6�6�[\@21457*-IJ:Yf21D:21DGHI4N
LJIJ@+,P.�IJ:+B+*-5<*HIJ:+,�>AID8P57(+6�bF6�.�57ID8P_i1hbF6�6�[T@21457*HIJ:r.Q1D:]1DGH,<I�Rk6�B+6�87*-bF6�BYV�£u*-8<,95QfY1D,jN
,<@+CE6a57(2145o57(+6�876=14876/5�_iI�B+*-ÆS6t876�:F5i,<IJGH@^5<*HIJ:+,¥57I
1�bF6�.�57ID8o_a1hbF6/ª�[T@21457*HIJ:!� ~ V   V óJ�tf*gV³6DVHf

Ç÷È â ² ì Ô�ÇÉÈ 	 ì ��Ê4�xÎÿº ë à Ô 	 ì ��ÊD�¥Í � ��Ê4�tË � ~ V ó\V � 1F�
Ç÷È â ² ì Ô�ÇÉÈ 	 ë ��Ê4�xÎÿº ë à Ô 	 ë ��ÊD�¥Í � ��Ê4�tË � ~ V ó\V � Rß�

_=(+6t876 � ��Ê4��Í ·"ºqÒo��Ê4�/Î Ç È â ² ì Ô � �¶ÊD��.�ID8<876�,93kIJ:+B+,�57I¢1{,<IJ@^87.�6�IJ>Pn2:+*-5<6
6ts^5<6�:;5�Vqz\*HCE*-Gy1487GmMFf â�1D:+B àE.�ID8<876�,j3SIJ:+B�57I�1D:X*H:+(+IJCEIJLJ6�:+6�*-5�MrIJ>dn2:+*m576�6Zs^576�:F5QV
z\@^R+5<801D.�5<*H:+L�� � 1F�a>y87IJC|� � Rß�l57(+6�:�M^*H6�GHB+,

ÇÉÈ â ² ì Ô�ÇÉÈ � 	 Îÿº ë à Ô � 	 Í ² Ë � ~ V ó\V � �
_=(+6t876�� 	 Í 	 ì Î 	 ë V�'a(+6$,<IJG-@^57*HIJ:e*-,�@+:+*-[\@+6E*->i1D:+B{IJ:+G-M]*H>�� 	 Í ² V 5 6Zs^5QfIJ:rCq@+Gm57*-32GmM^*-:+L$57(+6q14RSIhbF6
RTM²� 	 0 fS*H:F576�LD871457*H:+L�IhbF6�8PbFIJGH@+CE6 �$f�1D:+Br@+,<*-:+L�5<(+6bF6�.�57ID8/*HB+6�:;57*m5�M � ÔhÇ÷È � Í�Î Ç¸Ô � � È � ��Ñ � Ô�ÇÉÈ � f2_l6�(21QbF6

Î � � �Â Ô ��� 	 0 È â×² ì Ô�ÇÉÈ � 	 � � �%Ñ �
� ÇÉÈ � 	 0 Ô â^² ì ÔhÇ÷È � 	 � �

Î�º ë �� � 	60 Ô à Ô � 	 � ��Í ² �
� ~ V ó\V ± �

z\*H:+.�6 ÇÉÈ � 	 Í®·"º â Ô � � f^57(+6�14RSIhbF6�.�1D:%RS6�876�_)87*-59576�:�1D,
·"º � � �Â Ô �<� 	60 È � � � � ��Ñ º ë �� �<� �10 Ô â = Ô � � Î¯� 	60 Ô à Ô � 	 � � �ùÍ ² �� ~ V ó\V ~h² �



P ø ÖY×¥ØkÙTÚgÛEÚ�ÜlÝd×ßÞáà�Ýoâ�ãläo×¥åxæ�Ülç
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@CB ³´¶µ ·�º � � �Â Ô ��� 	60 È � � � � �z·¶¸¹
Î ·"ºoë

�
�
� ±©� �10 Ô � â = Î â)� Ô � � Ñ�� 	60 Ô � à = Î àv� Ô � 	 ¶ � �ùÍ ² �

� ~ V ó\V ~J~ �
� @^5
*H>i57(+6�CE6�B+*-@+C *H,�:+ID5�G-IJ,<,<G-6�,<,���6�*m57(+6�8�G-IJ,<,9MeID8q1D.t57*-bF6h�Zfx57(+6�: âC= #Í â

1D:+B à = #Í à ± ,<6�6r� ~ V ~ V �vRß��¶ïf�1D:+Be57(+6E,96�.�IJ:+B¢*H:F576�LD801DGo*H:ò� ~J~ �?C�1QMX:+ID5�Rk6E©�6�87I+VWrID876�IhbF6�8Qf2*H>
��*y� �Â È � 	 Í ² ID8��Â È � � Í ² IJ:Ø�if2ID8
��*H*y� �Â È � 	 Í ² IJ:%IJ:+6?3p148<5=IJ>�� 1D:+B±�Â È � � Í ² IJ:�57(+6�8<6�,95/IJ>	�af

57(+6�n+87,95�*-:;5<6�LD801DG�*H:e� ~J~ ��bD1D:+*-,<(+6�,�Vowj:�57(+*H,).Q1D,<6Dfº ë
�
�
� ±©� �10 Ô ·0� â = Î â)� Ô � � Ñ�� 	60 Ô ·7� à = Î à4� Ô � 	 ¶ � �ùÍ ² � � ~ V ó\V ~ �J�

wO: 57(+6r14RSIhbF6Df�·0� â = Î â)�$1D:+Bk·0� à = Î àv�E14876!¨P6�8<CE*-57*H1D: C�145<8<*H.�6�,�VúWrID876�IhbF6�8Qf57(+6r*H:F576�LD801D:+BÐ_/*HGHG/RS6�3SIJ,<*m57*-bF6�B+6tn2:+*-576r*H>�RSID5<( â 1D:+B àe148<6XG-IJ,<,9MFf/1D:+Bø5<(+6*H:F576�LD801D:+B�_/*HGHGpRS6�:+6�LF1457*mbF6�B+6�n2:+*-576�*->`RkID57( âø1D:+B à
14876?1D.�57*-bF6q�¶,<6�6�z\@^R2,<6�.�5<*HIJ:
~ V ~ V óJ�tVx¨P6�:+.�64f\57(+6�IJ:+GmM�_a1QM�>AID8?� ~ �J�¥5<I�RS6�,<1457*H,9n26�B�*H,l>AID8x� 	 Í ² 1D:+Bº� � Í ² fID8/5<(2145 	 ì Í 	 ë 1D:+B � ì Í � ë f2*HC�32G-M^*-:+L�@+:+*H[\@+6�:+6�,<,�V�aIJ:+,<6�[\@+6�:F57G-MFf2*-:%ID87B+6�8=>AID8=@+:+*-[\@+6�:+6�,<,=57IqRS6?LJ@214801D:;5<6�6�BYfp6�*-57(+6t8
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� �<� �10 Ô â = Ô � � Î�� 	60 Ô à Ô � 	 � � ��Í ² � � ~ V ó\V ~h  �

')(+6l14RSIhbF6lB+I\6�,K:+ID5u*HC$32GmM�57(2145o� 	 ID8¼� � 6�[\@21DGH,K©�6�87I+f4Rk6�.Q1D@+,<6a145K876�,<IJ:21D:+.�6�,�f;13S6�8<>A6�.�5lRp1DGH1D:+.�6=RS6t5O_l6�6�:�57(+6=6�:+6t87LDME,95<ID876�B�*H:E5<(+6�6�GH6�.�5<87*-.=n26�GHB�1D:+BE5<(+6�6�:+6�87LDM
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IJ>
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,957ID876�B�*H:]57(+6$6�G-6�.�5<8<*H.�n26�GHBe*-,�:+ID5�6�[\@21DGu57I�57(2145�,957ID876�B�*H:]5<(+6$C�1DLJ:+6�5<*H.�n26�GHBYV
¨P6�:+.�6Df�*H: ID87B+6t8E>AID8r� ~h  �
5<I]RS6�,71457*-,9n26�BYfx� 	 1D:+BÁ� � (21hbF6�57I]Rk6%©�6�8<Ie,<*H:+.�6
6Q1D.0(%576�8<C *-:¢� ~h  �l*H,a3SIJ,9*-57*mbF6�B+6�n2:+*m576�>AID8=GHIJ,<,9GH6�,<,/CE6�B+*H1qB+@+6�5<Iq57(+6�¨P6�87CE*m57*y1D::21457@^876?IJ> â¬1D:+B à;V

c­(+6�:��|¼ Ù­fY1D,P*-:�57(+6�,<.Q1DGH148P_a1hbF6�6�[\@21457*-IJ:X.�1D,<6DfY,<IJCE6�GHIJ,<,P(21D,P57IERk6
*HC$3kIJ,<6�B�57IELJ@214801D:F576�6
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,<1DCE6�1D,)876�[T@+*-87*-:+L$57(+6�_a1QbF6�5<I
RS6�IJ@^5<LJIJ*H:+L�145�*H:^n2:+*-5�MFfT:21DCE6�G-MFfJ57(+6/801DB+*y1457*-IJ:E.�IJ:+B+*m57*HIJ:YV¥¤PLF1D*H:YfF57(+6=871DB+*y1457*-IJ:
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ß� Õ ��1F��'a(+6�>A@+:+B21DCE6�:F501DGx@+:+*-5<,P*H:r6�GH6�.�5<87IJC�1DLJ:+6t57*H.�,=.Q1D:�RS6�.�IJ:+,<*-B+6�876�Br57IERk6C$6�576�8QfpU^*-GHIJLD801DC!fp,<6�.�IJ:+BYf�1D:+B].�IJ@+G-IJC�R�V�z\(+I�_�57(2145 ~ bFIJG-5Qfp_=(+*-.0(]*-, ~_i145<5ZêD1DC$3�f^(21D,)57(+6?B+*HCE6�:+,9*HIJ:%IJ>i�¶U^*-GHIJLD801DCÉC$6�576�8 ë �<ê+��.�IJ@+G-IJC�R�,<6�. ë �tV
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