
                          Champneys, A. R. (1998). Homoclinic orbits in reversible systems II :  multi-
bumps and saddle-centres.

Early version, also known as pre-print

Link to publication record in Explore Bristol Research
PDF-document

University of Bristol - Explore Bristol Research
General rights

This document is made available in accordance with publisher policies. Please cite only the published
version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/pure/about/ebr-terms.html

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Explore Bristol Research

https://core.ac.uk/display/73980808?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://research-information.bristol.ac.uk/en/publications/homoclinic-orbits-in-reversible-systems-ii--multibumps-and-saddlecentres(0b350599-f357-4639-8d49-640add491585).html
http://research-information.bristol.ac.uk/en/publications/homoclinic-orbits-in-reversible-systems-ii--multibumps-and-saddlecentres(0b350599-f357-4639-8d49-640add491585).html


���������	��

��
���������
�����

��������������

� �
�!��"����#���$�&%�%#')(+*����#
-,.�)* �0/��213�)4
��154)4��
�6,7�8�����9���	�2:

;=<?>@<�ACB�DFEHG9I6JLK�M
N JOG6DFPRQSETJLI�Q�UWV3X5I6YWZ[I6J\JLPRZ]I9YT^_DFQRB6JLE`D7QRZbaOM\c6d�I9Z]eWJOPRMSZ]Q�K`UWV5fgPRZbM�QhUWi�c9d jk<

N >�;ml5npoFq9i]Ksr�cutwvxvWy

z�{9|S}�~��.��}
���w���)�O���-�?�������
�w�-�S�.�.�m�T���S�����S�2�?��� �h� � �8���h�� ¢¡¤£k¥§¦F¦.¨ª©R«�¬�­�©R¬L®��°¯�±C�-�w�²�-�.��¯O�-³s�L�7�´�Lµ7µw�������L���?¯O�

¯�±¶�w¯O·�¯w�
�?���w�?�m¯\�-¸.�����¹��¯º�R»\¼.���?�?¸7�����²�?�T�S�L�S�w­]¯\�-�w�R��½8����·��
­¾���S�L�S���-�?¸w�?�m��³w�-���S·¿�¹¯L±5�O¼w��¯\�w¯O·�¯\¼.�¿¯O���w���.�L�-³
�w��ÀW�R���R�O�-�?�L�Á�S»�¼.�L���?¯O�.�S½	�S�����w�S��Â°�L·��?���-¯O�w���L�Ã¯O�¹�.¯L��ÄÆÅÇ�S�
�R�\�����R�-¼w�?�-�¿���T�¾�8¯º�w���-�S�
�-��¯\�.�¹�L�-�È�-¼7���O��³L�R��Ä
É9�?�����S½.�C�.�����R��¯w�������w���°��¯O�.�w�R�
�-��¯\��¸F���¾�����S� �C���L�7�w����­[±Ê¯w�S¼.���S»�¼w�?����¸.�-�?¼.·Ë�O�.����µF�S�-��¯w�w���3¯O��¸w�����������w¯��Á����¯
�L�-�?�-�3±¢��¯\·��¹���S�-�-�����)�
¯w�w��·C�R�.�-��¯\��­]�¾��¯¿��¯w�S����¸w��±¢¼.�����L���?¯O��Ì7�¹�.��ÍL�R�w�S�����-�5Â°�L·��?���-¯O�w���L�w­]Â°¯Oµ�±6¸w��±¢¼.�-�S���-��¯\��Ä
Î°�.�.�S�¶�)�-���L�.�-�L�R�-�����?�?�¾³m�\³wµF¯L�-�.�S�-�?�S½�µ7�R����¼.��¸.���-��¯\�@±¢�-¯O·2�.¯O��·��L�#±Ê¯O��·2���O¼.���R�3�-�w���¶����¯O�?�L���S�=��¯O�?¼.���?¯O�=��¯
¸.�-�S�LÏÐ�?�\�-¯Ð�È�-�7�LÏ\�?�.Í@¸w�Ñ±¢¼7�-�S�����?¯O�º�S¼.�-�L��¼.�.�.�S���Á�.�?���º�Èµ.�-��·��O��³��w¯O·�¯w�
�?���w�?��¸7�R�
¯O·��R���@·g¼.���-�Ñ­¾¸.¼.·¿µ
�������m�L��¸w�����-�O���?�?³¿·¿�O�O³ ¸.¼.·¿µ.�SÄ����OÏO���wÍ¹�L�u�¿·�¯w�w�����C±Ê¯\¼.������­b¯O���w�S�8�S»�¼.�L���?¯O�)�L�-�?�-�?�.ÍC��� ·¿�O�O³ �
¯O�\�-�
�w�-�S½
�-�w�¿���.�LÏ\���wÍ����Ç�-�S��·C���.�L���S�Ð¸O³m���w�C���w�?�-���R�.�
��¯L±8���w�S���R��¯w�
�?���w�?�C�
¯\�.�w�S�����?¯O�È�-¯ �O�È�S»�¼w�?����¸.�-�?¼7· Ä�Ò\�R�
¯O�7��½
·g¼w�?����­¾¸.¼.·¿µ��w¯\·C¯w�������w���u¯O��¸w�������L�-�Á�
¯\�.�-�?�w�R���R���?�¿���w�Ç���O�����Á�.�S�-���-�w�Á�R»�¼w���?��¸.����¼.·Ó�?�	�5±Ê¯O¼.��­¾�w�?·��R�.���?¯O�7���
�-�O�.�w�?�
­¾�
�R�O�����¹Ô]�.�h���?�.Í��¾�8¯ ���R�����O�.�m�¾�8¯��?·¿��ÍO�?�7�L�-³����?ÍL�R�\�h�L�?¼.�S��Õ¤Ä�Öb±��-�.�C�-³��-���R·����ÁÂ3�L·��?���-¯O�w���L��½W�-�.�S�
���¶����Ï��w¯��Á�=�-�.�L���m���?ÍO�²�
¯\�.�w�?���?¯O���w���-�S��·��?�w�R�¶�Á�w�S�-�w�R�5¯O�¶�w¯O�����L�����O�w�S�3¯L±u·C¼w���-�Ñ­¾¸.¼.·¿µ.�g�L���S¼.·g¼.�?�L���
¯O�)�-�.�gµ.�L���L·��S���S�u���L�?¼w�R��¯�±��¹µ.�-��·��O��³ �w¯O·�¯w�
�?�?�.�?���-¯L��¼w�-��¯\��Ä	ÉF¯O���w¯\��­]Â3�L·��?���-¯O�w���L�m�-���L�R�-�-��¸w���¶�-³w���-�S·¿�
���O�-�S�L�w�R�����?�u�h³���¯w����¼7��½3����¸7�S��� ±¢��¯\·§¯O�w�²���?ÍO�s¯�±Cµ.�O�-�O·������R��µF�S�-�-¼.��¸.�L���?¯O�s¯\�w�?³LÄ�É9�?�.�L���?³L½3�����w�S�_¸\³
��¼.·��S�-�?�S���6·����-�.¯��7��½�µF¯O���-�?¸w�?�¿�Lµ.µw�?�������-��¯\�.�3�L�-����¯O�.�-�?�.�S�-�S�È�-¯)�?¯w���L�������R�@�
³��?�?�7�.�������L�6�-�w�S����¸7¼.��Ï\�����wÍm�L�.�
��¯���ÍL�R�w�S�����?�����R��·¿�L�����?�L�5���w���-�-���wÍ¹·C¯w�w�S���L�-�?�-���wÍ¿�?�m�w¯\�w�����w�R�L��¯Oµw�-�?�S��Ä

× Ø�Ù�Ú9Û9Ü�Ý@Þmß�Ú9à
Ü�Ù

ágâ�ãÊä3å�æ\å6çhè�ãÊä¶ãÊéÊé¢ê�ä�ë�èSæ\ë
ãíì.ç�îwïuä
îwð@ç¹îwï8ë
â�ç¹ë
î�å�ã¢ñ�ä¶ò�ãÊä
ñ�ê�ä�ä
ç�òkæ\ë¶ë
â�ç¹ó5î�è
ôxä
â�î�åkîwõHöÃê�éíë
ã�÷ùø�ê�ðÈåHúxîwéÊê�ë
ã¢îwõ�ä5îwõ
ûO÷-ü\ë
âºý¿ñhë
î�ø6çhè�þLüwü.ÿ æ�äÁå�æ\è�ëÁîwï�ë
â�ç¶å�è�î���èSæ�ðÐð@çgæ\ëÁë
â�ç��	î�è�ç�õ����5ç�õ7ë�èSç�îwõ	��
xõ�æ�ð@ãÊñ�æ�é�ú�
Wä�ë
ç�ðÐä°æ�õ�ò
��æ\ë�ë
çhè�õ� î�è�ðÐæ\ë
ãÊîwõ�����æ\ë
â�çhèÁë
â�æ�õ=æ¹ä
ê�ð@ð=æ\è�
 îwï6æ�éÊé�æ�ä�å6ç�ñhë
ä°îwï�ë
â�ç¶ð@ç�çhë
ãÊõ����Fë
â�ãÊäuå�æ\å6çhèÁè�ç���ç�ñhë
äÁë
â�ç¶ãÊõFë
çhè�ç�ä�ë
ä°îwï�ë
â�ç
æ�ê�ë
â�î�èÇîwõÐð)ê�éíë
ãí÷ùø�ê�ðÈåmâ�îwð@îWñ�éÊãÊõ�ã¢ñ��ùæ�õ�òÐâ�çhë
çhè�îWñ�éÊãÊõ�ãÊñ���î�è�ø�ãíë
ä�ãÊõ��¿æ�ð@ãÊéíë
îwõ�ã¢æ�õ@æ�õ�òÈè�çhì.çhèSä
ãíø�éÊç5ä�
xä�ë
ç�ð@ä��uágâ�ç
ï]îWñ�ê�äÇîwï9ë
â�ç�ðÐæ\ë
çhè�ã[æ�é�â�çhè�çgógãÊéÊéxø6ç¶å#æ\è
ë
é�
Èä
ê�è
ì.ç�
��Wå�æ\è
ë
é 
@õ�çhó æ�õ�æ�é 
Wä
ã¢ä!�bå�è�ç�ä
ç�õFë
ç�ò²ãÊõ@ò�çhë�æ�ã¢é�ç�éÊä
çhóCâ�çhè�ç��Áæ�õ�ò
å#æ\è
ë
é�
ºõFê�ð@çhè�ãÊñ�æ�é�ñ�îwð@å�ê�ë�æ\ë
ãÊîwõ�äCä
â�îLógãÊõ��@â�î�ó ë
â�ç�ë
â�ç�î�è"
Hæ\å�å�éÊãÊç�ägãÊõHæ\å�å�é¢ãÊñ�æ\ë
ãÊîwõ�ä#�%$¤õkå�æ\è
ë
ã¢ñ�ê�é¢æ\è�ó5ç�ä
â�æ�éÊé
ç'&xë
ç�õ�ò�ë
â�çCè�çhìxãÊçhó ã¢õ)( ü+*9îwõ²â�îwð@îWñ�éÊãÊõ�ã¢ñ¶î�è
ø�ãíë
ä°ë
îmç#,Fê�ã¢éÊãíø�è�ã[æCã¢õ=çhì.ç�õx÷�ò�ãÊð@ç�õ�ä
ã¢îwõ�æ�é-�7ë
ã¢ð@çR÷ùè�çhì.çhè�ä
ãÊø�éÊçgä�
Wä�ë
ç�ðÐä
îwï�æ�ê�ë
îwõ�îwð@îwê�ägî�èSò�ãÊõ�æ\è�
�ò�ã�.9çhè�ç�õFë
ã¢æ�é6ç#,Fê�æ\ë
ãÊîwõ�ä/��ý0�01°ä2�2��ä�å6ç�ñ�ã�3�ñ�æ�éÊé�
@ø4
²å�è�î�ìxãÊò�ã¢õ��Èæ�õ�ä�ó5çhè�ä¶ë
îÈë-ó3î�îwï	ë
â�ç
î�å6ç�õ),Wê�ç�ä�ë
ãÊîwõ�äCå6îwä
ç�òTë
â�çhè�ç+�5$¤õTë
â�ãÊä�ãÊõ7ë�èSîFò�ê�ñhë
ãÊîwõHó5ç)ä
â�æ�éÊéuæ�éÊä
îºæ\ë�ë
ç�ðÈå�ë¿ë
î²ãÊõ�ò�ãÊñ�æ\ë
ç6�bø4
kë
â�çmõ�æ�ðÐç)îwï°æ
å#æ\è
ë
ãÊñ�ãíå�æ�õFëÇãÊõÐø6îwéÊò@ïbæ�ñ�çgë7
Få6ç��Çâ�î�ó ë
â�ç�ä
çgè�ç�ä
ê�éíë
ä°ñ�îwõ�õ�ç�ñhë3ë
î
8#9+:	;°îwï6ë
â�çgî�ë
â�çhè°å�èSî�ø�éÊç�ð@ä°ò�ãÊä
ñ�ê�ä�ä
ç�òÐæ\ëÇë
â�ç< î�è�ôWä
â�î�å=��>Cé¢ä
î��Fë
â�çCèSç�ï[çhè�ç�õ�ñ�çCéÊã¢ä�ë#�xæ�éÊë
â�îwê��wâ�ï]æ\è¶ï[è�îwð ç'&xâ�æ�ê�ä�ë
ãíì.ç+��ãÊä3ãÊõ7ë
ç�õ�ò�ç�òÐë
î å�è�îLìWã¢ò�ç�æ?3�è�ä
ëÇå6îwãÊõFë°îwï
ñ�îwõFë�æ�ñhë�ógãíë
â²ë
â�ç¹éÊãÊë
çhèSæ\ë
ê�è�ç¹îwõºë
â�ãÊä5è�ãÊñSâºë
î�å�ãÊñ+�� î�è@ë
â�ç�î�è�çhë
ã¢ñ�æ�é5å�ê�è
å6îwä
ç�ä ó3ç²ä
â�æ�éÊé°ñ�îwõ�ä
ãÊò�çhèÈîwõ�é�
 ý0�01ÇämãÊõ ë
â�ç²éÊî�ó5ç�ä�ëmå6îwä
ä
ãíø�éÊçÐò�ã¢ð@ç�õ�ä
ãÊîwõ_îwï�å�â�æ�ä
ç
ä
å�æ�ñ�ç¿ë
î@ò�ãÊä
å�é¢æ#
Ðë
â�ç¹å�â�ç�õ�îwð@ç�õ�æ)îwï8ã¢õ7ë
çhè�ç�ä
ë#� � î�ègë
â�ç¿ë�ó5î@ð@ç�ñ�â�æ�õ�ãÊä
ð@ä5å�è�ç�ä
ç�õFë
ç�òkâ�çhè�ç+��ë
â�ã¢ä¶ò�ãÊð@ç�õ�ä�ãÊîwõ²ãÊä
ï]îwê�è��¶á�â�ãÊä¶è�ç�ä�ë�èSãÊñhë
ãÊîwõHð=æ#
Hæ\å�å6ç�æ\è�æ�õTî�ì.çhè
÷�ä
ãÊðÈå�é¢ã�3�ñ�æ\ë
ãÊîwõ���ø�ê�ëgîwõ�ç ñ�æ�õÃä�îwð@çhë
ãÊð@ç�ä�æ\å�å6ç�æ�é�ë
î²æ@ä
î\÷�ñ�æ�éÊé¢ç�ò@ â�îwð@îFñ�é¢ãÊõ�ãÊñÈñ�ç�õFë
çhè�÷�ðÐæ�õ�ã¢ï[îwéÊò´ë
â�ç�î�è�ç�ðBAC(EDFþF�GD�HI*-�8ë
â�æ\ë ë
â�çhèSçÐç'&�ãíë
ä)æ�õKJË÷�ò�ãÊð@ç�õ�ä
ã¢îwõ�æ�éÁãÊõFì�æ\èSã¢æ�õ7ë ðÐæ�õ�ãÊï]îwéÊòLNM�O2P�QSR%TVUXWIY[Z]\-\^Q�_5\^`baGc!d�egfXh2ikjml7iSn oCTVP�Q�p7ZqO"rgZqT-TVUXQ�`2st\^uIQ%v�O"r]rxwNy'y'z5M{R-`'|2R^O2YCYCQ[`2s�}x~�s+O"Y[Z�pSO"r���~XT�\^QNY!TGO"s+_tM�O�\-\^QNR-sv+`'R-Y!O�\-Zq`2s0O�\�\^uXQ��4`2R-QNsI����QSs�\^QSRN�+�xs�Z���QNR^T�Z]\�~!`"���4QSZq_XQSs��

þ



æ�éÊîwõ��²æ=â�îwð@îWñ�éÊãÊõ�ãÊñ�ä
îwéÊê�ë
ãÊîwõHë
â�æ\ë¿ãÊä�æ\ë¹éÊç�æ�ä
ë5����æ�õ�òÃógâ�ãÊñSâÃñ�îwõFë�æ�ãÊõ�ä¹æ�éÊé8è�ç�ñ�ê�è
èSç�õ7ë�ò�
Wõ�æ�ð@ãÊñ�ä�ãÊõÃæ=õ�ç�ã �wâx÷
ø6î�è�â�îWîFò=îwï�ë
â�ç¿â�îwðÐîFñ�éÊã¢õ�ãÊñ�î�è
ø�ãíë#�G�gîwê��wâ�é 
Ðä�å6ç�æ\ôWã¢õ�����J ãÊä3ë
â�çCò�ãÊð@ç�õ�ä
ã¢îwõÐîwï�ë
â�çCä
ð=æ�éÊéÊç�ä�ë3å6îwä
ä
ãíø�é¢ç¶å�â�æ�ä
ç
ä�å�æ�ñ�ç¿ãÊõ�ógâ�ãÊñ�â=ë
â�ç�å�æ\è
ë
ãÊñ�ê�é¢æ\è3â�îwð@îFñ�é¢ãÊõ�ãÊñ�ä�îwéÊê�ë
ãÊîwõ²ðÐæ�
6�wç�õ�çhè�ã¢ñ�æ�éÊé�
Ðæ\è�ãÊä�ç+�°úxîwð@çhë
ãÊð@ç�ä5îwõ�ç¿ñ�æ�õkæ�éÊä�îmæ\å�å�é�

ä
ê�ñSâHèSç�ò�ê�ñhë
ãÊîwõ�ä�ï[è�îwð ã¢õ�3�õ�ãíë
ç�ò�ãÊð@ç�õ�ä�ãÊîwõ�ä/�¾ç+�]���	(ED�H4�g�FH4�g���+*m�2��æ�õ�òÃîwõ�ç îwï�ë
â�ç õWê�ð@çhè�ã¢ñ�æ�é	ç'&�æ�ðÈå�éÊç�ä�ø6ç�éÊî�ó�S�"���íþX�¹ã¢ä¿æ�õ´ç�éÊéÊãíå�ë
ã¢ñ?���01&ä�
Wä
ë
ç�ðB� < çÐõ�î�ë
ç@æ�éÊä
î�ë
â�çmè�ã��wîwê�è�îwê�ä�ó5î�è
ôÃå�è�ç�ä
ç�õFë
ç�ò`ø�
����m���V���Tîwõsæ�è�ç�ò�ê�ñR÷
ë
ãÊîwõ`îwïÁø�ãÊï[ê�è�ñ�æ\ë
ãÊîwõ�ä�ãÊõ ��îwã¢ä
ç�ê�ãÊéÊé¢ç/��îLó ë
î=ë
â�ç)ä
ë
ê�ò�
Hîwï°â�îwð@îWñ�éÊãÊõ�ãÊñ�î�è
ø�ãíë
ä�ë
îºä�æ�ò�ò�éÊçR÷�ñ�ç�õ7ë�èSç�ä¹ãÊõHèSçhì.çhè�ä
ãíø�é¢ç
ä�
xä�ë
ç�ð@ä#�#æ�ägãÊõ �2¡@ø9ç�é¢î�ó/¢�ä
ç�çb(EH4�{��¡I*-�5ý¿ë
â�çhè�ë
â�æ�õHë�è�ãíìxã¢æ�éÊé�
��WìWã[æÈä
ç�çhôxãÊõ��Èä�ë
ç�æ�ò�
ºä�ë�æ\ë
ç�ä�î�ègë�èRæ�ì.ç�éÊéÊã¢õ��mó5æ�ì.ç�ä#�
ó5ç�ä
â�æ�éÊé9õ�î�ëCò�ç�æ�é�â�çhè�ç¿óCãíë
â²è�ç�ò�ê�ñhë
ã¢îwõ�ä¶ï¢èSîwð ãÊõ�3�õ�ãíë
çgë
î	3�õ�ãíë
ç¿ò�ã¢ð@ç�õ�ä
ãÊîwõ�ä#�
úxî���ó3ç¹ñ�îwõ�ä�ãÊò�çhè�å�æ\èRæ�ð@çhë�è�ãÊä
ç�ò=��ë
ãÊð@çR÷ùè�çhì.çhè�ä�ãíø�éÊç¿ï]îwê�è�÷�ò�ãÊðÐç�õ�ä
ãÊîwõ�æ�é#ä�
xä�ë
ç�ð@ä�îwïÁý0�01°ä

£¤¦¥¨§ � ¤ ¢"©x� ¤ ªB«�¬�­ © ª®« �¤þX�
ógâ�çhèSç § ãÊä�æ�ä
ä
ê�ðÐç�òºë
îÈø6ç¹ä
ê�¯Ðñ�ã¢ç�õ7ë
é�
�ä
ð@îWî�ë
â��Çá�â�ç��bè�ç�ä�ë�è�ãÊñhë
ãÊì.ç��5ò�ç�3�õ�ãÊë
ãÊîwõºîwï	èSçhì.çhè�ä
ãíø�ã¢éÊãíëk
Ðó3ç�ä�â�æ�éÊé9ë�æ\ô.ç
ãÊä3ë
â�æ\ë¶ë
â�ç¿ä�
xä�ë
ç�ð ãÊä5ãÊõFìwæ\è�ã¢æ�õFë3ê�õ�ò�çhè�æ�èSçhì.çhè�ä�æ�é6îwï�ë
ã¢ð@ç¹æ�õ�òºæméÊãÊõ�ç�æ\è3ë�èSæ�õ�ä
ï]î�è�ðÐæ\ë
ã¢îwõB°�ë
â�æ\ëC3�&xç�ä¶â�æ�é¢ï�îwï
å�â�æ�ä�ç¹ä�å�æ�ñ�ç+± ² ° ­ °/³ ¥ $¤ò ­ ´µ¥ 3�&g�-°?�G¶¥ « ³ ­ ° § � ¤ ¢"©�� ¥�·�§ �-° ¤ ¢"©��2¸ �kH����çhè�ç ´ ãÊä�ë
çhè�ð@ç�òmë
â�ç�8'¹+:t:	;�ºV»2¼-½�8#;"½�ºV¼-9+¾�îwï�ë
â�ç5è�çhì.çhè�ä
ãíø�ãÊéÊãíë7
¹æ�õ�òÈî�è
ø�ãíë
äuîwï��¤þX�uë
â�æ\ë�ãÊõ7ë
çhèSä
ç�ñhë ´ æ\è�ç3è�ç�ï]çhè
è�ç�ò
ë
î=æ�ägø6ç�ãÊõ��b82¹+:�:	;#ºV»'¼V½�ê�õ�ò�çhè!°�� < ç)ä
â�æ�éÊé�æ�é¢ä
îÈø6ç¹ãÊõFë
çhè�ç�ä�ë
ç�òHã¢õºë
â�ç�ñ�æ�ä
ç�ógâ�ç�õ¿�¤þX��ãÊä!�¿æ�ð@ãÊéíë
îwõ�ã¢æ�õ���ë
â�æ\ë
ãÊä#��æmñ�î\÷�î�è�ò�ãÊõ�æ\ë
ç�ë�èSæ�õ�ä
ï]î�è�ðÐæ\ë
ã¢îwõºç'&xãÊä
ë
ä5ë
îmó�è�ãíë
ç�ë
â�ç¿ä�
xä�ë
ç�ð æ�ä £À
¥ÂÁ�Ã�Ä � À �2��ógâ�çhè�ç Á ãÊä5ë
â�ç�ê�ä
ê�æ�é9ä�ô.çhó¶÷
ä�
xð@ð@çhë�è�ã¢ñ¹ðÐæ\ë�è�ãÅ&ºãÊõ « ¬ �3á�â�ç�õºë
â�ç ñ�é¢æ�ä
ä
ã¢ñ�æ�é�õ�î�ë
ãÊîwõkîwï�è�çhì.çhèSä
ãíø�ãÊé¢ãíëk
�ñ�î�è
è�ç�ä�å6îwõ�ò�ä5ë
îÐè�çhì.çhè�ä�æ�é8îwï�ë
ãÊð@ç�æ�õ�ò
ë
â�ç¹ë-ó3îÐð@îwð@ç�õFë
ê�ð ìwæ\è�ã¢æ\ø�é¢ç�ä#�
öTæ�õF
ºë
â�ç�î�è�ç�ð@ägñ�îwõ�ñ�çhè�õ�ãÊõ��	��æ�ð@ã¢éíë
îwõ�ã¢æ�õºä�
xä�ë
ç�ð@äCâ�æ�ì.ç ñ�îwê�õFë
çhè
å�æ\è
ë
ä�ï[î�èCè�çhì.çhè�ä
ãÊø�éÊç¿ä�
xä�ë
ç�ð@ä?�¾ä�ç�çb(�þLû��¡�DI*m�2� � î�è�ç'&�æ�ðÈå�éÊç+�xë
â�çCä
å9ç�ñhë�èSê�ð îwï6ë
â�ç¿éÊãÊõ�ç�æ\èSãÊä�æ\ë
ãÊîwõ�æ\ø9îwê�ë5æ)ä�
xð@ð@çhë�è�ã¢ñCç#,Wê�ãÊéÊãÊø�è�ãÊê�ð ã¢ä°ãíë
ä�ç�éÊï6ä�
xð@ð@çhë�è�ãÊñ

æ\ø6îwê�ë5ë
â�ç¿ãÊðÐæ+�wãÊõ�æ\è�
=æX&�ãÊä#¢�æ�õ�òB�wãíì.ç�õ²å�ê�è�çCã¢ðÐæ+�wãÊõ�æ\è�
=ç�ã �wç�õ7ìwæ�éÊê�ç�ä��Wë
â�çhè�ç¹ãÊä¶æ)è�çhì.çhè�ä
ãÊø�éÊç��8ã¢æ\å�ê�õ�î�ìb�5ç�õFë�è�ç
á�â�ç�î�èSç�ðÆ�wãíìxãÊõ�� ðÐæ�õ�ã¢ï[îwéÊò�ä�ñ�îwð@å9îwä�ç�ò îwï)å9çhèSãÊîFò�ãÊñHî�è
ø�ãíë
ä#�Ç>�éÊä
î���îwï è�ç�éÊçhìwæ�õ�ñ�çÆë
îªê�äHâ�çhè�ç+�¹ä�
xð@ð@çhë�è�ãÊñ
â�îwð@îWñ�éÊãÊõ�ãÊñ¿î�è
ø�ãíë
ägë
îBÈF¹'É�;#»#Ê"9�Ë�¼-½¹ä�
xð@ð@çhë�èSãÊñ�ç#,Wê�ãÊéÊãíø�è�ã¢æ�å9çhèSä
ãÊä�ë¶ê�õ�ò�çhè��wç�õ�çhè�ãÊñ�å6çhè
ë
ê�è
ø�æ\ë
ã¢îwõºë
â�æ\ëgå�è�ç�ä
çhè
ì.ç�ä
è�çhì.çhè�ä�ãíø�ãÊéÊãÊëk
��3úxê�ñ�âHæÈâ�îwð@îFñ�é¢ãÊõ�ãÊñ¿î�è
ø�ãÊë!Ì ¥ÎÍ�Ï �VÐ��#Ñ Ð ª®«[Ò ë
îÈë
â�ç�î�èSã �wãÊõ®Ó ªÔ« ¬ ãÊä�ò�ç�3�õ�ç�òºë
îÈø6ç�æ@ä
îwéÊê�ë
ãÊîwõ
îwï[�¤þX�5ä�æ\ë
ãÊä�ï�
xãÊõ��

Ï �VÐ��GÕÖÓ¶æ�ä=Ð�ÕØ×/Ù ­ÚÏ �^Ó�� ªB´�­ ógâ�çhè�ç § � ¤�Û � ¥ Ó ­=¤gÛ�ªB´ ¸
$¤õ)�2¡mó5ç�ä
â�æ�éÊé9ñ�îwõ�ä�ãÊò�çhèCæmñ�æ�ä
ç�ógâ�çhè�ç/Ómã¢ä�õ�îwõx÷�â�
Få6çhè
ø6îwéÊã¢ñ+�
áÜ
Få�ãÊñ�æ�éÊé�
�â�îwðÐîFñ�éÊã¢õ�ãÊñÁî�è
ø�ãíë
ä�æ\è�ç5îwï�ãÊõFë
çhè�ç�ä�ëuãÊõÈæ\å�å�éÊã¢ñ�æ\ë
ãÊîwõ�ä�ï[î�è�îwõ�ç5îwï�ë-ó3î¿èSç�æ�ä
îwõ�ä#�.ç�ãíë
â�çhè�æ�ä�î�è2�.æ�õ�ãÊä
ãÊõ{�

ñ�ç�õFë�è�ç�ä�ï]î�è�ñ�îwðÈå�é¢ç'&`ò�
xõ�æ�ð@ã¢ñ�ä¹î�è æ�ä�ãÊõFë�è�ãÊõ�ä
ãÊñ�é¢îFñ�æ�éÊã¢ä
ç�òÆä
îwéÊê�ë
ã¢îwõ�ä��¾ä
ê�ñ�â_æ�ä�ä
îwéÊãÊë�æ\è�
Hó¶æ�ì.ç�ä2��ãÊõTë
â�ç�ãíè î�ógõ
è�ã �wâFë#�5á�â�ç¹å�èSãÊð@ç¿ð@î�ë
ãíìwæ\ë
ãÊîwõHã¢õºë
â�ãÊägó3î�è
ô²ógã¢éÊé9ø6ç¿ë
â�ç�é¢æ\ë�ë
çhè��%> è�ç�ñ�ê�è
è�ãÊõ��)ë
â�ç�ðÐç�ógãÊé¢é#â�î�ó ë
â�ç�ç'&�ãÊä�ë
ç�õ�ñ�ç
îwïÇæ�ä
ãÊõ{�wéÊç+��å�èSãÊðÐæ\è�
kî�è @ îwõ�çR÷ùø�ê�ðÈå=A�â�îwð@îFñ�é¢ãÊõ�ãÊñ�î�è�ø�ãíëCñ�æ�õ`ãÊð@å�é�
²ë
â�çmç'&xã¢ä�ë
ç�õ�ñ�ç)îwïÁãÊõ�3�õ�ãíë
ç�é�
²ðÐæ�õF
Tî�ë
â�çhè�ä
ógâ�ã¢ñ�â²æ\è�ç @ ð)ê�éíë
ã�÷ùø�ê�ðÈå=A��.ë
â�æ\ë¶ãÊä°ë
â�ç�ãíè[��èSæ\å�â�äÇè�ç�ä�ç�ð�ø�é¢çgä
çhì.çhèSæ�é6ñ�î�å�ãÊç�ä°îwï	ë
â�çCå�è�ãÊðÐæ\è"
)å�é¢æ�ñ�ç�ò=ç�õ�òÐë
îmç�õ�ò��< ç�ä�â�æ�éÊé6æ�éÊä
îÈë
îwê�ñ�âHê�å9îwõ�ë
â�ç�ð@î�è�ç5�wç�õ�çhèSæ�é	ë
î�å�ãÊñ¹îwïuð)ê�éíë
ã�÷ùø�ê�ðÈå�â�çhë
çhè�îFñ�é¢ãÊõ�ãÊñ¿î�è
ø�ãÊë
ä#�$¤õÝ( üI*Cë
â�çkò�ãÊä�ñ�ê�ä
ä
ãÊîwõ îwï¿ë
â�çkò�ã�.9çhè�ç�õFëÐõ�æ\ë
ê�è�ç�ä=îwï�ë
â�çHò�
xõ�æ�ð@ã¢ñ�ä@õ�ç�æ\è=ä�
Wð@ðÐçhë�è�ãÊñkâ�îwðÐîFñ�éÊã¢õ�ãÊñ²î�è
ø�ãíë
ä
ó¶æ�ä¿ë�æ�ãÊéÊî�è�ç�ò��9ï]î�è¿ã¢éÊéÊê�ä�ë�èRæ\ë
ãíì.ç¹å�ê�è�å9îwä�ç�äCîwõ�é 
���ë
îºæ�ñ�é¢æ�ä
ä¿îwïÁä�
xä�ë
ç�ð@ä¿ë
â�æ\ë�ñ�æ�õ`ø6ç ó�è�ãíë�ë
ç�õTãÊõÃë
â�ç ï]î�è�ð îwïÇæ
ï]îwê�è
ë
âx÷�î�è�ò�çhè�ç#,Fê�æ\ë
ã¢îwõ Þàß ß ß ß�·âá"Þ{ß ßFãåäFÞ¦¥çæ � Þè­�Þ{ß-­�Þàß ßV­�Þàß ß ß �2¸ �^¡����çhè�ç ä æ�õ�ò á æ\è�çmèSç�æ�é�å�æ\èSæ�ð@çhë
çhèSä�æ�õ�ò æ ãÊä�æ²õ�îwõ�éÊãÊõ�ç�æ\è¿ï]ê�õ�ñhë
ãÊîwõ`ógâ�îwä
çmá�æ�
WéÊî�è ä
çhè�ãÊç�ä¿ë
î��wçhë
â�çhè ógãíë
â`ãíë
ä3�è�ä
ëÇò�çhè�ãíìwæ\ë
ãíì.ç¶ìwæ�õ�ãÊä�â�ç�äÇæ\ëÇë
â�ç�î�è�ã �wãÊõ=�è$¤ï#ë
â�ç�ò�çhå6ç�õ�ò�ç�õ�ñ�ç�îwï æ îwõ Þ ß æ�õ�ò Þ ß ß ß îFñ�ñ�ê�èSä°æ�äÇä�ê�ð@äÇîwï9çhì.ç�õ�î�è�ò�çhè
å�è�îWò�ê�ñhë
äCë
â�ç�õ��6ìxãÊçhó5ç�òÆæ�ä�æ=ò�
Wõ�æ�ðÐãÊñ�æ�é8ä�
Wä�ë
ç�ð$ã¢õHå�â�æ�ä
çR÷�ä�å�æ�ñ�ç)ìwæ\è�ã¢æ\ø�éÊç�ä�� Þè­�Þ ß ­�Þ ß ß ­�Þ ß ß ß �2���^¡��gã¢äCèSçhì.çhè�ä
ãíø�é¢ç
ê�õ�ò�çhè%°�±{� Þè­�Þ ß ­�Þ ß ß ­�Þ ß ß ß �GéÕê� Þ�­�·!Þ ß ­�Þ ß ß ­�·CÞ ß ß ß �2�G$�ï æ ãÊä5îFò�ò=ãÊõ²ç�æ�ñSâºîwï	ãíë
ä¶æ\è"�wê�ðÐç�õ7ë
ä5ë
â�ç�õ��^¡��5æ�é¢ä
î â�æ�ä¶îFò�ò
ä�
xð@ð@çhë�è�
Tæ�õ�ò`ä
î�ógãÊéÊé�æ�ò�ò�ãíë
ãÊîwõ�æ�éÊé�
²ø6ç�è�çhì.çhèSä
ãíø�éÊç ê�õ�ò�çhè · °�� � ãÊõ�æ�é¢é�
��#ã¢ï æ ãÊä¹æÐå�ê�è�ç�ï]ê�õ�ñhë
ã¢îwõTîwï Þ �6ë
â�ç�õ�^¡��5ñ�æ�õHø9ç¿èSçhó�è�ãíë�ë
ç�õkæ�ä�æ���æ�ðÐãÊéíë
îwõ�ã¢æ�õ²ä�
xä�ë
ç�ð ógãíë
âºñ�îwõ�ä
çhè�ì.ç�ò®3�è�ä
ë�ãÊõ7ë
ç#��èRæ�é

Äë¥ìÞ ß Þ ß ß ß · áH Þ ß ³ · þH Þ ß ß ³ ã ä H Þ ³ ·âíµîï æ �Vð���ñ�ð{¸ �-�F�
H



a=b /42

Centre region

C
C

1

0

0

Saddle-focus region
Nondegenerate one-bump
=> infinitely many N-bumps
for each N

Saddle-centre region
Homoclinic obits lie on isolated
curves in the parameter plane.

accumulate on 1-bumps
Cascades of curves of N-bumps

a

b

Saddle region
1-bumps accompanied
by at most finitely many
N-bumps for each N

No nondegenerate
 homoclinic
orbits

C3

2C

� ã �wê�è�çmþ�±�ò ���w�R�L�-�?�����-��¯\�����u���w�¶¯O�-��ÍO�?��¯�±9�-�w���-���O�S������¸w�?�3�-³w���-�S· Ô�ó\Õ	���?�-�È�L���-¯����?�L���R��ÍL�R�w�S�-���°µF¯O������¸w�?���?���?�S��±Ê¯O��·g¼.���-�Ñ­
µ.�����
�?���?�S��¯L±#�w¯\·�¯��������w���5¯O��¸w�?�-�SÄ

ô î�ë
ç�ë
â�æ\ë�ë
â�çhè�ç�æ\è�ç�î�ë
â�çhèCñSâ�îwãÊñ�ç�ä æ ë
â�æ\ë�éÊç�æ�òºë
î6��æ�ðÐãÊéíë
îwõ�ã¢æ�õ²ä�
xä�ë
ç�ð@äõ�¾ä
ç�ç+��ï]î�ègç'&�æ�ðÈå�éÊç+�x( ¡�H���ç#,{���kH��7*m�2�
á�â�çhè�ç¿æ\è�ç¿ðÐæ�õ�
Ðå�â�
Wä�ãÊñ�æ�é�ðÐî�ë
ãíì�æ\ë
ã¢îwõ�ä5ï[î�è/�^¡����¾ä
ç�ç	( ü+*m�2� � î�ègç'&�æ�ð@å�éÊç+�xógãíë
â æ�¥öÞ ³ ãÊë5æ\è�ã¢ä
ç�ä¶æ�ä¶ð@îFò�ç�éÊä

ï]î�è=æ�õªç�é[æ�ä�ë
ãÊñkä�ë�èSê�ë÷(EH�HI*-�¶æ�õ�òªï]î�èÐä�ë
ç�æ�ò�
 ó¶æ\ë
çhèÐó¶æ�ì.ç�ä�ãÊõ ë
â�ç²å�èSç�ä
ç�õ�ñ�çkîwï�ä
ê�è�ïbæ�ñ�ç²ë
ç�õ�ä
ã¢îwõø�bø6î�ë
â ìWã[æÆæ
èSã �wî�è�îwê�ä�ñ�ç�õ7ë�èSç)ð=æ�õ�ãÊï]îwéÊòºè�ç�ò�ê�ñhë
ãÊîwõÃîwïÁë
â�ç ï]ê�éÊé	ï[î�è�ð)ê�é¢æ\ë
ã¢îwõTæ�ä¿ãÊõHë
â�ç�ó5î�è
ôHîwïÜùtú�û�ü�ýè�°æ�õ�ò þ%ü��mÿàý��Â( û�*-�
æ�õ�ò`ìWã¢æ²æ®DOë
âx÷�î�èSò�çhè���ò���ç#,Fê�æ\ë
ãÊîwõsð@îWò�ç�é-��ç+�]���Ô(EH�D+*m�2� < ãíë
â æ÷¥Ç·!Þ�� æ�õ�ò ä	� Ó4���^¡��¿ò�ç�ä�ñhè�ãíø6ç�ä¿ä�ë
ç�æ�ò�

ä
ë�æ\ë
ç�ägîwï�ë
â�ç�ç'&xë
ç�õ�ò�ç�ò � ãÊä�â�çhè�÷
��îwéÊðÐî��wî�è�î�ì��-1 � �õ�3ç#,Wê�æ\ë
ãÊîwõ

Þ��è¥Î·[ÏàÞ�
�
�
�
Cã���Þ�
�
�ãKÞ6·¿Þ � ­ÚÏ	� Ó ­ �kD��
óCâ�ãÊñ�âªæ\èSãÊä
ç�äÐã¢õ å�æ\ë�ë
çhè�õ ï]î�è�ðÐæ\ë
ã¢îwõ å�è�î�ø�é¢ç�ð@ä#���t;#ºk;�»�9�½�Ë�¼�¾�¼-½=ñ�îwõ�õ�ç�ñhë
ãÊîwõ�ä@îwï��kD��Èø9çhë-ó3ç�ç�õ Þ ¥ ×)þkâ�æ�ì.ç
èSç�ñ�ç�ãíì.ç�ò�æ éÊî�ëkîwïmæ\ë�ë
ç�õFë
ãÊîwõ�îLógãÊõ�� ë
î ë
â�ç�ãíèkñ�îwõ�õ�ç�ñhë
ãÊîwõ�ógãíë
â�å�â�æ�ä
çTë�èSæ�õ�ä
ãíë
ã¢îwõ�ä#�¹æ�äkò�ãÊä
ñ�ê�ä
ä
ç�ò ø�
���ÿ{ý� ÿ�ÿ��I��ü�ü��������4�����X�����F�4þ��Xü��G���®ÿà�������Cæ�õ�ò ��ÿàý!�x����"/ü��#���
(�þ�����¡�Ó���H�ü4���FD4���.û+*-� ô î�ë
çCë
â�æ\ëÇê�å6îwõ@ã¢ò�ç�õ7ë
ã¢ï�
xãÊõ��
ë
â�çÇë-ó3î¹õ�îwõ�÷ùë�è�ãíìxã¢æ�é7ç#,Wê�ãÊéÊãÊø�è�ã¢æ5ê�õ�ò�çhè8ë
â�ç%��èSîwê�åmæ�ñhë
ã¢îwõÈîwï�îWò�ò ä�
Wð@ðÐçhë�è�
��.ð ê�ñ�âÈîwï�ë
â�ç3ë
â�ç�î�è"
�îwï�È49�:�9�½�Ëq¼m¾�¼-½
î�è�ø�ãíë
ä5�wîWç�ä�ë
â�è�îwê{�wâÆï[î�è�ë
â�ç@â�çhë
çhè�îWñ�éÊãÊõ�ã¢ñ ñ�îwõ�õ�ç�ñhë
ãÊîwõ�ä�îwï��kD��2�	>�éÊä
î��8ë�æ\ôWãÊõ{� ÏK¥ þ�� �ç¥ · H²æ�õ�òÆå�ê�ë�ë
ãÊõ��
æK�wç�õ�çhèRæ�é¹ñ�îFç�¯Ðñ�ã¢ç�õ7ëkãÊõ�ï[è�îwõFë²îwï�ë
â�ç Þ ÷ùë
çhè�ð ã¢õÝ�kD��b�wãÊì.ç�ä²ë
â�ç þ%$ úWógã¢ï¢ë¤÷k��îwâ�ç�õFø9çhè2�_ç#,Wê�æ\ë
ãÊîwõ��¹æ�éÊä
î îwï
ã¢ðÈå6î�è
ë�æ�õ�ñ�ç¿ãÊõ²å�æ\ë�ë
çhè�õHï[î�è�ð=æ\ë
ãÊîwõ (ED+¡�*-��>�ò�ò�ãÊõ{�mæ�õÃæ�ò�ò�ãíë
ãÊîwõ�æ�é Þ ³ ���wãíì.ç�äCæ)ó5ç�éÊé�÷�ä�ë
ê�ò�ãÊç�ò¦�wç�õ�çhèSæ�éÊã¢ä
ç�òHúWógãÊï[ë¤÷��îwâ�ç�õFø6çhè"�ºç#,Fê�æ\ë
ãÊîwõ���ógâ�ãÊñ�â`â�æ�ä�ñ�îwð@å�éÊç'&Ãå#æ\ë�ë
çhè�õ�ä�îwï3â�îwð@îWñ�éÊãÊõ�ã¢ñ æ�õ�òÆâ�çhë
çhèSîFñ�éÊã¢õ�ãÊñ)î�è
ø�ãíë
ä	(EH+Ó��èHFþ�*-�mágâ�ç
ý5��1Óê�ä
ç�òHæ�äCæÈð@îWò�ç�é6ãÊõ �'Hmø6ç�éÊîLó ãÊä¶ë
â�ç¹ä
ë
ç�æ�ò�
ºä�ë�æ\ë
ç�ç#,Wê�æ\ë
ãÊîwõkï]î�ègä
ê�ñ�âHæ��Ü�01!�� ã��wê�è�ç�þ5ä
â�îLógä8ë
â�ç°ï]îwê�èuî�å6ç�õ�å�æ\èRæ�ð@çhë
çhèuè�ç#�wãÊîwõ�ä�ñ�î�è
è�ç�ä�å6îwõ�ò�ãÊõ��5ë
î0,Fê�æ�éÊãíë�æ\ë
ãíì.ç�é�
¹ò�ã¢ä�ë
ãÊõ�ñhë	é¢ãÊõ�ç�æ\è�ãÊäSæ\ë
ãÊîwõ�ä
æ\ëuë
â�ç5î�è�ã��wãÊõ îwï�ë
â�ç3è�çhì.çhè�ä
ãíø�éÊçÇä�
xä�ë
ç�ð �^¡��2�.ë
î��wçhë
â�çhèÁógãíë
â ë
â�ç�ãíè�ò�ç#�wç�õ�çhèRæ\ë
ç¶éÊãÊð@ãíë
äÜ�¾éÊîWñ�æ�éFø�ãÊï[ê�è�ñ�æ\ë
ãÊîwõ�ä2�2�x>Cé¢ä
î
ë
â�ç�3{�wê�è�çgãÊõ�ò�ãÊñ�æ\ë
ç�ä°ógâ�æ\ë5ñ�æ�õ=ø6ç��wç�õ�çhè�ãÊñ�æ�é¢é�
@ç'&Wå6ç�ñhë
ç�ò²ñ�îwõ�ñ�çhè�õ�ãÊõ���â�îwð@îFñ�é¢ãÊõ�ãÊñ�î�è�ø�ãíë
ä°ë
î ë
â�çCî�è�ã��wãÊõ@ógãÊë
â�ãÊõ
ç�æ�ñSâkè�ç#�wã¢îwõ��Çá�â�ç¿èSç�æ�ò�çhègãÊä5è�ç�ï]çhè
è�ç�òkë
î÷( ü+*�ï]î�ègð@î�è�ç�ò�çhë�æ�ãÊéÊä#�$�õHë
â�ãÊä�å#æ\å9çhè���ó3ç)ä
â�æ�é¢é�ï[îWñ�ê�äCîwõHë-ó3î=ôWã¢õ�ò�ä�îwïuë
â�ç�î�èSçhë
ãÊñ�æ�é�è�ç�ä
ê�éíë
ä�±°õ�î�è�ð=æ�é	ï]î�è�ðB�#æ�õ�òTúxâ�ã¢é-A õ�ãíô.îLì7÷ùë7
Få6ç
æ�õ�æ�é�
Wä�ç�ä#�Çá�â�ç¹ï]î�è�ð@çhèCñ�îwõ�ñ�çhè�õ�ä¶ë
â�ç�éÊãÊð@ãÊë5æ�äCîwõ�ç�îwï8ë
â�ç�ñ�ê�è
ì.ç�ä0�'&�ã¢õ � ã �wê�è�ç)þ�ãÊäCæ\å�å�è�î.æ�ñSâ�ç�ò�¢�ä
ç�çb(EH�û+*	ï]î�è
õ�î�è�ðÐæ�é�ï]î�è�ð@ä¶ìwæ�éÊãÊòHãÊõºç�æ�ñ�âTéÊãÊð@ãÊë#�Çá�
Wå�ãÊñ�æ�é¢é�
���ó3î�è�ô²â�æ�ä�ë
îÈø6ç�ò�îwõ�ç¿ë
îÐä
â�îLó�ë
â�ç�å9çhèSä
ãÊä�ë
ç�õ�ñ�ç¹î�è�î�ë
â�çhè
ógã¢ä
ç
îwïCâ�îwð@îWñ�éÊãÊõ�ã¢ñ@ä
îwéÊê�ë
ã¢îwõ�ä�ë
â�æ\ëÐæ\è�ç�å�è�ç�ä
ç�õFëÈãÊõ´ë
â�ç�õ�î�è�ðÐæ�é5ï[î�èSð@ä#� � î�è@ç'&�æ�ðÈå�éÊç+�°ä
ç�ç�ë
â�ç�è�ç�ñ�ç�õ7ëÈó5î�è
ô_ø�
�8îwð�ø#æ\è�ò�ã�( ¡wü��{¡���*	îwõkë
â�ç�ò�ç�éÊãÊñ�æ\ë
ç5,Wê�ç�ä�ë
ãÊîwõHîwï8å6çhè�ä�ãÊä�ë
ç�õ�ñ�ç¹îwïuâ�îwð@îWñ�éÊãÊõ�ãÊñCî�è�ø�ãíë
ä)(
ê�ä�ë¶ø6ç�éÊîLóÝ� � �!�'H)ø6ç�éÊîLó
ñ�îwõ�ñ�çhè�õ�ä°æ�ò�ç#�wç�õ�çhèSæ�ñ�
Ðæ�éÊîwõ{�õ� ³ ��> úxâ�ãÊé-A õ�ãíô.îLì7÷ùë7
Få6ç¶æ�õ�æ�é�
xä
ãÊä°æ\å�å�éÊãÊç�ä�ã¢õmë
â�ç�é¢æ\è"�wç+�xæ�ó¶æ#
Ðï[è�îwð!ë
â�ç�ä
ç�ä
ð=æ�éÊé�÷
æ�ð@å�éÊãíë
ê�ò�çÃéÊã¢ð@ãíë
ä#��ø�ê�ë²å�è�ç�ä
ê�å�å9îwä�ç�ä=ë
â�çÆç'&xãÊä
ë
ç�õ�ñ�çÆîwï)æ @ îwõ�çR÷ùø�ê�ðÈå�A5â�îwð@îFñ�é¢ãÊõ�ãÊñTî�è
ø�ãíë�ógâ�ã¢ñ�â�å6îwä
ä
ç�ä
ä�ç�ä
ñ�çhè�ë�æ�ãÊõ õ�îwõx÷�ò�ç#�wç�õ�çhèSæ�ñ�
 å�è�î�å6çhè
ë
ãÊç�ä#�Áê�ä
ê�æ�éÊé�
 æTë�èSæ�õ�ä�ì.çhè�ä�çºãÊõ7ë
çhèSä
ç�ñhë
ãÊîwõ ø6çhë�ó5ç�ç�õ æ\å�å�èSî�å�è�ã¢æ\ë
ç²ä�ë�æ\ø�é¢ç²æ�õ�ò
ê�õ�ä�ë�æ\ø�éÊçÈð=æ�õ�ãÊï]îwéÊò�ä#�Ðágâ�çÈè�ç�ä
ê�éíë
ä�æ\è�çÈë
â�ç�õså6î�ó5çhè�ï]ê�é-�	å�è�î�ìxãÊò�ãÊõ{��ð)ê�ñSâ´ãÊõ�ï]î�è�ðÐæ\ë
ã¢îwõ´æ\ø6îwê�ë�ë
â�ç@ò�
Wõ�æ�ðÐãÊñ�ä
õ�ç�æ\è
ø�
kã¢õkå�â�æ�ä�ç�æ�õ�òÃå�æ\èSæ�ð@çhë
çhè¿ä�å�æ�ñ�ç�ä#�9ãÊõ�ñ�é¢ê�ò�ãÊõ��)ë
â�ç�å6îwä
ä
ãíø�é¢ç¹ç'&xãÊä
ë
ç�õ�ñ�ç�îwïÁð)ê�éíë
ãí÷ùø�ê�ðÈåºì.çhè�ä�ãÊîwõ�ägîwïuë
â�ç
å�è�ãÊðÐæ\è�
��ÐúxîwðÐçhë
ãÊð@ç�ä#��ë
â�ç�ä
çmè�ç�ä
ê�éÊë
ä¹ñ�æ�õsø6ç)å�ê�ë�îwõ´æ²èSã ��è�îwê�ä¿ï]îFî�ë
ãÊõ{�ºê�ä
ãÊõ���ë
â�çÈä�î\÷�ñ�æ�éÊéÊç�ò¿�8ãÊõx÷�ú�æ�õ�ò�ä�ë
ç�ò�ç( ¡.ÿ���DFþ#*6ð@çhë
â�îFòºæ�ä5ãÊõ=ë
â�ç�ó3î�è
ô=îwï+*/��, (ED+��*��¾ä�ç�ç¿æ�é¢ä
î�ë
â�çCó5î�è
ôÐîwï.-õÿ�/�/ ÿ��%��ÿ ;�º.0�Ë210( �I*6ï]î�è¶î�ë
â�çhè¶è�ç�ñ�ç�õFë�wç�õ�çhèSæ�éÊãÊä�æ\ë
ã¢îwõ�äCîwï°öHç�éÊõ�ãíô.î�ìHðÐçhë
â�îFò�ä2�2����î�ó5çhì.çhè��	ï]î�è�æ@å#æ\è
ë
ãÊñ�ê�é¢æ\è�ç'&�æ�ð@å�éÊç)ä�
Wä
ë
ç�ðB�6ä
ê�ñ�âÆæ�ä¹æ=ä�å6ç�ñ�ã�3�ñ æ

¡



ãÊõ¿�^¡��2�#ë
î@å�è�î�ì.ç?3�è�ä�ë¶ë
â�ç�ç'&xãÊä
ë
ç�õ�ñ�ç æ�õ�òHë
â�ç�õHõ�îwõx÷�ò�ç#�wç�õ�çhèSæ�ñ�
kîwï�æ�õÃî�è
ø�ãíë�ãÊõkë
â�ç53�è�ä
ë�å�é¢æ�ñ�ç�ã¢ä¶ëk
Wå�ãÊñ�æ�éÊé 
²æ
õ�îwõx÷ùë�èSãíìWã[æ�é�ë�æ�ä
ôà�
á�â�ç)ä�ãÊðÈå�éÊç�ä
ëCï]î�è�ð$îwïÇç'&�ãÊä�ë
ç�õ�ñ�çmå�è�îFîwïÇãÊä¹æ�õÆç'&Wå�é¢ãÊñ�ãíë¿ä
îwéÊê�ë
ãÊîwõ=¢�ç+�]����ãÊõTë
â�ç)ó3î�è
ôTîwï%���������{�{��3Ôüà�4/â���5 ýtA]�gç�ã¢éÊé�
 ( ����*¶æ�õ ç'&�æ�ðÈå�é¢ç6�¿æ�ð@ãÊéíë
îwõ�ã¢æ�õ_ä�
Wä�ë
ç�ð ó¶æ�äÈä
â�îLógõ´ë
î`ä�æ\ë
ã¢ä
ï�
´ë
â�ç=â�
Wå9î�ë
â�ç�ä
ç�ämîwï�á�â�çhè�ç�îwðØH

ø6ç�éÊî�ó?��ãÊõ�ñ�éÊê�ò�ãÊõ�� ë�èSæ�õ�ä�ì.çhèSä�æ�éÊãíë7
��¶úxîwðÐçhë
ãÊð@ç�ä#��çhì.ç�õÃógâ�ç�õkë
â�çhè�ç�ã¢ä�õ�î@ç'&xå�éÊãÊñ�ãÊë5ä�îwéÊê�ë
ãÊîwõ���ë�èRæ�õ�ä�ì.çhè�ä�æ�é¢ãíëk
ºñ�æ�õ
ø6ç�å�èSî�ì.ç�ò²ø4
Ðç'&Wå�éÊîwãíë
ãÊõ���ë
â�çCä
å9ç�ñ�ã[æ�é�ä�ë�èSê�ñhë
ê�è�ç�îwï6ë
â�ç�ç#,Fê�æ\ë
ãÊîwõ���æ�ä5ãÊõÐë
â�çgó5î�è
ôÐîwï�þ%ü��mÿàý�� �¾ä�ç�ç�(ED+*m�Çîwõ)�^¡��
ógãíë
â æ
¥öÞ ³ æ�õ�ò ä6� Ó4�Çúxç�ç�æ�éÊä�îCë
â�ç5ó3î�è
ômîwï�7bÿ��#�xýè�8� 5:9 îwõ�ç�ä�(�þLü+*�æ�õ�ò;��ÿ{ý!�è�8�/ùt���#< (EDI�F*�îwõÈë
â�çC1 � ��kD��uç#,Wê�æ\ë
ãÊîwõ@ï]î�èÁä
ðÐæ�é¢é Ï>=#� æ�õ�òÐï[î�è�Ó �åÏ?� þ = �¿èSç�ä�å6ç�ñhë
ãíì.ç�é�
��G>CéÊë
çhè�õ�æ\ë
ãíì.ç�é�
��Wæ�õ�æ�é�
Wë
ãÊñ�æ�é�ä
â�îWî�ë
ãÊõ��¿ð@çhë
â�îWò�ä
ñ�æ�õ)ø6çÇì.çhè�
�å9îLó3çhèSï[ê�éWãÊõ ä
â�î�óCãÊõ��Cë
â�ç°ç'&�ãÊä�ë
ç�õ�ñ�ç°îwï�îwõ�ç3æ�õ�ò ð)ê�éíë
ã�÷ùø�ê�ðÈå�ä
îwé¢ê�ë
ãÊîwõ�ä8ógãíë
â�îwê�ë8õ�ç�ç�ò�ã¢õ���ë
î�ôxõ�î�ó
æ\ø6îwê�ë¹ë�èSæ�õ�ä
ì.çhè�ä�æ�éÊãíë7
��uæ�ä ãÊõ`ë
â�çÈó5î�è
ôÆîwï��������@�X���8� 5 þ���ü���( �FD����7ÿ4�=�.û+*Çîwõ_â�çhë
çhè�îWñ�éÊãÊõ�ã¢ñ)ä�îwéÊê�ë
ãÊîwõ�ä¹îwï3ë
â�ç1 � � ç#,Wê�æ\ë
ãÊîwõ��õ$-ë¹ãÊä¿ãÊõFë
çhè�ç�ä�ë
ã¢õ��Ðë
îºõ�î�ë
çmë
â�ç)ó3î�è
ôTîwï%ù�ú�û�üàýx�5( �+*�îwõsæ�è�ç�é¢æ\ë
ãÊîwõTø6çhë�ó5ç�ç�õÆë
â�çmä
ê�ñ�ñ�ç�ä�ä�îwï
ä
â�îWî�ë
ãÊõ��²å�è�îFîwï]ä�æ�õ�òÆë�èRæ�õ�ä�ì.çhè�ä�æ�é¢ãíëk
�� � ãÊõ�æ�é¢é�
���ãÊï°ë
â�çÈä�
xä�ë
ç�ð�ãÊõ�,Wê�ç�ä�ë
ãÊîwõ_æ\è�ãÊä
ç�ä¹ï[è�îwð$ë
â�ç	1Çê�éÊçhè
÷k�8æ+��èSæ�õ��wç
ç#,Wê�æ\ë
ãÊîwõ�ä�îwï�ægì�æ\è�ã[æ\ë
ãÊîwõ�å�è�ãÊõ�ñ�ãíå�éÊç+��å6îwä
ç�ò)îwõ�ë
â�ç°è�ç�æ�éxéÊãÊõ�ç+�Lë
â�ç�õ)ìwæ\è�ã¢æ\ë
ãÊîwõ�æ�éFð@çhë
â�îWò�ä�ñ�æ�õt�wãÊì.çÇë
â�ç3ç'&�ãÊä�ë
ç�õ�ñ�ç
îwï	â�îwð@îFñ�é¢ãÊõ�ãÊñ�î�è¶â�çhë
çhèSîFñ�éÊã¢õ�ãÊñgä�îwéÊê�ë
ãÊîwõ�ä5æ�ä¶ð@ãÊõ�ãÊð@ãÊä
çhèSäÁî�è¶ä�æ�ò�ò�éÊçCå6îwãÊõFë
ä#�Wç+�]���0(�þ�¡���¡I*-�BACä�ãÊõ���ä�ê�ñ�â²ð@çhë
â�îWò�ä
ë
îõ3�õ�òÐâ�îwð@îFñ�é¢ãÊõ�ãÊñ�î�è�ø�ãíë
äÁë
îÈæ ä�æ�ò�ò�é¢çR÷�ï[îWñ�ê�äÇï]î�è[��æ�ð@ã¢éíë
îwõ�ã¢æ�õ=ä�
Wä
ë
ç�ð@ä3ógãíë
â@ìwæ\è�ã¢æ\ë
ã¢îwõ�æ�é�ä
ë�è�ê�ñhë
ê�è�ç�ù�ú=û�ü�ýè�
æ�õ�ò �DC��� C�ç( ÿX*¶ò�çhè�ãíì.ç�ò æÃó3ç�æ\ô.çhè@ñ�îwõ�ò�ãíë
ãÊîwõ_ë
â�æ�õ ë�èSæ�õ�ä�ì.çhèSä�æ�éÊãíë7
���ógâ�ãÊñSâ_ãÊämç�æ�ä
ã¢çhè)ë
î`ñSâ�ç�ñ
ô��Çë
â�æ\ëmð)ê�ä�ë)ø9ç
ä�æ\ë
ãÊä�3�ç�ò´ø4
_æTîwõ�çR÷ùø�ê�ðÈå â�îwð@îFñ�é¢ãÊõ�ãÊñÈî�è
ø�ãíë)ã¢õ´î�è�ò�çhèÈï]î�èÈð ê�éÊë
ã�÷ùø�ê�ðÈå�ä¹ë
î`îFñ�ñ�ê�è�� >�éÊä
îTê�ä
ãÊõ{�kìwæ\è�ã¢æ\ë
ãÊîwõ�æ�é
ð@çhë
â�îWò�ä#�Wï[î�è5æ¹ñ�é¢æ�ä
ä°îwï6ç#,Fê�æ\ë
ãÊîwõ�äÇã¢õ�ñ�éÊê�ò�ã¢õ���ë
â�ç�1 � �����Ôÿ{�V������æ�õ�ò ��ÿ{ýE�è�8�F"/ü�ü��#���
( ¡�Ó��4H�ü+*�ó5çhè�ç�æ\ø�éÊç¶ë
î
ä
â�îLó&õ�î�ë�îwõ�é�
²ë
â�ç ç'&xãÊä
ë
ç�õ�ñ�ç�îwï�ñ�îwðÈå�éÊç'&kð ê�éÊë
ã�÷ùø�ê�ðÈåkâ�çhë
çhè�îFñ�é¢ãÊõ�ãÊñ¹ä�ë
ç�æ�ò�
kä�ë�æ\ë
ç�ä#�#ø�ê�ëCæ�éÊä�îÈë
â�ç�ãíè�ä�ë�æ\ø�ãÊéÊãÊëk

æ�ä)ä
îwéÊê�ë
ãÊîwõ�ä�îwï5ë
â�ç
�Ü��1��uý�ë
â�çhèmæ\å�å�è�î.æ�ñ�â�ç�ä ë
îHç'&�ãÊä�ë
ç�õ�ñ�ç=æ�õ�ò_ä�ë�æ\ø�ãÊéÊãÊëk
`îwï¶ð ê�éÊë
ã�÷ùø�ê�ðÈåsä�îwéÊê�ë
ãÊîwõ�ä�ãÊä�ë
â�ç
ê�ä
ç�îwï=�wç�îwð@çhë�èSãÊñ¹ä
ãÊõ��wê�é¢æ\èÇå6çhè
ë
ê�è�ø�æ\ë
ãÊîwõ@ë
â�ç�î�è�
=æ�õ�ò¦1Áìwæ�õ�A ä5ï]ê�õ�ñhë
ãÊîwõx÷ùë7
Få6ç�æ\è"�wê�ð@ç�õFë
ä¶ä
ê�ñSâ²æ�ä5ãÊõ=ë
â�ç�ó5î�è
ô
îwïG7bÿ��#��ý��8���H�®ÿ�Iè�J�Xúx��ÿ��)�Ôÿ�IG�8�=æ�õ�ò_ñ�î\÷ùó3î�è�ô.çhè�ä¦(�þLü��è¡Wþ��xH+�+*-�kúxê�ñSâÆè�ã �wî�èSîwê�ä�æ\å�å�èSî.æ�ñ�â�ç�ä�ë
îHç'&�ãÊä�ë
ç�õ�ñ�ç+�
ë�èSæ�õ�ä
ì.çhè�ä�æ�éÊãíë7
²æ�õ�òkä�ë�æ\ø�ãÊé¢ãíëk
=ógãÊéÊé9õ�î�ë¶ø6ç�æ�ò�ò�èSç�ä
ä
ç�òºãÊõºóCâ�æ\ë�ï[îwé¢éÊî�ógä��
á�â�çuè�ç�ä�ë	îwïWë
â�ãÊä9å#æ\å9çhè��Lë
â�çÁð=æ�ãÊõ¿è�ç�ä
ê�éÊë
ä6îwïFóCâ�ãÊñ�â¹ñ�æ�õ�ø6ç�ï[îwê�õ�ò¹ãÊõ�ð@î�è�ç�ò�çhë�æ�ãÊé.ç�éÊä
çhóCâ�çhè�ç�(ED�D4�.þ�Ó��IH+¡��wþwþ�*-�

ãÊä¶îwê�ë
é¢ãÊõ�ç�òkæ�ägï]îwéÊéÊîLógä#�[�'HÈæ�õ�ò)�2¡Èä
â�ç�òHéÊã �wâFë5îwõHë�ó5î@î�å6ç�õ®,Wê�ç�ä�ë
ãÊîwõ�äCæ�õ�õFê�õ�ñ�ã¢æ\ë
ç�òºãÊõâ( ü4�à�Áè�î�ø�é¢ç�ð@ä¿þ 5 ÿX*-�
á�â�ç�3�èSä�ë¶îwï	ë
â�ç�ä�ç�ñ�îwõ�ñ�çhè�õ�äCæ)ë�èSæ�õ�ä
ãíë
ã¢îwõ=ø6çhë-ó3ç�ç�õÃä
î\÷�ñ�æ�éÊéÊç�òºä
ê�ø�÷Çæ�õ�òºä
ê�å6çhè�÷�ñhè�ãÊë
ãÊñ�æ�é#ø�ãÊï]ê�è�ñ�æ\ë
ãÊîwõ�ä5æ�éÊîwõ��	� ³æ�õ�ò`ë
â�çÐä
ç�ñ�îwõ�òsñ�îwõ�ñ�çhèSõ�ä�ç'&�ãÊä�ë
ç�õ�ñ�çÈîwï5ð)ê�éíë
ã�÷ùø�ê�ðÈåTâ�îwð@îFñ�é¢ãÊõ�ãÊñ)î�è
ø�ãíë
ä¹ã¢õÃë
â�ç@ä�æ�ò�ò�é¢çR÷�ñ�ç�õ7ë�è�çmèSç#�wãÊîwõÆógâ�ç�õ
õ�î÷��æ�ð@ã¢éíë
îwõ�ã¢æ�õsä
ë�è�ê�ñhë
ê�è�çÐãÊä æ�ä
ä�ê�ð@ç�ò�� � ãÊõ�æ�éÊé 
��	ó5çÐç�õ�ò_ãÊõµ�"�Ãógãíë
âÆë-ó3îTõFê�ð@çhè�ãÊñ�æ�é°ç'&�æ�ðÈå�éÊç�ä æ\è�ã¢ä
ãÊõ��ºãÊõ
ç�õ��wãÊõ�ç�çhè�ãÊõ��Èæ\å�å�é¢ãÊñ�æ\ë
ãÊîwõ�ä#�xë
â�æ\ëK0'É�É�;L0+»�ë
î@ãÊé¢éÊê�ä�ë�èSæ\ë
ç�ë
â�ç¿å�è�ç�ñ�ç�ò�ãÊõ��)ë
â�ç�î�è"
��#æ�éíë
â�îwê{�wâºó3ç¹î+.9çhèCõ�îmå�è�îWîwïk�M N O;PuÚQPÇÛ9Ü�ß.R�à�ÙÈà�ß ß�ÜCÙÈÙ;PÇß�Ú9à
Ü�Ù Ú#ÜTSVU6PÇÛ6à
Ü�Ý@à�ß ÜCÛ>WÈà¤Ú
< ç`ógãÊä�âÓë
î ñ�îwõ�ä
ãÊò�çhèkæ ò�ç#�wç�õ�çhèSæ�ñ�
ËãÊõ ë
â�ç`ä
ð=æ�éÊé¹æ�ðÈå�éÊãíë
ê�ò�çkø�ã¢ï[ê�èSñ�æ\ë
ãÊîwõÓîwï)â�îwð@îWñ�éÊãÊõ�ãÊñkî�è
ø�ãÊë
äºï¢è�îwð æ
è�çhì.çhè�ä�ãíø�éÊçR÷k��î�å�ï8ø�ãÊï]ê�è�ñ�æ\ë
ãÊîwõ��bë
â�ç ñ�ê�è
ì.çõ� ³ ãÊõ � ã �wê�è�çÈþ��9æ�éÊä
îÈôxõ�îLógõHæ�ä¿æ���æ�ðÐãÊéíë
îwõ�ã¢æ�õ�÷k�Cî�å�ï�î�ègèSçhì.çhè�ä
ãíø�é¢ç
þ ±°þ�è�ç�ä
îwõ�æ�õ�ñ�ç��2� < ç�ä
ê�å�å9îwä�ç@ë
â�æ\ë)ë
â�ç=ø�ãÊï]ê�è�ñ�æ\ë
ãÊîwõ_îFñ�ñ�ê�èSä ê�å6îwõ_ñhè�îwä
ä
ãÊõ{�kë
â�ç�ñ�ê�è
ì.çB� ³ ï[è�îwð è�ã �wâFë�ë
î
éÊç�ï[ëCæ�äCë
â�ç�ä
ãÊõ{�wéÊç¿å�æ\èSæ�ð@çhë
çhè5© ãÊägã¢õ�ñhè�ç�æ�ä
ç�ò�� < â�ãÊéÊç¹îwê�è¿æ�õ�æ�é�
xä
ãÊä¶ógã¢éÊé9ø6ç5,Fê�ãÊë
ç/�wç�õ�çhèSæ�é-��ó3ç ä
â�æ�éÊé9ø#æ�ä
ç�ë
â�ç
ò�ãÊä�ñ�ê�ä
ä
ãÊîwõºæ\è�îwê�õ�òkæÈä
ñ�æ�éÊç�òkì.çhè�ä
ãÊîwõkîwï%�^¡��5óCãíë
âºñ�îwðÈå6çhë
ãÊõ��Èõ�îwõ�éÊãÊõ�ç�æ\è�ãÊë
ãÊç�ä

Þ{ß ß ß ßFã �^© ã H�� Þ{ß ß�ãâÞ®¥:X�Þ ³ ·	�=Þ � ­ X�­Y�Z� Ó ­ �ùû��
ógâ�ã¢ñ�âHæ\è�ã¢ä
ç�ägï[è�îwð ë
â�ç/�wç�õ�çhèSæ�éÊã¢ä
ç�òTúWóCãÊï¢ë¤÷k��îwâ�ç�õFø6çhè"�Èç#,Fê�æ\ë
ãÊîwõHð@ç�õFë
ãÊîwõ�ç�òTæ\ø6î�ì.çmæ�õ�òkï[è�îwð æ�õÃç�é¢æ�ä�ë
ãÊñ�è�îFò
îwõHæÈò�ãÊä�ë
ã�.9ç�õ7ë
ã¢õ��@[Oè�ç�ä�ë�æ\ø�ã¢éÊãÊä
ãÊõ{��ï[îwê�õ�ò�æ\ë
ãÊîwõ (EHI��*-�
á�â�ç¿ë�è�ê�õ�ñ�æ\ë
ç�òkõ�î�è�ðÐæ�é�ï]î�è�ð ï]î�è�ë
â�ç¿è�çhì.çhèSä
ãíø�éÊçR÷k��î�å�ï8ø�ãÊï]ê�è�ñ�æ\ë
ãÊîwõ²ãÊõºñ�îwð@å�éÊç'&ºï[î�è�ð ï[î�è�ð ãÊä?(EHwÿ4��þOÿI*

£\ ¥ ]_^ \ ãa`¨ãE] \Zbdc Ñ \ Ñ ³ ­ ]H � \�e`Ý· e\ ` �2¢"©gf ã °ih ��ÿ��
£` ¥ ]_^B`¨ã�]j` b c Ñ \ Ñ ³ ­ ]H � \ e`Ý· e\ ` �2¢"© f ã \lk c Ñ \ Ñ ³ ­ ]H � \ e`Ý· e\ ` �2¢"© f ã °nm%¸ �^���

��çhè�ç \ ­L` ªpo � b æ�õ�ò k æ\è�ç¿å6îwé�
xõ�îwð@ã¢æ�é¢ä°óCãíë
â²è�ç�æ�é�ñ�îWç�¯Ðñ�ãÊç�õFë
ä�ógâ�ãÊñ�â²ë
î@é¢î�ó5ç�ä�ëCî�è�ò�çhè¶ë�æ\ô.ç�ë
â�ç�ï]î�è�ðb � ¤è­�À ¢"©�� ¥�q � © ã?q ³ ¤�ã?q � À�­ k � ¤è­�À ¢"©�� ¥Ý·Gr � © ãlr ³ ¤�ãar � À/ãar ¬ ¤ ³ ­ �ùü��
�



æ�õ�ò®°nh_æ�õ�ò®°smªæ\èSç¹ë
çhè�ð@ä�îwï�â�ã �wâ�çhè�î�è�ò�çhè��$�õªî�èSò�çhè@ë
îÆè�ç�ä�îwéíì.çºë
â�ç²ø�ã¢ï[ê�èSñ�æ\ë
ãÊîwõªæ�ä6© Õ Ó4�5ë
â�çºñ�îFç�¯=ñ�ãÊç�õ7ë
ä�îwï b æ\è�çºê�õ�ãÊðÈå6î�è
ë�æ�õFë#� r � å�é¢æ�
Wä=æ
ä�ê�ø�ä
çhè
ìxãÊç�õFëCèSîwéÊç+�8æ�õ�ò`ø4
`æ�ä�ä
ê�ðÈå�ë
ã¢îwõ r � � Ó4��$-ë�ãÊä¹ê�õ�õ�ç�ñ�ç�ä
ä�æ\è"
Hë
îºãÊõ�ñ�é¢ê�ò�ç r ¬ ãÊõTë
â�ç@æ�õ�æ�é�
xä
ãÊä¹ê�õ�éÊç�ä
ä r ³ã¢äCä
ð=æ�éÊé-��ø�ê�ëCë
â�ç ò�ç#�wç�õ�çhèSæ�ñ�
 r ³ ¥ Ó=ãÊäCå�è�ç�ñ�ãÊä
ç�é 
ºógâ�æ\ëCã¢õ7ë
çhè�ç�ä
ë
ä�ê�ä#��æ�õ�òÃä�îÐó5çmä
â�æ�éÊé	è�ç#�.æ\è�ò�©ªæ�õ�ò r ³ æ�äã¢õ�ò�çhå6ç�õ�ò�ç�õFë�ä
ðÐæ�éÊéÇå�æ\èSæ�ð@çhë
çhèSä#� �¿ã¢æ�ä 5 $�îWîwä
ä®(�þOÿI*5ñ�îwõ�ä
ãÊò�çhè ë
â�ç�ñ�æ�ä
ç r ¬ � Ó4�ÁðÐî�ë
ãíì�æ\ë
ç�ò ø4
sãÊõFë
çhè�ï]æ�ñ�ã[æ�é
ó¶æ\ë
çhègó¶æ�ì.ç�ä��%��çhè�ç+��æmñ�æ�éÊñ�ê�é¢æ\ë
ãÊîwõkîwõ¿�ùû��õ(ED�DI*	ä
â�î�ógä¶ë
â�æ\ër � ¥ þ� ­ r ³ ¥�· þLüþ�� X ³ ã ¡� ��­ r ¬ ¥ þXH+Ó�Ó.ÿDwÿ�û X ³ �÷· û��.ÿ�H�ü�D�.ûwû�D�û X�¬!· ¡�HwÿDFþXH � ³ ­
ä�îÈë
â�æ\ë r ³ ¥ ÓÈæ\ë � ¥�· ¡�� Xt= Hwÿ=æ\ë�ógâ�ãÊñSâ²ì�æ�é¢ê�ç r ¬ � Ó4�°ágâ�çhè�ç�ï]î�è�ç¿ó3ç¹ä�â�æ�éÊé6â�ç�õ�ñ�ç�ï]î�è
ë
âHæ�ä�ä
ê�ð@ç r ¬ � Ó4�$�õì(EHwÿI*-�uë
â�ç@ø�ã¢ï[ê�èSñ�æ\ë
ãÊîwõÆîwõ´ìwæ\è�
xãÊõ��®©�ãÊä�ë
çhè�ð@ç�ò ä
ê�ø�÷gî�èmä
ê�å6çhè�÷�ñhèSãíë
ãÊñ�æ�é�ò�çhå6ç�õ�ò�ã¢õ��²îwõ´ógâ�çhë
â�çhè r ³ ãÊäõ�ç#�.æ\ë
ãíì.ç¹î�è5å9îwä�ãíë
ãíì.ç+��á�â�ç�ä
ê�ø6ñhè�ãíë
ã¢ñ�æ�é�ñ�æ�ä
ç¿éÊç�æ�ò�ä3ë
î)ë
â�ç¿ä
ðÐæ�é¢é#æ�ðÈå�éÊãíë
ê�ò�ç�ø�ãÊï]ê�è�ñ�æ\ë
ãÊîwõ�îwï�â�îwð@îWñ�éÊãÊõ�ãÊñgî�è
ø�ãíë
ä
ï]î�è!© � Ó4�xë
â�ç¿ä
ê�å6çhè�ñhè�ãíë
ã¢ñ�æ�é�ñ�æ�ä
ç¿ò�îWç�ä5õ�î�ë#�Çá�î ä
ç�ç�ógâ�æ\ë5â�æ\å�å6ç�õ�ä°æ\ë¶ë
â�çCë�èSæ�õ�ä�ãíë
ãÊîwõ=ø9çhë-ó3ç�ç�õ²ë
â�çCë-ó3î��è(�þOÿ+*
ñ�îwõ�ä
ãÊò�çhè�ç�ò²ë
â�ç�ç'&Wë�èRæ r ¬ æ�õ�ò q ¬ ë
çhè�ðÐä�ógâ�ã¢ñ�âºê�å6îwõkæ�ä
ä
ê�ð@ãÊõ��r ³ ¥vuF­ æ�õ�ò \ ¥xw �
y u � ­ `Î¥xw � u y u � ­ Ð ¥xw �
y u � ­ z ¥:w � u ³ � ­
ï]î�è u ä
ðÐæ�éÊé6ã¢ðÈå�éÊãÊç�ä°ë
â�ç¹èSç�ðÐæ�ãÊõ�ò�çhè¶ë
çhèSð@ä!° h æ�õ�òÔ° m æ\è�ç�ê�õ�ã¢ï[î�è�ðÐé�
@îwïuâ�ã �wâ�çhè�î�è�ò�çhègãÊõ u �
á�â�ç¿ë�è�ê�õ�ñ�æ\ë
ç�òkõ�î�è�ðÐæ�é6ï]î�è�ð î�ø�ë�æ�ã¢õ�ç�òkï[è�îwð ��ÿ��2�è�^���3ø4
²ä
çhë�ë
ãÊõ���°nh ­ °sm ¥ Ó4��ãÊä¶ñ�îwðÈå�é¢çhë
ç�é�
�ã¢õ7ë
ç#��èSæ\ø�éÊç

óCãíë
âºãÊõFì�æ\è�ã[æ�õ7ë
ä { ¥ ]H � \ `Â· \ ` � ­ Ä ¥ Ñ ` Ñ ³ ·âív| h | }ï k �
~ ­ { ¢"©���ñ�~�¸A�ä
ãÊõ{� ë
â�ç�ä
ç+��ë
â�ç¹ä�
Wä�ë
ç�ð ñ�æ�õºø6ç¹ãÊõFë
ç#��èSæ\ë
ç�òkë
î
�wãÊì.çc ñ ¤ñ�Ð f ³ ¥ � ¤��gÄÇãåív| h | }ï k �
~ ­ { ¢"©x��ñ�~�� · � { ³ ± ¥ � § � ¤ � ­ �¤þ�Ó��
óCâ�çhè�ç ¤¦¥ Ñ \ Ñ ³ �Áá�â�ã¢ä3ç#,Wê�æ\ë
ãÊîwõºð=æ#
�ø9ç�è�ç#�.æ\èSò�ç�òkæ�ä¶ë
â�ç0��çhè�îÈë
î�ë�æ�é	ç�õ�çhè"�+
=ñ�îwõ�ä
çhè
ìwæ\ë
ãÊîwõké¢æ�ó îwï�æ å�æ\è
ë
ã¢ñ�éÊç
îwï�ê�õ�ãÊë5ð=æ�ä
äCæ\ë�å6îwä
ãÊë
ãÊîwõ ¤ æ�ñhë
ãÊõ��Ðê�õ�ò�çhègæmå6î�ë
ç�õFë
ã¢æ�é · � § � ¤ �2�Áá�â�ç¹ï]ê�õ�ñhë
ãÊîwõ § ã¢ä¶îwï8ë
â�ç¹ï[î�è�ð

§ � ¤ ¢"© ­�Ä÷­ { � ¥ þ¡ r ¬ ¤{¬�ã þH r ³ ¤ � · � r � © ·!r � { � ¤ ³ ãKÄ÷¤b· { ³ ­
ë
â�ç¹ä
â�æ\å6ç¹îwï�ógâ�ãÊñSâºï[î�è ¤?� ÓÈñ�îwðÈå�éÊçhë
ç�é�
²ò�çhë
çhè�ð@ãÊõ�ç�ä5ë
â�ç�ò�
xõ�æ�ð@ãÊñ�ä¶îwï8ë
â�ç¹ë�èSê�õ�ñ�æ\ë
ç�òkõ�î�èSðÐæ�é�ï]î�è�ðB�
á�æ\ôxãÊõ�� Äë¥ { ¥ Ó	�bë
â�ç�î�è�ã �wãÊõ@ã¢ä°ãÊõ@ë
â�ç���çhèSî éÊçhì.ç�é�ä
çhë5îwï9ø9î�ë
â=ë
â�ç�ä
çCãÊõFë
ç#��èSæ�éÊä#�xä
î�ð)ê�ä�ë5æ�éÊé�â�îwð@îFñ�é¢ãÊõ�ãÊñ

î�è�ø�ãíë
ä=ë
î ãÊë=ø6ç��Ðó3ç 3�õ�òªë
â�æ\ëºï]î�èºå�æ\èSæ�ð@çhë
çhèºìwæ�éÊê�ç�ä�ãÊõ�ä
ã¢ò�çºë
â�ç`ä
â�æ�ò�ç�òÓèSç#�wãÊîwõ�îwï � ã �wê�è�ç�H´ë
â�çhè�ç`ãÊä²æ
ð=æX&xãÊð)ê�ð îwï § æ\ë ¤¨¥ ÓÆæ�õ�òªæ�õ�î�ë
â�çhè6��çhè�îsîwï § ï[î�è ¤�� Ó4�å$�õFë
çhè
å�è�çhë
ã¢õ��`ë
â�ç²å�æ\è
ë
ã¢ñ�éÊç²ð@î�ë
ãÊîwõªãÊõ�ä
ãÊò�ç
ä�ê�ñ�âHæ@õ�ç#�.æ\ë
ãíì.ç�å6î�ë
ç�õFë
ã¢æ�é-��ë
â�ãÊä¶ñ�î�è
è�ç�ä�å6îwõ�ò�ä¶ë
îÐæÈâ�îwðÐîFñ�éÊã¢õ�ãÊñ¿î�è
ø�ãíë¶ë
î@ë
â�ç�î�è�ã �wã¢õºîwï%�¤þ�Ó��2� � î�è�ë
â�ç�õ�î�èSðÐæ�é
ï]î�è�ð ��ÿ��2���^���2��ë�æ\ôxãÊõ���ãÊõFë
î�æ�ñ�ñ�îwê�õFë¹ë
â�ç å�â�æ�ä
çmæ�õ��wéÊçmîwï�ë
â�ç)ñ�îwð@å�éÊç'&Hìwæ\è�ã¢æ\ø�é¢ç \ �#ó5çmâ�æ�ì.çmë
â�ç ä
ê�ø9ñhèSãíë
ãÊñ�æ�é�^© � Ó��Èø�ãÊï]ê�è�ñ�æ\ë
ãÊîwõ îwï¹æÆîwõ�çR÷ùå�æ\èSæ�ð@çhë
çhè²ï]æ�ðÐãÊé�
 îwï�ä�ðÐæ�éÊé�÷-æ�ðÈå�éÊãíë
ê�ò�ç�â�îwð@îWñ�éÊãÊõ�ãÊñ=ä�îwéÊê�ë
ãÊîwõ�ä@ë
î´æsä�æ�ò�ò�éÊç
ï]îWñ�ê�ä3æ\ë5ë
â�ç�î�è�ã �wã¢õ��x>�ñ�æ�éÊñ�ê�é¢æ\ë
ãÊîwõ�ãÊõ�(EHwÿI*9ä
â�î�óCä°ë
â�æ\ë°ógâ�ç�õÐè�ç�ð=æ�ãÊõ�ò�çhè°ë
çhè�ð@ä¶æ\è�ç�ãÊõ�ñ�éÊê�ò�ç�ò��.ë
âWê�ä3ø�è�ç�æ\ôxãÊõ��
ë
â�ç�ñ�îwðÈå�éÊçhë
ç�é 
²ã¢õ7ë
ç#��èSæ\ø�éÊç¹ä�ë�è�ê�ñhë
ê�è�ç�îwï�ë
â�ç�õ�î�èSðÐæ�é�ï]î�è�ðB��ë-ó3îÐè�çhì.çhè�ä
ãíø�éÊç¿â�îwð@îWñ�éÊãÊõ�ãÊñ¿ñ�îwõ�õ�ç�ñhë
ãÊîwõ�ä�å6çhè�ä�ãÊä�ë#�$¤õ`ï]æ�ñhë#��ãÊï�ó5çmñ�æ�õÆå�è�îLì.çmë
â�æ\ë¿ë
â�ç�ä
çmë�ó5îkî�è
ø�ãíë
ä¹æ\è�ç)ë�èSæ�õ�ä�ì.çhè�ä�ç+��ë
â�ç�õ��¿çhì�æ�õ�ç�
àA ä�ñ�îwõ�ä�ë�è�ê�ñhë
ãÊîwõ (�þXD���ÿ+*�óCãÊéÊé
æ�ò�ò�ãíë
ãÊîwõ�æ�é¢é�
	�wãíì.ç ãÊõ�3�õ�ãÊë
ç�é�
ÐðÐæ�õ�
��k÷ùø�ê�ðÈåHî�è
ø�ãÊë
ä�ï[î�è�ç�æ�ñ�â?� æ�õ�òHç�æ�ñSâÃä
ð=æ�éÊé�©��#æ�éíë
â�îwê{�wâkõ�îwõ�ç�îwïuë
â�ç�ð
ø�ãÊï[ê�è�ñ�æ\ë
ç�ä¶ï¢èSîwð © ¥ Ó4�3úxç�ç�æ�é¢ä
îÔ(EDwÿI*	ï]î�è�ë
â�ç�æ�ä
ä�
WðÈå�ë
î�ë
ãÊñ�ägîwï8ë
â�ç�ð)ê�éíë
ã�÷ùø�ê�ðÈå²ä
îwéÊê�ë
ãÊîwõ�ä¶ï[î�ègä�ðÐæ�éÊé=©��
á�â�çÐâ�îwð@îFñ�é¢ãÊõ�ãÊñ@î�è�ø�ãíë îwï?�¤þ�Ó��)ñ�ç�æ�ä
ç�ämë
î`ç'&xãÊä
ë)ï]î�è�© � · �^¡ = þLû�� r ³³ = � r � r ¬ � æ\ë)óCâ�ãÊñ�â´å6îwãÊõ7ë ë
â�ç�ä
â�æ\å6ç

îwï § ä
â�î�óCäkæ â�çhë
çhè�îWñ�éÊãÊõ�ãÊñTñ�îwõ�õ�ç�ñhë
ã¢îwõËø6çhë�ó5ç�ç�õËë
â�ç`î�è�ã �wãÊõËæ�õ�òËõ�îwõx÷ùë�è�ãíìxã¢æ�é�ç#,Fê�ã¢éÊãíø�è�ã¢ê�ð îwïb�¤þ�Ó��2� ágâ�ç
é[æ\ë�ë
çhè�ç#,Wê�ãÊéÊãÊø�è�ãÊê�ð ñ�î�è
è�ç�ä
å9îwõ�ò�äÈë
î æÆå6çhè�ãÊîWò�ãÊñ²î�è
ø�ãÊëÐîwï���ÿ��2�?�^���2� < â�ç�õªèSç�ðÐæ�ãÊõ�ò�çhèÐë
çhè�ð@äb°ih æ�õ�òç°sm
æ\èSç�æ�ò�ò�ç�òHógâ�ãÊñSâ²ø�è�ç�æ\ôºãÊõFë
ç#��èSæ\ø�ãÊéÊãÊëk
���ä
ê�ñSâÃæÈâ�çhë
çhè�îFñ�é¢ãÊõ�ãÊñ¹ñ�îwõ�õ�ç�ñhë
ãÊîwõHãÊägä�ë�è�ê�ñhë
ê�èRæ�éÊé�
=ê�õ�ä�ë�æ\ø�éÊç¹æ�õ�òHó3îwê�éÊò
é¢ç�æ�òå�wç�õ�çhè�ãÊñ�æ�éÊé 
´ë
î´æTå�æ�ãÊè@îwïCâ�çhë
çhèSîFñ�éÊã¢õ�ãÊñ=ë�æ�õ��wç�õ�ñ�ãÊç�ä=îFñ�ñ�ê�èSãÊõ��Ææ\ëÐõ�ç�æ\è
ø4
´å#æ\èSæ�ð@çhë
çhèÐìwæ�éÊê�ç�ä�� � ã �wê�è�çB¡
ä�â�î�ógä°â�î�ó�ä
ê�ñSâ=æ�õ�ê�õ�ï]îwéÊò�ãÊõ{��é¢ç�æ�ò�äÁë
î)æ�ä�ë�èSæ�õ{�wç�ø�ãÊï]ê�è�ñ�æ\ë
ã¢îwõ@ä
ç#,Wê�ç�õ�ñ�çgîwï6â�îwð@îFñ�é¢ãÊõ�ãÊñ5î�è
ø�ãÊë
ä��¾ãÊõFë
çhè�ä
ç�ñhë
ãÊîwõ�ä
ø6çhë-ó3ç�ç�õ!� î �^Ó��¿æ�õ�ò ´ �2�)á�â�ãÊä�ä
ç#,Wê�ç�õ�ñ�çmâ�æ�ä¿ø6ç�ç�õ`ñ�îwðÈå�ê�ë
ç�òÆõWê�ð@çhèSãÊñ�æ�éÊé�
kï]î�è��ùû��¿æ�ä�ä
â�îLógõ`ãÊõ � ã��wê�è�çt���

D



2q

α

� ã �wê�è�ç�H�± Ò�¼.·¿·¿�L�-³g¯�±����w�Á����±Ê¯O��·¿���-��¯\�¿¯O¸w�������.�L¸w�?�Ç¸\³¿����¼.�w³��?�.Í�ÍO���Lµ.�7�6¯�±��#Ô���Õ9���?�-�D�����d���¶�O���L�°�L�.�s�=���L�-³
±Ê¯O���������7Ä5���.�S�-�g���3�)�w¯\·C¯w�������w����¯O��¸w�?�°�-¯����w�¿¯O�-��ÍO�?�m���.�-�?�w���-�.�����.�L�.�S�Ð�-��ÍO��¯\�m�Á�w�����@���3¸F¯O¼7�.�w�S�=¸\³)���w�s�L�
­b�������
�L�7�����w����¼.�-�L�����Z�����
���
� �_ j�¢¡ Ä

O
S

SW (O)u

O

(c)

(a) (b)

(d)

(e) (f)

W (L)s

W (L)s

L

L

W (O)u

� ã �wê�è�ç/¡4± Ö¾����¼.�-�-�����-�?�wÍ¿���w��µ.�L���L·��S���S��¼7��±Ê¯L���w���wÍ¹¯�±#�¾�8¯¹��¼.�����S�����?�L�¶�w�S���S�-¯w�
�?�?�.�?�3�-�O�wÍL�R�.�
�?�S��¸F���¾�����R�m�¹�-�O�.�w�?�
­]±Ê¯��S¼.�
�S»�¼w�?�?�?¸.�-��¼.·¤£ �L�.�º�=�-�O�.�w�?�
­b�¾³wµ7��µF�S�-�?¯��.�?��¯O��¸w���G¥ ±Ê¯O���m±Ê¯O¼7�ù­¾�w��·C�R�.�-��¯\�.�������S�L�S���-�?¸w�?�¹Â°�O·����?��¯\�w�?�O�º��³w�-���R· Ä����w�
µw���
��¼.���g�?�°�.�-�h�Á�)�����w�S·¿���-�?�S���?��³)¸\³ ���LÏ\�?�.Í���±Ê¯O��·��L�§¦6¯L���.�S�L�©¨�3�-�S�����?¯O�)���?�-�w���È�-�.�«ª��R��¯¹�?���O�����-���Á¯L±6�-�w��Â3�L·��?���-¯O�w���L�
±¢¼.�.�����?¯O��½8¬ �?�3���w���-³w·¿·C�S�-�-�?�C���R�
�-��¯\��½��L�.�@¼7�.�����L¸w�?�¿�L�.�@�-�-�O¸w�?��·¿�L�.�Ñ±Ê¯O�?�.�3�L�-�C�.�Sµw���
�-�S�Ð�-�S��µF�S�
�-���O���?³È¸O³È�-¯L�?�?�Ð�L�.�
¸.�-¯OÏL�S���?���w�S�SÄ#���.�u�-�S»�¼w�R�.�
��­ ��®j¯ ­
° ® ¯��S��¼.���9�L�>�m���9�?�7���-�S�L�-�S��Ä�±8�O���gµF¯L���\�����9�Á�w�����i²Z³FÔJ��Õ��?�\���R�-�-�S���-��¬k�
¯\�-�-�S��µ7¯\�.�.�
��¯¹�¹�-³w·�·��S�-�-�?�5�w¯\·C¯w�������w���°¯\�-¸.���SÄ

û



L2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

outer limit points

inner limit points

-0.5

0

0.5

1

1.5

2

2.5

3

-30 -20 -10 0 10 20 30

-0.5

0

0.5

1

1.5

2

2.5

-30 -20 -10 0 10 20 30

-1

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

4

-30 -20 -10 0 10 20 30

α+2

u

x

x

u

u

x

� ã �wê�è�ç0��±�´ ¯O�\������¼.���-��¯\�����;�²¯�±����w�¶¯O�.�
­¾¸.¼.·¿µ��w¯\·�¯��������w���3¯O��¸w����±¢�-¯O·Ë���w�¶���S�L�R�-�-�?¸.����­]Â°¯Oµ�±�¸w��±¢¼.�����L���?¯O�)���H�6���C¯L±
Ô]®\Õ8���?�-�;µ«� ©¶�O�.�K¶·���@¸ ¹L�.Ä6���w�¶¯O���w���.���-�5¯�±9�-�w���Á�L�7�)��¼.¸.�-�S»�¼w�R�.�
�5Í\�-�Oµ.�.���?�Ç�¹�-�S���?�?�wÍ¿¯L±��-�.���L�R�
��¯\�º¥���­¾�w¯\�-·Ë¯L±
���w���-¯L��¼w���?¯O�=Ô�»#Ô���Õ�¼
»8½]Ô���Õ�¼
»8½ ½¢ÔJ�xÕY¼
»8½ ½ ½]Ô���Õ�Õ

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

1.95 1.96 1.97 1.98 1.99 2

α+2

q2

� ã �wê�è�ç/D�±Gò ��·C�?��µ7¯O�?�\���u¯�±#¸7�-�O�.���¹¯�±9µ.�-�?·¿�L�-³¹�w¯O·�¯w�
�?���w�?�3¯\�-¸w�?�-�u�O�)�º�O�.���¾�5�L�-�°���L�-�?�S�¹±Ê¯\�3Ô[®\Õ	���?�-�Kµ��ª©LÄ¿¦6¯O�?�\�-�
�O�.�)�.�L���w�S�)�?�?�.�S���L�-�¶��¼.·��S�-�?�S���?��³¹¯\¸w�-�L�?�w�R�m�L�.� �-�w���-¯L�?�����?�?�.�¶�?�����w���w¯\�-·¿����­]±Ê¯O��· �S¼.�-�L���·�l����� ���_� �_ 
�¢¡ Ä
æ�õ�òÈñ�î�è
è�ç�ä�å6îwõ�ò�äuë
î�ä
ãÊõ��wéÊç3ñ�ê�è
ì.çgîwï�â�îwðÐîFñ�éÊã¢õ�ãÊñ3î�è
ø�ãíë
äuë
î¹ë
â�ç¶î�è�ã �wãÊõmê�õ�ò�çhè"�wîwãÊõ��¹æ¿ä
õ�æ\ôxãÊõ��¿ñ�ê�è�ì.ç+�FãÊõFì.îwéíìxãÊõ��
ä�ê�ñ�ñ�ç�ä
ä
ãíì.ç3ï]îwéÊò�äuæ�äuë
â�ç°ä�îwéÊê�ë
ãÊîwõt�wç�õ�çhèSæ\ë
ç�ä�ð@î�èSç3æ�õ�òmð@î�èSçÇø�ê�ðÈå�ä��¾îwä�ñ�ãÊéÊé¢æ\ë
ãÊîwõ�ä8ñ�éÊîwä�çÇë
î�ë
â�ç°å6çhè�ãÊîWò�ãÊñÁî�è
ø�ãíë2�2�>�ä á ãÊä8ò�ç�ñhè�ç�æ�ä
ç�ò)ë
î�ó¶æ\è�ò�ä�ë
â�ç°ìwæ�éÊê�ç°æ\ë�ógâ�ã¢ñ�â r ³ ¥ Ó4�wë
â�çÇîwä
ñ�ã¢éÊé¢æ\ë
ãÊîwõ�ä8ãÊõõ©kò�ç�ñhè�ç�æ�ä
ç3ãÊõ æ�ð@å�éÊãíë
ê�ò�ç+� � ã �wê�è�ç[D
ä�â�î�ógäCë
â�ç ò�ãÊä�ë�è�ãÊø�ê�ë
ãÊîwõºîwï�éÊã¢ð@ãíë¶å6îwãÊõFë
äCæ�ä5©ªæ�õ�ò r ³ æ\è�ç ì�æ\èSãÊç�ò�� ô î�ë
ç�ë
â�æ\ë#�#ë
î=å�è�îLì.ç ñ�æ\ë
ç#�wî�èSãÊñ�æ�éÊé�
Hï]î�è¹æ�õ
ç'&�æ�ðÈå�é¢ç+�xä�ê�ñ�âkæ�ä5�ùû��2��ë
â�æ\ë¶ë
â�ç¿õ�îwõx÷�ä�ë�è�ê�ñhë
ê�èSæ�é�÷�ä�ë�æ\ø�éÊçCâ�çhë
çhè�îFñ�é¢ãÊõ�ãÊñCî�è
ø�ãíë¶îwï�ë
â�ç�õ�î�è�ðÐæ�é9ï[î�èSð ø�è�ç�æ\ôxä¶ê�åºãÊõ
ë
â�ç¿ó5æ�
K(�ê�ä
ë�ò�ç�ä
ñhè�ãíø6ç�ò�ó5îwê�éÊò²è�ç#,Wê�ãíè�ç¹æÈñ�æ\èSç�ï[ê�é8öHç�éÊõ�ãíô.î�ìF÷ùëk
Wå6ç�ñ�æ�éÊñ�ê�é¢æ\ë
ã¢îwõ��� î�ègç#,Wê�æ\ë
ãÊîwõ¿�ùû��2��ë
â�ç¹ò�ç#�wç�õ�çhèSæ\ë
ç¹èSçhì.çhè�ä
ãíø�é¢çR÷k�Cî�å�ï�ø�ãÊï]ê�è�ñ�æ\ë
ãÊîwõ²îWñ�ñ�ê�è�ä�æ\ë � ¥ ¡�� X ³ = Hwÿ�� � î�èCä�ãÊðÈå�éÊã¢ñ�ãíëk
��
ä�ê�å�å6îwä
ç X â�æ�ä	ø6ç�ç�õ�ä
ñ�æ�éÊç�ò�ë
î�þ��uá�â�ç�õ�ï[î�è � ægéÊãíë�ë
éÊç�é¢ç�ä
ä�ë
â�æ\ë�¡�� = Hwÿgó3çÜ�wçhë8ë
â�ç°ä
õ�æ\ôxãÊõ��¶ø�ãÊï[ê�è�ñ�æ\ë
ãÊîwõ¹ò�ã¢æ+��èRæ�ð
æ�äCãÊõ � ã �wê�è�ç5���%�CîLó3çhì.çhè¹ï]î�è �)¥ Ó4��ãíë�ãÊä�ôWõ�îLógõ¿�ùæ\ëgé¢ç�æ�ä�ëgõWê�ð@çhè�ãÊñ�æ�é¢é�
��Çë
â�æ\ëgë
â�ç¹å�è�ã¢ðÐæ\è�
Ðø�èSæ�õ�ñ�âkø9î�èSõºãÊõ
ë
â�ç¿è�çhì.çhè�ä
ãíø�éÊçR÷k�Cî�å�ï	ø�ã¢ï[ê�èSñ�æ\ë
ãÊîwõºæ\ë�© ¥ ÓÈñ�æ�õkø6ç�ë�èSæ�ñ�ç�òTæ�éÊé6ë
â�ç¿ó¶æ#
ºø�æ�ñ�ô²ë
î	© ¥�· Ùö��ãÊõ�ñ�éÊê�ò�ãÊõ{��å�æ�ä
ä�ãÊõ��
ë
â�è�îwê��wâÆë
â�ç @ õ�îFò�çÈï]îWñ�ê�ä¹ë�èSæ�õ�ä�ãíë
ãÊîwõ�A6îwï3ë
â�çÈî�è�ã �wã¢õå�¾ñ�î�è
è�ç�ä�å6îwõ�ò�ã¢õ���ë
îkñ�ê�è
ì.ç	� � ãÊõ � ã �wê�è�ç²þX�¹æ\ëõ© ¥ · �(ED+*-�5ágâ�ç¹ë�èSæ�õ�ä�ãíë
ãÊîwõºë
â�æ\ë�ð ê�ä�ëgë�æ\ô.ç å�é¢æ�ñ�ç¹ø6çhë-ó3ç�ç�õÃë
â�ç�ä
ç�ë�ó5î á ÷ùìwæ�éÊê�ç�ägã¢ä�å�æ\è
ë
ã[æ�éÊé�
=ä�ê�ð@ðÐæ\è�ã¢ä
ç�òkãÊõ � ã �wê�è�ç
û4��$�õTï]æ�ñhë�ë
â�ç�ë�èSæ�õ�ä
ãíë
ã¢îwõHîWñ�ñ�ê�è�äCæ\ë�å�è�ç�ñ�ã¢ä
ç�é�
 � ¥ H = ü4��æ\ë�ógâ�ãÊñSâkìwæ�éÊê�ç¹ë
â�çhè�ç ã¢äCæ@õ�îwõx÷ùë�è�ãíìxã¢æ�é�ç#,Wê�ãÊéÊãÊø�è�ãÊê�ð
æ\ë Þ®¥ ¡)ë
â�æ\ë�â�æ�ä¶ç'&�æ�ñhë
é�
²ë
â�ç¹äSæ�ð@ç¹ç�õ�çhè"�+
)�bì�æ�é¢ê�ç¿îwï	ë
â�ç5�¿æ�ð@ãÊéÊë
îwõ�ã¢æ�õà�°æ�ä¶ë
â�ç¹î�è�ã��wãÊõ���á�â�çhè�ç�ï]î�è�ç¿ë
â�çhèSç¹ãÊä
ë
â�ç¹å6îwä
ä
ãíø�ã¢éÊãíëk
=îwï�â�çhë
çhè�îFñ�é¢ãÊõ�ãÊñ¹ñ�îwõ�õ�ç�ñhë
ãÊîwõ�ä�ø6çhë-ó3ç�ç�õ ÞB¥ Ó@æ�õ�ò ÞÔ¥ ¡4�¶á�â�ãÊä¶ã¢õ�ò�ç�ç�òkãÊägï[îwê�õ�òkõFê�ð@çhè�ãÊñ�æ�éÊé 

ë
î=îFñ�ñ�ê�è¿æ�õ�òHë
î=æ�ñ�ñ�îwê�õFë¿ï¢è�îwð ë
â�ç�ç�õ�òHîwï�ë
â�ç�ä�õ�æ\ôWã¢õ��@ñ�ê�è
ì.ç)æ�ägãÊõ�ò�ãÊñ�æ\ë
ç�òkãÊõ � ã �wê�è�ç�û4��öÃî�è�ç)ò�çhë�æ�ãÊéÊä�ñ�æ�õ
ø6ç¹ï]îwê�õ�òºãÊõ (ED�D+*-�

ÿ



L2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

-3 -2 -1 0 1 2

b=0
b>2/9
b<2/9

-0.5

0

0.5

1

1.5

2

2.5

3

-60 -40 -20 0 20 40 60

-0.5

0

0.5

1

1.5

2

2.5

3

-60 -40 -20 0 20 40 60

α+2
x

u

u

x

� ã �wê�è�ç�û4±B´ ¯\�O�-�?��¼.�L���?¯O�����s�@¯�±x�-�.�Á¯O�w��­b¸7¼.·¿µ¹��¯O�?¼w�-��¯\�¿�����L�-�����wÍ¶�������w�Ç�-���L�R�-�-��¸w����ÂÇ¯\µ�±x±Ê¯O�>¶·���.½#¶·� Ô¢¹ÁÀ���ÕÃÂ	½\�L�.�¶Ä� Ô4¹#À��\Õ_Å8Ä6���w�°�?�.�-�����	���w¯��`�-�.�L��½w�L�	�-�w�°�-���L�.�-�?���?¯O�i¶·��¹ÁÀ��¶���	�Oµ.µ.�-¯O�L���.�S��½����w�Ç¯\�-¸.������¯O���-�w�3�-�.�OÏ\�?�wÍ�¸.�Ñ±¢¼.�����L���?¯O�
��¼7���O�5�Oµ.µ.�-¯O�O����·g¼w�?����­¾¸.¼.·¿µm�L�R�-�-��¯\��¯L±#�FÆ Ï\���.Ï�Ç7�
¯\�.�w�R�
���?¯O�)¸F���¾�����S�K»F�!�¿�L�.�K»F� ó.ÄÈ ÉvO;P¤ÊQS¶ÝÈÝ R�P)ËFßHP°Ù�Ú9Û¿PÌU;S�Û¿S«ÍÎPuÚ¿PÇÛ2Û¿P.Ï�àLÍÎP
�5îwõ�ä�ãÊò�çhèmë
â�ç²ç#,Fê�æ\ë
ãÊîwõ¨�¤þX�)ógâ�ã¢ñ�â ó3çkæ�ä�ä
ê�ð@ç�ë
î`ø6ç�è�çhì.çhè�ä
ãíø�éÊç=ã¢õ_ë
â�ç�ä�ç�õ�ä
çºîwï?�kH��mø�ê�ëmõ�î�ë@õ�ç�ñ�ç�ä
ä�æ\èSãÊé�
�¿æ�ð@ãÊéíë
îwõ�ã[æ�õ��Húxê�å�å6îwä
çmë
â�æ\ë�Ókã¢ä ækäSæ�ò�ò�éÊçR÷�ñ�ç�õFë�è�ç�ç#,Fê�ã¢éÊãíø�è�ã¢ê�ðB��æ�õ�òsë
â�æ\ë)ï]î�è)ä�ãÊðÈå�éÊã¢ñ�ãíëk
Tãíë
ä�éÊã¢õ�ç�æ\è�ãÊä�æ\ë
ã¢îwõ
ãÊäÈãÊõ�ò�çhå6ç�õ�ò�ç�õFë)îwï�ë
â�ç²å�æ\èRæ�ð@çhë
çhèb©�¢GÐ��Ñ$ § �^Ó���� ¥ Í ×DÒ ­ ×¹ã ^CÒ � ^C­ Ò � Ó4� á�â�ç�õ ó3çHæ\èSçºï¢è�ç�çkë
îsñ�â�îWîwä
ç
ñ�î\÷�î�è�ò�ã¢õ�æ\ë
ç�ägä
ê�ñ�âºë
â�æ\ëCéÊãÊõ�ç�æ\è�ã���æ\ë
ãÊîwõºæ�õ�òºè�çhì.çhè�ä�ãíø�ãÊéÊãÊëk
@ë�æ\ô.ç�ë
â�ç�ï]î�è�ð ë
â�ç�ï]î�è�ð

$ § �^Ó�� ¥�ÓÔÔÕ Ò Ó Ó ÓÓ · Ò Ó ÓÓ Ó Ó ·«^Ó Ó ^ Ó
Ö�××Ø ­ ° ¥�ÓÔÔÕ Ó þÚÓ Ó

þÚÓ Ó ÓÓ Ó Ó þÓ Ó þ Ó
Ö�××Ø ¸ �¤þwþX�

ô ç�æ\è�ë
â�çÈî�èSã �wãÊõ��6ó5ç@ñ�æ�õsï]ê�è
ë
â�çhè�æ\å�å�è�î#&�ãÊðÐæ\ë
çmë
â�çÈä�
Wä
ë
ç�ð�ê�åÆë
îºè�ç�ð=æ�ãÊõ�ò�çhè¹ë
çhè�ðÐä#��ø4
`æ��kH#Ù ã þX��÷�ä�ë
î�è�ò�çhègë�è�ê�õ�ñ�æ\ë
ç�òkõ�î�è�ðÐæ�é�ï]î�è�ð �¾ï]î�èCæ�õ�
6Ù � þX�

£¤¦¥ÚÓÔÔÕ ¤ �.Û b � ¤ � ¤ ³ ­�¤ ³� ãK¤ ³¬ ¢"©��·C¤ ³ Û b � ¤ � ¤ ³ ­�¤ ³� ãK¤ ³¬ ¢"©��·C¤ ¬ Û k � ¤ � ¤ ³ ­�¤ ³� ãK¤ ³¬ ¢"©��¤ � Û k � ¤ � ¤ ³ ­�¤ ³� ãK¤ ³¬ ¢"©x� ­
Ö�××Ø ­ �¤þXH��

ógâ�ã¢ñ�â ãÊõ�â�çhè�ãíë
ä)ë
â�çºè�çhì.çhèSä
ãíø�ãÊé¢ãíëk
 �¤þwþX�@îwï�ë
â�çºî�è�ã �wãÊõ�æ�é5ì.ç�ñhë
î�è63�ç�é¢ò�� �CçhèSç b æ�õ�ò k æ\è�çºè�ç�æ�é«Ù9÷ùë
âªî�è�ò�çhè
å6îwé�
xõ�îwð@ã¢æ�éÊä3ógãÊë
â b �^Ó ­ Ó4¢"©�� ¥ Ò ­ k �^Ó ­ Ó4¢"©x� ¥:^ � ô î�ë
ç�ë
â�æ\ët�¤þXH��¶ãÊä�ñ�îwð@å�éÊçhë
ç�é�
ºãÊõFë
ç#��èSæ\ø�éÊç�ógãíë
âºãÊõFë
ç#��èSæ�éÊäÜ � ± ¥Ç¤ � ¤ ³ æ�õ�ò Ü ³ ± ¥ ¤ ³� ãì¤ ³¬ �_ý�ógãÊõ{�ºë
îTë
â�ç�è�çhì.çhè�ä
ãíø�éÊç	�8ã¢æ\å�ê�õ�îLìâ�5ç�õFë�è�ç=ágâ�ç�î�è�ç�ðB���¤þXH��)æ\å�å6ç�æ\è�ä)ë
î
ñ�æ\å�ë
ê�èSç�ë
â�ç�õ�ç�ñ�ç�ä
ä�æ\è�
®,Wê�æ�éÊãíë�æ\ë
ãÊì.ç¹å�è�î�å6çhè
ë
ãÊç�ägõ�ç�æ\èCë
â�ç�î�è�ã �wãÊõ=��ø�ê�ë�ãÊõÃî�è�ò�çhèCë
îÐä�ë�æ\ë
çmæÈè�ã��wî�è�îwê�ä¶è�ç�ä�ê�éíë#��ãÊõ(�þ�Ó+*	ãÊë¶ó5æ�ä�õ�ç�ñ�ç�ä
ä�æ\è�
²ë
îÈë�æ\ô.ç�ë
â�ç�ï]îwéÊéÊî�óCãÊõ��)è�ç�ä�ë�è�ã¢ñhë
ãíì.ç�æ�ä
ä
ê�ð@å�ë
ãÊîwõ�±Ý 3�Þ§ßÃágâ�çhè�çmãÊä¹æ®�t�¤÷�ò�ã�.9ç�îwð@î�è
å�â�ãÊä
ð ë
â�æ\ë�ñ�îwð@ð)ê�ë
ç�ä¹ógãíë
â)° æ�õ�ò`ógâ�ãÊñ�â��6éÊîWñ�æ�éÊé�
kõ�ç�æ\è?Ó4�	ñ�îwõÁ(
ê��.æ\ë
ç�ä�ë
â�ç

ò�
Wõ�æ�ðÐãÊñ�ä¶îwï[�¤þX�3ë
îÈë
â�æ\ëgîwï�ë
â�ç03�õ�ãíë
çR÷�î�è�ò�çhèCõ�î�è�ðÐæ�é6ï]î�è�ð �¤þXH���ï[î�ègä�îwð@çsÙ�àËþ��< ç�ó¶æ�õ7ë3ë
î ñ�îwõ�ä
ãÊò�çhè5â�îwð@îWñ�éÊãÊõ�ã¢ñ¶î�è
ø�ãíë
ä°ë
î�ë
â�çCî�è�ã��wãÊõ��.á¿ãíì.ç�õ=ë
â�çCé¢ãÊõ�ç�æ\è�ãÊäSæ\ë
ãÊîwõ��.ë
â�ç�ê�õ�ä
ë�æ\ø�éÊç�ðÐæ�õ�ãÊï[îwé¢ò� î �^Ó��¶ãÊä�îwõ�çR÷�ò�ãÊð@ç�õ�ä�ãÊîwõ�æ�é-�Áá�â�çhè�ç�ï[î�èSç¹ä�
WðÐð@çhë�è�ãÊñ¹â�îwðÐîFñ�éÊã¢õ�ãÊñ¿î�è
ø�ãíë
ä���ï[î�è�ðÐç�òºø�
kæ�õÃãÊõ7ë
çhèSä
ç�ñhë
ãÊîwõºø6çhë�ó5ç�ç�õ� î �^Ó��5æ�õ�ò�ë
â�çgë-ó3î\÷�ò�ãÊð@ç�õ�ä
ã¢îwõ�æ�é ´ óCãíë
â�ãÊõ « ¬ ��æ\èSç�îwï	ñ�îFò�ã¢ð@ç�õ�ä
ãÊîwõ�÷�îwõ�ç+��á�â�ãÊä°ñ�îFò�ã¢ð@ç�õ�ä
ãÊîwõ=ãÊä5ãíè
è�ç�ä
å9ç�ñhë
ãÊì.ç
îwï6ógâ�çhë
â�çhè��¤þX�ÇãÊä%��æ�ðÐãÊéíë
îwõ�ã¢æ�õ=î�è3õ�î�ë#���CîLó3çhì.çhè���õ�îwõx÷�ä�
xð@ð@çhë�è�ãÊñCâ�îwð@îWñ�éÊãÊõ�ã¢ñ¶î�è
ø�ãíë
ä��bógâ�ãÊñSâÐð)ê�ä�ë5îFñ�ñ�ê�è3ãÊõ
ä�
xð@ð@çhë�è�
F÷ùè�ç�é¢æ\ë
ç�òmå#æ�ãíè�ä2�2�wógâ�ãÊñ�â)è�ç#,Wê�ãíè�çÇë
â�ç¶ãÊò�ç�õFë
ã�3�ñ�æ\ë
ã¢îwõ îwï9æ�ñ�îwðÈå6îwõ�ç�õ7ëÁîwï�ç�æ�ñ�â@îwï�ë
â�ç5îwõ�çR÷�ò�ã¢ð@ç�õ�ä
ãÊîwõ�æ�é

�



x1 x3

Π glob

Σs

fix (R)
(a)

x3

2x

x1

Π loc

Σu

(b)

W s(C)

S

l(α)

symm

x4

2x  =rΣs:

� ã �wê�è�ç@ÿ�± Ö¾�?��¼.�����-�L�����wÍ����w�n¦6¯L���.���O�©¨��·��Oµ.��â'ãåäÃæ5�L�7� âBçYãåäÃè5�L�7�Ð���w�C���-�O�.�-�L�S�������?���¾³m�
¯\�.�w�?���?¯O�p­Ãéëê ® ÄD­ ��® ¦6¯O�?�.�S�L�©¨�
�-�S�����?¯O�.�ëìºíÈ�O�.��½Ç�?�-� ��·��LÍL��¼.�.�w�R�Fî�½�ì)³`�w�Rµw���
���R�s���´�Ãµ.��¯�ïù�S�����?¯O�`¯�±C�-�w�6ð�ñ µ.�.�O�����-µ.�O�
�O½G­ {+® ���w�²�L���-¼.·��R�
���\���R�-�-�S�����?¯O�²¸7�S�¾�8�S�S�²���w���?¯w��¼.�g¯�±��-�w� ¼.�.�-�-�L¸.����·¿�O�w�Ñ±Ê¯O�?�óò¾ÔJ�6Õiôõ�ö²Z³çYãåäÃè ÔJ�.ÌÃ�9Õ¶�L�.�÷²aíhÔ4ø�Õ5���?�-�w���óì)³FÄ·ù íÑú�ûºû �?��.��üF�w�R�)�?�)�-�.�¶���
�w�������-�S�SÄ� î �^Ó��mæ�õ�òa��ý��^Ó��)æ\è�ç²îwï�â�ã �wâ�çhè)ñ�î\÷�ò�ã¢ð@ç�õ�ä
ãÊîwõö�¾ä
ç�ç�è�ç�ä
ê�éíë
ä�ø4
 �8çhè�ðÐæ�õ æ�õ�ò ñ�î\÷ùó3î�è�ô.çhè�ä÷( ¡wû��G¡+��*¶îwõ æ�õ
ê�õ�ï[îwé¢ò�ãÊõ��)îwï�ë
â�ç�ñ�îWò�ãÊð@ç�õ�ä
ãÊîwõx÷ùë-ó3î@õ�îwõx÷�ä�
xð@ð@çhë�è�ãÊñ¹â�îwð@îFñ�é¢ãÊõ�ãÊñ¿î�è
ø�ãÊë
ä�ãÊõ®�¿æ�ð@ãÊéíë
îwõ�ã¢æ�õºä�
xä�ë
ç�ð@ä2�2�[�CçhèSç�ó5ç
ä�â�æ�éÊé6ï]îFñ�ê�ä¶îwõÃä�
xð@ð@çhë�è�ãÊñ¿â�îwðÐîFñ�éÊã¢õ�ãÊñ�î�è
ø�ãíë
ä#��ë
â�æ\ëgãÊä5ó5ç�æ�ä
ä
ê�ðÐçÝ 3óþ¿ß÷>5ë!© ¥ Ó�ë
â�çhè�çCç'&�ãÊä�ë
ä¶æ ä�
xð@ð@çhë�è�ãÊñ�â�îwð@îWñ�éÊãÊõ�ãÊñ�î�è
ø�ãÊë ¤ �VÐ�� ¥çÏ �VÐ��Áë
î)ë
â�ç¿î�è�ã �wãÊõ=îwï��¤þX�2��ë
â�æ\ë5ãÊä Ï ÕØÓ

æ�ä!Ð�ÕØ×/Ù æ�õ�ò Ï �^Ó�� ª®´ �
á�â�ç63�õ�æ�é3ñ�îwõ�ò�ãíë
ãÊîwõ ãÊämæTõ�îwõx÷�ò�ç#�wç�õ�çhèRæ�ñ�
_â�
Få6î�ë
â�ç�ä
ã¢ä�ë
â�æ\ëÈñ�îwõ�ñ�çhèSõ�ä)ë
â�ç²ä�å�éÊãíë�ë
ã¢õ��kîwï�ë
â�ç=ä�ë�æ\ø�éÊç�æ�õ�ò

ê�õ�ä�ë�æ\ø�éÊç¹ð=æ�õ�ãÊï]îwéÊò�ä�æ�äCë
â�ç�å�æ\èRæ�ð@çhë
çhè0© ã¢ä¶ì�æ\èSãÊç�ò���ä�ç�ç � ã �wê�è�ç)ÿ��5ágâ�ãÊä�ñ�îwõ�ò�ãíë
ãÊîwõkðÐæ\ô.ç�ä�ê�ä
ç îwï�ë
â�ç�ë
â�èSç�çR÷
ò�ãÊð@ç�õ�ä
ã¢îwõ�æ�é6ä�ë�æ\ø�éÊç)æ�õ�òHê�õ�ä�ë�æ\ø�éÊç¹ð=æ�õ�ãÊï]îwéÊò�ä#�Q� ý�ÿ î �k�õ�¶ä�æ�
��6îwïuë
â�çtHI�pñ�ç�õ7ë�è�ç)ðÐæ�õ�ã¢ï[îwéÊò � ± ¥ �����^Ó���ñ�îwðÈ÷
å6îwä
ç�òÐîwï�å6çhè�ã¢îFò�ã¢ñ3î�è�ø�ãíë
äÁãÊõ@æ�õ�ç�ã �wâFø6îwê�è�â�îWîFòmîwï#ë
â�ç�î�èSã �wãÊõ����	çhë���ý�ø6çgæ�õ	©�÷�ãÊõ�ò�çhå9ç�õ�ò�ç�õ7ë��uîwãÊõ�ñ�æ\è��çgä
ç�ñhë
ãÊîwõ
ë
â�æ\ëÇï[î�è%© ¥ Ó¹ñ�îwõ7ë�æ�ã¢õ�äÇæ¿å6îwãÊõFë#� Ï �VÐ Û �uï]î�èÇä
îwð@çCÐ Û � Ó¹ä
ê�¯Ðñ�ãÊç�õFë
é�
 é¢æ\è2�wç+�FîwõÈë
â�ç�å�è�ãÊðÐæ\è"
�â�îwð@îWñ�éÊãÊõ�ã¢ñ3î�è�ø�ãíë
ã¢õ � ý��� � �^Ó��2� � ê�è
ë
â�çhèSð@î�è�çméÊçhë
	7�^©�� ¥ � î� ����
 �^Ó4¢"©x����� ý �6ä
ê�ñ�âTë
â�æ\ë�	S�^Ó�� ¥ÂÏ �VÐ Û �2�6ë
â�ç�õ`îwê�è¹õ�îwõx÷�ò�ç#�wç�õ�çhèSæ�ñ�

â�
Wå9î�ë
â�ç�ä
ãÊä¶ãÊäÝ 3��>ßÃá�â�ç¿ì.ç�ñhë
î�è�ð6± ¥ ���� 	S�^©x�gæ\ë�© ¥ ÓmãÊõFë
çhè�ä
ç�ñhë
äi� ý �k�õ����� ý ë�èSæ�õ�ä�ì.çhè�äSæ�éÊé�
��ACõ�ò�çhè8ë
â�ç5æ\ø6î�ì.ç5ñ�îwõ�ò�ãÊë
ãÊîwõ�ä8ó3ç3â�æ�ì.ç3ë
â�ç3ï]îwéÊéÊî�óCãÊõ���ø�ãÊï[ê�è�ñ�æ\ë
ãÊîwõ�ë
â�ç�î�è�ç�ð ï[î�è�HL÷ùø�ê�ð@å)â�îwðÐîFñ�éÊã¢õ�ãÊñ�î�è
ø�ãÊë
ä#�
ã¢éÊéÊê�ä�ë�èRæ\ë
ç�ò�ã¢õ � ã��wê�è�ç/�4�þ��è��üQ���8/ Þ Ý�� Þ�� �Ãß"!58"8$#�:
; Ý 3	Þ�ß&% Ý 3��¿ßt1('�È�;#¾ º�È�;#»�;�¼�8K0¦8#;�)*#{;�¾à½'; Í ©+&Ü± ]�¥ þ ­ H ­ ¸#¸#¸ Ò ½"9+¾,++;�».-�¼�¾/-Bº^9	Ó;#¼�º�È�;�»10'»�9+:2ç�ãíë
â�çhè5º�È�;0Ë�;20�º9î�è/º�È�;0»'¼3-+È�ºè84#�½#È	º�È�0�º.0�º�É�0�»�0+:	;�ºk;�»
+Á0�Ë�#{;'8[© ¥ ©+&%º�È�;�»�;0¼m8i0t»�;5++;#»"8'¼-Ê�ËÅ;768%�Ê9#�:�ÉÈ�9+:
9�½�Ëq¼m¾{¼V½
9�»#Ê#¼�º%º^9�Ó�1;:¿9+»�;�9<++;�»�=©�&3> �©�& Õ@?�A ³CB5D<EGF 0I8 ] Õ Ù �N¼Ñ1�;�1.0I8 ©�Õ Ó��2¸ �¤þ�¡��

$�ï7��ãÊõkæ�ò�ò�ãíë
ãÊîwõ��xë
â�ç�ä�
Wä�ë
ç�ð �¤þX�¶ãÊäC�¿æ�ð@ãÊéÊë
îwõ�ã¢æ�õ²ë
â�ç�õHó3ç�æ\èSç�ãÊõºë
â�ç¹ä�ãíë
ê�æ\ë
ãÊîwõB3�è�ä�ëgæ�õ�æ�é�
xä
ç�òºø4
köHç�ã¢éíô.ç;�º«0�Ë21	( ����*[�¾ä
ç�çÈæ�éÊä
î=è�ç�é¢æ\ë
ç�òÃó3î�è
ôHø�
Ô��æ+���.æ+�#��îâ( �.ü��=D+Ó+*m�2� � ãÊè�ä�ëCõ�î�ë
ç ë
â�æ\ëCë
â�çhèSç ãÊä¿æ=ñ�â�æ�õ��wçmîwï�ìwæ\è�ã¢æ\ø�éÊç�ä
ë
îTó�èSãíë
çÐë
â�ç�ä�
Wä�ë
ç�ð ã¢õ ñ�é[æ�ä
ä
ãÊñ�æ�é[�¿æ�ð@ãÊéíë
îwõ�ã[æ�õ_ñ�î\÷�î�è�ò�ãÊõ�æ\ë
ç�ä r)¥ � r � ­Lr ³ �2� qç¥ � q � ­Ñq ³ ��ógãíë
â Ä æ�õ�ò_ë
â�ç
èSçhì.çhè�ä
ãíø�ã¢éÊãíëk
=ä�æ\ë
ãÊä
ïm
Wã¢õ��

Ä � rF­Ñq � ¥ ^ H � q ³ � ãZr ³� � ã ~ Ò H � q ³³ ·Er ³³ � ãIH � r�­Ñq ¢"©�� ­ °�±{� r�­Ñq ��Õê� r�­�·Hq � �¤þ��F�
��çhè�ç H ãÊä w ��� q ³ ãZr ³ � � E�³ �¶æ�õ�òp~ ¥ ×)þ��5ý¿õ�ç¹ð@ã �wâFë¶ë
â�ãÊõ�ôÐë
â�æ\ë�ë
â�ç¹ä
ã �wõºîwï.~�ã¢ä¶ãíè
è�ç�éÊçhìwæ�õFë�ãÊõºò�çhë
çhè�ð@ã¢õ�ãÊõ��
ë
â�ç�,Wê�æ�éÊãíë�æ\ë
ãíì.çCò�
xõ�æ�ð@ãÊñ�ä#�Fø6ç�ñ�æ�ê�ä
çgîwõ�çgñ�æ�õ²ðÐæ\ô.çCë
â�çgñ�æ�õ�îwõ�ãÊñ�æ�é�ë�èRæ�õ�ä
ï]î�è�ðÐæ\ë
ãÊîwõ=ë
â�æ\ë°ã¢õ7ë
çhè�ñSâ�æ�õ��wç�ä r ³ æ�õ�ò

ü



α i α i+3 0 α

� ã �wê�è�ç/�4± Ö¾����¼.�-�-���������wÍ¿�-�.�����R�-¼w�?��¯�±9���w��¯\���R· ©q ³ æ�õ�ò è�çhì.çhè�ä
ç�ämë
â�ç=ä
ã��wõ îwï�æ�éÊé°ì�æ\è�ã[æ\ø�éÊç�ä#����î�ó5çhì.çhè��3ä�ê�ñ�â æTä�
xä�ë
ç�ð ó3îwê�éÊò_õ�îÃéÊîwõ{�wçhè@ä�æ\ë
ãÊä
ïm
së
â�ç�ä�æ�ð@ç
è�çhì.çhè�ä�ãíø�ãÊéÊãÊëk
Èñ�îwõ�ò�ãíë
ã¢îwõ��C�-1�,Wê�æ�éÊé�
mó5ç�éÊé-�Wó3ç¿ñ�îwê�éÊò�â�æ�ì.ç¹ñ�â�îwä
ç�õp~ ¥ þ�ø�ê�ë3ë
â�ç�õ�ë
â�çCå�è�î�å6çhè
ëk
=îwï	ãÊðÈå6î�è
ë�æ�õ�ñ�ç
ó5îwê�éÊòºâ�æ�ì.ç�ø6ç�ç�õ²ë
â�ç�æ�ñhë
ãÊîwõÃîwï	ë
â�ç¹è�çhì.çhè�ä
ãÊø�ãÊéÊãíë7
��2�� î�è@æ�õ�æ�é 
Fë
ãÊñ6��æ�ðÐãÊéíë
îwõ�ã¢æ�õ_ä�
xä�ë
ç�ð@ä#��ó5ç=ñ�æ�õ õ�îLó�èSç�ð@î�ì.ç�ë
â�ç=âF
Wå6î�ë
â�ç�ä
ãÊä Ý 3	Þ�ßmä
ã¢õ�ñ�ç@è�ç�ä�ê�éíë
ä�ò�ê�ç@ë
î
öÃîwä
çhè�æ�õ�ò÷�KJê�ä
ä
ð=æ�õ�õ���ä�ç�ç¦( �����	úxç�ñhë#�=H��íþ#*-��ä
â�îLó ë
â�æ\ëCë
â�ç ò�
xõ�æ�ð@ã¢ñ�ägõ�ç�æ\è¿ë
â�ç î�è�ã �wãÊõTãÊäCæ�éÊó5æ�
Wä¿ñ�îwõÁ(
ê��.æ\ë
ç
ë
îkæ63�õ�ãíë
çR÷�î�èSò�çhè¹õ�î�è�ðÐæ�éuï]î�è�ð �¤þXH����bógâ�çhè�ç b æ�õ�ò k æ\èSç)õ�î�ó2ò�ç�3�õ�ç�òTã¢õHë
çhè�ðÐä¹îwïÁå�æ\è
ë
ã[æ�é�ò�çhè�ãíìwæ\ë
ãíì.ç�ä¹îwï
ä
îwð@çÔ��æ�ð@ã¢éíë
îwõ�ã¢æ�õ ï]ê�õ�ñhë
ãÊîwõà�2�µ$�ë@ógãÊé¢é3æ�éÊä�î`ë
ê�è�õªîwê�ëÈë
â�æ\ë	��æ�ðÐãÊéíë
îwõ�ã¢æ�õ ä�
xä�ë
ç�ð@ä�æ�ê�ë
îwðÐæ\ë
ãÊñ�æ�é¢é�
 ïbæ�ãÊé5ë
â�ç
ë�èSæ�õ�ä
ì.çhè�ä�æ�éÊãíë7
Hæ�ä
ä
ê�ð@å�ë
ãÊîwõ Ý 3��¿ß��¾ä
ç�ç � ã��wê�è�çÈþwþ)ø6ç�éÊî�ó��2�C$¤õ�ä�ë
ç�æ�ò=�#ê�ä�ãÊõ��Èë
â�çõ��æ�ðÐãÊéíë
îwõ�ã¢æ�õHä�ë�è�ê�ñhë
ê�èSç+��îwõ�ç
ñ�æ�õ=è�ç�ò�ê�ñ�ç¶ë
â�ç!��îLó õ�ç�æ\è Ï ë
î�ë
â�æ\ë5îwï6æ¹å�é¢æ�õ�æ\è°ðÐæ\å=�Wä
ç�çt( ����*�ï]î�è°ë
â�çgò�çhë�æ�ãÊéÊä#� ô îwõx÷�ò�ç#�wç�õ�çhèRæ�ñ�
ÐâF
Wå6î�ë
â�ç�ä
ç�ä
æ\è�ç¹ë
â�ç�õºó�è�ãíë�ë
ç�õºîwõHë
â�ãÊä¶ðÐæ\å��Ý 3�L>ß÷>5ë/© ¥ Ó4�#ë
â�çt�wéÊî�ø�æ�é�ðÐæ\å"M � ����
 ï¢èSîwðN� î ÕO��ýCó�è�ãÊë�ë
ç�õHãÊõÃä�
WðÐð@çhë�è�ãÊñ�æ�éÊé 
²ò�ç�3�õ�ç�òHñ�î\÷�î�èSò�ãÊõ�æ\ë
ç�ä#�6ãÊä

õ�î�ë�æ²è�ã �wãÊòTè�î�ë�æ\ë
ã¢îwõ��@öHî�è�ç�îLì.çhè��uë
â�çÈä�å�é¢ãíë�ë
ãÊõ��Ðø9çhë-ó3ç�ç�õ´ë
â�çÈä�ë�æ\ø�é¢ç@æ�õ�òÆê�õ�ä�ë�æ\ø�éÊçmðÐæ�õ�ãÊï]îwéÊò�ä�ãÊõ`ë
â�ãÊä
ð=æ\åHò�çhå6ç�õ�ò�ä¶éÊã¢õ�ç�æ\è�é�
Ðîwõ÷©���	îWîwä
ç�é�
Æä�å6ç�æ\ôxãÊõ�����ë
â�ç�ä
ç=ñ�îwõ�ò�ãíë
ãÊîwõ�ä�ñ�â�ç�ñ�ôsë
â�æ\ë ë
â�çÐä�
xä�ë
ç�ð æ\ët© ¥ ÓHãÊä�õ�î�ë)ñ�îwðÈå�éÊçhë
ç�é 
`ã¢õ7ë
ç#��èSæ\ø�éÊçÐæ�õ�ò

ë
â�æ\ë5© ãÊä�æ @ �wîWîFò=A�å�æ\èRæ�ð@çhë
çhè��nACõ�ò�çhègë
â�ç�ä
ç)â�
Få6î�ë
â�ç�ä
ç�äCó5ç ñ�æ�õ`ä�ë�æ\ë
ç)ë
â�ç)ï[îwé¢éÊî�ógã¢õ��më
â�ç�î�è�ç�ðB�6ä
ç�ç � ã �wê�è�ç
ü4�
þ����4ü��X��/ þ Ý�� LPLQ�ÃßSR%¼T++;�¾ Ý 3?þQß 0+¾PU Ý 3�L>ß�º�È�;�¾

VXW 0s~ � Ó8=!º�È�;�»�;	;ZY�¼m8'ºÜ8#;Z)9#{;�¾à½';'8õ9�0�É�0+»Y0+:	;#ºk;#»�+t0�Ë�#�;�8 Í © ³ ÿ >& ¢ ]�¥ þ ­ H ­ ¸#¸#¸ Ò 0+¾[U Í © ³ ÿ A& ¢ ]�¥ þ ­ H ­ ¸#¸#¸ Ò 0�º\ È�¼V½#È º�È�;ë��0�:t¼VË�º^9+¾�¼Ñ0+¾å82¹I8�ºk;�: È80I860)º \ 9]%�Ê5#�:�ÉµÈ49+:
9�½�Ëq¼�¾�¼V½÷9+»�Ê�¼Vº_1I'�È�;bº \ 96É�0+»Y0+:	;#ºk;#»b8#;�)*#{;�¾à½';'8½29+¾Q+�;�».-�;�9+¾®© ¥ Ó^02»�9+:_U+¼ `0;�»�;�¾{º�82¼.UF;'8�=Ü8 0�ºV¼�8T02¹+¼�¾/-
© ³ ÿ A� � © ³ ÿ A³ � ¸#¸#¸ � Ó � ¸#¸#¸ � © ³ ÿ >³ � © ³ ÿ >�0+¾PU © ³ ÿ A&3> �© ³ ÿ A& Õa? A B5D<EGF 0+8 ] ÕØÙ �N¼Ñ1�;�1H0I8 ©�Õ Ó�� ­ �¤þXD��0�¾PU682¼�:�¼�Ë20+»�Ë�¹b0�9�»�© ³ ÿ >& 1

V : 9+»�;�9]+�;�»�=õ¼ 0K~ � Óâº�È�;�¾�0#9+»60�¾�¹6� � H<=K0+¾�¹ ¾�;�¼3-+È�Ê"9]#�»"È�9�9*UK9�0t© ¥ ÓK½29+¾{º_0+¼�¾�8¦¼m¾&c�¾�¼Vºk;#Ëq¹÷: 0+¾�¹É80+»�0�:
;�ºk;�»d+Á0�Ë�#{;'8F0�º \ ÈF¼-½�È®º�È�;#»�;	;�Y�¼m8'º)�e%�Ê9#4:�É È49+:
9�½�Ë�¼�¾�¼-½
9+»�Ê�¼Vº�8 1
Vgf #�»'º�È�;#»2:
9+»�;Z=[¼ 0«~ � Ó¦º�È�;�¾�0#9+»D0+¾®¼�¾{ºk;#»4+t0�Ë�9�0[©I+Á0�Ë�#{;'85½"9+¾àº_0+¼m¾{¼m¾/-t© ¥ Ó8=Üº�È�;�»�;/¼�8ih{:ë0�ËÅ;5È49+»28#;�8"È49�;U�¹I¾Q0+:�¼V½#8�¼�¾ó0�¾�;#¼j-�È�Ê�9<#4»2È49�9&Ub9C0 Ï �VÐ���¼�¾®º�È�;lk[9 \ 9�00º�È�; �F0+:�¼�Ë�º^9+¾�¼Ñ0+¾Ô82¹I8'ºk;#: »�;�8'ºV»'¼V½�ºk;�U
º^9	ËÅ;9++;�Ë�8#;�º�8Ä ¥nm 0#9+»/8$#5o ½#¼^;�¾{º-Ëq¹�82: 0�Ë�Ë mp� Ó�1

þ�Ó



α2,-
i α2,-

i+3 α2,+
i+3 α2,+

i0
α

� ã �wê�è�ç�ü4± Ö¾�?�?¼.�-�-�����-�?�.Í����w���-�S��¼w���u¯L±9���w�S¯O�-�S·ö¹
VXW 0K~ � Ó8=5º�È�;#¾ º�È�;(#�¾�8�º_0FÊ#Ë�;6: 0+¾�¼ 0�9�ËjU¿9�0tÓµ;9++;#¾{º2#§0�ËmËq¹÷Ë�;�0<++;'8�0®8': 0�ËmËÜº2#{Ê5#�Ë 0�»	¾�;#¼j-�È�Ê�9]#�»2È49�9*Uqp 9�0Ï �VÐ���0#9+»;0�ËmË�84#5o ½#¼^;�¾{º-Ëq¹�8':ë0�ËmË�©sr¥ Ó�1
ô î�ë
ç¿ë
â�ç�ò�ãÊä
ë
ãÊõ�ñhë
ãÊîwõÐógãíë
â=ë
â�ç¿õ�îwõx÷k�¿æ�ð@ãÊéíë
îwõ�ã[æ�õÐñ�æ�ä
ç+��ë
â�çhèSç�ã¢ä3æ)ä
ã �wõ�ñ�îwõ�ò�ãÊë
ãÊîwõ�~¿ë
î)ñSâ�ç�ñ
ô���ø�ê�ë°ãÊï6ë
â�ãÊä

ã¢ä¶ä�æ\ë
ãÊä�3�ç�òkó3ç/�wçhëCñ�æ�ä
ñ�æ�ò�ç�ä�îwï	ë-ó3î\÷ùø�ê�ðÈåÃï]î�ètÊ�9�º�È)ä
ã �wõ�ä�îwïx©��
t �8/ ÿ��X�¿�<u
þ��!$�õ ø6î�ë
â ë
â�ç¦�¿æ�ð@ãÊéíë
îwõ�ã[æ�õ æ�õ�ò õ�îwõ�÷k��æ�ð@ã¢éíë
îwõ�ã¢æ�õ ñ�æ�ä
ç�ä#�°ë
â�ç²è�ç�ä
ê�éÊë
ä ñ�æ�õ ø6ç²ç'&Wë
ç�õ�ò�ç�ò ë
î`ä
â�î�ó ä�çR÷,Fê�ç�õ�ñ�ç�ägîwï)�k÷ùø�ê�ðÈå�ä¶ï]î�èCæ�éÊé>� � H��3úxç�çb( ����*	ï]î�ègò�çhë�æ�ãÊéÊä¶ã¢õ²ë
â�ç/�¿æ�ð@ãÊéíë
îwõ�ã[æ�õºñ�æ�ä
ç+�H�� ACõ�éÊãíô.ç5ãÊõmë
â�çC�¿æ�ð@ãÊéíë
îwõ�ã¢æ�õ)è�çhì.çhè�ä
ãíø�éÊç5ñ�æ�ä
ç5�¾á�â�ç�î�è�ç�ð H��2�FãíëÁãÊä�õ�î�ëÁç�æ�ä�
)ã¢õmë
â�çC�wç�õ�çhèSæ�é�èSçhì.çhè�ä
ãíø�é¢ç3ñ�æ�ä�ç�¾á�â�ç�î�è�ç�ð þX��ë
îÃð=æ\ô.ç=ä�ë�æ\ë
ç�ðÐç�õ7ë
ä@æ\ø6îwê�ë ë
â�ç=ç'&�ãÊä�ë
ç�õ�ñ�ç=îwïgúxð=æ�éÊçÐâ�î�èSä
ç�ä
â�îWç�ä ã¢õ_æÃõ�ç�ã �wâFø9îwê�è�â�îWîFò
îwïÇë
â�ç@ê�õ�å6çhè
ë
ê�è�ø9ç�òÃâ�îwð@îWñ�éÊãÊõ�ã¢ñ î�è
ø�ãíë#��ø6ç�ñ�æ�ê�ä
çmó5çÈñ�æ�õ�õ�î�ë�èSç�ò�ê�ñ�çmë
â�çÈò�
xõ�æ�ð@ã¢ñ�ä¿ë
îHæ®HI� ðÐæ\å=��$�ë
è�ç�ðÐæ�ãÊõ�ä�æ�õHî�å6ç�õ²å�è�î�ø�é¢ç�ð ë
î@ò�ç�ñ�ãÊò�ç¿óCâ�çhë
â�çhègñSâ�æ�î�ë
ãÊñ�ò�
xõ�æ�ð@ã¢ñ�ä¶õ�ç�ñ�ç�ä
ä�æ\è�ã¢é�
�îWñ�ñ�ê�è��¡4���5îwõ�ä
ã¢ò�çhèÁægë-ó3î\÷ùå#æ\èSæ�ð@çhë
çhè3è�çhì.çhè�ä
ãíø�éÊç°ä�
Wä�ë
ç�ð £¤B¥¨§ � ¤�­ © ­Y� ��óCâ�ãÊñ�âmñ�îwõFë�æ�ãÊõ�äÁæ¿îwõ�çR÷ùå#æ\èSæ�ð@çhë
çhèÇïbæ�ð@ãÊé�

îwï[��æ�ð@ã¢éíë
îwõ�ã¢æ�õÆä�
xä�ë
ç�ð@ä6�¾ï[î�è �ö¥ Ó��2�²á�â�ç�õ����wãÊì.ç�õsë
â�çÐæ\å�å�è�î�å�è�ã[æ\ë
çÈõ�îwõx÷�ò�ç#�wç�õ�çhèRæ�ñ�
Ææ�ä�ä
ê�ðÈå�ë
ã¢îwõ�ä(�þ�Ó���á�â�ð®��HX*-��ë
â�çhè�ç�æ\è�ç¿ãÊõ�3�õ�ãíë
ç�é�
@ðÐæ�õ�
=ñ�ê�è�ì.ç�ä � & ¥�� &��^©x�2� ]x¥ þ ­ H ­ ¸#¸#¸�ë
â�æ\ë�ñ�î�è
è�ç�ä�å6îwõ�ò²ë
î	HL÷ùø�ê�ðÈå
â�îwð@îWñ�éÊãÊõ�ã¢ñÁî�è
ø�ãíë
ä���á¶ó5î�ñ�æ�ä
ç�äÁñ�æ�õmø6çÇò�ã¢ä�ë
ãÊõ��wê�ã¢ä
â�ç�ò
�¾ñ�îwðÈå#æ\è�ç � ã��wê�è�ç�ä3þ�Ó��ùæ���æ�õ�ò¦�bø����8ñ�î�è
è�ç�ä
å9îwõ�ò�ãÊõ��
ë
îÈë
â�ç�ä�ã �wõºîwï.~�ï]î�è�ë
â�ç5�¿æ�ð@ãÊéíë
îwõ�ã¢æ�õºä�
xä�ë
ç�ð æ\ë �)¥ Ó4���� � ãÊõ�æ�éÊé�
��3ä
ê�å�å6îwä
ç�ë
â�æ\ë=ä�
Wä
ë
ç�ðÆ�¤þX�Èâ�æ�äÐîFò�ò ä�
Wð@ðÐçhë�è�
��¶ã-� ç+� § � ¤�­ ©�� ¥ § � ·C¤è­ ©x�2� ágâ�ç�õ¨�¤þX�ÈãÊämèSçR÷
ì.çhè�ä
ãíø�éÊçCê�õ�ò�çhè · ° æ�é¢ä
î��xógâ�ãÊñSâ�ã¢ðÈå�éÊãÊç�ä°ï[î�è¶õ�îwõ�÷k��æ�ð@ã¢éíë
îwõ�ã¢æ�õ�ä�
xä�ë
ç�ð@ä5ë
â�æ\ë5ë
â�çhè�ç¹æ\è�ç�ë-ó3îÈä
ç#,Wê�ç�õ�ñ�ç�ä
îwï5å�æ\èSæ�ð@çhë
çhèmìwæ�éÊê�ç�ät© ³ ÿ A� � © ³ ÿ A³ � ¸#¸#¸ � Ó � ¸#¸#¸ � © ³ ÿ >³ � © ³ ÿ >� æ\ë)ógâ�ã¢ñ�âKHL÷ùø�ê�ðÈå_â�îwð@îFñ�é¢ãÊõ�ãÊñ
î�è
ø�ãíë
ä¶ç'&�ãÊä�ë#�5ý¿õ�ç¹ä
ç#,Wê�ç�õ�ñ�ç¹ñ�î�è
èSç�ä�å6îwõ�ò�ä5ë
î
°�÷ùè�çhì.çhèSä
ãíø�éÊç¿î�è
ø�ãíë
ä#��ë
â�ç¹î�ë
â�çhèCë
î · °�÷ùè�çhì.çhèSä
ãíø�éÊç+�Bá¿ãÊì.ç�õ��æ�ðÐãÊéíë
îwõ�ã¢æ�õ_ä�ë�è�ê�ñhë
ê�è�ç+��ë
â�ç�õ ä
ç#,Wê�ç�õ�ñ�ç�ä�© ³ ÿ A& æ�õ�òµ© ³ ÿ >³ Ê�9�º�ÈHñ�î�è�è�ç�ä�å6îwõ�òsë
îwv8÷ùèSçhì.çhè�ä
ãíø�é¢çbHL÷ùø�ê�ð@å�ä
ógâ�çhè�ç^v ¥ ° î�è · ° ò�çhå6ç�õ�ò�ãÊõ��)îwõkë
â�ç¹ä
ã��wõºîwïH~��

á8îmç�õ�ò²ë
â�ã¢ä°ä
ç�ñhë
ã¢îwõ���éÊçhë¶ê�ä3ø�è�ãÊç��{
@ð@î�ë
ãíìwæ\ë
ç¿ë
â�ç0�wç�îwð@çhë�è�ãÊñ�æ�é8ú�â�ãÊé-A õ�ãÊô.î�ìF÷ùëk
Wå9çCñ�îwõ�ä�ë�è�ê�ñhë
ãÊîwõ�ø9ç�â�ãÊõ�ò@ë
â�ç
æ\ø6îLì.ç�á�â�ç�î�è�ç�ðÐägæ�õ�ò®�Cç�ðÐæ\è
ôxä#�
úxê�å�å6îwä
ç3ï[î�èÇë
â�ç5ë
ãÊð@ç3ø6ç�ãÊõ���ë
â�æ\ë Ý 3�Þ§ßCx Ý 3��¿ßÇâ�îwéÊò�����îwã¢õ�ñ�æ\è��ç�ðÐæ\å�äÁæ\èSç�ñ�îwõ�ä�ë�è�ê�ñhë
ç�òÐæ�äÁãÊõ � ã �wê�è�çgÿ4�ùæ��2�$¤õºë
â�ç¹ñ�î\÷�î�èSò�ãÊõ�æ\ë
ç�äCîwïÜ�¤þXH��¶ó3ç¹ë�æ\ô.ç

� î ± ¥ Í#¤ � ¥Sy ¢ ¤ ³³ ãK¤ ³� ãK¤ ³¬ � X ³ Ò�­� ý ¥ °��z� î � ± ¥ Í#¤ ³ ¥Sy ¢ ¤ ³ � ãK¤ ³� ãK¤ ³¬ � X ³ Ò
þwþ



α α

(a) (b)β β

� ã �wê�è�ç�þ�Ó4± �u��¯�­¾µ.�L���L·��S���S��¼7��±Ê¯L���w���wÍÇ¯L±�¹h­¾¸.¼.·¿µ��w¯\·C¯w�������w����¯O��¸w�?�-�	Ô[�.�O�-�w�R�¶�?�?�w�R�¤Õ��?�g�Ç�w�S��Í\�\¸F¯O¼7�-�w¯�¯w�5¯�±7�Çµ.����·¿�L�-³
�w¯\·C¯w�������w���g�Á�w�����È¯w���S¼.���Á±Ê¯\�'� �l�7Ä5���.��µ.�O�-�O·������R�B¶Ã�?�3� ÍL�S�.�S�-�?�gÂ°�L·��?���-¯O�w���L�w­b¸.�-�S�OÏ\�?�wÍ�µ7�L���L·����-�S�SÄ ´ �O���R�G­ ��®
�L�7��­ {+® �
¯\�-�-�S��µ7¯\�.�m���R�-µF�S�����?�L�S��³ ��¯|{b}��¹�O�.�K{i���¿±Ê¯O�Á�-�w�CÂ°�L·��?���-¯O�w���L�È�-³w���-�S· ���H¶��Z�.Ä����w�g�O�.�w�?���?¯O�.�L���-¯L�?�?�
�-�-�����?ÍO�\�Á�?�?�w���
¯\�-�-�S��µ7¯\�.�.���-¯ µ.�O�-�O·������R�Á������¼w�R�'�p�l�[~7Ô�¶#ÕÇ���°�Á�w�����@�w���-�S�-¯w�
�?�?�w����¯\�-¸.�����Á�
�w�����Ç±¢��¯\· �-�w�C¯O�-��ÍO�?�m�-¯ �
��·��L�����O·¿µw���?�-¼7�w��µ7�R���?¯w�w���5¯O��¸w���u���ë² æ Ä
ógâ�çhèSç y � Ó@æ�õ�ò X æ\è�ç�ä
ðÐæ�é¢é-�Çá�â�ç¹é¢îFñ�æ�éè��îwã¢õ�ñ�æ\è��ç�ðÐæ\å�M ��� � ±�� ý · Õ@� î �è� ¤ ý � ­�¤ ý� ­�¤ ý¬ ��é · Õ � ¤ î ³ ­�¤ î � ­�¤ î¬ �2��ãÊä
ãÊõ�ò�ê�ñ�ç�ò)ø�
)ë
â�ç[��îLó îwï�ë
â�ç¶õ�î�è�ðÐæ�é�ï]î�è�ðÇ�¤þXH��2�Áá�â�çC�wéÊî�ø�æ�é�ðÐæ\å�M �� ����
 ±�� î · Õa��ýÁã¢ä�ñ�îwõ�ä�ë�è�ê�ñhë
ç�òÐê�ä
ãÊõ���ë
â�ç�wéÊî�ø�æ�é{��î�ó ñ�éÊîwä
çgë
â�ç�â�îwð@îWñ�éÊãÊõ�ãÊñ5î�è
ø�ãíë Ï �l��
@â�
Wå9î�ë
â�ç�ä
ãÊäÁãíë°ä�æ\ë
ãÊä�3�ç�ä�M ï� ����
 ±��^Ó ­ Ó ­ Ó�� ª � î éÕê�^Ó ­ Ó ­ Ó�� ª ��ý#�
æ�õ�ò�M A �� ����
 �-° ¤ � ¥ °
M � ����
 � ¤ �2¸< ç@õ�ç'&Wë¹ó¶æ�õ7ë¹ë
îHñ�â�æ\èSæ�ñhë
çhèSãÊä
ç	HL÷ùø�ê�ð@åsâ�îwð@îWñ�éÊãÊõ�ãÊñ ä
îwéÊê�ë
ã¢îwõ�ä¿ãÊõ`ë
çhè�ð@ä¹îwï°ë
â�ç�ä
çmë-ó3î®�uîwãÊõ�ñ�æ\è��çÈè�çhë
ê�è�õ
ðÐæ\å�ä���$�ë¿ãÊäCõ�î�ë¿ò�ã�¯Ðñ�ê�éíëgë
î�ä�ç�ç ë
â�æ\ë¿æ�ñ�îwõ�ò�ãÊë
ãÊîwõÃï]î�è�æÐä�
Wð@ðÐçhë�è�ãÊñ�HL÷ùø�ê�ðÈå`â�îwð@îWñ�éÊãÊõ�ã¢ñ�î�è
ø�ãíëCë
î²îFñ�ñ�ê�è�æ\ë
å�æ\èSæ�ðÐçhë
çhègìwæ�éÊê�ç e©_ãÊä M ��� �1� M���� ����
 �^Ó ­ Ó ­ Ó�� ¥ ° � M���� ����
 �^Ó ­ Ó ­ Ó��2¸ �¤þLû��
á�â�ã¢ä¶ñ�îwõ�ò�ãíë
ãÊîwõºñ�æ�õÃæ�éÊä
îÈø6ç�ó�è�ãíë�ë
ç�õHãÊõ²ë
â�ç¹ï]î�è�ð�M � ����
 �^Ó ­ Ó ­ Ó�� ª v ýz�Z��� ��ógâ�çhè�ç

v ý��4��� ± ¥�Í � ¤ ý � ­�¤ ý� ­�¤ ý¬ � ª � ý ¢�M ��� � � ¤ ý � ­�¤ ý� ­�¤ ý¬ � ¥ °�� ¤ ý � ­�¤ ý� ­�¤ ý¬ � Ò ¸ �¤þOÿ��
�Ü
²ä�ógãíë
ñSâ�ãÊõ���ë
îmå9îwé[æ\è5ñ�î\÷�î�èSò�ãÊõ�æ\ë
ç�ä ¤ � ¥�� ñ�îwä���� ¤ ¬ ¥�� ä�ãÊõi����ó3ç¹ñ�æ�õB�wçhëCæ�õkæ�ñ�ñ�ê�èSæ\ë
ç¹ò�ç�ä
ñhè�ãÊå�ë
ãÊîwõ²îwïv ýz�Z��� æ�ägï]îwéÊéÊîLógä#��$¤õºë
â�ç�ä
ç�ñ�îWî�è�ò�ã¢õ�æ\ë
ç�ä¶ë
â�ç53�õ�æ�é9ë�ó5î@õ�î�è�ð=æ�é�ï[î�èSð ç#,Fê�æ\ë
ã¢îwõ�ä�è�ç�æ�ò£�0¥ Ó ­ £� ¥ k � Ü � ­ Ü ³ �2¸

á�â�çõ3�è�ä
ëgë�ó5îºç#,Wê�æ\ë
ãÊîwõ�ä¿îwï��¤þXH��2��ã¢õHë
â�ç @ â�
Få6çhè
ø6îwéÊã¢ñ+A�ò�ãíè�ç�ñhë
ã¢îwõ�ä#�9ñ�æ�õ`ë
â�ç�õTø9ç ê�ä
ç�òTë
î²ñ�æ�éÊñ�ê�é¢æ\ë
ç)ë
â�ç ë
ãÊð@ç
îwïx��ã �wâFë�ãÊõB�wîwãÊõ��Èï[è�îwðN��ý5ë
î(� î ¢P� ¥ �¤þ = b � Ü � ­ Ü ³ ���Wé¢õ�� y =X¤ ý � �2����ç�õ�ñ�ç�ó5ç�î�ø�ë�æ�ãÊõÃæ�õkç'&Wå�è�ç�ä
ä
ãÊîwõºï]î�è�M ��� � ãÊõë
çhè�ð@ägîwï � æ�õ�ò���± ¤ î ³ ¥ö¤ ý � ­ � î ¥�� ý ­ � î ¥ � ý ã k � Ü � ­ Ü ³ �b � Ü � ­ Ü ³ � éÊõ c y¤ ý � f ¸

>&ä
ãÊðÈå�é¢çgñ�æ�éÊñ�ê�é[æ\ë
ãÊîwõ²ä
â�î�óCä°ë
â�æ\ë3ë
â�çCèSçhì.çhè�ä
ãÊõ��)ä�
xð@ð@çhë�è�
b°Â�wãÊì.ç�õ²ø�
Ô�¤þwþX�3é¢ç�æ�ì.ç�ä � 3�&xç�òºæ�õ�òºæ�ñhë
ä�îwõ
ë
â�ç|��÷�ñ�îWî�è�ò�ãÊõ�æ\ë
ç�æ�ä!°^� ¥ D ³ · ���BA�ä
ãÊõ��)ë
â�ãÊä���îwõ�ç5�wçhë
ä

v ýz�Z��� ¥�� � ¤ ý � ­9� ý ­ � ý � ª � ý ¢ ¤ ý � � Ó ­�� H · � ý�� � ý ã k � Ü � ­ Ü ³ ¢"©x�b � Ü � ­ Ü ³ ¢"©x� é¢õ�� y =X¤ ý � � �¾ð@îWòõH � �&� ­ �¤þ����
ógâ�ã¢ñ�âmãÊä�ë
â�ç5ç#,Fê�æ\ë
ãÊîwõÈîwï#æ @ ò�îwê�ø�éÊç3ä
ñhè�çhó/Awë
â�æ\ëuógã¢õ�ò�ä�ãÊõ�3�õ�ãÊë
ç�é�
¹ðÐæ�õF
)ë
ãÊð@ç�ä�æ\è�îwê�õ�ò)ë
â�ç ¤ � æX&xã¢äÁæ�ä ¤ � Õ Ó4�
ä
ç�ç � ã �wê�è�ç¹ÿ4�bø��2�Áá�â�ç�ñ�îwõ�ò�ãÊë
ãÊîwõ ¤ ý � � Ó�ã¢ä°õ�ç�ñ�ç�ä�ä�æ\è�
��xø6ç�ñ�æ�ê�ä
ç�î�è
ø�ãíë
ä°ógãíë
â ¤ ý � � Ó)éÊç�æ�ì.ç¿æ õ�ç�ã �wâFø6î�è�â�îWîFò=îwïÓmõ�î�ëgæ�éÊîwõ{� ë
â�ç¹î�ë
â�çhè�ø�èSæ�õ�ñ�âºîwï8ë
â�ç¿ê�õ�ä�ë�æ\ø�é¢ç�ð=æ�õ�ãÊï]îwéÊò�æ�õ�òºò�îÈõ�î�ë¶éÊãÊç¿ãÊõºæ)ë
ê�ø�ê�é¢æ\è¶õ�ç�ã �wâFø9î�èSâ�îFîWò�îwï	ë
â�ç
å�è�ã¢ðÐæ\è�
²â�îwð@îWñ�éÊãÊõ�ãÊñ¿î�è
ø�ãíë#�Ü$�ëgãÊäCç�æ�ä�
ºë
î@ì.çhèSãÊï�
²ë
â�æ\ëCë
â�ç�ñ�éÊîwä�ê�è�ç�îwï�v ýz�Z��� ñ�îwõ�ä
ãÊä�ë
ä�îwï�v ý��4���g� Í#¤ ý � ¥ Ó Ò �
æ�õ�òTð@î�è�ç�îLì.çhè���ógãíë
â�ãÊõºë
â�ç)éÊîWñ�æ�é8ñ�î\÷�î�è�ò�ãÊõ�æ\ë
ç�ä¹îwï���ý#� Í#¤ ý � ¥ Ó Ò ã¢än��ý��k�õ�¶ë
â�ç ä�ë�æ\ø�éÊç�ðÐæ�õ�ãÊï[îwé¢òHð@ç�õFë
ãÊîwõ�ç�ò
ãÊõ Ý 3��¿ß��

þXH



S symmS symm

x

ρ
ϕ1

Σ s(α)H
0

U

(α)l

Σ s

(a) (b)

(α)l

(α)H
0

U

� ã �wê�è�çºþwþ�± Ò��w¯������wÍm�?�\�-�S�����R�
���?¯O�7��¸7�S�¾�8�S�S�÷ù íÑúLû)û �L�.��ò¾Ô¢�9Õ3±Ê¯O�¶���w�¹Â°�O·C�?�?��¯O�.�?�O���S�L�-�¹�������`Ô[��Õ�{d}��7½��O�.�TÔ[¸FÕ{«�?�7Ä¿ñ°�Rµw�?�����R�)�-��·C�?���L�-��³��-¯¹É9��Í\¼.���i�wÔ[¸FÕ
á8î�3�õ�ò÷HL÷ùø�ê�ð@åHî�è
ø�ãíë
ä���ñ�îwõ�ä
ãÊò�çhèCõ�î�ó�	7�^©��!± ¥ M �� ����
 �^Ó ­ Ó ­ Ó��gógâ�ãÊñSâkãÊä¶ë
â�ç�éÊîFñ�ê�ä¶ógãíë
âÔ© îwï�ë
â�ç¹å6îwãÊõFë�îwï

ã¢õ7ë
çhè�ä�ç�ñhë
ãÊîwõkø6çhë�ó5ç�ç�õkë
â�ç�ê�õ�ä
ë�æ\ø�éÊç¹ðÐæ�õ�ã¢ï[îwéÊòºæ�õ�ò"��ý��5á�â�ç�õ�îwõx÷�ò�ç#�wç�õ�çhèSæ�ñ�
kñ�îwõ�ò�ãíë
ãÊîwõ Ý 3��¿ß�ë
â�ç�õkãÊðÈå�éÊãÊç�ä
ë
â�æ\ë7	S�^©��gã¢õ7ë
çhè�ä�ç�ñhë
äCë
â�ç�ø�æ�ä�ç�îwï�v ýz�Z��� ë�èSæ�õ�ä�ì.çhè�äSæ�éÊé�
Hæ�õ�òTä
î�ñ�æ�õ�õ�î�ë¹æ�ì.îwãÊò`ãÊõFë
çhè�ä
ç�ñhë
ãÊõ{�(v ýz�Z��� ãÊõ�3�õ�ãÊë
ç�é�

ð=æ�õF
�ë
ãÊð@ç�ä#��ä
ç�ç � ã �wê�è�ç�ÿ4�bø��2�%1°æ�ñSâHä
ê�ñSâkãÊõFë
çhè�ä
ç�ñhë
ãÊîwõkå9îwã¢õ7ë¶ãÊägæ
HL÷ùø�ê�ðÈåHâ�îwðÐîFñ�éÊã¢õ�ãÊñ�î�è
ø�ãíë#�
á8î�ä
ç�ç ógâF
Hæ�ä�ä
ê�ðÈå�ë
ã¢îwõ Ý 3��¿ß¹ï]æ�ãÊé¢ägï]î�è0�¿æ�ð@ãÊéÊë
îwõ�ã¢æ�õHä�
Wä�ë
ç�ðÐä#��ó5çõ3�è�ä�ë�õ�î�ë
ç�ë
â�æ\ë�ãÊõHë
â�ç)ñ�î\÷�î�è�ò�ãÊõ�æ\ë
ç�ä

îwï%�¤þXH��5ë
â�ç/��æ�ðÐãÊéíë
îwõ�ã¢æ�õ��¤þ��F��ð ê�ä�ë¶ë�æ\ô.ç�ë
â�ç¹ï]î�è�ð Ä ¥ H©Ò ¤ � ¤ ³ · ~�� ^'= H��'� ¤ ³� ãK¤ ³¬ � ã â�� î�� ë#�5úxîmë
â�æ\ë
Í�Ä ¥ Ó Ò ��� ý ± ¥ÝÍ � ¤ � ­9� ñ�îwä�� ­9� ä
ãÊõ���� ª � ý Ñ�H©Ò y+¤ � ãlw ��� y+¤ � � ³ � ¥ ~ ^ H � ³ ãlw � �X¬ � Ò�­

óCâ�ãÊñ�âÃë
î²éÊî�ó5ç�ä�ë¹î�è�ò�çhè¹ãÊäCë
â�çmç#,Wê�æ\ë
ãÊîwõ`ï[î�è�æÐå�æ\èSæ\ø6îwéÊîwãÊòHë�æ�õ��wç�õFë¹ë
î=ë
â�ç å�é¢æ�õ�ç Í#¤ � ¥ Ó Ò æ\ë¿ë
â�ç î�èSã �wãÊõTãÊõ� ý ��é�
xãÊõ���é¢îFñ�æ�éÊé 
Ðç�õ7ë
ãÊè�ç�é�
=ã¢õÐë
â�ç¹â�æ�éÊïÊ÷�ä
å�æ�ñ�çD~ ¤ � àçÓ4�3úxãÊõ�ñ�çCë
â�ç¿ê�õ�ä
ë�æ\ø�éÊç�ðÐæ�õ�ãÊï]îwéÊò�ãÊä¶ñ�îwõ�ä�ë�èSæ�ã¢õ�ç�ò�ë
îÈéÊãÊç�ãÊõÍ�ÄØ¥ Ó Ò ��M �� ����
 �^Ó ­ Ó ­ Ó���â�æ�ä�ë
îºéÊãÊç�ë�æ�õ��wç�õ7ë¹ë
î²ë
â�ç�å�é[æ�õ�ç Í#¤ � ¥ Ó Ò �	ä�ç�ç � ã �wê�è�çÐþwþ��)öHî�è�ç�îLì.çhè��	ë
â�ãÊä¿ä
â�î�óCä
ë
â�æ\ë�	S�^©x��éÊãÊç�ä�îwõ_ë
â�ç@äSæ�ð@çÐä
ã¢ò�çÈîwï Í#¤ ý � ¥ Ó Ò ï[î�èÈæ�éÊé�Ñ ©[Ñ6ä�ðÐæ�éÊé-��á�âFê�ä�ó5çÐñ�îwõ�ñ�éÊê�ò�çmë
â�æ\ë îwõ�çÐîwï5ë
â�çÈë-ó3î
å�ãÊñhë
ê�è�ç�ä � ã �wê�èSçCþwþ��ùæ��Áî�è��bø��uæ\å�å�éÊãÊç�ä�æ�ñ�ñ�î�è�ò�ãÊõ{�¿ë
î¹ë
â�ç¶ä
ã �wõÈîwï>~����Cç�ñ�æ�éÊéÊãÊõ{�gë
â�çgãÊðÈå�éÊã¢ñ�æ\ë
ãÊîwõ îwï#ãÊõFë
çhè�ä
ç�ñhë
ãÊîwõ�ä
ø6çhë-ó3ç�ç�õ(	7�^©��Áæ�õ�ò Í#¤ ý � ¥ Ó Ò �Fë
â�ã¢ä�ç'&Wå�é[æ�ãÊõ�äÁá�â�ç�î�è�ç�ð H�¢xãÊï¿~ ¥øã þgó3ç!�wçhë3ñ�æ�ä
ñ�æ�ò�ç�ä5îwï=HL÷ùø�ê�ðÈå�äÁæ�ä°ãÊõ � ã �wê�è�ç
üÐæ�õ�òºãÊïH~ ¥�· þ¹ó3ç/�wçhëCõ�îwõ�ç+�ô îLó ä
ê�å�å6îwä
ç¿ó3ç�å9çhè�ë
ê�è
øºë
â�çõ��æ�ð@ã¢éíë
îwõ�ã¢æ�õºä�ë�èSê�ñhë
ê�è�ç�æ�äCãÊõ®�Cç�ðÐæ\è
ô®¡Ðæ\ø6î�ì.ç+�¶á�â�ç�õkãíëgãÊägõ�î�ëCò�ã ¯Ðñ�ê�éíë
ë
îÆä�ç�çºë
â�æ\ëÐæ)�wç�õ�çhè�ã¢ñºê�õ�ï]îwéÊò�ãÊõ��Hîwïgë
â�çºã¢õ7ë
çhè�ä�ç�ñhë
ãÊîwõ ø6çhë�ó5ç�ç�õI	S�^©x�@æ�õ�ò � ý �k�?� ógã¢éÊé°é¢ç�æ�ò ë
îsîwõ�çºîwï�ë
â�ç
ø�ãÊï[ê�è�ñ�æ\ë
ãÊîwõÐò�ã¢æ+��èSæ�ð@ä°ãÊõ � ã �wê�è�ç�þ�Ó ò�çhå6ç�õ�ò�ãÊõ{�¹îwõ=ë
â�çCä
ã��wõÐîwïg~���á�â�ç�â�çhë
çhè�îWñ�éÊãÊõ�ãÊñ¶ñ�îwõ�õ�ç�ñhë
ãÊîwõ�ø6çhë�ó5ç�ç�õ=ë
â�ç
î�èSã �wãÊõkæ�õ�òkæmå6çhè�ã¢îFò�ã¢ñCî�è
ø�ãíë¶îFñ�ñ�ê�èSä�ógâ�ç�õ�	S�^©��5ãÊõFë
çhè�ä
ç�ñhë
än� ý �k�?�5î�ë
â�çhègë
â�æ�õÃæ\ë�ë
â�ç¹î�è�ã �wãÊõ���gç�ðÐæ\è
ô¦�@ï]îwéÊéÊîLógä�ï[è�îwð õ�î�ë
ãÊñ�ã¢õ��)ë
â�æ\ë�ë
â�ç53�&xç�ò²å6îwãÊõFë�ä
çhëgîwï8ë
â�ç¹è�çhì.çhèSä
ãíø�ãÊé¢ãíëk
 · ° ã¢ä

v A ý��4��� ± ¥ÎÍ � ¤ ý � ­�¤ ý� ­�¤ ý¬ � ª � ý ¢�M ��� � � ¤ ý � ­�¤ ý� ­�¤ ý¬ � ¥�· °�� ¤ ý � ­�¤ ý� ­�¤ ý¬ � Ò�¥�· v ý��4��� ¸
ágâ�çhè�ç�ï]î�è�ç+��ï[î�è�ë
â�çTä
ã �wõÓîwï?© ï[î�è²ógâ�ãÊñ�âS	7�^©��Ðò�îFç�ä�õ�î�ë²ãÊõFë
çhè�ä
ç�ñhë�v ý��4��� ë
â�çhè�çÃógãÊéÊé�ø9çHãÊõ�3�õ�ãÊë
ç�é�
 ð=æ�õF

ã¢õ7ë
çhè�ä�ç�ñhë
ãÊîwõ�äºø6çhë�ó5ç�ç�õ�	S�^©��ºæ�õ�ò · v ý��4��� � á�â�ç�ä
çÆãÊõFë
çhè�ä
ç�ñhë
ã¢îwõ�äHñ�î�è
èSç�ä�å6îwõ�ò�ë
î · °�÷ùè�çhì.çhèSä
ãíø�éÊç¿HL÷ùø�ê�ðÈå
â�îwð@îFñ�é¢ãÊõ�ãÊñ�î�è
ø�ãíë
ä��

þ�¡



� ãÊõ�æ�é¢é�
��FéÊçhë5ê�ä3ä
ç�ç�â�î�ó ë
â�ç�ä
ñ�æ�éÊãÊõ��wä��¤þ�¡��3æ�õ�ò �¤þXD��°æ\èSãÊä
ç+���	çhëC©�&�ø6ç�ë
â�ç0©6÷ùìwæ�éÊê�ç�îwï9ë
â�ç ] ë
â²ãÊõFë
çhè�ä
ç�ñhë
ãÊîwõ
å6îwãÊõFëCógãÊë
âqv ý��4��� æ�éÊîwõ���	S�^©��t�¾ñ�îwê�õFë
ãÊõ��²ï[ê�è
ë
â�ç�ä�ë¿ï¢èSîwð Ó	3�è�ä�ë2��æ�õ�òÆéÊçhë�� ¤ � � ­9� � ­ � � �gø6ç�ë
â�çÈñ�î�è
è�ç�ä�å6îwõ�ò�ã¢õ��
å6îwãÊõFë5ã¢õ�	7�^©��2�°ágâ�ç�õºó5ç¹â�æ�ì.çk � yI¤ � � �^©+&k� ­9� � �^©+&k� ³ ¢"©�&^�H b � y+¤ � � �^©�&-� ­9� � �^©�&k� ³ ¢"©+&^� éÊõ�� y@=X¤ � � �^©�&k��� ¥�· � � �^©�&k� ã � � ã �4Ù ï ã�] � � ãlw �^©x�
ï]î�ègä
îwð@ç�ã¢õ7ë
ç#�wçhèGÙ ï � � î�è�©�&uä�ê�¯Ðñ�ãÊç�õFë
é�
=ä�ðÐæ�éÊéG� ] ä�ê�¯Ðñ�ãÊç�õFë
é�
=é[æ\è"�wç��3ë
â�ãÊäC�wãÊì.ç�ä

¤ � � �^©�&^� ¥ { y ç'&xå c · H4�4Ù ï ãZ] � � Ò^ ãlw �^©+&k� f �¤þLü��
ógâ�çhèSç

{ ¥ ç'&Wåx( BF �z� � �^Ó�� · D ¬ �7*-�ô î�ó/��ï[î�è��wç�õ�çhèSæ�é6è�çhì.çhèSä
ãíø�éÊç¿ä�
xä�ë
ç�ð@ägä�æ\ë
ãÊä
ïm
Wã¢õ��mâF
Wå6î�ë
â�ç�ä
ãÊä Ý 3��¿ßgó5ç�â�æ�ì.ç
¤ � � �^© & � ¥¨ä © & ãlw �^© ³& � ­ �kH+Ó��

ï]î�ègä
îwð@ç ä r¥ Ó4�3ú�ê�ø�ä�ë
ãíë
ê�ë
ãÊõ��b�kH+Ó��¶ãÊõFë
îB�¤þLü��¶ï]î�è ]�¥ Ù´æ�õ�ò ]�¥ Ù ã þ���æ�õ�òºò�ãíìxãÊò�ã¢õ����Fó5ç�î�ø�ë�æ�ã¢õ��¤þ�¡��$¤õºë
â�ç¹ñ�æ�ä
ç îwï�æ
��æ�ð@ã¢éíë
îwõ�ã¢æ�õ²è�çhì.çhèSä
ãíø�éÊç¿ä�
xä�ë
ç�ðB�à�wç�õ�çhè�ãÊñ�æ�éÊé 
Ðó5ç�â�æ�ì.ç
¤ � � �^©+&k� ¥øá © ³& ãlw �^© �& � ­

ï]î�èuä�îwð@ç°õ�îwõ���çhè�î á ��ógâ�ãÊñ�â ógâ�ç�õ ä
ê�ø�ä�ë
ãÊë
ê�ë
ç�ò ã¢õ7ë
îõ�¤þLü���éÊç�æ�ò�ä8ë
îgë
â�ç3ä
ñ�æ�éÊã¢õ��?�¤þXD��8ï]î�è��¿æ�ð@ãÊéÊë
îwõ�ã¢æ�õ�èSçhì.çhè�ä
ãíø�é¢ç
ä�
xä�ë
ç�ð@ä#�
  És¡�Ü Ù�ÞëÍVPÇÛ6à
ßHS«RóP£¢FS«ÍTUëR�P.Ê
$¤õmë
â�ãÊä�ä
ç�ñhë
ãÊîwõÐó3ç¶ò�ç�ä
ñhè�ãíø6ç3ë�ó5î�ç'&�æ�ðÈå�éÊç�äÇæ\èSãÊä
ãÊõ���ï[è�îwð2ç�õ��wãÊõ�ç�çhè�ãÊõ��¹æ\å�å�é¢ãÊñ�æ\ë
ãÊîwõ�ä#��è�ç�ä
å9ç�ñhë
ãÊì.ç�é�
)ã¢õÈç�é¢æ�ä�ë
ãÊñ�ãíë7

ë
â�ç�î�è�
Tæ�õ�ò`õ�îwõ�éÊãÊõ�ç�æ\èCî�å�ë
ãÊñ�ä���á�â�ç õWê�ð@çhè�ã¢ñ�æ�é8ð@çhë
â�îFò�ä�ê�ä
ç�òTï]î�è¿â�îwð@îFñ�é¢ãÊõ�ãÊñ�î�è�ø�ãíë
ä�ãÊõHèSçhì.çhè�ä
ãíø�é¢ç�ä�
xä�ë
ç�ð@ä
æ\è�çÈò�ç�ä�ñhè�ãíø6ç�ò`ãÊõÆò�çhë�æ�ãÊé�ç�éÊä�çhógâ�çhè�ç®(�þXHI*°æ�õ�òsæ\è�çmø�æ�ä
ç�òsîwõsë�ó5î\÷ùå9îwã¢õ7ë¹ø6îwê�õ�ò�æ\è�
kìwæ�éÊê�çÈð@çhë
â�îWò�ä¿ógãÊë
âÆéÊç�ï¢ë¤÷
â�æ�õ�ò²ø6îwê�õ�ò�æ\è�
Ðñ�îwõ�ò�ãíë
ãÊîwõ�ä¶ãÊõkæ�õÃæ\å�å�è�î�&xãÊð=æ\ë
ãÊîwõºë
îÈë
â�ç¹ê�õ�ä�ë�æ\ø�éÊç¿ðÐæ�õ�ãÊï[îwé¢ò²æ�õ�òºè�ã �wâFë¤÷�â�æ�õ�òºñ�îwõ�ò�ãíë
ãÊîwõ�ä¶ãÊõ´ �Ü>CéÊé6ñ�îwõFë
ãÊõWê�æ\ë
ãÊîwõkã¢ä5å9çhèSï[î�è�ðÐç�òºê�ä
ãÊõ��)ë
â�ç¹ä�îwï¢ë-ó5æ\è�ç|¤�¥�¦�§ç(�þ��+*-�
¨l©�ª «�¬�­�®S¯�°�±Sª�²�³´¯�­[µ<¶z­�°z°.·¸°z¹�º�­�°G¶z»�±,¼�½�¾�º8¿�°z¶GÀlÁI¹1Â|º�·l°z¶GÀ�¼lÃ/¶zº�­�°;»]Äl±,°G°z»< çHðÐç�õ7ë
ãÊîwõ â�çhè�çkä
îwð@ç²èSç�ä
ê�éíë
äÈï]îwê�õ�ò ãÊõ (EH+¡�*�îwõ ë
â�çºø�ê�ñ
ôxéÊãÊõ��Tîwï¹æÆñ�
xéÊãÊõ�ò�èSãÊñ�æ�é°ä�â�ç�éÊé-� á�â�ç²è�ç�ä�ê�éíë
ä@æ\è�ç
â�ã �wâ�é�
Æä
ê����wç�ä�ë
ãíì.ç=ë
â�æ\ë@æÃð@ç�ñ�â�æ�õ�ãÊä
ð ä
ãÊð@ãÊé[æ\è�ë
îTë
â�æ\ë)ò�ç�ä
ñhè�ãíø6ç�ò´ã¢õ �'HHãÊät�wîwãÊõ��Tîwõ�� < ç²ò�îTõ�î�ë)å�è�îLìWãÊò�ç
ë
â�ç�ë
ç�ñ�â�õ�ã¢ñ�æ�é8ò�çhë�æ�ã¢éÊägîwï�ç�ãíë
â�çhègë
â�ç ñ�îwðÈå�ê�ë�æ\ë
ãÊîwõK�¾ä
ç�çB( ��Ó��à�xþ�*m�¶î�è�ë
â�ç�ë
â�ç�î�èSçhë
ãÊñ�æ�é	èSç�ä
ê�éíë
äCç�õ�æ\ø�éÊãÊõ{�Èîwõ�ç�ë
î
è�ç#�.æ\è�òHç�éÊéÊãíå�ë
ã¢ñCç#,Wê�æ\ë
ãÊîwõ�ägîwõHãÊõ�3�õ�ãíë
ç�ò�îwðÐæ�ãÊõ�ä�æ�ä�è�çhì.çhè�ä
ãíø�éÊç¿ò�
Wõ�æ�ð@ãÊñ�æ�é6ä�
xä�ë
ç�ð@ä#�è�¾ä
ç�ç�ç+�]����( �FH��{���+*m�2�>2ñ�é[æ�ä
ä
ãÊñ�æ�éuð@îWò�ç�é�ï[î�è¿ë
â�ç)ç#,Fê�ãÊéÊãíø�èSãÊê�ð îwï°æ�õµ�¾ãÊõ�3�õ�ãíë
ç�é�
��3éÊîwõ����9ë
â�ãÊõTñ�
xéÊãÊõ�ò�èSãÊñ�æ�é�ä
â�ç�é¢é	îwï�èSæ�ò�ãÊê�ä�°pæ�õ�ò
ë
â�ãÊñ�ôWõ�ç�ä
äCÐ5ãÊä5ë
â�ç¹ì.îwõó�w�æ\è�ðg�æ�õ�x��¿îwõ�õ�ç�éÊé6ä�
xä�ë
ç�ð îwïuõ�îwõ�éÊã¢õ�ç�æ\è¶ç�éÊéÊãíå�ë
ã¢ñCç#,Wê�æ\ë
ãÊîwõ�ä

Å ³ Ã ¬9Æ ã Ò Æ 
�
0·ÈÇ�É�
�
 ¥ Æ 
�
8É �4� ã Æ �4� É�
�
5· H Æ 
 � É�
 � ­ �kHFþX�Ã ¬ É�ãÊÇ Æ 
�
 ¥ � Æ 
 � � ³ · Æ 
�
 Æ �4� ¸ �kH�H��
��çhè�ç ¤Âªì« ãÊä)ë
â�çkæX&�ã¢æ�é¶æ�õ�ò Àçª H � ° ë
â�ç²ñ�ãíè�ñ�ê�ð@ï[çhèSç�õ7ë
ã¢æ�é3ñ�î\÷�î�è�ò�ã¢õ�æ\ë
ç+� Æ ã¢ä ë
â�ç=èRæ�ò�ã¢æ�é5ò�ãÊä�å�é¢æ�ñ�ç�ð@ç�õFë
ð@ç�æ�ä
ê�è�ç�ò_ï[è�îwð æÃõ�îwõx÷ùë�è�ãíìxã¢æ�é��¾ï[ê�õ�ò�æ�ð@ç�õFë�æ�ém�¹ê�õFø�ê�ñ�ôWé¢ç�ò_ä�ë�æ\ë
ç+�3æ�õ�ò É ãÊämæÃä
ë�è�ç�ä
ä)ï[ê�õ�ñhë
ãÊîwõ��)�uæ\èRæ�ð@çhë
çhè�ä
æ\å�å6ç�æ\è�ãÊõ{�mæ\èSç¹ë
â�ç�ñ�ê�è�ì�æ\ë
ê�èSç Ç�¥ þ = ° ­ ë
â�ç/�wç�îwð@çhë�è�ã¢ñ�ñ�îwõ�ä�ë�æ�õFë#� Å ³ ¥ Ð ³ = þXH4�¤þ ·eË ³ �3óCâ�çhè�ç Ë ãÊä���îwã¢ä
ä
îwõ�A ä
èSæ\ë
ãÊî��xæ�õ�ò@ë
â�ç¶ø�ãÊï]ê�è�ñ�æ\ë
ãÊîwõmå#æ\èSæ�ð@çhë
çhè��§Ò ¥ b =�Ì Ð ­ ógâ�çhè�ç b ã¢ä�ë
â�ç�ñ�îwðÈå�è�ç�ä
ä
ãíì.çCæX&xã¢æ�é�éÊî.æ�ò=æ\å�å�éÊãÊç�òmå6çhèÇê�õ�ãÊë
éÊç�õ���ë
âÃæ�õ�ò Ì ã¢ä�ÍÇîwê�õ���A äCð@îFò�ê�éÊê�ä#�< çºò�ã¢ä
ñhè�çhë
ãÊä
ç=ë
â�ç�ì.îwõa�w�æ\è�ðI�æ�õ�x��¿îwõ�õ�ç�éÊé5ç#,Wê�æ\ë
ãÊîwõ�ä¦�kHFþX�Èæ�õ�òì�kH�H��mã¢õ_ä
ê�ñ�âªæÃó5æ�
 æ�ämë
îÆç'&xå�éÊîwãÊë ë
â�ç
õ�æ\ë
ê�èRæ�é3ä�
Wð@ðÐçhë�è�ãÊç�ämãÊõ ë
â�ç�å�è�î�ø�é¢ç�ðB��1G&xå9çhèSãÊð@ç�õFë�æ�éÊé�
´æÃó3ç�é¢é3ò�ç�3�õ�ç�ò õFê�ð ø6çhè��'~��Çîwï�ó¶æ�ì.ç�ä=ãÊämî�ø�ä
çhè
ì.ç�ò

þ��



0.0002

0.0004

0.0006

0.0008

0.001

0.0012

0.0014

0.0016

300 300.3 300.6 300.9 301.2 301.5 301.8 302.1

λ

arclength

s=11

� ã �wê�è�ç¿þXH�± ���w�Áµ.������¯�±����-¯O���ù­¾��³w·¿·����������	�?¯w���L�������R�¿¸.¼.��Ï\�����wÍ¶�-¯L��¼w���?¯O�.��¯�±9Ô¢¹w©�Õ¤½FÔ¢¹�¹\Õ�±Ê¯O�1{�� ©O©u�O�.�
ÎT�´®.½\µw��¯O���-�?�wÍ
���w�¶�?¯O�L�.�?�wÍ¿µ.�O�-�O·C�S���R�lÏÈ��Í\�����.���u�¿·��S�L��¼.�-�5¯�±��R�.�m�-�.¯O�-���S�.�?�wÍFÄ
ñ�ãÊè�ñ�ê�ð@ï]çhè�ç�õFë
ã¢æ�éÊé�
kãÊõTë
â�çmø�ê�ñ
ôxéÊç�òÆò�ç�ï]î�è�ðÐæ\ë
ãÊîwõ=��ñ�î�è
è�ç�ä�å6îwõ�ò�ã¢õ��Ðë
îkæ�õ´ãÊõ7ìwæ\è�ã¢æ�õ�ñ�ç)ê�õ�ò�çhè¿è�î�ë�æ\ë
ãÊîwõsîwïCH � = ~����ç�õ�ñ�ç¹ó5ç¹ó�èSãíë
ç

Æ � ¤è­�À � ¥ ÐÑ��Ò ï ä � � ¤ �Wñ�îwä��2Óó~ Ç�À �2¢ É � ¤è­�À � ¥ ÐÑ��Ò ï á � � ¤ �Wñ�îwäX�2Óó~ Ç�À � ­ ~ ª $ ô ­
æ�õ�ò�è�ç�ï]çhèuë
îCñ�îwäX�
~ ÇFÀ �8æ�ä�ë
â�ç�8#;";ZU5:
9*UF;#�°úxê�ø�ä
ë
ãíë
ê�ë
ãÊõ��¶ã¢õ7ë
îCë
â�çÁì.îwõë�È�æ\è�ðg�æ�õ�x��¿îwõ�õ�ç�é¢é7ç#,Wê�æ\ë
ãÊîwõ�ä�æ�õ�ò ë�æ\ôWã¢õ��
ë
â�çiÔ ³ ãÊõ�õ�çhèÁå�è�îFò�ê�ñhëÁógãíë
â=ñ�îwä��2Óó~ Ç�À �uó5çCî�ø�ë�æ�ã¢õ=æ�ä�
Wä�ë
ç�ð�îwï�õ�îwõ�÷�éÊãÊõ�ç�æ\è3ý5��1°äÇï]î�è°ë
â�ç � îwê�èSãÊçhè3ðÐîFò�ç�ä ä �æ�õ�ò á � ï]î�è�Ó ¥ Ó ­ ¸#¸#¸ ­ Ùì��>�á¹æ�é¢çhè
ôWã¢õ�æ\å�å�è�î#&�ãÊðÐæ\ë
ãÊîwõ²ðÐæ�
Ðë
â�ç�õ²ø6ç�ï[î�èSð@ç�ò�ø�
=ë�æ\ôWãÊõ{�|Ó ¥ Ó ­ ¸#¸#¸ ­ J · þ
ï]î�ègä
îwðÐç53�õ�ãíë
ç5J �wãíìxãÊõ��ÈæÈä�
xä�ë
ç�ð îwïG��J 3�è�ä�ë¤÷�î�èSò�çhègî�è�ò�ã¢õ�æ\è�
=ò�ã�.#çhèSç�õ7ë
ã¢æ�é9ç#,Wê�æ\ë
ãÊîwõ�ä��� ê�è
ë
â�çhèSð@î�è�ç+�Lë
â�çÁî�ø�ä
çhè
ì.ç�ò�å�æ\ë�ë
çhè�õ�ä	ë
ç�õ�ò¹ë
î¶ø6çuç�ãíë
â�çhèG8'¹+:t:	;�ºV»2¼-½	î�è��\ð@î�èSç�ï¢è�ç#,Wê�ç�õFë
é�
��4½�»N9+8"84%782¹+:�:	;#ºV»'¼V½��> ä�îwéÊê�ë
ãÊîwõÆë
îÃë
â�çÐì.îwõE�w�æ\èSðg�æ�õ�x��¿îwõ�õ�ç�éÊé°ç#,Fê�æ\ë
ãÊîwõ�ä�ë
â�æ\ë)ãÊä ñhè�îwä
ä¤÷�ä�
Wð@ðÐçhë�è�ãÊñÐæ\ø6îwê�ëmækä
ç�ñhë
ãÊîwõ æ\ë ¤å¥ÖÕ
äSæ\ë
ãÊä�3�ç�ä�ï]î�ègä
îwðÐç�ä
ç�ç�òó~

Æ � ¤�­�À � ¥ Æ �kH Õö·�¤è­�À5ã � ° = ~X� 5 É � ¤�­�À � ¥nÉ �kH Õì·�¤�­�À/ã � ° = ~I�2¸ �kH+¡��
$�ë�ãÊä�õ�î�ë�ò�ã�¯Ðñ�ê�éÊë3ë
îÐä
ç�ç¹ë
â�æ\ë�ë
â�ãÊä¶ò�ç�3�õ�ç�äCæ)è�çhì.çhè�ä
ãíø�ãÊéÊãíë7
ÐãÊï8ó3ç¿ë
â�ã¢õ�ô=îwïuñ�î\÷�î�è�ò�ã¢õ�æ\ë
ç
� ¤6·qÕ �¶æ�ä¶ë
ãÊðÐçR÷�éÊãíô.ç+�� ã��wê�è�ç�þXH²ä
â�îLógä¹ë
â�çÈñ�îwð@å�ê�ë�æ\ë
ãÊîwõÆîwï5æ²å�æ\è
ë
ã¢ñ�ê�é¢æ\è¹ñhè�îwä
ä¤÷�ä�
Wð@ðÐçhë�è�ãÊñméÊîWñ�æ�éÊãÊä
ç�ò`ø�ê�ñ
ôxéÊãÊõ���ä
îwéÊê�ë
ã¢îwõK�¾â�î\÷
ðÐîFñ�éÊã¢õ�ãÊñmãÊõ ¤ �¿ógãíë
âE~ ¥ þwþ��uæ�ä�ë
â�çÈå�æ\èRæ�ð@çhë
çhèëÒ_ãÊä�ì�æ\è�ã¢ç�ò´æ�õ�òÆë
â�çÐî�ë
â�çhè å#æ\èSæ�ð@çhë
çhè�ä â�ç�éÊòsñ�îwõ�ä
ë�æ�õ7ëmæ\ë° ¥ þ�Ó�Ó�ð@ð®��Ð ¥ Ó4¸qHI�7ÿ\ð@ð÷� Ë
¥ Ó4¸�¡4�9æ�õ�ò ÌÝ¥ D�¸qD�û á0��æ (ED�û�*-�
á�â�ç0��ê�ñhë
ê�æ\ë
ãÊõ��mõ�æ\ë
ê�è�ç¹îwï�ë
â�ç¿å6îwä�ë¤÷ùø�ê�ñ
ôxéÊãÊõ��mñ�ê�è�ì.ç¹ä
ã �wõ�ã�3�ç�ä¶ä
ç#,Fê�ç�õ7ë
ã¢æ�é6é¢îFñ�æ�éÊã���ç�òºø�ê�ñ�ôWéÊã¢õ�� ã¢õB,Fê�æ�é¢ãíë�æO÷

ë
ãÊì.ç�é�
=ë
â�ç¹ä�æ�ð@ç�ðÐæ�õ�õ�çhèCæ�ä�ãÊõ � ã �wê�è�ç5���Çá�â�ç¹ä
ë�æ\è
ëgîwï8ë
â�ç�ñ�ê�è
ì.ç¹ñ�æ�õHø6ç¹ãÊò�ç�õFë
ã�3�ç�ò�ógãíë
âkæmèSçhì.çhè�ä
ãíø�é¢çR÷k�Cî�å�ï
ø�ãÊï[ê�è�ñ�æ\ë
ãÊîwõ��.æ�õ�òÈãÊõ�ãíë
ã¢æ�éÊé�
¹ë
â�ç¶â�îwð@îWñ�éÊãÊõ�ãÊñ°ä
îwéÊê�ë
ã¢îwõÈâ�æ�äuë
â�ç¶ä
ãÊõ{�wéÊç5ò�ã¢æ�ð@îwõ�ò)å�æ\ë�ë
çhèSõ@ä
â�îLógõÈãÊõ � ã �wê�è�ç�þ�¡��ùæ��2��°âF
xä
ãÊñ�æ�é¢é�
¹ó3ç¶ñ�æ�õÈã¢õ7ë
çhè
å�è�çhë8ë
â�ç3ä�îwéÊê�ë
ãÊîwõÈæ�äuè�ç�ä�ë�æ\ø�ãÊéÊãÊä
ã¢õ��gæ\ë�ë
â�ç%3�è�ä
ë�ð@ã¢õ�ãÊð)ê�ð å6îwä�ë¤÷ùø�ê�ñ
ôxéÊãÊõ���éÊî.æ�ò��wógâ�çhè�çR÷
ê�å9îwõÃê�õ�ò�çhè¿ãÊõ�ñhèSç�æ�ä
ãÊõ��@é¢î.æ�òTãÊëgë
â�ç�õ`ð@ç�çhë
ä¹æ�ä
ç�ñ�îwõ�ò`ãÊõ�ä
ë�æ\ø�ãÊéÊãíë7
²æ\ë�æ=ðÐæX&�ãÊð ê�ð éÊã¢ð@ãíë¶å6îwãÊõFë#�#ä
ã��wõ�ãÊïm
WãÊõ{�@æ
ä�ç�ñ�îwõ�òÃé¢îFñ�æ�éÊã���ç�òHø�ê�ñ
ôxéÊç�ñ�îwõ�ñ�æ\ë
ç�õ�æ\ë
ãÊõ���ógãíë
âHë
â�ç/3�èSä�ë#�Cá�â�ç�å�è�îWñ�ç�ä
ä�ñ�îwõ7ë
ã¢õFê�ç�äCë
î�ãÊõ�ñ�éÊê�ò�ç�æ�õF
HõWê�ð ø6çhèCîwï
ñ�ç�é¢éÊä#�	ï]îwê�è�ø6ç�ãÊõ��ºä�â�î�ógõ´ãÊõ � ã �wê�è�çºþ�¡��¾ñ��2�²á�â�çÐç�õ�ò�å6îwãÊõFë¿îwï3ë
â�ã¢ä¹ñ�ê�è
ì.çd× æºâ�îwð@îWñ�éÊãÊõ�ã¢ñ)ñ�îwõ�õ�ç�ñhë
ãÊîwõsë
îÃæ
å6çhè�ã¢îFò�ã¢ñ î�è
ø�ãíë7× ó¶æ�ä æ�ä�ä
îFñ�ã[æ\ë
ç�ò_ãÊõö(EH+¡+*Áógãíë
âsë
â�ç@å�èSç�ò�ãÊñhë
ãíì.ç�:!0*Y \ ;�ËmË6ç�.9ç�ñhë
ãíì.ç�ï]æ�ãÊé¢ê�è�çméÊî.æ�ò���ò�ç�3�õ�ç�ò´æ�ä
ø6ç�ãÊõ{� óCâ�çhè�ç¿ë
â�ç¹ê�õFø�ê�ñ�ôWé¢ç�òºä�ë�æ\ë
ç æ�õ�òÃæmï[ê�õ�ò�æ�ð@ç�õFë�æ�é6å6çhè�ãÊîWò�ãÊñ�ø�ê�ñ
ôxéÊãÊõ��mð@îWò�ç¹â�æ�ì.ç�ë
â�ç¹äSæ�ð@ç�ç�õ�çhè"�+
��
¨�©2Ø «�¬�­�®S¯�°�±IØ�²�ÙÚÁ�±,À�±QÃ8­�°z¶G»Û±P¼�®S­�»]»]¶.Ü1±ÊÝÞÄ�¶�Ã8Ã/¶zÀlÁs®s¹�¼�±,°�ß�¶.µ8Ä�¼�¶z»�¯�±QÃ/»�¶z¹1À$¤õ÷(�þ�Ó+*-�Fë
â�ç¶ë
â�ç�î�è"
mîwïè�2¡�ó5æ�ä°ï[îwê�õ�òÈë
î�â�æ�ì.ç��wîWîFò�æ+��è�ç�ç�ð@ç�õFëÇógãíë
âÐõFê�ðÐçhè�ãÊñ�æ�é�ç'&xå9çhèSãÊð@ç�õFë
äÁîwõÐç#,Wê�æ\ë
ãÊîwõ÷�^¡��
óCãíë
â æ
¥öÞ � ã �¬ Þ � ÞàÞ ß ß ã �¤þ ã�à � Þ ß ³ �2� < â�ç�õ à	¥ Ó4�Wë
â�ãÊä°ä�
Wä
ë
ç�ð�ã¢ä��¿æ�ð@ãÊéíë
îwõ�ã[æ�õÐæ�õ�ò²æ\è�ãÊä
ç�ä5æ�ä3æ�ñ�îwõ7ë
ã¢õFê�ê�ð

þXD



D

Ome g a

0 . 0 0 0 . 2 5 0 . 5 0 0 . 7 5 1 . 0 0 1 . 2 5 1 . 5 0 1 . 7 5 2 . 0 0

- 1 . 0 0

- 0 . 7 5

- 0 . 5 0

- 0 . 2 5

0 . 0 0

0 . 2 5

0 . 5 0

0 . 7 5

1 . 0 0

1
9

10 1112

6

2

3

4

5

7

8

� ã �wê�è�ç�þ���±lá �¾�8¯L­bµ.�O�-�O·������R�6¸w��±¢¼.�-�S���-��¯\�¹�w�?�LÍO���L· �?�¹���w�gÔTâë¼�ãÁÕb­bµ.�?�O�w�Ç¯L±9©�­b¸7¼.·¿µ��w¯O·�¯w�
�?���w�?�Á¯O��¸w�����ÁÔ]��¯O��������¼7���O�S��Õ
�O�.�)�¹�-·¿���?�����L·¿µw�?�3¯L±#�¾��¯�­¾¸.¼.·¿µ)�w¯O·�¯w�
�?���w�?�3¯\�-¸w�?�-��¸F¯O¼7�.�m���������R�5Ô[�.�O�-�.�S�m��¼.�-�L�R�¤Õ�¯�±uÔ¢¹%ð�Õ�±Ê¯O�º¶Ä�!�.Ä
é¢ãÊð@ãíë5îwï�æÈò�ãÊä
ñhèSçhë
ç¹é¢æ\ë�ë
ãÊñ�ç�ð@îWò�ç�é-��ï]î�ègógâ�ãÊñ�âºâ�îwðÐîFñ�éÊã¢õ�ãÊñ�î�è
ø�ãíë
ä¶ë
î@ë
â�ç¹î�è�ã �wãÊõ²èSçhå�è�ç�ä
ç�õFë�ø�è�ç�æ\ë
â�çhègä
îwéÊê�ë
ã¢îwõ�ä( ¡�¡�*-���CçhèSç¹ó3ç�ä
â�æ�éÊé9ò�ç�ä
ñhèSãíø6ç¿æ�õ�î�ë
â�çhègå6îwä
ä
ãÊø�éÊç¿æ\å�å�éÊãÊñ�æ\ë
ã¢îwõ�îwï�ë
â�ç¿ë
â�ç�î�è�
��$�õâ(�þwþF�6þ�Ó+*	â�îwð@îWñ�éÊãÊõ�ãÊñCä�îwéÊê�ë
ãÊîwõ�ä5ë
î@ë
â�ç¹î�è�ã �wãÊõºîwï�ë
â�ç¹ñ�îwð@å�éÊç'&ºò�ã�.9çhè�ç�õ7ë
ã[æ�é6ç#,Fê�æ\ë
ã¢îwõ$�p ß ß�ã ãTp ßFãÊä p ã p�Ñ�p�Ñ ³ ã p ¥ ã � ��p�Ñ�p�Ñ ³ � ßV­ p ª÷o[­ �kHI�F�
æ\èSç=ä�ë
ê�ò�ãÊç�ò æ�ämæTð@îWò�ç�é3ï[î�èÈä�å#æ\ë
ã¢æ�éÊé�
ÆéÊîWñ�æ�éÊãÊä
ç�ò îwä
ñ�ãÊé¢é¢æ\ë
ãÊîwõ�ä îwïCæ�õ î�å�ë
ãÊñ�æ�é[�wç�õ�çhèSæ�é¢ãÊä�æ\ë
ãÊîwõ îwï¶ë
â�ç²ðÐæ�ä
ä�ãíì.ç
ágâ�ãíè
è�ã¢õ��sð@îWò�ç�é¿ãÊõ ë
â�çTå�è�ç�ä
ç�õ�ñ�çTîwï)ò�ãÊä
å9çhèSä
ãÊîwõ ø6î�ë
âËéÊãÊõ�ç�æ\è �bógãÊë
âËñ�îFç�¯Ðñ�ã¢ç�õ7ë÷$B��æ�õ�òËõ�îwõ�éÊã¢õ�ç�æ\è �bóCãíë
â
ñ�îWç�¯Ðñ�ãÊç�õFë � �2�Æá�â�ç²æ�ä
ä
îWñ�ã¢æ\ë
ç�ò ë
ãÊð@çR÷�ò�çhå6ç�õ�ò�ç�õ7ë)ç#,Fê�æ\ë
ã¢îwõ_óCãíë
â�îwê�ë)ò�ãÊä�å6çhè�ä
ã¢îwõÆó5æ�ä)å�èSî�å9îwä�ç�ò_ãÊõ¨(�þ�*¶æ�äÈæ
ðÐîFò�ç�é6ï]î�è�æ�õÃî�å�ë
ãÊñ�æ�é�3�ø�è�ç¿ógãíë
âB��èRæ\ë
ãÊõ����°ágâ�ç¹ä�æ�ð@ç�ç#,Wê�æ\ë
ãÊîwõ�ä#��ógãíë
âHò�ã�.9çhè�ç�õ7ë�ã¢õ7ë
çhè
å�è�çhë�æ\ë
ãÊîwõ�ä�îwïxÐ¶æ�õ�ò ¤ �
æ�é¢ä
îÈò�ç�ä
ñhè�ãÊø9ç¿ä�ë�æ\ë
ã¢îwõ�æ\è�
²ë
ê�õ�õ�ç�éí÷�ñ�îwê�å�éÊç�ò�å�é¢æ�õ�æ\è�õ�îwõ�éÊãÊõ�ç�æ\è3ó¶æ�ì.ç#�wê�ãÊò�ç�ä�óCãíë
âºð@ãÊä�æ�é¢ã �wõ�ç�ò²î�å�ë
ãÊñ�æ�é	æX&�ãÊä#�< â�ç�õ �)¥ Ó4��ë
â�ç¹ä�
Wä
ë
ç�ð �kHI�F�¶ð=æ#
²ø6çCógè�ãíë�ë
ç�õkãÊõB�¿æ�ð@ãÊéÊë
îwõ�ã¢æ�õºï]î�è�ð ógãíë
â

Ä ¥ $)Ñ�p ß Ñ ³ ãÊä Ñ�p�Ñ ³ ã Ñ�p
Ñ ¬ ã þH ��p ³ ã p ³ �2¸ �kH�D���¿ãÊçhógã¢õ��Æç#,Fê�æ\ë
ãÊîwõÂ�kHI�F�ÐãÊõ ë
â�çÔ���$å�â�æ�ä
çHä
å�æ�ñ�ç �-�Cç�p�� ¤ �2���Cç�p ß � ¤ �2�!$�ðåpt� ¤ �2�C$�ðæp ß � ¤ ���2�gãíëÐâ�æ�ä�îWò�ò
ä�
Wð@ðÐçhë�è�
Hæ�õ�ò`ãÊäCè�çhì.çhè�ä
ãíø�éÊç�ê�õ�ò�çhè�° ±=��p ­ p ß �%ÕÚ� p ­�· p ß �Cæ�õ�ò · °��¿á�â�ç æ�ò�ò�ãíë
ãÊîwõÃîwï � r¥ Ó=ø�è�ç�æ\ôxägë
â�ç�¿æ�ð@ãÊéÊë
îwõ�ã¢æ�õºä�ë�è�ê�ñhë
ê�è�ç+��ø�ê�ë¶õ�î�ëgè�çhì.çhè�ä
ãíø�ãÊéÊãíë7
���	ãÊõ�ç�æ\èSãÊä�æ\ë
ãÊîwõmæ\ø6îwê�ëuë
â�ç5î�è�ã �wãÊõ���è�çhì.ç�æ�é¢äuë
â�æ\ë�ãíë�ãÊä�æCäSæ�ò�ò�éÊçR÷�ñ�ç�õFë�è�ç5ï[î�è�Ñ ä Ñ � þ�� � ã��wê�è�ç�þ��¿ò�çhå�ãÊñhë
äuñ�ê�è
ì.ç�ä
îwï6îwõ�çR÷ùø�ê�ðÈåºæ�õ�ò=ë�ó5î\÷ùø�ê�ðÈå²î�è
ø�ãíë
ä°ãÊõ=ë
â�ç?�Ñ$ ­Zä ��÷ùå�é¢æ�õ�çgï]î�è3ë
â�ç��¿æ�ð@ãÊéíë
îwõ�ã[æ�õÐä�
xä�ë
ç�ðB��>�éÊé�ä�îwéÊê�ë
ãÊîwõ�ä°ï[îwê�õ�ò
æ\èSç · °�÷�ä�
WðÐð@çhë�è�ãÊñ+��á�â�æ\ë3ë
â�ç/HL÷ùø�ê�ð@å�ä°ä�â�îwê�éÊò=ä
â�æ\è�çCë
â�ç¿ä�æ�ð@çCè�çhì.çhè�ä
ãÊø�ãÊéÊãíë7
@æ�ä5ë
â�çgå�è�ãÊðÐæ\è�ã¢ç�ä°æ+��è�ç�ç�ä¶óCãíë
â
ágâ�ç�î�è�ç�ð H���ä�ãÊõ�ñ�ç�æmñ�â�æ�õ��wç�îwïuñ�î\÷�î�è�ò�ã¢õ�æ\ë
ç�ä�ãÊõ��kH�D���ä
â�î�óCä¶ë
â�æ\ëi~ � Ó4�
úxîwéÊê�ë
ãÊîwõ�ä�îwõ ç�æ�ñ�â îwï¶ë
â�ç=ë
â�è�ç�çÐø�èSæ�õ�ñSâ�ç�ä îwïgîwõ�çR÷ùø�ê�ðÈå�ä æ\è�çb,Fê�æ�éÊãíë�æ\ë
ãíì.ç�é�
Æä
ã¢ð@ãÊé¢æ\è�ë
îÃë
â�æ\ëmãÊõ � ã �wê�è�ç

þXD4�ùæ��2� ô î�ë
ç�ë
â�æ\ëCë
â�ç�æ�ðÈå�éÊãíë
ê�ò�ç�îwï�ë
â�ç�ä
îwé¢ê�ë
ãÊîwõ�ä�æ�éÊîwõ{�Èë
â�ç¹å�èSãÊðÐæ\è�
=ø�èSæ�õ�ñSâºë
ç�õ�ò�ägë
î
��çhè�î=æ�ä ä Õ þ A æ\ë
óCâ�ãÊñ�â@å9îwã¢õ7ë�ë
â�çgè�ç�æ�é�ç�ã��wç�õ7ìwæ�éÊê�çGÒ¦Õ Ó4� ô î�ë
ç�ë
â�æ\ëÇë
â�çhè�çCîwõ�é�
Èæ\å�å6ç�æ\èÇë
î�ø9ç�ë
â�è�ç�ç¶ø�èRæ�õ�ñ�â�ç�äÇë
â�æ\ëÇø�ãÊï[ê�è�ñ�æ\ë
ç
ï[è�îwð äÎ¥ þ��	ë
â�çmø6ç�â�æ�ìWã¢îwê�è�ï[î�èF$ � þ = Hºø6ç�ãÊõ��=ë
â�çÐæ�ñ�ñ�ê�ð)ê�é¢æ\ë
ãÊîwõÆîwï3ë-ó3î\÷ùø�ê�ðÈå�ä¹îwõÆë
â�çÐä
ãÊõ��wê�é[æ\è¿é¢ãÊð@ãíë#�
ágâ�çÈñ�ê�è
ì.ç�ä�îwï°ë�ó5î\÷ùø�ê�ð@å�ä�ä
â�îLógõsãÊõ � ã �wê�è�ç²þ��Hæ\è�çÈð@çhèSç�é�
Tã¢õ�ò�ãÊñ�æ\ë
ãíì.çmîwï5æB��è�ç�æ\ë
çhè)ï]æ�ð@ã¢é�
à¢8ãÊõ`å�æ\è
ë
ãÊñ�ê�é¢æ\è
ë
â�ç�
)ò�î¹õ�î�ëÁè�çhå�è�ç�ä�ç�õ7ëÁñ�îwõ�ä�ç�ñ�ê�ë
ãíì.çgä�îwéÊê�ë
ãÊîwõ�äuãÊõmë
â�ç�ñ�æ�ä
ñ�æ�ò�ç�ä3æ�ñ�ñ�ê�ð ê�é¢æ\ë
ãÊõ��¹îwõÈë
â�ç¶ë
â�è�ç�ç¶îwõ�çR÷ùø�ê�ðÈå@î�è
ø�ãÊë
ä#�á¿èSæ\å�â�ä¶îwï�ë
â�ç¹ë-ó3î\÷ùø�ê�ðÈå�ägæ\èSç5,Fê�æ�é¢ãíë�æ\ë
ãíì.ç�é�
²ä
ãÊð@ã¢é¢æ\è°ë
îÐë
â�îwä
ç¹ãÊõ � ã��wê�è�ç)þXD4�bø��2�ô îLó�éÊçhë�ê�ä�ñ�îwõ�ä
ãÊò�çhè�ë
â�ç@ç�.9ç�ñhë)îwï3ë�æ\ôxãÊõ��ºõ�îwõ�÷k��çhè�î � � � î�èmä
ãÊðÈå�é¢ãÊñ�ãíëk
Hó3çÈë�æ\ô.ç ä ¥ Ó4�²ý¹ê�è�ä�ë�æ\è
ë
ã¢õ��
å6îwãÊõFë�ãÊä)æ · ° ä�
WðÐð@çhë�è�ãÊñ=îwõ�çR÷ùø�ê�ðÈå â�îwð@îWñ�éÊãÊõ�ã¢ñ)ä�îwéÊê�ë
ãÊîwõ_îwõ´ø�èRæ�õ�ñ�â þ=ãÊõ � ã��wê�è�çºþ�����ógâ�ãÊñ�â´ó5æ�ä)ï[îwê�õ�ò
ã¢õå(�þwþ�*�ë
îºîWñ�ñ�ê�è�ï]î�è �å¥çäÝ¥ Óºæ\ë¿ë
â�çÈç'&�æ�ñhë�ì�æ�éÊê�çF$ ¥ y ¡ = H��t>�ñ�îwõFë
ãÊõFê�îwê�ä�ø�èSæ�õ�ñSâÆîwïÇä
ê�ñSâÆä
îwéÊê�ë
ã¢îwõ�ä
ñ�æ�õ ø6ç�ë�èSæ�ñ�ç�ò õWê�ð@çhè�ã¢ñ�æ�éÊé�
sãÊõ ë
â�ç)�Ñ$ ­Y� ��÷ùå�é¢æ�õ�ç+�°å�æ�ä
ä
ã¢õ��Hë
â�è�îwê��wâì�Ñ$ ­Y� � ¥ �¤þ�¸�¡�D�DFþOÿ+¡ ­ Ó4¸íþX�2� � ã �wê�è�çTþXD
å�è�ç�ä
ç�õFë
ä#�	ï]î�è � ¥ Ó4¸íþ���ë
â�ãÊä¿å�è�ãÊðÐæ\è�
Ãî�è
ø�ãíë�æ�õ�òÆä
îwðÐçÈë�ó5î\÷ùø�ê�ðÈå_î�è
ø�ãíë
ä#�6ø6î�ë
â · ° 0�¾PU
°�÷�ä�
xð@ð@çhë�èSãÊñ+�	ï]î�è

þOÿ



-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 5 10 15 20 25 30 35 40

Real
Imag

x

U

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 10 20 30 40 50 60 70

Real
Imag

-1

-0.5

0

0.5

1

0 10 20 30 40 50 60 70 80

Real
Imag

-1

-0.5

0

0.5

1

0 10 20 30 40 50 60

Real
Imag

(a) (b)U

x
(c) (d)

x

U

x

U

� ã �wê�è�ç@þXD�± Â°¯O·�¯w�
�?�?�.�?�¶¯\�-¸.������¯�±9�-�w�C��³w�-���S·pÔ¢¹%ð�Õ��L��ã	���¹�L�.�;¶6�E�@¸�©OÄ'­ ��® µ.�-�?·¿�O��³�¯\�-¸.����Ôj�.î°­b�-³w·�·��S�-�-�?�hÕ6±Ê¯\�â � ©�¸ óO«O«w©5��ó.½§­ {>® �.î �-³w·¿·C�S�-�-�?���¾�8¯L­b¸.¼7·�µ)±Ê¯\��â ��©#¸ ó\«L«w©R¬��w½§­ �Á® î°­b�-³w·¿·C�S�-�-�?�5�¾��¯�­¾¸.¼.·¿µm±Ê¯\��â � ©�¸ óO«O«w©9�%¹w½
�L�7�·­Gè ® î°­¾��³w·¿·����-�-���°�¾��¯�­¾¸.¼.·¿µ�±Ê¯O��âx�ª©�¸ óO«�ðÁ�L�\«wÄ
õ�ç�æ\è
ø4
�$@÷ùìwæ�éÊê�ç�ä#�G$¤õ (�þ�Ó���áuæ\ø�éÊç5¡4�]�+*x,Fê�æ�õFë
ãíë�æ\ë
ãíì.ç�õFê�ðÐçhè�ãÊñ�æ�é9çhìWã¢ò�ç�õ�ñ�ç¹ãÊä5å�èSç�ä
ç�õ7ë
ç�òkë
â�æ\ë�ë
â�ç¹ä
ñ�æ�é¢ãÊõ��)èSæ\ë
ç�ä�¤þ�¡���æ�õ�ò¿�¤þXD���æ\è�ç¹î�ø6ç�
.ç�òHø�
�ë
â�ç�æ�ñ�ñ�ê�ð)ê�é¢æ\ë
ã¢îwõkîwï�HL÷ùø�ê�ðÈå�ä�ï]î�è � ¥ Ó4¸íþ)æ�õ�ò ��¥ Ómè�ç�ä�å6ç�ñhë
ãíì.ç�é 
��� ã �wê�èSçºþLûkå�è�ç�ä
ç�õFë
ä�ë
â�çÐè�ç�ä
ê�éíë
ä�îwï�HL÷ùå�æ\èSæ�ð@çhë
çhèÈñ�îwõFë
ãÊõFê�æ\ë
ãÊîwõ´îwï5ë
â�ã¢ä¹å�è�ãÊð=æ\è�
`æ�õ�ò´ãíë
ä ñ�î�è
è�ç�ä�å6îwõ�ò�ã¢õ��HL÷ùø�ê�ð@å�ä#� ô î�ë
çTë
â�æ\ë²ë
â�çTñ�ê�è
ì.ç�äkæ+��è�ç�ç),Wê�æ�éÊãíë�æ\ë
ãÊì.ç�é�
 ógãíë
âÓë
â�çÃë
â�ç�î�è�çhë
ãÊñ�æ�é¿è�ç�ä�ê�éíë=ç�ð ø6îFò�ãÊç�ò ãÊõ � ã �wê�è�ç
þ�Ó4��úWå6ç�ñ�ã�3�ñ�æ�éÊé�
���ë
â�ç · °�÷�ä�
WðÐð@çhë�è�ãÊñ�HL÷ùø�ê�ðÈå�ä�æ+��è�ç�ç)ógãíë
â � ã �wê�è�çÐþLû��bø��gæ�õ�òHë
â�çt°�÷�ä�
xð@ð@çhë�è�ã¢ñ�îwõ�ç�ä�ógãíë
â� ã �wê�è�çmþLû��ùæ��2�9æ\å�å�æ\è
ëCï¢è�îwð ë
â�ç�ñ�æ�ì.ç�æ\ë�ë
â�æ\ë�ë
â�ç�ä
ãÊò�ç¿îwï�ë
â�ç¿å�è�ã¢ðÐæ\è�
=î�è�ø�ãíë¶ï¢èSîwð ógâ�ãÊñSâ²ë
â�ç?HL÷ùø�ê�ð@åHî�è
ø�ãíë
ä
æ�ñ�ñ�ê�ð)ê�é¢æ\ë
ç�ò�îWç�ä õ�î�ëÈæ\å�å6ç�æ\è�ë
î`ä�óCãíë
ñ�â æ�ä � ñ�â�æ�õ��wç�äÈä
ã �wõ��®�Çè�ç�ä
ê�ð=æ\ø�é�
`ë
â�ãÊä ãÊä�ø6ç�ñ�æ�ê�ä
ç �kHI�F��ò�îFç�ä)õ�î�ë
ä�æ\ë
ãÊä�ï�
Èë
â�çCõ�îwõ�ò�ç#�wç�õ�çhèSæ�ñ�
Ðñ�îwõ�ò�ãÊë
ãÊîwõ@â�ãÊõFë
ç�ò²æ\ë°ãÊõ6�gç�ðÐæ\è
ôb¡�æ\ø6î�ì.ç+��æ�éíë
â�îwê{�wâÐó5çCé¢ç�æ�ì.ç�ä
ê�ñ�â²æ�ñ�æ�é¢ñ�ê�é¢æ\ë
ãÊîwõ
ë
î@ï]ê�ë
ê�è�ç¿ó5î�è
ô��� ãÊõ�æ�é¢é�
���éÊçhë¶ê�ä5ë
ê�è�õ²ë
îÈë
â�ç�î�èSã �wãÊõ�æ�é9ð@î�ë
ãíìwæ\ë
ãÊîwõkã¢õ�(�þwþF�6þ�Ó+*�ï[î�èCä�ë
ê�ò�
xãÊõ��)ä�
xä�ë
ç�ð �kHI�F�3ógâ�ãÊñ�â²ó¶æ�ä¶ë
îÈä
ç�ç
ë
â�çCç�.#ç�ñhë5îwï9éÊãÊõ�ç�æ\èÇò�ãÊä�å6çhè�ä
ãÊîwõ;$ �ùæ�õ�ò=õ�îwõ�éÊã¢õ�ç�æ\èÁò�ãÊä�å6çhè�ä�ãÊîwõ � ��îwõ=ë
â�ç�ç'&�ãÊä�ë
ç�õ�ñ�çCîwï6ä
îwéÊãíë
îwõ�÷�éÊãíô.ç¶â�îwð@îWñ�éÊãÊõ�ãÊñ
ä
îwéÊê�ë
ãÊîwõ�ä5æ�éÊîwõ��)ë
â�ç ä æX&xãÊä5ï]î�è · þ �Iä:� þ��°á�â�ç�õFê�ðÐçhè�ãÊñ�æ�é�è�ç�ä
ê�éíë
ä3ä
â�îLóËë
â�æ\ë5ë
â�çhè�ç¿ãÊä¶æõ3�õ�ãíë
çCò�ãÊä�å6çhè�ä�ãÊîwõ�.æ\å¦�bø9çhë-ó3ç�ç�õ;$ ¥ Ógæ�õ�ò�ë
â�çÇø�èSæ�õ�ñSâ�é¢æ\ø6ç�éÊç�ò?¡CãÊõ � ã �wê�è�ç¶þ��F�2�7æ�õ�ò ä
î�ë
â�ç°î�è�ã �wãÊõ�æ�é @ ä
îwéÊãíë
îwõ�ä#AOæ\è�ç3ä�ë�è�ê�ñhë
ê�èSæ�éÊé�

ê�õ�ä
ë�æ\ø�éÊç�ë
î�ò�ãÊä
å9çhèSä
ãÊîwõ��g$¤õ�ä
ãÊò�ç�ë
â�ã¢ä��.æ\å=�\ã¢õ¿å�é¢æ�ñ�ç�îwïxîwõ�çR÷ùø�ê�ð@å�â�îwð@îWñ�éÊãÊõ�ãÊñ�î�è
ø�ãÊë
ä#�Ló5çG3�õ�ò¿ãÊõ�3�õ�ãíë
ç�ä
ç#,Wê�ç�õ�ñ�ç�ä
îwïº�k÷ùø�ê�ðÈåºâ�îwð@îWñ�éÊãÊõ�ã¢ñCî�è
ø�ãíë
ä�ï]î�è � � H��
Ùqº8¿�À�¹,ß�°z±,¼lÁ1±,®S±,À�µ<»$�æ�ð ��èSæ\ë
ç�ï]ê�é�ë
î/>õ�F�¿îFç�é¢ðÐæ�õ��F���]>?�F�uç�éÊçhë
ã¢çhè°æ�õ�ò��/�q�0�]>?�Ñö �7ìwæ�õ@ò�çhèH�Áî�è�ä
ë#�Fë
â�ç¶î�è2�.æ�õ�ãÊä
çhè�äÇîwï�ë
â�ç5ó5î�è
ôxä
â�î�å
îwõ öHê�éÊë
ãíø�ê�ðÈåsä�îwéÊê�ë
ãÊîwõ�ä æ�ä å#æ\è
ë�îwï¶ë
â�çÐë
â�ç	�8î�è�ç�õFë��¦�5ç�õFë
çhè�A ä å�è�î���èSæ�ðÐð@çÐîwõK��
Wõ�æ�ðÐãÊñ�æ�é5ú�
Wä�ë
ç�ðÐä æ�õ�ò��æ\ë�ë
çhè�õ ï[î�è�ð=æ\ë
ãÊîwõ��uï[î�è)ç�õ�æ\ø�éÊãÊõ{�ºéÊî�ë
ä�îwï¶ä�ë
ã¢ð ê�é[æ\ë
ãÊõ��ºò�ãÊä�ñ�ê�ä
ä
ãÊîwõ�ä�æ�õ�òsï]î�èt�wãíìxãÊõ��ºðÐçÈë
â�çÐî�å�å9î�è�ë
ê�õ�ãíë7
Ãë
î
å�è�ç�ä�ç�õ7ë¿ë
â�ãÊäCó5î�è
ôà�?$Cæ�ð$ãÊõ�ò�çhø�ë
ç�òHë
î²ðõ
Hìwæ\è�ãÊîwê�ä�ñ�î\÷-æ�ê�ë
â�î�è�ä�îwïÁå�æ\å6çhè�ä�ï¢èSîwð óCâ�ãÊñ�âÃë
â�ãÊä�ó5î�è
ôÃã¢äCò�èRæ�ógõ��
ç�ä�å6ç�ñ�ã¢æ�éÊé 
Ðë
î	�x�]�t� < îWîWò�äCæ�õ�ò?át� 9 ���	î�è�òkï]î�èCæ�éÊé¢î�ógãÊõ{�Èð@ç¹ë
îÐê�ä
ç¿ë
â�ç�ãíègõWê�ð@çhèSãÊñ�æ�é6è�ç�ä
ê�éíë
ä5�¾ãÊõ)�'HÐæ�õ�ò)�"���íþ
è�ç�ä�å6ç�ñhë
ãíì.ç�é 
��2�Áá�â�æ�õ�ôWä�ë
îFîÈë
î 9 ���dJæ\ë
çhè�ãÊñ�âTæ�õ�ò®���]>?�{�uç�éíë
ç�ã¢çhègï[î�èCñ�îwð@ð@ç�õFë
ägîwõÃæ�õHç�æ\è�éÊãÊçhè�ò�èRæ�ï¢ë#�
é Plê%P°Û¿PÇÙmßHP.Ê
�Ñ©
� á Ä ë5Ä á �����L�R�¿�L�.�ÆÒWÄ�ì²�L¸.�.���jªLÄsÒ\����±í­]���.�.¼7�
�S�T���-�O�.�-µ7�L�-�S�.��³²�-¯L�?�?��¯O�7�C���T�w¯O�w�?���w�S�O���-�
±¢���L�����?�L�mµ7�R���?¯w�w���)·��R�w�?�7Ä

þ��



- 0 . 1 5 - 0 . 1 0 - 0 . 0 5 0 . 0 0 0 . 0 5 0 . 1 0 0 . 1 5

0 . 2 5

0 . 5 0

0 . 7 5

1 . 0 0

1 . 2 5

1 . 5 0

1 . 7 5

- 0 . 1 5 - 0 . 1 0 - 0 . 0 5 0 . 0 0 0 . 0 5 0 . 1 0 0 . 1 5

0 . 2 5

0 . 5 0

0 . 7 5

1 . 0 0

1 . 2 5

1 . 5 0

1 . 7 5

D D

β β

(b)(a)

� ã �wê�è�çmþLû4±�´ ¯O�\�-�?��¼.�L���?¯O� �?�)�-�.�¹Ôíâë¼j¶#Õ]­¾µw���L�w�¶¯L±��-�.��µ.����·¿�L�-³��L�7�·­ ��® �.î°­b�-���O�S������¸w�?�L½8­ {+® îÇ­¾�-���L�R�-�-��¸w���°�¾�8¯L­b¸7¼.·¿µ
�.¯O·�¯w�
�?�?�w����¯\�-¸.�����g�-¯Ð�-�.� ¯\���?ÍL���º¯�±�Ô4¹�ðwÕ5���?�-��ã � �.ÄkÒ\¯L�?���k�?�?�w�R�C�-�Sµ7���R���R�O�Cµ.����·¿�L�-³º��¯O�?¼w�-��¯\�.�g�O�.�H�7�L���w�S�º�?���w�S�¹�­b¸7¼.·¿µ.��Ä

�	�w�h�Zî,ï[ð�ñTñ2î ò¶½�©Lð7©#ô ó]� ¯ ðÁ¹w½F©S�O¬L�.Ä
� ¹��bë5Ä á ±Ê�S�.�w��Ï�¯��C�L�.� á Ä&ó@���S�?ÏL�LÄ8ëu��±¢¼.�������-��¯\�.�9¯�±�¦	¯O�?�-�S¼w�?�?���´ô7¯��T¸7�S�¾�8�S�S��µ.�L�����?���S�.µw�������R� ¯ ó�­¾�w�?·��R�.���?¯O�7���w��¯O�?¼.���?¯O�.�
���?�-�m���L�-ÍL�5�-µ7�L�\���?�-�3���h�O���?�S�wÍO�-��Ä�ò�õ-¡¤�� 3ö9ð�÷�ø*õ;õ-£*ñ[ ùø*úW£9û,ü7ð¤¡¤�.£9úF ¢¡��C£*ú�ý £9úW£*û �h�� ���½�© ¹�� ô?©¾�7© ¯ © ¹Û�w½w©S�O�O«wÄ

� ó��bë5ÄZë�¼�Àx¯O�.�[Ä�Öù�©üF�w�?�����?³¶·¿�L�\³Ç���L�-ÍL��­b�O·�µ.���?�-¼.�.�9�.¯O·�¯w�
�?�?�w���6¯\�-¸w�?�-��±Ê¯O�������?�O�-��¯�±.�L¼w�-¯O�w¯\·�¯O¼.��Â3�L·��?���-¯O�w���L�5�-³��-���R·¿��Äþ<î�¥g  ÿ�î����Zú.��½�© ¹.©�ô?©¾�O� ¯ © ¹%�7½.©S�O�O«wÄ
� ðL�bë5Ä8ë�¼�Àx¯O�w�]Ä8Ò��w¯�¯O�����wÍ¹·C�S�-�w¯w�.�Ç�L�.� ��¯\µ7¯O��¯OÍL�����������-�O�.�-�L�S�������?���¾³O½F©R�L�L¬7Ä#��¯¹�Lµ.µF�S�O���?�È�£õGøR¡$î���ø��&î���øR¡4î��lý� 3ú�î,ò¶Ä
� «��bë5Ä�ë�¼�ÀW¯\�w�]½ á Ä Å�Ä ´ �.�L·¿µ.�.��³w��½8�L�.�	�FÄ É�Ä6��¯L���L�.��ÄÞëu��±¢¼.�-�S���-��¯\�k�L�.�Ã�
¯\���?�S���
�S�7�
��¯L±Ç�=µw�?�����w¯O���È¯L±°�w¯O·�¯w�
�?���w�?�
¯\�-¸w�?�-��±Ê¯\���¿Â°�O·C�?�?��¯O�.�?�O� �-³w���-�S·)Älþ<îW¥g�9ú�î�¥g  ÿ�î����Zú.�Zî?½W¬ ô ¹�¹w© ¯ ¹L¬.©L½F©S�O�L®.Ä

� ®��bë5Ä<ë�¼�Àx¯O�w�]½8ókÄ ñCÄ�
3�-¯��L�R��½��L�7���FÄ ÉuÄ.��¯L���L�.��Ä á µw�?�����w¯O���g¯L±#�-¯L�?�����L�-³¿ÍO���h�\�?�¾³\­b�S�Lµw�?�?�?�O��³����L���R�	�u�h�L�R�	���?�-�m�w�R�L�-��³
�S���?�������L� ë�¯\�.�m�L�.� É6��¯\¼.�w�¶��¼.·g¸F�S���SÄ6�8�� 3û�î�
<õ-£*ú.�Zî���ø��&î���øR¡4î,ïPø*ú�ý&îQò¶½�óO«%ð@ô «Û��« ¯ ®#����½7©S�L�O®.Ä

� �h�bë5Ä�ëu¼wÀW¯\�w�#�O�.�;±ÇÄ�Ò�¨�R�©¨�LÄ á ÍL�?¯O¸7������¯O�.�w�?���?¯O�È±Ê¯O�Ç»�¼.�O����­¾�-�O�.�w¯O·&¸7�R�.�h����¯\¼.�����@�����?�O�-�Ç¯�±��
¯\�.���R�����L���?�L���-³��-���R·¿��Ä
� ø9übü��<ú��#���<õ�ð�ò����/û�î��=£*ñí��î?½@ð\� ô ¹�¬O« ¯ ó#�O«w½7©S�L�O®.Ä

� ¬���Å�Ä ´ �L·¿�L�����.½�
CÄ��¶¯�������
�����½��L�.�@ÒWÄ �¹Ä7�u����Ä á óÐ�����w�?ÏL¯���·������w¯w��±Ê¯\�Á�w¯\·C¯w�������w���5¯O��¸w�����u�������È·¿�L�\³�µ.¼w���-�S�S½�©S�O�L®7Ä¦����Rµ.�����\��½ ò ¯O� á ���L·�¯\���°���-��¯\�.��� ò �L¸F¯O�����-¯O�-³LÄ
� ��� á ÄWÅgÄ ´ �.�O·�µ7�w��³w�SÄÁÂÇ¯\·C¯w�������w����¯O��¸w�?�-�Ç�?�@�-���O�S������¸w�?����³w�-���R·��°�L�.�m���w�����3�Lµ.µw�?�������-��¯\�.�Á���@·��S���7�L�w�����S½8ôF¼.�?�.�3�L�7�
¯\µw�������SÄ	�	���h�� ¢¡¤£¿¥�½�©O© ¹ ô�©h«�¬ ¯ ©S¬O®.½.©R�L�L¬7Ä

�Ñ©¾��� á Ä Å�Ä ´ �.�O·¿µ.�w��³w�)�L�.���7Ä�Â! �O���-�S�-�?����Ä ´ �L�����L�.�S��¯L±g�w¯O·�¯w�
�?���w�?�Ð¯O��¸w�?�-� ��¯Ã�H�-�O�.�w�?�
­]±Ê¯��S¼.��±Ê¯O���-���O�S������¸w�?�Ð�L�7�
µF�S�-�-¼.��¸F�S�ÃÂ°�L·��?���-¯O�w���L�Ã��³w�-���R·��S½Á©R�L�L¬7Ä á ��ó ÅÁ�S�-�S�O�-���kÅÁ�SµF¯O�-�#"Ûî%$'&L½8Î3�w���O�S�����?�¾³²¯�±�ë��-�?�-��¯O�[Ä�Ò�¼.¸7·C�?���-�S�T��¯
(�ø9ú�ûÑ 3ú�ð¤£9õ� 3ñ]��Ä

�Ñ©L©�� á Ä Å�Ä ´ �.�O·�µ7�w��³w�S½Ûë5Ä á Ä&ó=���?¯O·��S��½\�L�.�7óHÄ �FÄLÉW���?�S�.·¿�O��Ä����w�?���-�?�wÍ��-¯L�?�?��¯O�7�����¿�-�w�Çµ7���R���R�.�
�Á¯L±��w�?��µF�S�����?¯O��Ä��	�w�h��î
��ð�ö9î ïPðZñTñ2î?½7¬#� ô ð7©R®L¬ ¯ ð7©9��©L½w©R�L�O¬.Ä

�Ñ© ¹�� á Ä Å�Ä ´ �.�O·¿µ.�w��³w�8�L�.� á ÄwÒwµ7�R�.�
�OÄ�Â°¼.�\�-�?�wÍg±Ê¯O�8�w¯O·�¯w�
�?�?�.�?�Ç¯O��¸w�����������-���L�R�-�-��¸w���Á�-³w���-�S·¿�¾ô#�C�-�w¯�¯O�����wÍ����R���.�w��»�¼w�LÄò�ý9ö�£9úx¡�ð
�¶ 3ú � ø9ü)���<ñ¾£9ñ] ùø9úx£9û���£9ñÊ�8ðZü¿£*ñ[ ¢¡
��½�©�ô ¬.© ¯ © �L¬.½F©S�O��ó.Ä
�Ñ©2ó��!*CÄ ´ ¯L�-�,+W�S�?�L���]½�Ö�Ä%±8ÏL�����L�.��½L�L�.� ¨±°ÄOÒ+¨�S� ¨�OÄ á �h�O�������-��¯\�.���.�Oµ.µ.�-¯O�O������¯¶�w¯\·�¯��������w���u¯O��¸w�?�-�9���CÂ3�L·��?���-¯O�w���L�¿�-³��-���R·¿��Ä

��£9ñÊ�8î[ò�ú�úx£9û�ðZú�î?½@¹L¬L¬ ô?©2óXó ¯ ©S®��7½.©S�O���7Ä
�Ñ©LðL�-
CÄ �5Ä%ñ3���Á�L�7�C���O�¿Ò��O�L�-��¯�¯\��½9ì Ä/ë����-�-�L¸.�����-³��-���R·¿�9�������¹µ.��¯\µ.��Í\���-�?�wÍÇ±¢��¯\�\�#�?�S�O�w���wÍ5��¯�µ.�L�����R�-�g±Ê¯O��·¿���-��¯\��ÄF�	�w�h��î

��ð�ö9î ïPðZñTñ2î?½7®#� ô ¹�®�ð7© ¯ ¹�®�ð�ð7½w©R�L¬O¬.Ä
�Ñ©R«��CÅ�Ä ò Ä@ñ°�S�h�O�w��³OÄ6ÂÇ¯\·C¯w�������w���5¯O��¸w�����u�?� Â°�O·����?��¯\�w�?�O�m��³w�-���S·¿�SÄ�þ]î�¥g  ÿ�î����Zú.�Zî?½�¹.©�ô ðXó7© ¯ ðIóL¬7½7©S�]��®7Ä
�Ñ©S®��CÅ�Ä ò Ä@ñ°�S�h�O�w��³OÄ6ÅÁ���O�S������¸w�?�¶�w�ÑÀx��¯\·�¯O��µ.�w���-·¿���L�7��ô7¯��Á�SÄ.
<õ�£9ú.�ZîQò�ü
ð�õZî���£*ñí��î/��øR¡4î?½�¹w©S¬@ô ¬O� ¯ ©L©2ó7½.©S�]��®7Ä

þLü



�Ñ©5�R�¿ÉuÄ©ñ°���L�u�O�.�#
CÄwÖ¾¯�¯\�-�SÄ ´ �Oµw���?���L�-³O­bÍO���h�����¾³C�?�\�-�S��±¢�L�
�����x�u�h�L�R�	�������tüF�.���-�5�.�Sµw����Ä0���<õZî[þ]î��(ð¤¡���î�132�41û5�w ùýh��½�©R« ô óO®�� ¯óL�Xó.½x©S�O�L®7Ä
�Ñ©S¬��n±ÇÄ �Dñ3¯��S�w�S�[½ á Ä Å ´ �.�L·¿µ.�.��³w��½��5Ä Å�ÄxÉF�L�?�-ÍO�-���S�L�O½�6	¼�Ä á Ä7��¼©ªR�w������¯��x½�ë3Ä�Ò��O�.�.�-���R�w�L½��L�7�98gÄ �7Ä�ì²�L�wÍFÄ á Î3�3:3���

�
¯\�\�����\¼7�����?¯O�¹�O�.��¸w��±¢¼.�����L���?¯O���-¯�±Ê�¾�u�L�-��±Ê¯O�8¯O���w���.�L�-³C�.�ÑÀx�S�-�S�\�������x�R»\¼7�����?¯O�7��½W©S�O����Ä á �h�L�����L¸.���3¸O³¹�O�w¯O�\³w·�¯O¼.��±Ê�-µ
±¢�-¯O·<;>=�?�@BA7C�@BA7D�EFA7DFG�H�I%JK@BA�J6½.�w���-�S�
�-¯O�-³L?�M�N�O>H�D�P�H�P�Q�O>J7M�=�D�Ä

�Ñ©S���¿Å�Ä á Ä�
3�O�-�.�.�S�¶�L�7� ´ Ä �¹Ä ÅgÄ �5Ä��O¯O�w�R��Ä������h�L�S���?���wÍ��u�h�L�R�°¯L±��mµF�S�-�-¼.��¸7�R�=�.�ÑÀ�¼.�-��¯\�=�R»�¼.���-��¯\�Ð�L�-�������wÍ)�?�²�)µ.�.�L�-�ü7�S�?�)·�¯��.���]ÄKRCú�ý� ¢£9úx£TS[ú7 3ö9î��=£*ñí��î�þ<î?½�óL�@ô�©O©S�]� ¯ © ¹�¹#¹w½.©R�L���7Ä
� ¹%��� ò Ä 6CÄ�
°���R¸.�-Ï\³H�O�.� ò Ä ókÄ ò �S��·��O��Ä�:3�`�-·¿���?�Á�-�-���-��¯\�.�L�-³º�?¯��S���?� ªS�S�T��¯O�?¼.���?¯O�.��±Ê¯\�¹�-�w�ÈÍO�S�w�R�-�L�����-�S�s©�­¢ñpÒ����Ñ±Ê��­

ÂÇ¯\�w�S��¸F�S�-ÍC�R»�¼.���-��¯\��Ä � �7£&ø��¤½�«©ô ðÁ¹%ð ¯ ðXó.©O½7©R�L�O«.Ä
� ¹w©
�7ó÷Ç ÉuÄ.ÂÇ�?�?�L���]½WÒWÄ<óZ¨���-�S�.�S½©¦6Ä8ëu¯O����Ï�·��O�.�S½\�O�.�U
CÄ ñ°�S�8�S�[Ä>¦��L���-�S�����-���?�S�
�-��¯\�����)�-�w�¶ÍO�S�w�R�-�L�����-�S�)Ò����Ñ±Ê��­]Â°¯O�w�R�\¸F�S�-Í

·�¯w�w���]Ä	�	���h�Zî���ð�ö9î��u½F«.©�ô ¹%��ðO® ¯ ¹%�\«�¹w½w©R�L�\«wÄ
� ¹�¹h�L
CÄ ì Ä8Â3¼.�\��½ÁÂCÄ ókÄ´ëu¯L�?��½Á�O�.�V�7Ä ókÄ �5Ä����.¯O·¿µ.�-¯O��Ä Ò\���-¼.���-¼.�����°��¯w�S���?�?�����-��¯\�Tµ7�w�S�w¯\·��S�.�k�O�.�Æ���w�Ð�w³w�.�O·C�����L�

µ.�.�O����­b��µ.�O�
�5�L�.�L��¯OÍL³LÄ6�£õGøR¡$î��;î���øR¡4î ï[ø9ú�ý&î,ò¶½©ðÁ¹O«©ô ¹�ð\« ¯ ¹L®���½7©S�L¬O�.Ä
� ¹�ó��L
CÄ ì Ä�Â°¼.�\�S½�
CÄ �FÄ ò ¯\�-��½��L�.� á Ä Å�Ä ´ �.�L·¿µ.�w�S³w��ÄÆÂ°¯O·�¯w�
�?�?�w���È�L�7�Ã�w�S���R��¯w�
�?���w�?�m¯\�-¸.�����¹¼.�.�w�R���?³��?�wÍ²���w�@µ7¯\����­

¸.¼.��Ï\�?�?�.ÍÁ¯�±F���w�?�L���?³\­b��¯O·¿µ.�-�S�����R�°��³\�?���.�.�-�?�S�����-�w�S�����S½\©R�L�O¬.Ä��-¯3�Oµ.µ7�R�L���?� � ø*ü3�,�<ñ2ðZõ0�ÞðZñÊ�8ø$ýh�u 3ú�ò��'��û  ùð�ý)�(ð¤¡��7£9úF ¢¡��
£9ú�ý.�£úXW� 3ú�ð�ð�õ� 3úXW5�-�w�R·��¶�?���-¼.�¶¯O�ÄÆ ´ ¯\·�µ7¼w�-�L���?¯O�.�L� ó@�����w¯w�.�Á�L�7�^ëu��±¢¼.�-�S���-��¯\� ���w�S¯O�-³����?�-� á µ.µ.�������L���?¯O�.�¾Ç�Ä

� ¹�ð��L
CÄ ì ÄWÂ3¼.�\��½8¦6Ä ñCÄ�ì=¯�¯w�.�S½ á Ä Å�Ä ´ �.�L·¿µ.�w�S³w��½�ókÄ á Ä8¦6���?���-���R��½/ókÄ á ì²�L�w�S�L½ ´ Ä �7Ä�ë�¼.�.��½��L�7�Y
CÄ �FÄ ò ¯\�-��Ä ´ ¯O·C­
µ.�O����·C�R�\�-����¸.¼7��ÏO�?���wÍ¹�?� �?¯O�wÍ¹�-�-��¼.�
��¼.���R��½�©R�L�O¬.Ä#Öù�)µ7���Rµ.�L�����-��¯\��Ä

� ¹L«h�-�FÄ �¹Ä�Â°¼7�O�-�S�u�L�7�L�FÄFÒ����w�S¼7���?�LÄ�±��w�?�-���R�.�
�3¯�±9µ7�R����¼.��¸7�R���-¯L�?�����L�-³��u�h�L�3��¯O�?¼.���?¯O�.����¯¹��·�¯��.���x�S»�¼.�L���?¯O�¹±Ê¯\�����L���S��­
�u�h�L�S�SÄ#�8���h�� ¢¡¤£�¥g½�ó#¹ ô ¹O«�ó ¯ ¹�®O¬.½F©S�L¬O¬.Ä

� ¹�®��L
CÄ�Ö¾¯�¯O���SÄ á �
¯w�w��·��S�.�-��¯\��­b�¾�8¯º¸w��±¢¼.�������-��¯\�Ã±Ê¯O���-���O�S������¸w�?� �O�S�
�-¯O�iü7�S�?�7��ÄZ4	 ùðZû�ý���RCú.�Cñ] 3ñ[�<ñ.ð � ø9übü��<üC ¢¡¤£9ñ] ùø9ú7��½ð@ô ¹%�7© ¯ ¹w©5�w½.©S�O�O«.Ä
� ¹Û�R�L
CÄxÖ¾¯�¯O���°�O�.��óHÄ ´ Ä8¦6�S�-¯O¼.�S·��LÄ�¦6�S�-�-¼7�-¸F�S�=�w¯O·�¯w�
�?�?�.�?����¯O�?¼.���?¯O�.�°�?���-���L�R�-�-��¸w��� ©�ô?©C�-�S�-¯O�.�O�.�
�C�L�R�
��¯\�.üF�����.��Ä|þ]î

¥g  ÿ�î����$î?½�©¾�Á¹©ô ®#¹ ¯ ¬L¬7½.©S�O��ó7Ä
� ¹�¬�� ´ Ä �¹Ä Å�Ä �5Ä��L¯\�w�S�S½w�5Ä �FÄX���LµF�S�S½w�L�.���gÄ��¶¯\µ7�S���]Ä#�#���L��Ï\�?�.Í��?�\���L�-���L�\�ù­¾·¿�L�w��±Ê¯L���.��¼.µ��-¯¿�
�.µ7¯\�w�S�\�-�?�L���?³��-·¿�L���x�S���-¯O����Ä

�XR�ò3�åþ<î��=£*ñí��î,ò�úW£*û�î?½�¹��tô «L«�¬ ¯ «��&��½7©S�L�O®.Ä
� ¹����7ì Ä ñCÄ����L���?�S�S½��7Ä7�¶�u�Lµw���jªL½��L�7�@Å�Ä á Ä ´ Ä óHÄ��h�O�=�.�S��*6¯O�����SÄgÂ°¯O·�¯L�-¯Oµ\³È�
���L�����R�Ç±Ê¯\�5�����L¸w�?����¯O�.�.�S�
�-��¯\�.�5¸7�S�¾�8�S�S�

Â°�O·����?��¯\�w�?�O� ���L�7�w����­[±Ê¯w�S¼.�u�S»�¼w�?����¸.�-�?�7½�©S�O�L®.ÄQ¦8�-�Sµ7�����\��½�
°��¯\��ÍO�?�CÖù�.�-���?�-¼w�-�¶¯�±6���R���.�w¯L�?¯LÍO³LÄ
� ó����7ì Ä ñCÄ0���L���?�S�¹�O�.�TÅ�Ä á Ä ´ Ä ókÄ	�h�O�`�w�S�\*6¯\�-�-��ÄqóÐ¼.���-�����-�O�.���?���?¯O�T�w¯\·C¯w�������w���È�L�.�T�w���-�S�-¯w�
�?�?�w���È�-¯L��¼w���?¯O�.�¿¯L±°���w�

�
�w�-�S�.�w�R��É9���-�.�S��­bÏL¯L��·C¯OÍL¯\��¯����S»�¼.�L���?¯O��Ä�þ<î�¥�  ÿ�î�����ú7�Zî?½�©2ó7©�ô ¹%�L� ¯ ¹#¹�¬.½7©S�L�O®.Ä
� ó.©
�¹�5ÄK���Oµw�?�-¼w���.Äl±	�w�?�-���R�.�
�Ð�O�.�Æ�-�-�L¸.���?���¾³`¯L±g�����wÍO¼.�?�O���w���-�S�-¯w�
�?�?�w���@¯\�-¸.�����¹±Ê¯O���-�w�T
°�?� ªS¸.¼.�-Í�­ ò �O�.�.�O¼Ã�R»�¼.���-��¯\��Ä

(iø*ú�û  3ú�ð¤£9õ� 3ñ]��½7� ô ®L®O� ¯ ®O¬O«.½7©S�O�L®7Ä
� ó#¹h��ÒWÄ��¶�����w�S�7�L���-�O·�³LÄQ±��w�����-�S�.���5¯�±#�-¯L�?�?�-�L�-³��u�h�L�R��±Ê¯\�u���L���S��­b���h�O�°·�¯w�w������ÄK(�ø9ú/û  3ú�ð¤£9õ� 3ñ]��½�© � ô?©2ó�ó ¯ ©h«w©L½F©S�O����Ä
� ó�ó���6CÄ��¶�?�w�-�7�L�S½ á Ä ÅgÄ ´ �.�L·¿µ.�.��³w��½�ñ�Ä ´ �L�[½��O�.� á Ä ÅgÄ ë������w¯Oµ�Ä�ëu¯O¼.�.���-�-���-�S�3¯�±��?�\�������.�-�?���?¯��S���?� ªS�S�=·C¯w�w�R��½	©S�L�O¬.Äá ��ó ÅÁ�S�-�S�O�-����ÅÁ�SµF¯O�-���L¬.Ä ó.½wÎ3�w�?�L�S���-���¾³¹¯L±[ë��-�?�-��¯O�[Ä.��¯¹�Lµ.µF�S�O�u�?�m�	���h�Zî���ðZö5î71ÇÄ
� ó%ð��L:CÄ 6	¼#�¶¯L�?�-�-¯��h���L�7� ò Ä ókÄ ò �S��·��O��Ä�¦6�R���?¯w�w���5¯O��¸w�����Á�L�7�È�w¯O·�¯w�
�?�?�.�?�5¯\�-¸w�?�-�Á�?�È�¹�¾��¯�­¾µ.�O�-�O·C�S���R��¼7��±Ê¯L���w���wÍ�¯�±6�

Â°�O·����?��¯\�w�?�O���-³w���-�S·����?�-�)�C�w¯\·�¯��������w���Ç¯\�-¸.������¯¿�C���L�7�w����­b���S�\���R��Ä/RCú�ñ.îPþ]î71Ç  ÷]�<õ-¡¤£9ñ] ùø9ú � �7£&øh��½x«©ô óL��� ¯ ðÁ�L¬.½7©S�L�\«wÄ
� óO«h�-�FÄ ÒWÄ ì Ä ò �L·C¸��O�.�^�7Ä á Ä_
�ÅÁ¯O¸F�S�-�-�SÄm�u�?·��
­¾�-���L�R�-�����6�-³w·�·��S�-�-³Ð���º�w³w�.�L·��������8��³w�-���S·¿�¾ô á ��¼.�-�L��³OÄ)�	�w�h�� ¢¡�£m¥g½

©L© ¹©ô?© ¯ óL�.½F©S�O�L¬.Ä
� óL®�� ò Ä ókÄ ò �S��·¿�L��ÄFÂ°�O·C�?�?��¯O�.�?�O�¹��³w�-���S·¿�6���?�-�¹�g���Rµ7�R�-�L�-�-�Ñ�g�?¯�¯Oµ�¯�±��¶���L�.�.����­b���S�\���R��Ä7�3���¤�� ¢£9ú�ò°¡�£Ûý&î��x¡� ùî7�7`$î���£9ñÊ�8î?½

©¾�@ô ¹L���w½F©R�L�.©OÄa:3�-�?ÍL���.���?��³�µ7¼.¸w�?�?���w�S�)���)ÅÇ¼.�������L�)�L�3��£9ñ.ðZü¿£*ñ2î/��`�ø9õCú7 Bb¿¦Xc�d�©¾�O«�­�©'óL¬7Ä
� ó��R�\8gÄ ­2ë3Ä ò ����Ä�Î°�-���wÍió@�S�?�.�?ÏL¯���Ç ��·������w¯w�¹��¯���¯O���O�°Ò��w�?�JÇ �w��Ï�¯��8Ç �	µ.�-¯O¸w�?�S·¿�SÄ��£õGøR¡4î,��ø��&î7��øR¡$î��lý� 3ú,`e�<õ[Wh�>�Pò5½F©L©S®@ô ¹L�O« ¯ó#¹O«w½x©S�O���7Ä
� óL¬��n±ÇÄ ò ¯O·g¸7�L���w�[ÄHÂÇ¯O·�¯w�
�?���w�?�)¯\�-¸w�?�-���-¯����.µ7¯\�w�S�\�������?�?³k�-·¿���?��µ7�R���?¯w�w��� ¯\�-¸.�����g±Ê¯\�¿�����?�O�-�C¯�±5���S�L�R�-�-�?¸.���)��³w�-���S·¿�¾ôá µ7µw�������L���?¯O� ��¯¹�u���-�S�����h�O�S�SÄ�ò�õ�¡���î��Ç£9ñ.î��(ð¤¡���î,ò�úW£*û�î?½�©2ó]�tô ¹�¹�� ¯ ó#�%ðF½.©S�O����Ä
� óL���n±ÇÄ ò ¯O·C¸.�L���w�]Ä0�Ç¯\�)µF�S���-�?�-���R�.�
�¶¯L±9�w¯\·�¯��������w���¶�
¯\�.�w�S�����?¯O�.��±Ê¯O�ÁµF�S�-�-¼.��¸F�S�)�?�\�-��ÍO���L¸.���¶�-���L�R�-�-��¸w���¶�-³w���-�S·¿��½�©S�L�]��Ä

��¯¿�Oµ.µF�S�L������þ]î�¥g�9ú�î�¥g  ÿ�î����Zú.�Zî#Ä
H+Ó



� ð#���-
CÄF�FÄ ò ¯\�-��½ á Ä�Å�Ä ´ �7�L·¿µ.�w�S³��S½��L�7�^
CÄQì Ä�Â3¼.�\��Ä ´ ¯O·¿µ.¼.�-���-��¯\�@¯L±��w¯\·C¯w�������w���C¯\�-¸.�����5�?��µ.�L�-�������6�w��Àx�S�-�S�\�������
�R»\¼7�����?¯O�7�Lô��O� �Oµ.µw�?�?�S�����?¯O� ��¯¹��³\�?���.�.�-�?�S�������w���?��¸.¼.��Ï\�?�?�.Í7½�©S�O�L¬7Ä#��¯¹�Lµ.µF�S�O�u�?�f�XR�ò3�æþ<î��x¡� ùî � ø*ü3�WÄ

� ð7©��-
CÄ �7Ä ò ¯O����½ á Ä Å�Ä ´ �.�O·¿µ.�w��³w�S½°�O�.�g
CÄ ì Ä�Â°¼.�\��Ä ´ ¯\·�µ7¼w�-�L���?¯O�s¯L±g�?¯��S���?�?�-�S�´µ7¯\����­b¸.¼7��ÏO�?���wÍH���s�?¯O�wÍT���w�����?��³
��¯O·¿µ.�-�S�����R� ��³\�?���.�.�-�?�S�������w���?�?�SÄ��	�� 3û î)
8õ-£9ú7��î���ø��&î�� øS¡$î ïPø*ú�ýÛî,ò5½�ó\«L«©ô ¹w©'ó�� ¯ ¹w©h«%�7½w©S�L�]��Ä

� ðÁ¹�� á Ä*ó@�?����Ï��LÄ�hC£9ü� 3û ñ2ø*ú7 ¢£*úm£*ú�ýlï#£eW&õ-£9úXW� ¢£*ú\4�û�øji9��ø9ú � ðZú�ñ.ð�õk��£9úF  ÷�ø9û�ý���i6 3ñí��ò����/û  ¢¡¤£9ñ] ùø9ú7�Á 3ú��£û3ûÑ  �/ñ] ¢¡LlW£9õ� ¢£9ñ] ùø9úx£9û
�£õ�ø'`Zû�ð�üC��Ä�Ò�µ.�-���wÍL�R�ù­m*6�S�-�?�LÍ7½>�Ç�S��6�¯\�-ÏW½�©S�O�.©OÄ ò �S�
��¼.�-���°¯L�-�S������óÐ�����w�S·¿���-�?�S��Ä

� ðXó�� á Ä/ó@�?����Ï����L�.�dë5Ä á ±Ê�R�.�w��Ï�¯��xÄ�ëu�Ñ±¢¼.�����L���?¯O�m¯L±6�.¯O·�¯w�
�?�?�w���¶¯\�-¸w�?�-�Ç��¯)���-�O�.�w�?� ¯ ±Ê¯��S¼.�����@�-���L�R�-�-��¸w�����-³w���-�S·¿�Á���?�-�ù>£�Ô4¹OÕ ¯ �-³�·¿·�������³OÄ����R���.�w�����L�����Rµ7¯\���S½wÎ°�w�?�L�R�-�-���n ���uÂ°�O�.�w¯��O�S�S½W©R�L�]��Ä�Ö¾É á ó ó%ð7Ä
� ð�ðL� á Ä,ó@�?����Ï��O½�¦ ÂÇ¯O�?·��S�S½��O�.�	:CÄ�:GÇ ÅÇ���?���?³xÄ ´ �L�����L�.�S�5¯�±u�w¯O·�¯w�
�?���w�?�¿¯\�-¸.�����5��¯7½#�L�.�²���.�L¯O�5�w�R�L�S½��)Â°�O·C�?�?��¯O�.�?�O�

���L�.�.����­b���S�\���R��Ä�þ<î�¥��9úx£9ü� ¢¡��Ç¥g  ÿ�î����Zú.�Zî?½ ð�ô �\« ¯ © ¹�®7½F©R�L�#¹.Ä
� ð\«�� ò Ä á ¦6�S���S���?�S���O�.��ì Ä ´ Äh�#��¯�³OÄ�Ò�µ7���������\µ.���-���R�-�.���w�S�����-�?¸F�S�¶¸\³°�-�w�+±	�w���S�7�w�S�3É9�?���w�R�ù­m�¶¯L��·�¯LÍL¯\��¯��5ÔJ±	Éo�CÕF�S»�¼.�L���?¯O��ô

�¶���.Ï���Ä	¥g  ÿ�î�R�ú�ñ.î,�3�4î?½W¬ ô?© ¹Û��� ¯ ©2ó���ð7½.©R�L�\«wÄ
� ðO®�� ò Ä á ¦6�S���S���?�S���O�.�bì Ä ´ Ä\���-¯�³LÄ ´ �.��¯O�������-µ7���������Fµ.���-���S���.���.�S�����-�?¸F�S�¿¸\³g���w�.±��w�-�S�.�w�R�¿É9�?���w�S��­m�¶¯L��·C¯OÍL¯\��¯���Ô�±8É/�CÕ

�R»\¼7�����?¯O��Älþ]îx¥g  ÿ�î����Zú.�Zî3î?½�© ¹��@ô ð�«�¬ ¯ «%�O¬.½.©R�L�L®7Ä
� ð]�h� ò Ä á ¦6�S���S���?�S���O�.�(ì Ä ´ Ä#���-¯�³LÄ á ��¯\µ7¯O��¯OÍL�����������w¯�¯L�-�?�.Í@·C�S�-�w¯w�º�O�.���-�w�����w�?�-���R�.�
�¹¯L±uÏ\���.Ï���¯�±u�-�.�D±��w���R�.�w�R�

É9���-�w�R�ù­m�¶¯L��·�¯LÍO¯O�-¯��C�R»\¼7�����?¯O��Äp
/ø]�8ø9û øqWL ¢¡¤£9û��ÞðZñÊ�8ø$ýh�� 3úr(�ø9ú/û  3ú�ð¤£9õ�ò�úx£9û �h�� ���½F®@ô óXó.© ¯ óO«O«w½F©S�L�O®.Ä
� ðO¬��Gñ�Ät¦6�����R�-�.¯�±ù½�ë3Ä.Ò��O�.�.�-���S�.�L½w�L�.� á Ä7Ò����w�S���]Ä�±��.µ7¯\�w�S�\�-�?�L�W�w�����w¯O��¯O·��?�S��±Ê¯O����¯O���?�-�O��³\­b���h�O�u�-¯L��¼w�-��¯\�.��¯L±����R·����?�?�.�S�L�

�S���?�?µ.�����¶�S»�¼.�L���?¯O�.��¯O�)���tüF�w�?������³������.�w�R�-�SÄ�þ]øj�<õCúW£*ûPø�÷Á¥g  ÿ�ðZõGð�ú/ñ[ ¢£*û,���e�7£9ñ] ùø9ú7��½�©LðÁ� ô ¹�®L® ¯ ó#�L¬.½7©S�L�]��Ä
� ðO��� ´ Ä_
 ÅÇ�LÍO��ªLª�¯FÄ�Öù�����SÍO¼w���L�8�w³w�.�L·������u�L�.�)�w¯\·C¯w�������w���Ç¯\�-¸w�?�-���-¯CÂ3�L·����?��¯\�w���L�����L�7�w���5�
�R�\���S���SÄ � ø9übü7î��s�<õGð�ò����/û�î

��£9ñÊ�8î?½�«%�@ô�© �O« ¯ ©Lð<��½.©R�L�]��Ä
� «%��� ´ Ä_
 Å°��ÍO��ªLªS¯7Ä0:3� ���w���-�-�L¸.���?���¾³�¯�±#�.¯O¼.¸w�?���w¯\·C¯w�������w���°�?¯�¯Oµ.�SÄ � ø9übü7îF��£*ñí��î��	���h�Zî?½�©S¬%ð�ô ¹O«w© ¯ ¹Û��¹w½.©R�L�]��Ä
� «w©���ë5ÄWÒ��O�.�.�-���R�w�LÄ-l/ðZõqtei1ð
 5W'�<ú>W��Cñí��ð�ø9õ� ùð5�8ø9ü
øub*û  3ú�ð�õYl/ð�õ�ý&ø]���/û_�<úXWÛðZú7Ä>¦��©ñª���w�S�-�?�S½.Î3�w���O�S�����?�¾³¹¯�±	Ò\��¼w���-ÍO�L�-��½�©S�L�Xó.Ä
� «�¹���ë5Ä�Ò��O�.�.�-���S�.�LÄ ´ �R�\���S�5·¿�L�.�Ñ±Ê¯O�?�.�°±Ê¯\�3�.¯O·�¯w�
�?�?�w������¯O�?¼w�-��¯\�.�SÄg���R���.�w�����L�9�-�SµF¯O�-��½ ì����?�S���-�-���'v�Öù�7���-����¼w�5±w ¼.� á �wÍO�
­

�u�L�.�.��� á �7���?³��-����¼.�.�@Ò\��¯w���.�O���-�?ÏW½�©R�L�O«.Ä�¦����Rµ.�-�?�\���Ç¯7Ä�©S¬L®7½w�-¼.¸7·C�?���-�S�m�-¯dþ<î�¥g�9ú�î�¥g  ÿ�î����Zú.�Zî#Ä
� «�ó����FÄWÒ\����±Ê�Á�L�.�K¦6Ä ´ ÄwÂÇ¯\�w�S��¸F�S�-Í7Ä��	���h�Zî���ð�ö9îQò;î?½�©R«©ô ó.©R�.½W©S�]�&��Ä
� «�ðL���FÄ ë´�h�O� �.�S�|ë��R��ÍFÄ�Î3�w��»\¼.�S�w�R�-�u¯L±���¯O�?¼.���?¯O�.��±Ê¯\�8���w�5�
�w���R�.�w�R� É9���-�.�S��­x�¶¯O�?·�¯LÍO¯O�-¯����S»�¼.�L���?¯O��Ä � ø9ü)�/ñ.ð
����ð�ú�ýy���ýÛð�ï.z òÇ¡¤£Ûý&ðZüC ùð7ý&ð
�{�x¡� ùð�úx¡�ð��{��ðZõ� ùð
��Rp2k��£9ñÊ�8ðZü¿£*ñ[ ��e��ð
½4ó#¹L® ô ð�ð]� ¯ ð�«�¹w½7©S�L�O¬.Ä
� «L«��G¦6Ä¿ñ�Ä�ì=¯�¯w�.�¿�L�.� á Ä6Å�Ä ´ �.�O·¿µ.�w��³w�SÄºÂÇ�S���S�-¯w�
�?�?�.�?� �-�O�wÍL�?�S�¿�L�7�H�w¯\·C¯w�������w��� ���.�LÏ\���wÍÐ���k���w�È¼.��±Ê¯O�?�w���wÍ�¯�±°�

�w�SÍO�w�R�-�L���5Â°�O·����?��¯\�w�?�O��Â°¯Oµ�±6¸w��±¢¼.�������-��¯\��½�©R�L�L¬7Ä9Ò�¼7¸.·����-���S�m�-¯��	���h�� ¢¡¤£�¥�Ä
� «�®��!�CÄ�6	�L·¿�OÏO�]Ä|�£û�£���ñ] ¢¡��Cñb£�`
 3û  3ñ]��ø�÷�¡� 3õ-¡e�<û�£9õ)¡
�9û  3ú�ý9õ� ¢¡¤£9û	�-�8ðZû3û ��ÄD±	�����S�����R��½ á ·¿���-�S���.�L·)½	©R�L¬�ð7Ä�*6¯L�]Ä�¹Û��¯�±�ò����/û  ùð�ý

��£9ñÊ�8ðZü¹£9ñ] ¢¡���£*ú�ý��Þð¤¡¤�.£*ú7 ¢¡
�¤Ä
� «Û�h���5Ä ­ùÒxÄ�6	�O�wÍ��L�7�È�5Ä Å á ÏO³����L�SÄ3:3�È�L�-³�·¿·����������¶Í\�-�h���?�¾³O­¾���Oµw�?�����L�-³¹��¯O���?�-�O��³ ���h�O�S�SÄ�þ<î�4�û_�w ùý|�(ð¤¡��w½4óXó��@ô ¹.©R« ¯ ¹�óÁ¹w½

©R�L���wÄ
� «�¬�� á Ä ´ Ä�6����¶Ä ò ¯w�����?�����R�)�-¯L��¼w�-��¯\�.�Á¯L±6����³w�-���S·&¯�±���¯O¼.µw�?�S�Ð�w¯O�w�?���w�S�O�°Ò����.�n ¯O�w���wÍO�S�u�S»�¼.�L���?¯O�.�S½�©R�L�O¬.Äº¦8�©ñ ���w�S�-����½ë��-¯��Á��Î3�w���O�S�����?�¾³L½wÖù�)µ.�-�Sµ.�O�-�L���?¯O��Ä

HFþ


