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uj uj+1 uj+2uj−1uj−2

t

t + τ/2

t + τ

t + 2τ
Forward Euler

uj uj+1 uj+2uj−1uj−2

Crank−Nicholson

ã ¾�Æ�µsº�¹ª�LÊ 0 ��«�¬$¬$
®9¯f°I±�¯N²k³¤´ª³,µ0¯f¶�·�µ¡³B°¹¸º±
°?»¼»¤² ½ ·
°?·,´�¾�·¿±l´
»À²(ÁsÂ>¬H²e¾�² ¯�¯N²(Á�·fÃ�² ¯�·
°I±3¯&²e³Ä´ÅÁ�·N¯f¶�³c»>®�ÆÇ�¶�·�²�ÁsÂB¬$²k¾�² ¯�Á�·f¯N¶
³c»��®�·�®�È�±l¬(�·�®sµ9°?³¤ÁÉ¯f¶�·�²�´3µ`·,°�°?·�»À®�³¤¬$3¯N²k³¤´¿¯�³Ê®9¯j±BËl²�¬H²eÌ�·�¯N¶�·Å´BBÁ�·,°¡²k¾\±l¬¯N²(Á�·fÃ7®9¯�·
ÂcÆ
³�´c»"ÁÃÂc¹yº6¶W¹yÁÃÂc»J½w¾�Ä�ÈhÇUÉÀÉq¹r½WÁÃÂG¹¡Ä�Õ¹rÈ�Á�ºyÇUÉ.¶W¹�ÁÃÂG»J½4Çj´G½n¾�ÄpÏ1¹�º�Ò4Õ»hÙP¹�º�¼ìµsÉ�¼Ë»"º�Ä�»jÉÀÏJ¾�´GÆ©ÁÃÂG¹�½�¾À¿�µcÄ�¾�»�´

¹rÎJµNÇUÁ�¾�»�´�Ó å Âc¹yÒ¸ÙP»jºØê�Ä�»�¶Ö¹�Ù�Â.ÇLÁp¾�´nÁ�Âc¹�ÄÃÇ"¶W¹¡Ù�Ç)Ò�ÁÃÂNÇUÁpÁÃÂG¹�øSÇjÕ�É'ÇjÈr¹PÁØºyÇj´GÄ�¼Ë»"ºÃ¶ö¶Ö¹�ÁÃÂG»J½�Ù¡»"º�ê�Ä�ïeÇ
½G¹�º�¾ÀÏ�ÇUÁ�¾ÀÏ�¹ ¾�ÄPÁØºyÇj´GÄ�¼Ë»"ºÃ¶W¹r½W¾�´�ÁÃ»4Çj´�ÇLÉ�Æ�¹)·�ºyÇU¾qÈZ»�Õ¹yºyÇLÁ�¾�»�´�Ó

ñ$´]Õ.ÇLº�Á�¾�ÈrµsÉ'ÇUºh×CÁÃÂG¹ ã »�µsºØ¾q¹yº�Ä�Õ¹rÈ�Á�ºyÇUÉ�¶W¹�ÁÃÂG»J½|¾�ÄwÈ)»�¶W¶W»�´�ÉÀÒ|µGÄ�¹)½]·¹)ÈLÇjµGÄ�¹W»"¼¡ÁÃÂG¹4¹Ãás¾�Ä�ÁÃ¹r´cÈr¹x»j¼
Ï1¹�º�Ò�¼�Ç"Ä�Á�ÁÃ¹)ÈÃÂG´s¾�ÎJµG¹)Ä6ÁÃ»wÕ¹yº�¼Ë»"ºÃ¶öÁÃÂG¹¡Á�ºyÇ"´cÄ�¼ì»jºÃ¶äÇLÁ�¾�»�´n»�Õ¹�º)ÇLÁ�¾�»�´cÄ�æË¾�Óó¹jÓÀ× ã Ç"Ä�Á ã »�µ�º�¾�¹�º å ºyÇ"´GÄ�¼Ë»"ºÃ¶WÄ�ï
ã�ãAå ÄyèØÓ
ñ$´�Ç�´JµsÁÃÄØÂc¹yÉâÉ�×�ÁÃÂG¹ ã »�µsºØ¾�¹�º�Ä�Õ¹rÈ�Á�ºyÇUÉS¶W¹yÁÃÂc»J½W¾�ÄP¾q¶ÖÕsÉ�¹r¶W¹)´1ÁÃ¹)½x·�ÒxºÃ¹rÕsº�¹)Ä�¹r´�Á�¾�´cÆwÁÃÂG¹±Ä�Õ.ÇUÁ�¾'ÇLÉSÕ.ÇLº�Á

»"¼CÁÃÂG¹±Å.¹�É�½�ÇjÄ�Ç�Ä�¹yº�¾�¹)Ä�»"¼�Á�º�¾�Æ�»�´G»�¶Ö¹�Á�º�¾�È�¼ËµG´GÈ�Á�¾�»�´cÄ��
�fÍ�æ �D��� è ~ ÍÎ Ï

Ð ô.Ñ
Ï�Ò � Ï � æ7�UÊ í è

å Âc¹}½�¾À¿�µGÄ�¾�»�´ ¹rÎJµNÇUÁ�¾�»�´ÞÈhÇ"´Þ·¹xÙ�º�¾ÀÁ�ÁÃ¹)´�ÇjÄÔÓ ¾�´G½G¹)Õ¹r´c½G¹)´�Á4»"ºÃ½s¾�´.ÇLº�Òg½�¾À¿�¹�ºÃ¹r´�Á�¾'ÇLÉ±¹)ÎJµ.ÇLÁ�¾�»�´cÄ
æ�»�´c¹�¼Ë»"º�¹LÇjÈÃÂ�Èr»J¹�ðÖÈ�¾�¹r´�Á »j¼\¹hÇ"ÈØÂ}Ù�Ç)Ï�¹yÉq¹r´cÆ"ÁÃÂRè��

Õ Ñ
Ï

Õ � ~ � �ªÖ ò Ñ
Ï

æ7�UÊ ÷ è
Ô�Ç"ÈÃÂW»"¼�ÁÃÂc¹�ÓY×±õ Ô\Ä6¾�Ä�Ä�ÁyÇj·�É�¹¦æË¾�´GÈ�ºÃ¹LÇjÄ�¾�´GÆjÉÀÒÖ¶W»"ºÃ¹¡Ä�ÁyÇ"·sÉ�¹¡Ù�¾âÁ�ÂnÉ'ÇLºÃÆ�¹ Ö »"ºbÄØÂc»"º�ÁpÙ�Ç)Ï1¹�É�¹r´cÆ"ÁÃÂGÄyèØÓ³ Å.´s¾ÀÁÃ¹�½s¾À¿�¹yºÃ¹)´GÈ)¹ZÇjÕGÕ�ºÃ»�Ç"ÈÃÂäÈLÇj´�·¹ZÇjÕGÕsÉÀ¾�¹r½äÁÃ»4¹hÇ"ÈÃÂm»"¼�ÁÃÂG¹ È)»J¹yðWÈy¾q¹r´�ÁÃÄ��
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Ñ
Ï
æ`� � ���iè � Ñ

Ï
æ`�iè��� ~ � �ªÖ ò Ñ

Ï
æ`�iè æ7�UÊ ù è

Ù1»�×"ÁÃÂc¹PÕsºÃ¹r½s¾�ÈyÁ�¾�»�´�»"¼NÁÃÂG¹�¼ìµsÁ�µsºÃ¹6Ï�ÇLÉ�µG¹¡»"¼¹LÇjÈÃÂWÈr»J¹�ðÖÈ�¾�¹r´�Á6ÈhÇ"´n·¹PÄ�»jÉÀÏ1¹)½4Ä�¾�¶WÕ�ÉÀÒ�Çj´G½w¾�¶WÕsÉÀ¾�Èy¾ÀÁ�ÉÀÒÚ�

Ñ
Ï
æ¡� � ���iè ~ æ 0 � �ªÖ ò è Ñ

Ï
æ`�iè æ7�UÊ Ø è

å Âc¹�ºÃ¹LÇLÉAÄ�Õ.ÇjÈr¹±Á�¾�¶W¹yÊ,½c¹rÕ¹)´G½G¹)´�Á�ÄØ»jÉ�µ�Á�¾�»�´}ÈhÇ"´�·¹©»�·sÁyÇU¾�´G¹)½}·�Ò�ÇjÕGÕ�ÉÀ¾�ÈhÇLÁØ¾�»�´�»j¼�Çj´ ã�ãCå ÓÛ »"ºÃ¹©½G¹�ÁyÇU¾ÀÉ�Ä�¶xÇ)Òx·¹�¼Ë»�µG´c½}¾�´äÁÃÂG¹�ÁÃ¹ÃásÁÃ·R»J»jêmÇj´G½x¾âÁ�Ä�È�¾ÀÁÃ¹r½mºÃ¹y¼Ë¹�º�¹)´GÈ)¹)ÄrÓ

Ü 9�Ý4�5G9 ° § 365 3 þ °P² =�¬� ² 3 ¥�Þ]¥c° ¬=\5�5
å Âc¹�½G¹�º�¾ÀÏ�ÇUÁ�¾�»�´}»"¼iÁ�Âc¹�½�¾À¿�µcÄ<¾q»�´x¹)ÎsµNÇUÁ�¾�»�´x¼ì»jÉÀÉ�»hÙ¡¹r½x¼�ºÃ»�¶éÈ)»�´cÄ�¾�½G¹�ºyÇUÁ�¾�»�´ä»j¼\ÇwÈ)»�´�Á�¾�´JµcµG¶£½�¾qÄ<Á�º�¾ÀÊ

·GµsÁ�¾�»�´}»j¼�È)»�´GÄ�¹yº�Ï�¹r½�Õ.ÇLº�Á�¾�ÈyÉ�¹)Ä)ÓP³ Á�º�¹hÇUÁÃ¶W¹)´�Á�»j¼A¾�´c½�¾ÀÏJ¾�½cµ.ÇUÉC¶Ö»jÉ�¹rÈ)µ�É�ÇUº�»"º�ÇLÁÃ»�¶n¾�È©¶Ö»jÁ�¾�»�´cÄ�ÇjÄ�Õ.ÇLº�Á
»"¼ Ç|Ä�ÁyÇLÁØ¾qÄ<Á�¾�ÈhÇUÉ¡¹r´cÄ�¹r¶¸·�É�¹}»j¼�½�¾À¿�µGÄ�¾�´cÆÍÕNÇUº�Á�¾�È�É�¹rÄ¸Ù�¾ÀÉÀÉ�ÕsºÃ»hÏ1¹WÁÃ»|·¹x´G»"Án»�´sÉÀÒgÈ)»�´GÄ�¾�Ä�ÁÃ¹)´�Á4Ù�¾ÀÁÃÂ]ÁÃÂc¹
Èr»�´�Á�¾�´JµGµc¶ Ç"ÕcÕ�ºÃ»1ÇjÈÃÂ�×�·Gµ�Á©Ù�¾ÀÉÀÉ�ÕsºÃ»hÏJ¾�½G¹4´c¹yÙ£ÕcÂ1Ò�Ä�¾�ÈhÇUÉbÈr»�´GÈ)¹rÕsÁ�Ä¦ÁÃÂNÇUÁ¦¹r´cÂ.Çj´GÈ)¹4µG´c½G¹�ºÃÄ�Á)Çj´G½s¾�´GÆ}»j¼
½�¾À¿�µcÄ<¾âÏ1¹©Õ�ºÃ»JÈr¹)Ä�Ä�¹rÄ)Ó

ß ¹�É�»hÙ¦×�ÁÃÂG¹p¼ËµG´c½.Çj¶Ö¹)´�ÁyÇUÉJ½�¾À¿�µcÄ<¾ÀÏ�¹�ÕsºÃ»JÈr¹)Ä�Ä�ï�Çj´4ÇLÁÃ»�¶n¾�È�»jº�¶W»jÉ�¹rÈ)µ�É'ÇLºp½�¾�Ä�Õ�É'ÇjÈr¹)¶W¹r´�Á<ï�¾�ÄCÁ�ºÃ¹LÇLÁÃ¹r½
Ç"ÄwÇÖº)Çj´G½c»�¶ ë<µG¶WÕÐ»JÈ)Èrµsº�ºØ¾�´cÆ}Ù�¾ÀÁÃÂ]Çj´gÇ)Ï1¹�ºyÇ"Æ�¹n¼'ºÃ¹)Îsµc¹r´cÈyÒáàAÓmñìÁ¦¾�Ä¦¾�´GÄ�Á�ºÃµGÈ�Á�¾ÀÏ1¹¸Á�»mÈr»�´GÄ�¾�½c¹yº�Âc»hÙ
ÁÃÂ�¾�Ä¦Ä�¾�¶WÕ�É�¹W¶W»s½c¹yÉb»"¼¡ºyÇ"´c½G»�¶ ÇUÁÃ»�¶4¾�È±ë<µc¶ÖÕcÄ¦Èr»jº�º�¹)Ä�Õ»�´c½GÄ©ÁÃ»�ÁÃÂc¹4Ï�ÇLº�¾�»�µcÄw½�¾À¿�µGÄ�¾�»�´]Ä�Ò�Ä�ÁÃ¹r¶WÄ)×A»"º
½�¾À¿�µcÄ<¾âÏJ¾ÀÁØ¾q¹rÄ�½�¾�Ä�È)µGÄ�Ä�¹)½�Çj·R»hÏ�¹"Ó

ã ¾ÀºÃÄ�Á¦»"¼PÇLÉÀÉ�×S¾À¼�Ç¦ë<µc¶ÖÕ�¾�Ä©Á�ºÃµ�ÉÀÒmº)Çj´G½c»�¶m×ÁÃÂG¹r´�ÁÃÂc¹�Õ�ºÃ»�·.Ç"·s¾ÀÉÀ¾ÀÁ�Ò|»j¼PÇxÆ"¾ÀÏ�¹)´}ë<µc¶ÖÕ|Æj¾ÀÏJ¾�´GÆ�Çx´c¹yÁ
½�¾�Ä�ÕsÉ'Ç"È)¹r¶W¹)´�Á �� �Úâ ¶¸µGÄ�Á�·¹x¹�áNÇjÈyÁ�ÉÀÒ:ÁÃÂG¹xÄÃÇ"¶W¹}Ç"Ä±ë<µc¶ÖÕIÙ�¾ÀÁÃÂß½s¾�Ä�Õ�É'ÇjÈr¹)¶W¹r´�Á � �� ��â Ó å Âc¹yºÃ¹�¼ì»jºÃ¹"×
ÁÃÂG¹n¹�ácÕ¹)ÈyÁÃ¹)½ß½s¾�Ä�Õ�É'ÇjÈr¹)¶Ö¹)´�Áh×äã �� �Lå ×�»"¼ ÇmÕ.ÇUº�Á�¾�È�É�¹xÇU¼�Á�¹�º�»�´G¹W»"º�¶W»"ºÃ¹±ë<µc¶ÖÕcÄZ¶¸µGÄ�ÁZ·¹n¾�½G¹)´�Á�¾�ÈhÇUÉÀÉÀÒ
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àr¹�ºÃ»�Ó ã µsº�ÁÃÂG¹�º�¶W»jºÃ¹"×pÁÃÂG¹}¹ÃácÕ¹rÈ�ÁÃ¹r½ Ï�¹yÉ�»JÈ�¾ÀÁ�ÒÞ»j¼ ÁÃÂG¹}ÕNÇUº�Á�¾�È�É�¹"×Kã��æ�å ~ ã7à �� � å ×P¶�µcÄ�ÁÖÇUÉqÄØ»Ð·¹}à)¹�ºÃ»�Óçb»�´cÄ�¾�½G¹�ºØ¾q´GÆxÁÃÂG¹nÔ�¾�´GÄ�ÁÃ¹�¾�´]½�º�¾À¼�ÁZ¹)ÎJµ.ÇLÁ�¾�»�´èã��æ�å ~êé }�ë�×S¾ÀÁ¦¶�µGÄ�Á¦·¹�Èr»�´GÈ�É�µG½c¹r½ÍÁÃÂ.ÇUÁ©ÁÃÂG¹wºyÇj´G½c»�¶
Ù�ÇLÉÀê|Á�ºÃ¹LÇLÁ�¶W¹)´�ÁZÈ)»"º�ºÃ¹)ÄØÕ»�´G½cÄ ÁÃ»}ÁÃÂc¹4ÕcÂ1Ò�Ä�¾�ÈhÇUÉb¹�ácÕ¹�ºØ¾�¶W¹)´�Á�ÁÃÂNÇUÁ�}yë ~Éì ×iÙ±Âs¾�ÈÃÂ]¾qÄZÕsºÃ¹rÈ�¾�Ä�¹yÉÀÒÐÁÃÂc¹
ÈLÇjÄ�¹¦ÁÃÂ.ÇLÁ�¾�Ä�¾�´�ÁÃ¹)´G½G¹)½�¼ì»jº ÁÃÂG¹¦¶W¹LÇjÄ�µ�ºÃ¹)¶Ö¹)´�Á�»"¼pÁÃÂG¹wÄ�¹�ÉÀ¼�Ê,½�¾À¿�µGÄ�¾ÀÏJ¾ÀÁ�Ò �ªí� �¾�Óó¹"ÓwÇW½�¾À¿�µGÄ�¾�»�´�È)»�µcÕ�É�¹w»j¼Á�Ù¡»4ÇUÉâÉ�»hÒ�Ä�»"¼CÁÃÂG¹©Ä�Çj¶W¹ È)»�¶WÕ»�Ä�¾ÀÁ�¾�»�´R×G·GµsÁ�½s¾À¿�¹yº�¾�´GÆZ¾�´}¾�Ä�»jÁÃ»�Õ�¾�È¦È)»�´cÈr¹)´�Á�ºyÇUÁ�¾�»�´RÓ

Ù1¹rÈ)»�´c½�ÉÀÒ�×J¾À¼�ÁÃÂG¹pë�µG¶WÕGÄ6ÇLº�¹±Ç"Ä�Ä�µG¶W¹r½¸ÁÃ»¦ÁyÇUê�¹�Õ�É'ÇjÈr¹�»�´}Ç¦Èyº�Ò�Ä�ÁyÇUÉâÉÀ¾�´G¹�É'ÇLÁ�Á�¾�Èr¹j×�ÁÃÂG¹)´Ö¹hÇ"ÈØÂÖºyÇj´G½c»�¶
½�¾�Ä�ÕsÉ'Ç"È)¹r¶W¹)´�Áî���� Ù�¾ÀÉâÉ ·R¹äÄ�¹yÉ�¹)ÈyÁÃ¹)½v¼�ºÃ»�¶ Ç|Ä�¶xÇUÉâÉ±Ä�µc·GÄ�¹�ÁÖ»"¼¦ÇUÉÀÉ�ÁÃÂc¹�Õ»�Ä�Ä�¾�·�Éq¹�½�¾�Ä�ÕsÉ'Ç"È)¹r¶W¹)´�Á�Ä¸ÁÃÂ.ÇLÁ
ÙP»�µ�É�½I·R¹WÇ)Ï�ÇU¾ÀÉ�Ç"·�É�¹W¾�´IÁÃÂG¹W¶W»"ºÃ¹�Æ�¹r´c¹yºyÇLÉ�ÈLÇjÄ�¹x»"¼¡½�¾À¿�µGÄ�¾�»�´Ð¾�´ Ç�Æ�Ç"Ä)Ó å ºÃ¹hÇUÁ�¾�´cÆ�ÁÃÂc¹4Æ�¹)´G¹�ºyÇUÉbÈLÇjÄØ¹
ÅGºÃÄ�Áh×GÇ"Ä¡¾�Ä�½c»�´c¹ ·¹yÉ�»hÙ¦×cÉ�¹LÇ)Ï�¹rÄ�ÁÃÂc¹ ½�¾â¿iµcÄ�¾�»�´m»�´xÁÃÂG¹±É'ÇLÁØÁ�¾�È)¹wÇ"Ä�ÕNÇUº�Á�¾�ÈrµsÉ'ÇUº�ÈhÇ"Ä�¹jÓ

å Âs¾ÀºÃ½�×"¼Ë»"º6Ç ÕsºÃ»JÈr¹)Ä�Ä�ÁÃ» ·¹PÈ)»�¶WÕ�Éq¹yÁÃ¹�ÉÀÒZºyÇj´G½c»�¶m×UÁÃÂG¹�º�¹¡ÈhÇ"´�·¹¡´G»�º�¹)Ä�Á�º�¾�ÈyÁ�¾�»�´4»�´wÁÃÂG¹�Ç)Ï�ÇU¾âÉ'Ç"·�¾âÉÀ¾ÀÁ�Ò
»"¼�ÇÖ´G¹LÇLºÃ·�Ò�¹)¶ÖÕsÁ�Ò�Ä�¾ÀÁÃ¹Ãï�ÁÃÂG¹�ÕsºÃ»�·.Çj·�¾ÀÉÀ¾âÁ�Ò�»j¼PÇ"´|¹)¶WÕ�Á�ÒmÄ<¾ÀÁÃ¹¸ÈLÇj´G´G»jÁZÇjÕGÕ¹hÇUº ¾�´�ÁÃÂG¹¸Ä�¾�¶ÖÕsÉ�¹w¶W»s½c¹yÉ
»"¼�ºyÇj´G½G»�¶éÙ�ÇUÉÀêÓ�ñ,´mÁÃÂG¹¦Ä�¾�¶ÖÕsÉ�¹ ºyÇj´G½c»�¶ Ù�ÇLÉÀê�Õ�ºÃ»JÈ)¹rÄ�Ä)×GÁ�ÙP»xÇUÁÃ»�¶ÖÄ�¶xÇ)Ò}»JÈrÈ)µGÕ�Ò}ÁÃÂc¹ZÄÃÇj¶W¹�Ä�Õ.ÇjÈr¹jÓ
å ÂG¹�ºÃ¹y¼Ë»"ºÃ¹j×"ÁÃÂG¹¡Ä�¾�¶ÖÕsÉ�¹6ºyÇj´G½G»�¶_Ù�ÇUÉÀêwÁ�ºÃ¹hÇUÁÃ¶W¹r´�ÁAÄ�Âc»�µsÉ�½4´c»"ÁpÈr»jº�ºÃ¹rÄ�Õ»�´c½¦ÁÃ» Ä�µG·cÄ�ÁØ¾ÀÁÃµsÁ�¾�»�´NÇUÉ�½�¾À¿�µcÄ�¾�»�´
»�´mÇ�È�ºØÒ�Ä�ÁyÇLÉ�É'ÇUÁ�Á�¾�È)¹"Ó î »hÙ¡¹yÏ�¹yºh×NÄØµc·GÄ�Á�¾ÀÁÃµ�Á�¾�»�´.ÇLÉiÈ�º�Ò�Ä�ÁyÇUÉÀÉÀ¾�´c¹�½s¾À¿�µGÄ�¾�»�´ï{f�,un·¹ Á�ºÃ¹hÇUÁÃ¹r½mÇ"Ä�Ç�Ä�¹)ÎJµG¹)´GÈ)¹
»"¼NºyÇ"´c½G»�¶ ÂG»�ÕGÄ�»�´WÇ�É�ÇUÁ�Á�¾�Èr¹b¾À¼ÁÃÂG¹ñð<ÕNÇUº�Á�¾�ÈyÉq¹�ò±ÁÃÂ.ÇUÁpÂc»�ÕGÄ�¾�Äp»�´G¹¡»"¼�Ç�¾�´�Å.´s¾ÀÁÃ¹yÉÀÒ�½s¾ÀÉ�µ�ÁÃ¹¡Èr»�´GÈ)¹r´�Á�ºyÇLÁ�¾�»�´
»"¼iÏ�Ç"ÈhÇ"´cÈy¾�¹)Ä"ó�ÇZÏ�Ç"ÈhÇ"´cÈyÒxÙ�¾ÀÉÀÉAÇLÉÀÙ�Ç)Ò�Ä¡Â.Ç)Ï�¹ZÇj´x»JÈrÈ)µGÕ�¾q¹r½�´c¹y¾qÆ�ÂJ·»"º�¾�´cÆwÄ�¾ÀÁ�¹±ÁÃ»�Âc»�ÕW¾�´�ÁÃ»w¾�´xÁÃÂc¹ ½�¾ÀÉ�µsÁÃ¹
ÉÀ¾�¶n¾ÀÁhÓ

ñ$´}ÁÃÂG¹©Á�ºÃ¹hÇUÁÃ¶W¹r´�Á�»"¼�ÁÃÂG¹©ºyÇ"´c½G»�¶éÙ�ÇUÉÀê×GÁÃÂc¹¸Ç)Ï�¹yºyÇjÆ�¹©ºyÇUÁÃ¹wÇLÁ�Ù�Âs¾�ÈÃÂ|Ç�Ù�ÇUÉÀê�¹yº�æË¾�Óó¹jÓ�Ç"´|ÇUÁÃ»�¶ »"º
¶W»"É�¹)ÈrµsÉ�¹jè�ÁyÇLê1¹)Ä�Ä<ÁÃ¹)ÕGÄ¡¾�Ä�Çj´�¹)¶ÖÕs¾Àº�¾�ÈLÇLÉ�¼'ºÃ¹)ÎJµG¹)´GÈ�Ò

àõô ã�´sµc¶�·¹yº¡»"¼pÄ�µGÈ)È)¹rÄ�Ä�¼ìµsÉö¨ Âc»�ÕGÄ�© å
µc´�¾ÀÁ¡Á�¾�¶Ö¹ æ7�UÊ / è

³_¶W»J½G¹�É.¼Ë»"º�à|Ù�¾ÀÉÀÉS·¹ È)»�´cÄ�¾�½G¹�ºÃ¹r½�ÇU¼�Á�¹�º¡ÁÃÂG¹�Á�ºÃ¹hÇUÁÃ¶W¹r´�Á�»j¼AºyÇj´G½c»�¶¯Ù�ÇLÉÀê�Ä�Ç"´c½W¾ÀÁ�Ù�¾âÉÀÉS·¹ Ä�ÂG»hÙ�´WÁÃ»
½G¹)Õ¹r´c½�»�´Ð·»"ÁÃÂ|ÇW¼ìµc´G½.Çj¶W¹r´�ÁyÇUÉ�ÇUÁÃ»�¶4¾�È¦ºyÇLÁÃ¹�ÇUÁ Ù�Âs¾�ÈÃÂ]Ç"´ÐÇLÁÃ»�¶ÌÇUÁ�ÁÃ¹)¶WÕ�ÁÃÄ ÇWÂG»�Õ�×�¶�µ�ÉâÁØ¾�ÕsÉÀ¾�¹)½Í·�Ò
ÁÃÂG¹±Õ�ºÃ»�·NÇ"·s¾ÀÉÀ¾ÀÁ�Ò}»j¼\Ä�µGÈ)È)¹rÄ�Ä)Ó

Ü 9�Ý4�5G9 ° § 365 3ø÷ 36§ �©° ; ù 3 ²�úÉÞ]¥G° ¬=\5�5
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û
øR¹yÁ�à ·¹¦Á�Âc¹4Ç)Ï�¹yºyÇjÆ�¹wºyÇLÁÃ¹wÁÃÂ.ÇUÁ©ÇWºyÇ"´G½c»�¶ Ù�ÇUÉÀê�¹yºWæ,Ç"´ÐÇLÁ�»�¶ »"º¦¶W»"É�¹)ÈrµsÉ�¹jèü¨ ÁyÇUê�¹�Ä�ÁÃ¹rÕcÄ)Ó¹©�à:¾�Ä

Ç"´mÇ)Ï1¹�ºyÇ"Æ�¹©¼�ºÃ¹rÎJµc¹r´cÈyÒ�Ó �ý æ7����èp·¹±ÁÃÂG¹�Õ»�Ä�¾ÀÁ�¾�»�´}»j¼6Ç����
	��`v`{�þ¤�¹�
	pºyÇ"´c½G»�¶£Ù�ÇLÉÀê1¹�º3�

r1

r2

r3

r4

R4

ã ¾�Æ�µsº�¹��LÊ � �Fÿ¤¾
¶
·
ÁK±3¯N²k¾�²�¬$¬$
®9¯f°I±�¯N²k³¤´�³,µD±s°I±l´
»B³¤Á ¸r±l¬���±�®º±�®�·����·,´�¾�·�³,µUB´
¾�³B°�°?·
¬<±3¯�·�» ¶�³ÄÂ
®�Æ
å ÂG¹xÕ»�Ä�¾ÀÁ�¾�»�´ »"¼�Ç|ÕNÇUº�Á�¾�ÈrµsÉ'ÇUºnÕ.ÇLºØÁ�¾�È�É�¹ÐæËºÃ¹�É'ÇUÁ�¾ÀÏ�¹}ÁÃ»�ÁÃÂG¹xÄ�ÁyÇUº�Á�¾�´GÆ|Õ»�Ä�¾ÀÁ�¾�»�´RèZÇU¼�Á�¹�ºäÇ�Á�¾�¶W¹¿��� æ�»jºÓ�� ~ àD���mÂG»�ÕcÄyèpÙ�¾ÀÉÀÉC·¹,�

�ý æ7���iè ~ Í��Î � Ð  �	 � ~ 
�� �Î � Ð  �	 � æ7�UÊ û è

 Â.ÇLÁp¾�Ä6¶W¹LÇj´�Á6·1ÒWÇ�ð�ºyÇ"´c½G»�¶Üë�µG¶WÕ�ò�¾�Äb´G»jÁ6Ä�ÕR¹)È�¾ÀÅ.¹)½�×J·Gµ�Á6È)»�µsÉ�½W·R¹¡ºÃ¹)Õ�ºÃ¹)Ä�¹r´�ÁÃ¹r½n·�ÒÖÇ©´JµG¶�·¹�º
»"¼�½�¾À¿�¹�ºÃ¹r´�Á�Õ�ºÃ»JÈ)¹rÄ�Ä�¹)Ä��

P(θ)

θ0 2π

P(r)

r0

ã ¾�Æ�µ�ºÃ¹s�UÊ í ��«�¬(¬$�®"¯N°I±3¯&²e³Ä´ ³,µF± °I±B´�»B³¤Á ¸º±B¬��K³¤´�±�¬<±�¯"¯&²e¾�·lÆ
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P(θ)

θ0 2π

P(r)

r0

ã ¾�Æ�µ�ºÃ¹s�UÊ ÷ ��«�¬(¬$�®"¯N°I±3¯N²k³¤´ü³,µF± °I±B´�»B³¤Á ¸º±B¬���Æ
ñ$´g¹�¾ÀÁÃÂG¹�º�ÈLÇjÄ�¹"×pÁÃÂG¹W¹ÃácÕR¹)È�ÁÃ¹r½IÏ�ÇUÉ�µc¹Êã �ý æ7����è å ~ ì �6ÁÃÂ�¾�Ä¦¾qÄ4Ç"´I¾�´G½s¾�ÈLÇLÁ�¾�»�´IÁÃÂ.ÇUÁ�´c»�ÕNÇUº�Á�¾�È)µ�É'ÇLº

½�¾ÀºÃ¹)ÈyÁ�¾�»�´}¾�Ä¡¼�Ç)Ï1»jºÃ¹r½�Ç"´G½ÖÁ�ÂNÇUÁ�ÁÃÂG¹±½�º�¾ÀÏJ¾�´cÆ�¼Ë»"ºÃÈr¹s}�ë ~ ì ¼Ë»"º ÇZºyÇ"´c½G»�¶>Ù�ÇUÉâêÓ

î »hÙ¡¹yÏ�¹�ºL×±¾ÀÁ�Ä�ÂG»�µ�É�½e·¹|¾�´�ÁÃµ�¾ÀÁ�¾ÀÏ�¹yÉÀÒeÈyÉ�¹hÇUºmÁÃÂ.ÇLÁ}ÁÃÂG¹Ð½�¾�Ä�ÁyÇj´GÈ)¹Ð·¹yÁ�ÙP¹)¹r´ Á�Ù¡»ÞÕ.ÇUº�Á�¾�È�É�¹)Ä�Ä�ÂG»�µ�É�½
¾�´GÈ�ºÃ¹LÇjÄ�¹ Ù�¾ÀÁÃÂxÁ�¾�¶W¹jÓ å Â�¾qÄP½s¾�Ä�Á)Çj´GÈ)¹�¾�Ä�¶W¹LÇjÄ�µ�ºÃ¹)½x·1ÒxÁÃÂc¹ Ä�Õ�ºÃ¹hÇ"½R×c»jº�ÄØ¹)È)»�´G½m¶W»�¶W¹r´�Áh×J»"¼SÁÃÂc¹ ½�¾qÄ<Á�º�¾ÀÊ
·GµsÁ�¾�»�´¼ã �ý ò æ7���iè å �ý ò æ7���iè ~ �ý æ7���iè�� �ý æ7����è ~ �	  ���	  � �	  ���	 ò � �	  ���	�� �������l� �	  ���	�� ��	 ò ���	  � �	 ò ���	 ò � �	 ò ���	 � �������l� �	 ò ���	 � � ÓÓÓ������������� ÓÓÓ�	�� ���	  � �	�� ���	 ò � �	�� ���	�� �������>� �	�� ���	��

æ7�UÊ"��è

å Âs¾�ÄPÈhÇ"´m·¹ ºÃ¹�Ù�º�¾ÀÁ�ÁÃ¹)´�Ç"Ä�Ç¸Ä�µG¶ ÇUÉ�»�´GÆ�ÁÃÂc¹�½s¾'Ç"Æ�»�´NÇUÉAÇj´G½}»j¿RÊ,½s¾'Ç"Æ�»�´NÇUÉ�ÁÃ¹�ºÃ¶ÖÄ��
ý ò æ7���iè ~ Í �Î � Ð  �	�� �@�	�� � � Í ��� Î � Ð 

Í �Î� Ð ���  �	�� �i�	 � æ7�LÊ 0 ì è
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ú�Ä�¾�´cÆ¦ÁÃÂG¹¡ºÃ¹yÉ�ÇUÁ�¾�»�´cÄ�Â�¾�Õá�	 � ���	 � ~�� 	 � ��� 	 � � È)»�ÄÚ�! ��" � ×1Ù�Âc¹yºÃ¹��! ��" � ¾�Ä�ÁÃÂG¹�Ç"´cÆ"É�¹�·¹�Á�Ù¡¹r¹)´WÁÃÂG¹¡¾�#�$�Çj´G½ë%#�$¡ë�µG¶WÕ�Ê�Ï�¹rÈ�ÁÃ»"ºÃÄ)Ó å Âc¹yºÃ¹�¼ì»jºÃ¹"×
ã �ý ò æ7���iè å ~ Ó��lã 	 ò å � � ã Í&�Î � Ð  Í&� � Î� Ð �'�  � �	�� ��� �	 � � È)»�Ä��! � � å æ7�LÊ 0�0 è

ß ¹rÈhÇ"µcÄØ¹s�! � � ~ � �! � � ×
ã �ý ò æ7���iè å ~ àD���@ã 	 ò å � ã Í �Î � Ð  Í �Î � Ð  � �	�� ��� �	 � � Èr»�Ä��( � � å æ7�LÊ 0L� è

� »ÐÇjÄØÄ�µc¶ÖÕsÁ�¾�»�´:Ç"·»�µsÁ�ë�µG¶WÕ]È)»"º�ºÃ¹�É'ÇUÁ�¾�»�´GÄ)×ë<µc¶ÖÕÍÉ�¹r´cÆ"ÁÃÂGÄ)×p½�¾�Ä�Á�º�¾�·cµ�Á�¾�»�´I»"¼�Ï�ÇUÉqµG¹)Äy�! � � ×p»"ºwÁÃÂc¹
´JµG¶�·¹�ºP»j¼\½s¾�¶Ö¹)´GÄ�¾�»�´GÄ¡Â.ÇjÄ�·R¹)¹)´�¶xÇ"½c¹"Ó

ñì¼AÁÃÂc¹�É�¹)´GÆ"ÁÃÂcÄ�»"¼CÁ�Âc¹�ë�µG¶WÕGÄ¡½G»¸´G»jÁ±È)»"º�ºÃ¹�É'ÇUÁÃ¹±ÁÃ»�ÁÃÂG¹�ë<µc¶ÖÕsÊ�Ç"´cÆ"É�¹)Ä��
ã �ý ò æ7����è å ~ àL���@ã 	 ò å ) 0 � 0Ó�� ã Í �Î � Ð  Í �Î � Ð  Èr»�Ä��( � � å%* æ7�LÊ 0Lí è

Ù�ÂG¹�ºÃ¹ Ó�� ~ àD���|Ç"´c½¼ã 	 ò å Â.Ç)Ï�¹�·¹)¹r´ä¼$ÇjÈyÁÃ»jºÃ¹r½m»�µ�Á�»j¼\·»"ÁÃÂxÁÃ¹�ºÃ¶ÖÄ)Ó
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õ�¹yÅN´G¹±Á�Âc¹�¢º�
	f	jw3�M���`v��,u,+@��{3�7�
	Ã×.-L�-�ô 0 � 0Ó�� Í �Î � Ð  Í �Î � Ð  ã�È)»�ÄÚ�! � � å æ7�LÊ 0 ÷ è
å Âc¹yºÃ¹�¼ì»jºÃ¹"×

ã ý ò æ7���iè å��� ~ à�ã 	 ò å - æ7�LÊ 0 ù è
å Âs¾�Ä�¾�Ä�Çj´�¾�¶ÖÕ»jºØÁyÇj´�Á�¹)ÎJµ.ÇLÁ�¾�»�´R×.¾ÀÁ±º�¹�É'ÇLÁ�¹)Ä�ÁÃÂc¹ZÄ�ÕsºÃ¹LÇj½�»j¼pÁÃÂG¹w¹ÃáGÕ¹)ÈyÁÃ¹)½�ÄØÎJµNÇUºÃ¹w½�¾qÄØÕsÉ'Ç"È)¹)¶Ö¹)´�ÁÃÄ

æ�»"º±ÁÃÂG¹wÄ�¹rÈ)»�´c½Ð¶W»�¶W¹r´�Á »j¼6ÁÃÂG¹wÕsºÃ»�·.Çj·�¾ÀÉÀ¾âÁ�Ò�½s¾�Ä�Á�ºØ¾q·Gµ�Á�¾�»�´Rè¡Õ¹�ºZµc´�¾ÀÁ Á�¾�¶W¹¦Ù�¾ÀÁÃÂ�ÁÃÂ�ºÃ¹r¹¦¼�Ç"È�ÁÃ»"ºÃÄ±ÁÃÂ.ÇLÁ
ÇUºÃ¹¦½�¾qÈyÁyÇUÁÃ¹)½�·1ÒäÁ�Âc¹w¶W¹rÈÃÂNÇ"´s¾�ÄØ¶ »j¼�½s¾À¿�µGÄ�¾�»�´ ��ÁÃÂc¹�ºyÇLÁÃ¹Z»j¼6Ä�µGÈ)Èr¹)Ä�Ä�¼ìµ�É�ÂG»�ÕGÄKàA×.ÁÃÂG¹�Ç)Ï�¹�º)ÇjÆ�¹wÄ�ÎJµNÇUºÃ¹
ÂG»�Õg½s¾�Ä�ÁyÇ"´GÈ)¹¼ã 	 ò å ×PÇj´G½ßÇ�¼$ÇjÈyÁÃ»"º¸ºÃ¹yÉ'ÇLÁÃ¹r½:ÁÃ»�ÁÃÂG¹xÈr»jº�ºÃ¹yÉ'ÇLÁ�¾�»�´Þ·¹�Á�ÙP¹)¹)´ßÂc»�ÕcÄ)×/-iÓgñì¼ ¹�Ï1¹�ºØÒ:ÂG»�Õg¾�Ä
µG´cÈr»jº�ºÃ¹yÉ'ÇLÁÃ¹r½gÇj´G½IÁÃÂG¹4ÕsºÃ»�·NÇ"·�¾âÉÀ¾ÀÁ�Ò]»j¼�Õ»�Ä�¾ÀÁ�¾ÀÏ1¹W½�¾�Ä�ÕsÉ'Ç"È)¹r¶W¹r´�Á¼�	 ¾�Äw¹�áNÇjÈyÁ�ÉÀÒ]·NÇUÉ'Çj´GÈ)¹r½:·�ÒgÇ"´:¹rÎJµNÇUÉ
Õ�ºÃ»�·.Çj·�¾ÀÉÀ¾ÀÁ�Ò � �	 ÁÃÂc¹r´0- ~ 0 Ó

Ü 9�Ý4�5G9 ° § 365 3é8:9<;>=21�Ü = ¤ =\§ � =�§�7 Þ]¥G°43 3 3 9 ² 9�765êÜ 9�5J7 ¥ 9 3 ±7G9 ° §
ñ$´¦ÁÃÂG¹6É�Ç"Ä�ÁpÄ�¹rÈ�Á�¾�»�´R×�ÁÃÂG¹b¹�ácÕ¹)ÈyÁÃ¹)½�Õ»�Ä�¾ÀÁ�¾�»�´4Ç"´c½wÁÃÂG¹b¹�ácÕ¹)ÈyÁÃ¹)½�Ä�ÎJµ.ÇUºÃ¹�½�¾�Ä�Õ�É'ÇjÈr¹)¶W¹r´�Áp»"¼�Ç�ÕNÇUº�Á�¾�È�É�¹

Ù�ÇjÄ�ÈhÇUÉqÈrµ�É�ÇUÁÃ¹r½:·�Ò|Èr»�´GÄ�¾�½G¹�º�¾�´GÆäÁ�Âc¹�Ä�ÁyÇUÁ�¾�Ä�Á�¾�È)Ä¦»"¼�ÇäÄ�¹rÎJµc¹r´cÈr¹n»"¼bº)Çj´G½c»�¶£ë�µG¶WÕGÄ)Ó å ÂG¹¸Èr»�´GÈ)¹rÕsÁ¸»j¼
Ä�ÁyÇUÁ�¾�Ä�Á�¾�È)Ä�ÈLÇj´|·R¹¦È)»�µcÕ�É�¹)½�Ù�¾ÀÁÃÂmÁÃÂ.ÇUÁ�»j¼�Ç4ÕsºÃ»�·NÇ"·�¾âÉÀ¾ÀÁ�Ò�½s¾�Ä�Á�ºØ¾�·cµ�Á�¾�»�´�Ó å Âc¹ZÕsºÃ»�·NÇ"·�¾âÉÀ¾ÀÁ�Ò�»j¼pÅ.´c½�¾�´GÆWÇ
Õ.ÇLº�Á�¾�ÈyÉ�¹�ÇL¼'ÁÃ¹�º�ÇnÁ�¾�¶Ö¹�����Ù�¾ÀÉÀÉ�·¹w½G¹�ÁÃ¹yºÃ¶n¾�´G¹)½�Çj´G½mÙ�¾âÉÀÉ�·¹©ºÃ¹yÉ�ÇUÁÃ¹r½�ÁÃ»nÁÃÂG¹¦¼Ë»"ºÃ¶ »"¼�ÇWÕ»"¾�´�Á±ÄØ»�µ�ºÃÈ)¹
Ä�»"É�µsÁ�¾�»�´}»j¼�Á�Âc¹ ½s¾À¿iµcÄ�¾�»�´m¹rÎJµNÇUÁ�¾�»�´RÓ

çb»�´GÄ�¾�½G¹�ºäÇÍÄ�¹rÎJµc¹r´GÈ)¹�»"¼�Ó��äºyÇ"´c½G»�¶ ë�µG¶WÕGÄ¸»�´ÜÇÍ»�´c¹yÊ,½�¾q¶Ö¹)´GÄ�¾�»�´.ÇUÉ¡É'ÇLÁ�ÁØ¾qÈr¹jÓ ñì¼�ÁÃÂG¹}ºyÇj´G½c»�¶
Ù�ÇLÉÀê1¹�º�¾�Ä ÇUÁ�Õ»�Ä�¾ÀÁ�¾�»�´87]ÇL¼'ÁÃ¹�ºKÓ���ë�µG¶WÕGÄ©æ,ÇU¼�ÁÃ¹yº�Ä�ÁyÇUº�Á�¾�´cÆ4ÇUÁ97 ~ ì èØ×�ÁÃÂG¹)´}ÁÃÂG¹©´JµG¶�·¹�ºP»j¼ë<µG¶WÕcÄ6ÁÃ»
ÁÃÂG¹�ºØ¾�Æ�Â�Á97;:ÍÇj´G½äÁÃ»wÁÃÂG¹±É�¹y¼�Á<7;=W¶�µGÄ�Á�ÄÃÇUÁ�¾�Ä�¼�ÒÚ�7 ~ 7;: � 7�=Ó�� ~ 7;: � 7�= æ7�LÊ 0\Ø è
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å Âc¹�´JµG¶�·¹�º6»"¼A½s¾À¿�¹yºÃ¹)´�Á�Ù�Ç)ÒcÄ�ÁÃÂ.ÇLÁ�Ç©ºyÇ"´c½G»�¶ ë<µc¶ÖÕ¹�º6Èr»�µ�É�½xÉ'Çj´G½}ÇLÁPÄ�¾ÀÁÃ¹<7m¼'ºÃ»�¶¯ÁÃÂG¹�»jº�¾�Æ"¾�´x¾�Ä
Æ"¾ÀÏ�¹)´�·�ÒxÁÃÂG¹ ·s¾�´G»�¶4¾'ÇLÉSÈ)»s¹�ðWÈy¾�¹)´�Á3�>©æ?7 � Ó��Uè ~ Ó��6@7;:A@B7;=&@ ~ Ó��C@Í�� �D�

ò @ Í�� � �ò @ æ7�LÊ 0j/ è
å Âc¹yºÃ¹�¼ì»jºÃ¹ ÁÃÂG¹±Õ�ºÃ»�·NÇ"·s¾ÀÉÀ¾ÀÁ�Ò}»j¼\Æ�¹yÁ�Á�¾�´cÆ�ÁÃ»�Ä�¾ÀÁÃ¹�7ÐÇU¼�ÁÃ¹yºKÓ��bë<µG¶WÕcÄ6¾�Ä��E æ?7 � Ó��"è ~ Ó��C@Í&� �D�

ò @ Í�� � �ò @ E �6F: E ��G= æ7�LÊ 0\û è

ñì¼AÁÃÂc¹ Õ�ºÃ»�·.Çj·�¾ÀÉÀ¾ÀÁ�Ò}»"¼Në<µG¶WÕ�¾q´GÆ¦º�¾�Æ�Â�Á E :�~ E = ÁÃÂG¹©Õ�ºÃ»�·.Çj·�¾ÀÉÀ¾ÀÁ�Òä»j¼ë<µG¶WÕs¾�´GÆ¦É�¹�¼'Áh×GÁÃÂc¹r´E æ?7 � Ó���è ~ Ó��6@Í&� �H�
ò @ Í&� � �ò @JI 0�LK Í � æ7�LÊ 0 ��è

ú�Ä�¾�´GÆªÙ�Á�¾Àº�ÉÀ¾�´cÆ¤©óÄ¡¼Ë»"ºÃ¶�µsÉ'ÇJ× M @ ~ON ��P M<Q �  Ò � Q æ7�LÊ � ì è
Ç"´c½xÁyÇUêJ¾�´cÆ�ÁÃÂG¹�ÉÀ¾�¶n¾ÀÁ97 � Ó��<R 0 ×

E æS7 � Ó��"èUT Ò �,V ��SW � æ7�LÊ ��0 è
Ù�Â�¾�ÈÃÂmÄ�ÂG»hÙ�ÄbÁ�ÂNÇUÁ¡ÁÃÂG¹©½�¾�Ä�Á�º�¾�·GµsÁ�¾�»�´}»j¼�Ç¸Õ»"¾�´�Á�Ä�»�µsº�È)¹±¾�´�»�´G¹�½s¾�¶W¹r´cÄ<¾q»�´}Ä�Õ�ºÃ¹hÇ"½cÄ�Ç"Ä�Ç Ý ÇjµGÄ�Ä�¾'Ç"´RÓ

ú�Ä�¾�´cÆ ý ~ 7Uã 	>å Ç"´c½ÅÓ�� ~ àD���L� E æ ý � ����èXT Ò � F ��%Y�Z �\[^]`_ � æ7�LÊ ��� è
� »"ºÃ¶xÇLÉÀ¾�ày¾�´cÆ4Ä�»¸Á�ÂNÇUÁ¡¼Ë»"º ÇUÉÀÉ@���
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a�b� b E æ ý � ���iè�Õ ý ~ 0 æ7�LÊ ��í è

E æ ý �dc �iè ~ 0e ��P àD���@ã 	 ò å Ò � F ��\Y�Z �f[^]`_ � æ7�LÊ � ÷ è
çb»�¶ÖÕNÇUº�¾�´cÆ¦ÁÃÂ�¾�ÄbÙ�¾ÀÁ�ÂäÁÃÂG¹±¼ìµc´G½.Çj¶W¹r´�ÁyÇUÉÕ»"¾�´�Á�Ä�»"É�µsÁ�¾�»�´ä¾�´ 0 õs�

�Uæ �L��� è ~ a b� b � �hg æ �y�ji è Ò �lk�mon�prq �s\tvuN ÷ P � � Õ i æ7�LÊ � ù è
å Âc¹ Õ�ºÃ»�·.Çj·�¾ÀÉÀ¾ÀÁ�ÒÖ½�¾qÄ<Á�º�¾�·cµ�Á�¾�»�´äÈhÇ"´ä·R¹±µGÄ�¹)½xÁÃ»w¾�½G¹)´�Á�¾À¼'ÒWÁÃÂG¹±½�¾À¿�µGÄ�¾ÀÏJ¾ÀÁ�Ò4Ù�¾ÀÁÃÂ�Ç¦ºyÇj´G½c»�¶£Õ�ºÃ»JÈ)¹rÄ�Ä��

� ~ à
�
ã 	 ò å æ7�LÊ �lØ è

¼ì»jº�µG´cÈr»jº�º�¹�É'ÇLÁ�¹)½wë�µG¶WÕGÄ±æw- ~ 0 è�»�´�Ç�»�´G¹�Ê,½�¾�¶W¹r´cÄ�¾�»�´.ÇLÉÉ'ÇUÁ�Á�¾�È)¹"Ó

÷Ü= ² 3p7G9 ° § °Ux 7�ÿ±= ¢ = ²%x 1�Ü 9�Ý4�5c9fy 9�7C5£7 ° 3ø÷Ü36§ ��° ; ù 3 ²�ú
å Âc¹4´G»jÁ�¾�»�´I»"¼¡ÁÃÂG¹nÈr»�´�ÁØ¾�´JµcµG¶ ÉÀ¾�¶n¾ÀÁZ¼Ë»"ºwÁÃÂc¹4È)»�´cÈr¹)´�Á�ºyÇUÁ�¾�»�´R×ö�Læ\�	l��� è©»"¼�Õ.ÇLºØÁ�¾�È�É�¹)Ä¦¾�ÄwÈr»�´GÄ�¾�Ä�ÁÃ¹r´�Á
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