
� �������	��
�

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

/10�2436587958:<;>=@?A3CB958D'EF36GH2I583C0�JLKM2N58DOD�PRQS GT24365VUW58XZY47958D6EF3CG\[ S 0N]^24587T/_K`0A7T:	36BT2N580583C0N]a587\B9GH=aY4D6B9580^bN58DC2N5cGZ0L580dBeEf3CX\[a58D6Bcgh:i36Bf2N58:�24=a0A0L243C5Tj�3C]`04=aD65kP QS Gl24365nmo5cG\Pp=aY4G\5802N5cG�JqK�2 S DC=@B\3CK`047\79?r5c[MB9G\K`79[aKa?A365tsr5cG\58XZY40N5cB�E�5cGH24580vu�w S 0xQ=aXHY47\ByEF36GZ2{z15824KMXZY	583C0|:T5~}XHYA=a043C7\XZYN5cG�����5c[MB�2N587n��3CXHYdB9Pp58DC2N587�= S P�24=a7n/_K`0I5cG\[�D Q=@G\Bcg�245cGn� S G�; QS YAD S 0N]�3C0I2N5cGb4=aDCDC5�583C0N]a58795cB9�cBfEF36GH2vu

�n�Z� ���t�����v�^��T�T�Z�T��� ��� �l� �t� �<� ��� �T��� � � �������t�h  �T¡  \¢ � � �
�y3O0|£�YNKaB9K`0�:	36B'2N58:¤UW58DCDC580N�8=aY4D6¥a5c[MB9KaG�¦^B9G§Q=@]aBt583C0N580|/1:T? S DC7�¨W©�ª« ¦¬uN S Pp]aG S 0422N5cG®/¯:	? S DC795cGZY4=aD6B S 0N]t: SN° =aDC79K{583C0k'B9K`:±sr583²fsA79KaGH?4B\36K`0>K�2N5cG¬�y:	3O7\7\36K`0k¥aK`0���3CXHYdB583C0N5y/¯:T? S DC7 Q=a04245cG S 0N]'5cG\P³=aYNG\580vu´/¯0k583C0N58:µ:	K`0NKMXZYNG\K`:	=@B\3O7\XHYN580k� S 583O0N58:µ=@B9K`:	=@GH580Q¶fs�5cGH]`=a0N]·04=aY45c� S G\587\K`04=a0²B9580¸��3CXHYdB9P¹58DO2qB9G\5cB9580¸79B´Q=a0A2436]i79B\3O: S DO365cG\B95kfsA79KaG\?AB\36K`0471}79K§EF365V79?rK`0²B\=a0N5 S 042I79B\3C: S DC365cGHB95·�y:i3C7\7\36K`0A79?4G\Ka�c587\7\5i79B\=@B9Bcuoºl365·/1:T? S DC7aQS sr5cG\B9G§Q=@]a52 S GZXHY�79B\3C: S DC3C5cG\B95�£�G\Ka�c587\7\5kYN5csr580�7\3CXZY�z15824KMXZY�E�5c]Ng�24=T24365�Y43C5cG\sr583�= S P®24=a7F'B9K`:QS sr5cG\B9GH=@]a5804580·/1:T? S DC795f:i36B�]`DC583CXHYN58:¤»�5cB9GH=@]	]a580A= S 3C0i580dB9]a5c]a580N]a58795cB9�cB95�¼F3OXHYdB S 0�}]a580IEF36G\[a580vu�½F5cB9B9K¸5cG\]`36sABn7\3CXZY¾=aDC7\KL3C0¾583C0N58:¿wr5836B\3C0dB95cG\¥À=aDODÁgx3C0Â2458:ÄÃÅ79?rK`0dB\=a0N5
�y:i3C7\7\36K`04580|= S P¹B9GH=@B9580L2N5cG�/1:T? S DO7@QS sr5cG\B9GH=@]NÆ

Ç(© ÈÉ
Ê@Ë�Ì
ª«®Í ¦vÎHÏÑÐyÒ¾¦vÓ_Ô{Õ ÍpÖ uC×´Õ

E Q=@G\580A2	24365tUW58DCDC580N�8=aY4D6¥a5c[MB9KaG\580i¦vÎZÏÑÐy3O:	:T5cGy3C0ij�B9GH=aY4D6GH3OXHYdB S 0N]�2N587y��3CXHYdB\7�Ef36G\[a580vg7\3C0A2T24365�¼F3OXHYdB S 0N]a580i245cGy79?rK`0²B\=a04580i�y:i:	3C7\7\3CK`0N580�79B9KMXZY4=a79B\3C7HXHY|3C0	=aDCD65�¼f= S :TGH3OXHY�}B S 0N]a580·¥a5cG\B9583CDCBcud/10i583O0N58:¤wr5836B\3C0dB95cG\¥À=aD�Ø�Ù¬ÚÛ04245cB�=aDC79K�3C:ÜJL36B9B958DÛ583C0·/¯:	? S DC7 QS s�5cGHB1}GH=@]	¥aK`0
ØTÇ�©(ª« ¦	ÝpÞ�ß�Ø�Ù ÍpÖ uáà`Õ

79B\=@B9BcuNºl=�24365 Q{042N5cG S 0N]k2N587�/1:T? S DC7\587�:	36B�2N5cGtwr5836By583C045f;�GH=@PpB'3C79Bcg²[@=a040|:	=a0|=aDC79KPZQS G�24=a7�'B9K`:�3C:â�x3OXHYdB9P¹58DC2�583C0N5>¼	QS X\[�79B9K ° [dGZ=@P¹BF245cG{ã{G§QK ° 5
ä ©�ª« ¦	ÝÁÞ�ß ÍpÖ uáå`Õ
×8æ



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ ×�4

=a0N]a5csr580vuMj�5cB9�cBy:	=a0	PRQS G�243C5fw�5cG\P³=aDCDC79GH=@B95 S 0A2T24365tUW58DCD65804�8=aY4D424365tmo5cGZYxQ=aD6B\043C7H795t583C0vgEF365T7\3C5�PRQS G>2N5806587:9 Ì<; 7'= 587?> Ì<; 7 } Q¶Fsr5cG\]`=a0N]�]a58DCB9580vgx79K�3C7\Bl2A3658795T;�GH=@PpB�Pp=a7\B@48ABABA
:	=aDv79B´Q=@GH[a5cG8g4=aDC7t24365��yGH24=a0N�83658Y S 0N]Nu�ºl=@sr583rEF36GH2·¥aKaGH= S 79]a587\5cB9�cBcg�24= ° 2A=a7t�x3CXZY²B9Pp58DC279B\=@G\[V]a580 S ]i3C7\B S : 24=a7F/_K`0�0A=aXHY�z9582N58: j�?�K`0dB\=a0N�c5cG\P³=aDCDv79KaPpKaG\B�Ef36582N5cGF=a0N� S G\5c]a580
S 042�24587\Y4=aD6s�PZQS G�24365�¼f=@B95|ÝpÞ�ß�24365nwr5cG\Pp=aDODC79GH=@B95�C¾=a04]a580NK`:	:T580qE�5cGH24580�[À=a0A0vu
U�36GH2�24=a7t��3CXHYdB9P¹58DO2�]a5c]a580oQS sr5cG�2N5cGF¼F5879K`04=a0N��� S ]aG§QK ° 5cG\580�UW58DOD65804DeQ=a0N]a580�YA3C0|¥a5cG9}79B\3C:i:kBcgy7\K¾EF36GZ2�24365qfsA79KaG\?AB\36K`0479E'=aYNGH7\XZYN583C04DO3CXHYN[a583CB�= S Pp]aG S 0A2�2N5cG·º{Ka?4?ADC5cG\¥a5cG9}7\XZY4365cs S 04]kPZQS G'/_K`0N580hgM243C5f7\3CXZYV2N58:¤�x3CXZY²B\79B9GZ=aY4D�580²B9]a5c]a580qs�5cE�5c]a580vg�]aG§QK ° 5cG8gN=aDC7�PZQS G79K`DCXZYN5agA243C5>7\3CXHYq¥aK`0q2N58: �x3CXZY²B\7\B9GH=aY4Dv580dB9P¹5cGZ0N580vuEDl7\�83CDCDC365cGHB�24=a7F/_K`0q3C0�583C0N58: Y4=@G9}
:TK`043O7\XHYN580·£®KaB9580²B\3C=aD�3C0·¼F3CXZY²B S 04]n2N587��x3CXZY²B\79B9GZ=aY4DC7cg²7\KkEF36GZ2T587�3O: J^36B9B958DÛY�Q= S ÚA]a5cG�x3OXHYdBf=@sA79KaGHsA365cG\580vgNE�58040q587f2N58: �x3CXZY²BF580²B9]a5c]a5804D_Q= S P¹Bcgr=aDC7FE�58040q587f3O0�£�G\Ka?Û=@]`=@B\3 }K`0479GZ3CXHYdB S 0N]k24587���3CXHYdB9P¹58DO2N587yDeQ= S P¹BcuMFsA7\KaG\?4B\36K`047\?4G\Ka�c587\795ag²s�583A2N580N580|24365�[�3C0N5cB\3C7HXHYN5�y045cG\]`365�2N587�/_K`0A7t=@sA043C:	:nB�E�5cGH24580�=aDC79K^QS sr5cG\EF365c]a580 S 0A2i587t[aK`:i:kBt� S G�;�QS Y4D S 04]2N587t/¯K`047�3O0�2N58: £®KaB9580²B\3O=aDÁu
ºl3658795¸»�5cB9GH=aXHYdB S 0N]�2N587·/¯K`047·=aDO7|0A=aYN5c� S PpG\5836587GF�583CDCXHY4580-3C7\B·0 S G|2A=a040 ]a5cGH58XHYdB1}Pp5cG\B\36]aBcg®E�58040 583C0�wEHM[MD S 7>¥aK`0 79B\3C: S DC3C5cG\B95cGnfsA79KaG\?AB\36K`0 S 047n7\?�K`0dB\=a0N5cG��y:	3O7\7\36K`07\XZY40N58DCDl]a5c]a580(24365W»�5cE�5c] S 0N]-2N587�/_K`047q3C:Å; Q=ÀÚA]a?rKaB9580dB\3C=aD>3C79Bcu�ºl=a040�[À=a040µ24=a7/¯K`0WEnQ=@G\58042Â583C0N587nwEHM[�D S 7l[a583C0N5·�y0N5cG\]`3C5	:	36B>2N58:Ä;iQ=ÀÚA]�= S 79B\= S 7\XHYN580 S 042W587n3C79B=aDC7�=a040�Q=aYN5cGH042^PpG\5836587�F�583CDCXHY4580W� S sr5cB9GH=aXHYdB9580vuxºl365879580 ã{G\580N�cP³=aDCD®sr5c�c583CXHY4045cB>:	=a0=aDC7|7\XHYdE'=aXHYN5 j�?�583OXHYN5cG S 0N]Nuyºl=a7V»�=@GZ3 S :%3C79BV3C0 243C58795cG|fG\sr5836B·s�5c�NQS ]`DC3CXHY-sr583C2N5cGQ¶fs�5cGH]AQ=a0N]a5k7\XZY²E'=aXHYL]a5879?r583CXHY45cG\Bcu
 S P¹]aG S 042^2N5cGl� S P1Q=aDODC36]a580^¼F3CXZY²B S 04]`79¥a5cG\B9583CD S 0N]|245cG>j�?�K`0dB\=a0N58:	3O7\7\36K`0N580LPZQS YNG\B{24=a7]a5c[�QS Y4D6B95�/¯K`0^3O:�£�Y4=a79580NGZ= S :�583C0N5�»�5cE�5c] S 0N]�2 S GHXHYhg�243C5n583C045cGl»�G\K§EF047\XZYN580W»�5~}E�5c] S 0N]^]`D6583CXHYdBcu¬fDC7�ãlD6583CXZYN]a5cEF3CXZY²B��cEF3C7HXHYN580 2N5cGk]a5cGZ3CXHYdB95cB9580�;�QS Y4D S 0N] S 042¾2N5cG
S 0N]a5cGZ3CXHYdB95cB9580�»�G\K´EF0A7\XHYN580�º{GH3CP¹B�5cG\]`36s4BT7\3OXHY 583C0N5V:	3C043O:	=aD65·��0N5cG\]`365ag¬24365V2 S GZXHYº{Ka?4?AD65cGH[�QS YAD S 0N]n5cG\G\583CXZY²B�E�5cGH2N580�[À=a040hu4º{3C58795>�y0N5cGH]`365�sr5cB9G§Q=@]aBcÆ

IKJMLONPNPQSRUT�© « Cà ÍpÖ u Ö Õ

»�583�z158245cG�j�?�K`0dB\=a0N58:	3O7\7\36K`0 5cGHYxQ=aD6B�24=a7|/¯K`0�583C0N580-/¯:T? S DC7·¥aK`0(ª«WV 3C0 � S P9Q=aDCDC36]a5cG¼F3OXHYdB S 0N]Nu4ºl3658795cGf/¯:T? S DC7aQS sr5cG\B9GZ=@]n3C79B�:i36Bt583C0N5cG�¼	QS X\[�79B9K ° 580N5cG\]`3C5k¥aK`0
IKX0YZP[]\ ©

ª« 7 ¦ 7
à_^ ÍpÖ ua``Õ

¥a5cG\s S 042N580vu8ºl3658795��y0N5cG\]`3C5o[À=a040n:	36Bh2N58:µY4365cGhsr587\XZYNGH365csr580N580�;�QS Y4D6¥a5cG\P³=aYNG\580{5csr580�}P³=aDCDC7t043CXZY²B S 0²B95cGH7HXHYNGH3CB9B9580�E�5cGZ2N580vuAºl365>:	3O043C:	=aD65l2 S GZXHY�º{Ka?4?ADC5cG\[�QS Y4D S 0N]n5cG\G\583CXZY�}sA=@G\5>��0N5cG\]`365�5cGH]`36s4B�7\3CXZY�=aDC79K	=aDO7�24365�YxQK`YN5cGH5k2N5cGtsr583C2N580qã{GH580N�c580N5cG\]`36580hu

�n�Ob c/dfev \��� � � � � ¢>� �@gih¤� �y H� �>�T��� � �
/10^2A36587958: fsA7\XHYA0436B9Bl79K`DCD¬2N5cG>�y3O0�j SN° 583C0N587{58D65c[MB9G\K`:	=@]`0N5cB\3C7HXHYN580Âb458DC2N587�= S P�24=a7/¯K`0�s�5cGH58XHY40N5cBVE�5cGH2N580vu2k{365cG\sr583fEF36GH2 24365WY4=aDCs4[MDO=a7\7\3C7\XZYN5L½�Q=aYN5cG S 0N] ¥a5cG\E�580A2N5cBcgsr583¬2N5cGk24=a7�'B9K`:ml S =a0dB95804:T58XZY4=a043C7HXHYvgh24=a7>58D65c[dB9GHK`:	=@]`0N5cB\3C7\XZYN5ibN58DO2|z15824KMXZYW=aDC7



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ à8A

[�DC=a7\7\3C7HXHYN5�UW58DCDC5�sr5cB9GH=aXHYdB95cB·Ef36GH2vuoºl365879587imoKaG\]a58YN580 3O79Bi24=a2 S GHXHY ]a5cG\58XZY²B9Pp5cG\B\36]aBcg24= ° 24365T/10²B958047H36B´Q=@B9580¾2N5cG��x3CXZY²B9Pp58DC2N5cGn3C0Â2N58:Ä����?�5cGZ3C:T580dBl7\Kq]aG\K ° 7\3C042vgv24= ° 24365
� S =a0dB95804:T58XZY4=a0436[·04=aXHY�2N58:¤»�K`YNGH7HXHYN580V;�KaG\GH5879?rK`042N580N�c?4GZ3C0N�836?	3C0|24365{[�DC=a7\7\3C7HXHYN5�yDC5c[dB9G\K�2 H�04=a:	36[ÂQS sr5cG\]a58Y²Bcu
ºl365I0 S :T5cGZ3C7\XHY4580�»�5cG\58XHY40 S 0N]a580�E�5cGH2N580(3C0�583C0N58: ;�KMKaGH243C04=@B9580A7OHM7\B958: 2 S GZXHY�}]a5cPZQS YNG\Bcgv3C0^2N58: 7\3CXZY^PZQS G�24=a7>w�E�583 }e½{36¥a58= S }¯j�H�79B958: ºl3 �r5cG\580dB\3C=aD6]`D6583CXZY S 0N]a580^5cG\]a5~}sr580vg424365�� S 2N580q»'D6K�XHY�}¯ã�D6583CXHY S 0N]a580IQ=Bl S 3C¥À=aD6580dB�7\3C0A2vu4ºl3658795�ãlDC583CXHY S 0N]a580�E S GH2N580� S 5cGH7\Bf¥aK`0¸b�uv»�DCKMXZY�� »'D6K Ö 5��¬=a0N]a5c]a5csr580 S 0A2�sr587\XHY4G\5836sr580�583C0WjM?A3O047OH�79B958: 3C0L583 }0N58:¿[aK`0479B\=a0dB9580 S 0A2¾583C0458:¿2A=@� S 7\580N[dGH58XHYdB9580 K`79�83CDCDC3C5cG\58042N580IJL=@]`0N5cB9Pp58DC2vuoJ^=a00N58040dB�2A=aYN5cG�2A365F� S DeQK`79580424580iºl3 �r5cG\580²B\3O=aD6]`D6583CXZY S 04]a580iKa?4B\3O7\XHYN5{»'D6KMXZYN]`D6583CXZY S 0N]a580vuj�365l[vQK`040N580�PRQS Gfj�H�79B958:T5n:	36B�:T58YNG�=aDO7t�cE�583x½f36¥a58= S 7�¥a5cGH=aDCDC]a58:T583C0N5cG\BtE�5cGH2N580hu

�	��
��� �������������������������� ���!�

º{5cG�º{3OXHYdB95cKa?�5cGZ=@B9KaG�"# s�587HXHYNG\583Cs4BF583C0�l S =a0²B95804:	58XHY4=a043O7\XHYN587>j�H�79B958:�¥aK`DCDC7\B´Q=a042436]Ng2N5cGF�yG\E'=@G\B S 0N]`79E�5cG\B®z9582N5cG�D{sÛ795cG\¥@=@sAD6580 "$ D Q= ° B�7\3CXHYq:	36B�2N5cGFb4KaGH:T58D
Ý "$ ßy©�jM? S G Í "$ "# Õ ÍpÖ ua5`Õ

5cG\G\58XZY40N580vu
bfQS GF583O0N580�G\583C04580Lw S 79B\=a0A2&%±3C79Bf2N5cGfºl3CXZY²B95cKa?r5cGH=@B9KaG�3C2N580dB\3C7\XZY�:	36Bt583O0N5cGf£yG\KÀz15c[d}
B\36K`0�= S P®243C5879580qw S 79B\=a0A2vÆ�"# ©(')%kßrÝ*%+' u
�y3O0^=@B9K`:i=@G\587�j�HM79B958: D Q= ° Bk7\3CXZYW=aDC7l583C0¸¥aK`DCDC7\B Q=a042436]a587kj�H�79B958: ¥aK`0¾�y0N5cG\]`3C5c5836]a580�}� S 79B´Q=a0A2N580,' -¯ß ./-T© ×�.Hà0.2121213.9Þ sr587\XZYNG\5836sr580vu¬ºl365�moK`DCDC7\B´Q=a042436]a[a5836B�2436587\587ij�HM7\B958:	7
3C79Bt583O0N5>½�Q=aY45cG S 0N]NgA2A365>24=a040V] S B95���G\]a5csÛ043C7\795�DC3C5cP¹5cG\BcgNE�58040�2A365�sr5cB9583CDC36]aB9580���0N5cG9}]`36580WE�5836B�¥aK`0Â¼F5879K`04=a0N�c580Â580²B9Pp5cGH0dBk7\3C042hg�243C5�E�5836B95cG\5·�y0N5cG\]`3C5c5836]a580N� S 79B´Q=a0A2N5T2N587j�H�79B958:	7f=a0N[aKa?4?r58DC0�E	QS GH2N580vuN/10479sr5879K`04245cG\5>:WQS 7\7\580�24365>��0N5cG\]`36580L2N5 S B\DC3CXZY S 0dB95cG9}Y4=aD6sV2N5cG'/¯K`043C7\365cG S 0N]`79580N5cGH]`365fDC3C5c]a580vuMº{5cG�ºl3CXZY²B95cKa?r5cGH=@B9KaGF24587tj�HM79B958:i7'[À=a040V04=aXZY2436587\580qw S 79B´Q=a0424580V580²B_EF3CX\[a58DCBFE�5cGH2N580vÆ

"# © ÊÉ
4 Ë�Ì
ÊÉ
5 Ë�Ì

' -¯ßvÝ6-7'8"# ' 9dßhÝ:9;'`© ÊÉ
4 Ë�Ì
ÊÉ
5 Ë�Ì

# 4<5 ' -¯ßvÝ:9;' ÍpÖ u>=aÕ

º{5cGnºl3CXZY²B95cKa?r5cGH=@B9KaG�DeQ= ° B>7\3CXZYÂ=aDC79K�2 S GHXHYÂ583C0N5T[aK`:T?ADC5?�M5 Í 0	@y0ÛÕe}eJL=@B9GZ3A�¸:i36B>2N580�y3O0NB9G§Q=@]a580 # 4)5 ©�Ý6-7'B"# ' 9Mß�24=@GZ79B958DCD6580vuhºl=�245cGnºl3CXHYdB95cKa?r5cGH=@B9KaG�YN5cGH:	36B9587HXHYÂ3C7\Bcgh]`3CD6B24=a7�= S XHYnPZQS G�24365�º{3OXHYdB958:	=@B9GH3A�ru§ºl365�º{3O=@]aK`04=aD658D658:T580dB95 # 4A4 2N5cG�ºl3CXZY²B958:i=@B9GH3A�>]a5csr58024365�UÂ=aYNGH7HXHYN583C0ADC3CXHY4[a5836B�24=@P QS Gl=a0hgr2A=a7kj�HM7\B958: 3C:��y36]a5804� S 79B\=a042C' -¯ßf� S sr5cKasA=aXZY�}B9580vg�243C5V½{3CXZY²B\243O=@]aK`04=aD658D658:T580dB95 # 4<5 ./-ED©F9¾7\3C042 583C0�J^= ° PZQS GT24365�;�K`YxQ=@GH580N��2N5cGQ¶fs�5cGZDC=@]a5cG S 0N]L2N5cGnsr583C24580Iw S 79B Q=a0A2N5G' -¯ß S 042H' 9dßRu®�y3C0I79B\=@B\3C79B\3C7HXHYN587Tã{58:	3C7HXHY ¥aK`0
w S 7\B´Q=a042N580|Y4=@B'¥a5cGH7\XHYdEF3C0A2N58042N5l½f3OXHYdB\243C=@]aK`04=aD658DC58:T580²B95auNb{QS G'583C0N5lG\583O0N5F[aK`YxQ=@GH580�}B95 Q¶fsr5cGHDC=@]a5cG S 0N]l�cE�58365cGtw S 79B´Q=a0A2N5tEF36GH2T2A=a7o580²B\7\?4G\58XHY458042N5F½{3CXHYdB\243C=@]aK`0A=aD658D658:T580dB:	=3�N3C:	=aDÁu
»�5cB9GH=aXHYdB95cBn:i=a0¸583C0W=@B9K`:	=@G\587nj�HM79B958: :	36Bl2N58: kf=a:i3CD6B9K`0NKa?r5cGH=@B9KaG "I+Jygr� S 2N58:24365Vw S 79B´Q=a04245G' -¯ß�2A365i�y3C]a580N� S 79B´Q=a04245·7\3C0A2vg S 042Â:i36B>583C0N5cGn� S 7´Q=@B9�8DC3OXHYN580IUW58XHY47\58D }EF36GH[ S 04]Nghsr587\XHYNGZ365csr580¾2 S GZXHY 2N580 kf=a:	3OD6B9K`0NKa?r5cGH=@B9KaG "I+K@g®7\KL580dBeEF3OX\[a58D6B	7\3OXHY 2N5cG



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ à�×

ºl3CXHYdB95cKa?r5cGH=@B9KaGl04=aXHYL2N5cGfj�XHY4G§QK`243C0N]a5cGH]`D6583CXHY S 0N] � J^=a0�4B`�g4;k=@?hux×�`Muáå �ÑÆ
-9ª« � "# Í Ù9Õ

� Ù © � "I . "# Í Ù\Õ� ÍpÖ uáæ`Õ
:	36B "I © "I+J�� "I+KÀu
ºl365��c5836B\DO3CXHYN5���0²B_EF3CXH[MD S 0N]>2N5cG�w S 79B Q=a042N5�3C: S 0N]a5879B QKaG\B9580·'B9K`: 3O79Bo]a5c]a5csr580i2 S GZXHY

% Ê ©���� 4	��
� ' Þ�ß ÍpÖ ua4`Õ
E�Kas�583Nª«�� Ê 24365o�y045cG\]`365�2N587vÞr}ÑB9580�w S 79B\=a042A7v3C79Bcu8¶{0²B95cG�mo5cGH04=aXHYADeQ=a7\7\36] S 0N]t¥aK`0njM?rK`0�}B\=a0N58:	3O7\7\36K`0I7\3C042I24365·ºl3C=@]aK`0A=aD658D658:T580dB95 # Ê§Ê =aDO79Kq�c5836B\DO3CXHYI[aK`0479B\=a0dBcg¬EnQ=@G\58042 24365£yYA=a795l583C0N587t½{3CXHYdB\243C=@]aK`04=aDC58D658:T580dB\7 # Ê Ô�:	36Bt2N5cGt;�G\583C7\P¹G\5�l S 580N� � Ê Ò � Ô�GHKaB\365cG\Bcuºl365�jM?rK`0²B\=a0N58:i3C7\7\36K`0kPZQS YNG\Bx� S 583C0458:µ5?��?rK`0N580²B\3C58DCD6580Tw�5cG\P³=aDCD²2N5cGo»�58795cB9� S 04]`79E�=aY4G9}7\XZYN583C04DC3OXHYN[a5836B9580n=a0N]a5cG\5c]aB95cG�w S 79B Q=a042N5y7\K´EF365�2N5cG¬24=a:	36Bh¥a5cGHs S 042N5804580k;�K`Y Q=@GH580N�c580vu
jMK	Ef365�2N5cGfºl3CXZY²B95cKa?r5cGH=@B9KaGlDeQ= ° BF7\3OXHY�= S XZYq2N5cGKkf=a:	3OD6B9K`0NKa?r5cGH=@B9KaGF04=aXZYq2N5cGf»�=a7H3C7
580dBeEF3CXH[a58DC0vÆ

"I © ÊÉ
4 Ë�Ì
ÊÉ
5 Ë�Ì

I 4<5 ' -¯ßvÝ:9 ' ÍpÖ uC×:A²Õ

ºl=a:	36BVEF36GZ2-= S 7�245cG#Dl?�5cGZ=@B9KaG\]`D6583CXZY S 04] ÍpÖ uáæ`Õ|583O0N5^J^=@B9GH3A��]`D6583CXZY S 0N] S 042 :	=a05cGHYxQ=aDCB|PRQS G�24365¸;�K`:T?rK`0N580dB9580�2N5cG�ºl3CXZY²B958:	=@B9GZ3A� Þ 7 [aK`:T?ADC5?�M5¸K�2N5cGqàÀÞ 7 GH5c58DCD65ag]a5c[aKa?4?r58D6B95{º{36��5cG\580dB\3C=aD6]`DC583CXHY S 0N]a580i5cGH79B95cG,DlGH240 S 0N]Nu`ºl=k243C5Fºl3CXHYdB958:	=@B9GH3A�iY45cGH:	3 }B9587\XZY�3C79Bcg®G\582 S �83C5cG\B�7H3CXHY 24365�wr=aY4D'2N5cG S 0A=@sAYxQ=a0N]`36]a580IG\5c58DCDC580 ;>K`:T?rK`0N580²B9580 = S P24365#k Q=aD6PpB95auy¶{0²B95cGV2N5cGi{0404=aY4:	5ag�24= ° 24=a7Vj�HM7\B958:2 S GZXHY�24365�Þ��y36]a580N� S 79B Q=a042N5¥aK`DCDC7\B´Q=a042436]	sr587\XZYNGH365csr580�3O79BcgÛ=aDC7\Ki[a583C0N5�f04G\5c] S 0N]|3C0�583C04580�E�5836B95cG\580Ww S 79B\=a042q5cG9}PpK`D6]a580|[À=a040hgM: SN° 24365lj S :	:T5{2N5cGt»�587\5cB9� S 0N]`79E'=aYNGH7\XZYN583C04DO3CXHYN[a583CB9580·2N5cGFw S 79B Q=a042N524=a7�7H3CXHYN5cGH5>��G\5836]`0A3C7tDC365cPp5cGH0vuNJ^36B2kf3OD6P¹5�2N5cGf½FKaGH:i365cG S 0N]
ÊÉ
4 Ë�Ì

# 4A4 ©±× ÍpÖ uC×a×´Õ

DeQ= ° B	7\3OXHY =aDC79KW583C045·E�5836B95cG\5�m�=@GH3O=@sAD65V58DC3C:	3O04365cG\580vg�79KÂ24= ° 7\3CXZY�24365Vº{3OXHYdB958:	=@B9GH3A�2 S GZXHY¸583C0N580 Í Þ.7FÒ�×´Õe}Ñ[aK`:T?rK`0N580²B\3C]a580Âmo5c[MB9KaG��|24=@GH79B958DCDC580^D_Q= ° Bcu®ãlD6583CXZY S 0N] ÍpÖ uáæ`ÕDeQ= ° BF7H3CXHY�0 S 0�= S P®583C0N5>DO3C0N58=@G\5�ºl3 �r5cG\580²B\3O=aD6]`D6583CXZY S 04]�245cGFbNKaGH:
���©��������� ÍpÖ uC×8à`Õ

s4GH3O0N]a580vgNE�Kas�583��±583C0N5 Í Þ 7 Ò-× @VÞ 7 Ò ×´Õe}eJ^=@B9GH3A� S 042��i583O0 Í Þ 7 Ò-×´Õe}Ñ[aK`:	?�K`04580�}B\36]a5cG�mo5c[MB9KaGl3C79Bcu
/1:�¼f=aY4:T580¸2436587\5cGlfG\sr5836B{E�5cGZ2N580¸79B\=@B\36K`0xQ=@G\5T��QK`7 S 0N]a580^PZQS G��	sr5cG\58XHYA0N5cBcgv3C042N58:24365�fsAD6583CB S 0N]W2N587	»'D6K�XHYd¥a5c[dB9KaGZ7 ��L]`D6583CXZY ½ S DCD']a58795cB9�cB|EF36GZ2vuoº{3C58795q79B\=@B\36K`0 Q=@G\580w S 7\B´Q=a042N5y79B958DOD6580k7\3OXHYns�583O:�»'=@GH3 S :�3C0>E�580436]a580nJL36[MG\K`795c[ S 0424580>583C0 Í j�3658YN5 � jN365@4�×?�
S 042�fs4shu Ö uC×�`	= S PyjM5836B95 Ö ×´ÕZu



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ àaà

�	��
���
 ����� ���*��� ��� ���3���	� � �*������!������� ���!�

ºl365W�y0N5cGH]`365¸583C0N587|58D65c[MB9GH3C7\XZYN580�ºl36?rK`DC7·3O0-583O0N58: 58D65c[MB9G\K`:	=@]`0N5cB\3C7HXHYN580�bN58DO2�3C79B
2 S GZXHYÂ24=a7�jM[@=aDC=@G\?4G\K�2 S [MB�= S 7k2458: 58D65c[MB9GH3C7\XZYN580¾ºl36?rK`DC:	K`:T580²B�� S 0A2Â2N5cGnb458DC2�}79B´Q=@G\[a5k]a5c]a5cs�580huÛº{5cG�UW58XHYA7958D6EF36GH[ S 04]`7\=a0²B9583ODv2N5872k{=a:	3CD6B9K`0NKa?r5cGH=@B9KaGZ7�DC= S B95cBcÆ

"I+KF©(Ò
	� ��� ÍpÖ uC×8å`Õ
E�Kas�583�â24365	58DC5c[dB9GH3O7\XHYN5·bN58DC2479B´Q=@GH[a5|3C7\Bcuxº{5cG�ºl36?rK`D6Ka?r5cGH=@B9KaGk3O79Bk2N5~ÚÛ0A365cG\B>=aDC7n24=a7
£�GHKM2 S [dB�= S 7{�x=a2 S 0N] S 0A2�mo5cGH7\XZY4365cs S 04]i2N5cGf��=a2 S 0N]·= S 7F2N5cG{¼ S Y458DC=@]a5aÆ 	�¾© � 	�Mu
k{365cG\sr583r3C79B �n24365��x=a2 S 0N]	2N587���D65c[dB9GHK`047 S 042 	��2N5cGKD{GHB\79Ka?r5cGH=@B9KaG8u
 S XHY�2N5cG�ºl36?rK`D6Ka?r5cGH=@B9KaG�DeQ= ° B�7H3CXHY�04=aXZY�2N580��y3C]a580N� S 79B´Q=a0424580�2N587�'B9K`:	7�580dB1}EF3CXH[a58DC0vÆ

	�W© ÊÉ
4 Ë�Ì
ÊÉ
5 Ë�Ì

� 4<5 ' -¯ßvÝ:9;' ÍpÖ uC× Ö Õ
J^=a0�5cGHY Q=aDCB'=aDO79K	583C0N5>ºl36?rK`DC:i=@B9GH3A�·:	3CB'24580�¥a5c[dB9KaGZ=@G\B\36]a580^;�Kd5��·�836580²B9580�� 4<5 u
º{5cGf�yG\E�=@GHB S 0N]`79E�5cG\B�2N587�ºl36?rK`D6Ka?r5cGH=@B9KaGZ7tDC= S B95cBF24=a0A0�04=aXHYLã�D6583CXHY S 0N] ÍpÖ ua5`ÕZÆ

Ý 	�oßy©�jM? S G Í 	� "# Õ�© ÊÉ
4 Ë�Ì
ÊÉ
5 Ë�Ì

� 4)5 # 5 4 ÍpÖ uC×�``Õ

ºl365fºl3C=@]aK`0A=aD658D658:T580dB95f2N5cG�ºl36?rK`DC:	=@B9GH3A��� 4A4 7\3O042	24365��yG\E'=@G\B S 0N]`79E�5cG\B95{2N587yºl36?rK`D }:TK`:T580dB\7{PZQS G{243C5n�y045cG\]`365c5836]a580N� S B´Q=a042N5 ' -1ß S 042q:WQS 7\79580q= S P¹]aG S 042q2N5cG S 04]a5cGH=a2N580£¬=@GH36B´Q=@B{2N587fºl36?rK`D6Ka?r5cGH=@B9KaGZ7t¥a5cGH7\XZY²EF3O042N580 � J^=a0�4B`3�Ñu�ºl365n½{3CXHYdB\243C=@]aK`0A=aD658D658:T580dB95
� 4)5 .9 D©H-�5cG\]a5csr580·24=a7�58D65c[MB9GH3C7HXHYN5Fºl36?rK`DC:	K`:T580²Bcgd24=a7y2 S GHXHY Q¶Fsr5cGHDC=@]a5cG S 0N]��cE�58365cG�y3C]a580N� S 79B´Q=a04245 ' -¯ß S 042 ' 9dß�5cG\�c5 S ]aBlEF36GZ2vuA S P¹]aG S 042�2N587{�y045cG\]`365 S 0dB95cGH7\XZY43658247f2N5cGsr5cB9G\K@�r580N580�w S 79B´Q=a042N5'Ø'I(© I 4 Ò@I 5 S 042n2N5cG¬24=a:	36B�¥a5cG\s S 0424580N580 S 0dB95cGH7\XZY4365824DO3CXHY7\XZY40N58DCD6580i£yY4=a795804K`79�83CDCDC=@B\3CK`0N580 ÍpÖ ua4`ÕyK`79�83CDCDO365cG\Bo583C0·79K`DCXHY45cG�ºl36?rK`D4:	3CBy2N5cG�b4G\5�l S 580N�
��� ©����

��
u

ºl365	»�5cG\58XHYA0 S 04]�¥aK`0¾ºl36?rK`DC:	=@B9GH3:�M58D658:	580²B9580¸3C79B�3C0W{04Y4=a04]V 5cGHDeQ= S B95cG\Bcuh/179B�2N5cGQ¶fs�5cGH]`=a0N] �cEF3O7\XHYN580�2N580(w S 79B´Q=a042N580 ' -¯ß S 042 ' 9dßq2436?rK`D6¥a5cGHs�KaB9580hg'7\K ¥a5cGH7\XZY²Ef3C0�}
2N580¸24365n580²B\7\?4G\58XHY458042N580¸ºl36?rK`DC:	=@B9GH3A��58D658:T580dB95�� 4<5 ©����5 4 ©-A�uvb{QS G���} Q¶fs�5cGH]AQ=a0N]a5Í Ø ^ © A²Õ�3C7\BF24=a7{JL=@B9GH3:�M58D658:	580²B{583C0�GH5c58DCD65cGFmo5c[MB9KaG>3C0�¼f3CXHYdB S 0N]|2N5cG � S =a0dB\3C7\365~}G S 04]`7\=aXHY47\5 S 042VPZQS G �"!�} Q¶Fsr5cG\]AQ=a04]a5k3C79B#� 4)5 583C0�[aK`:T?ÛD65?�M5cGFmo5c[dB9KaG{KaG\B\YNKa]aK`04=aDh� S G
� S =a0dB\3C7\3C5cG S 0N]`7\=aXZY4795au
»�5c�c583CXHYA0N5cB�:	=a0V2N580V�y3C0AYN5836B\79¥a5c[MB9KaGt3C0·¼f3CXHYdB S 0N]�2N5cG � S =a0dB\3C7\3C5cG S 0N]`7\=aXZY4795l:	36B%$
S 042L24365>sr583C24580�KaG\B\YNKa]aK`04=aDC580^��3C04YN583CB\79¥a5c[dB9KaGH580q:	36B'& S 0A2)(�gr79Ki5cGZYxQ=aD6Bf:i=a0qPZQS G583C0N580*��} Q¶fsr5cG\]`=a0N] Í � 4<5'+ $MÕ�583C0N580��yG\E'=@G\B S 0N]`79E�5cG\Bt¥aK`0vÆ

Ý 	�¬ßy©,� 4<5 # 5 4 � X@u X@u + à8�.- Í # 4)5 Õ/$ ÍpÖ uC×�5`Õ
bfQS G�583C04580*�"!h} Q¶fsr5cG\]`=a0N] Í � 4<5'+ &10�-2(®Õ�5cGZYxQ=aD6B�:	=a0vÆ

Ý 	��ßo©,� 4<5 # 5 4 � X@u X@u + à8�.- Í # 4<5 Õ�&
3�à_�54 Í # 4)5 Õ�( ÍpÖ uC× =aÕ



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ àaå

/1:Ä5cGZ79B9580 b4=aDCD'7\XHYdEF3C04]aB�245cG��yG\E'=@G\B S 0N]`79E�5cG\B�=aDC79K¸:	36B�2N58:<¼�58=aD6B9583OD�24587�ºl3CXZY�}B958:	=@B9GH3:�M58D658:	580²B\7�= S P®2N5cG � S =a0²B\3O7\365cG S 04]`7\=aXHY47\5agME�Q=@G\58042V2N5cG���GHE�=@G\B S 0N]`79E�5cG\B�3C:�cE�5836B9580qb4=aDOD S :â24365 � S =a0²B\3O7\365cG S 04]`7\=aXHY47\5{GHKaB\365cG\Bcu
{047\XHYA= S DC3CXZY>[@=a040n:i=a0n7\3OXHY�24=a7x/¯K`0�=aDC79Kf=aDO7x583C0�j�H�79B958:µ¥aK`0�3C:-D{G\B\79GZ= S :�7HXHYdEF3C0�}]a58042N580qº{3C?�K`DC580V¥aKaGH79B958DCD6580hg424365l¥aK`: 58D65c[MB9GH3C7HXHYN580�b458DC2�=a0N]a5cB9GH3C5cs�580�E�5cGH24580vu

�	��
���� ��� ����� � ���	����
����������� � �����

bfQS Gk583O0 w�E�583 }e½{36¥a58= S }e'B9K`:�go:	36Bk583C0N58:¿ãlG S 042N� S 79B\=a042 ' ×´ß S 042W583O0N58: =a0N]a5cGH5c]@}B9580�w S 79B\=a042 ' à`ßRgx24=a7n:	36B>583C0458: �x3CXZY²B9Pp58DC2I3C0WUW58XHYA7958D6EF36GH[ S 04]�79B958Y²Bcg¬DC= S B95cBn2N5cG
k{=a:	3CD6B9K`0�}�Dl?�5cGZ=@B9KaG8Æ

"I ©�ª«���� ' à`ßvÝÁà�'ÀÒ "��� � ÍpÖ uC×8æ`Õ
k{365cG\sr583x3C7\B>ª« ��� 2A365n{0NG\5c] S 04]`79580N5cG\]`365au�¶f0dB95cG�2N5cGlmoKaGH= S 7\7\5cB9� S 0N]Ngv24= ° 24365 DlG\B\71}
= S 7\2458Y40 S 0N]I2N5cG|UW58DCD65804P S 04[dB\36K`0 2N587V'B9K`:	7V¥�3658Df[MD6583O0N5cG·3C7\Bcg�=aDC7V243C5L�x3OXHYdBeE�58D }D65804D_Q=a0N]a5 Í ��=a:ks4}eº{3OX\[a5~}e»�5cG\583CXZYÛÕZgk[@=a040±:	=a0 24365 bN58DC2A79B´Q=@G\[a5(QS sr5cG¸24=a7¸]a587\=a:nB95'B9K`: =aDC7·[aK`0479B\=a0dBV=a0A0N58Y4:T580vu��y7·EF36GH2 Y4365cGi583O0N5L3C2458=aD�[aK`YxQ=@G\580dB95 S 042-:TK`0NK@}XHY4G\K`:	=@B\3CXZYN5��x3CXZY²B l S 58DCD65f=a0N]a580NK`:	:T580huMºl365l�x3CXZY²B l S 58DCDC5F3C79B�DC3C0N58=@G�?�K`DO=@GH3C7\365cGHB S 042?4G\Ka?Û=@]`365cG\Bo3C0�¼F3CXZY²B S 0N]{245cG�²}e{XHY47\5ag`79K>24= ° 7\3CXZYT24=a7o�x3CXZY²B9Pp58DC2�=a:�D{G\Bo2N587o'B9K`:i7
24=@GH7\B958DCD6580�D Q= ° BF=aDO7

� © I ��� X~K`7 Í � Ù\Õ
© Ì7 � I � � � 4 � � ���31��31

ÍpÖ uC×�4`Õ
ºl365F{:T?ADC3CB S 2N5'2N587�bN58DC24587y3C79Bo]a5c]a5csr580·2 S GHXZY	24365tG\5c58DOD65fã{G§QK ° 5!I � u � 3C79Bo583C0TGH5c58DCD65cG
�y3O04YN5836B\79¥a5c[MB9KaGF3C0�¼f3CXHYdB S 0N]	245cGF£®K`DC=@GH3C7\=@B\3CK`0 S 042V[@=a040�=a0N]a5c]a5csr580�E�5cGH2N580�=aDO7cÆ

� © &>7\3C0�� � $�X~K`7�� ÍpÖ uáà8A²Õ
E�Kas�583 & S 042 $W�y3C0AYN5836B\79¥a5c[MB9KaG\580 3C0I¼f3CXHYdB S 0N]¸2N5cG��4} S 0A2 �@}e{XHYA795�7\3C042 S 042 �2N58:âU�3C0N[a58Dh�cEF3C7\XZYN580�£®K`DC=@GH3C7\=@B\3CK`0471} S 042 � S =a0²B\3O7\365cG S 04]`7\=aXHY47\5l=a04]`36s4Bcu
»�5cG`QS XH[M7\3OXHYdB\36]aB�:	=a0vgN24= ° 243C5{ºl3C=@]aK`04=aDC58D658:T580dB95>2N587tºl36?rK`D6Ka?r5cGH=@B9KaGH7�= S 7Fj�H�:	:T5~}B9GH365c]aG`QS 042N580L¥a5cGH7\XZY²EF3O042N580^:¸QS 7\79580 � J^=a0�4B`3�Ñgv79KV5cGHYxQ=aDCB{:	=a0W2 S GHXHY^�y3O04795cB9�c580¸3C0ÍpÖ uáæ`ÕZÆ

�# Ì9Ì © Ò Ì4 �� Í �.� Ì 7 # 7RÌ Ò � 1��31 Õ
�# 7O7 © Ò �# Ì9Ì
�# Ì 7 © - ��� # Ì 7 � Ì4 �� �.� Ì 7 Í # 7O7 Ò # Ì9Ì Õ
�# 7RÌ © Ò - ��� # 7RÌ Ò Ì4 �� � � 7RÌ Í # 7O7 Ò # Ì9Ì Õ

ÍpÖ uáà�×´Õ

:	36Bo2N580�J^=@B9GH3A��58D658:T580dB9580	2N587oºl36?rK`D6Ka?r5cGH=@B9KaGH7�� Ì 7 © Ý1× '5� ' à`ß S 042�� 7RÌ © ÝÑà�'/� ' ×´ßRu
U�365	Kasr580Â]a5c�c5836]aB�E S GZ2N5agvG\583CXZY²B>PRQS G>583O0Iw�E�583 }e½f3C¥a58= S }¯j�H�79B958: 583O0Â2NG\583C2A3C:T58047\3CK@}04=aD65cGFmo5c[dB9KaG�= S 7cg S : 24=a7lj�HM7\B958: ¥aK`DCDC7\B Q=a042436]T� S s�587HXHYNG\583Cs�580hu�º S GZXHYqº{5~ÚÛ0A36B\36K`02N587�»'D6K�XHYd¥a5c[MB9KaGH7 ��:	36B�24580�;�K`:T?rK`0N580dB9580

! Ì © à8� - Í # Ì 7 Õ
! 7 © à_�54 Í # Ì 7 Õ
!�" © # 7O7 Ò # Ì9Ì

ÍpÖ uáàaà`Õ



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ à Ö

EF36GZ2q24=a7�j�H�79B958: Q=Bl S 3C¥À=aD6580dBF� S 583C0458:�jM?Û3C047OH�79B958: 3C0L583C0N58: [aK`0479B\=a0dB9580 S 042q583 }0N58:Ü24=@� S 79580N[MG\58XHYdB9580|K`79�83CDCDC3C5cG\58042N580	J^=@]`0N5cB9Pp58DC2�� bN5:H#`�= �Ñu�ºf5cGFãlDC583CXHY S 0N] ÍpÖ uC×8à`Õ580dB\79?4G\58XZYN580q24=a0A0�24365�»'D6KMXZYN]`D6583CXZY S 0N]a580vÆ
�! Ì © Ò 7

��
���54 Í � Ì 7 Õ !�" Ò ��� ! 7

�! 7 © 7
��
���.- Í � Ì 7 Õ !�" � ��� ! Ì

�! " © 7
��
���/4 Í � Ì 7 Õ ! Ì Ò 7

��
��� - Í � Ì 7 Õ ! 7

ÍpÖ uáàaå`Õ

»�583²583O0N58: ��} Q¶fs�5cGH]`=a0N]f3C7\Bx24=a7xºl36?rK`DC:i=@B9GH3A��58D658:T580dBvG\5c58DCDÁg8587�]`3CD6Bh=aDO79K!�54 Í � Ì 7 Õo© A�u
bfQS Gk583O0N580 �"!�} Q¶fs�5cGH]`=a0N]�¥a5cGH7\XZY²Ef3C042N5cB�24=a7�jM[@=aDC=@G\?AG\KM2 S [dB�= S 7k/¯:i=@]`3C0xQ=@G\B9583CDy2N587ºl36?rK`DC:	=@B9GH3:�M58D658:	580²B\7 S 0A2Â2N5cG>58D65c[MB9GH3C7HXHYN580IbN58DC2479B´Q=@GH[a5ag�24=�245cGk/1:	=@]`3C0xQ=@G\B9583ODo2N587J^=@B9GH3A��58D658:T580dB\7	3C0 ¼F3CXZY²B S 0N]Â2N5cG �d}efXZY4795��c5836]aB S 042�24365|58D65c[MB9GH3C7\XZYN5�bN58DC247\B´Q=@G\[a5Y4365cGH� S KaGHB\YNKa]aK`04=aDh3C7\BcuMºl365�Ka?4B\3O7\XHYN580�»'D6K�XHY4]`D6583CXHY S 0N]a580VDC=a7H79580�7\3CXZY�=aDC79K�¥a5cG\583C0NP³=À}XHY4580�� S Æ

�! Ì © Ò � � ! 7
�! 7 © à � !�" X~K`7 Í � Ù\Õ � ��� ! Ì
�! " © Òfà � ! 7 X~K`7 Í � Ù9Õ

ÍpÖ uáà Ö Õ

E�Kas�583x24365�¼F=@sA3CP¹G\5�l S 580N� � P QS G ��} Q¶fsr5cG\] Q=a0N]a5k2 S GHXHY
ª« � © I � ' � � Í � Ì 7 Õ2'¯X~K`7�� ÍpÖ uáàB``Õ

S 042VPRQS G �"!x} Q¶fs�5cGH]AQ=a0N]a5k2 S GZXHY
ª« � © I � ' � � Í � Ì 7 Õ2'¯7\3O0 � ÍpÖ uáàB5`Õ

2N5~ÚÛ0A365cG\Bt3C79Bcu
º{5cG|»'D6K�XHYd¥a5c[MB9KaGV3O79Bi79KI]a5cEnQ=aY4D6Bcg�24= ° 79583C0-»�5cB9GH=@]I583O047i3C7\Bcu !�" ©%×�5cG\]`36sABi2N580G\583C04580�=a0N]a5cG\5c]aB9580Ww S 79B\=a0A2vg !�" ©±Òn×>2N580�G\583O0N580Lã{G S 042N� S 79B\=a0A2vuAãlD6583CXZY S 04] Ö uáà Ösr5cEF36G\[MBy583O0N5{¼FKaB\=@B\36K`0�2N587'»'D6K�XHYd¥a5c[dB9KaGH7F:	36B'2N5cGtbNG\5�l S 580N� ��� S :¤24365f{XHYA795ag4243652 S GZXHY ! " ]a5c]a5csr580¸3C79BcgÛ7\K´EF365n583C0N5n�c5836B\=@sAY Q=a0N]`3C]a5n½ S B\=@B\36K`0vg�¥a5cG S GH7H=aXHYdB{2 S GHXHYL24=a758D65c[MB9GH3C7\XZYN5�bN58DC2vuNº S GHXZY�243C7\7H36?A=@B\36¥a5{�o�r5c[dB95�[@=a040|587�= SN° 5cGH2458:¤� S GtFsA0A=aY4:T5l2N5cG;�K`YxQ=@GH580N� S 042�24=a:i36Bt� S GF��Q=a0N]a580xQ=a042N5cG S 0N]T2N587�»'D6K�XHYd¥a5c[dB9KaGZ7F[aK`:	:	580vu

� ¨����	��
�� ���������� �	�

»'3C7\YN5cG�E S GH245�0 S G�24365fUW58XHY47958DCEF36G\[ S 0N]k24587y'B9K`:	7':	36By583C0N58: K`79�83CDCDC3C5cG\58042N580�58D65c[d}B9GH3C7HXHYN580�bN58DC2�sr5cB9GH=aXZY²B95cBcu�º{5cG�=a0N]a5cGH5c]aB95 w S 79B\=a0A2 [@=a040¾z15824KMXZY�79?rK`0²B\=a0 S 0dB95cG S 7\7958042 S 0N]V583C0N587>��3CXHYdB l S =a0²B\7k3C0Wsr58DC365csA3C]a5cGl¼f3CXHYdB S 0N]�K�2N5cGk7\B9GH=aY4D S 04]`7\D6K`7 Í �au »{u2 S GZXHYÂ583O0N580 jMB9K ° :	36Bn583C0N58: ¼F5879B9]`=a7\=@B9K`:·Õk�c5cG\P³=aDCD6580hux�y7�: S4° =aDC79KL583C0N5iDO3C0N58=@G\5w�5cG\P³=aDCDC7\GH=@B95�CI24587F=a0N]a5cG\5c]aB9580Ww S 7\B\=a04247t583C04]a5cPZQS Y4G\B'E�5cGH24580vuAºl365k79?rK`0dB\=a0N580q£yG\K@}�c587\795n�c5cGH79B QKaG\580^= SN° 5cGH2458: 243C5>£yY4=a795�2N5cG Q¶fsr5cGHDC=@]a5cG S 04]	sr583C2N5cGfw S 7\B Q=a042N5agA79K|24= °= S XZYT24365�½{3CXZY²B\243O=@]aK`04=aD658D658:T580dB95�2N5cGoºl3CXHYdB958:	=@B9GH3:��:	36B¬2N5cGo¼F=@B95 Ì7 C�= S 79]a582xQ=a:T?4PpB



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ àB`

E�5cGH2N580vu4ºl365k»�5cE�5c] S 0N]`79]`DC583CXHY S 0N] ÍpÖ uáà�×´ÕtEF36GH2�2A=a:	36B'� S Æ
�# Ì9Ì © Ò Ì4 �� Í � � Ì 7 # 7RÌ Ò �31��31 Õ � C # 7O7
�# 7O7 © Ò �# Ì9Ì
�# Ì 7 © - ��� # Ì 7 � Ì4 �� � � Ì 7 Í # 7O7 Ò # Ì9Ì Õ�Ò Ì7 C # Ì 7
�# 7RÌ © Ò - ��� # 7RÌ Ò Ì4 �� � � 7RÌ Í # 7O7 Ò # Ì9Ì Õ�Ò Ì7 C # 7RÌ

ÍpÖ uáà�=aÕ

bfQS GF243C5{�c583CB\DC3CXHY45>�y0dBeEF3CXH[MD S 0N]	2N587�»'D6K�XHYd¥a5c[MB9KaGH7F5cGZYxQ=aD6B�:	=a0�2A=a040vÆ
�! Ì © Ò ��� ! 7 Ò Ì7 C ! Ì
�! 7 © à � !�" X~K`7 Í � Ù\Õ � ��� ! Ì Ò Ì7 C ! 7
�!�" © Ò{à � ! 7 X~K`7 Í � Ù\Õ®Ò C Í × � !�" Õ

ÍpÖ uáàaæ`Õ

� ��
 � � ��� �
 � ��� �� ��� ���

¶{0²B95cG>��3C0�j SN° 2N587{B9G\5836sr58042N580L58D65c[MB9GH3C7\XZYN580¸bN58DC2N587lE�5cGH2N580¸243C5�½{3CXHYdB\243C=@]aK`0A=aD658D65~}:T580dB95i2N5cGkºl3CXZY²B958:i=@B9GH3A�rgx04=aXHYI2N58:  S 79[�DC3C0N]a580¸=aDCDC5cG>�y3C047HXHYdEF3C0N]a¥aKaG\]AQ=a04]a5agx:	36B2N5cG'bNG\5�l S 580N� � 24587�b458DC2N587�K`79�83CDCDC3C5cG\580vu²º S GHXZY Q¶Fsr5cG\]`=a0N]�3C0i583C0iGHKaB\365cG\58042N587�;�KMKaG9}243C0A=@B958047OH�79B958:�DC=a7\79580¸7\3CXZYW79B\=@B\36K`0xQ=@GH5���QK`7 S 0N]a580¸2N5cG>»'D6K�XHY4]`D6583CXHY S 0N]a580^5cGHYA=aD6B9580vu
k{365cG\� S EF3CGH2|P¹K`D6]a580A2N5nj S sA7\B\36B S B\36K`0V2 S GZXHYN]a5cPZQS YNG\BcÆ

# Ì 7	� # Ì 7 � 4 � � ÍpÖ uáàB4`Õ
K�2N5cG�PZQS G�2N580�»'D6K�XHYd¥a5c[dB9KaG´Æ

! Ì � ! Ì X~K`7 Í � Ù\Õ�Ò ! 7 7\3C0 Í � Ù\Õ
! 7
� ! 7 X~K`7 Í � Ù\Õ � ! Ì 7\3C0 Í � Ù\Õ

ÍpÖ uáå8A²Õ

ºl3658795Âj S sA7\B\36B S B\36K`0 [À=a040�=a047HXHY4= S DO3CXHY =aDC7·583C0N5¸¼�KaB\=@B\36K`0�2N587V»'D6K�XHYd¥a5c[dB9KaGZ7�:	36B2N5cG�bNG\5�l S 580N� � S : 24365i{XHYA795 � " 5cG\[�DeQ=@G\B>E�5cGH2N580vuhJ^=a0Is�5c]`3Cs4B>7\3CXZYÂ3C0W583C0¾0N5 S }587�;�KMKaGH243C0A=@B958047OH�79B958:�gv3C0^2N58: 7\3CXZYW24365�;�KdKaGZ243C04=@B95804=aXZY479580¸79K�2NGH58YN580vgr24= ° 2N5cG58D65c[MB9GH3C7\XZYN5ibN58DO2479B´Q=@G\[a5c¥a5c[MB9KaG�3O:	:T5cGk3C0W2A365T]`D6583CXZYN5i¼F3OXHYdB S 0N]��c5836]aBcu®º{=a2 S GHXHY¾5cG9}]`36s4Bt7\3OXHY�3C:¤�c5836B\DO3CXHYN580�J^36B9B958Dv583O0N5l[aK`0479B\=a0dB95k½ S B\=@B\36K`0�:	36Bt2N5cG�b4G\5�l S 580N� � u4ºl365�c5836B\DC3OXHYN5FJ^36B9B958D S 0N]�PZQS YNG\Bo� S G�mo5cGZ04=aXHY4D_Q=a7\7\36] S 04]>¥aK`0 F�5cGH:T580vgd24365�:	36B�245cG�2NKa?4?r58D }
B9580��x3OXHYdB9P¹G\5�l S 580N�VK`79�83ODCDC365cG\580hu¬j�365|EF36GZ2I=aDC7Tº{G\58YdE�58DCD658040xQ=aY45cG S 0N]Ls�5c�c583OXHY40N5cBcuo/102436587\5cG�½�Q=aYN5cG S 0N]T5cG\]a5csr580�7\3OXHY�243C5>»�5cE�5c] S 0N]`7\]`D6583CXHY S 0N]a580hÆ

�! Ì © Ò Ì7 C ! Ì � Í � Ò ��� Õ ! 7
�! 7 © Ò Ì7 C ! 7 Ò Í � Ò ��� Õ ! Ì � � !�"
�! " © Ò!C Í × � !�" Õ�Ò � ! 7

ÍpÖ uáå�×´Õ

º S GHXZY·½ S DCDC7\5cB9�c580·2N5cG'fsAD65836B S 04]a580��! 4 5cGHY�Q=aD6B�:	=a0|0 S 0	583C0·DC3C0N58=@GH587�ãlD6583OXHY S 0N]`7\7OHd}79B958:�PZQS G{24580^7\B\=@B\36K`0xQ=@G\580Âw S 7\B\=a042L24587f»'D6K�XHYd¥a5c[dB9KaGZ7 �²urºl365T��QK`7 S 0N]·243C5879587lã�D6583 }



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ àB5

-10 -5 0 5 10
w - w0
G

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

fs4sA3CDC2 S 0N] Ö uC×@Æ����������	��
����������������
����������! ��"�#�"$&%���
('*)	��$&%���)	���+$&%���
����,
-�+.0/�1324�	5����!��1
��6����"�,.87:9<;>=�?�@!AB7DCFEG�� ���
�H����I��J:��K�L�EG�����"���+$&%���)M�NJ��O/�L�PQ����$&%��!�,R��!���,
DJ���S�T

XHY S 0N]`7H7OHM7\B958:	7F3C7\BcÆ
! Ì © Ò UIVXW � � ��Y,Z[�\&] 7 W+V \O] 7 W � � � Y Z^\,Z
! 7 © Ò 7 V [[�\&] 7 W+V \O] 7 W � � ��YIZ^\,Z
!�" © Òk× � 7 V \[�\O] 7 W#V \O] 7 W � � � Y ZF\OZ

ÍpÖ uáåaà`Õ

fs4sA3CDC2 S 0N]a580 Ö uC× S 042 Ö uáà¾�c5836]a580-2A365q��QK`7 S 0N]a580 245cG·»'D6K�XHYN]`D6583OXHY S 0N]a580-PZQS Gi¥a5cG9}7\XZY436582N580N5V¼F=@sÛ36P¹GH5�l S 5804�c580¾3C0 FsÛYxQ=a0N]`36]a[a5836Bn¥aK`0�2N5cG�mo5cGH79B\3C:	: S 0N] � Ò ��� u¬»�583]aG\K ° 580^¼F=@sA3CP¹G\5�l S 580N�c580 Í Fs4sxu Ö uáà`ÕF3C79B�583C045k2N5 S B\DC3OXHYN5>��3C0436580d¥a5cG\s4G\583CB95cG S 0N]T2 S GZXHYjvQ=@B9B\36] S 0N]¸� S 5cGH[a58040N580vuofs4sA3CDC2 S 0N] Ö uáå^�c5836]aB	243C5·/10²¥a5cGZ7\36K`0 !�" 3C0IfsAYxQ=a04]`36]a[a5836B¥aK`0|2N5cGy¼F=@sÛ36P¹GH5�l S 5804� � P QS G��cE�5834¥a5cGH7\XZY436582N58045FUW5cG\B95fP QS G�24365�mo5cGH7\B\3C:	: S 0N]Nu²J^=a05cG\[a58040dBcg'24= ° /10d¥a5cGH7\36K`0 Í # 7O7`_ # Ì9Ìba !�" _ A²Õ	3O:%w�E�583 }e½{36¥a58= S }¯j�H�79B958:%043CXHYdB79B\=@B\36K`0�Q=@Gn5cG\GH583CXHYdBkE�5cGH2N580¾[À=a040huxºl365VjvQ=@B9B\3C] S 0N]q3C7\Bk24=@GH=a0¾� S 5cG\[a580404580vg�24= ° 24365/10²¥a5cGH7H36K`0V= S Px2N5cGt¼�587\K`04=a0N�l� S 0xQ=aXZY479Bt7958YNG'¥�3658DÛ7HXHY40N58DOD65cG�=a0dEnQ=aXZY479B�=aDC7'0N5csr580|2N5cG¼�587\K`04=a0N� Í ]a5879B9GH3CXZYN58D6B95k��3C04365§ÕZgM24=a040V=@sr5cG�0 S G'DO=a0N]`7\=a:¤=a7OH�:T?4B9KaB\3C7\XZY�]a5c]a580�½ S DCD]a58YdBcu
ºl365'j�?�K`0dB\=a0N58:	3O7\7\36K`0l583C04587�'B9K`:	7®3C79B�?4G\Ka?rKaG\B\36K`0A=aD@� S G®»�58795cB9� S 0N]{24587x=a0N]a5cG\5c]aB9580w S 7\B\=a04247 # 7O7 ©±× � !�" u4ºl=aYN5cGF[À=a040�:i=a0�= S 7t2N5cGF; S G\¥a5lPZQS G ! " 2A36G\5c[MB�243C5>j�B´Q=@G\[a52N5cG�b¬D S KaGH5879�c580N�>2N587�'B9K`:i7F=@sAD6587\580vuNº{3C5>3C042 S �83C5cG\B9580V£�G\Ka�c587\7\5k7\3C042V24=@]a5c]a580L:	36B2N580^½f3OXHYdB\243C=@]aK`04=aD658DC58:T580²B9580^¥a5cG\[�0oQS ?AP¹BcÆ ! Ì 3C7\BF?4G\Ka?rKaG\B\3CK`04=aDv� S Glºl3C79?r5cGH7\36K`0 S 042
! 7 3C7\Bo?4G\Ka?rKaG\B\36K`04=aD�� S GyFsÛ79KaG\?4B\36K`0hgaE�Kasr583N?rK`7\36B\3C¥a5tUW5cG\B95FPZQS G ! 7 = S P�mo5cGZ79B´Q=@G\[ S 0N]2N587���3CXHYdB9Pp58DC2N587�2 S GHXHY�24=a7F'B9K`: Y43O0²E�583C79580|E	QS GZ2N580vu



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ à�=

-10 -5 0 5 10
w - w0
G

-0.75

-0.5

-0.25

0

0.25

0.5

fs4sA3CDC2 S 0N] Ö uáàMÆ����������	��
����������������
����������! ��"�#�"$&%���
('*)	��$&%���)	���+$&%���
����,
-�+.0/�1324�	5����!��1
��6����"�,.87:9<;�@!AB7C EG�, ���
�H��"�I�NJ��NK!L�EG�����"���#$&%��,)	��J��O/�L�PQ���&$&%��!��R,�!���,
DJ��&S�T

2 4 6 8 10 12 14
W
G

-0.8

-0.6

-0.4

-0.2

0

r
3

fs4sA3CDC2 S 0N] Ö uáåMÆ ��� ��)#������
�H����	��
 �������4�	����
 �"������,
�R�7�CFP4����$&%����,R��!�!��
DJ�� ;����!L�EG�N� ���"�#$&%��,)	��J
�������Q; @�T



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ àaæ

dg dr

wr

wg

|2>

|1>
|3>

fs4sA3CDO2 S 0N] Ö u Ö ÆPQ��� PQ�"���M1 2 �+5!�N����1 ��6�� ���,.87

�	��
�� � ��� �&����� ���	����
�� � ���� � � �����

/10�2436587958: fsA7\XZY40436B9B'E�5cGH2N580�243C5�Ka?4B\3C7\XZYN580�»'D6KMXZYN]`D6583CXZY S 0N]a580�PZQS Gt583C0��y}ÑP1QKaGH:i36]a587º{G\583 }e½{36¥a58= S }¯j�H�79B958: Í fs4shu Ö u Ö Õ�]a58D QK`7\Bcu�ºf5cGTKasr5cG\5qw S 79B\=a042 ' à`ß�Y4=@B�583C0N5�{0NG\5~}] S 0N]`7\580N5cG\]`365�¥aK`0|ª«�� �� u@��G¬�c5cG\P9Q=aDCD6B¬:	36B®2N5cGo¼F=@B952C����n3C0 ' ×´ß S 042�:	36B®2N5cGo¼F=@B952C����
3C0 ' å`ßRudº{5cG�w S 79B\=a042 ' å`ß�3O79B�583C0·:T5cB\=a79B\=@sA3CDC5cGtw S 79B\=a042	:	3CBy2N5cG'�y0N5cG\]`3C5�ª«�� �� Ò^ª«�� �� uº{5cG Q¶fsr5cG\]`=a0N] ' å`ß � ' ×´ßlY4=@B>583C0¸¥a5cGZ7\XHYdEF3C042458042N587�ºl36?rK`DC:TK`:T580dBcÆ � Ì " © A�uxºl365
k{=aD6sdE�5cG\B9�c5836Bk¥aK`0 ' å`ß{EF3CGH2¸=aDC7�79K�]aG\K ° =a0N]a580NK`:	:T580hgh24= ° 24365TºTQ=a:T?4P S 0N]�2A365879587w S 7\B\=a04247t3C0V] S B95cG{½ Q=aY45cG S 0N]T]`D6583OXHY�½ S DCD�]a58795cB9�cB{E�5cGZ2N580V[À=a0A0vu
º{5cG k{=a:	3CDCB9K`0NKa?r5cGH=@B9KaG�2A365879587�j�HM79B958:i7ksr5879B958YdBn= S 7�2N58: kf=a:i3CD6B9K`0NKa?r5cGH=@B9KaG�2N587
S 0N]a587\B´QKaG\B9580q'B9K`:	7 S 042�= S 7F2N58:âUW58XHYA7958D6EF36GH[ S 04]`79B95cGH:�Æ

I ©�ª«�� �� ' à`ßhÝÁà�' �-ª«®Í �
�
� Ò �

�
� Õ ' å`ßvÝÑå�'ÀÒ ����� ÍpÖ uáåaå`Õ

ºl=a7FbN58DO2�EF36GH2�=aDO7�QS sr5cGt24365> S 7\2N58Y40 S 0N]T2N587F'B9K`:	7�[aK`047\B\=a0²B{=a0N]a580NK`:	:T580 S 042sr5879B958YdBF= S 7t�cE�583h:TK`0NK�XHY4G\K`:	=@B\3C7\XZYN580vg4[aK`Y�Q=@G\580²B9580L�x3CXZY²B l S 58DCDC580vÆ
� © � � � � �
� � © Ì7 � � I

�
� � � 4 �
	 � ���31��31

� � © Ì7 � � I
�
� � 4 �
� � � � 1��31

ÍpÖ uáå Ö Õ

ºl365imo5c[MB9KaG\580 � � S 042 � � ]a5csr580IEF36582N5cG�24365i£®K`DC=@GH3O7\=@B\36K`0¾245cGn�x3OXHYdB9P¹58DC245cGn=a0vu%I ��S 042 I �� 7\3C0A2�24365�f:	?ADC36B S 24580 S 042 � �� à � S 042 � ��� à �¾2A365�bNG\5�l S 580N�c580^2N5cG�sr583C2N580bN58DC245cG8u´ºl=a7h]aG`QS 0N5��x3CXZY²B9Pp58DC2�� � 79K`DODa0 S G�:	36Bh2N58: Q¶fsr5cG\]`=a0N] ' ×´ß = ' à`ßZg´24=a7xG\KaB95y0 S G:	36Bf2N58: Q¶fsr5cG\]`=a0N]G' à`ß = ' å`ß'E�58XHY47958DCEF36G\[a580vuÛº{3C58795n{0404=aY4:	5k3C79Bt]a5cG\58XZY²B9Pp5cG\B\36]aBcg
E�58040�24365���3CXHYdB9PpG\5�l S 580N�c580�3C0�245cGi½�Q=aY45q2N5cGi¼F5879K`04=a0N�c580-DC365c]a580 Í � ��� � �� S 042
� ��� �

�
� Õ S 0A2�24365 Q¶Fsr5cGHDO=@?4? S 0N]�2N5cG{w S 79B´Q=a042N5l[�D6583C0�3C7\B Í9Í C���� � C����'Õ�� � �� ÕZu



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ àB4

º{5cGf»'D6K�XHYd¥a5c[dB9KaG{EF36GZ2|0 S 0�2N5~Ú�04365cG\Bt=aDC7
! Ì © # Ì9Ì
! 7 © # 7O7
!�" © � - Í # Ì 7 Õ
! U © �54 Í # Ì 7 Õ

!�� © �.- Í # 7 " Õ
!�� © �54 Í # 7 " Õ
!�� © �.- Í # Ì " Õ
!�� © �54 Í # Ì " Õ

ÍpÖ uáåB``Õ

ºl365L½{3CXZY²B\243O=@]aK`04=aD658D658:T580dB95L245cG·ºl3CXHYdB958:	=@B9GH3:� # Ì 7 S 0A2 # 7 " E�5cGH2N580Wz15cE�583CDC7·:	36B2N5cG�B9G\5836sr58042N580TbNGH5�l S 5804� � � g`sA�cE>u � � K`79�83ODCDC365cG\580hu # Ì " 7\XZY²EF3O0N]aBy:	36B�245cG�ºl3 �r5cG\580N�~}PpG\5�l S 580N� � � Ò � � uo¶{:Ä583O0N5�79B\=@B\36K`0xQ=@G\5���QK`7 S 0N]^� S 5cGHY4=aD6B9580 : SN° :	=a0 P¹K`DC]a58042N5j S sÛ79B\36B S B\36K`04580|2 S GHXHY4PZQS Y4G\580G� jN365@4�×?�ÑÆ
! " � ! " X~K`7 Í � � Ù9Õ�Ò ! U 7\3C0 Í � � Ù\Õ
! U � ! U X~K`7 Í � � Ù9Õ � !�" 7\3C0 Í � � Ù\Õ
!�� � !�� X~K`7 Í � � Ù\Õ � ! � 7\3O0 Í � � Ù9Õ
!�� � !�� X~K`7 Í � � Ù\Õ®Ò ! � 7\3O0 Í � � Ù9Õ
!�� � !�� X~K`7 Í9Í � � Ò � � Õ_Ù\Õ�Ò !�� 7\3C0 Í9Í � � Ò � � Õ_Ù\Õ
!�� � !�� X~K`7 Í9Í � � Ò � � Õ_Ù\Õ � !�� 7\3C0 Í9Í � � Ò � � Õ_Ù\Õ

ÍpÖ uáåB5`Õ

�y7'Y4=a0A2N58D6B�7H3CXHY|Y4365cG S : S 04=@sAYxQ=a04]`36]a5fº{G\58Y S 0N]a580V2N5cGt:	36B�½f3OXHYdB\243C=@]aK`04=aD658DC58:T580�}B9580W¥a5cG\s S 042N580N580W;>K`:T?rK`0N580²B9580¾2N587>»�KMXZY²¥a5c[MB9KaGH7�z15cE�583CDC7�:i36B>2N5cG>bNG\5�l S 580N�·2N587=a0N]aG\583CP¹580424580T�x3CXZY²B9Pp58DC2N587cudº{3C5F;�K`:T?rK`0N580dB9580vg`24365�:i36B�2N58: ½{3CXHYdB\243C=@]aK`0A=aD658D658:T580dB
# Ì " ¥a5cG\s S 042N580 7\3C042vg�G\KaB\365cG\580�:i36B�245cG�ºl3 �r5cG\580N�cPpG\5�l S 580N�au¬ºl365VG\58DC=@B\36¥a580 £yYA=a795802N5cG�¼�KaB\=@B\3CK`0N580W� S 583C0A=a042N5cG{E S GH2N580^79KV]a5cEnQ=aY4DCBcgh24= ° 24365�¼�58XHYA0 S 04]V=a:�583O0NPp=aXZY�}79B9580iEF36GH2vua£�Y H�7\36[@=aDC3C7\XZY�sr582N5 S B95cB�583C045�£yY4=a79580d¥a5cGH7\XZY4365cs S 0N]k0 S G�24365�mo5cGZ7\XHY43C5cs S 0N]2N587fwr5836B\0 S DCD6? S 04[dB\7 S 042|[@=a040�043CXZY²Bt� S =a042N5cG\580�7\B\=@B\36K`0xQ=@G\580L��QK`7 S 04]a580�PZQS YNG\580vu
/1: ¼F=aYA:T580Â2N5cG�ºfGH58Y²E�58DCD658040�Q=aYN5cG S 0N]V5cGHY�Q=aD6Bk:	=a0I0 S 0¾24365	»�5cE�5c] S 0N]`79]`D6583CXZY S 0�}]a580vÆ

�! Ì © C���� ! 7 � � � ! U
�! 7 © Ò Í C���� � C����tÕ ! 7 Ò � � ! U � � � ! �
�! " © Ò Ì7 C ��� ! " ��� � ! U � Ì7 � � ! �
�! U © Ò Ì7 C���� ! U Ò	� � !�" Ò Ì7 � � Í ! Ì Ò ! 7 Õ®Ò Ì7 � � !��
�!�� © Ò Ì7 C���� !�� Ò
� � ! � Ò Ì7 � � !��
�!�� © Ò Ì7 C ��� !�� ��� � ! � � Ì7 � � Í ×tÒ ! Ì Ò à ! 7 Õ � Ì7 � � ! �
�!�� © Í � � Ò
� � Õ !�� � Ì7 � � ! U Ò Ì7 � � ! �
�!�� © Ò Í � � Ò
� � Õ !�� Ò Ì7 � � !�" � Ì7 � � !��

ÍpÖ uáå�=aÕ

E�Kas�583k24365¸mo5cGH79B\3C:i: S 04]a580�2 S GHXZY�� � © � � Ò � �� S 042� � © � � Ò � �� S 042�24365¼F=@sÛ36P¹GH5�l S 5804�c580�2 S GHXZY^ª« � � © I �� � Ì 7 S 042^ª« � � © I �� � 7 " 2N5~ÚÛ0A365cG\Bt7\3C042hu
º S GHXZY|½ S DCDO795cB9�c580·245cG�fsAD65836B S 0N]a580i5cGZYxQ=aD6B�:i=a0|2A365f79B\=@B\3CK`0xQ=@G\580�w S 79B´Q=a0A2N5FPZQS G'24=a7j�H�79B958:�uyºl365L»�587\5cB9� S 0N]I24587|w S 7\B\=a04247&' à`ßRg S 042�24=a:	3CBi24365LjMB´Q=@GH[a5L2N587	b¬D S KaG\5871}�c58047\7H36]`04=aDC7cgÛ=aDC7Fb S 0N[dB\3CK`0q2N5cGfmo5cGH79B\3C:	: S 0N]·2N587�G\KaB9580^�x3OXHYdB9587�� � S 0A2�PZQS G S 0dB95cG9}7\XZY4365824DC3OXHYN5{UW5cG\B95�PZQS Gt24365lmo5cGH79B\3C:i: S 04]�2N587']aG`QS 0N580V�x3CXZY²B9587F3C79B'3C0VFs4sÛ3CDC2 S 04] Ö ua`



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ å8A

-5 -4 -3 -2 -1 0 1 2
dr
GPD

0

0.005

0.01

0.015

0.02

r
2

fs4sA3CDC2 S 0N] Ö ua`MÆ PQ��
�H!��)	�����"�!
:��
�R��,
DJ�� �������� ;������ �+��� ���	� ' �N���,�"R���
�������� ��
����,���,�����,

	 �������!
�����
 /�*
���)+)F7DCFA���� ;�S�A������:9�� ;�9��4; =�� @�A���������� ;>=�� � K�� �4/�� ����A����G7 T

-4 -2 0 2 4

dr

-0.04

-0.02

0

0.02

0.04

0.06

r
5
r
6

-4 -2 0 2 4

dr

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

r
7
r
8

-4 -2 0 2 4

dr

0

0.002

0.004

0.006

0.008

r
2

-4 -2 0 2 4

dr

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

r
3
r
4

fs4sA3CDC2 S 0N] Ö ua5MÆ�' �N���,�"R���
��Q�����X��
����,���,�!�"�,
 	 ��� �&��
���� � � ��
:� ���+� � ����)	1 ��
���! . �!�!�+
����"�"���	)+�
����� 2 �#$&%������#�����!
��!)	��)	��. �,
��"���!)+������
�H����	��
 ����� �������,
#" �,�&���"�+. . ��
���� � 7 P4�+� �"�,
�H�����$&%������D�+
��+�
. ����H��	����� ���+�%$X���"�	�"�+�!
 ���,� PQ��
�H��,)+�"�N����
���
�R!7BC^A ��� ; S!A ��� ��� � ; �4/!A ��� � 9 � ; 9 � ;
=�� @�A����G7 T



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ å�×

-5 -4 -3 -2 -1 0 1 2
dr
GPD

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007
r
2

fs4sA3CDC2 S 0N] Ö u>=dÆ 	 ��� ����"R�)	�#$&%������ �����	. ��.(�+
 ����� � )	�����"�N��R��,
�RQ
�� � �,
 ����� P4��
�H!��)	�����"�!
��!
�R

 ���� ��
��!)+�,�#$&%�� � �	��� 
 ����������
�R,��
D7DC^A���� ; S!A���� �����G; �4/�A������:9�� ;�S�9��4;�=�� @�A���� 7 T

24=@G\]a587\B958DCD6Bcu�b{QS G � � © � � ¥a5cGH7\XZY²Ef3C042N5cBk2A365·b¬D S KaGH5879�c580N�au�ºl36587\580I����5c[MBnsr5c�c583CXZY�}0N5cB{:	=a0q=aDC7fº S 0N[a58D6G\587\K`04=a0N� � k�Q=a0�5B4�gEk�Q=a0G=_A��ÑuÛfs4sA3CDO2 S 0N] Ö ua5	¥a5cGZ2N5 S B\DC3CXZY²Bf24=a7mo5cGHY4=aDCB9580	2N5cG�½{3CXHYdB\243C=@]aK`04=aDC58D658:T580dB95F=a0T2N5cG�º S 0N[a58D6GH5879K`04=a0N�au`»�58342N5cG�º S 04[a58D6G\5~}79K`04=a04��sr5~ÚÛ042N5cBo7\3CXZYi24=a7�/_K`0·3C0�583C0N58: [aK`Y Q=@G\580²B9580 Q¶fs�5cGZDC=@]a5cG S 0N]`7\� S 79B\=a042T= S 7 ' ×´ß
S 042 ' å`ß�2N5cG�043CXZY²B�:	36Bk2N58:¿�x3OXHYdB9P¹58DC2¾E�58XZY47958D6Ef36G\[MBcuxºl365·½{3CXHYdB\243C=@]aK`0A=aD658D658:T580dB95
# Ì 7 S 0A2 # 7 " 245cG'ºl3CXZY²B958:i=@B9GH3A�V¥a5cGH7\XHYdEF3C0A2N580V=aDC79KT=a0�243658795cGFjMB958DOD65auMºl365�;�K`Y45cG Q=a0N�2N5cG Q¶Fsr5cGHDC=@]a5cG S 0N]>5cG\[a580A0²B�:	=a0·2A=@GH=a0vg²24= ° =a0·2A3658795cG'j�B958DCD65 # Ì " 583C0N580·:	=3��3O:	=aD6580UW5cG\B'=a04043C:i:kBcu²ºl36587\5cG Q¶fs�5cGZDC=@]a5cG S 0N]`7\� S 79B\=a042TEf36GH2	=aDC7yB9GH=@?4?r582i7\B\=@B95fsr5c�c583CXZY40N5cB
� {D6� =853�Ñu
»�583 S 0N]`D6583OXHYN580(¼F=@sA3CP¹G\5�l S 580N�c580(5cG\[a580A0²BW:	=a0±0N5csr580±2N5cGWº S 0N[a58D6G\587\K`04=a0N� 583C0� S 7´Q=@B9�8DO3CXHYN587�b¬D S KaG\5879�c580N�8:	=3�N3C: S : Í fs4sA3CDO2 S 0N] Ö u>=aÕZuhºl3658795'kf58DCD6G\5879K`0A=a0N� � jN365@4�×?�
580dB\79B958Y²BV24=a2 S GHXHYvg�24= ° 7\3OXHY 2A365 Q¶Fsr5cG\]`=a04]`7\=a:T?ADC3CB S 2N580�2N587Vw�E�5836}e£yYNKaB9K`0�} Q¶fsr5cG9}]`=a0N]`7�Y4365cG�043CXZY²Bcg�EF365isr583�2N5cGnº S 0N[a58DCG\5879K`04=a0N�ag¬2N5879B9G S [dB\3C¥-QS sr5cGHDO=@]a5cGH0vgx79K`0A2N5cGH024= ° 243C5�UW58XHY47958DCEF36G\[ S 0N]T:	36Bt2N58: =a0N]a5cG\5c]aB9580^w S 79B\=a042V583C0�J^=3�N3C: S : =a04043C:i:kBcu
fs4sA3CDC2 S 0N] Ö uáæ��c5836]aB�24365�fsAYxQ=a0N]`3C]a[a5836Bo2N5cGyb¬D S KaG\587\�c580N�t¥aK`0	2N5cGy¼f=@sA36PpG\5�l S 580N�'2N587G\KaB9580 Q¶Fsr5cG\]`=a04]`7cudJ^=a0i5cGH[a58040²B'24365Fmo5cG\s4G\5836B95cG S 0N]k2N5cG�º S 0N[a58D6G\587\K`04=a0N�f7\K´EF365f2N5cG]`=a0N�c580�¼�587\K`04=a0N�c[ S G\¥a5L:i36Bi� S 0458Y4:T58042N5cG|¼F=@sA3CP¹G\5�l S 580N�au�º{3C58795cG|����5c[MBV3C79Bi= S PjvQ=@B9B\36] S 0N]T2N5cGtG\KaB9580VUW58XHYA7958D6EF36GH[ S 04]n� S G`QS X\[M� S PZQS YNG\580vuM/10|245cG�Fs4sÛ3CDC2 S 04] Ö ua4T24=À}]a5c]a580¸EF36GZ2q24365�FsÛYxQ=a0N]`36]a[a5836B{2N5cGl�x3C043C580NP¹KaGZ: ¥aK`0¸2N5cGl¼F=@sA36PpG\5�l S 580N�k24587f]aG`QS 0N580�x3OXHYdB9587t24=@G\]a5879B958DCDCBcuMºl365l»�G\5836B95l2N5cG']a587\=a:kB9580q�x3C043C5�EF36GH2·043CXZY²B�]aG§QK ° 5cG8uNºl365�»�G\5836B952N5cG'º S 0N[a58D6G\587\K`04=a0N�F043O:	:kBvz1582NK�XHY|:	36B�2N5cG'jhQ=@B9B\36] S 0N]�2N587y]aG`QS 0N580 Q¶fsr5cG\]`=a0N]`7�� S uºl365FJ^=3��3O:	=k2N5cG�b¬D S KaG\5879�c5804�F= S Prsr583C2N580·jM583CB9580i2N5cG�º S 0N[a58D6G\5879K`0A=a0N��¥a5cGH7\XZY4365csr5807\3CXZYV:	36B�� S 0N58Y4:T580A2N5cG�/10dB958047\36B´Q=@Bt2N587�]aG`QS 04580|��3CXHYdB9Pp58DC2N587cu�ºl365879580��o�r5c[MB�sr5c�c583CXZY�}



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ åaà

-4 -2 0 2 4
dr
GPD

0

0.005

0.01

0.015

0.02

0.025

r
2

-4

-2

0

2

4

dr
GPD 0

1

2

3

4

5

Wr
GPD

0

0.01

0.02
r2

-4

-2

0

2

4

dr
GPD

fs4sA3CDC2 S 0N] Ö uáæMÆ � )+���!�����"R,��
�R�C � � T ��)#� ����
�H��"�+�!
 ���,� " �,�&� ���	. . ��
�� ��� ��
:� ����� � � ���	1

 ���������,
�R 9 � ����� �����"��
 � �!�"�,�&�,7�� �:��
DJ �����,�#���	. ��
����+�!
:��)+��PG���&� ���,)+)	��
���L*��
��"�,
J4��$&%�
��	�����
� �,� 9 � ; =�� @�A ��� � K� @�A ��� �Q/�� @!A ��� ��
��`S�� @�A ��� 7 C^A ��� ; S!A ��� � � � ; � =�� ��A ��� �
9 � ;�=�� @�A ��� 7 T



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ åaå

-4 -2 0 2 4
dr
GPD

0

0.02

0.04

0.06

0.08

0.1

0.12

r
2

-4

-2

0

2

4

dr
GPD 0

1

2

3

4

5

Wg
GPD

0

0.05

0.1
r2

-4

-2

0

2

4

dr
GPD

fs4sA3CDC2 S 0N] Ö ua4MÆ � )+�����"�N��R��,
�R C � � T ��)#� ����
�H��"�+�!
 ���,� " �������"�+. . ��
�� � ������� �������,
 ��
��
����� � � ����
 �"������,
�R89��8����� �!�����
��,
 ��!�"�,�&��7 � �:��
DJ �����,�#���	. ��
����+�!
:��)+� PQ�!�����"��)	)+��
��:L ��
����,
DJ
��$&%�
��M�"�"� � �,��9�� ; =�� @�A�������K�� @!A������N/�� @!A���� ��
:� S�� @�A����G7�C^A���� ; S!A������ � �G; � =�� ��A���� �
9��4;>=�� @!A���� 7 T



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ å Ö

0N5cB�:	=a0i=aDC7��x3CXZY²B9¥a5cGZ7\XHY43C5cs S 0N]Nu²�yGy[@=a040i= S XHY|:	36B�2N58: 2 HM0A=a:	3C7\XZYN580·jMB\=@G\[a5~�r5c[MB5cG\[�DeQ=@G\BtE�5cGH2N580vu
ºl= ° sr583N¥a5cGH]aG§QK ° 5cG\B95cG'/¯0dB958047\3CB´Q=@By2N587�GHKaB9580·��=a795cGH7y2A365�]a587\=a:nB95{��3C04365804P¹KaGH:±sAG\5836B95cGEF36GZ2vgdsr583v�yGHYxQK`Y S 0N]T2N5cGt]aG`QS 04580V/¯0dB958047\36B´Q=@B®z9582NK�XHY�0 S G�243C5lº S 04[a58D6G\5879K`04=a04�ag4DC365c]aB24=@GH=a0hgx24= ° 2A=a7kG\KaB95|�x3CXZY²B�=aDC7k£yG\Kasr5	� S G� S 7H:T587\7 S 04]�2N5cGnb¬D S KaGH5879�c580N�8DC3C0A365T]a5~}0 S B9�cB�EF36GZ2vud/179B�24=a7 ���������
	��������������� ��3CXHYdB9Pp58DC2�D6583C79B S 0N]`79¥a5cG\s4GH5836B95cG\BcgN79K	EF3CG\[dBt7\3OXHY24=a7>= S P�243C5�]a587H=a:kB95V�x3C0A36580NPpKaGH: = S 7cuhºl365	mo5cGH79B\3O:	: S 0N]�2N587�]aG`QS 04580Â�x=a795cGkEF36GH2z9582NKMXZYÂPp5879B9]a58Y4=aD6B9580hu®º{5cGk]aG`QS 0N5i��=a795cGn79KaGH]aBn24=@PZQS G8gx2A= ° 79B´Q=a04243C]�583C0N5i»�58795cB9� S 0N]3C:Ü=a0N]a5cG\5c]aB9580�½{36¥a58= S ¥aKaGHYA=a042N580|3C79Bcg�:	36B'2N5cGt2N5cG'G\KaB95��x=a795cG'E�58XHY47958DCEF36G\[MBcuM��3C0N5��GZYxQK`Y S 0N]	79583C0N5cGF/¯0dB958047\36B´Q=@BfPZQS YNG\Bt� S 583O0N5cGF]aG§QK ° 5cGH580L»�58795cB9� S 04]iK`Y40N5�24365>��3C0436580�}PpKaGH:<sr583�mo5cGZ79B\3C:	: S 0N]W2N587�G\KaB9580���=a795cGH7T� S sr5c583C0 j S 7\79580hu�ºl365�º S 0N[a58D6G\587\K`04=a0N�3C79B�z9582NK�XHYV583C0qw�E�583 }e£�YNKaB9K`0�}e£�GHKa�c587\7cuÛj�365lEF3CGH2isr583r��GZYxQK`Y S 0N]T2N5cGt/¯0dB958047\3CB´Q=@Bt583C0N587sr58DC365csA3C]a580^��=a795cGH7ks4G\5836B95cG8uxU QS GZ2N5T583C0IjM?r5c[MB9G S : :i36B�[aK`0479B\=a0dB95cGnGHKaB95cGnmo5cGH7\B\3C:�}: S 0N]·= S P¹]a580NK`:i:T580qE�5cGH2N580hgAsr583x2N58:�2N5cG{]aG QS 0N5��x=a795cGl2 S GZXHYN]a5879B\3O:	:kBfEF36GH2hgA79KE	QS GZ2N580 7\3CXHY�2A365Vmo5cGHYxQ=aD6B\043O7\795 S :T[a58YNGH580vu�ºl365���GHY�QK`Y S 04]^2N5cGi]aGaQS 0N580 /10²B9580A7\36B´Q=@BE	QS GZ2N5f243C5f]a587\=a:nB95k��3C04365�¥a5cGHs4G\5836B95cGH0hgM243C5{�yGHYxQK`Y S 0N]n245cG�GHKaB9580V/¯0dB958047\36B´Q=@Bt0 S Gt24365º S 0N[a58D6GH5879K`04=a0N�au



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ åB`

2S1/2

2P1/2

2D3/2

>|5

>|4

>|7
>|8

>|1

>|6

>|2

>|3

2u

4/5u

2 /3 u

wg

wr

dg dr

fs4sA3CDO2 S 0N] Ö uC×:A�Æ PG�!���Q$&%��"1324�	5����!��1 ��6����"��.
�	��
���� ��� ����� � � �	����
�� � ���� � � �����

ºl=a7L3O0µ2436587\5cGqFGHs�583CB S 0²B95cGZ7 S XHYdB95 »�= ] }Ñ/¯K`0�[@=a040�2 S GHXZY�583C0 �y}ÑP9QKaGH:	36]a587^º{G\583 }½{36¥a58= S }¯j�H�79B958:�ghsr5879B958Y458042W= S 7k24580¾w S 79B´Q=a0424580 5 7 > Ì<; 7 g05 7 9 Ì<; 7 S 042 ` 7�� " ; 7 gvsr5~}7\XZYNGH365csr580WE�5cGH2N580vuxU 36GZ2Â24365 � S =a0²B\3O7\365cG S 04]`7\=aXHY47\5	043CXHYdBn2 S GHXHYÂ583C0 Q= SN° 5cGH587nJ^=À}]`0N5cB9Pp58DC2-¥aKaG\]a5c]a5csr580vgt79KI[@=a040 24=a7|/_K`0Âz9582NKMXZY�043CXHYdBi[aK`0dB\3C0 S 365cGHDO3CXHY s�5cKasÛ=aXHYdB95cBE�5cGH2N580vgo24=¸Ka?4B\3O7\XHYN587i£ S :T?r580 3C0 24365�º S 0N[a58D6� S 79B´Q=a042N5 Ì :	36BT2N580�:i=@]`0N5cB\3C7\XZYN580
� S =a0dB9580N�8=aY4DC580 ^ © 0 " 7 = S PpB9GH36B9Bcu'ºl=a7�JL=@]`045cB9P¹58DC2�PRQS YNGHBi� S 2N58:%� S G�¼f=a:	=a0�} S Pp7\?A=aD6B S 0N]l2N5cG���0N5cG\]`3658043C¥a58= S 7cuaºl=a7o/_K`0iDeQ= ° B�7\3CXZYT24=a040�2 S GHXZY�583C0T{XHYdB1}e½f36¥a58= S }j�H�79B958:�gNEF3C5�587F3C:â;>=@?Û36B958Dhå�sr587\XHY4GH365csr580|E S GH2N5agN24=@GZ79B958DCD6580vu
fs4sA3CDC2 S 0N] Ö uC×:Aq�c583C]aB�24=a7�{XHYdB1}e½f36¥a58= S }¯j�HM7\B958: :	36Bk2N580I»�5c�c583CXHY40 S 0N]a580hg®243C5i3C02436587\58:�fsA7\XZY40436B9B®sr580 S B9�cB®E�5cGH2N580vu@ºl365���3CXHYdB9Pp58DC2N5cG¬E�5cGZ2N580kEf365�3O0nfsA7\XZY40436B9B Ö uáàMu ÖãlD6583OXHY S 0N] Ö uáå Ö =a04]a580NK`:	:T580vu
ºl365nw�5c58:	=a0N}e S P³79?A=aDCB S 0N]�5cG\]`36s4B�7H3CXHY�� S Æ

Ø � © 0 ×à	� 5�
 ÍpÖ uáåaæ`Õ
:	36B{2N580q��=a042��5cP³=@[dB9KaG\580 � 5 = S 7�ãlD6583CXZY S 04] Í åMuáà`Õ S 042¸ª« 
 ©�����|uÛºl=a:	36Bf5cG\]a5csr580
7\3CXZY�24365���0N5cG\]`365c5836]a580dE�5cG\B95Tª« � 5 2N5cGlw S 79B´Q=a04245 ' 9dß�� S Æ

� Ì ©(Ò 
 � 7 © 

� " © � �� Ò Ì" 
 � U © �

�
� � Ì" 


� � © � �� Ò � �� Ò � � 
 � � © � �� Ò � �� Ò 7
� 


� � © � �� Ò � �� � 7
� 
 � � © � �� Ò � �� � �� 


ÍpÖ uáåB4`Õ

����������������� �"!$#&%'� ()�"*,+"%'-.�0/1�32546�7�028�"�,�:9�%3/1�;�����'!8�"<0=3/1�'�,-�<>= ����?@% -.�0/A�'2CB)����-.�0/A�'2 �"�ED�2F���G� ��<0=��
!8�7�H2 �"��IJ�,<0=;��KL�"*�2 �����54G�"<0='-��"*746�7��(��NM)#&�,�O�,!P*,����+����"��Q�/AR'�7���"*F�"�,�'SA��K�T% = �����"��#&%'� ()�"*7���"-�UV�'/A� +"�"��-��,�'2
/A*,-�U:/1%'<0=W#&% �'()�"*,+"% -.�XT/A�'2 �VDF2F���	Y.�N2FU�<>=Z�;%F�6[\�"�E2 ��]'�'�,�������"�_^	����-.���,!8!5%'�'SA�"�:2 �>��I`/A-��>��SA�"SV���'�"�,� a
/A�'2 ����/1% KL�����>���"�JM



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ åB5

º{5cGKk{=a:	3CD6B9K`04Ka?�5cGZ=@B9KaGF24365879587Fj�HM79B958: DC= S B95cBcÆ
"I�©(ª« �É

5 Ë�Ì
� 5 ' 9MßhÝ:9;'@Ò "� � � ÍpÖ u Ö A²Õ

ºl365�¼F=@sA3CP¹G\5�l S 580N�c580 � Ô Ê E�5cGH2N580VPZQS Gt24365�> = 9l} Q¶fsr5cG\]AQ=a0N]a5>2 S GZXHYLª« � Ô Ê © � �� �
��Ô Ê Í ^�©(×�.Hà��9Þ¸©�å0. Ö Õ S 042�PZQS Gy243C529 = � } Q¶Fsr5cG\]AQ=a0N]a5f2 S GHXZYVª« � Ô Ê © � �� � ��Ô ÊÍ ^©¤å0. Ö �9Þ-© `0. 50. =�.Hæ`Õn2N5~ÚÛ04365cGHBcurºl36587\5cGk½�Q=aY45cG S 0N]�DC3C5c]aB>EF36582N5cG>2A365	f0A04=aY4:T5� S ]aG S 042N5agÛ2A= ° 24365nsr583C2N580���3CXHYdB9P¹GH5�l S 5804�c580	z95cE�583CDC7F3O0q2N5cGl½�Q=aY45�2N5cG{� S ]a58YxQKaGZ36]a580¼�587\K`04=a0N�cPpG\5�l S 580N�c580nDO365c]a580 S 042>]a5c]a580oQS s�5cG¬=a042N5cGH580n¼F5879K`04=a0N�c580�79B\=@G\[k¥a5cGH79B\3C:	:nB7\3C0A2vu
/1: º{G\583 }e½{36¥a58= S }¯j�HM79B958:�[aK`0A0²B95fz9582N587l2N5cGfsr583C24580q�x3OXHYdB9P¹58DC245cG{0 S Gl:	36B ����� ��� 243 }?rK`D65cGHDC= S s4B9580 Q¶Fsr5cG\]`=a04]>E�58XZY47958D6Ef36G\[a580vu²��7o]`=@sV79K`:	36Bo�cE�583 S 04=@sAY Q=a0N]`3C]a5�¼F=@sA36PpG\5~}
l S 580N�c580vgA2A365�z15cE�583CDC7t?AG\Ka?rKaG\B\36K`04=aD�� S 583O0N58: 2N5cG�sr583C24580·58DC5c[dB9GH3O7\XHYN580qbN58DC2479B´Q=@GH[a580E'=@G\580vuh/1: {XHYdB1}e½f36¥a58= S }¯j�HM7\B958:Ä[@=a040|z9582NK�XHYI24=a7�]aG QS 045i�x3CXZY²B9Pp58DC2Â:i36B�¥M3C5cG S 04224=a7tGHKaB95>�x3CXZY²B9Pp58DC2�:	3CB'7\58XHY47t¥a5cGZ7\XHY43C582N580N580 Q¶fsr5cG\]AQ=a0N]a580�E�58XHY47\58D6EF36G\[a580hu�ºl365>¼f=À}
sA36PpG\5�l S 580N�c580W7\3O042W24=aYN5cG�043CXHYdBk:T58Y4G S 04=@sAY�Q=a0N]`36]Nu�j�365	Y�Q=a0N]a580Vz95cE�583ODC7�¥aK`0I583C0N5cG2N5cG'bN58DC247\B´Q=@G\[a580V79K´EF3C5f¥aK`0V2N58: U 3O0N[a58D��¸=@shg�2N580|24365f£®K`DC=@GZ3C79B\=@B\36K`047\GH3CXHYdB S 0N]n2N587DC3C0458=@G�£�K`DO=@GH3C7\365cGHB9580��x3CXZY²B\7�:i36B�2N5cG � S =a0²B\3C7H365cG S 0N]`7\GH3CXHYdB S 0N]n583C047\XZY4DC365 ° Bcu
J^36B k{3CD6Pp5V24587	U�36]`0N5cG9}e��X\[@=@GH2 F�Y45cKaG\58:	7E����K§E(æ�×?� � »�GH=·æaå3�fDC=a7\7\580�7\3CXZY�24365�fsN}
YxQ=a0N]`3C]a[a5836B9580 2N5cGÂ¼F=@sÛ36P¹GH5�l S 5804�c580�¥aK`0 2N580±:	=@]`0N5cB\3C7\XZYN580 � S =a0²B9580N�8=aYAD6580±2N5cGQ¶fs�5cGH]AQ=a0N]a5�sr5cG\58XHYA0N580+� j�365@4�×?� � jNXHY�4�×?�Ñu§�y7v5cG\]a5csr580>7H3CXHY�PRQS Gh243C5�> = 9l} Q¶fsr5cG\]AQ=a0N]a5
24365�¼f=@sA36PpG\5�l S 580N�c580

� Ì " © Ò��	��
 � C����'X~K`7�� �
� 7 U © �	��
 � C����'X~K`7�� �

� Ì U © �	��
 � C����'7H3C0�� �
� 7 " © �	��
 � C����'7H3C0�� �

ÍpÖ u Ö ×´Õ

ºl=@sr583®3O79B����
 � ?4G\Ka?rKaG\B\36K`0A=aDh� S G�bN58DC2A79B´Q=@G\[a5T2N587{]aG`QS 0N580¸��3CXHYdB9587 S 042�C����L3C79Bl24365
¼F=@B95agt:	3CB·2N5cG�24=a7|/¯K`0-= S 7|583C0458:sr58DC365csÛ36]a580�¶{0²B95cG\� S 79B\=a042�2N587 9l}e½{36¥a58= S 7V3C0583C0N580	s�58DO365csA36]a580T¶{0²B95cGH� S 79B\=a042·2N587 >�}e½{36¥a58= S 7��c5cG\P9Q=aDCD6B S 0A2Tsr5cB9G§Q=@]aB�04=aXZY&� ãl=aD%5�= �
Í F®=@s�58DOD65VåMuC×´Õ|×�`^J�kF�au � � 3C7\B�2N5cG�U�3C0N[a58D��cEF3C7HXHYN580 2N5cGT£®K`DC=@GH3C7H=@B\36K`047\=aXZY4795V2N587]aG`QS 04580��x3CXZY²B9587 S 042�2N5cG � S =a0²B\3O7\365cG S 04]`7\=aXHY47\5au
ºl365�9 = � } Q¶fsr5cG\]AQ=a0N]a5kY4=@sr580�243C5l¼f=@sA36PpG\5�l S 580N�c580vÆ

� " � © � "7 ���
 � C����|7\3C0�� �
� " � © �	��
 � C����|X~K`7 � �
� " � © Ò Ì7 ���
 � C ��� 7\3C0�� �

� U � © Ì7 �	��
 � C����·7\3C0�� �
� U � © �	��
 � C����|X~K`7 � �
� U � © Ò � "7 �	��
 � C ��� 7\3C0�� �

ÍpÖ u Ö à`Õ

�	��
 � 3C79By?AG\Ka?rKaG\B\36K`04=aD�� S G�bN58DC247\B´Q=@G\[a5{24587yG\KaB9580|�x3OXHYdB9P¹58DC24587cg C���� 3O79B�243C5F¼F=@B95ag�:	36B2N5cGl583C0L/_K`0¸= S 7l2N58: 9l}e½{36¥a58= S 3C0^24=a7 � }e½f36¥a58= S �c5cG\P9Q=aDCD6B S 042Lsr5cB9G§Q=@]aB�`MuáåVJ�kf�au
� � 3C79BT2N5cGiU 3C04[a58Dt�cEF3C7\XZYN580�2N5cGi£®K`DC=@GZ3C7\=@B\36K`047H=aXHY4795�24587TG\KaB9580 ��3CXHYdB9587 S 042 2N5cG� S =a0dB\3C7\3C5cG S 0N]`7\=aXZY4795au
ºl365 Q¶Fsr5cG\]AQ=a0N]a5�' å`ß � ' æ`ß S 0A2H' Ö ß � ' ``ßk7H3C042¾2A36?rK`D6¥a5cG\srKaB9580vgh7\365|E�5cGH2N580 043CXHYdB
=a0N]a5cG\5c]aBcÆ � " � © � U � © A�u



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ å�=

ºl365·£¬=@GH=a:	5cB95cG�7H=@B � S 0A2Â7\=@B � E�5cGH2N580I=aDC7�jvQ=@B9B\3C] S 0N]`79?A=@GZ=a:T5cB95cGnsr5c�c583CXZY40N5cB S 0427\3C0A2�583C04Y45836B95804D6K`795nJL= ° 5�PZQS Gf243C5n{:T?ADC36B S 2N5>2N5cG{58D65c[dB9GZ3C7\XHY4580LbN58DO2479B´Q=@G\[a5T=a: D{G\B
2N587t/¯K`047cu
w S sr58=aXHYdB9580i3O79B�Y4365cG�243C5�U�3C0N[a58DO=@sAYxQ=a0N]`36]a[a583CB¬245cGy¼F=@sA3CP¹G\5�l S 580N�c580hu8k{365cGH0A=aXHY	: SN°
� � D©)A�79583C0 S : Ka?4B\3C7\XZYN587k£ S :T?r580¸3C0Â243C5 ^© 0�å � à^w S 79B´Q=a0A2N5�� S ¥a5cGHY43O042N5cGH0vuº{5cG�583C0NP³=aXHYA79B95njM?r5c�83C=aD6P³=aDCD45cGH]`36s4Bt7\3CXZYVPZQS G�� � © � � © 48A��Àg43C0V2N58:â0 S G�0NKMXZY�24365l3C0fs4sA3CDC2 S 0N]�åMuáåT]a5c�c5836]aB9580 Q¶fsr5cG\]AQ=a0N]a5k=a04]a5cG\5c]aBFE�5cGH2N580vu

� ¨����	��
���$ � ��� �
���� �
C���� S 042'C���� 7\3C042	2A365fw�5cG\P³=aDCDC79GZ=@B9580	3C0Tsr58DC365csÛ36]a5�¶f0dB95cG\� S 7\B´Q=a042N5f24587�wr3658DO0436¥a58= S 7cg24365 Q¶Fsr5cG\]`=a04]`79E�=aY4GH7\XHY4583C04DC3CXZYN[a5836B9580L3C0q[aK`04[dG\5cB95T¶{0²B95cGZ0436¥a58= S 7{E�5cGH2N580¸:	36B�kf3CDCP¹5
¥aK`0�U�36]`0N5cG\}_å§} z¯}¯j�H�:ns�K`DC580�����K´E±æ�×?�hsr5cG\58XHY4045cBcÆ

C Ô�� Ô
	 © Í à��� ��×´Õ�C
È
�� � × � 
Ò2^ � ^ 

�� 7
ÍpÖ u Ö å`Õ

:	36B�Ã © 9f> . 9 � g��  © Ì7 S 042��^© Ì7 . "7 u
ºl365nw�5cG\P³=aDCDC7\GH=@B9580V5cG\]a5csr580�7\3CXZY�3C:â��3C0N�c58DC0N580V� S Æ

C 7 " © C Ì U © 7 " C����
C Ì " © C 7 U © Ì" C ���

C " � © C U � © Ì� C ���
C " � © C U � © Ì" C����
C " � © C U � © Ì7 C����

ÍpÖ u ÖaÖ Õ

ºl365Iw�5cG\P³=aDCDC7\GH=@B95L583O0N5cG�;�K`YxQ=@G\5804�Â3C79B�24=a7�=@GH3CB\Y4:T5cB\3C7\XZYN5WJL3CB9B958D>= S 7�2N580�¼f=@B9580:	36B{2N580N580^24365ns�583O2N580q»�58795cB9� S 04]a580¸�c5cG\Pp=aDOD6580vgA�cEf3C7\XHY4580L2N5804580L243C5n;�K`Y Q=@GH580N�ksr5~}79B958YdBcuvº{=|24365 >�} S 042q243C5 � }¯w S 79B´Q=a04245k=aDC7{79B\=@sA3CD�=a0N]a580NK`:	:T580^E�5cGH2N580vgÛ�c5cG\P³=aDCD6580=aDCD65�;�K`Y�Q=@G\580N�c580V�cEF3C7HXHYN580V583C0458:â2N5cGtsr583C2N580 9l}¯w S 7\B´Q=a042N5 S 042|583C0N58: >®}�KM2N5cG � }
w S 7\B\=a042L:i36B{245cGl¼f=@B95��dÔ Ê © Ì7 Í C���� � C�����Õ Í ^¿© å0. Ö �9Þ ©¤×�.Hà0. `0. 50. =�.Hæ`ÕZuoºl365
;�K`YxQ=@GH580N���cEF3C7\XZYN580�243C5879580Vsr583C2N580qw S 7\B´Q=a042N580V�c5cG\P9Q=aDCD6B�:	3CB
� " U © C�������C����fu

� � ��� 
����
�	����� ��� �
 � � � $ � � � ��� � � �
 � � ��$ � �
ºl365l;�K`YxQ=@G\580N�{�cEF3C7HXHYN580|2N580�w�5c58:	=a0�}e¶{0²B95cGH� S 79B´Q=a042N580V2N587,9l}e½{36¥a58= S 7 ' å`ß S 042 ' Ö ß[@=a040 = S Pp]aG S 0A2�2N5cGi[�D6583C0N580 ¶f0dB95cGH7\XZY436582N5^3C0�2N580�sr5cB9G\5~�r58042N580-bNG\5�l S 580N�c580 S 0�}B95cGf{0NG\5c] S 0N]	583C0N5cGf=a042N5cG\580Lwr5c58:	=a0�}e;�K`YxQ=@GH580N�>�c5cG\P³=aDCD6580vuN/10�243C5879580�;�K`YxQ=@GH580N�c5805cG\]a5csr580�7\3OXHY�=aDC7\KT� S 7 Q=@B9�8DC3CXZYN5�ã{5cEf3C040dB95cGH:T5 � j�365�4�×?�ÑÆ

�# Ì 7 © Ò Ì" C ��� # " U �# � � © Ì7 � " C ��� # " U
�# � � © Ì" C ��� # " U �# � � © Ì7 � " C ��� # " U

ÍpÖ u Ö ``Õ



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ åaæ

� ��� ��� � � ¦ ��� � � � ��� � � ��� � ��� � � � �
�� � � � ���
º{5cG 5aå§}e243O:T58047\36K`0A=aD65�»'D6KMXZY²¥a5c[MB9KaGt2N5cGy243C5 Í æ�@næ`Õe}eºl3CXZY²B958:	=@B9GZ3A�·5cGH7\5cB9�cByEF36GZ2T=a04=À}
D6Ka]T� S ãlD6583CXZY S 04] Ö uáåB`T2N5~ÚÛ043C5cG\BcÆ

! Ì © # Ì9Ì
! 7 © # 7O7uuu
!�� © # � �
! � © � - Í # Ì 7 Õ
!�� © �54 Í # Ì 7 Õ
! Ì � © � - Í # Ì " Õ
! Ì9Ì © �54 Í # Ì " Õ

! Ì 7 © �.- Í # Ì U Õ
! Ì " © �54 Í # Ì U Õuuu
!���� © �54 Í # � � Õ
!�� � © �.- Í # � � Õ
! � Ì © �54 Í # � � Õ
! � 7 © �.- Í # � � Õ
!�� " © �54 Í # � � Õ

ÍpÖ u Ö 5`Õ

{04=aD6Ka]	� S ã�D6583CXHY S 0N] Ö uáåB5	E�5cGZ2N580VP¹K`DC]a58042N5�j S sA79B\36B S B\3CK`0N580·2 S GHXHY4]a5cPZQS Y4G\BcÆ
� ºl365�;�K`:T?rK`0N580dB9580�2N587f»�DCKMXZY²¥a5c[MB9KaGH7cgr24365>� S > = 9l} Q¶fs�5cGH]AQ=a0N]a580�]a58YxQKaGH580vg
E�5cGH2N580�EF365 !�"lS 042 ! U 3C0qãlD6583CXZY S 0N] Ö uáåB5TB9GH=a0A79P¹KaGZ:	365cG\Bcu

� ºl365{� S 9 = � } Q¶Fsr5cG\]AQ=a04]a580·]a58Y�QKaG\58042N580V;�K`:T?rK`0N580dB9580·E�5cGH24580iEF3C5 !��fS 042
! � 3C0qãlD6583CXZY S 0N] Ö uáåB5TB9GH=a0A79P¹KaGZ:	365cG\Bcu

� ºl365n� S 2N580L2436?rK`D6¥a5cG\srKaB9580N580�> = � } Q¶fs�5cGH]AQ=a0N]a580q]a58Y�QKaG\58042N580L;�K`:T?rK`0N580�}
B9580iE�5cGZ2N580TEF365 !��'S 042 !�� 3C0iã�D6583CXHY S 0N] Ö uáåB5>B9GH=a0479PpKaGH:	3C5cG\Bcu`ºl3658795F;�K`Y�Q=@G\580�}�c580L7\XHYdEF3C04]a580�=aDC79K	:	3CB�2N5cG�ºl3 ��5cGH580N�cP¹GH5�l S 5804�>2N5cG�sr583C2N580���3CXHYdB9P¹58DO2N5cG8u

� ��
 � � ��� �
 � ��� �� ��� ���

½ S 0V5cGHYxQ=aD6B�:i=a0�2 S GHXZY�½ S DCDC795cB9�c580�245cGFFsÛD65836B S 0N]T3C0�245cGF»�5cE�5c] S 04]`79]`D6583CXZY S 04]
���©��������� ÍpÖ u Ö =aÕ

583C0IDC3C0N58=@G\587�ãlD6583CXZY S 0N]`7\7OH�79B958: PRQS G�24365i79B\=@B\3CK`0xQ=@G\580 ��QK`7 S 04]a580vg�:	3CBk2N5cG'5aå @ 5aå§}
J^=@B9GH3A� � S 042�2N58: 5aå§}e243O:T58047\36K`0A=aD6580|mo5c[dB9KaG �Nu
fs4sA3CDC2 S 0N] Ö uC×a×i�c583C]aB�243C5i79B\=@B\36K`0 Q=@GH5|»�58795cB9� S 04]^2N587 5 7 9 Ì<; 7 }¯w S 79B\=a042A7k=aDC7�b S 0N[d}B\36K`0 2N5cG�mo5cGH79B\3O:	: S 0N] � � 2N587�G\KaB9580��x=a7\5cGH7cg¬E�Kasr583'=aDCD65V=a042N5cGH580 £¬=@GH=a:	5cB95cG	=aDC7[aK`0479B\=a0dBt=a0N]a580NK`:	:	580VE S GH2N580hu²ºl365{»�58795cB9� S 0N]	24365879587tw S 7\B\=a04247�3C79By?AG\Ka?rKaG\B\36K`04=aD� S G	sr5cKasA=aXZY²B95cB9580 b¬D S KaG\587\�c580N�q2N587T/¯K`047cu�J^=a0�5cGH[a58040²Bi¥M365cG·º S 0N[a58D6G\5879K`0A=a0N�c580vg24365�z95cE�583CDC7t= S 7t583O0N5cG�[aK`YxQ=@G\580dB9580 Q¶fsr5cGHDC=@]a5cG S 0N]fz15>583O0N587K>�} S 0A2V583C0N587 � }e½f3C¥a58= S 7sr5879B958YN580vu�Fs4sÛ3CDC2 S 04] Ö uC×8àq¥a5cGH2N5 S B\DO3CXHYdBn24=a7�w S 79B\=a0A2N5c[aK`:	:T580I243658795cGkº S 04[a58D6G\5~}79K`04=a04�c580vÆdmo5cGZ79B\3C:	:nB�:	=a0|24=a7�G\KaB95l�x3CXZY²B�¥aK`0i[�D6583C04580	� S ]aG\K ° 580VbNG\5�l S 580N�c580 S 0�}B95cGk»�5836sr58Y4=aD6B S 0N]|245cG>]aG`QS 0N580¸mo5cGZ79B\3C:	: S 0N]Ngv79K�E�5cGH2N580Â0A=aXHYN583C0A=a042N5cG�24365iw�E�583 }£yY4KaB9K`0�} Q¶Fsr5cG\]AQ=a04]a5 Í ¼F=a:	=a0N} Q¶Fsr5cG\]AQ=a0N]a5§Õ&' ×´ß � ' æ`ßRg ' ×´ß � ' 5`ßRg ' à`ß � ')=aß S 042
' à`ß � ' ``ß¬G\5879K`0A=a0²Bcu��y7y[aK`:	:kBxz95cE�583CDO7�� S 583C0N5cGy[aK`Y�Q=@G\580²B9580 Q¶fs�5cGZDC=@]a5cG S 0N]n2N5cGysr5~}B9G\5~�r58042N580�w S 79B´Q=a04245ag´24365�043OXHYdBx:	36Bx24580k�x3OXHYdB9P¹58DC245cGH0�E�58XHY47958DCEF36G\[MBcu´ S 7�ãlD6583OXHY S 0N]



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ åB4

-15 -10 -5 0 5 10 15
dr
GPD

0.01

0.02

0.03

0.04

0.05

r
3
+
r
4

fs4sA3CDC2 S 0N] Ö uC×a×@Æ��������"�+�!
��!�"�B� ����"��
�� ����� '*)	��$&%���)	���+$&%���
��!�,
 
����� ���!� �Q$&%��"1324�	5����!��1 ��6����"��.87
C^A ��� ;�S!A ��� ��� � ; � S�A ��� ������� � ; K������� � ; K���� ;>A ��� ����;
	!=���7 T

1. 2.

3. 4.

fs4sA3CDC2 S 0N] Ö uC×8àMÆ 	 �:� �&��
�����H!��. . ��
 ���,� 5��	��� PQ��
�H��,)+�"�N����
���
�R,�,
 �+. �4$&%��"1324�	5�������1
�"6����"��.874PQ��� ��6����"�,. H���
�
 � �,� �"�,
�H�����$&%�� R,��. � �!�!
��,� 
 �,)#�  :��)+�!�"�#�"�	�������,
 ��+$&%�� 
 �,)#���,��

�����&$&% 5��+�,� PQ���,�	1324�	5�������1 ��6����"��. �G�,��H�) ��!�����*�,�&���,
7



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ Ö A

-15-10 -5 0 5 10 15

0.01
0.02
0.03
0.04
0.05

-15-10 -5 0 5 10 15

0.01
0.02
0.03
0.04
0.05

-15-10 -5 0 5 10 15

0.01
0.02
0.03
0.04
0.05

-15-10 -5 0 5 10 15

0.01
0.02
0.03
0.04
0.05

fs4sA3CDC2 S 0N] Ö uC×8åMÆ����	
��:��� �������>�	
�H!�,) ���G��
�� � � ��� 
D���+�4PQ��
�H��,)+�"�N����
���
�R��,
DJ � �:��
 )	�+
�H��,J
��� ; 	!= � ��� �G;	�!@ � L�� �:��
 �"�N$&%�����J���� ;
��@�� ��� �G; 	!= � L���
����,
 )+�	
�H���J�� � ;	�!@ � � � �Q;	�!@ � L
��
��"��
8�"�N$&%��&�,J�� �G; @�=�� ��� �4; 	!=���7C^'*�����,������
�� ���,�5�4$&%��"�,
�� �	� �+
 � � �7���7+K!K�7 T

ÍpÖ uáåB4`ÕFDC=a7\79580�7H3CXHY�243C5�mo5cGH79B\3C:	: S 0N]a580�s�587\B\3C:	:T580vg�PZQS G�24365>º S 04[a58D6G\5879K`04=a04�c580�� S5cG\E'=@G\B9580	7\3O042vu@º{3C5�3C0TFsAsA3CDC2 S 0N] Ö uC×8à�]a5c�c583C]aB9580 Q¶fs�5cGH] Q=a0N]a5tE�5cGZ2N580TG\5879K`0A=a0²Bosr583ÁÆ
� � ©� � Ò Ì9Ì� 
 g � � ©� � Ò " � 
 g � � ©�� � � " � 
 S 042 � � ©�� � � Ì9Ì� 
 u
jMB958YN580L043CXZY²B�sr583C245>£�K`DO=@GH3C7\=@B\36K`0A79GH3CXZY²B S 04]a580�79580N[MG\58XHYdBF� S G � S =a0dB\3C7\3C5cG S 0N]`7\=aXZY4795ag79K�7\3C0A2k� S 7 Q=@B9�8DC3CXHY�� S 2N580�3C0�fs4sA3CDC2 S 0N] Ö uC×8à{]a5c�c5836]aB9580 Q¶Fsr5cG\] Q=a0N]a580 ��}Ñ?rK`DC=@GZ3C7\365cG\B95Q¶fs�5cGH]AQ=a0N]a5I:qQKa]`DO3CXHYvuF/¯0�2A36587958: b4=aDODk3C79BL24=a7�¥a5cG\583O0NPp=aXZY²B95 »'3CDC2�¥aK`0�¥M3C5cGqº{G\583 }
½{36¥a58= S }¯j�H�79B958:T580�043CXZY²B®:T58YNGx]a5cGH58XHYdB9P¹5cG\B\3C]aBcu`Fs4sÛ3CDC2 S 04] Ö uC×8åF�c5836]aB®¥M3C5cG�79B\=@B\36K`0�Q=@G\5��QK`7 S 0N]a580�2N5cGfKa?4B\3C7\XZYN580�»'D6K�XHYN]`DC583CXHY S 0N]a580L:	36Bt¥aK`0q245cGljM580N[MG\58XZY²B9580L=@sdE�583CXHY4580�}2N580Â£®K`DC=@GZ3C7\=@B\36K`0N580hu�/179B>0 S G>24365TGHKaB95i£®K`DC=@GH3C7\=@B\3CK`0479GH3CXZY²B S 0N]·¥a5cGH[M36?A?4B Í Fs4sxu Ö uC×8åKasr580·DO3C0N[�7ZÕZgd79K�sAD6583Cs�580i24365F5cGZ79B95 S 042i2A365f¥�365cG\B95lº S 0N[a58D6GH5879K`04=a0N�f5cGHY4=aD6B9580vg�24=�24365
^ 5 © 0�å � àTw S 79B´Q=a04245f043CXZY²Bt=a0V24365 ��}Ñ?rK`DC=@GH3C7H365cG\B95F;�K`:	?�K`04580²B95�2N587�G\KaB9580V�x3OXHYdB9587[aKa?4?r58DC0vuNºl365lmo5cG\[�36?4? S 0N]�245cG�£�K`DO=@GH3C7\=@B\36K`0�24587t]aG QS 0N580V��3CXHYdB9587�¥a5cG\GZ3C0N]a5cG\B�z9582NKMXZY2N580·;�K`0²B9GZ=a79B�=aDOD65cG�º S 0N[a58DCG\5879K`04=a0N�c580 Í fs4shu Ö uC×8ånG\58XZY²B95>jM5836B95§ÕZu�¶f: ¥aK`DCDC7\B´Q=a042436]a5º S 0N[a58D6GH5879K`04=a0N�c580Isr5cKasA=aXHYdB9580¾� S [vQK`040N580vg®3C79B>587�=aDC79KLEF3CXHYdB\36]Ng®24365i£®K`DC=@B\3C7H=@B\36K`0]a5804= S � S [aK`0dB9G\K`DCDC365cGH580 S 042�24580�U�3C0N[a58Dv�cEF3O7\XHYN580L£®K`DC=@GH3C7\=@B\3CK`0471} S 042 � S =a0dB\3C7\365~}G S 04]`7\=aXHY47\5>= S P
48A��l583O0N� S 79B958DCDC580vu
º{5cG��y3C0 j SN° 2N5cGt��3CXHYdB\3C0dB958047\36B´Q=@Bt= S Px2A365f��3C0436580NPpKaGH: 3C79B'3C0·fs4sA3ODC2 S 0N] Ö uC× Ö 2A=@G\]a5~}79B958DCDCBcuMJ^36B'79B95836]a58042N5cG�/10²B958047H36B´Q=@Bt2N5cG���=a795cG'E�5cGZ2N580V24365fº S 04[a58D6G\5879K`04=a04�c580·sAG\5836B95cG
S 042�QS sr5cGHDC=@?4?r580¸7\3CXZYW� S 0N58Y4:	58042vuh SN° 5cGH2N58: EF36GH2W243C5	]a587\=a:nB95|¼F5879K`04=a0N�·s4G\583 }B95cG8uaºl3658795cG�����5c[MBo3C79Bo=aDC7¬�h583C7\B S 0N]`79¥a5cG\sAG\5836B95cG S 04]Fsr5c[À=a0A0²Bcu@ S XHYT3C:±{XHYdB1}e½f36¥a58= S }j�H�79B958:±PZQS YNG\Bo24365t�yGHYxQK`Y S 0N]l2N5cGoG\KaB9580T/10²B9580A7\36B´Q=@Bo� S Gomo5cG\sAG\5836B95cG S 04]l245cGo]a587\=a:kB9580jMB9G S [dB S G´g`24365F�yGHYxQK`Y S 0N]>2N5cG�]aGaQS 0N580T/10dB958047\36B´Q=@B�s�5c583O0�j SN° B�24=@]a5c]a580|0 S G�243C5F»�G\5836B952N5cGFº S 04[a58D6G\5879K`04=a04�c580vu
fs4sA3CDC2 S 0N] Ö uC×�`��c5836]aB�24365	�y0dBeEf3CX\[�D S 0N]�245cGk»�58795cB9� S 0N]^2N5cG�j S KaGH5879�8365cG\580424580Iw S }79B´Q=a04245 ' å`ß S 042 ' Ö ßRg§E�58040n7\3CXZYk24=a7x/_K`0n� S G¬wr5836BhÙ�© AF3C: S 0²B95cGH580�ã{G S 042N� S 79B\=a0A2 ' ×´ß



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ Ö ×

-15-10 -5 0 5 10 15

0.05

0.1

0.15

0.2

-15-10 -5 0 5 10 15
0.02
0.04
0.06
0.08
0.1
0.12
0.14

-15-10 -5 0 5 10 15

0.01
0.02
0.03
0.04
0.05

-15-10 -5 0 5 10 15

0.02
0.04
0.06
0.08
0.1

fs4sA3CDC2 S 0N] Ö uC× Ö Æ��B�+
������4���,�X�D�#$&%����	
����,
��"�M� ������,
 ����� � ��
:� ����� � ��� 
����+� PQ��
�H��,)+�"�N����
���
�R,�,
J
� � �,
b)+�	
�H���J ����� � ; S�� =������� � ; K�� =�LD� � �,
b����$&%�����J����� � ; K� =������� � ;(S�� =�LD��
��"��
b)	�+
�H��,J
����� � ;�S�� =�������� � ; S�� =�L���
��"�,
 �"�N$&%��&�,J��"��� � ;�@�� =����"��� � ; � � @�7 C^'*���������"��
�� �������Q$&%�����
 � �+�
�+
 � � �D7��:7	K�K!7 T

2 4 6 8
t
ms

0

0.02

0.04

0.06

0.08

0.1

0.12

r
3
+
r
4

fs4sA3CDC2 S 0N] Ö uC×�`MÆ 	 �,�	�")+�+$&%�� ��
�� � �#$&H�)	��
��b���,� '*���"�I��R,��
�� ����� �!
��!���"�����"��
 	 �:� �&��
���� �	.
�4$&%��"1324�	5�������1 ��6����"��. 7 	 ��� 	 �,�	� � ; = � ����
:���I� ���#$&% ����� ��6����"��. �	. ��
����,���,
 EG����
���R,�������!
��

MK �O7 C^A���� ;�S�A���� ��� � ; � S!A�������� � ; =�������� �G; K������� � ; K���� ;>A����#��� ; 	!=���7 T



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ Ö à

sr5~ÚÛ042N5cBcuvw S G{¶f:TGH58XHY40 S 0N]V2N5cG{583C04YN5836B9580AD6K`79580^wr5836B\=aXHY47\5�3O0 ���E S GH2N5kY43C5cG{04=aXZY S 79PZQS YNG S 04]�245cGf¼�58XZY40 S 0N] C���� © `01áå·J�kf�k583O0N]a58795cB9�cBcurºf5cGl79B\=@B\36K`0�Q=@G\5�w S 79B\=a04279B958DCDCB�7\3CXHYq3C040N5cGHYA=aD6s·583O0436]a5cG8��k583C0vu

�	��
���� �F��� � ��;��������	���
	 ���� ��� ����	���

¶{:Ä24=a7kmo5cGHY4=aD6B9580 2N587k/_K`047 S 0dB95cGn2N58:¿�y3O0�j SN° PpG\5�l S 580N�8:TK�2 S DC365cGHB9580W�x3CXZY²B\7n� S79B S 2A365cG\580vg�EF36GZ2|0 S 0�583O0��x3CXZY²B9Pp58DC2�2N5cG�b4KaGH:
� © � � � � �
� � © Ì7 � � I

�
� � � 4 W �
	 �^]���	������ V �^Z ���31��31

� � © Ì7 � � I
�
� � 4 W � � �^]�� ������� V �^Z ���31��31

ÍpÖ u Ö æ`Õ

=a0N]a580NK`:i:T580vu'º{3C5879587·��3CXHYdB9Pp58DC2 S 0²B95cGH7HXHYN583C245cB·7\3CXZY ¥aK`:%sA3O7\YN5cGH36]a580 bN58DC2 ÍpÖ uáå Ö Õ24=a2 S GHXHYvgÛ24= ° 245cGf]aG`QS 0N5n{0²B9583OD�I � :	36B{2N5cGfb4G\5�l S 580N� � S 042L2N5cGlf:T?ÛDC36B S 2N5�� �S 042 2N5cG�G\KaB95Lf0dB9583CD,I � :	36BT2N5cG	{:T?ADC36B S 2N5�� � S 0A2 245cGT]`D6583CXHY4580�bNG\5�l S 580N� �?AY4=a7\5804:TK�2 S DC365cGHB>3C79Bcu¬bfQS G�243C5|bNGH5�l S 5804� � � 2N587�]aG`QS 0N580I��=a795cGH7�5cGHYxQ=aDCB�:	=a0 0 S 0583C0N5>b S 0N[MB\36K`0�2N5cG{w�583CBcÆ
� � � � � ��� � � X~K`7 Í � Ù\Õ ÍpÖ u Ö 4`Õ

��sr58047\K�5cGZY Q=aD6B�:	=a0�P QS GF24580VG\KaB9580q��=a795cGF24365>b4G\5�l S 580N�aÆ
� � � � � ��� � � X~K`7 Í � Ù9Õ ÍpÖ ua`8A²Õ

/10�2N5cG�£�GH=3�N3C7VEF3CGH2-0 S G�583C045cG�2N5cG��x=a795cGL:TKM2 S DC365cG\B·E�5cGZ2N580vg�79K�24= ° 583O0N5cG�2N5cGJLKM2 S DC=@B\36K`047\3O042436�c587�� � KM2N5cG�� � ¥a5cGH7\XZY²EF3O042N5cBcu
U�36GH2|243658795>j S sA7\B\36B S B\36K`0·3C0·245cG'J^=@B9GH3A����= S 7FãlDC583CXHY S 0N] ÍpÖ u Ö =aÕ�2 S GHXZYN]a5cP QS YNG\Bcg�79K5cG\]`36sAB�7\3CXHYq24365�0N5 S 5>»�5cE�5c] S 0N]`79]`D6583OXHY S 0N]&� j�3C5@4�×?�

��>© Í � ��à¬X~K`7 Í � Ù9Õ��	Õ � � � � ÍpÖ ua`�×´Õ
E�Kas�583�� S 042 �¤�c5836B\DO3CXHY�[aK`0A79B\=a0²B95agrG\5c58DOD65@5aå+@�5aå§}eJL=@B9GH3C�c580^7H3C042 S 042 �i583C0�[aK`0�}79B\=a0dB95cG�5aå§}Ñ[aK`:T?rK`0N580dB\36]a5cG{mo5c[dB9KaGl3C79Bcu
J^36Bo243658795cGo»�5cE�5c] S 0N]`79]`D6583CXZY S 0N]�EF36GH2�7\3CXZY�[a583C0T79B\=@B\36K`0xQ=@GH5cG�w S 79B\=a042�:T58YNGo583O0479B958D }D6580vuxjMB\=@B9B>24587\79580¸EF36GZ2L2N5cG>»'D6K�XHYd¥a5c[MB9KaGn04=aXZYW2N58: FsA[MDC3O0N]a580L=aDOD65cG��y3C047HXHYdEF3C0N]@}
¥aKaG\] Q=a0N]a5�583C045k?r5cGH36K�243C7\XZYN5�»�5cE�5c] S 04]V:i36BF2N5cGl£®5cGH36K�2N5 � � Ì 2 S GHXHY4P QS Y4G\580vu4fs4sA3CD }2 S 04] Ö uC×�5��c5836]aBk24365��c5836B\DO3CXHYN5T��0²B_EF3CX\[�D S 04]V:i36B�2N580¸]`D6583CXZYN580Â£¬=@GH=a:T5cB95cGH0ÂEF365T3C0fs4sA3CDC2 S 0N] Ö uC×�`V:	36Bf583C0N5cGF� S 7´Q=@B9�8DC3CXZYN580¸£yY4=a79580A:TKM2 S DC=@B\36K`0�24587F]aG`QS 0N580L��=a795cG\Pp58D }2N587cu�ºl365l»�5cE�5c] S 0N]T2N587�»'D6K�XHYd¥a5c[dB9KaGH7 ��[À=a0A0·=aDC7\K�3C0·583C0N5{bNK S GH3C5cG\G\583CYN5f580²B_EF3CXH[a58D6BE�5cGH2N580vÆ

� Í Ù9Õo© �É
ÊaË �

�

� Ê ��� 4 Ê V � ÍpÖ ua`aà`Õ

�y3O04795cB9�c580�2436587\5cG	¼�583CYN5804580²B_EF3CX\[�D S 04]^3C0 243C5V»�5cE�5c] S 0N]`79]`DC583CXHY S 0N]WPZQS YNG\B�= S P{24=a7ãlD6583OXHY S 0N]`7\7OH�79B958:
Í � ��-ÑÞ � Õ�� � Ê � � � Í � Ê ] Ì ��� Ê � Ì Õ � � ��� Ê � � © A ÍpÖ ua`aå`Õ



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ Ö å

0 2.5 5 7.5 10 12.5 15 17.5
t
ms

0

0.02

0.04

0.06

0.08

0.1

0.12

r
3
+
r
4

fs4sA3CDC2 S 0N] Ö uC×�5MÆ 	 �,�	�")+�+$&%�� ��
�� � �#$&H�)	��
��b���,� '*���"�I��R,��
�� ����� �!
��!���"�����"��
 	 �:� �&��
���� �	.
�4$&%��"1324�	5�������1 ��6����"��. . �	� �,�+
���� $B%�������
�. ������)+���"�+�!
<����� �������
��,
<���������� 5!��
</�7 ��@ ��� R!7
	 ��� 	 �,�	� � ; = � ����
:���I� ���#$&% ���!�G��6�� ���,. �	. ��
��"���"��
 EG�"��
:��R,�������!
�� 
MK �&7XC^A���� ; S�A���� �
��� ; � S�A���� �����4;�=���� ��� � ; K���� ��� �4; K��� ;�A���� ����; 	!= � 7 T

º{5~ÚÛ04365cGHB�:	=a0�0 S 0�24365>J^=@B9GH36�c580�> ]Ê S 042�> �Ê gA79Ki2A= ° ]`3CD6BcÆ
� Ê ] Ì © > ]Ê � � Ê P QS G Þ�� A � Ê � Ì © > �Ê � � Ê P QS G Þ�� A ÍpÖ ua` Ö Õ
79K	PpK`D6]aBtP QS GtÞL© A

Í ����à3� ���.-B> ]� Õ � � � ©(Ò�� ÍpÖ ua`B``Õ
J^36BGk{3CD6Pp5L2A3658795cGqãlD6583CXZY S 0N]I[@=a040 :	=a0�0 S 0 � � sr5879B\3O:	:T580vg�E�58040 > ]� sr5c[À=a040dB3C79Bcu�UW5836B95cGHY43O0Â[@=a040I:i=a0¾=aDCD65 � Ê QS sr5cG�24365ÂQS sAGH36]a580 > Ê :	3CBfk{3CD6Pp5i2N5cGnº{5~ÚÛ0A36B\36K`0
ÍpÖ ua` Ö Õ�sr5879B\3C:i:T580vu�º{= �>583C0VG\5c58DCD65cG�mo5c[MB9KaGf3C79BcgM]`3CD6B � Ê ©�� � � Ê g�587']a580 QS ]aB�=aDC79KNgN24365J^=@B9GH36�c580 > ]Ê � S [a58040N580vuhºl3658795	DO=a7\79580Â7\3OXHYÂ36B95cGZ=@B\36¥ QS sr5cG>243C5	ã�D6583CXHY S 0N] � jN365@4�×ag
ãlD6583OXHY S 0N]iåB` �

> ]Ê � Ì ©(Ò Í ����-ÑÞ � � � � > ]Ê Õ � Ì �F� ÍpÖ ua`B5`Õ
sr5879B\3C:	:	580vu
ºl365�J^=@B9GH36�c580 > ]Ê [ QK`040N580T=aDC79K>3CB95cGH=@B\36¥n2 S GHXHY�583O0N580�JL=@B9GH3:�M[a5cB9B9580ds4G S XZY	sr5cG\58XZY40N5cBE�5cGH2N580vu%kf365cGH� S EF36GZ2W583C0N5i245cG >�}eJ^=@B9GH36�c580 :	36Bk]a580¬QS ]a58042 YNK`YN58: Þ ©¤Ã ]`D6583CXZY½ S DCD�]a58795cB9�cBcgr79Ki24= ° 0A=aXHYLãlDC583CXHY S 0N] ÍpÖ ua` Ö Õ�]`3CD6BcÆ

! Ê © A P QS G Þ�� Ã ÍpÖ ua`�=aÕ
k{365cG\sr583A: SN° 2A365f{0N�8=aY4D�2N5cG'2 S GHXZYN]a5cPZQS YNG\B9580	/¯B95cGH=@B\36K`04580|:i3C042N5879B9580A7y3C0·2N5cGtãlG§QK@}
° 580NKaGH2A0 S 04]	2N587�JLKM2 S DC=@B\36K`047\3O042N5?�i79583C0hu



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ ÖaÖ

-80 -60 -40 -20 0 20 40

dr in MHz

b
e
l
.
E
i
n
h
e
i
t
e
n

-80 -60 -40 -20 0 20 40

dr in MHz

b
e
l
.
E
i
n
h
e
i
t
e
n

-80 -60 -40 -20 0 20 40

dr in MHz

b
e
l
.
E
i
n
h
e
i
t
e
n

fs4sA3CDC2 S 0N] Ö uC× =dÆ �>�+��H���
�� �,�+
��,��$B%:�!�"�,
�. ������)#�����	��
 ���N� �������,
 �D�#$&%�� 
 �,)#����� . �	� ���,� ���"�,1
�����,
�R K���7 @!@ � %�R ��� 
 ����� � )+���!�����"R,��
�R��"�+�!
��!)F7 � � �,
DJ�� � ; =��+K!L � �	�����!J�� �4;�=�� @�L��4
����,
DJ
� � ; K�+KN@�7



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ Ö `

-80 -60 -40 -20 0 20 40

dr in MHz

b
e
l
.
E
i
n
h
e
i
t
e
n

-80 -60 -40 -20 0 20 40

dr in MHz

b
e
l
.
E
i
n
h
e
i
t
e
n

-80 -60 -40 -20 0 20 40

dr in MHz

b
e
l
.
E
i
n
h
e
i
t
e
n

fs4sA3CDC2 S 0N] Ö uC×8æMÆ �>�	��H���
��b���	
���� $�%��!�"�,
�. ������)#�����	��
 ����� �������
��,
>�D�#$&%�� 
 ��)+���N� . �	� ���,�
������������
�R K ��7 @�@ � %�R �!� 
G����� � )+�����"�N��R��,
�RN���+�!
��!)F7 � � �,
DJ � � ; =��+K!L � �	���"��J � �b; =�� @�L
� 
����,
DJ�� �G; K��	K @�7



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ Ö 5

ºl365qfs4sA3CDO2 S 0N]a580 Ö uC× = S 042 Ö uC×8æ¾�c5836]a580 24365q S 79EF3CG\[ S 0N]L¥aK`0-?AY4=a7\5804:TK�2 S DC365cG\}B9580��x3CXZY²B9Pp58DC2N5cGZ0 = S P>24=a7|b¬D S KaG\587\�c580N�87\36]`04=aDÑu�/¯0 2436587\580 ¼�58XZY40 S 0N]a580 E S GH245q24365mo5cGH79B\3O:	: S 0N]�2N587V]aG`QS 0N580���=a795cGH7�sr583�Òfå8A�J^YN�¸]a5cEnQ=aY4D6Bcu�ºl365Wmo5cGH7\B\3C:	: S 0N]a5802N587iG\KaB9580 ��=a795cGH7 � � PRQS G	243C5qº S 0N[a58D6G\587\K`04=a0N�c580�5cG\E'=@G\B95cB|E�5cGZ2N580�7\3C0A2�:	36B	¥�365cGDeQ=a0N]a5cGH580�jMB9GH3CXZYN580�=a: S 0²B95cG\580µ¼F=a042�245cG^ã{GH=ÀÚA[a580�:	=@G\[�365cG\Bcu�J^36B�79B95836]a580A2N58:JLKM2 S DC=@B\36K`047\3O042N5?� � � sA�cE>u�� � ¥a5cGHDC365cGH580i24365lº S 0N[a58D6GH5879K`04=a0N�c580|=a0 F�365cPp5auMºl=@P QS G580dB\79B958YN580¾045 S 5·jMB9G S [MB S G\580hgr2A365T]a5c]a580I2A365Tº S 0N[a58D6G\5879K`0A=a0N�c580 S : ml3658D6P³=aXHY45	2N5cGJLKM2 S DC=@B\36K`0479PpG\5�l S 580N��¥a5cGZ79B\3C:	:nB�7H3C042vu`ºl3658795>jMB9G S [dB S GH580	580dB\79B958YN580�24=a2 S GHXHYvgM24= °24365TjM5836B9580ds�Q=a042N5cGl2N587{:TK�2 S DC365cGHB9580q�x3OXHYdB9P¹58DC24587F� S 7H=a:	:T580¸:	36B{2N58: S 04:TK�2 S DC365cG\}B9580¸�x3CXZY²B9Pp58DC2Ww�E�583 }e£yYNKaB9K`0N}e¼�5879K`04=a04�c580^=a04G\5c]a580vurº{3C5n79?r5c[MB9GH=aD6580^£�K`7H36B\36K`0N580L2N5cG
jMB9G S [dB S GH580vgv24365i2 S GHXHYW243C5T5cGH79B9580 j�5836B9580²s Q=a042N5cG>¥a5cG S GH7\=aXHYdBkE�5cGH2N580hgx7\3C042W3O0Â2N580ã{GH=ÀÚÛ[a580q2 S GZXHYV[�QS G\�c5cG\5njMB9GZ3CXHYN5>:i=@G\[M3C5cG\Bcu
ºl365·JLK�2 S DC=@B\36K`0¾2N587>G\KaB9580 �x=a7\5cGH7>PZQS YNG\Bk� S Gkmo5cG\sAG\5836B95cG S 04]�2N5cGn��3C0436580NPpKaGH:�grsr583JLKM2 S DC=@B\36K`0 2N587�]aG QS 0N580 �x3OXHYdB\7nsÛD65836s4B�24365V»�GH5836B95�24=@]a5c]a580 [aK`0479B\=a0dBcuyºl3658795cGT��P¹}Pp5c[dB·[À=a040

�
Ef365q7\XZYNK`0-2A365�mo5cG\s4GH5836B95cG S 0N]I2 S GHXZY ��GZYxQK`Y S 0N]¾2N5cG·/¯0dB958047\36B´Q=@B �24=a2 S GHXHYW5cGH[MDeQ=@GHB�E�5cGH24580vgx24= ° 2A=a7�G\KaB95·��3CXHYdBk=aDC7k£�G\Kasr5^QS sr5cG>24365	¼F5879K`04=a0N�i¥a5cG9}79B\3C:i:kBTEF3CGH2vg¬EnQ=@G\58042 24365Vmo5cGH79B\3C:i: S 04]Â2N587|ã{G`QS 0N580��x3OXHYdB\7	[aK`0479B\=a0dBi]a58YA=aD6B9580EF36GZ2vuA»�583oJqK�2 S DO=@B\36K`0q2N587{G\KaB9580W��3CXHYdB9587lE�5cGH2N580^=aD6KV583C0N5fF�G§Q=@]a5cG\PpG\5�l S 580N�agv79K§EF36524365l24=@� S ]a58Y�QKaGH36]a580qjM5836B9580ds�Q=a04245cG�QS s�5cGt243C5{¼F5879K`04=a0N��¥a5cGH7\B\3C:	:nBcu��a582N5�2436587\5cG'b4G\5~}

l S 580N�c580^5cG\�c5 S ]aBl583C0N5�D6KaG\580dB9�cP1QKaGZ:	36]a5�b®D S KaG\5879�c580N�8DO3C04365agA245cG\580q/10dB958047\36B´Q=@B{¥aK`0¸2N5cG/10²B958047H36B Q=@BF2N587F¥a5cG S GH7\=aXZYN58042N587f»'=a042N587F=@sÛY Q=a0N]aBcuÛºl365 Q¶Fsr5cGHDC=@]a5cG S 0N]	2N5cG{�hKaG\580dB9�~}?4G\K@Ú�D65n243C58795cG{»�Q=a04245cG{5cGH�c5 S ]aBl583C0N5ksAG\5836B95cG\5�mo5cG\B9583CD S 0N]Ng�245cG\580¸jNXHYdE�5cG\? S 0N[MB{7\3OXHYsr583v2N5cGFbNGH5�l S 5804�>sr5~ÚÛ042N5cBcg�sr583v2N5cGF2N5cGKFxG§Q=@]a5cGFG\5879K`04=a0dBF3C79Bcu



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ Ö =

�n��� ��� g�� d|����e��v¢f�Û�f¢KdT H� � ¡ ���t�h  �T¡ g�� ¢ �
»�583N2N5cG�bNG\5�l S 580N�8:	KM2 S DC=@B\36K`047\7\?�5c[MB9G\K`79[aKa?Û365 Í b¬Jq}¯jM?r5c[dB9G\K`7\[aKa?A365§Õ�EF36GZ2n24=a7¬��3CXHYdB1}Pp58DC2Â?AYA=a795804:TK�2 S DC3C5cG\Bcgv= S P�2N58:¿= S XHY 24=a7�j�36]`04=aDy]a58:T587\79580 E�5cGH2N580 79K`DCDÁuxºl=^24365¥a5cG\E�58042N5cB95>£�YNKaB9KM2A36KM245f3C: G\KaB9580qjM?r5c[MB9GH=aD6sr5cG\583CXZY	58:T?NÚ�0424DC3CXZYN5cGyGH58=@]`365cG\BcgN=aDC7'3C:
]aG`QS 04580vgA3C79BF587F�cE�58X\[�:qQ= ° 36]Ngv2N580qG\KaB9580L��=a795cGFPRQS G{24365>JLKM2 S DC=@B\36K`0 S 042�2N580L½f=aXZY�}E�583C7t� S ¥a5cG\E�58042N580hu
/10	FsÛ7\XHY40A36B9B�àMuC×�E S GZ2N580�FsA7\KaG\?4B\36K`0 � Í � Õ S 0A2�ºl3C7\?�5cGZ7\36K`0
	 Í � Õ¬=aDC7��xKaG\580²B9�cP S 0N[d}B\36K`0N580�=a0N]a5804K`:	:T580 S 042�3C0�24365�ãlD6583CXZY S 0N]a580 Í àMuC×:A²Õ S 042 Í àMuC×a×´Õ®583C0N]a587\5cB9�cB S :±24=a7bNG\5�l S 580N�8:	KM2 S DC=@B\36K`047\7H36]`04=aDÛPZQS Gt583O0qw�E�5836}e½f36¥a58= S }¯j�HM7\B958:â� S sr5cG\58XHYA0N580vu4J^36B�2N580Ka?4B\3C7HXHYN580·»�DCKMXZYN]`D6583CXZY S 04]a580	3C79B�587�0 S 0	: QKa]`DC3CXZYvg²243C5ts�583O2N580Tb S 0N[MB\36K`0N580 � Í � Õ S 042
	 Í � Õ'2436GH5c[dB'� S sr5cG\58XZY40N580vu
 S 7�2N5cGF��D65c[MB9G\KM2iHM04=a:i36[i3C79Btsr5c[@=a040dBcg424= ° 583C0VK`79�83ODCDC365cG\580A2N5cGtº{3C?�K`Dv2A365�FsA7\B9GH=aY�}D S 04]>583C0N587y58D65c[dB9GZ3C7\XHY4580ibN58DC24587�� S G�bNK`D6]a5lY4=@Bcu�ºl=a7�B9GZ=a047\:	36B9B\3C5cG\B95�58D65c[MB9GH3C7\XZYN5fb458DC2795cB9�cBT7\3CXZYI=aDO79Kq� S 7H=a:	:T580 = S 7n2458: S GZ79?4G`QS 04]`DC3CXHY4580WbN58DC2 S 042Â583O0N58: £®K`DC=@GH3O7\=@B\3 }K`0479Pp58DC2�24=a7F2436587958:<QS s�5cGZDC=@]a5cG\Bt3C79BcÆ

I��k© I 4 � I!N�LOQ ÍpÖ ua`aæ`Õ
º{5cGTwr5836B\0 S DCD6? S 04[dBfE S GH2N5	7\Kq]a5cEnQ=aY4DCBcg�24= ° 2A=a7k583C04]a5879B9GH=aY4D6B95·�x3CXZY²B9Pp58DC26I 4 583C0N5cGG\583C04580 ��K`7\3C0 S 79E�58DCD65¬580dB\79?4GH3OXHYdBcu§ºl=a7x2 S GHXHYn24365�£®K`DC=@GH3C7H=@B\36K`0>2N587�'B9K`:	7x¥a5cG S GH7\=aXZYN5bN58DC2L[@=a040q�c5cGZD65c]aBfE�5cGH2N580^3C0q583C0N580 �'K`7\3C0 S 71} S 042�583C0N580Wj�3C0 S 7\=a0dB9583CDÁu4º{5cG���GZ79B95cG\53C79Bt?AG\Ka?rKaG\B\36K`04=aD�� S GFfsA79KaGH?4B\36K`0 � Í � ÕZgÛ2N5cGF�x5cB9�cB95cG\5k� S G�º{3O79?r5cGH7\36K`0	 Í � ÕZÆ

I��k© I � X~K`7 Í � Ù9Õ¬Ò I � � Í � ÕMX~K`7 Í � Ù\Õ�Ò I � 	 Í � ÕM7H3C0 Í � Ù9Õ ÍpÖ ua`B4`Õ
ºl=@sr583'583CD6B�24365�£®K`DC=@GH3C7\=@B\3CK`0 2458: =@s4]a5879B9GH=aY4DCB958: bN58DC2 I!N�LOQ S : 48A��i¥aKaGZ= S 7cu�ºl365£®K`DC=@GH3C7H=@B\36K`0>3C79Bx?4G\Ka?rKaG\B\36K`04=aD@� S :µ��GHE�=@G\B S 0N]`79E�5cG\Bx2N5cG®º{3C?�K`DO:	=@B9GH3A��58D658:T580dB95 S 04224=a:	3CB�� S :â¼F58=aD6B9583CD 7 2N5cG�½{3CXHYdB\243C=@]aK`04=aDC58D658:T580dB95>2N5cGtº{3OXHYdB958:	=@B9GH3A�ru4º{580�»�583CB9GH=@]583C0N587�2436?rK`D65cGZDC= S s4B9580 Q¶fsr5cG\]`=a0N]`7��cEF3C7HXHYN580V2N580�w S 79B Q=a0A2N580 ' -1ß S 042G' 9Mßy5cGHY Q=aD6B�:	=a0
2 S GZXHYV583C0N580q;�Kd5��·�836580²B9580d¥a5cG\]`D6583OXHYq3O0�2N5cG�PpK`D6]a58042N580qãlDC583CXHY S 0N]Nu

Ò � 4<5 Í � ÕM7\3O0 Í � Ù9Õ ��	 4<5 Í � ÕMX~K`7 Í � Ù\Õ + �.- Í # 4<5 Í � Õ9Õ ÍpÖ ua58A²Õ
E�Kas�583 � 4<5 2A365ifsA79KaG\?4B\3CK`0vgx24365·2 S GHXZY¾2N580 Q¶Fsr5cG\]`=a04] ' -¯ß = ' 9Mß�¥a5cG S GH7\=aXHYdB�EF36GH2vg
S 042�	 4<5 2A365l580²B\79?AG\58XHYN580A2N5kºl3C79?r5cGH7\3CK`0·sr5c�c583CXZY40N5cBcu
ºl=k243C5�583C0N�c58DC04580 Q¶Fsr5cG\]AQ=a04]a5F�y36]a580A7\XHYdEF3C0N] S 0N]a580	2N587�=@B9K`:	=@G\580�j�HM7\B958:	7y24=@GZ79B958D }D6580vg�[@=a040L:i=a0^2A365TjNXHYdEF3C0N] S 04]a580�]a5cB9G\58040dB�¥aK`0N583C0A=a042N5cG{s�5cB9GZ=aXHYdB9580vuvº{3O79?r5cGH7\36K`0
� 4<5 S 0A2WFsA7\KaG\?4B\36K`0�	 4<5 7\3O042¸= S 7nãlD6583OXHY S 0N] Ö ua58A�PRQS G�PpK`D6]a58042N5TUW5cGHB95i¥aK`0�- S 042
9 = S 79� S G\58XHY404580vÆ�� -�9���©��§åB`���.��§åB5���.��§å�=���.�� Ö 5�� .�� Ö =�� S 0A2�� Ö æ��`u�¶f:%2N580�]`=a04�c580�y3O0�j SN° 2N587q/_K`047q= S PT24=a7q��3CXHYdB9P¹58DO2�� S 5cGHYA=aD6B9580vg�7\3C0A2�243658795ÂUW5cGHB95I0 S 0 S 0dB95cG

\ #&/����"- -��,<0=�= ���>��[\�"�;SV���0/A2 �O%'! 2 �"�����"/A*7���"�,*'2F��������<0=��02 ��/ASAUV�'/A*,�"*,�"!8�"�����G='/A�32F�"*7�ND1*��,�"S1�	/A�C2F���
�,� 2 �,�"-���� �6��[\�"�7�&SV�>4 T/A='*7���"�!��% -.���,<>=���%'� S 2 �"-&Q�U�U1�02 �,�3/X���"�'-#"F-.���"!8-"M3#&�,�$����<0=���%'� S D\�,� 2 �,��[\��� 2F�
IJ�,<0=���K �"*�2 �>�CR ��UAR3/1SV�,�����"� �,-.�8/1*�- ";a%��<>= -��:2 ��]'�'�,�����NM # �������N/A*7���"�,*,�WSA�"[\�"� SA���0/V2F�W2F�"�&�������"�,*G2F���
2 �,�"*,�"(������,-�<0='�"�(' UA*�/1���,-�/1���,UV� /1�JD'2 ���6-��"� (����"<>=���/1% K 2F���)"Fa*��<>= -�� *,�,�"SA�NM



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ Ö æ

»�5cG`QS XH[M7\3OXHYdB\36] S 0N]W2N5cG�G\58DC=@B\3C¥a580IUW58XZY47958D6Ef36G\[ S 0N]`7\79B´Q=@GH[a580vg¬EF365V7\365V7\XHYNK`0�3O0IfsN}7\XZY40436B9B Ö uáàMua`	ãlD6583OXHY S 0N] ÍpÖ u Ö à`Õ�¥a5cG\E�58042N5cBtE S GH2N580vgd� S =a2424365cG\580huNj�3C5f5cG\]a5csr580�7\3OXHY5csr580NP³=aDCDC7'= S 7�2N58: U 36]`045cG9}e�yXH[À=@GH2�F�YN5cKaG\58:�u4JL=a0q5cGHYxQ=aD6B�=aDC7\KNÆ
� Í � Õ + Ì7���� å Í � " � Í � Õ®Ò	� U � Í � Õ9Õ � Í � U � Í � Õ®Ò
� " � Í � Õ9Õ��F7\3C0 Í � � ÕÒ Í � " � Í � Õ ��� U � Í � Õ9ÕNX~K`7 Í � � Õ
	 Í � Õ + Ì7 ��� å Í 	 " � Í � Õ®Ò 	 U � Í � Õ9Õ � Í 	 U � Í � Õ�Ò 	 " � Í � Õ9Õ��F7\3C0 Í � � Õ

� Í 	 " � Í � Õ � 	 U � Í � Õ9Õ�X~K`7 Í � � Õ
ÍpÖ ua5�×´Õ

�y7¬7\3O042tz95cB9�cB�=aDC79Kl0NK�XHYT243C5�ºl3CXZY²B958:	=@B9GZ3A�M58DC58:T580²B95�=aDO7®b S 0N[MB\36K`0N580�2N5cGobNG\5�l S 580N� �� S 5cGHG\58XHY404580vuWk{365cG\� S E�5cGH2N580q� S 0xQ=aXHYA79BF24365nj S sA79B\36B S B\36K`0N580V= S 7F24580^ãlD6583OXHY S 0N]a580ÍpÖ uáåB5`Õ S 042 ÍpÖ u Ö 4`ÕZÆ
# 4<5 � # 4<5 5?��? Í Ò - � � Ù®Ò�- �<7\3C0 Í � Ù9Õ9Õ ÍpÖ ua5aà`Õ

� S G`QS X\[M]a580NK`:	:T580vu�ºl=a2 S GHXHY 5cGHY�Q=aD6B�:i=a0 EF36582N5cGT24365|EF36GH[MDC3OXHYN5�w�5836B\=@sAYxQ=a04]`36]a[a5836B2N5cG>½{3CXHYdB\243C=@]aK`0A=aD658D658:T580dB95au �a5824587 # 4<5 795cB9�cB�7\3CXZYW04=aXHYÂ245cGkº{5~ÚÛ0436B\36K`0 ÍpÖ u Ö 5`Õ>= S 7�cE�583{;>K`:T?rK`0N580²B9580�2N587V»'D6K�XHYd¥a5c[dB9KaGZ7�� S 7\=a:	:	580vu�»�5c�c583CXZY40N5cB�:	=a0�243C5qsr583C2N580;�K`:T?rK`0N580dB9580�:	3CB !��¾S 042 ! K gA79Ki2A= ° ]`3CD6B
# 4<5 © ! � � - ! K ÍpÖ ua5aå`Õ

S 042I795cB9�cB�:	=a0¾PRQS GFz158245·;�K`:T?rK`0N580dB95i¥aK`0 ��243C5·¼�583OYN580N580dBeEF3CXH[MD S 0N]q04=aXZY ã�D6583 }XHY S 0N] ÍpÖ ua`aà`Õ>583O0vgh79Kq5cGH]`36s4B>7\3CXZY¾2 S GHXHYÂ��3C04795cB9�c580¾3C0 ÍpÖ ua58A²Õ S 042W=a047HXHY4DC3C5 ° 58042N580;�KM5��i�836580dB9580²¥a5cGH]`D6583CXHYhÆ
	 4<5 Í � � Õ © � � !��� ��à�� Ì �54 Í ! KÌ Õ ��à�� 7 �.- Í !��7 Õ
� 4<5 Í � � Õ © Ò � � ! K� ��à�� Ì �/4 Í ! �Ì Õ®ÒIà�� 7 � - Í ! K7 Õ
	 4<5 Í � � � � Õ%© � �aÍ �.- Í !��Ì Õ ���/4 Í ! K Ì Õ9Õ ��� Ì Í �.- Í !��7 Õ ���/4 Í ! K7 Õ�Ò !��� Õ

� � 7 Í �.- Í !��Ì Õ®Ò6�54 Í ! KÌ Õ9Õ
� 4<5 Í � � � � Õ © Ò � �aÍ �.- Í ! K Ì Õ�Ò6�54 Í ! �Ì Õ9Õ¬Ò � Ì Í �.- Í ! K7 Õ�Ò6�54 Í ! �7 Õ¬Ò ! K� ÕÒ � 7 Í �.- Í ! K Ì Õ ���54 Í !��Ì Õ9Õ
	 4<5 Í � � Ò � Õ%© � �aÍ �.- Í ! �Ì Õ�Ò6�/4 Í ! K Ì Õ9Õ ��� Ì Í ! �� Ò � - Í ! �7 Õ ���54 Í ! K7 Õ9Õ

� � 7 Í �.- Í ! �Ì Õ ���54 Í ! KÌ Õ9Õ
� 4<5 Í � � Ò � Õ © Ò � �aÍ �.- Í ! K Ì Õ ���54 Í !��Ì Õ9Õ¬Ò � Ì Í ! K� Ò �.- Í ! K7 Õ®Ò6�54 Í !��7 Õ9ÕÒ � 7 Í �.- Í ! K Ì Õ�Ò6�54 Í ! �Ì Õ9Õ

ÍpÖ ua5 Ö Õ

E�Kas�583��
	V24365	»�587\7958D6P S 0N[MB\36K`0N580 �
	 Í � Õ�7\3O042vu.F�5cGH:T5·3O0Â2N580N580 V ]aG§QK ° 5cG�=aDC7>�cE�5833C79Bcg47\K´EF365>Y�QK`YN5cG\5kbNK S GH365cG\[aK`:T?rK`0N580dB9580�¥aK`0��kE S GH2N580|¥a5cGH04=aXZY4DeQ=a7\7\3C]aBcu
ºl365iãlD6583CXZY S 0N]a580 ÍpÖ ua5 Ö Õl5cG\]a5csr580¸PZQS G�z15824580 Q¶Fsr5cG\]`=a0N]�fsA79KaG\?AB\36K`0 S 042¸ºl3C79?r5cGH7\3 }K`0¸3C0^FsAY�Q=a0N]`36]a[a5836B{¥aK`0W2N5cG{UW58DCD65804DeQ=a04]a5aur��3C0N]a58795cB9�cB�3C0^24365TãlD6583CXZY S 0N]a580 ÍpÖ ua5�×´Õ5cGHYxQ=aDCB	:	=a0 0 S 0�24365�¥aK`DODC79B´Q=a04243C]a5�º{3O79?r5cGH7\36K`0 S 042�fsA79KaGHs4B\36K`0�3C0�fsAYxQ=a04]`36]a[a5836B¥aK`0q245cG�UW58DCD65804D Q=a0N]a5 � u4ºl365879587F�yG\]a5csA043O7�Ef36GH2�3C0�243C5>ã�D6583CXHY S 0N]a580 Í àMuC×:A²Õ

� V K Í Ù9Õ�©�Ò Ì7�� � �PI@7� � � �`Í �±Õ � Ì Í �±Õ Í à 	 � Ò 	 � Ì Ò 	 Ì Õ
� � Ì Í �±Õ � 7 Í �±Õ Í 	 Ì � 	 � Ì Ò 	 7 Ò 	 � 7 Õ�´7\3C0 � Ù ÍpÖ ua5B``Õ



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ Ö 4

-2 -1 0 1 2

dr

I
n
P
h
a
s
e

-2 -1 0 1 2

dr

Q
u
a
d
r
a
t
u
r

-2 -1 0 1 2

dr

D
i
s
p
e
r
s
i
o
n

-2 -1 0 1 2

dr

A
b
s
o
r
p
t
i
o
n

fs4sA3CDC2 S 0N] Ö uC×�4MÆ ������������
�R,. ������)#�����	��
��"�" �,H��"�����"H!�� ��	� 
&����*���	
��Q��
�
���%����"
:� )	���"��
��"R 
�����". �	1
�!� � �������" ��"�+�!
D7 PQ�	� ������� " �������"�+. . ��
�� ��� �#��� �+
 �B�+
�%����M���,
 ���,� � ������)+���"�+�!
�� 
 �"������,
�R 9
��
��!�,��� � �,
D7 C � � ; � K E � R�B9 ; /!E �4R � � ; K ����� ��; @�� ����� � ; � � @�� � ; ��?�@ � � R �
� ;
	�=�� 7 T

S 042 Í àMuC×a×´Õ
� V�� Í Ù\Õ�©(Ò Ì7 � � �PI 7� � � � Í � Õ � Ì Í � Õ Í � Ì Ò
� � Ì Õ

� � Ì Í � Õ � 7 Í � Õ Í � Ì Ò
� � Ì ��� 7 Ò
� � 7 Õ�´X~K`7 � Ù ÍpÖ ua5B5`Õ
= S 7t2N58: FsA7HXHY4043CB9BtàMuC× Í jM5836B95T×:A²Õ�583C0N]a587\5cB9�cB S 042�:	=a0V5cGZYxQ=aD6Bt24=a7t5cG\E'=@G\B95cB95kb4G\5~}
l S 580N�8:TK�2 S DC=@B\3CK`047\7\36]`0A=aDÛPRQS GF2A=a7f{XHYdB1}e½f3C¥a58= S }¯j�H�79B958:�uvfDOD65>043CXZY²B\DC3O0N58=@G\580�����5c[d}B95agx243C5�3O0^245cG>5cGH79B9580W»�5cB9GH=aXZY²B S 04]L3C0WfsA7\XZY40436B9B>àMuC×T¥a5cGH0A=aXHY4DeQ=a7H7\36]aB�E S GZ2N580¸7\3C0422 S GZXHY�2436Gxmo5cGHE�58042 S 0N]f245cG�Ka?4B\3O7\XHYN580�»'D6K�XHYN]`D6583OXHY S 0N]a580�sr5cG QS X\[�7\3CXZY²B\3C]aBcu´/10479sr5879K`0�}2N5cG\5T]a58Y4580¾= S XZY¾24365	��3C0�jyQS 7\795�2N5cG�w�E�583 }e£yY4KaB9K`0�}e¼�5879K`0A=a0N�c580¾79K§EF365i24587nw�5cG\P³=aDCDC7¥aK`0�;�K`YxQ=@GH580N�c580V3C0·;>K`YxQ=@G\580N�c580vg�EF3C5{243C5f3C0VfsA7\XHYA0436B9B Ö uáàk583O0N]a5cPZQS YNG\ByE S GH2N580vgM3C024=a7��yG\]a5csA043O7'583C0vu
w S :�Fx5879B'2436587\5cG�ãlD6583CXZY S 0N]a580	E S GH2N580	7\3C5F= S Pv24=a7y{XHYdB1}e½{36¥a58= S }¯j�H�79B958:â:	36By583C0N5cG]aG\K ° 580 mo5cGH79B\3O:	: S 0N]L2N587n]aG`QS 04580¾�x=a7\5cGH7n=a04]a5cE�=a0424Bcu®fs4sA3CDO2 S 0N] Ö uC×�4^79B958DCD6B�24365��GH]a5csA043C7\7\5'2A=@G8u`ºl365�FsÛ79KaG\?4B\36K`0T3O79Bo3C0T2436587958: b4=aDCDNP³=a79B�D6KaG\580dB9�cP9QKaGH:	36]Nu`��7o5cG\]a5csr580
7\3CXZYIj�36]`0A=aD65agvEF365	7\3C5	= S XHYI3C0ÂDC3C0458=@G\5cG>½�Q=aY45cG S 0N]�3C0¾;>=@?A36B958D�à�Y45cGH= S 79]a5c[aK`:	:	5807\3C0A2vuc�y7x7H3C042�z9582NKMXZY>E�5836B95cG\5tjMB9G S [MB S G\580lsr583a]`=a0N�c�8=aYADC36]a580>ml3658D6P³=aXHY4580>2N5cG�JLK�2 S DC=À}B\36K`047\P¹G\5�l S 580N��� S 5cG\[a58040N580vuÛº{3C58795>[vQK`040N580�2 S GHXHY�043OXHYdB\DC3C0N58=@G\5�UW58XZY47958D6Ef36G\[ S 0N]a5802N5cGy��3CXHYdB9Pp58DC2N5cGy:	3CB�2N58: /¯K`0T5cG\[�DeQ=@G\BoE�5cGH2N580vu`»�583A245cG�mo5cGH79B\3C:i: S 04] � � ©� � ©(Ò Ì75cG\[a58040dBn:i=a0¾7958YNGk[MD6583O0N5	¶f04G\5c]a58DC:qQ= ° 36]a[a583CB9580¾3C0Â245cGnºl3C79?r5cGH7\3CK`0^7\K´EF365|= S P'2N58:/10N?AY4=a795~}¯jN36]`04=aDÁu�ºl3658795>E�5cGH2N580�2 S GHXHY�2A365>º S 0N[a58D6G\587\K`04=a0N�c580�¥a5cG S GH7\=aXHYdB S 0A2�7\3C042sr583v2N5cG{j�XZYNGH36B9B_E�583CB95agA:	36B�2N5cG�2A365>; S G\¥a580V]a5cGH58XHY40N5cBfE S GH24580�043CXHYdB�= S Pp]a58DeQK`79Bcu



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ `8A

-80 -60 -40 -20 0 20 40

dr in MHz

b
e
l
.
E
i
n
h
e
i
t
e
n

fs4sA3CDC2 S 0N] Ö uáà8A�Æ ���"������,
�R�. ������)+���"�+�!
������+�!
:��) 
 ���� ���!�	�4$&%���1 2 �+5!�N����1 ��6����"�,. �:�������	
 
^�!$&%����
� ������"�+�!��
�� C^����� �8;-�"��� � ; K TO7PQ�	� � ������)+���"�+�!
�� 
 ���������,
�R �:�,�"� ������ K���7 @!@ � � R � �,� �,�+
��,.
� ������)#�����	��
��"�	
���� � 5��!
 K!7+KN@�7

/10-fs4sA3CDO2 S 0N] Ö uáà8A 3C79B·2A=a7·b¬Jq}¯j�36]`04=aDfPZQS Gi583C0N580 G\58=aDC3C7\B\3C7\XHY4580 b4=aDCD{24=@G\]a587\B958DCD6Bcuºl365¸mo5cGH79B\3C:i: S 04] 24587V]aG QS 0N580��x=a7\5cGH7Vsr5~ÚÛ042N5cBV7\3CXZY�s�583 � � © Òfå8A�J�kF�agtsr583 }
2N5WjvQ=@B9B\36] S 0N]`7\?A=@GH=a:T5cB95cG�DC365c]a580 sr583F�y3O047cu�jMK§E�K`YAD{2A=a7i/10N?AY4=a7\5~}¯j�36]`04=aD�=aDO7·= S XZY24=a7 � S =a2NGZ=@B S GH7\36]`0A=aDrE�583C7\580q583C04580q243C7\?�5cGZ7\36¥a580Vmo5cGHDC= S P�= S P_gÛEF365k:i=a0L24=a7F5cG\E'=@G9}B95cBcg�E�58040LJqK�2 S DO=@B\36K`0479PpG\5�l S 580N� S 042���3C0436580ds4G\583CB95�5cBeE'=·243C5>]`D6583CXZYN5�ã{G§QK ° 5�Y4=@sr580Í fs4shuÛàMuáå`ÕZurf0L2N580LjMB958DOD6580vg4=a0q24580N580�º S 0N[a58D6GH5879K`04=a0N�c580L= S P¹B9GH5cB9580vgÛ7\3O042�3C0�sr583 }2N580·f0dB9583CD6580|2N587�jN36]`04=aDC7y� S 7´Q=@B9�8DC3CXZYN5lj�B9G S [MB S G\580T� S 5cG\[a58040N580hudºl3658795�jMB958DCD6580·7\3C0422 S GZXHY�24365�¥M3C5cG¬DO=a0N]a580	jMB9GH3CXZYN5t3C:�»'3CDO2n]a5c[a580A0N�c583CXHYA0N5cBcuaUW5836B95cG\5fjMB9G S [dB S G\580kB9GH5cB9580= S P¯g�E�58040 24365|j�5836B9580²s Q=a042N5cG�2N587kGHKaB9580 ��=a795cGH7�24365·º S 0N[a58D6G\5879K`0A=a0N�c580 QS sr5cGH79B9G\583 }XHY4580 Í [�QS G\�c5LjMB9GH3CXZYN5§ÕZuo/10�Fs4sÛ3CDC2 S 04] Ö uáà�×�E S GZ2N580 24365��x3CXZY²B\3O0²B958047H36B´Q=@B9580�5cGHYxQK`YdBÍ 7\=@B � ©�åMg�7H=@B � © Ö 1a``ÕZu� S Pp]aG S 042·2N5cGFjvQ=@B9B\36] S 04]n7\3C0A2i24365{�y3C0 j�QS 7\795f2N5cG�º S 04[a58D6G\5~}79K`04=a04�c580	¥a5cGH7\XZY4:	365cGHBcg²583C0N5f S j¬QK`7 S 0N]>243C58795cG'jMB9G S [dB S G\580T3C79By0A3CXHYdB�:T58Y4Gy:qQKa]`DC3CXZYvu

�n�e� � � g�� d·�y��e��v¢f�Û�f¢KdT \� � ¡ ���t�h  �T¡ g�� ¢ �
»�583�245cG{JLKM2 S DC=@B\36K`047\B9GH=a0479Pp5cGH79?r5c[MB9G\K`79[aKa?A365 Í J�F'}¯jM?r5c[MB9G\K`79[aKa?A365§Õ�EF36GZ2�24=a7f]aGaQS 0N5�x3OXHYdB�?AY4=a79580A:TKM2 S DC365cG\BcuMºl365�UW58XHY47\58D6EF36G\[ S 0N]	24587t/_K`0A7�:	36Bt2N580�b458DC2N5cGH0�Ef36GH2|]a5~}:T587\7\580vgo3C042N58:<:	=a0 583C045VJLK�2 S DC=@B\36K`0 2N5cGT{:T?ADC3CB S 2N5·= S Pf2N58:<G\KaB9580 �x3CXZY²B9Pp58DC204=aXZY²E�583C79Bcu
¶{: 24=a7�J�F'}¯jN36]`04=aDN� S s�5cGH58XHY40N580	EF36GH2	2A=a7y04=aXZYN]a5cEF36587958045�G\KaB95f��3CXHYdB9Pp58DC2i=aDC7�583C0N5Q¶fs�5cGZDC=@]a5cG S 0N]|= S 7l2N58: S GH79?AGaQS 0N]`DC3OXHYN580�bN58DO2�I 4 S 0A2L2N58:�£®K`DC=@GH3C7H=@B\36K`0479Pp58DC2�I2N�LOQ



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ `�×

-80 -60 -40 -20 0 20 40

dr in MHz

b
e
l
.
E
i
n
h
e
i
t
e
n

fs4sA3CDC2 S 0N] Ö uáà�×@Æ � �81 ���	��
���) . �M� �!��� ���,� � ��������	����
�� C^����� � ;>S�������� �4; � � @�TO73� )+)	� ��
����,���,

$ ���&��. �,�"�,��� �+� �	
 � � �D7���7 /�=�7

=a0N]a580NK`:i:T580vu�ºl=a7|£®K`DC=@GH3C7\=@B\3CK`0479Pp58DC2�3C79Bi= S XHY Y4365cG	EF3C582N5cG	P QS Glz9582N580 Q¶fsr5cG\]`=a0N]583C0N�c58DO0�� S s�5cGH58XHY40N580 S 042�2A=a040q2N58: U�36]`0N5cG9}e��X\[@=@GH2�} F�YN5cKaGH58: 580dB\79?4G\58XZYN58042L� SQS sr5cGHDC=@]a5cGZ0vuNº{=a7F]a58:T587\7958045�j�36]`04=aDv3O79Bt?4G\Ka?rKaG\B\36K`0A=aDÛ� S G�/¯0dB958047\3CB´Q=@B
� + I �8I �� © I 4 I �4 � I 4 I �N�LOQ � I!N�LOQ I �4 � I!N�LOQ I �N�LOQ ÍpÖ ua5�=aÕ

º{5cG�5cGH79B95lj S :	:	=a0A2�3O79Bo24365'/¯0dB958047\3CB´Q=@B�2N587 S 0d¥a5cG§Q=a042N5cGHB9580	�x3CXZY²B9Pp58DC2N5878g@2A=a7�3C: ���M}?r5cGH3C:T580dBh[aK`047\B\=a0²Bo]a58Y4=aDCB9580nEf36GH2vu´ºl={24=a7�j�36]`04=aDd7958D65c[MB\36¥�sr583²2N5cG¬JLKM2 S DC=@B\36K`0479PpG\5~}
l S 580N� � = S P¹]a5804K`:	:T580¸EF36GZ2vgÛ¥a5cGZ7\XHYdEF3C04245cBl2A3658795cG�f0dB9583CDÁurº{5cGkD65cB9�cB95·j S :	:	=a0423C79B�0 S G�= S Ph243C5ffsA79B9GH=aY4D S 0N]>2 S GZXHYi2A365f£®K`DC=@GH3O7\=@B\36K`0i24587�/¯K`047y� S G`QS XH[d� S PRQS YNGH580vu²ºl==@sr5cG's�583�fsA79KaG\?4B\3CK`0·=a:¤583C04�c58DC0N580·/_K`0 I 4�� I!N�LOQ�]`3CD6Bcg�3C79B'243658795cG'f0dB9583CDr7958YNG'¥�3658D
[�D6583C0N5cG8g�=aDC7�245cG�JL3C7HXHYdB95cGH: I 4 I �N�LOQ � X@u X@u¹u4ºl3658795cGtsr587\XHY4G\5836s4Bt24365l[aK`YxQ=@GH580²B95 Q¶fsr5cG9}DC=@]a5cG S 0N]W2N587T£®K`DC=@GH3C7\=@B\3CK`0479Pp58DC2N587�:	36BT2N58:<583C04]a5879B9GH=aY4D6B9580�b458DC2vu�ºl=a7Tmo5cGHYxQ=aDCB\043C7
I 4 � I2N?LOQx3C79B�2N5cGKkF5cB95cG\K�2 H�0N]a5cEF3C0A0 S 042�sr5c�c583CXZY40N5cB�24365�mo5cGZ79B´Q=@G\[ S 0N]	583C04587�7\XHYdE'=À}XHY4580ÂUW58XHYA7958DC79?A=a0A0 S 04]`7\7\36]`04=aDO7�2 S GHXZYÂJL3O7\XHY S 0N]�:	3CB�583C0N58: PpG\5�l S 580N�~} S 0A2¸?AY4=À}7958047\B\=@sA3CD6580|5?��B95cGH0N580�Dl79�83ODCDC=@B9KaG8u�fDO7t¼�5cPp5cG\580N�cK`79�83CDODC=@B9KaG�2436580dBtY4365cGt24=a7 S GH7\?4G QS 0N]@}DC3CXZYN5tbN58DC2vua/1:±PpK`D6]a58042N580�EF3CGH2�0 S G�245cG�JL3C7HXHYdB95cGH: sr5cB9GH=aXHYdB95cBcgd245cG�f0dB9583CD I2N?LOQ I �N�LOQ[@=a040�3C0V] S B95cGf½�Q=aYN5cG S 0N]T¥a5cGH04=aXZY4DeQ= ° 36]aBfE�5cGZ2N580vu
º{5cGÂ»�5836B9GH=@]Ng�2N580�583C0 Q¶Fsr5cG\]`=a0N] � S GW£®K`DC=@GH3C7H=@B\36K`0µsr583C7\B95 S 5cG\BL3O79BL?AG\Ka?rKaG\B\36K`04=aD� S :±¼�58=aDCB9583CD�2N587®580²B\79?AG\58XHYN580A2N580Tºl3CXHYdB958:	=@B9GH3A��58D658:T580dB\7cga24=a7¬EF3C582N5cG�583O0N5tj S :	:T5�cE�58365cGf»'D6K�XHYd¥a5c[dB9KaGH[aK`:T?rK`0N580²B9580^3C79BcÆ

9 + �.- Í # 4<5 Õo© � - � Í ! � ��- ! K Õ � � 4	� � � ÍpÖ ua5aæ`Õ
jM5cB9�cB|:	=a0�PZQS Glz9582N5q»'D6K�XHYd¥a5c[dB9KaGH[aK`:T?rK`0N580²B95¸24365�b4K S GH365cG\GH583CYN5�04=aXZY ÍpÖ ua`aà`Õi583C0vg



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ `aà

E�Kas�583x0 S G�2A365�;�K`:T?rK`0N580dB9580�:	36BtÞL© 0T×ls�580�QKaB\36]aBtE�5cGZ2N580 " gA79KT5cGHY�Q=aD6B�:	=a0vÆ
9 + � - Í !��Ì ÕMX~K`7 Í � Ù\ÕMX~K`7 Í � Ù9Õ � �/4 Í !��Ì ÕMX~K`7 Í � Ù\ÕM7\3C0 Í � Ù\Õ

� � - Í ! K Ì ÕM7H3C0 Í � Ù9ÕMX~K`7 Í � Ù\Õ � �/4 Í ! K Ì ÕM7\3C0 Í � Ù9ÕM7\3O0 Í � Ù9Õ
ÍpÖ ua5B4`Õ

ºl=a7�58D65c[MB9GH3C7HXHYN5>bN58DO2#I2N�LOQhD_Q= S P¹B�245cGF£®K`DC=@GH3C7\=@B\3CK`0 S : 48A��l04=aXHYhÆ
I2N?LOQ + �.- Í !��Ì ÕM7\3C0 Í � Ù\ÕMX~K`7 Í � Ù\Õ � �54 Í !��Ì ÕM7\3O0 Í � Ù9ÕM7H3C0 Í � Ù\ÕÒ �.- Í ! KÌ ÕMX~K`7 Í � Ù\ÕMX~K`7 Í � Ù9Õ Ò �54 Í ! KÌ ÕMX~K`7 Í � Ù\ÕM7\3C0 Í � Ù\Õ

ÍpÖ u>=_A²Õ

½ S 0�D Q= ° B�7\3CXZY�2N5cG�J^3C7\XHYdB95cGH: = S 7LãlD6583CXZY S 0N] ÍpÖ ua5�=aÕ�= S 79GH58XHY40N580hu,kf5cG\B95cG\K�2 H�0�}
¥a5cGH79B´Q=@GH[ S 04]^B9GZ36B9BT0 S G�PZQS GT2N580 f0dB9583CDt2N587�bN58DC24587'I2N�LOQ'= S P¯g¬245cG�:i36B�2458:<583C0N]a5~}79B9GH=aYAD6B9580·b458DC2�3C0|£yY4=a795l7\XZY²EF3O0N]aBcuMº{5cG�J^3C7\XZY²B95cGH:¤580dB\YxQ=aD6B'7\XZY40N58DCD65�Dl79�83CDODC=@B\36K`0N580
:	36B	245cG·2NKa?4?r58D6B9580���3CXHYdB9PpG\5�l S 580N�auyºl3658795^jNXHYdE�5cs S 0N]a580 DC=a7H79580�7\3CXZY�:	36BT[a583O0N58:º{5cB95c[dB9KaG�= S j®QK`7\580 S 042^E�5cGH2N580Â2N587HY4=aD6s QS sr5cG�583C0N5T£®5cGH36K�2N5ià � � � ]a58:	3CB9B958D6BcuxbfQS G24365l/10²B9580dB\36B Q=@Bf5cG\]`36s4B�7\3OXHY�0 S 0vÆ

� ' �1+ �54 Í ! KÌ ÕM7\3C0 Í � Ù\Õ � � - Í ! K Ì ÕMX~K`7 Í � Ù\Õ ÍpÖ u>=M×´Õ
º S GHXZY^{24243CB\36K`0�2N5cG{583C0N�c58DC04580¸j�3C]`04=aD65>5cGHY�Q=aD6B{:i=a0L0 S 0^24=a7F� S 5cG\E'=@G\B95804245�J�F'}
j�36]`0A=aDÁuAjMK´E�K`Y4Dv24365kw�E�583 }e£�YNKaB9K`0N580�}e����5c[MB95agA=aDC7�= S XHY�243C5l����5c[MB95>5cGH7\B95cG�D{GH240 S 0N]E�5cGH2N580�2 S GHXHY�243C5>»�DCKMXZYN]`D6583CXZY S 04]a580�GH3CXZY²B\36]TEf36582N5cG\]a5c]a5csr580vu
fs4sA3CDC2 S 0N] Ö uáàaà	�c5836]aB�24=a7t� S 5cGHE�=@G\B9580A2N5>J�Ft}¯j�36]`04=aD�sr583�]aG\K ° 5cGFmo5cGH7\B\3C:	: S 0N] � �2N587�]aG`QS 0N580W�x=a7\5cGH7cuh/1: Kasr5cG\5806F�583CD6sA3ODC2L3O79B�24365	»�58795cB9� S 0N]^2N5cG>=a0N]a5cG\5c]aB9580 ½{36¥a5~}= S 7{24=@G\]a5879B958DOD6BcuAºl3658795nE�583C7\BF583C0N5nD6KaG\580dB9�8=@G\B\36]a5�bNKaGH:�= S P_g�:	36BF0 S Gf[MD6583O0N580�¶{0NG\5~}]a58DC: Q= ° 3C]a[a5836B9580Vsr583A2N580Vº S 0N[a58D6GH5879K`04=a0N�c580 � � � � � ud/1:¤:	36B9B\D65cGH580 F�583CD6sA3CDO2	3C79B�24=a7
J�F'}¯j�36]`04=aDy24=@G\]a5879B958DCDCBcuxºl=a7>]aG\K ° 5|�hKaG\580dB9�c?4G\K@ÚÛDÑgx24=a7k2 S GHXHYWfsA79KaGH?4B\36K`0Â2N587kG\K@}B9580��x3OXHYdB\7t� S 79B\=a04245{[aK`:i:kBcgN5cG\�c5 S ]aBF0 S G�]a5cGZ3C0N]a580VJqK�2 S DO=@B\36K`0479B9GH=a0A79P¹5cG´uM{0�2N580º S 0N[a58D6GH5879K`04=a0N�c580i5cG\[a58040dB�:	=a0�z1582NK�XHY·2N5 S B\DC3OXHYN5{jN36]`04=aD65au`ºl3658795�j�36]`04=aDC5�7\3C042T= S PG\5879K`0A=a0²B95�ml365cG9}ÑUW58DOD6580�}eJ^3C7\XHY S 0N]�� S GaQS X\[M� S PZQS YNG\580huÀ��3C0N5tmo5cG\]aG§QK ° 5cG S 0N]k2N5cG'j�36]`04=À}D65y3O: S 0dB95cG\580@F�583CD6sA3ODC2{�c5836]aBcgÀ2A= ° = S XHYnP QS G � � � AFJLK�2 S DC=@B\36K`0A79B9GH=a0479Pp5cGh79B\=@B9B1ÚÛ0A2N5cBcuºl3658795cGf580²B\79B958YdBf= S P¹]aG S 042�2N5cGFJLKM2 S DC=@B\36K`0�2N5cGf»�587\5cB9� S 0N]`7\243OXHYdB95n2N5cG!9�}e½f36¥a58= S 7cubfQS Gt243658795�¼F58XHY40 S 0N]T3C79B�583C0N5l[�D6583C0N5lJLKM2 S DC=@B\36K`0479PpG\5�l S 580N�f¥aK`0W×:A�[�kf�l¥a5cG\E�580A2N5cBE�KaGH2N580vu
 S XHYWPRQS G�JLKM2 S DC=@B\36K`0479PpG\5�l S 580N�c580vgr24365�¥�3658D¬[MDC583C0N5cGl7\3C042vgr=aDC7�243C5�sr5cB9583CDO36]aB9580Âw�5cG9}P³=aDCDC79GH=@B9580�5cGZYxQ=aD6Bo:	=a0T=aDC79K�583O0ij�36]`04=aDÁg@24=a7¬P³=a79B�= S 7\7HXHY4DC3C5 ° DC3CXHY�2 S GHXHYiw�E�583 }e£�YNKaB9K`0�}¼�587\K`04=a0N�c580·5cG\�c5 S ]aByEf36GH2vuaº{5cG�= S P���3C0�}e£yY4KaB9K`0�}e�o�r5c[dB95f� S G`QS XZYN� S PZQS YNG\580A2N5tf0dB9583CD3C79B S :â:T58YNGF=aDC7�583C0N5nã{G§QK ° 5804KaGH240 S 0N]T]a5cGH3C04]a5cG8u
fs4sA3CDC2 S 0N] Ö uáàaåÂ�c583C]aB|243C5qJ�Ft}¯j�36]`04=aD65qPZQS G|24365�]`DC583CXHYN580 £¬=@GH=a:T5cB95cGVEF365L3C0 fsN}sA3CDO2 S 0N] Ö uáàaà>z9582NKMXZY¸:	36B{583C0N5cGlJqK�2 S DC=@B\3CK`0479PpG\5�l S 580N�>¥aK`0 `8AVJLYN�au �a58245�2N5cGl¥�365cG
w�E�583 }e£yY4KaB9K`0�}e¼�5879K`0A=a0N�c580qsr583 � � � � � 5cGH�c5 S ]aBf0 S 0�:T58Y4G\5cG\5�j�3C]`04=aD65agA24=i2N5cGffsN}79B\=a042�245cG·jM5836B9580ds Q=a042N5cG�]aG QK ° 5cGi3O79Bcgo=aDC7T24365��x3O0436580ds4G\5836B9580I2N5cG	¼�5879K`0A=a0N�c580vu�ºl365=@sA79K`D S B95qjMB´Q=@G\[a5�2N587	j�36]`04=aDO7n3C7\B S :Ä�cE�583Fã{G§QK ° 5804KaGH240 S 0N]a580 ]aG§QK ° 5cG8g�=aDC7�PZQS GT24365[�D6583C0N5�JLKM2 S DC=@B\36K`0479PpG\5�l S 580N�{sr583r583C0436]a580�[�kf�au
� ��% �62F�,�"-��&Q�UV!8R\UA�'�"�����"�8K�T%'= �����_+"% �"�,�'�>�)��!8R *��7��%'2 �"� !8U;2 %'*�/X����UA�8[\�"�E2 ���G�"�,� K /1<>= �"���WU;2F% a

*�/1���,UV� -.KL���N9�% �"�'+�� M



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ `aå

-1250 -1000 -750 -500 -250 0 250 500

dr in MHz

B
e
l
.
E
i
n
h
e
i
t
e
n

-1250 -1000 -750 -500 -250 0 250 500

dr in MHz

B
e
l
.
E
i
n
h
e
i
t
e
n

-1250 -1000 -750 -500 -250 0 250 500

dr in MHz

B
e
l
.
E
i
n
h
e
i
t
e
n

fs4sA3CDC2 S 0N] Ö uáàaàMÆ � ������)+���"�+�!
����"�&��
�� 
 �,�&�" :��H����"����H��! ��+� 
����� �,�+
�� ���"� �!� " �������"�+. . ��
�� �����
�!�����
���
����������� � � ; � K E �4R � �,� )#��
����"�!. �,� $�%��!�"�,
�. ������)#�����	��
 5!��
 9 ;0K�= H � R!7
� � �,
DJ � )	���!�����"R,�,
�R*�!)+������
�H����	��
 ���,�X�"�!�"��
�" �,�&� ���	. . ��
���7 � �	�����!J����*1 ���+�!
��!)�� ���!� 	 �*�,�	1
$B%����"��
�1 ���	��
���) �:��� ����� � � �#� �G��. . ��%�� ��)#� �,�+
�� EG� �� ���,
�������
���
�� �!� �� �!�������!)+�Q���!�G���+�!
��!)
� �,� ����� =�� �*�,)#$&%��N� �����&$&% �G�"R,�+)+)+���"�+�!
���
 ����� '*���"�I�"R���
�����RN��%�)+�,
 5!���"���&���!$&%�� � �+���D7 � 
�1
�"��
DJ � . ���,
 ����H����!� K�=!= 5!���"���N�� �!�,�"�"� PG���&���"�,)+)+��
��8����� ���*1 ���+�!
��!)+��7 PQ�,� ! 
� �%��!�"�I1�� 
��"���	)
�#� � ������$&%��!�,R��!���,
��������!�����"��)	)	��� ���,���Q�:�!���&��������1�� 
����,�+) �!�����"���#$&%��,)	��7BC � ; K�+KN@�� � ��� � ; K�
����� �4; K�� @���� ; ��?"= � � R ����; 	�=�� 7 T



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ ` Ö

-1250 -1000 -750 -500 -250 0 250 500

dr in MHz

B
e
l
.
E
i
n
h
e
i
t
e
n

-1250 -1000 -750 -500 -250 0 250 500

dr in MHz

B
e
l
.
E
i
n
h
e
i
t
e
n

-1250 -1000 -750 -500 -250 0 250 500

dr in MHz

B
e
l
.
E
i
n
h
e
i
t
e
n

fs4sA3CDC2 S 0N] Ö uáàaåMÆ � ������)+���"�+�!
����"�&��
�� 
 �,�&�" :��H����"����H��! ��+� 
����� �,�+
�� ���"� �!� " �������"�+. . ��
�� �����
�!�����
���
b��!�"�,�&��� �8; � KNE �4R �:��� ���	
���� � ������)+���"�+�!
�� 
 �"������,
�R 5��!
 9 ; @�= � � R�7 � � �,
DJ
� )	���!�����"R,�,
�RG�!)+� ����
�H��"�+�!
 ����� �"�!�"�,
�" �,�&���"�+. . ��
��:7 � �M�"�"��J ���*1 ���	��
���) � PQ��� ���	��
���) � �,�
� ��� =��#��� �	. " �,���!)+�,�#$&%�R,�>����
 	 � ���M1 $B%����"��
�1 � ���"�!
��!
�R,��
 �"$&% � ���$&%��,� � ��)#� �:��� H�)	���	
���

� ������)#�����	��
�� 
 �"������,
�R��,
D7 � 
��"��
DJ�KN=!= 
^�!$&%�� " �,���!� �� ���,����
�� ���,� . �M�"�")+�,���,
 PG���&� ���,)+)	��
���7�PQ�,�
! 
� �%:�!�"�I1�� 
��"���	)*�+��� �����&$&%��!��R,�!���,
b���!�"�������"�,)+)	���X���,� �Q���!�������"���"1.�4
��"�,�+)��������"���+$&%��,)	��7 C � ;
K�+KN@���� ��� � ; K���� ��� � ; K� @���� ; ��?�= ��� R��� ; 	!= � 7 T



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ `B`

-1100 -1000 -900

dr in MHz

B
e
l
.
E
i
n
h
e
i
t
e
n

fs4sA3CDC2 S 0N] Ö uáà Ö Æ#" �,���!� �� ���,�"�"���Z�4�����"$&%�
��M�"� ����� � � ���	)#����
�� ��7 /�S�7 ! . ��
����,���,
�'*�,���,�#$&%
�"�	
������	� " �,�&� ���	. . ��
��!��
����:���*����
��,
 	 � ���M1 $B%����"��
��,
�1 � �N����
���
�R,�,
 ��� 
 �"���I�"��
���� 
 �!�,R��,�+���N7
PQ�	� )#��
��!�,
 ���"���+$&%�� . �!�"H��+�,���,
 ���+� $X���"�M���	��
��,
�����
 ����
��,
 ����� �����"� �D�#$&%�� . �	�G����. � � ����!���
���N� �������
��,
 �D�#$&%������ �,�+
�� 	 �*�,�	1 $�%������!
�1 � ���"�!
:��
�RB�!
��"�����N7NPQ�	� H�����R,��
 �����"�#$&%�� ���,�����,
 	 �*�,�	1
$B%����"��
��,
�1 � �N����
���
�R,�,
<R�� �+��$&%��,
����,. �"�!�"��
 �D�#$&%�� ��
�� ���,
��������"��
 �����M���,
 ����
:���,��
������
�!�����
���
 ��+$&%�� 
 �,)#����� �!
D7



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ `B5

δ

Ω

S

P

D

Ω
g

δr

fs4sA3CDC2 S 0N] Ö uáàB`MÆ ����". ��$&%��,. � R���� ���"H�)3�������
��4���,� ���	��
���)�
 �!��. �:�������,� ���*1 �� :��H����"����H��! ��+�
�+. PQ���,�	1324�	5�������1 ��6����"��. 7QP4�+� "Q�	����1 ����)	)+�,
�1 � �#��$&%���
��>�,��R,������� R�� ���,. . �!
���$&%��"��. ���"�	1
��$&%��,
<�����"��
 ��+$&%�� 
 �,)#�<���,�	�"�,
 ���!
������ C �������"���+$&%���)M��� $ 
 �,�+)+�NTO7 ���+
��<���	� �4.  �)	�	�"�:���,
 ���	�N�����
�����M���,
 ����
:���,� �#���,
����+��$&%����"� ��
������"�,%�� 
����� � � ; � � �,�+
8�"���	
  �%�������
�. ������)	�+�,�"�"�N�*�"�!�"��� ��+$&%��"1

 �,)#� 7 � ���� ��
��!)+�,�#$&%�� � .  �)+�	�"������
 ����� �����M���,
 ����
:���,� �����,� ���	
�� " �,�&� ���	. . ��
������N� �������,

����������*���,�!��
 �� � �,� ����� � ���"�!
:��
�RG�,���!� ��� ���#$&%8�,�+
�� . � � �:�����C�4.  �)	�	�"�:���,
�. ������)#�����	��
D7

/10�fs4sA3ODC2 S 0N] Ö uáà Ö 3C79B®583C0� S 7H7\XHY40A36B9B®= S 7®fs4sA3ODC2 S 0N] Ö uáàaål24=@G\]a5879B958DCDCBcuÀ/1: S 0dB95cG\580»�5cG\583CXZY	7\3C042�24365'£®K`7\36B\36K`04580T2N5cGoº S 0N[a58D6G\5879K`0A=a0N�c580T:	36BoDC=a0N]a580	jMB9GZ3CXHYN580�=a0N]a58245 S }B95cBcu �a582N5�¼�5879K`0A=a0N��5cGH�c5 S ]aB�583O0k243C7\?�5cGZ7\36¥a587�j�3C]`04=aD²:	3CBh583C0N5cG¬79B9583CD6580nb¬DC=a0N[a5�s�583²2N5cGw�E�583 }e£yY4KaB9K`0�}e¼�5879K`0A=a0N�T�cEF3C7\XZYN580W2N58:�G\KaB9580Â��3CXHYdB S 042^2N58: F�G Q=@]a5cGk2N587l]aG QS 0N580�x3OXHYdB\7cu²ºl365�[ S G\�c580VjMB9GH3CXZYN5t�c5836]a580|24365fjMB958DCDC580	=a0vg²=a0·2N580N580	2N5cG�G\KaB95F��=a795cG S : 24365JLKM2 S DC=@B\36K`0479PpG\5�l S 580N�{]a5c]a580 QS sr5cG�583C045cGfw�E�5836}e£yYNKaB9K`0�}e¼F5879K`04=a0N�k¥a5cGH79B\3C:	:nB�3C79BcuN/102436587\58:âb4=aDCDv3C79Bt2N5cG'G\KaB95n�x=a795cG�:	3CB�583O0N58:â2N5cG']aG`QS 0N580qj�5836B9580²s®Q=a042N5cGt3C0V¼�5879K`0A=a0N�ag79Ki2A= ° = S XHYL=a0�24365879580qj�B958DCD6580qj�36]`0A=aD65�� S sr5cKasA=aXHYdB9580q7H3C042vu
w S G��yG\[�DeQ=@G S 0N]l2N5cG�j�3C]`04=aD65'¥a5cGH2N5 S B\DO3CXHYdB�FsAsA3CDC2 S 0N] Ö uáàB`>2A365t�y0dB\79B958Y S 0N]>2N587�J�F'}
j�36]`0A=aDC7�3C: ºfGH583 }e½f3C¥a58= S }¯j�H�79B958:�urº{3C5n2NG\583x£�Pp583CD65k= S P�245cGfDC3C04[a580LjM5836B95�79B958DCD6580L24=a7]aG`QS 045ag¬245cG�2 S GHXHY4]a5c�cKa]a580N5q£�Pp583CD�= S Pf245cG�GH58XHYdB9580-jM5836B95�24=a7�G\KaB95���3CXHYdBT24=@G8uobfQS G2N580�jM?r5c�83C=aD6P³=aDCD � � ©� � © An5cG\�c5 S ]a580V24365Fs�583O2N580|jM583CB9580²s�Q=a0A2N5cG�2N587�]aG`QS 04580i�x=a7\5cGH7]`D6583CXZYW79B\=@G\[a5|j�5836B9580²s®Q=a042N5cG�3C:�G\KaB9580Ij�?�5c[MB9GH=aD6sr5cG\583OXHYvu�ºf58: G\KaB9580Â�x3OXHYdB�EF36GH2^3C0
2436587\580	b4=aDCDN583O0N5�£yY4=a7\5804:TK�2 S DC=@B\36K`0hgÀ043OXHYdBy=@sr5cG�583C0N5�{:T?ADC3CB S 2N5804:TK�2 S DO=@B\36K`0k= S P¹}]a5c?4G§Q=@]aB S 042�24=a7�j�36]`04=aDM¥a5cGH7\XZY²Ef3C042N5cBcua�y3O0N5�[�D6583C045�mo5cGH7\B\3C:	: S 0N]l2N587¬G\KaB9580T�x=a7\5cGH7= S 7'2N5cG�¼F5879K`04=a0N��79KaG\]aBt24=@PRQS G8g�24= ° 24365{5cG\�c5 S ]aB9580qj�5836B9580²s®Q=a042N5cGt043CXZY²B':T58YNGt7OH�:�}:T5cB9GH3O7\XHY S : 2N580 FxGÀQ=@]a5cGFDC365c]a580 S 0A2VPZQS Y4G\B�� S 583C0N5cG�{:T?ADC36B S 2N5804:TK�2 S DC=@B\3CK`0vu²bfQS G
� � © A�3O79B�24=a7o� S 5cG\E�=@GHB958042N5fj�36]`0A=aDN=aDC79K>243C7\?�5cGZ7\36¥�gÀ:	3CB®583O0N58: ½ S DCDC2 S GHXHYN]`=a04]fsr583
� � ©� � © A�ud/¯: ]a5c�c5836]aB9580Vb4=aDCDÁg`sr58342458: 2N5cG�]aG QS 0N5F��=a795cGy]a5c]a580V2N580 Q¶Fsr5cG\]`=a04]>� S



���������
	����������	���	��
����	������ �!�#"%$'&)(+*,$-�.���
�'�/"0$��1�!�2*,3�	�$ `�=

-80 -60 -40 -20 0 20 40

dr in MHz

b
e
l
.
E
i
n
h
e
i
t
e
n

fs4sA3CDC2 S 0N] Ö uáàB5MÆ ���*1 �� :��H����"��. �:��� �,�+
 
^�!$&%��,� � ����"�"�+�!��
�� C^����� � ;������ � ; KNT4��
����,�+
��,�
" �,�&���"�+. . ��
�� ���N� �!� ���
���
8� �!�"�,�&�*5!�!
 ��� ; � S�= � %�R!7:P4�+� � ������)#�����	��
�� 
 ����������
�R � �I�"� ����!�
K ��7 @�@ ��� R � �,�D���	
���. � ������)+���"�+�!
��"�	
:��� � 5��!
 ��; K!7+KN@�7

04365824GH36]a580¸bNG\5�l S 580N�c580W¥a5cGZ79B\3C:	:nB>3C79BcgrEF36GZ2^2A=a7�Kasr5cG\5ijM5836B9580dsA=a042vgv24=a7>0�Q=aYN5cG>=a02N5cGo¼�587\K`04=a0N�'3C79Bcg@79B´Q=@G\[a5cG�= S 79]a5c?AG§Q=@]aBo79583C0vg@=aDC7¬24=a7®E�583CB95cG®¥a5cGZ79B\3C:	:nB95FjM5836B9580dsA=a042vu�y7�3C79B�=aDC7\K>sr583 � � ©� � 583C0N5Fmo5cGH79B\3C:	: S 0N]�� S 5cG\E'=@G\B9580vudºl=a7tj�36]`04=aDN3O79By043CXZY²B�:T58YNGG\583C0�2A3C79?r5cGH7\36¥�u
/10�FsAsA3CDC2 S 0N] Ö uáà Ö 3C79BF2A365�mo5cGH79B\3C:i: S 04]	2N5cGf��=a795cGF]aG\K ° ]a5c]a580L2A365>JqK�2 S DO=@B\36K`0471}PpG\5�l S 580N�au²º{5cG�¶{:	79B\=a042hg`24= ° 7\3OXHY	24=a7�Kas�5cGH5{jM5836B9580dsA=a042	2A3CXHYdB95cGy=a0i245cGy¼�5879K`0A=a0N�sr5~ÚÛ042N5cBnPZQS YNG\Bn=aDO79KW0 S G�� S 583C0N58:¿]a5cGH3C04]a580 ¶{0dB95cGH7\XHYA36582 3C0 2N5cGTj�B´Q=@G\[a5�2N5cGijM583 }B9580ds�Q=a042N5cG8u�ºf5cG�½ S DCDC2 S GHXHYN]`=a04]|sr5~ÚÛ0A2N5cB>7\3CXZY¾24=@G S : Pp=a7\B>]a5804= S =a0¾2N580Ij�B958DCD65802N5cGFº S 04[a58D6G\5879K`04=a04�c580vu
ºl365qj�36]`04=aDC5ag�24365V2 S GZXHYI583C0N5�w�E�5836}e£yYNKaB9K`0�}e¼F5879K`04=a0N�V�cEF3O7\XHYN580 2N58:¿G\KaB9580���3CXHYdB
S 042	583C0N58: 245cG'jM5836B9580ds�Q=a04245cG�3C: ]aG`QS 0N580i��3CXHYdB9Pp58DC2	580dB\79B958YN580vgdE�583O79580	[a583C04580·½ S DCD }2 S GZXHYN]`=a0N]|sr583x2N5cG�¼F5879K`04=a0N��= S P¯u�ºl365�3C: G\KaB9580¸bNG\5�l S 580N�csr5cG\583CXZYL5cGH�c5 S ]aB9580¾jM583 }B9580ds�Q=a042N5cGy7H3C042�7\XHY4K`0	2N587\Y4=aDCs	043CXHYdBo]`D6583CXZY	79B\=@G\[�gaE�583CDN24=a7o583C045�2 S GHXZYT2N580'FxGÀQ=@]a5cG8g
24=a7�=a0A2N5cG\5>=@sr5cGF2 S GZXHY�24=a7F[MD6583O0N5cG\5kjM5836B9580dsA=a042V�cE�5836B95cG�DlGH240 S 0N]�5cG\�c5 S ]aBFEf36GH2vu
fs4sA3CDC2 S 0N] Ö uáàB5��c5836]aB�24=a7kJ�F'}¯j�3C]`04=aDoPZQS Gk583C045	mo5cGH79B\3C:i: S 04]�2N587k]aG`QS 0N580Â��3CXHYdB\7
S : Òfå8A J�kf� S 042�583O0NPp=aXZYN5Âj Q=@B9B\36] S 0N]Nu'ºl365¸bNG\5�l S 580N�c580vg'sr583F2N5804580-243C5¸w�E�583 }£yY4KaB9K`0N580�}e¼�587\K`04=a0N�c580�� S 5cG\E'=@G\B9580�7H3C042vgM7\3C042·EF36582N5cGt2 S GHXHY�jMB9GH3OXHY4:	=@GH[a580�=a0N]a5~}2N5 S B95cBcu®ºl365iJ^=3��3C:i=�2N587kJ�F'}¯j�3C]`04=aDC7�sr5~ÚÛ0424580W7\3CXHYIDC3C0N[�7�2436587\5cGkJL=@GH[M365cG S 0N]a580vu�y7F3C79BtE�582N5cG�583C0N5>=@sÛ79KaG\?4B\36¥a5>04KMXZY�583C0N5�G\583O0�243C79?r5cGH7\3C¥a5{��3C0436580NPpKaGH:Ü� S 5cG\[a580A0N580vu


