
���������
	��
	����������
	�����������������	����������! �����	����!�#"$�&%('��)����%*���)���)+-,/.0%&��,1	��2��	������&,3�4�5�&����"6	��4�
,��7�
	�8
,9����:�8!	���;����!,/��	��
 ��0%&���<������	��)�4�=">�?��,/�$	����2�@;

A?BDC?E4FHG4G4FJILK�M)NPOQBDR>FHG4SUT
V6WYX[Z�\^]H_H` \aZcb�W1d4Zfe�g/Z�hi\jhik�hmlYd4n�o)g/\jp[d4n�Z�\jhHq_[h&r�_[X[n
d4k�haW�s?t*uwvyxUzHz�{|r�_[X[n
d4k�haW

}i~��������)���/�c�1���9���
���U�1���[�[�H�y�
��� �[�/�J��� � �U�c�
���Y�U�[���y�U�c�����H�����f�/�U��������� � �����1���f�c�
�¡ ¢��� �  $£2�¤��¥�¦��[ 
�������y�-�1��� � �U�c�
�����*�[�1�� 
�[�
���H¦Y�§�� >��¥/�U�J���c���¤¨

��� ��� �m ¢���/�1�����*©j�[����¥/�<ª/�� ¢�
�������>���m��¥/�6�/�H� � ���1���J�����U«[�����[¬
­>¥/�$ ¢�¡ ¢���U�®�� ���¥9�J���J�c���c����¯U���D�Y�?�@�U�[��¦��c���¤�����H�
���c�°£6�U�U����¥1�-�/�[�1¨±���Y�/� � ���1�����/�Q� � �U�4�
���Y�U�H���y�U�4�����[�²���/ ¢���[�1� � �¤�w�²�[�/�����Y�/� � ���1�����/�P�¡���U���1�4������³� 
¯*�1�� ¢���[�
�����[�/ U¬
´ �����2�&���U 
� � �����1«D�m� � �����4����������� � �/�¤©j�¡�����J�����H��¦��H���Y�2�?�1�J�H� �  
¦ � �U�¡¨µ��� ��� ���/ ¢���J�/� � �¤�°�f�[�/�§�1�� ¢���J�/� � �¤�°�§���c�°£6�U�U�
��¥/�-�U�[���y�U�c�����y���J�9����¥/��¥/�[���H«[�U�/�U�[�/ $ ¢�������&�Y�c�U�1��¬

¶1·<¸�¹*ºJ»y¼!½¡¾�¿wÀ4Á�ÂHÃ�Ä Å�ÆHÄ Ç6È/ÉYÊJË[Ä ÌUÊyÄ Í6¿4ÉHÊJË[Ä Î�ÆHÄ Ï9Ð

ÑJÒÓÑcÔLÕ&Ö�×DØ�ÙLÚ?Õ?ÑU×DÔ

Û2IaF[S�ÜcE4Ý�SJÝ¡M9Þ¡FHS�Ü4ßaÝ¡M7ß^MàM�FJá²KYÜcßaSâI^ßjã/ä�ßaN®SJE4å�G�ÜcK¡IaGçæ±M�FJá²KYÜ4è
ßjSJGUé$ßjG2ê�ßjN�FJIaå²K¡SJSJFJë�ÜcF[N²K1G!K¡M²F�ì�S�F[I^IaFJM/Ü�ë)K¡EcK1N�ßaí¡áîÜ4Ý§G�Ü4ä)N�å
ë)K�Ü�Ü4F[E4M7ïµÝ¡EcáLß^M)í�ßaM)G�ÜcK¡ð�ß^Iaß^Ü4ßaF[G²ßaM®K�M�ßjG�Ý¡Ü4EcÝ¡ë�ßjS|G�å�G�Ü4FJá²Gçñ^ò�ó
ôyõ B$ö*F[áLK�Ü4ßjSJG@K�EcF*ßaM1ÜcE4ßaM)G4ßaS[K�IaI^åLK�M)ßaG4Ý�ÜcE4Ý1ë�ßaS�÷)ä�ßjN�G@ê�ß�ÜcT�ä�M�ß^è
KYì�ßjK�ILG�å9áLáLF�ÜcE4å1Bùø-T�F7ë)E4FJïµFJEcE4FHNQKYì�ßaG=æµÜ4T�F=N�ßaE4FHS�Ü4Ý1E�ú>é
S�Ý1E4EcF[G4ë�Ý¡M)N�G�Ü4ÝûÜ4T�FüáLF[K¡MýÝ1E4ßaFJM/ÜcK�Ü4ßaÝ¡M3Ý¡ï*Ü4T�F[ß^ELF[I^Ý1M�í1K�Ü4F[N
áLÝ¡IaF[SJä�I^FHGJBüÛ2IaF[S�Ü4EcÝ�S�Ý¡M9Þ1F[S�Ücß^Ý1M7æwÛ@þ-émÝ�SJSJä�EcG�ê�T�FJMÿKüÞ1Ý¡I^Ü�è
K�í1FfK¡ð ÝYÞ1FfK|S�Ecß�ÜcßaS[K�I<Ü4T�EcF[G4T�Ý¡IjN G�Ü4EcFJM)í�Ü4T ßaGDK�ë)ë�I^ßaF[NûK¡SJE4Ý/G4G
KýÜ4T�ßaM IjKyå¡F[E Ý¡ïfKýM)FJá²KYÜcßaSûê�ß�ÜcT M)Ý¡M9ÞYK�M�ßjG�T)ß^M�í7FJIaF[S�Ü4EcßaS[K�I
S�Ý1M)N�ä)S�Ü4ßaÞ9ß�Ü�å � ê�T�ßaSUT®Ý1E4ßaí¡ßaM)K�Ü4F[G²ïµE4Ý1á ßaáLë�ä�Ecß�Ücß^FHG�Ý¡E ïµE4Ý1á
G4ä�ß�ÜUK�ð�IaF?N�Ý¡ë�ßaM�í)B��@Ü-S�Ý¡M9Þ1F[S�Ücß^Ý1M²Ý¡M)G4F�Ü�Ü�å/ë)ßaS[K�IaI^å²K�ë�FJEcßaÝ9N�ßaS
K�EcEUKyå�Ý�ï2S�Ý1M9Þ¡F[S�Ü4ßaÝ¡MüEcÝ¡IaIaG�æwG�ÜcE4ßaë�F[GUé�ßjG*Ý¡ð G�F[E4Þ1F[N � ê�T)ßaSUTâK¡E4FK¡GcG4Ý9SJßaK�Ü4FHNLê�ß�ÜcT ë�FJEcß^Ý�N�ßjS&N�ßaEcF[S�ÜcÝ¡E-N�ßjG�ÜcÝ¡E4Ü4ßaÝ¡M)G�ë F[E4ë�FJM)N�ßaSJä�è
IjK�E-Ü4Ý�ÜcT�F�E4Ý1I^I�K�ì�F[G-ßaM ÜcT�F�IjKyå¡FJE@ë�IjK�M�F1B
A!FHG�ßjN�FHG|Ü4T�FÿM)Ý¡M�FHã1ä)ß^Iaß^ð)E4ßaä�á Û-þ(ßaM)G�ÜcK¡ð�ß^Iaß^Ü4ßaF[GâK¡I�ÜcFJEcM)KYè

Ü4ßaÞ¡F[I^å|F[ã/ä�ßaIaß^ð�Ecßaä�á�ë�T)K¡G4FDÜ4EUK�M G�ß^Ü4ßaÝ¡M)Gfæ�����EcFJF[N�FJEcßaS	��G�
?ÜcEcK¡M�è
G4ß�Ücß^Ý1M)G��/é&S[K�M�ð FLÝ1ð)G�F[E4Þ1F[Nçß^ï!F[I^FHS�ÜcE4ßjSüæµÝ¡EDá²K�í1M�F�ÜcßaSHé�
 FJIjN�G
K�EcF²K�ë�ë)I^ßaF[N Ü4Ýçä�M)ß�ïµÝ1E4áLIaåâÝ¡Ecß^F[M/Ü4F[NûM�F[áLK�Ü4ßjSJG�ñ � õ B ø-T�FLEcF�è
G4ä�I�Ücß^M)íýT�Ý1á�Ý1í¡F[M�FJÝ1ä)G N�ßaEcF[S�ÜcÝ¡EüN�ßjG�ÜcÝ¡E4Ü4ßaÝ¡M)G � ßwB F¡B ê�ß^Ü4T�Ý1ä�Ü
G4ë)KYÜcßaK¡I�ÞYK¡E4ßjKYÜcß^Ý1M)G2ßaM ÜcT�Fmë�IaK¡M�F � K¡E4F?áLß^M�ßaáLß�
[FJEUG@Ý�ï�ÜcT�FDÝ¡Ecß�èFJM/ÜUKYÜ4ßaÝ¡M K�I&F[IaK1G�ÜcßaSJß�Ü�å ë�Ý�Ü4F[M/Ü4ßjK�I?SUT K�EUK¡S�ÜcFJEcßaG�Ü4ßjS|ïµÝ¡E M�FJá²K�Ü�è
ßjSJG®ñ � õ B ø-T)F ßaM/Ü4F[E4ë�IjKyåPð�F�Ü�ê@FJF[M ÜcT�F®ë F[E4ßaÝ�N�ßjS7ë KYÜ�ÜcFJEcM�è
ïµÝ¡EcáLß^M)í#K�M)N Ü4T)FPT�Ý¡áLÝ1í¡FJM)FJÝ¡ä G=á�Ý�N�FHG®ßjG EcF�÷)FHS�Ü4FHN5ß^M
ë�T�F[M�Ý¡áLF[M)KàIaß��¡F��4K�ð)M�Ý¡Ecá²K�I��®E4Ý1I^IjG=ñ �[ó�ò�� õ Ý1E��4N�F[M)N�Ecß�ÜcßaS
í¡EcÝYê-Ü4T��|ñ^ò¡ò õ ê�T�ßjSUTçT)KyÞ¡F�M)Ý S�Ý1ä�M/Ü4FJEcë)K¡E�Ü*ßaMüÜ4T�FfG�ÜUK�M)N�K¡EcN
�*Kyå9IaFJßaí¡T�è
A��FJM)K¡EcN�S�Ý1M9Þ¡F[S�Ü4ßaÝ¡M�B�ø-T�F|ð�ß^ïµä�EcS[KYÜcß^Ý1MýN�ßjK�í¡EUK�á²G
K�EcF|Ý¡Ecí1K�M)ß�
[F[Nÿð9åÿÞYK¡E4ßaÝ¡ä)G�áfä�I�ÜcßaSJE4ß^Ü4ßjSJK¡I*ë�Ý¡ßaM1ÜUGLá²K�ßaM�I^åýß^M
Ü4T)F²M�Ý¡M�IaßaM�F[K¡E�E4F[í¡ßaá�F � G4ä)SUTûÜ4T)K�Ü�Ü4T�F²ÜcT�FJÝ1E4FJÜ4ßjSJK¡I2K�M)K¡I^å�G4ßaGK¡G�ê!F[I^I9K¡G�Ü4T)F�F�ì�ë�FJEcß^áLF[M1ÜUK�I/Þ¡F[E4ß�
 SJK�Ü4ßaÝ¡M�K�EcF�ã/ä�ß^Ü4F-N�FJá²K¡M)N9è
ßaM�í)B��
M=Ü4T�Fûë�EcF[G4FJM/Ü SJK1G�FâÛ-þ ßjG N�ßjGcS�ä)GcG�FHN ß^M KÿG4å�G�ÜcFJá �ê�T�F[E4F|F[ã/ä�ßaI^ßað�Ecß^ä)á K�M)NýM�Ý¡M�FHã/ä�ß^Iaßað�E4ßaä�á ë�T K¡G4F ÜcEcK¡M)G�ß^Ü4ßaÝ¡M
K�M NçÜ4T)FJßaEmSJÝ¡áLë FJÜ4ß^Ü4ßaÝ¡M�K�EcF§N�ßjG�F[M/ÜcK�M)í¡IaF[NâßaMûK�Ü4EUK�M)G4ë)K¡E4F[M1Ü
á²K�M�M)FJE � G4ßaM)S�FDKfSJFJE4ÜcK¡ß^M á§ä�I^Ü4ßjS�Ecß�ÜcßaS[K�Iaß�Ü�å²ßjG�K�IaEcF[K¡N�åLG4FJFHN�F[NßaM ÜcT�F�Iaß^M�FHK�E�EcFJí1ß^áLF¡B
� ä�E�ß^M9Þ1F[G�Ü4ßaí1KYÜcß^Ý1M)GmS�Ý¡M S�FJM/ÜcEcK�Ü4F�Ý¡MûÜ4T�FLï±K¡á�ßaIaßaK¡E! #"�$&%#$&'

FJIaF[S�Ü4EcÝ�S�Ý¡M9Þ1F[S�Ücß^Ý1M�B(�
M�ÜcT�F&S�Ý1áLá�Ý1M²SJK�ë K¡S�ß^Ü4Ý1E�è¢Iaß��1F@SJÝ¡M)
)í1ä�è
EUKYÜ4ßaÝ¡M�K¡MfK1S�è¢Þ¡Ý¡I^ÜcK¡í¡F+*�æ-,�é/.�0 �+132�465/æ87+,�é�ßaG6K�ë�ë)I^ßaF[N�ßaM�ÜcT�F
9 è¢N�ßaEcF[S�Ücß^Ý1M ð�F�Ü�ê@FJF[MûÜ�ê@Ý Ü4EUK�M)G4ë)K�EcFJM/ÜDë�IjKYÜ4FHG�æµßaM�Ü4T�F;:=<?>/è
ë�IjK�M�Fyé � ê�T�ßjSUT S�Ý1M)
)M�FDK�M)FJá²KYÜcßaS&IaKyå1FJEHB6A@å²K§G4ä�ß^ÜcK�ð)I^FmG�ä�E4èï±K¡SJF�Ü4EcF[K�Ü4áLFJM/Ü*Ý¡ï6ÜcT�F�ë�IjKYÜcF[G*Ü4T�F§N�ß^EcF[S�Ü4Ý¡E&ßaG�Ý1E4ßaFJM/ÜUKYÜ4FHN|ß^M
Kmë�EcF�ïµFJEcEcF[N�N�ß^EcF[S�Ü4ßaÝ¡Müæ±K¡I^Ý1M�íA@B é>ß^MfÜ4T)F*IaKyå1FJE>ë�IjK�M�F1B6ø-T)F@FJïiè

ïµFHS�Ücß^Þ1F�Þ¡Ý1I�ÜUK�í1F�K�áLë�Iaß�Ücä)N�FC1®K¡M)NDÜ4T)F@SJß^EUS�ä�IjK�E>K¡S�èwïµEcF[ã/ä�F[M)S�å
70G�F[E4Þ1F�K1G?á²K¡ß^M�S�Ý1M1ÜcE4Ý1I>ë)K�EUK�áLF�ÜcFJEUGJBD�*IaI$áLK�Ü4F[E4ßjK�I>ë�EcÝ¡ë�è
F[E�Ücß^FHG Ý¡ï�M�FJá²K�Ü4ßjSJG E4FHã1ä)ß^EcF K3ÜcFJM)G4Ý¡EcßjK�I?N�F[GcS�Ecß^ë�Ücß^Ý1M�BE��Ý¡E
ßaM)G�ÜcK¡M)S�F|Ü4T)FâN�ß^F[I^FHS�ÜcE4ßjS�ß^Ü�å3Ü4F[M)G4Ý¡E;F � ê�T�ßaSUT F�ì�ë�EcF[GcG4F[GfÜ4T�FF[I^FHS�ÜcE4ßjS?N�ßaG4ë�IjK¡S�F[áLFJM/ÜHGI.JF!K�L�MON0ß^M Ü4F[E4á²G-Ý�ï<Ü4T�FDF[I^FHS�Ü4EcßjS

 FJIjNPN � T)K1G6Ü4T�F�EcFJë)E4FHG�F[M1ÜUKYÜcß^Ý1MDL	QSRT.UL	V+WXQYR[Z æ-L]\_^`LaV2écbdQ-beRæ-f	<hgD.J:(<�>e< 9 é � ê�T�ßjSUTLE4FJ÷)F[S�ÜcG6Ü4T)F�ä�M�ßjKYì�ßaK¡I�G�å9áLáLF�ÜcE4å1B � ð�èÞ9ßaÝ¡ä)G4IaåiL	V N�F[GcS�Ecßað FHG§ÜcT�FçN�ßaFJIaF[S�ÜcE4ßjS E4FHG�ë�Ý¡M)G4F|ß�ïjN ßjG�Ý¡Ecß�è
F[M/Ü4F[Nfë�FJEcë F[M)N�ßjS�ä�IjK�E>ÜcÝDúüê�T)ß^IaF�LO\>í1ÝYÞ¡F[E4M)G�Ü4T)F-S[K¡G4F�Nlk-ú�B
�)Ý¡EDë�Ý1G4ß�Ücß^Þ1FLN�ß^F[I^FHS�Ü4EcßjS�K¡M�ßjG�Ý¡Ü4EcÝ¡ë9åmL	n�.�L]\o^pLaV�ql� � Ü4T�FÝ1E4ßaFJM/ÜUKYÜ4ßaÝ¡M Ý�ï$ú�ë)K�EUK�IaIaFJI�Ü4Ý;NQßjG-FJM)FJEcí¡F�ÜcßaS[K�IaI^åLï±KyÞ1Ý¡EcF[N
B
r*ßjG�Ü4Ý¡EcßjSJK�IaIaå � G�ÜcK¡M)N�K�EUN M)FJá²KYÜcßaS[G � I^ß��¡F s�è

áLFJÜ4T�Ýyì�å9ð F[M_
Jå9IaßaN�FJM�FJèhs�t è¢M�è¢ð�ä�Ü�å9IaK¡M�ßaI^ßaM�F æ-uâA-AH�?é Ý1E K
áLß^ì9Ü4ä�EcF � uçF[EcS	� R2T)K1G�F ô � ê�ß�ÜcT M�F[í1K�Ü4ßaÞ¡F N�ßaFJIaF[S�Ü4EcßaS
K¡M�ßjG�Ý¡Ü4EcÝ¡ë9åpLan�T)KyÞ¡Fçë)IaKyå1F[N®K3á²K&v�Ý1E EcÝ¡IaFçß^M Ü4T�Fûß^M9Þ¡FHG�Ücß�è
í/KYÜcß^Ý1M�Ý¡ï*Û@þ � G4ß^M S�F²ÜcT�FJEcF�ê-K¡G�T�Ý1ë F�Ü4ÝçF�ì�ë�IaÝ¡ß^Ü�ÜcT�FJá ïµÝ¡E
N�F[G4ß^í1M�ß^M)í7Iaßaã/ä�ßjN0S�Ecå9G�ÜcK¡I�N�ßaG4ë�IjKyå�G�ñ^òO� õ Bw��Ý¡EüÜcT�ßjGüE4FHK¡G4Ý¡M
áLÝ/G�Ü Ý¡ïLÜ4T�Fÿá²K�Ü4FJEcßjK�I�ë)K¡EcK¡áLF�Ü4F[EcGçïµÝ¡EçÜcT�Ý1G4FýG4ä�ð)G�ÜcK�M S�F[G
T KyÞ¡F|ð F[FJM®áLF[K1G�ä�EcF[N � ê�T�ßjSUT=T)K¡G²K¡I^IaÝYê!FHN7K�ã/ä)K¡M1Ücß�ÜUKYÜcß^Þ1FSJÝ¡áLë)K¡E4ßjG�Ý1M ê�ß�ÜcT#ÜcT�FJÝ1E4FJÜ4ßjSJK�IüSJK¡IaSJä�IjKYÜ4ßaÝ¡M GýÝ1M Û@þ ñ^ò�x õ B
�)Ý¡E(ßaM)G�ÜcK�M S�F KÓG�ë�Ý¡M/ÜcK¡M�FJÝ1ä)G4I^å FJì�SJß�ÜcF[N T�Ý¡áLÝ1í¡FJM)FJÝ¡ä G
yhz�{�|ay áLÝ9N�F � ê�T)ßaSUT(S�Ý1E4EcF[G4ë�Ý¡M)N�GýÜ4Ý#K�EcÝ�ÜUKYÜ4ßaÝ¡M Ý�ï�Ü4T�F
N�ß^EcF[S�Ü4Ý¡E ß^M®ÜcT�Fâë�IjK�M)FâÝ�ï�ÜcT�FâM�F[áLK�Ü4ßjSâIjKyå¡F[E � T)K¡G�Ü4ä�EcM�FHNÝ1ä�Ü ÜcÝÿð�FûFHG4G4FJM/Ü4ßjK�I&ïµÝ¡E Ü4T�Fûß^M/Ü4F[E4ë)E4FJÜcKYÜcß^Ý1M®Ý�ï§G4F[SJÝ¡M)N�K¡E4å
ßaM)G�ÜcK¡ð�ß^Iaß^Ü4ßaF[G�ß^M ë�IjK�M)K¡E²Û@þ�ñ^òXs � ò ôHõ B}�5EcFJÞ1FJEUG�F|G�FHã1ä)FJM)SJF
Ý¡ï?ð�ß^ïµä�EUSJK�Ü4ßaÝ¡M)GLßjG�Ü�å9ë�ßaS[K�I-ïµÝ1ELÜ4T�F�~[�&�;��� y '��� {-� í¡F[Ý¡áLF�ÜcE4å
æwN�ßaE4FHS�Ü4Ý1E#Ý¡EcßaFJM/ÜcK�Ü4ßaÝ¡M ë F[E4ë�FJM)N�ßaSJä�IaK¡E Ü4Ý Ü4T�F SJÝ¡M)
 M�ß^M)í
ë)IaK�Ü4F[G � ß°B F1B3ë)K�EUK�IaI^F[I2ÜcÝ ÜcT�F|K¡ë�ë�Iaß^FHNÿF[I^FHS�Ü4EcßjS;
)F[IaN)é�Bi�6ß^EUG�ÜK ë)E4ßaá²K�Ecå���EcFJFHN�FJEcßjS	�9G�
 Ü4EUK�M)G4ß^Ü4ßaÝ¡M�ÜcK��¡F[Gÿë�IaK1S�F®IaF[K1N�ß^M)í
Þ9ßaE�Ücä)K�IaIaå�K¡ð Ý1ä�Ü�Ü4T)F S�F[M/Ü4FJEfë�IjK�M�F Ý�ï-Ü4T�F|S�F[I^I!Ü4Ý Kâë�IaK¡M)K�E
SJÝ¡M)
 í¡ä�EUKYÜcß^Ý1M � ê�T�ßaSUT K�ÜîßaM)S�EcF[K1G�ßaM�í(Þ1Ý¡I^ÜcK�í1F[GQð�F[SJÝ¡áLF[G
SJÝ¡M9Þ¡FHS�Ücß^Ý1M)K�IaI^åLä�M G�ÜUK�ð�IaF�Þ9ßaKLKLG�FHS�Ý1M)N�K�Ecå²ð�ß^ïµä�EUSJKYÜcß^Ý1M�ñ^ò�� õ B
�
M�ÜcT�ßjG<ë K�ë�FJE6ê!F@G�Ücä)N�å� e"�$&%e$6'<Û-þûß^MfM�FJá²KYÜcßaS[G6ê�ß�ÜcT3 [� |a�

{8yh{8� ��N�ßaFJIaF[S�Ü4EcßaSLK�M)ßaG4Ý�ÜcE4Ý1ë/å�L n q���B�ø-T�ßjG�S[K¡G4F � ê�T�ßjSUT�T)K¡GM)Ý�Ü&KYÜ4Ü4EUK¡S�Ü4F[N|áfä)SUTüß^M/Ü4F[E4FHG�Ü&G4ÝLï±K�E � ßjG�ßaMüï±K¡S�Ü?Þ¡FJEcå SJÝ¡M9Þ¡FJèM)ß^F[M1ÜDÜcÝ ßaM9Þ¡F[G�Ü4ßaí1K�Ü4F§Ü4T�F²S�Ý1áLë FJÜ4ß^Ü4ßaÝ¡M�ð FJÜ�ê!F[FJM�S�Ý¡M9Þ1F[S�Ücß^Þ1F
K¡M)NçT�Ý1áLÝ¡í¡F[M�FJÝ1ä)G*áLÝ�N�FHGJBmO®T�ßaI^F�ß^MâÜ4T�FLG�ÜUK�M)N)K�EUNüë�IaK¡M)K�E
G4F�Ücä�ëüê�ß�ÜcTmL	n�����Ü4T�F�F[I^FHS�Ü4EcßjS!
 FJIjN�N�æ�k��� é@ßaG*G�ÜcK¡ð�ßaI^ß�
JßaM�í �K�N�FHG�ÜUK�ð�ßaI^ß�
JßaM�íLN�ßaFJIaF[S�ÜcE4ßjS?Ü4Ý1Ecã/ä�FDK¡S�ÜcG@M�ÝYê Ý1M�Ü4T)FDN�ß^EcF[S�Ü4Ý¡E
ÜcÝ K�Iaßaí¡Mçß^Ü&ê�ß�ÜcTçÜ4T)F�
)F[IaNçN�ßaEcF[S�Ücß^Ý1M�BCr*ÝYê@FJÞ1FJE � K�MçF[M)G4ä�ß^M)íT)Ý¡áLÝ¡í1FJM�F[Ý¡ä)G?N�ßaG�Ü4Ý1E�Ücß^Ý1M7æ���EcFJF[N�FJEcßaS	��G�
�Ü4EUK�M G�ß^Ü4ßaÝ¡M é&Ý�SJSJä�EcG
Ý1M�Iaå7ïµÝ1E|K¡MàK�ë)ë�I^ßaF[NàÞ¡Ý1I�ÜUK�í¡FûK�áLë�Iaß�Ücä)N�Fi1 K�ð�ÝYÞ¡FûKýS�F[E�è
ÜUK�ßaMp7$è¢ßaM)N�FJë�FJM N�FJM/Ü�Ü4T�EcF[G4T�Ý¡IjNJ1���.��+� �����O��æ-LanOL M é|æ±G4FJF



�

F¡B í)B?ñ�ò&� õ � � ��� N�FJM)Ý�Ü4FHGLÜ4T)F G�ë)IaKyå7FJIjK¡G�Ü4ßjSçS�Ý¡M G�ÜUK�M/ÜUé � G4ßaM)S�FÝ¡ë)ë Ý/G�ßaM�í�Ü4Ý1Ecã/ä�FHG§ïµEcÝ¡á Ü4T�FçÝ1E4ßaFJM/ÜcK�Ü4ßaÝ¡M)K¡I-FJIjK¡G�Ü4ßjS�ß^Ü�åÿT)KyÞ¡F
Ü4Ý�ð�FçÝYÞ¡F[EcSJÝ¡áLF¡B ø-T�F���EcFJFHN�FJEcßaS	��G�
�ÜcEcK¡M)G�ß^Ü4ßaÝ¡M=SJK¡M SJÝ¡á�è
ë�F�Ü4F�ê�ß^Ü4T|ÜcT�F�M�Ý¡M)F[ã/ä�ßaI^ßað�Ecß^ä�á Û@þ=ßaM)G�ÜcK¡ð�ß^Iaß^Ü�å Ý�ï<Ü4T�F�ð K¡G4ßaS
G�ÜcKYÜcF¡B>Û@þ3ð FHS�Ý¡áLFHG<ë�Ý1GcG4ß^ð�IaF�K�ð�ÝYÞ¡F-K?ïµE4FHã1ä)FJM)SJå§N�FJë�FJM N�FJM/Ü
Ü4T)E4FHG�T�Ý1IaNÿÞ¡Ý¡I^ÜcK¡í¡F�1��Jæ 7!é � ê�T)ßaSUTÿßaM)SJE4FHK¡G4F[G�áLÝ1M�Ý�ÜcÝ¡M�Ý1ä)G�Iaåê�ß^Ü4T�7 G�ÜcK¡E�Ücß^M�ífïµEcÝ¡áw1 � æ��1é�� ��� � � ������V ��æ ��n L V L�Myé�B2ø-T�F
á²KYÜcFJEcßaK¡I>SJÝ¡M)G�ÜcK¡M/ÜcG ��V K�M)N ��n K�EcF�N�F�
)M�FHN ßaM�K�M)K¡I^Ý1í¡å|Ü4Ý
L V � L n Þ9ßjK7Ü4T�FýSJÝ¡áLë�Ý¡M�F[M1ÜUGüÝ�ï�Ü4T�FÿSJÝ¡M)N�ä)S�Ücß^Þ9ß^Ü�å Ü4F[M)G4Ý¡E�
	 ��QSR . �eV W QSR Z ��n b Q b R B$ö&Ý�Ü4F � ÜcT)KYÜ2ÜcT�F*EUKYÜcß^Ý�Ý¡ï L V � ��VN�FX
)M�F[G$Ü4T�F*SUT)K¡E4í1F!EcFJIjKYì�K�Ü4ßaÝ¡M�Ücß^áLF���
C.Qæ-LaV�L M é�� � V � ê�T)ßaSUTG4FJEcÞ¡F[G-K1G�KfÝ1ä�E-Ü4ßaáLF�G4S[K�IaFDß^M|Ü4T)F�G�FHã1ä)FJI°B
�
M)G�ë�F[S�Ü4ßaÝ¡MûÝ�ï2ÜcT�FLF�ì�ë�EcF[GcG�ßaÝ¡M)G*ïµÝ¡E�1�� K¡M)N 1��Hæ-�1é?K�ð�ÝYÞ¡F

EcFJÞ¡FHK�IjGDÜ4T KYÜ�ÜcT�F �)E4F[F[N�F[E4ßjS	��G?
LÜcEcK¡M)G�ß^Ü4ßaÝ¡M3ßjG�ßaM3ï±K1S�Ü§FHK¡G4ß^Iaå
ë�EcFJF[á�ë�Ü4F[NDð9åmK�ë�Ecß^á²K�Ecå&Û-þâßaM)G�ÜcK¡ð�ß^Iaß^Ü�å?KYÜ6G�á²K�IaI&7âK�M N?M)Ý�Ü
Ü4Ý9Ý�IjK�Ecí¡F+Lan/B�O®ß^Ü4T�ßaM)SJE4FHK¡G4ß^M�í-ïµEcF[ã/ä�F[M)S�å31��Hæ87!é�K�ë�ë�EcÝ1K1SUT�F[G
1��3ïµE4Ý1á ð F[I^ÝYê ä)M1Ücß^I�ÜcT�F�S�ä�EcÞ¡FHG!SJE4Ý/G4G@KYÜ�K�S�Ý�N�ßaá�F[M)G4ß^Ý1M�èc�
æ°þH�1éfë Ý1ß^M/Ü`7 .I7�� � B=ø-T�FüF�ì�ë�FJEcß^áLF[M1ÜUK�I*G�Ü4ä)N�ß^FHGLÝ�ï?M)F�èá²KYÜcßaS[G�ê�ß�ÜcT�ë Ý/G�ß^Ü4ßaÞ¡F;L n T KyÞ¡FLß^M�ï±K1S�Ü�F�ì�S�Iaä)G4ß^Þ1FJIaå S�Ý1M)S�F[M�è
Ü4EUKYÜcF[N Ý¡M²ÜcT�FD" { %e�	$&'�Ü4T�EcF[G4T�Ý¡IjN²Iaß^M)F[GC1 � � 1 � K¡M)NLÜcT�F?ßjN�F[M�èÜ4ß�
 S[KYÜ4ßaÝ¡M Ý�ï�7�� � æwG�F[FfF1B í B6ñ^ò�� � ò�� õ K¡M)Nüïµä�E4Ü4T)FJEDE4FJïµFJEcFJM)SJF[GÜ4T)FJEcFJßaM é�B;uâK�Ü4FJEcßjK�IjGmïµÝ¡E�K|ê�ßaN�F[E�EcK¡M�í¡F�Ý�ï-ë�Ý1G4ß�Ücß^Þ1FLN�ß^F[I^FHS�è
Ü4EcßjS�K¡M�ßjG�Ý¡Ü4EcÝ¡ë�ßaF[G�Lan ql� ê@FJEcF�G4å�G�ÜcFJá²KYÜcßaS[K�IaI^åâG4å9M1ÜcT�F[G4ß�
JF[N
ð9åDá�ß^ì�ß^M)íTuâA-AH�ýê�ß^Ü4T§ïµFJêÿê@FJßaí¡T/Ü�ë�FJEUS�F[M/ÜcK�í1F[G�Ý�ï G4ä�ß^ÜcK�ð)I^F
M�F[áLK�Ü4ßjSJGDæ±Û!A*þo� � uâA*þo�?é�ê�ß�ÜcT IjK�Ecí¡FTL	n�� �6��B uçÝ/G�Ü-á²KYè
Ü4F[E4ßjK�I�ë K�EUK�áLF�ÜcFJEUG@æ±ß^M²ë K�E4Ü4ßjS�ä�IjK�E>ÜcT�F�Þ9ßaGcS�Ý/G�ß^Ü4ßaF[G � G4FJF��9F[S¡B6�?�
ð�FJIaÝYê&é � ê�T�ßjSUTûK¡E4FfM�FJFHN�F[N ïµÝ¡EDK ë)E4FHS�ßjG�F�S�Ý¡áLë)K¡E4ßjG4Ý¡Mâê�ß^Ü4TÜ4T)F�I^ßaM�FHK�E*ÜcT�FJÝ1E4å � T)KyÞ1FDM�Ý�Ümð F[FJMçáLF[K1G�ä�EcF[N|ßaMçÜ4T)F[G4F�áLß�ì9èÜ4ä)E4FHGJBjr*ÝYê@FJÞ1FJE � ÜcT�FfFJì�ë F[E4ßaáLFJM/ÜcK¡I�1 � � 1 � Ü4T�EcF[G4T�Ý¡IjNçÞYK�I^èä�FHG�S�Ý1á�ë K�EcF[Nâê@FJIaI2ê�ß^Ü4T�Ü4T)FJÝ¡EcF�ÜcßaS[K�I2S[K�IjS�ä�IjKYÜcß^Ý1M)GLñ�ò�� � ò�� õÝ¡M ÜcT�Fçð)K¡G4ßjGLÝ�ï�Kûá²K�Ü4FJEcßjK�I�ë)K¡EcK¡á�FJÜ4F[E�G�FJÜ � Ü4Ý3ê�T�ßjSUT=ê!FEcF�ïµFJE�K¡GPuâA-AH���üT)FJM)SJF�ïµÝ¡E4Ü4T�B �
M}u A@AH���üF�ì�SJFJë�Ü`L n ÜcT�F
á²KYÜcFJEcßaK¡I&ë)K¡EcK¡á�FJÜ4F[EcG Ý�ï�ë�ä�EcF uâA-AH� K�EcFâä)G4F[NPñ �6� � ��ò õ Bø-T�F�FJì9ë)I^ßjS�ß^Ü$ð�ß�ïµä)EcS[KYÜ4ßaÝ¡M²N�ßjK�í1EcK¡á²G�ë�EcF[G4FJM/ÜcF[Nfß^M�Ü4T)ßaG$ë K�ë�FJE
K�EcF*SJK¡IaSJä�IjKYÜ4FHN�ïµÝ¡EouâA-Ao���mê�ß^Ü4T KDEcFJë�EcF[G4FJM/ÜUKYÜ4ßaÞ¡F�áLFHN�ß^ä)á
ÞYK�Iaä�F3Lan�.U���aò¡B
� G�ßaáLë�I^F�SJÝ¡M)G4ßjN�FJEUKYÜcß^Ý1M EcFJÞ¡FHK�IjG?Ü4T)K�Ü§ð FHG�ßjN�FHG�1�� � 1+� K

ïµä�E4Ü4T�F[Eçß^M G�ÜUK�ð�ßaI^ß^Ü�åàIaßaM�F3ß^M Ü4T)F3M�Ý¡M�IaßaM�F[K¡EçE4F[í¡ßaá�F�T)K1G|Ü4Ý
áLFJFJÜ§Ü4T)FüþH�çë�Ý¡ßaM/Ü[B��¢ï�Ü4T�F Þ¡Ý¡I^ÜcK¡í¡F K¡áLë�I^ß^Ü4ä N�FA15ßjG�IaÝYê-è
FJEcF[NûG�ÜUK�E4Ü4ßaM�í|ß^MûÜ4T�F;�)E4F[F[N�F[E4ßjS	��G?
�G�ÜUKYÜ4FfïµÝ¡ED1�� 1�� K�M)N
ïµÝ¡EC7 � 7�� � Ý¡M�F�ê�ßaIaI�T�ß^Ü*ïµÝ¡E*SJÝ¡M/Ü4ßaM9ä�ß�Ü�å E4FHK¡G4Ý¡M)G-K¡M|ä)ë�ë F[EÜ4EUK�M G�ß^Ü4ßaÝ¡M�Iaß^M�FA1 �� æ87!éPq 1 � q�1 � æ 7!émÜ4ÝâÜ4T�F SJÝ¡M9Þ¡FHS�Ücß^Ý1M
G�ÜcKYÜcF¡Bm�*IaI2ÜcT�F�ÜcEcK¡M)G4ß�Ücß^Ý1M�IaßaM�F[GfK�EcF�G?�1F�ÜcSUT)F[N�ß^Mi�6ßaí)B!ò²Ü4Ý
ä�M)N�FJEcI^ßaM�FfïµE4Ý1á(ð F[í¡ßaM�M�ßaM�í ÜcT�FLí¡F[M�FJEcßaS�ïµEcK¡áLFJê@Ý¡E�� ïµÝ1E?ÜcT�F
ð�ß^ïµä�EUSJKYÜcß^Ý1M G�Ü4Ecä)S�Ücä�E4F�M�FHK�EC7 � � � ê�T�ßaSUT ßaGDN�FJÜcK�ßaIaF[Nâð�FJIaÝYê�B� S�Ý1áLë�E4F[T�FJM G�ßaÞ¡FLK�M)K¡I^å�G4ßaGmÝ¡ï�Ü4T)F²ð�ß�ïµä)EcS[KYÜ4ßaÝ¡M�N�ßjK�í1EcK¡á(ß^M
Ü4T)F@Þ9ßjS�ßaM�ß^Ü�å�Ý�ï�7 � � T)K1G>K�IjG�ÝmE4F[Þ¡FHK�IaF[N�KmEcßaSUTfÞyK¡E4ßaF�Ü�å�Ý¡ï M�Ý1M�èIaß^M�FHK�E*ð)ß�ïµä�EUSJK�Ü4ßaÝ¡M Ü�å9ë FHGJBo�&G&K¡MüF�ì�K�áLë�IaFmïµÝ¡E�ÜcT�F§S�Ý1áLë�I^FJì
G�Ü4Ecä)S�Ücä�E4F&Ý�ï
Ü4T)F&á§ä)I�ÜcßaSJE4ß^Ü4ßjSJK¡I ë�Ý¡ßaM/Ü/7 � � ß^Ü@ê�ßaI^I�ð�F?N�F[á�Ý1M�èG�Ü4EUKYÜ4FHNýð�FJIaÝYê#ÜcT)KYÜ²ÜcT�Fçð�ß^ïµä�EUSJKYÜcß^Ý1M®KYÜLÜ4T�FçIaßaM�F[G 1�� � 1��ßjGfG4ä�ë�FJEUS�Ecß�ÜcßaS[K�I � ê�T)ß^IaF ß^ÜfßjGfG4ä�ð�S�Ecß�ÜcßaS[K�I-K�M)N�T9å�G�Ü4FJEcF�ÜcßaS KYÜ1 �� B2ø-T�FmEcF[G4ä�I�Ücß^M)ífë�Ý1GcG�ßað�ßaI^ß^Ü�å�Ý¡ï�ð�ßjG�ÜUK�ð�ßaI^ß^Ü�å�ð�F�Ü�ê@FJF[M S�Ý1M�è
Þ¡FHS�Ücß^Ý1M�G�ÜcK�Ü4F[G�K�M)NfT�Ý¡áLÝ1í¡FJM)FJÝ¡ä G �)E4F[F[N�F[E4ßjS	��G?
-N�ßjG�ÜcÝ¡E4Ü4ßaÝ¡M)G �T)K1G?M)Ý�Ü�ð F[FJM�áLFJM/Ü4ßaÝ¡M)F[N Ü4ÝüÝ¡ä�Ej�9M�ÝYê�IaF[N�í1FfßaMûÜ4T�FLIaß�ÜcFJEUKYè
Ü4ä)E4F�G4ÝLï±K�E&K¡M)NüáLß^í1T/Ü&K�ë�ë�Iaå�ÜcÝ�Ý�ÜcT�FJE?Û@þ F�ì�ë F[E4ßaáLFJM/ÜcG&K¡G
ê@FJIaIwB
ø-T�F�ë)K¡ë F[E<ßjG<Ý¡Ecí1K�M)ß�
[F[N�K¡G�ïµÝ¡IaI^ÝYê*G��(�6ßaEcG�Ü<ßaM§G4F[S�Ücß^Ý1M��?��ê!F

ð�Ecß^FJ÷)å�ë�EcF[G4FJM/Ü6Ü4T�F!ïµä�M)N�K¡áLFJM/ÜcK¡I�F[ã/ä)KYÜcß^Ý1M)G6K¡G6ð)K¡G4ßjG�ïµÝ1E6Ý1ä�E

ÜcT�FJÝ1E4FJÜ4ßjSJK¡I@S[K�IjS�ä�IjKYÜcß^Ý1M)G � K¡IaG4ÝâÜcÝ 
)ìÿÝ¡ä�E�M�Ý�ÜUKYÜcß^Ý1M)GJB���F[S�è
Ücß^Ý1M ���?�?SJÝ¡M/ÜcK¡ß^M G*ÜcT�F�K¡M)K�Iaå�G�ßjG?Ý�ï2ÜcT�F²S�Ý¡M9Þ1F[S�Ücß^Ý1MâÝ¡M G�FJÜmKYÜ
ÜcT�F§ð)ß�ïµä�EUSJK�Ü4ßaÝ¡MçIaß^M)F[G�1��&K¡M)N 1 �� BC�
MâG4F[S�Ü4ßaÝ¡Mm� � Ü4T�FfM�Ý¡M�è
IaßaM�F[K¡E�ð�ß�ïµä)EcS[KYÜ4ßaÝ¡M�N�ßjK�í1EcK¡á�ïµÝ¡E�ÜcT�F�G�ä)ð)G�ÜUK�M)SJF;uâA-Ao��� ßaG
ë)E4FHG�F[M1ÜcF[NLK�M N²N�ßaGcS�ä G4G4F[NLßaM�N�F�ÜUK�ßaIwB>O®ß^Ü4T G4Ý¡áLF&SJÝ¡M)SJI^ä N�ß^M)í
EcFJá²K¡E���G!Ü4T�F�ë K�ë�FJE�ê�ßaI^I�F[M)N ß^MçG4F[S�Ücß^Ý1M!�fB

1 1.2 1.4 1.6 1.8 2
ω’

6.5

7.5

8.5

9.5

10.5

U
(V

)

UF

U c

U
c

F

ω’C2

planar ground state

Freedericksz state

�#" $?¬
�H�&%@¦1¦��c���J�9� � ��£6�c�*�U�H���y�c�c�����H� �H�/ 
�4�� ('*)���',+) �J -©j�1�/�c¨
�����[�ç�[©2��¥/���¡�����U�/ 
���H� � �U 
 ?©^�����Y�/�U�1�c�.-0/�12-0354D���H«[�c��¥/�4�m£2�¤��¥
��¥/�f�1���U���¡�c�����4³� 
¯��1�¤©j�1���U�J�����H� � ���1�6' + 187�9 :<; ;>=�}@?BA�?BC��§}i 
� � ���
� ���1�U ��|©j�[�EDGF�F�H,Iý£2�¤��¥J? A 1 �LK��[¬ ­>¥1�ÿ�/�[ 
¥1��� � ���/�ÿ���1¨
�1�����J���c ²�ü£>���J³ � ��¨±�/�[� � ���/�������[¦1¦1���NM¡�����������H��©j�J�!',+) �1���J�f��¥/�
�U���1�����U�1 
���[�1¨°�?¦��[���Y��- /OQP }i 
�U�(R��U�H¬L" " "SF���� � ��£!�4¬

Ñ�Ñ�ÒUT�VXW Ñ�ÚZY\[DÙXV�Õ&Ñ�×DÔ6W

ø<Ý F�ì�ë�IjK�ßaM3ÜcT�F Û-þ�N�F[G�ÜcK¡ð�ß^Iaß�
[KYÜcß^Ý1MÿáLF[SUT)K¡M�ßjG�á � ê�T�ßjSUTT K¡G�ð�FJF[MâFJIaä)S�ßjN�K�Ü4F[N�
 EcG�Ü&ð9åçþ@K¡E4E?K�M)NAr*F[I�ïµEcßjSUTýñ � � � ��x õ Kð)E4ßaF�ï�G��¡F�ÜUSUTLÝ�ï�Ü4T�FmG�ÜUK�M)N)K�EUNfM)FJá²KYÜcÝ�è¢T/å�N�EcÝ�N�å9M)K�áLßjS@F[ã/ä)KYè
Ücß^Ý1M)G-ßjG*G�ä�]²SJß^F[M/Ü§ñ s � �&s õ B�ø-T�F[å N�F[GcS�Ecßað FDÜcT�F�S�Ý1ä�ë�Iaß^M�íLð�F�èÜ�ê@FJF[M§ÜcT�F&N�ßaEcF[S�ÜcÝ¡E2ú � ÜcT�F�Þ¡F[I^Ý�S�ß^Ü�å_^ � K�M N§ÜcT�F�FJIaF[S�Ü4EcßaSo
 FJIjNN � ê�T�ßaSUT N�FJEcß^Þ1F[G!K¡G/N�. ^a`Gb ïµE4Ý1á ÜcT�FmFJIaF[S�ÜcE4ßjS�ë�Ý�ÜcFJM/Ü4ßjK�I
b<B
ø-T�F*ßaáLë Ý1E�ÜUK�M/Ü2ë�Ý¡ßaM1Ü@ßaG$Ü4T)K�Ü!ßaMLÜ4T�F*ë)E4FHG�F[M)S�F�Ý¡ï
N�ß^EcF[S�Ü4Ý¡E

N�ßaG�Ü4Ý1E�Ücß^Ý1M)G*K�MçF[I^FHS�ÜcE4ßjS�S�ä)E4EcFJM/Ü&N�F[M)G�ß^Ü�ådc�eT.J`lK9æ � KONmé�ßaG
ßaM�F[Þ/ß^ÜcK¡ð�Iaå|K1G4G4Ý�S�ßjKYÜ4FHN|ê�ß�ÜcT K�SUT)K¡E4í1F�N�FJM)G4ß^Ü�ågfhe!.J`�K9æ-FjK
L M Nmé@K¡S[S�Ý1EcN�ßaM�ífÜ4ÝLÜcT�F�S�Ý1M1Ücß^M9ä�ß^Ü�å�FHã1ä KYÜ4ßaÝ¡M

i
i , fhe�Z�`�Kjcke�. ��< æ�òHé

ê�ß^Ü4T i � i ,�.ml<n Zo^mK�` Ü4T�F|G�ä�ð G�ÜUK�M/Ü4ßjK�I@N�FJEcß^ÞYK�Ü4ßaÞ¡F¡Bçø-T�F
ð)ä�I�� ïµÝ¡EUS�F�f e N ß^M|Ü4T)F�ö&KyÞ9ß^F[E�èB�/ÜcÝ��¡FHG�FHã/ä)KYÜcß^Ý1M

fqp i
i , ^�.
fhe	NJ^r`(sPZ�`�K�t�< æ��¡é

ê�ß^Ü4TâÜ4T�F�ë�EcF[GcG�ä�EcF\sûK¡M)NüÜcT�F§á²K¡GcG&N�FJM)G4ß�Ü�åufqp � á²Kyå|Ü4T�F[MÝYÞ1FJEUS�Ý1á�F|ÜcT�F Þ9ßjG4SJÝ¡ä)G�G�Ü4EcF[GcG4F[G � Ü4ÝýN�EcßaÞ¡FçÜcT�F Þ1FJIaÝ9SJß�Ü�åv^2B



x

ø-T�F�÷)ä�ßjN0ßaGçK1G4G4ä�áLF[N ßaM)S�Ý1á�ë)E4FHG4G4ß^ð)I^F=æj` K�^ . �/é�B t
N�F[M�Ý�ÜcF[GmÜ4T)F�G�ÜcE4FHG4G�èwÜcFJM)G4Ý¡Emê�ß^Ü4T�Þ9ßaGcS�Ý1ä)G�K�M)N æ±K¡I^áLÝ/G�Ü�M�F[í�è
Iaß^í1ß^ð�IaFHéçFJIjK¡G�Ü4ßjSÿS�Ý1M1ÜcE4ßað�ä�Ücß^Ý1M)G[B ø-T)FýF�ì�ë�IaßjS�ß^ÜâïµÝ¡Ecá Ý¡ï!t
æ±G4FJFüF1B í B*ñ � � s õ é � ê�T�ßjSUT í¡Ý9F[GLä�ë7Ü4Ýÿã/ä�ßaM/Ü4ßjS|Ý¡EUN�FJELßaM7ÜcT�FS�Ý1áLë Ý1M�FJM/ÜcGmÝ¡ï�^ � ú � ß^M S�Iaä)N�F[GDG4ß�ìýæ ô ßaM)N�F[ë F[M)N�F[M1Ü�é���F[G4Iaß^FG4T�F[K¡E Þ9ßjG4SJÝ1G4ß�Ü�å®S�Ý9F�]²SJß^F[M/ÜcG�� �&<������X<���� ñ � ôHõ B#ø-T�F ï±K¡áLß^I^è
ßjK�EýF	��FHS�Ücß^Þ1F�æ�uçß^FHG�ÝYê�ßjS�
yé�Þ9ßaGcS�Ý/G�ß^Ü4ßaF[G � ê�T�ßaSUT5K�EcFàN�FJÜ4FJE4è
áLß^M)F[N�ð9åâÜcT�F�EcFJIjKYÜ4ßaÞ¡FLÝ1E4ßaFJM/ÜcK�Ü4ßaÝ¡M)GDÝ¡ï-ú � ^ K�M)NûÜ4T)F�í¡EUKYè
N�ßaFJM/ÜcG?Ý�ï�^ � N�FJë�FJM)NâI^ßaM�F[K¡E4IaåüÝ¡MüÜcT�F
� Q Bj��Ý1E&ßaM)G�ÜcK�M S�F�ÜcT�FIjK�Ecí¡FçG�T)F[K�EUG l���
��ûK�M)N l���
��3KYÜ K3S�Ý1M9Þ¡F[S�Ü4ßaÝ¡M E4Ý1I^I?S�FJM/ÜcFJE
ßaMûÜcT�F�ë�IjK�M K�E�SJK1G�FLí1ß^Þ1F�EcßjG�F�Ü4ÝüÜcT�F uçßaF[G4ÝYê�ßjS�
LÞ9ßaGcS�Ý/G�ß^Ü4ßaF[G
� � .�æ����HZ����C^�� � é��6�LK¡M)N � � .�æ����HZ����HZ�� � é��6�`� � � �EcF[G4ë FHS�Ü4ßaÞ¡F[I^å1B
Û2Þ¡F[M/Ü4ä)K¡I^IaåLÜ4T�F�N�ß^EcF[S�Ü4Ý¡E*N�å/M K�áLßaS[G-ßaG-í1ÝYÞ¡F[E4M�FHN�ð9å#�

� �Jú�� i
i , ú�.àú���æ���e���Z ��e�Z ��!�é�< æ�x1é

ê�ß^Ü4T � � ."���j^#� � B ø-T�F²EcF[G�Ü4Ý1E4ßaM�íçK�M)í¡ä�IjK�EDáLÝ¡áLFJM/ÜUKüß^MSJK1G�F Ý�ï*G�ë)IaKyå=æ�� ��� é � Ü�ê�ßjG�Ü æ�� �>� é�K¡M)N�ð�FJM)N æ��$�%�yé�N�ßaEcF[S�ÜcÝ¡E
N�ßjG�ÜcÝ¡E4Ü4ßaÝ¡M)G!K�EcF*S�Ý1M1ÜUK�ßaM�F[NLßaM²ÜcT�F*F&��F[S�Ü4ßaÞ¡F!
)FJIjN'� e�� N�FJEcßaÞ¡F[N
ïµEcÝ¡á Ü4T�F �)EcK¡M_� Ý1E4ßaFJM/ÜUKYÜ4ßaÝ¡M K�I2F[IaK1G�ÜcßaSLF[M�FJEcí¡å æ±G4FJF�F1B í B!ñ � �s � � õ é�B ø-T�F N�ß^F[I^FHS�Ü4EcßjS K�M N=Þ/ßjGcS�Ý¡ä G²Ü4Ý1Ecã/ä�FHG'��eüK�M)N(�)! �EcF[G4ë FHS�Ü4ßaÞ¡F[I^å � K�EcFmN�F�
)M�FHNüK¡G��
� e . L n L�M¡æwú�K�NDé Nl< � ! .l^*� � G�K[ú�^+�)�[ú�K�G�<�æ-s/é
ê�T�F[E4FçÜcT�FçÜcFJM)G4Ý¡E Gîæ�, QYR . l-
 Q � le: R é�SUT)K�EUK¡S�Ü4FJEcß�
JF[G�ÜcT�F
Þ¡F[I^Ý�SJß�Ü�å�G4T�F[K¡E[B ��Ý1E-F�ì�K�áLë�IaF&ÜcT�FDÞ9ßaGcS�Ý1ä)G!Ü4Ý¡EUã/ä�F?SJÝ¡M/Ü4Ecßað�ä�è
Ü4ßaÝ¡M�^*� � l.��
��DFJM�T)K¡M)S�FHG2ÜcT�FDG�ë�IjKyåLN�ßaG�Ü4Ý1E�Ücß^Ý1M�Ý�ï�Ü4T�FDN�ßaE4FHS�è
Ü4Ý1E&KYÜ&Ü4T�FfE4Ý1I^I�SJFJM/Ü4F[E[B�Û!ã1ä KYÜ4ßaÝ¡M G�æ�òyé � æh�¡é � æ�x1é-T)KyÞ1FDÜ4Ý�ð�FG4Ý¡IaÞ¡F[N ê�ß^Ü4TçEcß^í1ßaN ð Ý1ä�M)N�K¡E4å|S�Ý1M)N�ß^Ü4ßaÝ¡M)G\^�. � � ú . @B K�M)NbU. b M .0/ 0 �/1ûSJÝ1GHæ87+,�éfKYÜ 9 .01 i ���çê�ß^Ü4T i ÜcT�F|SJFJIaI
Ü4T)ßaS	�9M�FHG4G[B
��Ý¡E$K&á�Ý1E4F-S�Ý1áLë)K¡S�Ü<M�Ý¡ÜcKYÜcß^Ý1M§ê@F@SJÝ¡áfð�ß^M)F!ßaM�ÜcT�F�ïµÝ1I^IaÝYê-è

ßaM�í�K�IaI 
)F[IaN|ÞYK�EcßaK¡ð�IaF[G-ßaMüK²G4å9á§ð�Ý¡IaßaSmÞ1F[S�ÜcÝ¡E32�. æ b=<4ú < ^<é �G4Ý§ÜcT)KYÜ�ÜcT�F�G�FJÜ-Ý¡ï>Û!ã9GJB
æ�òyé � æh�¡é � æ-x1é@S[K�M|ð FDê�Ecß�Ü4Ü4FJMüßaM ÜcT�FG4å/áfð Ý1I^ßjS?ïµÝ¡Ecá
4�K l<n�2w.65�K72�Z�8 � æ92 <:2çédZ�8 � æ92 <:2 <:2çédZ KXK�K���æ ô é
ø-T�FDS�Ý1á�ë�Ý¡M)FJM/ÜcG!Ý�ï�ÜcT�FDÞ¡FHS�Ü4Ý1E�Ý1ë F[EcK�Ü4Ý¡EUG;8 � � 8 � � BJB[B!K¡E4Fã/ä)K¡N�EcK�Ü4ßjS � SJä�ð�ßjS � BJB[B ßaM<2 K¡M)N ß^ÜcGçG4ë)K�Ü4ßjK�IDN�FJEcß^ÞYK�Ü4ßaÞ¡F[G �ê�T�F[E4FHK¡G=57K�M)N'4îEcFJë�EcF[G4FJM/Ü2á²KYÜcE4ß^ìLN�ß>��FJEcFJM/Ü4ßjK�I Ý¡ë�FJEUKYÜcÝ¡EUGJB

Ñ�Ñ�ÑJÒ ×DÔ6W Y@Õ�×@? ÚD×DÔ
A Y�Ú&Õ?ÑU×�Ô

�
M²Ü4T�F&ïµÝ¡IaI^ÝYê�ßaM�íDÜcT�F �4I^ÝYê@FJE	�?Ü4T�EcF[G4T�Ý¡IjN²S�ä)E4Þ1FT1 � ïµÝ¡E2ÜcT�F
N�FHG�ÜUK�ð�ßaI^ß�
[K�Ü4ßaÝ¡M=Ý�ïmÜ4T)FâS�Ý¡M N�ä)S�Ücß^Þ1Fçí¡EcÝ¡ä�M N7G�ÜcK�Ü4FâK�M NýÜcT�F
S�Ý1E4EcF[G4ë�Ý¡M)N�ßaM�íJ�4ä�ë�ë�FJE	�üÝ¡M�F � 1

�� � ïµÝ1E�ÜcT�F N�FHG�ÜUK�ð�ßaIaß�
HKYÜ4ßaÝ¡MÝ�ïmÜ4T)F���EcFJF[N�FJEcßaS	��G�
|G�ÜcK�Ü4F � K�IaEcF[K¡N�åÿG�T�ÝYê�M ßaM��6ßaí)B*ò � K¡E4FK�M K�Iaå�
[F[N ß^MüN�FJÜcK�ßaI°B

V²ÒCBED$FHG�I@DKJMLNG�O�D.PRQ�D�JTSKGUQ�O7VWDKJ+X.OZY3[

ø-T�FmS[K�IjS�ä�IjKYÜcß^Ý1M�Ý�ï
ÜcT�FmI^ÝYê@FJE!Ý¡M)G4F�Ü-Ý�ï�SJÝ¡M9Þ¡FHS�Ü4ßaÝ¡MA1 � æ87!é
EcF[ã/ä�ßaE4FHG*K�Iaß^M)F[K�EmG�ÜUK�ð�ßaIaß�Ü�åüK�M)K¡I^å�G4ßaG*Ý�ï$Ü4T)F§ë�IjK�M)K¡E&í1E4Ý1ä�M)N9è
G�ÜcKYÜcF\2 M .(æ b M <cú M < ^ .��1émê�ß^Ü4T3ú M . @B B �)E4Ý1á Û�ã�B2æ ô é

ê@F�K�EcEcß^Þ1F�ð/å I^ßaM�FHK�Ecß�
HKYÜ4ßaÝ¡MüÝ¡ï]2 .<2 MHZ}W^2 ê�ß^Ü4TçEcF[G4ë�F[S�Ü
ÜcÝ�Ü4T�FâSJÝ¡M9Þ¡FHS�Ücß^Þ1F|ë�FJE4Ü4ä)E4ð)K�Ü4ßaÝ¡M�W^2�æ�_ < 9 <?,�é²K�Ü²Ü4T�FçIaß^M)F[K�E
F[ß^í1FJM9ÞYK�Iaä�Fâë�EcÝ¡ð)I^F[ág��4IK�l<ncW^2 .`5�K_W^2�BE�¢Ü ßjGüN�ßaK¡í¡Ý¡è
M K�Iaß�
[F[N�ð9åâÜ4T)F K�M)GcKYÜ�
�W^2�æ�_ < 9 <?,�é�.badc n a Q>e�f g 2�æ�h < 9 é�ê�ß�ÜcT
hm. æ�i < s�é�B2ø-T�F�F[ß^í1FJM9ÞYK�Iaä�F@j . � Ziflk ê�ß^Ü4T|Ü4T)F�áLK�ì�ß^á²K�I
EcF[K¡I�ë)K�E4Ü�N�FJÜ4FJEcáLß^M)F[G>ÜcT�F�í¡EcÝYê-Ü4T�EUKYÜcF � æ�h < 7C<a1�é�B$ø-T�F*SJÝ¡M�è
N�ß�Ücß^Ý1M � .E�|å/ßaFJIjN�GmÜcT�F²M�FJä�Ü4EUK�I2S�ä)E4Þ1F�1 M æ�h < 7!émê�ß^Ü4T�Ü4T�F
áLßaM�ßaá§ä�á�1��[æ87!é+.�1 M æ�h���< 7!é�KYÜ�h�.6h��[æ 7!é�B=�
MDÜ4T�F!ë�E4FHG�F[M/Ü
S[K¡G4F�ÜcT�Füð�ß�ïµä)EcS[KYÜ4ßaÝ¡MýßaGLG�ÜcKYÜcß^Ý1M)K�Ecå®æ�kw.��1éfK�M Nÿê@F 
)M N
Ü�å9ë�ßjSJK¡I^Iaå|M�Ý¡Ecá²K�I�EcÝ¡IaIjG&KYÜ?Ü4T�EcF[G4T�Ý1IaN � ß°B F1Bmh � .ni � @B B?ø<F[SUT�èM)ßaS[K�IaI^åýÜ4T�FçF[ß^í1FJM9ÞYK�Iaä�Füë�E4Ý1ð�IaFJá ßjG�G4Ý¡IaÞ¡FHNýð9å7K�oDK¡I^F[E��9ßaM
áLFJÜ4T�Ý�N � ê�T�F[E4FâK¡I^I!
)FJIjN�G�K¡E4FçFJì�ë)K�M)N�F[N=ê�ß^Ü4T®EcF[G4ë FHS�Ü²Ü4ÝÜcT�F�Þ¡F[E�ÜcßaS[K�IDS�Ý9Ý¡EUN�ßaM)KYÜcF 9 ßaM1ÜcÝ®K7G4F�ÜçÝ�ï§ïµä�M)S�Ücß^Ý1M)G � ÜcT)KYÜïµä)I 
)IaI?Ü4T�F æµEcß^í1ßaN)é�ð Ý1ä�M)N�K¡E4å S�Ý1M)N�ß^Ü4ßaÝ¡M)G KYÜ ÜcT�FûSJÝ¡M)
 M�ß^M)í
ë)IaK�Ü4F[G[B7ø-T)F|ë�FJEcßaÝ9N�ßaS Ü4ßaáLFçN�FJë�FJM)N�FJM)SJFçÝ�ï&ÜcT�FüFJßaí¡F[M/Þ1F[S�è
ÜcÝ¡EmN�ä�F�ÜcÝ�ÜcT�FfK¡ë�ë�Iaß^FHNâK¡S�è°Þ1Ý¡I^ÜcK�í1FDßaG?SJK�ë�Ü4ä�EcF[Nçð9åA��Ý1ä�E4ßaFJE
G4FJEcßaF[G�ßaM3Ü4ßaáLF¡B�ø-T�F G4FJEcß^FHG�FJì9ë K�M)G4ß^Ý1M)G�K¡E4F K¡ë�ë�EcÝ¡ë�EcßjKYÜ4F[I^å
ÜcE4ä)M)SJK�Ü4F[N � G�ä SUT ÜcT)KYÜ�ÜcT�F�FJßaí¡F[M9ÞyK¡I^ä)Fmë)E4Ý1ð�I^F[á�K�áLÝ1ä�M/ÜcG@Ü4Ý
ÜcT�F?N�ßaK¡í¡Ý¡M K�Iaß�
HKYÜ4ßaÝ¡M�Ý�ï�K�á²K�Ü4Ecß�ì²K¡S�Ü4ßaM�í�ßaM²Ü4T�FmG�ë K¡S�F�Ý¡ï
Ü4T�F
FJì�ë)K�M)G4ßaÝ¡M�S�Ý9F�]²SJß^F[M/ÜcG[B(�¢Ü6Ü4ä�EcM)G<Ý¡ä�Ü<Ü4T)K�Ü<ÜcT�F�M�F[ä�Ü4EUK�I9S�ä)E4Þ1F
ßjG$K�IaEcF[K¡N�åmÞ1FJEcå�ê!F[I^I�N�FHG4SJE4ßað�F[Nfð/å��¡FJF[ë�ßaM�í?Ý1M�Iaå�Ü4T�F-IaF[K1N�ß^M)í
áLÝ�N�FHG�ßaM 9 � ,*B � M�F?K¡E4EcßaÞ¡F[G2Ü4T9ä)G-KYÜ-K�M Ý¡M�FJè°áLÝ�N�F?K¡ë�ë�EcÝyì9èßaá²KYÜcß^Ý1M � ê�T�ßjSUT EcFJë)E4FHG�F[M1ÜUG@Ü4T�F�N�FJë�FJM)N�F[M)S�F�Ý¡ï<ÜcT�F�M�F[ä�Ü4EUK�ISJä�EcÞ¡F�Ý¡M�Ü4T�F?áLK�Ü4F[E4ßjK�I�ë K�EUK�áLF�ÜcFJEUG$ß^M K�ë)K�E4Ü4ßjS�ä)IaK¡E4Iaå�ÜcEcK¡M)G�è
ë K�EcFJM/Ü�áLK¡M�M�F[E��

1 �M æ�idph< 7;pjé+. ���O�����
L V L�M

qýæ�i p élrýæ�i p < 7 p é
i p �	s æ�i p é(Zàæ-L n �&L V é:t æ�i p <?7 p é � æ-�1é

�
MçÛ!ã B�æ��1é�Ü4T)F�K�ð�ð�EcFJÞ9ßjKYÜcß^Ý1M)G

qýæ�idpaé+. ò Zàæ�� �%� �6� ���JéKi p � Zàæ�r � ��rP�2é �
ò Z�i p � <

rÿæ�i p <?7 p é/. � æ�i p é � Z 7 p � Lyæ�i p é � <
� æ�idpié+.6idp � æ�òHZ �en � ��V é(Z®ò`<CLyæ�idpjé+.6idp � æ�ò ZpL n �&L V é(Z ò`<
s æ�i p é+."u æ�i p é

� æ�i p é 	
æ�� � i p ��^�� � é � æ�i p é�æ�Lan��&LaV�^ � n6� � V2é
� � j
� � Zàæ����+Z � �+Z � � é)f �&i p � Z � �7i p �wv	x

<
t æ�i p < 7 p é+. � æ�i p édZ 7 p � Lyæ�i p é
K¡E4F²ä G�FHN
Bâø-T�F M9ä�áLF[E4ßjSJK¡I�S�Ý1M)G�ÜUK�M/ÜcG
je� . òL� ô � ô ��x � f?� .ò � �6s � ô � � v x .���� �����6� �²S�Ý1E4EcF[G4ë�Ý¡M)NüÜcÝçS�FJE4ÜcK¡ß^MûÝYÞ¡F[E4IjK�ëâßaM�è
ÜcFJí1EcK¡IaG � i p .yi i �]�3ßjG�ÜcT�FfN�ßaáLFJM)G4ßaÝ¡M�IaF[GcG*ê-KyÞ¡F[M/ä)á§ð�FJE*K�M N7 p .E7���
fÜ4T)F K¡S�èwïµEcF[ã/ä�F[M)S�åâßaM3ä�M�ß^ÜcG�Ý�ï@Ü4T�F SUT K�Ecí¡FLE4F[IaK�ì9è
K�Ü4ßaÝ¡M²Ücß^áLF���
fñ ��� õ B+��Ý¡E-S�Ý1M9Þ¡FJM)ß^F[M)S�F?ê!F?T)KyÞ¡F?ß^M)SJI^ä N�F[N Ü4T�F
F	��FHS�Ü|Ý�ï�K3ë�IjK�M)K¡E G�ÜcK�ð)ß^Iaß�
[ß^M)íÿá²K�í¡M)F�Ü4ßjSA
)F[IaN6z .{r
�(�B
ê�T)ßaSUTâßjGmM�Ý¡M N�ß^áLF[M)G�ßaÝ¡M K�Iaß�
[F[NçßaM Û�ã�B$æ-�/é�ê�ß^Ü4T Ü4T�F�T�FJIaë Ý¡ï
ÜcT�F�G�ë�IjKyåJ��EcFJFHN�FJEcßaS	��G�
�
)F[IaN<r`� . æ �=� i é � � ������æ9| M	} nYé7~
} nPq �²N�FJM)Ý�Ü4FHG�ÜcT�F§K�M)ßaG4Ý�ÜcE4Ý1ë/å Ý�ï>Ü4T�F§áLK¡í¡M�FJÜ4ßjS�G4ä)G4SJFJë�Ücß�è
ð)ß^Iaß�Ü�å1B �?SJSJÝ¡EUN�ß^M)í*Ü4ÝmÜcT�F-E4F[ë�E4FHG�F[M/ÜcKYÜcß^Þ1F2F�ì�K¡á�ë)I^F@Ý�ï#�<ßaí)B6�¡K
ïµÝ1E�uâA-AH���|ê�ß^Ü4TiLanA. ���aòLÜ4T�F�Ecßaí¡Ý¡EcÝ¡ä G?ð�FJT KyÞ/ßaÝ¡E§Ý�ï-Ü4T�F
SJE4ß^Ü4ßjSJK¡I9Þ¡Ý¡I^ÜcK¡í¡F�1��Hæ87 p é+.®áLßaMQ
l��1 M æ�i p < 7 p é�ßjG>K�IaE4FHK¡N�å�N�F�Ü4F[E�è
áLßaM�F[N Þ¡F[E4å�GcKYÜcßaG�ï±K¡S�Ü4Ý1E4ßaI^åLïµEcÝ¡á#Û!ã�B�æ-�1é�B2ø-T�FDI^ßaM�FHG!1��-K�M N
1 � SJE4Ý/G4G@ßaM ÜcT�ßjG*SJK1G�F�KYÜ-ÜcT�FfþH��ë Ý1ß^M/ÜH7 p� � .Qò � � ��B
ø-T�F�7$è
N�FJë�FJM)N�FJM)SJF|Ý¡ï*Ü4T)FâS�Ecß�ÜcßaS[K�I-ê@KyÞ1FJM9ä�áfð F[E
i � æ 7!é �ê�T)ßaSUTPßaMQï±K1S�Ü�G4Iaß^í1T1ÜcI^åQN�FHS�EcF[K1G�FHGâê�ß^Ü4TPßaM)S�EcF[K1G�ßaM�íJ7 p ßaM

�6ßaí)B �Yð � áLßaí¡T/ÜmIaÝ9Ý��üä�M�FJì�ë FHS�Ü4FHN � G4ß^M)SJF�ïµÝ1E�L n ��� ê!F�K�EcF
K1SJSJä)G�ÜcÝ¡áLF[N�ÜcÝ�K§áLÝ¡M�Ý¡Ü4Ý¡M)Ý¡ä)G�ß^M)SJE4FHK¡G4F*Ý�ïEi p� æ87 p é�K¡M)N�K§N�ß�è
Þ1FJEcí¡F[M)S�FüK�IjG�Ý�Ý�ï�1���KYÜLÜ4T�FâSJä�Ü�è¢Ý��àïµE4FHã1ä)FJM)SJå 7 p����n æS� �



s

ïµÝ¡E�uâA-AH� ê�ß^Ü4T L n . ^C��� ô x®ñ s õ é�B�ø-T)F EUKYÜ4T)FJE G4áLÝ9Ý�Ü4T
ÞYK�EcßaK�Ü4ßaÝ¡M)G*Ý�ïo1 � � i � ê�ß�ÜcT�7 SJK¡Mçð F�ä�M)N�FJEUG�ÜcÝ/Ý�Nüð9å|F�ì�K�á�èßaM�ß^M)í�áLÝ¡EcF�S�IaÝ1G4FJIaå�Ü4T)F�Ü4T)E4FHG�T�Ý1IaN ïµÝ1E4áfä�IaK Û�ã�B�æ-�/é�Ba�/ÜUK�ð�ß^è
Iaß�
[ß^M�ífáLF[SUT)K¡M�ßaG4á K�EcF&SJK¡ë�Ü4ä�EcF[N�Þ/ßjKDÜcT�F&Ý1E4ßaFJM/ÜcK�Ü4ßaÝ¡M)K¡I�FJIjK¡G�è
Ü4ßjS�ß^Ü�å�ÜcFJEcá qýæ�i p é�q}��K�M N�ÜcT�F�Þ9ßaGcS�Ý1ä)G$N�K�áLë�ßaM�í � æ�i p éoq���B
ø-T�F u æ�i p é
èwÜcFJEcá EcFJë�EcF[G4FJM/ÜUG�Ü4T�F2FHG4G4FJM S�F$Ý�ï/Ü4T)F@þ@K�EcE�ècr*F[I�ïµEcßjSUT
N�FHG�ÜUK�ð�ßaI^ß�
JßaM�í*áLFHSUT)K�M�ßjG4ág��ø-T)F2ï±K¡S�Ü4Ý1E�æ-Lan6�&LaV!^ � n6� � V�éo� �
N�ßjG�ë)IaKyå�G?Ü4T�F�SUT K�Ecí¡FLG�F[ë)K�EUKYÜcß^Ý1M F&��F[S�Ü§S�Ý1ä�ë�IaF[N Ü4Ý|Ü4T�F²T9å/è
N�EcÝ�N�å9M)K�áLßjS§ÜcÝ¡EUã/ä�F²S�Ý¡M/ÜcE4ßað�ä�Ücß^Ý1M æ�� � i p �j^����Hé�����B²ø-T�F
S�Ecä)SJßaK¡I9N�ß>��FJEcFJM)SJF!ßaMfÜ4T�F@Ü4T)E4FHG�T�Ý1IaN§ð F[T)KyÞ9ß^Ý1E<ð�F�Ü�ê@FJF[M�G�ÜcK¡M�è
N�K¡EcNPuâA-AH� K¡M)N`uâA-AH���&ê�ß�ÜcT;L n q}��SJÝ¡áLF[G<ïµEcÝ¡á Ü4T�F�N�ß^è
FJIaF[S�Ü4EcßaSfÜcÝ¡EUã1ä)F§ÜcFJEcá æ-L n �&L V é:t æ�i p é � ê�T�ßjSUTûßjGDÝ¡M�Iaåâê@F[K��/IaåïµEcF[ã/ä�FJM S�å N�FJë�FJM)N�F[M/Ü[B �)Ý¡E Lan�� � Ü4T�ßjGüÜ4F[E4á ßjGçM�FJí/KYè
Ü4ßaÞ¡FâæwG�ÜUK�ð�ßaIaß�
[ß^M�í9émê�ß�ÜcT3Küá�ßaM�ßaá§ä�á KYÜ i p . ��B�ø-T�FLÜcFJEcá
i p � s æ�i p é-ê�T�ßjSUTçT)K¡G�Ü4Ý SJÝ¡áLë F[M)GcKYÜ4F�æ�Lan��&LaV$élt æ�i p é�æ 1��M q �
ßjG�M�F[SJF[GcG4K¡E4åüïµÝ1E§Û@þ � é � T)K¡G�Küá²KYì�ßaá§ä�á ïµÝ¡EZi p�� òL�S� ïµÝ¡E
G4áLK¡I^I2ïµE4FHã1ä)FJM)SJß^FHGDÜ4T)K�ÜfN�FHS�EcF[K¡G4F[GDê�ß^Ü4Týß^M)SJE4FHK¡G4ß^M)í 7 p K�M)N
G4T�ß�ïiÜUG@Ü4Ý�IaK¡E4í1FJERi p B��9ßaM)SJFmáLßaM�ßaá�ß�
[K�Ü4ßaÝ¡M Ý�ï 1 M æ�i p é!EcF[ã/ä�ßaE4FHG �IaÝ/Ý/G�F[I^å G�ë�F[K��/ßaM�í � á²K�ì9ßaáLß�
HKYÜcß^Ý1M Ý¡ï§Ü4T)FÿN�FJM�Ý1áLß^M)K�Ü4Ý1Eçß^M
Û�ã�Be�LÜ4T�F�N�F[SJE4FHK¡G4F�Ý�ï s æ�i p é�ê�ß^Ü4TâßaM)S�EcF[K1G�ßaM�í`7 p T)K¡G*Ü4Ý�ð�F
ð)K¡IaK¡M)S�FHNüð/å IaK¡E4í1FJEHi p� ÞYK¡I^ä�FHGJBH�
MâSJÝ¡M/Ü4EUK¡G�Ü � ïµÝ¡E!L n q �LÜcT�FG4ß�Ücä)KYÜcß^Ý1MýßjG�v�ä)G�Ü²Ý1ë�ë Ý/G�ß^Ü4F � ÜcT�F|SJÝ¡M/Ü4Ecßað�ä�Ü4ßaÝ¡M GfÝ¡ï�i p � s æ�i p éK�M N æ-L n �6L V élt æ�i p é�K1N�N�ä�ëüK�M N i p� æ 7 p é!ê�ßaI^I
ßaM�ï±K1S�Ü�FJÞ1FJM N�F�è
S�EcF[K1G�F1B
O®ß�ÜcT�Ü4T�F�ä G�F²Ý¡ï�Û!ã�B�æ-�/é?Ü4T�F�IaßaM�F[K¡E�ë�EcÝ¡ë�FJE4Ü4ßaF[GDÝ�ï�F[I^FHS�è

Ü4EcÝ�S�Ý1M/Þ1F[S�Ü4ßaÝ¡MýS[K�M ð FçFHK¡G4ß^IaåÿK¡GcG�FHG4G4F[NÿïµÝ¡E²Ý¡Ü4T�F[E�á²K�Ü4FJEcßjK�I
ë)K¡EcK¡á�FJÜ4F[EcGDK¡GDê@FJIaI°B���Ý¡E�ßaM)G�ÜcK¡M)S�FLÜcT�F���EcFJFHN�FJEcßaS	��G�
§ÜcEcK¡M�è
G4ß�Ücß^Ý1Mi1+�àê@Ý¡ä)IaN�ë�EcF[SJF[N�F 1���ïµÝ¡E�Lan������S� � ô ïµÝ1E�uâA-AH���
K¡G§K�IaE4FHK¡N�åâáLF[M1Ücß^Ý1M�F[N�ßaM®ñ s õ B �
M3í¡FJM)FJEUK�I$Ý¡M)F²T)K¡G�K¡IaG4ÝüÜ4Ý
ð�F Kyê-K�EcF²Ý�ï*Kâë�Ý1GcG�ßað�IaF�ð�ß^ïµä�EUSJKYÜcß^Ý1M�Ü4ÝûÝ¡ð�Iaßaã/ä�F E4Ý1I^IjG�ê�ß^Ü4T
Ü4T)F|SJE4ß^Ü4ßjSJK¡I@ê-KyÞ¡F Þ¡F[S�Ü4Ý1E
h�� . æ�i���<js �Ué�ßaM)SJI^ä)N�ß^M�í�K 
)M�ß^Ü4F
K�M)í¡IaF ê�ß^Ü4T7Ü4T�Füë�EcF�ïµF[E4EcF[NÿN�ß^EcF[S�Ü4ßaÝ¡M��B ß^MýÜ4T�FçSJFJIaIDñ s õ Bi�
M
Ü4T)ßaG SJK¡G4F|Ü4T�F F�ì�K¡S�Ü�ÜcT�EcF[G4T�Ý¡IjN ð F[T)KyÞ9ß^Ý1E�SJK�M®K¡IaG4Ý�ð F N�F�è
GcS�Ecß^ð�F[NQÞ1FJEcåàê@FJIaIfð9å KàG4I^ßaí¡T/ÜcI^å0áLÝ¡EcFýS�Ý1á�ë)I^ßjSJK�Ü4F[NPÝ¡M�F
áLÝ�N�F�ïµÝ1E4áfä�IaKýñ s � òOx õ � ê�T�ßaSUT7S�Ý¡M/ÜUK�ßaM)G§Û!ã B-æ-�/é�K1G§K G4ë�F�èS�ßjK�I$S[K¡G4F�ïµÝ¡E,s � .���B�O®T�ßaIaFfÜcT�FfÜ4T�EcF[G4T�Ý¡IjNâÞ1Ý¡I^ÜcK¡í¡F§ßaMâÜcT�F
SJK1G�F�Ý�ïLK�M Ý¡ð�Iaßaã/ä�F�EcÝ¡IaIDð�ß�ïµä)EcS[KYÜ4ßaÝ¡M0ßjGüÝ¡M�Iaå G�Iaßaí¡T/Ü4Iaå®ð FJè
IaÝYê Ü4T�FüM�Ý1E4á²K¡I!EcÝ¡IaI@Ü4T�EcF[G4T�Ý¡IjNýK1SJSJÝ¡EUN�ß^M)íçÜ4Ý3Û�ã�B-æ-�/é�ÜcT�F
EcÝ¡IaI?K�M)í¡IaF � . K¡EcS�ÜcK¡M�æ s �	�di��Ué²ßjG²ï±K�ßaEcI^å=G�F[M)G4ß�Ücß^Þ1F K�í/K�ßaM)G�Ü
ÞYK�EcßaK�Ü4ßaÝ¡M)GüÝ¡ïfÜcT�Fÿá²KYÜcFJEcßaK¡I�ë)K�EUK�áLFJÜ4FJEUG3ñ s õ B �6ß^M K�IaI^å ê!F
ê@Ý¡ä�IjN®Iaß��1FâÜ4Ý7áLFJM/Ü4ßaÝ¡MàÜ4T)K�Ü Ü4T)F�SJÝ¡M9Þ¡FHS�Ü4ßaÝ¡M®EcFJí1ß^áLF�SJK�M
ð�F0F[M�IjK�Ecí¡F[N�ê�ß�ÜcT�ÜcT�F ä)G4F0Ý¡ï�K¡M T�Ý1E4ß�
JÝ1M/ÜcK�I|á²K�í1M�F�ÜcßaS

)F[IaN�ñ ��� õ B2ø-T�F3��EcFJF[N�FJEcßaS	��G�
*Ü4T)E4FHG�T�Ý1IaN K¡S[S�Ý¡EUN�ßaM�í�ÜcÝ 1 � .
� � � ��� ��æ-L�MdL n é � ò Zàæ�r ����r � é � ßaG�ÜcT�FJM=G�T)ß�ïiÜcF[N7Ü4Ý�IaK¡E4í1FJE
ÞYK�Iaä�F[G � ê�T�FJEcF[K1G 1��!EcF[K¡S�ÜcG$IaF[GcG�G4FJM G�ß^Ü4ßaÞ¡F[I^å1B �)Ý¡E!ß^M)G�ÜcK¡M)S�F&ß^M
Ü4T)F�S[K¡G4F�Ý�ï/uâA-AH���²ê�ß�ÜcT LanP. ���aòfK�M NüïµÝ¡E�r � .nrP� ê!F

)M)N3Ü4T�F ÞyK¡I^ä)F[G;1���. òO���^ò�� * � 1Læ��1éD. � � ��� *(G4ä)SUT�Ü4T KYÜ
Ü4T)FmþH�më Ý1ß^M/Ü�ßjG�G4T�ß^ïiÜ4FHN�Ü4Ý�ÜcT�F*IjK�Ecí¡FJE$ÞYK¡I^ä�FH7 p� � . x�� ���²æ±S�ï�B
�6ß^í B���K/é�B

T§ÒÓÙ���� G�IZDKJMLNG�O�D�P Q�DKJ SKGUQ�O7V D�J+X.O Y
	[

ø�ÝâS[K�IjS�ä�IjKYÜcFLÜ4T�F�ä)ë�ë F[E�Ý¡M G�FJÜ�Ý�ï*S�Ý1M/Þ1F[S�Ü4ßaÝ¡Mi1 �� KüIaßaM�è
F[K¡E2G�ÜUK�ð�ßaIaß�Ü�å�K�M)K¡I^å�G4ßaG6Ý�ï�Ü4T)F-Ü4T�F!�)E4F[F[N�F[E4ßjS	��G?
@í¡EcÝ¡ä)M)NfG�ÜcK�Ü4F
2 �E. æjb=<cú=��<>^ .��1éDïµÝ1E;1 qw1��PT)K¡Gfð F[FJM7ë F[E�ïµÝ1E4áLF[N
G�ÜcK�E4Ü4ßaM�í�ïµEcÝ¡á�Û!ã B�æ ô é@ê�ß^Ü4T|Ü4T)F�ä)G�FDÝ¡ï oDK¡I^F[E��9ßaM áLF�ÜcT�Ý�N�G[B
�¢Ü|T)K1G�Ücä�EcM�F[N®Ý1ä�Ü � Ü4T)K�Ü ÜcT�F�í¡FJM)FJEUK�I&ð�FJT KyÞ/ßaÝ¡E Ý�ïP1

��

0 0.5 1 1.5 2
ω’

5

6

7

8

9

10

U
c(

V
)

ω’C2

UF

a

0 0.5 1 1.5 2
ω’

0.9

1

1.1

1.2

q c(
π/

d)

b

�#" $?¬1���<­>¥¡���U 
¥/� � �§�y� � ���J«H�a' ) }µ�y�>�[�/�§�4����������� � £$���y�U���/�?���c��� )
�����1�/�¤�� 6�J©#7 =�
�}i�9�<�J 6©j�1�/�c�����H���J©���¥/�!�1�����U�1 
���H� � �U 
 <©a�����Y�/�c�/�c�
- / ©a�[�&DGF�F�H,I*£2�¤��¥G? Aa13�LK��������U�[��¦9������ 
�[�����c�w£>�U�c�f����«H�J���H�/ 
�¡�1���c������� � ���c 
� � �� ²}j��¥/����³ � ���1�U ��D�[�/� ��¥/���[�/� � �������U� � �H�/�4¨w�����¡�
©j�[���?� � �����9¬¡}��y�6}j��¥/��� � ���1�U ��4¬�­>¥1�$�1���U���¡�c�����4³� 
¯6��¥¡���U 
¥/� � �d' + 1
7 9 : ; ; =¡}@? A ? C �>�� 2 
¥/��£2�²�J 2£6� ��� }µ�H�4¬

ïµÝ1E�7 p�� 7 p� � SJK�M�ð�FLGcKYÜcßaG�ï±K¡S�Ü4Ý1E4ßaI^åâN�F[GcS�Ecß^ð�F[N ð/åûK�MûK¡M)KYèIaå/Ü4ßjSJK¡I�K�ë�ë)E4Ý/K¡SUT � ê�T�F[E4F�Ý1M�I^å Ü4T�F§I^FHK¡N�ßaM�í'oDK�IaFJE��9ß^MçS�Ý9F�]�èSJß^F[M/ÜcGDK�EcFD�1FJë�ÜHB�ø-T)F`�)E4F[F[N�F[E4ßjS	��G?
�G�Ý1I^ä�Ü4ßaÝ¡M � ê�T�ßjSUT�ð�ß�ïµä)E�èS[KYÜcF[G²G4ä�ë F[EcSJE4ß^Ü4ßjSJK¡I^IaåÿKYÜ 1 . 1�� ßaG SJK�IjS�ä)IaK�Ü4F[N7ê�ß^Ü4T�ßaM®K
G�ÜcK¡M)N�K¡EcN�ê@F[K��/Iaå�M�Ý¡M�IaßaM�F[K¡EfGcSUT�FJáLF¡Bûö*F[K¡E�ÜcT�E4FHG�T)Ý¡IjN�Ü4T�F
N�ß^EcF[S�Ü4Ý¡E�EcF[K¡N)G§ú ��. æ�ò�<��_<����P2�465/æ � 9 � i é�é§ß^M7Ü4T)F IaF[K1N�ß^M)í
Ý1EcN�FJE�Ý�ï&ÜcT�FçK�áLë�Iaß�Ücä)N�F�� � � ê�T)ßaSUT ÞYK�M�ßjG�T)F[GLKYÜ 1 � B=ø<ÝÝ1EcN�FJE��Læ�� �� é � ê�T�FJEcFmÜ4T�F�SJÝ¡EcE4FHS�Ücß^Ý1M)G � � �� ÜcÝ;b ��. ò�K�M N
b�M&SJÝ¡áLF-ß^M/ÜcÝ�ë�IaKyå � Ý1M�F*K�EcE4ßaÞ¡FHG>KYÜ�K ��K¡M)N�K�ä�èwÜ�å9ë�F�F[ã/ä)KYÜcß^Ý1Ml n � � . ��� � � ^�� � � �� ê�ß�ÜcT ÜcT�F�GcKYÜ4ä)EcK�Ü4ßaÝ¡M SJÝ9F ]�S�ßaFJM/Ü�� �
K¡M)N Ü4T�F�G4ë�IjKyå�í¡EcÝYê-Ü4T EcK�Ü4F

� ��. ��� Lan]L M æh1d��^ 1d�� é
� � i � � æh��é

ø-T)FçI^ßaM�F[K¡E²í¡EcÝYê-Ü4T�EUKYÜcF � � SJE4Ý/G4G4F[GP
JF[E4Ý3K�Ü KYÜ�1�� ~(���i.
� M�i �&��æ�� M ���Hé�N�F[M�Ý�ÜcF[G@Ü4T)F§N�ßaE4FHS�Ü4Ý1E�E4F[IaK�ì�KYÜ4ßaÝ¡M Ü4ßaáLF � ê�T)FJEcF� M .Pò��! �#" 5&�%$u�-K�M)N;� M . òO�! � � " G4F�Ü$ÜcT�F&GcSJK�IaF[G<ïµÝ1E$Ü4T�F
Þ9ßjG4SJÝ1G4ß�Ü�å�K¡M)N|FJIjK¡G�Ü4ßjS�ß^Ü�å�F&��F[S�ÜcG � E4FHG�ë�F[S�Ü4ßaÞ¡F[I^å1B
ø-T�F�SJK�IjS�ä)IaK�Ü4ßaÝ¡MâÝ¡ï&���=ßaGDG�Ü4EUK�ßaí¡T/Ü�ïµÝ1E4ê-K�EUN K¡M)NüÜcT�F�
 M)K�I

FJì�ë�E4FHG4G4ßaÝ¡M|ïµÝ¡E'�  �� SJK¡Mçð FfE4FHK¡NüÝU��ßaMçÜ4T)FfGcã1ä K�EcF�ð�EUK¡S	�¡FJÜ



ô

Ý�ï6Ü4T)FDïµÝ¡IaI^ÝYê�ßaM�í�F�ì�ë�IaßaSJß�Ü*EcFJë�EcF[G4FJM/ÜUKYÜ4ßaÝ¡M �

� �� . � ��� � � � i �
����� ��� � ��� ^ �� � ���+Z��Læh1�< 7 p é��	�

	 2��Yæ 1 � ^=æh1+�2é � éH~ æj�1é�Læh1`< 7;pjé+. 1���L n L�M
� � 
 xs Z �en � �eV Z 7 p �XL n �6L V

ò Z 7 p � � <

ê�T�ßjSUTüßaG-ÞYK�IaßjN ßaM|Ü4T�FDIaß^áLß^Üj1
� 1�� � 7 p � 7 p� � B�
MàÜcT�F3M�F�ì9ÜâG�Ü4FJë Ü4T)F3I^ßaM�F[K¡EçG�ÜUK�ð�ßaI^ß^Ü�åàK¡M)K�Iaå�G�ßjG|Ý�ï§ÜcT�F
��EcFJFHN�FJEcßjS	�9G�
DG�Ý1I^ä�Ücß^Ý1M T)K1G@Ü4ÝLð�F�ë F[E�ïµÝ1E4áLF[N�B �)Ý¡EH
)M)ß�ÜcF � �
Ü4T)Fmë)IaK¡M)K�E�N�ßaE4FHS�ÜcÝ¡E-G�å9áLáLF�Ü4Ecå²ßjG-ð�E4Ý �¡F[M K�M)N Ü4T)Fmë�FJEcßaÝ9N�ßaS
N�ßaE4FHS�ÜcÝ¡E!÷)ä)S�Ücä)KYÜcß^Ý1M|SJE4ä S�ßjK�I�ß^M Ü4T)Fjr&FJI^ïµE4ßjSUT áLFHSUT)K�M�ßjG4á Ü4Ý
N�Ecß^Þ1F§Û@þ K¡E4F�ßaáLë FHN�F[N ~�S�Ý¡M G�FHã1ä)FJM/Ü4Iaå ÜcT�F�ÜcT�EcF[G4T�Ý¡IjNüá§ä)G�Ü
ßaM)S�EcF[K1G�F§SJÝ¡áLë)K¡E4FHNüÜ4Ý�1��JB�ø�FHSUT�M�ßjSJK¡I^IaåüÝ¡M�FfT)K¡G&Ü4Ý|E4F[ë FHKYÜ
Ü4T)F SJK¡IaSJä�IaK�Ü4ßaÝ¡M)G�ÜcT)KYÜ�IaF[N ÜcÝ}1�� æ±G4FJFâÛ�ã�B&æ��1é4é � ð�ä�Ü M)ÝYêïµÝ¡EmÜcT�FfM)Ý¡M/Ü4Ecß^Þ9ßjK�I$N�ßjG�ÜcÝ¡E4Ü4FHNâí¡EcÝ¡ä)M)NâG�ÜcKYÜcF|æwú�. ú ��é�B�O�F
ê�ßaI^I�G��/ßaë3ÜcT�F|G�Ü4EUK�ßaí¡T/Ü4ïµÝ¡Ecê@K¡EcNûÜ4T)Ý¡ä�í1TýG�Ý1áLFJê�T)K�ÜfIaFJM�í¡Ü4T9å
SJK¡IaSJä�IjKYÜ4ßaÝ¡M GJB�ø-T�FP
)M K�I2EcF[G4ä�I^Ü�ß^M�Ü4T)F²Þ/ßjS�ßaM�ß^Ü�å Ý¡ï 7 p� � ð FJèS�Ý1áLF[G*Þ1FJEcå ÜcEcK¡M)G4ë)K�EcFJM/Ü&ß^ï2ê�E4ß^Ü�ÜcFJMûß^MçÜcT�FfïµÝ¡IaI^ÝYê�ßaM�í²ïµÝ1E4áu�
æh1 �� éB��^3æh1 � éB�!.U2�ñ^æ 1 �� éB�+^�æ 1 � é � õ�� � �� � SJÝ¡M)G4ßjG�ÜcFJM/Ü!ê�ß^Ü4T1 �� . 1 � KYÜ � � .J�)B��9Ý¡IaÞ9ß^M�í�ïµÝ1ET1 �� ê@F�Ý¡ð�ÜUK�ßaM��

æh1 �� é � . 2¡æh1��2é ��^=æh1��Ué �
2H^7ò < 2�.U2 � 2 � æ-2jq òHé�� æj�1é

�¢Ü*Ü4ä�EcM)G�Ý1ä�Ü�Ü4T KYÜ*ÜcT�FDï±K¡S�Ü4Ý¡ET2 � � ê�T)ßaSUTçT)K1G@Ü4Ý�ð�F�SJK¡IaSJä�èIjKYÜ4FHN|M/ä)á�F[E4ßjSJK¡I^Iaå � N�F[ë F[M)N�G�á²K¡ß^M�Iaå Ý1M|G4Ý¡áLFDÝYÞ¡F[E4IjK�ë ß^M/ÜcF�èí¡EUK�IjG � ê�T)ß^IaF�ÜcT�F á²KYÜcFJEcßaK¡I!ë K�EUK�áLF�ÜcFJE§N�F[ë F[M)N�F[M)S�F|ßaG�S�Ý1M�èN�F[M)G�FHN�ßaM²Ü4T)F?ë)K¡EcK¡áLF�Ü4F[E 2��&N�FX
)M�F[N ß^M|Û�ã�B�æ �1é�B �¢Ü@ßjG�Ý1ð9Þ/ß^è
Ý¡ä G�ïµEcÝ¡á Û�ã�B
æ �1é�ÜcT)KYÜ-Ü4T)FmIaßaM�F�1 �� G�ÜcK¡E�ÜUG@K�Ü-Ü4T�F§þH�§ë Ý1ß^M/Ü
æh1��P.I1+�>é§K¡G§ê!F[I^I°Bm��ä�E4Ü4T�F[E4áLÝ1E4F � ßaM)G4ë FHS�Ü4ßaÝ¡M3Ý¡ï&Û�ã�B�æj�1éë�EcÝYÞ¡FHG@Ü4T)K�Ü*ïµÝ¡E�
)ì9FHNmL n � ��n K¡Müß^M)SJE4FHK¡G4F�Ý�ï6Ü4T�Ffð F[M)NçS�Ý1M�èG�ÜcK�M/Ü3�U���§IaF[K1N�G&Ü4Ý K N�F[SJE4FHK¡G4F�Ý�ï � � K¡M)NâÝ¡ï/2 � BDø-T9ä)G*ÜcT�F
G4I^Ý1ë FmÝ�ï 1 �� æ 7 p é�N�F[ë F[M)N�G@EUKYÜ4T)FJE-G�F[M)G�ß^Ü4ßaÞ¡F[I^åLÝ1M��$�%� � ê�T)ßaSUTßjG@ïµÝ¡E-ß^M G�ÜUK�M)SJF��9M�ÝYê�M Ü4ÝLßaM)S�EcF[K1G�FmG�ÜcE4Ý1M�í¡Iaå²ê�ß�ÜcT ÜcFJáLë�FJEUKYè
Ü4ä)E4F?M�F[K¡E!K�M�F[á²KYÜ4ßjS�è
G4á�FHS�ÜcßaS*Ü4EUK�M)G4ß�Ücß^Ý1Mâñ �L� õ B��
M �6ß^í B ò�ÜcT�F
K�M K�Iaå1ÜcßaS[K�I�ÜcT�EcF[G4T�Ý¡IjN²S�ä�EcÞ¡Fj1 �� ê�ß�ÜcT 2��\� ��� ��ò�� � 2 � � ���h� �
ïµÝ¡E�uâA-AH���=æ�L	n�. � �^òyéLßjG S�Ý1áLë)K�EcF[N ê�ß^Ü4T®ÜcT�F Ecß^í1Ý¡EcÝ¡ä)G
M9ä�áLFJEcßaS[K�I-EcF[G4ä�I�ÜUGJB �&GfÜ4Ý�ð�FüF�ì�ë FHS�ÜcF[NýïµE4Ý1á Ý¡ä�ELê@F[K��/Iaå
M�Ý1M�I^ßaM�FHK�E*K�ë)ë�E4Ý/K¡SUT Ü4T�F[E4F�ßjG�ßaMüï±K¡S�Ü*í1Ý9Ý9NüK¡í¡EcFJFJáLF[M1Ü-M�FHK�E
Ü4T)FfþH�§ë�Ý¡ßaM/Ü�7 p� � ê�T)FJEcF ���7ßaG*M�Ý�Ü-Ü4Ý9Ý²IjK�Ecí¡F1B

Ñ%A�Ò Ô²×�Ô
B6ÑcÔXY&V§Ö�Ö_Y��fÑ�� Y

��ïiÜ4F[ELÜ4T�FçN�ßjGcS�ä)GcG�ßaÝ¡M Ý�ï&Ü4T�FçIaß^M)F[K�E�ÜcT�E4FHG�T)Ý¡IjNÿIaß^M�FHG 1�� �1��=K¡M)N�1 �� ß^MçG4F[S�Ücß^Ý1Mm�?���@ê@F�ê�ßaI^I<M�ÝYêàÜcä�EcMüÜ4ÝLÜ4T)F�ë�T)K1G�F
N�ßjK�í1EcK¡á ïµÝ1EDÜ4T�FLM�Ý1M�Iaß^M�FHK�E�G�ÜcKYÜcF[G?Ü4T KYÜ�ð�ß^ïµä�EcS[KYÜcFLK�Ü?ÜcT�F[G4F
Iaß^M�FHGJB � ä�E�M9ä�áLF[E4ßjSJK¡I^IaåûN�F[á²K�M)N�ßaM�í K¡M)K�Iaå�G�ßjGDT)K1GDïµÝ�S�ä)G4F[N
Ý¡MüÜcT�F§ßaM/Ü4F[E4FHG�Ücß^M�í E4F[í¡ßaá�F§M�F[K¡EC7 p . 7 p� � � G�ßaM)SJF�ïµÝ¡E?I^ÝYê@FJEïµEcF[ã/ä�FJM S�ßaF[G@Ü4T)F�ê!F[I^I�ßaM9Þ¡FHG�Ücß^í/KYÜ4FHN²ï±K¡á�ßaIaßaK¡E*Û@þ ð�ß�ïµä)EcS[KYÜ4ßaÝ¡M
GcS�FJM K�Ecß^Ý/G�ïµÝ¡EjL n ��� æwG�F[FfF1B í B6ñ �&s õ ê@FJEcF§FJì�ë FHS�Ü4FHN K¡M)NçßaM�è
N�F[F[NûïµÝ¡ä�M N�ß^MÿG4Ý¡áLF²G�F[I^FHS�ÜcF[N�Ü4FHG�Ü�Ecä�M)G æiïµÝ¡E§á�Ý1E4F�N�F�ÜcK¡ß^IjG
G4FJF?ñ � � õ é4é�B>ø-T�F!K¡M)K�Iaå�G�ßjG
Ý�ï�ÜcT�F@ë F[E4ßaÝ�N�ßaS�G�Ý1I^ä�Ücß^Ý1M)G6K�M)NmÜcT�FJßaE
G�ÜcK�ð)ß^Iaß�Ü�åûßaG§K�í1K¡ß^M�ð)K1G�FHN Ý1M�oDK¡I^F[E��9ßaMûáLFJÜ4T�Ý�N�G � ð9åâê�T)ßaSUTÛ�ã�BDæ ô é�ßjG á²K¡ë�ë FHN Ý1MàKýG4å�G�ÜcFJáÓÝ�ï§M)Ý¡M�Iaß^M)F[K�E|K�Iaí¡F[ð�EcK¡ßaS
F[ã/ä)K�Ü4ßaÝ¡M)G�ïµÝ¡E�ÜcT�F FJì�ë)K�M)G4ßaÝ¡MÿS�Ý9F�]²SJß^F[M/ÜcG�ê�ß^Ü4T3EcF[G4ë�F[S�ÜfÜ4Ý

G4ä�ß^ÜcK¡ð�I^F|ÜcF[G�Ü�ïµä)M)S�Ücß^Ý1M)GJB=ø-T�FüF[ã/ä)K�Ü4ßaÝ¡M)GLK¡E4FüG�Ý1I^Þ1F[Nýð/å7K
ö&FJê-ÜcÝ¡M²ß^Ü4FJEUKYÜcß^Ý1M²G4SUT�F[áLF&K�M)NLßaM²í¡F[M�FJEUK�I�Ü4F[G�Ü4FHN�ïµÝ¡E@G�ÜUK�ð�ßaI�è
ß^Ü�å�ê�ß^Ü4T|Ü4T)F�ä)G�F�Ý¡ï�ÜcT�F�G�ÜUK�M)N)K�EUN áLF�ÜcT�Ý�N�G�ñ^ò�x � �&s õ B�
M��<ßaí)BCx7ÜcT�F3S�Ý¡áLë�IaF�ÜcF�ë�T)K¡G4F3N�ßjK�í¡EUK�áÓßaM0Ü4T�Fp1H<?7 p è
ë)IaK¡M�FüM�F[K¡EfÜcT�FûþH�ûë Ý1ß^M/Ü æ 7 p� � . ò � � �1é§ßaG G�T�ÝYê�M7ê�T�ßjSUT
ßjGçS�Ý1M)G4ßaN�F[E4FHN ÜcÝ=ð F3í1FJM�F[E4ßjSâïµÝ1EâÛ@þ(ß^M)G�ÜcK¡ð�ßaI^ß^Ü4ßaF[GçßaM0M�F�è
á²K�Ü4ßjSJG�ê�ß^Ü4T G�Iaßaí¡T/Ü4Iaåûë�Ý1G4ß^Ü4ßaÞ¡F Lan/B ��F�Ü�ä)G§N�ßjGcS�ä)GcGfK�Ü�
)EUG�Ü
ÜcT�Fâê�T�ß^Ü4F ê!FHN�í¡FHN9è¢G4T)K¡ë FHN SJÝ¡M9Þ¡FHS�Ücß^Ý1M7EcFJí1ß^áLFâN�F[I^ßaM�F[K�Ü4FHN
ð9åüÜcT�F²I^ßaM�FHG31 � K�M N 1 �� BD�
M)S�EcF[K1G�ßaM�í Ü4T�F²K¡ë�ë�Iaß^FHN Þ1Ý¡I^ÜcK�í1F
K�Ü IaÝYê!F[E;7 p ÜcT�F M�Ý1E4á²K¡I*E4Ý1I^IjG�K¡ð ÝYÞ1F�1 � ð FHS�Ý¡áLF K�Ü�
)EUG�Ü
ä)M)G�ÜUK�ð�IaF�K�í/K�ßaM)G�Ü@Ü4T)F�I^Ý1M�í�è¢ê@KyÞ1FJIaFJM�í¡Ü4T;
[ß^í¡èh
HK�í æ����
é@ßaM)G�ÜcKYè
ð)ß^Iaß�Ü�å � ê�T�ßjSUTüß^M9Þ¡Ý1I^Þ1F[G@ä�M)N�ä�IaK�Ü4ßaÝ¡M)G�K¡I^Ý1M�í�Ü4T�F�EcÝ¡IaI�KYì�ßjGJB+�@ÜÜcT�F IaßaM�F 1 � � Ý¡M®ÜcT�F Ý¡Ü4T�F[E T)K¡M)N � KýT�Ý¡áLÝ1í¡FJM)FJÝ¡ä G�G�ë)IaKyåáLÝ�N�F`b �� . �&�&S�Ý/GJæ � 9 � i émG�ë�Ý¡M/ÜUK�M�F[Ý¡ä)G4I^åüð�ß^ïµä�EUSJK�Ü4F[G[B`��Ý¡E7 p IaK¡E4í1FJE@Ü4T)K¡MüÜ4T�F�SJE4Ý/G4G4ßaM�ífë�Ý¡ßaM/Ü � 7 p . òL�Y� ô � Ý�ï/1����3K�M N1 � � Ü4T�F*G4ë�IjKyå�áLÝ9N�F�ßaG$N�ßaEcF[S�ÜcI^å�G�ä)ë F[E4ßaáLë Ý/G�FHN§Ý1M1ÜcÝmÜ4T�F�ë�F�èEcßaÝ9N�ßaS!N�ß^EcF[S�Ü4Ý1E6N�ßjG�Ü4Ý¡E4Ü4ßaÝ¡M§ê�ß�ÜcT�K¡á�ë)I^ß^Ü4ä)N�F s IaF[K¡N�ß^M�í&Ü4Ý?Ü4T�F
G4Ý�è
SJK¡I^IaF[N§G�ë�IjKyå�EcÝ¡IaIaG-ñ^ò ôyõ SUT K�EUK¡S�ÜcFJEcß�
[F[N�ð9åDÜcT�F�Ý���è°ë)IaK¡M�F@N�ß�è
EcF[S�Ü4Ý1E-SJÝ¡áLë�Ý¡M�F[M1Ü�b �T.Pæ s 2X4651æ�i]:�é Z � � é�S�Ý1G[æ � 9 � i é�B2ø-T�F

1.5 1.6 1.7 1.8 1.9 2
ω’

7.5

8

8.5

9

9.5

10

U
(V

)

UF

Uc

U
c

F

UZZ

US

UF2

ω’cF

ω’C2

�#" $?¬)�¡���6�H��¦ � �4���m¦/¥/�[ 
�m�1���[«J���[� ©j�J�(DGF�F�H,I�£2�¤��¥g? A 1 �LK��
©j�[��©a�����Y�/�c�/�U���U �- / �1���J� ��¥/���$�2¦��[����� - /O P }i 
�U����� M��4���H����¥/���9�J 
�� �[©0$-� � �c��³����²��� � �c� � �J�����H�1 @©j�J�!��� ���  �£2�¤��¥L��¥/���c���¤������� � £$���y�U�y�c�c���[�
�5)[} - / �4¬â­>¥/�f�/�¤©j�¡�����J�����[� � ���/�U D�[�����y���[�/ 
�c�L}j'*)c�&���9�¡�����J���§��¥/�
¯U��«[¨±¯��[«â���/ ¢���J�/� � �¤�°�=}j'����
�4�2��¥/���1���c���1�c������³� 
¯��
���J�/ 
�¤�����H� }j' + �4���¥/�> 
¦ � �U��¨µ��� ��� �/�¤©j�¡�����J�����H��}j'��9�4�[��¥/�$�¡���U���1�4������³� 
¯� �U�H���y�U�4�����[�
}j' +) �>�J�9�f��¥1�-�U�[�¡�H�U�c�����H�! �1���U�U�1�c������³¡ 
¯-�
���J�/ 
�¤�����H�ü}j' + P �4¬

ð)ß�ïµä�EUSJK�Ü4ßaÝ¡M§K�Ü+1 �fß^MP�<ßaí)B&x&ßaG>G4ä�ë F[EcSJE4ß^Ü4ßjSJK¡I/K¡M)N§S[K�M§K¡ë�ë�F[K�E
K¡ð ÝYÞ1F?Ý1E�ð F[I^ÝYê Ü4T)F�æµßaMüÜ4T�F�SJÝ¡M9Þ¡FHS�Ü4ßaÝ¡M|EcFJí¡ßaáLF � 7 p �}7 p� � �ßaEcE4F[I^F[ÞyK¡M/ÜUé-Iaß^M)F;1+�!Bj�*I^Ü4T)Ý¡ä�í1TâÜ4T)F�Ü4EUK�M G�ß^Ü4ßaÝ¡MâßjGmS�FJE4ÜcK¡ß^M)I^å
ï±KyÞ1Ý¡EcF[NDð9åDÜ4T)F-N�ß^F[I^FHS�Ü4EcßjS2ÜcÝ¡EUã1ä)F�ïµÝ1E Lan�q �?ß�Ü$ßjG>K�IjG�ÝmN�E4ßaÞ¡F[M
ð9å�S�Ý1á�ë)I^FJì�M�Ý1M�Iaß^M�FHK�Efß^M/Ü4F[EcK1S�Ücß^Ý1M)G�ð�F�Ü�ê@FJFJM�ÜcT�F N�ß^EcF[S�Ü4Ý¡E
K¡M)N�Ü4T)F*÷)ÝYê 
)F[IaN
B �
MLï±K1S�Ü@G4ë�IjKyå§EcÝ¡IaIaG�T)KyÞ¡F�ð�FJF[M�ßjN�FJM/Ü4ß�
)FHN
K¡M)N�N�ßjG4SJä)GcG�FHN�K�IjG�Ý*ßaM�ð�ä)ÝYå1K�M S�å?N�E4ßaÞ¡F[M?ÜcT�FJEcá²K�I9S�Ý1M/Þ1F[S�Ü4ßaÝ¡M
ßaMüM�FJá²K�Ü4ßjSJG�ñ^ò ôHõ B
ø-T�F|ß^M/ÜcFJEUK¡S�Ücß^Ý1Mýð�F�Ü�ê@FJF[MýÜcT�FçS�Ý¡M9Þ1F[S�Ücß^Ý1M�è¢á�Ý�N�F|K�áLë�Iaß�è

Ücä)N�F s K�M)N ÜcT�FâT�Ý1á�Ý1í¡F[M�FJÝ1ä)G²G�ë)IaKyåýN�ß^EcF[S�Ü4Ý¡E N�ßaG�Ü4Ý1E�Ücß^Ý1M
� � ßaG@SJK¡ë�Ü4ä)E4FHNLð/åLS�Ý1ä�ë�IaF[N²Ý1EcN�FJE2ë)K¡EcK¡áLF�Ü4F[E�FHã1ä KYÜ4ßaÝ¡M G$ïµÝ¡E



�

s K�M N � � �
l<n s .Qæ ��� ^�� ��� s � � ^�� � �� é s <

l n � � .Qæ ��� Z��	� � s � � é � � � æ�òO�1é

�*IaI SJÝ9F ]�S�ßaFJM/ÜcG2T)KyÞ¡F-ð�FJFJM�S[K�IjS�ä�IjKYÜcF[NLK�M Nfí1Ý9Ý9NLK¡í¡EcFJFJáLF[M1Ü
ê�ß^Ü4TûÜ4T�F\oDK�IaFJE��9ß^M K¡M)K�Iaå�G�ßjG?T)K¡G?ð F[FJMûïµÝ¡ä�M N
B���Ý1E � � .l�
Ü4T)F s è¢F[ã/ä)K�Ü4ßaÝ¡MçN�FHG4SJE4ßað FHG�ÜcT�FfG4ä�ë�FJEUS�Ecß�ÜcßaS[K�I�ð�ß^ïµä�EUSJK�Ü4ßaÝ¡MçÝ�ï
Ü4T)F�EcÝ¡IaIjG&ê�ß^Ü4T Ü4T�F²K�áLë�Iaß^Ü4ä)N�F s � . �
� � � � � 1 � ��1 �� ^ ò
KYÜP1��[B ø-T�F�G4ë�IaKyå/è¢E4Ý1I^I>ð�ß^ïµä�EUSJK�Ü4ßaÝ¡M�ÜcK��¡F[GDë)IaK1S�F � ê�T�F[MûÜcT�FF&��F[S�Ü4ßaÞ¡F�í¡EcÝYê-Ü4TâEUKYÜcF � e��
�� . � �;Z�� � s ��ð�F[SJÝ¡áLF[G?IaK¡E4í1FJE
Ü4T K�M 
JFJEcÝ)BLø-T�F²S�Ý9F�]²SJß^F[M/Ü�� � ßjGDM�FJí/KYÜcß^Þ1FfïµÝ1E�G�á²K�IaIaFJE�7 p
ð�F�ïµÝ¡EcF²ß^Ü§SUT)K�M�í1F[G�G4ß^í1M�K�Ü37 p �l7 p� .5òL� �L� � á²K�E��¡F[Nûð9åûKG�ÜcK�E�ßaM}�6ß^í B�x�B3ø-T�F ïµÝ¡Ecá Ý�ïj1 ��æ87 p éfSJK¡Mÿð Füä�M N�FJEUG�ÜcÝ9Ý9N
Ý¡MâÜ4T�F�ð)K¡G4ßjG*Ý�ï@Û�ã�B6æ�ò��/éN���
MçÜcT�FfEcFJí1ß^áLF37 p � 7 p� K G4ë�IjKyå
ð�ß^ïµä�EUSJKYÜcß^Ý1M3KYÜD1 � ��1�� ßaG�ë�Ý1GcG4ß^ð�IaF � ð FHSJK¡ä)G�F�ÜcT�F S�Ý1M/Ü4Ecß�èð�ä�Ücß^Ý1M�� � s �Aq��üßaM � e��
�� S[K�M3S�Ý1á�ë�FJM G4K�Ü4F � � � ê�T�ßaSUT3ßjGM�F[í1KYÜcß^Þ1F|ïµÝ¡E 1 � 1�� æ±S�ï�BàÛ�ã�B*æh�¡é�é�B ��Ý¡E`7 p qI7 p� ÜcT�F
M�F[í1KYÜcß^Þ1F���� Ü4F[E4á�G�ä)ë�ë�EcF[GcG�FHG2KYÜ+
 EcG�Ü$Ü4T�F?ë Ý/G�ß^Ü4ßaÞ¡F � � ÜcFJEcá
ßaM � e����� E4FHG�ä�I^Ü4ßaM�íLßaM�1 �Aq 1��-B
� ï<ë)K¡E�ÜcßaSJä�IaK¡E-ß^M/Ü4F[E4FHG�Ü�ßjG@Ü4T�FDä�ë)ë F[E�ð�ß�ïµä)EcS[KYÜ4ßaÝ¡M|Iaß^M�F�1 ��

æ±G4FJF²K¡IaG4Ý|Û!ã�B2æ �1émK¡M)N��6ßaí)B$òyé � K�ÜDê�T)ßaSUT�Ü4T)F`�)E4F[F[N�F[E4ßjS	��G?
G�ÜcKYÜcF�ð FHS�Ý1á�FHG2S�Ý1M9Þ¡F[S�Ü4ßaÝ¡M)K¡I^Iaå�ä�M)G�ÜcK¡ð�IaF*ê�T�FJMA"�� z ��' { %���ÜcT�F
Þ¡Ý1I�ÜUK�í1F ïµEcÝ¡á K¡ð ÝYÞ1F¡BI� ê!FHK6�9Iaå1è¢M�Ý1M�I^ßaM�FHK�E4è°FJì9ë K�M)G4ß^Ý1M KYÜ
Ü4T)F§Iaß^M�F;1 �� ê�ß^Ü4TâEcF[G4ë FHS�Ü?Ü4Ý�ÜcT�FfSJÝ¡M9Þ¡FHS�Ücß^Þ1F�ë F[E�Ücä�E4ð KYÜ4ßaÝ¡M
å9ß^F[IaN)G�K M)FJí1K�Ü4ßaÞ¡FLG4K�Ü4ä�EUKYÜcß^Ý1MûSJÝ/F�]�S�ßaFJM/Ü �çïµÝ¡EDïµEcF[ã/ä�FJM S�ßaF[G
7 p � 7 p� � ß^M7Ü4T�F|EcF[G4ä�I�Ücß^M)í+�<K�M)N�K¡äÿF[ã/ä)K�Ü4ßaÝ¡M � ß^M)N�ßaS[KYÜ4ßaM�íK�G�ä�ð�S�Ecß^Ü4ßjSJK�I@ð�ß^ïµä�EUSJKYÜcß^Ý1M�B �3ßaGLG�Ü4EcÝ¡M�í1I^å3N�FHS�EcF[K1G�ßaM�íâê�ß^Ü4T
ïµEcF[ã/ä�FJM S�å � ßwB F¡B!Ü4T)F§G�ä)ð�SJE4ß^Ü4ßjSJK¡I�M)K�Ü4ä�EcF�ð FHS�Ý1á�FHG*áLÝ¡EcF�ë�EcÝ�èM�Ý1ä�M)S�FHNâKYÜmI^ÝYê@FJE!7 p Bjr*ÝYê@FJÞ1FJE � ß^ÜmG4T�Ý¡ä�IjNçð�FfF[áLë�T)K¡G4ß�
JF[NÜ4T KYÜ�Ü4T)F�I^ßaM�FD1 �� T)K¡G-ßaMüë�E4ßaM)SJß^ë�IaFDM�Ý²EcFJIaFJÞYK�M)SJF � ê�T�F[M ÜcT�FÞ¡Ý1I�ÜUK�í1F�ßaG { % � '��	$ | ����ïµEcÝ¡á�ð�FJIaÝYê � ß°B F¡B&ê�T)FJMûG�ÜcK¡E�Ücß^M)í²ïµE4Ý1áS�Ý1M9Þ¡F[S�Ü4ßaÞ¡F oDK�IaFJE��9ß^M G�Ý1I^ä�Ücß^Ý1M)GLßaM)G�ßjN�FüÜcT�Fçê�T�ß^Ü4Füê!FHN�í¡FHN9è
G4T)K�ë�F[N3EcFJí1ß^áLF ß^M �<ßaí)B�x)B��
Mýï±K¡S�Ü � ê!F ïµÝ¡ä)M)N3ÜcT�F[G4F G4Ý¡Iaä�èÜ4ßaÝ¡M G>Ü4Ý�FJì9ßjG�Ü$ï±K�E2ð�FJå1Ý¡M)N�1 �� ß^MLÜcT�F�M�Ý1M�I^ßaM�FHK�E$EcFJí¡ßaáLF � ð�ä�Üê@F§ê@FJEcF§M�Ý¡ÜDK¡ð�I^F§Ü4Ý|G�Ücä)N�åâG4å9G�Ü4F[á²KYÜ4ßjSJK¡I^Iaå|Ü4T�F[ß^E�G�ÜcK¡ð�ß^Iaß^Ü�å¡B
� M�Iaå�ß^MLK�Mfß^M/ÜcFJEcá�FHN�ßjKYÜ4F@ïµEcF[ã/ä�F[M)S�å�EUK�M�í1F+7 p� � �}7 p �p7 p� �K�ð�ÝYÞ¡Füæ±K¡M)N�Ý¡MûÜ4T�F²Ecßaí¡T/Ü�Ý�ïcémÜcT�F²Iaß^M�F 1+� � ß^M �6ßaí)B(xüS�Ý1M�èÞ¡FHS�Ücß^Ý1M S�FHK¡G4F[N|Ü4Ý F�ì�ßjG�ÜHBmø-T9ä)G � ßaMûSJÝ¡M/Ü4EUK¡G�Ü*ÜcÝ�Ü4T)F§ä�M�ßjã/ä�F��EcFJFHN�FJEcßjS	�9G�
�è
G4Ý¡Iaä�Ü4ßaÝ¡M�ßaMLÜ4T)F�ð�E4ßaí¡T/Ü$í¡EcFJå§E4F[í¡ßaÝ¡M �
� {�|ay $ � { " {8y��F�ì�ßjG�ÜUG$ð�F�Ü�ê@FJFJM�ÜcT�F!��EcFJFHN�FJEcßjS	�9G�
�è�K¡M)NLS�Ý¡M9Þ1F[S�Ücß^Þ1F�G�Ý1I^ä�Ücß^Ý1M)G
ßaM ÜcT�F�í¡EcFJå/è
G�T K¡N�FHN�K�EcF[K�FJM S�IaÝ1G4F[N ð FJÜ�ê!F[FJM�1 �� K¡M)Nm1�� � B��Ý¡E|Kÿð�F�Ü4Ü4FJE|ßaI^Iaä)G�Ü4EUKYÜ4ßaÝ¡M®Ý¡ï�Ü4T�F�G�ä)ð�SJE4ß^Ü4ßjSJK¡I&M)K�Ü4ä�EcFâÝ�ï
Ü4T)FâS�Ý¡M9Þ1F[S�Ücß^Ý1MýÝ1M)G�FJÜ�KYÜ 1 �� K¡M)NýÜ4T�FçßaM/Ü4FJEcë�IjKyå3ð FJÜ�ê!F[FJM
Ü4T)F���EcFJFHN�FJEcßaS	��G�
�G�ÜUKYÜ4FfK�M)NçSJÝ¡M9Þ¡FHS�Ü4ßaÝ¡M � ß�Ü?ßaG&ä)G�FJïµä�I�ÜcÝ²ïµÝ¡I^èIaÝYê=Ü4T�F?Ý¡EUN�FJE!ë)K�EUK�áLF�ÜcFJEUG s K�M)N �0æµÝ1ð�ÜcK¡ß^M�FHN K1G oDK�IaFJE��9ß^M
G4Ý¡Iaä�Ü4ßaÝ¡M)GUé � ê�T�F[M Ü4T�F E4FHN�ä)S�FHN S�Ý1M1ÜcE4Ý1I�ë)K¡EcK¡á�FJÜ4F[E}L�.
1��]��1��� ^PòçßaG S�Ý1M1Ücß^M9ä�Ý1ä)G4I^åÿßaM)SJE4FHK¡G4F[N=KYÜ;
�ì�FHN 7 p B ø-T�F
SJK1G�FA7 p . ò � � ��G�Iaß^í1T/Ü4Iaåýð�FJIaÝYê 7 p� � . òL� �L��ßjG�G4T�ÝYê�M=ß^M
�6ß^í B)s1K)B �@Ü�
)EUG�Ü!ÜcT�F�K�áLë�Iaß�Ücä)N�F s æ±G4Ý¡IaßaN I^ßaM�Fyé@Ý�ï�ÜcT�FDë F[E4ß^è
Ý�N�ßjS§EcÝ¡IaI$G�ÜUKYÜ4F�í¡EcÝYê*G � 0 L�K�ð�ÝYÞ¡FPLj.�� ß^M�I^ßaM�F�ê�ß�ÜcT ÜcT�F
G4ä�ë F[EcSJE4ß^Ü4ßjSJK¡I>ð�ß�ïµä)EcS[KYÜ4ßaÝ¡M�KYÜD1��JB;�@Ü�L ��Ü4T)F�T)Ý¡áLÝ¡í1FJM�F[Ý¡ä)G
G4ë�IaKyå�áLÝ�N�F � � æ±N�Ý¡Ü�è
N�K¡G4T�F[NÿI^ßaM�FHé�ð�ß^ïµä�EcS[KYÜcF[G[B ø-T�Ý¡ä)í¡TýK
ïµä�E4Ü4T�F[E�ßaM)S�EcF[K1G�F�ßaM s ßjG�Ü4T�F[M�G�IaÝYê!FHNLN�ÝYê�M � G�ë�IjKyå/è°EcÝ¡IaI�S�Ý1M�èÞ¡FHS�Ücß^Ý1M=G4Ý¡Iaä�Ücß^Ý1M SJÝ¡M/Ü4ßaM9ä�FüÜ4Ý3FJì9ßjG�Ü�ä�ë=Ü4Ý3IjK�Ecí¡FmL � K¡G²K�I^èEcF[K¡N�å�á�F[M/Ü4ßaÝ¡M�FHN
B � M§Ü4T�F�Ý¡Ü4T�F[E>T)K�M)Nfê@F!T)KyÞ1F!IaF[K¡E4M/Ü6ïµE4Ý1á
Ý¡ä)E&ë�EcFJÞ9ßaÝ¡ä)G?S�Ý¡M G�ßjN�FJEUKYÜcß^Ý1M)G*ßaM G4F[S�Ü4ßaÝ¡M����?��A � ÜcT)KYÜDK�ë�ä)E4F��EcFJFHN�FJEcßjS	�9G�
�G�ÜcK�Ü4F�� �âê�ß�ÜcT s . � � ê�T�ßjSUT§ð�ß^ïµä�EUSJK�Ü4F[G>K�Ü L	� �

0 0.05 0.1 0.15 0.2
ε

0

0.2

0.4

0.6

A
,ψ

A
ψS

ψF

εS

a

εc

FεF

0.05 0.07 0.09 0.11
ε

0

0.1

0.2

0.3

0.4

0.5

A
,ψ

A
ψS

ψF

un
st

ab
le

unstable S

S

εS εc

F

b

εF2

�#" $?¬��1� H���¦ � �¤���9�¡�U �©a�[�$��¥1�!����¨w¦ � �[�/�@�1�¤���U�c���J�
¨w�1�� ¢���[�
�����H�����&1
}! #"%$�&Y} � )(' �
)+* � )+* + ���c�H �} 7-,k=�
¡�2�[ !©a�/�1�c�����H�²�[©���¥/�������¡�/�U�U��U�H�Y�
��� � ¦9�����[���c���c�&? 1 ' P =k' P)/. ��©j�J�@©a���U���1�U�/�c���c !  � ��«H¥Y� � �²���c¨
� ��£10J�[�����y�m��¥1�?�
���[�1 
�¤�����[� ©^�����Y�/�U�1�c�G- /) + 1 ��K 2�3L���&- / 1P��K 2�2
}µ�y���[�9� - / 1 ��K 3[�ý}i�9�4¬4 �¡�U 
�c�������U §��¥/�²¦��c�������1��� �5��¨±¦ � �J�/�
�1�¤���U�c���J�f�>M1�c�1�� 
���H�1 f�����U�[���y�U�c�����H�û��� ���  ��J�9��* � �6* + ��¥/��¥/�[¨
���H«H�c�/�U�[�/ 2 
¦ � �U�²�¡�� ¢���J�
�����H�²���L��¥/���U�[���y�U�c�����H���[�@�1���U���¡�c�����4³� 
¯
 ¢���J���H�¡���U 
¦��U�c�����y� � �Y¬<�/�J���D�1�4���[� � ����� M¡¦ � �J�9�J�����[� �9 
�c�-��� M���¬

S[K�MüF�ì�ßjG�Ü*Ý1M�Iaå�ïµÝ¡ETLTqJL � � .îæh1 �� é �O� 1��� ^=ò�æiÜcT�ßaS	�üN�K1G�T�FHN
IaßaM�FHé�Bâø-T/ä GfN�FHS�EcF[K1G�ßaM�ímL§ßaM3ÜcT�F �)E4F[F[N�F[E4ßjS	��G?
²G�ÜcKYÜcF�ïµEcÝ¡á
K¡ð ÝYÞ1FçI^FHK¡N�G ß^M K�M9å7S[K¡G4F KYÜ L . L � � Ü4Ý7KÿN�ßjG4SJÝ¡M/Ü4ßaM9ä�Ý¡ä)G
v�ä)á�ë0æµßaM)N�ßjSJK�Ü4F[N7ð9å�Ü4T�FçN�Ý1ä�ð�IaF�è
K�EcE4ÝYê*GDßaM �6ßaí)B s1K/é�ïµEcÝ¡á
ÜcT�F!�)E4F[F[N�F[E4ßjS	��G?
-G�Ý1I^ä�Ü4ßaÝ¡M`b �� . ���LS�Ý1G[æ � 9 � i é-æ±Û!ã B�æ �/é�é<Ü4Ý
ÜcT�F�G4ë�IaKyå E4Ý1I^IjG�æ±Û!ã B<æ�ò��/é�é@ê�ß^Ü4T s <�� �87. ��B � ð/Þ9ßaÝ¡ä)G4Iaå � ïµÝ¡EL!q}L � � ê!F&E4FHS�ÝYÞ¡F[E>Ü4T�F?ð�ßjG�ÜUK�ð�ßaI^ß^Ü�å�ð FJÜ�ê!F[FJM�S�Ý1M9Þ¡F[S�Ü4ßaÝ¡M²K�M N
ÜcT�F���EcFJFHN�FJEcßjS	�9G�
DG�ÜUKYÜ4F1B
ø-T�F�G4ß�Ücä)KYÜcß^Ý1MÿSUT)K�M)í¡F[GmïµÝ1EDïµE4FHã/ä�FJM)SJß^FHGj7 p q�7 p� � G�ßaM)S�F

ÜcT�F�ð�ßjG�ÜUK�ð�IaF-E4F[í¡ßaáLF@ßjG>EcF[G�Ü4EcßaS�Ü4F[N§Ü4Ý�K¡MPL4è¢EcK¡M�í¡F@ð�F�Ü�ê@FJFJM`L � �
K¡M)N L � � ßaM �6ßaí)B s1ð�BD�&ð ÝYÞ1FPL � �#9 � �^òO� ô Ý¡M�IaåçÜ4T)F`�)E4F[F[N9è
F[E4ßjS	��G?
âG4Ý¡Iaä�Ücß^Ý1M FJì�ßaG�ÜcGûæ s . � � � . � � é�Bl�?G N�FJáLÝ¡M�è
G�Ü4EUKYÜcF[Nýß^MJ�6ß^í B�s¡ð7Ü4T�Füë�Ý¡ßaM/Ü;Lm. L�� � SJÝ¡EcE4FHG�ë�Ý¡M N�GfÜ4T�F[MÜcÝ�Ü4T�FâGcK¡N�N�I^FüM�Ý�N�Fÿæ;:2é�Ý�ïmÜ4T�Fçð K¡S	�9ê@K¡EcNÿð�ß�ïµä)EcS[KYÜ4ßaÝ¡M=KYÜ



�

L � � � ê�T�ßjSUT�S�Ý¡M)M�F[S�ÜcGmÜ4T)F�G�ÜUK�ð�IaF²K�M)Nûä�M)G�ÜcK¡ð�I^FLð�EUK�M SUT�F[GmÝ�ïÜ4T)F§EcÝ¡IaI�è-K�M)NâG4ë�IjKyå áLÝ�N�F s � � � � EcF[G4ë FHS�Ü4ßaÞ¡F[I^å1BT�@ÜjL
� � ÜcT�F

G4ë�IaKyå�K�áLë�Iaß�Ücä)N�F*ð)EcK¡M)SUT
�&� K�M N§ÜcT�FT�)E4F[F[N�F[E4ßjS	��G?
�G4Ý¡Iaä�Ü4ßaÝ¡M
���=T)KyÞ¡F�Ü4Ý áLF[E4í1F§ßaMâI^ßaM�Ffê�ß�ÜcT��6ß^í B�s1ð�B?ø-T)Ffä�ë)ë F[EmG4Ý¡IaßaN
s è¢Iaß^M�F ß^Mp�6ßaí)B=s¡ð � ê�T�ßjSUTÿK�ë�ë)E4Ý/K¡SUT�FHGj
JFJEcÝâKYÜPL`. �ÿæµM)Ý�Ü
G4T�ÝYê�M é$SJÝ¡EcE4FHG�ë�Ý¡M)N)G>Ü4Ý§Ü4T�F s è¢I^ßaM�Fmß^M �6ßaí)B�s1K)B=�
M²ÜcT�F?GcK�áLF
á²K�M�M)FJE ���àæwN�K¡G4T�F[N é-K�ë�ë�EcÝ1K1SUT�F[G 
JF[E4ÝLKYÜCL	� � K¡G�G4T�ÝYê�M ß^M�6ß^í B#s1K�BmO®T�F[MûK�ë)ë�E4Ý/K¡SUT�ßaM�í`7 p� � ïµE4Ý1á K�ð�ÝYÞ¡F � Ü4T)F�GcK¡N�N�I^FM�Ý�N�F�áLÝYÞ¡FHG>Ý¡ð9Þ9ß^Ý1ä)G4I^å�ÜcÝ�IaK¡E4í1F�L�K�IaÝ¡M)í?ÜcT�F&K¡I^áLÝ1G�Ü2Þ¡F[E�ÜcßaS[K�I
G4FJë)K¡EcK�Ü4ßaÝ¡M3Iaß^M�Fm1 � � ïµÝ¡E�7 p . 7 p� � ßaM}�6ß^í B x)B�ö&Ý�ÜcF�Ü4T KYÜ
Ü4T)F�ä�M)G�ÜcK�ð)I^F�G4Ý¡Iaä�Ü4ßaÝ¡M)G�G�ÜcK¡E�Ücß^M)íLK�ÜCL � � ßaM��6ßaí)B_s1ð T)KyÞ1F?M)Ý�Ü
ÞYK�M�ßjG4T�F[N ~�Ý1M�Iaå²ïµÝ¡E*SJIaK¡E4ß^Ü�åLÜ4T�F[å K¡E4FDG�ä)ë�ë�EcF[GcG�FHN�ßaMA�6ßaí)B)s/K �ð�F[SJK¡ä)G4F?ÜcT�FJå T)KyÞ¡FmM�Ý²ë�T9å�G4ßaS[K�I�E4F[I^F[ÞYK�M)SJF¡B

A�Ò ÚD×DÔ�ÚmB<Ù W ÑU×DÔ

�
M=SJÝ¡M)SJI^ä G�ßaÝ¡M7ê!FüT)KyÞ1FüN�FJáLÝ¡M)G�Ü4EUKYÜcF[NÿÜ4T)K�Ü�ë�IaK¡M)K�E²M)F�è
á²KYÜcßaS[G§ê�ß^Ü4T G�Iaß^í1T/Ü4Iaå�ë�Ý1G4ß^Ü4ßaÞ¡F Lan3æwK�M)Nýë Ý/G�ß^Ü4ßaÞ¡F � nYéfG�T)ÝYê
ßaM1ÜcFJEcF[G�Ü4ßaM�í=M�Ý¡M)I^ßaM�F[K¡EâÛ@þ G�ÜUKYÜcF[Gçê�T�ßjSUT E4FHG�ä)I�ÜüïµEcÝ¡áùÜcT�F
S�Ý1áLë FJÜ4ß^Ü4ßaÝ¡M�ð FJÜ�ê!F[FJM K SJÝ¡M9Þ¡FHS�Ü4ßaÝ¡M�è°áLÝ�N�F7K¡M)NîT�Ý¡áLÝ¡í1F�è
M�F[Ý¡ä)GDG4ë�IaKyå á�Ý�N�F1BP�&ð ÝYÞ1F§ÜcT�F²G�ä)ð�SJE4ß^Ü4ßjSJK¡I>Ü4EUK�M)G4ß�Ücß^Ý1M 1 ��
ïµEcÝ¡á5Ü4T�F`��EcFJFHN�FJEcßjS	�9G�
�ßaM/Ü4ÝüS�Ý¡M9Þ1F[S�Ücß^Ý1MâG�ÜUKYÜcFfK ð�ßaG�ÜcK¡ð�ßaI^ß^Ü�å

ð�F�Ü�ê@FJF[M�KA�)E4F[F[N�F[E4ßjS	��G?
LG�Ý1I^ä�Ü4ßaÝ¡M7æ±F[ã/ä�ßaI^ßað�Ecß^ä)á G�ÜcKYÜcFHémK�M N
SJÝ¡M9Þ¡FHS�Ücß^Þ1FâG�Ý1I^ä�Ücß^Ý1M æµM)Ý¡M�è¢F[ã/ä�ßaI^ßað�Ecß^ä)á G�ÜcK�Ü4FHé�ê@K1G SJI^FHK�EcI^å
ßjN�F[M1Ücß 
 F[N
BU�5ÜcEcK¡M)G4ß�Ücß^Ý1MýïµEcF[ã/ä�F[M)S�å 7 � �îSJÝ¡ä�IjN7ð F N�F�Ü4F[E�è
áLßaM�F[N ð F[I^ÝYêàê�T�ßaSUT ê!FmT)KyÞ¡F&ð F[FJMüK�ð�IaF*ÜcÝ�SJÝ¡M)G�Ü4Ecä)S�Ü-G�ë)IaKyå
EcÝ¡IaI2G4Ý¡Iaä�Ü4ßaÝ¡M)Gmä�ë�ÜcÝ|T)ß^í1T�Þ1Ý¡I^ÜcK¡í¡F[G � ê�T�F[E4FHK¡G?ïµÝ¡Ej7�ql7�� �
ê�ß^Ü4T=ßaM)S�EcF[K1G�ßaM�í�Þ¡Ý1I�ÜUK�í¡FüK�N�ßjG4SJÝ¡M/Ü4ßaM9ä�Ý¡ä)G�ÜcEcK¡M)G4ß�Ücß^Ý1MýÜcÝÿK
�)E4F[F[N�F[E4ßjS	��G?
�G�ÜcK�Ü4F�Ý�SJS�ä)EcG[B?ø-T�F�ð�ß^ïµä�EUSJKYÜcß^Ý1M N�ßjK�í1EcK¡áLG&K�EcF
ð�FJIaßaFJÞ¡FHNâÜcÝâN�ßjG�ë�IjKyåçÜcT�F²í¡F[M�FJEcßaS§ïµF[K�Ü4ä�EcF[G[B6�9ä�ë�ë�Ý¡E4Ü§G�Ü4FJá²G
ïµEcÝ¡á5ÜcT�FfN�FJÜcK¡ß^IaF[Nçë)T/å�G4ßaS[K�I6ß^M/ÜcFJEcë�E4FJÜcK�Ü4ßaÝ¡MçÝ�ï$ÜcT�FLN�F[G�ÜcK¡ð�ß�è
Iaß�
[KYÜcß^Ý1MçáLF[SUT)K¡M�ßaG4á�K¡G*ê@FJIaI<K1G�ïµEcÝ¡á Ü4T�FfÝ¡ð)G4FJEcÞYKYÜcß^Ý1M ÜcT)KYÜ
ë K�EUK�áLF�ÜcFJE�áLÝ�N�ß�
 SJK�Ü4ßaÝ¡M)G I^FHN®Ý¡M�Iaå7Ü4ÝýG4Ý¡áLF ã/ä)K¡M1Ücß�ÜUKYÜcß^Þ1F
SUT K�M�í1F[G[B0O�FâT�Ý1ë F Ü4T)K�Ü Ý¡ä)E S�Ý1áLë�E4F[T�FJM G�ßaÞ¡FüÜcT�FJÝ1E4FJÜ4ßjSJK�I
K¡M)K�Iaå�G�ßjG$ê�ßaI^I�áLÝ�Ücß^ÞYKYÜcF&M�F[ê®F�ì�ë�FJEcß^áLFJM/ÜUK�I�G�Ücä)N�ßaF[G[B>A@FHG�ßjN�F[G
KýSJK�EcF�ïµä)I&F�ì�ë�IaÝ¡EUKYÜcß^Ý1M=Ý�ïDÜ4T�FûI^ßaM�FHK�E N�FHG�ÜUK�ð�ßaIaß�
HKYÜ4ßaÝ¡M®IaßaM�F[G
1�� � 1

�� K�M)N�Ü4T�F�þH��ë�Ý¡ßaM1Ü � Ü4T�F@ßaM/Þ1F[G�Ü4ßaí1K�Ü4ßaÝ¡MDÝ�ï�ÜcT�F�ð)ßaG�ÜcK¡ð�I^FEcFJí1ß^áLF-K�ð�ÝYÞ¡F�1��6IaÝ/Ý ��G<ë)E4Ý1á�ßjG4ß^M�í B � M�F-áLßaí¡T/Ü<ïµÝ1E>ß^M)G�ÜcK¡M)S�F
K1SUT�ßaFJÞ¡F@K&ð�F�Ü4Ü4F[E6ßaM)G4ß^í1T/Ü6ßaM/Ü4Ý?Ü4T�F-M)K�Ü4ä�EcF!Ý¡ï)ßaM�T�Ý¡áLÝ1í¡FJM)FJÝ¡ä G
�)E4F[F[N�F[E4ßjS	��G?
�G�ÜcK�Ü4F[G�ß^MLÜcT�F*ë�EcF[G4FJM S�F*Ý¡ï�ê-K�IaIjG$ð FJÜ�ê!F[FJM�G4å9áfè
áLFJÜ4EcåüN�FJí¡F[M�FJEUKYÜcF[NâSJÝ¡M)
 í¡ä�EUKYÜcß^Ý1M)Gm1 � � ê�T�F[E4F�K¡SJSJÝ¡EUN�ßaM�í
ÜcÝ²Û�ã�B�æ��1é-K�IjG�Ý²Kf÷)ÝYêàßjG-F�ì�SJß�ÜcF[N
B
O�F|ê@Ý¡ä)IaNýI^ß��¡F|Ü4Ý�ÜcT)K�M_� ��B+�*FJT9ð F[E4í � øDB2A@Ý�S	�ÿK�M)N��2B�DEUK�áLF[E!ïµÝ1E�ä)G4F�ïµä�I�N�ßaGcS�ä)GcG4ß^Ý1M)GJB

�¤���,D ¬ �!¬ �<���[ 
 ��[�/� � ¬ �!¬��@�[¥/�U�����c��«¡���!�U��¬*D����)¬ � ¥��¡ U¬��
	)�
2�����}¢��3�3[�y�4¬

� �
� � ¬ $?¬¡�1�&$@�U�1�/�U U��� W/d2V<W�X[Z�\µbcZ������
\��ck�\µl��
n�X[Z�h±_H` Z } � � �J���U�¡¨
�¡�H� � ���U 
 U��� M�©j�[����� ��3����Y�4¬

� ���,R�¬
�*�J���J�9� �=¬�!��������c�����J�/�)� � ���[«1¬�­>¥1�U�[��¬ � ¥Y�¡ U¬hR��/¦/¦ � ¬
"
" �/���52L}¢��3�2�3H�4¬

� �#���$¬�F6���¡�U�/ 
��¥9����¯H�$�=¬$!��������4�����[�/�)�2�[�/�&%�¬��-���J���c����'1¬
� ¥Y�¡ U¬ } � ������ ��)( " � ��2�����}¢��3�252y�4¬

� �
��%�¬*�-���J���c�?�[�/�+�=¬ � �c 
�4¥)��H!�1�¡�)¬,�!�U��¬�� � �/��� D��U��¥ ¬�-/.��
�Y���f}¢��3�3��H�4¬

� ���@�6¬ �!¬/�1���[�1³��¡~-�� 
�H¬9�9�J��¬qR¡�Y�[¬�-/	�� ��3L}¢� 3���2y�4¬
� �
�0�&¬1�!����¥Y���c���LH&¬LF6�1³H���1�[�9�_"4¬1���U¥����c��«¡�����32�4 _Jhi\��Hu � d�5 4 �[n¢_H`
V2_[hihwd4n�g/Zý\jg768�[g�d9�ck¡\j` \�:cn4\ak;5<���=5 4 `�d9> 2 XJZ�hwd�5mZ � ���1�¤�����
�Y� � ¬ �$¬ � � �H�¡�� -�[�9� � ¬ � � � ����¨ D��/¥1�[���U�ü}@H!�/�¡�� 
�[�1¨��ü�c  � �4�Y�
´ �c£&?<�[��³�� ��3�3��H�4¬

� 2���'¡¬ ¨@�&¬��@�1¥ �=?m¬��!���/�[³[�¡�y�[�/�_R�¬��*�J�i� � ¥Y�¡ U¬����U��¬ �A	/B)�C�J�����
}¢��3�352y�4¬

� 3��$� ¬ � �U 
��¥à�[�9� %&¬�F6�U¥1� �m���ED p#�H` k�hi\��[gF��� 2�4 �[g1h±_[g�d9�[k�Z
2 hin4k1bchik�n�d4Z&\jgLt�\aZ�Z�\ 4 _Jhi\jp[dG���[g1hi\jg/kC�[k�Z 2 XJZ�hwd�5mZ �����¡�����U���Y�
�6¬ �&¬qF6�1 
 
�*�[�/�GR�¬ �!¬hDIH� ��� �c�?} R¡¦1�����1«H�c���<F6�c� � ��� � � 3�352y�4¬

�¤������%�¬��-���[���4���,F!¬>~@���U 
 
� � �J�&¬$!�¥/�[�¡�-�J�9�K�=¬ � �U 
��¥ �\D�� � ¬�<�
�¡ ¢��¬
% ���9¬��<�
�¡ ¢��¬/L/�C(��)������}±�[�[�H�y�4¬
�¤�H����'¡¬ ­@¬h$ � �U�U 
�H�)� ´ �J���1���J-/	/�)�����H��}¢��3�3��y�4¬
�¤���
�,R��U���H¬ «1¬0$?¬ �&¬M�@�c� � ���U���c����%�¬ H&¬�!��[�1�H�1�µ���J�9�A%�¬ H2F>�J�
���[� �

� ���Y�U�U�U�1���/«[ @�[©���¥1�a" � � �&	/�����H� �y�²}¢� 3 �52y��N F!¬ '1¬�% �U��¥/�1�c���
�6¬ '1¬hDL�J� � ��£>�H�9�[�/�
�2¬ �?¬ ´ �U ¢���4���/���/����¬�	 " � �
��� �L}¢��3��Y���4¬

�¤������%�¬#�-���[���c���J�9�J�=¬ � �U 
��¥ �y��� V�_[hihwd4n�gPO*�[nQ5�_[hi\��Jg§\agR��\��ck�\µl
�
n�XJZ�h±_[` Z �>���1�¤�����â�Y� H&¬ F6�1³H� �[�/�S%�¬��-���J���c�²} R�¦1�����/«[�c���
´ �c£&?<�[��³�� ��3�3��y�4¬

�¤�U�#���$¬ ��� �J�1���T�=¬�~-�c�4³y�4����H&¬ $?¬$�!�[ 
 
���c��«1�U%�¬$�-���[���c���0�=¬
� �c 
�4¥)� H&¬�F6� � �J���1�i� �[�9�V�*¬/�������[�
���¡� � ¥Y�¡ U¬��!�c��¬/% �c�
��¬*. " �
�J� ����}¢� 3�3��H�4¬

�¤���
�&F�¬/~@���c 
 
� � �qH*¬
'[�Y�c�� U��%�¬ � �J ¢���1���;�=¬ � �c 
�4¥)� �$¬ ��� �[�¡�����J�9�
�*¬;�!�����J�
���¡� � ¥Y�¡ U¬
���U��¬C% �c�
��¬/B/B)�/�y���W�J�H�²}±�[�[�y�H�4¬

��� �#�)�&¬1�!����¥����4��� ´ ¬W� � H�[¦/¦��c���LH*¬1�@�c�
�
������¥ ���J�9�_H&¬ F<�/³[�¡� ���1���[¨
¦1¥��¡ U¬C% �4�
��¬�L
X)�����§}¢� 3�3��H�4¬

���
�����=¬ �&¬Y�1�)'[�U� � �!¬ '1¬ $@�c�
���¤�� 
���¡���J�9�D­@¬�%��J��¥1�H�Y£>�4�� U� �6¥/�U�L¬
� ¥Y�1 U¬
% �4�
��¬ZYW( ���J�H�¡��}¢��3��[�H�4¬

����2#� D ¬ "4¬ F>�J���1��³��0%�¬ D ¬�F � ���1�J���,D ¬ �6¬�$!���U���U�1³¡�i�&R�¬ H*¬ � ��³���� �
�J�9��[&¬ $?¬ �6¥/��«J�����1����� � ¥��¡ U¬
% �c�
��¬<H\	]Y9� �
����}¢��3����[�4¬

����3#� � ¬ �&¬^���� 
¥1�[���H�,D�� � ¬ �<�
�¡ ¢��¬)%)����¬��<�
�1 ¢��¬0Y;-/B)�T����}¢��3�2��[��N
� ¬ �&¬*���� 
¥/�[���[�6­@¬ �6¬ R�¬M�@�
_c� H*¬ � ¬#"¢�Y�/� � � R�¬ R�¬�R1�J ¢�
�
�Y���[�/�
$?¬hR1�J�w���[�/�[�/�/�[�L�;%)�����1���!�<�
�¡ ¢��� �  8YW(��)���¡��3L}¢� 353H�y�4¬

� �J�#��­>¥1���������c����� � ¦/�J���J���c���c�� 
�c��DGF�F�Hr"����V� ���9�� ��/ 
���D� M¡�U�c¦1�
��¥/�J��? A&�� >� ��� ��£6���f���&�H���
�Y¬ "°� � ���/��£2����¥`� ������¥/�@���y�c���[«[���1�¤¨
� � �U�4�
�������U�[�/ ¢���[�Y�)a?�1=}±��?Qb )X?
c4� =[�-�� <ª M1�U�?©j�J�6�U�[���y�U�/���U�1�U�
���m��¥1��¦/�¡����DGF�F�H �[� � �1�Ra?�1d� K ����¬

� �Y�e��­>¥1� ��� � �U�U� � ���  ¢�
���1�c���1���(�J©Q��¥/� � ����«H�c¨j? A ���J���c����� �  
� ��³y� � F ��H }i�[¨±�c��¥/�NM��¡���U�/¯4� � ���1�c�/�c¨±�Cf ¨±�c���J�/�H�[�/� � ���/�����1� ���c�� 
���J��� � �7�Y�ý 
�/�1 ¢���¤���1�����/«���¥1�ü�/�¡�°� � ¨±«[���H�1¦7���oDGF�F�H }i�[¨
���c��¥1�NM¡�¡���U�1¯c� � �^�¡�U�/�4¨w�;f ¨w�¡¨±�/�1�w� � �J�/� � ���/���|�Y�0��¥1�7 ¢�
���[�/« � �
¦�� � ������¯��[� � ���c���[�1��«[���H�1¦ ¬�"w�ü��¥/�§��� M����¡��� DGF�F�H�¨ � F ��H
��¥1�-���U 
� � �����/«D�[� � �1��?BAm�H�������c  � ���/�U�J� � ��£2�¤��¥���¥1�-�U�H�1�U�U�Y�
���J¨
�����H�?�[© � F ��H8NJ©a�[�����/ ¢���J�/�U� ? A�13� K��>�U�[�
���U 
¦��[�9�¡ ����-�!�c�H�1¨
�U�c���
���������H�§�[©Mgý� K �ihQ}j£>�U��«[¥��6¦��c���U�U�Y���J«H���0�¤��3=�µ¬�­>¥��/ 6�¤�6�� 
�1�[�
 
�¡��¦1���� 
���/«2��¥9�J�*DGF�F�H,I>£2�¤��¥���¥/�����J���c����� � ¦9�J���J���c���c�� 
�J©�¦1�1��� DGF�F�H*��� M¡�U�U¦1��? A �¡�¡�U 
�c�������2£>� ��� ��¥/�2� M¡¦��c�������U�Y�� U¬

� �[��� �$¬ �6¬	�>�J�
���hD�� � ¬	�<�
�¡ ¢��¬
% ���9¬��<�
�¡ ¢��¬�.��9���[�L}¢��3 �53y�4¬
� �J�#���=¬C�@� � ©^�����4¥)��'1¬ �6¥/�U�L¬ � ¥Y�1 U¬/	,Y9�1�y�53y��}¢��3 ��3H�4¬
� ���=� �$¬ ��� �[�1�!�J�9�G� ¬ � �U 
��¥ � � ¥��¡ U¬C�!�c��¬ �S	 " �)���J����}¢� 353�2y�4¬
� �=�����6¬ D ¬;% �c  � ���H�
j@�/�J�
��¬W'¡¬ D��U�4¥)¬��[¦1¦ � ¬LDL����¥ ¬/Y " �¡�����D}¢��3 � �H�4¬
� ���#��H � ��¥1�H�1«H¥â�1�c¦��U�9�¡���1«²�H�ü��¥1�§��¥/�[���U�f�J©��U�c�
���[���ü���U ¢�?©j�1�/�c¨

�����H�1 !¦¡���U�����H�/ 2�[�/�c¨±�����1�!©j�[���?� � �[ $���D���-©a�H�1�9�����f��¥1� � ���
¨
�c�������1���k� �/�)���=� � �Y�H³§  � ��«[¥Y� � ���1� ���c���c��������¥1�U�¤�����c 
� � �� 2���J����¥
¦¡���[�c������� ��� � £2�¤��¥ ���9¬�}��y�4¬ ´ �[���â��¥9�J� ��¥/� ��¥1���U 
¥1� � � '�C
}����9¬9}��y�
���1�c¦��U�9�¡ ��[� � �?�H�D��¥/�>���������H 6�J©���¥/�$���� 
�U�H 
�¤�°�m�U�Y�c©^¨
ª/�U���U�Y�� 0lnm1}po*1=��qNK5K5Keq �y�4�1£2¥/���4¥f©j� � ª ��� ��¥/� � �������1� ��� � �������H�
l P )&lnr 1slnt . l�u[¬ H!�c�U�[���¡���1«²��� ��¥1�f�¡�cª9�1�¤�����[�â�[©���¥/�



�

D����U 
��£2���U¯-�c�Y�����U���U�Y���L;���� P }i 
�U�@¦/�J���[«J���[¦1¥f��©a���c�&�<�9¬�}±�[�
��[� � ����¥/�! 
�/� l�� ) l u �U�Y���c�� U�¡ 
�1�4¥���¥9���$���f©i�J�c�2�H� � � haWYn�d�d
���/�1�U¦��U�/�1�U�Y�!�U�H�?�/���9�������H�/ !�[©<��¥/�Ulnm$�J���&��� � �U�H�J�Y��¬�"°� �H��¨
�¡�¤�����[� ©^���H� �����J 
�1���U���c���� @�[©�' + 1 9 : ; ; =�}@? A ? C �4���J©>��¥/�
�c���1�����U�/ 
���[�1¨°�&¦��[���Y� - O P ���L�/�1�¤�� $�[©*3 4 1=}@?Qb ?BC�� =��]bû�J�9�
�J©�' C } ->�$�H�/�&«H�4�� @©j�¡�
��¥/�c�!�H� � �9�[� � �?���1©a�[�����������[�/ @���§�J 
 
�U 
��¥1�-¦9�����[���c���4�� U¬

� ���
�@­>¥1�
��¥/�U�J���c������� � �J�9� � �¡ 
�� ����k�¤� 3=�µ�J�9�J 
���-�H�*�J��� � �*�[�/� � �������U� �
��¥¡���U 
¥/� � ��©a�[���m� � � }��$¬�~-�/���[�� ¢¨@[!��� � �c�
���H� � ¬ $?¬��1��$@�U�/�1�U U�

�J�9�`�?¬ � �J�����¡�i�*'¡¬ � ¥Y�¡ U¬
} � �J���� ��0L/-)� �H����}¢��3������
�4�)�� !�H� � �
�1 
�c©j� � ���&���U¦1�����¡�/�U�@���/� � �¤���J�����y�@�
���c�9�1 $���§��¥/�-�¡�U¦��U�/�1�U�1�U�
�[�â��¥1�����J���c����� � ¦/�J���J���c���c�� U¬#"w�ç�U�H�Y�
���J ¢�D��� �<�9¬$}��H�&�[�/�
ª/�9�1 ��U�[�/ 
���1�4���[� � �!�Y�9�[�Y���¤���J�����y�2�¡�U�����J�����H�1 �©^���H� ��¥/�>����«H�J�
¨
�[�/ 2���/���c������� � ���U 
� � �� U¬

� ��2#���6¬�'
H�[¥1�/��«3�J�9� �6¬ F<���Y��¥9�����)�R'1¬ � ¥Y�¡ U¬&} � �J���� ��3L/	)�&�[�¡�
}¢��3��J�y�4¬

� ��3#��F!¬/~@���U 
 
� � � � ¥1~ ��¥/�U 
�� U�<F>�U�����U�1��¥��J�H�H��¬


