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» Ê�Ð ¸cÝ Ï~Í+Ð » ØqÊx5 ·N¸ Ê Ð ·N¸ Ï ¸º¹�» �ÔÓÔÍ�Ñ · Í ¹�½�¸c¸ Ê Ï ¸ �ÔÓÔÞ ¸ �ªÐßØ7ÍRáÔÏ ¸ � ¸ Ð ¸ Ï~Ö » Ê ¸ �ªÍ�Ö ØqÓÔÊ�Ð > Y ¸ » Ê�Ð ¸cÝ Ï~Í+Ð ¸
Ð ·Ô»¼¹ Ø�ÏÃ� » ÊÔÍ+Ï ¾ � » A ¸ Ï ¸ ÊtÐ » Í�Ñ ¸ºÛ ÓÔÍ+Ð » ØqÊ ½�¾ Ó ¹�» Ê Ý Í Ö » X�Ð�ÓNÏ ¸ Ø�Ù » Ö ámÑ » Þ » ÐRÍ�ÊR� ¸ X�ámÑ » Þ » Ð ¹ Þ ·N¸ Ö ¸º¹ �
Ð ·N¸ Ï ¸c½�¾ Ýq» � » Ê Ý ÍRÑ¼Í+Ï Ý�¸@¹ Ð�Í ½m» Ñ » Ð ¾ Ï ¸cÝq» ØqÊ.5 ·m» Ñ ¸ Í���Ø » � » Ê Ý7· Í�� » Ê Ý ÐßØ ¹ ØqÑ9� ¸ ÍRÑ¼Í+Ï Ý�¸ Ñ » Ê ¸ Í+Ï ¹ß¾È¹ Ð ¸ Ö
Í+Ð ¸ � ¸ Ï ¾ Ð » Ö ¸�¹ Ð ¸ á >
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 Ó ½­¹ Ð » Ð�ÓNÐ » Ê Ý Ð ·N¸º¹�¸ � ¸ Õ­Ê » Ð » ØqÊ ¹ Ù]Ø�Ï�� Í�ÊR� � » Ê�ÐßØ Ð ·N¸ Í ½ Øm� ¸$» Ð ¸ Ï~Í+Ð » ØqÊ ¹TÝq» � ¸º¹ S* ê � ñ Ò � 	 � � Ð × � I ñ � 	 ò � Ð � � * ê æ � g > � 	��



g��
Í�ÊB�

* ê � ñ Ò�� 	 ò � Ð
�
Y �Qò½× Z ò � Ð �
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 Ð�Í ½m» Ñ » Ð ¾RÚ�¸cÝq» ØqÊ ¹ Ù<Ø�Ï¦Ð ·N¸ ÉwÐ ¸ Ï~Í+Ð » ØqÊ 
 Þ ·Ô¸ Ö ¸º¹

¹ ØqÑ9� ¸ Ó ¹�» Ê Ý Í Þ�ØqÊ*P�Ó Ý Í+Ð ¸@Ý Ï~Í�� »à¸ Ê�Ð ¹ Ð ¾ Ñ ¸ Í�Ñ Ý Ø�Ï » Ð · Ö >'¶�·N¸ ÖgÍ+ÐßÏ » X ¸ºÛ ÓmÍ+Ð » ØqÊÌÙ<Ï�ØqÖ ¶ ÓÔÞ 8�¸ Ï~Ö Í�Ê »¼¹
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Í+áÔáÔÏ~Ø�X » ÖgÍ+Ð » Ê Ý Ð ·N¸.Ü Í�Þ�Ø ½m» Í�Ê Ø�Ù�Ð ·Ô¸Ì½ Í�� ¹ Ó ½m¹ á­Í�Þ ¸ Ó ¹�» Ê Ý Õ­Ê » Ð ¸ � » A ¸ Ï ¸ ÊÔÞ ¸º¹ 5 ¸ · Í�� ¸ Í�Ñ¼Í+Ï Ý�¸
Ï�ØqÓÔÊR� ØeA ¸ Ï�Ï~Ø�Ï�Í ¹ 5 ¸ ÞcÍ�ÊmÊNØ�Ð ¹~» Ö ámÑ ¾ Þ�ØqÖ ámÓÔÐ ¸ Ð ·Ô¸ � » A ¸ Ï ¸ ÊÔÞ ¸ � » Ï ¸ Þ�Ð�Ñ ¾ Í ¹�» Ê Ð ·N¸�¹ Ð ¸ Í�� ¾ ¹ Ð�Í+Ð ¸
ÞcÍ ¹ß¸ � ½ ÓNÐ�Ð�Í 8�¸ Ð ·N¸ � » A ¸ Ï ¸ ÊÔÞ ¸ Ø�ÙCÐp5�Ø ¹ ÓÔÞcÞ ¸º¹~¹�» � ¸$» Ð ¸ Ï�Í+Ð ¸º¹U>

� ÖgÍmPßØ�ÏE� »¼¹ Í��:�+Í�Ê�Ð�Í Ý�¸ Ø�Ù�Ó ¹�» Ê Ý Ð ·N¸ ËCØ » ÊmÞcÍ+Ï ¸ Ú�¸ Ð�ÓNÏ~Ê L Í+á »¼¹ Ð · Í+Ð7ÐßØ Ø ½ Ð�Í » Ê,Í�ÞcÞcÓNÏ�Í+Ð ¸
¹ ØqÑ¼ÓÔÐ » ØqÊ ¹ Ï ¸ºÛ Ó » Ï ¸º¹ Ð ·N¸ Ó ¹ß¸ Ø�Ù�Í ·m»àÝq· Ø�Ïq� ¸ Ï�Ð » Ö ¸Ì¹ Ð ¸ áÔá » Ê Ý Ö ¸ Ð · Ø��?�!Í�ÊB� Í ¹ ÖgÍ�Ñ×Ñ3Ð » Ö ¸Ì¹ Ð ¸ á >
;�Ø�5 ¸ � ¸ Ï��ÔÙ<Ø�Ï ¸ þ7Þ »à¸ ÊÔÞ ¾ Ï ¸ Í ¹ ØqÊ ¹ ��5 ¸ Ê ¸c¸ � Í�Ö ¸ Ð · Ø��RÐ · Í+ÐTÍ�Ñ¼ÑàØ�5 ¹ Í�Ñ¼Í+Ï Ý�¸ Ð » Ö ¸�¹ Ð ¸ á >'¶¦·N¸ Ï ¸ Ù<Ø�Ï ¸ �
5 ¸ Ó ¹ß¸ Í ¹ß¸ Þ�ØqÊR� Ø�Ïq� ¸ Ï Ð » Ö ¸³¹ Ð ¸ áÔá » Ê Ý Ö ¸ Ð · Ø��Ì� ¸º¹ Þ�Ï »à½�¸ � » Ê ¹ß¸ Þ�Ð » ØqÊèg >h¢ �$Í�ÊB� Ú�» Þ · Í+ÏÃ� ¹ ØqÊ
¸ XÈÐßÏ~Í+á�ØqÑ¼Í+Ð » ØqÊÌÐßØ Ý�¸ Ð ¸ Ê · Í�ÊÔÞ ¸ � Í�ÞcÞcÓÔÏ~Í�Þ ¾�>
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¶¦·N¸RÚ¦¸ ÞcÓNÏ ¹~» � ¸ Ë!Ï�Ø*P ¸ Þ�Ð » ØqÊ L ¸ Ð · Ø�� � Ú Ë L"��» Ê�� ¸ Ê�Ð ¸ � ½�¾ 
 Þ · Ï�ØeA,Í�ÊB� =�¸ Ñ¼Ñ ¸ Ï�fhg��ei�Í�ÞcÞ ¸ Ñ ¸ Ï~Í+Ð ¸º¹
Ð ·N¸ Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ Ï~Í+Ð ¸ Ø�ÙOÕRX ¸ ��á�Ø » Ê�Ð » Ð ¸ Ï�Í+Ð » ØqÊ ¹7½�¾ Ó ¹�» Ê Ý V ¸ 5�ÐßØqÊ_� ¹ Ö ¸ Ð · Ø���ØqÊ¯Ð ·Ô¸1¹ ÑàØ�5�Ñ ¾
Þ�ØqÊ�� ¸ Ï Ý�¸ ÊtÐ�Í�ÊB�ÌÓÔÊ ¹ Ð�Í ½ Ñ ¸�¹ Ó ½m¹ ámÍ�Þ ¸º¹�> ;�Ø�5 ¸ � ¸ Ï�� Ú Ë L ½�¸ Þ�ØqÖ ¸º¹ Ñ ¸º¹�¹�¸ þRÞ »¼¸ ÊtÐTÍ ¹ Ð ·N¸ � » Ö ¸ Ê ¹�» ØqÊ
Ø�Ù$Ð ·Ô¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸ ¹ Ó ½m¹ á­Í�Þ ¸ » ÊmÞ�Ï ¸ Í ¹ß¸º¹ ��Ø�Ï�5 ·N¸ Ê�Ð ·N¸ ¸º»¼Ý�¸ Êj�+Í�Ñ¼Ó ¸º¹ Ø�Ù�Ð ·Ô¸1¹�¾�¹ Ð ¸ Ö�Í+Ï ¸ ÊNØ�ÐE5 ¸ Ñ¼Ñ
¹ß¸ ámÍ+Ï�Í+Ð ¸ � >

ÉfÊ Ð ·Ô»¼¹ Þ · Í+áÔÐ ¸ Ï<5 ¸�¹ Ð�ÓB� ¾ Ð ·N¸ á ¸ Ï�Ù<Ø�Ï~ÖgÍ�ÊÔÞ ¸ Ø�Ù Ú Ë L 5 ·N¸ ÊÌÓ ¹ß¸ � ÐßØ ·N¸ Ñ¼á Õ­ÊB�7Ð ·N¸$¹ ØqÑ×ÓNÐ » ØqÊ ¹
Ø�Ù ·Ô»àÝq· Ï ¸º¹ ØqÑ¼ÓÔÐ » ØqÊá� »¼¹ Þ�Ï ¸ Ð »9  Í+Ð » ØqÊ ¹ Ø�Ù�ÖjÓÔÑàÐ » � » Ö ¸ Ê ¹�» ØqÊmÍ�Ñ ámÍ+Ï~Ð » Í�Ñr� » A ¸ Ï ¸ Ê�Ð » Í�Ñ ¸ºÛ ÓÔÍ+Ð » ØqÊ ¹U>OL Ø ¹ Ð
áÔÏ ¸ � » ØqÓ ¹�¹ Ð�ÓR� »à¸º¹ Ø�Ù Ú Ë L · Í�� ¸ ØqÊÔÑ ¾ Þ�ØqÊ ¹�» � ¸ Ï ¸ � » Ð ¹ á ¸ Ï�Ù]Ø�Ï�ÖgÍ�ÊÔÞ ¸ ØqÊ³Þ�ØqÍ+Ï ¹ß¸ ØqÊ ¸ ap� » Ö ¸ Ê ¹�» ØqÊÔÍ�Ñ
½ ØqÓÔÊB�ÔÍ+Ï ¾ � Í�Ñ×Ó ¸ áÔÏ�Ø ½ Ñ ¸ Ö ¹U>

=O¸ Ñ×Ñ ¸ Ï
Í�ÊB�DM�ØqÊ 
 Ø ¹ß¸ Êof 	�
 i�Ó ¹ß¸ � Ú Ë L ÐßØ�Í�ÞcÞ ¸ Ñ ¸ Ï~Í+Ð ¸ Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ 5 ·Ô» Ñ ¸ Þ�ØqÖ á­ÓNÐ » Ê Ý¦¹ ØqÑ×ÓNÐ » ØqÊ ¹
Ø�Ù¦Ð ·N¸7¶ Í ¾ Ñ¼Ø�Ïba�M�Ø�Ï�Ð ¸ X C Ø�5 > � Ñ¼Ð · ØqÓ Ýq· Ð ·Ô¸º» ÏjÞcÍ�Ñ×ÞcÓÔÑ¼Í+Ð » ØqÊ ¹ 5 ¸ Ï ¸ ØqÊ Í Ð · Ï ¸c¸ ap� » Ö ¸ Ê ¹�» ØqÊÔÍ�Ñ Ý Ï » �?�
Ð ·N¸º» Ï�á ¸ Ï�Ð�ÓNÏ ½ Í+Ð » ØqÊ�� » � ÊNØ�Ð ½ Ï ¸ Í 8 Ð ·N¸�¹ß¾ ÖgÖ ¸ ÐßÏ ¾ » ÊRÐ ·Ô¸ Í  º» Ö@ÓÔÐ · Í�ÑW� » Ï ¸ Þ�Ð » ØqÊ[d�Ð ·Ô¸ Ï ¸ Ù]Ø�Ï ¸ �ÔÖgÍ�Ê ¾
Ø�ÙÎÐ ·N¸O¸º»àÝ�¸ Ê�� ¸ Þ�ÐßØ�Ï ¹ 5 ¸ Ï ¸ Ø�Ï�Ð · Ø Ý ØqÊÔÍ�Ñ ÐßØgÐ ·N¸$» Ð ¸ Ï�Í+Ð ¸º¹ Í�ÊB� ·Ô¸ ÊÔÞ ¸ Ð ·N¸c¾ 5 ¸ Ï ¸ ÊNØ�Ð<� ¸ Ð ¸ Þ�Ð ¸ � >

� Þ�ØqÖgÖ ØqÊ25�Í ¾ ÐßØ7Õ­ÊR�ªÐ ·N¸ ¹ Ð ¸ Í�� ¾ ¹ Ð�Í+Ð ¸g¹ ØqÑ×ÓNÐ » ØqÊ ¹ Ø�Ù'ámÍ+Ï�Ð » Í�Ñ�� » A ¸ Ï ¸ ÊtÐ » Í�Ñ ¸ºÛ ÓmÍ+Ð » ØqÊ ¹O»¼¹ ÐßØ
» Ê�Ð ¸cÝ Ï~Í+Ð ¸ Ð ·N¸ Ö"Ù<Ø�Ï�5�Í+Ïq� » Ê Ð » Ö ¸ ÓÔÊ�Ð » ÑTÐ ·Ô¸c¾ Þ�ØqÊ�� ¸ Ï Ý�¸�>GÚ Ë L »¼¹ Ó ¹ß¸ Ù ÓÔÑ » Ê Í�ÞcÞ ¸ Ñ ¸ Ï~Í+Ð » Ê Ý Ð ·Ô»¼¹
Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ � Í ¹ 5 ¸ Ñ¼ÑCÍ ¹ Ù<Ø�Ï ¸ ÊÔÍ ½ Ñ » Ê Ý Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ ÐßØÌÓÔÊ ¹ Ð�Í ½ Ñ ¸@¹ ØqÑ¼ÓNÐ » ØqÊ ¹�>�L Ø�Ï ¸ Ø�� ¸ Ï�� Ú Ë L"»¼¹
¸ Í ¹�» Ñ ¾R» Ö á­Ñ ¸ Ö ¸ Ê�Ð ¸ � ØqÊO� »¼¹ ÐßÏ »à½ ÓNÐ ¸ �7Ö ¸ Ö Ø�Ï ¾ Þ�ØqÖ ámÓNÐ ¸ Ï ¹ Ð · Í+Ð�Í+Ï ¸ Ð ¾ á » ÞcÍ�Ñ¼Ñ ¾ Ó ¹ß¸ � ÐßØ ¹ ØqÑG� ¸�·Ô»àÝq·
Ï ¸º¹ ØqÑ×ÓNÐ » ØqÊ ¹ áÔÏ�Ø ½ Ñ ¸ Ö ¹U>¦¶¦·N¸ ØqÊÔÑ ¾ Í��B� » Ð » ØqÊÔÍ�Ñ Þ�ØqÖgÖjÓÔÊ » ÞcÍ+Ð » ØqÊ » Ögá)Ø ¹�¸ � »¼¹�» ÊªÐ ·Ô¸ ÞcÍ�Ñ¼ÞcÓÔÑ×Í+Ð » ØqÊªØ�Ù
¹ ØqÖ ¸@» ÊÔÊ ¸ Ï�áÔÏ�Ø��ÔÓÔÞ�Ð ¹�>

Y ¸ Ó ¹ß¸ Ð ·N¸¦¹ Í�Ö ¸TÚ Ë L Í�Ñ Ý Ø�Ï » Ð · Ö4Í ¹ Ø�Ï »¼Ýq» ÊÔÍ�Ñ¼Ñ ¾ � ¸ � »¼¹�¸ � ½�¾ 
 Þ · Ï�ØeAÌÍ�ÊB� =O¸ Ñ¼Ñ ¸ Ï�� ¸ XÈÞ ¸ ámÐ�Ð · Í+Ð
5 ¸ Ï ¸ ámÑ¼Í�Þ ¸ Ð ·N¸�L Ø�� » Õ ¸ � Ø Ï~Í�Ö 
 Þ · Ö » �NÐ�Ø�Ï�Ð · Ø Ý ØqÊÔÍ�Ñ »G  Í+Ð » ØqÊT5 » Ð · ;�ØqÓ ¹ß¸º· ØqÑ7� ¸ ÏTØ�Ï�Ð · Ø Ý ØqÊÔÍ�Ñ »9  Í*a
Ð » ØqÊ >R¶¦·Ô»¼¹ Þ · Í�Ê Ý�¸ Ï ¸ �ÔÓÔÞ ¸º¹ Ð ·Ô¸ ¸ Ï�Ï�Ø�Ï ¹ Ð · Í+Ð$Í+Ï ¸gÝ�¸ Ê ¸ Ï~Í+Ð ¸ � ½�¾ Ð ·N¸ Ø�Ï�Ð · Ø Ý ØqÊÔÍ�Ñ »9  Í+Ð » ØqÊ³áÔÏ�ØÈÞ ¸º¹�¹
5 ·Ô» Ñ ¸ ÓNá?�ÔÍ+Ð » Ê Ý Ð ·N¸ ÓmÊ ¹ Ð�Í ½ Ñ ¸�¹ Ó ½m¹ á­Í�Þ ¸ Í�ÊB� Õ­ÊB� » Ê Ý Ð ·N¸ Ø�Ï�Ð · Ø Ý ØqÊÔÍ�Ñ ½ Í ¹�»×¹ Ø�Ù
Ð ·N¸ = Ï ¾ ÑàØ�� ¹ ámÍ�Þ ¸�>

����� Ä>¨]Å � ¡�¤����
�f�_� ¢
; ¸ Ï ¸ 5 ¸TÝq» � ¸ Í ½ Ï »à¸ ÙR� ¸º¹ Þ�Ï » áÔÐ » ØqÊ@Ø�Ù)Ð ·N¸¦Ú Ë L Í�Ñ Ý Ø�Ï » Ð · ÖT��Ù ÓÔÑ¼Ñ�� ¸ Ð�Í » Ñ ¹ Ø�Ùu5 ·Ô» Þ · Í�ÊR� Þ�ØqÊj� ¸ Ï Ý�¸ ÊmÞ ¸
áÔÏ�Ø�Ø�Ù ¹ ÞcÍ�Ê ½�¸ Ù]ØqÓmÊB� » Ê 
 Þ · Ï�ØeA�Í�ÊB� =O¸ Ñ¼Ñ ¸ Ï@fhg��*i >
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 ÓÔáÔá�Ø ¹ß¸ 5 ¸$· Í�� ¸ Ð ·N¸ ÕBX ¸ � á�Ø » Ê�Ð » Ð ¸ Ï~Í+Ð » ØqÊ?S2MÆ K � ñÈÇ Ò q � 2\Æ K Ç æb� � æ � ¢:>G	��

5 ·N¸ Ï ¸ q SKµ­É�ÊGµ���µ­É »¼¹¦¹ ÖgØ�Ø�Ð ·?>

Ø�» � ¸ Ê ¹ ØqÖ ¸0U P ¡ 5 ¸ � ¸ Õ­Ê ¸ Ð ·N¸ ÓmÊ ¹ Ð�Í ½ Ñ ¸O¹ Ó ½m¹ ámÍ�Þ ¸ÌË ÐßØ ½)¸ Ð ·Ô¸$¹ ámÍ�ÊÌØ�ÙCÐ ·N¸�¸º»¼Ý�¸ Êj� ¸ Þ�ÐßØ�Ï ¹
Ø�Ù q�, Ð · Í+Ð · Í�� ¸$¸º»àÝ�¸ Ê��+Í�Ñ¼Ó ¸º¹ 5 ·m» Þ · Ñ »¼¸ ØqÓÔÐ ¹�» � ¸ Ø�ÙCÐ ·N¸ � »×¹b8`Í`Î n ë�4 7 4�V 	 � U ì >

Y ¸ 5¦Ï » Ð ¸ Ð ·N¸�¹ á­Í�Þ ¸ µ É Í ¹ Ð ·N¸ � » Ï ¸ Þ�Ð ¹ ÓmÖ Ø�Ù�Ð ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸¦¹ Ó ½m¹ ámÍ�Þ ¸AË �ÈÍ�ÊB� » Ð ¹ Ø�Ï�Ð · Ø Ý ØqÊÔÍ�Ñ
Þ�ØqÖ á�ØqÊ ¸ Ê�ÐgÏ ��Í�ÊB� » ÊtÐßÏ~Ø��ÔÓmÞ ¸ Ð ·Ô¸ Ø�Ï�Ð · Ø Ý ØqÊÔÍ�Ñ
áÔÏ�Ø*P ¸ Þ�Ð » ØqÊÌØ�á ¸ Ï~Í+ÐßØ�Ï ¹ �0�ÔÍ�ÊB� � �ÔÏ ¸º¹ á ¸ Þ�Ð » � ¸ Ñ ¾�>

H ¹�» Ê Ý Ð ·Ô¸º¹ß¸ áÔÏ�Ø*P ¸ Þ�Ð » ØqÊÌØ�á ¸ Ï~Í+ÐßØ�Ï ¹ �NÙ]Ø�Ï ¸ Í�Þ ·Ý2 <$µ É �B5 ¸�· Í�� ¸ Ð ·N¸ ÓÔÊ »×Û Ó ¸ � ¸ Þ�ØqÖ á�Ø ¹�» Ð » ØqÊ?S
2 Ò  òWÐ�æ ÑÒÓ

ÒÔ
 n � 2 < Ë æ
� » Ö Ë ÒT9"æ ÑÒÓ

ÒÔ
Ð n �Î2 <�ÏFæ
� » Ö�Ï¬ÒB5 � 9"× � ¢:> � �

É Ð »¼¹ Í ¹�¹ ÓmÖ ¸ �ÌÐ · Í+Ðº9dÕ 5 >
V�Ø�5�Í+áÔámÑ ¾�» Ê Ý Í�� ¾ Í+á­ÓÔÊNØ���a 
 Þ · Ö » �NÐ�� ¸ Þ�ØqÖ á�Ø ¹�» Ð » ØqÊ ÐßØRÐ ·N¸j¹ß¾È¹ Ð ¸ Ö 2 Ò q � 2 æb� �¦Ýq» � ¸º¹ Ð ·N¸

Þ�ØqÓNámÑ ¸ � ¹ß¾�¹ Ð ¸ ÖTS  ÒU� �  æSÐ�æb� � n � q �  ò�Ð�æb� � æ � ¢:> g �
Ð�Ò � �  æSÐ�æb� � n � q �  ò�Ð�æb� � × � ¢:>h¢��

¶¦·Ô¸3» � ¸ Í¦Ø�Ù Ú Ë L »×¹ ÐßØ�Ó ¹ß¸ V ¸ 5¦ÐßØqÊ_� ¹ Ö ¸ Ð · Ø��@ÐßØ ¹ ØqÑG� ¸ Ù<Ø�Ï  5 ·Ô» Þ ·$»¼¹�» Ê�Ð ·N¸ ÑàØ�5$� » Ö ¸ Ê ¹�» ØqÊÔÍ�Ñ
ÓÔÊ ¹ Ð�Í ½ Ñ ¸$¹ Ó ½m¹ ámÍ�Þ ¸0Ë �)Í�ÊB�ªÐßØ7Þ�ØqÊ�Ð » Ê�Ó ¸ Ó ¹�» Ê Ý Ð ·Ô¸ ÕBX ¸ � á�Ø » Ê�Ð » Ð ¸ Ï�Í+Ð » ØqÊªÙ<Ø�Ï ÛR>�¶�·Ô»¼¹T¾È»à¸ ÑG� ¹ Ð ·N¸
Ê ¸ 5 » Ð ¸ Ï~Í+Ð » ØqÊ?S

� £ � � Æ K ÇÖ � �  Æ K � ñÈÇ �  Æ K Ç � ÒU� �  Æ K Ç æSÐ Æ K Ç æb� � �  Æ K Ç æ � ¢:>«���
Ð�Æ K � ñÈÇ Ò � �  Æ K Ç æSÐ�Æ K Ç æb� � × � ¢:> s �

ÒNØ�Ï ¸ þRÞ »¼¸ ÊÔÞ ¾ » ÊgÐ ·N¸ Þ�ØqÖ ámÓNÐ�Í+Ð » ØqÊ&5 ¸�» Ê�ÐßÏ�Ø��ÔÓÔÞ ¸ Þ�Ø�Ø�Ïq� » ÊmÍ+Ð ¸ �+Í+Ï » Í ½ Ñ ¸º¹g7 ÐßØjÏ ¸ áÔÏ ¸º¹�¸ ÊtÐ  < Ë
5 » Ð · Ð ·Ô¸ Ø�Ï�Ð · ØqÊNØ�Ï�ÖgÍ�Ñ ½ Í ¹�»¼¹�× S 7 n × »  Ò × » W æ 7 <�µ æ × � ¢:> ª �



¢�¡
H ¹�» Ê Ý Ð ·Ô¸º¹ß¸ Þ�Ø�Ø�Ïq� » ÊÔÍ+Ð ¸ �+Í+Ï » Í ½ Ñ ¸º¹ 5 ¸ Ï ¸ 5¦Ï » Ð ¸ � ¢:>«��� Í ¹

� £ � × » q Æ K Ç, ×F� � 7�Æ K � ñÈÇ � 7�Æ K Ç � Ò × » q � 2MÆ K Ç æb� � � 7�Æ K Ç × � ¢:>«���

¶¦·N¸ Ó ¹�¸ Ø�ÙÎÞ�Ø�Ø�Ïq� » ÊÔÍ+Ð ¸º¹ �+Í+Ï » Í ½ Ñ ¸º¹ Ï ¸ �ÔÓÔÞ ¸º¹ Ð ·N¸�¹~»9 c¸ Ø�Ù Ð ·N¸ ÖgÍ+ÐßÏ » XRÐ · Í+Ð45 ¸ Ê ¸c¸ � ÐßØ » Ê�� ¸ Ï�Ð�Ù<Ï�ØqÖ5�Ê?5 ÐßØÛ9ØÊÙ9 >!¶¦·Ô»×¹�»×¹ 5 ·�¾ 5 ¸ Í+Ï ¸ 5 » Ñ¼Ñ » Ê Ý ÐßØ Ó ¹ß¸ V ¸ 5¦ÐßØqÊ_� ¹ Ö ¸ Ð · Ø��ÌÐßØ Þ�ØqÖ á­ÓNÐ ¸  >
h3 ¢¡� ¢¡ àá²¹²g§¬ª}§¢«H­®«�¯ÚÙÛ¤�Ë+ª�«H¦@¸�ª}«�Û¥­¹¸�ª�©�ÜçÌ¬¤]¯�·­Ü¹¸|½g©_ËS¤
¶ ØE� ¸ Ð ¸ Ï~Ö » Ê ¸ 5 ·Ô» Þ · � ¸ Þ�ÐßØ�Ï ¹$¹�· ØqÓÔÑG� ½�¸ Í��B� ¸ � ÐßØ Ð ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸@¹ Ó ½m¹ ámÍ�Þ ¸ �u5 ¸ Ó ¹�¸ Ð ·N¸0= Ï ¾ ÑàØm�
¹ ámÍ�Þ ¸ Ø�Ù�Ð ·N¸ � » A ¸ Ï ¸ ÊÔÞ ¸ Ø�ÙCÐ ·N¸ áÔÏ ¸ � » ØqÓ ¹T» Ð ¸ Ï~Í+Ð ¸º¹ S

Í n ë � Ð�Æ K Ç æ � Ð�Æ K I ñÈÇ æ � Ð�Æ K I & Ç æU×U×U×~æ � Ð�Æ K I M � ñÈÇ ì�æ � Ð�Æ K Ç n Ð�Æ K Ç � Ð�Æ K I ñÈÇ × � ¢:>«
��


 Þ · Ï�ØeA�Í�ÊB� =O¸ Ñ¼Ñ ¸ Ï ¹�· Ø�5 ¸ � Ð · Í+Ð�Í ¹ß¾ Ö áÔÐßØ�Ð » ÞcÍ�Ñ¼Ñ ¾ � Ð�Ñ »à¸º¹T» Ê Ð ·N¸ �NØqÖ » ÊÔÍ�ÊtÐ ¸º»àÝ�¸ Ê ¹ ámÍ�Þ ¸ Ø�Ù �KÝ >
Y ¸ Þ�ØqÖgámÓNÐ ¸ Ð ·N¸�À�Ú Ù Í�Þ�ÐßØ�Ï »9  Í+Ð » ØqÊ Ø�Ù Í Ó ¹�» Ê Ý ;�ØqÓ ¹ß¸º· ØqÑ7� ¸ Ï�ÐßÏ~Í�Ê ¹ Ù<Ø�Ï~ÖgÍ+Ð » ØqÊ ¹ � ¹ Ø Í Ò};Í ±@�

5 » Ð · ±®<$µ M ³ M ÓÔáÔá ¸ ÏCÐßÏ » Í�Ê Ý ÓÔÑ¼Í+Ï��tÍ�ÊB�3;Í <Gµ­É ³ M Ø�Ï~Ð · Ø Ý ØqÊÔÍ�Ñ > Y ¸�¸ XÈÍ�Ö » Ê ¸ Ð ·N¸ ÖgÍ+ÐßÏ » X
± Í�ÊB�
» Ù
Ù<Ø�Ï ¹ ØqÖ ¸ÎÆ Sm4 ± ¿è¿ 4KÞp4 ± ¿ � ñ ¿ � ñ|4�Ð ·Ô¸ ÊE5 ¸ Í��B� Ð ·Ô¸ � ¸ Þ�ÐßØ�Ï ¹ ë
;Í ñ�æU×U×U×[æm;Í ¿ ì��NÐ ·N¸ ÕmÏ ¹ Ð Æ Þ�ØqÑ¼ÓÔÖgÊ ¹ Ø�Ù
Ð ·N¸ ÖgÍ+ÐßÏ » X�;Í ��ÐßØ7Ð ·Ô¸ ÓmÊ ¹ Ð�Í ½ Ñ ¸�¹ Ó ½­¹ ámÍ�Þ ¸�> ÉfÊ ØqÓÔÏ�Þ�ØqÖ ámÓNÐ�Í+Ð » ØqÊ ¹ 5 ¸ Ó ¹ß¸ Í�Ê�Í�ÞcÞ ¸ áÔÐ�Í�ÊÔÞ ¸ Ï~Í+Ð » Ø
Ø�Ù �e¡ �B5 ·Ô» Þ · Ýq» � ¸º¹ Ð ·N¸ Ð ¸º¹ ÐUSÌ4 ± ¿è¿ 4 6¼�e¡ 4 ± ¿ � ñ ¿ � ñ 4 >


 » ÊÔÞ ¸ Í�Ñ¼Ñ'Ø�Ù�Ð ·N¸ � ¸ Þ�ÐßØ�Ï ¹j» Ê�Ð ·N¸�= Ï ¾ ÑàØ�� ¹ ámÍ�Þ ¸ Í+Ï ¸ Í�Ñ¼ÖgØ ¹ Ð » Ê³Ð ·N¸ ¹ Í�Ö ¸ � » Ï ¸ Þ�Ð » ØqÊ?� Ð ·N¸ Ó ¹ß¸
Ø�ÙOÐ ·N¸ ;�ØqÓ ¹ß¸º· ØqÑG� ¸ Ï ÐßÏ�Í�Ê ¹ Ù<Ø�Ï~ÖgÍ+Ð » ØqÊ?� » Ê ¹ Ð ¸ Í�� Ø�ÙOÐ ·N¸cL Ø�� » Õ ¸ � Ø Ï~Í�Ö,a 
 Þ · Ö » �ÔÐgÍ�Ñ Ý Ø�Ï » Ð · Ö�Í ¹
Ø�Ï »àÝq» ÊÔÍ�Ñ¼Ñ ¾ áÔÏ�Ø�á�Ø ¹ß¸ � ½�¾ 
 Þ · Ï�ØeA Í�ÊR� =O¸ Ñ×Ñ ¸ Ï��­Ö ¸ Í�Ê ¹ Ð · Í+Ð�Ð ·N¸ Ø�Ï�Ð · Ø Ý ØqÊmÍ�Ñ »9  Í+Ð » ØqÊ »¼¹ Ö@ÓÔÞ · Ö Ø�Ï ¸
Í�ÞcÞcÓNÏ~Í+Ð ¸�>

ÒNØ�Ï Ú Ë L ÐßØ á ¸ Ï~Ù]Ø�Ï~Ö ¸ þRÞ »à¸ Ê�Ð�Ñ ¾ � » Ð@Ê ¸c¸ � ¹ ÐßØ ½)¸ Í ½ Ñ ¸ ÐßØ » � ¸ Ê�Ð » Ù ¾ Ð ·Ô¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸ ¹ Ó ½m¹ ámÍ�Þ ¸
Û Ó » Þ 8 Ñ ¾�>³¶¦·m»¼¹@»×¹ ØqÊÔÑ ¾ Í1Þ�ØqÊÔÞ ¸ Ï~Ê Í+Ð Ð ·N¸ ½�¸cÝq» ÊÔÊ » Ê Ý Ø�Ù¦Ð ·N¸ Þ�ØqÊ�Ð » Ê�ÓÔÍ+Ð » ØqÊ áÔÏ�ØÈÞ ¸ �ÔÓNÏ ¸R¹�» ÊmÞ ¸ 5 ¸
8�¸c¸ á Ð ·N¸ ÓmÊ ¹ Ð�Í ½ Ñ ¸R¹ Ó ½m¹ á­Í�Þ ¸ Í ¹ 5 ¸ áÔÏ�Ø Ý Ï ¸º¹~¹ Í�ÑàØqÊ Ý Ð ·N¸R½ Ï~Í�ÊÔÞ ·?> ;�Ø�5 ¸ � ¸ Ï��'ØqÊ­� ¸ Ï ¾ ÓÔÊ ¹ Ð�Í ½ Ñ ¸
½ Ï~Í�ÊmÞ ·N¸º¹ 5 ¸g¸ XÈá ¸ Ï »à¸ ÊÔÞ ¸ áÔÏ�Ø ½ Ñ ¸ Ö ¹�¹ Ð�Í+Ï�Ð » Ê Ý Ð ·Ô¸ Þ�ØqÊtÐ » Ê�ÓÔÍ+Ð » ØqÊ1ámÏ�Ø�Þ ¸ �mÓNÏ ¸�> N ¾ Ð ·N¸ Ð » Ö ¸gÚ Ë L
· Í ¹¦» � ¸ ÊtÐ » Õ ¸ � Ð ·N¸ � » � ¸ Ï Ý�¸ ÊtÐn� ¸ Þ�ÐßØ�Ï ¹ �mÐ ·N¸$¸ Ï�Ï�Ø�Ï » Ê Ð ·Ô¸ ÞcÓNÏ�Ï ¸ Ê�Ð ¹ ØqÑ¼ÓNÐ » ØqÊ · Í ¹TÝ Ï�Øm5�Ê ÐßØ�Ø Ñ¼Í+Ï Ý�¸�>

¶¦·Ô¸7¹�»G c¸ Ø�Ù¦Ð ·Ô¸ Í�ÞcÞ ¸ áÔÐ�Í�ÊmÞ ¸ Ï~Í+Ð » Ø Ý Ï ¸ Í+Ð�Ñ ¾ Í*A ¸ Þ�Ð ¹g· Øm5 Û Ó » Þ 8 Ñ ¾ � ¸ Þ�ÐßØ�Ï ¹ Í+Ï ¸ Í��B� ¸ � ÐßØ1Ð ·N¸
ÓÔÊ ¹ Ð�Í ½ Ñ ¸�¹ Ó ½m¹ á­Í�Þ ¸ � ¸º¹ á ¸ Þ » Í�Ñ¼Ñ ¾ 5 ·Ô¸ Ê Ð ·N¸O¸º»àÝ�¸ Ê�� Í�Ñ¼Ó ¸º¹ Í+Ï ¸ ÊNØ�Ð45 ¸ Ñ¼Ñ ¹ß¸ ámÍ+Ï~Í+Ð ¸ � > É Ê Ð ·N¸ Ù<ØqÑ¼ÑàØm5 » Ê Ý
Þ · Í+áÔÐ ¸ Ï^5 ¸�Ýq» � ¸ Í�Ê ¸ XNÍ�Ö ámÑ ¸ Ø�Ù · Ø�5�Ð ·N¸ á ¸ Ï�Ù<Ø�Ï~ÖgÍ�ÊmÞ ¸�»¼¹ Í*A ¸ Þ�Ð ¸ ��5 ·N¸ Ê Ð ·Ô¸ Í�ÞcÞ ¸ áÔÐ�Í�ÊÔÞ ¸ Ï~Í+Ð » Ø »¼¹
Í�ÑàÐ ¸ Ï ¸ � > ÉwÙ�Ð ·N¸ Í�ÞcÞ ¸ áÔÐ�Í�ÊÔÞ ¸ Ï�Í+Ð » Ø »×¹ ÐßØ�Ø ¹ ÖgÍ�Ñ¼Ñ ��Ð ·N¸ ÊRÐ ·N¸ ÓmÊ ¹ Ð�Í ½ Ñ ¸�¹ Ó ½m¹ ámÍ�Þ ¸ Ð · Í+Ð »¼¹ Þ�ØqÊ ¹ ÐßÏ�ÓÔÞ�Ð ¸ �



¢B	
»¼¹ ÊNØ�Ð » Êj�+Í+Ï » Í�Ê�Ð > ¶¦·Ô»¼¹ ÞcÍ�Ó ¹ß¸º¹ Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ áÔÏ�Ø ½ Ñ ¸ Ö ¹U> � ØqÊj� ¸ Ï ¹�¸ Ñ ¾�» Ù!Ð ·N¸ Í�ÞcÞ ¸ ámÐ�Í�ÊÔÞ ¸ Ï�Í+Ð » Ø »¼¹
ÐßØ�Ø Ñ¼Í+Ï Ý�¸ �ÔÐ ·Ô¸ Ê » ÐTÐ�Í 8�¸º¹ ÐßØ�Ø Ö Í�Ê ¾ » Ð ¸ Ï~Í+Ð » ØqÊ ¹ ÐßØ »¼¹ ØqÑ×Í+Ð ¸ Ð ·N¸ � ¸ Þ�ÐßØ�Ï ¹ ÐßØ ½�¸ Í��B� ¸ � >

ÉfÊÔÞ�Ï ¸ Í ¹�» Ê Ý Ð ·N¸!¹�»G c¸ Ø�Ù�Ð ·Ô¸r= Ï ¾ ÑàØ�� ¹ ámÍ�Þ ¸3» Ö áÔÏ�Øm� ¸º¹ Ð ·N¸!¹ á ¸c¸ �$Í+Ð[5 ·Ô» Þ · Ð ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸'¹ Ó ½m¹ ámÍ�Þ ¸
»¼¹ Þ�ØqÊ ¹ ÐßÏ~ÓmÞ�Ð ¸ �?� ¹�» ÊÔÞ ¸j» Ð�Í�Ñ¼ÑàØ�5 ¹ Ó ¹ ÐßØ Í��B�1Ö Ø�Ï ¸ � ¸ Þ�ÐßØ�Ï ¹�¹�» Ö@ÓÔÑ¼Ð�Í�Ê ¸ ØqÓ ¹ Ñ ¾�>�Ú ØqÓÔÊR�ªØeA ¸ Ï~Ï�Ø�Ï ¹ �NØ
ÊNØ�ÐÎÞcÍ�Ó ¹ß¸ Í�áÔÏ�Ø ½ Ñ ¸ Ö¬5 » Ð · Ð ·N¸ Í�ÞcÞcÓNÏ~Í�Þ ¾ Ø�ÙÔÐ ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸3¹ Ó ½­¹ ámÍ�Þ ¸�>Î¶¦·N¸ Ø�Ï~Ð · Ø Ý ØqÊÔÍ�Ñ »9 c¸ �Å� ¸ Þ�ÐßØ�Ï ¹
Ø�Ù!Ð ·Ô¸,= Ï ¾ Ñ¼Ø�� ¹ ámÍ�Þ ¸ Ð · Í+Ð�Í+Ï ¸ Þ�ØqÊtÐ�Í�Ö » ÊÔÍ+Ð ¸ � ½�¾ Ï�ØqÓmÊB�ªØeA ¸ Ï�Ï�Ø�ÏOÍ+Ï ¸ Í�Ñ×Ñ�Ø�Ù3Ð ·N¸ ¹ Í�Ö ¸ Ø�Ïq� ¸ ÏOØ�Ù
ÖgÍ Ý Ê » Ð�ÓB� ¸�>'¶¦·N¸ Ï ¸ Ù]Ø�Ï ¸ �NÐ ·Ô¸c¾ �ÔØgÊNØ�Ð¦ámÍ ¹�¹ ØqÓNÏ¦Í�ÞcÞ ¸ áÔÐ�Í�ÊÔÞ ¸ Ð ¸º¹ Ð >

Ü ÓNÏ » Ê Ý ØqÓÔÏ�Ó ¹ß¸ Ø�Ù Ú Ë L 5 ¸ Ù]ØqÓÔÊR�RØÈÞcÞcÍ ¹�» ØqÊ ¹ 5 ·N¸ Ê7ØqÊÔÑ ¾ ØqÊ ¸ � ¸ Þ�ÐßØ�Ï�Ï ¸ Ñ¼Í+Ð » Ê Ý ÐßØgÍ�Þ�ØqÖ ámÑ ¸ X
Þ�ØqÊ*P�Ó Ý Í+Ð ¸ ámÍ » ÏOØ�Ù ¸º»àÝ�¸ Ê��+Í�Ñ¼Ó ¸º¹O»¼¹ Í��B� ¸ �1ÐßØ Ð ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸ ¹ Ó ½m¹ ámÍ�Þ ¸�>j¶�·Ô»¼¹ ÞcÍ�Ó ¹ß¸º¹ Þ�ØqÊj� ¸ Ï Ý�¸ ÊmÞ ¸
Ù Í » Ñ¼ÓNÏ ¸ �ÔÓ ¸ ÐßØ Ð ·N¸ ÑàØ ¹�¹ Ø�Ù » Ê��+Í+Ï » Í�ÊÔÞ ¾ Ø�Ù3Ð ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸@¹ Ó ½­¹ ámÍ�Þ ¸�>�¶ Ø Þ�Ø�Ï~Ï ¸ Þ�ÐOÐ ·Ô»¼¹ áÔÏ�Ø ½ Ñ ¸ ÖÚ5 ¸
Ó ¹ß¸ Ð ·Ô¸g» � ¸ Í Ø�Ù4; > N >K=�¸ Ñ¼Ñ ¸ ÏOÐßØ » Ê�ÐßÏ�Ø��ÔÓÔÞ ¸ Í Ê ¸ 5�Ð ¸º¹ Ð$ÐßØ.� ¸ Ð ¸ Ï�Ö » Ê ¸ 5 ·N¸ Ð ·Ô¸ Ï�Ð ·N¸ ¸º»àÝ�¸ Ê�� Í�Ñ×Ó ¸º¹
Í+Ï ¸ Þ�ØqÖgámÑ ¸ X Ø�Ï¦Ï ¸ Í�Ñ >

ÒNØ�ÏjÑ¼Í+Ï Ý�¸ #1Ð ·Ô¸g» Ð ¸ Ï~Í+Ð ¸º¹ � Ð Æ K Ç Í ¹ß¾ Ö áÔÐßØ�Ð ¸ ÐßØ Ð ·Ô¸g¹ ÓÔÖ�Ø�Ù�Ð ·N¸ ¸º»àÝ�¸ Ê�� ¸ Þ�ÐßØ�Ï ¹ Ø�Ù�Ð ·N¸ Ñ×Í+Ï Ý�¸º¹ Ð
Ðp5�Ø ¸º»¼Ý�¸ Êj�+Í�Ñ¼Ó ¸º¹ ���?ñ�Í�ÊB�e� & >!¶¦·Ô»×¹3Ýq» � ¸º¹ Ð ·N¸�¸ºÛ ÓÔÍ+Ð » ØqÊ ¹ S� Ð Æ K Ç Òß� & ñ Amñ�òà� && A & æ � ¢:>G	U¡j�� Ð Æ K I ñÈÇ Òß�Wñ�Amñ�òà� & A & æ � ¢:>G	�	��� Ð Æ K I & Ç ÒUA�ñ�ò�A & × � ¢:>G	 � �

�!Ñ » Ö » ÊÔÍ+Ð » Ê Ý Amñ$Í�ÊB��A & Ù]Ï�ØqÖ£Ð ·N¸º¹ß¸g¸ºÛ ÓÔÍ+Ð » ØqÊ ¹�¾�»à¸ Ñ7� ¹ Ð ·N¸ ¹ Í�Ö ¸ Û ÓmÍ��NÏ~Í+Ð » Þ ¸ºÛ ÓÔÍ+Ð » ØqÊ Ù]Ø�Ï ¸º» Ð ·N¸ Ï�?ñ¦Ø�Ï�� & S
� & � Ð�Æ K I & Ç � ��� � Ð�Æ K I ñÈÇ ò � Ð�Æ K Ç Ò ¡ × � ¢:>G	 g �

Y ¸ ÊÔØ�5 Ð�Í 8�¸ Ð ·N¸�» ÊÔÊ ¸ ÏTámÏ�Ø��mÓÔÞ�Ð¦5 » Ð · � Ð Æ K Ç �mÑ ¸ Í�� » Ê Ý S
� &Ká � Ð Æ K I & Ç æ � Ð Æ K ÇÈâ � ��� á � Ð Æ K I ñÈÇ æ � Ð Æ K Ç�â ò á � Ð Æ K Ç æ � Ð Æ K ÇÈâ Ò ¡ × � ¢:>G	à¢��

¶¦·Ô»×¹TÛ ÓÔÍ��ÔÏ~Í+Ð » Þ ¸ºÛ ÓmÍ+Ð » ØqÊ »¼¹�¸ Í ¹~» Ñ ¾ ¹ ØqÑ9� ¸ �ÌÙ<Ø�Ï��[S
��Ò á � Ð Æ K I ñÈÇ æ � Ð Æ K Ç â\ã n á � Ð Æ K I ñÈÇ æ � Ð Æ K Ç â & � á � Ð Æ K I & Ç æ � Ð Æ K Ç â á � Ð Æ K Ç æ � Ð Æ K Ç âá � Ð Æ K I & Ç æ � Ð Æ K Ç â × � ¢:>G	����

É Ù á � Ð Æ K I ñÈÇ æ � Ð Æ K Ç â & V á � Ð Æ K I & Ç æ � Ð Æ K Ç â á � Ð Æ K Ç æ � Ð Æ K Ç â Ð ·N¸ Ê$Ð ·N¸ Ðp5�Ø�Ñ¼Í+Ï Ý�¸º¹ Ð ¸º»¼Ý�¸ Êj�+Í�Ñ¼Ó ¸º¹ Í+Ï ¸



¢ �
Í7Þ�ØqÖ ámÑ ¸ X Þ�ØqÊePßÓ Ý Í+Ð ¸ ámÍ » Ï�� ¹ Ø�5 ¸ Ù<Ø�Ï ½m» � Ú Ë L Ù]Ï~ØqÖ>ØqÊmÑ ¾ Í��B� » Ê Ý ØqÊ ¸ � ¸ Þ�ÐßØ�Ï�ÐßØRÐ ·Ô¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸
¹ Ó ½­¹ ámÍ�Þ ¸�> Y ¸ Þ�ØqÓÔÑG� Ó ¹�¸ Ð ·Ô¸ Þ�ØqÖ á�ØqÊ ¸ ÊtÐ ¹ Ø�Ù�Í�Ê ¾ ÕRX ¸ � Þ�Ø�Ø�Ïq� » ÊmÍ+Ð ¸ » Ê � ¢:>G	 g � �3Ø�Ï ¹ß¸ � ¸ Ï~Í�ÑTØ�Ù
Ð ·N¸ ÖT� » Ê ámÑ¼Í�Þ ¸ Ø�Ù � ¢:>G	à¢��U>

h3 ¢¡� {� ¼ ©:§Â­äª�©_§Â­g§¢­­¬TàáËrËr·g¦f©_Ë+â «�¯.Û¥­g¸�ª}©�Ü¹Ì¬¤�¯�·­Ü¹¸|½g©_ËS¤
� ¹ � ¸º¹ Þ�Ï »à½�¸ � » Ê 
 Þ · Ï�ØeA³Í�ÊB� =O¸ Ñ¼Ñ ¸ Ï��R5 ·Ô» Ñ ¸ Þ�ØqÊ�Ð » Ê�Ó » Ê Ý Í�Ñ¼ØqÊ Ý Í ½ Ï~Í�ÊÔÞ · Ø�Ù ¹ ØqÑ¼ÓNÐ » ØqÊ ¹ Ð ·N¸ �NØqÖ » a
ÊÔÍ�Ê�Ð ¸º»àÝ�¸ Ê ¹ ámÍ�Þ ¸ Ø�Ù qÎ, Þ · Í�Ê Ý�¸º¹U>�¶¦·N¸ Ï ¸ Ù]Ø�Ï ¸ ��5 ¸ Ê ¸c¸ � ÐßØ á ¸ Ï » Ø�� » ÞcÍ�Ñ¼Ñ ¾ ÓNá?�ÔÍ+Ð ¸ Ð ·N¸@½ Í ¹�»¼¹ Ø�Ù�Ð ·N¸
ÓÔÊ ¹ Ð�Í ½ Ñ ¸@¹ Ó ½m¹ ámÍ�Þ ¸�>�¶¦·Ô»¼¹�»¼¹ Í�Þ ·Ô»à¸ � ¸ � ½�¾ á ¸ Ï�Ù<Ø�Ï~Ö » Ê Ý ØqÊ ¸j¹ Ð ¸ á1Ø�Ù!ÍRá�Ø�5 ¸ Ï » Ð ¸ Ï~Í+Ð » ØqÊ Í�ÊB� Ð ·N¸ Ê
Ø�Ï�Ð · Ø Ý ØqÊmÍ�Ñ »9 º» Ê Ý S

×]ä C*ð*ëfå � qÎ, ×F� × � ¢:>G	 s �

V�Ø�Ð ¸ Ð · Í+Ð�Ð ·Ô»¼¹ á�Ø�5 ¸ Ï » Ð ¸ Ï~Í+Ð » ØqÊ »¼¹¦¸ A ¸ Þ�Ð » � ¸ Ñ ¾ Ù<Ï ¸c¸ � ¹�» ÊÔÞ ¸ 5 ¸�· Í�� ¸ Í�ÑàÏ ¸ Í�� ¾ Þ�ØqÖ ámÓNÐ ¸ � q�, × Ù<Ø�Ï
Ð ·N¸$¹ Ð�Í ½m» Ñ »9 c¸ � » Ð ¸ Ï�Í+Ð » ØqÊ � ¢:>«���à>

���m� �G�~�^�����������~���©¨ °'�H� � ���$��°'�
¶¦·N¸ Ó ¹ß¸ Ø�Ù Ú Ë L ÐßØo� ¸ Ð ¸ Þ�Ð ½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊ ¹ Í�ÊB� ÐßØRáÔÏ�Øm� » � ¸ á ¹ß¸ ÓB�NØRÍ+Ï~Þ$Ñ ¸ Ê Ý Ð · Þ�ØqÊtÐ » Ê�ÓÔÍ+Ð » ØqÊ.5�Í ¹
� ¸º¹ Þ�Ï »à½�¸ � » Ê Ð ·Ô¸ á­Í+á ¸ Ï ½�¾ 
 Þ · Ï�ØeA1Í�ÊB� =O¸ Ñ¼Ñ ¸ Ï > É Ê Ð ·Ô»×¹�¹�¸ Þ�Ð » ØqÊT5 ¸O¸ X�ámÑ¼Ø�Ï ¸ Ð ·N¸ Ó ¹ß¸ Ø�Ù Ú Ë L ÐßØ
á ¸ Ï�Ù<Ø�Ï~Ö ½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊ$Ð ·N¸ Ø�Ï ¾�» Ê$Ð ·Ô¸ á­Í+Ï�Ð » ÞcÓÔÑ¼Í+Ï�ÞcÍ ¹ß¸ Ð · Í+ÐCÐ ·Ô¸ ÕRX ¸ ��á�Ø » Ê�Ð » Ð ¸ Ï�Í+Ð » ØqÊ Í+áÔáÔÏ�Ø�X » ÖgÍ+Ð ¸º¹
Ð ·N¸ Ð » Ö ¸�» Ê�Ð ¸cÝ Ï~Í+Ð » ØqÊÌØ�Ù�Í0� » A ¸ Ï ¸ Ê�Ð » Í�Ñ ¸ºÛ ÓÔÍ+Ð » ØqÊ >

Y ¸ Í ¹�¹ ÓÔÖ ¸ Ð · Í+Ð@5 ¸ Í+Ï ¸ Ù<ØqÑ¼ÑàØm5 » Ê Ý ½ Ï~Í�ÊmÞ ·N¸º¹ Ø�Ù ¹ Ð ¸ Í�� ¾1¹ Ð�Í+Ð ¸R¹ ØqÑ¼ÓÔÐ » ØqÊ ¹ Ø�Ù�Ð ·N¸ � » A ¸ Ï ¸ Ê�Ð » Í�Ñ
¸ºÛ ÓÔÍ+Ð » ØqÊ?S e We@Ð ÒBp � W æb� � × � ¢:>G	 ª �

¶ Ø�Ø ½ Ð�Í » Ê Ð ·N¸ ¹ Ð ¸ Í�� ¾ ¹ Ð�Í+Ð ¸ª¹ ØqÑ×ÓNÐ » ØqÊ ¹ ��5 ¸Ì» Ê�Ð ¸cÝ Ï~Í+Ð ¸ Ð ·Ô»¼¹�» Ê Ð » Ö ¸ �Ý5 » Ð · Í1Ð » Ö ¸ ¹ Ð ¸ á Ø�Ù � Ð �
¾È»à¸ ÑG� » Ê Ý Ð ·N¸ ÕRX ¸ �Ìá�Ø » Ê�Ð » Ð ¸ Ï~Í+Ð » ØqÊ?S 2 ê � ñ6Ò q � 2 ê æb� � æ � ¢:>G	����

5 » Ð ·ã2 ê Ò W � E � ÐR�Ã>'Ú Ë L »¼¹ Ó ¹ß¸ � ÐßØ Í�ÞcÞ ¸ Ñ ¸ Ï�Í+Ð ¸ Ð ·N¸ Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ Ø�Ù
Ð ·Ô»¼¹ ÕBX ¸ � á�Ø » Ê�Ð » Ð ¸ Ï�Í+Ð » ØqÊ >
¶¦·N¸ Ï ¸ Ñ¼Í+Ð » ØqÊ ¹�·m» á ½)¸ Ð 5 ¸c¸ Ê
p�Í�ÊB� q � ¸ á ¸ ÊB� ¹ ØqÊ�Ð ·Ô¸ Ö ¸ Ð · Ø���Ø�Ù » ÊtÐ ¸cÝ Ï�Í+Ð » ØqÊ Í�ÊB�³Ð ·N¸g¹�»9 c¸ Ø�Ù



¢ g� ÐW> ÒNØ�Ï�Ð ·N¸ Ö ØqÖ ¸ ÊtÐn5 ¸ Í ¹�¹ ÓÔÖ ¸ Ð · Í+Ð¦Ð ·Ô¸ � » A ¸ Ï ¸ Ê�Ð » Í�Ñ ¸ºÛ ÓÔÍ+Ð » ØqÊ »¼¹T» Ê�Ð ¸cÝ Ï~Í+Ð ¸ � ¸ XÈÍ�Þ�Ð�Ñ ¾Ì» Ê ÐW>
h3 {�a ¢¡ £¥¤rª}¤!Ë+ªf§¬«H­®«�¯
æÙ§¢¯m·3¦@ËS©^ªf§¬«H­¹¸
¶ Ø$Õ­ÊR�gÐ ·N¸�½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊ á�Ø » ÊtÐ ¹ Ø�Ù � ¢:>G	 ª � ��5 ¸ Ê ¸c¸ �7ÐßØ,� ¸ Ð ¸ Þ�Ð¦5 ·N¸ Ê7Í�Ê ¸º»¼Ý�¸ Êj�+Í�Ñ¼Ó ¸ Ø�ÙHpM� Þ�Ï�Ø ¹~¹ß¸º¹
Ð ·N¸³» Ö Í Ýq» ÊÔÍ+Ï ¾ Í*X »¼¹ d · Ø�5 ¸ � ¸ Ï���Ù<Ï�ØqÖ Ú Ë L 5 ¸ Ø ½ Ð�Í » Ê Í�Ê Í+ámáÔÏ�Ø�X » ÖgÍ+Ð » ØqÊ ÐßØ Ð ·N¸ �NØqÖ » ÊmÍ�ÊtÐ
¸º»àÝ�¸ Ê�� Í�Ñ×Ó ¸º¹ Ø�Ù q�, >


 » ÊÔÞ ¸ 5 ¸ Í ¹�¹ ÓÔÖ ¸ Ð · Í+ÐK5 ¸�» Ê�Ð ¸cÝ Ï~Í+Ð ¸ Ð ·N¸ � » A ¸ Ï ¸ ÊtÐ » Í�Ñ ¸ºÛ ÓmÍ+Ð » ØqÊ ¸ XNÍ�Þ�Ð�Ñ ¾ ��5 ¸�· Í�� ¸ Ð ·N¸ Ù<ØqÑ¼ÑàØm5 » Ê Ý
Ï ¸ Ñ¼Í+Ð » ØqÊ ½�¸ Ðp5 ¸c¸ Ê Ð ·N¸O¸º»àÝ�¸ Ê��+Í�Ñ¼Ó ¸º¹yô Ø�Ù pç� Í�ÊB� Ð ·N¸O¸º»àÝ�¸ Ê�� Í�Ñ¼Ó ¸º¹ ×�Ø�Ù q�, Sô Ò Ñ¼Êy×� Ð × � ¢:>G	�
��

¶¦·Ô»×¹ ÐßÏ~Í�Ê ¹ Ù]Ø�Ï�ÖgÍ+Ð » ØqÊ1Þ�ØqÊj� ¸ Ï~Ð ¹ Ð ·N¸ » Ê�Ð ¸ Ï » Ø�Ï�Ø�Ù!Ð ·N¸ ÓÔÊ » Ð�Þ » Ï~ÞcÑ ¸�» Êe�¦�!Ð ·N¸ ¹ Ð�Í ½m» Ñ » Ð ¾ Ï ¸cÝq» ØqÊ1Ù<Ø�Ï�Í
ÕBX ¸ �7á)Ø » ÊtÐ » Ð ¸ Ï~Í+Ð » ØqÊ[� » ÊtÐßØ�Ð ·N¸ Ñ ¸ Ù<Ð · Í�ÑàÙ
á­Ñ¼Í�Ê ¸ ��Ð ·N¸�¹ Ð�Í ½m» Ñ » Ð ¾ Ï ¸cÝq» ØqÊ Ù]Ø�Ï¦Í,� » A ¸ Ï ¸ Ê�Ð » Í�Ñ ¸ºÛ ÓmÍ+Ð » ØqÊ >

¶ Ø ¹�· Øm5GÍ�Ê Í+Ï Ý ÓÔÖ ¸ ÊtÐTÙ<Ø�Ï¦Ð ·N¸ Þ�Ø�Ï�Ï ¸ Þ�Ð�Ê ¸º¹�¹ Ø�ÙCÐ ·N¸ Í ½ Ø�� ¸ Ï ¸ Ñ¼Í+Ð » ØqÊ?�NÞ�ØqÊ ¹~» � ¸ ÏTÐ ·N¸ ÞcÍ ¹ß¸ 5 ·N¸ Ê?Sp � W � n ô W × � ¢:> � ¡j�

ÉfÊtÐ ¸cÝ Ï~Í+Ð » Ê Ý Ð ·N¸ � » A ¸ Ï ¸ ÊtÐ » Í�Ñ ¸ºÛ ÓÔÍ+Ð » ØqÊ � ¢:>G	 ª � Ù<Ø�Ï¦Ð ·Ô»¼¹ Ù ÓÔÊÔÞ�Ð » ØqÊ ¾�»à¸ Ñ7� ¹ Ð ·N¸�¸ XNÍ�Þ�Ð�Ï ¸ Ñ¼Í+Ð » ØqÊ?SW �b� Eoò 	�� � ÐR� ÒÌã ý ¶^è W � E � ÐR� × � ¢:> � 	��

V�Ø�5 ¹�» ÊmÞ ¸ 5 ¸Ì· Í�� Í ¹~¹ ÓÔÖ ¸ � Ð · Í+Ð�Ð ·N¸ ÕBX ¸ � á�Ø » Ê�Ð » Ð ¸ Ï~Í+Ð » ØqÊ 2 ê � ñ&Ò q � 2 ê æb� � 5�Í ¹ Ø ½ Ð�Í » Ê ¸ �
½�¾³» ÊtÐ ¸cÝ Ï�Í+Ð » Ê Ý Ð ·N¸ � » A ¸ Ï ¸ Ê�Ð » Í�Ñ ¸ºÛ ÓÔÍ+Ð » ØqÊ ¸ XNÍ�Þ�Ð�Ñ ¾ �Ý5 ¸RÝ�¸ ÐjÐ · Í+ÐjÐ ·N¸ Ï ¸ Ñ¼Í+Ð » ØqÊ ¹~·Ô» á ½�¸ Ðp5 ¸c¸ Ê Ð ·N¸
¸º»àÝ�¸ Ê�� Í�Ñ×Ó ¸º¹yô Ø�Ù pç� Í�ÊB�ÌÐ ·Ô¸O¸º»àÝ�¸ Êj�+Í�Ñ¼Ó ¸º¹ ×³Ø�Ù qÎ, »¼¹

ã ý ¶^è ÒB×�× � ¢:> ��� �

¶¦·Ô»×¹T»¼¹ ÐßÏ » �+Í�Ñ¼Ñ ¾ Ï ¸ Í+Ï�Ï~Í�Ê Ý�¸ �ªÐßØ Ýq» � ¸ Ð ·N¸ � ¸º¹�» Ï ¸ � Ï ¸ Ñ×Í+Ð » ØqÊ � ¢:>G	�
��à>
;�Ø�5 ¸ � ¸ Ï�� » ÊÌÏ ¸ Í�Ñ » Ð ¾ 5 ¸ Í+Ï ¸ ÊNØ�Ð » Ê�Ð ¸cÝ Ï~Í+Ð » Ê Ý Ð ·N¸ � » A ¸ Ï ¸ ÊtÐ » Í�Ñ ¸ºÛ ÓÔÍ+Ð » ØqÊ ¸ XNÍ�Þ�Ð�Ñ ¾ ¹ ØRÐ ·N¸ ÑàØÈÞcÍ*a

Ð » ØqÊ ¹ Í+Ð45 ·Ô» Þ · 5 ¸ � ¸ Ð ¸ Þ�Ð�Í ½­» Ù<ÓÔÏ~ÞcÍ+Ð » ØqÊ�5 » Ñ¼Ñ ½�¸ á ¸ Ï~Ð�ÓNÏ ½�¸ � > � �B� » Ð » ØqÊÔÍ�Ñ¼Ñ ¾ Ð ·Ô¸�¹ Ð�Í ½m» Ñ » Ð ¾ Ï ¸cÝq» ØqÊ ¹
Ø�Ù)ØqÓNÏ » ÊtÐ ¸cÝ Ï�Í+Ð » ØqÊgÖ ¸ Ð · Ø�� ¹ � ¹�¸c¸ Õ Ý ÓNÏ ¸ g >G	 ��Í+Ï ¸ ÊÔØ�Ð ¸ºÛ ÓÔÍ�ÑÈÐßØOÐ ·Ô¸ Ñ ¸ Ù]ÐÎámÑ×Í�Ê ¸ ��Ð ·N¸T¹ Ð�Í ½m» Ñ » Ð ¾ Ï ¸cÝq» ØqÊ
Ø�ÙÎÍ&� » A ¸ Ï ¸ Ê�Ð » Í�Ñ ¸ºÛ ÓmÍ+Ð » ØqÊ >'¶¦·Ô»×¹ Í�Ñ ¹ Ø Ï ¸º¹ ÓmÑàÐ ¹T» ÊÌÍ�ÑàÐ ¸ Ï » Ê Ý Ð ·N¸ ÑàØÈÞcÍ+Ð » ØqÊ ¹ Í+Ðn5 ·Ô» Þ · 5 ¸ � ¸ Ð ¸ Þ�Ð�Ð ·N¸
½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊRá�Ø » Ê�Ð ¹U>



¢�¢
I ÓÔÏ�Ð » Ö ¸j» Ê�Ð ¸cÝ Ï~Í+Ð » ØqÊc� » A ¸ Ï ¹¦¹�»àÝ Ê » Õ­ÞcÍ�Ê�Ð�Ñ ¾ Ù]Ï�ØqÖ áÔÏ ¸ � » ØqÓ ¹�¹ Ð�ÓB� »à¸º¹ 5 ·Ô» Þ · · Í�� ¸ Ó ¹ß¸ �ªÍ ·Ô»àÝq·

Ø�Ïq� ¸ Ï Ú ÓmÊ Ý�¸ a = ÓNÐßÐ�Í Ö ¸ Ð · Ø���5 » Ð · Í ¹ ÖgÍ�Ñ¼Ñ!Ð » Ö ¸7¹ Ð ¸ á > � ÑàÐ · ØqÓ Ýq· Ð ·Ô»×¹ Ð ·N¸ Ø�Ï ¸ Ð » ÞcÍ�Ñ¼Ñ ¾ áÔÏ~Ø�� » � ¸º¹
½�¸ ÐßÐ ¸ Ï ¸º¹ Ð » ÖgÍ+Ð ¸º¹ Ù]Ø�ÏTÐ ·N¸ Ñ¼Ø�ÞcÍ+Ð » ØqÊ ¹ Ø�ÙCÐ ·N¸�½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊ á�Ø » Ê�Ð ¹ � » Ð�Ï ¸ºÛ Ó » Ï ¸º¹ Í ÑàØ�ÐTÖ Ø�Ï ¸�» Ð ¸ Ï�Í+Ð » ØqÊ ¹
ÐßØgØ ½ Ð�Í » Ê ·Ô»àÝq· Ï ¸º¹ ØqÑ¼ÓNÐ » ØqÊ ¹ ØqÑ×ÓNÐ » ØqÊ ¹U>

� ¹ Í�Ñ ¹ ØªÊNØ�Ð ¸ � » Ê 
 Þ · Ï�ØeA Í�ÊB� =O¸ Ñ¼Ñ ¸ Ï�� Í�Ê ÓmÊ ¹ Ð�Í ½ Ñ ¸ ¸º»¼Ý�¸ Êj� ¸ Þ�ÐßØ�Ï,5 » Ñ×ÑCÊÔØ�Ð ½�¸ Í��B� ¸ ��ÐßØ Ð ·N¸
ÓÔÊ ¹ Ð�Í ½ Ñ ¸g¹ Ó ½­¹ ámÍ�Þ ¸g» Ù » Ð »¼¹ Ø�Ï~Ð · Ø Ý ØqÊÔÍ�Ñ'ÐßØ Ð ·N¸ » Ð ¸ Ï�Í+Ð ¸º¹U>R¶¦·m»¼¹O»¼¹O¸ Í ¹�» Ñ ¾ Øm� ¸ Ï~Þ�ØqÖ ¸7½�¾ Í��B� » Ê Ý Í
¹ ÖgÍ�Ñ×Ñ�Ï~Í�ÊB�NØqÖ á ¸ Ï�Ð�ÓNÏ ½ Í+Ð » ØqÊ ÐßØgÐ ·N¸�» Ê » Ð » Í�Ñ Ý Ó ¸º¹�¹ Í+Ð�Ð ·N¸�¹ Ð�Í+Ï~Ð¦Ø�Ù ¸ � ¸ Ï ¾ Þ�ØqÊtÐ » Ê�ÓÔÍ+Ð » ØqÊ ¹ Ð ¸ á >

h3 {�a {� æ�¦@©:­¹Ë�é�¯^ê §)ªfË�é¹§¢­­¬
I ÊÔÞ ¸ 5 ¸ · Í�� ¸ � ¸ Ð ¸ Þ�Ð ¸ � Í ½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊ á�Ø » Ê�ÐU�K5 ¸ Ï ¸ºÛ Ó » Ï ¸ Í Ö ¸ Ð · Ø��³Ø�Ù ¹ 5 » Ð�Þ ·m» Ê Ý ÐßØ Ð ·N¸ Ê ¸ 5
½ Ï~Í�ÊmÞ ·?> 
 » ÊmÞ ¸ ØqÊÔÑ ¾ Ð ·N¸ Ï »àÝq· Ð!Ê�ÓÔÑ¼Ñ�� ¸ Þ�ÐßØ�Ï ¹ Í+Ï ¸ Í��+Í » Ñ¼Í ½ Ñ ¸ Ù<Ï�ØqÖ Ú Ë L ��5 ¸�· Í�� ¸ Ð ·N¸ Ø�áÔÐ » ØqÊ ÐßØjÓ ¹ß¸
¸º» Ð ·N¸ ÏOÐ ·Ô¸ á­Í+Ï~Í�Ñ¼Ñ ¸ Ñ ¹ß¸ Í+Ï~Þ · Ø�ÏOá ¸ Ï�Ð�ÓNÏ ½�¸ � ½­» Ù<ÓÔÏ~ÞcÍ+Ð » ØqÊ Ö ¸ Ð · Ø��25 ·N¸ Ê ¹ 5 » Ð�Þ ·Ô» Ê Ý7½ Ï~Í�ÊmÞ ·N¸º¹U>@¶¦·N¸
Ø�Ð ·N¸ Ï$Ö ¸ Ð · Ø�� ¹ Ù]Ø�Ï ¹ 5 » Ð�Þ ·m» Ê Ý7½ Ï~Í�ÊÔÞ ·N¸º¹ Ï ¸ºÛ Ó » Ï ¸Å8 ÊNØ�5�Ñ ¸ � Ý�¸ Ø�Ù3Ð ·Ô¸ Ñ ¸ Ù]Ð�Ê�ÓÔÑ¼Ñ�� ¸ Þ�ÐßØ�Ï ¹ d · Øm5 ¸ � ¸ Ï��
5 ¸ Í+Ï ¸ ÓÔÊmÍ ½ Ñ ¸ ÐßØgØ ½ Ð�Í » Ê Ð ·Ô¸º¹ß¸ Ù<Ï�ØqÖ Ú Ë L ÓÔÊÔÑ ¸º¹�¹ Ð ·N¸ ÖgÍ+ÐßÏ » X q�, »¼¹¦¹ß¾ ÖgÖ ¸ ÐßÏ » Þ >


 » ÊÔÞ ¸ 5 ¸ �NØ ÊÔØ�Ð 8 ÊNØ�5 Ð ·Ô¸R¸ XNÍ�Þ�ÐgÑàØÈÞcÍ+Ð » ØqÊ Ø�Ù¦Ð ·N¸7½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊ á)Ø » ÊtÐ ¹ �'Ó ¹�» Ê Ý Ð ·Ô¸ á­Í+Ï~Í�Ñ¼Ñ ¸ Ñ
¹ß¸ Í+Ï~Þ · Ö ¸ Ð · Ø��RÖgÍ ¾ ÞcÍ�Ó ¹ß¸ Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ áÔÏ�Ø ½ Ñ ¸ Ö ¹!» Ù)ØqÓÔÏ » Ê » Ð » Í�Ñ Ý Ó ¸º¹~¹3»¼¹ ÐßØ�Ø@Ù Í+Ï�Í�5�Í ¾ Ù<Ï�ØqÖIÐ ·N¸
¹ ØqÑ¼ÓÔÐ » ØqÊ >R¶�·N¸º¹ß¸ áÔÏ~Ø ½ Ñ ¸ Ö ¹ Í+Ï ¸ Í���Ø » � ¸ ��5 ·Ô¸ Ê³Ó ¹�» Ê Ý Ð ·N¸ á ¸ Ï�Ð�ÓNÏ ½�¸ � ½m» Ù<ÓNÏ�ÞcÍ+Ð » ØqÊ1Ð ¸ Þ · Ê »¼Û Ó ¸ ÐßØ
¹ 5 » Ð�Þ ·Ì½ Ï�Í�ÊÔÞ ·N¸º¹�>


 5 » Ð�Þ ·Ô» Ê Ý ½ Ï~Í�ÊmÞ ·N¸º¹ Ó ¹�» Ê Ý Ð ·N¸ á ¸ Ï�Ð�ÓÔÏ ½�¸ � ½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊ Í+áÔáÔÏ�ØqÍ�Þ · » Êj��ØqÑ9� ¸º¹ Í��B� » Ê Ý Í ¹ ÖgÍ�Ñ¼Ñ
á ¸ Ï�Ð�ÓNÏ ½ Í+Ð » ØqÊ ÐßØ�Ð ·Ô¸ ¹�¾�¹ Ð ¸ ÖO� ¹ Ø25 ¸ Õ)ÊB� ¹ ØqÑ¼ÓNÐ » ØqÊ ¹ Ø�Ù�p � W æb� � Òë?�XR�!Ù<Ø�Ï ¹ ØqÖ ¸ X�� » Ê ¹ Ð ¸ Í�� Ø�Ùp � W æb� � Ò ¡�> ¶¦·Ô¸ ¸ A ¸ Þ�Ð Ø�ÙTÐ ·Ô»¼¹ Ù]Ø�Ï�Í Ý�¸ Ê ¸ Ï » ÞRÞ · Ø » Þ ¸ Ø�ÙºX »×¹ Ð · Í+Ð�Ð ·N¸7½ Ï~Í�ÊÔÞ ·N¸º¹ Í+Ï ¸R½ Ï�Ø 8�¸ Ê
Í+ámÍ+Ï�Ð�Í ¹�¹�· Øm5�Ê » Ê Õ Ý ÓNÏ ¸F¢:>G	 �R5 ·Ô¸ Ï ¸ Ð ·N¸$¹ ØqÑ » �ÌÑ » Ê ¸º¹ Í+Ï ¸ á ¸ Ï~Ð�ÓNÏ ½�¸ �7ÐßØgÐ ·N¸ �ÔÍ ¹~·N¸ � Ñ » Ê ¸º¹U>�¶¦·N¸ Ê

Ò »àÝ ÓNÏ ¸D¢:>G	 SrN�Ï ¸ Í 8È» Ê Ý Ø�Ù�N�Ï~Í�ÊÔÞ ·N¸º¹ 5 » Ð · Ë ¸ Ï�Ð�ÓNÏ ½�¸ �TN » Ù ÓNÏ~ÞcÍ+Ð » ØqÊ

5 ¸ Þ�ØqÊ�Ð » Ê�Ó ¸R» Ê��³á­Í ¹ Ð$Ð ·N¸R½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊ³á)Ø » ÊtÐ�Í�ÊB� Ï ¸ Ö Øm� ¸ Ð ·Ô¸ á ¸ Ï�Ð�ÓNÏ ½ Í+Ð » ØqÊ?�[5 ·m» Þ · Ñ ¸ Í�� ¸º¹ Í
¹ ØqÑ¼ÓÔÐ » ØqÊ Ø�Ù p � W æb� � Ò ¡ ØqÊ Ð ·N¸ Ø�Ð ·N¸ Ï ½ Ï~Í�ÊÔÞ ·[>



¢j�
h3 {�a {ß àá·­¬HÊT¤!­äª}©�ªf§¢«H­
Y ·N¸ Ê Ð ·N¸ Ñ » Ê ¸ Í+Ï ¹ß¾È¹ Ð ¸ Ö » Ê]V ¸ 5¦ÐßØqÊ_� ¹ Ö ¸ Ð · Ø�� »¼¹ ¹ ØqÑ9� ¸ �t� » Ï ¸ Þ�Ð�Ñ ¾ ��Í�Ê ¸ þRÞ »à¸ Ê�Ð&5�Í ¾ Ù]Ø�ÏRÍ�Ñ ¹ Ø
¹ Í+Ð »¼¹ Ù ¾È» Ê Ý Þ�ØqÊ ¹ ÐßÏ~Í » Ê�Ð ¹ Ð · Í+Ð�Í+Ï ¸ Í�Ó Ý Ö ¸ Ê�Ð ¸ � ÐßØRÐ ·Ô¸ áÔÏ�Ø ½ Ñ ¸ Ö »¼¹ 5 » Ð · Ð ·N¸@½ Ø�Ïq� ¸ Ï » Ê Ý Í�Ñ Ý Ø�Ï » Ð · Ö >
¶¦·N¸ ½ Ø�Ïq� ¸ Ï » Ê Ý Í�Ñ Ý Ø�Ï » Ð · Ö » Ê���ØqÑ9� ¸º¹ ¹ ØqÑ9� » Ê Ý Ðp5�Ø�Ø�Ï Ö Ø�Ï ¸ Ñ » Ê ¸ Í+Ï ¹ß¾�¹ Ð ¸ Ö ¹ 5 ·Ô» Þ · »¼¹ » Ê ¸ þRÞ »¼¸ ÊtÐ
5 ·N¸ ÊÌÍ�Ê » Ð ¸ Ï~Í+Ð » � ¸ áÔÏ�ØÈÞ ¸ �ÔÓNÏ ¸�»×¹ Ó ¹ß¸ � > � �B� » Ð » ØqÊmÍ�Ñ¼Ñ ¾ Ð ·N¸O¸ XÈÐßÏ~Í ¹ß¾È¹ Ð ¸ Ö ¹ Ê ¸c¸ � ÐßØ ½�¸�¹ ØqÑ9� ¸ � ÐßØ Í
·Ô»àÝq· � ¸cÝ Ï ¸c¸ Ø�Ù�Í�ÞcÞcÓNÏ~Í�Þ ¾ ÐßØgáÔÏ ¸ � ¸ ÊtÐ¦ÐßÏ�ÓÔÊÔÞcÍ+Ð » ØqÊ ¸ Ï~Ï�Ø�Ï ¹ Ù<Ï�ØqÖ�Í*A ¸ Þ�Ð » Ê Ý Ð ·Ô¸ Þ�ØqÊj� ¸ Ï Ý�¸ ÊmÞ ¸�>


 Þ · Ï�ØeA Í�ÊB� =O¸ Ñ¼Ñ ¸ Ï ¹�· Ø�5 ¸ � · Ø�5µÐßØ » ÖgámÑ ¸ Ö ¸ Ê�ÐTá ¹ß¸ ÓB�ÔØ Í+Ï~ÞøaYÑ ¸ Ê Ý Ð · Þ�ØqÊ�Ð » Ê�ÓmÍ+Ð » ØqÊ ¸ þRÞ »¼¸ ÊtÐ�Ñ ¾
5 » Ð · Ú Ë L�½�¾ áÔÏ�Ø*P ¸ Þ�Ð » Ê Ý Ð ·Ô¸ Þ�ØqÊ ¹ ÐßÏ�Í » ÊtÐ@ØqÊtÐßØ Ð ·N¸ ÓmÊ ¹ Ð�Í ½ Ñ ¸R¹ Ó ½m¹ á­Í�Þ ¸�> ÉfÊ ¹ Ð ¸ Í�� Ø�Ù�Ï ¸ºÛ Ó » Ï » Ê Ý
Ð ·N¸$¹ ØqÑ¼ÓNÐ » ØqÊ W ÐßØ ¹ Í+Ð »¼¹ Ù ¾ Ð ·N¸ Þ�ØqÊ ¹ ÐßÏ~Í » ÊtÐ5 � W æ W � æb� � Ò ¡ æ � ¢:> ��g �

5 ¸ ÖgÍ 8�¸ W ¹ Í+Ð »¼¹ Ù ¾ Ð ·Ô¸ áÔÏ�Ø*P ¸ Þ�Ð » ØqÊÌØ�ÙÎÐ ·N¸ Þ�ØqÊ ¹ ÐßÏ~Í » Ê�Ð¦ØqÊtÐßØ Ð ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸O¹ Ó ½m¹ ámÍ�Þ ¸ S5 � � W æS� W � æb� � n 5 �  æ  � æb� � Ò ¡ æ  æ  � < Ë × � ¢:> � ¢��


 Þ · Ï�ØeA Í�ÊR� =O¸ Ñ¼Ñ ¸ ÏD� » �1ÊNØ�Ð�Í��R�NÏ ¸º¹�¹ 5 · Í+Ð · Í+áÔá ¸ Ê ¹ 5 ·N¸ Êc� ¸ Þ�ÐßØ�Ï ¹ Í+Ï ¸ Í��B� ¸ �1ÐßØÌÐ ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸
¹ Ó ½­¹ ámÍ�Þ ¸ �ÔÓNÏ » Ê Ý Ð ·N¸$» Ð ¸ Ï~Í+Ð » ØqÊ > ;�Ø�5 ¸ � ¸ Ï���Ð ·Ô»¼¹ Þ · Í�Ê Ý�¸º¹ Ð ·Ô¸ Þ�ØqÊ ¹ ÐßÏ~Í » ÊtÐTÐ · Í+Ð »¼¹�½�¸º» Ê Ýg¹ Í+Ð »×¹ Õ ¸ �?�
5 ·Ô» Þ · 5 ¸ Ð�Í 8�¸@» Ê�ÐßØgÍ�ÞcÞ�ØqÓÔÊ�Ð » Ê Ð ·Ô¸ áÔÏ ¸º¹ß¸ Ê�Ð45�Ø�Ï 8�>

Y ¸�¸ X�Ð ¸ ÊR� Ð ·Ô»×¹!» � ¸ Í$ÐßØ » ÊmÞcÑ¼ÓB� ¸ Í�Ó Ý Ö ¸ ÊtÐ�Í+Ð » Ê Ý 5 » Ð · Í$á · Í ¹ß¸ Þ�ØqÊB� » Ð » ØqÊ?��Í�ÊB�gÐßØjÐ ·N¸�Ý�¸ Ê ¸ Ï~Í�Ñ
ÞcÍ ¹ß¸ 5 ·N¸ Ï ¸ Ð ·N¸ Ï ¸ Í+Ï ¸ ÖgÍ�Ê ¾ Þ�ØqÊ ¹ ÐßÏ~Í » Ê�Ð ¹U>

¯@¨~�B����³Q}�|~�l�7�*��}u|

Y ¸ Ù<ØqÑ¼ÑàØm5 Ð ·N¸�¹ Í�Ö ¸@» � ¸ Í�Ù<Ø�Ï�Í�Ó Ý Ö ¸ Ê�Ð » Ê Ý Ð ·N¸@¹ß¾�¹ Ð ¸ Ö�Í ¹ 
 Þ · Ï�ØeA�Í�ÊB� =O¸ Ñ¼Ñ ¸ Ï >'¶¦· Í+Ð »¼¹ 5 ¸ ØqÊÔÑ ¾
Ï ¸ºÛ Ó » Ï ¸ Ð · Í+Ð�Ð ·N¸ á · Í ¹ß¸ Þ�ØqÊB� » Ð » ØqÊ »¼¹�¹ Í+Ð »×¹ Õ ¸ � ØqÊªÐ ·N¸ ÓmÊ ¹ Ð�Í ½ Ñ ¸@¹ Ó ½m¹ á­Í�Þ ¸�> ��Ó ¹ Ð ¸ Ð�Í�Ñ > Í�Ñ ¹ ØRÓ ¹ß¸
Ígá · Í ¹ß¸ Þ�ØqÊR� » Ð » ØqÊ ½ ÓNÐ�Ð ·N¸c¾ �ÔØ ÊNØ�Ð�Ï ¸º¹ ÐßÏ » Þ�Ð » Ð�ÐßØRÐ ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸$¹ Ó ½m¹ ámÍ�Þ ¸�>¦¶�·N¸c¾Ì» ÊtÐßÏ~Ø��ÔÓmÞ ¸ Í�Ê
» Ð ¸ Ï~Í+Ð » � ¸ áÔÏ�ØÈÞ ¸º¹�¹¦¹ Ø Ð · Í+Ð¦Ð ·N¸ á · Í ¹ß¸ Þ�ØqÊB� » Ð » ØqÊ »¼¹T¹ Í+Ð »¼¹ Õ ¸ �ÌØqÊÌÐ ·N¸�¸ Ê�Ð » Ï ¸�¹ ámÍ�Þ ¸�>

Ú�¸ ÞcÍ�Ñ¼Ñ�Ù<Ï�ØqÖ�Þ · Í+áÔÐ ¸ ÏOg³Ð · Í+Ð7ÐßØ]� ¸ Ð ¸ Ï~Ö » Ê ¸ Ð ·N¸ 5�Í�� ¸³¹ á ¸c¸ ��5 ¸ Þ · Ø ¹ß¸ ÐßØ Ó ¹ß¸ Ð ·N¸ á · Í ¹ß¸
Þ�ØqÊB� » Ð » ØqÊT� ¸ Ï » � ¸ � ½�¾ÌÜ Ø ¸ � ¸ Ñ^f 	 �*i�S` &N�[ ` &N�[ ` &N�[ W � 2 æ * æ 7�� e W M I ñe@2 � 2 æ * æ 7���ef2�e * e-7 Ò ¡ æ � ¢:> � ���



¢ s
5 ·N¸ Ï ¸ W M I ñ »¼¹ Ð ·Ô¸!¹ ØqÑ¼ÓNÐ » ØqÊOÙ]Ï~ØqÖ Ð ·N¸ ámÏ ¸ � » ØqÓ ¹ Þ�ØqÊtÐ » Ê�ÓÔÍ+Ð » ØqÊ ¹ Ð ¸ á >Î¶¦·Ô»×¹ Þ�ØqÊB� » Ð » ØqÊ$Ö » Ê » Ö »9 c¸º¹ Ð ·N¸
� »¼¹ Ð�Í�ÊÔÞ ¸!½�¸ Ðp5 ¸c¸ ÊjÐp5�Ø�Þ�ØqÊ ¹ß¸ ÞcÓNÐ » � ¸�¹ ØqÑ¼ÓNÐ » ØqÊ�á�Ø » Ê�Ð[5 » Ð · Ï ¸º¹ á ¸ Þ�Ð ÐßØ�ÐßÏ~Í�Ê ¹ Ñ×Í+Ð » ØqÊ >�¶�·N¸ Í��:�+Í�ÊtÐ�Í Ý�¸º¹
Ð ·Ô»¼¹ Þ�ØqÊB� » Ð » ØqÊ · Í ¹ Ø�� ¸ Ï'Ð ·Ô¸ ÞcÑ×Í ¹�¹�» ÞcÍ�Ñ�Ø�Ï�Ð · Ø Ý ØqÊmÍ�Ñ » Ð ¾ Þ�ØqÊB� » Ð » ØqÊ ¹C»¼¹ Ð · Í+Ð »¼¹�8�¸c¸ á ¹ Ð ·N¸T¹�· Í+Ï~ájÙ<Ï�ØqÊ�Ð ¹
Ø�Ï¦á ¸ Í 8È¹¦» Ê Ð ·N¸$¹ Í�Ö ¸ á�Ø ¹�» Ð » ØqÊE�ÔÓÔÏ » Ê Ý Ð ·N¸ Þ�ØqÊ�Ð » Ê�ÓÔÍ+Ð » ØqÊ >

Ë!Ï�Ø*P ¸ Þ�Ð » Ê Ý Ð ·Ô»¼¹ Þ�ØqÊR� » Ð » ØqÊ ØqÊ�ÐßØgÐ ·N¸ ÓmÊ ¹ Ð�Í ½ Ñ ¸O¹ Ó ½m¹ ámÍ�Þ ¸O¾È»à¸ ÑG� ¹ S` &N�[ ` &N�[ ` &N�[ � � W � 2 æ * æ 7��b� � � e W M I ñef2 � 2 æ * æ 7��b��e@2�e * e-7 Ò ¡ × � ¢:> ��s �

� ¹�» Ê 
 Þ · Ï~ØeA�Í�ÊR� =O¸ Ñ¼Ñ ¸ Ï¦Ð ·N¸ Í�Þ�Ð�ÓmÍ�Ñ�Þ�ØqÖ á­ÓNÐ�Í+Ð » ØqÊ »×¹ �NØqÊ ¸ Ó ¹�» Ê Ý Þ�Ø�Ø�Ïq� » ÊÔÍ+Ð ¸ �+Í+Ï » Í ½ Ñ ¸º¹ Ù]Ø�Ï�Ð ·N¸
ÓÔÊ ¹ Ð�Í ½ Ñ ¸O¹ Ó ½m¹ ámÍ�Þ ¸�>

Ë!Ï�Ø*P ¸ Þ�Ð » Ê Ý Ð ·N¸ á · Í ¹ß¸ Þ�ØqÊB� » Ð » ØqÊ7ØqÊtÐßØ Ð ·Ô¸O½ Í�� ¹ Ó ½m¹ á­Í�Þ ¸�¹ Ð » Ñ¼Ñ­áÔÏ�Ø��ÔÓÔÞ ¸º¹ Í Þ�ØqÊj� ¸ Ï Ý�¸ ÊtÐ » Ð ¸ Ï~Í*a
Ð » ØqÊ Ù]Ø�Ï�Ð ·N¸�¹ Í�Ö ¸ Ï ¸ Í ¹ ØqÊ ¹ Í ¹�Ýq» � ¸ Ê ½�¾ 
 Þ · Ï~ØeA Í�ÊB� =�¸ Ñ¼Ñ ¸ Ï��)ÊÔÍ�Ö ¸ Ñ ¾ Ð ·N¸ Ï ¸º¹ ÐßÏ » Þ�Ð » ØqÊ Ø�Ù�£ � q ,
ÐßØìÏF�
Ð ·Ô¸ Ø�Ï�Ð · Ø Ý ØqÊÔÍ�Ñ�Þ�ØqÖ ámÑ ¸ Ö ¸ ÊtÐTÐßØgÐ ·Ô¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸O¹ Ó ½m¹ á­Í�Þ ¸ � »¼¹ ÊNØqÊ�a ¹~» Ê Ý ÓÔÑ¼Í+Ï >
¥§�R|uÆt¯ �B�m�����������T³Q}u|u�m��|?�K�:�*��}u|

Ú Ë L »¼¹3¸ Í ¹�» Ñ ¾ Í��ÔÍ+áÔÐ ¸ � ÐßØ ¹ ØqÑ9� ¸ áÔÏ~Ø ½ Ñ ¸ Ö ¹ Ð · Í+Ð · Í�� ¸ ÖgØ�Ï ¸ Ð · Í�Ê7ØqÊ ¸ Þ�ØqÊ ¹ ÐßÏ~Í » Ê�Ð ½�¾ áÔÏ�Ø*P ¸ Þ�Ð » Ê Ý
Í�Ñ¼Ñ�Ø�ÙÎÐ ·N¸ Ö ØqÊ�ÐßØ Ð ·Ô¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸�¹ Ó ½m¹ ámÍ�Þ ¸�>

ÉfÊ ØqÓNÏ Ê�ÓÔÖ ¸ Ï » ÞcÍ�Ñ ¸ XÈá ¸ Ï » Ö ¸ Ê�Ð ¹ 5 ¸ · Í�� ¸ Ó ¹ß¸ � Ð 53Ø ámÍ+Ï~Í�Ö ¸ Ð ¸ Ï ¹ ÐßØ á ¸ Ï�Ù<Ø�Ï~Ö Þ�ØqÊ�Ð » Ê�ÓmÍ+Ð » ØqÊ
5 ·N¸ Ê ÍRÐßÏ~Í�� ¸ Ñ¼Ñ » Ê Ý 5�Í�� ¸ ½ Ï~Í�ÊÔÞ · · Í ¹ ÍRÙ]ØqÑG�[�­Í7á ¹ß¸ ÓB�ÔØRÍ+Ï~ÞjÑ ¸ Ê Ý Ð · Þ�ØqÊB� » Ð » ØqÊªÍ�ÊB�1ÍRá · Í ¹ß¸ Þ�ØqÊ�a
� » Ð » ØqÊ > N�Ø�Ð · Ø�Ù�Ð ·N¸º¹ß¸ Þ�ØqÊ ¹ ÐßÏ~Í » ÊtÐ ¹ Í+Ï ¸ áÔÏ�Ø*P ¸ Þ�Ð ¸ �1ØqÊtÐßØ Ð ·Ô¸ ÓmÊ ¹ Ð�Í ½ Ñ ¸ ¹ Ó ½m¹ ámÍ�Þ ¸ d
Ð ·Ô¸ Ï ¸ Ù]Ø�Ï ¸ �
Ð ·N¸
V ¸ 5¦ÐßØqÊ » Ð ¸ Ï�Í+Ð » ØqÊ » Ê ¹~» � ¸ Ð ·N¸�Ú Ë L Í�Ñ Ý Ø�Ï » Ð · Ö · Í ¹ Ðp5�ØRÍ��B� » Ð » ØqÊÔÍ�Ñ)Ï�Ø�5 ¹U>

¶¦·Ô¸7Ú Ë L Í�Ñ Ý Ø�Ï » Ð · Ö »¼¹@¸ Í ¹�» Ñ ¾³¸ XÈÐ ¸ ÊB� ¸ � Ù<Ø�Ï8E�Þ�ØqÊ ¹ ÐßÏ~Í » Ê�Ð ¹ �g5 ñ æU×U×U×~æ�5 ê � » Ê
E¯ÓÔÊ 8 ÊNØm5�Ê
ámÍ+Ï~Í�Ö ¸ Ð ¸ Ï ¹ �Q�?ñUæU×U×U×Kæb� ê �:5 ·m» Þ · ¾È»à¸ ÑG� ¹ Ð ·Ô¸�» Ð ¸ Ï~Í+Ð » ØqÊ?S

Ð Æ K � ñÈÇ Ò � �  Æ K Ç æSÐ Æ K Ç æb� Æ K Çñ æU×U×U×Kæb� Æ K Çê � ò
êÓ
ñ � Æ K Çí�î � � Æ K Ç¿ � ¢:> ��ª �ñ

òòòòòòó
£ � � Æ K ÇÖ � � Æ K Çí ü ×U×U× � � Æ K Çí ú5 ñÖ 5 ñí ü ×U×U× 5 ñí ú>>> >>> > > > >>>5 êÖ 5 êí ü ×U×U× 5 êí ú

õ/öööööö÷
ñ
òòòòòòó
�  Æ K Ç� � Æ K Çñ
>>>� � Æ K Çê
õ/öööööö÷ Ò

ñ
òòòòòòó
� �  Æ K Ç æSÐ Æ K Ç æb� Æ K Çñ æU×U×U×Kæb� Æ K Çê � �  Æ K Ç� 5 ñ �  Æ K Ç æb� Æ K Çñ æU×U×U×[æb� Æ K Çê �

>>>� 5 ê �  Æ K Ç æb� Æ K Çñ æU×U×U×Kæb� Æ K Çê �

õ/öööööö÷ � ¢:> � ���

� Ý Í » Ê?��Í ¹ � ¸º¹ Þ�Ï »à½�¸ � » Ê ¹�¸ Þ�Ð » ØqÊ ¢:>G	 �F5 ¸�» Ê�ÐßÏ�Ø��ÔÓÔÞ ¸ Þ�Ø�Ø�Ïq� » ÊÔÍ+Ð ¸ � Í+Ï » Í ½ Ñ ¸67 ÐßØ Ï ¸ áÔÏ ¸º¹ß¸ Ê�Ð Ð ·N¸
ÓÔÊ ¹ Ð�Í ½ Ñ ¸�¹ Ó ½m¹ ámÍ�Þ ¸�>'¶�·N¸ Ï ¸ Ù<Ø�Ï ¸ �ÈÐ ·N¸�¹~»9 c¸ Ø�Ù�Ð ·Ô»¼¹ ÖgÍ+ÐßÏ » X »¼¹ ØqÊÔÑ ¾ � 9äòáE � Ê � 9ÛòlE � ��5 ·N¸ Ï ¸ 9 »¼¹



¢ ª
Ð ·N¸ � » Ö ¸ Ê ¹�» ØqÊ Ø�ÙCÐ ·Ô¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸�¹ Ó ½­¹ ámÍ�Þ ¸�> 
 » ÊÔÞ ¸ Ð ·N¸j¹�»9 c¸ Ø�ÙÎÐ ·N¸ ÖgÍ+ÐßÏ » X »¼¹¦¹ Ö Í�Ñ¼Ñ �B5 ¸$¹ ØqÑ9� ¸ Ð ·N¸
¸ Ê�Ð » Ï ¸ Ñ » Ê ¸ Í+Ï ¹ß¾�¹ Ð ¸ ÖÚ� » Ï ¸ Þ�Ð�Ñ ¾ Ó ¹~» Ê Ý � H ap� ¸ Þ�ØqÖ á�Ø ¹ Ð » ØqÊ >

����s ~ ����¥�°'��¤�°!����°G� °g����¥@�~����� �����$��¡~�@���~�����Tï ���~��¤ Ä>¨]Å �º��� � ��¡f¬

¢ ��¤������!¥ ²³¡��3´

¶ Ø ¹ Ð�ÓR� ¾ Ð ·N¸ Þ�ØqÊj� ¸ Ï Ý�¸ ÊÔÞ ¸�½�¸º· Í�� » ØqÓNÏRØ�Ù Ú Ë L Ù]Ø�ÏÌÞ�ØqÊ�Ð » Ê�ÓÔÍ+Ð » ØqÊ » Ê = ØqÑ¼Ö Ø Ý Ø�Ï�Øm� C Øm5 ¹ �n5 ¸
Ý�¸ Ê ¸ Ï~Í�Ñ×Ñ ¾ Ó ¹ß¸ � Ð ·N¸�¹ß¸ ÞcÍ�Ê�Ð3Í+áÔáÔÏ~Ø�X » ÖgÍ+Ð » ØqÊRÍ�ÑàØqÊ Ý Ð ·N¸�½ Ï~Í�ÊÔÞ · ÐßØ Ý�¸ Ð!Ð ·N¸�» Ê » Ð » Í�Ñ Ý Ó ¸º¹~¹U> ;�Øm5 ¸ � ¸ Ï��
Ù<Ø�Ï!Ð ·N¸�·m»àÝq·N¸ Ï�Ï ¸º¹ ØqÑ×ÓNÐ » ØqÊ ¹ ØqÑ¼ÓÔÐ » ØqÊ ¹ 5 ¸�¹�» ÖgámÑ ¾ Ó ¹�¸ � Ð ·N¸ ÑàØm5 ¸ Ï3Ï ¸º¹ ØqÑ¼ÓÔÐ » ØqÊ ¹ ØqÑ¼ÓNÐ » ØqÊgÍ ¹ Ð ·N¸�» Ê » Ð » Í�Ñ
Ý Ó ¸º¹�¹�>!¶¦·N¸�¹ ØqÑ×ÓNÐ » ØqÊ ¹�½ Ï~Í�ÊmÞ ·N¸º¹ Í�ÊR� ½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊ ¹ Í+Ï ¸ � ¸º¹ Þ�Ï »¼½)¸ � » Ê.� ¸ Ð�Í » Ñ » Ê Ð ·N¸ Ê ¸ X�Ð¦Þ · Í+áÔÐ ¸ Ï >

I Ê Ð ·N¸ Ù]ØqÑ×ÑàØ�5 » Ê Ý ámÑàØ�Ð ¹ Ð ·N¸ Ê�ÓÔÖ ½�¸ Ï ¹ Í ½ Ø�� ¸ Ð ·Ô¸ Ñ » Ê ¸º¹�» ÊR� » ÞcÍ+Ð ¸ · Øm5 ÖgÍ�Ê ¾ � ¸ Þ�ÐßØ�Ï ¹ 5 ¸ Ï ¸
Í��B� ¸ � ÐßØ Ð ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸O¹ Ó ½m¹ á­Í�Þ ¸ Í+Ð�Ð · Í+Ð¦á�Ø » Ê�Ð >ÎÚ�¸ ÞcÍ�Ñ¼Ñ�Ù<Ï�ØqÖ�Þ · Í+áÔÐ ¸ Ï�g�Ð · Í+Ð45 ¸ Ó ¹ß¸ V ¸ 5¦ÐßØqÊ�� ¹
Ö ¸ Ð · Ø�� ÐßØ³Ø ½ Ð�Í » Ê Ð ·N¸ ¹ ØqÑ¼ÓNÐ » ØqÊ?�'Í�ÊB� Ù<Ø�Ï ¸ Í�Þ · V ¸ 5¦ÐßØqÊ ¹ Ð ¸ át5 ¸ Ó ¹ß¸ Í�Ê » Ð ¸ Ï~Í+Ð » � ¸ áÔÏ�ØÈÞ ¸ �ÔÓNÏ ¸
ÐßØ"� ¸ Ð ¸ Ï~Ö » Ê ¸ Ð ·N¸ Þ�Ø�Ï�Ï ¸ Þ�Ð » ØqÊ >�¶¦·N¸ � » A ¸ Ï ¸ Ê�ÐjÑ » Ê ¸º¹ ØqÊ ¸ Í�Þ · á­ÑàØ�ÐjÞ�Ø�Ï~Ï ¸º¹ á�ØqÊB� ÐßØ Ð ·Ô¸ � » A ¸ Ï ¸ Ê�Ð
V ¸ 5¦ÐßØqÊ ¹ Ð ¸ á ¹ Ð · Í+Ð�5 ¸ Ï ¸ Ó ¹ß¸ � » Ê³ÞcÍ�Ñ×ÞcÓÔÑ¼Í+Ð » Ê Ý Ð ·N¸R¹ ØqÑ¼ÓNÐ » ØqÊ > �!Í�Þ · V ¸ 5¦ÐßØqÊ ¹ Ð ¸ á�5�Í ¹@¹ ÐßØ�áÔá ¸ �
5 ·N¸ Ê Ð ·Ô¸ Ï ¸º¹�» �mÓÔÍ�Ñ�ÊNØ�Ï~Ö Ø�ÙCÐ ·N¸ Þ�Ø�Ï�Ï ¸ Þ�Ð » ØqÊ · Í�� ½�¸c¸ ÊÌÏ ¸ �ÔÓÔÞ ¸ � ½�¾ ÍgÙ<Í�Þ�ÐßØ�Ï�Ø�Ù 	U¡ I%Q >

¶¦·Ô¸ Ð ¾ á » ÞcÍ�ÑCÞ�ØqÊj� ¸ Ï Ý�¸ ÊÔÞ ¸�½)¸º· Í�� » ØqÓNÏ<5 ·N¸ Ê Ío� ¸ Þ�ÐßØ�Ï »×¹ Í��B� ¸ �ªÐßØRÐ ·Ô¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸�¹ Ó ½­¹ ámÍ�Þ ¸ Ø�Ù
Ú Ë L »¼¹ Ð · Í+Ð�Ð ·N¸ Ï ¸ »¼¹ Í7Ñ¼Í+Ï Ý�¸ �NÏ�Ø�á » Ê Ð ·N¸j¸ Ï�Ï�Ø�Ï > � Ê ¸ XÈÍ�ÖgámÑ ¸ Ø�Ù'Ð ·Ô»¼¹�½�¸º· Í�� » ØqÓÔÏ »¼¹�¹�· Øm5�Ê » Ê
Õ Ý ÓNÏ ¸6¢:> ���j5 ·Ô» Þ ·j»×¹ Þ�ØqÖgámÓNÐ ¸ ��ØqÊ ½ Ï�Í�ÊÔÞ · � � ¹ß¸c¸ Õ Ý ÓNÏ ¸n��> ª���Í+ÐrÔ�ÕeÔ4ÖÝÒÌ��×«� ¡�> ÒÔÓNÏ~Ð ·N¸ Ï ¸ XÈÍ�Ö á­Ñ ¸º¹
Ø�ÙÎÐ ·N¸�¹ Ð�Í�ÊB�mÍ+Ïq� Ú Ë L ½�¸º· Í�� » ØqÓNÏ¦ÞcÍ�Ê ½�¸O¹ß¸c¸ Ê » ÊÌÖ Ø ¹ Ð¦Ø�ÙCÐ ·N¸ Ù<ØqÑ¼ÑàØm5 » Ê Ý ámÑàØ�Ð ¹�>

� �B� » Ð » ØqÊÔÍ�Ñ¼Ñ ¾ 5 ¸ ÊÔØ�Ð » Þ ¸�» Ê Õ Ý ÓNÏ ¸n¢:> �$Ð · Í+Ð3Ð ·N¸ Ï ¸�»¼¹ Í$Ñ¼Í+Ï Ý�¸ �NÏ�Ø�á » Ê Ð ·N¸ Ï ¸º¹�» �ÔÓÔÍ�Ñ ¸ Ï�Ï�Ø�Ï3Í+Ð3Ð ·N¸
½�¸cÝq» ÊÔÊ » Ê Ý Ø�ÙmÐ ·N¸�¹ß¸ Þ�ØqÊB�,V ¸ 5¦ÐßØqÊ ¹ Ð ¸ á ¹�» ÊmÞ ¸ 5 ¸68�¸c¸ á Ð ·Ô¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸�¹ Ó ½m¹ á­Í�Þ ¸ Ù<Ï�ØqÖ Ð ·N¸ Õ­Ï ¹ Ð ¹ Ð ¸ á >

 » ÊmÞ ¸ 5 ¸Q8�¸c¸ á1Ð ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸$¹ Ó ½m¹ ámÍ�Þ ¸@½�¸ Ðp5 ¸c¸ Ê ¹ Ð ¸ á ¹ ��5 ¸ �ÔØRÊNØ�Ð�5�Í ¹ Ð ¸�¸ A�Ø�Ï�Ð » Ê.� ¸ Ð ¸ Ï~Ö » Ê » Ê Ý
» Ð¦Í Ý Í » ÊªÍ�ÊB�ÌÐ ·N¸ Ï ¸ Ù<Ø�Ï ¸ 5 ¸ Í�Þ ·Ô»à¸ � ¸ Ù Í ¹ Ð ¸ Ï�Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ Ù<Ø�Ï¦Ð ·N¸$¹ß¸ Þ�ØqÊR�OV ¸ 5�ÐßØqÊ ¹ Ð ¸ á >

ÉfÊªÍ��B� » Ð » ØqÊÌÐßØ 8�¸c¸ á » Ê Ý Ð ·Ô¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸�¹ Ó ½­¹ ámÍ�Þ ¸ Ù<Ø�Ï�Ð ·N¸ � » A ¸ Ï ¸ Ê�Ð<V ¸ 5�ÐßØqÊ ¹ Ð ¸ á ¹ �R5 ¸ Ó ¹�¸ Í�Ê
ÓNá?�ÔÍ+Ð ¸ �x� ¸ Ï ¹�» ØqÊ Ø�Ù'Ð ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸$¹ Ó ½m¹ ámÍ�Þ ¸ Í+Ð�Ð ·N¸ ¹ Ó ½m¹ß¸ºÛ Ó ¸ Ê�Ð�Þ�ØqÊ�Ð » Ê�ÓÔÍ+Ð » ØqÊ ¹ Ð ¸ á ¹U> ÉfÊªÕ Ý ÓNÏ ¸º¹
¢:> g Í�ÊB� ¢:>h¢ 5 ¸ ¹�· Ø�5�Ð ·N¸ Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ á­ÑàØ�Ð ¹ 5 ·Ô» Ñ ¸ Þ�ØqÊ�Ð » Ê�Ó » Ê Ý Í�ÑàØqÊ Ý ½ Ï~Í�ÊÔÞ ·ÌØ d ¹ß¸c¸ Õ Ý ÓNÏ ¸
��>G	 s > ÉfÊ Ð ·m»¼¹ ÞcÍ ¹�¸ 5 ¸E8�¸ áÔÐjÐ ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸R¹ Ó ½­¹ ámÍ�Þ ¸ Ù<Ï�ØqÖ ØqÓNÏ ÞcÍ�Ñ¼ÞcÓÔÑ×Í+Ð » ØqÊ Ø�Ù�Ð ·N¸7¹ ØqÑ¼ÓNÐ » ØqÊ Í+Ð
Ô<ÕeÔ4Ö Ò÷g�×«� ¡ � ÓNá?�ÔÍ+Ð ¸ � » ÐF5 » Ð · Í á�Ø�5 ¸ Ï » Ð ¸ Ï~Í+Ð » ØqÊ Í�ÊR��Ó ¹ß¸ � » Ð�ÐßØ ·N¸ Ñàá�Þ�ØqÖ ámÓNÐ ¸ Ð ·N¸ ¹ ØqÑ×ÓNÐ » ØqÊ
Í+Ð�Ô<ÕeÔ Ö ÒÌg�× ¢�¡�>


 ØqÖ ¸ ÓÔÊ�Ó ¹ ÓÔÍ�Ñ ½�¸º· Í�� » ØqÓNÏ�Ø�ÞcÞcÓÔÏ�Ï ¸ �J�mÓNÏ » Ê Ý Ð ·N¸�¹ß¸ Þ�ØqÊB��V ¸ 5¦ÐßØqÊ ¹ Ð ¸ á ÐßØ$Õ­ÊB� Ð ·Ô¸�¹ ØqÑ¼ÓNÐ » ØqÊgÍ+Ð
Ô<ÕeÔ4ÖnÒäg�× ¢�¡ ��Õ Ý ÓÔÏ ¸@¢:>h¢:> Y ·N¸ Ê Ío� ¸ Þ�ÐßØ�Ï�5�Í ¹ Í��B� ¸ � ÐßØRÐ ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸@¹ Ó ½m¹ ámÍ�Þ ¸ �u5 ¸ Ø ½m¹�¸ Ï�� ¸ �



¢j�

0 20 40 60 80
Iteration

10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

R
es

id
ua

lN
or

m
4

Ò »àÝ ÓNÏ ¸D¢:> ��S � ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ ØqÊ ½ Ï~Í�ÊÔÞ · � Í+Ð Ô<ÕeÔ4ÖÝÒÌ��×«� ¡

Ð · Í+ÐjÐ ·N¸ Ï ¸º¹�» �ÔÓmÍ�Ñ'ÊNØ�Ï~Ö » ÊÔÞ�Ï ¸ Í ¹�¸ � >ª¶¦·N¸ ÕmÏ ¹ Ð » ÊÔÞ�Ï ¸ Í ¹�¸ 5�Í ¹ �mÓ ¸ ÐßØ Ú Ë L Í��B� » Ê Ý Í�Ê » ÊÔÍ�ÞcÞcÓ�a
Ï~Í+Ð ¸ � ¸ Þ�ÐßØ�ÏjÐßØ Ð ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸g¹ Ó ½m¹ ámÍ�Þ ¸�>7¶¦·N¸ Ï ¸º¹ ÓÔÑàÐ » Ê Ý ÑàØ ¹~¹ Ø�Ù » Ê�� Í+Ï » Í�ÊÔÞ ¾ ÞcÍ�Ó ¹ß¸ � ÍªÙ<Í » Ñ×ÓNÏ ¸ » Ê
Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸�> ;�Øm5 ¸ � ¸ Ï�� ¹�· Ø�Ï�Ð�Ñ ¾ Í+Ù]Ð ¸ Ï�5�Í+Ïq� ¹ Ð ·N¸$» Ê��+Í+Ï » Í�ÊÔÞ ¾ 5�Í ¹ Ï ¸º¹ ÐßØ�Ï ¸ �O5 » Ð · Ð ·N¸ Í��B� » Ð » ØqÊ Ø�Ù
Í�ÊNØ�Ð ·N¸ Ï¦� ¸ Þ�ÐßØ�Ï > H ÊNÙ<Ø�Ï�Ð�ÓÔÊmÍ+Ð ¸ Ñ ¾ � ½�¾ Ð ·Ô»×¹ á�Ø » Ê�Ð'Ð ·N¸�¸ Ï�Ï�Ø�Ï » Ê Ð ·N¸ ÞcÓÔÏ�Ï ¸ Ê�Ð ¹ ØqÑ¼ÓÔÐ » ØqÊJ5�Í ¹ Ï ¸ Ñ¼Í+Ð » � ¸ Ñ ¾
Ñ¼Í+Ï Ý�¸g¹ Ø ÍÌÑ¼Í+Ï Ý�¸ Þ�Ø�Ï�Ï ¸ Þ�Ð » ØqÊ�ÐßØÌÐ ·N¸ ¹ ØqÑ¼ÓNÐ » ØqÊc5�Í ¹ Ï ¸ºÛ Ó » Ï ¸ � > � ÑàÐ · ØqÓ Ýq· Ð ·Ô»×¹ Ï ¸ �ÔÓÔÞ ¸ �1Ð ·N¸ ¸ Ï~Ï�Ø�Ï��
» Ð » ÊÔÞ�Ï ¸ Í ¹�¸ �ªÐ ·N¸ Ï ¸º¹~» �ÔÓÔÍ�Ñ
ÊÔØ�Ï~Ö > � Ù<Ð ¸ Ï�Ð ·Ô»¼¹ á�Ø » ÊtÐ�5 ¸ ¹ß¸c¸ Ð · Í+Ð�Ð ·N¸ Ï ¸º¹�» �ÔÓÔÍ�Ñ ÊÔØ�Ï~Ö »×¹ � ¸ ÞcÍ ¾È» Ê Ý
Ù Í ¹ Ð ¸ Ï�Ð · Í�Ê ½)¸ Ù<Ø�Ï ¸ Ð ·N¸ Õ­Ï ¹ Ð4� ¸ Þ�ÐßØ�Ï 5�Í ¹ Í��B� ¸ � >

¶ Ø Þ�ØqÖgámÓNÐ ¸R¹ ØqÑ¼ÓNÐ » ØqÊ ¹ Í�ÑàØqÊ Ý ½ Ï~Í�ÊÔÞ ·­Ø ÐU��5 ·m» Þ · »¼¹$¹�» Ö » Ñ¼Í+ÏOÐßØ ½ Ï~Í�ÊÔÞ ·­Ø � ¹ß¸c¸ Õ Ý ÓNÏ ¸���>G	 s��
5 ¸ Ê ¸c¸ ��ÐßØªÍ�Ó Ý Ö ¸ ÊtÐ�Ð ·Ô¸g¹ß¾�¹ Ð ¸ ÖÉ5 » Ð · Í á · Í ¹ß¸ Þ�ØqÊB� » Ð » ØqÊ1ÐßØO� ¸ Ð ¸ Ï~Ö » Ê ¸ Ð ·N¸ 5�Í�� ¸R¹ á ¸c¸ �?d ¹ß¸c¸
¹ß¸ Þ�Ð » ØqÊ ¢:> � > g >3¶¦·Ô¸ Þ�ØqÊj� ¸ Ï Ý�¸ ÊmÞ ¸ Ù<Ø�Ï ½ Ï~Í�ÊmÞ ·xØ Ð�Í+Ð�Ô<ÕeÔ4ÖÝÒÌg�×«� ¡R»¼¹¦¹�· Øm5�Ê » Ê Õ Ý ÓNÏ ¸F¢:>«��>

Y ¸ Í�Ñ ¹ Ø�Ø ½m¹ß¸ Ïq� ¸ � Í�Ê » ÊÔÞ�Ï ¸ Í ¹ß¸�» Ê�Ð ·Ô¸ Ï ¸º¹�» �ÔÓÔÍ�Ñ�ÊNØ�Ï~Ö Í+Ù]Ð ¸ Ï�� ¸ Þ�ÐßØ�Ï ¹ Í+Ï ¸ Í��B� ¸ �@ÐßØ�Ð ·Ô¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸
¹ Ó ½­¹ ámÍ�Þ ¸�>�¶¦·Ô»¼¹ 5�Í ¹ �ÔÓ ¸ ÐßØ@Ð ·Ô¸�¸ Ï�Ï~Ø�Ï3Ø�Ù�Ð ·N¸ ÞcÓNÏ�Ï ¸ ÊtÐ ¹ ØqÑ¼ÓNÐ » ØqÊ ½�¸º» Ê Ý ÐßØ�ØjÑ×Í+Ï Ý�¸�>'¶¦·N¸ Ñ¼Í+Ï Ý�¸�¸ Ï~Ï�Ø�Ï
»¼¹ Ö Í » ÊÔÑ ¾ �mÓ ¸ ÐßØ�Ð ·N¸ á · Í ¹ß¸ Þ�ØqÊB� » Ð » ØqÊ�Ð · Í+ÐÝ5 ¸�» Ö á�Ø ¹ß¸ � >C¶¦·m»¼¹ Þ�ØqÊB� » Ð » ØqÊ Þ · Í�Ê Ý�¸º¹ 5 ·N¸ Ê,� ¸ Þ�ÐßØ�Ï ¹
Í+Ï ¸ Í��R� ¸ � ÐßØ Ð ·N¸ ÓmÊ ¹ Ð�Í ½ Ñ ¸O¹ Ó ½m¹ ámÍ�Þ ¸�>

¶¦·Ô¸ ¸ Ï�Ï�Ø�Ï¦P�ÓÔÖ á³ÞcÍ�Ê ½)¸ Ø ½­¹ß¸ Ï�� ¸ � » Ê Õ Ý ÓNÏ ¸0¢:> sO5 ·N¸ Ï ¸ 5 ¸ ámÑàØ�ÐOÐ ·Ô¸ Þ�ØqÖ ámÓNÐ ¸ �á5�Í�� ¸º¹ á ¸c¸ �
Þ�Ø�Ï�Ï ¸ Þ�Ð » ØqÊc�mÓNÏ » Ê Ý Ð ·Ô¸@¹ß¸ Þ�ØqÊB�cV ¸ 5¦ÐßØqÊ ¹ Ð ¸ á > � Ð�Ð ·N¸ á)Ø ¹~» Ð » ØqÊT5 ·Ô¸ Ï ¸ ÍJ� ¸ Þ�ÐßØ�Ï »¼¹ Í��B� ¸ �ªÐßØ7Ð ·N¸



¢j

ÓÔÊ ¹ Ð�Í ½ Ñ ¸O¹ Ó ½m¹ ámÍ�Þ ¸ �:5 ¸@¹ß¸c¸ ÍgÑ¼Í+Ï Ý�¸ PßÓÔÖgá » Ê Ð ·Ô»¼¹ 5�Í�� ¸º¹ á ¸c¸ � Þ�Ø�Ï�Ï ¸ Þ�Ð » ØqÊ >

ÉfÊ Õ Ý ÓNÏ ¸,¢:> ª�5 ¸g¹�· Øm5 Ð ·N¸ Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ Ù]Ø�Ï�Ð ·Ô¸g¹ Í�Ö ¸ Ô<ÕeÔ4Ö �+Í�Ñ¼Ó ¸ ØqÊ ½ Ï�Í�ÊÔÞ ·�Ø Ð ½ ÓNÐ�Ð ·N¸
5�Í�� ¸º¹ á ¸c¸ � ÕRX ¸ � > Y ¸ ¹ Ð » Ñ¼Ñ Ý�¸ Ð ¹ Ñ »àÝq· Ð » ÊÔÞ�Ï ¸ Í ¹ß¸º¹ 5 ·N¸ ÊÄ� ¸ Þ�ÐßØ�Ï ¹ Í+Ï ¸ Í��B� ¸ � ÐßØ Ð ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸
¹ Ó ½­¹ ámÍ�Þ ¸ Ð ·m»¼¹!»¼¹ Í Ý Í » Ê��ÔÓ ¸ ÐßØ@Ð ·N¸ ÞcÓNÏ�Ï ¸ ÊtÐ ¹ ØqÑ¼ÓNÐ » ØqÊ ½�¸º» Ê Ý Ï ¸ Ñ¼Í+Ð » � ¸ Ñ ¾ Ù Í+Ï�Í�5�Í ¾ Ù<Ï�ØqÖIÐ ·N¸ Þ�Ø�Ï~Ï ¸ Þ�Ð
�+Í�Ñ¼Ó ¸�> � ØqÖ á­Í+Ï ¸ Õ Ý ÓNÏ ¸º¹n¢:>«� Í�ÊB� ¢:> ª >

Ò »àÝ ÓNÏ ¸@¢:>«�7¹�· Øm5 ¹ Ð ·N¸ Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ Ù<Ø�Ï ½ Ï~Í�ÊÔÞ · ;Q� ¹ß¸c¸ Õ Ý ÓNÏ ¸,��>G	 ª��
Í+ÐDÔ�ÕeÔ Ö Ò ¢ × ¡�¡�> � Ù<Ð ¸ Ï
Í ½ ØqÓNÐ ¢�¡Ì» Ð ¸ Ï~Í+Ð » ØqÊ ¹ 5 ¸ ¹ß¸c¸ Ð · Í+ÐOÐ ·Ô¸�¹ Þ ·N¸ Ö ¸g»×¹�½)¸ Þ�ØqÖ » Ê Ý ÓÔÊ ¹ Ð�Í ½ Ñ ¸�> ;�Øm5 ¸ � ¸ Ï�� Ú Ë L � ¸ Ð ¸ Þ�Ð ¹
Ð ·N¸ � » � ¸ Ï Ý�¸ Ê�Ð ¹ Ó ½m¹ ámÍ�Þ ¸ ��Þ�Ø�Ï�Ï ¸º¹ á�ØqÊB� » Ê Ý ÐßØ�Í$ámÍ » Ï!Ø�Ù
Þ�ØqÖ ámÑ ¸ X Þ�ØqÊ*PßÓ Ý Í+Ð ¸�¸º»àÝ�¸ Ê��+Í�Ñ¼Ó ¸º¹ �ÈÍ��B� ¹ Ðp5�Ø
� ¸ Þ�ÐßØ�Ï ¹ ÐßØgÐ ·N¸�½ Í ¹�»¼¹ Í�ÊB�ÌÐ ·Ô¸ Ï ¸c½�¾ Ï ¸cÝ Í » Ê ¹ Þ�ØqÊj� ¸ Ï Ý�¸ ÊÔÞ ¸�>

0 100 200 300
Iteration

10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

R
es

id
ua

lN
or

m

2

3

2

Ò »¼Ý ÓNÏ ¸D¢:> g�S � ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ ØqÊ.N�Ï~Í�ÊÔÞ ·xØ Í+Ð Ô<ÕeÔ4ÖrÒÌg�×«� ¡

Ò »àÝ ÓNÏ ¸º¹F¢:>«
 Í�ÊB� ¢:>G	U¡ Í�Ñ ¹ Ø ¹~· Ø�5 » ÊÔÞ�Ï ¸ Í ¹ß¸º¹O» Ê Ð ·N¸ Ï ¸º¹�» �ÔÓÔÍ�ÑCÊNØ�Ï~Öí5 ·N¸ Ê2� ¸ Þ�ÐßØ�Ï ¹ Í+Ï ¸ Í��B� ¸ �
ÐßØ7Ð ·N¸ ÓmÊ ¹ Ð�Í ½ Ñ ¸j¹ Ó ½m¹ ámÍ�Þ ¸�>�¶¦·Ô¸º¹ß¸ Õ Ý ÓNÏ ¸º¹ Í+Ï ¸ Þ�ØqÖgámÓNÐ ¸ � ØqÊ ½ Ï~Í�ÊÔÞ ·2Ü Í+Ð�Ô<ÕeÔ Ö Ò ¢ ×Þª ¡�> ;�Øm54a
¸ � ¸ Ï��
Í�ÊNØ�Ð ·Ô¸ Ï � ¸ Þ�ÐßØ�Ï »¼¹�Û Ó » Þ 8 Ñ ¾ » � ¸ Ê�Ð » Õ ¸ �ªÍ�ÊR� Í��B� ¸ � ÐßØ Ð ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸@¹ Ó ½m¹ ámÍ�Þ ¸ ÐßØÌÞcÍ�Ó ¹ß¸ Ð ·N¸
Ï ¸º¹�» �ÔÓÔÍ�Ñ�ÐßØá� ¸ Þ�Ï ¸ Í ¹ß¸ ¹�»àÝ Ê » Õ)ÞcÍ�ÊtÐ�Ñ ¾�> ¶¦·Ô»×¹ ØÈÞcÞcÓNÏ ¹ 5 ·N¸ Ê Ú Ë L Í��R� ¹ ØqÊÔÑ ¾ ØqÊ ¸ � ¸ Þ�ÐßØ�ÏRÏ ¸ Ñ¼Í+Ð » Ê Ý
ÐßØ Í ámÍ » ÏOØ�ÙTÞ�ØqÖ ámÑ ¸ X³Þ�ØqÊ*P�Ó Ý Í+Ð ¸R¸º»àÝ�¸ Êj�+Í�Ñ¼Ó ¸º¹@» Ê�ÐßØÌÐ ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸g¹ Ó ½­¹ ámÍ�Þ ¸�> ¶¦·Ô¸g¸ A ¸ Þ�Ð@Ø�Ù�Ð ·Ô»¼¹
»¼¹ Ð · Í+Ð7Ð ·N¸ ÓmÊ ¹ Ð�Í ½ Ñ ¸ ¹ Ó ½m¹ ámÍ�Þ ¸ »¼¹ ÊNØ ÑàØqÊ Ý�¸ Ï » Ê�� Í+Ï » Í�ÊtÐ7Í�ÊB�¼�ÔØ ¸º¹ ÊNØ�Ð Þ�ØqÊtÐ�Í » Ê Ð ·Ô¸ ½ Í ¹~»¼¹ Ù<Ø�Ï
Ð ·N¸ Ðp5�Øeap� » Ö ¸ Ê ¹�» ØqÊÔÍ�Ñ ¹ ámÍ�Þ ¸ Þ�Ø�Ï�Ï ¸º¹ á�ØqÊB� » Ê Ý ÐßØ Ð ·N¸ Þ�ØqÖ ámÑ ¸ X ¸º»àÝ�¸ Ê��+Í�Ñ¼Ó ¸º¹ ��Ð · Ó ¹ ÞcÍ�Ó ¹�» Ê Ý Í1ÑàØ ¹�¹



�e¡

0 100 200 300
Iteration

10-8

10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

R
es

id
ua

lN
or

m

4
1

1

Ò »¼Ý ÓNÏ ¸D¢:>h¢ S � ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ ØqÊ.N�Ï~Í�ÊÔÞ ·xØ Í+Ð Ô<ÕeÔ Ö ÒÌg�× ¢�¡

0 50 100 150 200 250 300 350
Iteration

10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

R
es

id
ua

lN
or

m

1 1

1
3

Ò »àÝ ÓNÏ ¸c¢:>«� S � ØqÊj� ¸ Ï Ý�¸ ÊmÞ ¸ ØqÊkN�Ï~Í�ÊmÞ ·¹Ø ÐÌÍ+ÐOÔ<ÕeÔ4ÖxÒÿg�×«� ¡ H ¹�» Ê Ý Ð ·N¸ Ë · Í ¹ß¸ � ØqÊB� » Ð » ØqÊ,ÐßØ
Ü�¸ Ð ¸ Ï~Ö » Ê ¸ Ð ·N¸ Y³Í�� ¸ 
 á ¸c¸ �



��	

0 50 100 150 200 250 300 350
Iteration

-2E-05

-1E-05

0

1E-05

2E-05

3E-05

4E-05

5E-05

6E-05

7E-05

W
av

es
pe

ed
C

or
re

ct
io

n

1

Ò »àÝ ÓNÏ ¸J¢:> s�S � ØqÊj� ¸ Ï Ý�¸ ÊmÞ ¸ Ø�Ù4Y³Í�� ¸º¹ á ¸c¸ � � Ø�Ï�Ï ¸ Þ�Ð » ØqÊ ØqÊ�N�Ï~Í�ÊÔÞ ·$Ø Ð@Í+ÐÅÔ�ÕeÔ4Ö@ÒÐg�×«� ¡ Ü ÓÔÏ » Ê Ý
Ð ·N¸ 
 ¸ Þ�ØqÊB�OV ¸ 5¦ÐßØqÊ 
 Ð ¸ á H ¹�» Ê Ý Ð ·N¸ Ë · Í ¹ß¸ � ØqÊB� » Ð » ØqÊ7ÐßØ Ü�¸ Ð ¸ Ï~Ö » Ê ¸ Ð ·N¸ Y³Í�� ¸ 
 á ¸c¸ �

0 50 100 150 200 250 300 350 400
Iteration

10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

R
es

id
ua

lN
or

m

1

1

1

Ò »àÝ ÓNÏ ¸D¢:> ª�S � ØqÊj� ¸ Ï Ý�¸ ÊÔÞ ¸ ØqÊON�Ï~Í�ÊmÞ ·cØ Ð¦Í+Ð�Ô<ÕeÔ4ÖrÒÌg�×«� ¡ Y » Ð · Ð ·N¸ Y³Í�� ¸ 
 á ¸c¸ �ÌÒ » X ¸ �ªÍ+Ð¦Ð ·N¸
= ÊNØm5�ÊTM'Í�Ñ¼Ó ¸



� �

0 100 200
Iteration

10-8

10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

R
es

id
ua

lN
or

m

3

2

2

Ò »àÝ ÓNÏ ¸D¢:>«� S � ØqÊj� ¸ Ï Ý�¸ ÊÔÞ ¸ ØqÊON�Ï~Í�ÊmÞ · ; Í+Ð�Ô<ÕeÔnÖrÒ ¢ × ¡�¡

Ø�Ù¦Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸�> ;�Ø�5 ¸ � ¸ Ï��Ý�ÔÓ ¸ ÐßØ Ð ·m»¼¹�Ú Ë L0»¼¹ ØqÑ¼Í+Ð ¸º¹ Í ¹�¸ Þ�ØqÊB��� ¸ Þ�ÐßØ�Ï Û Ó » Þ 8 Ñ ¾ Í�ÊB� Ï ¸ Þ�Ø�� ¸ Ï ¹
Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸�>

¶ ØgÞ�Ø�Ï�Ï ¸ Þ�ÐTÐ ·Ô»×¹ ámÏ�Ø ½ Ñ ¸ Ö 5 ¸ Ð ¸º¹ ÐTÐ ·N¸ �NØqÖ » ÊmÍ�ÊtÐ ¸º»àÝ�¸ Ê�� Í�Ñ×Ó ¸º¹ �NÍ ¹ � ¸º¹ Þ�Ï »¼½)¸ � » Ê ¹ß¸ Þ�Ð » ØqÊ ¢:>G	e>G	 �
ÐßØo� ¸ Ð ¸ Ï~Ö » Ê ¸ 5 ·N¸ Ð ·N¸ Ï�Ð ·N¸c¾ Í+Ï ¸ Ï ¸ Í�Ñ Ø�Ï�ÍRÞ�ØqÖ á­Ñ ¸ X Þ�ØqÊ*PßÓ Ý Í+Ð ¸ ámÍ » Ï > Y » Ð · Ð ·Ô»¼¹ Ð ¸º¹ Ð�5 ¸ �NØ7ÊNØ�Ð
Í�Ñ¼ÑàØm5 Ú Ë L ÐßØ7Í��R�ÌØqÊÔÑ ¾ ØqÊ ¸ � ¸ Þ�ÐßØ�Ï 5 ·N¸ ÊT5 ¸@· Í�� ¸ ÍgÞ�ØqÖgámÑ ¸ X Þ�ØqÊ*P�Ó Ý Í+Ð ¸ á­Í » Ï¦Ø�Ù ¸º»àÝ�¸ Ê�� Í�Ñ×Ó ¸º¹U>
;�Ø�5 ¸ � ¸ Ï��mÐ ·N¸ � ¸ Þ�ÐßØ�Ï ¹ Ø�ÙCÐ ·N¸�= Ï ¾ ÑàØ�� ¹ Ó ½m¹ ámÍ�Þ ¸ Í+Ï ¸ ÊNØ�Ð¦Í�ÞcÞcÓNÏ~Í+Ð ¸$¸ ÊNØqÓ Ýq· Ù<Ø�ÏTÐ ·Ô»¼¹ Ð ¸º¹ ÐTÐßØJ53Ø�Ï 8u>

ÉfÊ ¹ß¸ Þ�Ð » ØqÊcg >h¢ 5 ¸ Þ�ØqÊ ¹�» � ¸ Ï ¸ � Ðp5�ØRÖ ¸ Ð · Ø�� ¹ Ù<Ø�Ï » Ê�Ð ¸cÝ Ï~Í+Ð » Ê Ý Í�ÊªØ�ÏÃ� » ÊÔÍ+Ï ¾ � » A ¸ Ï ¸ Ê�Ð » Í�Ñ ¸ºÛ ÓÔÍ*a
Ð » ØqÊ?�TÍ1Õ­Ï ¹ ÐgØ�Ïq� ¸ ÏRÍ�ÞcÞcÓNÏ~Í+Ð ¸ » Ö ámÑ » Þ » Ðbð ¸ XÈámÑ » Þ » Ð,�!ÓmÑ ¸ ÏgÖ ¸ Ð · Ø��?�TÍ�ÊB�,Í ¹ß¸ Þ�ØqÊB�¯Ø�Ïq� ¸ Ï Í�ÞcÞcÓNÏ�Í+Ð ¸
Ú ÓmÊ Ý�¸ a = ÓNÐßÐ�Í�ð ¶ Ï~Í+á ¸U  Ø » �ÔÍ�ÑNÏ�ÓÔÑ ¸�> Ò »àÝ ÓÔÏ ¸º¹�¢:>«
 Í�ÊB� ¢:>G	U¡$¹�· Ø�5,Ð ·N¸ � » A ¸ Ï ¸ ÊÔÞ ¸T» Ê�á ¸ Ï�Ù<Ø�Ï~ÖgÍ�ÊÔÞ ¸�½�¸ a
Ðp5 ¸c¸ Ê Ð ·N¸º¹�¸ Ðp5�Ø�Ö ¸ Ð · Ø�� ¹U> Y ¸ Ø ½m¹ß¸ Ï�� ¸ Ù<Ï�ØqÖ4Ð ·N¸º¹ß¸ Õ Ý ÓNÏ ¸º¹ Ð · Í+Ð�Ð ·N¸TÚ ÓÔÊ Ý�¸ a = ÓNÐßÐ�Í�ð ¶ Ï�Í+á ¸U  Ø » �ÔÍ�Ñ
Ï~ÓÔÑ ¸ Ö ¸ Ð · Ø�� Ï ¸ºÛ Ó » Ï ¸º¹ Ù ¸ 5 ¸ Ï » Ð ¸ Ï~Í+Ð » ØqÊ ¹ �¦5 ·Ô» Þ ·,»¼¹ �ÔÓ ¸ ÐßØ Ð ·N¸ Ñ×Í+Ï Ý�¸ ÏRÐ » Ö ¸ ¹ Ð ¸ á�Ð · Í+Ðo5 ¸ Í+Ï ¸
Í ½ Ñ ¸ ÐßØ Ó ¹ß¸�> ;�Øm5 ¸ � ¸ Ï�� ¸ Í�Þ · » Ð ¸ Ï�Í+Ð » ØqÊ�Ï ¸ºÛ Ó » Ï ¸º¹ Ð 5 » Þ ¸ Í ¹ ÖjÓÔÞ · 53Ø�Ï 8 Þ�ØqÖ á­Í+Ï ¸ �á5 » Ð · Ð ·Ô¸ » Ö,a
ámÑ » Þ » Ðbð ¸ X�á­Ñ » Þ » Ð6�!ÓÔÑ ¸ Ï¦Ö ¸ Ð · Ø�� >'¶¦·N¸�·Ô»àÝq·Ô¸ ÏTØ�Ïq� ¸ Ï�Í�ÞcÞcÓNÏ�Í+Ð ¸ Ö ¸ Ð · Ø�� ¹ß¸c¸ Ö ¹ Ö Ø�Ï ¸�¸ þ7Þ »à¸ ÊtÐ >

Ò »àÝ ÓNÏ ¸D¢:>G	�	�»¼¹ Í�Ñ ¹ ØgÞ�ØqÖgámÓNÐ ¸ � Ó ¹~» Ê Ý Ð ·N¸�Ú ÓÔÊ Ý�¸ a = ÓNÐßÐ�Í�ð ¶ Ï~Í+á ¸U  Ø » �ÔÍ�Ñ�Ï~ÓmÑ ¸ d · Ø�5 ¸ � ¸ Ï�� » Ð�Ó ¹ß¸º¹
Í Ñ¼Í+Ï Ý�¸ Ï = Ï ¾ ÑàØ�� ¹ ámÍ�Þ ¸�>�¶¦·Ô»¼¹ Ñ¼Í+Ï Ý�¸ Ï = Ï ¾ ÑàØm� ¹ ámÍ�Þ ¸ Í�Ñ¼ÑàØm5 ¹ Ö Ø�Ï ¸ � ¸ Þ�ÐßØ�Ï ¹ ÐßØ ½)¸ Í��B� ¸ � ÐßØ1Ð ·N¸
ÓÔÊ ¹ Ð�Í ½ Ñ ¸1¹ Ó ½m¹ á­Í�Þ ¸ ¹�» Ö@ÓÔÑ¼Ð�Í�Ê ¸ ØqÓ ¹ Ñ ¾�>éI Ê�Ð ·N¸ ÕmÏ ¹ ÐEV ¸ 5�ÐßØqÊ ¹ Ð ¸ á Ø�Ù�Õ Ý ÓNÏ ¸2¢:>G	U¡ � ¹�» X�� ¸ Þ�ÐßØ�Ï ¹



� g
Í+Ï ¸ Í��R� ¸ � » Ê Û Ó » Þ 8 ¹ ÓÔÞcÞ ¸º¹�¹�» ØqÊ[�^5 ·Ô¸ Ï ¸ Í ¹ 5 » Ð · Ð ·N¸ Ñ¼Í+Ï Ý�¸ Ï = Ï ¾ ÑàØ�� ¹ ámÍ�Þ ¸ Ð ·N¸c¾ Í+Ï ¸ Í�Ñ¼Ñ�Í��B� ¸ �
¹�» ÖjÓÔÑàÐ�Í�Ê ¸ ØqÓ ¹ Ñ ¾�>7¶¦·N¸ ½�¸ Ê ¸ ÕmÐ ¹ Ø�Ù�Ó ¹�» Ê Ý Í Ñ×Í+Ï Ý�¸ Ï = Ï ¾ ÑàØm� ¹ ámÍ�Þ ¸ Í+Ï ¸ Ö Ø�Ï ¸ Í+áÔámÍ+Ï ¸ Ê�Ð�5 ·N¸ Ê Ð ·N¸
¸º»àÝ�¸ Ê�� Í�Ñ×Ó ¸º¹ Ø�ÙÎÐ ·N¸�¹ß¾È¹ Ð ¸ Ö ½�¸º» Ê Ý�¹ ØqÑ9� ¸ � Í+Ï ¸ ÊÔØ�Ð45 ¸ Ñ¼Ñ ¹ß¸ ámÍ+Ï~Í+Ð ¸ � >

0 200 400 600 800 1000
Iteration

10-6

10-5

10-4

10-3

10-2

10-1

100

101

R
es

id
ua

lN
or

m

2

2

1
1

2

Ò »àÝ ÓÔÏ ¸D¢:>«
 S � ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ ØqÊON�Ï~Í�ÊÔÞ ·xÜ Í+Ð Ô<ÕeÔ4ÖrÒ ¢ ×Þª ¡ H ¹�» Ê Ý �!ÓÔÑ ¸ Ï ¶�» Ö ¸ 
 Ð ¸ áÔá » Ê Ý

Ò »àÝ ÓNÏ ¸º¹o¢:>G	 � Í�ÊR� ¢:>G	 g ¹�· Ø�5�Ð ·N¸ Þ�ØqÊj� ¸ Ï Ý�¸ ÊÔÞ ¸ ámÑàØ�Ð ¹ 5 ·Ô» Ñ ¸ Þ�ØqÊ�Ð » Ê�Ó » Ê Ý Í�ÑàØqÊ Ý Ð ·N¸ Ð · Ï ¸c¸ a
� » Ö ¸ Ê ¹�» ØqÊÔÍ�Ñ C Øm5�Ø�Ù ½ Ï~Í�ÊÔÞ · 
 �!Í+Ð�Ô<ÕeÔ4Ö�ÒÈs�× �e¡ �¦Í�ÊB��Ô�ÕeÔ4Ö�Òçª�× ¡�¡ Ï ¸º¹ á ¸ Þ�Ð » � ¸ Ñ ¾�> � N�Ï~Í�ÊÔÞ ·

 »¼¹ ¹~» Ö » Ñ¼Í+Ï�ÐßØ ½ Ï~Í�ÊÔÞ ·t= �ÎÕ Ý ÓNÏ ¸.��>h¢ � ¸ XNÞ ¸ áÔÐ » Ð · Í ¹ Ð 5 » Þ ¸ Í ¹ ÖgÍ�Ê ¾ Ö Ø�� ¸º¹g» Ê Ð ·N¸ X Í�ÊB�  
� » Ï ¸ Þ�Ð » ØqÊ ¹U>Þ�@¶¦·N¸º¹�¸ Õ Ý ÓNÏ ¸º¹3¹�· Ø�5 Ð · Í+Ð » Ð!Ð�Í 8�¸º¹ ÍjÙ ¸ 5�Þ�ØqÊ�Ð » Ê�ÓÔÍ+Ð » ØqÊ ¹ Ð ¸ á ¹ Ù]Ø�Ï Ú Ë L ÐßØ,� ¸ Ð ¸ Þ�ÐTÍ�Ñ¼Ñ
Ø�Ù�Ð ·N¸ � ¸ Þ�ÐßØ�Ï ¹ ÐßØ ½�¸@» ÊÔÞcÑ¼ÓB� ¸ � » Ê Ð ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸�¹ Ó ½m¹ á­Í�Þ ¸�> Ò »¼Ý ÓNÏ ¸@¢:>G	 g ¹�· Øm5 ¹ Í Ý Ø�Ø�� ¸ XÈÍ�ÖgámÑ ¸
Ø�Ù Ú Ë L � ¸ Ð ¸ Þ�Ð » Ê Ý � » � ¸ Ï Ý�¸ ÊtÐF� ¸ Þ�ÐßØ�Ï ¹ ØqÊ1Ð ·N¸ ¹ß¸ Þ�ØqÊB�"V ¸ 5¦ÐßØqÊ ¹ Ð ¸ á >@¶¦·N¸º¹ß¸ � ¸ Þ�ÐßØ�Ï ¹ Í+Ï ¸ Í��B� ¸ �
ÐßØgÐ ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸�¹ Ó ½m¹ ámÍ�Þ ¸ 5 ·Ô» Þ · Ï ¸º¹ ÓÔÑàÐ ¹T» Ê Ð ·Ô¸�» Ð ¸ Ï~Í+Ð » ØqÊÌÏ ¸cÝ Í » Ê » Ê Ýg» Ð ¹T¹ Ð�Í ½m» Ñ » Ð ¾�>

ÉfÊ Õ Ý ÓNÏ ¸º¹ ¢:>G	 ��� ¢:>G	à¢ Í�ÊR� ¢:>G	�� 5 ¸ ¹�· Øm5�Ð ·N¸ Þ�ØqÊj� ¸ Ï Ý�¸ ÊmÞ ¸ Ù]Ø�ÏOÐ ·Ô¸�¹ ØqÑ¼ÓNÐ » ØqÊ Ø�Ù ½ Ï�Í�ÊÔÞ · 
 Í+Ð
Ô<ÕeÔ4Ö6ÒÌs�× �e¡ Ó ¹�» Ê Ý g����us ¢ Í�ÊB� 	 � � Ö Ø�� ¸º¹ Ï ¸º¹ á ¸ Þ�Ð » � ¸ Ñ ¾�>3¶¦·N¸ ÞcÍ�Ñ×ÞcÓÔÑ¼Í+Ð » ØqÊ ¹ Ù]Ø�Ï�Ð ·N¸ s ¢ Í�ÊB� 	 � �
Ö Ø�� ¸�¹ ØqÑ¼ÓNÐ » ØqÊ ¹ Ó ¹�¸ �RÐ ·Ô¸ g��jÖ Ø�� ¸�¹ ØqÑ¼ÓNÐ » ØqÊ?� » Ê ¹ Ð ¸ Í��7Ø�Ù Í ¹ß¸ ÞcÍ�Ê�Ð¦Í+áÔáÔÏ�Ø�X » Ö Í+Ð » ØqÊ?�ÈÍ ¹ Ð ·N¸O» Ê » Ð » Í�Ñ
Ý Ó ¸º¹�¹�> Y ¸ ÊNØ�Ð ¸ Ð · Í+Ð�Ð ·N¸ Þ�ØqÊj� ¸ Ï Ý�¸ ÊmÞ ¸ ámÑàØ�Ð ¹ Ø�Ù Ð ·Ô¸ s ¢ Í�ÊB� 	 � � Ö Ø�� ¸º¹�¹ ØqÑ¼ÓÔÐ » ØqÊ ¹ Í+Ï ¸ Ð ·N¸�¹ Í�Ö ¸�>
¶¦·Ô»×¹�»¼¹ �ÔÓ ¸ ÐßØ á ¸ Ï�Ù]Ø�Ï�Ö » Ê Ý Ð ·N¸ ¹ Í�Ö ¸ Ð » Ö ¸7» Ê�Ð ¸cÝ Ï~Í+Ð » ØqÊ Ù]Ï�ØqÖ Ð ·N¸7¹ Í�Ö ¸ » Ê » Ð » Í�Ñ Ý Ó ¸º¹�¹ Í+Ð ½ Ø�Ð ·
Ï ¸º¹ ØqÑ×ÓNÐ » ØqÊ ¹U> � �B� » Ð » ØqÊÔÍ�Ñ¼Ñ ¾ 5 ¸ 5 ¸ Ï ¸ Í ½ Ñ ¸ ÐßØ 8�¸c¸ áªÐ ·N¸ Ð » Ö ¸�¹ Ð ¸ á Ð ·N¸@¹ Í�Ö ¸ Í+Ð�Í�Ñ×Ñ�Ï ¸º¹ ØqÑ¼ÓNÐ » ØqÊ ¹U>



�*¢

0 100 200 300 400
Iteration

10-6

10-5

10-4

10-3

10-2

10-1

100

101

R
es

id
ua

lN
or

m

2

4

1
1

Ò »àÝ ÓNÏ ¸,¢:>G	U¡ S � ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ ØqÊ"N�Ï~Í�ÊmÞ ·áÜ Í+Ð�Ô<ÕeÔ4Ö Ò ¢ ×Þª ¡ H ¹�» Ê Ý 
 ¸ Þ�ØqÊB� I Ïq� ¸ Ï Ú ÓÔÊ Ý�¸ a = ÓNÐßÐ�Í
Y » Ð ·O= Ï ¾ ÑàØm� 
 á­Í�Þ ¸ 
 »9 c¸ ÒDs

0 100 200 300 400
Iteration

10-6

10-5

10-4

10-3

10-2

10-1

100

101

R
es

id
ua

lN
or

m

2

6

Ò »àÝ ÓNÏ ¸,¢:>G	�	 S � ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ ØqÊ"N�Ï~Í�ÊmÞ ·áÜ Í+Ð�Ô<ÕeÔ4Ö Ò ¢ ×Þª ¡ H ¹�» Ê Ý 
 ¸ Þ�ØqÊB� I Ïq� ¸ Ï Ú ÓÔÊ Ý�¸ a = ÓNÐßÐ�Í
Y » Ð ·O= Ï ¾ ÑàØm� 
 á­Í�Þ ¸ 
 »9 c¸ Ò �



���

0 100
Iteration

10-6

10-5

10-4

10-3

10-2

10-1

100

101

R
es

id
ua

lN
or

m

2

2

Ò »àÝ ÓNÏ ¸D¢:>G	 ��S � ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ ØqÊON�Ï~Í�ÊÔÞ · 
 Í+Ð�Ô<ÕeÔ4ÖrÒ¹s�× �e¡

0 100
Iteration

10-6

10-5

10-4

10-3

10-2

10-1

100

101

R
es

id
ua

lN
or

m

1

1

Ò »àÝ ÓNÏ ¸D¢:>G	 g�S � ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ ØqÊON�Ï~Í�ÊÔÞ · 
 Í+Ð�Ô<ÕeÔ Ö Òèª�× ¡�¡



� s
¶¦·m»¼¹ ¹�· Øm5 ¹ Ð · Í+ÐgÐ ·Ô¸ª·Ô»àÝq·N¸ Ï05�Í�� ¸ Ê�ÓÔÖ ½�¸ Ï7Ö Ø�� ¸º¹ �ÔØ³ÊNØ�Ð ¸ A ¸ Þ�Ð Ð ·N¸ Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ Ø�Ù�ØqÓNÏ

¹ Þ ·N¸ Ö ¸ ��Í�Ñ¼Ð · ØqÓ Ýq· Ó ¹~» Ê Ý Ð ·N¸ Ö ¹ Ð » Ñ¼ÑCáÔÏ�Ø��ÔÓÔÞ ¸º¹ Í ¹ Ó ½­¹ Ð�Í�ÊtÐ » Í�Ñ » Ö áÔÏ�Øm� ¸ Ö ¸ Ê�Ð » Ê1Ð ·N¸ Í�ÞcÞcÓNÏ~Í�Þ ¾ Ø�Ù
Ð ·N¸�¹ ØqÑ¼ÓNÐ » ØqÊ > V�Ø�Ð ¸ Ð · Í+Ð » Ù:5 ¸�· Í��jÓ ¹ß¸ �jÍ�Ê ¸ XÈámÑ » Þ » Ð
Ð » Ö ¸�¹ Ð ¸ áÔá » Ê Ý Ö ¸ Ð · Ø��@ÐßØ 8�¸c¸ ájÐ ·Ô¸�» Ð ¸ Ï�Í+Ð » ØqÊ
¹ Ð�Í ½ Ñ ¸ �:5 ¸ 5�ØqÓÔÑG� · Í�� ¸ Ê ¸c¸ � ¸ �ÌÐßØgÏ ¸ �mÓÔÞ ¸ Ð ·N¸ Ð » Ö ¸�¹ Ð ¸ á Ù<Ø�Ï¦Ð ·N¸$·Ô»¼Ýq·N¸ ÏTÏ ¸º¹ ØqÑ¼ÓÔÐ » ØqÊ ¹ ØqÑ¼ÓNÐ » ØqÊ ¹U>

0 50 100 150
Iteration

10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

101

102

R
es

id
ua

lN
or

m

1

2

1

1

2

Ò »¼Ý ÓNÏ ¸D¢:>G	à¢ S � ØqÊj� ¸ Ï Ý�¸ ÊmÞ ¸ ØqÊ.N�Ï~Í�ÊmÞ · 
 Í+Ð Ô<ÕeÔ4ÖrÒÌs�× �e¡ Y » Ð · s ¢JL Ø�� ¸º¹¦» ÊT�!Í�Þ · Ü�» Ï ¸ Þ�Ð » ØqÊ

����� ~ ����¥�°'��¤�°!����° �G°g����¥@�~����� ���ã�$��¡��@���������Tï �)����¤ Ä>¨�Å �º��� ¨ ��«�¬

¡~����®,���)�)°Î± ²³¡��3´

ÒNØ�Ï ¶ Í ¾ ÑàØ�Ï4M�Ø�Ï�Ð ¸ X C Ø�5Ì5 ¸ Ø ½m¹ß¸ Ï�� ¸ Ð ·N¸O¹ Í�Ö ¸�½�¸º· Í�� » ØqÓNÏ�Í ¹T» Ê = ØqÑ×Ö Ø Ý Ø�Ï�Ø�� C Øm5 >'¶¦·N¸�¶ Í ¾ Ñ¼Ø�Ïba
M�Ø�Ï�Ð ¸ X ¹ ØqÑ¼ÓÔÐ » ØqÊ ¹ Í�ÊB� ½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊ ¹ Í+Ï ¸ � ¸º¹ Þ�Ï »à½�¸ � » Ê1Þ · Í+áÔÐ ¸ ÏÅª > ¶¦·N¸ Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ 5 ·Ô» Ñ ¸ Þ�ØqÊ�a
Ð » Ê�Ó » Ê Ý Í�Ñ¼ØqÊ Ý Ð ·N¸ ¶ Í ¾ Ñ¼Ø�Ïba�M�Ø�Ï�Ð ¸ X ½ Ï�Í�ÊÔÞ ·�»¼¹g¹�· Ø�5�Ê » Ê Õ Ý ÓÔÏ ¸º¹&¢:>G	 s Í�ÊB� ¢:>G	 ª >§=O¸c¸ á » Ê Ý Ð ·N¸
ÓÔÊ ¹ Ð�Í ½ Ñ ¸�¹ Ó ½m¹ á­Í�Þ ¸ Í+Ð�Ð ·N¸ ¸ ÊR� Ø�Ù�ØqÊ ¸ V ¸ 5¦ÐßØqÊ ¹ Ð ¸ á ¾È»à¸ ÑG� ¹�¹�· Í+Ï~á2�ÔÏ�Ø�á ¹�» Ê Ð ·N¸ Ï ¸º¹�» �ÔÓÔÍ�ÑCÊNØ�Ï~Ö
Í+Ð¦Ð ·N¸$½)¸cÝq» ÊÔÊ » Ê Ý Ø�ÙÎÐ ·N¸ Ê ¸ XÈÐ<V ¸ 5�ÐßØqÊ ¹ Ð ¸ á >

Y ¸ Í�Ñ ¹ Ø ¸ XNÍ�Ö » Ê ¸ Ð ·Ô¸ ¸ A ¸ Þ�ÐOØqÊ�Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ Ï~Í+Ð ¸ 5 ·N¸ Ê1ÞcÍ�Ñ¼ÞcÓÔÑ×Í+Ð » Ê Ý ·Ô»àÝq·N¸ Ï�Ï ¸º¹ ØqÑ×ÓNÐ » ØqÊ ¹ Øea
Ñ¼ÓNÐ » ØqÊ Ø�Ù�Ð ·Ô¸ª¶ Í ¾ Ñ¼Ø�Ïba�M�Ø�Ï�Ð ¸ X C Øm5�d�Þ�ØqÖgámÍ+Ï ¸ Õ Ý ÓÔÏ ¸º¹0¢:>G	 s Í�ÊB� ¢:>G	���> Y ·Ô¸ Êt5 ¸ª» ÊÔÞ�Ï ¸ Í ¹�¸ Ð ·N¸
Ï~Í�� » Í�ÑNÏ ¸º¹ ØqÑ¼ÓÔÐ » ØqÊ05 ¸ Ê ¸c¸ � ÐßØ@ÖgÍ 8�¸ Í�Ï ¸ �ÔÓmÞ�Ð » ØqÊ » Ê Ð ·Ô¸ Ð » Ö ¸�¹ Ð ¸ á ÐßØjÖgÍ » Ê�Ð�Í » Ê ¹ Ð�Í ½m» Ñ » Ð ¾�> Y ¸�¹ß¸c¸



� ª

0 50 100 150
Iteration

10-6

10-5

10-4

10-3

10-2

10-1

100

101

102

103

R
es

id
ua

lN
or

m

2

2

1
1

1

Ò »àÝ ÓNÏ ¸D¢:>G	�� S � ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ ØqÊON�Ï~Í�ÊÔÞ · 
 Í+Ð�Ô<ÕeÔ4ÖrÒ¹s�× �e¡ Y » Ð ·á	 � �0L Ø�� ¸º¹�» ÊT�3Í�Þ ·ªÜ�» Ï ¸ Þ�Ð » ØqÊ

0 100 200
Iteration

10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

R
es

id
ua

lN
or

m

1

2

1

3

Ò »àÝ ÓNÏ ¸4¢:>G	 s�S � ØqÊj� ¸ Ï Ý�¸ ÊmÞ ¸ ØqÊ ¶ Í ¾ ÑàØ�ÏrM�Ø�Ï~Ð ¸ X ÒCÑ¼Ø�5¼N�Ï~Í�ÊmÞ · Í+Ð6â�ã�Ò 	à¢�¡ � Û Ò ¢ �jY » Ð · g�� Ú Í�� » Í�Ñ
ËCØ » Ê�Ð ¹



���

0 100
Iteration

10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

R
es

id
ua

lN
or

m

2

Ò »àÝ ÓNÏ ¸4¢:>G	 ª�S � ØqÊj� ¸ Ï Ý�¸ ÊmÞ ¸ ØqÊ ¶ Í ¾ ÑàØ�ÏrM�Ø�Ï~Ð ¸ X ÒCÑ¼Ø�5¼N�Ï~Í�ÊmÞ · Í+Ð6â�ã�Ò 	à¢j� � Û Ò ¢ �jY » Ð · g�� Ú Í�� » Í�Ñ
ËCØ » Ê�Ð ¹

Ð · Í+Ð�Ð ·N¸ Ê�ÓÔÖ ½�¸ Ï�Ø�Ù » Ð ¸ Ï~Í+Ð » ØqÊ ¹ Í�Ñ ¹ Ø » ÊÔÞ�Ï ¸ Í ¹ß¸º¹ �NÍ�ÊB�7Ï ¸ ÞcÍ�Ñ¼Ñ�Ð · Í+Ð ¸ Í�Þ · » Ð ¸ Ï~Í+Ð » ØqÊ7Ð�Í 8�¸º¹ ÖgØ�Ï ¸ Þ�ØqÖ,a
ámÓNÐ�Í+Ð » ØqÊÔÍ�Ñ ¸ A)Ø�Ï�Ð > ÒNØ�Ï = ØqÑ¼Ö Ø Ý Ø�Ï�Øm� C Ø�5��?5 » Ð · á ¸ Ï » Ø�� » Þ ½ ØqÓÔÊB�mÍ+Ï ¾ Þ�ØqÊB� » Ð » ØqÊ ¹ ��Ð ·N¸g» ÊmÞ�Ï ¸ Í ¹ß¸ �
Ï ¸º¹ ØqÑ×ÓNÐ » ØqÊT� » �ÌÊÔØ�ÐTÏ ¸ºÛ Ó » Ï ¸O¹ ÖgÍ�Ñ¼Ñ ¸ ÏTÐ » Ö ¸º¹ Ð ¸ á ¹�>

Y ·N¸ Ê1Þ�ØqÖ ámÓNÐ » Ê Ý Ð ·Ô¸j¹ ØqÑ×ÓNÐ » ØqÊ Ù]Ø�ÏFY³Í�� ¾1¶ Í ¾ ÑàØ�ÏDM�Ø�Ï~Ð ¸ X ½ Ï~Í�ÊmÞ ·N¸º¹ �W5 ¸ ¹ß¸c¸ Í�Ê » ÊÔÞ�Ï ¸ Í ¹ß¸�» Ê
Ð ·N¸ Ï ¸º¹�» �ÔÓÔÍ�ÑNÊÔØ�Ï~ÖkP�Ó ¹ Ð'Í ¹!» ÊgÞ�ØqÖ ámÓNÐ » Ê Ý ÐßÏ~Í�� ¸ Ñ×Ñ » Ê Ý 5�Í�� ¸�¹ ØqÑ¼ÓNÐ » ØqÊ ¹ Ø�Ù = ØqÑ¼Ö Ø Ý Ø�Ï�Øm� C Ø�5 >Î¶�·N¸º¹ß¸
» ÊÔÞ�Ï ¸ Í ¹ß¸º¹ Ø�ÞcÞcÓÔÏgÙ]Ø�Ï Ð ·Ô¸ ¹ Í�Ö ¸ Ï ¸ Í ¹ ØqÊ,Í ¹ ½�¸ Ù]Ø�Ï ¸�> � á · Í ¹ß¸ Þ�ØqÊB� » Ð » ØqÊ »¼¹ » Ê�ÐßÏ�Ø��mÓÔÞ ¸ � Í�ÊB� Ð ·N¸
¸ Ï�Ï�Ø�Ï »×¹ Ï ¸ Ñ¼Í+Ð » � ¸ Ñ ¾ Ñ¼Í+Ï Ý�¸ ¹�» ÊÔÞ ¸ Ð ·N¸ á · Í ¹ß¸ Þ�ØqÊR� » Ð » ØqÊ Þ · Í�Ê Ý�¸º¹ 5 ·Ô¸ Ê$� ¸ Þ�ÐßØ�Ï ¹ Í+Ï ¸ Í��R� ¸ � > ¶¦·N¸
Ñ¼Í+Ï Ý�¸ ¸ Ï~Ï�Ø�Ï »¼¹�» ÊB� » ÞcÍ+Ð ¸ � » ÊªÕ Ý ÓNÏ ¸,¢:> � ¡ dCÍÌÑ×Í+Ï Ý�¸ PßÓmÖ á » Ê25�Í�� ¸º¹ á ¸c¸ ��Ø�ÞcÞcÓÔÏ ¹ 5 ·N¸ Ê2� ¸ Þ�ÐßØ�Ï ¹ Í+Ï ¸
Í��B� ¸ �ªÍ+Ð » Ð ¸ Ï~Í+Ð » ØqÊ 	U¡�¡�>



��


0 100 200 300 400 500
Iteration

10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

R
es

id
ua

lN
or

m

2

4

4
1

2

5

Ò »àÝ ÓNÏ ¸Å¢:>G	�� S � ØqÊj� ¸ Ï Ý�¸ ÊmÞ ¸ ØqÊ ¶ Í ¾ ÑàØ�ÏFM�Ø�Ï�Ð ¸ X C Ø�5 ½ Ï�Í�ÊÔÞ · Í+ÐDâ�ãQÒ 	à¢�¡ � Û Ò ¢ �W5 » Ð · s ¢ Ï�Í�� » Í�Ñ
á�Ø » Ê�Ð ¹

0 100 200 300 400
Iteration

10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

R
es

id
ua

lN
or

m

1

1

1

2

2

1

Ò »àÝ ÓNÏ ¸ ¢:>G	�
 S � ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ ØqÊ�Y³Í�� ¾ ¶ Í ¾ Ñ¼Ø�Ï4M�Ø�Ï�Ð ¸ X ÒÎÑàØm5ÌN3Ï�Í�ÊÔÞ · Í+Ð4â�ã�Ò¹� ¡�¡ � Û Ò ¢ ��Y » Ð · g��
Ú Í�� » Í�Ñ�ËCØ » ÊtÐ ¹



s ¡

0 100 200 300 400
Iteration

-0.0005

-0.0004

-0.0003

-0.0002

-0.0001

0

W
av

es
pe

ed
C

or
re

ct
io

n

2 2 11

Ò »àÝ ÓNÏ ¸<¢:> � ¡ S � ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ Ø�Ù?Y³Í�� ¸º¹ á ¸c¸ � � Ø�Ï�Ï ¸ Þ�Ð » ØqÊ ØqÊJY³Í�� ¾R¶ Í ¾ ÑàØ�ÏrM�Ø�Ï�Ð ¸ X7ÒCÑ¼Ø�5ÄN3Ï�Í�ÊÔÞ · Í+Ð
â�ã�Ò¹� ¡�¡ � Û Ò ¢ �BY » Ð · g�� Ú Í�� » Í�Ñ�ËCØ » Ê�Ð ¹ � Ü ÓNÏ » Ê Ý Ð ·Ô¸ Ò » Ï ¹ Ð4V ¸ 5¦ÐßØqÊ 
 Ð ¸ á



s 	

vÈú$`Eû­1¦),_Hñ vw#.!21 Ë !áÑ$`o1 Ë #.! ÀÍ),3¦Ñ]'m143ÓÎ�#._
�ß#.'e/ #O-.#._4#��
Ïä'*#&%

Y ¸ Ó ¹ß¸ Ð ·N¸ Ö ¸ Ð · Ø�� ¹ � ¸º¹ Þ�Ï »¼½)¸ � » Ê Þ · Í+ámÐ ¸ Ï ¹ g Í�ÊB� ¢ ÐßØ Õ­ÊB� Ð ·N¸ � Í+Ï » ØqÓ ¹¦¹ ØqÑ¼ÓÔÐ » ØqÊ ½ Ï~Í�ÊÔÞ ·N¸º¹ Ø�Ù
= ØqÑ¼ÖgØ Ý Ø�Ï�Ø�� C Ø�5 > É Ê7Ð ·N¸ Ê ¸ XÈÐ�Þ · Í+áÔÐ ¸ Ïn5 ¸ Þ�ØqÖ ámÍ+Ï ¸ Ð ·N¸O¹ Ð�Í+Ð »×¹ Ð » Þ ¹ Ø�Ù
Ð ·N¸O¹ ØqÑ×ÓNÐ » ØqÊ ¹ Ù]Ï~ØqÖ ¹ ØqÖ ¸
Ø�ÙÎÐ ·N¸º¹ß¸O½ Ï�Í�ÊÔÞ ·N¸º¹ ÐßØgÐ · Ø ¹ß¸ Ø ½ Ð�Í » Ê ¸ �ÌÙ<Ï�ØqÖ Ð�ÓNÏ ½ ÓÔÑ ¸ ÊÔÞ ¸ ÞcÍ�Ñ¼ÞcÓmÑ¼Í+Ð » ØqÊ ¹U>

§���� �G�~�^�����������~�����4�º����¢ ����°'�T��²³¡~�!´

N » Ù ÓNÏ~ÞcÍ+Ð » ØqÊ ¹ Ù<Ï�ØqÖ ½ Ï~Í�ÊmÞ ·N¸º¹ Ø�Ù ¹ ØqÑ¼ÓNÐ » ØqÊ ¹ Ø�Ù­Ð ·N¸ V�Í�� »à¸ Ïba 
 ÐßØ 8�¸º¹'¸ºÛ ÓÔÍ+Ð » ØqÊ ¹ ØÈÞcÞcÓNÏÝ5 ·Ô¸ ÊjÍ�Ê ¸º»àÝ�¸ Ê�a
�+Í�Ñ¼Ó ¸ Ø�Ù!Ð ·N¸ Ñ » Ê ¸ Í+Ï »9 c¸ � ¹ß¾�¹ Ð ¸ Ö Þ�Ï~Ø ¹�¹ß¸º¹ Ð ·N¸�» ÖgÍ Ýq» ÊÔÍ+Ï ¾ Í*X »¼¹ Í ¹ Ð ·N¸ á­Í+Ï~Í�Ö ¸ Ð ¸ ÏF� Í�Ñ×Ó ¸@»¼¹ �+Í+Ï »à¸ � >
� ¹ � ¸º¹ Þ�Ï »à½�¸ � » Ê Þ · Í+áÔÐ ¸ Ï ¢ ��5 ¸ Ó ¹�¸ Ð ·N¸@Ú�¸ ÞcÓNÏ�Ï ¹~» � ¸ Ë'Ï�Ø*P ¸ Þ�Ð » ØqÊ Lª¸ Ð · Ø�� ÐßØRÍ+áÔámÏ�Ø�X » ÖgÍ+Ð ¸ Ð ·Ô¸º¹ß¸
¸º»àÝ�¸ Ê�� Í�Ñ×Ó ¸º¹U>

¶¦·Ô¸ Ö ÍmPfØ�Ï ¸ Ï~Ï�Ø�Ï » ÊjÐ ·N¸T¸º»àÝ�¸ Ê�� Í�Ñ×Ó ¸º¹ Ø ½ Ð�Í » Ê ¸ ��Ð · Ï�ØqÓ Ýq· Ú Ë L Ø�Ï »àÝq» ÊÔÍ+Ð ¸º¹ Ù<Ï�ØqÖ�Í��B� » Ê Ý�¸º»àÝ�¸ Ê�a
� ¸ Þ�ÐßØ�Ï ¹O½�¸ Ù<Ø�Ï ¸ Ð ·Ô¸,= Ï ¾ Ñ¼Ø�� ¹ ámÍ�Þ ¸ Í+áÔámÏ�Ø�X » ÖgÍ+Ð » ØqÊ Ø�Ù'Ð ·N¸ Ö »¼¹ Í�ÞcÞcÓNÏ�Í+Ð ¸j¸ ÊÔØqÓ Ýq·?>O¶¦·N¸ Í�ÞcÞcÓNÏ~Í�Þ ¾
Ø�ÙÎÐ ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸O¹ Ó ½m¹ ámÍ�Þ ¸�»¼¹ Ö ØqÊ » ÐßØ�Ï ¸ � ½�¾R¸ �+Í�Ñ¼ÓÔÍ+Ð » Ê Ý Ð ·N¸ ÖgÍ+ÐßÏ » XuS

ò n � p �� �næ � ��>G	��

5 ·Ô» Þ · �+Í�Ê »¼¹�·N¸º¹ Ù<Ø�Ï ¸ XNÍ�Þ�Ð ¸º»àÝ�¸ Ê�� ¸ Þ�ÐßØ�Ï ¹ � ¸ Ð ¸ Ï~Ö » Ê » Ê Ý � Í�ÊB� �,>
¶¦·Ô¸ Í�ÞcÞcÓNÏ~Í�Þ ¾�»¼¹7» ÊÔÞ�Ï ¸ Í ¹ß¸ � ½�¾¯» ÊÔÞ�Ï ¸ Í ¹�» Ê Ý Ð ·N¸ Í�ÞcÞ ¸ áÔÐ�Í�ÊÔÞ ¸ Ï~Í+Ð » Ø�5 ·Ô» Þ · �¦Í ¹ � ¸º¹ Þ�Ï »à½�¸ � » Ê

Þ · Í+áÔÐ ¸ Ï ¢ � »¼¹ Ó ¹ß¸ �RÐßØ,� ¸ Þ » � ¸�» Ù
ÍÅ� ¸ Þ�ÐßØ�Ï¦Ø�Ù
Ð ·N¸ Ø�Ï�Ð · Ø Ý ØqÊmÍ�Ñ »9 c¸ � = Ï ¾ ÑàØ�� ¹ ámÍ�Þ ¸O»¼¹ ÐßØ ½�¸ Í��B� ¸ �RÐßØ
Ð ·N¸ ÓmÊ ¹ Ð�Í ½ Ñ ¸O¹ Ó ½m¹ ámÍ�Þ ¸ Ø�Ù Ú Ë L�>

Ò »àÝ ÓNÏ ¸º¹6��>G	 Í�ÊB� ��> � ¹~· Ø�5�Ð ·N¸�¸º»àÝ�¸ Êj�+Í�Ñ¼Ó ¸º¹ Ø ½ Ð�Í » Ê ¸ �J5 ·m» Ñ ¸ Þ�ØqÊ�Ð » Ê�Ó » Ê Ý Í�Ñ¼ØqÊ Ý Ð ·Ô¸�¹�·Ô¸ Í+Ï C Øm5
¹ ØqÑ¼ÓÔÐ » ØqÊ ½ Ï~Í�ÊmÞ ·?> Ò »àÝ ÓNÏ ¸<��>G	�· Í ¹ Í�Ê Í�ÞcÞ ¸ áÔÐ�Í�ÊÔÞ ¸ Ï~Í+Ð » Ø�Ø�Ù �e¡ ��5 ·Ô» Ñ ¸T» Ê�Õ Ý ÓNÏ ¸���> ��Ð ·N¸ Í�ÞcÞ ¸ áÔÐ�Í�ÊmÞ ¸
Ï~Í+Ð » Ø »¼¹ � ¡�¡�>3¶¦·Ô¸º¹ß¸ Õ Ý ÓNÏ ¸º¹T¹�· Ø�5µÐ · Í+Ð¦Ð ·N¸ Ñ¼Ø�ÞcÍ+Ð » ØqÊ ¹ Í+Ðn5 ·Ô» Þ · Ð ·N¸O¸º»¼Ý�¸ Êj�+Í�Ñ¼Ó ¸ ÐßÏ�Í�Þ ¸º¹ Þ�Ï�Ø ¹�¹ Ð ·N¸
Í*X »¼¹ Í+Ï ¸ 5 » Ð ·m» Ê�ØqÊ ¸ Þ�ØqÊtÐ » Ê�ÓÔÍ+Ð » ØqÊ ¹ Ð ¸ á Ø�ÙTÐ ·N¸ Í�ÊÔÍ�Ñ ¾ Ð » ÞcÍ�Ñ ½­» Ù<ÓÔÏ~ÞcÍ+Ð » ØqÊ�Ï ¸º¹ ÓÔÑàÐ ¹$¹~· Ø�5�Ê » Ê Ð�Í ½ Ñ ¸
� >G	e>

¶¦·Ô¸ Ø ½ � » ØqÓ ¹ � »×¹ Þ�ØqÊtÐ » Ê�Ó » Ð ¾ª» Ê Ð ·N¸ Ý Ï�Í+á ·Ô¹O»¼¹ �ÔÓ ¸ ÐßØªÐ ·N¸ Þ�ØqÊtÐ » Ê�ÓÔÍ+Ð » ØqÊ ½)¸º» Ê ÝÌ¹ ÐßØ�áÔá ¸ ��Í�ÊB�
Ð ·N¸ Ê Ï ¸º¹ Ð�Í+Ï�Ð ¸ � Í+ÐDÔ<ÕeÔ4Ö4Ò¬g�× ¡�> � Ð�Ð ·Ô»×¹ Ï ¸º¹ Ð�Í+Ï~Ð�á�Ø » Ê�Ð¦Ð ·N¸ � » A ¸ Ï ¸ ÊÔÞ ¸$½�¸ Ð 5 ¸c¸ Ê Ð ·N¸º¹ß¸ Ðp5�Ø ámÑàØ�Ð ¹



s��
»¼¹ ÖgØ ¹ Ð�ÊNØ�Ð » Þ ¸ Í ½ Ñ ¸�> Y ¸ Ø ½m¹ß¸ Ïq� ¸ Ð · Í+Ð�5 » Ð · Í�Ê Í�ÞcÞ ¸ áÔÐ�Í�ÊÔÞ ¸ Ï~Í+Ð » ØgØ�Ùr� ¡�¡ Ð ·N¸ ÐßÏ~Í�Þ ¸º¹ Ø�Ù�Ö@ÓmÑàÐ » ámÑ ¸
¸º»àÝ�¸ Ê�� Í�Ñ×Ó ¸º¹¦¹ Ð�Í+Ï�Ð�ÞcÑàØ ¹ß¸ Ï¦ÐßØ Ý�¸ Ð ·N¸ Ï >

¶¦·m»¼¹ 5�Í ¹ ÐßØªØ ½­¹ß¸ Ï�� ¸ Ð ·Ô¸ á ¸ Ï�Ù<Ø�Ï~ÖgÍ�ÊÔÞ ¸ Ø�Ù Ú Ë L�» Ê ¹ Ð�Í+Ï~Ð » Ê Ý Þ�ØqÊ�Ð » Ê�ÓÔÍ+Ð » ØqÊ Í+ÐjÍ�Ê ÓÔÊ ¹ Ð�Í ½ Ñ ¸
ÑàØÈÞcÍ+Ð » ØqÊ Ø�Ù3Í ½ Ï~Í�ÊmÞ ·?> V�Ø�Ð » Þ ¸ Ð · Í+Ð ¹ ØqÖ ¸j¸º»àÝ�¸ Ê�� Í�Ñ¼Ó ¸ ÐßÏ�Í�Þ ¸º¹ �NØÌÊNØ�Ð�Ï ¸º¹ Ð�Í+Ï�Ð » ÖgÖ ¸ � » Í+Ð ¸ Ñ ¾ Í+Ù<Ð ¸ Ï
Ð ·Ô»¼¹ � »¼¹ Þ�ØqÊ�Ð » Ê�Ó » Ð ¾ � ½�¸ ÞcÍ�Ó ¹ß¸g» Ð�Ð�Í 8�¸º¹ ÍÌÙ ¸ 5 Þ�ØqÊtÐ » Ê�ÓÔÍ+Ð » ØqÊ ¹ Ð ¸ á ¹ ÐßØÌØ ½ Ð�Í » Ê³Í�Ñ¼ÑÎØ�Ù�Ð ·N¸ � » � ¸ Ï Ý�¸ Ê�Ð
¸º»àÝ�¸ Ê�� Í�Ñ×Ó ¸º¹T¹�» ÊÔÞ ¸O¹ ØqÖ ¸ Ø�Ù�Ð ·N¸O¸º»¼Ý�¸ Êj� ¸ Þ�ÐßØ�Ï ¹ Í+Ï ¸ Ø�Ï�Ð · Ø Ý ØqÊmÍ�Ñ�ÐßØ ¸ Í�Þ · Ø�Ð ·N¸ Ï�Í�ÊB�E5 ¸ Þ�ØqÊj� ¸ Ï Ý�¸ ÐßØ
Ð ·N¸�¹ ØqÑ×ÓNÐ » ØqÊ ½�¸ Ù]Ø�Ï ¸�Ú Ë L · Í ¹¦· Í�� Ð » Ö ¸ ÐßØ&� ¸ Ð ¸ Þ�Ð�Í�Ñ¼Ñ�Ø�ÙCÐ ·N¸ Ö > � �B� » Ð » ØqÊÔÍ�Ñ¼Ñ ¾ 5 ¸ Õ­ÊR�RÐ · Í+Ð¦Ð ·N¸
Í�ÞcÞcÓNÏ~Í�Þ ¾ Ø�Ù�Ð ·N¸�» Ê��+Í+Ï » Í�Ê�Ð ¹ Ó ½m¹ ámÍ�Þ ¸ Ù<Ø�Ï3Ð · Ø ¹�¸�¸º»àÝ�¸ Ê�� ¸ Þ�ÐßØ�Ï ¹ 5 » Ð ·g¸º»àÝ�¸ Êj�+Í�Ñ¼Ó ¸º¹3Ý Ï ¸ Í+Ð ¸ Ï�Ð · Í�Ê  c¸ Ï�Ø
»¼¹ Í+áÔáÔÏ�Ø�X » ÖgÍ+Ð ¸ Ñ ¾ Ð ¸ Ê7Ð » Ö ¸º¹ Ð · Í+Ð�Ø�Ù
Ð ·N¸ Ï ¸ ÖgÍ » Ê » Ê Ý�¸º»àÝ�¸ Ê�� ¸ Þ�ÐßØ�Ï ¹U> É Ê Õ Ý ÓNÏ ¸º¹¦��>G	 Í�ÊB� ��> �@5 ¸�¹ß¸c¸
Ð · Í+ÐOÍ�Ê ¸ A ¸ Þ�Ð�Ø�Ù Ý Ï ¸ Í+Ð ¸ Ï�Í�ÞcÞcÓNÏ~Í�Þ ¾ »¼¹ Ð · Í+Ð�Ð ·Ô¸@¸º»àÝ�¸ Ê��+Í�Ñ¼Ó ¸ ÐßÏ~Í�Þ ¸º¹ Ù<Ø�Ï�á�Ø ¹�» Ð » � ¸@¸º»àÝ�¸ Ê��+Í�Ñ¼Ó ¸º¹ Í+Ï ¸
Ö Ø�Ï ¸ ÞcÑ ¸ Í+Ï~Ñ ¾ � ¸ Õ­Ê ¸ � >

¶¦·Ô¸ � »¼¹ Þ�ØqÊ�Ð » Ê�Ó » Ð ¸º¹¦» Ê ¹ ØqÖ ¸ Ø�Ù�Ð ·N¸�¸º»àÝ�¸ Ê�� Í�Ñ×Ó ¸ ÐßÏ~Í�Þ ¸º¹ �)Í ¹ Ð ·N¸c¾ Í+áÔáÔÏ�ØqÍ�Þ · Ð ·Ô¸ Í*X »×¹ �­Í+Ï ¸ �ÔÓ ¸
ÐßØ Ð ·N¸1¸º»àÝ�¸ Ê�� ¸ Þ�ÐßØ�Ï ¹ ÊNØ�Ð ½�¸º» Ê Ý Í�ÞcÞcÓNÏ~Í+Ð ¸�¸ ÊNØqÓ Ýq·?> ¶¦·Ô»¼¹ ÖgÍ�Ê » Ù ¸º¹ Ð ¹ » Ð ¹�¸ ÑàÙ�Ö Ø ¹ Ð áÔÏ�ØqÖ » Ê ¸ Ê�Ð�Ñ ¾
5 ·N¸ Ê Ð ·N¸ ¸º»¼Ý�¸ Êj�+Í�Ñ¼Ó ¸º¹ Í+Ï ¸ Ê ¸ Í+Ï  c¸ Ï�Ø > � Ý Ø�Ø�� ¸ XNÍ�Ö ámÑ ¸ Ø�ÙTÐ ·Ô»¼¹ ÞcÍ�Ê ½�¸R¹ß¸c¸ Ê » Ê1Õ Ý ÓNÏ ¸o��>G	 Í+Ð
Ô<ÕeÔ4Ö ¤ ��×«g���5 ·N¸ Ï ¸ 5 ¸ ¹ß¸c¸R¸º»àÝ�¸ Êj�+Í�Ñ¼Ó ¸º¹ ÐßÏ~Í�Þ ¸º¹ � »¼¹ Í+áÔá ¸ Í+Ï » Ê Ý Í ¹ Ð ·N¸c¾ Í+áÔáÔÏ~ØqÍ�Þ · Ð ·N¸ Í*X »¼¹U> ÉfÊ
Ð ·Ô»¼¹�¹�» Ð�ÓmÍ+Ð » ØqÊ Ú Ë L � ¸ Ð ¸ Þ�Ð ¹ Ð · Í+Ð3Ð ·Ô¸�» Ð ¸ Ï�Í+Ð » ØqÊ »¼¹ ÊNØ�ÐTÞ�ØqÊ�� ¸ Ï Ýq» Ê Ý Í�ÊB� Í��B� ¹ Í��B� » Ð » ØqÊÔÍ�Ñ:� ¸ Þ�ÐßØ�Ï ¹
ÐßØgÐ ·N¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸�¹ Ó ½m¹ ámÍ�Þ ¸�>

Ü Ó ¸ ÐßØ Ð ·N¸ ÐßÏ~Í�Ê ¹ Ñ¼Í+Ð » ØqÊ » Êj�+Í+Ï » Í�ÊÔÞ ¸ » Ê Ð ·N¸ V�Í�� »à¸ Ï 
 ÐßØ 8�¸º¹g¸ºÛ ÓÔÍ+Ð » ØqÊ ¹ Í�ÊB� Ð ·N¸ª¹~·N¸ Í+Ï C Øm5
¹ ØqÑ¼ÓÔÐ » ØqÊ?�TÍ+ÐRÍ ½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊ á�Ø » Ê�Ð ÖjÓÔÑàÐ » á­Ñ ¸ Ï ¸ Í�Ñ ¸º»¼Ý�¸ Êj�+Í�Ñ¼Ó ¸º¹ Þ · Í�Ê Ý�¸ ¹�»¼Ý Ê > ¶¦·N¸ ¸º»¼Ý�¸ Êj� ¸ Þ�ÐßØ�Ï ¹
Þ�Ø�Ï�Ï ¸º¹ á)ØqÊR� » Ê Ý ÐßØRÍ ÖjÓÔÑàÐ » á­Ñ ¸�¸º»àÝ�¸ Êj�+Í�Ñ¼Ó ¸ Í+Ï ¸ Ð ·N¸$¹ Í�Ö ¸O¸ XÈÞ ¸ áÔÐ�Ð · Í+Ð¦Ð ·N¸c¾ Í+Ï ¸ ÐßÏ�Í�Ê ¹ Ñ¼Í+Ð ¸ � » Ê Ð ·N¸
XgÍ�ÊB��ðhØ�Ï   � » Ï ¸ Þ�Ð » ØqÊ ¹U> Y ·N¸ Ê Í$Ðp5�Øeap� » Ö ¸ Ê ¹~» ØqÊÔÍ�Ñ ½ Ï�Í�ÊÔÞ · ½m» Ù ÓNÏ~ÞcÍ+Ð ¸º¹ � ¹ ÓÔÞ · Í ¹ Ð ·Ô¸ ØqÊ ¸�¹~· Ø�5�Ê » Ê
Õ Ý ÓNÏ ¸Q��> g��mÐ 53Ø7Ï ¸ Í�Ñ ¸º»¼Ý�¸ Êj�+Í�Ñ¼Ó ¸º¹ Þ · Í�Ê Ý�¸j¹�»àÝ Ê > Y ·N¸ Ï ¸ Í ¹ Ù]Ø�Ï�Í Ð · Ï ¸c¸ ap� » Ö ¸ Ê ¹�» ØqÊmÍ�Ñ ½ Ï~Í�ÊÔÞ · � ¹ ÓÔÞ ·
Í ¹ Ð · Í+Ð ¹�· Øm5�Ê » Ê7Õ Ý ÓNÏ ¸@��>h¢ �mÙ<ØqÓNÏ¦Ï ¸ Í�Ñ ¸º»¼Ý�¸ Êj�+Í�Ñ¼Ó ¸º¹ Þ · Í�Ê Ý�¸$¹~»àÝ Ê >

ÉfÊRÕ Ý ÓNÏ ¸º¹4��>G	 Í�ÊB� ��> �Å5 ¸ ÊÔØ�Ð » Þ ¸ Ð · Í+Ð�Ð ·N¸ Ï ¸ Í+Ï ¸�¸º»àÝ�¸ Ê�� Í�Ñ¼Ó ¸ Ð · Í+Ð�Í+Ï ¸ ÞcÑàØ ¹ß¸ ÐßØ Ý�¸ Ð ·N¸ Ï >!¶�·N¸º¹ß¸
Í+Ï ¸ Í�Þ�Ð�ÓmÍ�Ñ¼Ñ ¾ Ö@ÓÔÑ¼Ð » ámÑ ¸�¸º»àÝ�¸ Ê�� Í�Ñ×Ó ¸º¹ � ½ ÓNÐ��ÔÓ ¸ ÐßØx� Í+Ï » ØqÓ ¹�¸ Ï�Ï�Ø�Ï ¹ Ð ·N¸c¾�¹ ámÑ » Ð » Ê³Ð ·N¸ ÞcÍ�Ñ¼ÞcÓÔÑ×Í+Ð » ØqÊ ¹U>
;�Ø�5 ¸ � ¸ Ï��)Í ¹ Ð ·N¸ Þ�ØqÊ�Ð » Ê�ÓmÍ+Ð » ØqÊÌáÔÏ�Ø Ý Ï ¸º¹�¹ß¸º¹ Ð ·N¸ Í+áÔáÔÏ�Ø�X » Ö Í+Ð » ØqÊ ¹ Þ�ØqÊ�� ¸ Ï Ý�¸ ÐßØ Ð ·N¸�¹ Í�Ö ¸ �+Í�Ñ¼Ó ¸�>

Ò »àÝ ÓNÏ ¸@��> g ¹�· Øm5 ¹ Ð ·N¸$½m» Ù ÓNÏ~ÞcÍ+Ð ¸ � ¹ ØqÑ¼ÓÔÐ » ØqÊE5 ·Ô» Þ ·Ì· Í ¹ ØqÊ ¸ 5�Í�� ¸j» Ê Ð ·Ô¸ XE� » Ï ¸ Þ�Ð » ØqÊÌÊ ¸ Í+Ï » Ð ¹
½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊÌá�Ø » ÊtÐ > Y ¸ Þ�ØqÖ ámÍ+Ï ¸ Ð ·N¸ Ðp5�Øeap� » Ö ¸ Ê ¹�» ØqÊÔÍ�Ñ ½m» Ù ÓNÏ~ÞcÍ+Ð » Ê Ýg¹ ØqÑ¼ÓNÐ » ØqÊ?�ÔÕ Ý ÓNÏ ¸Q��> g���ÐßØ7Ð ·N¸
Ð · Ï ¸c¸ ap� » Ö ¸ Ê ¹�» ØqÊÔÍ�Ñ ½­» Ù<ÓÔÏ~ÞcÍ+Ð » Ê Ý�¹ ØqÑ¼ÓNÐ » ØqÊ[�hÕ Ý ÓNÏ ¸n��>h¢:>�¶¦·N¸ Ð · Ï ¸c¸ ap� » Ö ¸ Ê ¹�» ØqÊmÍ�Ñ ¹ ØqÑ×ÓNÐ » ØqÊ · Í ¹ Ñ¼Í ¾�¸ Ï ¹
Ð · Í+Ð�Ñ¼Ø�Ø 8 ¹�» Ö » Ñ¼Í+Ï�ÐßØgÐ ·N¸ Ðp5�Øeap� » Ö ¸ Ê ¹�» ØqÊÔÍ�Ñ C Ø�5 » ÊtÐ ¸ Ï ¹ á ¸ Ï ¹ß¸ �E5 » Ð ·Ì¹�·Ô¸ Í+Ï C Ø�5µÑ¼Í ¾�¸ Ï ¹�>



s�g

1 1.5 2 2.5 3 3.5
Ω/Ωc

-0.1

0

0.1

0.2

0.3

0.4

0.5

R
ea

lP
ar

to
f

E
ig

en
va

lu
e

Ò »¼Ý ÓNÏ ¸@��>G	 S^� »àÝ�¸ Ê�� Í�Ñ¼Ó ¸º¹ Ø�ÙCÐ ·Ô¸ 
 ·N¸ Í+Ï�ÒÎÑàØm5�� � ÞcÞ ¸ áÔÐ�Í�ÊÔÞ ¸@Ú Í+Ð » Ø�Ò �e¡

1 1.5 2 2.5 3 3.5
Ω/Ωc

-0.1

0

0.1

0.2

0.3

0.4

0.5

R
ea

lP
ar

to
f

E
ig

en
va

lu
e

Ò »àÝ ÓNÏ ¸@��> ��S6� »àÝ�¸ Ê��+Í�Ñ¼Ó ¸º¹ Ø�ÙÎÐ ·N¸ 
 ·Ô¸ Í+Ï¦ÒCÑ¼Ø�5�� � ÞcÞ ¸ áÔÐ�Í�ÊÔÞ ¸jÚ Í+Ð » Ø�Ò�� ¡�¡



s ¢

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.3

0 0 0

0 0 0

0 0 0

0
0

0 0 0

0
0

0 0 0

0
0

0.3

0.3

Ò »àÝ ÓNÏ ¸@��> g�S 
 ÐßÏ ¸ Í�Ö Ù ÓÔÊÔÞ�Ð » ØqÊ[SlN�Ï~Í�ÊmÞ · � Í+Ð Ô�ÕeÔ4ÖÝÒ 	 × 	U¡

§��m� � ���'�����T�Î«"���½�$��¡~�@���~�����
Y ¸ Þ�ØqÖ ámÍ+Ï ¸ Ð ·N¸ Í�ÞcÞcÓNÏ~Í�Þ ¾ Ø�Ù
Ð ·N¸�¹ ØqÑ¼ÓNÐ » ØqÊ ¹ Ø ½ Ð�Í » Ê ¸ � Ù<Ï�ØqÖ Ó ¹�» Ê Ý � » A ¸ Ï ¸ Ê�Ð3Ê�ÓÔÖ ½�¸ Ï ¹ Ø�Ù ÒNØqÓNÏ »à¸ Ï
Ö Ø�� ¸º¹ ÐßØJ� ¸ Ð ¸ Ï~Ö » Ê ¸ Ð ·N¸ Ø�áÔÐ » ÖgÍ�Ñ�Ê�ÓÔÖ ½)¸ ÏTØ�ÙÎÖ Ø�� ¸º¹ ÐßØ Ó ¹ß¸ ÐßØ Ý�¸ Ð�Ð ·Ô¸ Ö Ø ¹ Ð ¸ þRÞ »¼¸ ÊtÐ¦Í�ÞcÞcÓNÏ�Í+Ð ¸
¹ ØqÑ¼ÓÔÐ » ØqÊ ¹U> 
 » ÊÔÞ ¸ 5 ¸ Í+Ï ¸ª» Ê�Ð ¸cÝ Ï~Í+Ð » Ê Ý Ð ·N¸ � » A�Ó ¹~» � ¸ Ð ¸ Ï~Ö Ó ¹~» Ê Ý Í�Ê » ÖgámÑ » Þ » Ð�Ö ¸ Ð · Ø��?�65 ¸ Í+Ï ¸
Í ½ Ñ ¸ ÐßØgÓ ¹ß¸ Ð ·N¸�¹ Í�Ö ¸ Ð » Ö ¸�¹ Ð ¸ á Ù<Ø�Ï ¸ Í�Þ · Ï ¸º¹ ØqÑ×ÓNÐ » ØqÊ?�ÈÐ ·N¸ Ï ¸ Ù<Ø�Ï ¸ Ø ½ Ð�Í » Ê » Ê Ý Ð ·N¸�¹ ØqÑ×ÓNÐ » ØqÊÌÍ+Ð ¸ Í�Þ ·
Ï ¸º¹ ØqÑ×ÓNÐ » ØqÊ Ï ¸ºÛ Ó » Ï ¸ �ÌÍ+ámáÔÏ�Ø�X » ÖgÍ+Ð ¸ Ñ ¾ Ð ·N¸$¹ Í�Ö ¸ Ê�ÓÔÖ ½�¸ ÏTØ�Ù » Ð ¸ Ï~Í+Ð » ØqÊ ¹U>

ÉfÊ�Ð�Í ½ Ñ ¸º¹Ý��>G	 Í�ÊB� ��> � 5 ¸¦¹�· Øm5 · Ø�5 Ð ·Ô¸�¸ Ï~Ï�Ø�Ï�Ï ¸ �ÔÓÔÞ ¸º¹ Í ¹ Ð ·N¸ Ê�ÓÔÖ ½�¸ ÏÎØ�Ù­Ö Ø�� ¸º¹�»¼¹Î» ÊÔÞ�Ï ¸ Í ¹ß¸ �?�
Ù<Ø�Ï ½ Ï~Í�ÊÔÞ · Ú Í+ÐnÔ<ÕeÔnÖ�Ò � × ¡ Í�ÊB� ½ Ï~Í�ÊÔÞ ·TØ Ð�Í+ÐnÔ<ÕeÔnÖrÒ �e¡ × ¡ �ÔÏ ¸º¹ á ¸ Þ�Ð » � ¸ Ñ ¾�> Y ·N¸ ÊÌÞcÍ�Ñ¼ÞcÓmÑ¼Í+Ð » Ê Ý
Ð ·N¸�¸ Ï~Ï�Ø�Ï ¹ 5 ¸ Ó ¹ß¸ Í ¹ Ð ·N¸?�f¸ XÈÍ�Þ�Ð�� ¹ ØqÑ¼ÓÔÐ » ØqÊ?�ÈÐ ·N¸J	 � � Ö Ø�� ¸ Ê�ÓÔÖ ¸ Ï » ÞcÍ�Ñ ¹ ØqÑ¼ÓÔÐ » ØqÊ >

L Ø�� ¸º¹ �mapV�Ø�Ï~Ö �'Ï�Ï~Ø�Ï » ÊOV�Ø�Ï~Ö
	 s ¡�>«� ª�ªe��g ¡����*¢ g ¡:	 ��× ¢�¢ Ê 	U¡ I R
g�� ¡�>«� ª ¢ ª 	 g�ªeg�ª ��
 � ª�× 
 ª%Ê 	U¡ I!Ü
s ¢ ¡�>«� ª ¢ ª 
 g ¢�¡�� s�g � 
 × � sYÊ 	U¡ I ñ [
	 � � ¡�>«� ª ¢ ª 
 g ¢�¡�
 s�� 	

¶ Í ½ Ñ ¸@��>G	 S � ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ Ø�Ù = ØqÑ¼ÖgØ Ý Ø�Ï�Ø�� 
 ØqÑ×ÓNÐ » ØqÊ ¹ ØqÊON�Ï~Í�ÊÔÞ ·ªÚ Í+Ð�Ô<ÕeÔ4ÖrÒ � × ¡



s �

0

2

4

6

z

0

2

4

6

x

0
2

4
6

y

Ò »àÝ ÓNÏ ¸���>h¢ S  @Ü�» Ï ¸ Þ�Ð » ØqÊTM�Ø�Ï�Ð » Þ » Ð ¾ SrN�Ï~Í�ÊÔÞ ·.= Í+Ð�Ô�ÕeÔ4ÖrÒ 	 × �e¡

L Ø�� ¸º¹ �mapV�Ø�Ï~Ö �!Ï�Ï�Ø�Ï » ÊTV�Ø�Ï~Ö Y³Í�� ¸º¹ á ¸c¸ � Y³Í�� ¸º¹ á ¸c¸ �c�'Ï�Ï�Ø�Ï
g�� ¡�> g�g ¢j
��e¡�
 g 	 s�g � 	 ×«g ¢ Ê 	U¡ I R ¡�>ì¡�¡:	�� g 	�� g ¡�� s ¡ gjª ��×Þª 
 Ê 	U¡ I!Ü
s ¢ ¡�> g�g�g�s 	���	 s�g�ªeg�� ¢ × ¢�¢ Ê 	U¡ I�ó ¡�>ì¡�¡:	�����
 � ����� ��g���� ��× 	�� Ê 	U¡ I�ó
	 � � ¡�> g�g�g�s 	�� s ¡ ª�ª 
�
 ¡�>ì¡�¡:	�����
*¢ ªes � � ¢B	�	

¶ Í ½ Ñ ¸@��> ��S � ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸ Ø�Ù = ØqÑ¼Ö Ø Ý Ø�Ï�Øm� 
 ØqÑ¼ÓNÐ » ØqÊ ¹ ØqÊxN�Ï~Í�ÊÔÞ ·cØ Ð�Í+Ð�Ô<ÕeÔnÖrÒ �e¡ × ¡



s�s
¶¦·Ô¸º¹ß¸ Ð�Í ½ Ñ ¸º¹�¹�· Ø�5µÐ · Í+Ð�Ð ·Ô¸�¸ Ï�Ï�Ø�Ï<� ¸ Þ�Ï ¸ Í ¹ß¸º¹�¸ X�á�ØqÊ ¸ Ê�Ð » Í�Ñ¼Ñ ¾ Í ¹ Ð ·N¸ Ï ¸º¹ ØqÑ¼ÓNÐ » ØqÊ »¼¹¦» ÊÔÞ�Ï ¸ Í ¹ß¸ �?�

» ÊB� » ÞcÍ+Ð » Ê Ý Ð · Í+Ð<� »×¹ Þ�Ï ¸ Ð »9  Í+Ð » ØqÊ »¼¹T¹ á ¸ Þ�ÐßÏ~Í�Ñ¼Ñ ¾ Í�ÞcÞcÓNÏ~Í+Ð ¸�>

Y ¸ Ø ½m¹ß¸ Ï�� ¸ Ð · Í+Ð�g��¦Ö Ø�� ¸º¹�Ýq» � ¸º¹ Ý Ø�Ø��$Í�ÞcÞcÓNÏ~Í�Þ ¾$¸º¹ á ¸ Þ » Í�Ñ¼Ñ ¾ Í+Ð�Ð ·Ô¸ ÑàØm5 ¸ Ï Ú¦¸c¾ ÊNØqÑG� ¹ Ê�ÓÔÖ ½�¸ Ï ¹U>
É � ¸ Í�Ñ¼Ñ ¾ s ¢ Ö Ø�� ¸º¹�¹�· ØqÓÔÑ7� ½�¸ Ó ¹ß¸ �ªÐßØ Ý�¸ ÐF� ¸ Ï ¾ Í�ÞcÞcÓNÏ~Í+Ð ¸ Ï ¸º¹ ÓmÑàÐ ¹ d · Ø�5 ¸ � ¸ Ï���Ð ·N¸ Ï ¸�»×¹ Í��B� » Ð » ØqÊÔÍ�Ñ
5�Ø�Ï 8 Ï ¸ºÛ Ó » Ï ¸ �jÐßØ$Ø ½ Ð�Í » Ê Ð ·Ô»¼¹ Ö Ø�Ï ¸ Í�ÞcÞcÓNÏ~Í+Ð ¸�¹ ØqÑ¼ÓNÐ » ØqÊ > Y ¸ Þ�ØqÓmÑG�gÊNØ�Ð Ý�¸ Ð!Ð ·N¸@	 sOÖ Ø�� ¸¦¹ ØqÑ×ÓNÐ » ØqÊ
ÐßØ Þ�ØqÊ�� ¸ Ï Ý�¸ ØqÊ ½ Ï~Í�ÊÔÞ ·xØ Ð�Í+Ð Ô<ÕeÔ4ÖÝÒ �e¡ × ¡ ��Ó ¹�» Ê Ý Ð ·N¸ g��gÖ Ø�� ¸�¹ ØqÑ¼ÓNÐ » ØqÊÌÍ ¹ Ð ·N¸�» Ê » Ð » Í�Ñ Ý Ó ¸º¹�¹U>

¶ Ø ¸ XÈÍ�Ö » Ê ¸ Ð ·Ô¸ Þ�ØqÊ�� ¸ Ï Ý�¸ ÊÔÞ ¸$» Ê Ý Ï ¸ Í+Ð ¸ Ï�� ¸ Ð�Í » Ñ » ÊgÕ Ý ÓNÏ ¸º¹4��>«� Í�ÊB� ��> s��:5 ¸ ámÑàØ�Ð�Ð ·N¸�¸ Ê Ý�¸ Ï Ý�¾
¹ á ¸ Þ�ÐßÏ~ÓÔÖ Ù ÓÔÊÔÞ�Ð » ØqÊ?S

ô �)( � n 	
�

ÓM I ñÈõ &Fö 2ø÷M 2 ö M � ñÈõ & 4 W ÷M 4 & × � ��> � �

¶¦·N¸ ¸ Ê ¸ Ï Ý�¾�¹ á ¸ Þ�ÐßÏ~ÓÔÖ�Ù ÓÔÊÔÞ�Ð » ØqÊ »×¹ Ó ¹ß¸ �³Ö Ø�Ï ¸ » Ê�Þ · Í+áÔÐ ¸ ÏÅsE5 ·N¸ Ï ¸ 5 ¸ Ó ¹ß¸g» ÐOÐßØªÞ�ØqÖ ámÍ+Ï ¸ ØqÓNÏ
¹ ØqÑ¼ÓÔÐ » ØqÊ ¹ 5 » Ð · Ð · Ø ¹ß¸ Ù<Ï�ØqÖ Ð�ÓNÏ ½ ÓÔÑ ¸ ÊÔÞ ¸ ÞcÍ�Ñ¼ÞcÓÔÑ¼Í+Ð » ØqÊ ¹U>

¶¦·Ô¸º¹ß¸ ámÑàØ�Ð ¹ P »àÝ�Ý Ñ ¸T½)¸ ÞcÍ�Ó ¹ß¸ 5 ¸ ØqÊÔÑ ¾ Þ�ØqÖ ámÓNÐ ¸ Ð ·Ô¸¦¸ Ê ¸ Ï Ý�¾ ¹ á ¸ Þ�ÐßÏ~ÓÔÖ4Ù ÓÔÊÔÞ�Ð » ØqÊgÍ+Ð » Ê�Ð ¸cÝ�¸ Ïr�+Í�Ñ a
Ó ¸º¹U>�¶¦·Ô¸º¹ß¸ Õ Ý ÓNÏ ¸º¹!· Í�� ¸ Í@� » A ¸ Ï ¸ ÊtÐuP »àÝ�Ý Ñ ¸ Ù<Ï ¸ºÛ Ó ¸ ÊÔÞ ¾�½�¸ ÞcÍ�Ó ¹ß¸ Õ Ý ÓNÏ ¸���>«�$»¼¹ Ù<Ø�Ï ½ Ï~Í�ÊmÞ · Ú ��5 ·Ô» Þ ·
· Í ¹ ÊNØ�Ð · Í��1Í ¾ a ¹�¾ ÖgÖ ¸ ÐßÏ ¾ª½ Ï ¸ Í 8�» Ê ÝR½m» Ù<ÓNÏ�ÞcÍ+Ð » ØqÊ Í�ÊR� Ð ·Ô¸ Ï ¸ Ù]Ø�Ï ¸ Ð ·Ô¸ �ÔØqÖ » ÊÔÍ�Ê�Ð<5�Í�� ¸ Ê�ÓÔÖ ½)¸ Ï ¹
Í+Ï ¸ ÖjÓÔÑàÐ » ámÑ ¸º¹ Ø�Ù�Ð ·Ô¸ Ù]Ø�Ï�Þ » Ê Ý Ù<Ï ¸ºÛ Ó ¸ ÊÔÞ ¾�>

¶¦·Ô¸�¸ Ê ¸ Ï Ý�¾ Í ¹�¹ ØÈÞ » Í+Ð ¸ ��5 » Ð ·R¸ Í�Þ · 5�Í�� ¸ Ê�ÓÔÖ ½)¸ Ï�Ï ¸ Ö Í » Ê ¹ Í�Ñ¼Ö Ø ¹ Ð ¸ XÈÍ�Þ�Ð�Ñ ¾ Ð ·N¸�¹ Í�Ö ¸ Ù]Ø�Ï ¸ Í�Þ ·
Ï ¸º¹ ØqÑ×ÓNÐ » ØqÊ?�CÓÔÊtÐ » Ñ�Ð ·N¸ 5�Í�� ¸ Ê�ÓÔÖ ½�¸ Ï »×¹ Ñ¼Í+Ï Ý�¸ ÏjÐ · Í�Ê³Ð 53ØeaåÐ ·m» Ïq� ¹ Ø�ÙTÐ ·N¸ Ñ×Í+Ï Ý�¸º¹ Ð@5�Í�� ¸ Ê�ÓÔÖ ½�¸ Ï@Ù<Ø�Ï
Ð ·N¸ Ñ ¸ Í ¹ ÐTÊ�ÓÔÖ ½�¸ Ï�Ø�Ù Ö Ø�� ¸º¹U>'¶¦·m»¼¹ Þ�Ø�Ï�Ï ¸º¹ á�ØqÊB� ¹ 5 » Ð · ØqÓNÏTÍ�ÊtÐ » aYÍ�Ñ » Í ¹�» Ê Ý Ð ¸ Þ · Ê »¼Û Ó ¸ 5 ·Ô¸ Ï ¸ 5 ¸�¹ß¸ Ð
Ð ·N¸ Ñ×Í+Ï Ý�¸º¹ Ð�Ð ·m» Ïq� Ø�ÙÎÐ ·N¸ 5�Í�� ¸ Ê�ÓÔÖ ½)¸ Ï ¹ Ø�ÙÎÐ ·N¸ ÊÔØqÊ�aYÑ » Ê ¸ Í+Ï¦Í��B� ¸ Þ�Ð » � ¸ Ð ¸ Ï�Ö ¸ºÛ ÓÔÍ�Ñ�ÐßØ  c¸ Ï~Ø > ÒNÏ~ØqÖ
Ð ·N¸º¹ß¸ Õ Ý ÓNÏ ¸º¹ 5 ¸ Õ­ÊB�jÐ · Í+Ð'Ð ·Ô¸T¸ Ê ¸ Ï Ý�¾j¸ X�á�ØqÊ ¸ Ê�Ð » Í�Ñ¼Ñ ¾ � ¸ Þ�Ï ¸ Í ¹ß¸º¹ 5 » Ð · 5�Í�� ¸ Ê�ÓmÖ ½�¸ Ï���5 ·Ô» Þ · Í Ý Í » Ê
» ÊB� » ÞcÍ+Ð ¸º¹ Ð · Í+Ð¦ØqÓNÏ ¹ ØqÑ¼ÓNÐ » ØqÊ ¹T· Í�� ¸j¹ á ¸ Þ�ÐßÏ~Í�Ñ�Í�ÞcÞcÓNÏ~Í�Þ ¾�>

N ¾ Þ�ØqÖgámÍ+Ï » Ê Ý Ð ·N¸1¸ Ï�Ï�Ø�Ï ¹ » Ê¯Ð�Í ½ Ñ ¸º¹T��>G	 Í�ÊB� ��> ��� 5 ¸ Ø ½m¹ß¸ Ïq� ¸ Ð · Í+Ð Í+Ð ·Ô»¼Ýq·N¸ Ï Ú�¸c¾ ÊÔØqÑG� ¹
Ê�ÓÔÖ ½�¸ Ï ¹ ØqÓÔÏ ¹ ØqÑ¼ÓNÐ » ØqÊ ¹Î½�¸ Þ�ØqÖ ¸ Ñ ¸º¹�¹ Í�ÞcÞcÓÔÏ~Í+Ð ¸�>'¶¦·Ô»¼¹ ÞcÍ�ÊRÍ�Ñ ¹ Ø ½�¸¦¹ß¸c¸ Ê ½�¾ Þ�ØqÖ ámÍ+Ï » Ê Ý Ð ·N¸¦¸ Ê ¸ Ï Ý�¾
¹ á ¸ Þ�ÐßÏ~ÓÔÖ�Ù ÓÔÊÔÞ�Ð » ØqÊ ¹ Ù]Ø�Ï ½ Ø�Ð · Ø�Ù3Ð ·N¸º¹�¸ ¹ ØqÑ¼ÓNÐ » ØqÊ ¹U> ÒNØ�ÏjÐ ·N¸g·Ô»àÝq·N¸ Ï Ú�¸c¾ ÊÔØqÑG� ¹ Ê�ÓÔÖ ½�¸ Ï ¹ ØqÑ×ÓNÐ » ØqÊ
Ð ·N¸ Ï ¸�»¼¹ Ö Ø�Ï ¸¦¸ Ê ¸ Ï Ý�¾ Í ¹�¹ Ø�Þ » Í+Ð ¸ �J5 » Ð · Ð ·Ô¸�·Ô»àÝq·Ô¸ ÏÝ5�Í�� ¸ Ê�ÓmÖ ½�¸ Ï ¹3½ ÓNÐ ¹ ØqÖ ¸�¸ Ê ¸ Ï Ý�¾ »¼¹ ÑàØ ¹ Ð!Í+Ð3Ð ·N¸
ÑàØm5 ¸ Ï�Ï ¸º¹ ØqÑ¼ÓNÐ » ØqÊ ¹U>



s�ª

0 10 20 30 40 50
Wavenumber

10-25

10-20

10-15

10-10

10-5

100

E
ne

rg
y

128 Modes64 Modes32 Modes

Ò »àÝ ÓNÏ ¸@��>«� Sr�3Ê ¸ Ï Ý�¾ � ¹U> Y³Í�� ¸ Ê�ÓÔÖ ½)¸ Ï�Ù<Ø�ÏnM'Í+Ï » ØqÓ ¹�Ú¦¸º¹ ØqÑ¼ÓÔÐ » ØqÊ ¹ �:N�Ï~Í�ÊÔÞ ·ªÚ �RÔ�ÕeÔ4ÖrÒ � × ¡

0 10 20 30 40 50 60 70
Wavenumber

10-25

10-20

10-15

10-10

10-5

100

E
ne

rg
y

128 Modes64 Modes32 Modes

Ò »àÝ ÓNÏ ¸@��> s�S^�!Ê ¸ Ï Ý�¾ � ¹U> Y³Í�� ¸ Ê�ÓÔÖ ½�¸ Ï�Ù<Ø�ÏnM'Í+Ï » ØqÓ ¹¦Ú¦¸º¹ ØqÑ¼ÓNÐ » ØqÊ ¹ �BN3Ï�Í�ÊÔÞ ·xØ ÐU�uÔ<ÕeÔ Ö Ò �e¡ × ¡



s �§���s ~ �������~��� ����¤ � ¡�����¤£�:��°��µ���^�����������~��¤ � ���¦���H��°'�
� ØqÊ�Ð » Ê�Ó » Ê Ý Í�Ñ¼ØqÊ Ý Ð ·N¸ Ðp5�Øeap� » Ö ¸ Ê ¹�» ØqÊÔÍ�Ñ ½ Ï~Í�ÊÔÞ ·N¸º¹ Ð · Í+Ð ½m» Ù<ÓNÏ�ÞcÍ+Ð ¸ Ù<Ï�ØqÖ�Ð ·N¸�¹�·N¸ Í+Ï C Øm5��mÕ Ý ÓNÏ ¸º¹
��> ªÌÍ�ÊR� ��>«� ��5 ¸ Ø ½m¹�¸ Ï�� ¸ Ð · Í+Ð$Í ¹ Ð ·N¸gÚ¦¸c¾ ÊNØqÑG� ¹ Ê�ÓmÖ ½�¸ Ï »¼¹O» ÊmÞ�Ï ¸ Í ¹ß¸ �?��Ð ·N¸,C Ø�5 Þ · Í�Ê Ý�¸º¹ Ù<Ï�ØqÖ
½�¸º» Ê Ý ÖgÍ » ÊÔÑ ¾Ì· Ø�Ï »9  ØqÊtÐ�Í�ÑCÐßØ ÖgÍ » ÊÔÑ ¾ � ¸ Ï~Ð » ÞcÍ�Ñ >O¶¦·Ô»¼¹ 5�Í ¹ Í�Ñ ¹ ØRØ ½­¹ß¸ Ï�� ¸ � ½�¾ Ë!Ñ¼Í+ÐßÐ�Í�ÊB� 
 » Ï�Øm� » Þ · �
Í�ÊB� Í Ý Ï ¸c¸º¹ 5 » Ð · Ð ·Ô¸�¸ X�á ¸ Ï » Ö ¸ ÊtÐ�Í�Ñ�Ï ¸º¹ ÓÔÑàÐ ¹ Ø�Ù�N�ØqÊB�ÔÍ+Ï ¸ Ê 8 Ø ¸ Ð�Í�Ñ > fhs*i >

� Ý Í » ÊO5 ¸ Ó ¹�¸ Ð ·N¸ Í+áÔáÔÏ~Ø�X » ÖgÍ+Ð » ØqÊ ¹ Ø�ÙCÐ ·Ô¸�¸º»àÝ�¸ Ê�� Í�Ñ¼Ó ¸º¹TÝq» � ¸ Ê ½�¾ÌÚ Ë L ÐßØ7Í+áÔáÔÏ�Ø�X » Ö Í+Ð ¸ Ð ·N¸
ÑàØÈÞcÍ+Ð » ØqÊ ¹ Ø�Ù!Ð ·Ô¸j½­» Ù<ÓÔÏ~ÞcÍ+Ð » Ê ÝR½ Ï~Í�ÊÔÞ ·N¸º¹U>�¶¦·N¸º¹�¸j¹ß¸ Þ�ØqÊR�ÔÍ+Ï ¾ª½­» Ù<ÓÔÏ~ÞcÍ+Ð » ØqÊ ¹ Í+Ï ¸ ÞcÍ+Ð ¸cÝ Ø�Ï »9 c¸ � » ÊtÐßØÌÍ
Ê�ÓÔÖ ½�¸ ÏTØ�Ù�� » A ¸ Ï ¸ Ê�Ð�Ù]Ø�Ï~Ö ¹ � ¸ á ¸ ÊB� » Ê Ý ØqÊT5 · Í+Ð »¼¹ Ð ·N¸ Ñ¼Í+Ï Ý�¸º¹ Ð¦Ö Ø�� ¸ Ø�ÙÎÐ ·N¸ Ê�ÓÔÑ¼ÑW� ¸ Þ�ÐßØ�Ï >

� Ñ¼Í+Ï Ý�¸ Ê�ÓÔÖ ½�¸ Ï¦Ø�Ù�Ð ·Ô¸�½ Ï~Í�ÊÔÞ ·N¸º¹ 5 ¸ Ù<ØqÑ¼ÑàØ�5 ¸ � Í+Ï ¸ ÓÔÊ ¹ Ð�Í ½ Ñ ¸�>'¶¦·N¸ Ù ÓÔÑ¼Ñ ½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊT� » Í Ý Ï~Í�Ö
»¼¹j¹�· Øm5�Ê » Ê³Õ Ý ÓÔÏ ¸���>«
 �!Í�ÊR� Ð ·N¸ ÑàØÈÞcÍ+Ð » ØqÊ ¹ Ø�Ù¦Ð ·N¸7½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊ³á�Ø » Ê�Ð ¹ Í+Ï ¸ Ñ »¼¹ Ð ¸ � » Ê Ð�Í ½ Ñ ¸T��> g >
Ò »àÝ ÓNÏ ¸���>G	U¡ ¹�· Ø�5 ¹ Íjá » Þ�ÐßØ�Ï » Í�Ñ)Ï ¸ áÔÏ ¸º¹ß¸ Ê�Ð�Í+Ð » ØqÊ Ø�Ù�Ð ·N¸�½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊ�� » Í Ý Ï~Í�Ö ÐßØgÖ Í 8�¸�» Ð ¸ Í ¹~»à¸ ÏTÐßØ
ÓÔÊB� ¸ Ï ¹ Ð�Í�ÊB� Ð ·N¸�¹ ÐßÏ~ÓÔÞ�Ð�ÓNÏ ¸ Ø�ÙÎÐ ·N¸O½­» Ù<ÓÔÏ~ÞcÍ+Ð » ØqÊ ¹U>

Ü ÓNÏ » Ê Ý Ð ·Ô¸ Ï ¸ ÖgÍ » ÊB� ¸ Ï Ø�ÙRÐ ·Ô»¼¹ Þ · Í+áÔÐ ¸ Ï��05 ¸ ¸ X�ámÑ×Í » Ê Ð ·N¸ ½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊ ¹ ÐßØ Ð ·N¸ � » A ¸ Ï ¸ Ê�Ð
½ Ï~Í�ÊmÞ ·N¸º¹ Í�ÊB��Ð ·N¸ ÐßÏ~Í�Ê ¹~» Ð » ØqÊ ¹R½�¸ Ðp5 ¸c¸ ÊÄ� Í+Ï » ØqÓ ¹R¹ ØqÑ¼ÓNÐ » ØqÊ ¹ Ø ½m¹ß¸ Ïq� ¸ � ½�¾ Ë3Ñ¼Í+ÐßÐÌÍ�ÊB� 
 » Ï�Øm� » Þ ·?>
;�Ø�5 ¸ � ¸ Ï���Ë!Ñ×Í+ÐßÐ ¸ Ð Í�Ñ >,¹ Ð�Í+Ï�Ð ¸ �,Ð ·Ô¸ ÞcÍ�Ñ¼ÞcÓÔÑ¼Í+Ð » ØqÊ Ù]Ø�Ï ¸ Í�Þ ·�Ú¦¸c¾ ÊNØqÑG� ¹ Ê�ÓÔÖ ½�¸ ÏgÍ+Ð Í³á ¸ Ï�Ð�ÓNÏ ½)¸ �
¹�·N¸ Í+Ï C Ø�5�dmÐ ·N¸ Ï ¸ Ù<Ø�Ï ¸ �ÔÐ ·N¸�¹ ØqÑ×ÓNÐ » ØqÊ Ð ·N¸c¾ Ø ½ Ð�Í » Ê ¸ �ªÍ�Ñ ¹ Ø&� ¸ á ¸ ÊB� ¹ ØqÊªÐ ·N¸ �NØqÖgÍ » Ê Ø�Ù�Í+ÐßÐßÏ~Í�Þ�Ð » ØqÊ?�
» Ê Í��B� » Ð » ØqÊ ÐßØ�Ð ·N¸ ¹ Ð�Í ½m» Ñ » Ð ¾ Ø�Ù�Ð ·Ô¸ ¹ ØqÑ¼ÓNÐ » ØqÊ > ¶¦·Ô¸ » Ê » Ð » Í�Ñ�Þ�ØqÊB� » Ð » ØqÊ Ð ·Ô¸c¾ Ó ¹�¸ � Ù]Ø�ÏgÍ�Ñ×Ñ�Ð ·N¸º» Ï
ÞcÍ�Ñ¼ÞcÓÔÑ×Í+Ð » ØqÊ ¹ 5�Í ¹W [ Ò 	

Ô
Y
¹�» Ê � ¢ * � ò 	U¡ I%Q Óæ ü w æ Luù [ 9 &n 9 & ñ ò�9 && f Þ�Ø ¹ � 92ñ 2 ò�9 & * � � ¹�» Ê � 92ñ 2 ò�9 & * � i Z æ � ��> g �

Í�ÊB�,Ð ·N¸ª¾ � ¸ ÑàØÈÞ » Ð ¾ »×¹ ¹ ÓÔÞ · Ð · Í+Ð7Ð ·Ô»¼¹ » Ê » Ð » Í�ÑTÞ�ØqÊR� » Ð » ØqÊ »×¹ � » � ¸ Ï Ý�¸ ÊÔÞ ¸ Ù<Ï ¸c¸�> ¶¦·N¸ �ÔØqÖgÍ » Ê Ø�Ù
Í+ÐßÐßÏ~Í�Þ�Ð » ØqÊ Ù<Ø�Ï�ÍªámÍ+Ï~Ð » ÞcÓÔÑ¼Í+Ï ¹ Ð ¸ Í�� ¾ ¹ Ð�Í+Ð ¸Ì¹ ØqÑ¼ÓÔÐ » ØqÊ »¼¹ Ð ·N¸ ¹ß¸ Ð@Ø�Ù�Í�Ñ¼Ñ » Ê » Ð » Í�Ñ'Þ�ØqÊB� » Ð » ØqÊ ¹ Ù]Ø�ÏjÐ ·N¸
ámÍ+Ï�Ð » Í�Ñ6� » A ¸ Ï ¸ ÊtÐ » Í�Ñ ¸ºÛ ÓÔÍ+Ð » ØqÊ Ð · Í+Ð Þ�ØqÊj� ¸ Ï Ý�¸ ÐßØ�Ð · Í+Ð�ámÍ+Ï�Ð » ÞcÓmÑ¼Í+Ï ¹ ØqÑ¼ÓNÐ » ØqÊ Í ¹�¾ ØqÓ » Ê�Ð ¸cÝ Ï~Í+Ð ¸ » Ê
Ð » Ö ¸�>

¶¦·m»¼¹�»¼¹ ÊNØ�Ð@Í�Ê ¸ A ¸ Þ�Ð » � ¸ Ö ¸ Ð · Ø�� Ø�Ùn� ¸ Ð ¸ Ï�Ö » Ê » Ê Ý Ð ·N¸ ÊÔÍ+Ð�ÓÔÏ ¸ Ø�Ù¦Ð ·Ô¸ ½m» Ù ÓNÏ~ÞcÍ+Ð » ØqÊ ¹�¹�» ÊmÞ ¸ » Ð
�NØ ¸º¹ ÊNØ�Ð Ýq» � ¸ ÍOÞcÑ ¸ Í+Ï ¸ X�ámÑ×Í�ÊÔÍ+Ð » ØqÊjØ�Ù�5 ·N¸ Ï ¸ Í ½ Ï~Í�ÊÔÞ ·�½m» Ù ÓNÏ~ÞcÍ+Ð ¸º¹ Ù<Ï�ØqÖ > � �R� » Ð » ØqÊÔÍ�Ñ×Ñ ¾O» ÐÎÏ ¸ºÛ Ó » Ï ¸º¹
Ö Ø�Ï ¸ Þ�ØqÖ ámÓNÐ�Í+Ð » ØqÊmÍ�Ñ ¸ A)Ø�Ï~Ð ¹�» ÊÔÞ ¸ Ð ·N¸@» Ê » Ð » Í�Ñ Ý Ó ¸º¹~¹¦»¼¹ Ù Í+Ï�Í�5�Í ¾ Ù<Ï�ØqÖ Ð ·Ô¸�¹ ØqÑ¼ÓNÐ » ØqÊ >

Ë3Ñ¼Í+ÐßÐ ¸ Ð�Í�Ñ > Ø ½­¹ß¸ Ï�� ¸ � Ð · Í+Ð�Ð ·N¸j¹ ØqÑ¼ÓNÐ » ØqÊÌÐ ·N¸c¾ Ø ½ Ð�Í » Ê ¸ � ¹ ÓB�B� ¸ ÊÔÑ ¾ Þ · Í�Ê Ý�¸ � Ù]Ï~ØqÖ ½ Ï~Í�ÊmÞ · �
ÐßØ ½ Ï~Í�ÊmÞ · N¯Í+Ð<Ô�ÕeÔ4ÖÝÒ 	 × 
 ª >3¶¦·m»¼¹ Ñ¼Ø�ÞcÍ+Ð » ØqÊÌÞ�Ø�Ï~Ï ¸º¹ á�ØqÊB� ¹ ÐßØ Ð ·N¸OÚ¦¸c¾ ÊNØqÑG� ¹ Ê�ÓÔÖ ½�¸ Ï�ØqÊ ½ Ï~Í�ÊmÞ ·
NÄ5 ·N¸ Ï ¸ Ð ·N¸�¹ ØqÑ¼ÓNÐ » ØqÊ ¹�½�¸ Þ�ØqÖ ¸$¹ Ð�Í ½ Ñ ¸ 5 ·N¸ Ê ½ Ï~Í�ÊmÞ · Ü �NÕ Ý ÓÔÏ ¸@��>G	�	 � ½m» Ù<ÓNÏ�ÞcÍ+Ð ¸º¹ Ù]Ï�ØqÖ » Ð >



s 


0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.3

-0.3

-0.3

-0.3

-0.3

-0.3

-0
.3

-0.3

0

0

0

0

0

0

0 0

0

0

0

0

0

0

0

0

0

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.30.
3

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.6

-0.6

-0.6

-0.6

-0.6

-0.6

-0.6

-0.3

-0.3

-0.3

-0.3

-0.3

-0.3

-0
.3

0

0

0

0

0

0.3

0.3
0.3

0.3

0.3

0.3

0.3

0.3

0.6

0.6

0.6

0.6

0.6

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9

-0
.9

-0.9

-0.9

-0.6

-0
.6

-0.6

-0.6

-0
.6

-0.6

-0
.3

-0.3

-0
.3

-0
.3

-0.3

0

0

0

0

0

0

0.3

0.
3

0.3

0.
3

0.3

0.
3

0.6

0.6

0.6

0.6

0.6

0.
6

0.9

0.9

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-4

-4
-4

-4
-4

-4
-4

-3 -3

-3
-3

-3

-3 -3

-3
-3

-3

-3
-3 -3

-3
-3

-3

-3 -3

-3 -3

-2 -2

-2
-2

-2

-2
-2

-2 -2

-2 -2

-2 -2

-2 -2

-2 -2

-1 -1

-1
-1

-1

-1
-1

-1

-1 -1

-1
-1

-1

-1
-1

-1

-1
-1 -1

-1
-1

-1

0 0

0
0

0

0 0

0
0

0

0 0

0
0

0

0
0

0 0

1
1

1

1
1

1

1 1

1 1

1
1

1

1 1

1
1

1

1
1

1

2
2

2

2 2

2 2

2
2

2

2
2

2

2 2

2 2

2
2

2

3
3

3 3

3
3 3

3
3

3

3
3

3

3
3

3

3
3

3
3

3

4

4

4
4

4 4

4
4

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-4

-4

-3

-3

-3
-3

-3

-3

-3

-3

-3

-2

-2

-2

-2

-2

-2

-2

-2

-2

-2

-2

-2

-2

-2

-2 -2

-2

-2-2

-2

-2

-1

-1

-1

-1

-1

-1

-1
-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1
-1

0 0

0

0

0

0

0

0

0

0

0

0
0

0 0

0 0

0

0

0

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
1

2

2

2
2

2

2

2

2

2

2

2

2

2

2

2

2
2

2
2

3

3

3
3

3 3

3

3
4

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-3

-3

-3

-3

-2

-2

-2

-2

-2

-2

-1
-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1
-1

-1

-1

-1

-1

-1

-1
-1

0

0

0

0

0

0 0

0

0

0

0

0

0

0

0

0

0

0

0
0

1

1

1

1

1

1

1

1

1
11

1
1

1

1

1

1

1

1

1

1
1

1

2

2

2

2

2 2

3

3

3

úüûRý�þ�ÿ�� ��� ª������fÿ	��

����þ������Sû�������������� �!

��"�#$�Kÿ	�Sû%�(û��'&(�$)7ÿ	

���	*,+-
.�^Ô0/eÔ21rÒ43.5%3�6�7�3.598.:;7	<�5=:
:;>�ú�ÿ	���
? �
@A�B�,)C�
�B�B���



DE:

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-4
-4

-4

-4
-4

-4

-4

-4
-4

-4

-4
-4

-3 -3

-3 -3 -3

-3 -3

-3 -3

-3 -3 -3

-3 -3

-3 -3

-3 -3 -3

-2 -2 -2

-2 -2 -2

-2 -2 -2

-2 -2

-2 -2 -2

-2 -2

-2 -2

-2 -2

-1 -1

-1 -1

-1 -1

-1 -1

-1 -1 -1

-1 -1

-1 -1

-1 -1 -1

0 0 0

0 0

0 0

0 0 0

0 0

0 0

0 0

0 0 0

1 1

1 1

1 1

1 1

1 1

1 1 1

1 1 1

1 1 1

2 2

2 2

2 2 2

2 2

2 2

2 2 2

2 2 2

2 2 2

3 3

3 3

3 3 3

3 3 3

3 3

3 3 3

3 3

3 3

4

4

4

4

4

4

4

4
4

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-4

-4

-4

-4

-4

-4

-3

-3

-3

-3

-3

-3
-3

-3

-3

-3

-3-3

-2
-2

-2

-2 -2

-2

-2

-2
-2

-2 -2

-2

-2

-2 -2

-2 -2

-2 -2

-1
-1

-1

-1

-1

-1

-1
-1

-1 -1

-1
-1

-1

-1

-1

-1 -1

-1

-1

0

0

0
0

0

0

0

0
0

0
0

0

0
0

0
0

0

0

0
0

1
1

1 1

1

1 1

1

1

1

1
1

1
1

1 1

1

1

1
1

2

2

2
2

2
2

2

2

2

2 2

2

2

2

2
2

2
2

2

2

2
2

3

3

3

3

3

3

3

3

3

3

3

4

4

4

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-3

-3

-3

-3

-3

-2

-2

-2

-2

-2

-2

-2

-2-2

-2

-2

-1

-1 -1

-1 -1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1
-1

-1
-1

-1

0

0

0

0

0 0

0

0

0 0

0

0
0

0
0

0

0

0

0

0

0

1

1

1

1

1

1

1

1
1

1

1

1 1

1

1

1

1

1

1

1

1
1

2

2

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0
.3

-0.3

-0.3

-0
.3

-0
.3

-0.3

-0.3

-0
.3

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0.3

0.3

0.3

0.3

0.3
0.3

0.3

0.3
0.3

0.
3

0.3

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0
.3

-0.3

-0.3

-0.3

-0.3

-0.3

-0.3

-0.3

-0.3

-0.3

0

0

0

0

0

0

0

0
0

0

0
0

0
0

0

0

0.3

0.3

0.3

0.
3

0.3

0.3

0.3

0.3

0.3

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.3

-0.3

-0.3

-0.3

-0.3

-0.3

0
0

0
0

0
0

0
0 0

0 0
0

0 0

0
0 0

0 0 0

0.3

0.3 0.3

0.3

F!G�H�IKJ�LNM�O9P�Q�R�SBJ	L�T
U�V�I�W�X�S�G�Y�W[Z�\]L�V^S _!T
W�`�a$Y
J�S�G%X�G�ScbdQ$eCJ	T
W�X fgehT.SjiNk.iml�npo.qsrtM�u	v�q=w
w;uBrKq=w
w;xdFKJ	Y�U
y Y
zASBY,eCY
SBSBY�U



{�o

0 2 4 6 8 10
Ω/Ωc

0.4

0.5

0.6

0.7

N
or

m

I

B

a

C

D
E

F

G

H

J

K
L

M

N
P

Q

O

S

T

R

Gt

Ht
MtJt

A

A B K L C Q S

F!G�H�I�J�L|M�O9}�Q�~0Y
J	U�Y
V!e�G�V�I�J	X�T.S�G%WKH�eCJ	T
W�X fKL��mY
V�R�Y��%I�S�G�Y�W��C����OjiNk.i2l�V�Y
JN��Y��%UgY
H
Y
J�Y���F!��Y��

A B K L C Q S R T

R

S

Q

N

P

L

K

B

Ht

H

V

D

A

G

M

J

Gt

Wt

Xt

Mt

Jt

bt

I

C

F

E

O

T

a

F!G�H�I�J�L|M�O%o�w;Qje�G�V�IKJ	X�T.S�G�Y�W���G%T.H
J T
U�V�Y
JN��Y��%U�Y
H
Y
J	Y��AF!��Y��



{.v

eCJ	T
W�X	f e�G�V�IKJ	X�T.SBL�� ��S�iNk.i2l \]T.J�H
L��BS0�[Y;`KL�Y
V$~0I��%�
FKJ	Y�U�eCJ	T
W�X f Z�SBY�v�`�Osz]O�_ a$L�X�SBY
JgZ��
�;u	�
��u	����_

� w o.O%o�w Z�o.xsrKx=wt_
e w o.OsrtM Z�v�xsrKx=wt_
� w v�Osr
r Z���xsrKx=wt_
� e o.O9}
� Z�o.xsrKx=wt_
� � rKO9�
M Z�o.xsrKx=wt_
F � ��O9}�{ Z�v�xsrKx=wt_
� � v�O9v
M Z�o.x%o.x=wt_
� S � v�O9v
M Z�o.x%o.x=wt_
� e v�O%o�w Z�v�x%o.x=wt_
�0S e v�O%o�w Z�v�x%o.x=wt_
� � v�O9�Er Z���x%o.x=wt_
� � ��Osr�w Z�o.xsrKx%o�_
�
S � S ��O9�;o Z�o.xsrKx%o�_
� w o.O�{Ew Z�o.xsrKx%o�_
\ w o.O�{.P Z�v�xsrKx%o�_
� � M�O9v�{ Z�o.xsrKx9v�_
� S � S M�O9��{ Z�o.xsrKx9v�_
~ ��x�\ o.O9P
v�x¡o.O9}
P Z�v�xsrKx%o�_ x¢Z�o.xsrKx%o�_
£ ��x�\ o.O9P
��x¡o.O9}
P Z�v�xsrKx%o�_ x¢Z�o.xsrKx%o�_
¤ w v�O9}
� Z���xsrKx%o�_
¥ w ��O9M�{ Z�o.xsrKx9v�_
¦ w ��O=wt{ Z�v�xsrKx9v�_
y w Z���xsrKx9v�_
a � rKO%o�r £§L�J	G�Y;`�G%X
¨©S � S £§L�J	G�Y;`�G%X
ª�S ¨-S £§L�J	G%Y�`���Y�IK«��¬G%WKH
T � x=� v�O9P.w;x�rKO%o�{ Z���xsrKx=wt_ x¢Z�o.xsrKx%o�_
«�S ��S £§L�J	G�Y;`�G%X

y T.«d��L|M�O9��Qj��Y��¬U�Y
H
Y
J�Y��AF!��Y��­e�G�V�IKJ	X�T.S�G�Y�W�£§Y�G%W�S��



{.�

0 2 4 6
x

0

1

2

3

4

5

6

y

-0
.6

-0.3
-0.3

-0.3

-0.3

-0
.3

-0
.3

0

0

0

0

0

0

0

0

0

0

0

0.3

0.3

0.3

0.
3

0.3

0.
3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.6

-0.6

-0
.6

-0
.3

-0
.3

-0.3

-0.3

-0.3

-0
.3

0

0

0

0

0

0

0

0

0

0

0

0

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0
.6

-0
.6

-0.6

-0
.6

-0
.3

-0.3

-0
.3

-0
.3

-0.3

-0
.3

-0.3

0

0

0

0

0

0

0.3

0.3

0.3
0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.30.3

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-4

-4

-4

-4

-4

-3

-3

-3

-3

-3

-3

-3

-3

-3

-3

-2
-2

-2

-2
-2

-2 -2
-2

-2

-2

-2

-2

-2

-2

-2
-2

-2

-2

-2 -2 -2

-1

-1 -1

-1

-1 -1

-1

-1 -1

-1 -1

-1

-1

-1
-1

-1

-1

-1

-1

-1

0

0
0

0
0 0

0

0
0

0

0

0

0
0 0

0

0

0

0

0
0

0

0 0

1 1

1

1

1

1

1 1

1
1 1

1
1 1

1

1
1

1

1

1
1

2

2 2

2 2 2

2
2

2

2

2 2

2

2 2

2
2

2
2

2 2

2

3

3

3

3

3

3

3

3

3

3

4

4

4

4

4

4

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-4

-4

-4

-3

-3

-3

-3

-3

-3

-3

-2

-2

-2

-2

-2

-2

-2

-2

-2

-2

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

0

0

0

0

0

0

0

0

0

0

0

0 0

0

0

0

0

0

0

1

1

1 1

1

1

1

1

1 1

1

1

1

1

1

1

11

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

4

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-4

-4

-4

-4

-3

-3

-3

-3

-3

-3

-3

-3

-3

-3

-2

-2

-2

-2

-2

-2

-2

-2

-2
-2

-2

-2

-2

-2

-2

-2

-2

-1

-1
-1

-1
-1 -1

-1 -1 -1

-1
-1 -1

-1

-1
-1

-1
-1 -1

-1
-1

-1
-1

-1

0
0

0

0

0

0
0

0

0

0

0

0

0

0

0
0

0
0

1

1
1

1

1
1

1
1

1

1

1
1

1
1

1
1

1
1

1
1

2
2

2
2

2
2

2
2

2
2

2
2

2
2

2

3

3

3

3

3

3

3

4

4

4

4

4

4

4

®!¯�°�±K²�³[´�µ%o
o.¶ ¦ SB²�³�·
UgV�±�W�X�S�¯�Y�W¸Z�\�³�V�S _¹·
W�`ha$Y
²	S�¯%X�¯�S'b(¶ eC²	·
W�X	fº�»·.S¼iNk.i2l�n½v�q9v.w;u	v�q9´.w;u	´�q=w
w;x
®K²�Y�U y Y
z[SBY,eCY
SBSBY�U



{�r
¾�¿'À Á�Â�ÃÅÄ¢Æ�Ç$È0Â�Â¹Ä�Ç§ÃÅÉ	Â¹ÊÌË¸Æ�ÍmÂ¹Ç]Î¹Ä�Ï

¨Ð³¼f�·��
³ÑY
«��B³�²��
³�`Ò�BY�U�³�«�²	·
W�X fK³��ÓS�f�·.SÔX�Y�W�W�³�X�S|«Å³�S'�C³�³�WÒS�fK³,«�² ·
W�X	fK³��|S�f�·.S|«d¯�V�±�²	X�·.SB³gV�²�Y�U
S�fK³Ó��f�³�·.²2Õ�Y��|µ y fK³�²�³�¯%�2·,X�Y�W�WK³�X�S�¯�Y�W�«Å³�Sc�j³�³�W[«�²	·
W�X f��Ö·
W�`�«�² ·
W�X	f�\�x�·gX���Y��B³Ó±Kz�Y
V§�Nf�¯¬X	f
¯%�j��fKY��0W�¯%Wg×�°�±K²�³�´�µ%o�v�µ y fK³�²	³N·.²�³�S'�CY¹�	¯%Ug¯%�%·.²$«�²	·
W�X	f�³���S�f�·.S�X�Y�W�WK³�X�SC«Å³�S'�C³�³�WÑ«�²	·
W�X f��4·
W�`

1.7 1.8 1.9 2 2.1
Ω/Ωc

0.68

0.69

0.7

0.71

N
or

m K

L

N

P

®!¯�°�±K²�³|´�µ%o�v�¶ � Y�W�WK³�X�S�¯�Y�W[ej³�Sc�j³�³�WØeC²	·
W�X fK³��N�Ö·
W�`A\

«�²	·
W�X	fA\�ÙKS�fK³|`�¯ÛÚÅ³�²�³�W�X�³�«Å³�Sc�j³�³�W[S�fK³�U�¯%�2`�¯¬�Bz��%·�b
³�`�¯%W¼×�°�±K²	³�´�µ%o���µ�~0Y
S�¯%X�³ÓS�f�·.SmS�f�³Óz�f�·
�B³�Y
V
S�fK³0SBY
z�xKX�³�WtSB²	·
�(·
W�`,«(Y
SBSBY�UÜz��¬·
WK³���f�·
�j«Å³�³�W,��f�¯�V^SB³�`,«Å³�S'�C³�³�W,S�fK³�S'�CYÔ«�²	·
W�X fK³���x��NfK³�²�³�·
�jS�fK³
Y
S�fK³�²CS'�CY|z��¬·
WK³���·.²�³�·.S�S�fK³0��·
U�³Nzdf�·
�B³
µ!¨Ð³�f�·��
³NY�W���b¹«(³�³�W�·.«���³2SBYÝ×dW�`¹S�fK³���³NS'�CYÔ«�²	·
W�X fK³���x
·
W�`�S�f�³�²�³Ó`KY�³��mWKY
SN·.z�zÅ³�·.²mSBY,«(³Ó·�X�Y�W�S�¯%W�±�±�UÞY
V§«�²	·
W�X	fK³��2«Å³�Sc�j³�³�W[S�fK³��B³ÓSc�jYKµ

���%�BY�·�X�Y�W�WK³�X�S�¯%Y�W�«Å³�S'�C³�³�W�«�²	·
W�X f � ·
W�`¼«�²	·
W�X	f¼�p�C·
�mV^Y�±�W�`�x;�Nf�¯%X fÑ¯¬�2��fKY��0WÑ¯¬WÑ×�°�±K²�³
´�µ%o�´�µ

¨Ð³gX�Y�WEßB³�X�S�±K²�³¹S�f�·.S�S�fK³�²�³�·.²�³�Ug·
W�bAY
S�fK³�²�«�² ·
W�X	fK³���S�f�·.S�V�Y
²	U»X�Y�W�WK³�X�S�¯�Y�W��0«Å³�Sc�j³�³�WÐ`�¯%V¬à
V�³�²�³�WtSNz�²	¯%Ug·.²	bg«�¯�V�±K²	X�·.S�¯%W�°Ô«�²	·
W�X	f�³���µ

¾�¿B¾ áãâ�äÓåÝæçæçÄ!Ã(ÆÅåèË­Æ�Ä¢Í2é|É	Â¹Ê½Ë­É�ê�ë¹Æ�Ç$ÍCÃÅÉ�È�Â¹Ï

���Ó�C³�X�Y�W�S�¯%W�±�³�·
��Y�WK°[«(Y
S�fì«�²	·
W�X fK³��|�Þ·
W�`ìe�x]�C³g³�W�X�Y�±�W�SB³�²¹·AzÅY�¯%W�SÓ�NfK³�²�³�·�²�³�·
��`�Y�±K«���³
³�¯�°
³�W��E·
�¬±K³ X f�·
WK°
³�����¯�°�W�µ¸��S�³�·
X fíY
V�S�fK³��B³Øz(Y�¯¬WtS��,�j³ ×dW�`-·î«�¯�V�±K²	X�·.S�¯%Y�WïV�²�Y�Uè�0f�¯%X	fºS'�CY



{.´

0

2

4

6

z

0

2

4

6

x

0
2

4
6

y

0

2

4

6
z

0

2

4

6

x

0
2

4
6

y

®!¯�°�±K²�³¹´�µ%o���¶ma$Y
²�S�¯%X�¯%S'b � Y�W�SBY�±K²	� ¦ fKY��N¯%WK°,S�fK³Ô��¯ÛÚÅ³�²�³�W�X�³¹eC³�S'�C³�³�WÐeC²	·
W�X	f�³���~�Z y Y
z(_N·
W�`Ø£
·.S0iNk.iml�npo.q9}.w



{.�

2.5 3 3.5 4 4.5
Ω/Ωc

0.5

0.525

0.55

0.575

0.6

0.625

0.65

0.675

0.7

N
or

m

®!¯�°�±K²�³|´�µ%o�rK¶ � Y�W�WK³�X�S�¯%Y�WAeC³�S'�C³�³�W eC²	·
W�X fK³��N�ã·
W�` �

0

2

4

6

z

0

2

4

6

x

0
2

4
6

y

®!¯�°�±K²�³|´�µ%o�´�¶ja$Y
²�S�¯%X�¯�Scb � Y�WtSBY�±�²	�2V�Y
²NeC²	·
W�X	f ·g·.S0iNk.iml�nð��q9´.w



{
{
«�²	·
W�X	fK³��2³�Ug³�²�°
³
x�·g�BS�·.S�¯%Y�W�·.²�b¼«�²	·
W�X f�·
W�`A·�SB² ·��
³��%�%¯¬WK°¹�C·��
³Ý«�² ·
W�X	f�µ$¨Ð³ÝWKY
SB³ÓS�f�·.Sm�C³|f�·��
³
·�z�¯�S�X fKV�Y
²�ñÓ«�¯�V�±K²	X�·.S�¯%Y�WÝV�Y
²$³�·
X	f,«�²	·
W�X f�µ!®K²�Y�Uò«�² ·
W�X	f��º�j³2Y
«�S�·
¯¬W¹«�²	·
W�X fK³�� � ·
W�` � S�x��Nf�¯%��³
V�²�Y�Uó«�²	·
W�X fØeô�C³ÔY
«�S�·
¯%W[«�²	·
W�X	f�³����Ö·
W�`õ�NS�µÓ®!¯�°�±�²�³���´�µ%o��¼·
W�`Ð´�µ%o�{Ñ��fKY��pV�Y
²�«�²	·
W�X fK³�� �
·
W�` � S�x�·
W�`Ò�ö·
W�`÷�NS¹²�³���z(³�X�S�¯%�
³���b
x$S�fK³�`�¯ÛÚÅ³�²�³�W�X�³Ñ«Å³�S'�C³�³�W÷S�fK³��BS�·.S�¯�Y�W�·.²�bÒ·
W�`ÒSB²	·��
³��¬�%¯%WK°
��·��
³|«�²	·
W�X	f�³���µ

�0V^SB³�²CS�fK³��Bb�U,U�³�SB²�bg¯%W�S�f�³0`�¯�²	³�X�S�¯�Y�WgY
V�S�fK³0V^Y
² X�¯%WK°|¯%��«�²�Y
ñ
³�W�«�bg·|«�¯�V�±K²	X�·.S�¯�Y�W�xt�%·.²�°
³���X�·
��³
�BSB²	±�X�S�±K²�³��m`K³��
³��%Y
z�µ

y f�³|S'�CY¼W�±��¬���
³�X�SBY
²	��·
���BY;X�¯%·.SB³�` �N¯�S�f[S�fK³|«�¯%V�±K² X�·.S�¯�Y�WA`�¯ÛÚÅ³�²N«�b�Y�W���b�·�SB²	·
W����¬·.S�¯�Y�W[¯%W[S�fK³
bî`�¯�²	³�X�S�¯�Y�W�µ¼�øWìY
²	`K³�²ÔSBY `K³�SB³�² Ug¯%WK³�S�fK³�W�±�UÝ«(³�²|Y
VN`�¯%�BS�¯¬W�X�S�«�²	·
W�X fK³��Ý«�¯�V�±K²	X�·.S�¯%WK°�V�²�Y�UçS�f�¯%�
zÅY�¯%W�S�xd�C³Ô·.z�z��%¯�³�`�S�f�³ÔU�³�S�f�Y�` Y
V¢zÅ³�²�S�±K²�«Å³�`�«d¯�V�±�²	X�·.S�¯�Y�W[W�±�U�³�²	Y�±��NS�¯¬U�³���x(³�·
X	fõS�¯%U�³Ô±���¯%W�°�·
`�¯ÛÚÅ³�²�³�W�S$zÅ³�²�S�±K²�«�·.S�¯%Y�W¹V^²�Y�UãS�f�¯%�!Sc�jY.à'`�¯¬U�³�W���¯�Y�W�·
��W�±��%�K�Bz�·
X�³
µ¢����S�fKY�±K°�fgS�f�¯%�$z�²	Y�X�³�����`KY�³��jWKY
S
z�²�Y��
³gS�f�·.SÓS�f�³�²�³,·.²�³gY�W���b[Sc�jY «�²	·
W�X fK³���³�Ug·
W�·.S�¯¬WK°AV�²�Y�UùS�fK³g«d¯�V�±�²	X�·.S�¯�Y�WØzÅY�¯%WtS�x]³��
³�²�bõS�¯%U�³
�C³ÓV^Y��¬��Y��C³�`�S�f�¯%��z�²�Y�X�³��	�2�j³|Y
«�S�·
¯%WK³�`�³�¯%S�fK³�²2S�fK³|�BS�·.S�¯%Y�W�·.²�b¼Y
²mSB²	·��
³��%�%¯%WK°���·��
³Ý«�²	·
W�X f�µ

��UgU�³�`�¯¬·.SB³���b�·.V�SB³�²NS�fK³�«d¯�V�±�²	X�·.S�¯�Y�WÑS�fK³�²�³Ó¯%�2·,��Ug·
�%�Å`�¯ÛÚÅ³�²�³�W�X�³Ó¯¬W¼S�fK³Ó��¯�ú�³��2Y
V§S�fK³��
Y
²�S�¯¬X�³���µ
y fK³���³�`�¯ÛÚÅ³�²�³�W�X�³��|S�fK³�Wû°
²�Y��ü·
W�`îS�f�³�X�³��%�%�ÝU�³�²�°
³ÑSBY V�Y
²	U½�%·.²�°
³��	X�·
��³��BSB² ±�X�S�±K²�³���µA£�²�³��;¯�Y�±��
�BS�±�`�¯�³���xm��±�X fí·
��S�f�Y��B³ «�bhý�·.ñ;fKY
SA·
W�` ¦ ¯��.·
��f�¯%W��Bñ�bðþs�
�Eÿ x�f�·��
³Ð��±K°
°
³���SB³�`íS�f�·.S�S�f�³��B³Ð�%·.²�°
³
��X�·
��³î��SB²	±�X�S�±K²�³����¬¯�ñ
³õS�fKY��B³ì¯%W©«�² ·
W�X	fK³�� � ·
W�` � S�x�×�°�±K²	³Ð´�µ%o��ôZ�«ÅY
SBSBY�U�_ x�V^Y
² U `�±K³õSBYº·
WK³�°�·.S�¯��
³�à �;¯%��X�Y��	¯�S'b�z�f�³�WKY�U�³�W�·;µ y f�³�bÑ��f�Y��¸S�f�·.SNS�fK³Ó¯%W��BS�·.«d¯%�%¯�ScbgY
V$·ÔÕ�Y��ôSBY,��Y�WK°.à ��·��
³���³�W�°
S�f
`�¯%��S�±K²�«�·
W�X�³��0X�·
W[«Å³Ô¯%WtSB³�²	z�²�³�SB³�`Ø¯%WASB³�²	U,�0Y
V¢·ÑWK³�°�·.S�¯��
³¹³�ÚÅ³�X�S�¯��
³¹��¯¬��X�Y���¯�ScbA¯%WAS�fK³¹�%·.²�°
³�à'�	X�·
��³
Õ�Y��Óµ

£j�%·.SBS�³�S�·
��µô×�²	��S,Y
«��B³�²	�
³�`©·ûb�à'�Bb�U,U�³�SB²�bï«�²	³�·.ñ�¯%W�°ì«�¯�V�±K²	X�·.S�¯%Y�WïY�W©«�²	·
W�X f-e��NfK³�W©¯�S
��Y��B³��0¯�S��m�BS�·.«d¯%�%¯�Scb�SBY�«�²	·
W�X fA�|µ � ±K²mzd·.²	·
U�³�SB³�²N�.·
�%±K³|V^Y
²0S�f�¯%�2«�¯%V�±K² X�·.S�¯�Y�W�¯%�m·.S�iNk.i2ljn­v�q%o�w;x
�NfK³�²	³�·
�,S�fK³�bhY
«d�B³�²��
³ ¯%S�·.SÑi0k.i2lAn v�q9v�µ y f�¯%�,`�¯%��X�²�³�zd·
W�X�bh¯�Sgz�²�Y
«d·.«���bh`�±K³ASBYûS�fK³�¯�²Ñ±��B³
Y
Vj·ÑS�¯%Ug³�à'�BSB³�z�z�¯%W�°ÑU�³�S�f�Y�`õ·
W�`ÐWKY
S�·
�%�%Y��N¯%W�°�³�WKY�±�°�f S�¯¬U�³��BSB³�z���V�Y
²�S�f�³¹¯¬W��BS�·.«�¯%�¬¯�S'b�SBY¼°
²�Y��
��±��ÑX�¯�³�WtS��%b
µ

�0Y��C³��
³�²�x���¯%W�X�³Ñ�j³¼�C³�²�³AWKY
S�±���¯¬WK° ·ØS�¯%U�³�à'��SB³�z�z�¯%WK°Ø·
��°
Y
²	¯�S�f�U�x$�j³A`�¯%`ìWKY
S¹Y
«���³�²��
³�S�fK³
��±�`�`K³�Wî²	·
W�`KY�U fKY
²	¯�ú�Y�W�S�·
�j�	f�¯�V�S��|Y
VmS�f�³Ñ�BY��¬±KS�¯�Y�WûS�f�·.S�£��%·.SBSÔY
«��B³�²��
³�`÷¯%WûS�fK³Ñ²	·
WK°
³A��q9´
���
iNk.i2l��©��q9��µ

¨ífK³�WÒ£��%·.SBSÝ³�SÔ·
��µ �BS�·.²�SB³�`ûV^²�Y�U½S�fK³�z(³�²	S�±K²�«Å³�`î��fK³�·.²ÝÕ�Y��Óx!S�fK³�bõ×�²	�BS|V^Y�±�W�`ì�%·.²�°
³�à'�	X�·
��³
�BSB²	±�X�S�±K²�³�Y
V�«�²	·
W�X f � S,·.S�i0k.i2lÑnùrKq�{.v�µ©����SBY�±K°�fï¯¬Wh·
Wï·.SBSB³�U�z�S�SBYÐ×dW�`÷·îf�b�SB³�² ��¯%�g��Y�Y
z
«�·
X	ñhSBYÒ�BY�Ug³ X	f�Y�·.S�¯%XAÕdY��N�,S�fK³�bhY
«��B³�²��
³�`-«Å³���Y��öS�f�¯%�g¥N³�b�W�Y��%`��gW�±�UÝ«(³�²�xCS�f�³�bï`�¯%��X�Y��
³�²�³�`
S�f�·.S¼S�fK³Ð�%·.²�°
³õ��X�·
��³õ«�² ·
W�X	f � S��BY��%±�S�¯�Y�W��ÑX�Y�W�WK³�X�S¼SBYhS�fK³õ��Ug·
�%����X�·
��³õ«�²	·
W�X	fí�ç�BY��¬±KS�¯�Y�W��



{��
·.S�iNk.imlÑn½v�q9v�µ y f�¯%��¯%��¯%Wh°
Y�Y;`ï·.°
²�³�³�U�³�W�S��0¯�S�f÷�NfK³�²�³��C³AV�Y�±�W�`hS�f�³�«�²	·
W�X f � ·
W�` � S
«�¯�V�±K²	X�·.S�¯%Y�WÑ·.S�iNk.i2l�nðv�q9v
´�µ

¾�¿
	 � Æ�Í
�0Ä����	É Â¹Ê�� Í
��Äùä|È��	ëÝÃÅÉ	È0Â¹Ï

� ²	·��
³����¬¯��K°���·��
³���� �%±"!�¯#� �$�&%�·��
³�«Å³�³��'�
«$�B³�²��
³�(î«*) ¦ %K³[þs��+�ÿ-,!·.�/(î£��%·�!�!|³0!|·.��þ21.3Eÿ µ��4�5�j³0�
³�²6,
!7%K³0)8%�·��
³9�"�.!C³;:*<$�¬·
¯��K³�(8%/�6�=!7%K³��B³�Õ$�6�>�?�
²	¯%°�¯���·�!B³
µA@����7%/�6�4�¼¯��g×�°�±K²�³���´�µ�+�BÔ·.�/(Ñ´�µ�+6CD,"!7%�³��B³
��� �%±/!�¯#� �/�m·.²�³E��¯�Fg¯G�%·.²H!��I�7!B³�·.(")J��!�·�!B³K��� �%±"!�¯#� �$�0,�³;:"L�³0</!>!7%�·�!4!7%K³0)J%�·6�
³Ô·.� ·.��)�FMF�³0!B²7)A¯��N!7%K³
)�àO(�¯�²�³�L;!�¯#� �÷¯���!7%K³J��¯%ú�³P�.Q>!7%K³��.�
²7!�¯�L�³���µR@SL�·.²�³0Q�±/���#�*�
ñT�7%"�5�4�K!7%�·�!KU�²	·.�$L�%K³��8Vó·.�/(XWö·.²�³
��)�FMF�³0!B²	¯GL�·�UY��±/!HZ\[^]_,"�>%�¯���³`U�²	·.�$L�%K³��>V`!N·.�/(JW>!m·.²�³a�"�.!�µ

bÐ³�×c�$(8!7%�·�!H��<Å³�³�(P�.Qd!7%K³�U�²	·.�$L�%JV�!�!B²	·��
³��G�%¯��K°E�C·6�
³.,/�4%K³��Ñ¯#!eU�¯#Q�±K²�L�·�!B³��eQ�²7� FfU�²	·.�/Lg%I@h,
¯��2³�i�±�·.�j!��,ú�³�²7�Kµ�@��k�C³aL;� �D!�¯���±�³|·.�#� �K°\!7%�¯G�HU�²	·.�/Lg%j,"�C³&<$�#�.!k%"�5�l!7%K³&�7<(³�³�(J�.Qm!7%�³&!B²	·��
³��G�%¯��K°
��·��
³8Lg%�·.�K°
³��&�0¯#!7%onm³0)��"� ��(/�`��±/FaUÅ³�²�,Å×d°�±K²�³g´�µ�+���µKpq�D!B³�²�³���!�¯���° �#)N�C³¹×c�/(r!7%�·�!9!7%K³\(�¯%²�³�L;!�¯#� �
�.Qs!7%K³�!B²	·6�
³����%¯��K°E��·��
³&L�%�·.�K°
³��2·�!�!t���M���*L�·�!�¯#� �$�j·.�#� ��°h!7%K³aV�!eU�²	·.�$L�%j,*�4%K³�²�³�·.�eQu�
²�U�²	·.�/Lg%PW>!
�C³&� �/�#)P�.U$�B³�²7�
³aFM�.!�¯#� �A¯���� �K³h(�¯�²�³�L;!�¯#� ��µ

v��%·�!�!Ý³0!¹·.��µo�"�.!B³�(R!7%�·�!E!7%K³�²�³I�C·.�¹·r�7�#�6�w(K²	¯�Qx!|¯G�T!7%K³�¯%²E�%·.²	°
³�àO�7L�·.��³���!B²	±/L;!�±K²	³P��� �%±/!�¯#� �/��Ù
%"�5�j³0�
³�²�,_!7%K³0)'(�¯�(y�"�.!Ý¯G(K³��z!�¯�Qx){!7%K³�F|!��{U(³8!B²	·��
³����¬¯��K°J��·��
³���� �%±"!�¯�� �/��µ � %K³¹×�²���!h��!�·�!�¯#� ��·.²7)
!B²	·6�
³����%¯��K°K��·��
³E��� �%±"!�¯#� ��·�!�}4~�}H�A�ð´*��3.1��8��·.�N·.�G���\�.U$�B³�²7�
³�(JUD)�v?�%·�!�!2³0!0·.��µNþ21.3Eÿ µ � %�³0),²�³0Q�³�²
!��Ó¯#!¢·.�¢·9�7<�·�!�¯%·.���#)hL�%�·��.!�¯�L�Ud±"!_!B³�F\<��
²	·.���#)E��!�·�U$��³H��� �%±/!�¯#� ��µ¡®!¯�°�±�²�³m´�µ�+�3&�7%"�5�4�
%"�5��!7%K³2³��K³�²�°.)
�.Q_!7%�¯��H��� �¬±"!�¯#� ���.·.²	¯�³��H�N¯�!7%�!7%K³9�C·6�
³���±$FaUÅ³�²�µ

bÐ³E�"�.!B³&!7%�·�!>�C·6�
³h��<Å³�³�(��.Q_U�²	·.�$L�%{V�!�¯��k�"�.!0·.��)*FM</!��.!�¯��K°\!��P!7%K³&�.·.�%±K³&�7%"�5�4�A¯���×�°�±K²�³
´�µ�+��rU�±"!K��!�·.²7!7�8(K³�L�²�³�·.��¯���°Ø·.°�·
¯���µTW4�5�j³0�
³�²6,�!7%K³���·��
³N�7<(³�³�(R�.QkU��.!7%�U�² ·.�/L�%K³��MV�!�·.�/(�W>!
Fg¯�° %D!m·.��)�F\</!��.!B³h!��8��� F�³9�.·.�%±K³Ó·.�4!7%K³&nm³0)��"� ��(/�4��±/FhUÅ³�²H!B³��/(/�H!���¯��;×c��¯�!O)
µ

� %�³E(�¯�Ú(³�²�³��$L�³Ý¯��{!7%K³E�C·6�
³M��<Å³�³�(NUÅ³0!O�C³�³��õ±/��¯���°IB���F\��(K³��0¯G�/��!B³�·.({�.Q��.1Ñ¯��4�.Q?!7%K³h�
²g(K³�²
�.QH+6�Ñµ � %�¯��HL�·
±/�B³��4!7%K³anN³0)*�"� �G(/�H�0±$FaUÅ³�²N·�!k�>%�¯�L�%J!7%K³9�C·6�
³E�7<(³�³�(�×�²���!kLg%�·.�K°
³��4�	¯�° ��!��8UÅ³
�7�%¯%° %z!7�#)�²�³�(�±/L�³�(�Q�²7� FS}>~�}H�?�ð´*��3.1��8!��I}4~�}H�?�ð´*��3�+���µ

¾�¿�� ä|Ä¢Ç$È�ÂK��Í2ÆÅåèË­É	ê�ë¹Æ�Ç$ÍCÃÅÉ	È0Â¹Ï­Ã(È��©Î¹Æ�Ä�Ä§âD�ÜÉ æ Ä�Â¹ÏÅÉ�È�Â¹Ík�N�'�	È?�4Ï

@��9�"�.!B³�(õ¯��o�B³�L;!�¯#� �î´�µ�+�,j!7%K³�²�³�·.²�³K!7%K²	³�³�àO(�¯�F�³��/�	¯#� ��·.�m��� �%±"!�¯#� �$�4!7%�·�!`U�¯�Q�±K²gL�·�!B³E(�¯%²�³�L;!7�#)�Q�²7� F
!7%K³\�7%K³�·.²�Õc�6����� �%±/!�¯#� ��µa@��`�j³ML;� �D!�¯���±K³�·.�#� �K°�U�²	·.�$L�%TV��
²hV�!0,s�C³¹×c�/(r�.!7%K³�²9Ud¯#Q�±�²�L�·�!�¯#� �/�
!��M!7%K²	³�³�àO(�¯�F�³��/�	¯#� ��·.�dÕ$�6�>�0,/�N¯#!7%¼³�¯�!7%K³�²k� �K³9�
²>!O�e�M�C·6�
³��0¯G��!7%K³Óúa(�¯%²�³�L;!�¯#� ��µ



C�3

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9

-0.9

-0.6

-0.6

-0
.6

-0
.6

-0.6

-0.6

-0
.3

-0.3

-0.3

-0
.3

-0.3

-0
.3

0

0

0

0

0

0

0.
3

0.3

0.
3

0.
3

0.3

0.
3

0.6

0.6

0.6

0.6

0.
6

0.6

0.
6

0.9

0.9

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9

-0
.9

-0.6 -0.6

-0.6

-0
.6

-0
.3

-0.3

-0
.3

-0
.3

-0
.3

0

0

0

0

0

0.3

0.3

0.3

0.
3

0.3

0.
3

0.6

0.
6

0.6

0.6

0.9

0.9

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9

-0.9

-0.9

-0.6

-0
.6

-0.6

-0.6

-0.3

-0
.3

-0.3

-0
.3

-0.3

-0
.3

0

0

0

0

0.
3

0.3
0.3

0.3

0.
3

0.6

0.6

0.6

0.6

0.6

0.6

0.9

0.9

0.9

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9

-0.9

-0
.6

-0
.6

-0.6

-0
.6

-0
.6

-0.3
-0.3

-0
.3

-0.3

-0
.3

-0.3

0

0

0

0

0.
3

0.3

0.3

0.
3

0.3

0.6

0.
6

0.6

0.6
0.6

0.6

0.
6

0.9

0.9

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9

-0.9

-0.6

-0.6

-0
.6

-0
.6

-0.6

-0
.6

-0.3

-0
.3

-0.3

-0.3

-0
.3

-0
.3

0

0

0

0

0

0

0

0.3

0.3

0.
3

0.3

0.3

0.3

0.6

0.6

0.6

0.6

0.6

0.9

0.
9

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9

-0.9

-0.6

-0.6

-0
.3

-0
.3

-0.3

-0.3

-0
.3

0

0

0

0

0

0.3

0.
3

0.3

0.3

0.
3

0.3

0.
6

0.
6

0.
6

0.
6

0.9

1.2

�_�#� �"�7�g´�µ�+�B�¶\�*!��7��·.F\Q��/�/L;!7�#� ��¶��e�	·.�/Lg%"���EV|���s�0Qu!g��·.�/(TV�!Ó·�!h}>~�}H��[f1*�� �¡�¢� *�£¡.¡�¢	´*�£¡.¡�,?�"��� F
� �.<J!��8�e�.!�!�� F



��¡

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.3

-0
.3

-0.3

-0.3

-0
.3

-0.3
-0.3

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.3
-0.3

-0
.3

-0.3

-0.3

-0
.3

-0.3

0

0

0

0

0

0

0

0

0

0

0

0

00

0

0.
3

0.3

0.3 0.3

0.3

0.3

0.6

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.6 -0.3

-0.3

-0
.3

-0.3

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.
3

0.3

0.3

0.3

0.3

0.3

0.3

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.3

-0
.3

-0.3

-0.3

-0.3

-0.3

-0.3

-0.3

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.3

0.3

0.
3

0.3

0.3

0.3

0.3

0.3

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.3-0.3

-0
.3

-0.3

-0.3

-0
.3

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.3

0.3

0.3

0.3

0.3

0.
3

0.3

0.6

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0
.3

-0.3

-0
.3

-0
.3

-0.3

-0
.3

0

0

0

0

0

0 0

0

0

0

0

0

0

0

0.3

0.3

0.3

0.3

0.3

0.6

0.6

�_�#� �"�7�,´�µ�+6C�¶\�*!��7��·.F\Q��/�/L;!7��� ��¶9��� ·.�/L�%"���hW¤���d�0Qx!g�Ó·.�/(yW>!|·�!h}4~�}H�9[f1*��1�¡�¢� *�£¡.¡�¢	´*�£¡.¡�,��"��� F
� �.<J!��8�e�.!�!�� F



��+

0 25 50 75 100
Ω/Ωc

-0.008

-0.006

-0.004

-0.002

0

0.002

0.004

0.006

W
av

e
S

pe
ed

Branch Gt

Branch Ht

�_�#� �/�7�a¥*¦�+��*§�b'¨6�.�K�*<��0��(����0¦?}4~�}k�

0 5 10 15
Wavenumber

10-9

10-8

10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

E
ne

rg
y

�m��� �"�7�a¥*¦�+�3*§�©��"�0�7�.)����0¦
b'¨��.���*�/FhUY�0�6,c�e��¨.�/Lg%rV�!0,c}>~�} � [ª¥*��3.1�«



�.1

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9

-0
.9

-0
.9

-0
.6

-0.6

-0
.6

-0.6

-0.6

-0.3

-0.3

-0.3

-0.3

-0.
3

-0
.3

-0
.3

0

0

0

0

0

0.3

0.3

0.
3

0.3

0.
3

0.
3

0.6

0.6

0.
6

0.6
0.9

0.9

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-3

-3

-2

-2

-2

-2

-2-1

-1

-1

-1

-1

-1

-1-1

-1

-1

-1

-1

0

0

0
0

0 0

0

0

0

0

0

0
0

0

0

0

0
0

0

0

0

1

1

1 1

1

1

1

1

1

1

1

1

2

2

2

3

3

�_�#� �/�7�a¥*¦�1�¡�§��*!�����¨.F\Qu�$�/L;!7�#� �'� � �.<Y��¨.�/(�¬
�.��!7��L0�#!O)Y§?�e��¨.�/Lg%rV�!0,Y}4~�} � [ª¥*��3.1�«



�. 
�_�#� �"����¥*¦�1�+?�7%/�6�4�d!7%"�?�7����� %z!s(/��ÚY�0�7���$L;�AU��0!O�e�0���a!7%"�?!O�e�4!7%"�7�0��àO($��F\���/�7��� �/¨.�EÕ$�6�>�0,��G¨�UY������(&­

¨.�/(M­ !0, �4�#!7%K� �"�H��¨��.�>���K!7%"�H®k(/�#����L;!7�#� �E!7%/¨�!
�.���#� ���$¨�!��HQx�7� F¯U$��¨.�/L�%/���?V^¨.�/(PV�!
������<���L;!7�#�.���#).¦
� %"�K(/�ÛÚ��0�7���/L;�K���r!7%"�K�.�.�7!��;:y�7�#®0�����.Q?!7%/�����K!O�e�J��� ���"!7�#� �$�4�.����� ���/¨�!����9���{!7%"�\(/�ÛÚ��0�7���/L;�K���r!7%"�
U/��¨.�$L�%"���HQu�7� F°�>%/��L�%�!7%/�0)IUc�#Qu�/��L0¨�!��.,"¨.�4�7%"�5�4�J���Ñ×c� �"�7�a¥*¦�+�B*¦

@������>����Qx� �/�$(&�7��FM�G��¨��s��� ���"!7��� �&U/��¨.�$L�%"���²±°¨.�/(a±{!²!7%$¨�!²%/¨6�.��!t�����e¨6�.���
���9!7%"��®�(/���7��L;!7�#� �j¦
@S�7� ���"!7�#� �RQu�7� F�U/��¨.�/Lg%X±³���K�7%"�5�4�X���û×$� �"����¥*¦�1.1*¦�@>($(/�#!7�#� �/¨.�G�#)o���¼×c�$(T!7%/¨�!\!7%/�I!7%/�7�0��à
(/��FM���/�7�#� �/¨.�_U$��¨.�/L�%/���h­.!E¨.�/(T±{!a!7%$¨�!aU$�#Q��"��L0¨�!��8Qx�7� F´!7%"�8!t���.àO($��F\���/�7��� �/¨.�
!���¨6�.���������"�N�e¨6�.�
U/��¨.�$L�%XV�!E¨����I¨.���7�N!���¨6�.���������"�{�e¨6�.����� ���"!7�#� �$�0¦N�_�#� �"�7��¥*¦�1. r�7%"�6�>�a!7%"�I��¨��.����<��0��(T�.QH!7%/�����
!7%"�7�0��àO($��F\���/�7��� �/¨.�*!���¨��.�����G���"�`�e¨6�.�4U/�g¨.�/L�%"����,z¨.�#� �"�&�>�#!7%E!7%"�4¨��.�0�g¨��.�>��¨��.�4�7<Y�0��(M�.QY¨9<��0�����*(/�GL
U/��¨.�$L�%�b=!k�4%/�GL�%����H("����L;���#U���(�����!7%"�&�"�;:�!4����L;!7��� �j¦

pq!a���&�7�0���T���Ø×$� �/�7���a¥*¦�1�+8¨.�$(T¥*¦�1.1J!7%$¨�!&!7%"�����8�7� ���"!7�#� �/�9L;� �D!7¨.���T�.�.�7!��;:'!7�"U��M��!����/L;!7�/�7���0¦
by�\L;� �Eß���L;!7�"�7�E!7%/¨�!`!7%"�����E!7�"U����>¨��7�E!7%"�EU��0� ���/�/���/�\�.QA!7%"�E���.��F8�4!7%/¨�!9¨��7�E</�7���7���z!`¨�!�%$�#� %"�0�
nk�0)��"� ��($�e�*�/FhU��0�����G�8!7�"��U$�/�#���D!�Õc�6�&¦Aµ`�"���G�"�a!7%/�G��!��g¨.�/�7�#!7�#� �P!7%"�9��� ���/!7�#� �I�.�D����!7%"� �/� %�FM¨.�z)
U$�#Q��"��L0¨�!7��� �/�e�4%/��Lg%��7%"��¨��4¨.�/(N��!��7�0!7L�%N!7%"�&�.�.�7!��;:J!7�/UY���H�G�z!��\�e�.��FM�0¦

�*!��g¨.�"�.���#)a� �KU$��¨.�/L�%/���
W¶¨.�/(KW>!0,z�4%$��L�%K(/�ÛÚ��0�_Qx��� F¯U/��¨.�/Lg%8V=¨.�/(8V�!
� �/�#)aUD)E!7%"�H�D�$FaU��0�
�.QH��¨��.���K���'!7%/�\:T(/�#�7��L;!7��� �j,d�e�P(/�G('�"�.!Ó×Y�/('¨.�D)yU$�#Q��"��L0¨�!7�#� �/�&!��{��!���¨.(")y!7%/�7�0��àO(/��F\���$�7�#� �/¨.�
Õ$�5�4�0¦�by�IUY���G�#�0�.�\!7%/¨�!E!7%/���9<$%/���"� F\���"� �����a�7�GFM����¨��9!��{!7%"�8U���%/¨6�*�#� �/�h¨.�#� �"�N!7%"�P�7%/��¨��|Õ$�5�
U/��¨.�$L�%I�4%"�0�7��!7%"�0�7�9¨��7�`� �/��)8¨Ô×c�/�#!����D�$FaU��0���.QdU$��Qu�"�gL0¨�!7�#� �M<�� ���D!7�0,"¨.�/(�¨�!�!7%"�9%/�#� %"�0��¨.��<���L;!
��¨�!7�#� �8!7%"�J�*�/FaU��0�M�.Q`U$��Qu�"�gL0¨�!7�#� �R<Y� �G�z!7�M(/��L;�7��¨.�����0¦¶pt!M�e� �/��(�U��J���D!��0�7����!7�G�"�y!��TQu� ���#�5�·!7%"�
!7%"�7�0��àO($��F\���/�7��� �/¨.�YU$�#Q��"��L0¨�!7�#� �I<�� ���D!7�H� ��U/��¨.�$L�%{V¯¨.�4!7%"�a¨.��<���L;!H��¨�!7���8���HL�%$¨.�"�.��(j¦

¸`¹
º »R¼A½s¾7¿aÀM¾7ÁÃÂa¿�Ä�ÅhÆ�¾�¿>ÇKÈ

@��>!7%/�En4�0)*�"� �G(/�>�*�/FhU��0���������/L;����É.����(NQ��"�7!7%/�0��,c�e�K���/L;� �/�D!��0�9W4�.</Q��e��Qu�"�gL0É�!7�#� �/�>�4%/��Lg%N)��#����(
!7��F\�y<��0�����*(/�GLr�7� ���"!7�#� �/��Ê � %"�����'U$��É.�/L�%/���JÉ��7�TL;� �D!7���*�"��(ËU*)º×Y�/(/���"��!7%"�î×/:*��(Ë<Y� �G�z!��.Q\É
vm� ���/L0É��7��FMÉ�<KÉ.�²(/���7L;���#U���(&���h����L;!7�#� �\ *Ê�B*Ê� *Ê � �>L;� F\<$�/!���!7%/�G�dvm� ���/L0É��7��FMÉ�<E���e�/����!7%"�e�7��L;� �/(
�.��("�0��!7��F\��àO�7!��0</<$���"�PF\�0!7%"��({("����L;���#U���(N���{����L;!7�#� �y *Ê2«"Ê � %D�$�k� �/�#)J�7��L;� �/(N�.�g("�0��É.L0L0�/��É�!��\���.à
���"!7��� �/�e�7���7�/�#!0ÊAW>�6�e�0�.�0��,Y���/L;�7��É.����(NÉ.L0L0�"��É.L;)����HÉ.L�%$�#�0�.��(JU*)I�$�7���"�\n4�GL�%/É���($��� ���;:*!��gÉ�<Y� �GÉ�!7�#� �j,
É.�4��%"�6�4���G��!7É�U$�#�hÌ*Ê2«"Ê

by��%/É6�.�IQu� ���#�5����(�!O�e�o!O�e�.àO(/��F\���$�7�#� �/É.�?<Y�0�g�#�*($��L\��� ���"!7��� �/�0,m¬SÉ.�/(�b¶!0,
!7%/É�!KÉ������7�8Qu�7� F
W>�.</QAU$�#Q��"��L0É�!7��� �/�k� �rU/��É.�$L�%"���`W�É.�/('V�!`�7���7<Y��L;!7���.���#).Ê � %"�0)JÉ��7�\�7%"�5�4�r���A×c� �"�7���9Ì*Ê�1.Ì�É.�/(
Ì*Ê�1.B*ÊA�_�#� �"�7�kÌ*Ê�1�«a��%"�6�4�?%"�6�X!7%"�H<��0�����*(h�.Qc!7%/�k��� ���"!7�#� �E��É����#���
É.�#� �/�9!7%"�����HU/��É.�$L�%"���0Êmby�4%/É6�.�



��«

0

2

4

6

z

0

2

4

6

x

0

1

2

3

4

5

6

y

0

2

4

6

z

0

2

4

6

x

0

1

2

3

4

5

6

y

�_�#� �/�7�aÌ*Ê�1�+�Í?¬
�.�7!7�GL0�#!O)�p
��� �7�"�7Q�É.L;�.Í?�e��É.�/Lg%"���>­{� � �.<���É.�/(J­.!>É�!>}4~�} � [ªÌ*�£¡.¡



�.Ì

0

2

4

6

z

0

2

4

6

x

0

1

2

3

4

5

6

y

�_�#� �"�7�aÌ*Ê�1.1*Í�¬
�.�7!7��L0�#!t)Ip
��� �7�/�7QuÉ.L;�.Í����gÉ.�/L�%J±�É�!>}>~�}H�?[ªÌ*��Ì�¡

ÎKÏ �>�.��F v²�0�g�#�*( ÐA�7���.� Ð
:�!���É�<�� ��É�!���(
+6Ñ*+0¡ ¡�Ê�Ì.Ì.Ì�¡ B.B. .3.Ì.Ì. .  +� *Ê� �Òz3 C.C�¡  .3 C.C 1*��3.B8Ó'+0¡*Ô$Õ
+6Ñ�1�¡ ¡�Ê�Ì.Ì.Ì�¡�ÒzB.Ì.��+�1�+;Ò +� *Ê� .1 C�B�¡ 3.Ì.�. �¡ CD�2Òz18Ó'+0¡ Ô$Ö +� *Ê� .1�¡ 1.1.1.B�Ò.Òz�
+6Ñ5Ò ¡ ¡�Ê�Ì.Ì.Ì�¡�Ò/+�3�+�B�¡ 3.3 +� *Ê� .1.1�+�B.Ì. �+�Ì�Ò +���3.�8Ó'+0¡*Ô$Ö +� *Ê� .1�¡  .Ì�¡ Ì.Ì.3.Ì
+6Ñ���¡ ¡�Ê�Ì.Ì.Ì�¡�Ò ¡ 1.B C�B. .  +� *Ê� .1�¡ B.Ì.�.3.B�+�Ì Ò"�×C*+hÓ'+0¡*Ô/Ø +� *Ê� .1�¡"+�Ì.B.��Òz .Ì
+6Ñ*+�B�¡ ¡�Ê�Ì.Ì.Ì�¡  .3.3�Ò.Ò ¡ 3.  +� *Ê� .1�¡  �¡ ��+6C� �+ +���1�+hÓ'+0¡ Ô/Ø +� *Ê� .1�¡"+�3�+�1�Òz .B
+6Ñ� .1�¡ ¡�Ê�Ì.Ì.Ì�¡  .3.�.Ì. .3. �Ò +� *Ê� .1�¡ 1�+6C�B.Ì�¡ B  *�£¡ 18Ó'+0¡*Ô$Ù +� *Ê� .1�¡"+�� C5ÒDC�B�Ò

� É�Uc�#�aÌ*Ê2Ò"Í�Úe� �D�.�0�7�.���/L;�h�.Qmvm�0�����*(�b^�#!7% � ��F\��àO��!��0<�� �{���gÉ.�/L�%�¬ÛÉ�!>}>~�}H�?[=Ò"��Ì�¡



�.B

2 4 6 8 10
Ω/Ωc

-0.008

-0.006

-0.004

-0.002

0

0.002

0.004

0.006

0.008

W
av

e
S

pe
ed

Branch Gt

Branch Wt

Branch Jt

Branch Mt

�_�#� �/�7�aÌ*Ê�1. *Í�b'É6�.�K�*<��0��(����0Ê?}4~�}k�

�"�.!`Qu� ���#�6�e��(oÉ.�z)N�.!7%"�0�9<��0���#��(/��L9U/�gÉ.�/L�%"�����7�����/�#!7���"�8Qx�7� FÃÉ.�D)N�.QA!7%/�E�.!7%/�0�&W4�.</Q?U$�#Q��"��L0É�!7�#� �
<�� ���D!7��UY��L0É.�$���&�e�&É��7�a�/�/É�Uc�#�`!��8���4�#!7Lg%�!��M!7%"��FSÉ.�k!7%"�0)�É��7�&�/�$��!7É�U$�#�.Ê

�e��É.�/Lg%yb=!&���`É�<Y�0�g�#�*($��L9!���É6�.���������"����É��.�8�7� ���"!7�#� �jÊhµ��/�����"�I� �"�\�.�7U$��!>!7%"�M�7� ���"!7�#� �r�7%/�#Qu!7�
%"�.����®0� �z!7É.����).,*É.�/(P!7%/������É��.�9��<��0��(P�G���7%/�6�4�I���,×$� �"�7�`Ì*Ê�1. *Ê?�/�"�7!7%/�0��F\�.�7�.,��e�N×c�$(M!7%/É�!�U/��É.�$L�%
b=!h�/�/(/�0�7�.�D���aÉ�<��0���#��(y("� �"U$���G�"�PUc�#Qu�/��L0É�!7�#� �yÉ�!E}>~�}H�&ÜwB*��+�,m!7%/�M�7���7�/��!9�.Qe�>%/��L�%T���&�7%"�5�4�
���º×$� �"�7�yÌ*Ê�1 CDÊ � %/�r�7F8É.���4��Ú���L;!��.Qa!7%/�r<��0�����*(¶("� �"U$���G�"�yU$�#Q��"��L0É�!7�#� �=L0É.�^U��N�.U$�7�0�7�.��(^UD)
L;� F\<$É��g���"�a!7%/�>�.�.�7!��;:I�7�#®0���e�.Qj!7%"� Ï [^¡��£¡KÉ.�/( Ï [ª  CD��Ìh<$��L;!7�"�7���?�4%/��Lg%PÉ����>!7É�Ý.����É�!�!7%"�`�7É.F\�
<$%/É.�7�&����!7%"�&�.�7Uc�#!0Ê

@�(/(/�#!7��� �/É.���#).,D!7%"�0�7�9É��7�`!7%"�7�0��àO(/�GF\���/�7�#� �$É.�/!7��F\��<��0���#��(/��LHU$��É.�/L�%/���0Ê
by�9Qx� �G�#�6�^!7%"�`U/��É.�$L�%
U/!e!7%/É�!�U$�#Q��"��L0É�!�����Qx��� F�U$��É.�/L�%�­ !0,�×c� �"�7��Ì*Ê�1�+�Êe�_�#� �"�7�9Ì*Ê�1.�E�7%"�6�>��!7%/��!t���K�;:�!��7��FM�#!7�������.Q²!7%"�
F\�5�.��F\���z!>�.Q_!7%"�9�.�.�7!��;:J!7�"U�����Qu�.�4!7%/����<��0�����*(/�GL>��� �G�"!7�#� �jÊ

by�[×c�/(�!7%/É�!M!7%/���.���#�*L0��!O)��.Q`!7%"�J!���É6�.���������"�o��É��.�rQx�.�8<Y�0�g�#�*($��LP�7� ���"!7�#� �/�K� ��U/��É.�/Lg%XU/!0,
�/�/�G�#Ý.�8É.���?�.!7%"�0�K!���É��.�����G���"�N��É��.����� �G�"!7�#� �/�0,_���E�"�o�#� �"�.�0�K���'!7%"�P:T(/�#����L;!7�#� �'U$�/!h%/É.�EÉ{��FMÉ.���
L;� F\<�� �"���D!a���o!7%"�8®8(/�#�7��L;!7��� �yÉ.�&�e�����ÞÊ8ß��"Qu�.�7!7�/�/É�!����#).,d���IÉ��7�8�/�/É�Uc�#�K!��JQx� �G�#�6��!7%$���9U/��É.�$L�%
Q�É���,/�7���/L;�&��!HUY��L;� FM���4�/�/�7!7É�U$�#�9iD�$��L7Ý��#)PÉ.�$(Jn4v�±à%/É.�k!��7� �"U$�#�&�G��FMÉ.���D!7É.���/���"�KL;� �D�.�0�7�.���/L;�.Ê



� C

4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10
Ω/Ωc

10

15

20

25

30

35

40

45

P
er

io
d

Branch V

Branch Wt

�_�#� �"���aÌ*Ê�1�Ò"Íevm�0���#��(����0ÊAnk�0)��"� ��(/�4�>�/FhU��0�



�.�

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9

-0.9

-0
.9

-0.6

-0.6

-0.6

-0.3

-0
.3

-0.3

-0.3

0

0

0

0

0
0.3

0.3

0.3

0.
3

0.3

0.
3

0.
3

0.6

0.6

0.
6

0.9

0.9

t=0.0

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9

-0
.6

-0.6

-0.6

-0.6

-0.3

-0.3

-0
.3

-0.3

-0.3

0

0

0

0

0

0.3

0.3

0.
3

0.3

0.
3

0.6

0.6

0.6

0.9

0.
9

t=6.0

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9

-0
.9

-0.6

-0.6

-0
.6

-0.6

-0.3

-0
.3

-0.3

-0.3

0

0

0

0

0

0.3

0.3

0.
3

0.3

0.
3

0.3

0.6

0.6

0.6

0.9

0.9

t=12.0

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9

-0
.9

-0.6

-0.6

-0.6

-0
.3

-0
.3

-0.3

-0.3

-0
.3

0

0

0

0

0.3

0.3

0.3

0.
3

0.
3

0.6

0.6

0.6

0.9

t=18.0

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9-0
.6

-0.6

-0
.6

-0.6

-0.3

-0
.3

-0.3

-0.3

-0.3

0

0

0

0

0

0

0

0.
3

0.3

0.
3

0.
3

0 .
3

0.6

0.6

0.6

0.9

0.
9

t=24.0

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9

-0.9

-0.6

-0.6

-0.6

-0.6

-0.3

-0
.3

-0.3

-0.3

-0
.3

-0
.3

0

0

0

0

0

0

0.3

0.3

0.
3

0.3

0.3

0.3

0.6

0.6

0.
6

0.6

0.9

0.9

t=30.0

�_�#� �"�7�KÌ*Ê�1.Ì*Í`�*!�����É.F\Qu�$�/L;!7�#� �jÍ��e��É.�/L�%rb=!9É�!`}4~�}k��[¯�*����¡�¢ Ï [á¡��£¡�¢�B*�£¡�¢�+�1*�£¡�¢�+��*�£¡"¢�1�Ò"�£¡"¢�  ¡��£¡"Ê
vm�0���#��(c[9 .B*Ê£¡"+.+� *,Y("!g[`¡�Ê�+



�.3

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.3

-0.3 -0
.3-0.3

-0.3

-0
.3

0

0

0

0

0

0

0

0

0 0 0 0

0.
3

0.3

0.3

0.
6

0.6

t=0.0

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0
.3

-0.3

-0.3

-0.3

-0.3

-0.3

0

0

0

0 0

0

0

0

0

0

0
0

0

0

0

0 0

0

0

0

0.3

0.
3

0.3

0.3

0.6

0.
6

0.6

t=2.5

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.3

-0.3

-0.3

-0.3

-0
.3

-0.3

-0
.3

0

0

0

0

0

0

0

0

0

0

0

0

0.3 0.3

0.3

0.3

0.3

0.3

t=7.5

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.3

-0
.3

-0
.3

-0
.3

-0
.3

-0
.3

0

0

0

0

0

0

0

0

0

0

0

0

0.3

0.
3

0.3

0.3

0.3

t=10.0

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0
.3

-0
.3

-0.3

-0.3

-0.3

0

0

0

0

0

0

0

0

0

0

0

0

0.3

0.3

0.3

0.3

0.3

0.3

0.6

0.
6

0.6

t=12.5

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.3

-0.3

-0
.3

-0.3

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.3

0.
3

0.3

0.
3

0.3

0.
3

t=5.0

�_�#� �"�7�oÌ*Ê�1.B*ÍX��!��7��É.F\Q��/�/L;!7�#� �jÍy�e��É.�/Lg%=¬´É�!J}4~�}H�N[âÌ*�£¡.¡�¢ Ï [ã¡��£¡�¢�1*��Ì*¢�Ì*�£¡�¢gCD��Ì*¢�+�¡��£¡"¢�+51*��Ì�Ê
vm�0���#��(c[K+;Ò"Ê�Ì.�.Ì CD,Y("!g[`¡�Ê�+



3�¡

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0
.9

-0.9

-0.6

-0
.6

-0.6

-0.3

-0
.3

-0.3

-0.3

-0
.3

0

0

0

0

0

0.
3

0.3

0.3

0.
3

0.
3 0.
3

0.6

0.
6

0.9

0.9

t=0.0

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9

-0.6

-0
.6

-0.6

-0.3

-0.3

-0.3
-0.3

-0.3

-0.3

0 0

0

0

0

0.
3

0.3

0.3

0.
3

0.3

0.6

0.
6

0.9

0.
9

t=12.5

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9

-0.9

-0.9

-0.6

-0.6

-0.6

-0.3

-0.3

-0.3

-0.3

-0.3

-0
.3

0

0

0

0

0

0

0.
3

0.3

0.3

0.3
0.

3

0.
3

0.6

0.
6

0.6

0.6

0.
9

0.9

t=37.5

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9

-0
.9

-0.6

-0.6

-0.6

-0
.6-0.3

-0.3

-0.3

-0
.3

-0.3

0

0

0

0

0

0

0.3

0.3

0.
3

0.
3

0.
3

0.6 0.
6

0.9

t=50.0

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.9

-0
.9

-0.6

-0
.6

-0.6

-0.6

-0.3

-0
.3

-0.3

-0
.3

-0.3

0

0

0

0

0.3

0.3

0.
3

0.3

0.
3

0.3

0.6

0.
6

0.6

0.
6

0.9

0.9

t=62.5

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0
.9

-0.6

-0.6

-0.6

-0
.6

-0.3

-0
.3

-0
.3

-0
.3

-0.3

-0.3

0

0

0

0

0

0

0

0.3

0.3

0.3

0.
3

0.3

0.
3

0.6

0.
6

0.6 0.6

0.6

0.
9

t=25.0

�_�#� �"�7�EÌ*Ê�1 CDäH�*!�����É.F\Qu�$�/L;!7�#� �jäe���gÉ.�/L�%Nå>!�É�!�}4~�}H�e[Ë3*�� �¡�¢�æe[Ë¡��£¡�¢�+�1*��Ì*¢�1.Ì*�£¡�¢� zCD��Ì�¢�Ì.¡��£¡"¢�Bz1*��Ì�Ê
vm�0���#��(c[&C�Ì*Ê�+;çz .B*,Y("!g[`¡�Ê�+



3�+

0

2

4

6

z

0

2

4

6

x

0

1

2

3

4

5

6

y

0

2

4

6

z

0

2

4

6

x

0

1

2

3

4

5

6

y

�m��� �"�7�aÌ*Ê�1.�*ä��e��É.�$L�%JU$!0,$}4~�} � [ªB*��1�¡�,cæ
[ªB*�£¡/�u!��.<��;¢�+�Ì*�£¡



3.1
è`é
ê ëªìKíHîHï�ð�ñ·ò'ó7î�ô

@��#!7%"� �"� %r�e�MÉ��7�\�/�/É�U$�#�h!���Qx� �G�#�6�ÛL�%$É��.!7��L¹Õ$�5�&,j���Kõ��"�6�Û!7%$É�!&�#!>��L0L0�"���9($�"�h!��JF8É.�z)rW4�.</Q
U$�#Q��"��L0É�!7��� �/�0Ê � %"�J���$��!7É.�z!7É.�/�0� �/�¹Õ$�5�ö�7%"�5�4�÷×$� �/�7�NÌ*Ê�1.3y��É.�M�.U/!7É.�G�"��(XU*)R���D!��0�.��É�!7���/�'!7%"�
<$É��7!7�GÉ.�s(/�ø÷��0�7���D!7��É.�j��i*�/É�!7�#� �r����!7��F\�.ùc���E(/��(J�/�.!4Qu� ���#�6�ú!7%"�hF8É.�z)�W>�.</Q
U$�#Q��/L0É�!7�#� �/�k!��8�7��É.Lg%
!7%/����Õc�6�&Ê � %/���0×$� �/�7�\�7%"�6�>�&%"�6�Û!7%/�\�.�.�7!��;:y!7�"U����9%/É��.�MU��0���yÉ.�#!��0����(oUD)r!7%"� ���MFMÉ.�D)oW4�.</Q
U$�#Q��"��L0É�!7��� �/�0Êaû9� �GF\�.�.�.�7�6�ØÕ$�5��É�!a%/�#� %on4�0)*�"� �G(/�`�D�/FhU��0���`%/É.�9U��0���o��!7�/(/����({U*)o���.�g�"�MÉ.�/(
ü ���7ý�É��{þ£C6ÿ-Ê � %"�0)�("��F\� �$��!���É�!��&!7%/É�!4!7%"��Õ$�5�l���k���7�.!��7�.<$��L�� �J�7F8É.���j�7L0É.�#���0Ê

� %$���CÕ$�6�á���k�/�7��(J����!7%"�a�/�;:*!4Lg%/É�</!��0�>!��PL;� F\<$É����&!7%"�a��!7É�!7�G��!7��L0�H�.U/!7É.�G�"��(JQu�7� F°!7%"�a�.!7%"�0�
U/��É.�$L�%"���H�e�a%/É6�.�&Qu� ���#�6�e��(jÊ

0

2

4

6

z

0

2

4

6

x

0

1

2

3

4

5

6

y

�_�#� �/�7�aÌ*Ê�1.3*ä��
�.�7!7�GL0�#!O)�p
��� �7�"�7Q�É.L;�.ä���%$É��.!7��L9�_�#�6�áÉ�!>}4~�} � [ª1�¡��£¡

by�E(/��(��"�.!k�.Uc���0�7�.�&!7%"�a�7�0� �#� �/�H�.Q_F\�0!7ÉEàO��!7É�Uc�#�hLg%/É��.!7��L�Õc�6�Ë!7%/É�!>���0���&Qx� �$�/(�UD)�v?�GÉ�!�!k�0!
É.�ÞÊ
É�!e�7����É�!7�#�.���#)\�#�5�¶n4�0)*�"� �G(/�?�*�/FhUY�0�g�A���\!7%"�>��É.�"�.�>ç"�2çDC��¶}4~�}k����ç"�×C*+�Ê � %"�����?L�%/É��.!7�GLmÕ$�5�
É�</<���É����`!����.����� ���/É�!��\Qu�7� FÃU/��É.�/Lg%��hùs%/�6�e�0�.�0��,m�����/L;�K���\Qu� �/�/(oU$��É.�/L�%��f!���U��\��!7É�U$�#�M�/�D!7���



3. 
}4~�}H���ËÌ*�£¡�,/���aUY���G�#�0�.�9!7%/É�!k!7%"�0)I�e�0�7�&�.U$���0���*���/�E!��gÉ.�/�7�#���D!2Õ$�5�&Ê



3�ç

	�

����������� 	���� �
����������� � �"!#��$�� � %����&�(' )*$+�(, ,-�.��

/10 ��2 0 $+�3�546� 	��7$�4 0 $+�8���+���5�
� �"�7U$�/�����/L;�E�G����É.��(o!����*L0L0�/�9�4%"���o!7%"�39����"��FMÉ�!7�GLh�����7L;� ���#!O){�.QeÉÑÕc�$��({�G�����;:PL0�#���D!7�#){��FMÉ.���_���
!7%/É�!�!7%"�0�7�4É��7�>�.U$���0�7�.��(PÉ�</<$É��7���D!7�#)E��É.�/("� F��7FMÉ.���"��L0É.�#�mÕc�$L;!7�/É�!7�#� �/�A�G�\!7%"�k�.���#��L0�#!t)¹×$����(jÊmby�
L;� F\<$É�����!7%"����!7É�!7���7!7��L0�d�.Q$� �"�m�7!���É.(")a��!7É�!��CÕ$�5�4�d�>�#!7%&!7%"� �7��Qu�7� Fú!7�"�7U$�/�����/L;�?L0É.��L0�/�GÉ�!7�#� �/�0Ê � %"�
FMÉ.L;�7� ��L;�.<$��L\(/�=<��0�7���/L;�KU��0!O�e�0���'!7%/�����\!O�e�J!O)*<����9�.QjÕ$�6�4�a���`!7%/É�!9!7%"�M��!���É.(/)r��!7É�!��8U/��É.�/Lg%"���
�e�a%/É��.�aQx� �/�$(�É��7�&�.�0�7)���!����$L;!7�"�7��(jÊ

@�F8É�ß
�.�9(/�=<��0�7���/L;�E!����"�.!��K�4%/���#�hL;� F\<$É������/�8!7%"�����ÔÕ$�5�4�`���>!7%/É�!>!7�/�7U$�/�#���$L;�hL0É.��L0�/�GÉ�!7�#� �/�
É��7�M!t)D<c��L0É.���#)r("� �"�M�4��!7%yÉ.�'�����.!��7�.<c��LKQx�.�gL0���"�",d�>%"�0�7��É.�6>9� �GF\�.�.�.�7�6�õÕc�6� %/É.�aÉ.�TÉ.�/���7�.!��7�.<$��L
Qu�.��L0���"�"Ê

� %/�E��!7É�!7�G��!7��L0���7�0Qu�0�7�7��(r!������N!7%$���>Lg%/É�</!��0�&É.��?@��%/É��.!7�GLE�_�#�5�BA�É��7�E!7%"�\��!7É�!7����!7��L0��Qu�7� F¤!7%"�
���/�7!7É.�z!7É.�"�0� �$�2Õ$�5�ú�7%"�5�4�J����×$� �"�7�aÌ*Ê�1.3*Ê � %"�C?@��%/É��.!7��L&�_�#�5�BA8(/�D���k�/�.!4� �#�.�&�.�*��(N��!7É�!7���7!7��L0�
�.Q�!7�"�7U$�$�#���z!§Õ$�5�6DD%/�6�e�0�.�0��,"�#!A���0�7�.����É.�?É&�/�7�0Qu�/�"L;� FM<$É�������� �MUY�0!t���0���8� �"�$Õ$�5�4�AÉ.�/(8!7�"�7U$�$�#���z!
� �"���0Ê � �P�.U/!7É.�G�N�.�*�*(o��!7É�!7�G��!7��L0�>�.QA!7�"�7U$�$�#���z!mÕ$�6�4��,Y!7%/�EÉ6�.�0��É��.���&�"�0��(r!��IUY�EL;� F\<$�"!���(r�5�.�0�
FMÉ.�D)P��($(")P!7�/���"�6�.�0�>!7��F\���0Ê

EGFIH JCKMLON@PBQSRUTMLWV�PXNZY3[]\"^3_a`8T�Q
� %cbed@bIÉ�dZb�!t���'F3b0!7%/�*(/�hQu�fdML;� F\<hg"!Zi��kjN!7%cb � É�)��#�fdMn�b0)��"� ��(/�E�lg/FaUmbedon8UD)pg$�Zi��cj{!7%cb��#� �cjqiÛà
!Zg/(kiG�/É.�
�fb��#��Lei#!O)�L;�fdZdZb���É�!Zi#� �TQrg$�/L;!Zi#� �'�fdE!7%cb7b��cbedZj.)'��<mb�L;!sd@g$F|Qtg/�/L;!Zi#� �jÊ�p
�'!7%hi��a�sb�L;!Zi�� �T��b
L;� �/�ZiG(cbedM!7%cb�g$�sbJ�.Q9!7%cbN��� �cjqi#!Zg/(kiG�/É.�e�fb��#�*Lei�!O)XL;�fdZdZb���É�!Zi�� ��Qtg/�/L;!Zi#� �jÊ � %cb b��kbedZj.)X��<mb�L;!sd@g/F
Qtg/�/L;!Zi#� �ui��HL;� �$�Zi�(cbedZb�(�i���!7%cb9Qu� ���#�6�Xi��cj\�sb�L;!Zi#� �jÊ

� %kb���!7É�!ZiG��!Zi�L0���.Qd!7%kb0Õc�6�ªÉ�dZb9(cb�×c�cb�(�g/�@i��cjhÉ6�fbed�É�jfb&��É.�vgcb��e�.Qd!7%kb`É�<$<kd7�.<kd@iGÉ�!sb>ilg/É.�z!Zi�!Ziwb��0Ê
bxbh(kb�×c�cb�yz !��8U{b`!7%cbh��<$É�!Zi�É.�jÉ6�fbed�É�jfbh�fb����*Lei#!t)��.Qm!7%kb�Õ$�6�6n

zu| +}�~8}f�c� z�� ~�� � B*Ê�+��
b�i#!7%J!7%kiG�kÉ��fbed�É�jqiG�cj8�qgcdNÕ$�6�]i��k%"� FM�fjfb��cb0�qg/�0,YÉ.�#!7%"�qgcj % i�!Bi��k�"�.!Xi����.!sd7�.<hiGL&�Zi��/L�b9�qgkd4Qu�fd�Lei��cji���� �/��)7i���� �kba(kiwdZb�L;!Zi�� �jÊ



3.Ì
bxbEL0É.��Leg/��É�!sb9!7%kiG�kÉ��fbed�É�jfbK�lg/F3bed@i�L0É.�G�#)�g/�ZiG�cjK!7%cb9!sd�É�<mbe�0�qi�(/É.��dIg/�wbfn

z | +�O���O���W� ����.� ����� ��� z �������@��� � � B*Ê�1q�
bxby�"�.!sbr!7%/É�!7g$�Zi��cj'!7%kb{!sd�É�<mbe�0�qi�($É.��d@g/�vbN� �¶<{bedIi#�*(hi�L�Qrg$�/L;!Zi#� �/�8�Bi#!7%�b�ilg/É.����)���<$É.L�b�(�jfd@i�(
<��qi��D!7��)liwb��G(/�H��<mb�L;!sd�É.���#)IÉ.L0Legcd�É�!sbOdZb��Zg/�#!7��Ê

bxbGg/�sb�!7%ki��e(cb�×c�hi#!Zi#� �M�.Qd!7%cb�É6�fbed�É�jfb&!��\L;� F\<hg/!sb>!7%cb`��É�d@i#�qg/�e��!7É�!Zi��7!Zi�L0�e�.Qs�qgcdCÕ$�6�>�0Ê � %cbd7�*�.!4F3b�É.�J��i�g/É�d@b�(��fb��#��Lei#!O) zh� i��k(kb�×c�cb�(�É.�

z � |S� z�� [ +}�~7}f�c� z{��� ~ D � B*Ê¡ q�
É.�/(�!7%kb&�#� �cjqi#!Zg/(hi��/É.�c�fb��#�*Lei�!O)�L;�fdZdZb���É�!Zi�� ��Qrg$�/L;!Zi#� �ui���!7%cb&:�àO(kivdZb�L;!Zi#� �ui��

¢ �r£ � | z �r¤ � z �r¤(¥�£ �z � � � B*Ê�¦��
§¨gcbK!����qgcd9É.�ki����.!sd��.<hi�LhQx�fd�LeiG�cj",���b\É�dZbMÉ.���7�IÉ�U$�vbE!���(cb�×Y�cbE��� �cjqi#!Zg/(kiG�/É.�s�fb��#��Lei#!t){L;�fdZdZb��GÉ�!Zi#� �
Qtg/�/L;!Zi#� �/��i��R!7%cb�)RÉ.�/(���àO(kiwdZb�L;!Zi#� �$�0ÊTp
�R!7%cb i��;×c�hi#!sb8("� FMÉfiG��!7%kbJL;�fdZdZb���É�!Zi#� ��!sb��$(/�E!��x�ebed7�
É.�M!7%kbJ�sb0<$É�d�É�!Zi#� ��!sb��/(/�\!��piG�;×c�ki#!t)�D�%"�5��b0�fbed�,�iG���qgcd8L0É.�sbJ!7%hi��\("�lb��M�"�.!M��L0Legcd8(kgkb�!��'!7%cb
<mbed@i#��(ki�Lei#!t)8�.Q
�qgcd`("� FMÉfiG�jÊ � �8jfb0!�É.L0LegcdgÉ�!sbOdZb��@g/�#!7�BiG��!7%cba<mbed@i��*(kiGL9L0É.�sb.,{i�!Bi��4(kb��Ziwd�É�U$�vb9!7%/É�!
!7%cbaL;�fd@dZb���É�!Zi#� � iG�H�7FMÉ.�����4%kb���!7%cba�sb0<$É�dgÉ�!Zi#� � i��H�"�.!>L0�#� �sb&!��MUmboi��kjKÉ8FOg/��!Zi#<$�wb��.Q²!7%kb&<mbed@i#��(jÊ

� %kb � É6)*�#�fd�n�b0)��"� ��(/�H�lg/FhUmbed�i��H(cb�×c�cb�(�É.�

©«ªa[ z �­¬®°¯ � B*Ê�Ìq�
�4%cbed@b9!7%cb � É6)*���fdX±²i�L�d7� �7L0É.�wb ¬ i��4(cb�×c�cb�(�U*)

¬ [ ³ +´Iµ·¶´ � µ �t¸ � � � B*Ê�Bq�
p
���qgcd8��)���!sb�Fã!7%cb�9li��kb�FMÉ�!Zi�LI�liG�7L;� �Zi#!t) ® iG��b�i�g/É.�k!�� +6~�}`,�É.�/(X!7%cbedZb0Qu�fdZb���bNL0É.��Leg/�GÉ�!sbJ!7%cb
� É�)��#�fd>nBb0)*�"� �G(/�H��g$FaUmbedkÉ.�

©«ªa[ z � ¬ } � � B*Ê×Cf�



3.B
n�b�L0É.�G�k!7%/É�!I(kgcbJ!���!7%cbNÉ.�ki��7�.!sd7�.<D)��.Q9�qgcd,Õ$�6�ö��br(cb�×c�cb�!7%kdZbeb{(kiw<{bedZb��D! � É�)��#�fdPnBb0)*�/� ��(/�
�lg/FaUmbed���,*� �kb¹i���b�É.L�%N�.Q_!7%cbaL;�*�fd�(ki��/É�!sb&(hiwdZb�L;!Zi#� �/��Ê

p
� i��;×Y�ki#!sb`("� FMÉfi��/�&i�!�i��HÉ.�����M<�� �7�@i#U$�wb�!��8(cb�×c�kb`É.�Ci��D!sbejfd�É.�s�7L0É.�wbfn
º | �5»¼ ¢ �r£ � � £.� � B*Ê��q�

� %kiG��F3b�É.�@gcdZb���!7%cb9�vi��kb�É�d�b;:�!sb��z!H�.Q²!7%cb¨dZbejqi#� ���Bi�!7%ki��M�>%ki�L�%I�fb��#��Lei#!Ziwb���É�dZb9É�</<hdZb�Lei�É�U$�#)ML;�fd@dZb�à
��É�!sb�(jÊ
W>�6��b0�fbed�,"!7%ki���(cb�×c�ki�!Zi#� �\("�lb��?!sd�É.�$�7��É�!sbXiG�z!��h!7%cb>L0É.�sb>�.Qj<mbed@i#��(ki�L�("� FMÉfi��$�0Ê_pq�8!7%cb>�cb;:�!
�sb�L;!Zi#� �N��b6g$�sb9!7%cb¹½��cbedZj.) ¾*<mb�L;!sd@g/FwQtg/�/L;!Zi#� ��!��8(kb�×c�cb&É.� i��D!sbejfd�É.�s��L0É.�wb.Ê

� %kb9�fb��#�*Lei�!O)�L;�fdZdZb���É�!Zi#� �JQx�fdk!7%kb9!O�e�.àO(ki�F3b��/�@i#� �/É.��Ukd�É.�$L�%{V�!kÉ�!�}4~�}H�?[ª1 ¸;�¿¸ i��H�7%"�5�4�ui��
×hjqgcd@bKB*Ê�+�Ê � %cbKL;�fdZdZb���É�!Zi#� �oL0É.�oUmb\L;� F\<$É�dZb�(r�Bi�!7%{!7%kbÝ×�jqgcdZb\B*Ê�1*,s�4%ki�Lg%{��%"�6�4��!7%cb\��!sd@b�É.F¹à
Qtg/�/L;!Zi#� �8�.Qs!7%/É�!H��� �vg"!Zi�� �jÊ²bxb9�"�.!sb�!7%/É�!�!7%cb`�#� �cjqi#!Zg$(ki��/É.���fb��#��Lei#!t)8L;�fdZdZb���É�!Zi�� �PQtg/�/L;!Zi�� ��i��P!7%cb
)�àO(kiwdZb�L;!Zi#� �o��!7É6)*�aL0�#� �sbK!��ug/�ki#!t).Ê � %cb � É6)*���fd&n�b0)��"� ��(/�`�lg/FaUmbed���L;� F\<hg/!sb�(oQx�fd9É.���m!7%cbÔÕ$�5�4�
É�dZba�­i���!sb�(ui���!7É�U$�vbaB*Ê�+�Ê

0 1 2 3 4 5 6
Separation

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

L
on

gi
tu

di
na

lV
el

oc
ity

C
or

re
la

tio
n

y direction

x direction

ÀÁivjqgcdZbaB*Ê�+�n�Âd� �cjqi#!Zg/(hi��/É.�{ÃMb��#��Lei#!O)��e�fdZd@b���É�!Zi#� ��nMÄ�d�É.�/Lg%rV�!0,c}>~�}H�?[ª1 ¸;�¿¸
� %kbE�fb����*Lei#!t)rL;�fd@dZb���É�!Zi#� �yQu�fd9!7%cb\!t���.àO(kiGF3b��/�Zi#� �$É.�²Uhd�É.�/L�%yW>!&É�!h}4~�}k�>[·+ ¸f¸;�¿¸ i��9�7%"�5�4�i��õ×�jqgcdZb8B*Ê¡ *Ê � %cb8��!sd@b�É.F\Qrg$�/L;!Zi#� �y�.Q�!7%ki��a��� �vg"!Zi#� �xiG�&�7%"�5�4�Åi��õ×�jqgcdZb8B*Ê�¦"Ê � %ki��«Æc�6��%$É.�aÉ

�Zg"Uc��!7É.�z!ZiGÉ.���#)8�#�5��bed>�fb��#��Lei#!O)�L;�fdZdZb��GÉ�!Zi#� �JL;� F\<$É�d@b�(�!��MUkd�É.�$L�%{V�!0Ê



3 C

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0
.6

-0.6

-0.6

-0.3

-0
.3

-0.3

-0.3

-0.3

-0
.3

0

0

0

0

0

0

0.3

0.
3

0.3

0.3

0.6

0.6

0.
6

0.9

ÀÁivjqgcdZbaB*Ê�1ln�¾*!sd@b�É.F\Qrg$�/L;!Zi#� ��n�Ä�d�É.�/Lg%rV�!0,Y}4~�}H�?[ª1 ¸;�¿¸

0 1 2 3 4 5 6
Separation

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

L
on

gi
tu

di
na

lV
el

oc
ity

C
or

re
la

tio
n

y direction

x direction

ÀÇiwjqgkdZbaB*Ê¡ ln�Âd� �cjqi#!Zg/(kiG�/É.�{ÃMb��#�*Lei�!O)��e�fdZdZb��GÉ�!Zi#� ��nMÄ�d�É.�/L�%{W4!0,Y}4~�}H�?[¯+ ¸f¸;�¿¸



3.�

0 1 2 3 4 5 6
x

0

1

2

3

4

5

6

y

-0.3

-0
.3

-0
.15

-0
.1

5

-0
.1

5

-0.15

0

0

0

0

0

0
0

0

0

0

0

0

0

0.1
5 0.15

0.15

0.
15

0.15

0.3

0.3

ÀÇiwjqgkdZbaB*Ê�¦cn�¾*!sdZb�É.FMQrg/�$L;!Zi#� ��n�Ä�d�É.�/Lg%JW4!0,�}4~�}H�A[¯+ ¸f¸;�¿¸
p
�3ÈhjqgkdZb4B*Ê�Ì&��b4�7%/�6�=!7%cb4L;�fdZdZb��GÉ�!Zi#� �M� �8!7%cb4!7%cd@beb�ÉO(ki�F3b��/�@i#� �/É.�*Ukd�É.�/Lg%�±{!0,*�Zbeb�Èhjqgcd@b>B*Ê�B*,

É�!&}4~�}H�k[f+ ¸;�¿¸ Ê9bxb\�"�.!sbK!7%/É�!`L;� F\<$É�dZb�(r!���Ukd�É.�/Lg%oV`!0,j�4%ki�Lg%JUkd�É.�$L�%�±N!�Uhi#Qtgcd�L0É�!sb��>Qrd7� F�,
!7%cbaL;�fd@dZb���É�!Zi#� ��Qu�fd4!7%hi��HUkd�É.�$L�% i��4�Ziwj �ki=ÈYL0É.�z!7�#)I�#�6��bed�Ê�Àkgcd7!7%cbedgF\�fdZb.,/!7%cb���%/É��.!Zi�L¨Æc�6�ú%$É.�kÉ.�b0�fb��N��FMÉ.���wbedkL;�fdZd@b���É�!Zi#� �j,/É.�>L0É.�JUmb9�sbeb���i��7È�jqgcdZbaB*Ê×CDÊ

p
��!7É�U$�vb{B*Ê�+N��b{�­i���!\!7%cb � É6)*�#�fd�n�b0)��"� ��($�M��g$FaUmbed��8Qx�fdP!7%cb��sbN��É�d@i#�qg$�3Æ$�5�4�0Êª@>��!7%"�qgcj %
!7%cbedZbKÉ�dZbKL;� �/L�bed��/��É�U��qg"!�!7%cbEÉ.L0Legkd�É.L;)J�.QA!7%kiG�>F3b0!7%/�*(j,{jqi#�fb��{!7%/É�!���bWdZb0!7Éfi��oÉI��É�dZjfbh(kbejfdZbeb
�.Q?L;�fdZd@b���É�!Zi#� �j,c!7%cb��sbK��g/FhUmbed��4É�d@bWi���j.�D��(oÉ�jfdZbeb�F3b��D!`�Bi#!7%J!7%/� �sbh�.U$!7Éfi��cb�({QÊd7� Fö!7%cbW½?�cbedZj.)¾*<mb�L;!sd@g/FwQtg/�/L;!Zi�� ��D"�sbeb&!7É�U$�wbaB*Ê�1*Ê

Ä�d�É.�/Lg%{V�! Ä�d�É.�$L�%JW>! Ä�d�É.�/Lg% ±N! �H%/É��.!Zi�L
}4~�}H� 1 ¸ Ê ¸ + ¸f¸ Ê ¸ + ¸ Ê ¸ 1 ¸ Ê ¸©¨ªK:�(hiwdZb�L;!Zi#� �  f *Ê�B ¸ 1 C ¸ Ê��.3 C +��*Ê�¦z1 C 1�+�Ê ¸   ¸©¨ª\)I(hiwdZb�L;!Zi#� � � ¸ Ê�1.B ¸ C�3*Ê�1f �+ +6CDÊ×C� .B +o *Ê�Ì�+�¦©«ª(�a(kiwdZb�L;!Zi�� � É É +�Ê�+�3.� CDÊ�B.1.1

� É�U$�wb&B*Ê�+�n � É�)��#�fd4nBb0)*�"� �G(/����g/FhUmbed��HL;� F\<hg/!sb�(�QÊd7� F·!7%cb6Âs� �cjqi�!Zg/(ki��/É.��ÃMb��#��Lei#!O) �e�fdZd@b���É�!Zi#� �Àkg/�$L;!Zi#� �



3.3

0 1 2 3 4 5 6
Separation

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

L
on

gi
tu

di
na

lV
el

oc
ity

C
or

re
la

tio
n

y direction

x direction

z direction

ÀÇiwjqgkdZbaB*Ê�Ìln�Âd� �cjqi#!Zg/(kiG�/É.�{ÃMb��#�*Lei�!O)��e�fdZdZb��GÉ�!Zi#� ��nMÄ�d�É.�/L�%C±N!0,Y}4~�} � [¯+ ¸;�¿¸

0

2

4

6

z

0

2

4

6

x

0

1

2

3

4

5

6

y

ÀÇiwjqgkdZbaB*Ê�Bln�Ã
�fd7!ZiGLei#!O){n�Ä�d�É.�/Lg%�±{!0,c}4~�}H�?[¯+ ¸;�¿¸



+ ¸f¸

0 1 2 3 4 5 6
Separation

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

L
on

gi
tu

di
na

lV
el

oc
ity

C
or

re
la

tio
n

y direction

x direction

z direction

ÀÇiwjqgcd@baB*Ê×C�n�Âs� �kjqi#!Zg/(ki��$É.��ÃMb����*Lei#!t)��e�fdZdZb���É�!Zi�� ��Qx�fd«�H%/É��.!Zi�LGÀ_�#�6�
EGFsË Ì
V�T�Q�Í�LÏÎOÐ7T�ÑÁÒ{QÓ^3_
� %cb ½��cbedZj.)�¾*<mb�L;!sd@g/F�Qtg/�/L;!Zi#� �5i��\É.�G���'!��'(cb0!sbed�F�i��cb�!7%cb � É�)��#�fdPnBb0)*�/� ��(/�\�lg/FaUmbedK�.Q`!7%cbÆ$�5�&Ê¨Ô`�rÉ.�²i��;Èc�ki�!sba("� FMÉfi��N!7%cb�½?�cbedZj.)C¾�<{b�L;!sdIg/F·Qtg/�/L;!Zi#� �CÕ �×Ö �Xi���ÉPL;� �D!Zi��lg"�qg/�>Qrg$�/L;!Zi#� �jÊ
W>�6��b0�fbed�,z��b�Qx� �����6��!7%cb���!7É.�/(/É�d�(KÉ�</<hd7� É.L�%EQu�fdm<mbed@i��*(kiGLA("� FMÉfi��$�²É.�/(Wjfd7�qg/<E!7%kb���É��fb��lg/FhU{bedg�
!��(jfb0!

Õ �×Ö � | +
1 �Ø.Ù�ÚÜÛ ��ÝßÞáàØ Þ Ý ØeâãÚÜÛ � } z àØ } � � � B*Ê�3q�

¾;i��$L�bM�qgcd � É6)*�#�fd\nBb0)*�"� �G(/�a�lg/FhU{bedWi��h!��D�o�#�6�a,m��b�É�dZb7g$�/É�U$�wbM!��r�.U$�sbed��fbP!7%cb�>9� ��FM�fj.�fd7�6�
�7L0É.�wba!7%/É�!4(cb��7L�dIi#Umb���!7%kba�7L0É.�vi��kjE�.Q_!7%cb6½��cbedZj.)�¾*<mb�L;!sd@g/FfQtg/�/L;!Zi#� �uiG��!7%cb6i��cbed�!Zi�É.�{d�É.�cjfb.Êä��Zi��cjI!7%cb(½��cbedZj.)�¾�<{b�L;!sdIg/FSQtg/�/L;!Zi�� �{��bMÉ�dZb\É�U$�wbK!��JL;� F\<�g"!sbK��É�d@i��qg/�`i�g/É.�D!Zi#!Ziwb����.Qe!7%cbÆ$�5�&Ê � %cb�(cbed@i#��É�!Zi#� �/�E�.Q�!7%cb��sbub�ilg/É�!Zi#� �/�\L0É.�XUmb�Qu�qg/�/(
i��
Ä�É�!7L�%cb��#�fd�å2Ì+æ-Ê � %cb�d7�*�.!MF3b�É.�
�7ilg/É�dZb�(��fb����*Lei#!t)7iG�&b�i�g$É.�j!��

z � [ 1  � »¼ Õ �×Ö � � Ö�� � B*Ê�+ ¸ �
�>�.!sb9!7%/É�!H(kgcb`!��K!7%cb¨jfd7�qg"<hi��kja�.Qd!7%kb���É��fb��lg/FhUmbed��0,"��b��.U$!7Éfi���ÉK(ki=<mbedZb��z!e��É.�vgcb�Qx�fdH!7%cb¨d7�*�.!



+ ¸ +
F3b�É.�J��i�g/É�d@b�(��fb��#��Lei#!O)��4%cb��NL;� F\<hg"!Zi��kj�i�!HQÊd7� F·!7%cb¹½?�kbedZj.)u¾�<{b�L;!sdIg/FwQrg$�/L;!Zi#� ��d�É�!7%cbed4!7%/É.�
(kiwd@b�L;!7�#)8Qrd7� F°!7%cbh��� �vg"!Zi#� �s,;iG�JB*Ê¡ *Ê

bxboL0É.��g/�sbJ!7%cb�½?�kbedZj.)�¾*<mb�L;!sd@g/FãQtg/�/L;!Zi�� ��!���(cb�Èc�cbJ!t����(ki=<mbedZb��D!P�wb��kj.!7% �7L0É.�wb���,k!7%cbi��D!sbejfd�É.�s�7L0É.�vb¹º�n
º |  �]¦èç »¼ Ö Ù�Ú Õ �×Ö � � Öç »¼ Õ �×Ö � � Ö ¯ � B*Ê�+.+��

É.�/(�!7%kb � É6)*�#�fd�F(i�L�d7� ��L0É.�wb ¬ n
¬ | Ì ç »¼ Õ �×Ö � � Öç »¼ Ö � Õ �×Ö � � Ö

� � B*Ê�+�1q�
�>�6�]i���!7%cba�7É.F(baFMÉ.�/�cbedkÉ.�4Umb0Qx�fdZb.,"��ba(cb�ÈY�cb`!7%cb � É�)��#�fd>nBb0)*�"� �G(/�H��g$FaUmbedHU*)

©¨ªh[ z � ¬ } ¯ � B*Ê�+o q�
�4%cbed@b9!7%cbG9liG�cb�FMÉ�!Zi�L`�;i��7L;� �Zi�!O)�i��&b�ilg/É.�j!��N+6~�}`Ê

@������\��baL0É.�N(kb�Èc�cb9ÉMn�b0)��"� ��($�H��g/FhUmbedHU$É.�sb�(�� �N!7%cb6i��D!sbejfd�É.�s�7L0É.�vbfn
©¨éI[ z � ºe} � � B*Ê�+�¦��

� %kb6b��cbedZj.)N�7<{b�L;!sdIg/F°Qtg/�/L;!Zi#� �NQx�fd>Ukd�É.�/Lg%cb��>W>!>É�!9}4~�}H��[�+ ¸f¸;�¿¸f¸ ,Ó±{!`É�!�}4~�}H�H[ + ¸;�¿¸f¸
É.�/(���%/É��.!Zi�L Æ$�6�ÃÉ�dZb{��%"�6�4��i��5È�jqgcdZb{B*Ê¡ê*ÊËp
��!7É�Uc�wbrB*Ê�1T��br�7%"�5�ö!7%cbrn�b0)��"� ��(/�8��g/FhUmbed��
�.U/!7Éfi��kb�(�Qrd7� F !7%/� �sbC½��cbedZj.)ë¾*<mb�L;!sd@g/F Qrg/�$L;!Zi#� �/�0Ê=pq�D!sbedZb���!ZiG�cj �#).,H��b Èc�/(�!7%/É�!P!7%kb � É�)��#�fd
n�b0)��"� ��($�e�lg/FhUmbed��.Qm!7%cb¹��%/É��.!Zi�LXÆ$�5�èi����7FMÉ.���vbed�!7%/É.��!7%$É�!e�.Q²Ukd�É.�/Lg%u±N!0Ê � %ki���i���(kgcb�!��\!7%cb
�7FMÉ.�G�wbedk��!sd@g/L;!ZgkdZb���i���!7%cbO�H%/É��.!Zi�L¨Æ$�5�&Ê

Ä�d�É.�/Lg%{V�! Ä�d�É.�$L�%JW>! Ä�d�É.�/L�%C±N! �H%/É��.!Zi�L
}4~�} � 1 ¸ Ê ¸ + ¸f¸ Ê ¸ + ¸ Ê ¸ 1 ¸ Ê ¸zh� ¸ Ê�1.B.1.3 ¸ Ê�+�Bf .Ì ¸ Ê�1 C ¸ 1 ¸ Ê�+6C ¸ +¬ +�Ê�¦f¦zB.3 ¸ Ê×C.¦ ¸ + ¸ Ê�3 ¸ ¦/+ ¸ Ê�Ìfê+¦ ¸º 1*Ê�1.1.Ì.1 ¸ Ê�3fê.1�+ +�Ê×C�B.1.B ¸ Ê¡êf .Ì.B©«ª ¦ì *Ê ¸  .B Bfê*Ê�¦zÌ+¦ +o *Ê¡ê.1�+ +.+�Ê�1f .B© é B.B*Ê�+oê.B 3 ¸ Ê¡ê+¦ì  1.B*Ê�3+¦zÌ +�B*Ê ¸ C.C

� É�U$�wbaB*Ê�1lnen�b0)��"� ��(/�H�«g/FhUmbed��B�e� F\<hg/!sb�( Àcd7� FS!7%cb6½?�cbed@j.)u¾*<mb�L;!sd@g$FíÀkg/�/L;!Zi#� �



+ ¸ 1

0 5 10 15 20
Wavenumber

10-10

10-8

10-6

10-4

10-2

100

E
ne

rg
y

Branch Ht

Branch Mt

Chaotic Flow

ÀÇiwjqgcdZbJB*Ê¡êlnu½?�kbedZj.)
¾*<mb�L;!sd@g$Fun8Ä�d�É.�/Lg%XW4!0,�}4~�}H�8[�+ ¸f¸;�¿¸ ,&Ä�d�É.�/Lg%5±N!8}4~�}k�\[ã+ ¸;�¿¸ É.�/(��%/É��.!ZiGLGÀm���6�
EGFïî ðòñZ[hÒ{QÓñI`3^OÒmñZP«V�[*PBóÅô�K&QÓñZPX^�[Sõ]^�K�V«Ò�ñïÒmñ@T�[
bxb��"�6�w�#�*�f9�iG�'(cb0!7Éfi���É�!a!7%cbI(ki���!sd@i�Uhg"!Zi#� �/���.QH��É�d@i#�qg/�hi�g$É.�z!Zi#!Zivb��¹i��y!7%kb(Æ$�5�4�0Êu§¨gcb8!��r!7%cb
�lg/FaUmbeds�.Qkg$�/��!7É�U$�wbMboivjfb��z�fb�L;!��fd��m� �h!7%cbA!7%cd@beb�ÉO(ki�F3b��/�@i#� �/É.�.UkdgÉ.�/L�%cb���,5��b?��bedZb�g/�$É�U$�wb
!���Qx� �����6�
!7%cb�F°!��PÉ.�4%kiwj %�É � É6)*�#�fd>n�b0)��"� ��(/�k�lg/FhUmbedkÉ.�H���qg$��(�Umb&(cb��ZiwdZb�(sÊÀÇiwd��7!k��bKL;� �/�ZiG(cbed4!7%cbE(ki���!sdIi#Uhg"!Zi#� �I�.QA!7%kbh�#� �cjqi�!Zg/(ki��/É.�Y�fb��#��Lei#!t) jfd�É.(kiwb��D!7�0ÊHbxbK(cb�Èc�cbh!7%cb
ö !7%;É-�fd�(kbed4�s9fb0�4�cb����H�fd�,/�4%kb�� ö i���b0�fb��j,kÆYÉ�!7�cb��7��i���!7%kb`:�ÉO(kivdZb�L;!Zi#� � ÷ �ø !��MUmb

÷ �ø | ù ´sú´ ��û ø
ù ´sú´ �hû �.ü ø Û �Zý

� � B*Ê�+�Ìq�
� %cb&�Z9fb0�4�cb��7�sb��4É.�/(�ÆcÉ�!7�cb����sb��Bi���!7%kb9)�É.�$(��a(kiwdZb�L;!Zi�� �/�HÉ�dZba(cb�ÈY�cb�(��Zi�F(iG��É�d��#).Ê

p
�=!7%cdZbeb�ÉO(ki�F(b��/�Zi#� �/É.�«i����.!sd��.<hi�L{!Zgcd7Uhg/�vb��z!�Æ$�6� !7%cby�s9fb0�>�cb��7�sb��JÉ�d@bo�kbej É�!Zi#�fb.,`�4%ki��wb{!7%cbÆcÉ�!7�cb����sb��\É�dZb�<�� �Zi#!Zi#�fb.Ê'p
�R!O�e��ÉO(ki�F3b��$�Zi#� �/É.��Æ$�5�°!7%cb�L;� �z!Zi��lgki#!t)pb�ilg/É�!Zi#� �5i�FM<$�viwb��a!7%/É�!\!7%cb
!O�e�\�s9fb0�4�cb�����iG�8!7%cb>:PÉ.�/(I)8(hiwdZb�L;!Zi#� �/��É�dZb`�.QÓb�ilg/É.��FMÉ�j �ki#!Zg/(kb4Uhg"!��.</<�� �Zi#!sb��Ziwj �jÊ_bxb&�sbeb¨i��
!7%cb�Qx� �G�#�6�BiG�cj&!7É�U$�wb���!7%/É�!e!7%cb�!7%cdZbeb�ÉO(ki�F(b��/�Zi#� �/É.�cÆ$�6�ªÉ.�����E%/É.�e��� F3b�<Y� �@i#!Zi#�fb>�Z9fb0�4�cb��7����É.�­gcb��eD
%"�5��b0�fbed�,c!7%cb0)�L�%/É.�kjfba�Ziwj ��É.�4!7%cbGÆ$�5�4�HUmb�L;� F3baF\�fd@b&L�%/É��.!Zi�L�Ê

p
�7ÈhjqgcdZb��kB*Ê�3�É�B*Ê�+.+&��b9<$�#�.!�Æ$�6�ú��!7É�!Zi���!Zi�L0�kQx�fdH!7%cb9!t����ÉO(hi�F3b��/�Zi�� �/É.�{Æ$�6�l�.Q²UkdgÉ.�/L�%�W>!kÉ�!



+ ¸  
}4~�}H�k[f+ ¸f¸x� ��� �viG(N�vi��kb.�g,c!7%cbE!7%cdZbeb�ÉO(hi�F3b��/�Zi�� �/É.�mÆ$�5�á�.Q?Ukd�É.�/Lg%C±{!9É�!`}4~�}k�H[f+ ¸;�¿¸x� (/É.��%cb�(
�vi��kb.�g,?É.�/(�!7%cb�L�%$É��.!Zi�L�Æ$�5�S�7%"�5�4�5i��þÈhjqgcdZbJÌ*Ê�1.3 � (/�.!�!sb�(��vi��cb.�gÊ�À"� ���#�5�Bi��cjo!7%cbub;:"É.F\<$�vbI�.QÿqiGF��b��cbe�.,/!7%cb¹iG�/(cb0<mb��/(cb��D!���É�d@i�É�Uc�wb��HÉ�dZba�7L0É.�vb�(�UD)I!7%cb6d��D�.!kF3b�É.�{�7ilg/É�dZb�(��.�fd7!Zi�Lei�!O) � � Ê

� %kb�<hd7�.U$É�Uhi��­i#!O)M(cb��$�Zi#!O)PQrg$�/L;!Zi#� �I�.Q²!7%kb`��� �cjqi#!Zg/(kiG�/É.�$�fb����*Lei#!t)8jfdgÉ.(kiwb��D!�iG�P!7%kb`:�ÉO(kivdZb�L;!Zi#� �i��&��%"�6�4�pi��²ÈhjqgcdZb8B*Ê�3*Ê � %cbMF\� F(b��z!7�h�.Q�!7%kb8(ki���!sdIi#Uhg"!Zi#� �{�.Q�!7%cbM!t����ÉO(kiGF3b��/�Zi#� �$É.�ÁÆ$�6�4�hÉ�dZb
�vi��7!sb�(3i��\!7É�U$�wb4B*Ê¡ *,�É.�#� �cja�Bi#!7%\!7%"� �Zbk�.U/!7Éfi��cb�(MUD)(ÿqiGF��b��cbe�4É�!�©¨ªh[ªB.1*Ê � %cbk��É�dZjfb4(hi��7L�dZb0<$É.�$L;)i��T!7%ki��&!7É�Uc�wb8i��E(kgcb8!��{�qgcdWdZb��Zg$�#!7�&Umboi��cjNQx�fdE!O�e��ÉO(ki�F3b��$�Zi#� �/É.����� �vg"!Zi#� �$�0,mÉ.�$('��bI�sbebIUmb0!�!sbed
É�jfdZbeb�F3b��D!XiG��!7%cba��É�!sbedk!7É�Uc�wb��H�4%cb��J��b&L;� F\<cÉ�dZb&!7%cdZbeb�ÉO(hi�F3b��/�Zi�� �/É.����� �vg"!Zi#� �$�0Ê

-1 0 1
(du/dx)/ω’

10-6

10-5

10-4

10-3

10-2

10-1

100

P
ro

ba
bi

lit
y

D
en

si
ty

F
un

ct
io

n

Branch Ht

Branch Mt

Chaotic Flow

ÀÇiwjqgcdZb�B*Ê�3ln�Ô9�cb�É §¨i�F3b��/�Zi�� �/É.�?v�d7�.U$É�Uhi��­i#!O)x§«b��/�Zi#!t)þÀkg$�/L;!Zi#� �RQx�fdK!7%cb�Âs� �kjqi#!Zg/(ki��$É.�MÃMb��#��Lei#!O)
V«d�É.(hiwb��z!

ÿqiGF��b��cbe� Ä�d�É.�/L�%oV�! Ä�d�É.�/Lg%NW>!©¨ª B�+�Ê�+ ¦ì *Ê ¸  .B Bfê*Ê�¦zÌ+¦³X÷�� ¸ Ê�¦z3.Ì ¸ Ê ¸ 3fê+¦zB ¸ Ê�1+¦DC�Ì÷�� ¦"Ê�B  *Ê�Ì.3f  1*Ê�B.B.B³X÷�� ê*Ê ¸ ¸ Ê�3.1.Ì C +�Ê�¦ì .B÷�� Ì.Ì +oê*Ê�+�B ¸ 3*Ê×C�ê+¦
� É�U$�wbaB*Ê¡ ln���� F\<$É�d@i��7� ���.Q � gcd7U�g/�wb��/L�b6¾*!7É�!Zi���!ZiGL0�HQx�fd � ����É §¨i�F(b��/�Zi#� �/É.�ßÀm���6�4�en�Ä�d�É.�$L�%rV`!4É�!
}4~�} � [Ë1 ¸;�¿¸ É.�/(uÄ�d�É.�/Lg%NW>!4É�!>}4~�} � [¯+ ¸f¸;�¿¸

p
�8!7É�Uc�wb��eB*Ê�¦KÉ.�/(�B*Ê�Ìh��b`L;� F\<$É�dZb�!7%cb��s9fb0�4�cb��7�Zb��eÉ.�$((ÆcÉ�!7�kb��7�sb����.Qs!7%cb4!7%kdZbeb�ÉO(ki�F3b��$�Zi#� �/É.�



+ ¸ ¦
Ukd�É.�$L�%7±N!HÉ.�/(u��%/É��.!Zi�LBÆ$�5�=�Xi#!7%8!7%/� �sb>Qu�qg/�/(PU*)�ÿqi�F	�b��cbe�`Qu�fd�!Zgkd7Uhg/�wb��D!�Æc�6�&Ê � %kb>�s9fb0�4�kb��7�
L0É.��É.�����\Umb��.U$�sbed7�fb�(uiG��È�jqgcdZb&B*Ê�3*,cb���<mb�Lei�É.���#)8Qx�fdH!7%cb9Lg%/É��.!Zi�L«Æ$�5�&,"UD)I�"�.!Zi��cjK!7%/É�!�!7%cb&Legkd7�fb��
É�dZba�/�.!k��)*F8F3b0!sd@i�L9�ZiG�/L�b9!7%cb0)7b;:*!sb��/(NQrgkd7!7%cbedH�qg"!H!��P!7%cbGd@iwj %D!H� ��!7%cb6jfdgÉ�<$%jÊ

@��#!7%"�qgcj %'�qgcd � É�)��#�fdhnBb0)*�"� �G(/�9��g$FaUmbed¹i��9���6��beda!7%/É.�y!7%$É�!a�.Q&ÿqi�F	�b��cbe�.,m��b8L0É.�T��!ZiG���_�sbeb
!7%/É�!`�qgcd9��� �vg/!Zi#� �/�4É�d@bK�/� �;ÉqV`Éfg/�7�@i�É.�j,�É.�/(N!7%kbKF8É�j �ki#!Zg/(cb��>�.QA!7%cb\�s9fb0�>�cb��7�sb��`É.�/(CÆcÉ�!7�cb����sb��
É�dZb4É�<$<kd7� É.L�%hi��cj9!7%"� �sb>�.U$�sbed7�fb�(�i��\!Zgcd7U�g/�wb��D!ãÆc�6�&Ê_bxb>�/�.!sb4!7%/É�!A!7%kb4É+<{b�L;!��.Q�!7%cb4É.�ki��7�.!sd7�.<hi�L
Qu�fd�Lei��cj(i���d@b�(kg/L�b�( i���!7%kbO��%/É��.!Zi�L¨Æc�6�&Ê

V`Éfg/���Zi�É.� ÿqiGF��b��cbe� ��gcdZd@b��z!e: ��gcdZdZb��D!�) �&gcdZdZb��D!��©¨ª  .Ì*Ê�+ +oê*Ê�¦z1 C +6CDÊ×C� .B +�Ê�+�3fê³B÷�� ¸ ¸ Ê�¦z3 ¸ ¸ Ê�1fê+¦DC É ¸ Ê�1.1f fê ¸ Ê ¸f¸ B.B+¦f¦÷ �  *Ê ¸ ¦"Ê�1  *Ê�+�Ì.3  *Ê¡ �+ ¸  *Ê�Ì�+�3³B÷�� ¸ B*Ê�Ì 1*Ê×C ¸ C É�+�Ê¡ê.3.B ¸ Ê�¦f¦f¦zÌ÷�� +�Ì ¦ ¸ +�Ì*Ê�¦zB.B +6CDÊ ¸ 3.Ì +�3*Ê�Ì C�Ì

� É�U$�wbaB*Ê�¦cn��e� F\<$É�d@iG��� ���.Q � gcd�Uhg/�wb��/L�b6¾*!7É�!Zi��7!Zi�L0�HQu�fdBÄ�d�É.�/L�%C±N!>É�!>}4~�}H�?[¯+ ¸;�¿¸
V`Éfg/���Zi�É.� ÿqiGF��b��cbe� ��gcdZd@b��z!e: ��gcdZdZb��D!�) �&gcdZdZb��D!��©¨ª  .Ì*Ê�+ 1�+�Ê ¸   ¸ +o *Ê�Ì�+�¦ CDÊ�B.1.1³B÷�� ¸ ¸ Ê�¦z3 ¸ ¸ Ê�Ì.1.1 ¸ ¸ Ê ¸ B.1.Ì+¦ ¸ Ê�1f f f ÷ �  *Ê ¸ ¦"Ê�1  *Ê�B C.¦  *Ê�¦DC*+  *Ê�1.Ì ¸³B÷�� ¸ B*Ê�Ì Ì*Ê�Ì.1fê ¸ Ê�3fê+¦z3 1*Ê¡  C ¸÷�� +�Ì ¦ ¸ 1.B*Ê�1 C*+ 1�+�Ê�+�¦ì  +�3*Ê¡ .B ¸

� É�U$�wbaB*Ê�Ìln���� F\<$É�d@i��7� ���.Q � gcd7U�g/�wb��/L�b6¾*!7É�!Zi���!ZiGL0�HQx�fd¨��%/É��.!Zi�LGÀ_�#�5�
� %kb4�.�fd7!Zi�Lei�!O)P%hi���!��fjfd�É.F�,�Èhjqgcd@b�B*Ê�+ ¸ ,/�7%"�5�4��!7%/É�!��qgcde�7!sb�É.(")8��!7É�!sb9��� �vg/!Zi#� �/�?%$É��fb9Éh�GÉ�dZjfbeddZbejqi#� �I�Bi�!7%P%kivj %8�.�fd7!ZiGLei#!O)M!7%$É.�P!7%kb`Lg%/É��.!Zi�LXÆ$�5�ª!7%/É�!���b9É�dZb9L;� F\<$É�d@iG�cja�qgcdH(/É�!7ÉE�Bi�!7%jÊ � %ki��

É�</<mb�É�d��>!���U{bEL;� �z!sdgÉ�d7)N!��I!7%cbOÈc�/(ki��kj �k�.Q�ÿìi�F��b��cbe�E�4%"���7%"�6�>�4!7%/É�!9É.��!7%cb � É6)*���fd`nBb0)*�/� ��(/�
�lg/FaUmbedk�.Q_!7%cbh!Zgcd7Uhg$�wb��z!�Æ$�5�1i��Xi��/L�dZb�É.�Zb�(j,/!7%cba%hi���!��fjfd�É.F b;:*!sb��/($�kQtgcd7!7%cbed�,kiG�/(ki�L0É�!Zi��kjK�GÉ�dZjfbeddZbejqi#� �$�H�.Qm%hiwj %��.�fd7!Zi�Lei#!t).Ê

p
��ÈhjqgcdZboB*Ê�+.+o��by�7%"�5�Ã!7%cbr%hi���!��fjfd�É.F �.Qa!7%kb{�.� �vg$F3b{Qrd�É.L;!Zi#� �=Qu�fd�!7%cby��!sd�Éfi��jÊ*ä��/�viw9fb
!7%cbK�.�fd7!Zi�Lei�!O)o%ki���!��fjfd�É.FJ,j!7%ki��`%ki���!��fjfdgÉ.FÃU{b�%$É��fb��6i��r!7%cb\FMÉ.�$�cbed`�.U$�sbed7�fb�(yU*)²ÿìi�F	�b��cbe�.Ê � %cb
�.� �vg/F(b9�*L0Leg"<�iwb�(�UD)���É�d@jfb&��!sd�Éfi���Qu�fd�L�b��BiG�/L�dZb�É.�sb��kÉ.�4!7%cbGÆ$�5�ËUmb�L;� F3b��4FM�fdZb&L�%/É��.!ZiGL�Ê

p
��Èhjqgcd@b>B*Ê�+�19��b>�7%/�6� !7%kb�

�qiG�z!A<hd7�.U$É�Uhi��­i#!O)a(kb��/�Zi#!Ziwb��A�.QY�.�fd�!Zi�Lei#!O)K�fbed��Zb�����!sdgÉfi��\Qu�fd?Ukd�É.�$L�%±{!�É.�/(rL�%$É��.!Zi�L6Æc�6�&Ê � %cba(cb��$�Zi#!O)JL;� �D!��qgcd��¨i��N!7%cb��sb�

�qi��D!4<hd7�.U$É�Uhi��­i#!O)�(cb��/�Zi�!O)�Qtg/�/L;!Zi#� �/�>É�dZb



+ ¸ Ì

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
|ω|/ω’

10-5

10-4

10-3

10-2

10-1

100

V
ol

um
e

F
ra

ct
io

n

Branch Ht

Branch Mt

Chaotic Flow

ÀÇiwjqgcdZbHB*Ê�+ ¸ n�Ô`�cb�É §¨i�F3b��$�Zi#� �/É.�DWXi��7!��fjfd�É.F¯�.Q$!7%cb�Ã
� �vg$F3b�Àkd�É.L;!Zi#� �8Ô`L0Leg/<hiwb�(hUD)avm�qi��D!7�
@>UY�5�fb
É8��bed�!7Éfi�� � %cdZb���%"� ��(I�.QÇÃ
�fd7!Zi�Lei#!t)IQu�fdBÄ�d�É.�/Lg%�±{!0,c}4~�} � [Û+ ¸;�¿¸ ,cÉ.�/(C�H%/É��.!Zi�LGÀ_�#�6�

0 0.5 1 1.5 2
|s|/ω’

10-5

10-4

10-3

10-2

10-1

100

V
ol

um
e

F
ra

ct
io

n

Branch Ht

Branch Mt

Chaotic Flow

ÀÇiwjqgcdZbHB*Ê�+.+�n�Ô`�cb�É §¨i�F3b��$�Zi#� �/É.�DWXi��7!��fjfd�É.F¯�.Q$!7%cb�Ã
� �vg$F3b�Àkd�É.L;!Zi#� �8Ô`L0Leg/<hiwb�(hUD)avm�qi��D!7�
@>UY�5�fb
É8��bed�!7Éfi�� � %cdZb���%"� ��(I�.Q�¾*!sd�Éfi���Qu�fdBÄ�d�É.�/Lg%�±{!0,c}4~�}H�?[¯+ ¸;�¿¸ ,YÉ.�/(C��%$É��.!Zi�LGÀ_�#�6�



+ ¸ B
��<$É.L�b�(N�#�fj É�d@i#!7%/F�i�L0É.���#)MU*)�ÉKQuÉ.L;!��fd��.Q�+ ¸ Ê

bxbJ�"�.!sb�!7%cb���É�d@jfb�(hi=<{bed@b��/L�bPUmb0!t��beb���!7%cb��ZbI!t���y<c�#�.!7�0ÊÅÄ�d�É.�/Lg%5±N!�b;:�!sb��/(/�KQtgcd7!7%cbed�i��
�.�fd7!Zi�Lei�!O)N(kivdZb�L;!Zi#� ��DY%"�6��b0�fbed�,j!7%cbE��!sd�Éfi��²i��4���6��bed�!7%$É.�N!7%/É�!��.Q
!7%cbKL�%/É��.!ZiGL¹Æc�6�&Ê4@������IUkd�É.�$L�%±{!�(cd��.<$�k��<TFWg/L�%rQ�É.��!sbed�!7%/É.�{Lg%/É��.!Zi�L¹Æ$�6�a,YÉ.�/({��baQ�Éfi��s!��I�.U$�sbed7�fbE!7%cbh!7Éfi����k� �{<kd7�.UcÉ�Uhi��vi#!t)
(cb��/�@i#!O)IQrg$�/L;!Zi#� �/��!7%/É�!>É�dZb9<kdZb��sb��D!Bi���%hiwj % � É6)*���fd4n�b0)��"� ��(/�4��g/FhUmbedH!Zgcd7Uhg$�wb��z!�Æ$�5�4�0Ê



+ ¸ C

0 0.5 1 1.5 2
|s|/ω’

0

1

2

3

4

|ω
|/ω

’

0 0.5 1 1.5 2
|s|/ω’

0

1

2

3

4

|ω
|/ω

’

ÀÇiwjqgcdZb9B*Ê�+�1ln�ÿ �qi��z!Hv�d7�.U$É�Uhi��­i#!O)3§«b��/�Zi#!t)8Àkg$�/L;!Zi#� �I�.QßÃ
�fd7!ZiGLei#!O)8ÃMbed��Zg/�B¾*!sdgÉfi��Pn>É�!sb`Qx�fd�Ä�d�É.�/Lg%±{! � � �.<m��É.�/(C��%$É��.!Zi�LGÀ_�#�6�&Ê�§Xb��$�Zi#!O) �e� �D!��qgcd��>@BdZbO¾�<$É.L�b�( Âs�fj É�dIi#!7%/F(i�L0É.�G�#)8U*)IÉ3À$É.L;!��fd��.Q
+ ¸ Ê



+ ¸ ê

	�

����������
 )*$+�(, ���W�Ç, ���3� 	��C�546�3���&����4�� � ���8�����
%
	��p$������
�3���

bxb�L;� �/�ZiG(cbed{!7%kb��/� �;ÉO(ki�F3b��$�Zi#� �/É.�viv�eb�(èi��/L;� F\<hdZb��7�Zi#Uc�wb'�>É6�livbedsÉ·¾*!��f9fb��xb�ilg/É�!Zi#� �/��,h�4%hi�L�%]i��
L;)��vi��/(cdIi�L0É.�cL;�*�fd�(kiG�/É�!sb��kÉ�dZb

� z��� ¥�������� � z ³�� �£ []³ � �� £ ¥ +© ! � � z ³ z£ � ³ 1£ � � ��#"%$ ¯ � CDÊ'&��� ��(� ¥ ������� � � ¥ z �£ []³ &£ � ���" ¥ &© ! � � � ¥*)£ � � z�#" ³ �£ � $ ¯ � CDÊ ) ���+�(� ¥ ������� � + []³ � ���, ¥ &© � � + ¯ � CDÊ¡ q�&£ �� £ �r£ z � ¥ &£ � ���" ¥ �(+�#, [ ¸ ¯ � CDÊ�¦��
-/. bed@b

������� � |�z �� £ ¥ � £ ��#" ¥ + ��#, ¯ � CDÊ�Ìq�
� � | � �� £ � ¥ &£ �� £ ¥ &£ � � ���" � ¥ � ��#, � � � CDÊ�Bq�

bxb103242f9NQ52fd768290vg;:Zi'29<(6/2.Q=: . b>6sb�b�ilg/É?:Zi329<(6@29<yÉBA;2 FMÉfiC<{UmbD: - beb><E: - 2JLF29</L�b><G:sd@i�L�dH2 :7É?:Zi'<cj
Leiwd�Leg�0�É�d>LFIJ0vi'<(AkbedH60ÊLK . i'6/A;2 FMÉfi'<Ci'6/Acb�ÈM<cb>A - i': . : - 2�É 68Nmb>OF:XdgÉ?:Zi3296DPM: . b¹d�É?:Zi'2Q2 RS: . bTOFI40­i'<(Acbedd�É Aki­i�PJU#P$É <�AB: . b6d�É?:Zi32V2 R�: . bGj É?N - i'A;: . :82Q: . b&ÉXW;iGÉ 0 - ÉZYfb>0wb><cj : . PM[SP;I;iwb>0'AkiC<cj

© Ú | U&�³\U	] £ ] &&�³^U | © � ¯ �`_ Ê _ �
¸ ] " ] )?a ¯ �`_ Ê¡êq�¸ ] , ] [ � �`_ Ê�bq�

cxbKÉ 6d6Zg(e(bf: . bOd�É?:Zi32Q2 Rg: . bhÉ <cjqg(0GÉ�dh68Nmbeb>Ai2 Rg: . bf2qg;:sbed@OFI40­i'<(Acbed�:82j: . bOiC<(<cbed/OFIJ0vi'<(AkbedBi'6



& ¸ bjqi3Yfb><QkGI � Ê�Ô@<V: . b/OFIJ0vi'<�Acd@i'O0É 046ZgcddR�É O�b>6DP £7l © Ú ¯ © � P - bBi'eVNm296sb�<(2n6d0vi3NVkm2qg(<(A$É�ddIfOF29<(Aki':Zi329<(6en
z � © Ú ¯ " ¯ , � l z � © � ¯ " ¯ , � l�¸ ¯ �`_ Ê'& ¸ �

� � © Ú ¯ " ¯ , � l & ¯ � � © � ¯ " ¯ , � l � ¯ �`_ Ê'& &��+ � © Ú ¯ " ¯ , � l + � © � ¯ " ¯ , � l�¸ ¯ �`_ Ê'& ) �
-/. bed@b ¸ ] " ] )?a É <(A ¸ ] , ] [?Êpoq<E: . b " É <�A , AkiwdZb>OF:Zi'29<(6DP - b . É>YfbQN{bedIi324Ahi'Onkm2qg(<(A$É�ddIOF29<(Aki':Zi329<(60ÊK . dd2qgcj . 2qg;:p: . iC6TO . É?N(:sbed - bi6sbD:VU l ¸;� ê _ Ì4P�[ l ) � Ì+¦�É <(A � l ¸ Ê�K . i'6KÉ 0'032 - 63g(6p:82OF29eVN$É�d@bT2qgkd«d@b>6Zg(03:d6 - i3: . : . bWbFW4Nmbed@iCe3b><r:7É 0 - 2fdZ9i2 R&�s290wb>63åtb+æ`PsÉ <(Au: . bp<�g�e3bed@i'O0É 0ãdZb>6Zg(0':d6h2 R¾JO . dwv29Acbed4É <�A >Gb>0'0wbed6å�  ¸ æ-Êx <ubFW"É OF:h68290vg(:Zi329<BRy2fd/: . i'6L68IJ68:sb>e -h. b>< � l�¸ i'6«�s2qgcbD:8:sbGÆ�2 - n

z l + l ¸ ¯ �`_ Ê'&o q�
� l U&&³zU � ! © �£ ³ £© � $ ¯ �`_ Ê'&�¦��� �� £ l � �£ � �`_ Ê'&�Ìq�

{ FIH \"^3_�T�QÓñZÑMK�N}|k_�Ð3N@T�_ T�V¨Ò{K�Òmñ@PXV
cxb g(6sbB: . b~67É e(bB<lg(e3bedIi'O0É 0=e(bD: . 24A�2 R�682903Y;i'<cj}: . b~0vi'<cb�É�dp68IJ68:sb>e i'<��Bb - :829<���6Ve3bD: . 2JAXÉ 6Acb>6dO�dIi3kmb>Aþi'<	O . É?N(:sbed8 }:82^OF29eVNhg;:sb~KmÉ>IJ032fdsÉ Ãg2fdd:sbFW�Æ�2 - 60Êz�h2 - bDYfbed>P�: . b~Aki'6dO�d@bD:Ziw��É?:Zi329<�É <(AdZb>Akg�OF:Zi329<~Rrdd29eSÉ8§ x ½�:82IÉ <²Ô¨§¨½�i'6kÉ 03:sbed@b>A�6d0vivj . :d03I�:82Q:7É�9fb�i'<G:828É ODOF2qg(<G:h: . b�<;29<;É`Nmbed@i'24AkiCOd�É AkiGÉ 0mkM2qg�<(A/É�ddIQOF29<�Aki3:Zi329<(6�ÊcxbWi'eVNkdd2wYfbGb�:jOeiwb><(OFI�k4IBOF29e1Nhg;:Zi'<cjV68290­g;:Zi329<(6�29<~: . bf6deMÉ 0'0vbed�A;29eMÉfi'<�n

¸ ] " ] )?a� ¯ �T�i� D �`_ Ê'&>�q�
29< -/. i'O . Nmbed@i32JAki'OikM2qg�<(A/É�ddI�OF29<(Aki':Zi329<(68É�d@b²i'e1NM296Zb>AjÊ�K . b{É A;Y�É <r:7É�jfb>6i2 RfA;2qi'<cj�: . i'6IÉ�dZb: . É?: - b«d@b>��gkivdZbh0wb>6H6eÉ��oiCeOg;: . É 0#eV2JAcb>6s:82�jfbD:kÉ <�É ODOegcd�É?:sbn68290vg(:Zi329<Q2 RmÉ6Æ#2 - : . É?: . É 6 � - É>Yfb>6
É�dd2qg(<�Af: . b�OFIJ0vi'<(AcbedZP5É <(A�: . bedZbHÉ�dZbsRÊb - bed�k$É AOboiwjfb><rY�É 0vgcb>6�R52fd��h��±�:827AcbD:sb>OF: -/. b><�OF29eVN�g;:Zi'<cj: . b>6sbT68290vg;:Zi'29<(60Ê&Àkgcdd: . bedHeV2fdZb P{i3:4É 0'682IÉ 0'032 - 6Bg(6/:82j2 k�:7Éfi'<�68290­g;:Zi329<(6�6@i'e(i'0�É�dL:827bFWci'68:Zi'<cjQ29<cb>6DPkhg;: - i3: . É�Aki=<mbedZb><G:h<lg(e�k{bedh2 R - ÉZYfb>69É�dd2qg(<(A�: . bpOFI40viC<(Acbed>P(k4Ii<lg(e3bed@i'O0É 0C03I�OF29<G:Zi'<lgki'<cj8i'< � Ê



& & ¸§¨gcd@i'<kj�: . i'67O . É?N�:sbedf: . b1<lg(e�k{bed7: . É?: - bPÉ?N(Nmb><(Au:82 dZbDRrbedZb><(O�b>6n2 R�¾4Nhivd�É 0_É <(A\c'É>Y4I^KmÉ>IJ032fdÃg2fdd:sbFWWÆ�2 - 6Mi'6 � -/. i'O . i'6Áb>�lg/É 0J:827: . bL<�g�efkmbed�2 R - É>Yfb>6�: . bL68290vg;:Zi329< . É 6
É�dH2qg(<(AT: . bLOFI40­i'<(Acbed�ÊcxboÉ?N(Nkdd2ZW;iCeMÉ?:sbi: . b}Yfb>0324Oei':�I�É <(A�NhdZb>6d6Zgcd@b�Èhb>0'A(6 - i3: . È#<ki':sb�À;2qgcd@ivbedj6sbed@ivb>6(i'<�: . brÉ���Éi'eWg;: . É 0�É <(A\ÉXWci�É 0JAkiwdZb>OF:Zi'29<jÊ�K . b�d�É Aki�É 04AkiwdZb>OF:Zi'29<WiC6gAki'6dO�dZbD:Ziv�eb>AWg�6Zi'<cjXÈ#<ki3:sb�Aki=<mbedZb><(O�b>6ÇdgÉ?: . bed: . É <þ� . bDkGIJ6 . bDYuNm2903IJ<;29e(i�É 0'6@6ZiC<(O�bV: . bDIyÉ�dZbQ6ZiCeVN�0wbed@:82�i'e1N�0wb>e3b><G:&É <(A\: . bDI�i'eVNm296sbMÉ�0wb>6d668:sd@iC<cjfb><r:L:ZiCe3bn68:sbDN}O�dIi3:sbed@i329<jÊ
cxbGi'<G:sdd2JAkg(O�bB����b>�lg/É 0'03IV68N$É O�b>A�Nm2qi'<G:d6L� £ ø�� iC<1: . b«d�É Aki�É 0#AkiwdZb>OF:Zi'29<8É?: -/. i'O .1- b�É?N�Nkdd2>WlÉi'eMÉ?:sbp: . bpYfb>032JOei3:�IrÉ <(AuNkd@b>6d6ZgcdZbOÈhb>0'A�60Ê6Àkgcdd: . bedHeV2fdZb P - b3g(6sb3���EÉ <(A��W��kcÉ 6Zi'6�Rrg�<(OF:Zi329<(6«i'<: . b�É��oi'eWg;: . É 0�É <(ARÉXW;i�É 0sAkiwd@b>OF:Zi329<(6OdZb>68Nmb>OF:Zi3Yfb>03I\:82yÉ?N(NkdH2>Wci'eMÉ?:sb�: . bjYfb>0'24Oei3:�I�É <(A�NkdZb>6H6ZgcdZbÈhb>0'A�60ÊgK . i'6�I;iwb>0'A(6s: . b¹bFW4N$É <�6Zi329<

z �r£ ø ¯ " ¯ , � | &�����W�C�Ød� � Ø �s�z ø Ø � Ø �D� Ù(�wØH� � � Ù(�wØ � � ¯ �`_ Ê'& _ �
-/. bed@b3³B���>� ) ] Ö �� ë�T�D� ) PYÉ <(Ax³B�W�>� ) ] Ö �7 ë�W�D� ) ÊK . bPÉ?N(NkdH2>Wci'eMÉ?:Zi329<(6f:82CdgÉ Aki�É 0�Akbed@i3Y�É?:Zi3Yfb>6Og�6sbjO�b><G:sdZb>ApÈ#<ki3:sb�Aki=<mbedZb><(O�b>6¹iC<^: . b�i'<G:sbed@i32fd�Êx :/: . bfkm2qg(<(A/É�dIiwb>6L6sb>OF29<(A�2fdHAcbed/29<kb�É�6Zi'Acb>A}Aki=<mbedZb><(O�b>64É�d@b¹g(6sb>AjÊ�K . bhÉ?N(Nkdd2ZW;i'e8É?:Zi329<(64É?:h: . bi'<(<kbedLkM2qg�<(A/É�ddI8É�d@b

� z� £ � ³X  z ¼ ¥ ¦ z Ú ³ z �) ¡ £ ¯ � � z� £ � � ³ _ z ¼ ¥ ê z Ú ³ z �) ¡ £ � � �`_ Ê'&oêq�
K . b&É?N�Nkdd2>Wci'eMÉ?:Zi'29<(6HÉ?:�: . bn2qg(:sbed�km2qg(<(A/É�ddIIÉ�dZbn6Zi'e�i'0�É�d�Ê

K . brÉ��oi'eWg;: . É 0�É <(A^ÉXWci�É 0hAkbed@i3Y�É?:Zi3Yfb>6�É�dZbuOF29e1Nhg;:sb>A�i'<¢: . bu6�É e3b - ÉZI¶É 6BAcb>6dO�d@i'k{b>A�i'<O . É?N(:sbed« *Ê�K . bn<;29<;É�0viC<cb�É�dL:sbedHe16kÉ�d@b6bDY�É 0­g/É?:sb>A g(6ZiC<cjVOF290'032JO0É?:Zi329<JÉ 6/Akb>6dO�d@i3kmb>A�: . bedZb.Ê
ä�6Zi'<cjf: . b>6sb>É?N�Nkdd2>Wci'eMÉ?:Zi'29<(6S: . bh:sbedHe16�i'<1: . bBdsÉ�eV29e3b><G:Zg(e b>��g/É?:Zi'29<�P�bFW;OD0vg(Ahi'<cj@: . b/NhdZb>6ïÉ6Zgcd@b P/É�dZb
�÷ ø Ød�ZØ � | &© ! � � �z ø Ød�ZØ �� £ � ¥ &£ � �z ø ØH�ZØ �� £ ³ Ö ��£ � �z ø ØH�ïØ � ³ Ö �� �z ø Ød�ZØ � ³ �z ø Ød�ZØ �£ � ¥ )X£ Ö �£ � �� ø Ød�ZØ � $³�¤¦¥?§ � z ¯ � z� £ � ø ØH�ZØ � ³ &£ ø ¤F¥?§ � � ¯ � z��" � ø Ød�ZØ � ³�¤¦¥?§ � + ¯ � z�#, � ø ØH�ZØ � ¥ &£ ø ¤F¥?§ � � ¯ � � ø Ød��Ø � � �`_ Ê'&>bq�K . bB:sbedHeQ6(i'<�: . b~2 : . bedjeV29e3b><G:Zg(e b>��g$É?:Zi329<(6MÉ <(A�: . biOF29<r:Zi'<lgki3:�Iþb>�lg/É?:Zi329< É�dZbubDY�É 0­g/É?:sb>A6Zi'e�i'0�É�dH03I.Ê



& & &¨�©�ª%©�ª «X¬�­?®�¯%°9±M­9²�¬S¯¢­9³S®µ´j¶·¬�­9²�¬�¸�²`­>¹�ºV»�¸S±M­9²`¶·¬
cxb�g(6sb�: . b�OF29<G:Zi'<lgki3:�I1b>��g$É?:Zi329<¼:82½OF29eVNhg;:sb�: . b5d�É Ahi�É 0fYfb>0'24Oei3:�I.Ê À;2fdpb�É O . N$Éfivdu2 RIÉ���Éi'eWg;: . É 0y¾�ÉXWci�É 0 - É>Yfb><lg(e�k{bed¿6DP - b . É>YfbEÉWÈhdH68:L2fd¿Acbed�km2qg(<(A/É�dHIQY�É 0vgcb@Nkdd2 k�0vb>euD . 2 - bDYfbed>P#: . bedZb
É�dZbn: - 2QkM2qg�<(A/É�ddI�OF29<(Aki3:Zi329<�60Êcxb1OF29<(6@i'Acbed7Aki=<mbedZb><G:�e3bD: . 24A(6�2 Rs682903Y;i'<cjQ: . i'6�kM2qg�<(A/É�ddIBY�É 0vgcbpNkdd2 k�0vb>e�ÊGÀÁivdH68:d03I - b3g(6sbO�b><G:sdZb>AjAhi=<{bed@b><(O�b>6 -/. iCO .V-/. bedZbkÉ 0'682¹g�6sb>A1k4I3>Gb>0'0wbedAÉ <(A�Ãg29<7¾4296Zb><CåÀ&>b+æ-Ê���b><G:sdZb>AjAki=<mbedZb><(O�b>6I;iwb>0'AB: . b7R5290'032 - i'<cjVAki'6HO�dZbD:Ziw��É?:Zi329<B2 R�: . bfOF29<G:Zi'<lgki3:�I8b>�lg/É?:Zi329<�n

�z ø âãÚ � Ød�sØ � ³ �z ø Ù�Ú � ØH�ZØ �) ¡ £ ¥ �z ø ØH�ZØ �£ ø ¥ £ Ö � �� ø ØH�ïØ �£ ø ¥ £ Ö � �+ ø Ø � Ø � l�¸;� �`_ Ê ) ¸ �
cxb�<;2 :sb~: . É?: - i3: . O�b><G:sdZb>AÁAki=<mbedZb><(O�b>6 - bJÉ�dZbJÉ?k�0vb�:82pb><;Ry2fd¿O�b~kM2 : . km2qg(<�A/É�ddI^OF29<(Aki':Zi329<(6DP
�z ¼ � Ø � Ø � l ¸ É <(A �zmÂ�Ã � Ø � Ø � l ¸ Ê�K . b}eMÉ?:sd@i'O�b>67dZb>6Zg�03:Zi'<cj\Rrdd29e*: . i'6QAhi'6dO�dZbD:Ziw��É?:Zi'29< É�dZbu<;29<;É6Zi'<kjqg(0�É�d>P4khg;:L: . bDIBkmb>OF29e3bneV2fd@b¹i'0'0=É�OF29<�Aki3:Zi329<cb>AIÉ 6�: . bGdZb>68290vg;:Zi'29<ui'6&i'<(O�dZb�É 6Zb>AjÊÄsICiC<r:sbejfd�É?:ZiC<cjB: . bpkM2qg�<(A/É�ddIBY�É 0vgcbTNkdd2 k�0wb>eÄRrdd29eÅ29<cbpkM2qg�<(A/É�ddI g(6@i'<cjQ29<kb�É�6Zi'Acb>AEAki=<mbedsÉb><(O�b>6DP - b6jfbD:/: . bn:sd�É?Nmbe�D2qi'A/É 0Ód@g(0wbfn
£ ø âãÚ �z ø âãÚ � ØH�ZØ � ³ £ ø �z ø Ød�sØ �£ ø âãÚÜÛ � ¡ £ ¥ £ Ö � � �� ø âãÚ � Ød�ZØ � ¥ �� ø Ød�sØ � �) £ ø âãÚÜÛ � ¥ £ Ö � � �+ ø âãÚ � ØH�ZØ � ¥ �+ ø Ød�ZØ � �) l�¸;�Å�`_ Ê ) &��

K . iC6Oi'<G:sbejfd�É?:Zi329<�A(2�b>6V<;2 :�b><;R52fdHO�b~km2 : . km2qg(<(A/É�ddI^OF29<�Aki3:Zi329<(6�Ê^�/2 - bDYfbed>P - b~O0É <�i'<G:sbejfd�É?:sbRrdd29eÆkm2 : . km2qg(<(A/É�d@ivb>6 -/. iCO . I;iwb>0'A�6�: - 2BY�É 0­gcb>6/R52fd@: . bWd�É Aki�É 0·Yfb>0324Oei':�I{n z � �r£ �kÉ <(A zMÇ �r£ �¿Pm: . bd�É AkiGÉ 0SYfb>032JOei3:�IÅiC<r:sbejfd�É?:sb>A	Rrdd29eÈ: . b8i'<�<cbedhÉ <(Az2qg;:sbedpkm2qg(<(A/É�d@ivb>6GdZb>68Nmb>OF:Zi3Yfb>03I.Ê�cxb�OF29<(6@i'Acbed: . b�O0É 6sb>6 -/. b><�iC<1: . b¨i'<G:sbed@i32fd - b/:7É�9fb¨boi3: . bed z � �r£ �¿P z Ç �r£ �¿P4: . boiwd�É>YfbedgÉ�jfb � z � �r£ � ¥ z Ç �r£ �s�8� ) P;2fd
É - boiwj . :sb>ANÉZYfbed�É�jfb å �r£ ³ £ Ç � z � �r£ � ¥è�r£ ³ £ � � zMÇ �r£ � æ5� �r£ Ç ³ £ � �gÊ x :/km2 : . km2qg(<(A$É�d@iwb>6 - baÉ 0 - É>IJ66sbD:�: . bGd�É Aki�É 0mYfb>032JOei3:�I7b>�lg/É 0�:82��ebedd2"ÊKmÉ?k�0wb>6 _ Ê'&�É _ Ê¡ ~6 . 2 - : . b�dZb>0�É?:Zi'YfbObedZdH2fdH6�2 R�: . bVAki=<mbedZb><G:�e(bD: . 24A�60ÊnK . bWbFW�É OF:n6d290vg;:Zi329<²i'<:7É?k�0wb _ Ê'&�iC6ã�s2qgcbD:8:sb�Æ�2 - �`_ Ê'&�Ìq�>P -h. i'0wb�i'<n:7É?k�0wb>6 _ Ê ) É <(A _ Ê¡ �: . b/��bFW"É OF:D�X68290­g;:Zi329<¹iC6%: . bs�Bi'O . É�dHA;É6829<²bFWJ:sd�É?Nm290�É?:Zi329<u2 RS: - 2 . iwj . dZb>68290­g;:Zi329<u<�g(e(bed@i'O0É 0�68290vg;:Zi329<�60Ê�K . b�Akiw<{bedZb><G:@Aki'6dO�dZbD:Ziv��É?:Zi329<(6
É 0'682 . É>Yfb�Aki=<mbedZb><G:=OF29<(68:sdgÉfi'<r:d6�29<Q: . b�:Zi'e3b�68:sbDN - b�O0É <Q:7É�9fb -/. i'0wbL68:ZiC0'0(eMÉfi'<G:7Éfi'<kiC<cjn68:7É?khi'0­i3:�I.ÊÀcdH29eÉ: . b>6sbf:7É?k�0wb>6 - bn2 k�6ZbeddYfbn: . É?:Bg�6Zi'<cjp: . bn29<kb�É�6Zi'Acb>A�ÉZYfbed�É�jfbTe(bD: . 24Ai:82jO0É 0'Oeg(0GÉ?:sbn: . bd�É AkiGÉ 0�Yfb>032JOei3:�Ipjqi3Yfb>6T: . b~6deMÉ 0C0wb>68:¹bed@dd2fd>PSN$É�dH:Zi'Oeg(0�É�dH0'I - i3: . d@bej É�dHA	:82u: . b - É>Yfb>6dN{beb>A�2 Rh: . b- É>Y4I	KmÉ>IJ032fd1Y 2fdd:ZiCO�b>60Ê5À;2fd7�s2qgcbD:8:sb�Æ#2 - É 0'0s: . b ) É��h2fdHe bed@dd2fdH6\É�dZb~: . b~67É e(b~k{b>O0Éfg�6sb~: . bd�É AkiGÉ 0mYfb>0324Oei':�Iui'6��ebedd2"Ê



& & )

±�bD: . 24A ) É��h2fdHe �/2fd¿e"½�dZdH2fd½gW"É OF:«¾4290vg;:Zi'29< ¸ Ê�Ì � � b bf f  � bfê _ Ì��b><G:sdZb>A §¨i=<mbedZb><(O�b>6 ¸ Ê�Ì � _ &�¦ _ b ¸ ¦ ¸r_ & & � Ì.ÌVÊ^& ¸ Ù �Ô7<cb�É·¾;i'Acb>A x Yfbed�É�jfb>A ¸ Ê�Ì � _ &�¦ _ b ¸ ¦ ¸r_ & & � Ì.ÌVÊ^& ¸ Ù �Ô7<cb�É·¾;i'Acb>A�cxboiwj . :sb>A x Yfbed�É�jfb ¸ Ê�Ì � _ &�¦ _ b ¸ ¦ ¸r_ & & � Ì.ÌVÊ^& ¸ Ù �
KmÉ?k�0wb _ Ê'&�n��s29eVN$É�d@iC6829<^2 RB§¨i=<mbedZb><G:O±CbD: . 2JA(6TRy2fdToq<G:sbejfd�É?:Zi'<kj}: . b �s29<G:Zi'<lgki3:�Ix½=��g/É?:Zi'29<zR52fd�s2qgcbD:8:sbOÀ�0'2 - P�  ) �4É Aki�É 0·��2qiC<r:d6DP(�BbDI4<(290'A(6��«g(e�k{bed l &�Ì ¸

±�bD: . 24A ) É��h2fdHe �/2fd¿e"½�dZdH2fd�¿½SW�É OF:D��¾4290vg;:Zi'29< ¸ Ê�Ì.Ìf  _ _ � � ¸ ¦ ) b ¸��b><G:sdZb>A §¨i=<mbedZb><(O�b>6 ¸ Ê�Ì.Ì.Ì ) � � ) Ì �.Ì.Ì b & � ¦rbVÊ^& ¸ Ù �Ô7<cb�É·¾;i'Acb>A x Yfbed�É�jfb>A ¸ Ê�Ì.Ì+¦ ) Ì.Ì � b ) � bJ& ¦ �Ë_ bVÊ^& ¸ Ù �Ô7<cb�É·¾;i'Acb>A�cxboiwj . :sb>A x Yfbed�É�jfb ¸ Ê�Ì.Ì.Ì.Ì+¦f¦(& ) ¦rb b ¸ & �Ë_ _ Ê^& ¸ Ù �
KmÉ?k�0wb _ Ê ) n���29eVN$É�d@i'6d29<�2 R¨§¨i=<mbedZb><G:(±�bD: . 24AµRy2fd1oÌ<G:sbejfd�É?:Zi'<cj^: . b²�s29<G:Zi'<�ghi3:�I�½��lg/É?:Zi329<�R52fdKmÉ>IJ032fdsÉ Ãg2fdd:sbFW�À�032 - P�  ) �>É Aki�É 0���2qi'<G:d6DP���bDIJ<;290'A�6L�Xg(e�kmbed l &�Ì ¸

±�bD: . 2JA ) É��h2fdHe c'ÉZYfb>68Nmbeb>A c'É>Yfb>6dN{beb>A²½�d@dd2fd�¿½SW�É OF:D��¾4290vg;:Zi'29< ¸ Ê�Ì+¦ìêfê+¦ ¸f¸ b ) ê+¦ì  ¸ Ê ¸ �J&>b ) Ì bJ& ) ¦ ) ¦ _��b><r:sd@b>A §¨i=<{bed@b><(O�b>6 ¸ Ê�Ì.ÌJ&�¦f¦f¦r�+¦r� ) b.Ì ¸ Ê ¸ � ) �fê b _ ê ) ¸f¸f¸ ê _�� �+¦jÊz& ¸ Ù �Ô7<cb�É·¾;i'Acb>A x Yfbed�É�jfb>A ¸ Ê�Ì+¦rbJ&>�f f  ¸r_ _ ¦(& ¸ Ê ¸ �J&>b �f .Ìfê � ¸ �+¦G�   �Ë_ _ Êz& ¸ Ù �Ô@<kb�É·¾;i'Acb>A�cxboiwj . :sb>A x Yfbed�É�jfb ¸ Ê�Ì.ÌJ& _ &�Ì _ b �+¦zÌ ¸ ¸ Ê ¸ � ) Ì+¦rbJ& _ _ ê �.Ìqê � � )  1Êz& ¸ Ù �
KmÉ?k�0wb _ Ê¡ ln���29eVN$É�d@i'6d29<�2 R¨§¨i=<mbedZb><G:(±�bD: . 24AµRy2fd1oÌ<G:sbejfd�É?:Zi'<cj^: . b²�s29<G:Zi'<�ghi3:�I�½��lg/É?:Zi329<�R52fdc'É>Y4IiKmÉ>IJ032fdsÉ Ãg2fdd:sbFWlÉ ¦7À�032 - P�  ) �>É Aki�É 0mNm2qi'<G:d6DP(��bDIJ<;290'A�6L�Xg(e�kmbed l ) ¸f¸



& &o ¨�©�ª%©yÍ ´�¶·Î�Ï=¸g­9²�¬S¯¢­ ³�®�Ðj°9®�Ñ?Ñ?¸S°9®
x 6&i'<�>7290'eV2fj 2fdd2wY(Æ�2 - ÉV��2qi'6d6829<7b>�lg/É?:Zi329<BR52fdL: . b@NkdZb>6d6ZgkdZbXi'6s2 k(:7ÉfiC<cb>ABkGIj:7É�9liC<cj�: . b@Ahi3YfbedsÉjfb><(O�bn2 R�: . b�eV29e3b><G:Zg(eíb>�lg/É?:Zi329<(6 �`_ Ê'&��ïÉ �`_ Ê¡ q�;ÊK . bGb>��g/É?:Zi'29<JÉ?:�b�É O . i'<G:sbed@i32fdLNm2qi'<G:&i'<~: . bGd�É Ahi�É 0�AkiwdZb>OF:Zi'29<ui'6�jqi3Yfb><ik4I

�� ø âãÚ � ØH�sØ � ³ ) �� ø Ød�ZØ � ¥ �� ø Ù�Ú � Ød�sØ �¡ £ � ¥ �� ø âãÚ � ØH�sØ � ³ �� ø Ù�Ú � Ød�sØ �) £ ø ¡ £ ³ Ö ��£ �ø �� ø ØH�ZØ � ³ Ö �� �� ø Ød�ZØ �l �÷ ø âãÚ � Ø � Ø � ³ �÷ ø Ù�Ú � Ø � Ø �) ¡ £ ¥ �÷ ø ØH�@Ø �£ ø ³ £ Ö �£ ø �Ò ø Ød�sØ � ³ £ Ö � �Ó ø ØH�ZØ � � �`_ Ê ) ) �
�Xbog(eMÉ <(<ikM2qg�<(A/É�ddI�OF29<(Aki3:Zi329<�6HÉ�dZbf2 k(:7ÉfiC<cb>A~k4I7d@b>��gkivd@i'<cjT: . b £ É�eV29e3b><G:Zg(e b>��g/É?:Zi'29<~:82kmbn67É?:Zi'6ïÈ�b>AB29<~: . bnkm2qg(<(A$É�ddI�n

³X  �� ¼ Ø � Ø � ¥ ¦ �� Ú Ø � Ø � ³ �� � Ø � Ø �) ¡ £ l �÷ ¼ ØH�@Ø � � �`_ Ê )  q�
K . bed@b6i'6HÉ16Zi'e�i'0�É�d�b>��g$É?:Zi329<~R52fd�: . bn2qg;:sbed/kM2qg�<(A/É�ddI.Ê�h2 - Ry2fdÓb�É O . NcÉfiwd�2 R"É��oi'eOg(: . É 0y¾�ÉXWci�É 0 - ÉZYfb><�g�efkmbedH6DP - b . É>YfbeÉ <&É 0'eV296d:%:sd@i'AkiGÉ�j 29</É 0 68IJ68:sb>eR52fdh: . bTNkdZb>6H6ZgcdZb.Ê�K . i'6Bi'6h682903Yfb>A}kGI ÂãäÔAcb>OF29eVNm296Zi':Zi329<jÊ��h2 - bDYfbed>P -/. b><�kM2 : . : . bKÉ��oi'eWg;: . É 0
É <(ArÉXW;iGÉ 0 - É>Yfb><lg(efkmbedH6`É�dZbW�ebedd2;Pm: . bp68IJ68:sb>e iC6h6ZiC<cjqg(0�É�d�Ê&À;2fd@: . iC6hO0É 6sb - bT6sbD:�: . b�Y�É�d@iGÉ?k�0wb>6
�� ø ¼s¼ b>��g/É 0%:823�ebedd2;P#6ZiC<(O�b@: . b " É <(A , Akbed@i3Y�É?:Zi3Yfb>6DP -/. iCO . É�dZb¹g(6Zb>Aui'<B: . b " É <(A , É�e129e3b><r:Zg�eb>�lg/É?:Zi329<(6BdZb>68Nmb>OF:Zi3Yfb>03I P$É�d@b6b>��g$É 0�:82��ebedd2"Ê x A(Aki3:Zi329<$É 0'03I1: . b¹d�É Aki�É 0%Akbed@i3Y�É?:Zi3Yfb72 R�: . bnNkdZb>6H6ZgcdZbi'6h<;2 :Xg(6Zb>A�AkgcdIi'<cjp2qgcd@O0É 0'Oeg(0�É?:Zi329<%P�6Zi'<(O�b - bTA;2j<;2 :�AcbD:sbedHe(iC<cbn: . bOd�É Aki�É 0�Yfb>0'24Oei3:�I g(6Zi'<kj1: . b£ É�eV29e3b><G:Zg(eíb>�lg/É?:Zi329<jÊ
¨�©�ª%©yÕ Öi°r×�®(°E¶%ØV´�¶·¬�Ù·®(°9¯%®#¬�ÚJ®
oÌ<1:7É?k�0wb _ Ê�¦�É _ Ê�� - b�6 . 2 - : . É?:=2qgcd=68290­g;:Zi329<(6�É�dZbh6sb>OF29<�AQ2fdHAkbed�É ODOegcd�É?:sb¨i'< ¡ £ Ê��h2 :sbh: . bBbFW"É OF:Èhjqgcd@b�iC<}:7É?k#0wb _ Ê�¦�i'6@OF29eVNhg;:sb>AEk4I�i'<r:sbejfdgÉ?:Zi'<cjB: . bMÉ </É 03I4:Zi'Op68290vg(:Zi329< �`_ Ê'&�Ìq�FP -/. i'0wbOiC<}:7É?k#0wb>6_ Ê�ÌPÉ <(A _ Ê�� - bT:7É�9fb���bFW�É OF:D��68290vg(:Zi329<i:82jk{b�: . b��Xi'O . É�dHA(6829<�bFW4:sd�É?Nm290�É?:Zi'29<i2 Rg: . b�: - 2 . iwj . b>68:dZb>68290­g;:Zi329<~68290vg(:Zi329<(60Êcxb�2 k#6sbeddYfbLRrdd29e¼:7É?k�0wb _ Ê��@: . É?:�  ) dgÉ Aki�É 04Nm2qi'<r:d6�AcbD:sbed¿e(i'<cb>6�: . b - É>Yfb>68Nmbeb>A - i3: . 6Zg;:jOeiwb><G:
É ODOegcd�É OFI.ÊpoÌ<\6sb>OF:Zi329< _ Ê¡ *Ê'& - b16 . 2 - : . É?:72qgcdnOF29eVN�g;:sb>A - ÉZYfb>68Nmbeb>A(6&É�dZb(iC<Cj 242JAyÉ�jfdZbeb>e3b><G:- i3: . : . 296sbnRrdd29e�2 : . bed/6d:Zg(Akiwb>60Ê



& &�¦

�>É Aki�É 0%��2qi'<G:d6 ) É��/2fdHe ½�dZdd2fdBi'< ) É��h2fdHe&>� ¸ Ê�Ì � _ �J& & ) ¦f¦ ) b+¦ � � &oê1Ê^& ¸ Ù �  ) ¸ Ê�Ì � _ &�¦ _ b ¸ ¦ ¸r_ & & � Ì.Ì1Ê^& ¸ Ù ��+¦ ¸ Ê�Ì � _+¸   ) ¸f¸r_ Ì ) _   � ê �1Ê^& ¸ Ù �& ) ê ¸ Ê�Ì � _+¸f¸   ¸ ) b.Ì+¦(& b � � �1Ê^& ¸ Ù �½SW�É OF: ¸ Ê�Ì � � b bf f  � bfê _ Ì
KmÉ?k�0wb _ Ê�¦cn�¾lb>OF29<(A²Ô¨dHAcbedX�s29<GYfbedZjfb><(O�b�Ry2fd«��2qgcbD:8:sb¹À�032 - P���b l &�Ì ¸

�>É Aki�É 0���2qi'<G:d6 ) É��/2fdHe ½�d@dd2fd&>� ¸ Ê�Ì.Ì.Ì _ Ì.Ì+¦ _ �J&oêfê ) �¿¸ Êz& ¸ Ù �  ) ¸ Ê�Ì.Ì+¦ ) Ì.Ì � b ) � bJ& Ì � ) Êz& ¸ Ù ��+¦ ¸ Ê�Ì.Ìf fê b �f  _ �f  bJ& & � �VÊz& ¸ Ù �& ) ê ¸ Ê�Ì.Ìf  _ _ ê _ &�¦f¦ì J&   � bVÊz& ¸ Ù ��¿½gW"É OF:D� ¸ Ê�Ì.Ìf  _ ¦ ¸ &>� ¸ ¦f¦ì 
K²É?k�0vb _ Ê�Ìln�¾lb>OF29<(A�Ô«dHAcbedX�s29<GYfbedZjfb><(O�b�Ry2fdhK²ÉZI4032fdZÉ Ãg2fdd:sbFW�À�032 - P#��b l &�Ì ¸

�4É Aki�É 0���2qi'<G:d6 �h2fdHe c'É>Yfb>6dN{beb>A c'É>Yfb>68Nmbeb>A²½�dZdd2fd&>� ¸ Ê�Ì.Ì ¸r_ bJ& ¸ ê.ÌJ&>b ¸ ¸ Ê ¸ � )  .Ìfê �J& _ ) & &�¦ ¦ �  QÊ^& ¸ Ù �  ) ¸ Ê�Ì+¦rbJ&>�f f  ¸r_ _ ¦(& ¸ Ê ¸ �J&>b �f .Ìfê � ¸ �+¦r�   � êQÊ^& ¸ Ù ��+¦ ¸ Ê�Ì+¦ìê b ) ¸ ê b �.Ì �fê ¸ Ê ¸ �J&>bf .Ìf f  ¸ êf +¦ _ b � ¦�Ê^& ¸ Ù ��¿½SW�É OF:D� ¸ Ê�Ì+¦ìêfê+¦ ¸f¸ b ) ê+¦ì  ¸ Ê ¸ �J&>b ) Ì bJ& ) ¦ ) ¦ _
KmÉ?k�0wb _ Ê��ln&¾lb>OF29<(ACÔ¨dHAcbedX�s29<GYfbedZjfb><(O�b�Ry2fd�c'ÉZYGI}K²ÉZI4032fdBÃg2fdd:sbFW ¦�À�032 - P(��b l ) ¸f¸



& &�Ì{ FsË Û ñ@ó�^�Q�ÑMK�Òmñ@PXV�[*óoQ�P«_ Ü P«^�TÇÒhÒmTÆÝÅN@P�Þ
Ä�i3RtgcdHO0É?:Zi329<(6/RÊdH29ea�s2qgcbD:8:sbOÆ�2 - :82�K²ÉZI4032fdZÉ Ãg2fdd:sbFW�Æ�2 -ß. É>YfbTk{beb><}O0É 0'Oeg(0�É?:sb>A}km2 : . OF29eVN�g;:7É+É:Zi329</É 0C03IPÉ <(A bFW4Nmbed@i'e(b><r:7É 0'0'I.Ê±CbDIfbedsÉ·¾4N$É 6HO . beÉ <(A6>Gb>0'0vbed�å ) _Xà P5É 6 - b>0C0 É 6ß§¨i'</É�dsÉ <�A6>Gb>0'0wbed�åÀ& & à PXO0É 0COeg(0�É?:sb>A7: . b�khi3RtgcdHO0É?:Zi329<Nm2qi'<G:d6%R52fd�eMÉ <GInAki=<mbedZb><G:·K²ÉZI40'2fdsÉ Ãg2fdd:sbFW¹Æ#2 - 6DP - i3: . Aki=<mbedZb><G:·<�g�efkmbedH6�2 R;Y 2fdH:Zi'O�b>6ãiC<n: . b�dgÉ Aki�É 0
É <(AJÉXWci�É 0�AkivdZb>OF:Zi329<(6DP/É <�ABY�É�d@i'2qg(6kÉ 68Nmb>OF:�d�É?:Zi'2960ÊoÌ<(È�jqgcdZb _ Ê'& - bh2 k�6ZbeddYfbh: . b«g(6Zb/2 R%�/��±á:82pAcbD:sb>OF:�khi3RtgcdHO0É?:Zi329<VNm2qi'<G:d60ÊgK . bh6deMÉ 0'0#6d��g$É�dZb>6dZbDNkd@b>6sb><r:Gd@b�É 0Mboiwjfb><GY�É 0vgkb>6DP -/. i'0wbT: . bQ6deMÉ 0C0gAki�É eV29<(A�6Xd@bDNkdZb>6sb><G:7: . b(dZb�É 0SN$É�dd:72 RHÉ~OF29eVN�0wbFWOF29<X
Zgcj É?:sbfNcÉfiwdL2 Rãboivjfb><rY�É 0vgcb>60Ê�cxb6d�É <(A;29eQ03IQNmbedd:ZgcdHk�: . bf68290vg;:Zi'29<�É?:�: . b7kmbejqi'<(<kiC<cj�2 RÁbDYfbeddIOF29<G:Zi'<�g$É?:Zi329<B68:sbDNj:82pkkd@b�É�9V: . b�6dI4e1e(bD:sddIQ682T: . É?:��/��±âAcbD:sb>OF:d6HÉ 0'0(2 R·: . bhk�i3RrgkdHO0É?:Zi329<1Nm2qi'<G:d60ÊK . bn0GÉ�dZjfbn68IJefkm290'6&i'<�Aki'O0É?:sb7: . bn032JO0É?:Zi329<~2 R�: . b7k�i3RrgkdHO0É?:Zi329<BNm2qi'<G:d60Êc�i3: . 2qg;:�: . i'6Xd�É <(A(29eÄNmbedd:Zgkddk$É?:Zi329<}�/��±ãRuÉfi'0C6/:82~AcbD:sb>OF:7: . 296ZbWboivjfb><rY�É 0vgcb>6�kmb>0329<cjqi'<kj1:82boiwjfb><GYfb>OF:82fdH6 -/. iCO . É�dZb/2fdd: . 2fj 29</É 0M:82T: . bh68290vg(:Zi329<jÊgK . i'6�i'6=Ahgcb�:82p: . bhe(bD: . 24A - b«g(6Zb/:82OÈ#<(A: . bnkcÉ Ai6Zg;k�6dN$É O�b P -/. i'O . bFW�É e�i'<cb>6�: . b6i3:sbed�É?:sb>6�2 R�: . bf:Zi'e3b�É�68:sbDN(N�i'<cj3i3:sbed�É?:Zi329<sÊ�K . bedZbDR52fdZb Phi'R
É <3boiwjfb><GYfb>OF:82fd&i'6S<;2 :gNhdZb>6sb><G:�i'<p: . b�:ZiCe3b�É�68:sbDN(NhiC<cjGi3:sbed�É?:Zi329<�Pli3: - i'0C04<(2 :gk{b�AkbD:sb>OF:sb>AQk4IV�/��±�Ê

115 120 125 130 135
Reynolds Number

-0.04

-0.03

-0.02

-0.01

0

0.01

R
ea

lP
ar

to
f

E
ig

en
va

lu
e

ÀÇiwjqgkdZb _Gä &�n�½�iwjfb><rY?å 0vgcb>6�R52fd«�s2qgkbD:8:sbOÀ�032 -



& &>�

120 125 130 135 140 145 150
Reynolds Number

0.56

0.5625

0.565

0.5675

0.57

N
or

m

CF

TV

Sprial-2

Sprial-3

Sprial-1

ÀÇiwjqgcdZb _Gä ) n��h2fdHeæY46 ä �BbDI4<;290CA(6=�«g(e�kmbed=R52fdLK�åZI4032fd�Ãg2fdd:ZiCO�b>6Lå <(A�¾JNhiwdHå 0cÃg2fdH:Zi'O�b>6&Ä�i3RrgkdHODå?:Zi'<cjRrdd29e �s2qgcbD:8:sbOÀ�0'2 -
ÀÇiwjqgcd@b _Gä &Q6 . 2 - 6f29<cb(dZb>å 0�boiwjfb><rY?å 0vgcbjå?N(Nmb>å�d@i'<cjiå?:Tå?kM2qg(:¹© � �Å& ) ¦ ä K . i'67å�jfdZbeb>6 - i3: .: . b�khi3RtgcdHODå?:Zi329<�Aki'å�jfdHå eiPãÈ�jqgcdZb _Gä ) P -/. bedZbj: . b�K�å>IJ032fdsÉ Ãg2fdH:sbFWþÆ�2 - kkdHå <(O . khi'Rrgcd¿ODå?:sb>6nRrdd29e: . bW��2qgcbD:8:sb6Æ�2 - kkd¿å <(O . å?:X© � �Ô& ) ¦ ä K . i'6�boiwjfb><GYXå 0vgkb - å 6h<;2 :�2 k�6ZbeddYfb>Aik4I~�/��±çkmbDR52fdZb6i3:kmb>ODå e3b6g(<(6d:då?k�0wb�k{b>ODåfg�6sbnå?:&b>å O . 6d:sbDN - bnOF29<GYfbedZjfb>A�:82V: . bn68290vg;:Zi'29<jkmbDR52fdZbGi3: - å 6/<cb>O�b>6d6då�ddI:82Bå A(A�: . å?:Xboiwjfb><GYfb>OF:82fd ä x 6sb>OF29<�A�boiwjfb><GY?å 0vgcbpå?N(Nmb>å�dH6�: . d@bebTOF29<G:Zi'<lg(å?:Zi329<u68:sbDN�6@0'å?:sbed ä K . i'6i'6�: . b�6sb>OF29<(A~2 R�: . b6boivjfb><rY?å 0vgcb>6L: . å?:/OF2fdZdZb>68Nm29<(AB:82Q: . b7khi3RtgcdHODå?:Zi329<B2 R�K�å>IJ032fdsÉ Ãg2fdd:sbFW Æ#2 - äx A(Aki3:Zi'29<(å 0'03I7: . bed@b�å�d@bLkhi3RtgcdHODå?:Zi329<(6�:82W¾4N�iwdHå 0�Ãg2fdd:Zi'O�b>6 ä oÌ<�bFW4Nmbed@i'e(b><r:d6�: . b>6sbLkhdHå <(O . b>6Så�dZb29<(03I72 k#6sbeddYfb>ATRy2fdgOF2qg(<G:sbedsÉ dd2 :då?:ZiC<cjnOFI40­i'<(AcbedH6>Pw6Zi'<�O�b=: . bDI�å�dZb�g�<(68:då?k�0wb -/. b><�: . b�2qg;:sbedgOFI40­i'<(Acbedi'6B68:då?:Zi329<�å�ddI ä K . bE68NhivdHå 0�Y 2fdd:ZiCO�b>6Bkhi3RtgcdHODå?:sb -/. b><�: - 2
b>��g(å 0@N#åfiwdH6j2 RfOF29eVN�0wbFWèOF29<X
Zgcj9å?:sbboiwjfb><GYXå 0­gcb>6�O�dH296d6·: . b�i'eQå�jqi'<(å�ddI@åXW;iC6 ä K . bedZb=å�d@b�: - 2@N�åfiwdH6·Akgcb�:82�: . b=:sdHå <(6d0'å?:Zi'29<¹i'<GYXå�dIi'å <(O�b�2 R: . b�68290vg;:Zi329<�i'<V: . b�å��oi'eOg(: . å 0�å <(AjåXW;iCå 0(AkiwdZb>OF:Zi'29<(6 ä K . b/68N�iwdHå 0;Y 2fdd:sbFW1khdHå <(O . b>6=å�dZbh:sdHå>Yfb>0C0vi'<cj- å>Yfb768290vg;:Zi'29<(6 ä x 6�Aki'6HOeg(6d6sb>A(iC<Q6sb>OF:Zi329<~é ä �4PJ: . b@å <cjqg(0'å�ds68Nmbeb>A�P � PG2 R%å�khi3RtgcdHODå?:Zi'<kjn:sdHå>Yfb>0C0vi'<cj- å>YfbfkhdHå <(O . ODå <ikmb7AcbD:sbedHe(i'<kb>ABRÊdd29eÉ: . b¹i'e1å�jqiC<(å�ddIjOF29e1NM29<kb><r:�êz2 R�: . bGboiwjfb><rY?å 0vgcb6g�6Zi'<cj

� l êßº)?a ¯ �`_Gä ) ¦��



& & _
-/. bed@b8º*i'6n: . b - å>Yfb>0wb><kj : . 2 R/: . bQ:sdHåZYfb>0'0vi'<kj - å>Yfb~68290vg;:Zi'29< ä oq<z2qgcdpODå 6sb -h. b><z: . bedZbjå�dZb Ö- å>Yfb>6�å�dd2qg(<(AB: . b�OFI40viC<(Acbed&º l )?a � Ö P - b . å>Yfb

� l ê Ö � �`_Gä ) éq�
K . bsk�i3RrgkdHODå?:Zi'<cjhkkdHå <(O . b>6Mi'<OÈhjqgcdZb _Gä ) å�dZb�<(2 :�6 . 2 - <p:82s
82qi'<T: . bB�s2qgcbD:8:sb/kkdHå <(O . P kmb>ODåfg(6sb: . b/�Bb>OegcdH6Zi'Yfb/��dd2X
sb>OF:Zi329<7±�bD: . 24AQR5åfi'0C6g:82¹jqi3YfbhOF29<rYfbedZjfb><�O�b -h. b><V: . bXboiwjfb><rY?å 0vgcb>6�2 Rm: . b�È(W;b>ANm2qi'<G:Wi3:sbed¿å?:Zi329<�å�dZbB:82G2^<kb>å�dV:82�g�<ki3:�I ä �/2 - bDYfbed>P - b~å�dZbiå?k�0wb�:82^OF29<r:ZiC<�gcb~OD03296Zb7b><(2qgcj . :82: . b1k�i3RrgkdHODå?:Zi329<\Nm2qi'<G:d67:82�2 k#6sbeddYfb1: . å?:�: . b(boiwjfb><GY?å 0vgcb>6¹iC<�ÈhjqgcdZb _Gä &QA;2�<(2 :�O . å <cjfbj6Zivj9<^å?:: . bV6då e3bV032JODå?:Zi329<Eå 6 - bOÈM<(A�: . bTk�i3RrgkdHODå?:Zi329<(6/NM2qiC<r:d6 ä K . i'6«i'6hAhgcb�:82~: . bWi'<�å ODOegcdHå OFI�2 R=: . bg(<(6d:då?k�0wb76Zg;k�6dN�å O�b72 R��h��± äK . b72 : . bed�boiwjfb><GYXå 0­gcb>6�: . å?:/ODå <~kmbn6sbeb><�i'<8ÈhjqgcdZb _Gä &nOF2fdZd@b>68Nm29<(AB:821khi3RtgcdHODå?:Zi'29<j:828¾JNhiwdHå 0Ãg2fdd:Zi'O�b>6 - i3: . 0Cå�dZjfbedpNhi3:dO . å <cj90vb>6DP�å <(A�:82\K�åZI4032fd3Ãg2fdH:Zi'O�b>6 - i3: . eV2fdZbBY 2fdd:Zi'O�b>63iC<z: . b~åXWci'å 0Akiwd@b>OF:Zi329< äx 6L6 . 2 - <�i'<Q:då?k#0wb _GäË_ P;: . b - åZYfb>68Nmbeb>Aub>68:Zi'e1å?:sb>Aug�6Zi'<cj �`_Gä ) éq��i'6�i'<7dZb>å 6829<�å?k�0wb@å�jfdZbeb>e3b><G:- i3: . : . b - å>Yfb>6dN{beb>Az2 k�6sbeddYfb>A^RÊdd29eë: . bp<lg(e3bedIi'ODå 0g68290vg;:Zi'29< ä K . bpå ODOegkdHå OFI}2 Rs: . bVNkd@b>Aki'OF:sb>A- å>Yfb>68Nmbeb>A�iC6�0vi'e(i':sb>Ajk4I�: . bfå ODOegcdHå OFIB2 R�: . b6i'<GY?å�d@i'å <G:�6Zg;k�68N#å O�b72 R��h��± ä

Ä�dHå <(O . ê ½=68:Zi'e1å?:sb>A�c^å>Yfb>68Nmbeb>A Ô�k�6sbeddYfb>Aic^å>Yfb>68Nmbeb>A¾JNhiwdHå 0=ÉH& ¸Jä¿¸ �fê _ ¸Jä¿¸ �fê _ ¸Jä¿¸ �fê+¦¾JNhiwdHå 0=É ) ¸Jä &o fêfê ¸Jä¿¸ � b+¦ ¸Jä¿¸ �fêfê¾JNhiwdHå 0=ÉÜ  ¸Jä ) ¸ êfê ¸Jä¿¸ � b � ¸Jä¿¸ � bf K�å?k�0wb _GäË_ n&�s29eVN�å�dIi'6829<B2 Rg��dZb>Ahi'OF:sb>A~å <(AC�s29e1Nhg;:sb>ABc^å>Yfb>6dN{beb>A�6/R52fd¨¾4N�iwdHå 0{À�0'2 - 6
K . b/Aki=<mbedZb><(O�b�kmbD: - beb><�K�åZI40'2fdsÉ Ãg2fdd:sbFW(Æ�2 - å <(A�¾4Nhiwd¿å 0=É Ãg2fdd:sbFWWÆ�2 - i'6S6 . 2 - <8i'<�Èhjqgcd@b _Gä   äoÌ<Q: . iC6S: - 2�É�Aki'e(b><(6Zi329<(å 0#Nkdd2X
sb>OF:Zi329<j2 R%: . b�Yfb>032JOei3:�I3È�b>0'A12 R�: . b@68NhivdHå 0cÆ�2 - P4: . bhkm2 :8:829eæY 2fdd:sbFWi'6Lå16@i'<c9 -h. i'0wb�: . bn:82 N}Y 2fdd:sbFW i'6�åV682qgcd¿O�b äoÌ< È�jqgcdZb _Gä ¦ - bT6 . 2 - : . b�N�i3:dO . å <cj90wb>6hRy2fd@Aki=<mbedZb><G:h68N�iwdHå 0mÆ�2 - 6 ä À;2fd¨b>å O . 68Nhiwd¿å 0%kkdHå <�O .: . bedZb«i'6�å <(2 : . beds6@i'e(i'0'å�dgkhdHå <(O . : . å?: . å 6S: . b�68Nhiwd¿å 0'6Mj 2qi'<cjWg;N1: . b�OFI40­i'<(Acbed�d¿å?: . bed=: . å <QA;2 - < äÀ;290C032 - iC<cj²±}2qg(0viCOQå <(A�ì�å?2 - bB2 k�6ZbeddYfb P�6sbeb7Èhjqgcd@b _Gä é4P�: . å?:T: . b�68N�iwdHå 0SY 2fdH:sbFW�68290­g;:Zi329<(6. åZYfb�åV<cbD:/åXWci'å 0mÆ#2 - 2 RÁÆ�gkiCA ä K . i'6&i'6LAcb�ÈM<cb>A~å 6

�	í¼ � �Ìî¼ �Áï µï%ð
+ �r£ ¯ " ¯ , � � £ � " � , � �`_Gä ) �q�



& &oê

7 7.25 7.5 7.75 8

r

0

0.5

1

1.5

2

2.5

z

Taylor-Vortex

7 7.25 7.5 7.75 8

r

0

0.5

1

1.5

2

2.5

z

Spiral-Vortex

ÀÁivjqgcdZb _Gä  lnsñs29e1N�å�d@i'6829<B2 RgK�å>IJ032fdsÉ Ãg2fdd:sbFW�å <�AC¾4Nhiwd¿å 0{À�032 - å?:/�BbDI4<;290CA(6��«g(efkmbed ) ¸f¸



& &>b

0 2 4 6θ
0

1

2

z

0 2 4 6θ
0

1

2

z

0 2 4 6θ
0

1

2

z

ÀÇiwjqgcdZb _Gä ¦cn�ñs29eVN#å�d@i'6829<	2 R/: . b §«iw<{bedZb><G:�¾4Nhiwd¿å 0�À�032 - 6en + Éqñs29<G:82qgcdH61å?:1�BbDI4<(290'A(6p�Xg�efkmbed) ¸f¸ P £fl © Ú ¥ &Z�.¦



& ) ¸

100 150 200 250 300 350 400
Reynolds Number

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

N
et

A
xi

al
F

lo
w

Spiral-2

Spiral-1

Spiral-3

ÀÁivjqgcdZb _Gä éln��XbD: x W;iCå 0�À�0'2 - 2 RÇÀ�0vgki'A�R52fd«¾4NhivdHå 0{Ãg2fdd:Zi'O�b>6
{ Fïî Û ñ@ó�^�Q�ÑMK�Òmñ@PXV-ÒmP�ò Kgó6L ô�PBQ{Òmñ@ÑMT�[
x 6�: . b��BbDI4<(290'A(6�<�g(e�kmbedÁiC6ÁiC<(O�dZb>å 6sb>A�: . bedZbLå�dZb�Y?å�d@i32qg(6�68IJe1e3bD:sddInkhdZb>å�9liC<cj��h2 N(R(k�i3RrgkdHODå?:Zi329<(6Rrdd29eÈK�å>IJ032fdWÃg2fdd:sbFWpÆ#2 - Pg: . å?:�Nkdd2JAkg(O�bj:sdHå>Yfb>0'0­i'<cj - å>Yfbi68290­g;:Zi329<(6 ä K . bQAki=<mbedZb><(O�bjkmbD: - beb><: . b>6sbTkhi3RtgcdHODå?:ZiC<cj1kkdHå <�O . b>6¨i'6/: . bT<lg(e�kmbedh2 R - å>Yfb>67å�dH2qg(<(A}: . bTOFIJ0vi'<�Acbed>P#å 6@6 . 2 - <²i'<�ÈhjqgcdZb_Gä � ä ÀÇiwjqgcdZb _GäË_ 6 . 2 - 6 . 2 - : . b - åZYGI
Æ�2 - P - i3: . Nmbed@i'24A a � ) PLY?å�d@iwb>61å�dH2qg(<(AÁ: . b�OFI40­i'<(Acbed äÀÇiwjqgcdZb _Gä ê16 . 2 - 6L: . å?:L: . bedZb�å�dZb7Y 2fdd:sbFW~:Zg;kmb>6�i'<�: . bnc^åZYGIiK�å>IJ032fd�Ãg2fdH:sbFW7Æ#2 - ä K . b>6sb7:Zg;kmb>6dZb>e1åfiC<~å?:8:då O . b>A}:82Q: . b - å 0'0'6�2 R�: . b�OFI40viC<(Acbed äx 6Çi'<n: . bsNkdZbDY;i32qg(6�6sb>OF:Zi329<�P - bså�j9åfiC<Wg�6sb=�h��±�:82@AcbD:sb>OF:�: . bskhi3RtgcdHODå?:Zi329<(6%:82 - å>Y4IfY 2fdd:ZiCO�b>6 äK . iC6�ODå <�å 0'682�kmb^A;29<cb -h. i'0wbEOF29<r:ZiC<�gkiC<cjÁå 0329<cj�: . b^K�å>IJ032fdsÉ Ãg2fdH:sbFW�å <(Aè: . b�¾JNhiwdHå 0=É Ãg2fdH:sbFWkkdHå <�O . b>6 äcxb�È#<�A}: . å?:�: . bedZbVå�dZb1e1å <GI}�h2 N(R�khi'Rrgcd¿ODå?:Zi329<(6/å 0'29<cj~: . bVK�åZI40'2fdsÉ Ãg2fdd:sbFW\kkdHå <(O . ä K . bDIb>å O . OF2fdZdZb>6dNM29<�A7:82/: . b=khi3RtgcdHODå?:Zi329<@2 R(å�c^å>Y4IfK�åZI40'2fdãÃg2fdd:sbFWf6d290vg;:Zi329<7khdHå <(O . ä K . b�khi3RtgcdHODå?:Zi329<Aki'å�jfd¿å eÆR52fdh: . b>6sb�khdHå <(O . b>6Xi'6h6 . 2 - <CiC<uÈhjqgcd@b _Gä b4P -/. i'0vb7:då?k�0wb _Gä êQ0viC68:d6�: . bT032JODå?:Zi329<(6h2 RS: . bkhi3RtgcdHODå?:Zi'29<jNm2qi'<G:d6 äoÌ<�Èhjqgcd@b _Gä & ¸ P - bn2 k�6sbeddYfbf: . å?:Xi'<hi3:Zi'å 0'03I1å?R5:sbed/: . b7khi3RtgcdHODå?:Zi329<BNm2qi'<G:L: . b - å>Yfb>68Nmbeb>Auå 0329<cj



& ) &

0 2 4 6θ
0

1

2

z

0 2 4 6θ
0

1

2

z

0 2 4 6θ
0

1

2

z

ÀÇiwjqgcdZb _Gä �lnfñs29eVN#å�d@i'6829<u2 R�§¨i=<mbedZb><G:@c^å>Y4IEK�å>IJ032fd6Ãg2fdH:sbFW�À�032 - 6en + Éqñs29<G:82qgcdH6nå?:n�BbDI4<(290'A(6�«g(efkmbed ) ¸f¸ P £nl © Ú ¥ &Z�.¦ ä K�2 N��Ábed@i32JAui'6 )?a Ph±²i'A(A(0vb«i'6 a P(å <(A Äs2 :8:829e iC6 )?a ��  ä



& ) )

7
7.

25
7.

5
7.

75
8

r

0

0.
51

1.
52

2.
5 z

θ=
2π

/8

7
7.

25
7.

5
7.

75
8

r

0

0.
51

1.
52

2.
5 z

θ=
3π

/8

7
7.

25
7.

5
7.

75
8

r

0

0.
51

1.
52

2.
5 z

θ=
0,

4π
/8

7
7.

25
7.

5
7.

75
8

r

0

0.
51

1.
52

2.
5 z

θ=
π/

8

ÀÇiwjqgcdZb _GäË_ nsñ�dH296d6�¾lb>OF:Zi329<(6�2 R�c^å>Y4I�K�å>IJ032fd&Ãg2fdd:sbFW�¦(À�032 - å?:�ÃSå�d@i32qg�6�Â·24ODå?:Zi'29<(6 x dH2qg(<(A�: . bñsIJ0vi'<(Akbed>P4�Bb l ) ¸f¸



& )  

0

1

2

z

-8

-6

-4

-2

0

2

4

6

x

-8

-6

-4

-2

0

2

4

6

y

ÀÇiwjqgcdZb _Gä êln�Ãg2fdH:Zi'Oei3:�IBoÌ68296ZgcdHR5å O�bnR52fd�c^åZYGIiK�å>IJ032fdBÃg2fdH:sbFW\&¹À�0'2 - P��Bb l ) ¸f¸

Ä�dHå <(O . ��bDIJ<;290'A�6L�Xg(e�kmbed � :82 ) A ä N ä �cèK&ÃXÉÜ  &�¦ì  ä bJ&cèK&ÃXÉ ¦ &�¦rb ä ¦(&cèK&ÃXÉ�é &>é é ä �J&cèK&ÃXÉ�� &>� ) ä éf K�å?k�0wb _Gä êln�Ä�i3RrgkdHODå?:Zi329<~��2qi'<G:d6LRy2fdhc^å>Y4IiK�åZI40'2fd�Ãg2fdd:Zi'O�b>6



& ) ¦

125 150 175 200
Reynolds Number

0.53

0.54

0.55

0.56

0.57

N
or

m

CF

TV

WTV-4

WTV-5

WTV-2

WTV-3

WTV-6

WTV-7

WTV-8

WTV-1

ÀÇiwjqgcdZb _Gä blnE�h2fdHe*2 R7c^å>Y4IµK�å>IJ032fd8Ãg2fdH:sbFW�Ä�dHå <(O . b>68Ä�i3RtgcdHODå?:Zi'<kj^RÊdH29eã: . buK�åZI4032fd7Ãg2fdd:sbFWÄ�dHå <(O .



& ) é

100 125 150 175 200 225 250 275 300
Reynolds Number

0.05

0.055

0.06

0.065

0.07

Ω

WTV-4

WTV-5

WTV-2

WTV-3

WTV-6

WTV-7

WTV-8

WTV-1

ÀÇiwjqgcdZb _Gä & ¸ n=c^å>Yfb>68Nmbeb>A}Y46 ä ��bDIJ<;290'A(6L�«g(e�k{bedLR52fd�c^åZYGIiK�å>IJ032fdBÃg2fdH:sbFW�À�0'2 -



& ) �: . b - å>Y4IiK�åZI40'2fd�Y 2fdd:sbFW~kkdHå <(O . i'<(O�d@b>å 6sb>6�å 6L: . b���bDIJ<;290'A(6L<lg(e�k{bed�iC6&i'<(O�dZb>å 6sb>A ä �/2 - bDYfbed>P{i3:6 . 2fdH:d03I dZb>å O . b>67å~e1åXWci'eOg�eÄå <(AE68:då�dH:d6nAcb>O�dZb>å 6ZiC<cj ä ½gWJNmbed@i'e3b><G:då 0'03I~å <(A\å <(å 0'IG:Zi'ODå 0C03I i3: . å 6kmbeb><B6 . 2 - <B: . å?:DP(å 6�: . bn��bDIJ<;290'A�6s<lg(e�kmbed�i'6&iC<(O�dZb>å 6sb>A�PJ: . b - å>Yfb>68Nmbeb>AiAkb>O�dZb>å 6sb>6�eV29<(2 :829<ki=ÉODå 0'03IBå 68IJeVN(:82 :Zi'<kj1:82jå <�UBAkbDN{b><�Acb><r:LY?å 0vgcb ä �/2 - bDYfbedZP - b . åZYfb�<;2 :/Ry290'0'2 - b>Ai: . b>6sbfkkdHå <(O . b>6Rôå�d�b><;2qgcj . :82Qk{bnå?k#0wb7:82QOF29eVN�å�d@b - i3: . : . b>6Zb6dZb>6Zg(0':d6 äK . bedZb�å�d@bnå 0'682p�/2 N(R�khi3RtgcdHODå?:Zi329<jNm2qi'<G:d6=å 0329<kjT: . b6¾JNhiwdHå 0=É Ãg2fdH:sbFW(Æ�2 - khdHå <(O . b>6 ä �/2 - bDYfbedZP- bfå�dZbf682QR5å�d«g(<(å?k�0wb@:82jRy290'0'2 - : . b>6Zbnc^å>Y4IìÉ·¾JNhiwdHå 0mÆ#2 - 6 ä K . bDIBå�dZbf<;2j0329<cjfbed�:sdHåZYfb>0'0vi'<kj - åZYfb68290vg(:Zi329<(6Lå 6L: . b - åZYGIBNm2fdd:Zi329<~eV2wYfb>6hå?:hå1AkiÀõmbedZb><G:�68Nmbeb>ABRÊdd29eÉ: . bf68NhivdHå 0�Æ�2 - äÀÇiwjqgcd@b _Gä & &j6 . 2 - 6n6829e3b1AkbD:dåfi'0�2 R=: . bVk{b . å>Y;i32qgcd@2 R=: . bVkhi3RtgcdHODå?:sb>AEc^å>Y4I^K�å>IJ032fd6Ãg2fdd:sbFWÆ�2 - kkdHå <(O . b>6n<cb>å�df: . boiwdnkhi'Rrgcd¿ODå?:Zi329<(6 ä Ä�dHå <(O . b>6 - i3: .  4Pã¦i2fd�é - å>Yfb>6Tå�dd2qg(<(A^: . b1OFI40­i'<(Acbedå�d@i'6ZbLRÊdd29eö6Zg;k�O�d@i3:ZiCODå 04�h2 N(RMkhi3RtgcdHODå?:Zi329<�6 ä K . b�khi3RtgcdHODå?:Zi'<kjhkkd¿å <(O .j. å 6Så7R5290'AV29<8i3:SOD03296sb�:82�: . bkhi3RtgcdHODå?:Zi'29<fNm2qi'<G: ä �h2 - bDYfbed>PrkhdHå <(O . b>6 - i3: . � � 2fdSe12fdZb.� - åZYfb>6Så�dd2qg(<(AT: . b�OFIJ0vi'<(Acbed�OF29e3b�Rrdd29e6Zg;NmbedHO�dIi3:Zi'ODå 0��h2 N(Rgkhi3RtgcdHODå?:Zi329<�6 ä �/2 :sbT: . å?:�Ry2fd�: . bTé - å>YfbV68290vg;:Zi'29<�P - i3: .   ) Nm2qi'<G:d6�d¿å Aki'å 0'03I P: . bnR5290'Aui'6L<(2 :/AcbD:sb>OF:sb>A�P#khg;: - i3: . �+¦�dHå Aki'å 0mNm2qi'<G:d6�: . b7R5290'A i'6�k�å�d@b>03I�å?N�N�å�dZb><G: äx 0'682~<;2 :sbp: . å?:@: . bpR5290'AuN{bed¿6Zi'68:d6�å 6 - b3i'<�O�dZb>å 6sbp: . b�dZb>68290vg(:Zi329< ä oq<uRôå OF:7: . bVAkiÀõmbedZb><(O�b�i'<��bDIJ<;290'A�6��Xg�efkmbedLkmbD: - beb><�: . bnRy290CAiå <(A~: . bfkhi3RtgcdHODå?:Zi329<BNm2qi'<G:�i'<(O�dZb>å 6Zb>6�å 6�: . b¹dZb>68290vg;:Zi'29< i'6i'<(O�d@b>å 6sb>A äK . b�6då e(bjR52fdHeWg(0'å²g(6sb>A�Ry2fdV68NhivdHå 0MÆ�2 - P �`_Gä ) éq�FP�:82EAkbD:sbedHe(i'<cbj: . b - åZYfb>68Nmbeb>A�2 R/: . b�khi=ÉRtgcdHODå?:Zi'<cju:sdHåZYfb>0'0vi'<cj - åZYfb>6DP�iC6Tå�j9åfiC<�g�6sb>Az:82\AcbD:sbed¿e(i'<cb�: . b - åZYfb>68Nmbeb>A�2 R�: . b - åZYGI�K�å>IJ032fdY 2fdd:Zi'O�b>6 ä
¨�÷yÕg÷�ª ´�¶·Î�Ï�±m°r²�ÑX¶·¬ß¶%ØføÄ±;Ù�®Áù�ÏL®(®�×�Ñ}ú�¹üûQ±m°r²�¶·¸�Ñ~ý\¸S­9³S¶%°rÑ
±uå�dHOeg(6Oå ) é à OD0'åfi'eQ6L: . å?:/: . bfkmb>68: - å>I~:82�6 . 2 - : . b�å ODOegkdHå OFI~2 RSåQ<lg(e3bed@iCODå 0�6Zi'eWg(0'å?:Zi329< iC6L:82OF29eVN�å�d@b - å>YfbB68Nmbeb>A(6 ä ¾J2 - b�A;2i: . å?: - i3: . 2qgkd¹dZb>6Zg�03:d6nå <(A\: . 296sbQ2 RLþ6i'<kjubD:�å 0 ä å ) ¸?à Pgå <(A¾JO . dwv29Acbed/å <�AiþGb>0'0wbed6å�  ¸9à`äK�å?k�0wb _Gä b�6 . 2 - 67: . å?:n2qgcd - åZYfb>68Nmbeb>A(6få�jfdZbeb - i3: . : . 296Zb1Ry2qg�<(AEkGI\þ6iC<cj -/. 2iAki'6HO�dZbD:Ziw�eb>AdHå AkiCå 0'03I - i3: . ñ . bDk4IJ6 . bDY�NM290'I4<;29e�i'å 0'6 -/. i'0vb - b¹g�6sb>AuÈ#<hi3:sbnAkiÀõmbedZb><(O�b>6 ä K . bfå ODOegkdHå OFI~2 R�2qgcdÈ#<ki':sb}AkiÀõmbedZb><(O�bEAki'6HO�dZbD:Ziw�>å?:Zi329<�ODå <�k{b�i'eVNhdd2ZYfb>A¢kGI�g(6Zi'<cj	�Bi'O . å�dHA(6d29<�½SW4:sdHå?Nm290'å?:Zi'29< ä K�2OF29eVN�å�d@b - å>Yfb>68Nmbeb>A(6 - b}eOg(0':Zi3N�0viwb>A	2qgcd¿6VkGI�: . bCi'<(<cbed3dHå Ahivg(6V:82zå�jfd@beb - i': . : . boiwdj6HODå 0vi'<cj ä��b>ODå 0C0�: . å?:�Uui'6�: . b¹dHå?:Zi32V2 R�: . bnOFIJ0vi'<(Acbed�dHå Ahivi�P;å <(A � i'6�: . b�<�g(e�kmbedL2 Rgå��oi'eOg(: . å 0 - åZYfb>6 äoÌ<i:då?k�0vb _Gä & ¸ - b�6Zbebf: . å?:h: . bedZbOiC6�åQ0'å�d@jfbedhAkiÀõmbedZb><(O�bfk{bD: - beb><}: . b - åZYfb>68Nmbeb>A�Rrdd29eÉ: . b>6sbODå 0'Oeg(0Cå?:Zi329<(67å <(A\: . 296sb12 k�6sbedHYfb>A^k4Ix¾JO . dwv29Acbed�å <(A^þGb>0'0vbed ä cxb1kmb>0viwbDYfbV2qgcd6d@b>6Zg(03:d67å�dZbjeV2fdZb



& ) _

155.5 155.6 155.7 155.8 155.9 156
Reynolds Number

0

0.1

0.2

0.3

0.4

m
ax

|d
v/

dθ
|

32 Points

64 Points

Wavy Taylor Vortex 5 Flow

162.5 162.6 162.7 162.8 162.9 163
Reynolds Number

0

0.1

0.2

0.3

0.4

m
ax

|d
v/

dθ
| 32 Points

Wavy Taylor Vortex 6 Flow

149 149.25 149.5 149.75 150
Reynolds Number

0

0.1

0.2

0.3

0.4

m
ax

|d
v/

dθ
|

32 Points

64 Points

Wavy Taylor Vortex 4 Flow

143.5 143.75 144 144.25 144.5
Reynolds Number

0

0.1

0.2

0.3

0.4

m
ax

|d
v/

dθ
|

32 Points64 Points

Wavy Taylor Vortex 3 Flow

À�ÿ�������� _Gä & &	��Äsÿ'R
���¿ODå?:dÿ329<(6�:821c^åZYGIiK�å>IJ032��BÃg2��H:��FWuÀ�032 - 6

U [ �
� � þnÿ'<�� �����>6��><G:¸Jä ê �fê ) ä ¦ ¸ ¦réfê � ¸Jä�� ¦f¦ � ¸Jä�� ¦rb+¦¸Jä ê �fê �4ä¿¸f¸ ¦réfê � ¸Jä���� ¦f¦ ¸Jä���� ê é¸Jä ê _ é �4ä¿¸f¸ ) ¦ �4ä é ¦ ¸Jä ¦ ¸ & ¸Jä ¦ ¸r_ é¸Jä ê _ é �4ä¿¸f¸ ) ¦ �4äË_ � é ¸Jä�� ê b � ¸Jä�� ê b b¸Jä ê _ é �4ä¿¸f¸ ) ¦ �4äË_ � � ¸Jä��9_ é _ ¸Jä��9_ �fê¸Jä ê _ é �4ä¿¸f¸ � ¦ìê ä � b � ¸Jä�� é ) ¸Jä�� é+¦ ¸¸Jä ê _ é �4ä¿¸f¸ ¦ré b ä ê � ¸Jä�� ¦ ) ¸Jä�� ¦r� ¸
K�å?k�0�� _Gä b��Lñs29eVN�å	�¿ÿ'6829<B2 R�c^å>Y��>68N����>A(6 - ÿ3: . þfÿ'<����D:/å 0 ä å ) ¸?à



& ) êå ODO����Hå?:��u6dÿ'<(O��~: . �DI�A�ÿ'A�<;2 :��(6���68N��>OF:��Hå 0�e��D: . 24A(6Qÿ'<�: . ��å	�>ÿ'e��;: . å 0/å <(AÁåXW;ÿ'å 0�A(ÿ����>OF:dÿ329<(6 äÀ����H: . ���HeV2���� Pm¾JO . �Xv29A�����å <(Aiþ��>0C0����L29<(03I��(6��>A^&>�����¿ÿ'ABNm29ÿ'<r:d6/ÿ'<B: . ���Hå A(ÿCå 0�A(ÿ����>OF:dÿ329< ä
U [ ��� � ¾JO . �wv29A���� �����>6��><r:¸Jä ê _ é ) ä é+¦ &oê ¸ ¦ ¸Jä ¦ ) & ¸Jä ¦f¦ ¸ b¸Jä ê _ é ) ä é+¦ &>b ¸ ¦ ¸Jä ¦(&>é ¸Jä ¦ �9_ _¸Jä ê _ é ) ä é+¦ ) ¸ & ¦ ¸Jä ¦(& ¸ ¸Jä ¦ �����

K�å?k�0�� _Gä & ¸ �Lñs29eVN�å	�HÿC6829<B2 R�c^å>Y��>68N����>A(6 - ÿ3: . ¾JO . �wv29A����hå <(A~þ��>0'0����¹å ��¸9à



& ) b
 "!$#&%('*)�+-,  /.1032547638*97.1038

:��d29eã: . ÿ'6����>6��>å	�¿O .�- � . å>Y���2 k�6����dY��>A�: . å?:V: . �i���>O����¿6dÿ3Y��i���H27;<�>OF:dÿ329<>=1��?�@�ACB�N���AwY4ÿDB��FEVå�G
�FW;O��FHIH��FGJ?·e���?�@�ACBnR
A��%N����dR
A��He1ÿIG��KG��(e����HÿCODå�H9O�A�GL?dÿDGJ�(å	?dÿIA�G�A�GM?�@��=ÿIG(O�A9eVN����FE�Edÿ3kNHI����å>YJÿ�����OQP�?�A�R��FE
�>���(å	?dÿ�A�G�E ä cS��E���ODO��FE�E8RT��HIH�U���E��FBB�h��=V?�A�WDå�HIW���HCå	?���e1å�GJUQkN�Hå�G�W�@��FEXA R·kYA�?�@�þ�A�H'eZA���A���AZYBå�G�B
[ åFUCH�A���O]\^A���?���_a`NAcb
E ä �d����e
A��He1å�G�W���A�G�HIU1B���f��FG�B�EgA�Gh?�@���E�?�����W�?������5A�eX?�@����>ÿ����FGLi?å�HI���FEjA�eX?�@��
B(ÿÀõ������FGJ?dÿ'å�Hd�>�J��å	?dÿ�A�Glk·å�G�BmA�Ga?�@��1ÿ�?����Hå	?dÿ�i��je���?�@�ACBS��E��FBa?�A&noG�Ba?�@��ZE�?��>å�B�UaE�?då	?���E�A�HI��?dÿ�A�G�E ä
[ @�������epA�����k�bg@��FGiå���A�A�B�ÿ'e�fNH'ÿDWDÿ�?=e���?�@�A�BiÿDEK��E��FBlk�?�@��q��rsWDÿ��FG�W�U�A�eg�/��=çÿIEK��GNW�@(å�G����FB ä

:�����?�@����He�A����@�h��=/f���AtiJÿIB��FE�å���A�A�B�k�å�EHÿIEuepA���å����9eZ�FGL?dÿIG���E�U�E�?��>e�E�k��FE�f��FWDÿ'å�HIH�U�bhÿ�?�@Bÿ�?����Hå7O
?dÿ�i��jb
@������v?�@���k�A���B����HÿIG��få�HI��A��Hÿ�?�@(e ÿIE*H��FE�Eu��rsWDÿI�FGL? ä�w �nå�����x��FGL?��FBy?�@��7�håti4ÿ�����OQP�?�A�R��FEK�>���(å7O
?dÿ�A�G�Eqb/ÿ�?�@Sz�A�?�@�åyfNE��F�NB�A�å	��W{O|H��FG���?�@�å�G�B�åyfN@�å�E���W�A�G�B(ÿI?dÿ�A�G ä�w �sA�zNE�����i��FBm?�@(å	?5?�@���fo@(å�E��
W�A�G�B(ÿI?dÿ�A�G(�9åFi���å�W�W����¿å	?��y���FE���HI?�E5e
A���?�@��}b�åFi��1E�fY���FB ä �
AcbX��i����tku?�@��Bå�����x��FGL?då	?dÿIA�G~x���?�@�ACB
G����FB�E5?�AhzY��ÿIx�f���Ati��FB�?�A�?då	R��~ÿIGJ?�Auå�W�W�A��NGL?�?�@(å	?�?�@��sE�U�E�?��Fx�z��>ÿIG���Edå	?dÿIE<nN�FB�W�@(å�G����FE�b
@��FG
i��FW�?�A���E�å	���få�B�B��FB&?�AZ?�@��q��GNE�?då	zNH���E���zoE�f�å�W�� ä

w �az��FH'ÿ���i���?�@(å	?s?�����zN��H��FGJ?�`NAcb�A��Hÿ��9ÿIG(å	?��FEse
��A�x*þMA�HIx�A���A���Aci~`NAcb�?�@���A�����@�å�E����¿ÿ��FE�A�e
z�ÿ�eT����WDå	?dÿIA�G�E ädw �ve
A�HIH�AcbX�FBBå�e
��b�A�e�?�@��FE��jz�ÿ�eT����WDå	?dÿDG��Mz��Hå�GNW�@��FE�å�G�B�A�zNE�����i��FBs?�@��v��_;ÿIE�?��FGNW��vA�e
buA���xVH'ÿ�R���E�?����NW�?������FE7ÿIGEþ�A�HIxZA���A���Atih`NAcbÔå	?����FH'å	?dÿ�i��FH�UhH�AtbÔ�
��U�G�A�HIB�E�G���xqz�����E äMw �Zz��FH'ÿ���i��
?�@��FE��q?��Hå�G�E�e
A���xÉÿIGJ?�A�?�@���buA���xZE
?�@(å	?�å	���Mf����FE��FGL?hÿIG&?�����zN�NH��FGL?u`NAcb ä

[ A�f���AtiJÿIB��Mx�A�����å�W�W����Hå	?��5HIA�WDå	?dÿ�A�GNEKA�e^?�@��Mz�ÿIe
����WDå	?dÿ�A�G&f�A9ÿIGL?�E*?�@��få�W�W����Hå�W�U}A�e^?�@��q�>ÿ����FGCO
i?å�HI���FEMfN��AtiJÿIB��FE�z�U\�/�X=�G����FB�EM?�A�zY�jÿIx�f���Aci��FB ä [ @(ÿIEMH'å�W�RaA�e�å�W�W����Hå�W�USf�����i��FGJ?��FB(��E�e
��A�x
��_CfNH'å ÿIG(ÿDG��Z?�@���@LUCE�?������FEHÿIEjH�AJA�fEÿIG�?�@���bsåtiJU [ åtU�HIA���O]\^A���?���_SE�A�HI��?dÿ�A�GNE
b
@�ÿIW�@�bså�EjA�zoE�����i��FBhzJUñuA�H��FE5��� à`ä

� G��MA�e^?�@��qB��¿åFb�z�å�W�R�EgA�e���EdÿDG��Z�
�X=çÿDEK?�@��5G���x5z�����A�eSÿ�?����Hå	?dÿ�A�GNE����F���(ÿ����FB&?�A�ÿIE�A�H'å	?��5?�@��
��G�E�?då	zNH��KE���zNE�f�å�W�� ä [ @��KW��������FGJ?�x���?�@�ACBZWDå�GsWDå���E��
W�A�GJi��������FG�W��gf���A�zNH��Fx�E�b
@��FG�W�A�GJ?dÿIGJ��å	?dÿ�A�GÿIE*E�?då	��?��FB&A�G~å�z��¿å�G�W�@&b/ÿI?�@jå�H'å	������G���x5zY���*A�ed��G�E�?då	zNHI�g�>ÿ����FGJi��FW�?�A���E�kNA��Kb
@��FG�?�@���B�A�x1ÿIG�å�GL?
�>ÿ����FGJiXå�HD���FE�å	���qG�A�?�bX�FHDHlE���f�å	�Hå	?��FB ä



� �	�

� 9	�34	9c.1�1+K#&%3!a�

� � à����������l�o�o�*�K�� �¡& T�
¢�£D¤��g¥d D¥d T�
¥N¦�£p������§u�*¨� �¢�  kd:dHIAtb©�
���9ÿIx��FEnÿIG\åuñ�ÿ���W���HCå	�nñ*A�����?�?��
PCU�E�?��Fxªb/ÿ�?�@fÿIG�B���f��FG�B��FGJ?�H�Uv��A�?då	?dÿIG��nñuUCH'ÿIG�B�����E�k�«�¬J­�®°¯�±³²g´�µ�¶�·�¬Ik �F¸7¹Nº<� ��» ¸�¼ k�f�f�½ �F¾�¾ O � » � ½

��¿cÀ ��ÁoÂdÃFÄlÂÆÅo��ÇZ �ÈÉ  k�=�Ê	?�@��Fx�Ê	?dÿIW�Ê�HlËgGNÊ�H�U�EHÿIE�kJËÌ=1ACB�����G�Ë
fNf���A�Ê�W�@�?�A�ËgB�i7Ê�G�W��FBiñ*Ê�HDW���HI��E�k
Í ²�²	±pÎ�Ï�Ð�Ñ7Òhµ{Î�®Iµ�Ó	k � � ¾�Ô ½

� � À ���l��ÂÆÅLÕ°�X�hÖ} Ø×t  k1þ�A�HIxZA���A���AtiYÙÚE�ÛgUCB���ACB�U�GNÊ�x1ÿIW$Ë*?�?���Ê�W�?�A���E�kyÜ*Ý�ÏF¶c¬ZÞ�¬�ßYÏF¶t¬ZàÆÏ	Ðo²�¬ Í k
¹ � ¹Nº<� ��� �t¼ k�f�fÆ½ � �cOá¿�¿�½

� ¹ À �M¤��oâÆã
¤�ÄN§u�gä� �åj Dæ&  k�ç�ÿ�eT����W�Ê	?dÿIG�� w ÊFi��FE�k Í Ð�ÐY¬Xè�µ�éVêNÏ	Ý�ë Í ¶�ì�²L¬KßY¶F±T¬Dk � �F¸�º<� � Ô � ¼ k*f�f�½
¿ ¸ � Oá¿ Ô »�½

� ¾ À�ívî Äl�oâ���ÅCÂ����qæ} Øï1  k [ @�� [ @���A���U(A�e�Û
A�x�A����FG�A���E [ ����zN�NH��FG�W���k5ð^ì	ñ�ò�Ý�±³²FóJµõôdÐ�±
ö	µ�Ý�Î{±
÷TÓ
ÜKÝ�µ�Î�Î{k � � ¾ � ½

� ¸ À�í ÂÆ��� î �l�N����ÂX��øs �åj T�*æ î �*�XÈÉ Dùu T�X¡�ÂÆÅ�ú	â î ��Ã���§X�^åj °Ö}  klû�Ê	zYA���Ê	?�A���U�Ê�G�B [ @���A�����?dÿIW�Ê�H
=�ACB��FHIEXA�e���HDÊ�G��v�d���HÿIA�B(ÿDW
:�H�AtbgE�k Í ÷TñZÏ7Î]üN·�µ�Ý{±T¶�ì	Ðo²1ý�¶�µ�ì	Ð�±³¶vÜ*·LÓ7Î�±³¶�Î�k �F¾�º<� � Ô � ¼ kYf�f�½ Ô���� O
Ô��F¸ ½

� Ô À�í ÂÆ�Y¤��Æ�YÖ} 
��þ��ÆÃtú î�ÿ �Æ¥d Ø��  k��g��xZ���HÿIW�Ê�HoP�?��NB�U5A�e [ @�������O��@ÿIx��FG�EHÿ�A�G�Ê�H;þ�A�HIxZA���A���Ati�:�H�Acb
Ê	?gÛhÿ���@1����UCG�A�HIB�E��v��x5zY����E�k�«C¬�­�®°¯�±³²Z´ µ�¶�·�¬Dk �	� ¸�º<� ��� ¸�¼ k�f�f�½N¿�� � O � ¿ � ½

��»cÀ�í ÂdÃ��N�u�Kä� T��ä î ��Â��dÃF�Æ§u��Ö}  kdË��gA�?���A�Gm?�@������FW�����Edÿ�i��Z����A7;<�FW�?dÿ�A�G�=1��?�@�A�Blk	��¬�ì	Ð�óJµ�é�¬
´ ì�÷
·�¬Æ´�µ�¶�·�¬ Ô�ÔCº<� ��� Ô�¼ k�f�fÆ½oP ¹ � Ô OQP ¹�¹ � ½

���cÀ ��Â�ÅJ�oÃ���¡&  k [ ��Ê�G�Edÿ�?dÿ�A�GpÿIG�
�ÿI��W���HIÊ	��
uA�����?�?���:�H�AcbMk�«�¬�­�® ¯C±³²j´�µ�¶�·�¬J¿ ��º<� � ¸�¾�¼ kCf�fÆ½ � » ¾ O ¹ ¿ ¾ ½

� � � À ¡ î ��£D�dÃcÂ��X� í  Ø¡&  kjûÆÊ	������OQP�W�Ê�H��

uA�GL?dÿDGJ��Ê	?dÿIA�G�Ê�GNB��v��x����¿ÿIW�Ê�Hgç�ÿ�eT����W�Ê	?dÿIA�G�:�A��y�dÊ	��?dÿIÊ�H
�@ÿÀõ������FGJ?dÿIÊ�H��X�J��Ê	?dÿIA�G�E�kYß�� Í ´ «�¬�èM¯�ñ�µ�Ý�¬ Í Ðoì	®�¬Ik � ¹Nº³¾�¼�º<� ��� Ô�¼ klf�fÆ½N¿ ��� »cOá¿ � ¿ Ô ½

� ��� À ¡�£p� î ���Mø� T�Mï���ÅJÅL�����j¨�  í   k�
uA�x�fN��?�Ê	?dÿ�A�G�E�A�e [ ÊFUCH�A���\^A���?���_~:�H�Acb
E��gEHÿIG��a=���HI?dÿ����HÿIB

*A�GL?dÿIG���Ê	?dÿ�A�G}=���?�@�ACB�E�koà�µ�¶F÷T¯CÝ�µ�èqÏ�÷|µ{ÎM±
Ð��KÐJó�±
ÐYµ�µ�Ý�±
ÐJó�k ¹ � k º P�f��HÿDG�������O]\^����HIÊ	��k � ��»�� ¼ kYf�f�½
� � � Oá¿ ¸ ¿�½



� � �
� � ¿cÀ ¡�ÂÆ������Åo���q T�gï��NÅLÅL�N����¨s  í  T�jï����l�����Æ�oú��Kä� ��q  k��v��x����HÿDW�Ê�H�ËvG�Ê�H�UCEdÿIEMÊ�G�B�
uA�GJ?���A�H�A�e

ç�ÿ�eT����W�Ê	?dÿIA�G1����A�zNH��FxZE º�� ��¼ ç�ÿ�e
����W�Ê	?dÿ�A�G�EhÿIG � GCnoG�ÿ�?��!�@ÿIx��FG�EdÿIA�G�E�k"��Ðo÷]¬^«�¬$#
± %{¯CÝ<¶�ì�÷T±³Ï	Ð(ì	ÐY²
ð�·Cì�Ï7Î�k ��º
¹J¼�º<� ��� �t¼ klf�f�½ Ôc¹L¾ O Ô ¿�¿�½

� � � À åu�N¤��Æ��ÅY�låj 
��¥o����â î'& �N���Yø� T�dæ î Å î �ÆÄY£Q� í  T�'(*)¤Æ�Æ£ ÿ ������¥d  k�P�UCxZx���?���UJO|çu���FÊ	R4ÿDG��5ç�ÿ�eT����O
W�Ê	?dÿIA�G�EjepA���?�@���=hÊ	��G���?�A�@JU�B���A�B�U�G�Ê�xQÿIW+������Ê	?dÿ�A�G�Ejb/ÿI?�@hÛg�FH'ÿIW�Ê�H�:�A���WDÿIG���kdÜ*·LÓ7Î�¬^Þ�µ�ö	¬��*k
¾7¹Nº � ¼�º<� ��� ¸�¼ klfNf�½N¿ ¾ »��cOá¿ ¾ � ¸ ½

� ��¹ À æZÂ�ÅJ¤',o£pÄlÃ���§X��ÈÉ 
�Æ¥YÄY��¦ î ��Ä��N×c  k�Û
A�fNeYç�ÿ�eT����W�Ê	?dÿ�A�GVÿDG�?�@��
�����FE��FG�W��KA�eÆP�UCxZx���?���UYk Í Ý�¶�·�¬
Þ�ì�÷]¬�´�µ�¶�·C¬ Í Ðoì	®�¬IkN» ÔCº<� ��» ¾�¼ k�f�fÆ½ � � Ô O �F¸�¾ ½

� �F¾ À æZÂ�ÅJ¤',o£pÄlÃ���§X��ÈÉ T�s¥YÄY��¦ î �CÄ���×t  kjPCU�xZxZ��?���U~Ê�G�B P�?�Ê	z�ÿIHCÿ�?|UÁÿIG [ ÊFUCH�A���O-
uA�����?�?��m:�H�AcbMk
ß.� Í ´ «�¬�´mì�÷
·�¬ Í Ðoì	®�¬Ik �tÔCº ¿ ¼�º<� ��» ¸�¼ klfNf�½N¿ ¹ �cOá¿�» Ô ½

� �F¸ À æZÂÆÄ�ÄYÅL£p�/,d��¡& T�^þ��ÆÃtú î�ÿ �d¥d Ø�&  k��v��x����¿ÿIW�Ê�H�ËgG�Ê�HIU�EdÿDEXA�e^P�f��FW�?���Ê�Hl=���?�@�A�BNE�� [ @���A���U�Ê�G�B
Ëgf�fNHCÿIW�Ê	?dÿ�A�G�E�koß�� Í ´ak � � Ô�Ô ½

� �tÔ À æ��l��������ä� D¥d Ø�&  k [ buA	O���ÿDx��FG�Edÿ�A�GNÊ�H [ ����zo��HIÊ�G�W��0�
�FÊ	��?�@��K\�ÿDE�W�A���E^û·ÿDx1ÿ�?�kC«C¬�­�®°¯C±T²�´ µ�¶�·�¬Dk
¸ ¿ º<� � Ôc¹J¼ k�f�fÆ½�¿ Ô � Oá¿�» Ô ½

� � »cÀ ä�£pã21�����oú���ä� T��3©� î §X���& Ø�& 
�}¥ î�&�& ã î ���4�M Dæ} 
�5(�Â ÿ�î ÅJÅ�ÂX�6(s D¥d  k [ @���P�?�����W�?������hA�e
� GJ?��FG�E��M\^A���?dÿDWDÿ�?|U~ÿIG � E�A�?���A�f�ÿDW [ ����zN��H��FG�W���kY«�¬�­�®°¯C±T²Z´�µ�¶�·�¬IkN¿ ¾�¾�º<� ��� � ¼ klfNf�½ ¸�¾ Oá� � ½

� � �cÀ ïZ��ÅLÅJ�����Æ¨�  í  T�ÆÖ5ÂÆ��¥�ÂdÃ����X�Æ¨�  k��g��bÌ=���?�@�ACB�E�ÿIG7
*:8���/��Ë9�õÊ�GNB}�
��=�ko­�±pÝ�Î{÷ Í Î�±³ì	Ð
ð�­8:Vð^Ï�Ð;%�µ�Ý�µ�Ðo¶�µ�k � ��� ¾ ½

��¿ � À ïZ£D� ÿ �Ææ& ��M T��¢�£á�=<y 
�l¢����Æ��3  T�l¥o¦�£D���Æ��§X��¨s �¢
 
�lÈ î �l�o¤�Ã����M D¥d  k w Êti��gE�f����FB�EgÿDG�buÊtiJU
[ ÊFUCH�A���O]i�A���?���_}`NAtbMkÆ«C¬�­�®°¯�±³²�´ µ�¶�·�¬Dk ��¹���º<� ��» ¹J¼ klf�f�½ � ¸�¾ O � � � ½

��¿ � À ¢��oÂÆ� î �l�X�v�& T�>3©� î §X�g�&  k�Ë?�
��b@�v��x����HÿDW�Ê�HX=���?�@�ACB$epA���?�@��1PJÿIx���HIÊ	?dÿIA�GmA�e [ @�������O
�@ÿIxZ�FG�Edÿ�A�G�Ê�Ho:�H�Atb½ÿIG�Ê5�=ÿ�f���k��K±Øó�·BA
·���Ð/A|µDC�ÐYìEAT±GF�Ðoì	®Xð�F	ÐH%�µDC�µ�Ðo¶�µIF	Ð&èM¯Cñ�µJC{±T¶�ì	®�´�µDA
·�Ft²Z±
Ð
­�®°¯C±T²�:qÓ	Ðoì	ñ�±T¶�Î�k � ��»�¿�½

��¿�¿cÀ ¢�£K,o£D���*�& T�K¥Y£L� î Ã�â�£p��Ã���§X�Kæ&  k�û�A�G�� w Êti��FH��FG���?�@ � G�E�?�Ê	z�ÿIH'ÿ�?áU}A�e�?�@���ËvçM
XO|:�H�Atb
EFk�N*¯�ìOC�Ñ
A|µDC�®°ÓPFQ% Í üLüo® ±]µ�²Z´ ìEA
·Cµ�ñ�ìRAT±T¶�Î�k ¹ » º
¹J¼�º<� ��� � ¼ klfNf�½ ¸C��� O ¸ ¿ � ½

��¿ � À ¢�¤�ÃFÄ���ï1 
��(�ÂdÂdÃ��Æ��¡&  k�
uA�x�fN��?�Ê	?dÿIA�G�Ê�G�B�ç�ÿ�e
����W�Ê	?dÿ�A�G�ËvG�Ê�H�UCEdÿIE�A�eÆ�d���Hÿ�ACB(ÿIWgP�A�HD��?dÿ�A�G�E^A�e
û�Ê	������OQPCW�Ê�H���P�U�E�?��FxZE�k���´ Í Ü�C�µQü=C{±pÐ/AXß�µDC�±]µ{Î{k �F¾ � ¸�º<� ����» ¼ ½



� � ¿
��¿ ¹ À ¢�¤�ÃFÄ��Yïy T��(�ÂdÂdÃ��Æ�Y¡& 
�Æ¥oÁN�����o�Æ�N�& T���gâ î ãgÁ�����§�Ã����& �(�  kLËvG�ËvB�Ê	f�?dÿ�i����g��b�?�A�GCO|��ÿDW�Ê	��B

ËvH���A��HÿI?�@�x/bhÿ�?�@~PC��zNE�foÊ�W�� � ?�����Ê	?dÿ�A�G$e
A��4
uA�x�fN��?dÿDG����d���Hÿ�ACB(ÿIW}P�A�HI��?dÿ�A�G�E�kuß�� Í ´ «�¬KßY¶F±T¬
ð�F�ñ
ül¬Iko?�A�Ê	f�f��FÊ	�F½

��¿ ¾ À È î ���o¤�ÃL�S�q D¥d  kKPJÿDx5��HDÊ	?dÿ�A�G(A�e [ ÊFUCH�A���O-
uA�����?�?��y`NAcbM½���Ê	��? � ½T�v��x����HÿIW�Ê�HKxZ��?�@�A�BNEZÊ�G�B
W�A�xZfNÊ	�HÿIE�A�G&bhÿ�?�@&��_�f����HÿDx��FGL?�kl«�¬�­�® ¯C±³²Z´ µ�¶�·�¬Dk ��¹L¸�º<� ��» ¹J¼ k�f�f�½ ¹L¾ O ¸7¹ ½

��¿ ¸ À È(�YÃ�â î ÅJ��£p���l¢� �¡& T��¥o£p� î £Q��×t Dæ&  k � GLi��FE�?dÿI��Ê	?dÿ�A�G�A�e�?�@��MP�?�Ê	z�ÿIH'ÿI?|U�A�eÆÊ�PC?�Ê	?dÿ�A�G�Ê	��U�PCA�HI��?dÿ�A�G
A�e�Ê5P�UCE�?��Fx©A�e��X�J��Ê	?dÿIA�G�E^e
A���?�@��
�XHIÊ�G���=�Ati��Fx��FGJ?XA�e�Ê�G � G�W�A�x�fN���FE�Edÿ�zoH��X\@ÿIE�W�A��NE^û·ÿI���(ÿIBlk
ÜX´1´Sk�¿ ¾�º³¸�¼�º<� � ¸C�t¼ klfNf�½ ����¹ � O ����¹ � ½

��¿ Ô À È(��§Æ���"U{¥oÁ î Ãc�NâÆ�Æ�M(� T�vï���ÅJÅL�����
¨�  í   kXP�A�x���z�ÿ�eT����W�Ê	?dÿ�A�G�B(ÿIÊ	����Ê�x�EMe
A�� [ ÊFUCH�A���i�A���?���_
`oAtb
E�koÜ*·LÓ7Î�¬Æ­�®°¯C±T²7Î{kY¿�» º³¾�¼�º<� ��» ¾�¼ klf�fÆ½ � ¿ ¹ »cO � ¿ ¾ ¿�½

��¿�»cÀ È3ÂÆ¤�ÅJ£
�d�&¥d Dæ} 
��< î Â��&¢� D¥d  k [ ÊtU�HIA���O-
uA�����?�?�� � G�E�?�Ê	z�ÿIH'ÿ�?áU~A�e [ ��Êti��FHIH'ÿIG�� w Êti��FEhb/ÿ�?�@ Ê

*A�GL?dÿIG���A���E
PCfY�FW�?�����x}k�«C¬�­�®°¯C±T²Z´�µ�¶�·C¬Ik � ¿ ¹Nº<� ��� ¸�¼ klf�fÆ½ � » � O � ��»�½

��¿��cÀ ��Å î Ä�Ä���ø� 
��¥o£D�lÂ��Æ£T�NâX��¢� T�Nåu£pÄlú�ã î ¤��l£
�o�Æ��ø�  k�ËgG � GJi��FE�?dÿ���Ê	?dÿIA�GqA�e/
*@�Ê	A�?dÿDW�þ�A�HIxZA���A���Ati
:�H�Acb
E�koÜ*·LÓ7Î�¬Æ­�®°¯�±³² Í k � º
¹J¼�º<� ��� �t¼ kYfNf�½ ¸ » � O ¸ � ¸ ½

� �	� À ¥l�NâÆ��)Â��������V3  T� ïZ��ÅLÅJ����� ¨�  í   k w ÊtiJU [ ÊFUCH�A���O]\^A���?���_ :�H�Atb
E/i4ÿDÊ =���HI?dÿ����HÿIBCO

*A�GL?dÿIG���Ê	?dÿ�A�G}=���?�@�ACB�E�k�«�¬Kð�F	ñgü�¬dÜu·LÓ7Î�¬Dko� ��º<� ��� � ¼ k�f�f�½ � � Ô Oá¿�¿ Ô ½

� � � À ¥Yâ��Æ� ùu D¥d  kÌû�Ê	������OQPCW�Ê�H��W�vU�G�Ê�xQÿIW�E©Ê�G�B [ ��Ê�G�Edÿ�?dÿ�A�G ?�A [ ����zN�NH��FG�W��ÉÿIG ?�@�� [ buA	O
�@ÿIxZ�FG�Edÿ�A�G�Ê�H;þMA�HIx�A���A���Aci�:�H�AcbMkCÜ�CXFt¶t¬'F�Ð ðd¯�CYC�µ�Ð/AMZ�C�µ�Ðo²7Îg±
Ð
Z�¯�CFò�¯C®Iµ�Ð/A�Þ�µ�Î�µ�ìEC<¶�·Lk�Ë � ËgË
º<� ����» ¼ kYf�f�½ � Ôc¹ O � � ¸ ½

� � ¿cÀ ¥Yâ���Â &�& ��æ& �ÈÉ T��ï��NÅLÅL�N����¨�  í   k�P�?�Ê	zNH'ÿIHI�FÊ	?dÿ�A�G&A�e��gG�E�?�Ê	zNH��q����A�W��FBN�����FE�� [ @��M���FW�����Edÿ�i��
����A7;��FW�?dÿ�A�Gy=���?�@�A�B�klß�� Í ´ «�¬�èM¯�ñ�µDC�¬ Í ÐYì	®Ø¬Dk �	� º
¹J¼�º<� ��� � ¼ klf�fÆ½ � � ���cO ��� ¿ � ½

� ��� À ¥Y£L� î Ã�â�£p��Ã���§X��æ& Ø×c  k w �FÊ	R [ ����zN��H��FGNW��}ÿIG��d���Hÿ�ACB(ÿIWh:dHIAtb
E�k�Üu·LÓ7Î{±T¶�ì[:qk �tÔCº<� ��» ¾�¼ kMf�f�½
¿ ¹ � Oá¿ ¾�¾ ½

� � ¹ À ÇM¤��o������ã î ���d¢� D¥d T� ívî �l��ÅJ��§X�d¡&  koçsÿIe
����W�Ê	?dÿ�A�G}ËgGNÊ�H�U�EHÿIEK:�A�� [ ÿIx��FE�?���f�f�����EFk�Ü�C�µQü=C{±pÐ/AT½

� � ¾ À Ö î �3���SÖ��NÅL�Æ���$�M  k�
*A�G�W��������FGJ?gPCWDÿ��FGJ?dÿØnoW!
uA�xZfN��?dÿIG���kYß�ü�C�±
ÐJóJµDC�ÑE\NµDC�®�ìFó�k � ��� ¹ ½
� � ¸ À < î ��âdÂÆÄ��YÖ} 
��¥Y£L� î Ã�â�£p��Ã���§X�Ææ&  k��
����Ê	?dÿIi���O]\�ÿIE�W�A�Edÿ�?|Us��@��FG�A�xZ�FG�ÊfÿIG [ @�������O��@ÿIx��FGNEdÿ�A�G�Ê�H

:�H�Acb
E�koÜ*·LÓ7Î�±³¶�ì	®lÞ�µJ]c±³µ�é Í k � ¾�º<� ��» Ô�¼ k�f�f�½N» �F¾ Oá»�¿ � ½


