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ÒB·�Ã�·¹ÄN½P¿YºY¾YÅ�¼rÆ�ÈNÅtÜPÉ'Ì�ÅW»�»�É�¼rºYÇ ¶_å
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À/Ô ½�½PÇrÉ'À�½PÊ§ÊÂ½�À�ÅW»¦ÁÂ½PºðÌK½PÁÂº=»�Ç�»¦½�Ñ�Á§ºYÁÂÑ.Á03�É�»�ÔYÉ)º=¿YÑ�ÐKÉ�¼�½�Ï?¿YºYÇr»¦Å�ÐYÊÂÉ�Ñ�½B¾YÉ�Ç�·
¸�º »�ÔYÁ§Ç�ÈN½�¼�Þ�ÈNÉ(ÅW¼�É�ÁÂº=»�É�¼rÉ�Çr»�É�¾GÁÂº ¾YÉ�Ü�É�ÊÂ½PÌYÁ§º ï[ÅìÇr»¦Å�ÐYÊ§É�Õ�Ö)×1Ñ�É�»�ÔY½B¾ Ï<½P¼�ÅWÌYÌY¼�½tê�Á§Ñ.ÅW»�Á§ºYï
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ÅWÌYÌYÊ§ÁÂÀtÅW»�Á§½Pº Ç�·�¸¡»�Å�¼rÁ§ÇrÉ�Ç�Á§º2»¦ÔYÉ�Ñ.½B¾YÉ�Ê§Ê§ÁÂºYï&½�Ï?»¦¼¦ÅWºYÇ�Á�»¦Á§½�º5¾�Æ�ºYÅ�Ñ.ÁÂÀ�Ç�ÔYÁ§¾ ¾YÉ�º�Á§º2»¦ÔYÉ�ÌYÊ�ÅWÇ�Ñ.Å�ÇrÔYÉtÅW»�Ô
Ï<½�¼�Ñ.ÅW»¦ÁÂ½Pº�ûTÇ�É�É&ü�ÃPÒlý�È�ÔYÉ�¼�É+»�ÔYÉ�Å�¿�»¦ÔY½P¼rÇ�¾ É�¼�Á�ÜPÉ�¾�Å'ÌKÉ�¼a»¦¿Y¼rÐdÉ�¾�ß®¾ à Ñ�½�¾ É�Ê�»¦½�Å�ÌYÌY¼r½_ê�ÁÂÑðÅW»�É�Å.¶�Ë�ÖS ¿YÊÂÉ�¼RËRé?½�Á§Ç�Çr½Pº#Ñ.½B¾YÉ�Ê?Ï<½P¼�»�ÔYÉ&Ñ.½W»¦Á§½�º�½�ÏmÈNÉ�Å�Þ=ÊÂÆ(ÁÂ½PºYÁ03�É�¾(Ì Ê�Å�ÇrÑðÅ ·T1+º ½�»¦ÔYÉ�¼)É3ê Å�Ñ�ÌYÊ§É�ÁÂÇ�ÈNÉ�Å�Þ=ÊÂÆ
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ÇrÀtÅW»r»¦É�¼�Á§º ï5Ñ�É�»�ÔY½B¾�û�Ç�É�É�ÉW·pï ·2üXW�ûn¶�ÒBû�¶tÚlýj·Y*�½P¼+»¦Ô É�Ça»¦¿Y¾�Æ(½�Ï�ÈNÉ�Ê§Ê�Ë¡Ìd½�Ç�É�¾ ºYÉ�ÇrÇ�½WÏ�ÌK½PÇrÁÂ»¦Á�ÜPÉbË�á=¿�Å�¼a»¦É�¼
Ì ¼�½PÐYÊÂÉ�Ñ�ÇÈ�É�¼rÉ�Ï<É�¼»¦½�üpÃ�ûlè ûB¶_ÍWý�Å�º ¾�¼�É3Ï<É�¼�É�ºYÀ�É�Çn»¦ÔYÉ�¼�É�Á§º�·?Ó%ÔYÉN½PÐZHrÉ�À�»�ÁÂÜ�É�½�ÏY»�ÔYÁ§Ç?Ì�Å�ÌKÉ�¼Á§Ç?»�½+ÌY¼rÉ�ÇrÉ�ºT»
ÅWºJÉ/�À�Á§É�ºT»�Õ�Ö)× Ñ�É�»�ÔY½B¾�È�ÁÂ»¦Ô#ÁÂºYÀ�½P¼rÌd½�¼¦ÅW»�Á§½Pº�½WÏNÐK½P¿YºY¾YÅ�¼rÆ(À�½PºY¾YÁ�»¦ÁÂ½PºYÇ®Å�º ¾J»�½5ÇrÔY½_È »�Ô�ÅW»®»¦Ô É
Ñ�É�»�ÔY½B¾(Á§Ç®Å�Ð Ê§É�»�½�ÀtÅ�Ì »�¿Y¼�É�ÜWÅ�¼rÁ§½P¿ Ç�Ðd½�¿YºY¾�Å�¼aÆ�ÈNÅtÜPÉ�ÌYÔYÉ�ºY½PÑ�É�º�Å û~Á§ºYÀ�Ê§¿Y¾YÁÂºYïð»�ÔY½PÇ�É&À�Ê�Å�ÇrÇ�Á[(�É�¾(ÁÂº
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Ã þ�� cñ=a��V ÿ Ù C �� ñdcC�V � añdcC�V 6��� ñea��V � cñea��V )þ|Í ·�¶_ÍTÿ

66« ñ² C�þ � TKÿ añdcC�V 6 þ � TKÿ cñ=a��V 6��T ñfcC�V � añfcC�V C �T ñea��V � cñ=a��V 6o�� ñfcC�V T añfcC�V C �� ñea��V T cñea��V�°; C � � ò  ò @ þ �7?N@J?NM ÿþ� @ R
í�½_È È�É'¼rÉ�ïP¼r½P¿YÌ þjÍ ·�¶_ÍTÿ�È�Á�»¦Ô5Á§ºT»¦É�¼�ÁÂ½P¼%Å�ºY¾2ÐK½P¿YºY¾YÅ�¼rÆ�»�É�¼rÑ.Ç�¾YÉ�ºY½�»¦É�¾�ÐTÆ�` v Å�ºY¾M`4³nû

¶
Ã
�� M � � þ�� ?NM ÿ � Ùª V W �4X 6 ` v 6 ` ³ ; C � � ò  ò @ þ �'?"@J?NM ÿ"� @J?þ|Í ·�¶tè=ÿ

È�Ô É�¼�É´` v Á§Ç%¾ É	(�ºYÉ�¾�ÐTÆ þ<Ï<½P¼�ÇrÁ§Ñ�ÌYÊ§ÁÂÀ�ÁÂ»�Æ�È�É�¾Y¼r½PÌ5Ç�¿YÐYÇrÀ�¼rÁ§Ì »�Ç ól6 �
Ù A ù v ûY»¦ÔYÉ�Á§ºT»�É�¼�ÁÂ½P¼%½�Ï?¾Y½PÑ.Å�Á§ºù�ÿ ` v ; « �8µ  C   þ � a ?"@J?NM ÿ 6�  þ � c ?"@J?NM ÿ 6 �� þ �7?N@J?NM ÿ � a C¶�� þ �7?N@J?NM ÿ � c °

6 « � µ $ ¶Ã þ�� a ÿ Ù C ¶
Ã þ�� c ÿ Ù C ���� a 6����� c )

6£« � µ � C�þ � TKÿ a 6 þ � TKÿ c 6��T � a C �T � c 6ª�� T a C �� T c � ?
ÅWºY¾^` ³ À�½PÊÂÊ§É�À3»¦Ç�Å�ÊÂÊ~ÐK½P¿YºY¾YÅ�¼rÆ�»�É�¼rÑ.Ç�û` ³ ; þDC   þ � a� c �V ?N@ � c �V ?NM ÿ 6�  þ � c �V ?N@ �V ?NM ÿ 6 �� þ �7?N@J?NM ÿ � c �V � a� c �V C �� þ �'?"@J?NM ÿ �V � c �V ÿ6 þ ¶Ã þ�� a� cC�V ÿ Ù C ¶

Ã þ�� c �V ÿ Ù C �� � c �V � a� cC�V 6��� �V � c �V ÿ6 þþC�þ � TKÿ a� cC�V 6 þ � TKÿ c �V 6·�T � cC�V � a� cC�V C �T �V � c �V 6ª�� � cC�V T a� cC�V C �� �V T c �V ÿ�Rë É%ºY½�»�É�»¦Ô�Ål»tûPÐKÉ�ÇrÁ§¾YÉ�Ç�¾Y½PÑ.Å�Á§º�ÐK½P¿Yº ¾�Å�¼�ÁÂÉ�Ç @ �V ; C[Z ÅWºY¾ @ � c �V ;>= ûTÅ�ÊÂÊ ÁÂº=»�É�¼rÁ§½P¼?À�É�ÊÂÊ ÁÂº=»�É�¼aÏ|Å�À�É�Ç@ ñdc �V Ï<½P¼ óV; ¶�R[R[R¸_ÌC ¶�Ô�ÅtÜPÉ�»�È�½�ÜWÅ�Ê§¿YÉ�Ç�À�½�º=»�¼�ÁÂÐY¿ »¦É�¾�Ï<¼�½�Ñ,ÊÂÉ�Ïù»�Å�ºY¾�¼rÁ§ïPÔT»�À�É�ÊÂÊ§Ç�·�Ó%ÔYÁ§Ç�É3ê�ÌYÊ§Å�Á§ºYÇ
È�ÔTÆ2½Pº ÊÂÆ�½�ºYÉ3Ë¡Ç�Á§¾ É)»�É�¼rÑ.Ç%ÌY¼rÉ�ÇrÉ�ºT»+ÁÂº�` ³ ·



�"�
ë Éðº ½�È�ÇrÔY½_È »¦Ô�Ål»?` v ² = ·gì�ÇrÁ§ºYï�ºB¿ Ñ.É�¼�Á§À�Å�Ê�U�¿�ê�É�Ç �T ?��� ?8��.? �� þ � ÿbûnÅ�Ç�¾YÉ�Ç�À�¼rÁ§ÐKÉ�¾ìÁÂºGþ|Í ·�å�ÿ)½P¼

þ|Í · WTÿ3û�È�Éf(�ºY¾�»¦Ô�ÅW»+Å�ÊÂÊ�»¦É�¼rÑ.Ç�¼�É�Ê�ÅW»�É�¾5»¦½ � T�Å�¼�É�ÀtÅ�º À�É�ÊÂÊ§É�¾�·%Ó%ÔYÁ§Ç�È�ÁÂ»�Ô�»�ÔYÉ�¼rÉ�Ê�Ål»¦Á§½�º   þ �7?N@J?"M ÿ ;1 � � þ3� ?N@J?NM ÿþ����ïPÁ�ÜPÉ�Ç` v ; « � µ�¹ � �dº�e» þ � þ�� ?N@J?NM ÿ�C©�� þ �7?N@J?NM ÿ�ÿþ��� 6 ¶
Ã � � a Cb� c � Ùf¼ ² =)?

È�Ô É�¼�É2È�É5ÔYÅ_Ü�É�¿ Ç�É�¾�»¦Ô É5À�½PºYÇrÁ§Çr»�É�ºYÀ3Æ Å�ºY¾�Ñ�½PºY½�»�½PºYÁ§À�ÁÂ»�Æ ½�Ï�»¦ÔYÉVU�¿�ê¯�� þ �7?N@J?NM ÿ)»¦½#É�ºYÇr¿Y¼�É2»¦Ô É
Ï<½�Ê§Ê§½_È�ÁÂºYï

���dº� » þ � þ3� ?N@J?NM ÿ{C©�� þ �7?N@J?NM ÿrÿ"��� ; ���fº� » þ½�� þ3� ? � ?N@J?"M ÿ�C¯�� þ � a ?f� c ?N@J?NM ÿrÿ"���T² = R
ë ÉmºY½_Èì»¦¿ ¼�º'»�½�É�Çr»�Á§Ñ.ÅW»¦É�` ³ ·�ì�Ç�ÁÂºYï�ÐK½P¿Yº ¾�Å�¼rÆlUY¿�ê�É�Ç¯¾ É	(�ºYÉ�¾�Á§º.þ|Í ·èWPÿ�ÅWºY¾�þ|Í ·�¶ = ÿ3û�È�É�ÇrÁ§Ñ�ÌYÊ§Á�ÏùÆ

ÅWÊ§Ê~»�É�¼�Ñ�Ç%Á§ºTÜ�½PÊÂÜBÁ§º ï�»¦ÔYÉ)¼�ÁÂïPÔT»�Ðd½�¿YºY¾�Å�¼aÆ @ � c ��b Ù Å�Ç%Ï<½PÊ§ÊÂ½_È�ÇC   þ � a� c �V ?N@J?"M ÿ 6 �� þ �7?N@J?NM ÿ � c �V � a� c �V;>  þ � c� cC�V ?N@J?NM ÿ�C   þ � a� cC�V ?N@J?"M ÿ 6 �� þ �'?"@J?NM ÿ � c �V � a� cC�V C �� þ �7?N@J?NM ÿ � c �V � c� cC�V; �7� º¾ º �V� »¾ º �V
þ � þ�� ?N@J?NM ÿ{C©�� þ �7?N@J?NM ÿ � cC�V ÿ"��� ÿ¤=)?

¶
Ã þ�� a� cC�V ÿ Ù C �� � cC�V � a� cC�V ; ¶

Ã þ�� a� cC�V C¥� c� cC�V ÿ Ù C ¶
Ã þ�� c� cC�V ÿ Ù ÿ C ¶Ã ��þ M ÿ Ù

C�þ � T�ÿ a� c �V 6·�T � c �V � a� c �V 6��� � c �V T a� c �V ;>= R
æBÁ§Ñ�Á§Ê�ÅW¼�ÊÂÆ&»�É�¼rÑ.Ç%ÁÂº=Ü�½PÊÂÜBÁÂºYï&»¦ÔYÉ)Ê§É3Ïù»%ÐK½P¿YºY¾�ÅW¼rÆ @ ��b Ù ¼�É�¾ ¿YÀ�É)»¦½

  þ � c �V ?N@J?NM ÿ�C©�� þ �7?N@J?NM ÿ �V � c �V ;>� � º �V� » �V þ � þ3� ?N@J?NM ÿ{C©�� þ �7?N@J?NM ÿ �V ÿ"��� ÿ+=)?
C ¶Ã þ�� c �V ÿ Ù 6��� �V � c �V ; ¶

Ã  � c �V ° Ù ÿ¤=)?
þ � TKÿ c �V C �T �V � c �V C �� �V T c �V ;K= R

ñN½�Ê§Ê§É�À�»�Á§ºYï�Å�ÊÂÊd»�É�¼�Ñ�Ç�É�Ça»¦Á§Ñ.ÅW»�É�¾5Å�ÐK½�Ü�É®ÈNÉ�Ô�ÅtÜPÉ` ³ ² C ¶Ã �~þ M ÿ Ù R
Ó%Ô Á§Ç%È�ÁÂ»�ÔM` v ² = ÅWºY¾5»�ÔYÉ�Å�Ç�Çr¿YÑ�Ì »¦ÁÂ½Pº þjÍ ·�¶P¶�ÿ�ÊÂÉtÅ�¾ Ç�É�á=¿�Å�Ê§Á�»�Æ#þ|Í ·Â¶�è=ÿ�»¦½

¶
Ã
�� M � � þ#� ?NM ÿ � ������þ M ÿ � � þ�� ?"M ÿ � 6 ¶

Ã ��þ M ÿ Ù 6 � Ù þ M ÿ
Ä�Æ5×)¼r½PºTÈ�ÅWÊ§Ê�ÁÂºYÉ�á=¿�Å�ÊÂÁÂ»�Æ�û ÈNÉ)½PÐ�»/Å�ÁÂº2»�ÔYÉ)¾YÉ�ÇrÁ§¼rÉ�¾5É�Çr»�Á§Ñ.ÅW»¦ÉW·S á=¿YÁÂÌYÌdÉ�¾ È�Á�»¦Ô »�ÔYÉJÅ�Ðd½_Ü�É Ø Ù É�Ça»¦Á§Ñ.ÅW»�É�ÈNÉ(»�¿Y¼�ºG»¦½�É�Çr»/ÅWÐYÊ§ÁÂÇ�ÔG»¦ÔYÉ(Ça»/Å�Ð Á§Ê§Á�»�ÆDÏ<½�¼ð»¦ÔYÉJÕ�Ö)×
Ñ�É�»�ÔY½B¾�Å�Ì ÌYÊ§ÁÂÉ�¾�»¦½�»¦ÔYÉ)½P¼rÁ§ïPÁÂº�Å�ÊdÌY¼�½PÐ Ê§É�Ñ5·�Õ�É3» 4 þ @J?NM ÿ�¾YÉ�º ½�»¦É)»¦ÔYÉ�Ç�½�Ê§¿ »�Á§½Pº�½�Ï¯½P¼�ÁÂïPÁ§ºYÅ�Ê~ÌY¼r½PÐYÊÂÉ�Ñ
þjÃ�·�è=ÿ3û�Å�ÇN¾ Á§Ç�À�¿YÇ�ÇrÉ�¾�ÁÂº^]3Ã�È�É+¿ Ç�É+»�ÔYÉ�»�¼¦Å�ºYÇaÏ<½P¼�Ñ.ÅW»�Á§½Pº � þ @J?NM ÿ ;K4 þ @J?NM ÿ�C ; 8 O þ M ÿ�Çr¿YÀ/Ô�»¦Ô�Ål» � þ @J?NM ÿ



�Û� ���������������������������! "��#%$&�'�
Ç�ÅW»¦ÁÂÇ"(�É�Ç�»�ÔYÉ'Å�¿�ê�Á§ÊÂÁ�Å�¼aÆðÌY¼r½PÐYÊÂÉ�ÑòþjÃ�·�Ò�ÿ3û�Ág·�É�·�þjÍ ·�è=ÿ�½Pº5À�½PÑ�ÌY¿ »¦ÅW»¦ÁÂ½Pº�Å�Ê~¾Y½PÑ.Å�Á§ºJüãC¿Z ?:= ýj·ß1+ÌYÌ ÊÂÆBÁ§ºYï
»�ÔYÉ)Ø Ù É�Çr»�Á§Ñ.ÅW»¦É+Çr»/Ål»¦É�¾2ÁÂº2ém¼r½PÌK½PÇ�Á�»¦Á§½�º�Í ·�¶®ÈNÉ)Å�¼rÉ)Å�ÐYÊÂÉ�»¦½�Çr¿YÑ.Ñ.Å�¼rÁ�3�É�»¦ÔYÉ)Ø Ù Çr»¦Å�ÐYÁÂÊ§ÁÂ»�Æ�½�Ï?Õ�Ö)×
Ñ�É�»�ÔY½B¾2Ï<½�¼�»¦ÔYÉ)¸RÄ�à ÌY¼r½PÐYÊ§É�Ñ1þjÃ�·pèTÿ�Å�Ç%Ï<½PÊ§ÊÂ½�È�Ç�·
�´P}öZx7��öIø À���¸.�Á��Ã.¿ Ø Ù âÛ»³º�ÀÊàºDéÝÁ�Ã.¿Â».×IÊ^¿À�½æÙNÓ\Éä¼º�Éã×äÁ�½æº�»�ºDéTËÎÍIÏ¸Â\ÑÒ½�¼ÞÈº�×I»'¾I¿N¾pÈjånÁ-Ã.¿Â½-».½-Á�½�Ó\É7Ó\»'¾Èº�×I»'¾¨Ó\À�å%¾¨Ó\ÁæÓ � 4 þ#� ?NM ÿ � ª V W ��X �	��þ O þ M ÿ ?:P þ M ÿ ? � 47L � ª V W ��X ÿ ? ¢'MeA ü =)? ��ý�R
ë É�È�½P¿YÊ§¾[ÊÂÁ§ÞWÉð»¦½#Ç�ÌKÉ�À�ÁÂÏùÆ »¦ÔYÉ�Ï|Å�À3»�»¦ÔYÅW»&»¦ÔYÉ�»�¼¦Å�º ÇrÏ<½P¼rÑðÅW»�Á§½Pº Á§Ç�ÁÂº=»�¼�½B¾Y¿YÀ�É�¾�ÑðÅWÁ§ºYÊ�Æ(Ï<½P¼�»¦Ô É

Ì ¿Y¼�ÌK½PÇ�É)½�Ï¯Ø Ù Çr»/ÅWÐYÁ§ÊÂÁÂ»�ÆðÅ�º�Å�Ê�Æ�ÇrÁ§Ç�û�È�É�¾ ½�º ½�»�¿YÇ�É)Á�»%Á§º2¼�É�Å�Ê�À�½PÑ.Ì ¿ »/ÅW»�Á§½Pº Ç�·nÓ½�Å_Ü�½PÁ§¾5Å�ºTÆ�À�½Pº Ï<¿�Ë
ÇrÁ§½Pº~û=È�É+ÇrÁ§Ñ�ÌYÊÂÆ�¼�É�À�Ê�ÅWÁ§Ñ »�ÔYÉ+Õ�Ö)× ÇrÀ/ÔYÉ�Ñ�É�Ï<½�¼�ÌY¼r½PÐYÊÂÉ�Ñ	þjÃ�·pèTÿ3·�Õ�É�» � þ 4 ÿ ; Í 4 ÙtûTÈ�ÁÂ»�Ô�Ã�Å�¿�ê�Á§ÊÂÁ�Å�¼aÆ
ÜWÅ�¼rÁ�Å�Ð Ê§É�Ç±��Å�ºY¾ÃT�ûYÈ�É'¼rÉ�È�¼�Á�»¦É�»�ÔYÉ�ß)¾�àäÉ�á=¿�ÅW»¦ÁÂ½Pº2Á§ºT»¦½�Åp(�¼rÇr»rË¡½P¼�¾ É�¼�ÇrÆBÇr»�É�Ñ5ûúü ý 475&6 þ � þ 4 ÿ 6 TKÿ 8Þ;>=ä?T2C¥� 8l;Q=)?�FC 4.8F;Q=)?þ|Í ·�¶�ÒPÿ

Ó%Ô É�º�Å�ÌYÌ ÊÂÆ)¾YÁÂÇ�À�½�º=»�Á§º=¿Y½P¿ Ç�×)Å�Ê§É�¼�Þ=Á§º'Ñ.É3»¦ÔY½B¾�½Pº�»¦ÔYÉNÇrÆBÇr»�É�Ñ5·Ú*�½P¼À�½PºTÜPÉ�À�»�Á§½Pº�»�É�¼�Ñ5ûWÈ�É�À/ÔY½B½PÇrÉ
»�ÔYÉ�Õ�Ålê=ËD*�¼�ÁÂÉ�¾Y¼rÁ§À/ÔYÇßU�¿Bê~û�� þ 4 a ?G4 c ÿ�Ý ; ¶

Ã�� � þ 4 a ÿ 6�� þ 4 c ÿ�C ð þ 4 c C 4 a ÿ � ?þ|Í ·�¶_ÚTÿ
È�Ô É�¼�É ð Ý ; ÑðÅ�ê ¡ ¬ � ¡ þ 4 ÿ¬PÏ<½P¼ @�A ù�û�ÅWºY¾2ºB¿ Ñ.É�¼�Á§À�Å�Ê�U�¿�ê�É�Ç�Ï<½P¼e� ? T ?N4 Å�¼rÉ

þ �T ñdcC�V ?��� ñdcC�V ?4�4 ñfcC�V ÿ ;
úûü ûý þ�T cñfcC�V ? � cñfcC�V ?G4 añfcC�V ÿ ó^A ¶������d_ÌCG¶ ?
þ�T c �V ? � c �V ?G4 a �V ÿ óY;>=)?
þ�T a� cC�V ? � c� cC�V ?G4 c� cC�V ÿ óY; _ ?þ|Í ·�¶�åPÿ

Ó½�ÁÂÑ.ÌK½PÇ�É&»�ÔYÉðïPÁ�ÜPÉ�ºìÐd½�¿YºY¾�Å�¼aÆJÀ�½PºY¾ ÁÂ»¦ÁÂ½PºYÇ)Á§º þgÃ�·�è=ÿbû?»¦Ô ÉðÀ�½�¼�¼�É�Ç�ÌK½PºY¾YÁÂºYï�ÐK½P¿YºY¾YÅ�¼rÆ�U�¿Bê É�Ç�Å�¼�É
¾ É	(�ºYÉ�¾�Å�Ç�û �4 ��b Ù ;K4 a��b Ù ;>=)? �4 � c ��b Ù ;Q4 c� c ��b Ù ;>O þ M ÿ ? �� � c ��b Ù ; � c� c ��b Ù ;QP þ M ÿRþ|Í ·�¶WTÿ1�Ê§Ê�º=¿YÑ�É�¼rÁ§À�Å�Ê�É3ê Å�Ñ�ÌYÊÂÉ�Ç�Á§ºÁ]3Ò�Å�¼rÉ�ÐYÅ�Ç�É�¾�½Pº2»¦Ô É'ÅWÐd½_ÜPÉlU�¿Bê É�Ç�À/Ô ½PÁ§À�É�Ç�·
Í�·pèY· µ x'�d�d��÷�ô�ö�öJÄ��döäz}�d��x'z{�\� Ó%Ô É�Ñ�É�»¦Ô ½�¾Y½�Ê§½Pï�Æ.»/Å�ÞWÉ�º�Ô É�¼�É�ÀtÅWº�ÐKÉ'Ébê�»�É�ºY¾ É�¾(Á§º2ÜWÅ�¼�ÁÂ½P¿YÇ%ÈNÅ_ÆBÇ�·*�½P¼�Á§º Çr»/ÅWºYÀ�É5Ï<½P¼�»�ÔYÉ�ß®¾ àâÉ�á=¿�ÅW»�Á§½PºDÌd½�Ç�É�¾ ½PºGÅ�(YºYÁÂ»�É�¾Y½�ÑðÅ�ÁÂº @ A ü�Ø ? �+ýjû�È�ÁÂ»�Ô ÐK½P¿YºY¾YÅ�¼rÆ
À�½PºY¾YÁ�»¦ÁÂ½PºYÇ úûûü ûûý

4.5&6 Ú 474.8�6]4.8:8:8<;>=ä? @�A ü Ø ? �+ý ?4 þ @J?:= ÿ ;K47L þ @ ÿ ? @�A ü Ø ? �+ý ?4 þ|Ø ?"M ÿ ;QO ��þ M ÿ ? 4 þ�� ?"M ÿ ;>O Ù þ M ÿ ?hM±ÿ+=)?4.8 þ�� ?NM ÿ ;>P þ M ÿ ? M±ÿ+= R
ë É�Å�ÌYÌYÊ�Æ�Å&»¦¼�Å�ºYÇrÏ<½�¼�Ñ.ÅW»¦ÁÂ½Pº�½�Ï»¦ÔYÉ®Ï<½P¼rÑ

4%;
�l6 O Ù C O ��QCìØ @p6 � O ��C�Ø O Ù��C�Ø ?
»�½�À�½PºTÜPÉ�¼r»�»¦ÔYÉ�Å�ÐK½_ÜPÉ�ÌY¼�½�ÐYÊ§É�Ñ »¦½�Å�º�Å�¿�ê�ÁÂÊ§Á�ÅW¼rÆ�ÌY¼�½�ÐYÊ§É�Ñ È�ÁÂ»�Ô2»�ÔYÉ®Ï<½PÊ§ÊÂ½_È�Á§ºYï�¾YÅW»/Å� þjØ ?NM ÿ ;	� þ�� ?NM ÿ ;>=)? ��8 þ�� ?NM ÿ ;QP þ M ÿÚC O Ù þ M ÿ�C O ��þ M ÿ�KC[Ø ?
»�½&È�ÔYÁ§À/Ô5½P¿Y¼�ÌY¼r½PÌd½�Ç�É�¾5Ñ�É�»¦Ô ½�¾2ÀtÅWº�ÐKÉ�Å�ÌYÌYÊÂÁ§É�¾~·



�Îa
Ó%Ô Á§Ç�»¦¼�Å�ºYÇaÏ<½P¼�Ñ.ÅW»¦ÁÂ½Pº2Å�ÊÂÇ�½�Å�ÌYÌYÊÂÁ§É�ÇN»¦½�Å�Ñ.½P¼rÉ®ïPÉ�º É�¼¦ÅWÊ�É�á=¿�ÅW»�Á§½Pº475)6�� þ 4 ÿ 8±6 þ�� � þ 4 ÿÛ�~þ�� þ 4 ÿ 8 ÿ 8 ÿ 8Þ;>=)?

ÌK½PÇrÉ�¾#½PºJÅ^(�ºYÁ�»¦É&¾Y½PÑ.Å�ÁÂº @9A ü�Ø ? �+ýj·n1�À�À�½P¼�¾YÁÂºYï�»¦½2é�¼�½�Ìd½PÇrÁÂ»�Á§½Pº#ÃB·Â¶PûdÏ<½P¼+»¦Ô É&ÀtÅ�ÇrÉ2§�þ 4 ÿÒ� = û
»�ÔYÉ�Å�¾YÑ�Á§ÇrÇ�Á§Ð Ê§É�ÇrÁ§¾YÉ®À�½PºY¾YÁ�»¦Á§½�ºYÇ�Å�¼�É4 þ|Ø ?"M ÿ ;>O ��þ M ÿ ? 4 þ�� ?"M ÿ ;KO Ù þ M ÿ ? 4.8 þ|Ø ?NM ÿ ;>P þ M ÿ ? M±ÿ+= R
¸�º5»¦ÔYÁÂÇ�ÀtÅ�ÇrÉ�»�ÔYÉ�Å�Ðd½_Ü�É�»�¼¦Å�ºYÇaÏ<½P¼�Ñ.ÅW»�Á§½Pº2Çr»�Á§ÊÂÊ~Ê§É�Å�¾YÇ�»¦½�Å�º�Å�¿�ê�Á§ÊÂÁ�Å�¼aÆðÌY¼r½PÐYÊÂÉ�Ñ È�Á�»¦Ô5ÔY½PÑ�½PïPÉ�º É�½P¿YÇ
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¼rÉ�Ê§ÅW»¦ÁÂ½Pº�ÐdÉ3»�ÈNÉ�É�º�Á§ºYÁ�»¦Á�ÅWÊ~Å�º ¾�ÐK½P¿YºY¾YÅ�¼rÆ�ÜWÅ�ÊÂ¿YÉ�Ç�·
ë ÉNÌK½PÁÂº=»¯½P¿ »?»¦Ô�ÅW»?»¦ÔYÉN¾YÁ§ÇrÌdÉ�¼�Ç�Á�ÜPÉ�º�ÅW»¦¿ ¼�É�½�Ï�»�ÔYÉNÉ�á=¿�ÅW»¦ÁÂ½Pº�Çr¿YïPïPÉ�Çr»¦Çn»�Ô�ÅW»?»¦ÔYÉ�¼rÉtÅ�ÊBÇ�½�Ê§¿ »�Á§½Pº'ÑðÅtÆ

½�Ç�À�ÁÂÊ§Ê§ÅW»¦É'Å�¼�½�¿YºY¾�»¦Ô É&À�½PºYÇa»¦¼r¿YÀ�»�É�¾JÅ�ÌYÌY¼r½tê ÁÂÑðÅl»¦É�Çr½PÊ§¿�»¦Á§½�º�û~ÁÂº�Ì�Å�¼a»¦Á§À�¿YÊ�ÅW¼+ÅW»+»¦¼¦ÅWºYÇ�Á�»¦Á§½�º�Ìd½�Á§ºT»¦Ç�½�Ï
¾ ÁÂúdÉ�¼�É�ºT»%È�ÅtÜPÉ�Ç�·�Ó%ÔYÉ�ÇrÉ�ÈNÅtÜPÉ�Ì�ÅW»�»�É�¼rºYÇ�Å�¼�É�È�É�ÊÂÊ�¼�É�Ç�½PÊ�ÜPÉ�¾5ÐTÆ�½P¿ ¼�ÕÖ)×!Ñ.É3»¦ÔY½B¾�»¦½&ÐKÉ®ÌY¼�É�Ç�É�º=»�É�¾
ÁÂº2ºYÉ3êB»�Ç�É�À�»¦ÁÂ½Pº�·

Ò�·?â ö}E�´�ô�øù÷³q}u�´�ã}qHEFw7u=´Kµ
¸�º »¦ÔYÁÂÇ�Ç�É�À3»¦ÁÂ½PºDÈ�É�ÌY¼rÉ�ÇrÉ�ºT»�Å#Ï<É�È º=¿YÑ�É�¼rÁ§ÀtÅWÊ%É3ê Å�Ñ�ÌYÊ§É�Ç�»�½ ¾YÉ�Ñ.½Pº Çr»¦¼�ÅW»¦É�»�ÔYÉ�Å�À�À�¿Y¼�Å�À�ÆDÅ�º ¾

À�Å�Ì�Å�À�ÁÂ»�Æ ½�Ï�»¦ÔYÉ2Õ�Ö)× Ñ.É3»¦ÔY½B¾ì¾YÉ�Ç�À�¼�Á§ÐKÉ�¾�ÁÂº�æ�É�À3»¦ÁÂ½Pº�Í ·�*�½P¼�»¦É�Ñ.ÌK½P¼�Å�Ê�¾ Á§Ç�À�¼�É3»¦Á�3�ÅW»¦ÁÂ½Pº�û¯È�É�¿YÇrÉ
Ébê�ÌYÊ§ÁÂÀ�ÁÂ»�û�ºY½PºYÊÂÁ§ºYÉ�Å�¼�Ê�ÆðÇa»/Å�Ð Ê§É'Í�¼�¾5½P¼�¾ É�¼�Û�¿Yº ïPÉ3Ë�ß)¿�»�»/Å�Ñ�É�»¦Ô ½�¾ ü�Í = ýg·�î+»¦ÔYÉ�¼�î®Ö S Çr½PÊÂÜ�É�¼�Ç�ÀtÅ�º5ÐKÉ
¿ Ç�É�¾�Á§º Çr»¦É�Å�¾�·¯ë É%ÈN½�¿YÊ§¾�Ê§ÁÂÞ�ÉN»�½l(�¼�Ça»�ÁÂÊ§ÊÂ¿YÇr»�¼¦ÅW»�É�»¦Ô É�Ô Á§ïPÔ&½P¼r¾YÉ�¼mÅWÀ�À�¿ ¼¦Å�À3Æ�½�Ïd»�ÔYÉ%Ñ�É�»¦Ô ½�¾&»¦Ô ¼�½P¿Yï�Ô
Ébê Å�Ñ.Ì Ê§É�Ç�¸&ÅWºY¾D¸r¸/ûmÌY¼�½PÌYÅ�ïTÅW»�Á§½Pº Å�ºY¾ Á§ºT»�É�¼¦ÅWÀ�»¦ÁÂ½Pº�½�Ï�Çr½PÊ§Á�»¦½Pº Ç�· Ó%ÔYÉ�º ÈNÉ5ÈN½P¿ Ê§¾ Ê§Á§ÞWÉ�»¦½JÇ�ÔY½_È
»�ÔYÉ'Å�ÐYÁ§ÊÂÁÂ»�Æ.½�Ïn»�ÔYÉ)Ñ.É3»¦ÔY½B¾�ÁÂº�À�Å�Ì »�¿Y¼�ÁÂºYï�ÜWÅ�¼rÁ§½P¿ Ç�ÐK½P¿Yº ¾�Å�¼rÆ�ÈNÅtÜPÉ'Ì�ÅW»�»�É�¼rºYÇ�û�»¦ÔY¼r½P¿YïPÔ5ÀtÅWÇ�É�Ç�È�ÁÂ»�Ô
À�½PºYÇa»/Å�ºT»�ÁÂºYÁÂ»�Á�Å�Ê~Å�ºY¾�ÐK½P¿Yº ¾�Å�¼rÆ2¾YÅW»/Å û�È�ÔYÉ�¼�É&ÅWÌYÌY¼�½tê�Á§Ñ.ÅW»�É�Çr½PÊ§¿�»¦Á§½�ºYÇ�Å�¼�É�½P¿ »�Ê§Á§º É�¾5Á§º�æ�É�À3»¦Á§½�º�èY·
í�½�»¦É�»�ÔYÉ�À�½PÑ�ÌY¿ »¦ÅW»¦ÁÂ½Pº�Å�Ê¾Y½PÑ.Å�ÁÂº�Á§Ç®ÇrÉ�»)»¦½�ÐKÉ�ü C[Z ?:= ýj·�ë É&À/ÔY½B½PÇ�É�Ç�¿ ÁÂ»/ÅWÐYÊ§É|Z »¦½V(Y»)ÁÂº�È�ÁÂ»�Ô
¾ ÁÂúdÉ�¼�É�ºT»�Ébê Å�Ñ.Ì Ê§É�Ç�·

ÒB·Â¶P· �ÔzJö¥�jx'ô��-�x'z�¶{��x7¶{~åä'~ä����x'z>~&z{|h�=Kpx��jx'ô��-�x'zQ��x�ô�ô����d��x'zç� ë É&¿YÇ�É�Ç�ÁÂºYïPÊÂÉ�Ç�½PÊÂÁÂ»¦Å�¼rÆ2ÈNÅ_Ü�É
Ì ¼�½PÌ�ÅWïTÅW»¦ÁÂ½Pº�Å�ºY¾ ¾Y½P¿ ÐYÊ§É2Ç�½�Ê§ÁÂ»¦Å�¼rÆ È�ÅtÜ�É�ÇðÁÂºT»¦É�¼�Å�À�»�Á§½Pº[»�½#»�É�Ça».»�ÔYÉ2ÔYÁ§ïPÔ ½P¼r¾YÉ�¼�Å�À�À�¿Y¼�Å�À�Æ�½�Ï�»¦Ô É
Õ�Ö)×äÑ�É�»�ÔY½B¾�·

�×Ä�~.øk¶{ô�ö 
�L ë É�À�½PÑ.Ì ¿ »¦É�»�ÔYÉ�À�Ê�ÅWÇ�Ç�ÁÂÀtÅ�Ê¯Ç�½PÊÂÁÂ»¦½�º(Ç�½PÊÂ¿ »¦ÁÂ½Pº(½�Ï�»¦ÔYÉ�ß®¾ à�É�á=¿�Ål»¦Á§½�ºJÁÂºDü C�¶ =)?:= ýg·
Ó%Ô É'ÁÂºYÁÂ»�Á�Å�Ê�À�½�ºY¾YÁÂ»�Á§½Pº2ÁÂÇ%ïPÁÂÜ�É�º2ÐTÆ 4 þ @J?:= ÿ ; ÃWÇ�É�À/Ô Ù þ @p6 è=ÿ ?
ÅWºY¾5»�ÔYÉ)É3ê Å�À3»�Çr½PÊ§¿�»¦Á§½�º�Á§Ç 4 þ @J?NM ÿ ; ÃlÇ�É�À/Ô Ù þ @�6 èTC Î�M ÿ ? Îe; è&R*�½P¼®ÐK½P¿Yº ¾�Å�¼rÆ#À�½PºY¾YÁ�»¦ÁÂ½PºYÇ 4 þþC[Z ?NM ÿ ?G4 þ =)?NM ÿ�ÅWºY¾ 4.8 þ =)?NM ÿbû�ÈNÉ�Ç�ÁÂÑ.ÌYÊ�Æ�¿YÇrÉ�»�ÔYÉ&ÜWÅ�Ê§¿YÉ�Ç)É3êB»¦¼�Å�À�»�É�¾
Ï<¼r½PÑ »¦ÔYÉ'É3ê Å�À3»®Ç�½PÊÂ¿ »¦ÁÂ½Pº�·�Ó%ÔYÉ&Ø Ù Å�ºY¾�Øçæ É�¼�¼r½P¼�Ç+Å�¼�É'½PÐ »/ÅWÁ§ºYÉ�¾�Á§º�Ó¯Å�Ð Ê§É&ÒB·Â¶�Ï<½�¼ Mß;î= R]åPÒ�·�ë É
À�Å�º&À�ÊÂÉtÅ�¼rÊÂÆ'Ç�É�É�»¦ÔYÉ�Ñ�É�»�ÔY½B¾�È�ÁÂ»¦Ô p r É�Ê§É�Ñ.É�º=»nïPÁÂÜ�É�Ç�Å�¿Yº ÁÂÏ<½P¼rÑ þ�l 6 ¶�ÿ MdÛ ½�¼�¾YÉ�¼�½�ÏKÅ�À�À�¿Y¼¦ÅWÀ�ÆP·mí�½�»¦É
»�ÔYÉ�Ç�Á§º ïPÊ§É&Çr½PÊ§Á�»¦½Pº(ÌY¼r½PÌ�Å�ïPÅW»¦É�Ç)»�½5»�ÔYÉ�¼�Á§ï�Ô=»®È�Á�»¦ÔJÇ�ÌKÉ�É�¾ ÎY; èY·21�» Ml; = R]åPÒ�û�½PºYÉ&»�ÔYÁ§¼r¾ ½�Ï�»¦Ô É
Çr½PÊ§Á�»/Å�¼aÆ&È�ÅtÜ�É�ÁÂÇ�Å�Ð Ç�½P¼rÐdÉ�¾�Á§ºT»¦½�»�ÔYÉ�¼rÁ§ïPÔT»�ÐK½P¿Yº ¾�Å�¼rÆ�·�Ó%ÔYÉ®Ç�½�Ê§¿ »�Á§½Pº�Ü�ÅWÊ§¿YÉ+ÅW»N»�ÔYÉ�¼�ÁÂïPÔT»�ÐK½P¿YºY¾YÅ�¼rÆ
ÁÂÇ�»¦Ô=¿YÇ�½�Ïéè�þa¶_ÿNÅ�ºY¾5ºY½Pº�Ë¡Á§ïPº ½P¼¦Å�Ð Ê§É�·ë É�Å�ÊÂÇ�½�¾Y¼�Å_È »¦ÔYÉ)ÇrÌ�Å�À�ÉbË¡»�Á§Ñ�É�Ã�ËRÖ ïP¼�Å�ÌYÔ5Á§ºg*¯Á§ï�¿Y¼�É)ÒB·Â¶P·



�¨/ ���������������������������! "��#%$&�'�N �%êV·ë �qêËì�ë �%ê&íîë �%êB¸�ïîë
É�¼�¼r½P¼ É�¼�¼r½P¼ ½P¼r¾YÉ�¼ É�¼r¼�½P¼ ½�¼�¾YÉ�¼ É�¼�¼r½P¼ ½P¼r¾YÉ�¼

¶ Ø Ù è ·]Í�è = ÒWÉ3Ë = Ã Ú�·]Í�èTÒPÒWÉ3Ë = Í Ã�·]åPå ¶P·�¶tèY¶_ÚWÉ3Ë = Í Ã�·pèTå Í�· =�= ¶_ç�É3Ë = è ¶P·pçTÃ
Ø�æ ¶�·pè=åWçPç�É3Ë = ¶ ÃB·�åPÃ�å�¶tÉ3Ë = Ã Ã�·�èPè ç · WTÃ�Í = É3Ë = Í ¶P·pèTå ÃB·èW�èTÒ�Í�É3Ë = Í ¶P·]å\W

Ã Ø�Ù ¶P·pÚTÒ�ÚPç�ÍlË = Í ÃB·Â¶_Í�çTåWÉ3Ë = è Ã�·pçTÒ Ã�·pÚ�èTçTÃlÉ3Ë = Ò Í · = ¶ Í�·�Ã�Í\WTÃWÉ3Ë = Ú Í · = Í
Ø æ ¶�·pè¨WPå�ç�É3Ë = Ã ÃB·Â¶P¶_ÒPåWÉ3Ë = Í Ã�· W ¶ Ã�·pÚPÚPÍ ¶�É3Ë = è Ã�·]ç�ç Í�·]ÍTÃ�å = É3Ë = Ò Í · =�=> qHG³u=´%ð½ñ�òñ ñN½�Ñ.ÌY¿�»/ÅW»�Á§½Pº�ÅWÊY¾Y½PÑ.Å�Á§ºÔù ÁÂÇ�ü Ë¦¶ = û = ý 4 þ @J?:= ÿ ; ÃnÇ�É�À/Ô Ù þ @ C2è&R = ÿ%·�Ø Ù

Å�ºY¾�Ø æ É�¼r¼�½P¼rÇ�·�Õ�Ö)×äÑ�É�»¦Ô ½�¾�È�ÁÂ»�Ô^l ; ¶ ? Ã&ÅW» M�;K= R�å�Ò�·
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One solitary wave propogation
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ó ø�ô¯öô�´Mð½ñ�òñ Ç�Ì�ÅWÀ�ÉN»�Á§Ñ�É�ïP¼�Å�ÌYÔ�½WÏ�»¦ÔYÉ�Çr½PÊ§¿�»¦Á§½�º�¿YÌ�»�½ M�; Ã�ûWÈ�Á�»¦Ô p � ÌK½PÊÂÆBºY½PÑ�Á�ÅWÊ
Å�ºY¾J¶_Ú = À�É�Ê§Ê§Ç�·

�×Ä�~.øk¶{ô�ö�
_
�L ¸�º5»�ÔYÁ§Ç�É3ê Å�Ñ�ÌYÊÂÉ)È�É�Çr»¦¿ ¾ Æ2»¦ÔYÉ)Á§ºT»�É�¼¦ÅWÀ�»¦ÁÂ½Pº2½�Ï¯»�È�½ðÇr½PÊ§Á�»/Å�¼aÆðÈNÅtÜPÉ�Ç�·�Ó%ÔYÉ�Á§ºYÁ�»¦Á§Å�Ê
¾YÅW»/Å&Á§Ç%ï�ÁÂÜPÉ�º�ÐTÆ

4'L þ @ ÿ ; Ò è&R]ÒWÀ�ÇrÀ/Ô Ù ¶�R]ÒYþ @p6 ¶�è&R�Ò�ÿ 6 ÃWÇrÉ�À/Ô Ù þ @p6 ¶_ÃPÿ£ Í�À�½�»¦Ôd¶�R]ÒYþ @p6 ¶tè)R�ÒPÿ�C Ã�»/Å�ºYÔ�þ @Y6 ¶�ÃPÿ:¦ Ù RþjÒ�·�¶�ÿ

Ó%Ô É�Ébê Å�À�»�Ç�½PÊÂ¿ »¦ÁÂ½Pº�Á§Ç

4 þ @J?NM ÿ ; Ò è&R]ÒWÀ�Ç�À/Ô Ù ¶�R]ÒYþ @ C�ç M�6 ¶�è&R�Ò�ÿ 6 ÃWÇrÉ�À/Ô Ù þ @ C[è M�6 ¶�Ã�ÿ£ ÍWÀ�½�»�Ô~¶�R]ÒYþ @ C�ç M�6 ¶tè)R�ÒPÿ�C[Ãl»/Å�º Ô�þ @ Cìè M�6 ¶�ÃPÿ:¦ Ù R
ë É�¼�É�Ï<É�¼�»�½[ü ¶WlýmÏ<½P¼®»�ÔYÉ.¾ É�¼�Á�ÜWÅW»¦ÁÂ½Pº ½WÏ%Å2À�Ê�ÅWÇ�Ç�½�Ï�Çr½PÊ§¿ »�Á§½Pº Ç�½WÏN»¦Ô Á§Ç)»�Æ�ÌKÉ�·5æBÁ§Ñ�Á§Ê�ÅW¼�»¦½5ÌY¼rÉ�ÜBÁ§½P¿ Ç
Ébê Å�Ñ.Ì Ê§É�ûÈNÉ.É3êB»¦¼�Å�À�»'Ï<¼�½PÑ1»�ÔYÉ.Ébê Å�À�»&Çr½PÊ§¿�»¦Á§½�ºJ»�ÔY¼�É�Éð¼�É�á=¿YÁ§¼rÉ�¾ìÐK½P¿YºY¾YÅ�¼rÆ#À�½PºY¾YÁ�»¦Á§½�ºYÇ�·2Ó%ÔYÉ.Á§º�Ë
»�É�¼�Å�À�»�Á§½PºJÌY¼�½BÀ�É�Ç�Ç�ÀtÅ�º ÐdÉ&ÜBÁ§Çr¿�Å�ÊÂÁ�3�É�¾JÏ<¼r½PÑ1Å2Ç�É�¼�Á§É�Ç'½WÏ�Ç�ºYÅ�ÌYÇ�Ô ½�»¦Ç�Ý MÒ;à= þù»�ÈN½�ÌdÉ�Å�Þ=Ç/ÿbû MÒ;à= R�¶
þ|Å�ÌYÌY¼r½TÅ�À/Ô�ÿbû Ml; = R]ÒJþ|½_ÜPÉ�¼�Ê�ÅWÌ�ÿ3û Ml; = R]Ú þ|¾ É�Ì�Å�¼a»bÿ®Å�ºY¾ Ml; ¶�þ<Ìd½�Çr»rË¡Á§ºT»¦É�¼¦Å�À3»¦ÁÂ½Pº�ÿ3·�¸�º Ó¯Å�Ð Ê§É.Ò�·]Ã
ÅWºY¾2Ó¯Å�Ð Ê§É)Ò�·pÍ ûBÈNÉ®À�½PÑ.Ì ¿ »¦É+»�ÔYÉ)Ø Ù Å�ºY¾5Ø�æ!É�¼�¼r½P¼�Ç�ÅW»N»¦Á§Ñ�É M�;K= R]Ò�¾Y¿Y¼rÁ§ºYï�»�ÔYÉ�ÁÂº=»�É�¼�Å�À�»�Á§½Pº2Å�º ¾
Ål»%»¦Á§Ñ�É MÚ; ¶�R]Ò�ÅlÏù»¦É�¼�»�ÔYÉ)Á§ºT»¦É�¼¦Å�À3»¦ÁÂ½Pº�·në É'ÅWÊ§Ç�½&¾ ¼¦ÅtÈ »¦Ô É�ÇrÌ�Å�À�É3Ë¡»�Á§Ñ�É�Ã�ËRÖ ïP¼�Å�ÌYÔ2Á§ºg*¯ÁÂïP¿Y¼rÉ�Ò�·�ÃB·



�õSN �qê�¸8ëîë �qê«·ëîë �%ê&Àë�ë �qêËì�ëîë
É�¼�¼r½P¼ É�¼�¼�½�¼ ½P¼�¾YÉ�¼ É�¼�¼r½P¼ ½P¼r¾YÉ�¼ É�¼r¼�½P¼ ½�¼�¾YÉ�¼

¶ Ø Ù ¶�·]ç = WTÒWÉ3Ë = Ã ¶P·pçTÃ = ålÉ3Ë = Í Í ·]Í�¶ ÒB·èW�è ¶_Í�É3Ë = è Ã�·pçPÍ Í ·pÍPÍTÒ�ÚWÉ3Ë = è ¶P·]çPÒ
Ø�æ Ú�·]ÍPçPÃPÒWÉ3Ë = Ã ç ·pç�WPçTÃlÉ3Ë = Í Ã�·]ÚPå è ·]Í�è�è=åWÉ3Ë = Í Ã�· = Ò Ã�· W�èTçTÃlÉ3Ë = Í ¶P·pèTå

Ã Ø�Ù W�·]çPÚWèTç�É3Ë = Í Ã�·]Ã\W�è¨WWÉ3Ë = Í ¶P·]çPå ¶�· = ¶_å�ç�É3Ë = Í ¶P·pçPç Ò�·]åPÃ�ç = É3Ë = è ¶P·]ç�ç
Ø æ ÃB·]ç�èTÃ�¶tÉ3Ë = Ã å�·pÍ�èY¶_ÚWÉ3Ë = Í Ã�· =\= Í�·�Ã�Í�ÍPÍ�É3Ë = Í Ã�· = Ã ¶P· W = WTålÉ3Ë = Í Ã�· = ¶> qHG³u=´�ð½ñ÷ö½ñ ñN½PÑ�ÌY¿ »¦ÅW»¦ÁÂ½Pº�Å�Ê�¾Y½PÑ.Å�ÁÂº%ùGÁ§Ç�ü C+Ã =)?:= ýg·n¸�º ÁÂ»¦Á§Å�Ê�À�½Pº ¾YÁÂ»�Á§½Pº.Á§ÇNï�ÁÂÜPÉ�º�Á§º

þgÒ�·�¶�ÿ3·�Ø�Ù®Å�º ¾(Ø æ É�¼r¼�½P¼rÇ�·�ÕÖ)× Ñ�É�»�ÔY½B¾YÇ�È�Á�»¦Ôql ; ¶ ? Ã�ÅW» Me; = R]Ò�·�Ö�¿Y¼rÁ§ºYï�»¦ÔYÉ
»�ÈN½�Ç�½PÊÂÁÂ»�½Pº�À�½PÊÂÊ§ÁÂÇ�Á§½�º�·

N �qê�¸8ëîë �%êV·ëîë �qê�Àëîë �%êøì�ëîë
É�¼�¼r½P¼ É�¼r¼�½P¼ ½P¼r¾YÉ�¼ É�¼�¼�½�¼ ½P¼�¾YÉ�¼ É�¼r¼�½P¼ ½P¼r¾YÉ�¼

¶ Ø Ù ÃB· = ÒWÍPÍ�É3Ë = ¶ Ã�·pèTåPå�Í�ÉbË = Ã Í · = Ò Ú ·�¶�åPÃ�åWÉ3Ë = Í Í ·�è=Ã Ã�· = ç�èPèPÉbË = Í Í ·]åPÒ
Ø æ ¶P· = Í�WPÍ�É 6l=�= ¶P·�ÃlèTÍTÒWÉbË = ¶ Í · = Ú Í ·�¶_Í�W�Í�É3Ë = Ã Í ·pÍPç ¶P· = å�¶�åWÉbË = Ã Í ·]å�Í

Ã Ø Ù Í�·pè=å�åPåWÉ3Ë = Ã ç ·Â¶�èPèTÚ�ÉbË = Í ¶P·pçPÍ èY· = WPçPåWÉ3Ë = Í ¶P·pçPç Ã�·]Í = èTÍ�ÉbË = Í ¶P·pçPç
Øçæ ¶�·]ÚTÒlèPèPÉ3Ë = ¶ èY·]Í\W�WPç�ÉbË = Ã ¶P·pçTÃ ¶P·pçPÚ�W = É3Ë = Ã ¶P·pç�W ¶P·Â¶ = çPÚ�ÉbË = Ã ¶P·pçPç> qHG³u=´2ð½ñ�ùhñ ñN½PÑ�ÌY¿ »/Ål»¦Á§½�º�Å�Êm¾Y½PÑ.Å�Á§ºkù Á§Ç�ü ËRÃ = û = ýN¸�º ÁÂ»¦Á§Å�ÊmÀ�½Pº ¾YÁÂ»�Á§½Pº Á§Ç�ï�ÁÂÜPÉ�º[Á§º

þgÒ�·�¶�ÿ3·�Ø Ù Å�ºY¾ Ø�æãÉ�¼�¼�½�¼�Ç�·�Õ�Ö)×ãÑ�É�»�ÔY½B¾YÇ®È�ÁÂ»¦Ô6l ; ¶ ? Ã�ÅW» MÞ; ¶�R�ÒB·Y1�Ïù»¦É�¼�»¦ÔYÉ
À�½PÊÂÊ§Á§ÇrÁ§½Pº~·
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Two sollitary waves collision

u
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