
���������
	���
���
�����	������

����� ����� 	"!���# �$
������

% �&	 	
�'���(	 ��������	 % ��	
�)# �*�
	,+

-/.102.43(5�.7698�:<;>=



���������
	���
���
�����	������
����� ����� 	"!���# �$
������

% �&	 	
�'���(	 ��������	 % ��	
�)# �*�
	,+

-/.102.43(5�.7698�:<;>=

���������	��

������������������������������ ��!�����#"$ %�����������	&'�("� )�#"������*�+"� 
,.-�/ ���!0.�	��������132�4657498:�%";�����("<�=";� , 4?>:�*�=�

@ �!�%

���������A1B2B4�C�4 @ 4EDGFH�����

5;��& - FH�I�(�H�BJK�H0��	�(FH�L�M��&A�.".�H��NO�("QP����(RS���I�(";��&A�;� /T/ �("<U<CV

���(F#�+"� OP����;�������H�
�M��&A�.".�	�*&W���X>�".�H0%�������H�I�(�H��YK�(FH

�

C'F / ���("$�(�%"Z���("[27� \*"]U_^:�������*F`�=";�
^:��0%�(��aT���Vb=c%c%c



���������	��

�����	����������������������������������
� ��!�"��
����# 	���$�����%��

��&����'��
(���*),+�-�+�./

�,&0+
1(231546�7���3���!

�,&8
#�9�����: ;���#������
(<>=?< �����������@���

�A�����B,���C

�,&D��

�,����EGFH�#�I��
����KJ�L�E

MN���� N������ ;�� 	ON
� N�QP��, ����N�3�R
(�TSI����<���UR
����������� ;�CO:� ���DV*A#M6WHX!EZY[B, ��#&8\	�3��
(<�&^]*�HB,���>_  I`G<�

���RM�W,Xa���3����
#�Kbc�,�Tde

M�W,X
f 
�g���B��;hiO:� ���5�KPj��O:�j��
������%��

�7k

�����ElMN���N�QP��6�m�9�3���$�� $���,�	�����#��+�.�n(�����*o[�3����BH�����GUC�H&��#���/p$�#�� $g��#�� ;���:oqpr�3�!�����T+�.
�6���"���sn�

�/

&�

�,��
#�������@�(�r]*�HB,���>_  	o[���j��B,�����[UC�H&��#���Cpr�3��

�>n,��
�&��I4�P5�7��

�,�3�����%�����:�������[��

��

���������� m���j�����KUC����
#���3���
��
(��

�!�����#�I=?<��# #n$����&6��
7O:���,�C ������@<����t���#�� ����0UC����
��9�3���snr��B����"�,�D�����@k(�����^��

4�<��# !

�,&u������<"
������,�C�����5��

4�<��@�HB�������

<� !4�P
�3<�&� ��QP�<��%�HB��!����

<� #EGvw�#��

B, ��*������BH���"<��� ;
#�������C���l�3<�&� ��QP�<��K�HB��!����

<� 	

�,&C ;��

<"<>��

������

<� 	�� N�����I���l���,�%&6� xZ�����#���#�� N46���QO[�#���
�3��&�����

��PR

��&^�������9�# � ;���3��
(<��K�QP��6�� �������������ne
� ;���j��<�

�*�7��

�,���KOm

 *�j
�&��!���5�����! ;�j

<�<l��

�, :�9�3���sE%�,�3�N���,�!�����3���:��
����!

��&
������ :��
����I���,�K����4����3g?+�.�
(�,&T����4���+#.!Om�#���KB, ��#&en,�9�3���� IY$&��� ;��������&T�9�3�N�KPT�j

������
�����E$MN�,�I=��3B����# mOm�#���K�����H&6B,�#�#&@O:� ���
om<�

���� s\:��
7O%n�UR

��<��*yz

�,&DUR
#��<�
(4C

��&C ��3���K`l�� ���F,�#���"�H�[��
��7kH�"�,��E



���������
	�� �

��
����������

���������������! #"
 %$'&("
�)&(*+�,�! -"
 .�/ .01"323�54!&76! 8*9&(";:5<�:=01�
�> %"@?A�;4! %B("
 % C�D6EB( %&F4! %�,��2- .6�B7��6! % %"3��6�B�G����! 
"
 .�/ .01"323�IHJ0K�-$' %"
*9&("3:L .4L01�M�,�! �4! %$)01"
�,:L .6N�M&(*�OP %&+4! .�/<Q&(*'���! �RS012%T�U��V<5&(*;WX� � ��UFYC6�B7��6! % %"3��6�B
016�4ZOP %&7�
2%�[ .6�2\ .�]&(*^���! �_E6�� �  %"`�
�[�V<I&(*-�M .23��6�&7U[&(B(<a��6cbE .U[*d�\e+�,�! �fg %�,�! %"3UD016�4)�.G

���! -*h0K�
2%��6�01���D6!B��
T!i+j/ .2\�'&(*F"`014�01";��6N�� %"
*d %"3&7:L %�>"3<gk( %$���:= 8i)T��/<P*9&("M:L&("
 C���)016�0J<( .01"@GMl
U��[k( .4���&���"
<g��&g0K23�)�[ �  #0J����&("
&7T!B7��T�6)4! %"3�/�,016)4���6!BC&(*F�,�! #�3T!i+j/ .2\�����,��01�m4� .01U(Hg�[���E�,�! 8:=0K�/�� %"@?A�
"
 .�/ .01"323�a0K6�4n��014o�,�! E&($�$'&("
��T)6��[�V<p�>&L2\&7:5i)��6! P���� gHJ&("
k=&76c�,�! P���! %&("3<=&(*;�/$' .2\��"301U)qSU[�� %"3��6�B
*d&("g"3014)0@"���6N�� %"
*d %"3&7:L %�>"3<IH]�[�,�a�[�,����:L$)U� .:L .6��,01���[&76;GM���)���XHJ0K��6��D2\ 7e�01U����!&7T�B7�c$�"
&(B("30K:=:=��6�B
�����,�! �HJ .�["34ck+��6�4c&(*-�/�,T+rsH]�� %"
 �<(&7Tt�,����6�kI�/&7:L %�,����6!B=2%0K6ai' �4!&76! 5��6a016u�!&7T!"�&("g�VHC&=iST!�
0@*9�> %"=0KU�UX�[���,T!"36)�5&7T��v��&w�)0 �  ak( %$��5<(&7Txi)T��/<y�VHJ&zHJ % %kF�.G|{J %<(&76�4}�,�����pl5UD�[k( .4|�>&y�/$' .6�4
����:= s01�L&(���! %"a�
T�i+j, .2\�,�=�,��01�=��6N�> %"
 .�
�Q:= 7e�U��[k( s&7T!"o~C& �  %"u�(���(�|�80K6�4! .6��CU�0K�.eX�,�! u&("
B70K6
016�4o:v<LHJ&("
kL*9&("#�,�! n�^�+�3�!�.�
�/�N�%�S�.�(�9�\�%�F�`�me)�/&F2%�� %�V<L*d&("C���! P2\&76��/ %" � 01���[&76I&(*�6���6! %�� % .6��,�+�M0K6�4
�VHC .6N���� %���+��2\ .6N�,T!"
<Q2%T�U[�,T!"30KUN�! %"`�[��01B( 7GM���N<L0@"
 ��,�! %"
 X&76�U�<v�VHJ .6��V<N��*d&7T�"C�!&7T!"`�-��6Q0g4�0\<��a�P6�4
H]��<w4!&clg�)0 �  L&76�U[<u&76� L$�"
&+2\ .�
�/&("���l��]HX01�v��6��� .6��
� �  7eSiST!�g�[�]HJ0K���NT)�[�> L0o6���2\ Q<( .0@"1Gp�P6�4
$�"
&(i)01i)U[<o�����D�CHX0K������ vU�0K�/�#&($�$'&("
�,T�6����V<L�>&I4�&L�����D6!B7�X���)���XHJ0\<7G

l�HJ&7T�U�4pU��[k( J�>&P���)016!k5�+�> %*h016)��0J_P�
0K�F016�45~C0K:L&765�P0K6��
�
 .6v*9&("^B7T���4���6�B]:L X016�4pU[ .01"36���6�B
:L ��!&@H���&P4!&E�
2%�[ .6N�,��qS28"3 .�/ .0@"`23�Q016)45�!&1H}�>&PH�"3���> J�[��4!&@Hg6�GM{J %"
�M��01:=$m .�MHX01�^0KU[HJ0\<+�M"
 .014�<
*d&("X4����
2%T)�
�
�[&76�GM���! %<=��6)�/$)�["
 .4L:= g0K6�4=l\?A: U�&N&(k+��6!B�*9&("
HX0@"`4=��&v \¡+�> .6�4n:5<=�/kF�DU�U��8��6=���! ]q) .U�4
&(*E¢%£;¤¥��6N�� %"
*d %"3&7:L %�>"3<¦0@�vbP .U�*d�\GZbE��"
k|OP .T�4���6! %"Q0K6��/HJ %"
 .4�01U�UJ:5<¦�NT� .�/����&76��v&76}�3T!i+j/ .2\���
����01�JH]�! %"
 �6!&(�X2%U[ .01"��>&o:L �0@*9�� %"�"
 .0K4���6!BQ�����X�,�! .�
���@G§�]�! �¨S¢%£z�� .U[$�4! .�/kI$)"
& � ��4! .4c:L �Hg�[���
� 0KU�T�01i)U[ Q��6!*9&("3:=01����&76�Gv���)016!ks<(&7Ty0KU�U�GQ�g6)4zU�01�
��e'i)T��g2\ %"
�,01�D6�U[<u6!&(�EU[ .0K�/�\e�l]HJ&7T�U�4zU���k( L�>&
����0K6!kc:v<nH]�[*9 7e)�+01i)��6! E{J"
&F %kF�!& �  .6�e�Hg�!&=:=0K4! ����)���X01U�U'$'&7�
�3�[i)U[ 7G

~# .6��g�+HJ01"
�
�gU[$S�! .6a010K6t4! .6t~C� j/6�eFfP& �  .:5i' %"P©��(�(�



� � ��� �,	��D�������	�
�9�>����
�����
������\�>������� � �
�

��#���`�������K�,���

��d���V���������X���D���



� ��
��9� 
�� � � ���

������� � ���	�

�#"
 %*h012\ �
WJ&76��� .6N��� � ���
�+T�:=:=01"
< ��¡
�+01:= .6 � 0@���,��6!B ¡!�����


 l�6N�>"3&F4�T)2\���[&76 �

� �#"3��6)2%�[$)U[ .�J&(*§"3014)0@"���6N�� %"
*d %"3&7:L %�>"3< �
©+G
� ~C0K4�0@"g016�4a�D:=0@B7�D6!B �
©+G © ~C0K4�0@"g��:=01B7��6!BL��6c"30K6!B( �4��["3 .2\���[&76��M$ST�U��/ E2\&7:L$�"
 .�3�
�[&76 �
©+G � ~C0K4�0@"g��:=01B7��6!BL��6a0��.��:5T����a4���"
 .2\����&76��M01$' %"
�,T!"
 ��/<+6��,�! .�
��� �.©
©+G � l�6N�> %"3*d %"
&7:= %�>"
< �.�
©+G � bP %"`� � 01�,�[&76c&(*-016a .U� � 01����&76a:L&F4� .U'H]�[�,�a��6��� %"
*9 %"
&7:L %��"
< ©��
©+G�� bP %"`� � 01�,�[&76c&(*-4! %*d&("`:=0@�,�[&76cH]�����c4���r' %"
 .6N���D01U'��6N�> %"3*d %"
&7:= %�>"
< ©(�
©+G�� l�6N�> %"3*d %"
&7:= %�>"3�D2E$�"
&+2\ .�
�
��6!BL�/�� %$)� ©��

� � T�0KU��[�V<I&(*^��6N�> %"3*d %"
&(B("`01:=� ©��
�+G
� ~# .0KU����
01����&76o&(*^�,�! �$)��0K�/ E&(*^���� ���6��� %"
*9 %"
&(B("30K: ©��
�+G © �F&7T!"32\ .�]&(*§4! .2\&("3"
 .U�01���[&76 ���
�+G � WJ&7�! %"
 .6�2\ 501��0p:L .0K�
T!"
 �*9&("]��6N�� %"
*d %"3&(B("301: �NT�0KU��[�V< ���
�+G � l�:L$SU[ .:L .6N��01����&76o&(*^�,�! �2\&7�! %"
 .6)2\ � .�/�,��:=01���[&76 ���

� �#"
&($' %"
�,�[ .�X&(*-�/$' .2\�>"`0v��6c"30K6!B( �0K6�4a0��.��:5T���� ���
��G
� �F$' .2\�>"30KU'HJ .�[B7���,��6!BQ*hT�6�2\�,�[&76�� ���
��G © �F$' .2\�>"30KU'$)01"30K:L %�> %"`�X&(*§¨�¤m¢���6c"30K6!B( �0K6�4a0��.��:5T���� ���
��G � ~# .�/&7U�T����[&76a0K6�4ci)0K6�4!Hg��4!�,� ���

 R^�DU[�> %"`��6!BL��6a0��.��:5T����a0K6�4c"30K6!B( �(�
�+G
� bE01�,0pT)�/ .4c*d&("g \¡F$' %"3�D:L .6��,�X016)4t��U�U�T)�/�>"`0@�,�[&76�� �(�
�+G © ���! �6! % .4a*9&("g�
$m .2\��"30KUSqSU[�� %"3��6!B ���
�+G � ���! %&("
 %�,��2%0KU���:L$�"
& �  .:L .6N�JiF<c�/$' .2\�>"30KUmqSU[�� %"3��6�B �(�



� ����� ��� �,	��D����� �	�
�9�����

��X��
������\�>������� � �
�

��#���`�������K�,���

��d���V���������X���D���

�+G ���u %�,�!&+4a�>&=qSU[�� %"���6a0 �.�D:5T!�,� ���
�+G � l�:L$SU[ .:L .6N��01����&76o&(*-0��.��:pT!���nqmU[�> %"`��6!B ���
�+G����u %�,�!&+4a�>&=qSU[�� %"���6c"30K6!B( ���
�+G�� �+��:pT�U�01���[&76o&(*^"30K6!B( EqSU[�� %"3��6!B ���
�+G�� l�:L$SU[ .:L .6N��01����&76o&(*^"30K6!B( EqSU��> %"3�D6!B ���
�+G�� ~# .�
T�U����X&(*-�/$' .2\��"301USqSU��> %"3�D6!B �(�
�+G
�%�o���! �6! % .4a*9&("g�
$m .2\��"30KUSqSU[�� %"3��6!Bp*d&("g¨�¤S¢�� �v016�4n�>© �%���
�+G
���Q�F$' .2\�>"30KUmqSU[�� %"3��6�Bp��6c�,�! ���6N�� %"
*d %"3&7:L %�>"`��2P$�"
&+2\ .�
�
��6!B ���.©

� 	 �  %"3�
0K:L$)U��D6!B ���.�
�+G
� �gU��D01�
�D6!Bp�D6a���� ���6��� %"
*9 %"
&(B("30K: ���.�
�+G © 	 �  %"3�
0K:L$)U��D6!B5&(*^�,�! �:=0K�/�� %"]016)4a�
U�0 �  v�/$' .2\��"30 ��� �
�+G � bP&1H]6��
0K:L$)UD��6!BQ&(*M�,�! ���6N�� %"
*d %"3&(B("301: ��� �
�+G � l�:L$)"
& �  .:L .6N��4�T! ���&=& �  %"`�
01:=$)U���6!BL0K6�4a6! .2\ .�
�3�[�V<o*9&("]¨�¤m¢ ��� �


 WJ&76�2%U�T��3�[&76�� �����
�FG
� WJ&7�! %"
 .6�2\ v .�/���D:=0@�,�[&76 �����
�FG © �F$' .2\�>"30KU'$�"
&($' %"
�,�[ .�J&(*-¨�¤S¢ �.©��
�FG � R^�DU[�> %"`��6!BL��6a0��.��:5T����a0K6�4c"30K6!B( �.©��
�FG � 	 �  %"3�
0K:L$)U��D6!B �.©(�

~# %*9 %"
 .6�2\ .� �.©(�
��
�
��������������

� WX01UD2%T�U�01���[&76c0K6�4c"
 %$�"3 .�/ .6��,01���[&76c&(*^�/$' .2\��"30 �.���
�pG
� ���! �4����32\"
 %�> �0K6�4c*h01�
�CR�&7T�"3�[ %"���"30K6��/*9&("3: �.���
�pG © OP"301$)����2%0KUm"
 %$�"
 .�/ .6N�,0@�,�[&76c&(*-�/$' .2\�>"`0 �.�(©

� �gU[�� %"36�01�,� �  �4! %"3� � 0@�,�[&76��J&(*^�,�! �*d"`��6!B( E*d"3 .�NT! .6)2\< �.�(�
� �+01:=$)U���6!BQ0K6�4c& �  %"3�301:L$SU���6!BQ \¡+$m %"`��:L .6N��� �.���
WEG
��WJ&7:L$)U[ \¡a�/$' .2\��"3T�: &(*^�VHC&I2\&7�3��6! .��0K6�4c�,�! .�["�$�"
&+4�T�2\� �.���
WEG © �gU��D01�
�D6!Bp0K6�4tT)6�4! %"3�
0K:L$)UD��6!B �.���
WEG � 	 �  %"3�
0K:L$)U��D6!B � �7�
WEG � 	 �  %"3�
0K:L$)U��D6!Bp�D6a���� �����:= E4�&7:=01�D6a016�4a�D6��� %"
$'&7U�01���[&76 � ��©
WEG � bP&1H]6��
0K:L$)UD��6!B � ��©

� bET���2`�t�� %"3:=��6!&7U�&(B(<I*9&("�"30K4�0@"��D6��� %"
*9 %"
&7:L %��"
< � ���
 bP �  .U�&($m .4s�/&(*9�VHJ01"
 � � �
YPG
� bP �  .U�&($m .4s�/$' .2\�>"`01UmqSU��> %"3�D6!B�eN2\&7�� %"
 .6�2\ v2%0KU�2%T�U�01�,�[&76a016)4a01T+¡!��U��D0@"
<=�
&(*d�VHX0@"3 � � �
YPG © Y8¡!01:L$SU[ .�X&(*^$)0@"`01:L %�� %"XqSU[ .� � �!�



��� � ���,��� ��¡

������� �g
	�

��HC&L&(*§�,�! Eq) .U�4��J&(*^��6N�> %"
 .�
�#��&LB( %&F4! .�
<c01"
 E�,�! �4! %�� %"3:=��6�01�,�[&76I&(*§�,�! ��
��01$m E&(*§���� � .0@"
�,��?A�
�
T!"
*h012\ o016�4y���! o016�0KU[<+�
���E&(*��[�,��4! %*9&("3:=01����&76�G=���! o�
��01$m L&(*X�,�! I�
T�"
*90K2\ =2%0K6yi' I:L&+4! .U�U[ .4
T��
��6!BQ0v4)�[B7�[�,01U) .U[ � 01�,�[&76c:L&F4� .U�G§l�6c�,�! P$)01�
�8*d %H <( .01"3�.e!056! %H]U[<=4� �  .U[&($' .4c"
 .:L&(�� E�
 .6��
��6!B
�> .2`��6����FT! J*d&("§���� J4! %�� %"3:=�D6�0@�,�[&76�&(*S0165 .U[ � 0@�,�[&765&("^4� %*d&("3:I0@�,�[&76v:=&F4! .UNi' .2%01:= C&($' %"301����&76�01U �
"3014)0@"���6N�> %"3*d %"
&7:= %�>"
<L&("��D6��� %"
*9 %"
&7:L %��"3��2P�/<F6N�,�! %���D2]01$m %"3��T!"3 ]"30K4�01"�

�d6S¢%£;¤��3G-�������C�� .23��6��D�NT! 
T��/ .�^��:=01B( .�§&(i���0K��6! .45iF<v0�"30K4�01"§��6)�/�>"`T�:L .6N�m&76pi'&701"34v&(*S0��
01�> .U�UD�[�> C&("-0@ %"
&($SU�016� 7G�R�"
&7: �VHJ&
��:=01B( .����6N�> %"
*9 %"
&(B("30K:=��2%0K6ai' �2%0KU�2%T�U�01�> .4;e�H]�)��23�a .�3�/ .6��,��0KU�U[<I01"
 �$)�)01�/ �4)��rm %"3 .6�2\ ���:=01B( .�.G

{J .2%01T)�/ ����� C$)�)01�/ X&(*m016L��6N�� %"
*d %"3&(B("301: ��0K�^0�"
 .UD0@�,�[&765H]�[�,�5�,�! X$)01���pU[ .6!B(�,�Q4���r' %"
 .6�2\ 
im %�VHJ % .6y�,�! L�VHJ&u��:=01B7��6!Bc$'&7�
�[�,�[&76��@e�0o4���B7�[��0KU§ .U[ � 0@�,�[&76z:L&+4! .U-2%0K6zi' L \¡F��"30K2\�> .4¦*d"
&7: 0K6
��6��� %"
*9 %"
&(B("30K:tGXl�*^�D6t�,�! ��,��:L \���/$)0K6ai' %�VHJ % .6u�,�! 50K2%�FT����
�[�,�[&76c&(*-�VHJ&n�D:=0@B( .�]*d"3&7: �,�! 5�
0K:L 
$m&7�3�[����&76�0¥4! %*d&("`:=0@�,�[&76���&N&(k�$)U�0K2\ 7e��,�! w"
 .�
T�U�����6�B¦$)01��� U[ .6�B(��� 23�)016!B( y�D� � ���
��i)U[ s�D6��,�! 
$)��0K�/ Q&(*#�,�! L��6��� %"
*9 %"
&(B("30K:te�:=01kF�D6!Bn�D6��� %"
*9 %"
&7:L %��"
<u0I�3T��[�,0@i)U� v�� .23��6��D�NT! p*9&("�4! %*d&("`:=0@�,�[&76
:L .01�3T!"
 .:L .6N���@Gcl�6¦$)0@"3����2%T)U�0@"��,�! I¨)¤S¢���:=�D�
�
�[&76��E"3 .�
T�U[�� .4y��6¥:=0@k+��6!Bu"3014)0@"v�D6��� %"
*9 %"
&7:L %��"
<
016t�D:L$'&("
��0K6N�#�
T!i+j/ .2\�J&(*MB( %&+4! %�,��2�"
 .�/ .01"32`��G

�M&t&(i��,01��6¦016y�D6��� %"
*9 %"
&(B("30K: &(*�0n�FT�0KU��[�V<Z���[B7�z .6!&7T�B7�y��&u4! %"3� �  o0n4)�[B7�[�,01U§ .U[ � 0@�,�[&76
:L&F4� .U!&("#0P4! %*d&("`:=0@�,�[&76L:L&+4! .U�e7���! �"`014�01"-i)0K2
k+�
2%01�>�� %"3��6!BE$�"3&($m %"3���[ .�^4�T�"3��6!BE�,�! �012%�FT����3�[����&76
&(*#i'&(���y¢.£�¤w��:=01B( .�P:pT��/�]im Q0K�P�3��:=��U�01"g0K�P$'&7�
�
�[i)U� 7G 	 6�U[<a�,�! .6Z���! Q��:=01B( .�E�
�!&1H  .6!&7T!B7�
2\&("
"
 .U�01����&76c�>&=i' �01i)U[ E�>&o2%01U�2%T)U�0@�� E���� �$)��0K�/ �4���r' %"
 .6�2\ �0K2%2%T!"301�> .U[<7G 	 6! �2%01T)�/ �&(*§4� .2\&("
"
 \�
U�0@�,�[&76ni' %�VHC % .6u¢.£�¤n��:=01B( .�����J���! E��:=01B7��6!BpB( %&7:L %��"
<7G8{J .2%0KT��/ ��,�! ���:=01B( .4n�32\ .6! ���� � �[ %HJ .4
*d"
&7: �VHC&�$'&7�
�����[&76)�M�/ %$S0@"301�� .4QiN<Q0g2\ %"3��0K��6L4����
��0K6�2\ �
h���� �i)01�
 .U���6! ���016)4Q���! ��D6�2%��4! .6�2\ �0K6!B7U[ .�
0@"
 =4)��rm %"3 .6��\e'���� piS0123kF�
2%01���> %"3�D6!Bc$�"
&($' %"
�,�[ .�E23��0K6!B( 7GL�����D�gU[ .0K4��E��&t0o4� %�> %"3��&("30@�,�[&76s&(*C�,�! 
�
��:=��UD0@"3���V<u&(*��,�! o�
$m .2\��"30c��6¦"3016�B( �
h�,�! � �[ %H]�D6!Bu4��["3 .2\���[&76y&(*����� I"30K4�01"�� �p���! n�/$' .2\�>"`0n01"
 
�
���[*9�> .4cHg�[���c"3 .�/$' .2\�C��&= .0K23�t&(�,�! %"@G8l�6a�,�! ��m�[B7���C&("g0��.��:pT!���a4)�["
 .2\�,�[&76a05�
$m .2\��"30KU��
���[*9�C2%0K6
��01k( a$)U�0K2\ n4)T! o��&Z���! a4��[rm %"
 .6)2\ n��6¥bE&($�$)U[ %"L2\ .6N�>"3&7��4|*d"
 .�FT! .6�2\<7e^"3 .U�0@�� .4|�>&w�,�! c016N�> .6)6�0
$m&7�D6��,��6!BL4��["3 .2\���[&76;G

���! p4! .2\&("
"
 .UD0@�,�[&76u2%0KT��/ .4siF<t"30K6!B( p0K6�4s0 �.��:pT!�,�s�
$m .2\��"30KU;�
�)�[*d�,��2%0K6Zim 5"
 .4�T�2\ .4siF<
qSU[�� %"3��6!B��§"
 .:L& � �D6!BQ���! ��/$' .2\��"30KUSiS016�4)�C�,��01�#01"
 �6!&(�J2\&7:I:L&76c�>&Li'&(�,�c��:=01B( .�.G-���! �2\ .6N�>"`01U
"
 .�/ .01"323���FT! .�/�,�[&76z*9&("5�,�������,�! .�
�D�v���5�!&@H ���� I��6N�> %"
*9 %"
&(B("30K: 2%0K6¥im o��:L$�"
& �  .4¦iF<y�/$' .2\��"301U
qSU[�� %"3��6!BL��6c"30K6!B( �0K6�4a0��.��:5T�����G

���! �2%0KU�2%T�UD0@�,�[&76p&(*�016=�D6��� %"
*9 %"
&(B("30K: ���-0E2\&7:L$)U[ \¡L:pT�U[�,�[$)U���2%01�,�[&76�&(*'�VHJ&v��:=01B( .�.e7Hg�[���
0g"3 .�
T�U[�,��6!B�4!&7T!iSU[ .4Qi)0K6�4!H]��4�����G��M&v$)"
 �  .6��-0KU���0K�
��6!BP*9"
&7: 4! %�� %"3�[&("`0@�,��6!BE�,�! ]��6N�> %"3*d %"
&(B("`01:te
& �  %"3�
0K:L$)UD��6!B=:=0\<ni' �6! .2\ .�
�
01"
<7G8���)���X����0K6!&(���� %"��
T!i+j/ .2\�C&(*^�,�! �"
 .�/ .01"32`�t��6c�,�����X�,�! .�
���.G

� �FT�016N�,�[��01�,� �  C4! .�32\"3�[$��,�[&76�&(*S���� J�FT�0KU��[�V<�&(*)0K6Q��6��� %"
*9 %"
&(B("30K: ���§$�"
& � ��4! .45iF<����� X2\&7�� %"
 .6�2\ 7e
H]����2`�u2%0K6ui' v .�
����:I0@�� .4tH]�����t0L2\&7�� %"
 .6��g�
T�: & �  %"�0QH]��6�4!&1H &(*-�,�! 5�D6��� %"
*9 %"
&(B("30K:tGX�������
���! Q2\&7�! %"
 .6)2\ 7e'���! p��:L$�"3& �  .:L .6N�]0K23���[ �  .4ZiF<Z¢%£;¤+��$�"
&+2\ .�
�
��6�BI:L %�,�!&F4)�g2%0K6ui' Q4! .�
2\"3��im .4;G



¡ ��� �,	 �d����� ���
�d�����

 �J��
 � ���\��������� � �
�

 �#� �`�������1�,� �

��9���V� ����� �J���D���

���! ]2\&7�! %"3 .6�2\ g .�
����:I0@��&("#���#i)��0K�/ .4�G;�]�! ]���[B7�� %"8���� g2\&7�! %"
 .6)2\ g0K6�4L�,�! �B("
 .01�> %"J�,�! ]6FT�:vi' %"
&(*���6�4! %$' .6�4! .6N��$)�[¡F .U����D6z���� = .�/�,��:=01�>&("�Hg��6�4!&1Hve��,�! I�
:=0KU�U[ %"��,�! =iS��01�@GnWX�!&F&7�
��6�Bc0cU�01"
B( 
2\&7�! %"
 .6�2\ s .�/���D:=0@��&("LH]��6)4!&@H 4! .2\"3 .01�/ .�I���� ai)��0K�.e8i)T��v�,�! t��6 �ST� .6�2\ c&(*PU[&+2%0KU��>&($'&(B("301$)�N<
��6�2\"
 .0K�/ .�.e+"
 .4)T�2%��6!BQ�,�! � .�/�,��:=01�> .4a2\&7�! %"3 .6�2\ 7G

���! Qi)�D01�P&(*#�,�! L2\&7�! %"
 .6)2\ = .�/�,��:=01�>&("�2%0K6zi' 5"
 .:=& �  .4y��&t0=B("3 .0@�P \¡F�� .6N��G5R�"
&7: �,�! 
 .�/���D:=0@�,�[&76�e����! LiS��01�E*9&("v�,��01�]$)01"
�,��2%T�U�01"E .�/�,��:=01�> .4z2\&7�! %"3 .6�2\ o���v�
T!i���"30K2\�> .4�GL{J .2%0KT��/ =�,�! 
�/��0K6�4�01"34Q4! � ��01���[&765*9&("#�
:=0KU�U[ %"^6NT):vi' %"3�§&(*'��6�4! %$' .6�4! .6N��$)��¡+ .U��^��6p�,�! X .�/���D:=0@�,�[&76pH]��6)4!&@H}���
���[B7�! %"@eF�,�! �4����/��"3�[iST!����&76L&(*;�,�! Ei)��0K�/ .4c2\&7�! %"
 .6�2\ ��D�Xi�"
&70K4! %" � ���� PiS��01�X2\&("
"3 .2\���[&76a0KU[B(&("3������:
2%016�6�&(�#2\&("
"
 .2\�8*9&("X���)���.G§���! E:L .016�
V2\&("
"
 .2\�� .4��82\&7�! %"
 .6)2\ P&(*M016n��6N�> %"
*9 %"
&(B("30K: ���C0��3T��[�,0@i)U� 
��6��� %"
*9 %"
&(B("30K: �FT�01UD�[�V<s:L .0K�
T!"3 =�>&s01�
�
 .�
���,�! L \r' .2\��� �  .6� .�
�v&(*���6N�� %"
*d %"3&(B("301: ��:L$�"
& �  .:L .6N�
01U[B(&("`�[���):=�.e+U��[k( ��/$' .2\��"30KU)qmU[�> %"`��6!B�G

���! 56! %��"
 .�
T�U��J&(*-�,�! p016!B7U� ����� 50K6��� .6�6�0pi' .01: :=01k( .�gHg�[���t"
 .�/$' .2\���>&o���� 54��["3 .2\���[&76
$m %"3$m .6)4���2%T�U�01"X�>&n�,�! �S��B7����4��["3 .2\���[&76;e��,�! 5��6)2%U���6�01����&76o&(*#���! 5&("
i)�[��0K6�4t�,�! 5"
&(��01�,�[&76u&(*-�,�! 
 .0@"
�,�Z2%01T��
 .�]�,�! 50��.��:pT!�,�u�/$' .2\��"3T�: ��&n�3�!&@H 0L�
���[*9�XH]�[�,�a"
 .�/$' .2\����& �% %"
&���*9"
 .�FT! .6�2\<7GP�������
�����,�! =bE&($�$)U� %"52\ .6N�>"
&7�D4y*9"
 .�NT� .6�2\<7Gcl>��4! %$' .6�4)��&76y�,�! IB( %&(B("`0@$)�)��2=U�01������T�4� 7G=� �[���)��6z&76! 
��:=01B( 7eC�,�! abE&($�$)U� %"I2\ .6���"
&7��4x*d"
 .�FT! .6�2\<}4! %$' .6�4)�Q&76x"30K6!B( 7eJ4�T! a��&y���� � 01"3��01�,�[&76|&(*P�,�! 
��6�2%��4! .6)2\ E0K6!B7U[ �& �  %"g"`016!B( 7G

���! p0 �.�D:5T!�,�u�
$m .2\��"30p&(*#:=0K�/�� %"P0K6�4s�
U�0 �  Q��:=01B( 501"
 p:I���
0KU��[B76! .4ci' .2%0KT��/ 5�D6tB( .6! %"30KU
���! %<t�)0 �  50L4���r' %"
 .6N�CbE&($�$SU[ %"g2\ .6N�>"3&7��4t*9"
 .�FT! .6�2\<7G����! 5�
���[*9�C&(*^�,�! 50��.��:pT!�,�t�/$' .2\�>"`05Hg�[���
"
 .�/$' .2\����&P .0K23�Q&(�,�! %"-���§ .�FT�01UF��&g�,�! JbE&($�$)U[ %"-2\ .6N�>"
&7�D45*9"
 .�FT! .6�2\<v4)��rm %"3 .6�2\ 7GM�]�! C .6 �  .U[&($' .�
&(*8���� 5"30K6!B( Q�/$' .2\�>"`0Q&(*#:=0K�/�> %"E0K6�4s�3U�0 �  p01"
 p6!&(�]:=���301U���B76! .4 � ��&@HJ �  %"@e'���� vB("
&7T�6)4u"30K6!B( 
&("�&(i+j, .2\�C�/$' .2\�>"30 
V��6IHg����23�o�,�! P2`��01"3012\�� %"3���
����2%�C&(*��,�! P�> %"
"`01��6n01"
 g"3 ��) .2\�> .4 �-01"
 E:=���
0KU��[B76� .4
4�T! c�>&w�,�! a4���r' %"
 .6N�v��6�2%��4� .6�2\ n0K6!B7U[ c*9"
&7:  .�[�,�! %"L�
��4! c&(*]�,�! ci)0K�/ .U���6� 7Gz���! a�
���[*9��&(*]�,�! 
&(i+j, .2\���/$' .2\��"3T�: *9 .0@�,T!"
 .���D6s�,�! L"30K6!B( =�/$' .2\��"3T�: ���� .�FT�0KU^�>&a�,�! L*9"3��6!B( Q*9"
 .�FT! .6�2\<7e�H]�)��23�
����U���6� .0@"3U�<I4! %$' .6�4! .6N�C&76u���� �$m %"3$m .6)4���2%T�U�01"C2\&7:=$m&76� .6��X&(*^���� �i)0K�/ .U���6! 7G^l��X4! .2\"
 .0K�/ .�]Hg�[���
���! P��6�2%��4� .6�2\ ]0K6!B7U[ 7G^���! P�/$' .2\�>"30KU�:=�D�
01UD�[B76�:L .6N�§�D6=0 �.�D:5T!�,�I0K6�4I"3016�B( g2%0K6Ii' ]"3 .:L& �  .4niF<
qSU[�� %"3��6!BQ�,�! ��/$' .2\�>"`0v��6c&("34� %"��>&o012`���[ �  v0p2\&7:=:L&76s�/<F�
�> .: ��"30K6��/*9 %"�*9T�6)2\���[&76;G

���! g�/$' .2\�>"30KUFqSU[�� %"3��6�BE�D6I0��.��:5T����=�D�-$' %"
*d&("`:L .4LiF<Q:pT�U[�,�[$)U�<F��6�Bg�,�! ]�/$' .2\��"3T�: &(*�:=0K�,�
�> %"]0K6�4c�
U�0 �  EH]�����c0�qmU[�> %"X�,��01�#���J���� PB( %&7:= %�>"3�D2%01U�:L .0K6ci' %�VHC % .6c�,�! E�,�! %&("
 %�,��2%01U��
$m .2\��"3T�:
H]�[�,�I�,�! E"
 .�/$' .2\�,� �  gbE&($�$SU[ %"�2\ .6���"
&7��4��J&(*M���! E:=0K�/�� %"X0K6�4c�
U�0 �  7G-�]�! Ei)016)4!H]��4!�,�L&(*§:=01�
�> %"
016�4Z�
U�0 �  p���PU���:=�[�� .4c��&o�,�! v& �  %"3U�01$s&(*#���! 5&("3�[B7��6)01U��
$m .2\��"30 � �[��4� .2\"
 .01�
 .�]H]�����u���! 5bE&($�$)U[ %"
2\ .6���"
&7��4¥*d"3 .�NT! .6)2\<¦4���r' %"
 .6�2\ 7Gs{C .2%0KT��/ n&(*��,�! I"`016!B( c4! %$' .6�4! .6)2\<7e;�,�! nbP&($)$)U[ %"52\ .6N��"
&7��4
:5T��
�Pi' =4! %�� %"3:=�D6! .4w*d&("v���! o0 �.��:pT!�,�z�/$' .2\�>"`T�: &(*X .012`�¦"30K6!B( =U��D6! 7G={J .2%01T)�/ =�,�! I�/$' .2\��"30
�
�!&@H �ST�2\�,T�01���[&76)�.eN�
 �  %"301U;0 �.��:pT!�,�a�/$' .2\�>"`05:pT��/�Ji' E0 �  %"`0@B( .4�GC�]*9�� %"]�,�! �i)U[&+2
kFH]���/ �4! %�� %"/�
:=��6�01����&76c&(*-���! vbP&($)$)U[ %"]2\ .6N�>"3&7��4�e)���J2%0K6ti' v�
:=&N&(�,�! .4aH]�����t0Q2%T!iS��2��/$)U��D6! 7G#���� �bE&($�$)U[ %"
2\ .6���"
&7��4n2%016oi' g4! %�� %"3:=�D6! .4=*9"
&7: ���! PU[&+2%0@�,�[&76=&(*��,�! P:=0.¡!��:pT�: &(*��,�! E�/$' .2\�>"`T�: iF<Lq)������6�B
0=$)01"301im&7UD05�,�!"
&7T�B7�s0K6s�D6��� %" � 01UM&(*#0 �  %"301B( .4y�/$' .2\��"30NGP�PU[�> %"`6�0@�,� �  .U[<7eS�,�! 5bE&($�$SU[ %"P2\ .6N��"
&7��4
2%016ai' E4! %�� %"3:=��6! .4n*9"
&7: �,�! �U[&F2%01�,�[&76n&(*;�,�! E .:L$��V<ni)016)4�e�Hg����23�c���X�
T�$�$'&7�/ .4n�>&L4���r' %"���0KU[*
���! P�
0K:L$)U���6�BP*9"
 .�FT! .6�2\<Q*9"
&7: �,�! �bE&($�$SU[ %"C2\ .6N�>"3&7��4�G§R�&("X���)���.e(�,�! ]0KT!��&F2\&76 � &7U�T!�,�[&76I:I0\<pi' 
T��/ .4�G

���! Q"30K6!B( pqSU[�� %"3��6�Bn���P$' %"
*9&("3:L .4wiF<u"
 .:=& � ��6!Ba�,�! Q&("3�[B7��6�0KUM�P0K:=:=��6�BnHJ .�[B7�N���D6!Bc&(*
���! n�/$' .2\�>"`0o0K6�4z"
 %HJ .�[B7�N���D6!Bt�,�! I�/$' .2\��"30nH]�[�,�z0o�E0K:=:=��6!Bu*9T�6)2\���[&76w& �  %"Q���! o6! %H i)0K6�4+�
H]��4!�,��eKH]����2`�Q���§ .�NT�0KUF�>&��,�! X&("3�[B7�D6�01UNi)0K6�4!H]�D4!���v:=��6FT��;�,�! X*9"3��6!B( X*9"
 .�NT� .6�2\<7G;l,6Q�,�! �:=01�
�> %"
�/$' .2\�>"3T):te�0L�/$' .2\��"301U�i)016)4t����"3 .:L& �  .4Z*9"
&7: �,�! v�3��4! �&($�$'&7�
���> ���&I�,�! �iS016�4t"
 .:L& �  .4Z*9"
&7:
���! p�
U�0 �  Q�/$' .2\�>"`T�:tG����! 5*d"`��6!B( �*9"
 .�FT! .6�2\<t���g���� 54!&7:=�D6�016N�J*d"
 .�FT! .6�2\<t�D6t�,�! 5�/$' .2\��"3T�: &(*
���! L��6N�� %"
*d %"3&(B("301:uG�l>�P2%016wi' L4! %�� %"3:=��6� .4u*9"
&7: �,�! p�
$m .2\��"3T�: &(*J0=$)01��2`�w&(*#�,�! L��6N�> %"
*9 %"
&��
B("301:uGJ�]������$)01�,23�u:pT��/�Xi' v0K�]�
:I01U�U;01�]$m&7�3�
�[i)U[ E��&o0K2%2\&7T�6N��*d&("g���! � 01"3��01����&76a��6t�,�! �*9"3��6!B( 
*d"
 .�FT! .6�2\<s4�T! p�>&c��&($m&(B("`0@$)�N<7GPl>*#���! Q��6N�> %"3*d %"
&(B("`01: �
�!&1H]�E0 �  %"
<sU�&@H 2\&("
"
 .U�01�,�[&76�em4�T! p�>&



��� � ���,��� ¡+�

0LU[&76!B=i)0K�/ .U��D6! �&("P0pi)0K4u2\&("3 %B7���/��"30@�,�[&76�e����! v*d"3�D6!B( �*9"
 .�NT� .6�2\<a2%016�6�&(�Ji' p4! %�> %"`:=��6! .4c*9"
&7:
���! a��6N�� %"
*d %"3&(B("301: �/$' .2\��"3T�:tGz�]�! o*9"3��6�B( o*9"
 .�FT! .6�2\<¦:pT��/���,�! .6|i' a4! %�> %"`:=��6! .4¥*d"3&7: �,�! 
$m %"3$m .6)4���2%T�U�01"#2\&7:L$'&76! .6N�8&(*M���! Ei)0K�/ .U��D6! g0K6�4o���! ���6)2%��4! .6�2\ P016!B7U� 7eF0K���[*��,�! P�> %"3"301�D6IHJ&7T�U�4
im �m0@�p&("= .U�U���$)�/&7��4�0KU�G¥�gU[�� %"36�01�,� �  .U[<7e-�,�! a*9"3��6!B( c*9"
 .�NT� .6�2\<|2%0K6}i' t4! %�� %"3:=��6� .4¥*9"
&7: �,�! 
&("
i)�[�,��016)4t054)�[B7�[�,01Um .U[ � 0@�,�[&76a:L&+4! .U�G

���! -�,�! %&("
 %�,��2%0KU74! .2\&("
"3 .U�0@�,�[&76�4�T� -�>&]�
$m .2\��"30KU(:=���
0KU��[B76):L .6��)*d&("§�/$' .2\�>"30#H]�[�,��0J"
 .2\��0K6+�
B7T�U�01"# .6 �  .U[&($' g2%0K6Ii' ]2\&76 �  %"
�� .4o��&v�,�! ��,�! %&("
 %�,��2%0KU)4! .2\&("3"
 .U�01���[&76=*d&("�
h�P0K:=:=�D6!B �;HJ .�[B7���� .4
�/$' .2\�>"30FG-���! P \¡+$m %"`��:L .6N��0KUS�D:L$�"
& �  .:L .6��C&(*M�,�! E .�/�,��:=01�> .4n2\&7�! %"
 .6)2\ v0@*9�� %"CqmU[�> %"`��6!B5�D6n0��.���
:5T!�,�I0K6�4I"3016�B( ]0@B("3 % .� �  %"
<LHJ .U�U)H]�[�,�L���� �$�"
 .4��D2\�> .4=�D:L$�"
& �  .:L .6��\G^���! ]4� .2\&("
"
 .U�01����&76=4�T! 
�>&a�/$' .2\��"301UM:=���
0KU��[B76):L .6�����6Z0��.��:5T����Z016)4u"30K6!B( Q016)4u&(�,�! %"��/&7T!"32\ .�E���g�,�! %&("
 %�,��2%01UDU[<t:5T)U[���[�
$)U���2%01��� �  7G����! v \¡+$' %"3��:L .6N�,01U�4� .2\&("
"
 .U�01����&76t016)4u2\&7�! %"
 .6)2\ p*h0K2\�>&("E2%016si' v4! %"3� �  .4t*9"
&7: �,�! 
 .�/���D:=0@�� .4t2\&7�! %"3 .6�2\ �i' %*d&("3 �016�4a01*9�> %"�qmU[�> %"`��6!B�G

���! P2\&7�! %"
 .6�2\ P&(*��,�!"
 % P��6��� %"
*9 %"
&7:L %��"3��2�$S01�["`�-H]�[�,� �  %"
<oU[&76!BviS01�/ .UD��6! �HX01�C \¡F��"
 .:L .U�<
i)014;e!4�T! ���&=i)0K�/ .U���6! E4! .2\&("
"3 .U�0@�,�[&76�e+0pi)0K4a2\&("
 %B7���/��"301����&76a016�4t�> .:L$'&("30KU'4! .2\&("
"
 .UD0@�,�[&76�G^bE \�
�> %"3:I��6�01���[&76w&(*��,�! =*9"3��6�B( L*d"
 .�FT! .6�2\<w*9"
&7: �,�! I�D6��� %"
*9 %"
&(B("30K: �/$' .2\��"3T�: HX01�56!&(�E$'&7�
�
�[i)U� 7G
~C0K6!B( pqSU[�� %"3��6!Bn��:L$�"
& �  .4Z���! Q2\&7�! %"
 .6)2\ =2\&76��
��4! %"`0@i)U�<7Gg���� p��6N�� %"
*d %"3&7:L %�>"`��2�$)�)01�/ Q��:=01B( .�
�
�!&@H ���)0@�J�/$' .2\�>"30KUmqSU[�� %"3��6�B5"
 .4)T�2\ .���,�! �"
 .�/&7U�T����[&76c��6c"`016!B( v&("]0 �.�D:5T!�,��G

R�&("L¨�¤S¢I$)0K�["3�@e;"30K6!B( IqSU[�� %"3��6!Bu�D�56! .2\ .�3�
0@"3<y4! %$' .6�4���6!Bu&76¦�,�! ni)01�
 .U���6! 7GaR)&("Q¨)¤S¢�� �
$)01��"3�.e�0��.��:pT!�,�LqSU[�� %"3��6�Bv���J��6=B( .6! %"`01Um6!&(�#6! .2\ .�3�
0@"3<7eNiST!�^&(*d�� .6n$�"
&�q)�,0@iSU[ 7G�R�&("��,0K6�4! .: ¨�¤S¢��
����¨�¤S¢��>©=$)0K�["3�.e+0��.��:5T����nqSU��> %"3�D6!BL���X&(*d�� .6u0K4 � 016N�,0@B( %&7T��@G8R�&("P¨�¤S¢��>©L$)01��"3�.e+0 �.�D:5T!�,�nqSU[�� %"3��6�B
������6ZB( .6! %"30KU86!&(�P6! .2\ .�
�
01"
<7e�i)T��]&(*9�> .6w$�"3&�q)��01i)U[ 7GQ�+��6�2\ p�,�! L&($' %"30@�,�[&76Z&(*C¨)¤S¢��>©nH]�����Z&76! 
B(<N"
&7�32\&($m 7eS0 �.�D:5T!�,�nqSU[�� %"3��6�Bp����:=&("
 �&(*9�> .6t6� .2\ .�
�
01"
<7G

R�&("= \¡!0K2\�p0��.��:pT!���}0K6�4|"30K6!B( cqSU[�� %"3��6�B�e^���! t�3���[*9��&(*]�,�! t�
U�0 �  aHg�[���|"
 .�
$m .2\�5�>&z�,�! 
:=01�
�> %"���:I0@B( �:pT��/�#i' Ek+6!&@H]6;G^l�6nB( .6! %"30KU�e!2\&701"3�/ �0K6�4oqS6! �2\&("
 %B7���
�>"301�,�[&76c���J���! %"3 %*d&("
 �$' %"/�
*d&("3:= .4yi' %*d&("3 I�/$' .2\�>"`01U§qSU��> %"3�D6!B�GLl�*J�,�! =��6N�� %"
*d %"3&(B("301: �
�!&@Hg�v0 �  %"
<yU[&1H 2\&("
"
 .UD0@�,�[&76�e��,�! 
qS6! g2\&("3 %B7���/��"30@�,�[&76n2%016oi' ]i)0K4o&("X�D:L$'&7�
�
�[i)U� 7G����! P2\&7�! %"
 .6�2\ �2%0K6Ii' g�D:L$�"
& �  .4oiF<L$�"
 \qmU[�> \�
"3��6!B=�,�! p��:=01B( .�.e)01*d�� %"]Hg����23�t���! p2\&("
 %B7���/��"301����&76a$)01"301:= %�> %"3�g0@"3 54! %�� %"3:=��6� .4�GC�]�! �&("3�[B7�D6�01U
T�6+qSU[�� %"
 .4¥��:=01B( .�501"
 n���! .6¥2\&("
 %B7���/�� %"
 .4�0K6�4yqmU[�> %"3 .4�Ga�P&@HJ �  %"@e8i' .2%0KT��/ I�,�! n$�"
 \qSU��> %"3�D6!B
"
 .4�T�2\ .�Q�,�! ni)016)4!H]��4!�,�y0K6�4|�! .6�2\ c���� o"
 .�
&7U�T!�,�[&76�e^�[�v4!&F .�Q6!&(�50KU[HX0\<F�p"
 .�3T�U[����6|0ti' %���> %"
2\&("
 %B7���/��"301���[&76;G�l>*-�[���D��i' %�>�� %"@e)���! p��6�2\"
 .0K�/ 5&(*-���! p2\&7�! %"
 .6�2\ p&(*8�,�! 52\&("3 %B7���/�� %"
 .4s�D:=0@B( .�P���
&76�U[<c:L&F4� %"30@�� 7G

l�*J�,�! I�
$m .2\��"30n&(*�:=0K�/�� %"50K6�4y�
U�0 �  n0@"3 I6!&(��& �  %"`�
01:=$)U[ .4yi' %*9&("
 I2%0KU�2%T�U�01�,��6!Ba�,�! I��6+�
�> %"
*9 %"
&(B("30K:te'�,�! L�/$' .2\�>"`T�: &(*C���� p��6N�� %"
*d %"3&(B("301: :=0\<Z�
�!&1H 0KU���0K�
��6�B=i' .2%01T��
 Q�����P�
0K:L$)U���6�B
*d"
 .�FT! .6�2\<}���=�>&F&¥�
:I01U�UX��&y*hT�U�qSUX�,�! afP<F�FT����
�p2\"3���> %"3��&76�Gx�����D�=��6�2\"
 .0K�/ .�L�,�! u6�&7���/ t��6}�,�! 
��6��� %"
*9 %"
&(B("30K:tGx�M&y& �  %"`�
01:=$)U[ 7eC���! t�
$m .2\��"30Z0@"3 t�/$)U��[�p0@�p�,�! a .:L$��V<|i)0K6�4}016)4 �% %"
&7�I01"
 
��6��/ %"
�� .4n�>&L4!&7T�i)U[ P���! �6FT�:5im %"J&(*^�
01:=$)U[ .�.G§l�*����� E�D6��� %"
*9 %"
&(B("30K: :pT��/�Ci' g"
 .�
�>"3�D2\�> .4n��&p�,�! 
6NT�:5i' %"#&(*;�301:L$SU[ .�8&(*��,�! ]&("`�[B7��6�0KU���:=01B( .�.eFU[&@H]$)01�3�-qSU[�� %"3��6�B����8$' %"
*9&("3:L .4IiN<L"
 .:=& � ��6!Bv�,�! 
���[B7�+��*9"
 .�FT! .6�2\<yi)0K6�4��@G 	 �  %"3�
0K:L$)UD��6!Bs�D�L6!&(�56! .2\ .�3�
0@"3<¥�[*g���! a�/$' .2\��"30t��0 �  t0s:=0@¡+��:pT�:
i)016)4!H]��4!�,�= .�FT�0KUm�>&=��0KU[*��,�! ��
0K:L$)U��D6!Bv*9"
 .�FT! .6�2\<7eF*d&("] \¡+0K:L$)U[ E01*d�� %"��/$' .2\�>"`01USqSU[�� %"3��6�B�GM{J \�
2%01T��
 =���� QUD��:=�[�� .4Zi)016)4!H]��4!�,�u01*9�> %"��/$' .2\��"30KU§qSU[�� %"3��6!Bn016�4w�,�! =01$�$)U��D2%0@�,�[&76s&(*J:pT�U[�,��U[&F&(kF�D6!B
0@*9�> %"P�,�! p2%0KU�2%T�UD0@�,�[&76a&(*8�,�! p��6��� %"
*9 %"
&(B("30K:te��,�! p6!&7���/ p4�T! v��&c01U��D01�
�D6!BLH]��U�U�im �  %"
<uU���:I�[�> .4;e
:=0@k+��6!BL& �  %"3�
0K:L$)U��D6!BL��6cB( .6! %"30KU�6!&(�X6! .2\ .�
�
01"
<7G



¡!��� ��� �,	 �d����� ���
�d�����

 �J��
 � ���\��������� � �
�

 �#� �`�������1�,� �

��9���V� ����� �J���D���



� ���J��
��`��� � �

 � ¡!�����

� � � � ��� � � �������

��HC % � 0K6y4! =0K0K6�4�0K23�N���/B( %iS�[ .4! .6 � 016¦4! LB( %&F4� .�
�[ �.� j/6¦4! =i' %$)0KU���6!B � 0K6y4! � &("`: � 016y�� %�
0101"34!&($�$' %" � U�01kc .6Z4� Q0K6�0KU[<+�/ � 016 �.� j/6w4! %*9&("3:=01�,�[ 7GPbP � &("3: � 0K6Z�� %��&($�$' %" � U�0@kak�0K6uHJ&("/�
4! .6}B( .:L&+4! .U�U[ % %"`4}:L %�5 % .6�4��[B7�[�,0K01UJ�!&F&(B(�> .:L&+4! .U�G�l,6x4! t01*9B( .U[&($' .6sj/01"
 .6}���L % .6 6��[ .TNHC 
"
 .:L&(�� \���/ .6��
��6�B(�> .2`��6��[ %k � &F&("54! Li' %$)0KU���6!B � 016z % .6|�!&F&(B(�> \�g&(*X4� %*d&("3:I0@�,�[ .:L&+4! .U^&($' %"301���[&��
6! % .U�B( %HJ&("34! .6��;"30K4�01"3��6N�> %"3*d %"
&7:= %�>"3�� §&(*S��6��� %"
*9 %"
&7:L %��"3���
2`�! #01$' %"
��T)T!"3�/<+6��,�! .�/ %"`014�01" 

�D6S¢.£�¤��3G
bP �% ��� .23�)6��[ %k=B( %i�"`T��[kF�-im % .UD4! .6=B( .:=0K01kN�J:L %�8 % .6n"30K4�0@"`��6��/��"3T�:L .6N�^010K6Ii'&F&("34 � 0K6I % .6a�30.�
�> .U�UD�[ %��&(* � U��[ %B(�,T��[B�GZ_E�[�v�VHJ % ai' % .U�4! .6¥kFT)6�6! .6|��6��� %"
*9 %"
&(B("30K:=:L .6|HJ&("34! .6|i' %"
 %k( .6�4�e-HX01�
*d .�[�� .U�� j,ko*90K�/ �  %"3�323����U�im % .UD4! .6��.� j
6�G

	 :=4)0@�#4� �*90K�/ � 0K6a % .6t�D6��� %"
*9 %"
&(B("30K: �D6c"
 .U�01���[ E�/�,0101�#��&(�X�! %�CHJ %B7U[ .6!B(�� �  %"3�
2`����U'�,T��,�
�/ .6s4� ��VHC % p&($)6�0K:L %$'&7�
�[�,�[ .�.eFk�016u % .6s4)�[B7�[�,010KU��!&F&(B(�> .:L&+4! .UMT��[�X�! %����6��� %"
*9 %"
&(B("30K: HJ&("34! .6
0@*9B( .U[ .��4�Gs�gUD�p�D6¦4! n��� j
4y�,T��
�/ .6|4! n&($)6�0K:L � 016¥�VHJ % ni' % .U�4� .6 � 016�01*�4! �% .U[*h4! n$'&7�
�[�,�[ = % .6
4! %*d&("`:=0@�,�[ ]�� % %*d�^$)U�0K01���/B( � &76)4! .6�e��D�#4! �"3 .�
T�U[�� %"
 .6�4! �HJ %B7U[ .6!B(�� �  %"30K6�4! %"3�D6!B �.��2`����i)0K0@"J��6=4! 
*90K�/ � 0K6w�! %�]��6N�� %"
*d %"3&(B("301:uGEbE0K01"34!&F&("E�D�P�D6��� %"
*9 %"
&7:L %��"3�[ v % .6wB( .�323���[kF�� p�� .23�)6��[ %k � &F&("�4! \�
*d&("3:I0@�,�[ .:L %�,��6!B( .6�G��u %�^6�0K:L �4! �¨�¤S¢\��:=���
�3�[ .�M:I0101kN�� .6Q"30K4�01"3��6N�> %"
*9 %"
&7:L %��"3�[ # % .6Li' .U�016�B("3� j/k
B( %&F4! %�,���
2`�t&76�4� %" �%&N %k+�/&76�4� %"
HC %"3$;G

	 :  % .6n�D6��� %"
*9 %"
&(B("30K: �� �  %"
kF"3� j,B( .6n:L %�- % .6okNHX0KU��[�� .�[�§4)�[ g�!&F&(BvB( .6�&N %BL���#&7:  %"X % .6
4��[B7�[�,010KU+�!&F&(B(�> \�§&(*'4� %*d&("3:I0@�,�[ .:L&+4! .U+T��[�M�> �k+T�6�6� .6L0 �) .�D4! .6�e(:L&F %�> .6o4! � .�[B( .6��323��01$�$' .6 � 016
4! L�> %"`T!B �  %"3�/��"
&F&7����6!B � 016z�! %�P"30K4�01"3�
�[B76�0K0KU�B( .4�T!"3 .6�4! =4! L&($)6)01:L � 016wi' .��4� =¢.£�¤+��i' % .U�4! .6
�%& �  %"
B( .U�� j/kNi)0K01"v:L&(B( .U�� j,k �.� j/6;GI�PU�U[ % .6y4�0K6zi' �.�[���> .6¦4! =i' % .U�4! .6zB( .6�&N %BZ2\&("
"
 .U�01���� L&7: ��6
�/��0K01�=�> �.� j/6 �! %�=*h0K�/ �  %"3�
2`����UP6�01TNH�k( .T!"`�[B¦�� wim %"3 %k( .6! .6�G�Y�� .6 &F&(" �.0101k � 016 4! .2\&("3"
 .U�01���[ 
��T��3�/ .6w¢.£�¤+��i' % .U�4! .6u���]4! 5&($)6�0K:L %B( %&7:L %��"3�[ 7G�bE&F&("34�01���! %��&($�B( .6!&7:= .6s�/�,T!ka�� %"
"
 .��6tHC&("34��
HJ0K0@"3B( .6!&7:L .6 � 016)0@*��VHJ % �$'&7�
�[�,�[ .�CB( .�
23�! .�D4! .6t4!&F&("X % .6 �% %k( %"
 v01*9�
��0K6�4�
V4! �i)0K�
���
U�� j
6��; .6a4! 
��6 � 0KU��
�!&F %k( .6 �  %"3�
23�)��U�U[ .6�4 �.� j/6�e �  %"`016�4� %"
 .6w4! Q�> %"3T�B �  %"3�/��"
&N&7�D��6!B7�/ .�[B( .6)�
23��01$�$' .6�GPb��[���,01�
�
4! �  %"3B( .U�� j/kFi)0101"3�! .�D4 � 016p4! X�/$' .2\�>"30��D6v"30K6!B( �
V4! JkF� j,kF"3��2`���,��6!B � 0K6Q4! C"`014�01"��'010K6���4! X�/$' .2\��"30
�.� j
6n�> .6n&($��.��2`���� � 0K6o .U[kK0K01" �  %"3�323�!& �  .6�G8l,6c4! � U��[ %B��§&(*M0��.��:pT!����"3��23�N�,��6!B�k�016n % .6c�/$' .2\�>"`01U[ 
�  %"3�
23�FT�� � ��6!Bz$SU�0101�,� � �D6�4! .6|4!&N&("I % .6 �  %"3�
2`����U���6xbP&($)$)U[ %"32\ .6N�>"3&	� 
�4! %*9"
 .�NT� .6��,�[ 7e-B( %"
 .UD0@�� % %"34
010K6t4! �"3�D23�N����6�BpHX0K0@"3�D6a4! �016N�� .6�6! �H]� j/�
��G

bE =4! .2\&("
"
 .UD0@�,�[ L4��[ QHJ&("34!� �  %"
&N&(" �.0101kN�E4!&F&("�4! =�/$' .2\��"301U� �  %"`�
23�FT�� � ��6!Ba��6Z"30K6!B( L .6
0 �.��:pT!�,�ZkK0K6ZHC&("34� .6sB( %"3 .4�T�2\ % %"34z4!&F&("PqSU[�� %"3��6!B�� �  %"
H]� j/4! %"`��6!B � 0K6Z4� p�/$' .2\��"30KU[ 5iS016�4Z4��[ 
im .�D4! Ii' % .U�4! .6¥6��[ %�EB( .:L % .6��323��01$�$' .U�� j,ky�! %i)im .6;GabE n2\ .6N�>"`01U[ o&76�4! %" �%&F %k+� � "`0101B � &F&("L4! �% 
4!&F2\��&("30K01UD�
2\"3�[$��,�[ v�D�P��&N L�! %�P��6��� %"
*9 %"
&(B("30K: kK0K6ZHC&("34� .6 �  %"
i' %�> %"34w4!&F&("��/$' .2\�>"`01U[ 5qSU[�� %"3��6�B
��6a"30K6!B( � .6t0��.��:pT!���;G

bE �i' %"
 %k( .6���6�B � 0K6a % .6u�D6��� %"
*9 %"
&(B("30K: ���X % .6u2\&7:=$)U[ \¡+ �  %"3:L .6���B � T�UD4��[B7��6!B � 016a�VHJ % 
im % .UD4! .6�eCHJ0K0@"`4!&N&("o4! ti)0K6�4!i�"3 % .4!�> �  %"`4�T!i�i' .U[�\G 	 : �� � &F&("
k(&7:L .6 4�01�p�� %� � &7TNHJ \rm .2\�

V01U��D01�
�D6!B �§�! %�C��6��� %"
*9 %"
&(B("30K: �  %" � &("3:5��e+k�016n& �  %"
i' .:L&76��/�� %"
 .6c6!&F&F4 �.01k( .U�� j,k �.� j
6�G§b��[�#���J % .6



¡!� � ��� �,	��D����� ���
�d�����

 ����
���������������� � ���

��#���`�������1�/���

��d���V���>��� �X� �d���

016�4� %"�&76�4! %" �%&F %k+�/&76�4! %"
HJ %"
$t��6a4� �% v�
2\"3�[$)���[ 7G

Y# .6�kNHX0K6��,�[�,0@�,�[ �  ui' .�
2`�!"3� j � ��6!B � 0K6�4� skFHJ0KU��[�� .�[� � 016� % .6 ��6��� %"
*9 %"
&(B("30K: HJ&("34!�IB( %B( �  .6
4!&N&("�4! �2\&7�! %"3 .6��,�[ 7e+4��[ PkK0K6oHC&("34� .6cB( .�
23��01�C4�&N&("X % .6a2\&7�! %"
 .6N�� E�
&7: & �  %"� % .6 �  .6��/�� %" � 016
�! %����6N�> %"
*9 %"
&(B("30K:tG �s %��4! 52\&7�� %"
 .6��,�[ 5kK0K6u4! �  %"
i' %�> %"`��6!BI4!&F&("E¢.£�¤+��i' %HJ %"
kF�D6!B7�/$�"
&+2\ .�
�/ .6
HC&("34� .6ai' .�
23�!"3 �  .6�G

bE �2\&7�! %"
 .6N���� .�
23��01���> %"#�D�^&76 �.T�� �  %"@GM�P&N ]��&(B( %"#4! �2\&7�! %"
 .6N���� � .6=�!&F �B("
&(�> %"C�! %�M0K016N�,01U
&76�0@*h��0K6!k( .U�� j,k( a$S��¡F .UD�=��6}�! %�L�
2`��0@���,��6!B7� �  .6��
�> %"@eJ�!&F akFU� .��6! %"I4! u&76 �.T�� �  %"3�� .��4�G�bE&N&("n % .6
B("
&N&(�52\&7�! %"
 .6N���[ .�323��01�>�,��6!B7� �  .6��/�� %"5�� ok+�[ �% .6�6! % .:5�v4! n&76 �.T�� �  %"`�! .��4¦01*,e§:I0101"p4� n��6 � U[&N .4
� 0K6t4! �U[&(k�0KU[ ��>&($'&(B("30@q) �6! % .:5�X�>&F �HX0101"34!&F&("�4! v2\&7�! %"3 .6��,�[ .�
2`��0@���,��6!BL0@*h6! % .:5��G

bE �&76 �.T�� �  %"3�! .��4 � 016a4! �2\&7�� %"
 .6��,�[ .�
2`��01�>�� %"]k�016 � &F&("] % .6tB("
&N&(��4! % .U'HJ&("34! .6 �  %"
H]� j��
4! %"34�GM�8016= % .6=�
23�)0@�����D6!BEHC&("34��M4! X&76 �.T�� �  %"3�! .��4 � &F&("#4��[ ��
2`��0@���,��6!B�0@*9B( %��"
&(kNk( .6;G 	 :=4�01�;4! 
�/��0K6�4�0K01"34�01*dH]� j/kF��6�B � &F&(" �  .6)�/�> %"`�#:L %�- % .6okFU� .��6! %"#0K016N�,01U!&76)0@*h��0K6!k( .U�� j,k( �$S��¡F .UD�-B("
&(�� %"J���@e����
4! �  %"34� .U���6!B � 0K6I4! g&76 �.T�� �  %"
 g2\&7�! %"
 .6N���[ Pi�"
 .4� %" � �! %�^&76 �.T)� �  %"3�! .��4)�
2\&("
"
 .2\�,�[ .0KU[B(&("3�[�,:L �k�016
���[ %" � &F&("86��[ %�;2\&("3"3�[B( %"
 .6�G§bE �B( .:=��4)4! .U�4! �
hB( .2\&("
"3�[B( % %"`4! ��M2\&7�! %"
 .6N�,�[ � 0K6Q % .6=��6N�> %"3*d %"
&(B("`01:
���� % .6zB( .�
2`���[kF�> LkFHX01U����> .�[�,�
:=0K01��&7: 4! Q \r' .2\��� � �[�� .�[� � 0K6z��6��� %"
*9 %"
&(B("30K: �  %"3im %�� %"3��6�B7�
01U�B(&("3�[�>�
:L .6 �%&70KU��]�/$' .2\��"30KU[ PqSU[�� %"3��6!Bp�> �k+T�6�6� .6cim %&F&("34! .U� .6�G

�P %�g6! %���>&a"3 .�
T�U[�,0101� � 016z4! L�!&F %ks4)�[ p4� Q0K6N�> .6�6� %i)T�6�4! .U§:=0K0@kF���� .6w&($��.��2`���� � 0K6z4! 
"3��23�N�,��6!B�U[&F&F4!"3 .23�N��&($I4! � U��[ %B("3��2`���,��6!B�e�4! ��D6�2%U���6�01�,�[ � 016Q4! �i)0K0K65 .6L4� �"
&(��01�,�[ � 0K6L4! �0101"34! 
�  %"
&N&(" �.0101kN�� % .6 �  %"3�
2`�NT�� � ��6�BQ�D6t�! %�X0 �.��:pT!�,���/$' .2\��"3T�: �> .6t&($��.��23�N�� � 0K6t4! 56NT�U�*d"
 .�FT! .6N���� 7G
bE���8���C4� ]bE&($�$)U[ %"`2\ .6���"
&	� 
�4! %*9"
 .�FT! .6N���[ 7G;bE �% E�)016!B(�801* � 016o4! ]B( %&(B("30@qS�
2`�! Ei�"
 % .4!�� 7G^{X��6�6! .6
 % .6ai' % .U�4o�)016!B(�C4! gbE&($�$SU[ %"32\ .6N�>"
&	� 
D4! %*d"3 .�NT! .6N�,�[ g01* � 016c4! P"30K6!B( �01UD�CB( � &7U�B � 0K6c4! � 01"3��01���� 
� 0K6t4! ���6 � 01U��3�!&N %ko& �  %"g"3016�B( 7G

bE E$m&7�3�[���� .� � 016c4! E0 �.�D:5T!�,���/$' .2\��"30 � 0K6c�! %�#:L % .�
�> %"/�- .6c�
U�0K01*di' % .U�4Ik(&7:L .6a6��[ %�-& �  %"/�
 % .6o4!&F&("34�01� �% g��6L�! %�-0KU[B( .:L % .6I % .6 �  %"3�323����UDU[ .6�4! XbE&($�$)U[ %"`2\ .6���"
&	� 
�4! %*9"
 .�FT! .6N���[ ��! %i)im .6;G;bE 
&76�4! %"3U��D6!B( �  %"3�323�FT�� � ��6!B � 0K6w4! L0 �.��:pT!�,���/$' .2\��"30Q���PB( .U�� j/ku0K016w�! %� �  %"3�
23�)��U^��6ubE&($�$SU[ %"32\ .6+�
�>"
&	� 
D4! %*d"3 .�NT! .6N�,�[ 7G�bE �&7:=�FT�U�U[ .6)4! .6 � 0K6p4� J"`016!B( .�
$m .2\��"30 � 0K6p:= % .�/�> %"# .6L�
U�0K0@*��.� j
65&76)4! %"3U���6�B
6��[ %� �  %"3�
2`�!& �  .6 � 4! =B("
&76)4+�]&(*�&(i+j/ .2\���
$m .2\��"30�
hHJ0K01"3��6¦4� =kK01"301kN�� %"3���
���[ %k( .6 � 0K6¦�! %�E�� %"
"
 .��6
�.� j
6zi' .�
U[&(�� .6�� �.� j
6w .23�N�> %"5HC .U �  %"3�
23��& �  .6¦0KU��EB( � &7U[B � 0K6z4! �  %"3�
2`����U�U� .6�4! Q��6 � 0KU��
�!&F %k � 016
im .�D4! c .��6�4! .6 � 016}4! aiS01�
�D�
U�� j/6�GybP �  %"`�
23�FT�� � ��6!B � 016}4! a&(i!j, .2\�,�/$' .2\�>"`T�:Lk�0@"301kF�> %"3�D�/���� %k( .6
��6¦�! %��"`016!B( .�
$m .2\��"3T�: ����B( .U�� j/ky010K6¦4! o*d"`��6!B( %*9"
 .�NT� .6��,�[ 7e;4)�[ IU���6� .01�["�01*h��016�k( .U�� j/kz��� � 0K6¦4! 
U[&N&+4!"
 .2`���� E2\&7:L$'&76! .6�� � 0K6n4! giS01�
�D�
U�� j/6L .6c01*96� % .:v�#:= %�C4! E��6 � 0KU��
�!&F %k'G;bE ��/$' .2\�>"`01U[ g&76!B( \�
U�� j/k � &("3:=�[B7�! .�D4n�D6n0��.��:pT!�,�c .6a"30K6!B( �kK0K6cHJ&("34! .6 �  %"
Hg� j
4! %"34c4!&F&("]4! ��/$' .2\��"30 �%&=�� EqSU[�� %"
 .6
4�0@�J % .6tB( .:= % .6��
23�)0@$�$' .U�� j/k( ��/<F�
�> % .:L& �  %"34!"30K23�N�,�/*9T)6�2\���� �HC&("34��#i' %"
 .�[kF��G

bE s�/$' .2\��"30KU[ nqSU[�� %"3��6!Bz��6x0��.��:pT!�,�}HC&("`4!�pT)�[�>B( � &F %"34�4!&N&("o4! u�/$' .2\��"30 � 0K6 :L % .�/�� %"
 .6 �
U�0K01*g:L %�p % .6}qSU��> %"L�� �  %"3:L .6)�[B � T)U�4��[B( .6�4�01�p�� %�5B( %&7:L %��"3���323�xB( .:I��4�4! .U�4� c�D� � 0K6x4! 
���! %&("3 %�����323�! I�
$m .2\��"30n:L %�E4! ="
 .�/$' .2\�,�[ �  .U�� j,k( LbE&($�$SU[ %"32\ .6N�>"
&	� 
D4! � 0K6y:L % .�
�> %"5 .6¦�
U�0K01*�GQbE 
i)016)4!i�"
 % .4!�� � 0K6u:= % .�/�> %"g .6t�
U�0K01*MHJ&("34!�Ji' %$m %"3kN�J�>&(��4! �& �  %"3U�01$ � 016u4! �&("3�[B7�D6! .U[ ��/$' .2\��"30 �

��� j�6! % .:5�g01*C:L %�P�! %� �  %"3�323����U � 016z4� pbE&($�$SU[ %"32\ .6N�>"
&	� 
D4! %*d"3 .�NT! .6N�,�[ .�.GE�80K6�HJ %B( I4! Q"30K6!B( .01*D�
��016�k( .U�� j/k+�! .��4a:L&F %��4! vbE&($�$)U� %"32\ .6���"
&	� 
�4� �HC&("34� .6ti' %$)0K01U�4 � &F&("E�! %��0 �.��:pT!�,���/$' .2\��"3T�: � 016
 .U[k( g"`016!B( .UD� j
6�G 	 :=4�01�§4! P�/$' .2\�>"`0 �mT�2\��T� %"
 .6=:L&F %�> .6I .6��[B( P0 �.��:pT!�,���/$' .2\��"30�HJ&("34! .6IB( .:=��4+�
4! .U�4�GJfE0p4� vi)U[&(k+�/B( %H]� j �% �i' %$)01UD��6!B � 0K6u4� vbE&($�$)U[ %"`2\ .6���"
&	� 
�4! �k�0K6u4! �% pHC&("`4! .6 �  %"3�3:L % %"34
:L %�v % .6�k+T!i)���323�! c�/$)U��D6! 7GZbP abE&($�$SU[ %"32\ .6N�>"
&	� 
D4! ok�0K6¥HJ&("34! .6|i' %$)0K01UD4¥T�����4! c$m&7�3�[���� � 016
�! %�v:=0@¡+�D:5T�: � 016��! %�v�
$m .2\��"3T�: 4!&F&("p % .6�$S0@"301i'&N&7U#�> n$)0K�
�/ .6�0K016¥ % .6}��6N�> %" � 0KU � 016|B( \�
:=��4�4! .UD4! L�/$' .2\�>"30FG 	 &(kwkK0K6¦4� =bE&($�$)U[ %"32\ .6N��"
&	� 
�4! =HJ&("34! .6¦i' %$)010KU�4zT����P4! oU��[B(B7��6!B � 0K6¦4! 
U[ %B( =i)0K6�4�e�4)�[ QHC&("34�� �  %"
&76)4! %"3�/�� .U�4z4! I�)01U �  Li' .:L&76)�/�> %"`��6!B7�/*9"
 .�FT! .6��,�[ 5�> �  %"`�
23���DU�U[ .6 � 016
4! �bE&($�$)U[ %"`2\ .6���"
&	� 
�4! 7G§�E�[ %" � &F&("]k�016a4� �01T!��&+2\&76 � &7U�T����[ �HJ&("34! .6tB( %i�"3T��[kF�\G



� ���X��
��`��� � �

 � ¡ �

bE g"`016!B( \qmU[�> %"`��6!B�HJ&("34!�8T����>B( � &F %"34c4!&F&("J4! P&("3�[B7�D6! .U[ ��E01:I:=��6!B(HJ %B7��6!B � 0K6o4� P�/$' .2��
�>"30p�� �  %"
H]� j
4! %"
 .6c .6u4� v�/$' .2\�>"`0�&($)6��� .T�H �� �HJ %B( .6s:= %�C % .6u�P0K:=:=��6�B(*9T�6)2\���[ E�� %"�i�"
 % .4��> 
� 0K6y4! L6��[ .TNHJ Li)016)4!i�"
 % .4!�� 7e'4��[ QB( .U�� j,kZ����0K016z4! L&("`�[B7��6! .U[ pi)0K6�4!i�"3 % .4!�> Q:=��6FT��E4! L*9"3��6!B( \�
*d"
 .�FT! .6N���� 7GC_E�[���! %��:L % .�/�� %"3�/$' .2\��"3T�: HC&("34��J % .6Z�/$' .2\��"301U� �i)016)4 �  %"
H]� j/4� %"34t0K016s4! v�� %B( .6+�
& �  %"
B( .�/�� .U�4! IkK0K6��g�> .6w&($ �.��23�N�> � 016z4� piS016�4Z4��[ LT������! %�g�
UD0101*9�
$m .2\��"3T�: HC&("`4!� �  %"
Hg� j
4! %"34�G
bP c*9"3��6!B( %*9"
 .�FT! .6N���[ o���54� n4!&7:I��6�0K6��� =*9"
 .�NT� .6��,�[ o�D6¦�! %�v�
$m .2\��"3T�: � 0K6|�! %�v��6N�> %"3*d %"
&(B("`01:tG
bP �% Qk�016uHC&("`4! .6ti' %$)0K01UD4tT��[�X�! %���/$' .2\�>"`T�: � 016u % .6uB( %i)�� .4Kj, � 0K6u�� %�X�D6��� %"
*9 %"
&(B("30K:tGJbE���
B( %i)�[ .4Kj/ I:L&F %� �%&skFU� .��6w:L&(B( .U�� j,k �.� j/6z&7: "
 %k( .6���6!Bu�> Lk+T�6�6! .6z��&7T�4! .6y:L %�E4! � 01"3��01���[ Q��6
*d"3�D6!B( %*d"3 .�NT! .6N�,�[ J0KU��§B( � &7U[B � 016L4� J��&($'&(B("30@q) 7GM�PU��^�! %�§��6��� %"
*9 %"
&(B("30K:� % .6 �% % %"#U�01B( X2\&7�� %"
 .6+�
���[ g�! % %*d�\e7iS� j � &N&("3im % .UD4L4!&N&("# % .6IU�0K6!B( �i)0K�
���3U�� j
65&(*m % .6n�
U[ .2`���^i' %$)0K01UD4! J2\&("3 %B7���/��"30@�,�[ 7e�kK0K6=4! 
*d"3�D6!B( %*d"3 .�NT! .6N�,�[ g6��� %�#T��[�8�! %�J��6N�> %"
*9 %"
&(B("30K:=�/$' .2\��"3T�: HC&("34� .6oi' %$)0K0KU�4�GMbP �*9"3��6�B( %*d"
 .�FT! .6N���� 
kK0K6u4�0K6aHJ&("34! .6uim %$S010KU�4cT��[�X4! vU[&F&+4!"
 .23�N�� v2\&7:L$'&76! .6N� � 0K6u4! �iS01�
�D�
U�� j/6o .6s4� v��6 � 0KU��
�!&F %k'e
01U��
&(*C�! %�g�> %"
"3 .��6 � U�01kt&(*C .U�U��[$)�
&	� 
�4����
2`� �%&7T �.� j/6;G 	 &(kskK0K6z4! Q*d"`��6!B( %*9"
 .�NT� .6��,�[ 54)016ZHJ&("34! .6
im %$S010KU�4cT��[�J4! �i)0K6! .6a .6a % .6t4)�[B7�[�,010KU'�!&N&(B(�� .:L&+4! .U�G

bE g�,�! %&("
 %�,���
2`�! E4! .2\&("
"
 .U�01�,�[ g0KU��8B( � &7U�B � 0K6o�/$' .2\��"30KU[ ]&76!B( .UD� j/k � &("`:=�[B7�! .��4 � &N&("��/$' .2��
�>"30I:L %�] % .6Z"
 .2`���,�!&F %kF�[B( Q&7:=�FT�U�U� .6�4! vk�0K6uHJ&("34! .6Z&7:LB( %"
 %k( .6)4y��6Z4! 5�,�! %&("
 %�,���
2`�! Q4! .2\&("/�
"
 .U�01���[ � &F&(" 
h�E01:=:I��6!B ��B( %HC&(B( .6¥�/$' .2\�>"`0NGvbP L \¡+$' %"3��:L .6N�� .U[ �  %"3im %�� %"3��6�Bc�D6Z4� Q2\&7�� %"
 .6+�
���[ .�323��01�>�,��6!Bn6�0QqSU��> %"3�D6!B=��6Z0 �.��:pT!�,�u .6Z"30K6!B( pk(&7:v� �% % %"�B(&N .4Z& �  %"
 % .6y:L %�]4� � &F&("3�/$' .U�4! 
�  %"
i' %�> %"3�D6!B�GLbE I4! .2\&("
"3 .U�0@�,�[ L0KU���B( � &7U[B � 0K6y�/$' .2\��"301U� p&76�B( .U�� j/k � &("3:=�[B7�! .�D4z��6z0 �.�D:5T!�,�w .6
"3016�B( v .6u0K6�4! %"3 �&N&(" �.01k( .6Z�����,�! %&("
 %�,���
2`�t:5T)U[����$)U���2%01���� %*�G^bE v \¡+$' %"3��:L .6N�� .U[ �4! .2\&("
"
 .UD0@�,�[ � .6
2\&7�! %"
 .6N���[ %*h0K2\�>&("gkK0K6aHJ&("34! .6ai' %"
 %k( .6�4aT)�[�C4! �B( .�323��01�>�� 52\&7�� %"
 .6��,�[ � &F&("] .6t6)0�qSU��> %"3�D6!B�G

bE =2\&7�! %"
 .6N���� � 0K6z4!"3�[ Q��6N�> %"3*d %"
&7:= %�>"3�D�
23�! pi' % .U�4!$)01"
 .6Z:L %�P % .6 �% % %"vU�0K6!B( Qi)0K�
���
U�� j
6
HJ0K� �% % %"Q�
U[ .2`���\e^01UD��B( � &7U[B � 0K6yi)0K�
���3U�� j
6�4! .2\&("3"
 .U�01���[ 7em % .6|�
U[ .2`���� o2\&("
 %B7�D�/�>"`0@�,�[ = .6¦�> .:L$'&��
"
 .U[ u4! .2\&("3"
 .U�01���[ 7G}{J %$)0KU���6�B � 0K6x4! a*9"3��6!B( %*9"
 .�FT! .6��,�[ aT��[�p�! %�Q��6��� %"
*9 %"
&(B("30K:=�/$' .2\��"3T�: HJ0K�
&76�:L&(B( .U�� j,k'Gt~J016�B( \qSU[�� %"3��6!B �  %"3im %�� %"34! n4! o2\&7�� %"
 .6��,�[ c010K6 �.�[ .6)U�� j/k'GcbP c��6N�> %"3*d %"
&7:= %�>"3�D�
23�! 
*90K�/ %i' % .U�4! .6c��&N&76)4! .6t4! �  %"3:I��6�4! %"3�D6!B � 0K6t4! �"
 .�/&7UDT!���� E�D6c"3016�B( �&(*§0��.��:pT!���;G

�-&F&("E¨)¤S¢���$)01"
 .6t�D�]"30K6!B( \qSU��> %"3�D6!B=���]6�&N&+4 �.01k( .U�� j/ka0@*h��0K6!k( .U�� j,k � 016Z4! 5i)01�3���
U�� j/6;G#�-&F&("
¨�¤S¢�� ����$S0@"
 .6 ���=0��.��:5T����+qmU[�> %"`��6!Bw��6}�! %�L01U�B( .:L % .6 6��� %�p6!&F&+4 �.0@k( .UD� j/kmeC:=0K0@" � 0K0@k�B7T�6��
���[B�G
�-&N&("E¨�¤S¢\� ����¨�¤S¢��>©1���,0K6�4! .:L$)01"
 .6t�D��0 �.�D:5T!�,�+qSU��> %"3�D6!B � 0K0@ka6FT!�>�,�[B�G#�-&N&("E¨�¤S¢\�>©1��$)0@"3 .6u����0��.���
:5T!�,�+qSU��> %"3�D6!B���6I�! %�80KU[B( .:L % .6n6��[ %�-6!&F&+4 �.0@k( .UD� j/kmeN:=0K0@" � 0K01kpB7T)6��/�,�[B�G8�+��6�4��#¨�¤S¢��>©v:L %� � � .6
B(<N"
&7�32\&N&($s*9T�6)2\���[&76� % %"
�C���]0 �.��:pT!�,�+qSU[�� %"3��6�B � 01k( %"g6�&N&+4 �.01k( .U�� j/k'G

�-&F&("� \¡+0K2\�� I0 �.�D:5T!�,�+�X .6z"30K6!B( \qSU[�� %"3��6�Bo:L&F %�P4� �  %"`�
23�FT�� � ��6!B � 016z4! =�3U�0101*8�� .6z&($!�
�.��23�N�> � 0K6¥4! a:L % .�
�> %"Qi' %k( .6�4 �.� j
6�Gwl,6¥�� %�v01U�B( .:L % .6�HC&("`4!�v4�0K0@"`4!&N&("Q4! nB("
& �  a .6|q7j/6! 
2\&("
 %B7���/��"301���[ QT��[��B( � &F %"34 � �& �&("��/$' .2\��"30KU[ �qSU��> %"3�D6!B�Gg�PU��E�! %�]�D6��� %"
*9 %"
&(B("30K:  % .6 �% % %"�UD0@B( L2\&��
�! %"
 .6N���[ �  %"
��&N&76N�]k�0K6s4! 5q(j
6!"
 %B7���
�>"301�,�[ v�
U[ .2`���]im %$S010KU�4t&(*#&76�:L&(B( .U�� j,k �.� j
6�GPbE Q2\&7�� %"
 .6��,�[ 
kK0K6 4�0K6}HJ&("34! .6 �  %"
i' %�> %"34�4!&F&(" � &F&("/qSU[�� %"3��6!Bz&($�4! ti' % .U�4! .6x�>&F u�� t$)0K�
�/ .6�eJHX0101"36�0Z4! 
2\&("
 %B7���/��"301���[ %$S0@"30K:L %�� %"3��HJ&("34! .6¦im %$S010KU�4�GIbP o&("3�[B7��6� .U[ L&76!B( \qSU[�� %"34! Iim % .UD4! .6zHJ&("34! .6¦4)016
B( .2\&("
 %B7���/��"
 % %"34� .6xB( \qSU��> %"34;G}bE&N&("34)0@�L4! � &F&("/qSU��> %"3�D6!Bz4! ti)0K6�4!i�"3 % .4!�> c .6�4�0101"34!&F&("=4! 
"
 .�/&7U�T!�,�[ �  %"
kFU� .��6��\e'U[ �  %"
�]4)�[�� .23�N�> %"�6)�[ %��01U���� j/4u % .6wi' %�> %"
 Q2\&("
 %B7���
�>"301�,�[ v&($;GE�PU��P %"�01U§ % .6
�  %"
i' %�> %"3�D6!B¦���.eJ���=4� �  %"
i' %�> %"`��6!By��6x2\&7�� %"
 .6��,�[ � 0K6 4! tB( .2\&("3 %B7���/��"
 % %"34! sim % .UD4! .6x�
U[ .2`���,�
:=0@�,�[B�G

�PU��84! ]�
$m .2\��"30 � 0K6=:L % .�
�> %"J .6I�
UD0101*m6)�[ %�MHJ&("34! .6=& �  %"
i' .:L&76��
�> %"34 � �& �&("X�! %�^��6N�> %"
*9 %"
&��
B("301:�HJ&("34!��i' %"
 %k( .6�4;e1k�0K65�! %� � &7T�HJ \rm .2\� 
V0KU���0K�
��6!B �S�D6v�! %�;�
$m .2\��"3T�: � 0K6p�! %�;��6N�> %"3*d %"
&(B("`01:
&($��>"3 .4! .6a4!&F&("34�01�#4! Ei' .:L&76��/�� %"3��6!B7�
*d"
 .�FT! .6N���� ��> �k+U[ .��6n���X&7: �� � &7U�4!&F .6c010K6a�! %�#fP<+�NT��D�/���
2\"3�[�� %"3��T�:tG5b��[� �  %"3�!&F&(B(�E4� L"3T����E��6z�! %�E��6N�> %"3*d %"
&(B("`01:tGpbE =& �  %"
i' .:L&76��/�� %"3��6!Bci' .�/�,0101�gT)�[�
�! %�C�/$SU��[�,�/ .6 � 016n4! ��/$' .2\��"30E&($t4! EU[ %B( Ei)016)4I .6c�! %�C�>&F � &N %B( .6 � 0K6o6FT�U�U� .6 �%&+4�01�#�! %�#0K016N�,01U
:L&76��/�� %"3� �  %"34�T�i�i' .U[��G;�gU��^�! %�§��6N�> %"
*9 %"
&(B("30K: :L&F %�;HJ&("34! .6Qi' %$' %"
kN����&(�M�� %�M0K016N��0KU+:L&76��/�� %"3�
� 0K6¥4� I&("3�[B7�D6! .U[ Li' % .U�4! .6�eMHJ&("34!��U�0K0@B74!&F&("3U�0K01��qSU��> %"3�D6!BnT)�[�>B( � &F %"34¥4!&N&("Q4! n�!&N&(B(*9"
 .�FT! .6N�> 



¡ � � ��� �,	��D����� ���
�d�����

 ����
���������������� � ���

��#���`�������1�/���

��d���V���>��� �X� �d���

i)016)4! .6p�> �  %"
H]� j
4! %"
 .6�G 	 �  %"
i' .:L&76��
�> %"
 .6Q���^6��� %�;6!&+4��[Bg0KU��-4! X�/$' .2\��"30� % .6L:=0@¡!��:=0KU[ #i)0K6�4+�
i�"
 % .4!�� ��! %i�i' .6I�� %"XB("
&F&(�>�� � 0K6c4! E�! .U[*9� � 0K6c4! Pim .:=&76��/�� %"3��6!B7�/*9"
 .�FT! .6N���[ 7e�i)� j � &F&("
i' % .U�4I6)0
�/$' .2\�>"30KU[ gqSU[�� %"3��6!B�GM�80K6�HJ %B( �4! Ei' %$m %"3kN�� ]i)0K6�4!i)"
 % .4!�� ]6�0��/$' .2\��"30KU[ ]qmU[�> %"`��6!B� .6a4! P��&N %$)0K�,�
�
��6!B � 0K6¥:I��4�4! .U��D6!B 
V:5T�U�����U�&N&(k+��6!B �]6�0a4� Ii' %"
 %k( .6���6�B � 0K6|�! %����6N�> %"
*9 %"
&(B("30K:te	�.01UJ4! n"3T����
4!&N&("��! %� � &7T�HJ \rm .2\� �% % %"�i' %$' %"
kN� �.� j/6;eSHX0K0@"34�&N&("P& �  %"
i' .:L&76)�/�> %"`��6!Bo�D6s�! %�g01U[B( .:= % .6Z6)�[ %�
6!&N&+4 �.01k( .U�� j,kc���.G



� � � � �d��������� 
��D����� � 	�� ��� 
 �

� � ��� 
 �
	 � � �������

����
��������������������������
� �"!$#%�'&(#%����)*#%!��'+,��-.�/�0#1�"��#�!$�2
3!$#1
54����267��#
��HC&L&(*§�,�! Eq) .U�4��J&(*^��6N�> %"
 .�
�#��&LB( %&F4! .�
<c01"
 E�,�! �4! %�� %"3:=��6�01�,�[&76I&(*§�,�! ��
��01$m E&(*§���� � .0@"
�,��?A�
�
T!"
*h012\ c0K6�4¦�,�! c016)01U[<+�
���v&(*g�[�,�p4! %*d&("`:=0@�,�[&76�GZ���! c�
��01$' I&(*g���! c�
T!"3*90K2\ o2%0K6|im c4��[B7����0KU�U[<
:L&F4� .U�U[ .4IT)�
��6!Bp0�4��[B7�[�,0KU! .U[ � 0@�,�[&76n:L&F4� .U�G§l�6o���� ]$)0K�/�84! .2%0K4! .�J .U[ � 0@�,�[&76n:L&F4� .U��#HJ %"
 P$�"
&��
4�T�2\ .4�H]������01 %"3��0KUK$)�!&(��&(B("301:I:L %�>"3< � H]�[�,��4��[B7�[�,0KU@�� .23��6)���NT� .������ - 98o2%�[ .6�2\<P&(*N�,�! -$�"3&F4�T)2\���[&76
&(*����! .�
 o�/ .:=�[��2\&76��,��6FT!&7T��� .U[ � 01���[&76¥:L&+4! .U�����0 �  oi' % .6¦��:L$)"
& �  .4�Gt�+�D6�2\ I0n*d %H <( .01"3�v0KU��/&
01�["3im&("`6! LU�01�
 %"��
2%016)6���6!Bci' .2%01:= =016z&($' %"301�,�[&76�0KUM�� .23�)6����FT! Q�>&t$)"
&F4)T�2\ L0o�/ .:I����2\&76��,��6FT!&7T��
 .U[ � 01�,�[&76t:L&+4! .U�G

R�&("n$'&7��6��VHg���/ a�! .�[B7�N�p:= .01�
T�"
 .:L .6N���I���! s2%U�01�3�
��2cB( %&+4! %���D2a�> .2`��6����FT! a&(*�U[ �  .U�UD��6!By���
 .:L$)U[&1<( .4�Gy�+��6�2\ o���! n$)0K�/��*9 %H <( .01"3�.e-�,�! oB7U[&(i)0KU#$'&7�
�[�,�[&76��D6!Bt�/<+�/�> .:;:=<S¢n2%016��/ %" �  n0K�Q0
2\&7�/���� \r' .2\�,� �  n0KU[�� %"36�01��� �  p��&uU[ �  .UDU���6!B�e�$)"
& � ��4! .4z�,��01�]�,�! =B( %&7��4¥����HJ .U�U���k+6!&@Hg6z016�4y����01�E�[�
���vT��
 .4y4���r' %"
 .6N����0KU�U[<7GL{J .2%0KT��/ o���! .�
 I4����
2\"3 %�> =�� .23�)6����FT! .��B( .6! %"30KU�U[<Z<+�[ .U�4y0c���[B7�� %"��! .�[B7�N�
012%2%T!"`012\<�2\&7:L$)01"
 .4��>&��,�! Z�
 .:=����2\&76N����6FT!&7T��o�� .23��6��D�NT! .��j
T��/�I:L .6N�,�[&76! .4�e��,�! %< 01"
 Z&(*d�� .6
0@$�$SU��[ .4c�[*M0Q4! %*9&("3:=01�,�[&76n&(*§�,�! � .01"
�,��?A���
T!"3*90K2\ �:5T)�/�#i' �0K6�01U�<F�/ .4;G

l,6a���� �$)0K�/�C*9 %H <( .01"3�.e)0p6� %H]U[<c4! �  .U[&($' .4t"
 .:=&(�> v�
 .6��
��6!BL�� .23�)6����FT! �i' .2%01:L v&($m %"`0.�
���[&76)01U �J�,��>7�(�@?9�����%�BA.�%�,�'C=�%�V���]&("X��6N�> %"
*9 %"
&7:L %��"3��2]�/<F6N�,�! %���D2�0@$' %"
�,T!"
 ]"3014)0@" 

�D6S¢.£�¤��3G§~# .:L&(�� 
�/ .6��
��6�BwT)�
��6!Bw016}0K2\�,� �  t:=��2\"
&1HJ0 �  s��6��/��"3T�:L .6N��&76�i'&70@"`4�&(*g01 %"
&($)U�0K6! .�L0K6�4��
0@�� .U�U����> .�Q���
0@$�$SU��[ .4c�
��6�2\ E�,�! �����K�!?A�.eST��
��6!BQ�,�! p�������9�+�.�2?9�L���!�%���V�+�,�=����>��(��
�¢%£�¤ �#��:=01B( P*9&("3:=01�,�[&76c�> .2`�+�
6����FT! 7Gy�801"3�[&7T��L01$�$)UD��2%0@�,�[&76��5��0 �  ti' % .6�4! �  .U[&($' .4�G¥l�6��,�! �������!?A�o���! aT��
 n&(*P�VHJ&z"3014)0@"
��6��/��"3T�:L .6N�,�EDZ�
��:pT�U[�,016� %&7T��
U[<a&("p��6w"
 %$' .0@�>��$)0K�
�FDZ�)0 �  =i' % .6y��6 �  .�/����B70@�� .4z��&t*d&("`:G?d�)���%�$H
A%�.���
������Cv�\emH]����2`�c .�
�/ .6N����0KU�U[<o0@"
 �$S��01�
 �4���r' %"
 .6�2\ ���:=01B( .�.G

{J .2%01T)�/ ����� C$)�)01�/ X&(*m016L��6N�� %"
*d %"3&(B("301: ��0K�^0�"
 .UD0@�,�[&765H]�[�,�5�,�! X$)01���pU[ .6!B(�,�Q4���r' %"
 .6�2\ 
im %�VHJ % .6y�,�! L�VHJ&u��:=01B7��6!Bc$'&7�
�[�,�[&76��@e�0o4���B7�[��0KU§ .U[ � 0@�,�[&76z:L&+4! .U-2%0K6zi' L \¡F��"30K2\�> .4¦*d"
&7: 0K6
��6��� %"
*9 %"
&(B("30K:tGXl�*^�D6t�,�! ��,��:L \���/$)0K6ai' %�VHJ % .6u�,�! 50K2%�FT����
�[�,�[&76c&(*-�VHJ&n�D:=0@B( .�]*d"3&7: �,�! 5�
0K:L 
$m&7�3�[����&76�0¥4! %*d&("`:=0@�,�[&76���&N&(k�$)U�0K2\ 7e��,�! w"
 .�
T�U�����6�B¦$)01��� U[ .6�B(��� 23�)016!B( y�D� � ���
��i)U[ s�D6��,�! 
$)��0K�/ Q&(*#�,�! L��6��� %"
*9 %"
&(B("30K:te�:=01kF�D6!Bn�D6��� %"
*9 %"
&7:L %��"
<u0I�3T��[�,0@i)U� v�� .23��6��D�NT! p*9&("�4! %*d&("`:=0@�,�[&76
:L .01�3T!"
 .:L .6N���@G

� �[���|�,�! cU�01T)6�23�|&(*]�,�! cYCT�"
&($' .016¥~# .:L&(�� s�F .6��3��6!Bw�
0@�� .U�U����> n¨�¤S¢�� �n��6 �������(eC"3014)0@"
��6��� %"
*9 %"
&7:L %��"
<pim .2%0K:L ]0PH]�D4! .�/$�"
 .0K4Q�
T!i+j/ .2\�§&(*'�D6��� .6��
� �  ��
��T�4�<7G§¨)¤S¢�� ����0K�82\& �  %"
 .4c01U�:=&7�/�
���! X .6N����"
 X .0@"
�,�p"
 %$' .0@�� .4�U[<54�T!"3��6�Bg0��,��:L \���
$)0165&(*'01U�:=&7�/�;0]4� .2%014! 7e7���! X&("
iS�[�����^k+6!&@H]6 �  %"
<
012%2%T!"`0@�� .U[<y0K6�4y�,�! I&("3i)�[�EB( %&7:L %��"
<¦���v*90 � &7T!"`0@i)U� I��&s��6N�> %"3*d %"
&7:= %�>"
<7e^��6¦$)01"
���D2%T�U�01"�4�T!"3��6�B
���! p�,016�4� .: $)�)01�/ pH]�[�,�u¨)¤S¢��>© 
V{X01:=U� %"E0K6�4s�P01"
�,U�e ������� �3G�l�6Z$)01"
�,��2%T�U�01"��,�! Q¨�¤S¢���:I���
�
�[&76)�
"
 .�
T�U[�� .4a��6a:=01k+��6!BQ"30K4�0@"��D6��� %"
*9 %"
&7:L %��"
<o0K6t��:L$'&("
�,0K6��#�3T!i+j/ .2\�C&(*§B( %&F4� %����2�"
 .�/ .01"323��G



© ��� ��	��d����� �	�
�9�����

�����
 � ���\��������� � �
�

 �8� �3�������K�,���

��9�>�V���������X���D���

�F������� #�) ��#1- 
 �'����!��2���
�;&c&(i��,01�D6s0K6s�D6��� %"
*9 %"
&(B("30K: &(*J0=�NT)01U����V<c�)�[B7�u .6�&7T!B7�Z�>&c4! %"3� �  Q0=4���B7�[��0KU� .U� � 01����&76s:L&+4! .U
&("o0Z4! %*d&("`:=0@�,�[&76}:L&+4! .U�e#���� a"3014)0@"Li)0K2
k+�
2%01�>�� %"3��6�Bz$�"
&($' %"
�,�[ .�Q4�T!"3��6�Bs�,�! t0K2%�NT��D�
�[�,�[&76|&(*
im&(�,��¢.£�¤}��:=01B( .�=:pT��/�pim t0K�=�
�D:=��U�01"p0K�L$'&7�
�
��i)U[ 7G 	 6�U[<¥���! .6x���! t�D:=0@B( .�I�
�!&@H  .6!&7T!B7�
�3�(���,�����7�2?9�(�¦�>&si' o01i)U[ I��&s2%0KU�2%T�UD0@�� I�,�! I$S��01�
 I4���r' %"
 .6�2\ n012%2%T!"`0@�� .U[<7Gtl�*��,�! I�,��:L n��6��� %" � 01U
im %�VHJ % .6¥���! o012%�FT����
�����[&76)������:L&("
 o���)016y0n*9 %H 4)0\<F�.eC��� C]�+�(�,�	� >��3�3�(���/�
�[�(�2?9�7�z2%016|�/ %"3�[&7T)�
U[<
4���:=��6)���
���,�! ��
��:=�DU�0@"`�[�V<g&(*S���� J�VHJ&���:=01B( .�.GMYC�/$' .2%��0KU�U[<���6p�,�! .�/ �2%0K�/ .�^���� X4� .2\&("
"
 .U�01����&76v*9"
&7:
&(���! %"P�/&7T!"32\ .�]:5T��
�Ci' �:=��6��D:=�
�% .4c��6c&("34! %"]�>&L&(i��,0K��6a05�)�[B7�a�NT)01U����V<o��6N�> %"3*d %"
&(B("`01:tG

	 6! =2%0KT��/ L&(*�4! .2\&("3"
 .U�01���[&76wi' %�VHJ % .6¥¢%£;¤y��:=01B( .�����E�,�! =��:=01B7��6!BcB( %&7:L %��"
<7GI�g %"
 o0
4����/�,��6�2\�,�[&76t���P:=0K4! pim %�VHJ % .6Z���� �S��B7����&("=��� ?BCQ�+�9�I4��["
 .2\�,�[&76u&(*#�,�! 5�/$S012\ �  .����2%U� 50K6�4u�,�! 
"3014)0@"XU[&F&(kF��6�Bp4���"
 .2\����&76�e7$' %"
$' .6�4��D2%T�U�01"-�>&p���� �m�[B7���-��"30K2
k'eF���! Q�,�(���N�.G8{J .2%01T)�/ E���! ���:I0@B( .4
�
2\ .6! z��� � �[ %HJ .4�H]�[�,� 4��[rm %"
 .6N�=��6�2%�D4! .6�2\ s0K6!B7U[ .�@e����� si)0K2
k+�
2%01�>�� %"3��6�B¦$�"
&($' %"
�,�[ .�o23��0K6!B( 7e
U[ .014)��6!B���&p0�4� %�> %"3��&("30@�,�[&76L&(*;���! P�
��:=�DU�0@"`�[�V<�&(*��,�! g�
$m .2\��"30E��6I"3016�B( ��M�,�! P�/$' .2\�>"30�01"
 P�
���[*9�> .4
H]�[�,�u"
 .�
$m .2\�]�>&n .012`�w&(���� %"@GPl�6s���� p0��.��:pT!���Z4��["3 .2\���[&76s0=�/$' .2\��"301U§�
����*d��2%0K6s�,01k( p$SU�012\ p4�T! 
�>&w�,�! n4)��rm %"3 .6�2\ n�D6¦bE&($�$)U� %"Q2\ .6N��"
&7��4|*d"3 .�NT! .6)2\<7Gz�������5���p���! nbE&($�$)U[ %"Q*9"
 .�FT! .6�2\<y&(*��,�! 
4��["
 .2\�,�[&76a��6cH]�)��23�c�,�! �0K6��� .6�6�05$'&7��6��,�.eFH]���D23�a2%0K6ai' �4���r' %"
 .6��C*d&("]���! ��VHJ&I��:I0@B( .�.G

���! z4! .2\&("3"
 .U�01���[&76 2%0KT��/ .4 iF< "30K6!B( z0K6�4 0 �.��:pT!�,� �/$' .2\�>"30KUE�
���[*9�,�n2%0K6 i' w"
 .4�T�2\ .4
iN<�
������%�$?d�N���a"
 .:=& � ��6!Bz�,�! t�/$' .2\�>"`01UXi)0K6�4��p�,��01�p01"
 t6!&(�Q2\&7:=:L&76}��&yi'&(�,�}��:=01B( .�.G}���! 
4! �  .U[&($):L .6N��&(*��,�! .�/ LqSU��> %"3�5016)4z���� I�/�,T�4!<w&(*����� .�["� \r' .2\��� � �[�V<z���v���! IB(&701UC&(*����)�����,�! .�
���.G
R)T!"
�,�! %"3:L&("3 ����! I�`�K�+�.�,�.�)�`�.e)0Q�NT)01U����V<I:L .0K�
T!"
 �*9&("]��6N�> %"3*d %"
&(B("`01:=�@eF�D���/�,T�4��[ .4�G

���! �2%0KU�2%T�UD0@�,�[&76p&(*�016=�D6��� %"
*9 %"
&(B("30K: ���-0E2\&7:L$)U[ \¡L:pT�U[�,�[$)U���2%01�,�[&76�&(*'�VHJ&v��:=01B( .�.e7Hg�[���
0g"3 .�
T�U[�,��6!B�4!&7T!iSU[ .4Qi)0K6�4!H]��4�����G��M&v$)"
 �  .6��-0KU���0K�
��6!BP*9"
&7: 4! %�� %"3�[&("`0@�,��6!BE�,�! ]��6N�> %"3*d %"
&(B("`01:te
���K�.�
�%�'C]��� ?9���Q�/ % .:I���>&Iim �6� .2\ .�
�
01"
<7G8�����D�J�D��016�&(���! %"��3T!i+j/ .2\�C&(*§&7T!"�"
 .�
 .0@"32`��G
� #1- #1����
54 67��#1- !$�2��� -
���! #�
T�i+j, .2\�,�'&(*+���)���'���� .�
����2%0K6�i' 8�
T�:=:I0@"3� �% .4EH]�[�,�E���! -*9&7U�U[&1H]��6!B�2\ .6N�>"`01U("3 .�/ .0@"`23�v�FT! .�/�,�[&76��
�������������! �"$#%�&��"�'�(�"�')��*�')��+-,."$#%+$/0')��1�"�23,
4657/8"����9')��:�;<:=�>"�'?#%�.*@#%�A'��B�C*D"E���F2G��HI#%+KJ.�L ��B�02
,
4A��1�"�'�5?��+M/F:%#%�C*ON

���������FT! .�/�,�[&76a2%0K6ai' ��/$' .2%��q) .4ciF<o�,�! �*9&7U�U[&@Hg��6!BL�NT� .�/����&76��.G
	 6t2\&7�! %"
 .6)2\ ��
P �!&1H 2%016t���! �2\&7�� %"
 .6�2\ v&(*^0K6t��6N�> %"
*9 %"
&(B("30K: i' �2%01UD2%T�U�01�> .4S�
P �!&1H 2%016u�[�Ci' �T��/ .4t�>&= .�
����:I0@�� E���! ��FT�0KU��[�V<o&(*M�,�! ���6N�> %"3*d %"
&(B("`01:o�
	 6t�/$' .2\��"301U'$S0@"30K:L %�� %"3� �
P H]��01�]01"
 Q���� 5$�"3&($m %"3���[ .�g&(*J���! Q�/$' .2\��"30=��6Z"30K6!B( L016)4Z0��.��:pT!�,�Z0K6�4w�!&1H 4!&c���! %<u"
 .U�01�> 
��&L���! �"`014�01"���:=01B( �$�"
&+2\ .�
�
�D6!BQ$)0@"`01:L %�� %"3�`�

	 6cqSU[�� %"3��6�Bp��6a0��.��:pT!�,���
P �!&1H 2%016aqSU[�� %"3��6!BQ��6a0��.��:5T����ci' .�/�Ji' �$m %"3*d&("3:= .4S�
P H]��01�#$S0@"30K:L %�� %"3��4!&F .���[�J4! %$' .6�4c&76S�
P T�6�4� %"�H]��01�C2%�["32%T):=�/�,016�2\ .���D���[�J6� .2\ .�
�
01"
<!�
P H]��01�;��:=$�"
& �  .:= .6��M&(*S�,�! �2\&7�! %"
 .6�2\ �&(*m�,�! ���6��� %"
*9 %"
&(B("30K: 2%016Qi' �012`���[ �  .4LHg�[���p0��.��:5T����
qSU[�� %"3��6�BN�

	 6cqSU[�� %"3��6�Bp��6c"`016!B( ��
P �!&1H 2%016aqSU[�� %"3��6!BQ��6c"30K6!B( �i' .�/�Cim �$' %"
*9&("3:L .4m�
P H]��01�#$S0@"30K:L %�� %"3��4!&F .���[�J4! %$' .6�4c&76S�
P T�6�4� %"�H]��01�C2%�["32%T):=�/�,016�2\ .���D���[�J6� .2\ .�
�
01"
<!�



� � � � �d��������� 
��D����� � 	�� ��� 
 �

P 2%0K6a"30K6!B( EqSU[�� %"3��6!Bpi' �&($��,��:=�
�% .4c*9&("��,�! ��
U[&($' E&(*^���! ��� %"
"30K��6S�
P H]��01����:L$�"3& �  .:L .6N��&(*8�,�! 52\&7�� %"
 .6�2\ Q&(*8�,�! p�D6��� %"
*9 %"
&(B("30K: 2%0K6si' p012`���[ �  .4ZH]�[�,�t"30K6!B( 
qSU[�� %"3��6�BN�

	 6a& �  %"`�
01:=$)U���6!B��
P ���X& �  %"3�
0K:L$)U���6�BQ�D6c���! EqmU[�> %"`��6!BQ$�"
&+2\ .�
��6! .2\ .�
�30@"
<��
P �!&1H 2%016t& �  %"3�
0K:L$)UD��6!BQi' .�/�Ci' �$' %"
*9&("3:L .4S�

� #1- #1����
54 � ���=���0�%
54
���! P"
 .�/ .01"323�ci' %B7T�6oiN<n2\&7U�U[ .2\�,��6!Bp016�4c�/�,T�4!<+��6!B5U��[�� %"30@�,T!"
 g01�J"
 .2\ .6N�C0K�X$'&7�
�
�[i)U� 7G�R�"
&7: �,�! 
���! %&("3<7e701U�B(&("3�[�,��:=�§��0 �  �i' % .6L4! �  .U[&($' .4L016)4p�D:L$)U[ .:L .6N�� .4�e16�&(�;&76�U[<p01�-0]$'&7�
�
�[i)U� #$�"30K2\�,��2%01U
0@$�$SU���2%01���[&76o&(*§���! �HJ&("
k'e+i)T!�#0KU��/&L��&=:=01k( �016a0K�
�/ .�3�
:L .6N�C&(*§���� E�D:L$�"
& �  .:L .6��J�,��0@�J2%016ci' 
012`���[ �  .4tHg�[���a4)0@�,0�qSU��> %"3�D6!B�G

� !��'��
'!$���'# � &E!$4�� -.!�4 #1- �2-
l�6Z23��01$��� %"P©=&(*-�����D������ .�
�����,�! �$)"3��6�2%�[$SU[ .�X&(*-"30K4�0@"1e!���� v��:=01B( v*9&("3:=01����&76a�> .2`��6����FT! �Hg�[���u0
�/<F6N�,�! %���D2]01$m %"3��T!"3 7e7016)4I��6N�> %"3*d %"
&7:= %�>"
<L01"
 g4)���
2%T��
�
 .4�e70K�#HJ .U�U)0K�C���! P4! %"3� � 01���[&76=&(*�0�4��[B7�[�,01U
 .U[ � 01�,�[&76 :L&+4! .UE016�4 0¥4! %*9&("3:=01���[&76 :L&+4! .U�G � �FT�0K6��,�[�,0@�,� �  w4! .�
2\"3�[$)���[&76�&(*p���! z�FT�0KU��[�V<
&(*50K6���6N�� %"
*d %"3&(B("301: ���o$�"
& � ��4� .4 iF<x�,�! Z2\&7�� %"
 .6�2\ 7G �����D�I6!&(�,�[&76�e������o"
 .U�01����&76xH]�[�,�x�,�! 
��6��� %"
*9 %"
&7:L %��"3��2v$)��0K�/ 50K6�4s���! pHX0\<u�[��2%0K6si' p .�/�,��:=01�> .4u*d"
&7: �,�! Q��6��� %"
*9 %"
&(B("30K: 0K6�4ZT��/ .4
�>&u0K�
�/ .�3������ =��:L$�"
& �  .:L .6N�P0K23���� �  .4yiF<z¢.£�¤+��$�"
&+2\ .�
�
�D6!Ba:L %����&F4����D��4����
2%T)�
�/ .4w��6z23�)0@$��� %"
�+GC{J .2%0KT��/ v�,�! EqSU��> %"3�D6!BQ��01k( .��$)UD012\ ���6t���! ��
$m .2\��"30KU�4!&7:=0K��6�e+�,�! �$�"3&($m %"3���[ .�J&(*^�,�! v�/$' .2\��"30
��6z"30K6!B( =0K6�4y0��.��:5T����z0K6�4w�,�! L"
 .U�01����&76wH]�[�,�w���! L"`014�01"���:=01B( L$�"
&+2\ .�
�
�D6!Ba$)01"301:= %�> %"3��01"
 
4����
2%T��3�/ .4a��6a23�)0@$��� %" ��G

l,6a23��01$��� %"g�Q�,�! EqSU[�� %"3��6!Bp��6a0��.��:5T����a0K6�4c"30K6!B( �����4)���
2%T��
�
 .4�GM�]�! �6! % .4a*9&("�qSU[�� %"3��6�B
���#4��D�
2%T��
�/ .4I016�4I���� �qSU[�� %"8$)01"30K:L %�� %"3�#01"
 g4� %"3� �  .4�GMR�"
&7: �,�! .�/ �$)01"30K:L %�� %"3�#0K6�4=k+6!&1H]U[ .4!B( 
&(*J�,�! =�/$' .2\��"30Fe����� L���! %&("3 %����2%0KU-��:L$)"
& �  .:L .6N�E4�T! L��&cqSU[�� %"3��6!Ba2%0K6zi' Q4� %"3� �  .4�GL�g*d�� %"��,�����.e
���
�
T! .�=&76}���� u��:L$)U� .:L .6��,01���[&76¥&(*PqSU[�� %"3��6!Bz01"
 t4����32%T��
�/ .4}0K6�4}�,�! a"
 .�
T)U[���Q&(*E�,�! cqSU[�� %"3��6�B
 \¡F$' %"3��:= .6��,�o01"
 w$�"
 .�
 .6��� .4�G�l�6 2`��0@$)�> %" �¥���� Z6! % .4�*9&("a& �  %"3�301:L$SU���6!B|���o4)���
2%T��
�
 .4�G�l�6
23��01$��� %" �u2\&76)2%U�T��
�[&76)�501"
 nB7� �  .6�Gy���� o�,�! .�
���p���Q2\&76�2%U�T)4! .4¦Hg�[���|0uUD���/�E&(*]"
 %*9 %"
 .6�2\ .�L0K6�4
�/&7:L v01$�$' .6�4���2\ .�@G



� ��� ��	��d����� �	�
�9�����

�����
 � ���\��������� � �
�

 �8� �3�������K�,���

��9�>�V���������X���D���



� � � � �d�������������

K	�� � � ��� �`�N�����K�,���

��9�>�V���������X���D��� �

� ��
 ��� � ����� � � � �L
�� 	 �]
 ����� �P
����P
 � � � � 
 �

l,6=�,�����#2`��01$��> %"1e�HJ gHg��U�U!4����32%T��
�#0��
 .U[ .2\����&76I&(*��,�! ]$)"3��6�2%�[$SU[ .�^&(*�"30K4�0@"J��6N�> %"
*9 %"
&7:L %��"
<7e
��6u$S0@"
�,��2%T�UD0@"��,�!&7�/ 5����01��0@"3 p6! % .4� .4u��&oT�6)4! %"3�/�,016)4a���� v$�"
&($' %"
�,�[ .��&(*C�/$' .2\�>"30Q4! .�32\"3�[i' .4t��6
23��01$��� %" �I0K6�4c���� ��/$' .2\�>"30KUmqSU[�� %"3��6�B5��"
 .01�> .4t�D6a23��01$��� %"g�+G

l,6��=©+G
�(e8HJ n�
��01"
��H]�[�,�¥"3014)0@"p�[���
 .U[* � ��6	�I©+G ©sHC c4! .�
2\"`�[i' I�,�! oHX0\<¦0a"`014�01"Q���501i)U[ 
�>&z*9&("3: 016}�D:=0@B( c��6|�,�! c"3016�B( c4)�["
 .2\�,�[&76¥0K6�4���6
�o©+G �Z���� n��:I0@B( c*9&("3:=01���[&76���6|0��.��:5T����
4��["
 .2\�,�[&76sH]�[�,�s01$' %"
��T�"
 5�/<+6N���! .�3���g�D�] \¡+$)U�0K��6! .4�GE�g*d�� %"E�>"3 .0@�,��6!Bn��6��� %"
*9 %"
&7:L %��"
<tH]�����u"3014)0@"
��6���©+G ��eSHJ 54� .�
2\"3�[i' ��,�! �HX0\<t�>&o .�/�,0@i)UD���
�a0Q4��[B7�[�,0KU��! .�[B7�N��:L&F4� .U���6���©+G �+G����! 50@i)�DU��[�V<n�>&
:L .01�3T!"
 I4! %*9&("3:=01�,�[&76���H]�����z"`014�01"v��6N�� %"
*d %"3&7:L %�>"3<w�D��4! .�
2\"3��im .4¦��6y��6��L©+G��+Ga�z o2\&76)2%U�T�4! 
H]�[�,�a016a& �  %" � �[ %H &(*§"30K4�0@"��D6��� %"
*9 %"
&7:L %��"
<I$�"3&F2\ .�
�3��6!BL�/�� %$)����6��P©+G��FG


���� ���������������������� !���" 
l>*MHC �B( .6! %"`0@�� �:=��2\"
&1HJ0 �  v"3014)��0@�,�[&76 DIH]�[�,�IHX0 �  .U[ .6!B(�,�����D6o�,�! E&("34! %"�&(*^2\ .6N����:= %�> %"3� Do0K6�4
�>"30K6��
:I�[���[���>&P�,�! #B("
&7T)6�4�eK���� C�
�[B76)01U�H]��U�U(i' C"
 ��) .2\�� .4�e(0@iS�/&("
i' .4v0K6�4p�
2%0@���� %"
 .4�G§{C<v .:L$)U[&1<��
��6!Bu0K6y0K6��� .6�6�0Fe�HJ o2%0K6z"
 .2\&("34¦���� I01:=&7T�6��E&(*X"
 %�,T!"36��D6!Ba:=��2\"
&1HJ0 �  o"3014)��0@�,�[&76�GI�+$m .2%T)U�0@"
"
 ��) .2\�,�[&76a&(*-0p�>"30K6��
:I�[�>�� .4n$)T�U��
 PHg��U�Um&F2%2%T�"g�[*M���! 5:=0@�� %"3��0KU'��0K��0Q���[B7�a4��[ .U� .2\�>"3�D2P2\&76)�/��0K6N��e
im .2%0KT��/ I&(*X����������B7�zHJ01�� %"52\&76N�> .6N�E&("5:L %�,01UDU���2Q6�01��T!"3 7GLl>*JHJ = .:=�[�E0n$)T�U��/ Q&(*��
�!&("3�P4�T�"30.�
���[&76;e!HC 52%016s:L .01�3T!"
 ��,�! ��,��:L �i' %�VHC % .6u���� � .:=���
�
��&76a016�4t���! v"
 .2\ %$��,�[&76a&(*-016t .23�!&o&(*§�,�! 
$)T�U��/ 7G§{J<=:5T)U[����$)U[<+��6!BP���! ]����:= ]4���r' %"
 .6�2\ �Hg�[���=���! g�/$' % .4=&(*�U��[B7�N�\e(HC P0@"3 g01i)U[ ���&52%0KU�2%T�U�01�> 
���! L4��D�/��0K6�2\ p�>&a�,�! p"
 ��) .2\�,��6!Bc&(i+j/ .2\��G5�P %"
 QHC =�/ % L�,�! Q&("3�[B7�D6u&(*J���� p�� %"3: �,��>7�(� ���[�]�D�P0K6
012\"
&76N<+: *d&("o����>�?9� >��.���
�.�2?h�(�}�(� >s�,�(����?9���o016)4s�,�����E�/�� .:=��*9"
&7: :=�DU��[�,0@"
<aT��
 =0@i'&7T!�]�)01U[*C0
2\ .6��,T!"
<c0@B(&�G

l�*�HC �:L .0K�
T!"3 ]�,�! ��
���[*9�-��6I*9"
 .�FT! .6�2\<=&(*M���� g"
 ��S .2\�> .4a�
��B76�01US4�T! P�>&L:L& �  .:L .6N�C&(*��,�! 
��01"
B( %�\e�HJ g01"
 ]01i)U[ ���&5:L .0K�
T!"3 ]�[�,�8�/$' % .4="
 .UD0@�,� �  ���&v�,�! ]0K6��� .6�6�0FGM�]�����801$�$)U��D2%0@�,�[&76p&(*'"3014)0@"
����2%0KU�U[ .4$#p�`�7�����%�5����>7�(��i' .2%0KT��/ ��[�J"
 .�/ .:5i)U[ .���,�! �bE&($�$)U[ %"�*9"
 .�FT! .6�2\<c�
���[*9�\G

�Z��2\"
&@HX0 �  c"30K4���01���[&76¥��0K�v$�"3&($m %"3���[ .� �  %"
<¥4��[rm %"
 .6N��*9"
&7: UD�[B7���\Gu{J .2%0KT��/ c�,�! IHX0 �  \�
U[ .6!B(�,��&(*+"30K4�0@"M����01im&7T��S�� .6��,�!&7T��
0K6�4��,��:L .�;U[&76!B( %";�,��0K6��,��0@�m&(* � ���
�[i)U� §U���B7���\e.�,�! #��6N�� %"3012\�,�[&76
H]�[�,�L���� �0@�,:L&7�/$)�� %"
 ����-��&(��0KU�U[<p4���r' %"
 .6N��G§~C0K4�01"8���-��&v0PB("
 .01�§ \¡+�� .6��-��6�4� %$m .6)4! .6��M&(*�2%U[&7T�4��.e
6!&(� �  %"
<t�/ .6��3�[��� �  ��>&o"30K��6t0K6�4u�
6�&@H 016�4ui' .2%01T��
 �&(*8�[�,�]U[&76!BIHJ0 �  .U[ .6�B(���Z�[��4!&F .�g6!&(��%A*9 % .U�?
:=��2\"
&7�
2\&($S��2�$)01"
�,��2%U[ .��0K�]01"
 �$�"
 .�
 .6�����6t�3:L&(k( 7GX�gU��
&I�[�,����6N�> %"30K2\�,�[&76cH]�[�,�a�,�! �*9"
 % � .U[ .2\��"
&76
2\&76��� .6��Q��6|�,�! n��&76!&7�/$)�! %"3 n4��[rm %"3�5*9"
&7: ����01��&(*PU��[B7�N��Gw~J014�01"Q�/<F�
�> .:=�Q$)"
& � ��4! n���� .�["5&1H]6
�/&7T!"32\ E&(*M�DU�U�T�:=�D6�0@�,�[&76Q0K6�4c0@"
 P��&pi' E2%01UDU[ .4Z���.�2?L�K�X�/<+�/�� .:=�.e+0K�C&($)$m&7�
 .4o��&5�+�K�`�$?L�K�X�/<+�/�� .:=�
����01��:=01k( 5T��
 v&(*8"
 ��S .2\�> .4Z�
T�6�UD�[B7���\GX� :=0\<(&("�4����/�,��6�2\�,�[&76c�,�! %"
 %*9&("
 5�D���,��0@��"`014�01"]�/<+�/�� .:=�
2%016uim E&($' %"301�> .4u4�T!"3��6�Bp6���B7���\G

���! Z��6 �ST� .6�2\ a&(*��,�! s01��:=&7�/$)�! %"
 Z016)4x�,�! u .2`�!&}23��01"30K2\�> %"3�D�/���D2%�=&(*��,�! u�� %"
"30K��6 01"
 



� ��� ��	��d����� �	�
�9�����

�����
 � ���\��������� � �
�

 �8� �3�������K�,���

��9�>�V���������X���D���

{X0K6�4 �y0 �  .U[ .6!B(�,� 
V2%: � R�"3 .�NT! .6)2\< 
�OE� ���
��� �!G�����D �(G
� �7�5D+©��+G �
� �(G
��D �(G���� ©��+G ��D ���
� � �(G���� D!©+G � ����D �.©+G �
� ©+G � D+�+G���� �.©+G ��D �
W �+G�����D��FG � ��D �
� �FG ��D �.� � DF©
� �.��D+��� ©�D �
� ���5D �%�(� ��DN�!G �

�+���	� � ��� ��� � � � � 	����
	�� �\���K��
 �	� � �V���g���`�������K�,������� � �d� �V��
�� �

 ��	��
� � � � � � ��
K���X��
�	�� �\��� ��
�� � � ��
��g� ����� � � 
K	���� � ��� �
� ���
� ������
��P��
���� � ��� ���

'�
�������

4! %$' .6�4! .6N�L&(*����� uHX0 �  .U[ .6!B(�,��&(*v���! s"30K4�0@"o"30K4���01���[&76;G ���! uHX0 �  .U[ .6!B(�,��i)0K6�4��IT)�/ .4 *9&("
"3014)0@"I01"
 tU��D�/�> .4}�D6}��01i)U[ t©+G
�(G�l�6x�����D�Q���! .�3���.e8HJ s2\&76)2\ .6���"301�> t&76 ���� aYCT!"
&($' .0K6�~# .:L&(�� 
�F .6��
��6�Bt�
0@�� .U�U����> .��¨�¤m¢(e�H]�)��23�z .:=$)U[&@<yWC��i)0K6�4z"`014�01"�H]�[�,�z0n*d"3 .�NT! .6)2\<s&(*��+G �sOE� �n016�4¦0
HJ0 �  .U[ .6�B(���u&(*-�+G����I2%:tG

l�*S0P�
T!"
*h012\ X�,��01�M���-��UDU�T�:=��6)0@�� .4�iF<v�,�! �"30K4�0@"-���-6�&(�M$' %"
$' .6�4��D2%T�U�01"��>&��,�! X��"3016)�
:=�[�����D6!B
4��["
 .2\�,�[&76�e70K�J���-�,�! g:L&7�
�^2\&7:I:L&76IB( %&7:= %�>"
<I*d&("C"
 .01�
&76��8HJ ]H]�DU�U!�/ % E��6L�,�! ]6! \¡+�-$)01"30@B("`0@$)�;e
"
 ��) .2\�,�[&76xH]�DU�UX6!&(�5�,01k( t$)U�0K2\ t��&@HX0@"34)�L���� t"
 .2\ .� �  %"@G l>*P�,�! u�
T!"3*90K2\ t:=01�> %"3�D01U���0K�=0Z���[B7�
4��[ .U[ .2\��"3��2t2\&76)�/��0K6N��e� 7G B�G[e]i' .2%01T��
 u&(*v�[�,�I�)�[B7� HX01�> %"c2\&76��� .6N��eg:=01�D6�U[<��/$' .2%T�U�01"I"
 ��) .2\�,�[&76
&F2%2%T!"`�50K6�4y�,�����v�V<N$' =&(*��3T!"
*h012\ oH]��U�U-01$�$' .0@"p4�01"
kz��6y:=��2\"3&@HX0 �  c�D:=0@B( .�@eMU���k( o2%0KU�: HX0@�� %"
�
T!"
*h012\ .��B( .6! %"30KU�U[<o01"
 7G^l�*§��&@HJ �  %"g�,�! ��
T!"
*h0K2\ ����X"
&7T!B7��e+�,�! %"
 �01"
 �0KU[HX0\<F��$S0@�,23�! .������01�C01"
 
$m %"3$m .6)4���2%T�U�01"���&o�,�! v��"30K6��
:=���>�� .4a$)T�UD�/ v0K6�4s�
&7:L 5"3 ��) .2\����&76u��&@HX0@"`4��]�,�! p"
 .2\ .� �  %"E&+2%2%T!"3�.G
OP .6! %"30KU�U[<7eJ�,�! t"
&7T!B7�� %"I�,�! u�
T!"3*90K2\ 7eJ���! s���[B7�! %"=�,�! u�D6��� .6��
�[�V<|&(*E���� u"
 .2\ .� �  .4 "30K4���01���[&76;G
bE�[rm %"
 .6N�'*d"3&7: �/$' .2%T�U�01"�"
 ��) .2\�,�[&76��D������ ��\�`�(�V���%�$?d�N�C:= .23��0K6����
:ue.H]���D23��i)0K2
k+�
2%01�>�� %"3�M��6�2%��4! .6N�
 .6! %"
B(<a��6c4���r' %"
 .6N�C4��["3 .2\���[&76)�CHg�[���c4��[rm %"
 .6N�C�D6��� .6��
�[�V<7e+4! %$' .6�4� .6��8&76t���! ��
T�"
*90K2\ �:=01�> %"`��01U�e
"
&7T!B7��6! .�3��016)4zHJ0 �  .U� .6!B(���;GL�- %B( %��01�,�[&76¦T��3T�01UDU[<u��0K��0n���[B7�wHX0@�� %"52\&76N�> .6N��016)4yU[ .0 �  .�v01"
 
"
 ��) .2\�,��6!B¦"`014�01"="30K4���01�,�[&76�HC .UDU�eJi)T!�Q��6}B( .6! %"30KUg&76�U[<}0w�
:=0KU�U�$)01"
�pH]��U�U�i' t"3 ��) .2\�> .4���6N�>&
���! Z4��["
 .2\�,�[&76�&(*��,�! t"
 .2\ .� �  %"@G �g&1HC �  %"1e�i' .2%01T��
 u:5T)U[����$)U[ c"
 ��) .2\�,�[&76��I&F2%2%T!"1eC �  .6N�,T�01UDU[<
 .6!&7T!B7�a"30K4���01�,�[&76o�D�CiS0123kF�
2%01���> %"
 .4t�>&1HJ01"34����,�! E"
 .2\ .� �  %"]�>&=�
��&@H �  %B( %�,0@�,�[&76tHg�[���n0p2\ %"
��0K��6
��6��� .6��
���V<w�D6y0c"30K4�0@"5��:=01B( 7Ga��������$)"
&F2\ .�3�5���52%01UDU[ .4 �1��� �1C=�%�V�$?9�c�\�3�7�V���%�$?d����e-01�5&($�$'&7�/ .4¦�>&
���+� A%�7���Z�\�`�(�V���%�$?9���7eg016�4��[�=0KU��/&y&+2%2%T!"3�n&76�0z�
:=0KU�U[ %"o�32%01U[ sH]�[�,����6x�
&7��U�G R�&("t�
��&("
�Q"3014)0@"
HJ0 �  .U[ .6�B(�����@eF0KU�:L&7�
�86!&vi)0K2
k+�
2%01�>�� %"3��6�Bv&("3�[B7�D6�0@�� .�8*9"
&7: ���� g�/&7��UmT�6�4� %" �  %B( %�,0@�,�[&76�eFH]�! %"3 .01�
*d&("ZU[&76!B�HJ0 �  .U� .6!B(���)�t�,�! z"30K4���01���[&76�$' .6! %��"30@�� .�c�,�! y2%016�&($N<7G OE .6! %"30KU�U[<7eP"
&7T!B7� �3T!"
*h012\ .�
0@$�$' .01"J�3:L&N&(�,�! %"X01�J�,�! PHJ0 �  .U[ .6�B(���ci' .2\&7:L .�XU[&76!B( %"1G-���! ]~J0\<FU� .�[B7�o2\"`�[�> %"`�[&76o�
��01�> .�J�,��01�8�[*
���! P�
T!"
*h0K2\ g�! .�[B7�N� � 01"3��01�,�[&76=���CU[ .�
�C����0K6=&76� ] .�[B7�N���o&(*��,�! ]HX0 �  .U[ .6!B(�,��eN���! P�
T!"
*h0K2\ g01$�$' .0@"3�
$m %"3*d .2\�,U[<=�
:L&F&(�,� 
 � ��U�U[ .�
0K6�4L0K6�4n���[ %*9 %"@e ������� ���  %i�k( %"C %�C01U�G[e ������� � £M¢��me ������� � {X01:IU[ %"J0K6�4
�P01"
�,U�e ������� �3G

�g$)0@"3�8*d"3&7: im .�D6!Bp0K6c012\�,� �  ��/<+�/�� .: 016)4nT�����UD�
�.��6!B�*h01"XU�&76!B( %"�HJ0 �  .U� .6!B(���)�.e+"30K4�0@"��/<+�,�
�> .:=�g01UD�/&Q&($m %"`0@�� �4���r' %"
 .6N�C*9"
&7: &($��,��2%0KU'"
 .:L&(�� v�/ .6��3��6!BL�/<+�/�> .:I����6c�,�! .�["�HX0\<o&(*-��:=01B7��6!B�G
	 $��,��2%01U��D:=0@B( .�=&(*P�,�! t .01"
�,��?A�=�
T�"
*90K2\ t2%0K6xi' t:=0K4! aiN<�"
 %B7�D�/�>"`0@�,�[&76|&(*E���! s�
T�6�U���B7�����,�! 
�
T!"
*h012\ I"
 ��) .2\�,�.GnbE�[rm %"
 .6N��$)01"
�,��&(*X���! o�
T!"
*h012\ o�
2%0@���� %"v�,�! o�
T)6�U��[B7�N�]H]�����z4��[rm %"
 .6N����6N�> .6+�
�
�[�,�[ .�g0K6�4w2\&7:=��6�Bo*9"
&7: �
U��[B7�N�,U[<a4���r' %"
 .6��g4��["
 .2\�,�[&76�� � �[*-�,�����P���P*d&+2%T��
�
 .4uH]�����Z0=U[ .6��E0K6�4Z0
�
�! % %�v&(*]$)�!&(��&(B("30@$S����2=$S0@$' %"5�D�5 \¡+$'&7�/ .4�e^HJ o&(i)��0K��6|016���:=01B( 7GZ�z a2\&7T�U�4�01UD�/&sT��
 n0 � ���
4! %&L2%01:L %"`0�&("��/ .:=��2\&76)4�T�2\��&("C�� .23��6)���NT� 7eFUD�[k( ]�,�! �23��01"
B( �2\&7T!$)U� .4o4! � ��2\ 
�� ��! �3G^�P&@HJ �  %"@e



� � � � �d�������������

K	�� � � ��� �`�N�����K�,���

��9�>�V���������X���D��� �

<       swath      >

ground track

azimuth direction

θ  
look angle

ground range

slant range

flight tra
jectory

•P

H

d

footprint

� ��� � ��� � � ��� � � �`��� �J���D��� �`��� � ���@��� ���������

 �#�����K�,�'����� � �d� �V��
�� �

 � �����d���
�
�
�9�$�
"3014)0@"E�/<+�/�> .:I�P4�&c6�&(�]��0 �  L016w��:I0@B7��6�Bo4! � ��2\ p����01�]4��D�/���D6!B7T����
�� .�Xim %�VHJ % .6wi)0K2
k+�
2%01�>�� %"3��6!B
*d"
&7: 4��[rm %"
 .6N�84��["3 .2\���[&76)�.G 	 6�U[<Q���� ]��&(��0KU'��6��� .6��
���V< 
V0K6�4o$)��0K�/ ��M&(*;���! Pi)0K2
k+�
2%01�>�� %"
 .4ni' .01:
���X"
 .2\&("34! .4;G-���! �6! \¡+�#�VHJ&I�/ .2\�,�[&76���01"
 �4! � &(�> .4t�>&L�� .23��6)���NT� .�C��&L&(i��,01�D6n0K6a��:=01B( ���6ni'&(���
��:=01B( v2\&N&("`4���6�01�> �4���"
 .2\����&76��.G


�� 
 ������������� �� ���" ��� � ���" ������ ���	��
 �
� �����������������!����������� �
� �
l�6c�,�����C���� .�
���.eN"30K4�0@"��/<+�/�� .:=��01"
 g"3 .�/�>"`��2\�> .4n��&L01�["3im&("`6! g0K6�4c�/$)0K2\ %i'&("36! E�/<F�
�> .:=�@eFUD�[k( �¨�¤S¢(G
���! g4)�["
 .2\�,�[&76I��6IH]����2`�I�,�! g$)U�01�>*9&("3: :L& �  .�����J2%01U�U� .4=�,�! p��� ?BCQ�+�9�v4��["3 .2\���[&76;GM���� g4��["3 .2\���[&76
��6|H]����2`�¦�,�! n"3014)0@"Q��"3016)�
:=�[�,�v0K6�4¥"
 .2\ .� �  .�Q"30K4���01����&76¦���Q2%0KU�U[ .4����(�N�N�%G¥�������v�> %"`: "
 .U�01�> .�
4��["
 .2\�,U[<a��&n�,�! p"30K6!B7��6!Bn0@i)�DU��[�V<c&(*#0L"30K4�01"P4� .�
2\"3�[i' .4Z��6��v©+G
�(G �s&7�/��"3 .:L&(�> L�/ .6)�
��6!Bo"3014)0@"
�/<F�
�> .:=�n01"
 ZU�&N&(k+��6!By��&¦&76� Z�
�D4! u0K6�4x�,�NT)�I�,�! u"`016!B( Z4��["
 .2\�,�[&76����=$' %"
$' .6�4��D2%T�U�01"p��&¦�,�! 
�S�[B7�N���>"30K2
kt0K6�4Z0 �.�D:5T!�,�u4)�["
 .2\�,�[&76�GXl,6t�,�����]�
 .2\���[&76;e)�,�! 5�D:=0@B7�D6!BI:L .2`��016)���
: �D6t�,�! v"30K6!B( 
4��["
 .2\�,�[&76a����4! .�32\"3�[i' .4c*d&("g016t0K�["
i'&("36� g&("]�
$)012\ %i'&("36� E�
<F�/�� .: �,��01�J���P�9? >N� H ���.��� ?9���7G

���! ]B( %&7:L %�>"3<L&(*'�3T�23�o0��
��4! \��U[&F&(k+��6!BE"30K4�0@"C�
0@�� .U�U����> ����#�
�!&@Hg6I��6QqSB7T!"
 g©+G
�(G-���� �$�"
&��
j, .2\�,�[&76w&(*#�,�! �S�[B7�N����"30123ku&76N�>&a�,�! pB("
&7T�6�4w���E2%0KU�U[ .4w�7�,�(�+� >Z�V�������KG5���! p"30K4�0@"EU[&F&(kF�EHg�[���
���! ���@���c�(�N�����! I�>&o���� v�/��"3�[$t�,�! �"30K4�01"�i' .01: ��U�U�T):=��6�01�> .�@G8���! v01"
 .0p�,��0@�����g��U�U�T):=��6�01�> .4n���
2%01U�U� .4 A%�.�(� �'��?9���80K6�4Z���� Q�
�>"3��$s���E2%0KU�U[ .4¥�#"8�(�9�FG5���� pU[&F&(ks4)�["
 .2\�,�[&76s�D�g�,�! o���[�(���g���(�N�N��0K6�4
�[����$�"
&Kj/ .2\���[&76y&76���&t�,�! =�
T!"
*h0K2\ =�����,�! I�7�,�(�+� >w�,�(���N�.GIR)&("v�,�! LYCT!"3&($m .0K6w~# .:=&(�> n�+ .6��
��6!B
�
0@�� .U�U����> .�X¨�¤S¢\� �E016�4a¨)¤S¢��>©+e+�,�! ��! .�[B7�N��$ ��� ���(�Qk+: 016)4o*9&("��,�! ��g2\�,� �  �Z��2\"
&1HJ0 �  �l,6��/��"3T+�
:L .6���
V£&% �
�X��6t��:I0@B( v:=&F4! �&76Ni'&70@"`4t¨�¤S¢7e!���� �*d&F&(�>$)"3��6N�C��� �%�(�ok+: U[&76!B=0K6�4 ��G��=kF: H]��4! 7e
im %B7�D6�6���6!B('�) ©(���pk+: �>&p�,�! g"`�[B7���#&(*����� gB("
&7T)6�4n�>"30K2
k'G-���! EU[&F&(kI0K6!B7U[ P&(*����� E:I��2\"
&@HX0 �  



� ��� ��	��d����� �	�
�9�����

�����
 � ���\��������� � �
�

 �8� �3�������K�,���

��9�>�V���������X���D���

θ
dθ

P1

r1

r1 dθ cτ/2

θ

cτ
2 sin θ

P2

r2

slant range

ground range
••

� ��� � ��� ��� ���m�,	/� � �V� � � ����� � 
 � �d��� � �	��� �9��
1	,���3� � � � � ��� 
K�����K�
	 � �V	/��� �9������� ���8���,��� � ���������;��
������ � � � �	�(������
���
 � � �'�����1�,�
���^���	� � � � �	��� � ��
�� � ��� � � � ��� ��� � � ��� � � �
��������
����,	 � � �1��� � ��� �
�J��� ��������� ���§����� � � � �/���	�

��������`�#��
������������ � � �D�����
�
�

 �
���	��� �`�S� � � ���V� 	���� � � � ����� � ��
�
 
 � � � �	�	�(�>����
K	�� �

 � � ��
�������
���� � � � �9��
K	�� ������
�� ���-�������V�,	�� ��� 
 ��
�� � � � � �`��� � 
�������
����
��� ���������^��������� � � ��� 
��`����
�� � � �

����

��6��/��"3T�:L .6N�X���]©��!G �(�(���(G�{J .2%0KT��/ v&(*-�,�! 5 .U�U��[$)�
&7��4�0KUS�
�)0@$' �&(*-�,�! � .01"
�,��e��,�! v��6)2%��4! .6�2\ �0K6!B7U[ 
0@�C���! E2\ .6N�>"
 �&(*;���! ��/HX01���c���X01$�$�"
&@¡+��:I0@�� .U[<=©(� � 0K6�4o���)0@�8&(*M���� g .4!B( .��&(*;�,�! g*9&F&(�>$�"`��6��801"
 
���+G �(� � ��&Q©��+G ��� � eF�[*��,�! %"
 gHC&7T�UD4Ii' ]6!&p��&($m&(B("`0@$)�N< 
V¨S¢.£8e ������� � £§¢��'e �����(�Ki �3G8l�6o���� P�/ .�FT! .U
 vH]�DU�U+i' gT��/ .4I*d&("J�,�! g��6)2%��4! .6�2\ ]0K6!B7U[ 7G§R�&("��
�D:L$)U���2%���V<v�,�! �q)B7T�"
 .�#01"
 g4�"30\H]6I0K�J�[*'���! g .0@"3���
HC %"
 �S01��0K6�4tH]�����!&7T��J��&($'&(B("301$)��< � &76�U[<t��6u����01��2%0K�/ 5�,�! QU[&F&(kt016!B7U� v .�FT�01UD�]�,�! 5�D6�2%��4! .6�2\ 
016!B7U� 7G

�P�C�/�,01�> .4o��6=�,�! �$�"3 � �[&7T)�#�/ .2\�,�[&76�eN0E"3014)0@"J�/<F�
�> .: ���#6!&(�801i)U[ ]�>&p4����/�,��6!B7T��D�
�pim %�VHJ % .6
"
 ��) .2\�,�[&76��p2\&7:=��6!Bs*d"
&7: 4���r' %"
 .6N��4��["
 .2\�,�[&76��v016�4¦���FT��p���v6�&(��0@i)U� I��&u .�/�,0@iSU����
�y0c*9&+2%T��/ .4
��:=01B( 7G=�P&@HJ �  %"@e^�[�P2%0K6z"
 .2\&("`4y�,�! =4! .U�0\<Z���D:L =4���r' %"
 .6�2\ .��&(*X$)T)U��/ .�P"
 ��) .2\�� .4yiF<w&(i+j, .2\�,�
H]�[�,�t4���r' %"
 .6N�#"30K6!B( .�.GJ���������D����U�U�T)�/�>"`0@�� .4o�D6cq)B7T!"
 v©+G ©+GJ� $)T�UD�/ ����� .:=�[���� .4a�>&I���! vB("
&7T�6�4�G
{C .2%0KT��/ ci'&(�,�y*9 .0@�,T!"
 .��� � 0K6�4�� � *h0KU�U8H]�������D6z���� o�/HX0@�,�|016�4¥0@"3 n��UDU�T�:=��6)0@�� .4�e'�,�! %<zi'&(���
�
2%0@���� %"P$S0@"
��&(*-�,�! Q��6�2%��4� .6��X .6! %"
B(<u�>&1HJ01"34��g���� v"30K4�01"P0K6��� .6�6�0FG�{J .2%0KT��/ Q���� v"30K4�01"P�
��B76�01U
�>"30 �  .UD�#�VHJ&5�,��:L .�#���� ]4����/�,0K6�2\ �� � &("�� � eN���� ]4! .U�0\<Q�,��:L �&(*��,�! ]"3 .2\ .� �  .4I .2`�!&F .�C&(*��,�! g$)T�U��/ .�
���

� � )
©�� �
 

� � � )
©�� �
 "!


�©+G
� �
~# .2\&("34��D6!B�&(*'���� �����:= �4! .U�0\<Q���� %"
 %*d&("3 �:=0@k( .�J�[�M$m&7�3�
�[i)U[ X��&� .�/�,0@iSU����
�Q0K6=��:=01B( ]��6Q�,�! �"30K6!B( 
4��["
 .2\�,�[&76�G

�z Q6!&@H �/ % vHg��<a"
 .:=&(�> p�/ .6��
��6�B="30K4�0@"g�/<F�
�> .:=�P01"
 L�$? >�� H7�[�.��� ?d��� ���[*^���� %<aHC&7T�UD4t�/ % 
$m&7�D6��,�§&76Q .�[���� %"§�
�D4! C&(*S���� JB("3&7T�6�4p�>"`0123kme(�,�! J"30K4�0@"^HJ&7T�U�4p6!&(�;i' X0@iSU[ C��&�4����
����6�B7T����
�E�,�! .:te
im .2%0KT��/ ��,�! %<c��0 �  ��,�! ��
0K:L �"30K6!B( 7G

���! �"`014�01"� .:=�[�,��$)T)U��/ .��&(*^"30K4���01����&76o&(*-4�T�"30@�,�[&76$# � ��6t&("34! %"���&o�/ %$S0@"301�� �*d .01��T�"
 .��&76
���! �B("3&7T�6�4�e(�,�! �$)T)U��/ �U[ .6!B(�,�L:5T)�/�Mi' �0K�8�
�!&("
�^0K�-$'&7�
�
�[i)U� 7G��������-�D�-��U�U�T��
�>"301�� .45��6pqSB7T!"
 �©+G �+G



� � � � �d�������������

K	�� � � ��� �`�N�����K�,���

��9�>�V���������X���D��� �

<          τ          > time →

P

pulse backscatter

A

B

� ��� � ������� � � � �'���,��� � ��� � �

 � � � �K�/	 � �V	,��� �d������� � ����
����1	/��
��(� � � � � �8� �3��� � 
 �#���/��� � ������� � � ���D�������
�

��-�����`���`� � � ���V���
�`�)����� � � � �/��� ��
��§�����`� �`� � � ���V��� � � � �S��������� � � ��� 
�� � � �����	�
���
� � � �M�������������m	,�>���h���

 �`��� � 
��#� �/��� � ������� � � � � � � �1���d����� ��
1���
��� � � � � � ���V� � ��
�� � � 
��

���! �*9 .0@�,T!"
 � ��6a�,�! �i)0K2
k+�
2%01�>�� %"
 .4Z�
�[B76�0KU�2%0K6ti' �4�T! ���&I0pB("
&7T�6)4t*9 .0@�,T!"
 �01�X���! v�>"30K��U��D6!B
 .4!B( �&(*;$)T)U��/ 	� &("�01�#�,�! �U[ .014)��6!Bv .4�B( �&(*;$)T�UD�/ �
cG-���! E"
 .�
&7U�T!�,�[&76 D=�,�! �0@iS��U��[�V<Q��&p"3 .�/&7U �  
2\ %"
��0K��6aB("3&7T�6�4a*9 .0@�,T!"
 .� Da����4! %�� %"3:=��6� .4ciN<c�,�! �$)T�U��
 EU� .6!B(��� #�GC���! ��/$S0@�,��0KUm�
 %$)0@"`0@�,�[&76a��6
�
U�0K6��'"30K6!B( #i' %�VHJ % .6p���! C .4!B( .�M&(*����� #$)T�UD�/ 8���  #�e�H]�����  ���� C�/$' % .4�&(*�UD�[B7���\G�l,6�qSB7T!"
 J©+G ©+e��,�! 
�
U�0K6��§"30K6!B( ]4���r' %"
 .6�2\ �i' %�VHJ % .6 � � 0K6�4 � � ���  #
��©�0K6�4Li' .2%0KT��/ ��,�! �"
 ��) .2\�� .4=$ST�U��/ X��"30 �  .U�U[ .4
�����D��4����/�,016)2\ p�VHg��2\ 7e��,�����E���E�,�! =�/$)01�,��01U^�/ %$S0@"301�,�[&76Zim %�VHJ % .6y"3 ��) .2\����&76��E&(*X���! =U� .014��D6!Bn0K6�4
�>"30K��U��D6!B5 .4�B( .��&(*§���! �$ST�U��/ 7G-���� P"3 .�/&7U�T!�,�[&76a��6a�
UD016N�#"30K6!B( ��������! %"3 %*d&("
 

� ����� ��������������� )  #
© !


�©+G © �

l>*gHC a$�"3&Kj, .2\�5�����D�5&76N��&z���! cB("
&7T)6�4|H]�[�,�¥��6)2%��4! .6�2\ c016�B7U[  �e-HJ nB( %�p�,�! 
hB("
&7T�6�4���"30K6!B( 
"
 .�/&7U�T!�,�[&76 � ����������� )  #

©^�
��6  !

�©+G � �

l,6L&("34! %"C�>&5&(i���0K��6=0P"
 .�
&7U�T!�,�[&76=0K�#���[B7�I01�#$m&7�3�
�[i)U[ 7e��,�! �$ST�U��/ �U[ .6�B(���o:5T��
�§i' �0��
��&("
�
01�5$'&7�
�
�[i)U� 7Go�P&@HJ �  %"@e8�D6y$)01"
�,��2%T�U�01"�*d&("p"30K4�01"v�
01�> .U�UD�[�> .��&76�U[<y0 �  %"
<zHJ .0@k¦i)0123kF�32%0@���> %"Q���
"
 .2\ .� �  .4Z016�4ui' .2%01T��
 ����� %"
 v����0LUD��:=�[�C�>&=�,�! 5$m&1HC %"g&(*-���� �$)T�U��
 7e+���! 5$)T�U��
 �:5T��
�Ci' v:=0K4! 
U[&76!B( %"P�>&o�>"30K6��
:I�[�C�
T 8o2%�[ .6N�J .6� %"
B(<a�>&ni' v01i)U[ ���&I"
 .2\ .� �  p0Q2\ %"
�,01�D6ti)0K2
k+�
2%01�>�� %"
 .4s .6! %"
B(<7G
�F&�e�05�>"30K4! \��&�ry��0K�X�>&Iim �:=0K4! �i' %�VHJ % .6t"
 .�/&7UDT!����&76n0K6�4t�3�[B76�0KU����>&���6�&7���/ \��"301����&�G

l�*gHJ aHC&7T)U�4�i' t0@i)U� n��&¦2`��016�B( t���� t6�0@�,T!"
 c&(*E�,�! a$)T�U��
 oiF<}:L&F4)T�U�01����6�Bs�[�p4�T!"3��6�B
�[�����>"30K6��
:I���
�
�[&76;e)HJ =HJ&7T�U�4w"
 .2\ .� �  oi)0K2
k+�
2%0@���� %"����)0@�P"
 ��) .2\�,���,��0@�P:L&+4�T�U�01����&76�Gv�z n2\&7T�U�4
���! .6c4��D�/���D6!B7T����
�Q*9 .01��T!"3 .�J�3:=01UDU[ %"#�,��0K6I�,�! E$)T�U��
 ]U[ .6!B(�,��G^���! P&(���� %"JHX0\<o01"
&7T�6)4�e�HJ �2\&7T�U�4
��6�2\"
 .0K�/ =�,�! L$)T�UD�/ LU[ .6!B(�,�y016)4z���� =�
�[B76�0KU�����&���6!&7���/ \��"301�,�[&cH]�[�,�!&7T!�]4! .2\"3 .01�
�D6!Bt�,�! L"30K6!B( ="
 \�
�/&7U�T!�,�[&76 
hR-�[��2`��e ������� �3G|�z aH]��UDU8��"
 .0@�5���)���.e^i' .2%01T)�/ o�,�! .6|HJ t0@"
 a01i)U[ n�>&z:=01k( c���� cUD��6!k
H]�[�,�c���! v"3016�B( ��/$' .2\�>"3T):teFH]����2`�a$)U�0\<+��0Q:=0\<(&("]"
&7U� ���6a"30K6!B( EqSU[�� %"3��6�Bp0K6�4t���]4! .�
2\"3�[i' .4c��6
23��01$��� %" ��G

	 T!"PB(&70KU-���]��&a4! .�
�[B76Z0=$ST�U��/  � 
 � ��U�&76!Bo .6�&7T!B7�Z�>&a2\&76N��0K��6w0=���[B7�Z .6! %"3B(<ti)T!��Hg�[���
0s�
�)0@$' n����01�v .6)0@i)U� .�pT)�Q�>&y4��D�/���D6!B7T����
�¦i)0K2
k+�
2%0@���� %"
 .4�$)T�U��
 .�5*9"
&7: &(i!j, .2\�,�QH]�[�,��0s�
:I01U�U
�/ %$)01"30@�,�[&76�G;�}:L .01�3T!"
 8*9&(";�,�! C�3��:=��U�01"3�[�V<]&(*F�,�! C�VHC&gi)0123kF�32%0@���> %"3 .45�
��B76�01UD�������,�! #2\&("
"3 .U�0@�,�[&76�G
{C .2%0KT��/ 5���� ��
�[B76�0KU��X0@"3 �01U���k( 7e+�����D�����X���� �01T!��&+2\&("
"
 .U�01����&76�e

� 
 # ��! # � �	)#"$� 
 �&% # � �'� 
 �(% # � � ' � ! 
�©+G � �



�%� ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

H]����2`�t���.eFH]�[�,�a0p23��0K6!B( �&(* � 0@"3�D0@i)U� .� � � ) ��� # � 0K6�4 # � )"# � % # � e
� 
 # � )$"#� 
 � �'� 
 ��� # � ' �

!

�©+G � �

l�6�&("34! %"n�>&|&(i��,01�D6 0z���[B7� "
 .�/&7U�T����[&76;eC�,�! Z01T!��&+2\&("
"
 .U�01����&76 �
�!&7T)U�4}i' s�
:I01U�U� �  %"
<NHg�! %"
 
 \¡+2\ %$��XH]�� %"
 ����� �����:= �4���r' %"
 .6�2\ �&(*§���! ��VHJ&I�
��B76�01UD����� �% %"
&�G

l,6tq)B7T�"
 p©+G ��e'�,�! 50KT!��&F2\&("3"
 .U�01���[&76u&(*#4���r' %"
 .6N��$)T�U��
 v�
��01$' .�]���P�
�!&1H]6�G]�]�! p2%UD01�
�3��2%01U
"
 %$�"
 .�/ .6N�,0@�,�[&76t&(*80=$)T�U��/ ��D�]0Q"
 .2\�,016�B7T�U�01"g�
��01$' 7e�0K�g��6tq)B7T!"
 Q©+G �70Nem&("E0Q�>"`��016�B7T�U�01"��
��01$m 7e
01�n��6 ©+G �(i;G �P2%2\&("34��D6!B¦��&¦�,�! �Z0.¡+HJ .U�U]U�0\Hg�L&76�U[<}0KU[�> %"`6�0@�,��6!Bz2%T!"3"
 .6��,�I01"
 s .:=�[������6�Bw0K6
 .U[ .2\�>"3&7:=0@B76� %����2#q) .U�45016)4v01"
 C01i)U[ C�>&g$�"
&($)01B70@�� 
hR) %<F6�:I016p %�;0KU�G[e �����(� �3G^�z X:pT��/���,�! %"
 %*9&("
 
:L&F4)T�U�01�> ^�,�! -$)T�U��
 §Hg�[���E0J�
��6! 7e101�;�
�!&@Hg6���6�©+G �72(G§l>�,��0KT!�>&+2\&("
"
 .UD0@�,�[&76E��0K�'���! 8�301:L # .6 �  .U[&($' 
01�g���� 50KT!�>&+2\&("
"
 .UD0@�,�[&76a&(*8�,�! v4)2 
V4��["3 .2\��2%T!"
"
 .6N��eS6!&(��0KU[�> %"`6�0@�,��6!B �8$ST�U��/ 7GX���! p:L&+4�T�U�01����&76
&(*P�,�! t$ST�U��/ a4�T!"`��6!Bz�[�,�Q�>"30K6��
:I���
�
�[&76|HJ u:L .6N����&76! .4}i' %*d&("3 7eC2%0K6}i' t"
 .0KU��
�% .4�iF<}U���6! .01"3U[<
��6�2\"
 .0K�
��6!BQ�,�! �*9"
 .�NT� .6�2\<��^e!0K����6t©+G �74��

� 
 � �	) 2\&7���\©�� 
�� ��� �
�
	 � � ��� ! 
�©+G�� �

&("g��6a2\&7:L$SU[ \¡n*9&("3:te � 
 � ��)� \¡+$
�\©���� 
�� ��� �
� 	 � � ���

!

�©+G�� �

���! �4! %"3� � 01��� �  P&(*^�,�! �$)��0K�/ ���� ����
�
) ©�� 
�� � 	 � � ! 
�©+G�� �

H]����2`�n�3�!&@H]�X�,�! �U���6� .0@"X��6�2\"
 .0K�/ P&(*;�,�! E*d"3 .�NT! .6)2\<7G-�������J����0vUD��6! .01"3U[<Q*d"3 .�NT! .6)2\<I:L&+4�T�U�01�> .4

 ��% �X$)T�U��/ 7e)���)0@�����g2%01U�U� .4s0t�%�%?d���mGg�g�E���g��U�U�T��
�>"301�� .4a��6aq)B7T�"
 p©+G �74�eS�,�! 50KT!��&F2\&("
"3 .U�0@�,�[&76u&(*
0t23����"
$¥��6)4! % .4¦���5�
�!&("
� �L�[*X�,�! I$)T)U��/ I��0K�p0a4�T!"301����&76�� 0K6�4¥�/��01"
�,�501�����LH]�[�,�z*d"3 .�NT! .6)2\<� � 	 ���1e

� 
 # ��)#"$��� 
 � �'� 
 ��� # � ' � 
�©+G�� �

)� \¡+$
�\©���� 
�� # � �
� 	 # � ��� "  \¡F$ 
�©���� 	 # � � ' �

)���� 
�� % � # � ��� �
��6!�"� 	 # 
�� % � # � ���� 	 # 
�� % � # � � ! 
�©+G
�%� �

H]�! %"
 #� �D���,�! 5$S��01�
 v*h012\��&("@G��z Q"
 .2\&(B76)�
�% 5�,�! Q�
��6FT��]2%01"34��D6�01UD���.e+�
��6�2�$ ) �3��6%��$ �
��$Mem0K6�4
�[���]23��01"30K2\�> %"]�D��01UD�/&Q"
 .2\&(B76��
�.01i)U[ ���6nqSB7T!"
 v©+G �74 
hR-�[�,23�;e�������� � £M¢��'e �����(��2 � £M¢��me ������� �3G

_E�
��6!BE0]U��D6! .0@" ��%}2`���["
$;e��,�! X$)T�UD�/ 7eKH]�[�,�p0g4�T!"301�,�[&765U�&76!BE .6!&7T!B7�Q��&E2\&76N�,01��6L�3T18o2%�[ .6N�
 .6! %"
B(<7e�2%0K6Li' �:=0K4! X \rm .2\�,� �  .U[<L�
�!&("3�; .6!&7T!B7�Q��&�&(i��,01�D6p0P���[B7�p"
 .�
&7U�T!�,�[&76�G;�]�����^���^H]�N<v�,�����
�> .2`��6����FT! E���C2%0KU�U[ .4=�m�D� �%�5�3�'C]�m�/���`�$?h�(��GJ���! PH]��4!�,�L&(*;�,�! E:=0K��6IU[&(i' P&(*��,�! P0KT!��&F2\&("3"
 .U�01���[&76
Ds016�4Z�,�! %"
 %*9&("
 Q���� p"3 .�/&7U�T!�,�[&76
Dt�D�P01$�$�"3&.¡!��:=01�> .U[<u©�� 	 � 0K6�4Z���FT��E��6 �  %"3�/ .U[<u$�"
&($'&("
�,�[&76�0KU
�>&L�,�! EU[ .6!B(�,�o&(*M���� P$ST�U��/ &� 016�4n�,�! ���6�2\"
 .0K�/ P&(*;�,�! �23����"
$c*d"
 .�FT! .6�2\< 	 G-�P�X .�NT)0@�,�[&76 
�©+G�� �
�
�!&@Hg�.e!�,�! �i)0K6�4!H]��4����I&(*§�,�! �2`���["
$t���


('�)+* �-, ) 	 � 
�©+G
��� �

016�4t���! %"3 %*d&("
 ��,�! �"
 .�
&7U�T!�,�[&76c������:L$)"
& � ��6!Bp$�"
&($'&("
�,�[&76�0KUm�>&L�,�! �i)0K6�4!H]�D4!���o&(*§���! �2`���["
$MG
�P&@HJ �  %"@e!�,�! PU� .6!B(���o&(*;�,�! P$)T�U��
 ]���XU���:=���> .4LiF<I�,�! E�/$' % .4I&(*M���� P�
01�� .U�U��[�� 7G;b�T!"`��6!B5�����



� � � � �d����� �!�)���

1	�� � � ��� �`�+�����1�/� ��
��d���V� ����� �J���d��� ���

�JT�U��/ �PT!��&F2\&("3"
 .U�01���[&76


V0 �


hi �


V2 �


V4��

0 500 1000 1500 2000
0

0.2

0.4

0.6

0.8

1

Time

A
m

pl
itu

de

−2000 −1500 −1000 −500 0 500 1000 1500 2000
0

100

200

300

400

500

600

Time difference

0 500 1000 1500 2000
0

0.2

0.4

0.6

0.8

1

Time

A
m

pl
itu

de

−2000 −1500 −1000 −500 0 500 1000 1500 2000
0

100

200

300

400

500

600

Time difference

0 500 1000 1500 2000
−1

0

1

Time

A
m

pl
itu

de

−2000 −1500 −1000 −500 0 500 1000 1500 2000
−600

−400

−200

0

200

400

600

Time difference

0 500 1000 1500 2000
−1

0

1

Time

A
m

pl
itu

de

−2000 −1500 −1000 −500 0 500 1000 1500 2000

−200

0

200

400

600

Time difference

� ��� � ��� ��� � � � ��	��3�V����� ��� ��� 
 �`� � � � � � ���V� 	��
� � � � � ���/	 � �V	/��� �d������� � ��� 
K��� ��� � �V��� � �§��� �d��� ����� � � �'����
 �`��� �`� � � � �K�/	 � �V	/��� �
�d�����

 � � � �V�,	�� � � � � � 	����	� � �3� � � �8� � � �%	��`�V��� � ��� ��� 
 �3� � � �8� ��� �
� ��� � � ���V� �@���9�>��� �

K��� � � � � � ��� � �	� �^������� � � � ��� 
��7� 
 ��� � ���
�[� ��
\�'	�� � ��� � 	/���%���,	 �h��
�� � � �,� � � � �V� ��� � � �
	�
�� �

 � � � � � � �d��� ��
�� � � �,� � � ���V�$� �'�,	,� � �V� ��
��
�#���
�9�>��
���� ��
��;	 � �V��� 
�� �!�,���S��� �
� � �

��
��
���� �,	��D��� �X��� 
1��� � 	 �1����� 
��#���,	 �h��
�� � � �,� � � ���V� � � � � ��� � ��� � � ���9��� 	��
� � � � �

1� ��	 � ��� � �§� � � �%	��`�V��� � ��� ��� 
 � ��� � � � �����J�
��
�������� � �§� � � � �-� � � �%	��3�V����� ��� ��� 
 �3� � � � �@	����	� ���,	��S	 � �V����
���
�
 ���'���
�9�>��
���� ��
���� � � ���V���[� � � � � � 
K�,�V��� 	m��� �S� � � �%	��`�V��� � ��� ��� 

��
 � � � �����>� �`��� � � � � � � � ��� �S��������� � � ��� 
 � � � ���9����
1��� 	 � � 
 � � �

 �J� �
�

1�/�,��� ����� � ��
1	�� � ��� � � ���d��� � � � �V� �`�������	��
 ��� � �



�.© ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

�S�[B7�N��e)���! 5�
0@�� .U�U����> E .:=�[�,��$ST�U��/ .��Hg�[���t���! ��m�D� �.�Q�,���!�%�2?9�2?h�(� A\�,���.���%�)�@� 
2<�¤ � �3e) .012`�u&(*-H]�)��23�
���CT)�/ .4=��&5&(i)��0K��6=&76� ]"30K6!B( EU���6! ���6I���� ]"30K4�01"C��:=01B( 7G-{J .2%01T)�/ g&(*��,�! P�! .�[B7�N�-&(*����� g�
01�> .UDU��[�� 7e
���! g:=��2\"
&1HJ0 �  P��6��/��"3T�:L .6N�;"3 .2\&("34��-�,�! �i)0K2
k+�
2%01�>�� %"#&(*�0E2\ %"
�,01�D6L$)T�U��
 X01*9�> %"C���! �6� \¡F�-�/ �  %"30KU
$)T�U��/ .�]��0 �  5i' % .6u .:=�[���> .4�GJ���! v����:= �i' %�VHC % .6u$)T�U��/ .�]:5T��
�Ji' vUD0@"
B( v .6!&7T!B7�s�>&o"
 .2\&("34t�,�! 
"
 ��) .2\�,�[&76c&(*§0p2\ %"
�,01�D6o$ST�U��/ P*d"3&7: ���! �6! .01"� .6�4c&(*§���� E�
HJ01���a0K�XHJ .U�U�01�X�,�! E"
 ��) .2\�,�[&76c*9"
&7:
���! v*901"� .6�4a&(*§���� ��/HJ01�,��e+i' %*d&("
 ��,�! �6! \¡+�J$)T�U��/ ����� .:=�[���> .4�G

���! z�
�D6�2s�D6��,�! z0KT!�>&+2\&("
"
 .UD0@�,�[&76 ��0K�n�3��4! .U[&(i' .�.eg01�nq)B7T�"
 y©+G �74 �
�!&1H]�.egH]����2`��2%0K6
4����/�,T!"
it�,�! 5"
 %�>"`�[ � 0KU�&(*#���! 5*d .01�,T!"
 .�P��6t�,�! p�> %"
"`01��6tHC QHX016N���>&c�/ %$)01"301�> 7Gg{J<t��01$' %"3��6!BL�,�! 
�/$' .2\�>"3T): &(*§�,�! �2`���["
$;eF�,������2%0K6ai' ���:L$�"3& �  .4�G-���)���X����4����32%T��
�/ .4c��6�� ��G
�(G ©+G

�����D�n2\&("3"
 .U�01���[&76 2%0K6 0KU��/&�i' yT��/ .4 ��&}"
 %�>"`�[ �  z���� Z�,��:L z4! .UD0\<F�c&(*Qi)0K2
k+�
2%01�>�� %"3��6!B
&(i+j, .2\�,�.G8�P�XHJ E�30\HveF���! E�,��:L E4! .U�0\<n���J$�"
&($'&("
�,�[&76�0KU!�>&Q�,�! E"30K6!B( �016�4n��6n�,�����CHJ0\<c016n"30K6!B( 
U���6! c��:=01B( a2%016�i' a:=0K4! 7Gzl�*g0KU�UJi)0123kF�32%0@���> %"3 .4}�
�[B76�0KUC�D�L2\&("
"
 .U�01�> .4|H]�����|�,�! c$)T�U��/ 7e^�,�! .6
Dsi' .2%01T��
 p�,�! =0KT!��&F2\&("
"3 .U�0@�,�[&76Z&(*J���! Q$)T)U��/ L��0K��0I6�01"
"
&1H $' .0@k
DuHC L&(i��,0K��6w$' .0@k+�E*d&("�0KU�U
"
 ��) .2\�,��6!Bu&(i!j, .2\�,�.Gt���)���v2\&("
"3 .U�0@�,�[&76y2%0K6|:L&7�/�� 98o2%�[ .6N�,U[<zi' =$' %"
*d&("`:L .4¦��6¦���� =*d"3 .�NT! .6)2\<
4!&7:=0K��6�e+H]�! %"3 �0p2\&("3"
 .U�01���[&76ci' .2\&7:L .�g05:pT�U[�,�[$)UD��2%0@�,�[&76�GM���! �$)"
&F2\ .�3��2%016tim �4� .�
2\"3�[i' .4ciF<
:5T�U����[$SU���2%01���[&76wHg�[���|0 CL�(���%�+� > 
������%��Gy�������5*9"
 .�NT� .6�2\<¦4!&7:=0K��6¦qSU[�� %"p�D�52%0KU�U[ .4 % :=01��2`�! .4�?[e
im .2%0KT��/ 5 .�
�/ .6N���D01U�U�<c0Q"3 %$)U���2%0p&(*8�,�! v��"30K6��
:=���>�� .4a$)T�UD�/ v���P2\&7:L$)01"
 .4s�>&o���! p"
 .2\ .� �  .4w�
��B76�01U

hR^����2`��e�������� � 	 �>�� .6�e ������� � WXT!"3U�0K6�4! %"X0K6�4 �s2\bE&76!&7T�B7��e�������� ��� 01k(&@HX0@� �v %�X01U�G[e ������� �3G

� �[���=�����D�M�m�D� �.���3�'C]�m�/���`�$?h�(�Q�� .23��6��D�NT! 7e7*d&("C���! �¨)¤S¢��
01�� .U�U��[�� .�-0P"
 .�/&7U�T!�,�[&76L��6=B("
&7T�6�4
"3016�B( g2%0K6=i' �&(i��,01�D6! .4L&(*;©(��:= %�> %"@G^{J .2%0KT��/ P���! g�
�[B76�0KU����8�3U��[B7�N��U[<p& �  %"`�
01:=$)U[ .4�e����! % �
��6!B7U[ 
U[&N&(k�2\&7:L$)U[ \¡�?�
�¢�� � �o¢.£�¤ ��:=01B( .�a�
T!$�$)UD�[ .4xiF< �,�! w�#"
&+2\ .�
�
�D6!B|0K6�4 �g"323��� � ��6�B¥R)0K2%��U������[ .�

2<(£ �+���P��0 �  c0a�
U�0K6N�g"30K6!B( o$)��¡+ .U#�/$)0K2%��6!Ba&(* �FG����7�s:= %�> %"@eMH]���D23�¦�D��H]�[�,�z .�FT�01���[&76 
�©+G � ��0
B("
&7T�6�4a"`016!B( �$S��¡F .U��
$)012%�D6!BQ&(*^©��!G ©(�o:L %�� %"@G


���� ������������� �� ���" �����	����� � 
�
�� � ������
 �
�!� � � � ��� 
 ��� � �
� � 
�
���� ���
l�6Q�,�����§�/ .2\�,�[&76�e��,�! C*9&("3:=01�,�[&76p&(*S0K6p�D:=0@B( ���6p0��.��:5T����p4��["
 .2\�,�[&76p���^4����
2%T)�
�/ .4�G;fg&("3:I01U�U�<7e1�,�! 
"
 .�/&7U�T!�,�[&76a&(*80K6Z��6��/��"3T�:L .6N�C4� %$m .6)4���&76s���! 5HJ0 �  .U� .6!B(���Z0K6�4t0K6��� .6�6�0Q�
�
�% 7G�l�6u���! v&($����D2%01U
2%01�/ 7e)���� �4���0K:L %�> %"�&(*§�,�! �U[ .6����D�X&(*§��6N�� %"
 .�/�\G-���! �0K6!B7T�U�01"�"
 .�/&7U�T����[&76c���

�  ) �
!
©(©����� �� ! 
�©+G
�.© �

H]�[�,� � �,�! CHJ0 �  .U[ .6�B(���L0K6�4 � ���! J016N�� .6�6�0��
�
�% J&("-U[ .6��§4���0K:L %�� %"@G;���� C*h012\��&("-4! %$' .6�4��;&765�,�! 4! \qS6��[�,�[&76Q&(*��/ %$)01"301����&76 � �(G ©(©v&("3�[B7��6�01�� .�-*d"3&7: �,�! �q)"3�
�§:=�D6���:pT�:�&(*����! g�g�["3<p4��D�/k �;���� �"3��6!B
$)0@���� %"36a"
 .�
T)U[���D6!BQ*d"
&7: U��[B7�N�C*h01UDU���6!Bp����"
&7T!B7�t0Q2%�["32%T)U�0@"�01$' %"
�,T!"
 
h�g .2`���g016�4 � 0%j
012(e�������� �3G
{C<L:pT�U[�,�[$)U[<+��6!B]H]�[�,�5�,�! ��
UD016N�;"30K6!B( �+e(HJ �B( %�^���! X"
 .�
&7U�T!�,�[&76 
�WXT!"3U�0K6�4! %"-0K6�4 �Z2\bP&76�&7T!B7��e
������� �3e

� ��� � � �� !

�©+G
�.� �

R�&("p¨)¤S¢(e'H]����� � ) �
!
���u2%:te � ) �%�u: 016)4 � ) ���(�nk+: �§2\&7�m©(� � ) �(�(�ckF:ue � � � � �

!
�

kF:teF�,�! ]Hg��4!�,�=&(*��,�! g*9&F&(�>$�"`��6��\G§�;&p&(i��,01��6o0�B("
&7T�6)4o0��.��:pT!���I"
 .�/&7U�T����[&76I&(*M©��5:te+U��[k( ]Hg�[���
$)T�U��/ P2\&7:L$�"
 .�3�
�[&76n��6I�,�! g"3016�B( P4���"
 .2\����&76�e�¨�¤m¢�HJ&7T�U�4o"
 .�FT��["
 P016n0K6��� .6�6�0E&(* �(G��vk+��U[&7:= %�> %"@G
l�6 ���(���v0v�� .23��6)���NT� PHX0K��4����
2\& �  %"
 .4a��&L&(i���0K��6a05���[B7�! %"�"
 .�
&7U�T!�,�[&76nH]�[�,�n:=&F4! %"`0@�� �016N�> .6)6�0
�
�
�% .���,��01�CT!�,��U�� �% .�C�,�! �bE&($�$)U� %"]�
���[*9�\G

l,6 �8©+G ©+e("
 .�/&7UDT!����&76v��6v"3016�B( CHX01�^0K23���� �  .45iF<v4��D�
2\"3��:=�D6�0@�,��6!BJi)0K2
k+�
2%01�>�� %"^iN<v�����;"
&7T�6�4
�>"3��$Z4! .UD0\<7G��g�PqSB7T!"
 L©+G �c�
�!&@Hg�.e���6s�����D�]HX0\<u&(i+j/ .2\�,����6Z���! p*9&N&(��$�"3��6N���,��0@�g��0 �  L���� p�
0K:L 
"3016�B( P2%0K6�6!&(�8i' P�/ %$)01"30@�� .4�G§�P&@HJ �  %"@e+i' .2%01T��
 g�,�! g2\&7:=$m&76� .6��8&(*;���! P�
01�> .U�UD�[�> 7?A� �  .U[&+2%�[�V<I��6
���! LU[&F&(ku4���"
 .2\����&76��g�D�P4)��rm %"3 .6��\em���! p*9"
 .�NT� .6�2\<u&(*C���! pi)0K2
k+�
2%01�>�� %"
 .4z�
�[B76)01U§��0K�P0IbE&($�$)U[ %"



� � � � �d����� �!�)���

1	�� � � ��� �`�+�����1�/� ��
��d���V� ����� �J���d��� �.�

ground track

flight trajectory

� ��� � ������� ��� � �h�,	�� � �

 � � ������� � � ���

�� �
���

 � ��
 � � ��� � � 	 �C	�� ��	�� ���V�����X��
�� � � ��� � � � �����J������
�������
��X	/��
	
 ��� �(� �V� � �/�����d���
	��
� � � � ��� �8��� � 
 � �d��� � �1��� � �$��� �
	'�������

 �(�,	/� � �V� � � ��	���� � ��
K� 
�� �`� � � � �����9���
�
�
�9��� � �������%	��
� � �

 � � � ������� �	� ���,	 � ��� 
�� ���
� �
��������
��)� �`��� � � �V� � � �h�,	�� ��
�� � ����	/��
 ��� �V� � �/�����d��� � � �
�������

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

�
���[*9�-4! %$' .6�4���6!Bv&76IH]�� %���! %"J�,�! ]&(i+j/ .2\�C�D�#0K�! .014o&(*��,�! E�
0@�� .U�U����> �&("�6!&(�\G-�������#bE&($�$)U[ %"X�
���[*9�
���FT���2%0K6ai' ET)�/ .4c�>&=�
 %$)0@"`0@�� E���! E .2`�!&N .�]&(*M�,�! E&(i+j/ .2\����H]�[�,�o�,�! ��
0K:L E"30K6!B( ���6n�,�! �i' .01:tG

� 2\ %"
��0K��6w&(i+j/ .2\�E2%016wi' L��"3012\ .4z�D6w���! L"3 .2\&("34! .4w"
 .2\ .� �  .4¦"30K4�0@"��
��B76�01U§&76z�,�! Li)0K�
���
&(*§�,�! E \¡+$m .2\�� .4abE&($�$)U� %"��
���[*9��e+0K�Xq)B7T!"3 �©+G��=�
�!&@Hg�.G-l�*;�,�! ��
01�> .U�UD�[�> E����01�C$'&7�
�����[&76 	 e+&(i+j, .2\�
� ���X01�! .0K4n&(*;�,�! ��
01�> .U�UD�[�> P016)4o�,�! P"
 .2\ .� �  .4a*9"
 .�FT! .6�2\<I�)01�X0�$'&7�
����� �  gbE&($�$)U[ %"��
����*d�\G§l>*��,�! 
�
0@�� .U�U����> L01"
"3� �  .��01�E$'&7�
�[�,�[&76��1e;���� IU[&F&(kZ4���"
 .2\����&76w�>& � ����$' %"
$' .6�4��D2%T�U�01"]��&t���� I�
01�> .U�UD�[�> 7?A�
�S�[B7�N���>"`0%j/ .2\�>&("3<v016)4v�,�! JbP&($)$)U[ %"^�
���[*9����� �% %"
&�G^�X�;$'&7�
�[�,�[&76  e(�,�! #bE&($�$SU[ %"-�
���[*9�'&(*)"30K4���01����&76
i)0123kF�32%0@���> %"3 .4¦iF< � ���56! %B701��� �  7GcYJ012`�¦&(i!j, .2\���,��01�PHX0K�v��6z�,�! o*d&F&(�>$)"3��6N�P4�T�"3��6!Ba0K4Kj/0K2\ .6N�
$)T�U��/ .�@eN�,�! %"
 %*9&("
 ���0K��0 %AbE&($�$)U� %"������/��&("
<'?N�,��01�#2%0K6cim �T��
 .4c�>&L \¡+�>"`012\�J�[���XiS0123kF�
2%01���> %"�*9"
&7:
���! L"`0\H 4�0@�,0FG5{XT!�gim .2%0KT��/ Q&(*J���� p \r' .2\����U�U�T)�/�>"`0@�� .4u��6sq)B7T�"
 =©+G �+e��,�! Q"3016�B( L&(*C0K6w&(i+j, .2\�
� 01"3�[ .��4�T�"3��6!Bn���� p$S01�
�30@B( L&(*J���� L*d&F&(�>$)"3��6N��G5�������E����2%0KU�U[ .4}�,�(���F�.C ?��7�,�(�2?h�(��G=���� Q�3T!"
*h012\ 
&(*#�,�! 5 .01"
�,�w:L .016NH]���DU[ 5���P:L& � ��6�Bn4�T� 5��&c���! p .01"
���;?A�g"3&(��01����&76�eS0K4�4��D6!Bo0L*hT!"
�,�! %"PbE&($�$)U[ %"
 \rm .2\�\G

�M&5"
 .�
&7U �  g�,�! P*d .01�,T!"
 .�C&76I�,�! E�
T!"
*h012\ g*d"3&7: �,�����C2\&7:L$)U���2%01�� .4o�
��B76�01U�e7�,�! ]i)0K2
k+�
2%01�>�� \�
"
 .4u�
��B76�01U�2%0K6ti' v2\&("3"
 .U�01�> .4t�D6t0pHJ0\<a�
��:I��U�01"J��&=�,�! v2\&("
"3 .U�0@�,�[&76t�D6a"30K6!B( 7e��
�!&1H]6t��6��P©+G ©+G
l>*P���� c�3�[B76�0KUC���L2\&("3"
 .U�01�> .4�H]�����¥���� a \¡F$' .2\�� .4�bP&($)$)U[ %"=�
����*d�� .4¦"3 .�/$'&76��/ 7e-�,�! a$'&7�
�[�,�[&76¥&(*
���! 5&(i+j/ .2\���P��6u0��.��:pT!�,�u2%0K6ti' v&(i��,0K��6! .4�G � ��k( 5��6a"`016!B( 7eS�,������:=01�,23�! .4uqSU[�� %"�$�"
&+2\ .�
�
�D6!BI��6
0 �.��:pT!�,�t2%0K6ti' .�/�Xi' �4!&76! v��6t���! v*d"
 .�FT! .6�2\<a4!&7:I01��6 
V£M¢��'e������(��2 � £M¢��me�������� � R-�[�,23��e	������� �

WXT!"3U�0K6�4! %"�0K6�4 �Z2\bP&76�&7T!B7��e�������� � 	 ���> .6�e ������� �3G
���! p��6 �ST� .6�2\ .��&(*8�,�! v"`016!B( 5"
 .�/$'&76��/ p016)4t�,�! 50��.��:pT!���u"
 .�/$'&76��/ p0@"3 56!&(���/ %$S0@"301i)U[ 7G

��������2\&7:=$)U���2%01�> .�;���� 8$�"
&+2\ .�
�
��6�B�&(*S¢%£�¤54�0@�,0C�>&P0XB("
 .0@�' \¡+�> .6N�\G 	 ���� .6 
 ������� ��B7� �  .�§0�2\&76�2%���/ 
& �  %" � �[ %H &(*-�/ �  %"`01U��� .23�)6����FT! .���,��0@�J��0 �  �i' % .6t4! �  .U�&($m .4c��&I01$�$�"
&70K23�t�����D�C$)"
&(i)U[ .:tG

���! �&($' %"301�,�[&76c&(*^���! �:I0@�,23�! .4tqSU[�� %"���6t0��.��:pT!���c��&=&(i��,0K��6a0p"
 .�/&7U�T!�,�[&76c2%0K6ti' �2\&7:Q�
$)0@"3 .4u��&c���! p&($' %"301���[&76u&(*#0=U[ .6)�g��6s&($��,��2%�.GP���! Q�
�[B76�0KU��]*d"
&7: 4��[rm %"
 .6N��$)01"
�,�]&(*8�,�! pi' .01:



� � ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

ground track

flight trajectory

P

a
b

c

� ��� � ��� ��� ��� 
 � � �V�,	�� �w	/��
��(� �D���/	,��� ��
�� � �^���,	��3���1���]�����1�/� � ����
���� � 
 � � � �K��� ��� �3� � � �-��� � �,	��d��� 	 � �	� � ��� � � � ��� �7���
� � � �����d���
�
�
�9� � �^��� � � � �
� ��� 
�� 
���� �V��	�� � ���-� � �,� � �3� � � � �����9� ���
�
�d�X��
 � � � �#���,	,���
�����E� ����� � ��
1	�� � ���-� � � � �
� �
�\� 	 � ��� � ���
� � � � �(����� � � � �����9� ���
�
�d�^�,�V���
�\���m��� � � � ��� ��� 
���
�� � � ������� � � ���,	�� � ��
 � � � ��� � ��� � ��
 � � 	 � � �,� � � � � � �����d���
���
�d� � �
	���� � � �D��� �V��	�� �3���
��
 � � � � 	 � �	� � ����� � � ��� � �
�,�>���5��� � � � � �
� ��� 
 � 
	� � � 	 � ��� � ��� � � � � � �3�F�����	� ��� � ��
 �K�/	 � �V	,��� �d������� ����� ��� 
K������� �
�\���

0@"
 Q4! .U�0\<( .4w4�T� v��&o�,�! v"3 %*d"30K2\�,� �  p�D6�4! \¡a&(*8�,�! 5B7UD01�
�g&(*8�,�! 5U� .6��.eS���! p:L&7�/��Hg�! %"
 v�,�! QU[ .6��
���]�,�! 5�����D2
k( .�/�\G]���� v \r' .2\�]���g����01��01UDU;�
�[B76)01U��]0@"
"`� �  501������ 5�
0K:L v�,��:L 7G]�������]&($m %"`0@�� .�g0K�P0
2\&7�! %"
 .6N���
T�:=:=01�,�[&76Z&(*J�,�! =�
��B76�01U	
h�E01"
��U8 %�P0KU�G[e ������� �3Gol,6y0c�
��:=��UD0@"PHJ0\<w�,�! I�
��B76�01UD�g�,�! 
�
0@�� .U�U����> �"3 .2\ .� �  .4ZH]����U[ �:=& � ��6!Bc��6u�[�,��&("3i)�[��0@"3 5$�"3&F2\ .�
�
 .4�G�{J .2%01T)�/ Q���! 5i)0K2
k+�
2%0@���� %"3��6!Bo&(*
016o&(i+j/ .2\�#���8"3 .2\&("34! .4oiN<L�,�! g�30@�� .U�U��[�� �0K�CU[&76�B50K�8�,�! ]&(i+j/ .2\�#���C��6=�,�! g*d&F&(�>$)"3��6N��e(�,�! P016N�> .6)6�0
&(*8���� 5�
01�> .UDU��[�� v���� \r' .2\�,� �  .U[<t \¡+�> .6)4! .4u��&c0L�/ .2\����&76u&(*8�,�! 5�>"30K2
ku .�NT�0KU���&n���! 5H]��4!�,�a&(*8�,�! 
*d&F&(�>$)"3��6N��GXl,6u*h0K2\��T��/ 5�)0 �  5i' % .6Z:=014� v&(*80L�/<+6��,�! %�,��2v0K6N�> .6�6)0NeS�! .6�2\ v�,�! p6�01:= =�������9�!�%�2?h�
�`�!�%���V�+�,�=����>7�(��&("P¢.£�¤ 
hR-�[�,23��e�������� �3G

���! v"
 .�/&7U�T!�,�[&76u����01��2%016si' v0K23���[ �  .4w��6s0 �.�D:5T!�,�aH]�����u�����D���/<+6��,�! %�,��2v01$' %"
��T�"
 ��> .2`�+�
6����FT! �2%016uim ��
��&@H]6a��&=i' 

� ��� � �
© !


�©+G
� � �

WJ&7:L$)01"
 =�,������Hg�[���y .�NT�01�,�[&76 
�©+G
�.� � 
�WXT!"`U�016)4! %"�016)4 �s2\bE&76!&7T�B7��e ������� �3GtR�&("Q¨�¤S¢7e;Hg�[���
�[����0K6N�> .6�6)0I�
�
�% Q&(* �%�t:te'�,�! L"
 .�/&7UDT!����&76s0K23���� �  .4y����01$�$�"
&@¡+��:I0@�� .U[<u�a:tGp{J .2%01T)�/ L&(*C�,�! 
�
01:=$)U���6!BQ23�)0@"30K2\�� %"3���/�,��2%�J���� �$)��¡+ .U�Dn&("]0 �.�D:5T!�,�cU���6! Dn�/$S012%��6�BQ�D6o�,�! ��
�D6!B7U[ �U[&F&(ko2\&7:L$)U� \¡
��:=01B( .��$�"
& � ��4� .4ciN<c�,�! <(£ �+������01$�$�"
&@¡+��:I0@�� .U[<n�+G����L:L %�> %" 
V£M¢��'e �����(�Ki � ¨S¢%£#e ������� �3G

YC�FT�01����&76 
�©+G
� � �E�
T!B(B( .�/�g����01�g0o���[B7�! %"E"
 .�
&7U�T!�,�[&76s2\&7T)U�4Zim Q&(i��,0K��6! .4siN<w4! .2\"
 .0K�
��6!B
���! 5016N�> .6)6�05�3�
�% 7e!�,�! �&($�$'&7�
�[�� �&(*^���! �"3 .�NT���"
 .:L .6N�J4��D�
2%T��
�/ .4ci' %*9&("
 7G-�P&@HJ �  %"@e'4! .2\"
 .0K�
��6!B
���! Z016N�� .6�6�0Z��6x�
�
�% u"
 .�
T�U[�,�=��6x���! u"
 .2\ .� �  .4�$m&1HC %"o�>&|4! .2\"
 .0K�/ 7G ���! tiS016�4�H]��4!�,�|&(*P�,�! 
bP&($)$)U[ %"]�
��B76�01U'"3 .U�0@�� .����&=�,�! ��/HX0@�,�aH]��4����a0K6�4a:pT��/�Xi' ��
:=0KU�U[ %"X���)016a�,�! �$)T)U��/ E"
 %$' %�������[&76
*d"
 .�FT! .6�2\<7G#W�T!"3U�0K6�4! %"80K6�4 �Z2\bE&76!&7T!B7� 
 ������� �#�
��&@H�����01�^���)���#��:=$)U��[ .�^�,��01�-���! g"30K4�0@"C:5T��
�
�>"30K6��
:I�[�v01�pU[ .0K�/�p&76! t$)T)U��/ c .012`�x�,��:L c�,�! t�
01�> .U�UD�[�> c��"30 �  .U��=0Z4����
��0K6�2\ c .�NT)01U���&y��0KU[*]�,�! 
016N�> .6)6�05U� .6!B(���;G



� � � � �d����� �!�)���

1	�� � � ��� �`�+�����1�/� ��
��d���V� ����� �J���d��� �.�

•

•

P

Q

h

1

2

ground range

r1,P

r1,Q

r2,P

r2,Q

B

� ��� � ��� ��� � � 
 � � �V�,	���� � � ���

���� �	�	�(����� 
�� �`��� � 
��g����
����§� ��� � � � �V�,	�� �w	/��
�
�� ���(� �V� � �,�����d���]� ��� � � � 
 � � � ����� ���
�`� �
� �m��� � 
 � �D��� � �1��� � � � � �����d���
���
�d� � � � �
� ��� 
@��
��(�,	/� � �V� � � � � � ��� � � ����� � ��� 
��
� � � � � � � �����J�;����
�������� �
	 �
� � �
	 � ���1��� �
� � � ��� ��� 
 ��
��|	,��
��(� �V� � �/�����d���E� ����� ��
 ���,	/� � �V��� ��	 ���� � ��	 � ��� 
��9���V� ����� �J���D��� � � �
�
� ����� � ��� � � ��
 ��� � � �	�(������
1	,��� ��� ���
� � ����� �#������� �
��� � ����� � ����� �	� � � �
� � ��� �

���� � � 
 �����������!��� 
 � �

l>*�&(i!j, .2\�,�5�D6y�,�! o�� %"
"30K��6y4�&Z6!&(���)0 �  o�,�! o�301:L nB("
&7T�6)4y"30K6!B( 7e§���)���v4!&F .�p6!&(�v��:L$SU[<s�,��01�
���! %<=2%0K6n01U[HX0\<+�8i' ]�/ %$)01"301�> .4I&76I�,�! �iS01�
�D�-&(*����� .�["C4��[rm %"
 .6N�§"
&7T�6�4I�>"3��$I4! .U�0\<7eN01�J4! .�
2\"3��im .4
��6��=©+G ©+Gz���! n�! .�[B7�N��&(*]0K6¦&(i+j/ .2\�52%0K6|2%01T��
 o�,�! n"3016�B( I��&s�,�! c�
0@�� .U�U����> =��&Zim o���� n�
0K:L 7e
01�gq)B7T!"3 p©+G��o��U�U�T)�/�>"`0@�� .�.G��P4�4���6!Bo��6!*9&("3:=01���[&76tiN<u:= .01�
T�"3��6!B=�,�! 5"3016�B( p4��[rm %"
 .6)2\ v*9"
&7: 0K6
&(���! %" � �� %H�$'&7��6��C2%016a"3 .�/&7U �  ��,�����J$�"
&(iSU[ .:tG

� �����.� A.�%�,�'C=�%�V���v���g0p�> .2`��6����FT! ��,��01�JT!�,��U�� �% .�X���! 5$)01���tU� .6!B(���u4���r' %"
 .6�2\ v��6)4�T�2\ .4aiF<a0
�/ %$)01"30@�,�[&76Iim %�VHJ % .6o���! g�VHC&L��:I0@B7��6�B � �[ %H]$m&7�D6��,�.G§�������8�
 %$)0@"`0@�,�[&76I�D�#2%0KU�U[ .4=�,�! ��
�K�.�
� ?d�S� 
cG
���! v$S0@�,�uU[ .6�B(���s4���r' %"
 .6�2\ 5�D6�4�T�2\ .��0Q$S��01�
 v4���r' %"
 .6�2\ 7G�R)&("�¢.£�¤u�D6��� %"
*9 %"
&7:L %��"
<7e)6!&(��&76)U[<
���! 501:L$SU��[�,T�4! �� i)T!�J01UD�/&L���� �$)��0K�/ 

�
&(*§�,�! �"
 .2\ .� �  .4u�
�[B76)01U'�
�!&7T)U�4nim �"3 .2\&("34! .4��

 � ) � ����� �"! �  � ) � �#�"�$�#%
!


�©+G
�.� �

R�&("J�D6��� %"
*9 %"
&7:L %��"
<L�[�§�D�- .�
�/ .6N���D01U!�,��01�M�,�! ]�D:=0@B7�D6!B�016)4L$�"
&+2\ .�
�
��6�B�$�"
&+2\ .�
�#���g�3�K�+�.�,�.���Ve+��G  7G[e
���! E$)�)01�/ P&(*��,�! ��
�[B76�0KUm���#$)"
 .�/ %" �  .4�G^l,6nB( .6! %"30KU�eF���� �¢.£�¤+��$�"
&+2\ .�
�
�D6!B54!&F .��6!&(�#2%0KT��/ E$)�)01�/ 
 %"
"
&("3� 
�OE .T�4!�,6! %"@e �����(� � �  %i�k( %"� %�X01U�G[e ������� �3G

� 2\&76+q)B7T�"30@�,�[&76z&(*��VHJ&w016N�> .6)6�0@ o&("p�D:=0@B( I*d&("3:I��6!Bu4! � ��2\ .�p���v2%0KU�U[ .4¥016 ?d�)���%�BA%�.���'H
CL�.���%��G b���rm %"3 .6��c2\&76+q)B7T!"`0@�,�[&76��o \¡+�D�/��G l,6 0}�9?d�����[� H[�!�K�3�a2\&76+q)B7T!"`0@�,�[&76�eg016 0K�["
i'&("36! Z&("
�/$)0K2\ %im&("`6! g$SU�0@��*9&("3: 2%01"
"3�[ .�J�VHJ&L016N�> .6)6�0@ 7e+0K2%�NT)�["3��6!B5��:=01B( .�J01�8�,�! E�
01:= P�,��:L 7G^���� P�/ %$S0.�
"30@�,�[&76ni' %�VHC % .6t���! �0K6��� .6�6�01 E�����
:=0KU�U�e�i)T!�8�,�! E"
 .U�01��� �  P$'&7�
�����[&76)�8&(*§���! �0K6��� .6�6�01 E0@"
 Eq)¡F .4
016�4 �  %"3<nHJ .U�Umk+6!&@H]6;G^l>*^05�)�[B7�c�/ .6��
�[�,� � �[�V<=��&L$)01���cU[ .6!B(�,�a4���r' %"
 .6�2\ .���D��6! .2\ .�
�
01"
<7e!�,�! ��/ \�
$)0@"`0@�,�[&76oim %�VHJ % .6n���� g�VHJ&L016N�> .6)6�0@ E�/&7T�UD4Ii' g�)�[B7�o0K6�4n�,�! %<=2%016a6�&pU[&76�B( %"Ji' P:L&7T�6N�> .4n&76
���! E�
0K:L ]$SU�0@��*9&("3:tG§���! .6I0L�/�>���
�(�2H��+�K�`�X2\&76+qSB7T!"301���[&76o���#T)�/ .4�eNH]�! %"
 g���! P�
0K:L ]&("�0��
��:I��U�01"
$)U�01�>*9&("3: "
 .0KU��
�% .��0n�/ .2\&76�4z$S01�
�EHg�[���w0n2\ %"
�,01��6z�
 %$)0@"`0@�,�[&76Z�>&a�,�! Qq)"`�/�]$)0K�
�.GQ���� Q�
 %$)0@"`0.�
���[&76s2%016si' 5��6t���! �S�[B7�N��4��["
 .2\�,�[&76 

�	�[�(����H>�V�,�7� � ��&("P�D6t�,�! 54���"
 .2\����&76a$' %"
$' .6�4���2%T�UD0@"J&76u�,�! 
�S�[B7�N���>"`0%j/ .2\�>&("3< 

�7�.�,�K�`�$H��V���7� � �3GvR�&("�¨�¤S¢7e)�,�! QT��/ .4Z�> .2`��6����FT! p���]"3 %$m .01�>��$)01�3�.eS0K2\"
&7�
�/���>"30K2
k



� � ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

��6��� %"
*9 %"
&7:L %��"
<7G
���! c:L&7�/�5��:L$'&("
�,016N����6N�> %"
*9 %"
&7:L %��"3��2o��:=01B( o$)"
&F4)T�2\�����p���� ?9�����%�BA.�%�,�
�7�,�'CQG��g6���6+�

�> %"
*9 %"
&(B("30K: 2\&76��
�D�/���@eS*9&("� .0K23�w$)��¡+ .U�em&(*#�,�! p$�"
&+4�T�2\��&(*C���! L2\&7:L$SU[ \¡s"
 .�
$m&76)�/ 5&(*C���� vq)"`�/�

h&("�CL�K�����.� �C�D:=0@B(  � 0K6�4n�,�! �2\&7:L$)U[ \¡c2\&76Kj
T!B70@�� E&(*M�,�! E"
 .�/$'&76��
 g&(*§���� E�
 .2\&76�4 
h&("����[����� �
��:=01B(  � e � )  � �  �� ) � � � � � ��� �"!����#%��

!

�©+G
� � �

���! ?9�����%�BA%�.����CL�.�V��?h�g�)�+�K�%�g�����,�! �$)�)01�/ E&(*^�,�! �2\&7:L$)U[ \¡a��6N�> %"3*d %"
&(B("`01:te�
) 01"32\�,016�� l,: 
 � �~# 
 � �
	 )

�
� %
�
�
!


�©+G
� � �

{C .2%0KT��/ y0y$)0@�,� U[ .6!B(�,��4)��rm %"3 .6�2\ Z�D�o .�FT�� � 0KU[ .6��L��&}0z$)��0K�/ w4���r' %"
 .6�2\ 7e�HJ z�/ % z�,��0@�L�,�! 
��6��� %"
*9 %"
&7:L %��"3��2P$)��0K�/ �"
 ��S .2\����$S0@�,�aU[ .6!B(�,�a4���r' %"
 .6�2\ .��4)T! ��>&L�,�! ���:I0@B7��6�BpB( %&7:= %�>"
<7G

���! �HX0\<c���� ���6��� %"
*9 %"
&7:L %�� %"�B( %&7:L %��"
<c<F�� .U�4���0K6t��6N�> %"
*9 %"
&7:L %��"3��2P$)�)01�/ ��D����U�U�T)�/�>"`0@�� .4
��6tqSB7T!"
 L©+G��+e'H]�! %"
 p���� p�
01�� .U�U��[�� v0K2%�NT���"
 .4w¢.£�¤Z��:=01B( .�g&76Z$'&7�
�[�,�[&76 �50K6�4w©I&(*C0=�
2\ .6! Q&76
���! �S01�� .0@"3����GP���! p4����/�,0K6�2\ 
 i' %�VHJ % .6Z���!&7�
 5$'&7�
�[�,�[&76��]���g2%0KU�U[ .4s�,�! �3�K�%��� ?9�S�.GP�]�! 5�
UD016N�
"3016�B( p*9"
&7: �
01�> .UDU��[�� �$'&7�
�[�,�[&76 �p��&o$'&7��6N� � ��� � � 	 � 0K6�4s���! p$)��0K�/ 5&(*#�,�! 5"`014�01"E�
�[B76�0KU;& �  %"
�����D�X"
&7T�6�4c��"3�[$t4��D�/��0K6�2\ ���� �

�
	 � ) % � �
�
� � 	 �

!

�©+G
��� �

���! c:=��6FT����
�[B76|���p4�T! =��&Z���! a¢%£�¤¥$�"
&+2\ .�
�
�D6!Bu0K6�4¦HJ cT��/ o����iN<y4! \qm6��[�,�[&76 
V{X01:IU[ %"p0K6�4
�P01"
�,U�e ������� �3GC�]�! �$)��0K�/ E"
 .2\&("34! .4tiN<c�
01�> .U�UD�[�> �©Q*9"
&7: $'&7��6N� � ����

��	 � ) % � �
�
� ��	 �

!

�©+G
��� �

���! ���6N�> %"3*d %"
&7:= %�>"3�D2g$S��01�
 ����X���� �$)��0K�/ �4���r' %"
 .6�2\ 
�
� %
�
� *9"
&7: 
�©+G
� � �3e�

� � )
�
�
	 � %

�
��	 � ) % � �

�
� � �

!

�©+G ©�� �

���! v"`016!B( p4���r' %"
 .6�2\ 5&(* � 0K�g�
 % .6u*9"
&7: im&(�,�u�30@�� .U�U��[�� .����� � � � Gg���! ��,����23kt2%�["32%U[ v�
 %B7:L .6��
im %�VHJ % .6n�
0@�� .U�U����> �©�0K6�4�� � ��6=q)B7T!"
 ]©+G��54! .6!&(�� .�8�,�! ]2%T�" �  ]H]�� %"
 ��,�! �"30K6!B( ]���8 .�NT�0KU���&�� ��	 � G
���! �4����
��0K6�2\ 'I*9"
&7:
� � ��& �������,�NT)� � � � G-fP&@Hve)�[*

' 
 � ! � � �	) � � � )�� © � ! ����� ! 
�©+G ©�� �

���! I"
&7T�6�4z��"3�[$z"`016!B( o4���r' %"
 .6�2\ =���� \¡!0K2\��U[<z0K6y��6N�> %B( %"p6NT):vi' %"��,��:L .���,�! =HX0 �  .U[ .6!B(�,�¦0K6�4
���! Q�
�[B76)01U��]"
 .2\ .� �  .4z01� �Q016�4w©o0@"
 Q��6s$)��0K�/ 7G]�]�NT��@e)�,�! Q��6��� %"
*9 %"
&7:L %��"3��2v$)��0K�/ 5��� �% %"
&�GPl�*
HC v6�&@H �
�)�[*d�-*9"
&7: $'&7��6N� � ��&=0�$'&7��6N���=e+���� EU�&F2%01����&76o&(*§$'&7��6N��� � �3���[*9���X��6N�>&Q�,�! �4��["3 .2\���[&76
&(*�� � 0K6�4c���� �"3016�B( v4���r' %"
 .6�2\ � � � 4! .2\"
 .0K�/ .�.G-l�*MHJ �"
 .0K23�t$m&7�D6����Le

' 
 � ! � � �	) � � � ) � % �
© � ! ����� ! 
�©+G ©(© �

016�4o�,�! g"3&7T�6�4=��"3�[$o"30K6!B( P4)��rm %"3 .6�2\ g01B701�D6o���J0K6o��6N�� %B( %"J6FT�:5im %"J�,��:L .�C���! gHJ0 �  .U� .6!B(���;eN�,�! 
6NT�:5i' %"v6!&1H i' .��6!Bc&76! IU[&1HC %"1GL�z =�,�NT��v�
�!&@HJ .4y�,��01�]�,�! =��6N�> %"3*d %"
&7:= %�>"3�D25$S��01�
 p& �  %"5�,�! 
B("
&7T�6�4n"30K6!B( P*d"
&7: ���>&���4!"3&($)�#*9"
&7: �% %"
&Q�>& % ©��Z0K6�4�eNH�"301$�$' .4L�>&Q�,�! E��6��� %" � 01U 
 % � ! ����e



� � � � �d����� �!�)���

1	�� � � ��� �`�+�����1�/� ��
��d���V� ����� �J���d��� � �

∆rP =     λ

Q

n
2

n–
1
  2

λ

2

1

H

ground track
ground range

flight trajectory

•
•

r1,Q

r1,P

r2,Q

r2,P

q1
q2

P

baseline B

� ��� � ������� � � ���9� ���
�
�d��� ����
 � �g� �3��� ��
 �

��9�>�V���������X���d��� 	��
� � �����V���
�

K� � �F�D� � � ������
���� �	��� �9��
1	,� � �	�(������
1	,� � � � ����
��
� ������� � � � � 	 ��� � ��	 � ��� ���
	���
 � 
�� � � �

��9�>�V���������X���D��� 	 � � ���V� �3� � ��� �,�>���5� ��� 	m� � � � ���§� ��� � � � � � ��� � � ���
��� � � � �
	 ��� � ��	 � � � � �� � 
 � � � � ��� 
K��� �M�����#��
 �����,���#���\���

 �

 � � ���V�#��
 � � � � �

��d���V���>��� �X� �d��� 	 � � ���V� �1��	����/���V����� �
� ���p��
�� 
�	���� ��� ����� � � � � �

��d�����`��� � � � 	 ��� 
	� � ��� ���;���\���

 �,�>���5��� �
� � � � ��� � � � ����	'�-�,���-���	� � � � �@�����
�\� � � � � ��� �9�>��
 �`�
� � � �

��d���V���>��� �X� �d��� 	 � � ���V�;� �`��� � � ���

��d���V���������X���d�����`��� �J���D���9�

−π

0

π

• •
Q P range

az
im

ut
h

� ��� � ��� ��� � � � � �

��d���V���������X���D��� 	 � � ���V� � ��� �d����
 ��� � 	'��� ��� � � � ��
��d���V� ����� �J���9�>� �3� ��� � ����� � ��
 � � � � �P�/�,��� � � � � � �V�[�/	,�
	 � � ��� �(� 	K���(���S�/	 � ����
����3��� ��������� �1��
�� �d����� � � ���V�§����
����M� ��� � � � � ��� �

����01�X����0@B70K��6 �% %"3&�G
l�*SHJ �HJ&7T�U�4L \¡+�> .6)4L���)���^�>&v���! ]H]�!&7U[ �*9&N&(��$�"3�D6��M&(*m�,�! ���6N�� %"
*d %"3&7:L %�> %"C016�4=���! ��3T!"
*h012\ 

HC&7T�UD4}i' �S01��eJ016���6N�> %"
*9 %"
&7:L %��"3��2c$S��01�
 a$)0@���� %"36x4! �  .U[&($S�IU��[k( a�,�! t&76� s�
�!&1H]6 �D6|q)B7T!"
 
©+G��+Gs���� I2\&7U[&7T!"
 .4|���/&���$S��01�
 =i)0K6�4���T��
 .4¦��&s4! .6�&(�> o���! n��6N�> %"
*9 %"
&7:L %��"3��2=$)��0K�/ I01"
 o2%0KU�U[ .4
A��$?d�N�N���Q016)4|01"
 D¥�[*]���! a&("3i)�[�,�p01"
 c$)01"30KU�U[ .U D¦$m %"3$m .6)4���2%T�U�01"���&z���� n"`016!B( a4���"
 .2\����&76|0K6�4
$)0@"`01U�U� .U��>&¥���� �S�[B7�N�Q�>"`0%j/ .2\�>&("3<7G l�*P�,�! s&("
i)�[�,�I01"
 s6�&(�L \¡+0K2\��U�<}$)0@"`01U�U� .U�e8�,�! u*9"3��6�B( t"301�> 
01U[�� %"3�5�
U��[B7�N��U�<s4! %$' .6�4��D6!Ba&76¦0��.��:pT!��� 
�OP .T�4!�,6! %"@e �����(� � �+2`��H �0@i)�D�
23��e �����(� � � i' .2%0KT��/ =�,�! 
*d&F&(�>$)"3��6N�§���CT��
T�0KU�U[<v*901"#*9"
&7: �,�! �B("3&7T�6�4L��"30K2
k'e��,�! �*9"3��6!B( .� � �[ %HJ .4I�D6L���� g��6N�> %"3*d %"
&(B("`01: 01"
 



��� ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

0@$�$)"
&.¡!��:=01�> .U�<a$)0@"`01U�U� .U�i)T!���3�!&@H 0K6w016!B7U� 5H]�����s���� p0��.��:pT!���Z4��["3 .2\���[&76;GP�P6Z \¡+0K:L$)U� 5&(*J0
*d"3�D6!B( g$S0@���> %"`6o*9"
&7: ¨�¤S¢\��4�01��0��D�J�3�!&@H]6c��6oq)B7T�"
 E©+G
���E&(*§�,�! �W�016�01"
<=l,�
U�0K6�4IR)T! %"
�� �  .6��,T!"30 �

im .2%0KT��/ ����;���-6!&(� �S0@�\e(�,�! X*d"`��6!B( .�^0@"3 �6!&(�M�/��"30K�[B7�N�;016)4Q$)0@"`01U�U� .U�e10K�^H]��UDU�i' �4����
2%T)�
�/ .4Q��6 �#©+G �+G
���! p4����/�,0K6�2\ �i' %�VHC % .6Z�,�! v*9"3��6�B( .�g4! .2\"3 .01�/ .� Dt016)4t�,�! A\��?9���F� A\�,���.���%�)�@�v��6)2\"
 .01�
 .� D

�[*'���! gi)0K�/ .U���6! �B( %�,�JU[&76!B( %"@G^�����D�82%016oi' ]2\&76�2%U�T)4! .4=*9"
&7: q)B7T!"
 g©+G��vi)T!�-2%0K6I0KU��/&5im g4! %"3� �  .4
��6u0=:=&("
 5:=01�,�! .:=01����2%0KU�HX0\<7e'T��
��6!B=q)B7T!"
 5©+G
�%�!Gg�z QH]��U�U�2\&76)�
��4! %"E0 �S01�J .01"
�,��e�Hg�! %"
 v�,�! 
U[&N&(kn016�B7U[  5 .�FT�01UD�C�,�! E��6�2%��4� .6�2\ g0K6!B7U[ 7G^� �[�,�I�,�����J016�B7U[  Q0K6�4n0�i)0K�/ .U���6� 
 �,��01�#�
�!&1H]�X0
�
U[&($' �016�B7U[ �&(*��+e����� �U[ .6!B(�,�Q&(*m�,�! �i)0K�/ .U��D6! �2\&7:L$'&76! .6��§$' %"
$' .6�4���2%T)U�0@"M�>&v���! �U�&N&(kL4��["3 .2\���[&76
016�4t����01�#$S0@"30KU�U[ .Um��&=�[�X0@"
 


�� ) 
�2\&7� 
  % � � 
�©+G ©(� �
�� ) 
��
��6 
  % � � 
�©+G ©�� �

���! �$)01�,�tU[ .6!B(�,�t4���r' %"
 .6�2\ vim %�VHJ % .6ti'&(�,�a .6�4�� �v0K6�4u©Q&(*-�,�! �iS01�/ .UD��6! ���� � �+GJ�g�]HC p�
0\H
im %*9&("
 7eN016�4L�DU�U�T��/��"301�> .45��6pq)B7T!"3 ]©+G��+eN�[*S���� �U[&N&(kQ4��["3 .2\���[&76L�D�^"
&(��01�� .4=�/&��,��01�;�,�! �$)01���LU[ .6�B(���
4���r' %"
 .6�2\ c��6�2\"
 .0K�/ .�pH]�[�,�¦��0KU[*��,�! nHJ0 �  .U[ .6�B(����e8���! n"
&7T�6)4¦��"3�[$|4����/�,016)2\ o��6�2\"3 .01�/ .�5H]�[�,�|0
HJ0 �  .U[ .6�B(���w0K6�4t�,�! p$)��0K�/ �H]�[�,�s©��-em2%0KT��
��6!Bo&76! v*9"3��6�B( 7G �  %��T��P2%0KU�U��,�! 50K6!B7U[ 5& �  %"�H]�)��23�
���! o$' %"
$' .6�4���2%T�UD0@"Pi)0K�/ .U���6! =�D��"
&(�,0@�� .4 �  �e��,�! .6¦���! n4����/�,0K6�2\ =& �  %"QH]�)��23�z�,�! o"3016�B( � �L���
"
&(��01�� .4t����� � e

�  � � ��©
�� ) ���
� � 
�©+G ©(� �

	 �
� ) � � �© 
 � ! 
�©+G ©�� �

l>*'HJ �$�"
&Kj/ .2\���
�t&76���&��,�! �B("
&7T�6)4�e�H]����2`�=���80K�
�
T):L .4Q�>&vim �m0@�\e(HJ g��0 �  ��,�! �*9"3��6�B( X4)���/�,016�2\ 
�
� � * � ���%e

� � � * � ��� ) �
�
2\&7�  ) � � �© 
���2\&7�  ! 
�©+G ©�� �

���! P*d"3�D6!B( ]4����
��0K6�2\ ]4! .2\"3 .01�/ .�XU��D6! .0@"`U[<5Hg�[���I���� g��6�2\"3 .01�/ g&(*��,�! ]$' %"
$' .6�4��D2%T�U�01"§iS01�/ .UD��6! 
 �
016�4Z4! .2\"
 .0K�/ .�EH]�����u���! Q2\&7�
��6� 5&(*8�,�! QU[&F&(kt016!B7U�  n016)4u�,�! Q4����/�,016)2\ ��>&c�,�! vB("3&7T�6�4s�>"30K2
k'G
R�&("c \¡+0K:L$)U[ 7eJ*9&("n0Z$' %"
$' .6�4��D2%T�U�01"5i)0K�/ .U��D6! a&(*v���(�¥:= %�> %"n&(*�¨�¤S¢7eC�,�! u4)���/�,016�2\ uim %�VHJ % .6
*d"3�D6!B( .��*9&("]0 �m0@�J .0@"3���a���

��� �-* ����� ) � $© 
���2\&7� �  ) �
!
�7����� �����(���(�(�

©(�1���(� �@2\&7� � ©(� � ) ���E:L %�� %"
!


�©+G ©�� �

���[�,�v0XB("3&7T�6�4�"`016!B( #$)��¡+ .U��/$)0K2%��6!B�&(*)©��!G ©(�P:L %�� %"@eK�,���������; .�NT)� � 0KU[ .6N�SHg�[��� ��G ��"30K6!B( C$)��¡+ .U��.G
�z I2\&7T�UD4y��6N�> %"
$)"
 %���,�! L*d"`��6!B( =4����
��0K6�2\ �� � �-* ����� 0K��0 %AB("
&7T�6�4z*9"3��6�B( pHX0 �  .U[ .6!B(�,��?�0K6�4

�>"30K6��
UD0@�� ��[�C��6N��&=0 %AB("
&7T)6�4 
h&("]&(i!j, .2\� �#*9"3��6!B( E*9"
 .�NT� .6�2\<m? � � �-* ����� 	 � e
��� �-* � ��� 	 � )  

�
� �-* ����� ! 
�©+G ©�� �

�������]B("
&7T�6�4u*d"3�D6!B( �*9"
 .�NT� .6�2\<t����&(*9�� .6u \¡+$�"
 .�
�
 .4s��6s2\<F2%U� .�]$' %"]$S��¡F .U�GXl>��2%0K6ui' v$)"
&Kj, .2\�� .4
&76���&I�,�! � �[ %H]��6!BL4���"
 .2\����&76�e+U��[k( ��,�! �$)T�U��
 EU� .6!B(���  #t�D6a .�NT)0@�,�[&76 
�©+G � �3eSH]�! %"
 ��,�! �*h012\��&("g©
012%2\&7T�6N�,��*9&("����� �"
&7T�6�4c��"3�[$;e

��� �-* � ��� ) ��� �-* � ��� 	 �©^�3��6  ) � ���
!


�©+G ��� �

�������^*9"3��6!B( J*9"
 .�NT� .6�2\<p�D�-4! .6!&(�� .4QH]�[�,� � ���.e(i' .2%01T)�/ ��[�;�,T!"36��§&7T!�§��&�im X�,�! �"30K6!B( X*d"3 .�NT! .6)2\<



� � � � �d����� �!�)���

1	�� � � ��� �`�+�����1�/� ��
��d���V� ����� �J���d��� ���

θ
∆θ

Q1

r0

θ

Q2

••
h

gfringe P

•

B

ξ

∆θ

λ
2

•

•
1

2

θ

H

∆r

B⊥

2

g⊥

� ��� � ��� ��� ��� � � � �V� � �,����� ��� 
 � 
 � � � � 	K��� � �`��� � 
�� �3� � 	 � � ����
�� � � ��
�� � � � � �����,�������@�/	�� ��� ��
K��� ���

���� �`� � � �
�

��9�>�V������� �`�����x� � �,����
�	/��
 ���#	,��� 	 � � ���9��� ���g�����h��� �

 � � � � ��� � 	 �	� ���,	 � ��� 
 � �����M��
���
 ��� � � ��
 ��� � � ����� � � � ��� � ��
��	� 	 � � �,�
	���� � ��
K��
�� � � �`� � � � �����V���
�

1�&� �`� � � � �

��d���V���>��� �X� �9��� � � �����§��
 � �8���`��� 
�� � ��
 �'�§����
���� �	��� �9��
K	,� �	�	�(�>����
K	�� �3� � � ���
� 
 � � �h�,	���� � 	��
� � � � � �����J�§����
 �`�^��� � � � � �'���'� � ����� � � �P	/� � �V�����������C���@�/	�� �
� ��
K�;� ���

 �`�$�

�
���[*9����6y�,�! o�
 .2\���[&76¥&76|�/$' .2\�>"30KU-qmU[�> %"`��6!B�e �=�+G ©+G ©+GZl�6¦���)����HX0\<7e^���� I*9"3��6!B( o*d"
 .�FT! .6�2\<y�)01�
im % .6t$�"
&Kj/ .2\�> .4t�D6c���! �4)��:L .6��
��&76��J&(*§�,�! 5¢.£�¤a��:=01B( 7G-� �[���c .�FT�01����&76���
�©+G ©�� �J0K6�4 
�©+G ��� �3e

� ��� ) ©  
 � 2\&7�  
©^�
��6  � � � )  
 �

� � �)�,0K6  )  
 � 2\&7�  
� $ ��0K6  !


�©+G ��� �

R�&("����� 5 \¡!01:=$)U[ v$)"
 .�/ .6N�> .4Z��6s .�NT�01�,�[&76 
�©+G ©�� �3e;���! 5*d"`��6!B( v*9"
 .�FT! .6�2\<t��6s�,�! L¢.£�¤u4)0@�,0QH]��U�U
im � ����) �

!
� �s� �7G#���! � \¡+$�"
 .�
�
��&76c&(*M�,�! E*d"`��6!B( E*d"3 .�NT! .6)2\<o��6a:L %B701�P %"
� �5����2\&7:=:L&76a*9&("

�/$' .2\�>"30KUMqSU[�� %"3��6!B � �!&1HC �  %"1e��[�]���E0KU��/&c&(*9�> .6w \¡+$�"
 .�
�
 .4Z�D6s*9"3��6�B( p2\<+2%U[ .�E$' %"�$)��¡+ .U�GER�&("��,�����
 \¡+0K:L$)U[ 7e�H]�[�,�u .�FT�01���[&76 
�©+G ©�� �P016�4z0IB("
&7T�6�4w"`016!B( Q$)�[¡F .U^�/$)0K2%��6!Bc&(*X©��!G ©(�t:L %�� %"@e��,�����E���
 .�NT�� � 0KU[ .6N�#H]�[�,�a�!G ©(�L*9"3��6�B( E2\<+2%U[ .�]$m %"�$S��¡F .U�G

bE %"3� � 0@�,�[&76��v4���r' %"
 .6��P*9"
&7: �,�! =&76� I$�"
 .�
 .6��� .4¦�! %"3 o2%0K6yi' =*9&7T�6�4y��6¦���� IU��[�� %"301��T!"3 7e
H]�! %"
 a0u:I��6NT)�5�
��B76|2%0K6|i' n$)"
 .�/ .6N� 
h�P01"
�,UJ %�50KU�G[e ������� � OE01�> .UDU��# %�p01U�G[e ������� � OP .T�4!�,6! %"@e
�����(� � � 0KU[�� %"36�01��� �  �4! %"`� � 01�,�[&76��JH]��U�USi' �$�"
 .�/ .6N�� .4t��6��g�+G ©+G ©o016�4a�D6a0@$�$' .6�4)��¡I{EG����! �*9"3��6!B( 
*d"
 .�FT! .6�2\<c�����,�! �2\ .6N�>"`01U'$)01"30K:L %�� %"��>&=�
$m .2\��"30KUmqSU[�� %"3��6!BQ��6c"30K6!B( 7G

l,6t�,�����]�
 .2\���[&76;e)HJ p4� %"3� �  .4t�,�! p��6��� %"
*9 %"
&7:L %��"3��2�$S��01�
 v016)4t�,�! 5*9"3��6�B( �$)01�>�� %"36t&(*-�,�! 
 .0@"
�,�u��*§�[�JHJ&7T�U�4ci' ��S01��G#��������$S��01�
 ���:=01B( ����]2%0KU�U[ .4����(�2H/�
�(���9�w�`�(�`�/�
�@�2?9�7�o&(" Dn0KU��/&=��6a�,�! 
2%01�/ p&(*8�,�! v .UDU��[$)�/&7�D4�01U'�
T�"
*90K2\ @Dy�/� A.�%�/�%�)���g�)�F���%�%Gg� ��0@���)0@$�$' .6��]�[*^���! p�
T!"
*h0K2\ 5���P6!&(� �S01�
H]��U�Umi' �4����
2%T)�
�/ .4c��6c�,�! �6! \¡+�J�/ .2\�,�[&76�G



©�� ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

� ��� � ��� � � ��� � � � �

��9���V� ������
1	,�
� ��� �d����
 �3� � � � �

��d���V���>��� �X� �d��� 	
� � ���V� �3� � � � � ��
K�/��� � � � ��
 �
� � �����d���\� 
�� � ���9� � � � �	�	�(�>����
K	����
	��
� � � � � � �D����� � � �S� ���

 �`� � ��� �9�>��

�
� �\� � � ��� ��
 ��� � ��� ��� �J�,��� �X����
	�
�
� � � � � � � � � � � � �3��� � � �9� � � � �V�,�
� � � 	 � 
�� ���V� ���,	/� � �V� � � � � � �V�[�/	,�
� � ��	 � ��
������P��
�� � ��
1	,� � � � � � � �V�
� � � 	 � 
��J	��`�V����� ��� ����
%� � � �§����
����
� � ����	�� ����
���� � �`������� 
��9���
��� � � � �
�`��� � 
�� �d���/	 � � � � � � � �M��� � � � �3�
� � � �
�X� �`��
1����	/��
 �(� �V�,��
]� ��� �
� � ��� ��������� � �3� � � � � � � 
��h���

 � � � � �
� � ��� � � �^� ����
��������,��� 
 ��� � �>� � ��
 �
� � 	 � � �,��� � � � �^����
 �`� � � ���,	�� � ��
����
	/� � �V��� ��� � � � �`� �	�
� � �(���

�� 
�� �
���@�/	�� �
� � �,�����
� � � �
� � ��� � ���^� ��� � � 	 � 		��
�	���V	 � 
'�
��� � � �

� � ��� � � �



� ����
 �`�

� ��� � ��� � � � � � � � �

��9���V� ������
1	,�
� ��� �d����
 �3� � � � �

��d���V���>��� �X� �d��� 	
� � ���V� �3� � � � � ��
K�/��� � � � ��
 �
� � �����d���\� 
�� � ���8�/� �9�>� � � �^� ���

������
� � � � � � � �
� 	K���'�/�,��� � � � � �\� �(�,��

����� � ������� � � � � �,��� 	���� � ��� � ���
��� ���$� � � �§� ���

���� � ��� �9����
 �(�/�,���m�����
�V��� �	� ��
1	,��	��
� � � ������� � ����� � �
	���
�� � � ���X� � � � � � � � ���^� ��� �
� 	 � 		����	� �V	 � 
'�
��� � � �

� � ��� � � �



� ����
 �`�



� � � � �d����� �!�)���

1	�� � � ��� �`�+�����1�/� ��
��d���V� ����� �J���d��� ©��


���� � ��� ��� � 
 �
�!� � � ��� �	�
��� � 
 �
� � � � � �	���	� 
�
���� 
 �����#����� � � 
 ���
l�6s���)���]�/ .2\�,�[&76�eS�,�! 54! %"`� � 01�,�[&76a&(*80K6u .U[ � 01���[&76s:L&+4! .U�*9"
&7: 016Z��6N�> %"
*9 %"
&(B("30K: �D�g4��D�
2%T��
�/ .4;G
R�&("����� p�
T�i+j, .2\��&(*#�����D���,�! .�
��� Da�
$m .2\��"30KU�qmU[�> %"`��6!BL&(*8�,�! =¢%£�¤Z��:=01B( .� DcHJ p4�&n6!&(�g6! % .4Z�>&
kF6!&1H :pT�23�u0@i'&7T!�J�[� � �,�! �4��D�
2%T��
�
��&76oHg��U�USim �2\&76)2%���/ 7G

���! v�>&($'&(B("301$)�N<a&(*-���! 5 .0@"3���s��6�4�T�2\ .�]"30K6!B( .�g4)��rm %"3 .6��X*9"
&7: �,��01�X&(*8���� % �S01�� .0@"
�,��?[e
H]����2`�Z2%0KT��/ L�,�! L��6N�> %"3*d %"
&7:= %�>"3�D2�$)��0K�/ Q��&c�3�!&@H 0o4���r' %"
 .6��]*d"3�D6!B( 5$S0@���> %"`6�G�l,6Zq)B7T!"
 L©+G
���
&(*8���� QWX0K6�01"
<cl��
UD016�4tR)T! %"
�� �  .6��,T!"30Fem���� v \¡!2%T!"3�
�[&76)��*9"
&7: �,�! p�/�>"`01�[B7�N�X*d"`��6!B( v$S0@���> %"`6t4�T! 
�>&u:=&7T�6��,0K��6���01"
 =2%U[ .01"3U[< � ���3�[i)U[ 7Gp���! I�
 .0o�
��&@H]�56!&7���/ Li' .2%0KT��/ L�,�! =�
T!"
*h0K2\ =��01�v23��0K6!B( .4
016�4u�! .6�2\ ��,�! �$)�)01�/ ��3�!&@H]�g6!&I2\&("
"3 .U�0@�,�[&76�G#{C .2%0KT��/ 5���� �:L&7T�6N��0K��6a��&($)����0 �  p0p"3016�B( vU[ .�
�
����0K6t0 �S01�J�3T!"
*h012\ 7e!�,�! %<a:L& �  5��6N�>&I���! 54��["
 .2\�,�[&76c&(*^���� �B("
&7T�6�4t�>"30K2
k'e�0K6t \r' .2\��kF6�&@H]6t0K�
A\�(�/���`�F�(�����%��?9����G

�z I2%0K6z \¡+�> .6�4w�,�! L��"
 .01��:L .6N�P&(*C�,�! L*9"3��6!B( Q$)01�>�� %"36w��6 �p©+G �u�>&a*9"3��6!B( .���D6�4�T�2\ .4ZiF<
�! .�[B7�N�M4���r' %"
 .6�2\ .�@G;l,6pq)B7T!"
 �©+G
�%�!e7$'&7��6N� � � ��0K�^���! ��
0K:L X"30K6!B( �01� � � i' .2%01T)�/ ��[�;��0K�^�! .�[B7�N�
� e�iST!�g�[�g�����
���[*9�� .4s& �  %"50K6!B7U[ �  c0K6�4z4����
��0K6�2\ ��
�8Gp� �! .�[B7�N� � ���FT���2%0KT��/ .�� \¡!0K2\��U[<Z&76! 
*d"3�D6!B( 7GM�]�����-�! .�[B7�N�\e(kF6�&@H]6=0K�]�'C � ? ����?9�V���!� ?����N� � �
	 e����.e�Hg�[���Q .�FT�01����&76 
�©+G ©�� �3e 
V{X0K:=U[ %"#0K6�4
�P01"
�,U�e ������� � �E016)�
�/ .6t0K6�4a��U[ % .�@e ������� �

� �
	 ) � � �
��6  () � � �S�3��6  © 
�� !

�©+G �(© �

���[�,�a�,�! � \¡!01:L$SU[ E .�NT�01�,�[&76 
�©+G ©�� �C*9&("]¨�¤m¢E*9"
&7: �,�! �$�"
 � �[&7T��X�/ .2\�,�[&76�e
� �
	 
 
�� ) ���(��: ��) ����:L %�� %"

!
�g���D��2%U[ .0@"v*d"
&7:  .�FT�01����&76 
�©+G �(© �P0K6�4z�����
�!&1H]6y��6sq)B7T�"
 I©+G
�.�+e;�,�! LU[&76!B( %"v���! LiS01�/ .UD��6! p&(*
���! n��6N�> %"
*9 %"
&7:L %�� %"@e;���! n���[B7�! %"v���! o�/ .6��
�[�,� � �[�V<u��&s�� .�[B7��� � 0@"`��0@�,�[&76��@G=�P&@HJ �  %"@e80cU���:=���]&76
���! v \rm .2\�,� �  �i)0K�/ .U��D6! PU� .6!B(���t \¡+���
��� � *9&("g¨�¤m¢(eF���)������� �%�����I:= %�> %" 
V�/ % �P�+G ©+G © �3G

���! E��6N�> %"3*d %"
&7:= %�> %"�:L .0K�
T!"3 .�C�,�! ���6N�> %"3*d %"
&7:= %�>"3�D2�$)��0K�/ 
h .�NT)0@�,�[&76t©+G
� � �3G8l�*;�,�! PB( %&��
:L %�>"3<I&(*§���! ���6N�� %"
*d %"3&7:L %�> %"��D�Ck+6!&1H]6�e+��G  7G[e!�[�,�X�! .�[B7�N��$|e!U[&N&(kn016�B7U[  p0K6�4ci)0K�/ .U��D6! gU[ .6�B(���
 0K6�4u�
U�&($m p016�B7U[ �!em�! .�[B7�N���P2%016Zi' 52%0KU�2%T�UD0@�� .4t*9"
&7: ���! 5$)��0K�/ 7G�l,6uq)B7T!"
 Q©+G
�%�!e'���! 5$)01���
U[ .6!B(�,�t4���r' %"
 .6�2\ ���� � � ) 
��
��6�
  % � �

!

�©+G �(� �

l�6u���! ��D6��� %"
*9 %"
&(B("30K:te�0p"
 .U�01����&76cim %�VHJ % .6t�,�! vU�&N&(ka0K6!B7U[  L&(*-0Q2\ %"
�,01��6u4! %��0K��U�e!������"`016!B( � �
016�4u�[������ .�[B7��� �  \¡!���/�,�.e

 
 � ��)�0@"`2%2\&7��� $ % �
�
��) 01"32%2\&7� �m2\&7�  � % �

�
� !  � )  
 � ) � �

!

�©+G ��� �

fg&1H HJ v2%0K6u�
T!iS�/������T!�� P�����D����6���&= .�FT�01���[&76 
�©+G �(� ��0K6�4a \¡+$)016)4t�[�C�D6t0Q�M0\<+U[&("]�/ %"`�[ .��01"
&7T�6�4
� ) �IT!$a�>&o016�4a�D6�2%U�T�4��D6!B5�/ .2\&76)4a&("34! %"@e

� � 
 � � � 
��
��6 
  � % � � � 
|2\&7� 
  � % � �
� �'�
��6  � � % 
�2\&7� �

©�� �� �
��6��  � � � ! 
�©+G �(� �

l�6��
�> .0K4I&(*MT��
��6!B5���)���#�§0\<FU�&("J�/ %"`�[ .�.eN .�NT�01�,�[&76 
�©+G ��� �#2%0K6c01UD�/&vi' gUD��6! .01"3�
�% .4�e701*9�> %"XH]���D23�=�,�! 
 .�NT�01�,�[&76t2%0K6ai' ��/&7U �  .4aiF<n���> %"301�,�[&76�G

{J<oT��3��6!Bp .�NT�01�,�[&76 
�©+G ©�� �3e�HJ �2%016c��"30K6��
U�01�> g .�NT)0@�,�[&76 
�©+G �(� �J��6N��&5�,�! ���6N�> %"
*9 %"
&7:L %��"3��2
$)��0K�/ 7e �


 � � ) % � ��

�

�8�3��6 
  � % � � � 2\&7� 
  � % � �
� �'�
��6  � � % 2\&7� �

©�� �� �
��6 �  � � � 	 ! 
�©+G ��� �



©(© ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

���! �qS"3�/�X�> %"`: ���g�,��0@�X*9&(" � )��!e)H]�)��23�s���]�,�! 5$)��0K�/ v4�T! 5�>&n�,�! % �S01�X .0@"3����?[Gg���! v�
 .2\&76�4+�
&("34! %"��� %"3: �����3:=01UDU�2\&7:L$)01"
 .4c�>&I���! �UD��6! .01"J�� %"3: � ���> %"301�,�[&76cHC&7T)U�4c���� %"
 %*d&("3 �01U��
&L<F�[ .UD4o�,�! 
�/&7U�T!�,�[&76s 98o2%�[ .6N��U[< 
��+23�NH �01i)���
2`��e	�����(� �3G5{J<sT��
�D6!BI�,�! Q��6��� %"
*9 %"
&7:L %��"3��2v$)��0K�/ 7emHC L01"
 p6�&@H
��6a$�"3�D6�2%�[$)U[ P0@iSU[ E�>&L .�/�,01i)U����
�c0p4��[B7�[�,0KUS .U� � 01����&76a:L&F4� .U 
 !;¨ % �3G

l�*]�,�! c$)��0K�/ n4)T! c�>&z�,�! �% �S01�� .0@"3����?^���L�3T!i���"3012\�� .4�e-��G  7G[e#���� oqS"3�/���� %"3: ��6| .�FT�0@�,�[&76

�©+G ��� �3e]0Z*d"`��6!B( t$)01���> %"36x"
 .�
T�U[�,�Q�,��0@�Qi' .01"3�L"
 .�/ .:5i)U�0K6�2\ tHg�[���}0z�D�/&����! .�[B7�N�p2\&76N��&7T!"n:I0@$

V{J0K:=U[ %"E0K6�4u�E01"
��U�e�������� �3Ggl�6uq)B7T!"
 Q©+G
�.©+em�����D�]���g�
�!&@Hg6u*9&("gRST! %"
�� �  .6��,T!"30 � 2\&7:L$)01"
 v�,�����
H]�[�,�vqSB7T!"
 �©+G
���(G^l>*S���� JB( %&7:= %�>"
<p&(*m���! ���6N�� %"
*d %"3&7:L %�> %"-���^k+6!&1H]6�e��,�! �01:5i)�[B7T����V<v�! .�[B7�N� � ��	
im %�VHJ % .6n�VHC&Q*9"3��6!B( .�C���CkF6!&1H]6c016)4I0�4���B7�[��0KU! .U[ � 01���[&76n��:=01B( g2%0K6c��6=$)"3��6�2%�[$SU[ Xim P2%01UD2%T�U�01�> .4
iN<a2\&7T�6N���D6!BQ���! �*9"3��6�B( .��016)4a:5T�U����[$SU[<F�D6!B�H]�[�,� � ��	 G

���! Eq)"3�
�J�/�� %$u��6c�,�! �4! %"`� � 01�,�[&76n&(*^0K6a .U[ � 01���[&76a:=&F4! .U;���X�>&o2%01U�2%T)U�0@�� E���� �"
 %*d %"3 .6�2\ �$)��0K�/ ��
���! u$)��0K�/ t&(*E���� �% �S01�5 .01"
�,��?-&("I�,�! t .UDU��[$)�/&7�D4�G}�������L2%0K6xi' u4�&76! tiF<¥qS�>�,��6!Bw�,�! t*9"3��6!B( .�
&(*]0a$)U�0K6! I�D6¦"30K6!B( n016�4|0��.��:5T����¦�>&Z���� o��6N�> %"3*d %"
&7:= %�>"3�D2L*d"`��6!B( .�.e§i)T!��:L&7�
��U[<7e^�,�! o&("
i)�[�,01U
$)0@"`01:L %�� %"3�g0@"
 52%01U�2%T)U�0@�� .4a&("E012%�FT��["3 .4�e!0@*9�� %"]H]���D23�t�,�! �B( %&7:= %�>"
<a&(*-�,�! v�D6��� %"
*9 %"
&7:L %�� %"g���
kF6!&1H]6�G����� v&("
i)������2%0K6sim 52%01U�2%T)U�0@�� .4aiF<tT��
��6�B=2\&("36! %"P"
 ��) .2\��&("3�g0K6�4��1&("g�> %"3"301�D6a"
 %*9 %"
 .6�2\ 
$m&7�D6��,�.e+i)T!�C���� %<n01"
 ���6aB( .6� %"301U;6!&(�J0 � 0K��U�01i)U[ 7G^�g6t .�/���D:=0@�,�[&76c��6t05$�"
&+2\ .�
��:I��¡F .4cHg�[���c�,�! 
B( %&7U[&F2%01�,�[&76I��0K�8i' % .6=4� �  .U[&($' .4LiN<I�+2`��H �0@i)�D�
23� 
 �����(� �3GXOP .T�4!�,6! %" 
 �����(� �-0KU��/&v4! �  .U�&($m .4I0
:L %����&F4�G^�P6I0KU[�� %"36�01��� �  ��D�8��&52%0KU�2%T�U�01�> ]���! ] \¡F$' .2\�� .4I$)�)01�/ ]*d"
&7: 0�4��[B7�[�,0KU+ .U[ � 01�,�[&76I:L&+4! .U�e
H]����2`�}���� .6x:5T)�/�5i' u0 � 0K��U�01i)U[ 
 �s0K�
�/&76�6� %�Q0K6�4}R) .�[B7U�e ������� � � �D6}���)���L2%01�
 u�,�! a"
 %*9 %"
 .6�2\ 
$)��0K�/ P�D�J6�&(�#�,��0@�#&(*;�,�! % �m0@�8 .01"
�,��?N&("� .0@"
�,�n .U�U��[$S�/&7��4�G;�g&1HC �  %"@eST��
T�0KU�U[<Q$�"3 .2%���/ P&("
i)�[�,�C01"
 
T��/ .4�e!0K��$)T!iSU����
�! .4oiF<o"
 .�
 .0@"32`�u��6)�/������T!�� .�JU��[k( �!;¨��M¢P&(*^bE .U[*9�C_E6�� �  %"`�
�[�V<I&(*^�M .23��6!&7U�&(B(<7G

l�*S�,�! �"
 %*9 %"
 .6�2\ g$)��0K�/ 
�
��� �;���C�
T!i���"30K2\�> .4�e��,�! ]�D6��� %"
*9 %"
&(B("30K:  .�NT)0@�,�[&76 
�©+G
� � �-i' .2\&7:L .�

� )  � �  �� � � � �$�����	� ) � � � ��� � � �"!����#%�� �����	� �
!


�©+G ��� �

�P�8*9"3��6!B( ���:=01B( .�#0KU["
 .0K4!<p�
�!&@H5e���6=0K6=��6N�� %"
*d %"3&(B("301: 016�4L0KU��/&5��6Q���� �"
 %*9 %"
 .6�2\ \��$)��0K�/ \�
2\&("
"
 .2\�� .4o��6N�� %"
*d %"3&(B("301:ue(���� ]��6N�> %"
*9 %"
&7:L %��"3��2X$S��01�
 ����-&76�U[<pk+6!&@H]6o:L&+4�T�U[&�©��-G-���! g�/ .2\&76�4
�/�> %$¥��6w���� =4! %"3� � 0@�,�[&76Z&(*X016z .U� � 01����&76z:L&F4� .U-���E�>&s2\&("
"
 .2\�E���)���]�)�F�K�.�a�'C � ?��7�1?9�V�KGL�]���������
4!&76! X��6v0K65�D6��� %B("301���[&76v$�"
&+2\ .�
�MkF6!&1H]6p01�;�)�F���%�]�F� "-���`��� ?d�N�7G^l�*����� C�! .�[B7�N��&(*�0�2\ %"
�,0K��6�$'&7��6N�
���EkF6�&@H]6�e������P$)��0K�/ L���P�,�! L�/��01"
�,��6!Bn$'&7��6��]*d&("��,�! L��6N�> %B("301�,�[&76Z&(*C�,�! Q$)��0K�/ pH]�[�,�Z:pT�U[�,�[$)U� .�
&(*^©��z0K6�4n���FT�����6N�� %B("30@�,�[&76o&(*M�,�! ��! .�[B7�N�#Hg�[���o�,�! �01:5i)�[B7T����V<I�! .�[B7�N� � �
	 G8{J .2%0KT��/ �&(*§6!&7���/ 
��6¦�,�! n��6��� %"
*9 %"
&(B("30K:teM�����D�v���5&76! I&(*]���! n:L&7�/�v2`��0KU�U[ .6!B7��6�Ba��0K�/k+�5��6¦"30K4�0@"p��6N�> %"
*9 %"
&7:L %��"
<7G
bE�[rm %"
 .6N�=��6N�> %B("`0@�,�[&76}$)01�,���I2%0K6x<+�[ .U�4x4)��rm %"3 .6��L:pT�U[�,�[$)U[ .�Q&(*v©��-e���6xH]����2`� 2%0K�/ ¥�/���9? >(���\�
"
 .:=0K��6 
�OP&7U�4��/�� .��6| %�50KU�G[e ������� � OP .T�4!�,6! %"@e �����(� � �!23�NH �0@iS���
23�;e �����(� � {X01:=U� %"=016�4|�E0@"3��U�e
������� � �s0K�
�/&76)6! %�#0K6�4IR) .�[B7U�e ������� � b�0 � ��4)�/&76o0K6�4n{X01:=U� %"@e ������� � � Tn016)4cWXT):=:=��6!B�e ������� �3G

���! L6FT�:5im %"�&(*J*9"3��6!B( .��:pT��/�Pi' Q�)�[B7�w�>&uim L01i)U[ Q��&t .�/�,��:=01�> Q�,�! L$)��0K�/ L012%2%T�"30@�� .U[<7e
i)T!�g0o*9"3��6!B( Q"301�> Q��&N&t�)�[B7�z2%016¦2%01T��
 L���! Q*9"3��6!B( .�E��&ai' .2\&7:L =��6�4)���/�,��6!B7T����3��0@iSU[ 7e+ .�/$' .2%��0KU�U[<
�[*C�,�! L�� %"
"30K��6Z�>&($'&(B("301$)�N<s�
��&@H]� � 01"3��01���[&76)�.G5�]�! =�
T!i���"30K2\����&76s&(*X�,�! Q"
 %*9 %"
 .6�2\ =$)�)01�/ =�D��0
*90 � &7T!"`0@i)U� oqS"3�/���/�� %$}�>&z4! .2\"3 .01�/ c�,�! c*d"`��6!B( n"30@�� 7e-H]�����!&7T���U[&7�
��6!BZ�,�! n�� .�[B7���p��6!*9&("3:=01����&76

��+23�NH �01i)���
2`��e �����(� �3G8�]�! �[�(�(���K�.�^ \rm .2\�8:L .6N�,�[&76! .4=i' %*9&("
 �0K6�4 � ���
�[i)U� X�D6Qq)B7T!"
 ]©+G
���P2%0KT��/ .�
���! c*9"3��6!B( .�p��&wim c2\&7:L$�"3 .�
�/ .4}01�v�,�! n�3U[&($' .�5&(*P:L&7T�6N��0K��6��p4��["3 .2\�> .4|��&@HX0@"34)�Q���! � �[ %H]��6!B
$m&7�3�[����&76�GC�P�PU[&76!Bo0K���,�! p�
U[&($' �&(*-���� 5����UDU�e!4! .6!&(�� .4tiF<�
Cem���gU[ .�
���,��0K6a�,�! 5��6)2%��4! .6�2\ �0K6!B7U[ 
*d&("Q0 �S01�E .0@"
�,�  �e;�,�! o*d"3�D6!B( .�v2%0K6¥�
����UDU^im n4����/�,��6!B7T)���
�! .4�Go{J .2%01T��
 o�,�! o0K2\�,� �  n:I��2\"
&@HX0 �  
��6��/��"3T�:L .6N��&76}i'&701"34�&(*E¨�¤S¢nHX01�I4! .�
�[B76! .4�$)"3��:=01"3��U[<w��&y:L&76��[��&("L&+2\ .016}$S�! .6!&7:L .6�0Fe#�����
U[&N&(ka0K6!B7U[ v�D��"
 .U�01��� �  .U[<n�3:=01UDU 
�©��

!
�(�(� � �3e�"
 .�3T�U[�,��6!BL��6t0K6t��6�2%�D4! .6�2\ �0K6!B7U[ �&(*-01$�$�"
&@¡+��:I0@�� .U[<

©(� � ��*8���� =�
T!"
*h012\ QHJ&7T�U�4Zi' �S0@� 
V£M¢��'e ������� �3GQR�&("v���! Q .�/�,01i)U����
�):L .6���&(*J .U[ � 0@�,�[&76w:L&+4! .U��
��6o:=&7T�6��,0K��6!&7T��801"
 .0K�.eN�����D�#���C6!&(�-*90 � &7T�"30@iSU[ 7G^�gU[�,�!&7T!B7�N�8¤�£ !�£;¤S¢%£
�n��0K�#�/&7:= g&(�,�! %"X4!"30\H��
i)0123kF�@e��[���PU[&F&(ku0K6!B7U[ p&(* ��� � :I0@k( .�E�[��T��
 %*9T�UM*9&("P"`014�01"E��6��� %"
*9 %"
&7:L %��"
<t0K6�4u�,�! Q2%01UD2%T�U�01���[&76



� � � � �d����� �!�)���

1	�� � � ��� �`�+�����1�/� ��
��d���V� ����� �J���d��� ©(�

0 100 200 300 400 500 600 700 800 900 1000 1100

101

102

103

Perpendicular baseline length (m)

fr
in

ge
 d

is
ta

nc
e 

(m
)

Ambiguity height for ERS

� ��� � ������� � � � �`��������
�� � � � � � � � �)��� �	��� � �
� � ��� � � � 	�
 
�� � �$��� � � � ����� � ��	/� � � ��
��8��
 �

��9���V� ����� �J���D��� 	 � � ���V�;	 � ��
 �`� �`� � � �
� � � ��� 
������ � � �-� �(�,	�� �
�\� �����V���
�

K�&� � �`� � � � �

��9���V� ����� �J���d���

�� � � � ��� � ����� � � �V��
�� �
� �
���
� � � � � ����� � � �`�,��� ��� ��� 
�� �

&(*§ .U� � 01����&76a:L&F4� .U���
�OP .T�4!�,6! %"� %��0KU�G[e ������� � OE .6���0K6�4a�80K6sOP .6�4! %"3 .6�e �������Ki �3G
���! w2%0KU�2%T�U�01����&76 &(*p0¦4��[B7����0KU] .U� � 01����&76�:=&F4! .UP"
 .UD�[ .�I&76 �,�! z��6N�> %"3*d %"
&7:= %�>"3�D2u$)�)01�/ 


h .�NT�01�,�[&76}©+G ��� �3G¦l,6¦&("`4! %"L�>&Zi' n01i)U[ n��&w4� %"3� �  c0t4��[B7�[�,0KU# .U[ � 01���[&76|:L&+4! .UCH]�[�,�¥0K6| %"
"
&("
01���3:=01UDU-01��$'&7�
�3�[i)U[ 7em�,�! L&76�U[<Z4���r' %"
 .6�2\ Li' %�VHC % .6¦i'&(���¦¢.£�¤z��:=01B( .���
�!&7T)U�4Zim L�,�! L$)�)01�/ 
4���r' %"
 .6�2\ ���6�4)T�2\ .4ciN<n�,�! v4���r' %"
 .6N� � �[ %H�$'&7��6N���J&(*^�,�! ��
01�> .U�UD�[�> .�@G 	 ���! %"]$)��0K�/ �2\&7:L$'&76! .6��,�
2%016Z2%01T)�/ v %"
"3&("3�.GX���! �"3 .01U��D�
0@�,�[&76c&(*-�,�! �$)�)01�/ v&(*-���! 5��6��� %"
*9 %"
&(B("30K: ���]4����
2%T��3�/ .4t��6����+G
� �

�/&7T!"32\ .�#&(*'4� .2\&("
"
 .U�01����&76L0@"
 g4! .�
2\"3�[i' .4Q��6 �J�+G ©+G 	 6! ��/&7T!"`2\ �&(*m4� .2\&("
"
 .U�01����&76=���^�,�! ]�/$' .2\��"301U
:=���
0KU��[B76�:= .6��8i' %�VHJ % .6a�,�! v:=0K�/�� %"�016�4a�3U�0 �  v��:=01B( 7e!4����32%T��
�/ .4a��6a2`��01$��> %"P�+G

���! s6!&7���/ u�D6}���� u��6N�> %"
*9 %"
&(B("30K: �,��01�Q�D�=2\&("
"
 .2\�� .4 *9&("n���! u"
 %*d %"3 .6�2\ u$)�)01�/ t2%0K6xi' 
4! .2\"
 .0K�/ .4niN<�
������%�$?9���7G �s&7�/�,U[<Q�����D�#���C0��
:L&F&(�����D6!B�&($' %"301���[&76I01U[&76�Bv�,�! �*9"3��6!B( .�.G^{J .2%0KT��/ E�[�
4! %$' .6�4���&76s�,�! v*9"3��6!B( 5*d"3 .�NT! .6)2\<t016�4u���� v&("3�[ .6N�,0@�,�[&76t&(*-�,�! 5*d"3�D6!B( .�.e)�������]2%0KU�U[ .4|��>7�`�m�2?L�K�.G
���! .�/ I0K4�01$��,� �  QqSU[�� %"3��6!Ba:L %�,�!&+4���01"
 =��&(��0KU�U[<w4���r' %"
 .6N�g*9"
&7: �,�! I�/$' .2\��"30KU§qSU[�� %"3��6!Ba��6w�,�����
���! .�3���.e+�,��0@�J��6c"30K6!B( �2%0K6u0KU��/&Qi' �014�01$��,� �  � �/ % �P�+G ©+G �+G


���� � ��� ��� � 
 �
�!� � ��� � ��� � ��� 
 �
�!� �	� 
�
 ���	� ������� 
 ���&����� 
 ��� ����� �!� �&
 ���
l>*-0K6u��6N�> %"3*d %"
&(B("`01: �D��2%01UD2%T�U�01�> .4c*9"
&7: �VHJ&c¢.£�¤t��:I0@B( .�]��01k( .6t*9"
&7: �,�! ��
0K:L �$'&7�
�����[&76ciST!�
0@�P4���r' %"
 .6����,��:L Q��6��
��0K6��,�.eS0=23��0K6!B( L��6Z$)01���ZU[ .6!B(�,�Z4�T!"3��6�B=���� 5�,��:L Q��6N�> %" � 0KU;i' %�VHJ % .6s�,�! 
��:=01B( o0K2%�NT��D�
�[�,�[&76��EH]��UDU-2%01T��
 I0a23��0K6!B( n��6y��6N�> %"3*d %"
&7:= %�>"3�D2L$)��0K�/ 7Gn� 4! %*d&("`:=0@�,�[&76zHg�[���¦0
2\&7:L$'&76! .6���
 �p��6o���� E�30@�� .U�U��[�� � �[ %H]��6�B54��["3 .2\���[&76;e�*9&("X \¡+0K:L$)U[ E4�T! P��&QUD016�4n�
T!iS�
��4! .6�2\ 7e�H]��U�U
2%01T��
 v054)��rm %"3 .6��,��0KUm�D6��� %"
*9 %"
&7:L %��"3��2P$)��0K�/ 




�
) % � �

�

 �
!


�©+G ��� �

l�6I�����D�-HJ0\<=4� %*d&("3:I0@�,�[&76��8�D6L���� ]&("34! %"C&(*�0E�
:=0KU�U!*9"3012\�,�[&76L&(*��,�! �HX0 �  .U[ .6!B(�,�n0@"
 g4����/�,��6!B7T��D�,�
��0@iSU[ 
V{X0K:=U[ %"#0K6�4p�E0@"
�,U�e�������� �3G-�P&@HJ �  %"@eF��6pB( .6! %"30KU+���! Xi)0K�/ .U��D6! J4�&N .�-6!&(�M .�NT)01U��% %"
&�0K6�4
016o014�4)�[����&76�01UF$)�)01�/ �4)��rm %"3 .6�2\ ]4�T! ]�>&5�>&($'&(B("301$)�N<p0K6�4L�,�! ]��:I0@B7��6�B�B( %&7:L %�>"3<=&F2%2%T�"3�.G^�������



©�� ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

B( %&7:L %�>"3<�����6)4�T�2\ .4w��6N�> %"
*9 %"
&7:L %��"3��2v$)��0K�/ Q2%016wi' Q2%01U�2%T)U�0@�� .4s*d"
&7: 0L��&($'&(B("301$)��<N��$)0K�["E01�E��6
��©+G �o&("P*d"
&7: 0K6t \¡!���/�,��6!BI4)�[B7�[�,01U� .U� � 01����&76s:L&+4! .U�G�R�"
&7: ���� v$)��0K�/ 5&(*80=�/ .2\&76�4Z��6N�> %"
*9 %"
&��
:L %�>"`��2v$S01�["1e)�,�����]�>&($'&(B("301$)�N<�����6)4�T�2\ .4t$S��01�
 p2%0K6Zim Q�
T!i)�>"30K2\�� .4�G]l,6s���! p"
 .:=0K��6��D6!B=$)��0K�/ 7e
&76�U[<=$)�)01�/ P4���r' %"
 .6�2\ .�J4�T! P�>&Q4! %*9&("3:=01����&76o01"
 P$�"
 .�/ .6N��eN \¡!2\ %$��#*9&("�014�4)�[����&76�01U+$S��01�
 P4! .UD0\<F�
2%01T��
 .4yiF<y0@�,:L&7�/$)�� %"3��2Q$)�! .6�&7:L .6�0FGI�����D������2%0KU�U[ .4 >'? �E�%�/�%���2?h�	� ?9�����.� A.�%�,�'C=�%�V��� 
h�E016)�
�/ .6
016�4u��U[ % .�.e ������� �3G

���! X4! %�� %"3:=��6)0@�,�[&76�&(*m4! %*d&("`:=0@�,�[&76vH]�[�,�54��[rm %"
 .6N�,��01UN��6N�> %"
*9 %"
&7:L %��"
<����M&76�U[<v$m&7�3�
�[i)U[ C�[*
���! E$�"3&($m %"3���[ .�#&(*;�,�! E�
2%0@���� %"
 %"3�J"
 .:=0K��6o���! E�
0K:L �4�T!"3�D6!B��,�! g�� .:L$'&("30KUS�
 %$)0@"`0@�,�[&76oim %�VHJ % .6
���! o012%�FT����
�����[&76)�.G5�]�����E"
 .�FT��["
 .:= .6��P����&(*9�> .6y4)� 8o2%T�U[�]�>&t*hT�U�qmU�GQ�g����"
 .01�> .4¦��6��p�+G ©+eM&(*d�� .6
��� C]�+�(�,�	�">��
�`�(�`�/�
�[�(�2?h�(�Q4! %�� %"3�[&("301�> .�§�,�! �2\&7�! %"
 .6�2\ �i' %�VHJ % .6Q$)01"
���§&(*S���! X�VHJ&���6N�> %"
*9 %"
&(B("30K:=�
016�4¦���� =4! %�> %"`:=��6�01����&76w&(*J�,�! I4� %*d&("3:I0@�,�[&76y���v��01:=$m %"3 .4 
V{J0K:=U[ %"p016)4z�P01"
�,U�e ������� �3Gc�P&��
HC �  %"@e)T��/ E2%016ci' E:=014� P&(*§:=0K6+��:=0K4! g*9 .01��T!"3 .�JUD�[k( giST���U�4��D6!B7�.e(H]�)��23�oi' %�>�� %"X$�"
 .�/ %" �  E�,�! .�["
i)0123kF�32%0@���> %"`��6!B=23�)0@"30K2\�� %"3���/�,��2%��
h_E�
01�;016�4a�vU[ % .�.e ������� �3G

{J .2%01T)�/ t&(*P���! t�)�[B7���/ .6��
�[�,� � �[�V<y&(*E4���r' %"
 .6N����0KUJ��6��� %"
*9 %"
&7:L %��"
<7e#01�,:L&7�/$)�! %"`��2n \rm .2\�,�
2%016Z$'&7�/ Q:=0%j/&("P$�"
&(i)U[ .:I� 
 �Z01�3�/&76�6! %�]0K6�4uR� .�[B7U�e ������� �3G����)���]���P��U�UDT��/��"30@�� .4ciF<t���� 5$)�)01�/ 
� 01"3��01����&76��Q��6¥q)B7T!"
 t�+G ���(eJH]�! %"
 a�,�! c��&($m&(B("`0@$)�)��2I$S��01�
 c�D�QkF6!&1H]6���&zim aU��D:=�[�� .4¥0K6�4}6!&
4! %*d&("`:=0@�,�[&76c��&N&(kc$)UD012\ 7G

l�*)���[B7�+��2\&7�� %"
 .6�2\ J*d .01��T�"
 .�^0@"
 XT��/ .4;eKUD�[k( J2\&("`6! %"^"
 ��) .2\��&("3�.e(4! %*9&("3:=01����&76��;&(*m©g:I:�2%0K6
im �4� %�> .2\�� .4aH]�[�,�c¨�¤S¢7e!4! %$' .6�4���6!B5&76a�,�! �4����/�,0K6�2\ Eim %�VHJ % .6a$'&7��6N���X0K6�4c�,�! �$�"
 .�/ .6N�X0@�,:L&7�,�
$)�! %"
 �4! .UD0\<F�.G^R)&("gU[ .�
��2\&7�� %"
 .6����
T�"
*90K2\ .�.eF�,�! �012%2%T�"3012\<c2%0K6ai' ���6c���� P&("`4! %"�&(*^2\ .6��,��:L %�� %"3�

��+23�NH �01i)���
2`��e �����(� �3G

fP&(�g&76�U�<s�! .�[B7�N�g4)��rm %"3 .6�2\ .��4�T! Q��&a*d&("v \¡+0K:L$)U[ L�
T�i)�
��4! .6)2\ p2%0K6zi' L:L .01�3T!"
 .4�e�0KU��/&
�!&("3�
�%&76N��0KU-�
����*d�,�.e'01��U�&76!Bt01�E�,�! L4! %*9&("3:=01����&76z��01�E0n2\&7:L$'&76! .6N�P��6Z�,�! � �� %H]��6!Bc4��["
 .2\�,�[&76�G
l�6¦�����D��HX0\<z .0@"
�,���FT�01k( .�v0K6�4yB7U�0K2%�[ %"p:L& �  .:L .6N�,�p2%0K6yi' I:=&76��[��&("
 .4�Gt¢%£�¤¥4���r' %"
 .6N����0KU-��6+�
�> %"
*9 %"
&7:L %��"
<o���FT���2%0K6a�/ %" �  �0K��016c��:L$'&("
�,0K6��-B( %&($)�N<+�
��2%0KU�:L .01�3T!"3��6!B5�>&F&7U 
 �Z01�
�
&76�6! %�C0K6�4
R� .�[B7U�e�������� �3G


���� � � 
 �����������!��� 
 � ��� �"���!������� ���� � 
 � � �
l�6¥���)���v�/ .2\�,�[&76�e^�,�! o$�"
&+2\ .�
�
��6!Bs�/�> %$S�v�V<F$)��2%0KU8*9&("L��6��� %"
*9 %"
&7:L %��"
<z0@"3 oU����
�> .4�Gu�������52\&76�2%���/ 
�>"
 .01�,:L .6��P���E6!&(��&76�U�<t$�"
 .�/ .6N�� .4s��&cB( %�P0K6w��4! .0L&(*#���! Q$�"3&F2\ .�
�@eSiST!��H]��UDU;0KU��/&c�/ %" �  =0K�g�,�! 
*d"30K:L %HJ&("
ku��6uH]����2`�s�D6u23�)0@$��� %"��=�,�! p�/$' .2\�>"30KU�qmU[�> %"`��6!B=H]�DU�U�i' v$'&7�
�[�,�[&76! .4;GXl�6uq)B7T!"
 Q©+G
� �
�����D��������U�UDT��/��"30@�� .4 � �,�! �$�"3&F2\ .�
�3��6!B=�/�� %$)��4����32%T��
�/ .4a��6c�,�����X�,�! .�
�D��0@"
 �&7T���U��D6! .4c��6cB("
 %<7G

���! #$�"
&+2\ .�
�;�/�,01"
����H]�[�,�E���! J�/ .U[ .2\�,�[&76�&(*�0X�
T�����01i)U[ 	
V��G  7G[eKH]�[�,��"
 .�
$m .2\�m��&g4! .2\&("
"3 .U�0@�,�[&76�e
���+G © ��:=0K�/�� %"P0K6�4Z�
U�0 �  Q�
��6!B7U[ 5U[&N&(kt2\&7:=$)U[ \¡Z¢%£;¤s��:I0@B( 5$)01��"@G��PU��/&I�,�! 5$�"
 .2%���/ 5&("
i)�[�,�]01"
 
012%�FT��["
 .4c&("P2%01UD2%T�U�01�> .4�G

���! 8�D:=0@B( .�;&(*+���! C�
01:= #�
2\ .6! J:5T��
�Si' #0KU��[B76! .4E \¡!0K2\��U[<���6�&("34! %";��&�i' 801i)U[ 8��&]2%0KU�2%T�U�01�> 
���! L��6N�� %"
*d %"3&(B("301: 
�©+G
� � �3GQl,6Z���! pq)"`�/�]�/�� %$;e�2%0KU�U[ .4}�3�.�7�
�.�c�3�(�/����?��\�V���(�2?h�(��eM�,�! Q&�r'�/ %�P&(*#�,�! 
�
U�0 �  #��:I0@B( 8Hg�[���E"3 .�/$' .2\�S��&��,�! 8:=0K�/�> %"M��:=01B( 8��6���6N�> %B( %";$)��¡+ .U�������4! %�� %"3:=�D6! .4�G���6!&1H]U[ .4!B( #&(*
���! P&("
i)�����J2%016ni' ]&(*M�! .U[$;G^�g*d�� %"X�����D�.e�4�T�"3��6!B 
C�S���`�(�,����?D���V�,�(�2?h�(�I0��3T!i�$)��¡+ .U���"30K6��/*9&("3:=01����&76
Dw��6�2%UDT�4���6!Bn�/��"
 %��2`��e§�
�! .01"@e� %�,2(G7DZ�D��4! %�� %"3:=��6! .4z�
&t���)0@�E01UDU-$)01"
���E&(*X�,�! I��:I0@B( .�52\&7��6�2%��4! 
01�]B(&N&+4u0K��$'&7�
�
��i)U[ 7G-�����D�JqS6! �"
 %B7�D�/�>"`0@�,�[&76a����4� %�> %"3:I��6! .4cH]�[�,�a0Q2\&("
"
 .U�01�,�[&76a&("g2\&7�� %"
 .6�2\ 
 .�/���D:=0@�,�[&76c&(*§$)01��2`�! .��"
 %B7T)U�0@"`U[<I4����
�>"3��i)T!�� .4=& �  %"P�,�! ���:=01B( .�.G

l�*J�,�! =bE&($�$SU[ %"52\ .6N�>"3&7��4y*9"
 .�FT! .6�2\<w&(*����� I:=0K�/�> %"p016)4¦�
U�0 �  n��:=01B( I���54���r' %"
 .6��\e��,�! 
0 �.��:pT!�,�¦�/$' .2\��"30c&(*��,�! o:=0K�/�� %"p0K6�4¥�
U�0 �  o01"
 c:=���
0KU��[B76� .4 
 �L�+G ©+G
� �3GZR�&("L���[B7�¥4���r' %"
 .6�2\ .�
�����D��2%016¦"
 .�
T�U��g��6y0c�/ %"`�[&7T���2\&7�! %"3 .6�2\ n0K6�4y�D6��� %"
*9 %"
&(B("30K: �NT)01U����V<u"
 .4�T)2\���[&76;G=l,6z&("34! %"5�>&
��:L$�"
& �  z���)���.e��/$' .2\��"30KU]qmU[�> %"`��6!B¥�D6�0��.��:pT!����&(*p���� w�3��6!B7U[ wU[&F&(k�2\&7:L$)U� \¡���:=01B( .�c2%016 i' 
$m %"3*d&("3:= .4=i' %*d&("3 ����� ]��6N�> %"
*9 %"
&(B("30K: �D�#2%0KU�2%T�U�01�> .4 
 �X�+G � �3G-l�*����� �$' %"
$' .6�4���2%T�UD0@"^2\&7:L$'&76! .6N�



� � � � �d����� �!�)���

1	�� � � ��� �`�+�����1�/� ��
��d���V� ����� �J���d��� ©(�

Master
SAR SLC image

Slave
SAR SLC image

Precise orbit
determination

Coarse coregistration

Fine coregistration

Reference phase 
calculation

Interferogram 
calculation

Interferogram 
filtering

Phase 
unwrapping

Digital elevation 
or deformation 

model calculation

Geocoding

Coherence image 
calculation

Range and azimuth 
spectral filtering

Oversampling

High spectral 
misalignment?

n

y

Spectral filtering for 
coregistration

n

� ��� � ��� � � � � � ��������� � 	 �`� � � � �

��d���V���������X���D��� 	 � ���%	,����� �

 � � �d� � � � � � � �3����� � �d� � ���,��� � ���V	 � ���V��� ��
�� � ����� � ��� ��� �



©�� ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

&(*;�,�! giS01�/ .UD��6! ]���JU[&76!B�eN�,�! g"`016!B( E�/$' .2\��"30E&(*;:=0K�/�� %"X0K6�4n�
U�0 �  E0@"3 P:=�D�
01UD�[B76! .4 
 �]�+G ©+G © �3G#�M&
��:L$�"
& �  ��,�! ���6N�> %"
*9 %"
&(B("30K: �FT�01UD�[�V<7e(��6L0E�
��:=�DU�0@"§HX0\<Q�
$m .2\��"30KUNqSU[�� %"3��6!BE��6Q"30K6!B( �&(*m���� ��
��6!B7U[ 
U[&N&(kQ2\&7:L$)U� \¡Q��:I0@B( .�-2%0K6Li' X$m %"3*d&("3:= .4 
 �J�+G�� �3G^l>*m�,�! Xi)01�
 .U���6! X��� �  %"
<LU[&76!B�e�4! %�> %"`:=��6�01����&76
&(*m�,�! �*9"3��6!B( �*9"
 .�FT! .6�2\<p*d"3&7: ���� ���:=01B( .�82%016=im �4)� 8o2%T�U[�M016�4Q�,�! �&("
iS�[�;$)01"30K:L %�� %"3�-0@"3 ]T��/ .4
��6��/�� .014;G

{J .2%01T)�/ =�,�! QqS6! L"
 %B7�D�/�>"`0@�,�[&76zT!�,��U��
�% .�P�,�! I2\&("
"3 .U�0@�,�[&76wi' %�VHJ % .6¦:=0K�/�� %"v016)4z�
U�0 �  7e§�[�
�
T+r' %"3�L*9"
&7: �/$' .2\��"301UX:=�D�
01UD�[B76�:L .6N����6�"30K6!B( a&("I0��.��:pT!���;G|�]�! cqS6! c"
 %B7���
�>"301�,�[&76�016�4}0KU�U
2\&76��/ .2%T!�,� �  v�/�� %$)��2%0K6ai' ���:L$�"
& �  .4aiF<n4! %�� %"3:=�D6�0@�,�[&76o&(*M�,�! �"
 %B7�D�/�>"`0@�,�[&76n$)01"301:= %�> %"3�J*9"
&7:
�/$' .2\�>"30KU#qSU[�� %"
 .4�¢�� ���D:=0@B( .� 
�OP .T)4!��6� %"@e �����(� �3Gy�g*d�� %"L4! %�> %"`:=��6�01����&76y&(*��,�! n"
 %B7���/��"301���[&76
$)0@"`01:L %�� %"3�.e+�,�! �6! \¡+�J$�"
&+2\ .�
�
��6!BL�/�� %$uT��
 .������ �&("3�[B7��6�0KU�eFT�6+qSU��> %"
 .4c��:I0@B( .� 
 �E�+G�� �3G

R�"
&7: ���� L&("
i)�[�,�E&("50K6z \¡!���/�,��6!Ba4��[B7�[�,0KUM .U� � 01����&76y:L&+4! .U�e��,�! L"
 %*9 %"
 .6�2\ =$S��01�
 =����4! \�
�> %"3:I��6! .4��n�,�! a$)��0K�/ c&(*E���! �m0@�5&("= .U�U��[$S�/&7��4�0KU# .01"
�,��&("= \¡!���/�,��6!Bz2\&70@"`�/ t .U[ � 0@�,�[&76}:L&+4! .U

 �E©+G � �3G

�M&�$�"
 �  .6N��01U��D01�
�D6!BC*9"
&7: 4� %�> %"3��&("30@�,��6!BX�,�! #��6N�� %"
*d %"3&(B("301:ue.�,�! 8:=0K�/�> %"M016�4v�
U�0 �  #��:I0@B( 
0@"
 E& �  %"3�
0K:L$)U[ .4oi' %*d&("
 P�,�! P�D6��� %"
*9 %"
&(B("30K: ���J2%0KU�2%T�U�01�> .4;eN�[*��,�! Pi)0K6�4!H]��4����Q&(*��,�! E��6N�> %"
*9 %"
&��
B("301: HC&7T�UD4o&(�,�! %"
Hg���/ Pim EB("
 .01�� %"����)016n�,�! �fg<+�FT����/�8*9"
 .�FT! .6�2\<�
 � �+G
� �3G8fP&@H �,�! ���6N�> %"
*9 %"
&��
B("301:ueN2\&("
"3 .2\�> .4n*9&("C�,�! ]"3 %*d %"
 .6)2\ ]$)��0K�/ 7eF2%016oi' ]2%0KU�2%T�U�01�> .4;GM�PU��/&p��6��� %"
*9 %"
&7:L %��"3��2�$)"
&F4)T�2\���
U��[k( p���! Q2\&7�! %"
 .6)2\ Q�D:=0@B( Q2%0K6si' Q2%01UD2%T�U�01�> .4�GP���! Q2\&7�! %"
 .6)2\ Q2%0K6Zi' pT��
 .4u��&c .�/���D:=0@�� v�,�! 
�NT�0KU��[�V<o&(*^���! ��D6��� %"
*9 %"
&(B("30K: 
 �P�+G � �3G

���! E0K:vi)��B7T��[�,�[ .�C�D6o�,�! P$)��0K�/ E&(*;�,�����J��6N�> %"
*9 %"
&(B("30K: 0@"3 E�
&7U �  .4�G-�����D�8�S�F�K�%�5�+� "-�,�`� H
� ?d�N�5�D�]�/&7:L %�,��:L .�g��:L$�"3& �  .4tiF<a�
:L&F&(���)��6!BL&("E014�01$��,� �  EqSU[�� %"3��6�Bp�,�! v�D6��� %"
*9 %"
&(B("30K:tG#R)"
&7:
���! g"
 .�
T�U�����6�B�0@i)�
&7U�T!�� �$)��0K�/ 7e�0�4���B7�[��0KU+ .U[ � 0@�,�[&76o:L&F4� .U�&("X0�4! %*d&("`:=0@�,�[&76=:=&F4! .US2%016Ii' g4! \�
"3� �  .4 
 �]©+G �Q016�4$�]©+G�� �3G8R-��6�0KU�U[<7e����� P2%0KU�2%T�U�01�� .4o:L&+4! .Um�����N�3�.�3� >N� >��J�[�8���X2\&76�6! .2\�� .4cH]�[�,�I0K6
 .0@"
�,�o"
 %*d %"3 .6�2\ P�
<F�/�� .: 
�OP .T�4!�,6! %"@e �����(� � �+23�NH �01i)���
2`��e �����(� � �Z0K�
�/&76�6! %�80K6�4IR� .�[B7U�e ������� �3G



� � � � �9��������� � �����
� � �3� �

��9���V� ����� �3����� � ©��

� � � � � ��� � � � ��� � �P
��N�P
 ��� 
�� � �

���! X�NT�0KU��[�V<�&(*)���! JB( %&+4! %���D2C"3 .�
T�U[�,�;&(*S:L .01�3T!"
 .:L .6N���^��6L¢%£;¤+����6N�> %"
*9 %"
&(B("30K:=�M4! %$' .6�4��M&765�,�! 
�NT�0KU��[�V<p&(*��,�! ]��6N�> %"3*d %"
&(B("`01:=�@e(H]����2`�=��6L�,T!"36I4! %$' .6�4��^&76o$�"
&($' %"
�,�[ .�^&(*'���! E¢%£�¤+���D:=0@B( .�@G§�P�
���! �$S��01�
 J&(*m�,�! ���6N�> %"
*9 %"
&7:L %��"3��2J�
�[B76)01U+���-4���"
 .2\��U�<�"
 .U�01�> .4Q��&��,�! X$)0@�,�LU[ .6!B(�,�L4���r' %"
 .6�2\ 7e��,�! 
$)��0K�/ ������,�! �k( %<a��6N�> %"
*9 %"
&7:L %��"3��2E:L .0K�
T!"3 7G-l�6��P�+G
��$�"
&($' %"
�,�[ .�X&(*§���� �$)��0K�/ �0@"3 v4! .�
2\"3��im .4;G
���! I$S��01�
 I&(*��,�! c¢.£�¤+����:=01B( .�v0K6�4¦���! n��6N�> %"
*9 %"
&(B("30K: �D�v��6 �mT! .6�2\ .4yiF<y�/ �  %"30KUC$�"
&+2\ .�
�/ .�.e
H]����2`��2\&7T�UD4�2%0KT��/ w4! .2\&("
"3 .U�0@�,�[&76�016)4�0@rm .2\�I���! w�FT�01UD�[�V<}&(*��,�! Z�D6��� %"
*9 %"
&(B("30K:tG �+&7T!"32\ .�
&(*Q4� .2\&("
"
 .U�01����&76 0@"
 ¥4! .�
2\"3�[i' .4 ��6 �Z�+G ©+G � �NT�0K6N���[�,01��� �  z4! .�32\"3�[$��,�[&76�&(*Q���! y�FT�0KU��[�V<�&(*
016 �D6��� %"
*9 %"
&(B("30K: ���a$�"3& � ��4! .4 iF<��,�! y2\&7�! %"
 .6)2\ 7G ���)���a6!&(�,�[&76�eP�[���t"
 .U�01���[&76�H]����� &(�,�! %"
�NT�0KU��[�V<}:L .0K�
T!"3 .�o0K6�4x�,�! sHJ0\< ���Q2%0K6�im ZT��/ .4 �>&�01�3�/ .�
�o���! Z��:L$�"3& �  .:L .6N�=012`���[ �  .4�iF<
¢%£�¤+��$)"
&F2\ .�3�
��6!Bc:L %�,�!&F4)�P�D�g��"
 .01�> .4w��6 �v�+G �+GL�+T!i+j/ .2\���E2\&76�2\ %"`6���6!Bc�,�! L��:L$)U[ .:= .6��,0@�,�[&76u&(*
2\&7�! %"
 .6�2\ 5 .�/���D:=0@�,�[&76c01"
 �4����
2%T)�
�/ .4a��6��P�+G ��G

����� � � �&����� � 
 �
� � � � 
�
�� � 
"�	��� � � 
�
�� ��� 
 �����������! � ���
�g�E$'&7��6N�> .4s&7T!�]�D6��v©+G �+e'�,�! 5$S��01�
 5&(*C���! Q��6N�> %"3*d %"
&(B("`01: ���P���� 5k( %<Z:L .01�3T!"
 p�>&c��6N�> %"
*9 %"
&��
:L %�>"3<7GIl�����01�v0n4)�["
 .2\�P"
 .U�01���[&76w��&t�,�! =$)01�,�yU[ .6!B(�,�y4���r' %"
 .6�2\ L&(*��,�! Li)0K2
k+�
2%01�>�� %"
 .4¦"3014)0@"
�
�[B76�0KU^01�E�/ % .6w*9"
&7: i'&(���s .6�4��E&(*C���� 5i)0K�/ .U��D6! 7GEl>*#���! L�
UD016N��"30K6!B( L4����/�,016)2\ 5*9"
&7: &76! Q .6�4
&(*8���� �i)0K�/ .U���6! ���&o0Q"3 .�/&7U�T!�,�[&76a .U[ .:= .6�����6t���! p�
2\ .6! p����� � e)�,�! �$S��01�
 �&(*-���� vi)0K2
k+�
2%01�>�� %"
 .4
�
�[B76�0KU�2%016tim �4� .�
2\"3�[i' .4c01� �

� 
 � � �	) % � �
�
� � ! 
��+G
� �

H]�[�,�=�,�! ]HX0 �  .U[ .6!B(�,� � ) �
!
���p2%: *9&("J¨�¤m¢(G^�g2%2\&("`4���6!B5�>&p .�NT)0@�,�[&76 
�©+G
� � �3e����! g$)��0K�/ ]&(*��,�! 

��6��� %"
*9 %"
&(B("30K: ���X�,�! �$)��0K�/ �4��[rm %"
 .6)2\ �
)
�
� %
�
�
!


��+G © �

�g���,�! =4��D�/��0K6�2\ p�>&a�,�! L"
 .�
&7U�T!�,�[&76Z .U[ .:L .6N�]*9"
&7: �,�! Q&(���! %"5�
��4! p&(*C�,�! Li)0K�/ .U��D6! p�D��T��
T�0KU�U[<
4���r' %"
 .6��\e+�,�! �$)��0K�/ �4���r' %"
 .6�2\ Ei' %�VHJ % .6t�,�! ��
�[B76�0KU��J"
 .2\ .� �  .4s0@�J�,�! � .6�4���&(*§�,�! �i)0K�/ .U���6! �����

) % � �
�
� � ! 
��+G � �

H]�! %"
 � � ) � � % � � ���g���� 5$)01�,�sU[ .6�B(���w4���r' %"
 .6�2\ Q0K6�4u�,�! Q�
�[B76Z���E6! %B701��� �  piF<u4! \qS6������[&76;G
�����������X�,�! v�F�
�'C=�%�V�$?h�g�)�F�K�.� >'? �P�%�/�%�S�`�%G

{J .2%01T)�/ ����� �i)016)4!H]��4!�,�=&(*§�,�! v¢%£�¤+���3�[B76�0KUm�D��U[ .�
�X�,��016a�
!
�I$m %"�2\ .6N�X&(*M�,�! E*d"3 .�NT! .6)2\<

&(*g�,�! a2%0@"3"3�[ %"@e-�,�! a�
�[B76)01UX2%0K6�im a0K�
�
T�:= .4¥��&zi' n:=&76!&F2`�!"
&7:=01�,��2c016�4��,�! c$)��0K�/ c2%016�i' 
 .U[ .2\�>"3&76���2%0KU�U[<v:L .0K�
T!"3 .45Hg�[���Q0K6L012%2%T�"3012\<5&(*m0]*d"`012\�,�[&76p&(*m0]HJ0 �  .U� .6!B(��� 
��+23�NH �01i)���
2`��e �����(� �



©�� ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

OP .T�4!�,6! %"@e �����(� � �#"`0@�,�)0K6�4o~#&+2%2%0Ne ������� �3G#�]�����#:= .016��J�,��01��e�&76�2\ E���! g$)��0K�/ g0K:5i)�[B7T��[�V<=�)01�
im % .6n�/&7U �  .4;e��,�! ]$S0@�,�IU[ .6�B(���o4���r' %"
 .6�2\ ]2%0K6Ii' P:L .01�3T!"
 .4=��&v�,�! PU[ �  .U)&(*�0E*9 %H :=��U�U��D:L %�>"3 .�.G

�����D�p0K�
�
T):L .�Q���)0@�p6!&z$)��0K�/ a�
���[*9��&+2%2%T!"3�L4�T�"3��6!BZ���� ai)0123kF�32%0@���> %"`��6!Bw&(*g�,�! t�
��B76�01U
iN<t�,�! 5"
 .�/&7U�T!�,�[&76u .U[ .:L .6N��emH]���D23�u�D6tB( .6! %"30KU§���g6�&(���>"`T! 7G�l�*8HC Q4! .6!&(�� v�,�����]$)��0K�/ 5�3���[*9�X0K�
�/ % .6Z*d"
&7: �
�D4! �5&(*8�,�! vi)0K�/ .U��D6! �H]�[�,�t�,�! p&(i+j/ .2\��$)��0K�/ 

���
��� 	 � eS�,�! 5��&(�,01UM$)��0K�/ 54)T! v��&o�,�! �VHC&���HX0\<y��"30 �  .U-�,��:L L&(*J���! L"`014�01"��
�[B76)01U^*9&("�i)0K�/ .U���6� Q�3��4! �=0K6�4z�,�! L&(i+j/ .2\�P$S��01�
 Q�D� 
V�/ % 

01U��
&oOP .T�4!�,6! %"@e �����(�I016�4u�!23�NH �0@iS���
23�;e �����(� ��
� 
 � � �	) % � �

�
� � �

���
��� 	 ��! 
��+G � �

H]�! %"
 .0K�E���� p�
��B76�01UM"
 .2\ .� �  .4wiF<s�3��4! p©o&(*C���! Qi)0K�/ .U��D6! 5��0K�E0L��"30 �  .U^$)01���s���)0@�]4)��rm %"`�]*9"
&7:
����01�J&(*§�
�D4! �EiN< � �+e+<+�[ .U�4��D6!Bp05��&(��0KU'$)��0K�/ �

� 
 � � ��) % � �
�

 � � % � � � �

� �
��� 	 � ! 
��+G � �

l>*��,�! IiS0123kF�
2%01���> %"3�D6!Bu23�)0@"30K2\�� %"3���/�,��2%��&(*��,�! o"
 .�/&7U�T!�,�[&76y2\ .UDUC4��D4y6!&(��23�)016!B( c��6z�,�! o$m %"`�[&F4
im %�VHJ % .6x�,�! t:L&7:= .6��,�L�,�! u¢%£�¤+���D:=0@B( .�=HC %"
 t0K2%�FT��["
 .4}0K6�4}�[*g���! %<�01"
 t6!&(�p�>&F&y�/ .6��
����� �  
�>&w�,�! n�3U��[B7�N��U[<z4��[rm %"
 .6N�v��6)2%��4! .6�2\ n016!B7U� .�v*9"
&7: ���� o"30K4�01"p�3�[B76�0KU��v*9"
&7: i'&(���¥ .6�4��p&(*��,�! 
i)01�
 .U���6! 7e ���

��� 	 � )
���
��� 	 � 
��+G�� �

016�4t���FT�� �
)
�
� %
�
� ) % � �

�
� �
!


��+G�� �

�]$)01"
�§*d"3&7: ���� �&(i+j, .2\�-�
2%01���> %"3�D6!B�23��01"30K2\�> %"`���/�,��2%�.e(�/ �  %"30KU�&(�,�! %"8$)"
&F2\ .�3�/ .� 
 �X�+G © �^2\&7T�U�4L0KU��/&
��6���"
&+4�T�2\ c0u$S��01�
 n�
�)�[*d�54���r' %"
 .6��p0@�5 .�[�,�! %"L�
��4! c&(*]�,�! ci)0K�/ .U���6� 7e8�/&w���)0@�5 .�NT�01�,�[&76�� 
��+G�� �
016�4 
��+G�� �]4!&c6!&(�]��&7U�4s0K6N<u:L&("
 7GPl��]���g$)0@"3����2%T)U�0@"`U[<o��:=$m&("3��0K6��X�,��01������ Q¢%£;¤+��$�"
&+2\ .�
�
��6�Bo���
$)��0K�/ \��$�"
 .�/ %" � ��6�Bo0K6�4Z����01���,�! L012\�,� �  L:=��2\"3&@HX0 �  =��6��/��"3T�:L .6N���[�,�/ .U[*#0KU��/&c��0K�P0IHC .UDU���kF6�&@H]6
$)��0K�/ �i' .��0 � ��&7T!"�
�OP .T�4!�,6! %"@e �����(� �3G

�x�
��6!B7U� #"
 .�/&7UDT!����&76� .U[ .:L .6N�;��65���� X¢%£;¤+����:=01B( C2%0KT��/ .�§016Q0 �  %"301B( X$)��0K�/ C�3���[*9�
���
��� 	 � 
h .�FT�0@�,�[&76�+G � �]���)0@�]�D�P2\&7:=$m&7�
 .4w&(*#�,�! Qi)0123kF�32%0@���> %"`��6!Bn$�"
&($' %"
�,�[ .�]&(*J0LqS6)�[�> p6NT):vi' %"E&(*# .U[ .:= .6��,0@"3<

�
2%0@���� %"
 %"3�X��6=�,�! g"
 .�/&7U�T!�,�[&76=2\ .UDU�G^{C .2%0KT��/ P�,�! g�
��B76�01US2%016oi' g2\&76��3��4! %"
 .4o01�J:L&76!&+23�!"3&7:=0@�,��2(e
���! o"
 .�
T�U���0K6��P$)��0K�/ =&(*��,�! ="3 .�/&7U�T!�,�[&76y2\ .U�UJ2%0K6yi' ="
 %B701"34! .4|01�v���� I$)��0K�/ =&(*��,�! s�`�K�+�.�,�.���
���1C  &(*§�D6�4�� � ��4�T�0KU! .U[ .:= .6��,0@"3<n�
2%01���> %"
 %"`�  � e

 )��
�
 � )��

�
� � �"�$���
	
��! 
��+G�� �

H]�[�,� � �
��� )�01"32\�,016 � l�: 
  �~C 
  � 	 ! 
��+G�� �

l�6�0y2\&7�! %"
 .6N�I�
T): �,�! s0K4�4������[&76 ���I$' %"
*9&("3:L .4 H]�[�,�}�,�! s$S��01�
 u&(*��,�! s�� %"3:=�o�,0@k( .6���6N�>&
012%2\&7T�6N�\G8�������X�����
k( %��2`�! .4t��6n�,�! �2\&7:L$)U[ \¡c$)U�0K6! E��6oq)B7T!"
 ��+G
�(e!H]�� %"
 E���! �0K:L$)U�����T�4� �&(*M�,�! 
 .U[ .:L .6N��01"
<u�
2%01���> %"
 %"`�����g4� .6!&(�> .4ZiF<u�,�! QU[ .6!B(�,�u&(*C���! Q01"
"
&@H 0K6�4Z���� 5$)�)01�/ piF<t���� p0K6!B7U[ 
H]�[�,�t"
 .�/$' .2\�X��&o�,�! �"
 .0KU§0.¡!��� 
��!23�NH �0@iS���
23�;e������(� �3GP���������D�]0KU��/&Ik+6!&1H]6s0K�X�S�F�K�\�7�=��>�>'?9�2?9�7�



� � � � �9��������� � �����
� � �3� �

��9���V� ����� �3����� � ©��

Re

Im

O

c

ci

φobj

� ��� � ��� ��� � �m�,	/� � �V� � � �������1�,� � � ��
����m	/��
 �(��	���
 � ���@�������Q��� � ��
 �%	 � ��� ����� � 	�
 � � ������� � �
�h��
��-	���� � � ��������� � � 
��V� � �`�
� 
1�^��������� � � � ��
E	,� ����	/��
 �(� ���	�h���

1���E����� � �-	�� � ����� 
�� � � � �`� � � � ��
�� ������� � ���F��� ���X��
��9�,��� �V	/��� �d��������� � � � � � �^��� � �
�
� � �@�
��
 � � � ���V���,��� �1��
�� �d��� ��
 � � ��	�� � � � ��� � � ��
1� ��� � � � � ��
�� � � �`� � � � � � ��
���� �\�,	�� �`�#��
�� �
� �J��
�� � � 	��
� � � � �����/���m� ������

����� � ��	�� �
�����
�9� � � �-��� � �
��� � �1� �3� � � �§����� � �
� ��
�� �K�/	 � �V	,��� �d�����`� � � �§��������� � � ��� 
g��� ���X��
�� ��� � � � � ��
�� � � �3� � � � � � � 	 � �\��	�� �3�


�
� � � � ���V� � ���

�
� � �


h�g .2`����0K6�4 � 0.j
012(e ������� �3G
�  %i�k( %"p016)4y�E��U�U�0K�/ .6!&(" 
 �����(© ��4! .�32\"3�[i' =�,�! a�����
��� �[�p6)0@�,T!"
 L&(*��,�! = .U� .:L .6��,01"
<y�
2%01���

�> %"3�D6!B¦2\ .6N�>"
 .�@e�&(*�H]����2`�x01�=U[ .01�
�Q�
 �  %"301UgH]��UDUXim u$�"
 .�/ .6N�=��6}&76! s"
 .�/&7U�T����[&76 2\ .U�U�G l�*P�,�! 
 .U[ .:L .6N��01"
<o�32%0@���> %"3 %"3��0@"3 g"30K6�4!&7:IU[<=4����/��"3�[iST!�> .4I��6n .012`�a"
 .�/&7U�T����[&76n2\ .U�Um&(*;�,�! E"30K4�01"J��:I0@B( 
016�4w&76� =2\ .U�U^����01�3�
T�:L .4Z��&t��0 �  =0o4)��:L .6��
��&76u&(*J:=016N<uHX0 �  .U[ .6!B(�,�����D6Z�3�
�% 7e��,�! Q$)��0K�/ Q&(*
 .012`�s�
2%01���> %"
 %"PH]��UDUSi' �"`016�4�&7: 016)4a���� v2\&7�! %"
 .6N���
T�: & �  %"P���! v"
 .�/&7U�T!�,�[&76t2\ .UDU�H]��U�U'i' �HJ .U�U
23��01"30K2\�> %"3� �% .4IiF<I0�2\&7:L$)U� \¡I6NT�:5i' %"#H]�����o0vOE01T)�
�
��0K6I4��D�/�>"`�[i)T!�,�[&76pH]�[�,�=0 �% %"
&L:L .0K6o0K6�4o0
� 01"3��0K6�2\ P$�"
&($'&("
�,�[&76�0KU���&p�,�! �0 �  %"301B( �"30K4�0@"�2\"
&7�3���/ .2\����&76c&(*;�,�! P�3T!"
*h012\ 7G-���)���#&76)U[<I01$�$)U��[ .�
�[*��,�! ��
2%0@���� %"3��6!Bp&(*M0v"
 .�/&7U�T!�,�[&76n2\ .U�U'����OE0KT��
�
��0K6n4����/��"3�[i)T��> .4=�32%0@���> %"`��6!B50K6�4c2\&7:L$'&7�/ .4c&(*§0
6NT�:5i' %"]&(*-"30K6�4!&7: �
2%01�>�� %"
 %"3� � �[*^&76! 5�32%0@���> %"3 %"P4!&7:I��6�01�> .�.e����! 5"
 .�/$'&76��/ 5�����,��01�J&(*80p$'&7��6N�
�
2%0@���� %"
 %" 
V{X0K:=U[ %"]0K6�4c�E0@"
�,U�e ������� �3G

�PU[����&7T!B7�E���� -"
 .�/$'&76��/ ^&(*+���� -"
 .�/&7U�T!�,�[&76E2\ .U�U7�D��2\&7:L$)U[ \¡�2%�["32%T�UD0@";OE0KT��
�
�D016�4��D�/�>"`�[i)T!�� .4
016�4u�! .6�2\ ���0K��0p�/�>&+23�)01�/�,��2E6�01��T�"
 7e!0�q)¡F .4a"3 .U�0@�,�[&76ni' %�VHC % .6t���! �"3 .�/$'&76��/ �01�C�VHJ&I4���r' %"
 .6N�
����:= .�C2%0K6n \¡+���
� �§�[*��,�! ]i)0K2
k+�
2%01�>�� %"����#6�&(�#23��0K6!B( .4oiN<o0�23��0K6!B( ���6=$'&7�
�����[&76=&("X2\"3&7�
�,���/ .2\�,�[&76
&(*J�,�! L .U[ .:= .6��,0@"3<Z�
2%01���> %"
 %"`�.e�0K6�4w���� L"
 .�/&7U�T!�,�[&76w2\ .U�U8�D� � �[ %HJ .4zH]�����Z�,�! =�
0K:L LB( %&7:L %��"
<7e
���! L"3 .�/$'&76��/ LH]��UDU;i' =��4! .6N�,��2%01U§*9&("v4���r' %"
 .6N�]�,��:L L��6��
��0K6��,� 
 �  %i�k( %"5016�4w�E��U�UD01�/ .6�&("@e �����(© �3G
��HC&5 .U[ .2\��"
&7:=01B76! %���D2�HX0 �  .�J01"
 Q�3�K�+�.�,�.���m�[*'���! %"3 ] \¡!���/�,�80Pq�¡+ .4="
 .U�01�,�[&76Li' %�VHC % .6o�,�! ]$)�)01�/ 
&(*M .0K23�c&(*§���� .: 
h�P .23�N��016)4 � 0%j
012(e ������� � � ��6��� %"
*9 %"
&7:L %��"
<=����0�2\&7�� %"
 .6��X��:=01B7��6!Bp�� .23��6��D�NT! 
im .2%0KT��/ Li'&(�,�z01:=$)U��[�,T�4! p016�4w$S��01�
 Q01"
 =:L .0K�
T!"3 .4�Gpl>*J���� L"
 .�/$'&76��/ Q&(*X���� p"3 .�/&7U�T!�,�[&76z2\ .U�U
���X�
��:=��UD0@"J0@�J4���r' %"
 .6��-�,��:L E��6��
��0K6��,�J016�4c�! .6)2\ E2\&7�� %"
 .6��\e+�,�! E"3014)0@"Ji)0K2
k+�
2%0@���� %"�"
 .2\ .� �  .4a01�
���!&7�
 v��6��/�,0K6��,�JH]��U�Um�,�NT��Xi' I�`�(�`�/�
�[�(��� >(G

�����D�]���P016Z��:L$'&("
�,0K6���2\&76�4������[&76s��6s"
 %$' .0@�>��$)0K�
�g�D6��� %"
*9 %"
&7:L %��"
<7e)Hg�! %"
 p���! p��6N�> %"
*9 %"
&��
:L %�>"`��28$)�)01�/ C���;2%0KU�2%T�U�01�� .4�*9"
&7: �,�! #$S��01�
 8"
 .�/$'&76��/ #&(*)0X"
 .�/&7U�T����[&76v2\ .U�U7"
 .2\&("`4! .4501��4���r' %"
 .6N�
����:= .�.GL���! =6!&(�,�[&76w&(*�2\&("
"
 .UD0@�,�[&76z����0KU��/&a&(*���:L$'&("
�,0K6�2\ 5��&uT�6)4! %"3�/�,016)4s�!&1H 0K6z��6N�> %"
*9 %"
&��
:L %�>"`��2p$)��0K�/ Q"
 .U�01�> .4w��&a���� L$)0@�,�wU[ .6!B(�,�z4���r' %"
 .6�2\ L2%0K6zi' p&(i)��0K��6! .4Z*9"
&7: �
2%01�>�� %"
 %"3���,��01�
�
�!&@H�05�
�>&+23��0K�/�,��2Ei' .��0 � �[&7T!"@G



��� ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

��� 
 � � ����� �	� � ��� �	��� � � �	��� 
 �
�!�
R�"
&7: ���� P2\&7:L$SU[ \¡="
 .�/$'&76��/ ]&(*;0�2\ %"
�,01��6o"
 .�/&7UDT!����&76=2\ .U�Um01�C"
 .2\&("34! .4c01�80�2\ %"
�,01��6o�,��:L �*9"
&7:
 .�[���� %"]�
��4! E&(*^�,�! �i)0K�/ .U���6! 7e+�[�X����0KU[HX0\<F��$m&7�3�
�[i)U[ P��&I2%01UD2%T�U�01�> E�,�! ���6N�> %"
*9 %"
&7:L %��"3��2P$)�)01�/ 7G#�
2\&76�4��[�,�[&76n*d&("�2%0KU�2%T�UD0@�,��6!Bp0v���[B7�!���NT�0KU��[�V<=�D6��� %"
*9 %"
&(B("30K: �D�X����01�8�,�! ���6N�> %"
*9 %"
&7:L %��"3��2g$)��0K�/ ����
HC .U�U[��4! \qS6! .4y0K6�4¥0o"3 .�
T�U[�P&(*�&76�U[<w�,�! =$)01���¦U[ .6!B(�,�¦4���r' %"
 .6�2\ 7Gc�P� �  %i)k( %"p0K6�4z�E��U�U�0K�/ .6!&("

 �����(© �]�/��01�� 7eS2\&7�! %"3 .6���"`014�01"] .2`�!&F .�gHg��U�U�i' 52\&("3"
 .U�01�> .4uH]�[�,�t .0K23�Z&(���� %"P�[*^ .0K23�Z"
 %$�"3 .�/ .6��,�
6! .0@"`U[<w���! n�
0K:L o��6N�� %"3012\�,�[&76¦H]�[�,�y0t�
2%01�>�� %"
 %"p&("p0a�
 %��&(*]�
2%01�>�� %"
 %"3�.Gtl>*��,�! o0K:L$)UD�[��T)4! Q&(*
��:=01B7��6!B="30K4�01"3�]�D�]2\&76��
�D4! %"
 .4�e)�����D�]:L .0K6��g����01�X���� v&(i)�/ %" �  .4Z�
$m .23kFU� v$)01�>�� %"36��g0@"3 5�
��:I��U�01"@G
���! a2\&7:L$)U[ \¡�"
 .�/$'&76��
 o&(*E0t"
 .�
&7U�T!�,�[&76�2\ .U�U�2%016}4)��rm %"L4�T� n��&y�/ �  %"30KUX$�"
&+2\ .�
�/ .�@e#2%0KT��
��6!B
>��
�`�(�`�/�
�[�(�2?h�(��G����)���X4! %�> %"`�[&("301�> .���,�! ���6N�� %"
*d %"3&(B("301:uG-�+&7T!"32\ .��&(*-4! .2\&("
"3 .U�0@�,�[&76a01"
 ��
P ���! %"`:=01U'6!&7�D�/ �&(*M�,�! ���6)�/�>"`T�:L .6N���.G
P �C�)01�/ a %"3"
&("3�I4)T! a�>&¦���! s012%�FT����
�����[&76|&("n��6��� %"
*9 %"
&7:L %��"3��2c$�"3&F2\ .�
�3��6!B�eJ��6�$)01"
���D2%T�U�01"p�,�! 
"
 %B7���
�>"301�,�[&76c&(*^���! 5�
��6!B7U[ �U�&N&(ka2\&7:L$)U� \¡a�D:=0@B( .�@GC���� v4! .2\&("
"
 .UD0@�,�[&76t2%0KT��/ .4uiN<a4���r' %"
 .6N�
��6N�> %"3$m&7UD0@�,�[&76u�323�! .:L .�50@$)$)U��[ .4Z��6w�,�! L��:=01B( L"
 %B7���/��"301���[&76w����4)���
2%T��
�
 .4siF<Z�P0K6��
�/ .6z0K6�4
{X01:IU[ %" 
 ������� �3G �  %i�k( %"] %��0KU�G 
 ������� ��:L .6N�,�[&76t$�"3&F2\ .�
�3��6!BL$)��0K�/ v6�&7���/ v4�T� ��>&n�
��4! .U�&(im .�
0K6�4a4! %*9&F2%T��3��6!B�G

P �M .:L$'&("301U-4� .2\&("
"
 .U�01����&76�G=l�*X���! o��6��� %"
*9 %"
&(B("30K: ����0K2%�FT��["
 .4y�D6z0o"3 %$m .01�>��$)01�3��2\&76+q)B7T!"`0.�
�,�[&76�e)2`��0K6!B( .�g�D6t�,�! v&(i+j/ .2\��$)��0K�/ 5im %�VHJ % .6s���! p4�01��0Q0K2%�NT��D�
�[�,�[&76a&(*-�,�! �q)"`�/�]¢%£�¤+���D:=0@B( 
0K6�4c���� v�/ .2\&76�4uH]��U�U'��6�4)T�2\ E$)��0K�/ � %"
"
&("3�@e!U[ .014)��6!BQ�>&o0p4� .2\"
 .01�
 �&(*^���! 52\&7�! %"
 .6�2\ 7GJ�������
2%0K6cim �2%0KT��/ .4ciF<7e+*d&("� \¡!0K:L$)U[ 7e+23�)016!B( .�]��6n���! �  %B( %�,0@�,�[&76t4)T! E�>&Q�,�! ��/ .01�
&76��.e!4���r' %"
 .6N�
2\&76N�> .6N���p&(*�:L&7�D�/��T�"
 I4�T! o�>&s"30K��6y&(" �)&F&F4��D6!B�e;�
6�&@H�*h01UDU�e;*9"
 % �.��6�Bu&(*��,�! o�
T�"
*90K2\ I&("piF<
:L .2`��016)��2%01U'2`��016�B( .��U��[k( P$)U[&7T!B7�)��6!BQ016�4ni)T)��U�4���6�B�G��y0@�� %"]�
T�"
*90K2\ .���
�!&1H 016c \¡+��"
 .:L �4! \�
2\&("
"
 .UD0@�,�[&76 
 �  %i�k( %"�0K6�4w�E��U�U�0K�/ .6!&("@e �����(© � �s0K�
�/&76)6! %�g0K6�4ZR� .�[B7U�e ������� � OP .6)��016)4s�80K6
OP .6�4� %"
 .6�e �������Ki �3G8���! ��(�1��4�0\<o"
 %$' .0@�-&("
iS�[�^&(*;�,�! g:L&7�
�#��:L$'&("
�,016N�§&(*;�,�! g¨�¤m¢�� �g&(i)�/ %"/�
� 0@�,�[&76s$)��0K�/ .�]�,T!"36)��&7T!����&n<F�[ .UD4s0=2\&76)�
��4! %"301i)U[ 54! .2\&("
"
 .U�01�,�[&76t*9&("�:=016N<u�
2\ .6� .�.emH]�! %"
 
�,�! �����4)0\<Z�/ %$S0@"301�,�[&76u&("3i)�[�,�g&(*C���� p�,0K6�4! .: $)0K�["P¨)¤S¢�� �Q0K6�4w¨�¤S¢��>©o<+�[ .U�4Z��6N�> %"
*9 %"
&(B("30K:=�
�,��0@�g�
�!&@H :pT�23�zU� .�
��4! .2\&("
"
 .UD0@�,�[&76 
V{J0K:=U[ %"�0K6�4Z�E0@"
�,U�e ������� �3Gp_P�
0K�^016)4Z�vU[ % .� 
 ������� �
B7� �  L0K6u \¡!01:=$)U[ p&(*#�,�! p4�"301:I0@�,��2�4��[rm %"
 .6)2\ p��6s�� .:L$'&("301U§4! .2\&("
"3 .U�0@�,�[&76si' %�VHC % .6w0K6Z0K2��
�FT����
�[�,�[&76n��6N�> %" � 0KUS&(*^&76! 54�0\<n0K6�4t�+G �Q<( .01"@G
bE .2\&("
"
 .U�01�,�[&76c2%01T��
 .4oiF<I:L& �  .:L .6N�C&(*�$S0@"
�,�C&(*;�,�! P�32\ .6! 7e!2%016ni' E2\&76��
��4! %"3 .4o0K�J�> .:L$'&��
"30KU�G����� Q:=& �  .:L .6N����&(*C�,�! Q�
2\ .6! =2%0K6�e'*d&("� \¡!0K:L$)U[ 7e'i' L2%01T)�/ .4wiN<ZU�0K6�4s�3U���4! .�.emB7U�0K2%�[ %"
:L& �  .:L .6��,�.e) .0@"
�,���FT�01k( .��016�4t&(���! %"]B( %&($)��<+�
��2%0KU�$�"3&F2\ .�
�
 .�.G^�g&1HC �  %"1eS�[*§�,�����X:L& �  .:= .6��
���M$)�[ .2\ %H]�D�/ J2\&76N�,��6NT�&7T��.e�2\&("
"
 .U�01�,�[&76vi' %�VHJ % .6Q���� C$)�� .2\ .�§�D�§2\&76)�/ %" �  .4L0K6�45�D6��� %"
*9 %"
&7:L %��"
<
2%0K6ai' �T��/ .4c��&I:L .0K�
T!"
 ��,�! �:L& �  .:L .6���
 �Z01�3�/&76�6! %��0K6�4cR� .�[B7U�e�������� �3G

P OP %&7:L %��"3��2p4! .2\&("
"3 .U�0@�,�[&76�em2%0KT��/ .4ZiN<s4���r' %"
 .6�� � �[ %Hg��6!B=$'&7�
�[�,�[&76��@G]l,6uB( .6� %"301U�eS�,�! Q2\&7:Q�
$)U[ \¡�"3 .�/$'&76��/ X4! %$' .6�4���&76p�,�! ���6�2%��4� .6�2\ C0K6!B7U[ 7eK .�/$' .2%��0KU�U[<��[*)����"
 %B70@"`4�� � &7U�T�:L X�
2%01�>�� %"3��6!B
��6��
�> .0K4c&(*8�
T!"
*h0K2\ v�
2%01�>�� %"3��6!B�e)01�P{X01:=U� %"g0K6�4a�E0@"
�,U 
 ������� ��0K6�4ZWX01����01i' .6��' %��01U�G 
 ������� �
�
�!&1H 
V�/ % =0KU��/& �  %i�k( %"�0K6�4Z�P��UDU�01�
 .6!&(" 
 �����(© �P016�4 � �§0K6�4yOP&7U�4)�/�> .�D6 
 ������� � �3GL{J .2%0KT��/ 
�,�! =$�"
&Kj/ .2\�,�[&76z&(*X���� ="30K4�0@"5�
�[B76�0KU�e��,��01�P��6y*90K2\���
01:=$)U[ .�E�,�! =�� %"
"30K��6�e����v�
���[*9�> .4¦��6zHX0.�
�  .U[ .6!B(�,�w01�E�/ % .6Z*9"
&7:  .�[���� %"E�3��4! v&(*#���! pi)0K�/ .U���6� 7e��,�! p�
$m .2\��"30L01"
 Q:=���
0KU��[B76! .4;G��������P���
2%0KU�U[ .4 �
���%�
� ?9�S� >��3�3�(���,�����7�2?9�(�a4)���
2%T��
�
 .4a��6��P�+G © 
V{J0K:=U[ %"P016)4 � T��
��e �����(� � OE01�> .U�UD�' %�X0KU�G[e
������� � �  %i�k( %"v %�E0KU�e ������� �3Gob���r' %"
 .6��E0K6��� .6�6�0o$'&7��6��,��6!Bc��0K��0c�
��:=��UD0@"P \rm .2\��0K6�4y���E�,�! 
"
 .0K�/&76¥*d&("L0��.��:5T����yqSU[�� %"3��6!B�e;���! c:=0K��6¦�3T!i+j/ .2\��&(*����)�����,�! .�
���@G �  %i�k( %"L0K6�4y�E��U�U�0K�/ .6!&("

 �����(© ����"
 .0@���,�! J4! .2\&("
"
 .U�01�,�[&76v&+2%2%T!"
"`��6!B]4�T� #��&g"
&(�,01���[&76v&(*��,�! J�32\ .6! 7e(��6�$S0@"
�,��2%T�UD0@";��*F�,�! 
¢%£;¤a��:=01B( .�]��0 �  �i' % .6t0K2%�FT��["
 .4c*9"
&7: 2\"3&7�
�/ .4a&("
iS�[���@e+i)T!�#�,�������D��&(*-U���:=�[�� .4c��:L$'&("
�,016)2\ 
*9&("�¨�¤S¢(Gv�g6!&(�,�! %"�2%0KT��/ L&(*C4� .2\&("
"
 .U�01����&76Z�D�g�,�! Q&+2%2%T!"
"
 .6�2\ Q&(*JU�0\<(& �  %"p016�4w�
�)014!&1H]��6!B�e



� � � � �9��������� � �����
� � �3� �

��9���V� ����� �3����� � ���

H]�! %"3 ��/�>"`�[$)�J&(*M�,�! ��
2\ .6� v0@"3 �����4�4! .6ni' .����6)4n:=&7T�6��,0K��6��X4�T! ���&=�,�! ���6�2%��4� .6�2\ �016!B7U� 7G

����� � � 
���� � � ���	� � � � ���	��� ��� ��� ����� 
 �����#�����  � ��� � �"�&��� 
 �
	 *d�� .6oHC E0@"3 g��6N�> %"3 .�/�> .4n��6I���! P�NT)01U����V<5&(*��,�! P��6��� %"
*9 %"
&(B("30K:te7 .�
$m .2%�D01U�U�<Q��*m�,�! P��:L$�"
& �  .:L .6N�
&(*����� u012%2%T�"3012\<}&(*��,�! s$)��0K�/ u��0K�=��&¦i' u:L .0K�
T!"3 .4 01*d�� %"n0Z$�"3&F2\ .�
�3��6!B¦�/�� %$;e�U���k( u��6}�,�����
���! .�3���.GZl>*]���! c��6N�> %"3*d %"
&7:= %�>"3�D2=$)��0K�/ c4���r' %"
 .6�2\ n���Q2%01U�2%T)U�0@�� .4¥*d&("L0K6�<y"3 .�/&7U�T!�,�[&76¥ .U[ .:L .6N��e
�[�]���P6!&(�g2%U� .0@"PH]�! %�,�! %"E���)���g4)��rm %"3 .6�2\ 5���P�,�! p"
 .�
T�U[��&(*#���! Q$)01�,�sU[ .6�B(���Z4���r' %"
 .6�2\ p&76�U[<7em&("
����01�X4! .2\&("
"
 .U�01�,�[&76a�/&7T!"32\ .�]01U��
&=��0 �  v2\&76N�>"3��i)T!�� .4�G^���! �$)��0K�/ E&(*-052\ .UDU�2\&7T�U�4ai' �2\&7:L$)01"
 .4
H]�[�,�c���! v$)��0K�/ �&(*-6! .�[B7�Nim&7T�"3��6!BQ2\ .U�U��.e+Hg����23�u��0 �  v01im&7T��C�,�! ��
0K:L �$)01�,�aU[ .6!B(�,�t4���r' %"
 .6�2\ 7G
l>*C���! p$)��0K�/ p"30K:L$z4�T! p�>&c�,�! L��6�2%��4! .6)2\ 50K6!B7U[ p*d"
&7: iS01�/ .UD��6! ���&a���� % �S01�\?S .01"
�,�w�
T!"
*h012\ Q���
"
 .:L& �  .4;eS6! .��B7��i'&7T!"3�D6!BL2\ .U�U���HJ&7T�U�4s��0 �  v �  .6si' %�>�� %"]2\&7:L$)01"301i)U[ �$)�)01�/ 54���r' %"
 .6�2\ .�.GJ�������
2%016zi' LT��/ .4w��&a .�/�,��:=01�> Q�,�! L�
��:=�DU�0@"`�[�V<cim %�VHJ % .6y6! .��B7��i'&7T!"3�D6!BI"
 .�
&7U�T!�,�[&76w2\ .U�U���0K6�4z�! .6�2\ 
���! v$)��0K�/ �6!&7���/ 7G

���������	��

�������������
��HC&} .U� .2\�>"
&7:I0@B76! %�,��2w�
�[B76)01U��c01"
 x�3�K�!�%�/�%������*����� %"
 z \¡+�D�/���c0yq�¡F .4 "3 .U�0@�,�[&76�i' %�VHC % .6 �,�! 
$)��0K�/ Q&(*# .0K23�w&(*#�,�! .: 
h�P .23�N�P0K6�4 � 0.j/0K2(e ������� �3Gp���! a�)�(�$CL�	� ? �@� >w�3�'C]�������w�`�K�+�%�/�%�S�`�E*9&("
�VHC& �% %"
&���:L .0K6�e�2\&7:L$)U� \¡c2%�["`2%T�U�01"�O�01T��3�
��0K6c"3016)4!&7: � 01"3��01�� .�  � 0K6�4  � ����4� \qS6! .4a0K�

� ��� ) ���  � �  ���� �!� �  � � � � � ��� �  � � � � ! 
��+G
�%� �

H]�! %"
 �!� � � 4! .6!&(�� .�^���� J \¡+$' .2\��01�,�[&76�G§���! X�VHC&52\&7:L$)U[ \¡=¢%£�¤L��:I0@B( X$)��¡+ .U��^��0 �  �0p�3�K�+�.�,�.�)�`�� � ��� � �,��01�C2%0K6ai' 
"##$ ##%
� � � � � ) � 2\&7:L$)U[ %�� .U[<n2\&7�! %"
 .6N��e� � � � � ) � 2\&7:L$)U[ %�� .U[<n��6�2\&7�! %"
 .6N�\e
�'& � � ��� � & � $)01"
���D01Um2\&7�! %"
 .6�2\ 7G


��+G
��� �

l�6w"30K4�01"P�D6��� %"
*9 %"
&7:L %��"
<7em���! L2\&7�! %"3 .6�2\ =���P"
 .U�01�> .4Z��&c���! Q�/�,016)4�0@"`4s4! � ��01����&76u&(*C���! Q$)�)01�/ 
016�4Q�,�! ��
��B76�01U[���>&���6!&7�D�/ X"30@�,�[& 
�¢)(;¤�� 
 � T��/�^0K6�4L{X01:=U� %"@e ������� �3G8���! �$S��01�
 J&(*m�,�! �6!&("3:=0KU��
�% .4
2\&7:L$)U[ \¡s2\&7�� %"
 .6�2\ 
��+G
�%� �]��6t�,�����g2%01�
 Q�D�]�,�! v \¡+$' .2\�> .4w��6N�� %"
*d %"3&7:L %�>"`��2�$)��0K�/ 

�

h .�FT�0@�,�[&76

�+G © �C&(*^���� �$)��¡+ .U�G
�  %i�k( %"g016�4t�P��UDU�01�
 .6!&("�
 �����(© �X�
��&@H �,��01��e!�[*§�,�! �"
 .2\ .� �  .4s�
�[B76�0KU��+* � 0K6�4,* � 01"
 �2\&7:Q�

$m&7�
 .4a&(*^���! �6�&7���/ \��*9"
 % �$)01"
�  0K6�4c�,�! �6!&7���/ � 0K6�4 � � e
* � )  � � � 
��+G
�.© �

* � )  � � �
���! c2\&("
"
 .UD0@�,�[&76yi' %�VHJ % .6|���! n�
�[B76�0KU����,��01��*d&("`: �,�! o�D6��� %"
*9 %"
&(B("30K: ���@e§2%0KU�2%T�UD0@�� .4zH]�[�,�y�,�! 
2\&7�! %"
 .6�2\ 5*d&("3:pT�U�0 
��+G
�%� �3e

� ) ��� * � * ��-� ��� * � * �� � �!� * � * �� � )
�  � ��  � � ��� � � � ! 
��+G
�.� �



�(© ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

�
��6�2\ a6!&7���
 n0K6�4��
�[B76�0KUJ0@"
 aT�6)2\&("
"
 .U�01�> .4;Gwfg&1Hve8i' .2%0KT��/ c���� n�
��B76�01U[���>&���6!&7�D�/ o"`0@�,�[&y¢)(�¤�����  � � � � � � � e! .�NT)0@�,�[&76 
��+G
�.� ��2%016ai' �H�"`�[�>�� .6c01�
� ) ¢)(;¤

¢ (�¤ � � )
�

� � ¢)(;¤ � � ! 
��+G
� � �

Y8¡+�> .6�4)��6!Bz .�FT�0@�,�[&76 
��+G
�.© �QHg�[���x&(���! %"c�/&7T!"`2\ .�=&(*�4! .2\&("
"3 .U�0@�,�[&76�e �  %i)k( %"n0K6�4}�E��U�U�0K�/ .6!&("

 �����(© �^�
��&@Hx�,��01��e � ��0]0P�
��:I��U�01"M4! %"3� � 01����&76p0K�801i'& �  7e7�,�! �2\&("
"
 .UD0@�,�[&76L2\&F 98o2%�[ .6N���-&(*'4���r' %"
 .6N�
4! .2\&("
"
 .U�01�,��6!BQ&("3�[B7��6)��2%016ai' �H�"`�[�>�� .6c01�]05$)"
&F4)T�2\��e

� �
�
� ����) � � ) � � � ��� � � , �

� ' � ���-* ��� � � � � � ,
�
����� � � ���

�
� � � �-* ' ! 
��+G
�.� �

H]�! %"
 ��,�! �$�"
&+4�T�2\�J���X \¡+�> .6�4� .4aH]�[�,�a01UDU��/&7T!"32\ .��&(*^4! .2\&("
"3 .U�0@�,�[&76aU��D�/�> .4a�D6��P�+G ©+G
l,6z���� I2%01�
 I&(*�¨�¤S¢\� �=016)4¦¨�¤S¢\�>©+e�i' .2%0KT��/ =�,�! I�
01�� .U�U��[�� .���
�!&1H 0c�/&7:L %H]�)0@��4���r' %"
 .6N�

¢)(�¤�e � � )�� � � ���m2%016ai' �H�"`�[�>�� .6c01� 
V�g�/k+6! � %��0KU�G[e ������� � {X0K:=U[ %"]0K6�4c�E0@"3��U�e ������� �

� � )�� � � ��� ) �� 
 � � ¢)(�¤ � �� � 
 � � ¢ (�¤ � �� � ! 
��+G
� � �

�������������
	���
���	�� 

� 
���	 � � ��
 � �����������
���! E \¡F$' .2\�,0@�,�[&76n��6n .�NT)0@�,�[&76�
��+G
�%� �C���X0��,�! %&("
 %�,��2%0KUS�FT�0K6��,�[�V<=*9&("�0v�/��&F2`��0K�/���D2]$�"3&F2\ .�
�@eN�,��01�
01�/k+��*9&("�0I"3 .01U��D�
0@�,�[&76Z��6w$�"30K2\�,��2\ 7G5�P���/�,01�> .4z��6Z�,�! =��6N�>"3&F4�T)2\���[&76s&(* �5�+G �+e��,�! L"
 .0KU����
01����&76
&(*§�,�! �$)�)01�/ ���6c&76� �"
 .�/&7U�T!�,�[&76a2\ .U�U�2\&7T)U�4ci' �2\&7:L$)01"
 .4aH]�[�,�n���)0@�C&(*^������6! .��B7��i'&7T!"3�@e�H]�)��23�
H]��U�U§��0 �  =01im&7T������! L�
0K:L Q$)��0K�/ 7G�{J %���> %"vHC&7T�UD4ui' L�[*8HJ L��014Z"
 .0KU����30@�,�[&76��]&(*C�,�! p$)��0K�/ Q&(*
&76! Q"
 .�/&7U�T!�,�[&76t2\ .UDU;*9&("��/ �  %"30KUM�,��:L p��6��/�,0K6��,�.G�l�*80L$�"
&+2\ .�
�P���L�%�h��� >'?h�.e�������01�P0L�/��&F2`��0K�/���D2%01U
6�0@�,T!"
 ��,��01�C0KU�U[&1H]�X�>&o��6��� %"32`��016�B( �����:= E0K6�4t�
$)012\ 
V�M&7T �.�� %��0KU�G[e ������� �3G

R�&("E0Q�/��01�,�[&76�01"
<7e! %"
B(&+4���2E$�"3&F2\ .�
�@e��,�! � \¡+$m .2\�,01���[&76u��6a .�FT�0@�,�[&76 
��+G
�%� �X2%0K6ti' v2%0KU�2%T+�
U�0@�� .4|iN<¥0 �  %"30@B7�D6!Bw& �  %"�� 6� .�[B7��i'&7T!"`��6!Bu��:I0@B( a2\ .U�U��@GZ�]�! o .�
����:I0@��&("5*9&("L�,�! n2\&7�� %"
 .6�2\ 
���! .6tim .2\&7:= .� 
V�M&7T �.�� %��01U�G[e ������� � �+2`��H �01i)���323��e �����(� �

�� ) ����� �  � � �  �� ��
����� � �  � � � � � ����� � �  � � � � !


��+G
� � �

YC�FT�01����&76 
��+G
� � �a�
�!&1H]�t��6 �,�! y6!&7:I��6�01�>&("a�,�! y�
T�: & �  %"�� 2\ .U�U��t&(*5�,�! y2\&7:L$)U� \¡
��6��� %"
*9 %"
&(B("30K:tGX���������D�]0Q2\&7�! %"
 .6N���
T�: im .2%0KT��/ v���! v$)��0K�/ �&(*^���� 5��:=01B( � .U[ .:= .6��,�]���]��01k( .6
��6���&v0K2%2\&7T�6N��G-���� ]0@"3B7T�:L .6N�§&(*'�,�! ]6!&7:I��6�01�>&("8&(*'�,�����- .�FT�01����&76=���-�,�! �"
 .�3T�U[�,016N�M$S��01�
 �&(*��
$)��0K�/&("3�.Gg���! Q:L&("
 p���! p$)��0K�/ .�]&(*#�,�! 5��6)4�� � ��4�T�0KU'��6��� %"
*9 %"
&(B("30K: 2\ .UDU��g01"
 Q2\&7:L$)01"301i)U[ 7e��,�! 
U�0@"3B( %"����! L�
T): im .2\&7:= .�.e�0K�Pq)B7T!"
 =�+G
�=�
��&@H]�.G5���! L4! .6!&7:I��6�01�>&("��/ %" �  .���>&t6!&("`:=01UD���/ v�,�! 
 .�/���D:=0@��&("@eK01U����!&7T�B7�v�[�����M6!&(�' \¡+0K2\��U�<����! J�
0K:L #0K�;�,�! C:=&F4�T)U�T��'&(*!�,�! C6!&7:I��6�01�>&("@e10@$)$)0@"3 .6��,U[<
im .2%0KT��/ 5&(*8�[�,��&($��,��2%0KU�&("3�[B7�D6�GX���! 5:=&F4�T)U�T��X&(*8�,�! � .�/�,��:=01��&(" �� ���g���! %"3 %*d&("
 p0L:L .0K�
T!"
 �*9&("
���! 52\&7�! %"
 .6�2\ �iS01�/ .4c&76s�/ �  %"30KU���:=01B( �2\ .U�U��X&(*^�,�! ���6N�> %"3*d %"
&(B("`01:tG

l�*P�,�! t$S��01�
 
�
�
� , � ���p��6�4�T)2\ .4�iN<}�,�! t��&($'&(B("30@$S��<}0K6�4x�,�! t .01"
�,�x .U�U���$)�/&7��4}�
��&@H]�o0

2\&76��
��4! %"`0@i)U� p��6)2\"
 .01�
 5& �  %"v�,�! 5 .�
����:I0@��&("�H]��6�4�&@HveS���� Q�D:=0@B7�D6!Bo$)"
&F2\ .�3��2%016z6!&aU[&76�B( %"Pi' 
2\&76��
��4! %"3 .4Z0K�E�/�,0@�,�[&76�01"
< 
V�M&7T �.�^ %�g0KU�G[e ������� �3G5�P4Kj
012\ .6N�]��:I0@B( L2\ .U�U��P&(*8�,�! L��6N�> %"3*d %"
&(B("`01:
���! .6z2%0K6wi' 5 \¡+$' .2\�> .4w��&t��0 �  =0o4���r' %"
 .6��]$)��0K�/ p4)T! Q�>&c�,�! L��:=01B7��6!BnB( %&7:L %�>"3<Z0K6�4Z�>&($'&��
B("30@$S��<7GzR)&("L \¡+0K:L$)U[ 7e-��*]016���6N�� %"
*d %"3&(B("301: ���Q:=0K4! n*d"
&7: ¨�¤m¢�����:=01B( .�pH]�[�,�¥0ti)01�
 .U���6! o&(*



� � � � �9��������� � �����
� � �3� �

��9���V� ����� �3����� � �(�

�(���p:= %�>"
 7eN�,�! ]$)01�,�oU[ .6�B(���o4���r' %"
 .6�2\ g�D6�2\"
 .:L .6N�^$m %"J"30K6!B( gUD��6! ]��6)4�T�2\ .�#0E$S��01�
 ]4���r' %"
 .6�2\ 
��6�2\"
 .:L .6N�#&(*§&76! ��,���["34o&(*^0v2\<+2%U[ � �,�! E*d"3�D6!B( .��4�T! E��&p�,�! % �S01�# .01"
�,��?FH]��U�Um��0 �  �0p2\<F2%U� �&(*§�
"3016�B( �$)��¡+ .U��.GMl>*m�,�! ]2\&7�! %"
 .6)2\ ] .�/�,��:=01�>&("# .�NT�01�,�[&76 
��+G
� � �-HC&7T)U�4Qi' ]0@$)$)U��[ .4p��&50K6L .�/�,��:=01�>&("
H]��6�4!&1H & �  %"p�/ �  %"`01UC"30K6!B( =$)��¡+ .U��.e;���� I6!&7:=��6)0@��&("�H]��UDU^im oU[ .�
���,��0K6z \¡+$m .2\�� .4¥im .2%0KT��/ I&(*
���! n2\&7�! %"
 .6N���
T�:=:I0@�,�[&76�Go���������D�v4! .:L&76)�/�>"`0@�� .4y��6wqSB7T!"
 n�+G ©+Gcl�*X���� o��:=01B7��6!BaB( %&7:= %�>"
<
��6�4�T�2\ .��0v*d"`��6!B( E$)01�>�� %"36c&(*-�p"3016�B( �$)��¡+ .U���Do2\&("
"
 .�/$'&76�4��D6!B5Hg�[���c0K6a¨�¤S¢PiS01�/ .UD��6! P&(*§01i'&7T!�
©��(�a:L %�>"3 @Da���! Q2\&7:L$)U� \¡u�
T�: &(*C�=$S��¡F .UD�]��6u"3016�B( p4���"
 .2\����&76tH]�[�,�t&76)U[<a���� 56!&7���
 \��*d"
 % 
V��6
�����D�=2%01�
 sT�6���� �v�
��B76�01UX&(*��,�! �% �m0@�Q .01"
���;?-<F�� .U�4�� �% %"
& 
9q)B7T!"
 s�+G
� �K0 �3G ���� u2\&7�! %"
 .6N�=�
T�:
& �  %" �%�Q$S��¡F .UD�J�D6o"`016!B( E&(*^0v�
�D:5T�UD0@�� .4o�D6��� %"
*9 %"
&(B("30K: �D���
:=0KU�US2\&7:=$)0@"3 .4c�>&Q�,�! ��
T�: &(*;�,�! 
01:L$SU��[�,T�4! .�	
��+G
� �1i �3G-�P&@HJ �  %"@e!�[*m�,�! �$)��0K�/ ]4)T! ���&v�,�! � .01"
���I .U�U��[$S�/&7��4 
��+G
� �K0 �8���C�
T!i���"30K2\�> .4
*d"
&7: �,�! ]$)�)01�/ ]&(*� .012`�o$S��¡F .U�e(���� .6I�,�! �$)�)01�/ .�J01"
 ]�
��:I��U�01"8016�4I���� g2\&7�! %"
 .6N�#�
T): <+�[ .U�4��-�,�! 
"
 .�
T�U[�J6! % .4! .4a*9&("��,�! � .�/�,��:=01����&76c&(*M�,�! ��
�[B76)01U�2\&7�! %"3 .6�2\ 
��+G
� �K2 �3G

l�*!���! X2\&7�! %"
 .6)2\ X�3�!&7T�U�4vim C .�/�,��:=01�> .45H]�[�,�!&7T!�'�,�! J�D6 �ST! .6�2\ #&(*����� J��:I0@B7��6�B�B( %&7:L %��"
<7e
*d&("g \¡+0K:L$)U[ ���*M�,�! �6!&7���
 ���6a�,�! ���6N�> %"
*9 %"
&7:L %��"3��2P$)�)01�/ �2\&("3"
 .2\�> .4s*9&("����� �B( %&7:L %��"
<����D6�4�T�2\ .4
*d"3�D6!B( .�v���v2\&76��
��4! %"3 .4�e��,�! I�/&7T�"32\ =&(*��,�! I�
�[B76)01U-6!&76!���/��01�,�[&76�01"3�[�V<s:I�[B7���Pi' ="
 .:L& �  .4�Gc���! 
$)��0K�/ L&(*C .0K23�¦�> %"`: ��6w�,�! =�
T�: &(*X�,�! =6!&7:=��6)0@��&("E&(*C .�FT�01���[&76 
��+G
� � �P����2\&("
"3 .2\�> .4¦*d&("��,�! 
4! %�> %"`:=��6����
����2g$)��0K�/ �4�T! ���&L�,�! �B( %&7:L %��"
<t016)4cim .2\&7:= .��

� )
�
� � %

�
� � %

�
���
�
� � � ��� 	 � ! � ) � !

! ! !
! �
!


��+G
��� �

���! �2\&7�! %"
 .6�2\ g2%016Q�,�! .6Qi' X .�/���D:=0@�� .4pH]�[�,� 
V�;&7T �.�+ %�^0KU�G[e ������� � �u&76N���)O�T�0@"`6��[ %"3�F016)45�C"301����e
������� �

�� ) ����� �  � � �  �� � �% \¡+$ 
 % �
�
���
�
� � � ��� 	 � ��

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

��+G
��� �

����������� ��� ��
�� 	���� ��
 � ����������� � �
	�� 
�� 	 
 �
���! v2\&7�! %"3 .6�2\ v .�/�,��:=01��&(" �� 
��+G
� � �X����i)��0K�/ .4�G#�M&7T �.�; %�X0KU�G 
 ������� ���
��&@H �,��01�C�,�! v2\&7�� %"
 .6�2\ 
�
01:=$)U[ o:I0@B76�����T�4� ' ) � �� � 4��[rm %"3�v*d"3&7: �,�! o2\&7�� %"
 .6�2\ a:=01B76��[�,T�4! �� ) � � � �L�[���D��i)��0K�/ .4
�>&1HJ01"34����)�[B7�! %" � 01U�T� .�.G5�]�! =U[&@HJ %"��,�! =2\&7�! %"
 .6)2\ I:=01B76��[�,T�4! 7em���� LB("
 .0@�� %"��,�! Li)��0K�P&(*C�,�! 
 .�/���D:=0@��&("@G¥���! ci)��0K�Q4! .2\"
 .0K�/ .�LH]�[�,����6�2\"
 .0K�
��6�Bs6FT�:vi' %"L&(*P��6�4! %$' .6�4! .6N���
0K:L$)U[ .� � � �,�! 
:=0.¡!��:pT�: U��[k( .UD���!&F&F4o .�/�,��:=01�> �����0K�/<+:L$���&(���D2%01U�U�<IT�6Ni)��0K�/ .4�G

���! � \¡+$' .2\��01�,�[&76c&(*M�,�! �2\&7�! %"3 .6�2\ 5�
0K:L$)U� E:I0@B76�����T�4� 'n���

�!� ' � ) ��� � �� � � )�� 
 � � � 
 � � �
� �

� 
 � � �
� �

� ��� � 
 � � ! � ! � � � � �
� ! � � � � ��� 
 � % � � �
	 ! 
��+G ©�� �

H]�[�,� � �,�! 5OE0K:=:=05*9T�6)2\���[&76a0K6�4�� ��
 �,�! �B( .6! %"30KU��
�% .4a�N<N$' %"
B( %&7:= %�>"3�D2E*9T�6)2\���[&76;G���! �6FT�:5i' %"�&(*-��6�4! %$' .6�4! .6N�#�
0K:L$)U� .� � ���]U[&@HJ %"]�,��0K6a���� �6NT�:5i' %"�&(*-2\ .U�U�� � ��6c�,�! 
 .�/���D:=0@��&("�H]�D6�4!&@H ��6c .�NT)0@�,�[&76�� 
��+G
� � ��0K6�4 
��+G
��� �3emi' .2%01T��
 �4�T! ���&=& �  %"`�
01:=$)U���6!BL�,�! �$S��¡F .U
�/$)0K2%��6!Bu��6|¢�� ������:I0@B( .���D�v�
:=0KU�U[ %"��,��0K6z�,�! I"
 .�
&7U�T!�,�[&76�G=R)&("p0K6¦¨�¤m¢I¢�� �¥��:=01B( 7e;�,�! I$S��¡F .U
�
�
�% Q��6uB("3&7T�6�4s"3016�B( 5���P0@$)$�"
&.¡!��:=01�� .U[<t©��!G ©(�c: 
 �FG����7�c: ��6Z�
U�0K6���"`016!B( ���0K6�4s�D6u0��.��:5T����
0@$�$)"
&.¡!��:=01�> .U�<¦�+G����u: � �,�! c�
�
�% n&(*����� o"
 .�
&7U�T!�,�[&76¥2\ .UDUC2%0K6|im c2%0KU�2%T�U�01�> .4¥iF<¦:5T)U[����$)U[<+��6!B
���! .�
 ]q)B7T�"
 .�JH]�[�,�=�,�! g& �  %"3�
0K:L$)U��D6!Bv*h012\��&("3�.G§R�&("��,�! ET�6NHC .�[B7�N�� .4o�/$' .2\��"3T�: ���� .�/ P01"
 P"301���[&
&(*����! n�
0K:L$)U���6�Bn*9"
 .�FT! .6�2\<y0K6�4z�,�! IiS016�4�H]��4!�,��e'H]���D23�y���v*d&("p"30K6!B( ���

!
����� �.�

!
�(� ) �

!
©����

016�4c*9&("]0��.��:pT!��� � ������� �.����� ) �
!
©����+GCR�&("g���! EHJ .�[B7�N�> .4t�
$m .2\��"3T�: 
 � ��G
� �J���� .�/ Eq)B7T!"
 .��01"
 



��� ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

–1

–0.8

–0.6

–0.4

–0.2
0

0.2

0.4

0.6

0.8

1

–1 –0.8 –0.4 0.2 0.4 0.6 0.8 1

Im

Re

a

0

2

4

6

8

10

12

14

16

18

20

–6 –4 –2 2 4 6 8 10 12 14 16

Im

Re

b

0

2

4

6

8

10

12

14

16

18

20

–6 –4 –2 2 4 6 8 10 12 14 16

Im

Re

c

� ��� � ��� ��� � � � �8	�� � ������
�� � � � �`� � � � �.� � ���

E����
���� � � ����	�� ����
�	��
� � � 
	��� � � � 
�� ���V���[� ����� � 
	�
��� ��� 
K��� �`� � � ��� 	K�����/�,��� � �
��� �������
�,�>��� � � � � �-	��.	�� � �3� � � �^� ���

���������� � � � �.� � � �[� � � � � � � � � ���\�>��� � � � �.� � ���

P����
���� �3�)� � �
� � � ���d�����

��d���V���>��� �`�����
	��
� � � � ��	��3�V���,	�� ��� 
]� �`� � � � � � ���V� �3� � � � 	������,�/��� � ��� � �����
� � � � � 	 � �
��
1� �

 � � �"��� � � �-	��`�V����	�� ����
 ���;� �	� ��� ��� 
 � � � � � ���V���
�`� � � � � � �.� � ���,���§�
� � � � � � � �����J�-��
 � � � �-	�� � ����� 
K	,�;��� � �
����� �3� 	����
� ��� �����P� � ��� � �����`��� � � ��	 � �

�
U��[B7�N��U�<=���[B7�! %"@G§R�&("]�����D�C:L&7:= .6��\e+HC �2\&76N�,��6NT� gH]�����n�,�! P2%0KU�2%T�UD0@�� .4n"30@�,�[&7�.G^���� P4��D:L .6��
�[&76
&(*m�,�! �"
 .�
&7U�T!�,�[&76L2\ .U�U!*9&("#¨�¤S¢����-�,�NT)�8©���G���: �D6QB("
&7T�6�4L"`016!B( �0K6�4 ��G��(�5: ��6L0��.��:pT!���;GM���FT��
*d&("P¨�¤S¢(eFHJ �H]��UDUmT)�/ �01�]�/�>"`01�[B7�N��*d&("
HX01"34c0@$�$)"
&.¡!��:=01����&76

� ) �
!
�!�(� � � �

!
� �
!


��+G ©�� �

l,6Eq)B7T!"
 #�+G �]�,�! -i)��0K����6E�,�! #2\&7�! %"3 .6�2\ # .�/�,��:=01��&("�*d&("§�/ �  %"30KU � 01UDT! .��&(*+���� #��6�4! %$' .6�4� .6��
�
01:=$)U[ L6NT):vi' %" � 0K6�4Z .�/���D:=0@��&("�H]��6)4!&@H �
�
�% �� �����
�!&1H]6�Gv�P��*9&("�¨�¤S¢p�,�! Q$)��¡+ .U��P&(*#�,�! 
�
��6!B7U[ PU[&F&(kI2\&7:L$)U[ \¡n¢.£�¤n��:=01B( .�J01"
 E6!&(�8�
�FT�01"
 7e� .�
����:I0@��&("CHg��6�4!&1H]�8&(*�� ) ©�� ���(e!��� �.�
016�4 ���Z���o01"
 v*9"
 .�FT! .6N��U[<cT��/ .4u�>&n&(i��,01�D6t2\&7�! %"
 .6�2\ Q��:=01B( .��Hg�[���s�
�FT�0@"3 �$)��¡+ .U�� � �,�! %"
 %*9&("
 
���! Q \¡+$' .2\��01����&76s&(*J�,�! L2\&7�! %"
 .6�2\ L&(*C .�NT�01�,�[&76 
��+G ©�� �gHX01��4!"`0\H]6Z*d&(" � ) ©(© 
 � ) � ��G�� �3e� ) ��� 
 � ) ���!G � ��0K6�4 � ) ����� 
 � ) �.©�� ��01�gHJ .U�U�GXl,6t \¡+$m %"`��:L .6N���.e�"
 %$'&("
�> .4s��6����+G��+e
HC vT)�/ .4 � ) ��©�� 
 � ) �!�(� �3G



� � � � �9��������� � �����
� � �3� �

��9���V� ����� �3����� � �(�

485

180 / 121

45 / 30.3

22 / 14.8

14.9 / 10

5.94 / 4

2.97 / 2

1.49 / 1

0

0.2

0.4

0.6

0.8

1

Coherence estimator

0.2 0.4 0.6 0.8 1
Unbiased coherence magnitude

∞

� ��� � ������� � � � � �	� � � �3� � � �-	�� � ������
1	,�^��� � �
����� �`��� �3� �V���\������� 	��

����
	 � ���,���;�����8� � 
1	�� � ��
 �`� � � � � 
��	� � �V���P	�� � ����� 
K	,���
� � � � �����
� ��� � � �§��� � �
����� �3� 	��

 �	�
	t��
 � � � � ��� 	m��� � � �^	�� � ������
1	,��
 � � � �3���/���9�>� � � � �	� ��� � � � �M��
�
�� �9���9��� 
 � � �(������� ���
�,��� � � � 
 � � �(��� �`� � � �.������� �

 � � �§��� � �
����� �`� 	��

 �	�
	t��
 � � � � 
 � � �(�����3� �

��1� � ��
 �@��
������������ � � � ��
P	����
� ��� �

g��� � ��� ��� 

� � � � � � ��
 � � �;��� � �
����� �3� 	��

����
	 ��� � ��� ��� ��� ���m� ��� � �X���X� �`�����������'�,	,� � �V� �`� � � �§� �	� ��� ���
�X���d���
� � � � �,��� 	���
��	� 	 
�� � �
	��

 �	�
	 � ���,� ��� �`� �9��
g	 � � �V��
�� � � � �	� � ����� ����

� � � � ��� � � ��� � ��

� � � � � �	� � �����
�m��
 �
� � � � � �	� � � � ��� �

{J .2%01T)�/ L���� L .�/���D:=0@�,�[&76Z&(*J���! =2\&7�� %"
 .6�2\ I����0n�/��&F2`��0K�/���D25$)"
&F2\ .�3�.e���6w$�"`012\�,��2\ L2\&7�! \�
"
 .6�2\ t .�/�,��:=01�,�[&76��pi' .U[&@H �,�! tU[&1HC %"nU���:=����&(*P�,�! ai)�D01�Q .�FT�01���[&76 
��+G ©�� �Q*9&("I0u$S0@"
�,��2%T�UD0@" �
H]��U�U^&+2%2%T!"@GoR)T!"
�,�! %"3:=&("
 7e;�,�! =U[&1HC %" � 016�4 �¥eM���� I���[B7�! %"v���! o�/��0K6�4�01"34w4! � ��01���[&76y&(*J�,�! 
 .�/���D:=0@�� 7G-�����D�J�D�J�DU�U�T��/��"301�> .4o��6oq)B7T!"
 ��+G ��e!Hg�! %"
 ������/��&(B("30K:=�J&(*;�,�! �2\&7�! %"
 .6�2\ v .�/���D:=0@�,�[&76��
&(*^0K6t��6N�� %"
*d %"3&(B("301: Hg�[���a4)��rm %"3 .6��CH]��6�4!&1H �
�
�% .� � 01"
 ��
�!&1H]6�G

	 6! Z2\&7T�U�4� .01�3��U[<�HC&("3k 0@"3&7T�6�4����! si)��0K�o�D6x�,�! Z2\&7�� %"
 .6�2\ w .�/�,��:=01�>&("oiN< 2`�!&F&7�
��6!B
016� .�/�,��:=01�>&("nH]��6)4!&@H H]����2`����� �  %"
< UD0@"
B( 7G �P&@HJ �  %"@eP*d&("n���� Z01$�$)U��D2%0@�,�[&76}&(*v2\&7�� %"
 .6�2\ 
01�p0a2%U�0K�
�
��qS2%01�,�[&76z��&N&7U 
V�/ % ��Q�+G �+G � �3e-�,�! I"3 .�
T�U[�,��6!Ba"
 .4)T�2\����&76y��6y"3 .�/&7U�T!�,�[&76y���56!&(��0KU[HJ0\<+�
012%2\ %$��,01i)U[ 7G R)T!"3���! %"`:L&("
 7eP���� y01�
�3T�:L$��,�[&76�&(*5 %"3B(&F4��D2%�[�V<�Hg��U�Ugim yU� .�
� � ��0@iSU[ 7G �P6!&(�,�! %"
$�"
&(i)U[ .: ���)0@�X2%016s&+2%2%T!"P0K�]0Q"3 .�
T�U[�J&(*8T��
��6�B=0LU�0@"3B( %"] .�/�,��:=01�>&("]H]��6�4!&1H ���g0L4! %�> %"`�[&("301���[&76
2%01T��
 .4aiN<c�,�! �$)��0K�/ �4�T! ���&L��&($m&(B("`0@$)�N<c4���r' %"
 .6��C*d"3&7: ���� � .0@"
�,�a .U�UD�[$)�/&7��4;G

�M&7T �.�� %�-0KU�G 
 ������� �8�
�!&1H �,��0@�-0K6IT�6Ni)��0K�/ .4Q .�/�,��:=01��&("�� 
 ' �MH]���D23�=���C0P*9T�6)2\���[&76=&(*m�,�! 
�
01:=$)U[ �2\&7�! %"
 .6)2\ 5:=01B76��[�,T�4! 'c2%016)6!&(�Ci' �*9&7T�6�4�GC���! �&76�U�<oHX0\<a�>&o2\&("
"
 .2\��*9&("]�,�! �i)��0K�����
�>&I6FT�:L %"`��2%01UDU[<I��6 �  %"
�J .�NT�01�,�[&76 
��+G ©�� �3eS0K��HJ �4���4a��6c&7T�"]��:L$)U� .:L .6��,01���[&76�
V�/ % �g�+G ��G � �3G



��� ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

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

� � 
 ��

����
�� � 
 ��� 	�� ��� � ����� � �
���! �2%01UD2%T�U�01���[&76o&(*§���! �2\&7�! %"3 .6�2\ � .�/�,��:=01�>&("����X6!&(�C���� P&76)U[<IHX0\<I��&=:L .0K�
T!"
 ���6N�> %"3*d %"
&(B("`01:
�NT�0KU��[�V<7G��P6!&(�,�! %"g:= %���!&+4uT�����UD�
�% .���,�! o���1C �3�.�5� AQ�/���$? >(�����\G��M&n0K�
�/ .�
�g�,�! v��:L$)"
& �  .:L .6N����6
���! Q��6N�> %"3*d %"
&(B("`01: 4�T! 5�>&c0L$�"
&+2\ .�
�
�D6!Bo�/�� %$;eS���� p6FT�:5im %"g&(*8"
 .�
�D4�T! .�gim %*9&("
 p016�4Z01*d�� %"g�,�! 
�/�> %$s2%016uim �4! %�� %"3:=�D6! .4�G

���! c"
 .:=& � 01U�&(*P�,�! a$)��0K�/ a01:5i)�[B7T)�[�V<¦*9"
&7: �,�! t��6N�> %"
*9 %"
&7:L %��"3��2n$)�)01�/ a���Q�,�! t:L&7�
�
��:L$'&("
�,016N�]�/�� %$y��&aim =01i)U[ Q��&t2%01UD2%T�U�01�> L0n4��[B7�[�,01U§ .U[ � 01���[&76z:=&F4! .U^&("54! %*d&("`:=0@�,�[&76Z$)01�>�� %"36
*d"
&7: �,�! E��6��� %"
*9 %"
&(B("30K:tGMl�6n�,�! g��:I0@B7��6�Bv$�"
&+2\ .�
�.eN�,�! g"3 .2\&("34! .4o$)��0K�/ PUD�[ .�8H]�������D6L���� PU��D:=�[�,�% �o0K6�4 �-GMl>*��,����� %AH�"301$�$' .4�?%$S��01�
 C0KU[&76!BE0�2\ %"
�,01��6p$)01�,�5��6v���� J��6N�� %"
*d %"3&(B("301:���"30K6��
�[�,����&g�,�! 
&(���! %"E .6�4u&(*8�,�! vH�"`0@$�$' .4a$S��01�
 v�
2%0KU[ 7e)"3 .�
T�U[�,��6!B=��6s0Q*d"`��6!B( v��6u���� 5��6N�> %"3*d %"
&(B("`01:tem©��¥2%0K6
im g014�4� .4Q&("C�
T!i)�>"30K2\�� .4Q�>&�"3 .:L& �  g���! �0K:5i)�[B7T��[�V<7GMb�T! ���&�$)��0K�/ �6!&7�D�/ ���6Q�,�! ]��6N�> %"3*d %"
&(B("`01:

V016�4�0KU��/&Zi' .2%01T��
 o&(*]UD0\<(& �  %"I0K6�4|�
��0K4!&@H]�D6!B �3e^&(���� %"p$S0@�,���v2%0K6�<+�[ .U�4y&(�,�! %"L:pT�U[�,�[$)U[ .�v&(*
©��-G8�������#U[ .014)�8��&50K6o��6)2\&76��
���/�� .6�2\<7G§���! X�S�F�K�%�v�/���$? >(���J���C�
T�23�n0K6I��6�2\&76)�
���/�� .6�2\<p*d&("X0E$)01���
& �  %"�© � ©=$)��¡+ .U��.G-���! �$' %"32\ .6N�,0@B( 5&(*§"3 .�
��4�T! .��2%0K6ti' �T��
 .4a�>&o:L .01�3T!"
 ��,�! v��6N�> %"3*d %"
&(B("`01:
�NT�0KU��[�V<n��:L$�"3& �  .:L .6N� 
�OE .T�4!�,6! %"@e �����(� �3GC�z 54!&=6!&(�XT��/ �"3 .�
��4�T! .���D6c�����D�C�,�! .�
�D�.G

��������� ��

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

� 
 ��� �	� ���
fg&(��0KU[HJ0\<+���,�! LB(&70KU8&(*J���� I2%01UD2%T�U�01���[&76Z&(*X�,�! =2\&7�! %"
 .6�2\ n����:L .0K�
T!"3�D6!Bc���! o�NT�0KU��[�V<u&(*J�,�! 
��6��� %"
*9 %"
&(B("30K: &("84����
2\"`��:=��6�01�,��6!BXi' %�VHC % .6Q$)01"
�,�§&(*)�,�! ��
2\ .6! �H]�[�,�p4���r' %"
 .6��;$)��0K�/ J6�&7���/ 7GMR�&("
"
 .:L&(�� 5�/ .6��3��6!B�e!0p2\&7�! %"
 .6�2\ p��:=01B( v2%016tB7� �  v0Q2\&76��
��4� %"30@iSU[ �01:L&7T)6��J&(*-��6!*9&("3:=01���[&76c01i'&7T!�
���! =�
&7��U�e�2\"
&($Me �  %B( %��01�,�[&76y&("�&(�,�! %"�"3 .:L&(�> o�/ .6��
��6�Bn&(i!j, .2\�,�.GL���! =2\&7�� %"
 .6�2\ � 01UDT! L2%016zi' 
T��/ .4a*9&("����� �2%01U�2%T)U�0@�,�[&76n&(*§���! �  %B( %�,0@�,�[&76s��6�4! \¡ 
 � ��U�U[ .�3016�4n0K6�4a���[ %*9 %"@e ������� �C&("�*9&("�&(�,�! %"
2%U�01�3�
��qS2%01����&76���
 �  %i�k( %"g0K6�4c�E��U�U�0K�/ .6!&("1e �����(© � OP .T�4!�,6! %"@e �����(� � �g�
kF6! � %�X0KU�G[e ������� �3G

����� � ��� �
� ��� � 
 �&
 �
�!� ��� 
�
������ 
 ������� ��� ��� 
 ����� 
 �
�!�
l�6Q�,�����^�/ .2\�,�[&76�e(�/&7:= ��
T!i+j/ .2\���^2\&76�2\ %"`6���6!BP���� X�D:L$)U[ .:L .6N�,0@�,�[&765&(*S2\&7�! %"
 .6)2\ � .�/���D:=0@�,�[&765H]��U�U
im �4)���
2%T��
�
 .4�G

����� ���	����
�� � � 
������ ��� 
������ 
 �,��
 � ����������� � �
	���
���	�� 

�
l�6Q .�FT�01���[&76�
��+G
� � �M&("-Hg�[���5�,�! J2\&("3"
 .2\����&76Q*d&("-�,�! J$)��0K�/ C&(*S���� J .UDU��[$)�/&7�D4� .�FT�0@�,�[&76�
��+G
��� �3e��,�! 
�
T�:=:=01�,�[&76�& �  %"^�,�! � $)��¡+ .U���&(*+�,�! # .�
����:I0@�,�[&76EH]��6)4!&@Hy<+�[ .U�4)��&76! C6FT�:5i' %"@e.�,�! #2\&("
"3 .U�0@�,�[&76�G
�;&=&(i)��0K��6c�,�! �2\&7�! %"
 .6�2\ 5& �  %"g���! �2\&7:=$)U[ %�� v��:=01B( 7e+���� %"
 �0@"3 ��VHC&I01$�$�"3&7012`�! .�.G

��� #����2� �O��� ���! � �����" -
���! �q)"`�/�§01$�$�"3&7012`�I0K�
�
T�:L .�8����01�§���! g2\&7�! %"
 .6�2\ E��:=01B( ]�
�!&7T)U�4Qi' ����! g�
01:= ]6NT):vi' %"8&(*�"
&1H]�
016�4a2\&7UDT�:=6��X0K�Xim&(�,�u¢%£;¤n�D:=0@B( .�@G^l�6c�,�����JHX0\<o*9&("� \¡!01:L$SU[ P0p4�01��01i)0K�/ E2%016a��0 �  v���! ��
0K:L 
$�"
&($' %"
�,�[ .��*9&("L01U�U#�V<N$' .�5&(*]��:=01B( .�.e§H]��01��2%0K6¥i' n016|014 � 0K6��,01B( 7GuYJ012`�¥��:I0@B( n$)��¡+ .U#��0K�p0
2\&7�! %"
 .6�2\ � 0KU�T! 5016�4t*d&("g \¡+0K:L$)U[ 52\&7U[&7T!"/��U[&F&(k+T!$!���,0@i)U� \��2\&F4! .4a�D:=0@B( .�g&(*^���� p¢%£�¤;e)��6N�> .6)�
�[�V<
016�4z2\&7�� %"
 .6�2\ I��:I0@B( .��2%0K6zi' L:=014� 7Gvl,6w���)���EHJ0\<w�[�P���E01U��
&a$m&7�3�
�[i)U[ 5�>&t2%UD01�
�3�[*d<s016z��:I0@B( 
$m %"]$)��¡+ .U�G

{J .2%01T)�/ u�,�! u2\&7�! %"3 .6�2\ s .�
����:I0@�,�[&76}H]�D6�4!&@H  \¡F�� .6�4��I& �  %" � $)��¡+ .U�� D|*9&("n \¡+0K:L$)U[ 
& �  %" �I$)��¡+ .U��]��6u"30K6!B( 50K6�4w���oU��D6! .�]��6s0 �.�D:5T!�,� Dt0K6�4u���P�
����*d�� .4a&76�U[<aiF<a&76! p$)��¡+ .U�&("EU���6! 
 .012`�a���D:L 7e��,�! ��
T�: *9&("�014Kj
0K2\ .6��#2\&7�� %"
 .6�2\ ���:=01B( E$)��¡+ .U��CH]��U�US��0 �  �:L&7�/�#&(*M���� P�
T):=:=01���[&76
�> %"3:I�g��6s2\&7:=:L&76�Gg��������H]��U�U�U� .014u�>&c0L2\&7�! %"
 .6�2\ Q��:=01B( v�,��01��U[&F&(kF�]"30@�,�! %"P�
:L&F&(���! .4��C�,�! 
��6!*9&("3:=01���[&76c0K4�4! .4ciF<a�
���[*9���D6!Bv�,�! �H]��6)4!&@H H]�����c&76! �$S��¡F .U'&("gU���6! �����U��D:=�[�� .4�G

���! w 98o2%�� .6�2\<�&(*p�,�! z��:L$)U[ .:= .6��,0@�,�[&76�&(*5�,�����c:L %�,�!&+4 H]��U�Ug�,0@k( y0K4 � 016N��01B( z&(*50K6



� � � � �9��������� � �����
� � �3� �

��9���V� ����� �3����� � ���

0@$�$)"
&7012`�z��6sH]����2`�s�,�! L6!&7:=�D6�0@��&("E016�4w4! .6�&7:=��6�01�>&("P&(*#�,�! L2\&7�! %"
 .6)2\ L .�/���D:=0@��&("�0@"3 pk( %$)�
016�4o&76�U[<L�,�! P6! %H��� %"3:=�J��6I���! P�
T�: 0@"3 g0K4�4! .4I0K6�4o���� ]&7U�4o�> %"`:=�#01"
 E4!"
&($�$' .4�G§�������#�!&7U�4��
��6Q$)01"
���D2%T�U�01";*9&("8���� X2%0KU�2%T�UD0@�,�[&765&(*S�,�! �2\&("
"
 .2\�,�[&76L*9&("-���� J .UDU��[$)�/&7�D4�01U�"
 %*9 %"
 .6�2\ �$)��0K�/ 7e�H]�)��23�
2%016uim �6FT�:L %"3�D2%01U�U�<I��6N�> .6��3� �  7G

R�&("X�,�! ]i'&("34! %"J&(*��,�! P2\&7�� %"
 .6�2\ E��:=01B( 7e��,�! P .�/���D:=0@��&("#Hg��6�4!&1H����C \¡F�� .6�4��D6!B�& �  %"��,�! 
¢%£�¤t�D:=0@B( vim&("`4! %"3�.G8�]�! v0KU[B(&("3�[�,��: 2%0K6t01�3�
T�:L ��,�! �$)�[¡F .U��X&7T����
�D4! ����� v��:=01B( .����&=i' �% %"
&�e
���! �i'&("34� %"3�^2%016Qi' X"
 %$)U��D2%0@�� .4p&("8���� J .�
����:I0@��&("82%016Qi' Xk( %$�� �% %"
&�0K�8U[&76!B�0K�-�[�M���-6�&(�; .6N���["3 .U[<
��6��
��4� =���� o��:=01B( 7Gal,6¦�,�! n��:L$)U[ .:= .6��,0@�,�[&76zHJ c��014¥0@��&7T�"p4��D�/$'&7�
01U�e��,�! � ����¤ (��|:L&+4�T�U� 
&(*§�,�! <�� �DHC&("
k+��$S0123kK01B( 
2<�� ��e�������� �3e)�,�! �U�01�>�� %"�01$�$�"
&70K23�t�D�X*d&7U�U�&@HJ .4�G8���! �:=&F4�T)U[ EHC&("
k+�
��6��VHC&y�D6��/ %$)01"301i)U[ I�/�,01B( .� �c��6|���! nq)"`�/�v�/�,0@B( 7eJ0u2\&7�� %"
 .6�2\ t��:=01B( a���L2%0KU�2%T�U�01�> .4�T��3��6!Bs0K6
 .�/���D:=0@��&("JH]��6�4!&1Hx&(*;�
� �% � � e+�
���[*9�,��6!BE&76! P$)��¡+ .U)01�80E����:= 7GMl,6=�,�! P�/ .2\&76�4c�/�,0@B( 7eN���� g�
T�: ���
2%01U�2%T)U�0@�� .4=& �  %"�� � $)�[¡F .U��8&(*����! ]q)"3�/�^�/�,0@B( 7G^l,6o�����D�8�/ .2\&76�4n�/�,0@B( 7eF�,�! ]�
T�: ���C��6�2\&("
$'&("301���D6!B
���! �% %"
&7�X0@�^�,�! ]i'&("34� %"3�.e(<+�[ .U�4��D6!B�0�2\&7�! %"
 .6�2\ P .�/�,��:=01����&76L���)0@�-���#�>&F&5U[&1HvG§l>*��,�! ]:=&F4�T)U[ ]���
T��/ .4cH]�[�,� � � ) � � e!05�
:=0KU�U'��:=01B( P"3 .�
T�U[�,�.eFi)T!�8�,�! E"
 .�
T)U[�#����4��[rm %"
 .6N�8*9"
&7: �,�! E .�/�,��:=01���[&76
& �  %"�014�j/0K2\ .6��XH]�D6�4!&@Hg�.e�0K�]4! .�
2\"`�[i' .4cim .U�&@HvGJ���! �"3 .�
T�U[�JH]��U�U'i' v�3:L&N&(�,�! .4�e�im .2%0KT��/ 5�[*M�,�! 
H]��6�4!&1H��D� � $)��¡+ .U��P��6u"`016!B( Q0K6�4�� U���6� .�]��6Z0 �.�D:5T!�,��eS���� 5"
 .�3T�U[��H]��UDU�i' 5�,�! Q0 �  %"30@B( L& �  %"

�© � % � � 
�©�� % � �J$)��¡+ .U��.G

���! 5&76�U[<t0K4 � 016N��01B( p&(*8���� 501$�$�"
&70K23�Z&(*8 .�/�,��:=01�,��6!BL�,�! p2\&7�� %"
 .6�2\ Q& �  %"�& �  %"3U�01$�$)��6!B
H]��6�4!&1H]�������,��01�S�[�m<+�[ .U�4�����:I0@B( .��&(*F�,�! #�
0K:L 8�
�
�% 80K���,�! -&("3��B7��6�0KU(¢.£�¤���:I0@B( .�.G;l>�'�����
:=&N&(�,�! .4�e
���! %"3 Q01"
 Q$�"
&(iSU[ .:=�g&76w���! Q .4!B( .��0K6�4w�[�]�D�g�,��:L Q2\&76��
T):=��6!B�G��s&("
 %& �  %"1eM�[�g���E6!&(��<+�[ .U�4���6�B
�
T!i)�/�,0K6��,��0KU-014�4)�[����&76�01U^��6�*d&("3:I0@�,�[&76w& �  %"Q�,�! I01$�$�"
&70K23�¦HC o*d&7UDU[&@HJ .4�e^�[*X6!&s��6�*d&("3:I0@�,�[&76w&76
���! v$)��¡+ .UmU� �  .U�����6! % .4� .4��^���� �T��/ �&(*-014�j/0K2\ .6��JH]��6)4!&@H]�@G

� ������
�#��"!  � � ���� -
���! X�/ .2\&76�4Q0@$)$�"
&70K23�p�>&E23��&N&7�
�D6!BgHg��6�4!&1H]��*9&("^ .�/���D:=0@�,��6!B]���! X2\&7�! %"
 .6)2\ X�D�M�,01kF��6�B]H]��6)4!&@H]�
����01�v01"
 a014�j/0K2\ .6��5�>&w .0K23�}&(�,�! %"@G¦� �
T�: ���Q2%0KU�2%T�U�01�� .4¦& �  %"I016N<¦$S��¡F .UC&76�U[<¦&76�2\ 7e8H]�)��23�
:=0@k( .�p�[� �  %"
<z 98o2%�[ .6N��GIfg&s�
:L&F&(�����D6!Bc"
 .�
T�U[�,�E*9"
&7: �
�)�[*d�,��6!Bn�,�! LH]��6�4�&@HvG=�]�! L"
 .�
T�U�����6�B
2\&7�! %"
 .6�2\ I�D:=0@B( L�����3:=01UDU[ %"g�,��0K6w���� p&("`�[B7��6�0KU^¢.£�¤z��:=01B( .�.G5���! Q .�/�,��:=01�> .��01�]�,�! Qi'&("34! %"3�
0@"
 v&(*§�,�! ��
0K:L ��FT�0KU��[�V<o0K���,�! �&(�,�! %"] .�/�,��:=01�� .�.e!01�]U[&76!B=0K������ v�
�
�% �&(*^�,�! �H]��6�4�&@H qSU�UD�C�,�! 
��6��� %"
*9 %"
&(B("30K: 2\&7:L$)U� %�> .U[<7G

l�*F&76)U[<�&76! C2\&7�� %"
 .6�2\ � 0KU�T! #�D�M6! % .4� .4�*9&("M�,�! C�FT�0KU��[�V<P .�/�,��:=01���[&76�&(*����� C��6N�> %"3*d %"
&(B("`01:te
���! ZH]��6)4!&@H 2%0K6� �  .6�im s��01k( .6� .�NT�0KUg�>&¥���! sH]�!&7U[ z¢%£�¤���:=01B( 7G fP&(�> Z�,��0@�L�,�����o���I6�&(�
$m&7�3�
�[i)U[ QH]�����z�,�! =01$�$�"
&70K23�¥4����
2%T)�
�/ .4wi' %*d&("3 7eMT�6)U[ .�
�E�,�! I2\&7�! %"
 .6)2\ I .�/�,��:=01�>&("vH]��6�4!&1H ���
23�!&7�/ .6�2\&76��3��4! %"301i)U[<Z�
:=0KU�U[ %"��,��016y���! n0 �  %"301B7��6!BuHg��6�4!&1H �  �  .6¥�,�! .6y�,�! ="
 .�3T�U[�E����i)��0K�/ .4
4�T! ���&=���� �% %"
&7�]01�C�,�! � .4!B( .�@G

l��I���a0K4 � �D�
0@iSU[ t��&x23�!&F&7�/ y0¦�3:=01UDU[ %"oHg��6�4!&1H �,��0K6����! wH]��&7U[ Z�D:=0@B( 7egi' .2%01T)�/ s�,�! 
$)��0K�/ s& �  %"a���� s��:=01B( w2%016 2\&76N��0K��6��/<F�
�> .:=01�,��2t \r' .2\���a4)T! u��&|0K6 ��6�0K2%2%T!"301�> s4! .�
2\"3�[$)���[&76
&(*����! =�3T!i���"3012\�� .4z"
 %*9 %"
 .6�2\ I$)��0K�/ 7e;4�T� L�>&s���! L$S��01�
 I��6�4�T)2\ .4wiN<w�,�! L�>&($'&(B("301$)�N<s&("p4�T! 
�>&�0@�,:L&7�/$S�! %"3��2c$)�)01�/ s4! .U�0\<+�.e � ��&7U�0@�,��6!Bz�,�! Z�/��01�,�[&76�01"3�[�V<¥2\&76)4��[�,�[&76�G�l�6��,�! .�/ s2%0K�/ .�.eX�,�! 
2\&7�! %"
 .6N�X�3T�: �
�!&1H]6t��6nqSB7T!"
 ��+G ©=2%0K6a"
 .�
T)U[�C��6c�,�! �2\&7�! %"3 .6�2\ � .�/�,��:=01����&76c�>&Li' ���&N&=U[&1HvG

l,6c���! v \¡F$' %"3��:= .6��,�X��6��g�+G��+e�HJ vT��
 .4t052\&7�� %"
 .6�2\ � .�/�,��:=01��&("�H]��6�4�&@H &(* �.©L$)��¡+ .U��X��6
"3016�B( v016)4 ���=U���6! .���D6a0 �.��:pT!�,��e+�! .6�2\ � ) ��©��=0K6�4 � � �!�(�+G



��� ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

����� ����� ��� 	�� ��� 	
� 
 � 
 ��	���� ����� ����������� ��� � � �
�g�g4����
2%T��3�/ .4a��6����+G �+G ©=0K6�4t�
�!&1H]6u�D6nq)B7T!"
 5�+G ©+eS0Q2\&7�! %"
 .6�2\ 5 .�/���D:=0@�,�[&76c& �  %" � 0K4Kj/0K2\ .6N�
$)��¡+ .U��^2%016L<+�[ .U�4p��&N&��
:I01U�U � 01UDT! .�§im .2%0KT��/ X& �  %"#�,�! � .�/�,��:=01���[&765H]��6)4!&@H��,�! �$)��0K�/ X4�T! X�>&��,�! 
% �S0@�P .01"
���;?'&("v .U�U���$)�/&7��4�0KU;�3T!"
*h012\ =���v6!&(�P2\&76)�/��0K6N��G=�]�! =2\&7�! %"
 .6�2\ o .�/�,��:=01���[&76Z&(*X .�FT�0@�,�[&76

��+G
� � ��2%0K6yi' =2\&("
"3 .2\�> .4¥*d&("5���)����"
 %*9 %"
 .6�2\ =$S��01�
 I01�5��6z .�FT�01���[&76 
��+G
��� �3e-�[*C�,�! =B( %&7:= %�>"
<N�
��6�4�T�2\ .4a6�&76+���/�,0@�,�[&76�01"3�[�V<I�3�!&7T�U�4ni' �"
 .:L& �  .4�G

�z ¥T)�/ .4 �,�! ¦"3 %*d %"
 .6)2\ ¦$)��0K�/ y2%0KU�2%T�U�01�� .4 H]�[�,� :L&+4�T�U[ y¤)¨ �1< ��£ &(*L�,�! <�� �DHC&("
k+�
$)0123kK01B( 7e�H]�������,�! zbE .U[*d�n$�"
 .2%�D�/ z&("
i)�[�,�.G ���! z$)�)01�/ z���u4! .�
2\"3�[i' .4 0K�t0yqS*d�,�+��&("34! %"a�VHJ&��
4���:L .6��3�[&76�0KU)$'&7U[<+6!&7:=��0KU�eNH]����2`�a��0K�]©���2\&F 98o2%�[ .6N��� 
2< � �>e�������� �3G

����� ����� � � 
��+
 � � � 

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

� � 
 �
R�&("-�/&7:L X0@$�$SU���2%01���[&76)�S&76)U[<�&76! C�FT�0KU��[�V<E6NT):vi' %";*9&("^0165��6��� %"
*9 %"
&(B("30K: �
T 8o2\ .�.GMR�&("M \¡!0K:L$)U[ 7e
H]�[�,�u&76! L�FT�0KU��[�V<t6FT�:vi' %"E .�/�,��:=01�> .4s*9"
&7: ���� p��6N�� %"
*d %"3&(B("301:uem���]���g$m&7�3�
�[i)U[ 5�>&5j
T�4!B( pH]�! \�
���! %"v���! =0KU[B(&("3������:I�g*9&("v�/$' .2\��"30KU§qSU[�� %"3��6!B�e'4����32%T��
�/ .4w��6z2`��0@$)�> %"5�+e;"
 .�
T�U��g��6w�,�! L \¡+$m .2\�� .4
��:L$�"
& �  .:L .6N�J&(*§�,�! ���6N�> %"
*9 %"
&(B("30K:tG

���! C=�
�7� �`�K�+�.�,�.�)�`�o2%0K6�im tT)�/ .4}01�I�
T�23� 0s6FT�:5im %"1G¥�z s2%01U�2%T)U�0@�� c���� t:L .016x&(*
���! E2\&7�! %"
 .6)2\ E�D:=0@B( E2%0KU�2%T�U�01�> .4I*d"3&7: �,�! g&("3�[B7��6�0KUm¢.£�¤n��:=01B( .�CHg�[���I���� g0K4Kj/0K2\ .6N�8 .�/�,��:=01�>&("
H]��6�4!&1H �� .23�)6����FT! 54! .�32\"3�[i' .4s�D6��v�+G ��G
�(G����! .6sHJ Q01$�$)U�<n�,�! 5qSU[�� %"3��6!Bo016�4Z01B701��6Z2%0KU�2%T�U�01�> 
���! o:L .016¦2\&7�! %"
 .6�2\ 7Gc���! =�D:L$�"
& �  .:L .6���2%0K6z�,�! .6zi' =23��01"30K2\�> %"`�
�% .4yiF<w���! L"`0@�,�[&a&(*Xi'&(���
:L .016¥2\&7�! %"
 .6�2\ � 0KU�T! .� 
V�
 % I .�FT�0@�,�[&76 
��+G ��� ����6 �p�+G�� ��016)4z2\&7:L$)01"
 .4zH]�[�,�w�,�! L$�"
 .4��D2\�> .4
��:L$�"
& �  .:L .6N��G

�M&oB( %��0=�
$)0@�,��0KU���:L$)"
 .�
�
�[&76c&(*#���! p2\&7�! %"
 .6�2\ Q0K6�4s�����g��:L$�"
& �  .:L .6N��eSHC p2\&7T�U�4ZT��/ p0
2\&7�! %"
 .6�2\ ]�D:=0@B( 7G§�����D�§�D�-4!&76! ���6 �C�+G�� � i' .2%0KT��/ �6!&�4! %�,01�DUF�D�§6� % .4! .4�e(�,�! X .�/�,��:=01�>&("^H]��6)4!&@H
�
�
�% � ) ��©��p�3T18o2\ .�.G-�P6I&(�,�! %"XHX0\<I��&5$�"3 .�/ .6��-�,�! E2\&7�! %"
 .6�2\ ����C��&p4!"`0\H �%?D�����3�7�,�'C5�J&(*§�[��e
U��[k( Q��6tqSB7T!"
 p�+G ��GER)"
&7: �����/��&(B("30K:=��HJ L2%016)6!&(��B( %�g�/$S0@�,��0KU���6!*9&("3:=01����&76�e�i)T������! p4����/��"3�[iST+�
���[&76Z&(*C���! Q2\&7�! %"
 .6)2\ Lim .2\&7:= .� �  %"
<s2%U[ .01"@G��E���/��&(B("30K:=�E�
�!&1H 2%U� .0@"3U�<t���� p��:=$�"
& �  .:= .6��g&(*
$�"
&+2\ .�
�
��6!B=�
�> %$)��UD�[k( ��/$' .2\�>"`01UmqSU��> %"3�D6!B�
�O�0@�� .U�U��' %�X01U�G[e ������� �3G

����� ��� ��
 ����� � 	�� 

� 
���	 � ��� ��� �
���! Q2\&7�! %"
 .6�2\ p .�/�,��:=01���[&76u&(*- .�NT)0@�,�[&76 
��+G
� � �]����i)�D01�/ .4 � 0K6uT�6Ni)��0K�/ .4u .�/���D:=0@��&("g2%0K6�6!&(��i' 
*d&7T�6)4�G}���! a .�/�,��:=01�,�[&76}2\&7T�U�4}i' a:=0K4! uT�6Ni)��0K�/ .4|iF<|:pT�U[�,�[$)U��D2%0@�,�[&76yHg�[�����,�! t��6 �  %"3�/ u&(*
���! si)��0K�Q .�NT)0@�,�[&76 
��+G ©�� �3G �g&1HC �  %"@e]0Z�D6 �  %"3�
 u&(*E���)���L .�FT�0@�,�[&76x4�&N .�o6!&(�L \¡+�D�/��G�l,6}&7T!"
��:L$)U[ .:= .6��,0@�,�[&76}&(*��,�! Z2\&7�! %"
 .6�2\ Z .�/�,��:=01���[&76;eCHJ w��6 �  %"3�> .4  .�NT�01�,�[&76 
��+G ©�� �I6FT�:L %"3�D2%01U�U�<7G
���! ZB(&701UgHJ0K�n�>&¥&(i��,01��6 &76! wT�6�iS��01�
 .4 2\&7�! %"
 .6)2\ s .�/�,��:=01�,�[&76x*9&("o�,�! Z��6��� %"
*9 %"
&(B("30K: 0K6�4
2\&("
"
 .2\�� .4u�����
�>&(B("30K:=� � �,�! �2\&7�! %"
 .6)2\ 5��:=01B( .���[�,�/ .U[*MHC %"3 �6!&(�J2\&("3"
 .2\�> .4u*d&("g���� �i)��0K�.G

�z X2%01U�2%T)U�0@�� .4�U��D�/���'&(*!�,�! C .�/���D:=0@�� .4�2\&7�! %"3 .6�2\ J:I0@B76�����T�4� ��� ' � H]�[�,�� .�FT�01���[&76 
��+G ©�� �*d&(" � ) �
! ! !

�
!
����Hg�[����0J�/�� %$5�
� �% 8&(*!�

!
� �(GM�z J014)4! .4 ��� ' � ) �8*d&(" � ) �8iN<���0K6�4�e%i' .2%0KT��/ 


��+G ©�� �X���X�
�D6!B7T�U�01"C�,�! %"
 7G#�]*9�> %"�2%0KU�2%T�UD0@�,��6!Bp���� E2\&7�� %"
 .6�2\ � .�/�,��:=01�,�[&76n*d&("��,�! ���6N�> %"3*d %"
&(B("`01:
H]�[�,�s .�FT�01����&76 
��+G
��� �P0K6�4w:=0@k+��6!Ba0o�����/��&(B("30K: H]�[�,�w���ciS��6��P&(*C�,�! L2\&7�! %"
 .6)2\ = .�/�,��:=01���[&76
4����/��"3�[i)T����[&76;e8�,�! s2\&7�! %"3 .6�2\ � 0KU�T! s&(*����� s2\ .6N�>"
 w&(*� .0K23� &(*��,�! si)��6��o���o�
 .0@"32`�! .4 ��6x�,�! 
T�6�iS��01�
 .4o2\&7�! %"3 .6�2\ �U����/�\G;R)"
&7: ���� PU��D�/�> .4 � 01U�T� .�C6! .01"
 .�/�#�>&Q�,�����.e����! ET�6Ni)��0K�/ .4I2\&7�� %"
 .6�2\ ����
4! %�> %"`:=��6! .4ciF<nUD��6! .01"X�D6��� %"
$'&7U�01���[&76;G

l,6Q�����D�^HJ0\<p���� �U[&F2%01�,�[&76Q&(*' .012`�Li)��6Q&(*m���� ������/��&(B("30K: ���-�
���[*9�� .4Q�>&�0PU[&@HJ %"C2\&7�� %"
 .6�2\ 7G
���! viS��01�/��2\&("
"
 .2\�� .4s���D�/�>&(B("`01:=�g2%016si' v4!"30\Hg6u0K6�4u2\&7:L$S0@"
 .4sH]�[�,�t�,�! �iS��01�
 .4u�����
�>&(B("30K:=�.e
01�E���E4!&76! Q��6uq)B7T!"
 Q�+G �a*d&("�4��[rm %"
 .6N� � 01U�T� .�]&(* �|GE���! 5q)B7T!"
 Q�
�!&1H]�P���)0@���,�! Q�
:=0KU�U[ %"]�,�! 
 .�/���D:=0@��&("�H]�D6�4!&@H 0K6�4a�,�! �U[&1HC %"��,�! �2\&7�! %"3 .6�2\ 7e��,�! �B("
 .01�> %"g���� �i)��0K�.G

�g*d�� %"��,�����.e'�,�! � ?h�K�9H��`�(�`�/�
�@��� > C=�
�7���`�K�+�.�,�.�)�`�52%0K6zi' =2%01U�2%T)U�0@�� .4ZiN<w:pT�U[�,�[$)U���2%01�,�[&76



� � � � �9��������� � �����
� � �3� �

��9���V� ����� �3����� � ���

−0.2 0 0.2 0.4 0.6 0.8 1
0

1000

2000

3000

4000

5000

6000

7000

Coherence

N
um

be
r

−0.2 0 0.2 0.4 0.6 0.8 1
0

500

1000

1500

2000

2500

3000

3500

4000

Coherence

N
um

be
r

−0.2 0 0.2 0.4 0.6 0.8 1
0

200

400

600

800

1000

1200

Coherence

N
um

be
r

−0.2 0 0.2 0.4 0.6 0.8 1
0

50

100

150

200

250

300

350

Coherence

N
um

be
r

N = 22

N = 180

N = 45

N = 720

� ��� � ��� ��� � � � � ����� 
K	,� � ��� � � �`����� �M�,��� � � �
	�
�� �3� �V����������� 	��

����
	 � ���,��� � �`� � � �#	�� � ������
1	,�-��� � �
����� �`� ����� �
��� �
�

1����� �
� � � ����� � �
����� �`����� ��� ���V��� ��� � � � �X����� ����� � �-��� � �
�X��� �`� 	��

����
	s��
 � � � � ���
	'����� � �-	�� � ������
1	,��
�� � � �3���/���9�>� � � � �	� ��� ��� � �
�	� ���)	/��
��(������� ���\��� � �8� �`���/���+� ���9��
�� ���J	��3�V���,	�� �

 � � � � ���%	/��� ��� 
�� �3� � � � � ��� � � �3����� �	�

 � ��� 
 � �J����� 	/�����
� �

��\����� �

 � � � �
�	� ���M��� � ��� ��� 
 � � � � � � � � � ���M����� � �
� � �

v	�� � ������
1	,�-��� � �
�����9��� � � ���;	/��
 �(� � ����� � � ��
 �,����� ���K��� � ��� ���

1����� � � � ��� � ����� �3����

� � � � � � � � � �/���`��� � �9��
��1�/�����1� ��� ��� ��� 
 �

 � � �-	�� � ������
1	,�^��� � �
����� ����
E� �3� � �X����� 	��

 �	�
	 ��
 � ��� � ��� � �
�����d��� �%	,	 � � � � �����/���
� 
	�
� �X�,��� �

����
�
�J	��`�V���,	��d����� � �S�;����� � �
� 
�� � � �	� ��� ��	��`�V���,	 �9���C	�� � ������
1	,� � ��� � � �`����� �S�,��� 
 ��� � ��� �
� �,�)� �3�'���
� 	��

����
	 � � ����� �

&(*����! t�)���/��&(B("301: *d"
 .�FT! .6�2%�� .�LH]�[�,������ u2\&("
"
 .2\�� .4 2\ .6N�>"3 .�I&(*E�,�! .�["Li)��6)�.e#�
T):=:=01���[&76}0K6�4
4�� � ���
�[&76niF<o�,�! ���&(��0KU�6FT�:vi' %"�&(*^2\&7�! %"
 .6�2\ � 0KU�T! .�@G

�PU[����&7T!B7�a�,������0KU[B(&("3�[�,��: "
 .:=& �  .�g���! vi)��0K���>&o05B("3 .0@�� \¡+�> .6N�\e��,�! �"
 .�
T)U[�J�D��6!&(��2\&7:Q�
$)U[ %�� .U[<y*9"
 % c&(*]i)��0K�.GZl,6¥�,�! nq)"3�
��$)U�0K2\ 7e-i' .2%01T��
 o�,�! c2\&7�! %"
 .6�2\ a .�/�,��:=01�,�[&76¥�D�p0t"
 .�
T�U[�v&(*
0=�/��&F2`��01�
����25$�"
&+2\ .�
�.eS�,�! p�)���/��&(B("301: i)��6��]*d&("�2\&7�! %"3 .6�2\ .��U[&@HJ %"E���)016s���� � 01UDT! �&(* �!� ' � ��6 .�NT�01�,�[&76 
��+G ©�� ��*9&(" � ) �o0@"
 p6!&(�� .:L$��V<7G�l�6u&7T!"P0KU[B(&("3������: 01U�U� .�/���D:=0@�� .�]U� .�
�]�,��0K6 ��� ' �*d&(" � )��n01"
 Q2\&("
"
 .2\�� .4ZiN<u�3T!i���"3012\�,��6!B ��� ' � G��]�����P��� � ���
��i)U[ ���6uq)B7T!"
 L�+G ��G������D�]���g$�"
&��i)0@iSU[<I6!&(�8�,�! E"3�[B7�N�#2\&("
"3 .2\���[&76ci' .2%0KT��/ P���� E2\&("3"
 .2\����&76c&(* ��� ' � *9&(" ���x�L���X��6)2\"
 .01�3��6!Bv*9&("
���u�!eMH]����U[ p�,��������6)2\"
 .01�
 =����6!&(��2\&76��,��6FT! .4z*9&("��,�! I2\&("
"
 .2\�,�[&76z .�
����:I0@�� .��U[ .�
������0K6 ��� ' �*d&(" � ) �!G^�g&1HC �  %"1e�6!&pim %���� %"J0KU[�� %"36�01��� �  ] \¡+���
���.G^���)���#2%0KT��/ .�X0Ei)��0K�C�>&pB("
 .01�> %" � 01U�T� .�.G§l�6
���! p�/ .2\&76�4u$)U�0K2\ 7e)0KU�U�2\&7�! %"
 .6)2\ � 01UDT! .��H]�[�,����6c&76� vi)��6t&(*§�,�! p�����/��&(B("30K: 0@"3 v:=01$�$' .4a&76���&
���! o2\&7�! %"
 .6�2\ � 0KU�T! Q&(*X���� I2\ .6���"
 =&(*X�,�! I���D�/�>&(B("`01: i)�D6�GL{J .2%01T��
 I�,�! Li)��0K�EHC&("3kF�5��6z&76! 
4��["
 .2\�,�[&76�eF�,�������[�,�/ .U[*§��6���"
&+4�T�2\ .�X0pi)��0K�.e+01U�im .���#�[� �  %"3<c�3:=01UDU�G

�P��q)B7T�"
 5�+G �a��U�U�T)�/�>"`0@�� .�.eF&7T!"Pi)��0K�]2\&("
"
 .2\�,�[&76Z01U�B(&("3�[�,��: "
 .:L& �  .�P���! 5i)��0K�]��6u���� 52\&��
�! %"
 .6�2\ L .�/�,��:=01�,�[&76u��&t0=B("3 .0@�P \¡F�� .6N��Gp���! L2\&("
"
 .2\�� .4y���D�/�>&(B("`01:=�g*9&("v4���r' %"
 .6N�� .�/�,��:=01���[&76
H]��6�4!&1H �
�
�% .����0 �  o0@$�$)"
&.¡!��:=01�> .U�<t���� Q�301:L L$'&7�
�����[&76;G��P&@HJ �  %"@e;�,�! L2\&("
"
 .2\�� .4¦2\&7�� %"
 .6�2\ 



�7� ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

 .�/���D:=0@��&(" � � 2\&7�! %"
 .6�2\ � .�
����:I0@�,�[&76
H]�D6�4!&@H i)��0K�/ .4 2\&("
"3 .2\�> .4
© � ��� ©(© � ��G�� �!G �7��� �!G �(©��
� � �.� ��� ���!G � �!G �(�(� �!G �����
� � ��� ����� �.©�� �!G ©���� �!G ©����
�.© � ��� ��©�� �!�(� �!G ©���� �!G ©(���

�+���	� ��� � � 	 � � � � � � � �	� ��� �

 � � �8	�� � �>����
K	��^��� � ���X��� �3�

 � � � �X�/��
P	�� � ������
1	,�^��� � �
����� � ��
 ��� � � � � �9��
�� � ���
�
� � �X���
� ����� �3�
� �,�����J��� � �
����� �`� 	��

����
	 � ���,��� � 	 � � � ��� � � � ��� � ��� � �h��
��K�,��� �1����� ��� � ��
 �`� � � �X��� � ���X��� �3�^� �3� � �����
� 	���
��	� 	 � ���,����
�� � �
�	� ���S	��`�V���,	 � ��� 
J� �`� � ��� � 	�� � ������
1	,����� � �
����� ����
 � ������� � �X����� 	���
��	� 	 � 	��
��� 
 ��� ��� � � � � � � �����X�;	�� � ����� 
K	,��� ��� �d��� � � � ��� 
g���
� � �M��� � �
�X��� �`�S� �3� � �/���`��� 	���
��	� 	 � � � � ���S����� � �
� � �

g� � ��� � � �3����� �@���\���1�>� � � ��
 � � ���)� �`� � �/���`��� 	���
��	� 	 �m��
 �]�§	��3�V���,	��d���
	�� � ����� 
K	,� �X�/��
�� � �
�
� 
 ��� � �
� �
� �,� � � �
	m���\���

�� � � �X�/��
g	��`�V����	��9���]	�� � ������
1	,�§��� � �
����� � ��
 ��� � �
	 � � 	 � � ����� �`�,��� ��� ��� 
]� �3�
� �
��������
�� 	���
��	� 	 � ���,��� � � ��
 � � � �J�/��
 �	� ���V����	�� � ������
1	,�§��� � �
����� ��� 
�� �

 .�/���D:=0@�,�[&76|�����/��&(B("30K:=�v01"
 c�/�,��U�U#6�&(�v�
��:=�DU�0@"v*d&("L0KU�U8 .�/�,��:=01��&("5H]�D6�4!&@H �
�
�% .�@GsYJ�/�,��:=01���[&76)�
& �  %"Q�
:=0KU�U;Hg��6�4!&1H]�EB7� �  =0n�
T!i)�/�,0K6��,��0KU�U[<ni�"
&70K4! %"�2\&7�! %"
 .6�2\ � 0KU�T! L4����
�>"3��i)T!�,�[&76a�,��016Z .�/�,���
:=0@�,�[&76��p& �  %"oU�01"
B( cH]��6�4�&@H]�.G¦�������p���pi' .2%01T��
 n�,�! a�/�,016)4�0@"`4¥4! � ��01����&76¦&(*P���� c2\&7�� %"
 .6�2\ 
 .�/���D:=0@��&("5�D�v�
T!iS�/��0K6N����0KU�U[<s���[B7�! %"�*9&("Q�
:=0KU�U-H]��6)4!&@H �3�
�% .�v�,��0K6y*9&("5U�01"
B( oH]��6�4!&1H]� 
V�M&7T �.�
 %�X0KU�G[e ������� �3GJ��������2%0KT��/ .�����! ��)���/��&(B("301:I�X& �  %"E�
:=0KU�U[ %"XH]��6�4�&@H]�X��&=2\&76��,0K��6t:L&("
 5���[B7�a2\&��
�! %"
 .6�2\ � .�
����:I0@�,�[&76��X�,��0K6a���� ������/��&(B("30K:=�X& �  %"�U�01"
B( %"�H]�D6�4!&@Hg�.G-{J .2%01T��
 v�,�! �i)��0K��*9&("]���[B7�
2\&7�! %"
 .6�2\ P .�/�,��:=01���[&76)�8��� �  %"
<=�3:=01UDU�016)4I0KU�:L&7�/�^��6�4! %$' .6�4� .6��M&(*����! ] .�/���D:=0@��&("#Hg��6�4!&1H �
�
�% 

9q)B7T!"
 c�+G � �3e^���! Ii)��0K�v2\&("
"
 .2\�,�[&76¥01U[B(&("`�[���): 4!&F .�v6!&(��2\&("
"3 .2\�����! .�
 o���[B7�y .�/���D:=0@�� .����&u�,�! 
� 0KU�T! .�]$�"
 .�/ .6N����6t�,�! p�����/��&(B("30K:=��*9&("PUD0@"
B( %"g .�/�,��:=01���[&76tH]��6�4!&1H]�.G����� v�
0K:L 5�!&7UD4���*9&("g�,�! 
U[&@HJ %"=2\&7�! %"
 .6�2\ a .�
����:I0@�,�[&76��.Gs{J .2%01T��
 a&(*����� nU�01"
B( %"L�/�,016)4�0@"`4¦4! � ��01���[&76;e;�,�! a6NT):vi' %"p&(*
2\&7�! %"
 .6�2\ o .�/���D:=0@�,�[&76����3T!i)�/�,016N�,��01UDU[<a�
:=0KU�U[ %"��,��016w�,�! L�,�! %&("
 %�,��2%0KU8U[&@HJ %"vU��D:=�[��&(*X .�FT�0@�,�[&76

��+G ©�� �g*9&(" � ) �n*9&("v�
:=0KU�UMH]��6�4!&1H �
�
�% .�����E���[B7�� %"P�,��0K6w*d&("�UD0@"
B( QH]�D6�4!&@H �
�
�% .�@Gvl�*#�,�! .�/ 
 .�/���D:=0@�� .��01"
 �i)��0K�,��2\&("
"3 .2\�> .4�e!0pU�01"
B( %"]6FT�:5im %"�&(*-2\&7�! %"3 .6�2\ .�]U[ .�3�X����0K6 �% %"
&I"
 .�
T�U[�,�.G

���! L4��D�
�
��:=�DU�0@"`�[�V<I&(*J���� Q2\&7�� %"
 .6�2\ L .�/�,��:=01����&76Z�)���/��&(B("301:I�P4)T! Q�>&c�,�! =�/�,016�4)0@"34Z4! \�
� ��01�,�[&76u0KU��/&n0@$�$' .01"3��*9"
&7: ���! p2%01UD2%T�U�01�> .4s:L .016Z2\&7�! %"
 .6)2\ 7eSiS��01�
 .4u0K6�4u2\&("
"3 .2\�> .4�e'��6u��01i)U[ 
�+G ©+Gy�P&@HJ �  %"@e8�,�! c:L .016�2\&("
"3 .2\�> .4x2\&7�� %"
 .6�2\ c .�/�,��:=01���[&76)�v�
�!&1H :5T)23��U[ .�
� � 0@"3�D0@�,�[&76y*9&("
4���r' %"
 .6��JH]��6)4!&@H �
� �% .�����)016c�,�! �:L .0K6ai)��0K�/ .4c2\&7�! %"
 .6)2\ v .�/�,��:=01����&76��.G

fP&(�> ��,��01�§��*S�,�! ]2\&7�! %"3 .6�2\ ] .�/�,��:=01�,�[&76��-01"
 ]2%0KU�2%T�U�01�> .4LT)�
��6!B��,�! �& �  %"`U�0@$)$)��6!B���H]�D6�4!&@H
01U[B(&("`�[���): 
 �^�+G ��G
� �3e(�,�! #2\&7�� %"
 .6�2\ X�����/��&(B("30K:=��H]��UDU(2\&76��,01�D6�*d %HJ %"§ .6���"3�[ .�M4��["
 .2\�,U[<E0@i'& �  �% %"
&
����0K6Z�[*-���� 5�,�! Q014Kj
0K2\ .6��>��H]��6�4�&@H 0KU[B(&("3������: HJ&7T�U�4u�)0 �  pi' % .6wT��/ .4;Gg���)���]���gi' .2%01T)�/ 5Hg�[���
& �  %"3U�01$�$)�D6!B5Hg��6�4!&1H]�.eN���! E0 �  %"301B7��6!BL�/�� %$t012\�,�X01��05�
:L&F&(���)��6!BvHg��6�4!&1H�& �  %"����� E2\&7�� %"
 .6�2\ 
��:=01B( 7e�H]�� %"
 .01�8���! g$)��¡+ .U��-��6L�,��01�-2\&7�! %"
 .6�2\ P��:=01B( ]HJ %"
 ]0KU["
 .0K4!<p2%0KU�2%T�UD0@�� .4L& �  %"�0PH]��6)4!&@H
H]�[�,�a052\ %"
�,0K��6c \¡F�� .6N��G

���! P2\&("
"
 .2\�,�[&76o&(*����� gi)�D01�#HC E4! � ���/ .4I�D�C6!&(�80v6! .2\ .�
�
�[�V<I*d&("J���� g:L .0K�
T!"
 .:= .6��-&(*��,�! 
2\&7�! %"
 .6�2\ =��:=$�"
& �  .:= .6��P4�T! p�>&a�/$' .2\��"301UMqSU��> %"3�D6!B�e�i' .2%0KT��/ Q*d&("E�,�! Q .�/�,��:=01�>&("EH]��6)4!&@H �
�
�% � ) ��©��ZHJ nT��
 .4�e§���! oi)��0K�v���v"301���! %"Q�
:=0KU�U�eM01�vq)B7T!"3 .�p�+G �s016)4|�+G �w�
�!&1HvGtl,6¦�,�! o��01i)U[ .�
��6����+G��=�,�! 5:= .016ui)��0K�/ .4u0K6�4t2\&("
"3 .2\�> .4w2\&7�! %"
 .6)2\ 5 .�/�,��:=01�,�[&76����
��&@H 0LUD��:=�[�� .4a4���r' %"
 .6�2\ 7G
�g&1HC �  %"@e����! E2\&("
"
 .2\�� .4a2\&7�! %"
 .6)2\ P .�
����:I0@�,�[&76��C0@"
 P2%U[&7�/ %"X��&QT)6�i)�D01�/ .4o016)4I�! .6�2\ ��
��&@H U[ .�
�
� 01"3��01����&76Q& �  %"J .�/���D:=0@��&("-H]��6)4!&@H]�^&(*�4��[rm %"
 .6N�M�3�
�% .�.G§R)T!"
�,�! %"3:=&("
 7e7�[*m���� �B(&701US���-2%01UD2%T�U�01���[&76
&(*+2\&7�� %"
 .6�2\ C�D:=0@B( .�;016�4�0X����B7�E"
 .�/&7U�T!�,�[&76E����"3 .�NT! .�
�> .4�0K6�4��! .6)2\ #0C�3:=01UDU� .�/���D:=0@��&("�H]��6)4!&@H
����T��/ .4;e+���! �iS��01�/��2\&("
"
 .2\�,�[&76a01U�B(&("3�[�,��: H]��U�Umi' �  %"
<cT��/ %*hT�U�G



� � � � �d��� �5������� � �>��� � ��� �3� � � ��	��d��� �

]����
����§��
 �P� � ��� � � � ���

��
 � � �P
 ��� � � � � ��� �v� � 
�� ��� 
�� ��� � � � 	 ��� � � � ���

l�6c23�)0@$��� %"]©+eF���� g�� .23��6)���NT� g&(*§�/<F6N�,�! %���D2g01$' %"
��T�"
 �"30K4�01"JHX0K�J4)���
2%T��
�
 .4 � �D6o01$�$' .6�4���¡L� �,�! 
2%01U�2%T)U�0@�,�[&76L&(*��
$m .2\��"30PH]�[�,�L�,�! g4)���
2\"
 %�� ]0K6�4=*h01�
�§R)&7T!"3�[ %"J�>"`016��
*d&("3: 016�4I���� �"
 %$�"
 .�
 .6��,0@�,�[&76
&(*§�/$' .2\��"30v01"
 �4����32%T��
�/ .4�G§� �[�,�c�����D�Ck+6!&1H]U[ .4!B( 7e+�,�! E$)01"301:= %�> %"3�X&(*M���� 5¢%£�¤c�/<+�/�� .: *d&("��,�! 
��:=01B7��6!B���6L"30K6!B( �0K6�4L0��.��:5T����L4���"
 .2\����&76��§H]��U�UFi' �*9T�"
���� %"- \¡+0K:=��6! .4L�D6Q�����D�-23��01$��� %"@e7�/ %" � ��6!B
01�]���! �*9&7T�6�4)0@�,�[&76n*d&("]���! ���"
 .01��:= .6��J&(*§�
$m .2\��"30KUmqSU[�� %"3��6!BQ��6a2`��0@$)�> %"g�+G

l,6 � ��G
�(e��,�! LT��/ p&(*#HJ .�[B7�N���D6!Bo*hT�6�2\�,�[&76��g��&n"3 .4�T�2\ L�
��4! .U�&(im .�g��6Z"30K6!B( L016�4Z0��.��:5T����
�/$' .2\�>"30vH]��U�Umi' �4! .�
2\"3��im .4;e�&(*§H]����2`�c�P0K:=:=�D6!BL���X���� Pi' .�/�CkF6�&@H]6�G#���! %<o01"
 �"
 .2\&(B76)�
�% .4t��6
�	��G ©+eKH]�! %"
 -�,�! 8"3 .U�0@�,�[&76Ei' %�VHJ % .6��,�! 8�/$' .2\�>"`0C��6�"3016�B( #016)4�0 �.��:pT!�,��0K6�4��,�! C¢%£�¤�$)0@"`01:L %�� %"3�
H]��U�U!i' ]4)���
2%T��
�
 .4�G;R-��6)01U�U�<7e(���� �"
 .U�01����&76=i' %�VHC % .6o�,�! ]�/$' .2\��"30E��6="30K6!B( P016�4o0 �.�D:5T!�,�=0K6�4=�,�! 
¢%£�¤a"3 .�/&7U�T!�,�[&76nH]��U�Umi' �4����32%T��
�/ .4c��6�� ��G �+G

����� � � �	��
 � � � � ���� 
 
 ���" ����� ��
 �
� � �
� ��� ����� 

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

� �

���! P"
 .�/��"3��2\�,�[&76L&(*��,�! ]iS016�4�H]��4!�,�Q&(*�0��
�[B76)01U $ 
 � �§��& 
ceF01�X6! .2\ .�
�30@"
<L*9&("X�
01:=$)U���6!B�i' .2%0KT��/ 
&(*!���! C�
01:=$)U���6!BX�,�! %&("
 .: &(*)�+��0K6�6!&76 
h .�FT�01���[&76v�5G � �3e(��0K�;0K6vT)6�HX016N�� .4� \rm .2\�\G§l>*+�,�! 8R�&7T�"3�[ %"
2\&7:L$'&76! .6��,��&(*X0o6�&(����i)0K6�4�UD��:=�[�� .4t2\&7:L$)U� \¡w�
��B76�01U^01"
 
	 
�� �3e;���! Qi)0K6�4!Hg��4!�,�u���E"
 .�
�>"3�D2\�> .4
�>& 
 H]����� 	�� 
�� ��)�	 
�� ��
 � �
 	 ! 
 ��G
� �

H]�[�,�c���! �"3 .2\��0K6!B7T�U�01"�H]��6)4!&@H *hT�6�2\�,�[&76


�� �
 	 )�� � �[* � � ��� 
 ��©
� &(�,�! %"
H]���
 ! 
 ��G © �

$)U[&(���> .4z��6sq)B7T�"
 ��G
�%0FGQ�g2%2\&("`4���6!Bc��&a���! L2\&76 � &7U�T!�,�[&76w�,�! %&("
 .: 
 � �[ .:= %"� %�g0KU�G[e �����(� �3e;�,�! 
�
�[B76�0KU�$ � 
 � �C"
 .�3T�U[�,��6!BQ*d"3&7: �,�! �i)0K6�4�U��D:=�[�� .4IR�&7T�"3�[ %"E2\&7:L$'&76! .6��,��	 � 
�� �C2%016si' �2%01UD2%T�U�01�> .4
iN<�2\&76 � &7U � ��6!B]�,�! 8&("`�[B7��6�0KU7�
�[B76)01U $ 
 � �mH]�[�,���,�! #��6 �  %"3�/ CR�&7T!"3�[ %"M�>"`016��
*d&("3: &(*!���! #"
 .2\��0K6!B7T�UD0@"
H]��6�4!&1H *9T)6�2\����&76�
pe $ � 
 � � ) $ 
 � ��� 
��
��6�2 
 � ! 
 ��G � �
H]�! %"
 ��u���Q�,�! t2\&76 � &7U�T!�,�[&76}&($' %"301�>&("1G|�]�! a�
��6FT��L2%0@"`4���6�0KU���� 
V2\*�G^qSB7T!"
 ��G
�\i �52%0KT��/ .�L�,�! 
����:= Q�3�[B76�0KU;��&cB( %� %AH�"3�D6!kFU� .�.?�k+6!&@Hg6z01�E�
��4� .U[&(i' .�.GEl>*C�[�]23�)016!B( .��*90K�/�\em0K����6s���� Q2%0K�/ Q&(*C0K6
"
 .2\��0K6!B7T�UD0@"g$)T�U��/ 7e)& �  %"3�3�!&N&(�g��� � ���
�[iSU[ 7GX�������g���]2%0KU�U[ .4u���! �� ? � ���]�)�+�%�S�'C=�%�)�(� 
 � �[ .:L %"P %�
01U�G[e �����(� �3G

���! E�
��4� .U[&(i' .�8&(*;�,�! E�
��6�2]*9T)6�2\����&76o��6�
 ��G � �#2%0K6cim P"
 .4�T)2\ .4IiF<o2`�!&N&7�3��6!BQ0�*d"3 .�NT! .6)2\<



��© ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

H]��6�4!&1H *hT�6�2\�,�[&76a�,��01�X01$�$�"3&7012`�! .� �% %"
&c01�J�,�! 5 .4!B( .�g:=&("
 5�
:=&N&(�,��U[<n���)016u���! v"
 .2\��0K6!B7T�UD0@"
H]��6�4!&1H 
pGx�+T)23�}0t*hT�6�2\�,�[&76����Q�,�! � �(���v�7��� "�?9� >7� " 
h&(*d�� .6x2%0KU�U[ .4|�E016�6�&("I�P0K6�6���6�B
H]��6�4!&1H��3e

���
�
��� ��� � 
�� �	) 	 �

!
� � �

!
�^2\&7� ©����
 �[* � � � � 
 ��©

� &(���� %"
H]���/ 
! 
 ��G � �

B("30@$S�! .4t��6nq)B7T�"
 ��G
�%2(G8l����]��6 �  %"`�/ �R�&7T!"3�� %"��>"`016��
*d&("3: ��� 
 � �[ .:L %"� %��0KU�G[e �����(� �


 
 � � ) 
 © �8�
��6�2 
 ��� �
� �3��6�2�
 
 � % � � � �

� �3��6�2�
 
 ��� � � 	 ! 
 ��G � �

���! 5q)"3�/���� %"3: ��0K�P�)01U[*^�,�! Q01:L$SU��[�,T�4! �&(*#�,�! p�>"`016��
*d&("3: &(*#�,�! p"
 .2\��0K6!B7T�UD0@"gH]��6�4!&1Hvem01�E���
2%U[ .0@"Q*9"
&7: ���� =q)"3�
���> %"3: &(* 
 ��G � �3Gz��HC&w�
���[*9�� .4¦�
��6)2%�501"
 c014�4� .4¥��6¥&("34! %"p��&s"
 .4)T�2\ o�,�! 
�
��4! .U[&(i' .�E&(*J���� Qq)"3�/�E�
��6�2(e�0K�����v4! %$)��2\�� .4z��6Zq)B7T!"3 ���G
�%4¦0K6�4w 7G=���! QqS"3�/�g�3��4! .U[&(i' Q&(*C�,�! 
��6 �  %"`�/ �R�&7T!"`�[ %"]��"30K6��/*9&("3: &(*^���! v�-&76t�E016�6tH]��6�4!&1H ��0K��0QU[ �  .U�&(*�DF���(G �o4�{Ee!H]�! %"3 .01���,�! 
U[ �  .U�&(*'�,�! ]�
��4� .U[&(i' J&(*'�,�! �"
 .2\�,0K6!B7T�U�01"8H]��6)4!&@Hx��� D �.�+G �v4�{EG 	 6L���� �&(���� %"C��0K6�4�e��,�! �H]�D4!���
&(*S�,�! �:=0K��65U�&(im J&(*m���! X��"30K6��/*9&("3: &(*S���� J�-&76=�P0K6�6pH]��6�4�&@H}���§�VH]��2\ X�,��0@�;&(*S�,�! J"
 .2\��0K6!B7T�UD0@"
H]��6�4!&1H 
 �s���>"30Fe ������� �3G

WXT!"`U�016)4! %"#0K6�4 �Z2\bE&76!&7T!B7� 
 ������� �8*9&7U�U[&1H�0�:=&("
 E"3014)0@"C&("3�[ .6N�> .4c01$�$�"
&70K23��eF�/�,0@"3����6�B
*d"
&7: ���! �U� �  .U�&(*M�,�! Eq)"`�/�C�
�D4! .U[&(i' 7G^���! %<o01"
"3� �  �0@�J05�§0\<FU�&("� \¡F$S016��3�[&76a016)4c*d&("]0p�
��4� .U[&(i' 
U[ �  .U�&(*=D �7�I4�{Ee

� 
�� �	) � � �
!
���^2\&7� ©����
 ! 
 ��G�� �

H]����2`�t����6!&("3:I01U�� �% .4 � 
�� �	) �
!
��� � �

!
���82\&7� ©����
 !


 ��G�� �
����������� �  %"3<c6� .0@"��,�! ��5�'C C ?d��� "�?9� >7� "/A\�+�)�.�2?h�(��e

� 
�� �	) �
!
��� � �

!
� �^2\&7� ©����
 !


 ��G�� �

���! �U[ �  .U�&(*^�,�! Eq)"3�
�C�
��4� .U[&(i' P&(*§�,�! ��P0K:=:=�D6!BQH]��6�4!&1H ��� D ��©+G��I4�{ 
 �s�[��"30Fe ������� �3G
OP .6! %"`01U�U�<7eF0Q6!&("`:=01UD�
�% .4n*d"
 .�FT! .6�2\<nHJ .�[B7���,��6!BQ&("gH]��6�4!&1H]��6!Bp*hT�6�2\�,�[&76c���

� 
�� �	) "$ % 
 � 
 � % 
 ��2\&7� ©����
 �[* � � � � 
 ��©
� &(���� %"
H]���/ !


 ��G�� �

��������Hg��6�4!&1H]��6!BQ*hT�6�2\�,�[&76t���g�/&7:L %�,��:L .�]0KU��/&o2%01U�U� .4��v��C C ?9��� A\�+�)�.�2?h�(��G����� �$)01"301:= %�> %" 

���JkF6!&1H]6c01�J�,�! ]�!� >��\�����	� �[�I�K�
��*d&("X�,�! �2\&7�
��6! E016)4 
 ��G�� �#���X2%0KU�U[ .4w�3�K�9?d�m�v�(�Z�E��� >��\�����	��
V£M¢��'e
�����(��2 �3G



� � � � �d��� �5������� � �>��� � ��� �3� � � ��	��d��� �

]����
����§��
 �P� � ��� � � � ���

0 i

–0.2

0

0.2

0.4

0.6

0.8

1

–0.6 –0.4 –0.2 0.2 0.4 0.6

f / B

–0.4

–0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

–6 –4 –2 2 4 6

B * t

2 4  

–0.2

0

0.2

0.4

0.6

0.8

1

–0.6 –0.4 –0.2 0.2 0.4 0.6

f / B

–0.2

0

0.2

0.4

0.6

0.8

1

–6 –4 –2 2 4 6

B * t

–0.2

0

0.2

0.4

0.6

0.8

1

–6 –4 –2 2 4 6

B * t

� ��� � ��� �5� � � � �#���,	 �h��
�� � � �,�M� ����� � ��
1	�� 	��

����
	��

��]� � 
1	�� � ��
 �[� �M��
 � �
� � �

��\�����V� � � � ��� ��� �d����
��h� �3��� � � � � � � � � ����
����
���8	�� 
�� � �
�\����	��
� � � � ��� � �

1	��[� � 
1	�� ����
 
!	,� � � �

 ��� ���1����� �(���#��
 � � ������� � ��� � ��� � ���8� �(�,	��§	/��
 ���X����� � 	,��� ���v	 � ��� � �

��E�
� � ����� � ��� 	��

����
	��

 �]� � 
K	 � ��� 
 
 �
� �\� � � ��� ��
 �M��
�
v� � 
1	�� ����
 ��	 � 
 � 
1��	��.	�� � �`����	�� � ��
1� ��
Q� � ���@��� �9��� � � � � �

��\�����V�
� � � ��� ��� �D����
 �h���`��� ����	���� � � �V��� �`� � � ����� � ��
 � ��	/�,��� ��
K���
� �X� � 
1	�� ��� 
�� ��� ��
������ � �
� �

�� �

a� �@���\���1�>� � �/� � 	��
� � � �

 �3�
� ���1� � � �(��� ���
� �
� ��� ��� � � 
�
�� � 
 � � � 
 � 	�� � 
 � 
 � 	���� � ��� 

� � � � � 	-� � 


l�6 �u©+G ©��[�=HX0K�a�
�!&@Hg6��,��01�=�,�! z��:=01B7��6!B¦$)"
&F2\ .�3�a��6 "`016!B( z4���"
 .2\����&76�T!�,��U�� �% .�o0¥U���6! .01"3U[<
*d"
 .�FT! .6�2\<�:L&+4�T�U�01�� .4¥$ST�U��/ 7e-�,�! ¦�%�%?d��� 
h .�FT�01����&76 ©+G�� �3Gx�����D�Q�V<N$' c&(*��
�[B76�0KUX��01�I0s�
��&("
�
01T!��&+2\&("
"
 .U�01����&76sU[ .6�B(���w0K�EHJ0K�E�
�!&@Hg6z��6u .�FT�01����&76 
�©+G
�%� �P016�4Z�,�����g"
 .�
T�U����P��6w0=���[B7�Z"30K6!B( 
"
 .�/&7U�T!�,�[&76�G

l,6wq)B7T!"
 ��G ©�0Ne-0c23�)�["
$' .4z$)T�UD�/ L&(*X���! n�/<+6��,�! %�,��2L0@$' %"
�,T!"
 L"`014�01"v���v�
��:pT�U�01�> .4�Go���! 
i)016)4!H]��4!�,�P&(*+���! C�
�[B76�0KU(�����
:I01U�U� %"����)016E�,�! #�
0K:L$)UD��6!BX*d"3 .�NT! .6)2\<E0K6�4��,�! %"
 %*9&("
 8�,�! #�
$m .2\��"3T�:
4!&N .�v6!&(�E&F2%2%T!$F<Z���! =2\&7:=$)U[ %�� =4!&7:=0K��6w&(*X���! LB("`0@$)�;e�01���,�! Qq)B7T�"
 =�
�!&1H]�.G 	 6w�,�! L&(�,�! %"
��016)4�e#��6��,�����Q�
�D:5T�UD0@�,�[&76¥���! tU�&@HJ .�/�Q*d"
 .�FT! .6�2%�� .�L0@"
 t:I���
�
��6�B�e^"
 .�
T�U[�,��6!Bw��6}0Z4��[$}01"
&7T�6�4� )��!GXl�6a"3 .01UM4�0@�,0p���)����4!&F .�]6!&(����01$�$' .6t4�T� ��>&I���! p0@$)$�"
&($�"3�D0@�� ���6��� %"3:L .4)��0@�� E*d"3 .�NT! .6)2\<
:=��¡!��6!B�G����! vH�"3��6!k+U[ .���3�!&@H]6s0@���,�! 5 .4!B( .�P&(*-���! p�/$' .2\�>"`T�: 01"
 54�T� v��&I�,�! 5�/�� % %$Z .4!B( .�P&(*
���! 5�
�[B76�0KU'��6c���D:L 7G

���! =2\&("3"
 .U�01���[&76y&(*����! L$ST�U��/ LH]�����z�,�! Li)0K2
k+�
2%01�>�� %"
 .4|�
�[B76�0KU-����T)�/ .4y��&t"
 %��"3�[ �  =�,�! 
"3016�B( .�c&(*����� si)0K2
k+�
2%01�>�� %"3��6�B¥&(i+j/ .2\�,�.G �+��4! .U�&(im .�I&(*��,�! Z0KT!��&F2\&("3"
 .U�01���[&76 *9T)6�2\����&76�2%0KT��/ 
&(i+j, .2\�,�n�>&�01$�$' .0@"oH]�[�,� %AB7�!&7�/�o��:=01B( .�.?[G ���� s�
��4� .U[&(i' .�L&(*��,�! s0KT!��&F2\&("
"3 .U�0@�,�[&76 *9T�6)2\���[&76



��� ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

:5T��
�gi' Q"
 .4�T�2\ .4¦016�4w�,�����E2%0K6zi' =4!&76! 7e�0K��HJ =�
0\H ��6 � ��G
�(G
�(e;H]�����w0n�/$' .2\�>"30KU^HJ .�[B7���,��6!B
&("pHg��6�4!&1H]��6!Bt*hT�6�2\�,�[&76�Gtl�6¦q)B7T!"
 ��G ©Ki;e-0a�-&76|�E016�6¥H]��6)4!&@H ���501$�$)UD�[ .4 
h .�FT�0@�,�[&76 ��G � �3e
��6�2%U�T�4)��6!B|���! �% %"3&7��6!B}&7T!�,�
��4! z�,�! y2\&7�
�D6! y2\<F2%U� 7G ���! y�3��4! .U[&(i' .�n&(*Q���! y0KT!��&F2\&("3"
 .U�01���[&76
*9T�6)2\���[&76I0@"
 g6!&@H 01UD:L&7�/�^0@i)�
 .6��\e7i)T��M�,�! ]"3 .�/&7U�T!�,�[&76L���C��01U �  .4Li' .2%01T��
 ����� ]2\ .6���"30KU�$' .01kQ�)01�
4!&7T!i)U[ .4w��6ZH]�D4!��� 
�WXT!"`U�016)4! %"g0K6�4 �s2\bE&76!&7T�B7��e ������� � £M¢��'e �����(��2 �3GL���� 5H�"`��6!k+U[ .�g01�]�,�! 
 .4!B( .��&(*^�,�! ��/$' .2\�>"`T�: 0@"3 �01U��
&L"
 .4�T�2\ .4�G

� �>"30K4! \��&�r ���a�
�!&1H]6 ��6 ��G ©�2(eEH]�! %"3 Z�,�! zB( .6! %"`01U %A�E01:I:=��6!B�?JH]��6)4!&@H 
 ��G�� �oHg�[���

 ) �

!
���=����T)�/ .4�e+01��&(*d�� .6u01$�$)U��� .4I��&I¨�¤S¢\��4�01��0 
��F&7U�0K01��0K6�4 � 01T!"1e �����(� �3G

� ��� ��� � � 
�
�� � 
 � � � 
 � 	�� � 
 � 
 � 	���� ��� ��
 � 	�� � � � � 	-� � 

l�6¥0 �.��:pT!�,��e�0KU��/&t�/$' .2\��"30KU^HC .�[B7�N�,��6!Bt����01$�$)UD�[ .4�GL���! L"3 .01�/&76¥�����
��:I��U�01"P��&t�,��01�g*9&("v"30K6!B( 7e
H]�! %"
 L0n23���["3$w�D�P01$�$)UD�[ .4�G����� 5$)�)01�/ L���D�/�>&("3<t&(*#�,�! L"
 %$' .01�> .4Z$)T�UD�/ .�E012\�P01��0K6Z*d"3 .�NT! .6)2\<
:L&F4)T�U�01�> .4Z0 �.�D:5T!�,�w23����"
$;G����! %"3 %*d&("
 L0KU��/&c��6w0 �.�D:5T!�,�w0=HJ .�[B7�N����6�Bo*hT�6�2\�,�[&76Z���E0@$�$SU��[ .4s�>&
"
 .4�T�2\ n���� n�
�D4! .U[&(i' .��&(*��,�! c23���["3$;GtR�&("L¨�¤m¢���4�01��0Fe§&(*d�� .6¥���! nB( .6! %"30KU %A�P0K:=:=��6�B�?�H]��6)4!&@H

 ��G�� �JH]����� 
 ) �

!
���=�D��0@$�$SU��[ .4 
V£M¢��'e �����(��2 � WX01"
"301"30� %��01U�G[e �����(� �3G

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

l�6n�,�����#�
 .2\���[&76;eNHJ PH]��U�US��6 �  .�
���[B701�� ]�,�! P�
$m .2\��"30E&(*��,�! E�
��6!B7U� gU[&F&(kI2\&7:L$)U� \¡ 
�¢�� � �-��:=01B( .�J&(*
¨�¤S¢C016)4�"
 .U�01�> C���� C�/$' .2\��"301U7$�"
&($' %"
�,�[ .����&]�,�! #"30K4�01"M��:I0@B( 8$)"
&F2\ .�3�
��6!B�$S0@"30K:L %�� %"3�.eK4! .�
2\"3��im .4
��6t23�)0@$��� %"]©+G

�z cH]��U�U#4! .�
2\"3�[i' =�,�! n�/$' .2\�>"30a�D6yi'&(���|��:=01B( o2\&F&("34��D6�0@�� .�.e§"30K6!B( o0K6�4|0 �.�D:5T!�,��Gt�M&
��U�U�T��
�>"301�� ������D�.e�HJ QH]��U�U�T)�/ 5�,�! p4�0@�,0LHJ 5$)"
&F2\ .�3�/ .4�em4! .�
2\"3�[i' .4s��6����+G
�(GEl��]���P0L�/ .U[ .2\�,�[&76Z&(*
©�� �!� ��©�� �!�5$)�[¡F .U��#&(*;0 % �FT�01"
�> %"X�
2\ .6! 7?N&("��NT)014!"`016N�^&(*;016c¨�¤m¢���¢�� �n��:=01B( ]&(*§OE"
&76���6!B( .6n��6
���! vfg %�,�! %"3U�0K6�4��@GM���)������:=01B( ������
�!&1H]6t��6nqSB7T!"
 v�+G
�(G

R�&("��,�! Q�/$' .2\�>"3T): ��6s"30K6!B( 7e'0L*h01�/�]R�&7T!"3�[ %"E��"30K6��/*9&("3: 
 ���pG
� �]���g2%0KU�2%T�UD0@�� .4u*9&("E .012`�
"3016�B( =U���6! 7Gvl>*J���� Q�D:=0@B( =2\&7T)6��,� � $S��¡F .UD�P�D6w"3016�B( Q0K6�4�� U���6! .�E��6w0��.��:pT!���;e'HC =��0 �  	�
�/$' .2\�>"30QHg�[��� � *d"
 .�FT! .6�2\<t�301:L$SU[ .��	�
v .012`��G�l,6aqSB7T!"
 ��G �+em�,�! 5:=&F4�T)U�T��X&(*8�,�! 5�
$m .2\��"3T�:
& �  %"�� ) ©�� �!�Z"30K6!B( n$)��¡+ .U��5HJ0K�p��01k( .6|*d&("Q .0K23��&(*]�,�! �� ) ©�� �!�w0 �.�D:5T!�,�|U���6! .�.Gs���! 
�  %"
���D2%01U�0@¡+�D�L�
�!&@Hg�L���� t0 �.��:pT!�,��2\&N&("34)��6�01�> 7e#H]����U[ n�,�! a�!&("3�
�%&76N��0KU�0@¡+���L�3�!&@H]�Q�,�! a"30K6!B( 
*d"
 .�FT! .6�2\<7G

R�&("X�,�! P�
$m .2\��"3T�: ��6n0 �.��:pT!�,��e7�,�! � � �t���C2%0KU�2%T�UD0@�� .4=*9&("X .012`�n0��.��:pT!�,�oU��D6! 7G;l,6Iq)B7T!"
 
��G ��e)��6a0p�
��:=�DU�0@"XHX0\<t©�� �!�=0��.��:5T����a�/$' .2\��"30�& �  %"E©�� �!�I0 �.�D:5T!�,�aU���6� .�J01"
 v�3�!&@H]6;G

l,6o�,�! E"30K6!B( ��/$' .2\�>"`0NeFHJ E�
 % �����01�8�,�! E"30K6!B( ��
�[B76�0KUmi)016)4o�����3:=01UDU[ %"C�,��0K6n���! �4!&7:I01��6
&(*;�,�! ]B("301$)���§�,�! ]"`016!B( Pi)0K6�4!H]�D4!���L�D�C�
:I01U�U� %"#�,��016o�,�! P�301:L$SU���6!B�*9"
 .�FT! .6�2\<7G-�X�8�,�! P .4!B( .�.e
H�"3��6!k+U[ .�p0@$)$m .01"@G¥�+&7:L t�/$' .2\�>"`0t0@"3 �  %"3<¥i�"`�[B7���54�T! c�>&z0s���[B7��U[<¦i)0123kF�32%0@���> %"`��6!BZ&(i+j, .2\�\G
�gU��
&p��6I���� g0��.��:5T����o�/$' .2\�>"30P�,�! ]iS016�4�H]��4!�,�L���#�3:=01UDU[ %"#�,��0K6=�,�! g�
0K:L$)UD��6!B�*9"
 .�NT� .6�2\<7G �u&7�/�
�/�>"`�[kF�D6!BQ*d .01��T�"
 v�����,��01�C�,�! � .:=$��V<a�/$' .2\�>"30KU'i)0K6�4t���]6!&(��0@�X�,�! � .4!B( .� �C�,�! ��/$' .2\�>"`T�: ����6�&(�
2\ .6���"
 .4�G-l��,��U[&+2%0@�,�[&76a4! %$' .6�4��J&76u"3016�B( 7e!01��Hg��U�Umi' �4����
2%T��3�/ .4c��6c���� ��/ .�NT� .U�G

� ��������
 ��� 

� � � � � 	-� � 

l�65q)B7T!"3 ��G �P�,�! X01:L$SU��[�,T�4! -&(*)&76� C"30K6!B( ��/$' .2\��"3T�: 
h&76� XUD��6! #*9"
&7: q)B7T!"3 ��G �P*9&("-0�$)01"
���D2%T�U�01"
0 �.��:pT!�,�oUD��6! ��§�D�#$)U�&(�>�� .4�G§{C<o0 �  %"30@B7�D6!BQ& �  %" �.©��p�/$' .2\�>"`0NeN���� g�
��01$' ]&(*��,�! P"30K6!B( P�
$m .2\��"3T�:
im .2\&7:= .�]:L&("
 52%U[ .0@" � ���! �"3 .�
T�U[�,��6!BQ01:=$)U��[�,T�4! P�����
�!&1H]6t��6nq)B7T�"
 ��G��+G

� �[���� .�FT�01����&76�� 
V�5G
��� �Q016)4 
V�5G
�.� �pHC u01"
 t01i)U[ c��&¦4! %�� %"3:=��6! c�,�! c*d"3 .�NT! .6)2%�[ .� 	�




� � � � �d��� �5������� � �>��� � ��� �3� � � ��	��d��� �

]����
����§��
 �P� � ��� � � � ���

�CT)U��/ �F$' .2\��"3T�: �gT��>&+2\&("
"
 .U�01�,�[&76


V0 �


hi �


V2 �

0 500 1000 1500 2000
−1

0

1

Time

A
m

pl
itu

de

−100 −50 0 50 100
0

50

100

150

Range frequency
−200 0 200

−200

0

200

400

600

800

> <

Time difference

0 500 1000 1500 2000
−1

0

1

Time

A
m

pl
itu

de

−100 −50 0 50 100
0

50

100

150

Range frequency
−200 0 200

−200

0

200

400

600

800

> <

Time difference

0 500 1000 1500 2000
−1

0

1

Time

A
m

pl
itu

de

−100 −50 0 50 100
0

50

100

150

Range frequency
−200 0 200

−200

0

200

400

600

800

> <

Time difference

� ��� � ��� �5� � � 
 ��� � ��� �[� ��
�� � �
� � � ��� ��� 
 ��� � � �
	�
 �3� � � � � 
�	m����� � �d��� �
�

K�/�,���
��� ����� � ��
1	�� � ��� � � ���9��� � � ���V� �`�;	 � � � � �`�
� � � � ��
�� � ��� � 	§� � ����� � ���������1�,� � � � � � ���@�������(��� �`� � � �M� � � �%	��3�V����� ��� ��� 
�	,� � �V��� ��� �V��	�� � � �#� �	� �/�,��	��
� � � � � � � � �
��������� �.��
 �
� � � � ���#����� � 	,����� � � ��� �������/���
� ���������P� �	� �����

��]� � � �,	��D����� 	m����� � � ��
�� �`� 	��

 �	�
	��

 �X� � 
1	�� � ��
%��� 
 ��� � ��� � � � � � � � � 

�M��
	
 	��

����
	 ����� � ��� ��� 
 �5� ��� ���M� �	� �
� ����� � � � � ���@�������(��� �3� � � �#� � � �%	��`�V��� � ��� ��� 
P� � 
1	�� ��� 
v�,��� 
 �
	s���
� � � ���
���V��
���
 � � �
� � �8������� � � � ����
 � � � ���
�\��� �(�,	/� � �V� � � �J	,��
��D����� � �,�
� � ��� ��� � �	� ��� �

 	���� � � � � �D�����1� � � � ��� � � �
	�
 �

 � � � ��� ��	
��
 	 � �����
� � � �`��
1������� � �M��� � �

�� ��	��

 �	�
	 ����� � ��� ��� 
��5� � � � � � �V��� 	���� ��� � ��� � � �



� � ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

� ��� � ��� ��� ���;� � � � �V� � ��	�� ����

�`� � � � ��� � ����� � � �.�������`� � � �
� ����
��

�����
 �
������� �3� ��� � ��� � � ��

� � �§����
���� � � �,	��D� � � � ��	,��� 	 � �
� ���9����� �3�;�����N� ���
� � � � �
�

1��� � � � �
��� � �
��� � �1� ����� � � 	�
 
�	��
� � �,����� �
� ��� � � ��
1	�� ������� � 	,���
�
� �

�� � � � ��� �
� � ���

� � ��� � � �

����
 �`�§� ��� � � ��
1	��

� ��� � ��� ��� � �;� � � � �V� � ��	�� ����

�`� � � � ��� � ����� � � �.�������`� � � �
� ����
��

�����
 �
������� �3� ��� � ��� � � ��

� � �-� ���
� � � � � � �,	��D� � � ����	/��� 	 � �
� ���9����� �3�;�����7����
���� �
�

K��� � � � �
��� � �
��� � �1� ����� � � 	�
 
�	��
� � �,����� �
� ��� � � ��
1	�� � �`��������
��h���
�
� �

 � � �
� ���	�	� �$�

� � ��� � � �
� ����� � ��
1	��

����
 �`�



� � � � �d��� �5������� � �>��� � ��� �3� � � ��	��d��� �

]����
����§��
 �P� � ��� � � � � �

016�4s016)6!&(��01�� ����� 50@¡+���@GJ�]�! � \¡+�> .6N��&(*-�,�! v4!&7:=0K��6a&(*#���! v"3016�B( 5�/$' .2\��"3T�: ���]���� v�
0K:L$)U���6�B
*d"
 .�FT! .6�2\< 
h .�FT�0@�,�[&76t�pG�� �3e�Hg����23�a�D�X*d&("]¨)¤S¢ 
V£M¢��'e �����(�Ki � OP .T�4���6! %"1e �����(� �3G

��� ) ���
!
��� �s� �

!

 ��G
�%� �

�g�IHC u�
 % u��6|q)B7T!"3 ��G��+eC�,�! t0K2\��T)01UXi)0K6�4!Hg��4!�,�¦&(*E�,�! a"30K6!B( t�
�[B76�0KU 
 � 
 �Z*9&("="30K6!B( ��5���
�
U��[B7�N��U�<sU[ .�
�@G=���! ="`016!B( =�3�[B76�0KU-��01��im % .6y& �  %"3�
0K:L$)U� .4�GI���)���Ei)0K6�4!H]��4����Z���E .�FT�� � 01U[ .6N�P�>&
���! vi)016)4!H]��4!�,�o&(*§�,�! v2`���["
$Me!T��/ .4a��&=&(i��,01�D6a���� �"
 .�/&7U�T!�,�[&76a��6t"3016�B( 7e�01�g4! .�
2\"3��im .4a�D6��E©+G ©
016�4t .�NT�01�,�[&76 
�©+G
��� �3G#R)&("g¨�¤S¢E�����D������
V£M¢��'e �����(�Ki �


 � ) 	 � ) �.�
!
�(� �s� �

!

 ��G
��� �

�z Q�/ % 5�,��01������ 5�/$' .2\��"3T�: "
 .�
 .:vi)U� .�]�,��01��&(*-���! p�
��:pT�U�01����&76a4! %$)��2\�� .4s�D6aq)B7T!"3 ��G ©�2

h \¡+2\ %$��o*d&("n�,�! s4���$�01"
&7T�6�4 � ) �¦4)T! u��&¥�,�! ZU[&@HJ .�/�=*9"
 .�FT! .6�2%�[ .�oi' .��6!B¦01i)�/ .6N� �3G ���! 
T�6�HX0K6��� .4z \r' .2\���v&(*J�,�! =2`���["
$' .4Z"30K6!B( I�
�[B76)01U^4! .�
2\"`�[i' .4Z�D6�� ��G
�(G © Ds�,�! =�
�D4! .U[&(i' .�E&(*C�,�! 
01T!��&+2\&("
"
 .U�01����&765*hT�6�2\�,�[&76p016)4Q���! XH�"`��6!k+U[ .�M01�;�,�! X .4!B( .�-&(*m�,�! ��/$' .2\�>"3T):te��
�!&@Hg6L��6Q��65q)B7T!"
 
��G ©�0�Dn0@"3 �"
 .4�T�2\ .4ciF<c���! �01$�$)UD��2%0@�,�[&76o&(*§0pHJ .�[B7�N����6�Bp*hT�6�2\�,�[&76�G

R�&("P���� �YCT!"3&($m .0K6c~# .:=&(�> L�F .6��
��6�B=�
0@�� .U�U����> .��¨�¤m¢(e!�,�! �H]�D6�4!&@Hg��6!BQ*9T)6�2\����&76tT��/ .4a*9&("
���! 5$�"
&+2\ .�
�
��6�Bo��6u"3016�B( 54��["3 .2\���[&76u���]&(*9�� .6s2`�!&7�/ .6Z�>&oi' v�,�! vB( .6! %"`01UM�P0K:=:=�D6!B=H]��6)4!&@H &(*
 .�NT�01�,�[&76 
 ��G�� �CHg�[��� 
��F&7UD010K��0K6�4 � 0KT!"@e �����(� � OP .T�4!�,6! %"@e �����(� �


 ) �
!
���
!


 ��G
�.© �

���! E0@$�$SU��[ .4LHJ .�[B7�N����6�B�*9T)6�2\����&76I���C"
 %*9 %"
"
 .4o�>&Q01�C�E01:=:I��6!B�e�0KU[�,�!&7T!B7�o�[�8���J6!&(�-���� ]&("3�[B7�D6�01U
�P0K:=:=��6�BsH]�D6�4!&@H &(*� .�FT�01���[&76 
 ��G�� �3G¥���! nH]��4!�,�y&(*g���! n�E01:=:I��6!Bs2\&7�3��6! c���.e-0K�QH]��U�U-i' 
2%U[ .0@"]*d"
&7: � ��G
�(G
�(e��,�! �i)0K6�4!H]�D4!���o&(*§���! v"3016�B( �4�0@�,0 
 �1G

� �[���c�,�����@eN�,�! �0K:L$)U�����T�4� g��"30K6��/*9 %"�*9T�6)2\���[&76n*9&("]�,�! �"30K6!B( �4�01��05&(*^¨�¤S¢��D��
�OP .T�4!�,6! %"@e
�����(�����

� 
�������) �7�
!
��� � �

!
©(�^2\&7� ©������
 � 	 
 � ���
 � 	 
 ��G
�.� �

�������X��"30K6��/*9 %"�*9T�6)2\���[&76c���]�
�!&@Hg6t��6nq)B7T!"3 ��G��I01�����! ��3:L&N&(�,�tU��D6! g�,�!"
&7T�B7�a���� �4�0@�,0FG
l,6o�/&7:= E¨)¤S¢g"30K6!B( P�
$m .2\��"30EDIU��[k( P�,�! g&76� .�X$)U[&(���> .4oiN<cOP .T�4!�,6! %"�
 �����(� �C0K6�4o�
&7:L E&(*

���! P4�01��0PHJ g$�"3&F2\ .�
�
 .4 Dp�,�! P012\�,T�0KU)4�01��0E�
��&@H�0��3���[*9�MH]�����L"3 .�/$' .2\�-�>& �% %"
&���*d"3 .�NT! .6)2\<7G8�������
���50n"
 .�3T�U[�E&(*����� o�
�FT���6N�P0K6!B7U[ o&(*����� I016N�� .6�6�0FeM2%0KT��
��6�Bu0a:L&+4�T�U�01����&76w&(*����! n23����"
$;Gc���! 
 \rm .2\�����]U�0@"3B( %"�*d&("g¤�£ !�£�¤S¢.£
�t�,��0K6c*d&("P¨�¤S¢7e+im .2%0KT��/ �&(*-�[�,��U�01"
B( %"]�
�FT���6N�C0K6!B7U[ .�@G8�P&@HJ �  %"@e
���! v \rm .2\�X&76a"30K6!B( EqSU��> %"3�D6!Bp�D��6! %B7U��[B7��i)U[ 
�OP .T�4!�,6! %"� %�X01U�G[e ������� �3G

� � 
P��� � ��� ����
 � ��� �'��
 � ��� � ��� � � ��
 � � � � � 
1��� � �
��� ��� � � � 	����	� � �3� � � �-	�� � �

K� �`� � � � 	'����� � � �

��C� � 
1	�� ����
 ���
�9�
����
 � � �(�-��� � ��� � � � � �M����
���� ����� � �
�

��C� ��� � � ��
1	�� �

�� �9�/��� �`� � � �^����
 �`���K��
���	�� � � � �



�!� ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

Amplitude

–8 –6 –4 –2 0 2 4 6 8
Range frequency (MHz)

Rangespectrum of one rangeline

� ��� � ��� ��� � � � �-��� � �
�
� � �@� �`� � � � � � �,	��D� � � �`� � 
1�§����
 �`� �
�

K�$�

0

1000

2000

3000

4000

5000

6000

7000

Amplitude

–8 –6 –4 –2 0 2 4 6 8
Range frequency (MHz)

Rangespectrum averaged over 128 rangelines

� ��� � ������� � � � �P��� � ���
� � �@� �3� � � �E� �\�������`� �3� � � ��� � �,	��D��� �`����� ������
���� ���

1��� � � � �]�����d��
�� �3� � � � ���������

 �`� � � �
�`��� � � ��� � � � ����� � �
�

 �E� ����� � ��
K	 � �

Q����
�����
�� � � � ��� � ��� � �$� � � � ����
���	���� � � �3��� � ������
 �`� � � ��
���� � � � � � � ��� � �
� � �$��� � � � � �,	��D� � � � � 	'� � � � �9��� 	��
� � � � �§��� � �

 � �F� � 
1	�� � ��
 	��
� � � � ��� �����

 �`���@��� � �E����� � 	,� � � � � ���1� � � �(��� �`�
� � ��� � � �%	��`�V����� ��� ����
v� � 
1	�� ��� 
p��
�� � � ��	����

 ��� ���^��� � � �X�����`����
N� � �@���V	���� �(��� ��
�� ��� ��� ��� � � � � � ���`����� � 	/��� � � � � � �`� � � �
� � �,	 �d� � � ��� � � ��� � ��
 ��� ��� � ��� � � � 	�
P��� � � � � � ��� � � �
�

K�$�



� � � � �d��� �5������� � �>��� � ��� �3� � � ��	��d��� �

]����
����§��
 �P� � ��� � � � �!�

0

Amplitude

–800 –600 –400 –200 0 200 400 600 800
Azimuth frequency (Hz)

Azimuthspectrum averaged over 128 azimuthlines

� ��� � ��� ��� � � � ����� � �
�
� � �@� �`� � � ��� �\�������`� �3� � � � � � ��	��d��� �3����� �P� ���
� � � � �
�

1��� � � � �C�����d��
�� �3� � � � �	� �X���

 �`� � � �
�`��� � � ��� � � � ����� � �
�

 ��� ��� � � ��
1	�� �

v� ���
� � � � 
 � � � � � ���V�-��� � � � �
� � ��
�� ����� � ��
1	�� 
 � ,�� � � �#��� � �-� �3� ������� � � �C� ���
� � � �
�K��
���	�� � � � ��� �3���d��
]	 � � �V� 
 � � �(�(� � � � ��� � � ��� � � � � � �,	 �d� � � � � �
	 �'� � � � �,����� � �

 � �'	/�,���	�

K������� � � � � � � � �^��
��d��
�
K�
� ��� �d����
���
������ 	'����� � �9��� 	��
� � ��� �M��� � �

�� �@� � 
K	 � ��� 
 	��
� � � � ��� � � �

 �3���1�>� � �C����� � 	,� � � � � � �@�������������`� � � � �;��
��d��
�
K�
� ��� �d����
 
�� � �@���V	���� �(��� �

 � �5� �$� ��� � � � � � ��	��d� � � ��� � � � ���d��� 	��
� � � � � 	 � �	� � ����	,� 
��d����� � 
 	 � � 	 � � �
�������X� ����� �,����� �
� ��� � � ��
1	�� � � � � � � � � � � � �

�����
 ��� � �`� � � �8��
��d��
�
K�9� � � � � � ���3����� � 	,��� � � � � � �`� � � � � � �,	��D� � � � ��� � ��� ��� 
 ��� � � � ��� � � �
	�

��� � � � � � ��� � � �
�

K�$�
� ������� ��� ��
 � 	 � � � ��� 	�� � 


R�&("� .0K23�c"30K6!B( EU���6! 7eN0�23����"
$' .4I$)T)U��/ g�D�# .:=���>�� .4�G^�]*9�� %"J�,�! E�
01�> .U�UD�[�> P��0K�C:L& �  .4t��6n�[�,�#&("
iS�[��e
���! P6! \¡+�-$)T�U��/ ��D�8 .:=�[���� .4�GM� 2\&7:=$)U[ %�� ]"30K6!B( gUD��6! ��,�NT��C���#0K2%�FT��["
 .4o��6L�,�! g�
0K:L g����:= ]01�C&76! 
0 �.��:pT!�,�=$)�[¡F .U!&(*M016o0 �.��:pT!�,�IU��D6! 7GM�]�! ��,��:L g�32%01U[ ]*d&("J"30K6!B( g���#���� %"
 %*d&("3 ]&(*9�> .6o"
 %*9 %"
 .4I��&50K�
A\�K�\�#�2? C=�X016)4I*9&("�0 �.��:pT!�,�t�)��� " �2? CL�.eFH]����2`�o���X��UDU�T��/��"301�> .4LiF<=�,�! P*d"
 .�FT! .6�2\<I&("34! %"3�J&(*��,�! .�["
"
 .�/$' .2\��� �  ��
01:=$)U���6!Bp*9"
 .�NT� .6�2%�[ .�.G

���! X�
0K:L$)U��D6!Bg��6Q0��.��:pT!���Q���^$' %"
*9&("3:L .45iF<5�,�! �23����"
$' .4v$)T)U��/ .�.e��/&��,�! C�m�D� �.�g�,���!�%�2?9�2?9�7�
A��/� �@�!�.�)�.���D�X���! ��301:L$SU���6!Bp*d"3 .�NT! .6)2\<n��6a0��.��:pT!�,��e

��� 	 �
�

* ��� � )!) �
, � � � ������� � 
 ��G
� � �

*d&("-¨�¤S¢ 
h�,�! %&("
 %�,��2%01UDU[<7e@�,�! J��6��/��"3T�:L .6N�'���;01i)U[ 8��&E�
01:=$)U[ 8H]����� � ���7�
! ! !

� ��©��P� ��� 
V¨S¢.£8e ������� �3G
�+��:=��UD0@"L��&¦"30K6!B( 7eX�,�! u0��.��:pT!����4�01��0w���=�3U��[B7�N��U[<|& �  %"`�
01:=$)U[ .4�eX"
 .�3T�U[�,��6!Bz��6}�,�! a�'���.�����`�%� >
�
�(� > "�? >(�9� 
 �P�>&Qi' P�3:=01UDU[ %"C�,��0K6I�,�! P$)T�U��
 g"
 %$' %�,�[�,�[&76=*9"
 .�FT! .6�2\<7G^l,6o�,�! v¢%£;¤I$�"3&F2\ .�
�3��6!BQ�[�
����&(*9�> .6t2`�!&7�/ .6u�>&=i' 
 � � �.������� �

!

 ��G
�.� �

l,6tq)B7T�"
 ��G��Fe����! Q0 �  %"301B( =01:=$)U��[�,T�4! �&(*C���! Q�/$' .2\��"30L&(* �.©��c0��.��:pT!���ZU���6� .�g���P�
�!&1H]6�G
���! I .:=$��V<w"
 %B7�[&76¦�3�!&@H]�5�,�! =& �  %"`�
01:=$)U���6!Buim .2%0KT��/ 
 �,& �
,��
Gc�P�54! .�32\"3�[i' .4z��6	� ��G
�(G �+e
���! =�3��4! .U[&(i' .�P&(*C�,�! =�
�FT�01"
 .4w�
��6FT���2%01"34���6�0KU����]&(*C�,�! =0K6��� .6�6�0I$)01�>�� %"36w0@"3 L"
 .4�T�2\ .4wiF<s�,�! 
0@$�$SU���2%01���[&76Q&(*M0EHC .�[B7�N�,��6!B�*hT�6�2\�,�[&76�GMR�&("X���� ]YCT�"
&($' .016I~# .:L&(�� E�F .6)�
��6!Bv�30@�� .U�U��[�� .�8¨�¤m¢(e7�,�! 



��� ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���

ERS-1 orbit

8040

8541

21410

22913

24416

24917

400

420

440

460

480

500
D

op
pl

er
 c

en
tr

oi
d 

fr
eq

ue
nc

y 
(H

z)

500 1000 1500 2000
Range pixel

Doppler centroid range dependence

� ��� � ��� �5� � � � � 	 � �	� � ����	,� 
��d����� �8� ��� � � ��
1	�� �@� � ��
��	� ��
J����
�����
 � �,��� �
� � � � � � � � ���1� � ��
 �@��
1	,� �3� � � ��� � �V�[�/	,� �������%	��
� �
	���� � ��
K��
����

 � � � �
��
1� �3� � � � � � � 
 � � � ��
1	����@��
K	��C��
�� � �$� � � � 	�
v�,��� � � � 	 � �	� � �>�^	,��
��D��� ���	� �@���d����� �

1��� �

�	 � � � �d��� �
� �3��� �����X� � � ��� �

�� � � ����� �2� �`� �	�
� � �

HC .�[B7�N�,��6!Bp*9T�6)2\���[&76o&(*9�> .6aT��
 .4o*9&("X���� E4)0@�,0E$�"
&+2\ .�
�
��6�Bp��6n0��.��:5T����n4��["
 .2\�,�[&76n����DI�
��:=��UD0@"C�>&
����01����6y"`016!B( Dw�,�! =B( .6! %"`01U#�P0K:=:=��6�BtH]��6�4�&@H &(*� .�FT�01���[&76 
 ��G�� �PHg�[��� 
 ) �

!
��� 
��F&7U�0K01�

016�4 � 0KT!"@e	�����(� � OP .T�4!�,6! %"@e	�����(� �3Gg���� vH]��4����c&(*8�,�! ��E0K:=:=��6!Bo2\&7�
��6! p���.e)0K�P4����
2%T��3�/ .4t��6
� ��G
�(G
�(e)�,�! �i)0K6�4!Hg��4!�,�=&(*^���� �0 �.��:pT!�,�a4�01��0 
 � G

� �[���t�����D�.e!�,�! ��,�! %&("
 %�,��2%01U;�
��01$m �&(*-�,�! v0K:L$)UD�[��T)4! E�>"30K6��/*9 %"�*hT�6�2\�,�[&76c&(*-�,�! v0��.��:5T����
�/$' .2\�>"3T): &(*^¨)¤S¢E4�01��0p���

� 
�� � ��) � �
!
��� � �

!
©(�^2\&7� ©�� 
�� � % ��� ' �
 � 	 � �
��6)2 � � % ��� '��� � , 	 � 
 � � � % ��� '
 � 	 ! 
 ��G
� � �

H]�[�,�u�
��6)2�$ )��
��6%��$ � 
 ��$ �X0K6�4���� � , � �.���7�o� �7em0QbE&($�$SU[ %"giS016�4�H]��4!�,�c$)01"301:= %�> %"g"
 .U�01�> .4
�>&w�,�! oi' .0K: 0K6!B7U[ n&(*]�,�! n016N�> .6)6�0a$)01�>�� %"36 
�OP .T�4!�,6! %"@e �����(� �3G¦�������5�>"`016��
*d %"5*9T�6)2\���[&76|���
�
�!&@Hg6t��6nq)B7T!"3 ��G��L0K������ ��
:L&F&(���aU��D6! E���!"3&7T!B7�c���� �4�0@�,0FG

���! Q�
����*d�&��� 'g&(*#�,�! L2\ .6���"
&7��4w&(*C���� Q0��.��:pT!�,�Z�
$m .2\��"3T�: ���E��"
 .01�> .4w��6Z�,�! L6! \¡F�P�
T!i!�
�/ .2\����&76�GEl>*8���]���PU�0@"3B( 5 .6!&7T�B7��em�����D�]�
����*d��2%0KT��/ .�P�,�! p�
$m .2\��"3T�: �>&c*9&7U�4s�>&c�,�! 5&(�,�! %"��
��4� ���0
"
 %$)U���2%0v&(*^���! ��
$m .2\��"3T�: i' .2\&7:L .� � ���3�[i)U[ 7eF01�]4! .�
2\"3�[i' .4c��6��g�pG ©L0K6�4 � ���
�[iSU[ g��6aq)B7T!"
 ��G��FG

� ��������� 
 � ��� ��� � � � � 	 
 ��	���� ��� ��
 � 	�� � � � � 	-� � 
 �����
� � � ��� � ������� 
��+� ����
 �
l�6Z .�FT�0@�,�[&76 
 ��G
� � �3e����� p2\ .6N�>"3&7��4u&(*#���! p0 �.�D:5T!�,�Z�/$' .2\�>"3T): ���P�
���[*9�� .4t*9"
&7: �% %"3&���*d"
 .�FT! .6�2\<
H]�[�,� ��� '�e#���! #p�`�����[�.�u�`�.���V�,�'? >t&(*g�,�! ai' .0K:tG|l�6 �o©+G �wHX0K�L \¡F$SU�01�D6! .4|����01�v�,�! � 0@"
<+��6!B
$)U�01�>*9&("3: �  .U[&+2%�[�V< 2\&7:L$'&76! .6��,�t��6 �,�! yU��D6! w&(*p�
��B7���n*d&("s4���r' %"
 .6��o$)01"
���c&(*Q�,�! z*9&N&(��$�"3��6N�

9q)B7T!"
 5©+G � �J2%01T��
 ����� �i)0123kF�32%0@���> %"]�>&I�)0 �  v0 � 01"
<F�D6!BQbP&($)$)U[ %"]�
�)�[*d�\G

	 6! wHJ&7T�U�4  \¡+$' .2\�o�,�! zbE&($�$)U[ %"t�3���[*9�I&(*pi)0123kF�32%0@���> %"u&("3�[B7��6�01�,��6!B|*d"
&7: 0|U[&+2%0@�,�[&76
$m %"3$m .6)4���2%T�U�01"���&o�,�! �S�[B7�N��4��["
 .2\�,�[&76u0K�P�/ % .6Z*d"
&7: �,�! Q�
0@�� .U�U����> ���&nim �% %"
&�e'i' .2%01T)�/ v�,�! %"
 



� � � � �d��� �5������� � �>��� � ��� �3� � � ��	��d��� �

]����
����§��
 �P� � ��� � � � ���

���g6�&n2\&7:L$'&76! .6N��&(*8�,�! v$SU�0@��*9&("3: �  .U[&+2%�[�V<u�D6t�,�! 5U��D6! �&(*#�
��B7���\G]{J .2%0KT��/ Q���� 5�
T!"3*90K2\ 5��0K�P0
�  .U[&F2%���V<w4)T! L�>&u���! L"3&(��01����&76z&(*X���! L .01"
�,��e��,���������v6!&(�E���! =2%0K�/ 7Go���! =0K6��� .6�6�0o&(*�¨�¤S¢Q���v0
$)��0K�/ .4501"
"30\<��,��01��2%016pi' C�
�> % %"
 .4p .U[ .2\��"
&76��D2%01U�U�<g��&P2\&7:=$m .6)�
0@�� J*d&("§���)���� \r' .2\��G^�P&@HJ �  %"@e(�,�! 
6! %�'"
 .�
T�U[�m&(*!�,�! #0K6!B7U[ 8�,�! #0K6��� .6�6�0Ci' .01: :=0@k( .�MH]�[�,��"
 .�
$m .2\�m��&]�,�! #4��["3 .2\���[&76E$' %"
$' .6�4)��2%T�U�01"
�>&s���! �S�[B7�N�E4)�["
 .2\�,�[&76�e��,�! o�D6�2%U���6�01�,�[&76u&(*��,�! =&("3i)�[�E016�4¦���� ="
&(�,0@�,�[&76z&(*��,�! = .01"
�,�¦2%0KT��/ .�
���! s0 �.��:pT!�,�}�/$' .2\�>"`T�: �>&¦�3�!&@H 0w�
�)�[*d�v����01�Q4! %$' .6�4��p&76x�,�! aB( %&(B("301$)����2aUD0@�,�[�,T�4! 7G��������
2\ .6���"30KU�*9"
 .�NT� .6�2\< � � ' �D�=2%01UDU[ .4}�,�! #p�`�7�����%�Z�`�%�)�V���'? >(G ���� t016!B7U� ti' %�VHC % .6 ���! s016N�> .6)6�0
$m&7�D6��,��6!Ba4��["3 .2\���[&76z0K6�4w�,�! �% %"
&���bE&($�$SU[ %"54���"
 .2\����&76z����2%01UDU[ .4z�,�! c� �@��?9���P�(������� 
�WXT!"3UD016�4� %"
016�4 �s2\bE&76!&7T!B7�;e�������� � YJ�/�� %i)016c %�X0KU�G[e ������� �3G

�P�J�D�C�
��&@H]6c��6Iq)B7T!"
 .� ��G �=0K6�4 ��G��+e+�,�! PbE&($�$)U[ %"X2\ .6���"
&7��4c4! %$' .6�4)�8&76n"30K6!B( 7G-�������J���
:=01�D6�U[<52%0KT��/ .4IiN<Q�,�! � 0@"`��0@�,�[&76Q&(*��,�! ]��6)2%��4! .6�2\ �0K6!B7U[ �& �  %"J�,�! �"`016!B( ]H]�[�,����6p���� �*d&F&(��$�"3��6N��G
{C .2%0KT��/ w�,�! s�3�NT��D6��Q016�B7U[ s���n6!&(�L .�FT�0KU���& �% %"
&�e����! Z�
T!"
*h0K2\ �  .U[&+2%�[�V<x2\&7:L$'&76! .6N�=��6x�,�! 
4��["
 .2\�,�[&76n&(*;�,�! �U���6! g&(*§�3�[B7���C4! %$' .6�4��C&76a���� P��6)2%��4! .6�2\ E016�B7U[ 
h�P0K6��
�/ .6;e+©��(�(��i � WXT!"3UD016�4� %"
016�4 �s2\bE&76!&7T!B7�;e�������� �3G

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

l�6 �C©+G ©EHX0K�8�
�!&1H]6Q���)0@���,�! �"30K6!B( X"
 .�/&7UDT!����&76p�D�^$�"
&($'&("
�,�[&76�0KU7��&����! Xi)0K6�4!Hg��4!�,��&(*m���! �2`���["
$

h .�NT�01�,�[&76s©+G
��� �3GJl,6u0��.��:5T�����e+�,�! �"
 .�
&7U�T!�,�[&76a����$)"
&($'&("
����&76�01US��&I�,�! �bE&($�$)U[ %"gi)016)4!H]��4!�,�o&(*
���! L�
��B76�01U 
 �v©+G � �3Gv���! p0@$)$)U���2%01����&76t&(*#0LHJ .�[B7�N���D6!Bo*hT�6�2\�,�[&76s�>&n�,�! p�
$m .2\��"3T�: "
 .4�T)2\ .�g�,�! 
�
��4! .U[&(i' .�'&(*!�,�! 80KT!�>&+2\&("
"
 .UD0@�,�[&76E*hT�6�2\�,�[&76���6�"30K6!B( 
 �	��G
�(G © ��0K6�4E�,�! #�
�D4! .U[&(i' .�'&(*+���! C016N�> .6)6�0
$)0@���� %"36t��6t0��.��:pT!�,� 
 � ��G
�(G � �3G��P&@HJ �  %"@e'01$�$)U���2%01�,�[&76n&(*805HJ .�[B7�N���D6!B=*hT�6�2\�,�[&76ci�"
&70K4! .6����,�! 
:=01�D6�U[&(i' 7e(01�8HC ]0KU["
 .0K4!<Q�
�!&1HC .4o��6 � ��G
�(G ©+G8���� %"
 %*d&("3 ����! ]"
 .�/&7U�T!�,�[&76L4! .2\"3 .01�/ .� 
�WXT!"3UD016�4� %"
016�4 �Z2\bE&76!&7T!B7��e�������� �3G 	 ���� %"§$)"
&F2\ .�3�/ .�§����01��"
 .4)T�2\ C�,�! Xi)0K6�4!H]�D4!�����)0 �  ����! X�
0K:L X \rm .2\�\e
U��[k( ��,�! ��/$' .2\�>"`01UmqSU��> %"3�D6!B�e���"
 .01�> .4u��6a23��01$��� %"g�+G



�(© ��� �,	��D����� ���
�d�����

 �J��
�� ������������� � ���

��#���`�������1�/� ��
��d���V� ����� �J���d���



� � � � �9�>� � ��� �
�
�d�����

 � �

P� ���
� � � � ��
 ������
 �`� �(�

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

���! �"$#&%(')"$*�+$ �,.-/%0+1,2'3 �-)*�465748 9,.-:#;�=<>#;��-)*��=<?,@*��$AB*�C2#;DFE= G"IH@#;4;4KJ1,�A$#;%)'.E$%L%0,2A	MN G"=,@D!*�#;�!%LE=JKO0,2'3 P?Q  G"$#;%R-L,2%0,2*�-)')"	SUT�"$,V5W4; 9,.-)#&�=<�H@#;4&4XJ1,/ �,2%0 �,2AI*��$AI#8 G%R �"=, P -)YZH@#;4;4[J1,\#;4&4;E$%0 �-)*� 9,2A>H]#8 �"^ �"$,_A`*a G*A=,2%L'3-)#8J1,2Ab#;��c�dKS8e?SV�G��cfdKShg� G"=,Z�=,.,2A QiP -�5748 9,.-:#;�=<I#;�b G"=,Z%0+1,2'3 9-:*�4jA P D!*�#;�k#;%�%L" P H/,2AlM=J P  �"QmP -n �"=,B*�C2#;DFE= G"�*��$Ao-)*��$<?,BA$#8-L,2'3 G# P �	SF�G� P -)A=,.-Z P OLE$A=<?,� G"=,�-L,2%LE`48 �% P?Q_P E=-^,3p6+1,.-)#;DB,2�[ G*�4H P -Lq1MN G"=,/ G"=, P -L,. G#;'.*�4r#&D�+$- P�s ,2D�,2�[ l �"$*� 	'.*��nJ1,\*�':"$#8, s ,2AFH@#8 G">5W4; 9,.-)#&�=<@#;%tA$#;%L'.E`%L%0,2A^#&�BcudKShvKSw Q  9,.-� G"$#;%aMr%0+1,2'3 �-)*�4$5W4; 9,.-)#&�=<n#;�x*�C2#;DnE$ �"x#;%_A$#;%L'.E`%L%0,2A	M[5`-)%0 ( G"=,>D�,. G" P Ay P 5W48 �,.- 
 c]dKS z � *��$A �"=,2�k#8 �%�#&D�+`48,2D�,2�r G*a G# P � 
 c�dKShd � SVT@"=,ZD�,. G" P A{ P 5W4; 9,.-�#;�{-:*��=<?,Z#&%� 9-),2*a �,2Ab#;��c�dKSh|!*��$Ab#; �%#;D�+`48,2DB,2�[ G*a G# P �B#&�bc�dKSh}KM6* Q  9,.-/5W48 �,.-)#;�=<Z#&�B-)*��=<?,f"$*�%VJ1,.,2�yA=,2D P �$%0 �-)*a �,2ABH]#8 �"y*>%L#;DFE$4;*� �# P �#;�~c]dKS��6ST�"=,x-L,2%LE`48 �% P?Q  �"=,b%0+1,2'3 �-)*�4V5748 9,.-:#;�=< P �� G"=,{ �,2%0 n#;D!*a<?,2%IH@#; �" P E=-B#;D�+W48,2D�,2�r �*� �# P �*a-L,I+$-),2%0,2�[ �,2A~#;��cZdKSh�KS w Q  9,.-> G"$#;%aM` G"=,I�=,.,2A QmP ->%0+1,2'3 �-)*�4l5W48 �,.-)#;�$<!#;%fA$#;%L'.E`%L%0,2A QmP ->%0, s ,.-)*�4+`4;*� QiP -)DB%R#;��cudKS8e.�=S(T�"$#;%l')"$*�+$ �,.-t#;%t' P �$'.4;E`A=,2AZH@#; �"n*�A$#;%L'.E$%)%L# P � P �F G"=,/4 P '.*� �# P � P?Q %0+1,2'3 �-)*�45W48 �,.-)#;�=<�#;�{ G"=,Z#;�r 9,.- Q ,.- P DB,. 9-)#&']+`- P '3,2%)%L#;�=<�#;��c]dKS8e?e?S
���0� ���	�[���>�K�t���3�/���R���F�l�1�0���R���6�b�l�>���0�0�0�>�6�X�1�	�[�0�\�>�

T�"=,> G"=, P -LY P?Q %0+1,2'3 �-)*�4`5748 9,.-:#;�=< 
  �"$#&%�')"$*�+$ �,.- � *��`A{ �"=,>+`- P +1,.-L �#;,2% P?Q %0+1,2'3 �-)*^#;�{-:*��=<?,Z*��$A*aC2#;DFE= G" 
 ')"$*�+$ �,.-(z � *a-),_#&4;4;E$%0 �-)*� 9,2A^H@#8 G"F �"=,�A$*� G*� �"`*a RH/,.-L,�*�4;% P E$%L,2An P  �,2%0 l G"=,�A=, s ,24 P +1,2A#;D�+`48,2DB,2�[ G*a G# P � P?Q %0+1,2'3 9-:*�4/5W48 �,.-)#;�$<$S�T@"=,�A$*� �*�"$*�A� P J1,�%LE`#8 �*�J`48,y P  9,2%0 F G"=,k%0+1,2'3 �-)*�45W48 �,.-)#;�=<$�R �"$,f#&� � E=,2�$'3, P?Q % P E=-)'3,2% P?Q A$,2' P -L-L,24;*� �# P � P  G"=,.-� G"$*��y G"=,f<?, P D�,. �-)#;'fA=,2' P -L-),24;*a G# P �"$*�AB P J1,�%LD!*�4;4�SlT�"=,]*a-L,2*�"$*�A� P J1, � *a 3M?J1,2'.*�E$%0,� G"=,2�� G"=,@#;� � E=,2�$'3, P?Q  P + P <?-)*�+`"rY P �� G"=,Q -)#&�=<?, Q -L,2 rE$,2�$'3Y~H P E$4&A�J1,!�=,.<X4;#8<X#;J`48, QiP -^-)*��=<?,�5W4; 9,.-)#&�=<�*��`A� �"$,!#;� � E$,2�$'3, P �¡' P "$,.-L,2�$'3,,2%0 �#&DB*a G# P �~H P E$4;A�J1,B�=,.<X4&#8<X#8J`48,�*�%ZH\,24;4¢SBT@"=,� 9,2DB+ P -:*�4uA$,2' P -L-L,24;*� �# P ��%L" P E$4;A~J1,B*�%^%LD!*�4;4*�%@+ P %)%L#8J`48,�*��`Ab �"$,.-L, QmP -),Z#;DB*�<?,2% P?Qt£`¤W¥§¦ e>*��$A £$¤W¥3¦ g�#;�{ G*��`A=,2D©¨!H@#8 G"b*��k#;�[ �,.- s *�4 P?QUP �=,A$*3Y�¨�"$* s ,BJ1,.,2�oE$%0,2AlS�ª/,2'.*�E$%0,! �"=,2%L,B �*��$A=,2D«+W*�#8-:%�%)" P H¬-),24;*a G# s ,248Y�%L" P -L �J`*�%0,24;#;�$,2%�*��$A �"6E$%�*�-L,Z� P  \%LE$#8 G*aJW48,] P A=,2D P �`%0 9-:*a �,>"$#8<X"{J`*�%0,24;#;�$,�A=,2' P -)-L,24;*� �# P �b*��$Ax-)*��=<?,f5W48 �,.-)#;�$<$Mr*�4;% P£$¤W¥§¦ e!#;DB*�<?,B+`*�#8-)%fH@#8 G"�*���#;�r 9,.- s *�4 P?Q_P �=,yD P �r G"o"$*�A� P J7,yE$%0,2A	MlH@"$#;':"�%L" P H�*{"$#8<X"=,.- 9,2D�+ P -)*�4jA=,2' P -L-),24;*a G# P �	ST�"=,\%0,248,2'3 �,2An#&DB*a<?,2%RH\,.-L, P?Q  �"=,/+$- P�s #;�`'3, P?QW­ - P �`#;�=<?,2�F#;�Z G"=,V®�,. G"=,.-)4;*��$A$%2S	���Z5`<XE=-L,dKS8e?MU �"=,y*�D�+W4;#8 GE$A=,I#;DB*�<?, P?Q *�� £$¤W¥3¦�¥.¯6° #;D!*a<?, P?Q]­ - P �$#;�=<?,2�¡#;%Z%L" P H@�	Sx�� >#;%Z*~±h 6E$*a-) 9,.-%L'3,2�=,X² P -F 6E$*�A=-)*��[ P?Q  �"=, Q E`4;4 ¦ %L#8C.,�#;D!*a<?, Q -)*�D�,yg?d?g?��*��$A�' P E$�r G%ng?dN�?��-)*��=<?,B+`#³pK,24;%Z*��$Ae3z[|N�?�y*�C2#;DFE= �"b4&#;�=,2%2SUT�"=,>+W#³p6,241%0+W*�'.#;�$<B#;%
´ �.µ;¶ ·�¸G¹Xº;·9¸:»9¼V½ �

!
�N�Xd^D 
 dKS8e �



d�z ���������
	���
���
�����	�������������������	 � ��!��"
#�����%$&�'	(	�������	)�#�*����	�$&��	 �'!�����	�+

´ �2º;·9¸:»9¼%, ´ �.µ;¶ ·9¸G¹?º;·�¸)»�¼%)#;��gKe
!
z � , gKe

!
|ZD 
 dKShg �

´ �2·.-�/ 0)1L¹
2]½ v
!
�X�Ng^D 
 dKShv �

T�"$#;%�#;%@� P  / G"=,>+`"rYK%L#;'.*�41-L,2% P 4;E= G# P �	MK*�%�%0 G*a �,2A�#;��cfgKShgB*��$A�c�gKShvKM$H]"$#;')"k#;%�*aJ P E= _g?dBD�,. �,.-#;�b-)*��=<?,Z*��$Akd�D�,. �,.-@#;�k*aC2#;DFE= G"	S(T�"=,Z*�'3 GE$*�41H]#;A= G" P?Q  G"=,Z 6E$*�-L 9,.-�%)'3,2�=,n#;%_ G"6E$%@d�z$S8eZqKD

 "$*�4 Q  G"=, QiP6P  9+$-:#;�[ � M$#8 G%@4;,2�=<? �"�#;%@d?}KS �xqKD�S�3 P -f �"=,n*�D�+W4;#8 GE$A=,>#;DB*�<?,XM$H\,n* s ,.-)*�<?,2A Pas ,.-Zv+`#³pK,24;%/#&�!-)*��=<?,f*��`Ake2dF4;#;�=,2%\#;�x*aC2#&DnE= G"	StT�"$#;%547698;:�<�8;=>=@?�<BADCZ'.*�E$%0,2%\ G"=,�%L+7,2')q64;,] P A`#;DB#;�$#&%L"*��$A� �"=,>-),2%LE$48 G#;�=<F+`#³pK,24;%\ P J7,Z*�+$+$- P p=#;DB*� 9,248Yy%L rE`*a-L,XM=#�S ,XS8M$|?dFE�|N�BDB,. 9,.-aS

G P %0 P?Q�P E=-F+$- P '3,2%L%L#;�$<�H\*�%n+7,.- QmP -)DB,2A P ��*b%0,248,2'3 G# P � P?Q gN�Nz[}HE�gN�Nz[}�+`#³pK,24;%2Sx�9 G%*a+$+`- P p=#;DB*� 9,_+ P %L#8 G# P �F#;%U%L" P H@��#;�F5`<XE=-),�dKS8e � � P  U*�4;4K#;D!*a<?,_+`*�#8-)%U"$* s ,�,3p=*�'3 G48Yn �"$#&%R+ P %L#; �# P �lST�"=,B%0,248,2'3 G# P ��#;%fz?zkq6D�#&�~-)*��$<?,B*��$Ao}xqKD�#;��*�C2#;DFE= G"	SnT@"=,�,3pK*�'3 P -LJ`#8 G%2M1J`*�%0,24;#;�$,2%�*��$AI P +`+`48,.-@'3,2�r 9- P #;A Q -L,2 rE$,2�$'.#8,2% P?Q  �"$,ZA$*a G*Z G"$*� \"`* s ,ZJ1,.,2�bE$%0,2AbH@#&4;47J7,>4;#&%0 9,2Ab#&��c]dKSh�KS
���.J KFLf�����t�U���3�V���6�n�NM1�X�1�l�PO^�G�[�R�7�0�RQ

T�"=,x H P�¥.¯K° #;D!*a<?,2%n �"`*a ^*�-L,{E$%0,2A¡ P <?,2�=,.-:*a �,b*���#;�r 9,.- Q ,.- P <?-)*�D DnE`%0 >J1,x*�%I%L#;DB#;4&*a-^*�%+ P %)%L#8J`48,XS �G� P -:A=,.-y P J1,�*aJ`4;,� P A=,.-)# s ,�*�A$#8<X#8 G*�4�,248, s *a G# P ��D P A=,24�M/ G"=, P �$48Y A$#;S1,.-L,2�$'3,�=,.,2A=,2A�#;%_ G"=,>+`"`*�%0,>A$#TS7,.-L,2�`'3,fA`E=,> P  G"=,ZA$#TS7,.-L,2�r s #8,.H�+ P #;�r G% P?Q  �"$,Z%L*a �,24;4;#; 9,2% 
 c�gKShd � SV���+$-)*�'3 �#;'3,XM(%L, s ,.-)*�4\+$- P '3,2%L%L,2%F'.*�E$%0,x G"=,!+`"`*�%0,y P A=,. �,.-)# P -:*a �,XMU48,2*�A`#;�=<� PVUDWYX =�Z'Z W 8T[�:�<\=�A�*��$A� P #;%0,>#;�x G"=,�#&�[ �,.- Q ,.- P <?-)*�D�S(ª\Y!-L,2A$E`'.#;�=<F �"$#&%/A=,. �,.-)# P -:*a G# P �	Mr �"$,�+W"$*�%L,�E$�rH�-)*�+$+`#&�=<^'.*��yJ1,#;D�+$- P�s ,2A�*��$A{ �"$,Z rE$*�4;#8 Y P?Q  �"=,>+`- P A`E$'3,2A{A$#8<X#8 G*�47,248, s *� �# P �bD P A=,24l'.*��bJ1,>#;�$'3-),2*�%0,2AlS] �=, P?Q  �"$,n% P E=-:'3,2% P?Q A=,2' P -)-L,24;*� �# P ��4;#;%0 �,2A�#;�oc>vKShgy#;%@ �"=,F#;DB*�<X#;�=<B<?, P DB,. 9-LY�A$E=-)#;�$< �"=,B*�'. 6E$#;%L#8 G# P �	M`H@"$#;':"�#;%fA$#;S1,.-L,2�r QmP -^ �"=,�DB*�%0 �,.-Z*��`A� G"=,�%L4;* s ,B#&DB*a<?,XSnT�"$#;%� Y6+1, P?Q A=, ¦' P -L-L,24;*� �# P �x#&%\'.*�4;48,2A^C W =�4 W :�Z�< X_U9WYX =�Z'Z W 8T[�:�<\=�A$S\T�"=,>%L'.*� 9 �,.-)#;�=<I')"`*a-)*�'3 �,.-)#;%0 G#;'.% P?Q  G"=,f 9,.-L-:*�#;�*a-L,�A$,.+7,2�`A=,2�[ P?Q  G"=,b#;�$'.#;A=,2�`'3,x*��=<X48,XS�� Q  �"=,b%L4&* s ,�#;DB*�<X#;�=<k<?, P DB,. 9-LY #;%IA$#TS7,.-L,2�r Q - P D �"=,f#;DB*�<X#;�=<n<?, P D�,. �-LY P?Q  G"=,�DB*�%L 9,.-aMr G"=,]-),2' P -)A=,2AxJ`*�'LqK%L'.*a � �,.-\H]#;4;4$' P �r �*�#;�xA$#;S1,.-L,2�r (+`*a-) �%P?Q  G"=,I �,.-L-)*�#;� P -`=Da\b WYX :dc�e WYX :�Z'6f4IS w -L,2 6E$#8-L,2D�,2�r QiP - P +$ G#;DB*�4U#;�[ �,.- Q ,.- P D�,. �-LY�#&%f �"$*� @ G"=,%0+1,2'3 9-)*�4 Q ,2*� GE=-L,2% P?Q  G"=, P JKOG,2'3 _%0+1,2'3 �-)E$D�*a-L,f-L, � ,2'3 9,2Ab#;�x*^%)#;DB#;4;*�-VH_*3Yy#&�y G"=,f%0+1,2'3 9-:E$D P?Q �"=,�D!*�%0 �,.-u*��$AI%L4;* s ,�#;DB*�<?,XSt���I G"=,��=,3pK R%LE$J`%0,2'3 G# P �$%2MN G"$#;%t-L,2 6E$#8-L,2DB,2�[ 	H]#;4;4rJ7,�#;� s ,2%0 G#8<X*� 9,2AQmP -�*aC2#;DFE= G"b*��`A{-)*��$<?,XS
gih jih�kmlinPoqpfr�sft)u�vxw.y@t)u�w�z|{}vxo){Nr7w�{~t���w�v��}r��

����c/z$ShgKShv^ �"=,]%L"$# Q  P?Q  G"=,@*�C2#;DFE= �"!%0+1,2'3 9-)E`D�H@#8 G"I �"$,PI P +$+`48,.-/'3,2�[ �- P #;A������tH_*�%/A$#&%L'.E$%L%0,2AlST�"=,�I P +$+`48,.-�'3,2�r 9- P #&A QiP -B*k'3,.-) �*�#;� Q -:*�D�,{%L" P H@%�*kA`#;%0 �-)#8J`E= G# P �	MR*�%I#;%I'.48,2*�- Q - P D 5`<XE=-L,dKS z?z QmP - £$¤7¥§¦ e?S>� Q  G"=,�DB*�%L 9,.->*��$A�%)4;* s ,B#;DB*�<?,nH\,.-L,�*�'. rE$#;-L,2A�JrY� G"=,�%L*�D�,I%L*a �,24;4;#; 9,XMW �"$,.Y'.*��� G"6E$%f"$* s ,BA$#;S1,.-L,2�r dI P +$+`48,.->'3,2�r 9- P #&A Q -L,2 6E=,2�$'.#;,2%2SZ� Q  G"=,�DB*�%L 9,.-Z#;D!*a<?,�#;% P?Q *�� P  G"=,.-%L*a �,24;4;#; 9,F �"`*��� G"=,F%)4;* s , P - P?Q\£`¤W¥§¦ gx#;��*!A$#TS7,.-L,2�r @<?Y6- P %L' P +1,I+`"$*�%0, 
 cZz$ShgKShv � Ml*yA$#;S1,.-L,2�$'3,#;�^I P +$+`48,.-�'3,2�r �- P #;A Q -L,2 6E=,2�$'3Y{#;% s ,.-LYb4;#8q?,248Yy P�P '.'.E=-aM`*�%�#&%�'.48,2*a- Q - P D 5`<XE=-L,^dKS z[|KST�"=,ZA`#;S7,.-),2�$'3,>#;��I P +$+`48,.-@'3,2�r �- P #;A�#;%
´ ����� ½ ����� �`������� ��� 
 dKS z �

H@#8 G"`����� �  �"$,PI P +$+`48,.-\'3,2�[ �- P #;A Q -),2 rE=,2�`'3Y P?Q  G"=,�DB*�%L 9,.-\*aC2#;DFE= G"!%0+1,2'3 �-)E$D¬*�%V#&�B,2 6E$*a G# P �

 z$S8e2| � *��$A������ �  G"=,�I P +$+`48,.-�'3,2�r �- P #;A Q -L,2 6E=,2�$'3Y P?Q  G"=,Z%L4;* s ,n*aC2#;DFE= G"b%0+1,2'3 9-:E$D�ST�"=, P '.'.E$-L-L,2�$'3, P?Q *BA$#TS7,.-L,2�`'3,n#;��I P +$+`48,.-f'3,2�[ �- P #;A Q -L,2 rE$,2�$'3Y�#;%�#;4;4;E$%L 9-)*� �,2A{JrY� G"=,%0+1,2'3 9-)* P?Q  �"$, ­ - P �$#;�$<?,2� Q -)*�D�, Q - P D  H P A$#TS7,.-L,2�r P -)J`#8 G%�#;�{5`<XE=-),>dKShgKS\T�"=, £`¤W¥§¦ e>#;D!*a<?,Q - P D P -LJ`#8 /g?g?�Ke2v!"$*�%�*^D�,2*��^I P +$+`4;,.-�'3,2�[ �- P #;A P?Q z[gKe?Sh}?|���C �  G"=, £$¤W¥3¦ gn#&DB*a<?, Q - P D P -LJW#8 



��� ���"�B�.	������ ��
�����	������������
	���!��"� � �����d	������'� d?d

� �#�
�"	 ��������� ����!��"
��#����������! ����� � $ � � ����	 ���*���������'$�� 	 � �����������^����� � �����'	�� ��� ���Y�\� �'$ � � ���|�.� � ��	�
 �����"����� � � �d�#�
�����@���>	����*�! �" ������	��B��	d���������
# $%�'$ �\�����'
#�5
#�*�
% ��� !��"
#�'&)(�*,+������B�.-(��� � �'	��#�'������
 �>��! �����\�#�'��� �'$0/1�
2
2 �"�3&>�.
 � ���`	��������
 &����	����#����
4$|�����5��6�7
212 
��#�����i��� �
	���!8��� �  &����	��
�#����
4$:9�!��"
�����
#�*�
%���� �Y����	 � �"�3&>�.
 � ��� 	��������}�����5�;� ���_�
	���!8�"� � 9�+*� �.
 �>�����5�
	 ����� 
3�"�
� � � �'$<7��`E=7
2d!�������	
��� � �%�#! �����}�#�8�;6�����%*!>-(�#�����������
?�� 2@%*! � �#� � �A� � �%�����>�#�����B��� 	 �����B����� 
#�}� $B/
2
6�? E
/12C6�? ����&>��
#�0 D6
67E�?�%*!@$��#�B�������d�B�%����	�$;� 	�! � � � �\�@�����
	���
��"
��B�.	��#�����E&*����	���! ���*���q����� � �#�q� � ���\� ���



d?| ���������
	���
���
�����	�������������������	 � ��!��"
#�����%$&�'	(	�������	)�#�*����	�$&��	 �'!�����	�+

22913

3240

0

Amplitude

–800 –600 –400 –200 0 200 400 600 800

Azimuth frequency (Hz)

Azimuthspectrum of master and slave

� �#�
�"	 � ��� / � � �P�
	���!��"� � �\�����.��	��d�'$(� � � � 	 � �����������_$&	���! � $ 	 �'! �'	 � ���8/1/��,� �  (,*�+ � �
$%����� � /C6�2  (,*,+ � /�$  T�.���.	��Y�'���������	0��/1? 
#�������:$)� � �;- � ���.	�+ �"�����.	 ���*���|�'�"��
#��	 ���.�*��	 � � �	� 6�/��1� ?17�
�	N��������7���� / � 
 	19>	 ���\�����.�������.
#+1��
q�����������|� � � � ��� ������\�����.��	 �"!F� �)����� ��!���� �B� � � � � � � ��! � $;�'	�! ���\����	(����� �\
 �.���19*�i����	��B���#� �\�������
	���
@$;��������	 � � ����� � � � ��! � $&	 ������������+}��� � � � ��\�����.��	�����
|�
-)������	
9D���B� 
#�*�����
� � � -(��� � 	 ���\�������i����� � � �\��������	���
����*����
#�'�����#� �>���@��	 ���*�i$&�'	 ! ���\����	%����� �\
 �.���199
#�����"�������B�
�"�����'	�	 �.
&���
�#�'� ��� � � � ����� � �N	 ����������� � +P�
	���!��"� � �"
#����	��������

v?g�zX� %L" P H@%b*oD�,2*��~I P +$+`48,.-{'3,2�[ �- P #;A P?Q e2|?�KShg?v ��CXS¬ª\,2'.*�E$%L,� �"=, P JKO0,2'3 y%L+7,2'3 �-)E$D #;%*�%L%)E$D�,2A� P J1,{ �"$,x%L*�D�, QiP -BDB*�%L 9,.-�*��$A�%L4;* s ,XMV*�'3,.-L G*�#;��%0+1,2'3 �-)*�4 Q ,2*a GE=-L,{"$*�%F �"=,b%L*�D�,Q -L,2 6E=,2�$'3Y{#;�{J P  G"b%0+1,2'3 9-)*6Si� P H/, s ,.-�MW#8 G%�4 P '.*a G# P �xH@#8 G"x-L,2%0+1,2'3 \ P  G"=,Z%0+1,2'3 �-)*�47,2� s ,24 P +1,^#;%A$#;S1,.-L,2�[ QiP -nDB*�%0 �,.-^*��`Ao%L4;* s ,XS�� P D�, Q -L,2 6E=,2�$'.#8,2%>+`-L,2%0,2�r �#;� P �=,!%0+1,2'3 �-)E$D *�-L,!� P  �, s ,2�+$-L,2%0,2�r V#;�! �"=, P  G"=,.-\%L+7,2'3 �-)E$DkSRT�"`#;%V'.*��{*�4;% P J1,@,3pK+`4;*�#;�=,2Ay#;�B �,.-)DB% P?Q *ZA$#TS7,.-L,2�r U 9-:*��$% Q ,.-Q E$�`'3 �# P � 
 ª_*�D!48,.-�*��$A��[E`%0 §M_e2�?�?v � ª_*�D!48,.-F*��$A���*�-L G4¢M�e2�?�?} � SoT�"`#;%^'.*�E$%0,2%IA=,2' P -L-),24;*a G# P �*��$Ak%L" P H]%�E=+�*�%�� P #;%0,Z#&�{ �"=,Z#&�[ �,.- Q ,.- P D�,. �-)#;'�+`"$*�%0,XST�"$#&%],�S1,2'3 Z'.*���J1,�-L,2A$E$'3,2A�J6Y�5W48 �,.-)#;�=<x G"=,B*aC2#&DnE= G"o%0+1,2'3 �-)E$D�Mj% P  �"`*a �J P  �"�%0+1,2' ¦ 9-)*b%)" P H� �"$,y%L*�D�,! �-)*��$% Q ,.- Q E$�$'3 G# P �	Mt*a > G"=,y,3p6+1,2�$%0, P?Q  �"$,!-L,2% P 4&E= �# P �	SbT�"=,!DB,. �" P A¡ P*�'.' P D�+W4;#;%L"{ G"$#;%�#;%_,3pK+`4;*�#;�=,2A{#;��cfdKS z$S
gih jih j linPoqpfr�sft)u�vxw.y@t)u�w�z|{}vxo){Nr7w�{Hs�t�{�z o

� Q  G"=,]%L+7,2'3 �-)*>#;�!-)*��=<?, 
 c_z$ShgKS8e � P?Q  �"$,]DB*�%0 �,.-\*��$A!%)4;* s ,�#&DB*a<?,�*a-),@,3p=*�DB#&�=,2A	MX G"=,��=,.,2A QiP -%0+1,2'3 9-)*�4j5748 9,.-:#;�=<B#;�k-)*��$<?,n#;%�� P  �#;DBDB,2A$#;*� 9,248Y{'.48,2*�-aM`*�%] �"=,F%0+1,2'3 9-:*�%L" P H�� P -L,24;*� �# s ,F%L"$# Q  � P -ZA$#;%iOLE$�$'3 Q -L,2 6E=,2�$'3Y�JW*��$A`%2M1#;�~' P �[ �-)*�%0 @H@#; �"� �"$,I*�C2#;DFE= G"�%L+7,2'3 �-)*6S�� P H\, s ,.-aMl#;��-)*��=<?,*�4;% P *n% P E$-)'3, P?Q <?, P D�,. �-)#;'>A=,2' P -L-),24;*a G# P �b#;%�+$-L,2%0,2�r §ST�"=,f%L'.*� 9 �,.-)#;�$<F':"$*a-:*�'3 �,.-)#;%0 G#;'.% P?Q  G"=,� 9,.-)-)*�#&�yA=,.+1,2�$A P �x G"=,>#;�$'.#;A=,2�`'3,�*��=<X48,f*��`Ax*�-L,-L, � ,2'3 �,2A�#&�� G"=, P J=OG,2'3 ^%L+7,2'3 �-)E$DkSkª\,2'.*�E`%0,x#&�[ �,.- Q ,.- P D�,. �-LYo#;%nJ`*�%L,2A P �¡ �"$,xA$#TS7,.-L,2�`'3,y#;�s #8,.H@+ P #&�[ Q - P D«J P  �"�,2�$A`% P?Q  �"$,FJW*�%0,24&#;�=,XMW �"=,�#;�`'.#;A=,2�$'3,F*��=<X4;,IA`E=-)#;�=<y �"$,F*�'. rE`#;%L#8 G# P � P?Q �"=,]DB*�%L 9,.-V*��$AB%)4;* s ,@#;DB*�<?,�#;%uA`#;S7,.-),2�[ 3SRT@"=,>±h%0+`*� �#&*�4KH_* s ,248,2�=<? G"	² P?Q  G"=,� 9,.-)-)*�#&��#;%u%L*�D�+`48,2AH@#8 G"{ �"=,^+$- P O0,2'3 9,2AbH_* s ,248,2�=<? G" P?Q  G"=, ¥��	¤ %L#8<X�`*�4¢M6H@"`#;')"b#;%@A$#;S1,.-L,2�[ QiP -]DB*�%0 �,.-@*��`Ab%L4;* s ,XST�"=,.-L, QiP -L,b G"=, P JKO0,2'3 F%0+1,2'3 �-)E$D #;%I-L, � ,2'3 9,2A #&�[ P A$#;S1,.-L,2�r Z-)*��=<?,�%0+1,2'3 9-:* QiP -!DB*�%0 9,.-B*��$A%L4;* s ,XS



��� ���"�B�.	������ ��
�����	������������
	���!��"� � �����d	������'� dX�
T�"=,�<?- P E$�$AI-)*��=<?, Q -L,2 rE$,2�$'3Y7����'.*���J1,�A=,.-)# s ,2AIH]#8 �"�"$,248+ P?Q  �"=,�+`- P OG,2'3 G# P ����� P?Q  G"=,%L4;*��[ _-)*��=<?,ZH_* s ,248,2�=<? G"���� P �r P  G"=,Z �,.-L-)*�#;� 
 ' P D�+`*�-L,^ G"$#;%�H@#8 G"{ �"=,^<?, P D�,. 9-)Y�#;�b,2 6E$*a G# P �


 gKShv � � M
��� ½ ��	gU%L#;��
 � 
 dKShd �

H@#8 G"�
{ �"=,B#&�$'.#;A=,2�$'3,�*��=<X48,XSIT�"$#&%>'.*��~J1,B%0 G*a �,2A�#;�~ �,.-)DB% P?Q  G"=,�-)*��=<?, Q -),2 rE=,2�`'3Y �
�Z*��$A<?- P E$�$Ab-:*��=<?, Q -L,2 6E=,2�$'3Y^����M
� � ½  

��� ½ g  %L#;��

��� ½ g�� � %L#;��


!

 dKSh| �

3$- P D� G"=,_DB*�%0 9,.-(%L#&A=, P?Q  �"=,\J`*�%0,24;#;�$,XM�*�%L%LE$DB,/ G"=,_#;�$'.#;A=,2�`'3,/*��=<X48,\ P * s #8,.H\,2AF 9,.-L-:*�#;�+`*a G')"y P J1,�
���SUT�"=,�-),2' P -)A=,2Ay-L, � ,2'3 G# s #; Y7�
�\#;%( G"$*� P?Q ����� ��H@#8 G"�
 ½ 
���#;��,2 6E$*� �# P � 
 dKSh| � S3$- P D© �"=,]%L4;* s ,]%)#;A=, P?Q  G"=,�J`*�%0,24;#;�$,XMNH@"=,.-L,� G"=,@#&�$'.#;A=,2�$'3,�*��=<X48,@ P  �"=, s #8,.H\,2AB �,.-L-)*�#;�I+`*� G')"#;%�

�3Mr �"=,@-L,2' P -)A=,2Ay-L, � ,2'3 G# s #8 Y P �!-)*��=<?, Q -L,2 6E=,2�$'3Y �
� P -)#8<X#;�`*a �,2% Q - P D Q -L,2 6E=,2�$'3Y ����� � P?Q  G"=,P JKOG,2'3 �%0+1,2'3 �-)E$D�M='.*�4;'.E$4&*a �,2A{H@#8 G"�
 ½ 
 � #;�{,2 6E$*a G# P � 
 dKSh| � S\T�"6E$%2M=A$#TS7,.-L,2�r Q -L,2 6E=,2�$'.#8,2% P?Q �"=, P JKOG,2'3 >%0+1,2'3 �-)E$D�"`* s ,B �"$,!%L*�D�,B-)*��=<?, Q -L,2 rE$,2�$'3Y�#;�~ �"$,!DB*�%0 9,.-n*��$A�%L4;* s ,!%0+1,2'3 �-)E$D�Sª/,2'.*�E$%0,b G"=,y,2� s ,24 P +1, P?Q  G"=,x-)*��$<?,x%0+1,2'3 �-)E$D�#;%FA=,. 9,.-:DB#;�=,2A¡JrY� �"=, ¥ �l¤ +$- P '3,2%L%)#;�=<�*��$A%L#;DB#;4&*a- QmP -�D!*�%0 �,.-�*��`Ax%)4;* s ,XMK �"$,fA`#;S7,.-),2�$'3,>#;� P JKOG,2'3 Q -L,2 rE$,2�$'3Yy#;%_� P  s #&%L#8J`48,�*�%�*n%L"$# Q  u#;� �"=,^-)*��$<?,Z%0+1,2'3 9-)E`D�ST�"=,n%0+1,2'3 9-)E`D P?Q  �"$,^DB*�%0 9,.-�#;DB*�<?,^' P �r �*�#;�$%]*IJ`*��`A P?Q  �"$, P JKO0,2'3 �%0+1,2'3 9-)E`D  �"`*a �#;%� P  R+`-L,2%0,2�r t#;�I G"=,�%L4&* s ,�#;DB*�<?,XMX*��`AI �"=, P +`+ P %)#8 9,�%L#&A=, P?Q  G"=,�%0+1,2'3 �-)E$D P?Q  �"=,�%)4;* s ,@' P �r �*�#;�$%*nJW*��$A P?Q  G"=, P JKO0,2'3 _%L+7,2'3 �-)E$D� G"$*� \#;%�� P  /+$-),2%0,2�[ _#;�{ G"=,ZDB*�%0 �,.-@#;DB*�<?,XS(T�"$#;%_H]#;4;4748,2*�A� PA=,2' P -L-L,24;*� G# P �	S!ª\Y�-L,2D Pas #;�=<� G"=, Q -L,2 6E=,2�$'3Y~J`*��$A$%f G"$*a f*�-L, P �$48Y�' P �r �*�#;�=,2A�#;� P �=, P?Q  G"=,%0+1,2'3 9-)*6M	 G"$#;%f<?, P DB,. 9-)#&'BA=,2' P -L-L,24&*a G# P ��'.*���J1,�-L,2D Pas ,2AlMR*� ] G"=,�,3pK+1,2�$%0, P?Q  �"$,B-L,2% P 4;E$ �# P �lST�"=,�J`*��$A=H]#;A= G" P?Q  G"=,�J`*��$A� G"$*� t"`*�%V P J1,�-),2D Pas ,2AxA=,.+1,2�$A$% P �! �"$, Q -),2 rE=,2�`'3YI%)"$# Q  R#;�� G"=,¥ �	¤ %L+7,2'3 �-)E$DkS
���������� "!#�%$'&(�%�*)#+-,/.*01 324�5�(�567+8,/09,
T�"=,>*�D P E$�[ P?Q  G"=,>%L"$# Q  u#;�x G"=,>-)*��=<?,>%0+1,2'3 9-:E$D P?QlQ ,2*a GE=-L,2% P?Q  �"=, P JKO0,2'3 _%0+1,2'3 9-)E`D�A`E=,f P �"=,�J`*�%0,24;#;�$,�%0,.+`*�-)*a G# P �y'.*��yJ1,]A=,.-)# s ,2A!#;�yA$#;S1,.-L,2�[ UH_*3Y6%aS(T�"=,]A$,.-)# s *a G# P �� G"$*� QmP 4;4 P H@%/E$%0,2% �"=,>H_* s ,2�6E$D^J1,.- � *�48 �,.-)�$*� �# s ,�A=,.-:# s *� G# P �$%\E$%0,f �"$,Z#;�[ �,.- Q ,.- P D�,. �,.-�<?, P D�,. �-LY 
 cfgKS z � *��`Ay G"=,Q -L,2 6E=,2�$'3Y 
 *�+$+1,2�$A$#³pyª � S
­ *a �,24;4;#6,. t*�4¢S 
 e2�?��z � ' P �`%L#;A=,.-t �"$,\H_* s ,2�6E$D^J1,.-�:^ P A$,.-)# s ,_ �"$,_%)"$# Q  	#;�^ G"=, P JKO0,2'3 R%0+1,2'3 �-)E$D�MH@"$#;':"b �"$,.Yx'.*�4;41 G"=,�; [=< W A 6f4 a W Z�c?>9< @�: S/T�"=,fH_* s ,2�rE$DnJ1,.-]#;%�A$,35W�=,2Ab*�%

:x� ½ g
A
� !


 dKS�� �
BV- P O0,2'3 9,2A P �[ P  G"=,> �,.-L-)*�#;�{H@#8 G"x �"=,Z#&�$'.#;A=,2�$'3,>*��=<X48,�
$MK G"=,><?- P E`�$A{H\* s ,2�6E$DnJ1,.-@J1,2' P D�,2%

:=� ½ z#A �
�
 

%L#&��
�� 
 dKSh} �
*�'.' P E$�r G#;�=< QiP -] G"=,Z- P E$�$A{ �-)#8+� G"=,^%L#;<X�$*�4jD!*aq?,2%2S�I>E=,n P  �"=,n%L"$# Q  P?Q  G"=, s #8,.H@#;�=<�+ P %L#; �# P � P  G"=, P  �"$,.->,2�$A P?Q  G"=,�J`*�%0,24;#;�$,XM` G"=,�#;�$'.#;A$,2�$'3,F*��=<X48,�':"$*��$<?,2%2S^� Q H\,BA=,2� P  �,I �"`#;%f')"$*��=<?,H@#8 G" ´ 
$MK G"=,>H\* s ,2�6E$DnJ1,.-@%L"$# Q  /'.*��bJ1,>'.*�4&'.E$4;*� 9,2A{J6YxA`#;S7,.-),2�[ G#;*� �#;�$<n,2 6E$*� �# P � 
 dKSh} �  P 
$M

´ :
� ½ z#A � � ´ 

 

' P %�
 � 
 dKSh� �



d?} ���������
	���
���
�����	�������������������	 � ��!��"
#�����%$&�'	(	�������	)�#�*����	�$&��	 �'!�����	�+

∆θ

P

r0

•

B

ξ

∆θ
•

•
1

2

H

θ 2

θ2 B⊥

� �#�
�"	 �@� � � � � ���*�#�'-(�����5��� ���*�B� � ����� /5��	 ����������	�������� � +�� � � � �Y���.
#������� � � � � � �����������i� � �}�#�����#�"������� ����� 
 �����d�'$
� ���B�.
#
������ �@���\�����#� �@/i�B� � �����N�\! ��
�
#��	 � � ��� � � ��� �'$����'�\�����#�'�!�1� � � �q	������#� �'$�� � � �@��	��������"�#�'�"
 ��	 � ������
��������
	 ���N� � � �\
&���*�
	������'��� 	 �#�(�����@��
������ � �#�(�#�����#�"�������N����� 
#�N�"�����.	 �������
�����

H@"=,.-L,�
�'.*���J1,! G*aq?,2�� P J1,! G"=,{D�,2*��¡#;�`'.#;A=,2�$'3,!*��=<X48, Q - P D J P  G"�,2�`A$% P?Q  �"=,xJ`*�%0,24;#;�$,XSª/,2'.*�E$%0,x G"=,BJ`*��$A=H@#&A= �" P?Q  G"=, ¥ �l¤ %L#8<X�$*�4(#;%n%LDB*�4;4U-L,24;*� �# s ,B P  �"=,y'.*a-L-:#8,.- Q -L,2 rE$,2�$'3YXMl G"=,Q -L,2 6E=,2�$'3Y � � '.*���J1,�-L,.+`4&*�'3,2A~J6Y� G"=,B'3,2�r 9-:*�4 Q -L,2 6E=,2�$'3Y � 	 S�T P <?,. >*���#;D�+$-L,2%)%L# P � P?Q  G"=,%0, s ,.-)#8 Y P?Q  G"=,ZJW*�%0,24&#;�=,ZA=,2' P -L-),24;*a G# P �	M$ �"$#&%�H_* s ,2�rE$DnJ1,.-�%)"$# Q  \#;% P?Q  �,2��' P D�+`*�-L,2A�H@#; �"b G"=,¥ �	¤ J`*��$A=H@#&A= �"�� � 
 ,2 6E$*� �# P �yz$S8e?e � �  G"=,.-L, QiP -L,>#8 uDFE$%0 (J1,],3pK+$-L,2%)%0,2A{#;�! �,.-)DB% P?QlQ -L,2 6E=,2�$'3YXS
�/ 6E$*a G# P � 
 dKSh} � ,3p6+$-),2%L%0,2A�#;�{ �,.-)DB% P?QRQ -L,2 6E=,2�$'3Y{*��$AkA$#;S1,.-L,2�[ G#;*� 9,2Ax P 
B#;%

�
� ½  z#A :
� e%L#;��
 � 
 dKS8e.� �
´ �
�´ 
 ½  z#A :
� �ne%L#;� � 
 ' P %�
 ½ � ��	 �*���
 � 
 dKS8e?e �

H@"=,.-L,> G"=,Z4;*�%0 \ 9,.-)D�-),2%LE$48 G% Q - P D %LE=J`%L �#8 GE= G#;�=<Z,2 6E$*� �# P � 
 dKSh} � *�<X*�#&�	S�G��,2 rE$*� G# P � 
 dKS8e?e � MZ% P D�,o#&�[ �,.- Q ,.- P D�,. �-)#;'�+`*�-)*�DB,. 9,.-)%{'.*�� J1,o%LE=J`%L �#8 GE= �,2A	S w %�#;%'.48,2*a- Q - P D 5W<XE=-L,FdKShvKM7 G"=,^-:*a G# PBP?Q  G"=,n+7,.-)+7,2�`A$#;'.E$4;*�-\J`*�%L,24;#;�=,�� 	  P  �"$,n%L4;*��r \-:*��=<?, � 	 #;%*a+$+`- P p=#;DB*� 9,24;Y!,2 6E$*�41 P  G"=,Z#;�$'.#&A=,2�$'3,>*��$<X48,>A$#;S1,.-L,2�$'3, ´ 
 
 QiP -]* � *� /,2*�-L G" � M
´ 
 , ��	�� � 	

!

 dKS8e2g �

T�"=, Q -L,2 rE$,2�$'3Yx%)"$# Q  P?Q ,2 rE$*� G# P � 
 dKS8e?e � '.*���� P H J1,fH�-)#8 � �,2�
´ �
� ½ � ��	 �*���
 ´ 
 ½ �  ��	

� 	��@ �*���
 ! 
 dKS8e2v �
T�"=,F-)*��=<?, Q -),2 rE=,2�`'3Y�%L"$# Q  ´ �
� P?Q ,2 6E$*a G# P � 
 dKS8e2v � #;%�,2 6E$*�4U P  G"=, @�Z�<�A9C W @�Z W�� 6 W A X��P?Q ,2 6E$*� �# P � 
 gKShvKe � MWA=,.-:# s ,2Ab#;�~c]gKS z$M

´ �
� ½ ��� º / ¸)»�¼
!


 dKS8e3z �



��� ���"�B�.	������ ��
�����	������������
	���!��"� � �����d	������'� d?�
w %@ �"=,Z'.*�E$%0, P?Q J P  G"{+`"=,2� P D�,2�`*^#;%� G"=,Z%L*�D�,XMK G"$#;%�#;%_H]"$*a _' P E$4;A{J1,>,3pK+1,2'3 9,2A	ST�"=, Q -:#;�=<?, Q -L,2 6E=,2�$'3YZ'.*��FJ7,/,3p6+`-L,2%L%0,2AI#;�FD�,.<X*��],.-L �CXMNH@"$#&')"FDB*aq?,2%U' P D�+W*a-)#&% P �^H]#8 �" �"=,n-)*��=<?,n%L#;<X�$*�4	J`*��`A=H@#;A= G"x,2*�%LYXS � P H/, s ,.-�M P?Q  �,2��*��k*�48 �,.-)�$*� �# s ,^,3p6+$-),2%L%L# P ��#&�k'3YK'.48,2%@+1,.-+`#³pK,24;%V#;%/E$%0,2A	SUª\,2'.*�E$%0, QmP -_%0+1,2'3 9-:*�4$5W48 �,.-)#;�=<Z#;�!-)*��=<?,XM[ G"=,]-)*a G# P H]#8 �"! �"$,@-)*��=<?,@JW*��$A$H@#;A= G"#;% P?Q #;�r 9,.-L,2%L §MKH\,ZH@#;4&47E`%0,Z G"=,>-)*��=<?, Q -),2 rE=,2�`'3Y{%)"$# Q  P?Q ,2 rE$*� G# P � 
 dKS8e2v � MWJ`E= VH\,ZH@#&4;41'.*�4;4l#8  �"=, Q -)#&�=<?, Q -L,2 6E=,2�$'3YXS
� 09,/&(�56709, ��2 0������� 2 .(� !=���*���  !#� $'&*�%�()=+-,/.*07 "2
ª/,2'.*�E$%0,� G"=, P JKO0,2'3 V%0+1,2'3 �-)E$D¬#&%u+$- P O0,2'3 �,2AyJW*�')qB#;�B G"=,]%)4;*��r U-)*��=<?,@A$#8-),2'3 �# P �!H@#8 G"� G"=,]%L*�D�,*��=<X4;,XM= �"$, P JKO0,2'3 Q -L,2 6E=,2�$'3Y{%L"$# Q  /#&%�� P  s #&%L#8J`48,f*�%@*IA$#;S1,.-L,2�$'3,Z#;�k4 P '.*� G# P � P?Q  �"=,^,2� s ,24 P +1,P?Q  �"=,!-)*��$<?,!%0+1,2'3 9-:E$D P?Q DB*�%0 9,.-n*��$A¡%L4;* s ,XSy� Q H\,!qK� P H© �"$,B+1,.-L+1,2�$A$#;'.E$4&*a-�J`*�%0,24;#;�=,���	P -� G"=,F#;�$'.#;A=,2�`'3,^*��$<X48,nA$#TS7,.-L,2�`'3, ´ 
$M`H/,I'.*���#&4;4;E$%0 �-)*� 9,f G"=,^<?- P E$�$A�-:*��=<?, Q -L,2 rE$,2�$'3Y�%L"$# Q  JrYb' P � s ,.-L �#&�=<� �"$,>-)*��$<?, Q -),2 rE=,2�`'3Yy#;�r P <?- P E$�$A{-)*��=<?, Q -L,2 6E=,2�$'3Y QmP -� G"=,ZDB*�%0 �,.-�*��`A�%L4;* s ,-)*��$<?,^%0+1,2'3 9-:E$D�H@#8 G"{,2 rE$*� G# P � 
 dKSh| � S�G�k5W<XE=-L,�dKS zb �"=,F+ P H\,.-Z%0+1,2'3 9-:* P?Q/£$¤7¥§¦ eF#;DB*�<?,2%Z}N�NzX�b*��$A�}?d�z$e�H\,.-L,�' P � s ,.-L 9,2Ao P �"=,]<?- P E$�$AB-)*��$<?, Q -),2 rE=,2�`'3YXS G�*�%0 �,.-/#;DB*�<?,]}N�NzX�F#;%V�$,2*a-L,2%L t P  G"=,�<?- P E$�$A� �-)*�'LqB*��$AB%L" P H@% �"=,B4 P H\,2%0 ]<?- P E$�$A�-)*��=<?, Q -),2 rE=,2�`'3YXM	}?d�z$eB G"=,�"$#8<X"=,2%0 3S^T@"=,I+7,.-)+7,2�`A$#;'.E$4;*�-@' P D�+ P �=,2�r P?Q �"=,nJ`*�%0,24;#;�=,>#;%�� ��	�� ½ vX�N|

!
�yD�,. 9,.- �  G"$#;%�-L,2%)E$48 G%�#;��*F-)*��=<?,n%)"$# Q  P?Q ´ � ½ |

!
�XvN��G ��Cn*��$A*B<?- P E$�`A�-:*��=<?,�%L"`# Q  P?Q ´ ��� ½ z

!
zX�Xd�G��]CXS���,!%0,.,I G"$*a @ �"=,IDB*�%0 �,.-Z*��$A�%L4;* s ,B%L+7,2'3 �-)E$D' P �[ G*�#&��A$#;S1,.-L,2�r V+`*�-L G% P?Q  G"=, P JKO0,2'3 _%L+7,2'3 �-)E$DkSRT�"$,>J`*��`A$%\ �"$*� V G"=,.Y{A P � P  \%L"$*�-L,Z'.*��{J1,-L,2D Pas ,2A�J6Y!5W4; 9,.-)#&�=<$MrA`#;%L'.E$%L%L,2Ab#;��c�dKSh|KS

� �5!=09�52�0������� �2�.*�  !=07�*���  !#� $'&(���()=+
	�&*��2�� 2��
������!#����. +
w %B%)" P H@� #&� cygKShdKMV G"=,b P + P <?-:*a+`"rY P?Q  �"$,�#;DB*�<?,2A %L'3,2�=,�#;� � E=,2�$'3,2%F �"$, Q -)#&�=<?,xA`#;%0 G*��$'3,*��$A�"=,2�$'3,B G"=, Q -)#;�=<?, Q -L,2 6E=,2�$'3YXS�B(*�-)*�D�,. 9,.- 
b#;��,2 6E$*� �# P � 
 dKS8e2v � #;%f G"=,!#&�$'.#;A=,2�$'3,�*��=<X48,XMH@"$#;':" A=,.+1,2�$A$% P �  �"$,{%)4 P +1, P?Q  �"$,x �,.-L-)*�#;�	So� Q  �"=,{ �,.-L-)*�#;��%L4 P +1,2%F P H\*�-)A$%� G"=,b%L*� 9,24&4;#8 �,XM �"=,�#;�`'.#;A=,2�$'3,I*��$<X48,FA$,2'3-L,2*�%L,2%Z*��`A� G"=,I-)*��=<?, Q -),2 rE=,2�`'3Yk%L"$# Q  �#;�$'3-),2*�%0,2%aSZ� Q , s ,2�[ GE$*�4;48Y� G"=,%L4 P +1,y*��=<X48,y,2 rE$*�4;%^ �"=,x#;�$'.#;A$,2�$'3,!*��=<X48, QiP - � *a > �,.-L-)*�#;�	MlH@"$#;':"�#;%Ig?v � QiP - £`¤W¥ Mt G"=, Q -)#;�=<?,Q -L,2 6E=,2�$'3Y{J1,2' P D�,2%�E$�rJ P E`�$A=,2A	S ] �� �"=, P  �"=,.-�"$*��$A	M=# Q  �"$,Z 9,.-)-)*�#&��%L4 P +1,Z#;%�A`#8-L,2'3 �,2A�*3H\*3YQ - P D¬ �"=,]%L*a �,24;4;#; 9,XM� G"=, Q -:#;�=<?, Q -L,2 rE$,2�$'3YFA$,2'3-L,2*�%L,2%2M[E$�r G#;46, s ,2�[ GE$*�4;48Y^ G"=,�%L4 P +7,�#&%u|X� � *��$AI G"=,#;�$'.#;A=,2�`'3,f#&%/<?-:*aC2#;�$<I*��$A{ G"=, Q -:#;�=<?, Q -L,2 6E=,2�$'3YyC.,.- P SVª\,.Y P �$A� �"$#&%\4&#;DB#8 3M[%L"`*�A P H@#;�=< P '.'.E=-)%2S� Q  �"$,{%)4 P +1,x*��=<X48, P?Q  G"=,{ �,.-L-)*�#;�¡#&�$'3-L,2*�%0,2%F P  G"=,b#;�$'.#;A=,2�`'3,x*��=<X48, QmP - � *a n 9,.-L-:*�#;�lMQmP -L,2%)" P -L �,2�$#;�=<y 9-)*��$%L#; �%�#&�[ P 4;*3Y P�s ,.-aSfª\,2'.*�E$%L,F G"=,F*�'3 G# s ,IDB#;'3- P H\* s ,�#;�$%L 9-)E`D�,2�[ P ��J P *�-)AP?Qf£`¤W¥ H_*�%!A=,2%L#8<X�=,2A�#;�� �"$,b5`-)%0 n+`4;*�'3,b P D P �$#8 P - P '3,2*�� +W"=,2� P D�,2�$*6M\#8 �%�4 PrP q *��=<X48,�#;%-L,24;*� �# s ,24;Y�%LDB*�4;4¢M=H@"`#;')"�#;%]H@"[Y�4&*3Y Pas ,.- P '.'.E=-)%�-L,24;*� �# s ,248Y P?Q  �,2�	S ­ *a �,24;4;#l,. @*�4¢S 
 e2�?��z � %L" P H �"$*� (J6YBA=,. 9,.-:DB#;�$#;�$<� G"=,�4 P '.*� G# P �$%uH]"=,.-L,@ G"=,�%L#8<X� P?Q  G"=, Q -)#&�=<?, Q -L,2 rE$,2�$'3YB')"$*��=<?,2%2M64;*3Y P�s ,.--L,.<X# P �$%_'.*��yJ1,f%0,.+`*�-)*� 9,2A Q - P D©� P � ¦ 4;*3Y Pas ,.-�-),.<X# P �$%2St�G�y G"$#;%VH\*3YxA=,2' P -L-L,24&*a �,2Ay*�-L,2*�%_A$E=,� P4;*3Y Pas ,.-f'.*���J7,ZD!*�%0q?,2A P E= §M$H@"$#;':"b'.*���#&D�+$- P�s ,>+`"$*�%0,ZE$�rH�-)*�+$+`#;�=<$S
� �5!=09�52�0������� �2�.*�  !=07�*���  !#� $'&(���()=+��4072�.-!#�������� �� !���� �52 � �#!=2�.
ª/,2'.*�E$%0,nH@#8 G"$#;�y �"$,Z#;�[ �,.- Q ,.- P <?-)*�D� �"$,Z#;�$'.#;A=,2�`'3,�*��=<X48,Z%L4&#8<X"[ G48Y!#&�$'3-L,2*�%0,2%�H@#8 G"x-)*��=<?,Z# Q  G"=,,2*a-L G"	² %�%LE=- Q *�'3,^H P E$4;A�J7, � *� §MW*��$A� G"=,^+1,.-L+1,2�$A$#&'.E$4;*�-_' P DB+ P �$,2�[ P?Q  G"=,nJ`*�%L,24;#;�=,Z+`- P OG,2'3 G%A$#;S1,.-L,2�[ 3Mt �"$, Q -)#;�=<?, Q -),2 rE=,2�`'3Y P?Q ,2 rE`*a G# P � 
 dKS8e2v � #;%n� P  Z' P �$%0 G*��r Pas ,.-� G"=,y-)*��$<?, P?Q  G"=,#;�[ �,.- Q ,.- P <?-)*�D�S(ª\,2'.*�E`%0,> �"$, P -)J`#8 G%\*�-L,>#;�x<?,2�=,.-)*�4j� P  /+`*a-:*�4;4;,24¢MX*�4;% P *^*�C2#;DFE= �"{A=,.+1,2�$A$,2�$'3YP?Q  G"=,>J`*�%0,24;#&�=,�*��$A�"$,2�$'3, P?Q  �"=, Q -)#;�$<?, Q -L,2 6E=,2�$'3Y P '.'.E$-)%2S�G�x5`<XE=-L,^dKShvB �"=,ZA`#;S7,.-),2�$'3,>#;�b#;�$'.#;A$,2�$'3,>*��=<X4;, ´ 
B#;%

´ 
 , ��	�� � 	
!


 dKS8e2g �



|N� ���������
	���
���
�����	�������������������	 � ��!��"
#�����%$&�'	(	�������	)�#�*����	�$&��	 �'!�����	�+

3862 3864 3866 3868 3870 3872 3874 3876 3878 3880
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Ground range spectrum of image nearest to ground track

Ground range frequency (MHz)

Po
w

er
 (n

or
m

al
iz

ed
)

3862 3864 3866 3868 3870 3872 3874 3876 3878 3880
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Ground range spectrum of image farest to ground track

Ground range frequency (MHz)

Po
w

er
 (n

or
m

al
iz

ed
)

� �#�
�"	 ����� 6 � � � ���
-q��	 �\�@�����
	��%� $ £`¤W¥ � �N��! ��������?
2
612 �����.?1�C6,�19�������	��������5�����.	���/1?}
���������9@��� �*����	������P�B� � � � � 	 �
�"���
	������'�)$&	 �'����������+8-(��� � ���������
�#�'�! ��� 7�$ �������\�B�.	���! �Y�'� ?12C6�2|�#��������	 ���\�9���N� � �(�'	 �C�����}�
	����:%%����� � � �;- �f� � � 
#�
-q���\� � 	 �
�"���
	������'�%$ 	 �����������.+�9 ?��;6�� � � � � �#� � ���\�:��� � � ����	��@�����>�#�'�"
&��	|���'!}���'�����*� �'$ � � � � ������
������%�#��� �
	���� ��� 7
	 � !��D� � � �.����	������
�����.� �"�������%����� 
 ���
� /,��	 61/,� � �����R� � � 	���������� 	 � ?
6
6 %*!!� � � �#�|	 ��� ��
���� ��� �}	�������� � � ��$ � �'$ �
��� 7�	 2 � 2�� 
 	}����� �
�'	 �C�����d	��������i� � ��$&���'$ �
� � � 6�	 6�21��� 
 	1� � � �i	������'�i$&	 �'����������+ � � ��$&��� �(�'�������'��
 �.�*����� � ����� $ � � �i	�������� � ������-(�#�"� � �
� � !8���\� 	 ����
#�3	�� � � ��� � � � � ������� � ��$ �|�����%��� � � ���>������	 ���*�(�������#���������%����� 
#�%$ 	 �'!������ � ��	i�\� �"�%�'$ � � � � ������
������%�"�*���|���'�
����������� $ 	 �'! � � � �(���
�"	 �19 � �"�)� � ����� � �#�q���C��	 �|� ������ 
!#" ��$ �%" ��& �����"��! � ���\�
	����B�i� � � ���



��� ���"�B�.	������ ��
�����	������������
	���!��"� � �����d	������'� |Ke
w %Z*y-L,2%LE`48 P?Q  G"=, s *a-:#;*a G# P ��#;�~#;�$'.#;A$,2�$'3,�*��=<X4;, P�s ,.-^ G"=,�%0H_*a G"	Mj*�4;% P  �"`#;%f#;�$'.#;A=,2�`'3,F*��=<X48,A$#;S1,.-L,2�$'3,XMr �"=,�+1,.-L+1,2�$A$#;'.E`4;*a-U+$- P OG,2'3 G# P � P?Q  �"=,]J`*�%0,24;#;�=, �¬*��`AB G"=,�%)4;*��r U-)*��=<?,]A$#&%0 �*��$'3, � 	H@#;4;4 s *�-LYXSFT�"=,�"=,2#8<X"r ���M1J`*�%0,24;#;�$,F%L4 P +7,I*��=<X48,��b*��$A~48,2�$<? �" � H@#;4;4t� P  s *�-LYXS ��,2�$'3,XMjH\,'.*���%LE=J`%0 G#8 GE= �,

��	 ½ ��' P % 
 
���� � 
 gKShg?v �
� 	 ½ �' P %�
 
 dKS8e2d �

#;�[ P ,2 6E$*a G# P � 
 dKS8e2v � M
´ �
� 
 
 �t½ � ��	 G*���
 ´ 
 
 dKS8e2v �

½ � ��	 G*���
 �� ' P % 
 
 ��� � ' P %�

!


 dKS8e2| �
� Q H\,bH\*��[ F P #;4;4;E$%L 9-)*� �,B �"`#;%�#;��*�%L 9-)*�#8<X"r QiP -LH_*a-:A�H_*3YXM\H@#8 G" P E= >qK� P H@4;,2A=<?, P?Q  G"=,P -LJ`#8 G%2MNH\,@'.*��B,3p6+$-),2%L%U �"`#;%(#;�I G"=, s *�4;E=, P?Q  �"$,_E`%LE$*�4;48Y^* s *�#&4;*aJW48,/#;�r �,.- Q ,.- P D�,. 9-:#;'\+`*a-:*�D�,. �,.-)%QmP -/ �"=,]DB#;A$A$4;, P?Q  G"=,@%L'3,2�=,XM�
 	�M � 	�M[*��$A ��	��aS(ª/,2'.*�E$%0,@ �"=, P -LJ`#8 G%(*��`AB"=,2�$'3,� G"=, P -)#;,2�[ G*a G# P �P?Q  �"$,nJ`*�%0,24;#&�=,Z*a-),F� P  �E`%0,2A	MW �"=,nJ`*�%0,24;#;�=,n%L4 P +1,^*��=<X48,n#&%]':" P %0,2�� P J1,�� ½ �=S]T@"=,^-)*��=<?, ¦s *�-LYK#;�=<I+`*�-)*�DB,. 9,.-)%@*a-L,> G"=,2� 
 �6H_*�-L §Mje2�?�?� �

��	 
 
 �t½ ��' P %�
 ' P %�
�	' P %�
�	 ½ ��	�� ' P %�
' P %�
�	 � 
 dKS8ea� �
� 
 
 �l½ �' P %�


' P %�
�	' P %�
�	 ½"� 	 ' P %�
 	' P %�
 ! 
 dKS8e2} �
T�"=,>-)*��=<?, P -@#&�$'.#;A=,2�$'3,>*��=<X48,ZA=,.+1,2�$A$,2�[ Q -)#&�=<?, Q -L,2 6E=,2�$'3Y{� P H J1,2' P D�,2%

´ �
� 
 
 �t½ � ��	 �*���
 ��	��� 	 ' P % � 
' P % � 
�	 ½ �  ��	��
� 	��@ G*���
 ' P %

� 
' P % � 
�	 ! 
 dKS8e2� �
T�"=, s *a-)#&*a G# P � P?Q  G"=, Q -)#;�=<?, Q -L,2 6E=,2�$'3Y Pas ,.-\ �"=,�-:*��=<?, P?Q *�� £$¤W¥3¦ e ¥.¯6° #;DB*�<?, QiP -V* � *a t,2*a-) �"#;%�%L" P H@��#;�x5W<XE=-L,ZdKShd QiP -@*nJ`*�%L,24;#;�=, P?Q � 	 � ½ vX�N|

!
�BD�S

gih jih	��
`o
�}��pfr�w��|{���� s�oqy�� u��}r�w�� {��}�}o r����Pu�r�o�sfw.{}z
T�"=,�A=,2' P -L-),24;*a G# P �IA$E=,� P  G"=,�%0+1,2'3 9-:*�4KDB#;%)*�4;#;<X�$D�,2�r 	#;�I-)*��=<?,�*��$A�*�C2#;DFE= G"�'.*���J1,_-L,2D P�s ,2AJrY�5W48 �,.-)#;�=<x G"=,B%0+1,2'3 9-:*rMj% P  G"$*� P �$4;Yk G"=,�J`*��$A� �"=,.Y~"$* s ,B#;��' P D!D P ��-L,2DB*�#;�$%aSnª\,2'.*�E$%0, �"$#&%_-L,2A$E$'3,2%� G"=,>J`*��$A=H]#;A= G"	MX G"=,>-L,2% P 4&E= �# P � P?Q  G"=,Z#;�r 9,.- Q ,.- P <?-:*�D A=,.<?-:*�A=,2% 
 c@z$Shv � S

gih jih���
`oqy�r"s�w�pfr�w�� { y�r���w�{Nr�o�s���o�s��|vxo�r�s����%��o r�� y�nPo)p�r"s�t�u�vxw.y@t)u�w.z {�vxo�{Nr
� Q  G"=,]%L+7,2'3 �-)*�4$J`*��$A� G"=,�DB*�%L 9,.-_*��`A!%L4;* s ,�#;DB*�<?,]"$* s ,f#;�y' P DBD P �x#;%/�`*a-L- P H^Mr* Q  9,.-_%0+1,2'3 �-)*�45W48 �,.-)#;�=<�4&#8 9 G48,k#&� QmP -:DB*a G# P � H]#;4;4�J1,k+`-L,2%0,2�r §M�-),2A$E$'.#;�=<¡ �"$,k-L,2% P 4&E= �# P �	S ª_E= B# Q , s ,2�r GE$*�4&48Y �"=,�%0+1,2'3 �-)E$D P?Q D!*�%0 �,.->*��`A�%)4;* s ,�*a-L,�A$#&%iO0E`�$'3 §M7'.*�4;'.E$4;*� �# P � P?Q *���#;�r 9,.- Q ,.- P <?-:*�D J1,2' P D�,2%%0,2�$%0,248,2%)%2S

3 P -f G"=,F*�C2#;DFE= G"k%0+1,2'3 �-)E$D�M` �"$#&%]#;%@ �"$,F'.*�%0,I# Q  �"$,FA$#TS7,.-L,2�`'3,n#;��I P +$+`48,.-f'3,2�[ �- P #;A�#;%D P -L,{ �"`*��� G"=,x*�C2#;DFE= G"�J`*��$A=H]#;A= G"	S�3 P - £$¤W¥ MU G"$#;%FA P ,2%I� P  ^"$*�+$+1,2�	MU*�%�#&%nA$#&%L'.E$%L%0,2A�#;�c@z$ShgKShvKS
3 P -I G"=,!-)*��=<?,{%0+1,2'3 9-:E$D�MR �"$#&%^'.*��¡"$*�+$+1,2��# Q  G"=,xJ`*�%0,24;#;�=,�J1,2' P D�,2%F PrP 4 P �=<$S�T�"=,J`*�%L,24;#;�=, QiP -fH@"$#;':"� G"=,I%0+1,2'3 9-)* P?Q DB*�%L 9,.-f*��`Ak%L4;* s ,IJ1,2' P D�,IA$#;%iOLE$�$'3 _#;%�'.*�4&48,2A� G"=, X Z�<�:�< X [@8



|?g ���������
	���
���
�����	�������������������	 � ��!��"
#�����%$&�'	(	�������	)�#�*����	�$&��	 �'!�����	�+

19 20 21 22 23 24 25 26 27
−7.5

−7

−6.5

−6

−5.5

−5

−4.5

−4
Fringe frequency dependance on incidence angle for a flat earth

Incidence angle (degrees)

Fr
in

ge
 fr

eq
ue

nc
y 

(M
H

z)

� �#�
�"	 ����� � � � �(����	�� �����#� � �'$�� � � $&	��������($&	 �'����������+%������	�	������'� �,���(�B� � � �(�����.� �"������� ����� 
 � �"���������"�������q$;�'	)������������	�� � �
��� 	N� � � � -q��� � -(�#�"� � �'$ ��212 %*!~� $ (,*�+
9D� � � �\
 ���*� 	������'���'$B?
6
6 %*!H����� � � ���������#���������}����� 
 �}�'$�� � � ���������%�����*�
	 ���'$
/ � 	 212 � 9�� � �q�������#���.����� �����'
#�q� $@� � � � -(��� � ���"���)������	 � � �(�'	 �C�����>��	���� % � � � ��	 � 7 � �����}� � ���f�'$@� � �(� ���@���\���B�(�����'�q� � /
7
	 � 6 � �
� � � � ������
��#��� � ���\��%��.�P��� � � � � �����'$���! ���'�|������	B?12
612}�����@?��;6���� ��� 7�� � !�������	
� � � � �����C��	 � 
#���������B� � � �i���'����
����\�#�'� � � ���	������'�|�"
��B��	������ � �Y�q��� � �N����	�	��#���d�
�"�q�"�����������.�*�)� ��	������'�1�

aY[�c W 8;<�A W S 3 P - £`¤W¥ M6 G"=,>'3-)#8 G#;'.*�4WJ`*�%0,24;#;�$,]'.*��{J7,>'.*�4;'.E$4;*� �,2AyJ6Yy%)E=J`%0 G#8 GE= �#&�=<> �"$,�-:*��=<?,fJ`*��$A ¦H@#;A= G"	M P?Q  �,2�B':" P %0,2�� P J1,�� � ½ e2d
!
d?d G��]CXMr*�%U G"=,_-)*��=<?,�%L"$# Q  Q -L,2 6E=,2�$'3YF#;�F,2 rE$*� G# P � 
 dKSh| � ST�"=,Z'3-)#8 G#;'.*�41J`*�%0,24;#;�=,f#;% 
 ­ *� �,24;4;#1,. �*�4�S8Mje2�?��z � ­ ,2E$A$ ��=,.-�Mje2�?�?d �

� ��	 � � º / ¹ � ½  � � � 	W G*���

�

, v��¢e.�����re2d
!
d?d��¢e.�����a}?dN�	�¢e.��
��2 G*���g?v ��

!
�Xd?|?| , e.�X|N�nD

!

 dKShgN� �

B(*a-:*�D�,. �,.- 
{#;%� �"=,�#;�`'.#;A=,2�$'3,F*��=<X4;,XMWH]"$#;')"~A=,.+1,2�$A`% P �~ G"=,I%L4 P +1, P?Q  �"$,n �,.-L-)*�#;�	S�� Q �"=,y 9,.-)-)*�#&��%L4 P +1,2%> P H_*a-)A`%Z G"=,!%L*� 9,24&4;#8 �,XM	 G"=,!#;�$'.#&A=,2�$'3,B*��=<X48,BA=,2'3-L,2*�%0,2% � # Q , s ,2�r GE$*�4&48Y� G"=,%L4 P +1,y*��=<X48,y,2 rE$*�4;%^ �"=,x#;�$'.#;A$,2�$'3,!*��=<X48, QiP - � *a > �,.-L-)*�#;�	MlH@"$#;':"�#;%Ig?v � QiP - £`¤W¥ Mt G"=, Q -)#;�=<?,Q -L,2 6E=,2�$'3YxJ1,2' P D�,2%@E`�[J P E$�$A$,2Ax*��$A{, s ,2��*^C.,.- PN¦ JW*�%0,24&#;�=,>YK#8,24;A$%\ P  �*�4	A=,2' P -L-),24;*a G# P �	S
gih jih g
��r���o�s �Pu�r�o�sfw.{}z�n�s�� p o)y�y@oqy

3U#&48 9,.-:#;�=<B+$- P '3,2%L%L,2%]'.*��kJ1,^E`�$A=,.-L G*aq?,2��#;�k%L, s ,.-)*�4t%0 �,.+`% P?Q  �"=,F#;�r 9,.- Q ,.- P D�,. �-)#;'Z+$- P '3,2%L%L#;�=<$ST�"=,f� P #;%0,f#;�y �"=,>#;�r �,.- Q ,.- P <?-)*�D© G"$*a u#&%\' P -)-L,2'3 9,2A QiP -_ �"$,]-L, Q ,.-L,2�$'3,f+`"`*�%0,f'.*��yJ1,fA=,2'3-L,2*�%0,2AJrY 5W48 �,.-)#;�$<�#;� P -:A=,.-� P #;D�+$- Pas ,� G"=,�+`"$*�%0,oE$�rH�-)*�+$+`#;�$<$S G P %0 G48Y  G"$#;%{#;%k*¡%LD PrP  G"$#;�=<P +7,.-:*a G# P �Z*�4 P �=<� G"=, Q -)#;�$<?,2% � J7,2'.*�E$%0,/#8 7A$,.+7,2�`A$% P �^ G"=, Q -)#;�$<?, Q -L,2 6E=,2�$'3Y>*��$A> G"=, P -)#;,2�[ G*a G# P �P?Q  G"=, Q -)#;�=<?,2%2Mj#; ]#;%>'.*�4;48,2A [ U [�e):�< < W 
 �K')"rH��*�J`#;%L':"	M(e2�?�?d ��� ,.,B,. f*�4�S8M(e2�?�?} � S ­�P 4;A`%0 9,2#&��*��$A
��,.-)�=,.- 
 e2�?�?} � A$,2%L'3-)#8J1,n*�A$*�+$ G# s ,n#;�r �,.- Q ,.- P <?-)*�D 5W4; 9,.-)#&�=<!E$%L#&�=<y G"=,I%0+1,2'3 9-:*�4R+$- P +1,.-L G#8,2% P?Q �"=,�#;�r 9,.- Q ,.- P <?-)*�D�StT�"=,2%0,�*�A`*a+$ G# s ,�5748 9,.-:#;�=<>D�,. G" P A`%V"$* s ,�� P  �"`#;�=<> P A P H@#8 G"� �"$,]%0+1,2'3 �-)*�45W48 �,.-)#;�=<�#;�> G"$#;%	 �"=,2%)#;%2M. G"$*� 7#;�Z-)*��$<?,V'.*��n*�4&% P J1,u*�A`*a+$ G# s ,(J1,2'.*�E$%0,u#8 1'.*��^J1,VDB*�A=,uA=,.+1,2�$A=,2�r P?Q  �"=,y4 P '.*�4 Q -)#;�=<?, Q -L,2 6E=,2�$'3YXS{T�"=,BA`#;S7,.-),2�$'3,!#;%^ �"$*� �H/,xA$#;%L'.E$%)%>%0+1,2'3 9-)*�4U5W4; 9,.-)#&�=< P?Q  G"=,¥.¯6° #;D!*a<?,2%2M=� P  P?Q  G"=,Z#;�r 9,.- Q ,.- P <?-)*�D�S



��� ���"�B�.	������ ��
�����	������������
	���!��"� � �����d	������'� |?v

Master spectral
amplitude

Slave spectral
amplitude

frequency

frequency

∆B

∆B

< >B

B – ∆B

� �#�
�"	 �A��� 7 � � �}�\��������	��}�'$�! ���\�B�.	 �������\
 �.����-(��� � � �����,-(�#�>� � � � �.��� � � �%� � ���"��� � ����� ��� ���'� ��� ���'!�!��'� �8� � ��\�#�'����
 � ��� � ���'�#��� 	����
�#� �'$D� � �|���*����	�$;��	 �'�'	���!F����� �B� � � � ��� � � �����.	�
&���"������� �\�������
	��i����� � � ����
 �E��
 ���B��� -(�#� � � � �|	����
�#�%� $9� � ���� !�! � �R�����P���'� � ��� !�! � � � ������-(�#�"� � ���
����� KFLf�R�/�1�l�[�YM	�l�@�0���f�1���/�t���R������� �6�n�NM1�X�1�l�dO^�G�[�R�7�0�RQ

w %�%)" P H@�b#&��c]dKShgKM$A$E=,> P  �"$,�<?, P DB,. 9-)#&'Z' P �$A$#8 G# P �$%\A$E=-:#;�=<I*�'. 6E$#;%L#; �# P � P?Q  �"=,>#;D!*a<?,2%2MK G"=,%0+1,2'3 9-)*�4jJ`*��$A$% P?Q  �"=,nDB*�%L 9,.-�*��$Ak%L4;* s ,nA P � P  �' P D�+`48,. �,248Y Pas ,.-:4;*a+RS\ª\,2'.*�E$%0,n �"=,F%L"$*�+1, P?Q �"=,>%0+1,2'3 �-)*>#;%\qK� P H@�lM6#; V#;%/+ P %)%L#8J`48,@ P A=,.-)# s ,� G"=,� �"$, P -L,. �#&'.*�4;4;Y�-L,2%LE$48 G#;�=<nA=,2' P -L-L,24;*� G# P �y*��$A-L,2A$E$'3 G# P � P?Q  G"=,\%)#8<X�$*�4 ¦  PN¦ � P #;%0,\-)*a G# P]P?Q  G"=,\#&�[ �,.- Q ,.- P <?-)*�D�M�<X# s ,2�I �"$,\%0+1,2'3 �-)*�4r%L"`# Q  	#&�^-)*��=<?,P -n*�C2#;DnE$ �"	SIT�"`#;%� �"=, P -),. �#;'.*�4(A=,2' P -L-),24;*a G# P �	Mj'.*�4;'.E$4&*a �,2A�#;�~ G"$#;%f%0,2'3 G# P �	Ml'.*���J1,�' P D�+`*�-L,2AH@#8 G"{ �"=,ZA$,2' P -L-L,24;*� �# P �{,2%0 �#&DB*a �,2A Q - P D  G"=,Z#;�r 9,.- Q ,.- P <?-)*�DB%2S
gih	�ih�k	�Foqp�� sfs�o�u.t�r�w��|{ � �Py�nPoqpfr"s�t�
�w�r��Hs�o)pfr�t�{�z ��u�t�s^o�{
�io�u�� nPo

3 P -u G"=,\'.*�4;'.E$4&*a G# P � P?Q  �"$,/ G"=, P -L,. G#;'.*�4[-L,2A`E$'3 �# P �n#;�F%L#8<X�`*�4 ¦  PN¦ � P #;%L,V-)*� �# P M�H\,\5`-)%0 	*�%L%LE`D�,/ G"=,,2� s ,24 P +1, P?Q  �"$,n%0+1,2'3 �-)* P?Q DB*�%0 9,.-�*��`A�%L4&* s ,^ P J1,Z-L,2'3 G*��=<XE$4;*�-aS_�G�b5`<XE=-),FdKSh|KM7 �"$,n%0+1,2'3 �-)*%L" P H *@J`*��$A=H@#;A$ �" �xStT�"=,_%0+1,2'3 �-)*�"$* s ,�*@J`*��`A ´ � � P  t#;�I' P DBD P �	SR���I G"=,�#;�r 9,.- Q ,.- P <?-:*�D�M �"$#&%�J`*��$Ak'.*�E$%0,2%f� P #&%0,XS@T�"$,n' P DBD P ��J`*��$A=H@#&A= �" � � ´ � P?Q ,2*�')"~%0+1,2'3 �-)E$D ' P �[ �-)#8J`E$ 9,2% P  G"=,Z#;A$,2*�4;4;Y!� P #;%0, ¦¢Q -L,.,Z#;�r �,.- Q ,.- P <?-)*�DkS(T�"=,Z%L#8<X�`*�4 ¦  PN¦ � P #;%L,�-:*a G# P  �"6E$%�#&%
¥��	¤ ½ � � ´ �´ � ! � dKShgKe��

w '.' P -)A`#;�=<B P ,2 rE`*a G# P � � vKS8e3z���#;�b%0,2'3 G# P �~c�vKShvKS8e?M` �"=,Z' P -)-L,24;*� �# P �b#&%
� ½ ee�� ¥��	¤����
½ e � ´ �

� ! � dKShg?g��
T�"=,>A=,2' P -L-L,24&*a G# P �{A$E=,f P  G"=,>%0+1,2'3 �-)*�47DB#;%)*�4;#;<X�$D�,2�r u#;�x-)*��$<?,f'.*��{J1,�':"$*�-)*�'3 �,.-)#8C.,2A{J6Y! G"=,Q -)#&�=<?, Q -L,2 6E=,2�$'3Y ´ � ½ � ´ �
� � � ,2 rE$*� G# P ��dKS8e?e��\*��$A{ G"=,>%L#8<X�$*�47J`*��`A=H@#;A= G"!#&�{-)*��$<?,Z#;% P?Q  �,2�')" P %0,2�~ P J7, � � , e2d

!
d?d�G ��C QmP - £$¤W¥ � ,2 6E$*a G# P ��z$S8e?e��)Sf����*�C2#;DnE$ �"	M` �"$,F%0+1,2'3 �-)*�4l%L"$# Q  �#;% �"=,]A$#;S1,.-L,2�$'3,@#;� I P +`+`48,.-V'3,2�r 9- P #;A$% P?Q J P  G"B#;DB*�<?,2%2M ´ � ½ � ´�� ��� � � ,2 6E$*� �# P � � dKS z��U*��$A� G"=,*aC2#;DFE= G"�%)#8<X�$*�4R#;% P?Q  9,2�~+$- P '3,2%L%L,2AkH@#; �"�*�J`*��$A=H@#&A= �" P?Q ��� , e2vX�N}��]C QiP - £$¤W¥ � ,2 6E$*a G# P �z$S8e2d��)S w %u%0 G*a �,2A�#;��%0,2'3 G# P �xc\vKShgKM[ �"=,�A$,2' P -L-L,24;*� �# P �F*�+$+1,2*�-)#;�=<f#;��*���#;�[ �,.- Q ,.- P <?-)*�D�#;%('.*�E$%0,2AJrY�%0, s ,.-)*�4`% P E=-)'3,2%2SUT�"=,.Y�'.*��!*�4;4KJ1,�')"$*�-)*�'3 9,.-:#8C.,2ABJ6Y�*�A$,2' P -L-L,24;*� �# P � �! *��`AB*�%V#;��,2 6E$*a G# P �

� vKS8e2d��)M1 �"=,^ P  G*�4RA=,2' P -L-L,24&*a G# P �k'.*���J1,ZH@-)#8 � 9,2��*�%� G"=,n+$- P A$E$'3 P?Q  G"=,FA=,2' P -L-L,24;*� G# P � Q *�'3 P -)%A$E=,@ P  G"=,�#;�$A$# s #;A$E`*�4r% P E=-)'3,2%2SU� Q *�-L,2'3 G*��=<XE`4;*a-/,2� s ,24 P +7, P?Q  �"$,]*�C2#;DnE$ �"B*��$A!-)*��$<?,]%0+1,2'3 �-)*



|�z ���������
	���
���
�����	�������������������	 � ��!��"
#�����%$&�'	(	�������	)�#�*����	�$&��	 �'!�����	�+

#;%B*�%L%LE$D�,2AlMV G"=,b<?, P D�,. �-)#;'�A$,2' P -L-L,24;*� �# P � #;� *�C2#;DnE$ �" *��$A�-)*��=<?,k'.*��  G"rE`%�J1,bH�-)#8 � 9,2� *�%
� ª\*�DB48,.-]*��$A �[E$%0 3M1e2�?�?v�� ­ ,2E$A= G�=,.-aM1e2�?�?d��

� »�¼��.0j¼ ¹mº / � ½ � ·.-�/ 0)1L¹
2 � � º;·�¸)»�¼
½�� e � � ´ ����� �

����� � e � � ´ �
� �
� ��� ! � dKShg?v��

� Q  G"=,b%0+1,2'3 9-)* P?Q *�C2#;DFE= G"�*��$A�-)*��=<?,�"$* s ,�*�-L,2'3 G*��$<XE$4;*�-I%)"$*a+1,XM( G"=,bA=,2' P -L-),24;*a G# P �#;%I �"6E$%�4;#&�=,2*a-:48YoA=,.+1,2�$A=,2�r P?Q  G"=, Q -)#;�=<?, Q -L,2 rE$,2�$'3Y QiP -B-)*��=<?,b*��`A� �"=,�I P +$+`4;,.-I'3,2�r �- P #;AA$#;S1,.-L,2�$'3,�#;��*aC2#;DFE= G"	S>T�"$#&%]#;%f%L" P H@��J6Yk G"=,FA`#;*a< P �`*�4t4;#;�=,F#;��5`<XE=-L,�dKSh} QiP -Z*aC2#;DFE= G"�*��$A5`<XE=-L,@dKSh� QiP -u-)*��=<?,XS w +W*a-L Q - P D¬ �"=, Q -)#;�=<?, Q -L,2 6E=,2�$'3Yn*��$AI G"=, I P +$+`48,.-u'3,2�r 9- P #;A�A$#;S1,.-L,2�$'3,XM*�4;% P  G"=,{%0+1,2'3 9-:*�4 Pas ,.-)4&*a+
	 ��� 		 #&%n<X# s ,2� #;�� �"=,2%L,!5`<XE$-L,2%2SoT P  �*�4_A=,2' P -L-L,24&*a G# P � P '.'.E=-:%�# Q
� ´ �
� ��
 � �]#;�{-)*��=<?,Z*��`A � ´ ����� ��
 ���Z#;�b*�C2#;DnE$ �"	MK*�%�A$#;%)'.E$%L%0,2Ab#;��c]dKShgKS z$S� Q  �"=,I%0+1,2'3 �-)*�4lJ`*��$A$%] �"$*� � G"=,FD!*�%0 �,.-f*��$A�%L4;* s ,�%0+1,2'3 �-)E$D A P � P  @"$* s ,�#;��' P DBD P �*a-L,k-L,2D Pas ,2A *��`A� �"=,b �-)*��$% Q ,.- Q E`�$'3 �# P �$%I*a-L,�DB*�A$,{%)#;DB#;4;*�-aM(*�%�H@#;4&4/J1,�A=,2%)'3-)#8J1,2A�#;� %0,2' ¦ �# P �`%�dKS zB*��$A�dKSh|KM$ �"=,f<?, P D�,. �-)#;'>A$,2' P -L-L,24;*� �# P �x%)" P E$4;Ax G"=, P -L,. G#;'.*�4&48Y�J1, P �$,XSuT�"=,f,3pK+7,2'3 �,2A#;D�+$- P�s ,2D�,2�r �� P?Q  G"=,�%0+1,2'3 �-)*�4r5W4; 9,.-)#&�=<@+$- P '3,2%L%t G"rE`%(#;%t �"=,_-L,2'.#;+$- P '.*�4 P?Q  G"=,�A=,2' P -L-),24;*a G# P �	M

� ·�-�/ 0�1)¹
2 ½ e
� ·�-�/ 0�1)¹
2 ½ � �

��� � ´ ����� � � dKShg�z��� º;·�¸)»�¼V½ e
� º&·9¸:»9¼ ½

� �
� � � ´ �
� ! � dKShg?d��

gih	�ih j �Foqp�� sfs�o�u.t�r�w��|{ � �Py�nPoqpfr"s�t�
�w�r�� 
^o�w.z �Nr�o
�Ho�{
�io�u�� nPo
��� +`-)*�'3 G#;'3,XM/ �"$,b,2� s ,24 P +1, P?Q  G"=,�*�C2#;DnE$ �" *��$A�-)*��=<?,k%0+1,2'3 �-)E$D *�-L,k� P  F-L,2'3 G*��=<XE`4;*a-�S����c{z$ShgKShgKM] G"=,�%)"$*a+1, P?Q  �"$,�*�C2#;DFE= �" %0+1,2'3 �-)E$D H_*�%x%)" P H@�  P ' P �`%L#;%0 P?Q *o%L 6E$*a-),2A�%L#;�6E$%'.*a-)A`#;�$*�4;#;%\*��$Ak* �f*�D!DB#;�=<IH\,2#8<X"[ G#;�=< Q E$�$'3 G# P �	M
� � � �@� ����� � ½�� �

!
�Nd � �

!
g?dU' P % g
A � � � � � ��� �

��� � � %L#;�$' � � ��� ���
��� ��� � ��� � � � ��� ���

��� � ! � dKShg?|��
T�"=,�I P +$+`48,.-]'3,2�[ �- P #;A Q -L,2 6E=,2�$'3Y������_#&%_ �"=,Z*�D P E$�r \ �"=,Z*�C2#;DFE= G"b%0+1,2'3 9-)E`D #;%�%L"$# Q  �,2A	ST�"=,@-)*��$<?,@%0+1,2'3 9-:E$D¬#;%2Mr*�%/A$#;%L'.E`%L%0,2AB#;�bc/z$ShgKS8e?M6H/,2#;<X"[ �,2A!H]#8 �"!*5�f*�DBDB#;�=< Q E$�$'3 G# P �	S���� G"=,n+`-L, s # P E$%]%L,2'3 �# P �lMWH\,�%L" P H/,2A� G"$*a @ �"=,IA$#;S1,.-L,2�r s #;,.H *��=<X48, Q - P D ,2#; �"=,.-f%L#;A$, P?Q  G"=,J`*�%L,24;#;�=,>'.*�E$%0,2%@� P %L"$# Q  /#&�b �"$,>-)*��$<?,^%0+1,2'3 9-:E$D�M=*�48 �" P E=<X"{ �"$, P JKO0,2'3 _%L+7,2'3 �-)E$D A P ,2%2S/T�"=,%L"$# Q  P?Q  G"=, P JKO0,2'3 (%0+1,2'3 9-)E`D�'.*��!J7,� �-)*��$%L4;*� �,2A�#;�[ P *f%L"$# Q  P?Q %0+1,2'3 �-)*�4 Q ,2*� �E$-L,2%u#;�I G"=,�-)*��=<?,%0+1,2'3 9-)E`D©H]#8 �"x G"=, Q -:#;�=<?, Q -L,2 6E=,2�$'3Y ´ �
� � ,2 6E$*a G# P �bdKS8e2v��)S}3 P -� G"=,f< P *�4 P?Q  �"$#&%\%L,2'3 �# P �lMrH\,H@#;4;4W,3p6+`-L,2%L%\ �"`#;%_*�%�*n%L"$# Q  P?Q  G"=,f-)*��=<?,>%0+1,2'3 9-)E`D�SRT@"=,>%L"$*�+7, P?Q  G"=,�-)*��=<?,>%0+1,2'3 9-)E`D© G"=,2�#;% � � �
�*� ´ �
��� ½�� �

!
�Nd ���

!
g?dU' P % g
A � �
�%� ´ �
� �

� � � � � �
�
� ��� ! � dKShgX� �T�"=,\� P #;%0,\#;�$A$E`'.#;�=<_J`*��$A$% ´ � P?Q  �"$,/� P  	+1,.- Q ,2'3 G48Y Pas ,.-)4;*�+$+`#&�=<@%0+1,2'3 �-)*_*a-L,\H\,2#8<X"[ �,2A	M% P  �"$*� � G"=, QiP -)DFE$4;* QiP -{ �"=,�A=,2' P -L-L,24&*a G# P � � dKShg?g�� P?Q -L,2'3 G*��$<XE$4;*�-y%0+1,2'3 �-)*�A P ,2%x� P  !" P 4;A*��rYoD P -L,XS{T�"=, QmP -)DFE$4;* QiP -^H\,2#8<X"[ �,2A�%L+7,2'3 �-)*{E$%0,2%^ �"$,!' P � s?P 4&E= �# P � P?Q  �"$,!%0+1,2'3 9-:*rSxT�"=,'.*�4;'.E`4;*a G# P � P?Q *�� #;�[ �,.- Q ,.- P <?-)*�D #;%y G"=,k' P D�+`4;,3p�DnE$4; �#8+W4;#;'.*� �# P � P?Q  G"=,�D!*�%0 �,.-y*��$A %L4;* s ,#;DB*�<?,XM/*�%BA$#;%)'.E$%L%0,2A�#;� cxgKS z��@ �"`#;%I#;%I,2 rE`# s *�48,2�r ^H@#; �"� G"=,�' P � s?P 4&E= �# P � P?Q  �"=,b%0+1,2'3 �-)* P?Q �"=,ZD!*�%0 �,.-�*��$Ab%L4;* s ,Z#;D!*a<?,XSuT@"=,f,3p6+1,2'3 �,2A�A=,2' P -L-L,24&*a G# P � QiP -� �"=,>H\,2#8<X"r 9,2Ak%0+1,2'3 9-)*n'.*��{J1,J$- P E=<X"r �#;�k* QiP -)D %L#&DB#;4;*�-� P  �"$*� P?Q ,2 rE`*a G# P � � dKShg?g��)M�	 ��� 		 S\T@"=,^� P DB#&�$*a P -@#;%@ �"$, s *�4;E=,



��� ���"�B�.	������ ��
�����	������������
	���!��"� � �����d	������'� |?d

frequency

amplitude

0–B/2 + ∆B +B/2

� �#�
�"	 �A��� � � � �%�"����� 	�	 ��
 �����#�'�R�,���%���d� � �}�\�@�����
	���
f� � ��$&�
��� ����� � �%����
 �E��
 ���B�������|� � � 	������#�d�'$ � � ���
�"���*���'�*���'
����
�#�'�
�'��
3���i$&�'	(� � �N� � ��$&� ���  &� � � � � �Y�"���5��	 ���C$������P� � �i���'�B��
f��	 ��� �"���"��	(� � �i� ���@��	 ���P�\�������
	���
D���*����
#� ���1�

P?Q  G"=,�*�E= P ' P � s?P 4;E= G# P � Q E$�$'3 G# P � QiP -� �"$,�%0+1,2'3 �-)*�4W%L"`# Q  ´ � �6A=,>A=,2� P D!#;�$*� P -\#;%\ �"=,f#;�r 9,.<?-:*�4P?Q  G"=,>%L 6E$*a-), P?Q  G"=,>%0+1,2'3 9-)E`D � H]"$#;')"b#&%/ G"=, s *�4&E=, P?Q  G"=,>*�E= P ' P � s?P 4;E$ �# P � Q E$�$'3 G# P �xH@#8 G"{*%L"$# Q  P?Q C.,.- P �)SuT@"$#;%�#;%�#;4&4;E$%0 �-)*� 9,2Ax#;�x5`<XE=-),^dKS��6S3 P -] �"=,>H\,2#8<X"r 9,2Ak*aC2#;DFE= G"b%0+1,2'3 9-:E$D�M

� ·�-�/ 0)1L¹�2 � ´ ����� � ½ e� ·�-�/ 0�1)¹
2
������� ��

� � ��� � �
� � � �@�L�!� � � � �@� ´ ����� �
	�� �@� � dKShg?}��

H@#8 G" � � � �@� ����� � Q - P D ,2 6E$*� �# P � � dKShg?|��_*��`A
� ·.-�/ 0)1L¹
2]½ ������� ��

� � ��� � ��
 � � � �@�L�!���
� 	.� �

! � dKShg?���
ª/,2'.*�E$%0, P?Q  �"$,F-),2'3 �*��=<XE$4;*�- Q E$�`'3 �# P �

� #;�k,2 6E$*� �# P � � dKShg?|��)MR G"=,F#&�[ �,.<?-)*� �# P �~4 P H/,.-Z4&#;DB#8 �#;�,2 rE$*� G# P � � dKShg?}��B#;%�,�S1,2'3 �# s ,248Y~� ��� �Ng � � ´ ����� �U*��`A  �"$,kE=+$+1,.-B4;#;D!#8 ��� �NgKM�*�%y%L" P H@� #;�5`<XE=-L,^dKS��6S/T�"$#;%\ G"=, P -L,. G#;'.*�4j' P "$,.-L,2�$'3, � ·.-�/ 0)1L¹
2 MK-L,2%)E$48 G#;�=<I#;�b*nA$,2' P -L-L,24;*� �# P � P?Q e � � ·.-�/ 0)1L¹
2A$E=,f P  G"=,�I P +$+`48,.-�'3,2�r 9- P #;A{A$#;S1,.-L,2�$'3, ´ ����� P?Q  G"=,�*�C2#;DFE= G"x%L+7,2'3 �-)E$DkMr#;%�A$-)*3H@�x#;�y5`<XE=-L,dKSh} *�%�* Q E$�$'3 G# P � P?Q  �"$, I P +`+`48,.-�'3,2�r 9- P #&A A$#;S1,.-L,2�$'3,�*��$A  G"=,o%0+1,2'3 9-:*�4 Pas ,.-:4;*a+ 	 ��� 		 S
3 P -F' P DB+`*a-:#;% P �	M	*�4;% P  �"=,B' P "$,.-L,2�$'3,y#&%ZA=-)*3H@��# Q  G"=,B%0+1,2'3 �-)E$D«H P E$4;Ao"`* s ,y*y-L,2'3 �*��=<XE$4&*a-,2� s ,24 P +1,XS3 P -] �"=,>H\,2#8<X"r 9,2A�-)*��$<?,Z%0+1,2'3 9-)E`D�M6 �"=,> G"=, P -L,. G#;'.*�4j' P "=,.-L,2�$'3,F#;%

� º;·�¸)»�¼ � ´ �
� � ½ e� º;·�¸)»�¼
����� ��

� ����� �
� � �
�*�L�!� � � �
�"� ´ �
� ��	.�
�>� � dKShvN�!�

H@#8 G" � � �
�>� ´ �
��� Q - P D ,2 6E$*� �# P � � dKShgX� ��*��$A
� º&·9¸:»9¼V½ ����� ��

� � � � � 
 � � �
�*�L�!� �
� 	.�
�

! � dKShvKe��



|?| ���������
	���
���
�����	�������������������	 � ��!��"
#�����%$&�'	(	�������	)�#�*����	�$&��	 �'!�����	�+

rectangular spectrum

weighted spectrum

0

0.2

0.4

0.6

0.8

1

C
oh

er
en

ce

200 400 600 800 1000 1200

1 0.8 0.6 0.4 0.2 0
Azimuth Doppler centroid difference (Hz); spectral overlap

Coherence due to Doppler centroid difference
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Coherence due to incidence angle difference
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Doppler centroids of master and slave spectra with spline-approximation
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/ 0 � ¸ ��¸)¼ *��$A� �"$*� P?Q  G"=,F*�C2# ¦DnE= G"I5W4; 9,.-L,2A�#&DB*a<?,2%V#;% � ¼ µ;¹
/ 0 � ·.-�/ 0 M[ �"$,2�I �"=,]D�,2*�%)E=-L,2A�A=,2' P -L-),24;*a G# P �be(� �  G"$*� R G"=,�*�C2#;DnE$ �"5W48 �,.-)#;�=<I-L,2D P�s ,2Ak%L" P E$4;AxJ1,Z%LE$')"� �"$*� \ �"=,Z' P "$,.-L,2�$'3, Q *�'3 P -@#;%

� ½ � ¼ µ8¹�/ 0 � ¸ �9¸:¼
� ¼ µ8¹�/ 0 � ·�-�/ 0 � dKShdN�!�

*��$A� �"=,ZDB,2*�%LE$-L,2Ab#;D�+$- Pas ,2D�,2�r \A`E=,> P  �"=,Z*�C2#;DFE= G"x5W48 �,.-)#;�=<I#;%_ G"=,>-L,2'.#8+$- P '.*�4� ½ � ¼ µ;¹
/ 0 � ·.-�/ 0
� ¼ µ;¹
/ 0 � ¸ ��¸)¼ ! � dKShdKe��

T�"=,2%0, s *�4&E=,2%(*a-),�4;#;%0 �,2An#&�I �"=,� G*�J`48,2%U#;�I G"=,f± ,3p6+1,.-)#;DB,2�[ G*�4�²�' P 4;E`DB�	StT�"=,.Yn'.*���J1,�' P D�+`*�-L,2AH@#8 G"{ �"=,> G"=, P -L,. G#;'.*�4 � � ¼�/ »�2G¹ *��`A � � ¼�/ »�2G¹ ST�"=,_5748 9,.-:#;�=<�-L,2D Pas ,2%\� P #;%L, Q - P D¬ �"=,�#&�[ �,.- Q ,.- P D�,. �-)#;'_+`"$*�%0,XStT P A=,2D P �$%0 �-)*� 9,_ G"$#;%2M P?Q% P D�,f#;�[ �,.- Q ,.- P <?-)*�DB%( G"=,]#&�[ �,.- Q ,.- P D�,. �-)#;'_+`"$*�%0,@#&DB*a<?,]#;%V%L" P H@�!H@#8 G"B*��`ABH@#8 G" P E= R5W48 �,.-)#;�$<$ST P J1,n*�J`48,Z P *�%L%0,2%L%] G"=,^-L,2*�4l� P #;%0,n4;, s ,24¢M`� P DnE`48 �#&4 PrP qK#;�=<�#;%]*a+`+`4;#8,2Ab P  G" P %0,F#;DB*�<?,2%]*��$A"=,2�$'3,f �"$,@+`#³pK,24;%/*a-L,f� P  V%) rE$*�-L,XSNG P %0 V#;�r 9,.- Q ,.- P DB,. 9-)#&'�+`"$*�%0,�#;DB*�<?,2%/*�-L,f*Z%0,248,2'3 G# P � P?Q gN�?�+`#³pK,24;%U#;�I*aC2#;DFE= G" � }N�?�ZD�,. �-L, �l*��`AnzX�?�^#;�F-)*��$<?, � }?|N�?�nD�,. �-L, �)MX% P  G"$*� 	 �"$,_#&�$A$# s #;A$E$*�4?+`#8p6,24;%'.*��bJ1,Z%0,.,2�lS ] QRP �$,Z#;�[ �,.- Q ,.- P <?-)*�D�M=*�4;% P  �"$,Z' P D�+`48,. �,>+`"$*�%0,>#;DB*�<?,Z#;%�%L" P H@�	MK P #;4;4;E`%0 9-:*a �, �"=,^+`"$*�%0, Q ,2*� �E$-L,2%�+$-L,2%L,2�[ 3S
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T�"=,n5`-)%0 QiP E=- £$¤W¥ +`*�#8-)%@4&#;%0 �,2A P �� �"$, QiP 4;4 P H@#;�=<B+W*a<?,2%f*�-L,n G*��$A=,2D +`*�#;-)%2� £$¤W¥3¦ en*��$A £$¤W¥§¦gbH@#8 G"�*��o#;�r 9,.- s *�4 P?Q\P �$,!A$*3YXSxT�"$#;%f-L,2%)E$48 G%>#;�~ �"$,B 9,2DB+ P -:*�4(A=,2' P -)-L,24;*� �# P �~ P J1,!4;#&DB#8 �,2A' P D�+`*�-L,2A�H@#8 G"F �"`*a QmP -V �"=,_ G"=-L,., £$¤7¥§¦ e_+`*�#8-)%2MNH]"$#;')"IH\,.-L,�*�'. rE`#8-L,2AIH@#8 G"I*�v?d ¦ A`*3YI#&�[ �,.- s *�4¢S] �� �"=, P  �"$,.-I"`*��$AlMR G"=,x �*��$A=,2D +`*�#8-)%n%L" P H *�' P �`%L#;A=,.-)*�J`48, I P +`+`48,.-I'3,2�[ �- P #;A Q -),2 rE=,2�`'3YA$#;S1,.-L,2�$'3,XMWJ7,2'.*�E$%0,n �"$, I P +$+`48,.-f'3,2�r 9- P #&A Q -L,2 6E=,2�$'3Y QiP - £$¤7¥§¦ gB#&%]%LE$J`%0 G*��r �#&*�4;4;Y!4 P H\,.-f �"`*�� �"=,�I P +$+W48,.-�'3,2�[ �- P #;A QiP - £$¤W¥3¦ e?S(T�"=,> G*��`A=,2D�+`*�#;-)%_*a-L,> G"6E$% s ,.-LYb%LE$#8 G*aJW48,@ P  9,2%L /*�C2#;DnE$ �"5W48 �,.-)#;�=<$ST�"=,PI P +`+`48,.-/'3,2�r �- P #;A!A`#;S7,.-),2�$'3,�-)*��=<?,2% Q - P D�g?d?v ��C QiP -V G"=,]+`*�#;-/g?g?�Ke2v ¦ v?g�zX�� P v�z$e�]C QmP -Ig�z?z$e2| ¦ zr��z[v��V G"=,�,3pK+7,2'3 �,2A�#&D�+$- P�s ,2D�,2�[ P?Q *�C2#;DnE$ �"�5W4; 9,.-)#&�=<{-)*��$<?,2% Q - P D e2d �  Pg?} � S 3 P -�*�4;4 QiP E=-\ �*��$A=,2D©+`*�#8-)%2M[ �"$,@-L,2*�4;#;%0,2Ay#;D�+$- Pas ,2D�,2�r V#;�y �"$,]' P "=,.-L,2�`'3,XM=*�%\'.*�4&'.E$4;*� 9,2AH@#8 G"{,2 rE$*� G# P � � dKShdN�!�\H_*�% P �$48Y{%L4;#8<X"r G48Y!48,2%L%_ G"$*��{+$-L,2A$#&'3 9,2A	ST�"$#&%�A`#;S7,.-),2�$'3,�#;% QiP -Z*�4;4U+W*�#8-:% s ,.-)Y~%)#;DB#;4;*�-aS>�� fDB#8<X"r @J1,B'.*�E`%0,2A~JrY� G"=,B' P -L-L,2'3 G# P �P?Q  G"=,I,3p6+1,2'3 �,2A~ �"=, P -),. �#;'.*�4t' P "=,.-L,2�$'3, QiP -Z*B-L,2'3 G*��=<XE$4;*�-�%L+7,2'3 �-)E$D � º&¼ � ¹ M1H]"$#;')"~'.*���,2*�%L#&48YJ7,y'.*�4;'.E`4;*a �,2A Q - P D� G"=,B*�C2#;DnE$ �" I P +$+W48,.-^'3,2�r 9- P #&A Q -),2 rE=,2�`'3Y~A`#;S7,.-),2�$'3,XM	 P  G"=,B,3pK+7,2'3 �,2A �"=, P -),. �#;'.*�4[' P "$,.-L,2�$'3, QmP -t �"$,VH\,2#8<X"[ �,2AF%0+1,2'3 9-)E`D � � ¼�/ »�2G¹ Sl�G�Z G"$#;%R' P -L-L,2'3 G# P �	M�'.*�4;'.E`4;*a �,2AZH]#8 �",2 rE$*� G# P � � dKShg?}��)M[* �f*�D!DB#;�=<]H/,2#8<X"r G#;�=< P �`48Y^%L4;#;<X"[ G48Y>A$#;S1,.-L,2�r Q - P D ,2 6E$*� �# P � � dKShg?|��l*�48-L,2*�A=Y-L,2%LE$48 G%j#;�>*\A$#;S1,.-L,2�$'3,XS 3 P -l,3p=*�DB+`48,XMa# Q  G"=,( G"=, P -L,. G#;'.*�4?' P "$,.-L,2�$'3, QiP -l*\-L,2'3 G*��=<XE`4;*a-	%L+7,2'3 �-)E$DH P E$4&Ak"$* s ,FJ1,.,2�kE$%0,2A QmP -]+`*�#8-]g?g?�Ke2v ¦ v?g�zX�=M	 G"=,Z+`-L,2A$#;'3 �,2Ak' P "=,.-),2�$'3,n#;DB+$- Pas ,2DB,2�[ �H P E$4;A"$* s ,@J1,.,2�!g?gKS z � #;�$%L 9,2*�A P?Q e3z$Sh� � M6H@"$#;48,\ G"=,@D�,2*�%LE=-L,2A!' P "=,.-L,2�$'3,�#;D�+$- P�s ,2D�,2�r t#;%@e3z$Shg � Sw Q  9,.-Z*�4;4¢M` �"$,F#;DB+$- Pas ,2DB,2�[ �#;%]% P ' P �`%0 �*��r �48Y��$,2*a-f G"=,n+`-L,2A$#;'3 �,2Ak#;DB+$- Pas ,2DB,2�[ QmP ->*�4;4 QiP E=-+`*�#;-)%2M1 G"$*a ]H/,B'.*��o' P �$'.4&E$A=,� G"$*a �*aC2#&DnE= G"�5W48 �,.-)#;�=<{"$*�%f �"$,�,3p6+1,2'3 �,2A�-L,2%LE$4; @*��`A~ �"$*� @ G"=,' P -L-L,2'3 G# P � QiP -� G"=,>H/,2#;<X"[ G#;�=< P?Q  �"$,Z%0+1,2'3 9-)E`D�H P -LqK%�*�4;D P %0 /+1,.- Q ,2'3 3ST�"=,RI P +$+`4;,.-_'3,2�r �- P #;A Q -L,2 rE$,2�$'3Y!H_*�%�A$,. 9,.-)D!#;�=,2A Q - P D� G"=,>4 P '.*a G# P � P?Q  �"=,>'3,2�r 9-), P?Q �"=,f,2D�+` Y!*aC2#&DnE= G"x%0+1,2'3 9-)*�4WJ`*��`A	S 3 P -� �"=,�+`*�#8-)%_g?g?�Ke2v ¦ v?g�zX�y*��$A{g�z[�Kea� ¦ d?g�z?zy G"=,�I P +$+`48,.-'3,2�[ �- P #;AyH\*�%V*�4;% P A=,. 9,.-:DB#;�=,2A Q - P D  �"=,�4 P '.*a G# P � P?Q  G"=,@DB*ap=#;DnE`D P?Q  �"$,@%0+1,2'3 9-:*�4=,2� s ,24 P +1,XM*�%�4;#&%0 9,2A�#;�� G*aJ`4;,2%IdKSh|~*��$A dKS8e.�=S�ª\,2'.*�E$%L,b �"=,{DB*apK#&DnE$D #;%ID P -),{A`#��y'.E$48 > P A=,. �,.-)DB#;�=,A$E=,B P  G"=, �WE$'3 GE$*� �# P �$% P?Q  G"=,!%L+7,2'3 �-)E$DkMj �"$,B,3p6+1,2'3 �,2A�,.-L- P -F#;%Z4;*�-L<?,.-aS � P H/, s ,.-�Mt5`<XE=-L,2%dKShg?vy*��$A�dKShg?�y%)" P H  �"`*a _ G"=, I P +$+`4;,.-�'3,2�r 9- P #;AkA=,. �,.-)DB#&�=,2A Q - P D  G"=,F%0+1,2'3 9-)E`D DB*apK#;DFE$DA$#;S1,.-)%V%L#;<X�$#³5W'.*��[ G48Y Q - P D  �"$,]'3,2�r 9- P #&A!A=,. �,.-)DB#;�$,2A Q - P D¬ G"=,@,2D�+` YFJW*��$AlS w %u5W<XE=-L,2% P?Q  G"=,*aC2#;DFE= G"!%0+1,2'3 �-)*>%L" P H^Mr �"$#&%u,�S1,2'3 V#;%/-L,2*�4&48Yn+`-L,2%0,2�r u#;�B G"=,]%L+7,2'3 �-)*>*��$A!� P  u*f-L,2%LE$48 P?Q *fJW*�AA=,. 9,.-:DB#;�$*� �# P � P?Q  G"=,^%L+7,2'3 �-)E$D DB*2p=#;DFE$D�Suª\,2'.*�E$%0,n �"=,n*aC2#;DFE= G"{5W48 �,.-)#;�$<I#&%�J`*�%0,2A P �� G"=,*�%L%)E$D�,2A�%0+1,2'3 �-)*�4U,2� s ,24 P +1, P?Q ,2 rE`*a G# P � � z$S8e2|��)MU*!J1,. � 9,.-^A$,. 9,.-)D!#;�$*� �# P � P?Q  �"=,B4 P '.*� �# P � P?Q �"=,5I P +$+`48,.-V'3,2�r �- P #;A!#&%(,3p6+1,2'3 �,2A! P -L,2%)E$48 U#;�B*f"$#8<X"=,.-/' P "=,.-L,2�$'3,XS � P H\, s ,.-aM6 G*aJ`4;,2%VdKS��Z*��$AdKS8e?ey%L" P H¬ G"$*� ] G"=,B' P "=,.-L,2�`'3, P?Q  �"=,B*�C2#;DFE= G"~5W48 �,.-L,2A�#;DB*�<?,2%>H@#; �"~ G"=,�I P +$+`48,.-Z'3,2�r �- P #;AA=,. 9,.-:DB#;�=,2A Q - P D  �"$,]DB*apK#&DnE$D #;%V�=,2*�-)48Y�#;A$,2�[ G#;'.*�4= P  �"$,]' P "=,.-L,2�`'3, P?Q  G"=,�5748 9,.-:#;�=<>-L,2%LE`48 �%H@#8 G"{ �"=,�I P +$+W48,.-@'3,2�r 9- P #&AbA=,. 9,.-:DB#;�=,2A Q - P D  G"=,Z4 P '.*a G# P � P?Q  �"$,>,2D�+$ YxJ`*��`A	Sw %R G"=,/J`*�%L,24;#;�=, QiP -U �"$, QiP E=-(' P �$%L#;A=,.-),2AZ G*��$A$,2D +`*�#8-)%l-)*��=<?,2% Q - P D�e2}] P }?v�D�,. �-L,\*��$A �"=,F,2 6E$# s *�48,2�r Q -)#;�=<?, Q -L,2 6E=,2�$'3Y Q - P D«�=Shg?�y P e?Shv?v�G��]CXM1-)*��=<?,n5W48 �,.-)#;�=<y#;%]� P  @'3-)E$'.#;*�4 QiP - �"=,2%L,F+W*�#8-:%2M`JWE= �� P  @' P D�+W48,. 9,24;Yk�=,.<X4;#8<X#;J`48,XS@T@"=,FD!*2p=#;DFE$D #&D�+$- P�s ,2D�,2�[ QmP -f G"=,F �*��$A=,2D+`*�#;-)%�H\*�%fz$Shv � QiP -^gKe3z$e.� ¦ ea�NvX�6SB�G�~ �"$, � � P -)DB*�4;#8C.,2A ��' P "=,.-L,2�`'3,B"$#;%0 P <?-)*�D #&�k5W<XE=-L,BdKShgN� �"=,I#;D�+`- Pas ,2D�,2�r @A$E$,n P J P  G"k-:*��=<?,I*��$A�*�C2#;DFE= G"�5W4; 9,.-)#&�=<!#;%�'.48,2*�-aS w % QiP -f*�C2#;DFE= G"	M`*�4;% PQmP -]-)*��$<?,> �"=,ZDB,2*�%LE$-L,2Ab#;D�+$- Pas ,2D�,2�r _H\*�%�%L4;#;<X"[ G48Y!48,2%)%� �"`*��{+$-),2A$#;'3 �,2A	M6+$- P J`*�J`48Y!A`E=,> P *%0+1,2'3 9-)*�41,2� s ,24 P +1,^%L4;#8<X"r G48Y!A$#;S1,.-L,2�r Q - P D  G"$*� \E$%L,2A QmP -� G"=,Z'.*�4;'.E$4;*� G# P � P?Q ,2 6E$*� �# P � � dKShgX� �)S3 P -{ G"=,k G*��`A=,2D +`*�#8-)%aM/ G"=,�' P -L-L,2'3 G# P � P?Q  G"=,�J`#;*�%!#;�� �"=,�' P "=,.-L,2�$'3,�,2%0 G#;DB*� �# P ��#;%*�4;D P %0 \�$,.<X4;#8<X#8J`4;,]J1,2'.*�E$%0, P?Q  �"$,^"$#8<X"b' P "=,.-),2�$'3,2% P?Q  G"=,Z#;DB*�<?,2%2SuT�"$,2%0,Z+`*�#8-)%_ G"rE`%�'.*��$� P  
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%0,.- s ,� P A=,. 9,.-:DB#;�=,�H]"=,. �"$,.-V G"=,�J`#;*�%V' P -)-L,2'3 �# P �y*�48< P -)#8 G"$D¬#&%uH\,24;4`A=, s #;%0,2A!*��$A!H@"=,. G"=,.-V G"=,�rE$DnJ1,.- P?Q #;�$A=,.+1,2�$A=,2�r V4 P6P qK% � H_*�%@A=,. 9,.-:DB#;�=,2Ax-)#8<X"r 3SI>E=,k P  G"=, P �$, ¦ A$*3Y�#;�r 9,.- s *�4�J1,. H/,.,2�  G"=,k*�'. rE$#&%L#8 G# P � P?Q  �"$,k G*��$A$,2D +`*�#8-!#;DB*�<?,2% �"=,y 9,2DB+ P -:*�4uA$,2' P -L-L,24;*� �# P �o#;%Z4;#&DB#8 �,2A	S � P H\, s ,.-aM(*�%Z5`<XE$-L,ydKShgKex%L" P H]%2Ml G"=,!' P "$,.-L,2�$'3, P?Q �"=,I+`*�#8-ZgKe3z$e.� ¦ ea�NvX�k#;%>4 P H\,.-> G"$*��� G"$*� P?Q  G"=, P  �"$,.-> �*��$A=,2D +`*�#8-)%2S^T�"$#;%�#;%�+$- P J`*�J`48Yb G"=, 9,2D�+ P -)*�4UA=,2' P -L-L,24&*a G# P �~'.*�E`%0,2A�JrY�'3- P +o<?- P H� �"�*��$A~"$*�- s ,2%0 G#;�=< P �~ �"$,n5W,24;A$%2�� G"=,�#;DB*�<?,2%H/,.-L,f G*aq?,2�x#;� w E$<XE$%0 3S w %\ �"$,]' P "=,.-L,2�`'3,f#&DB*a<?,2%\*�-L,�' P DB+`*a-),2A!H@#; �"! �"=,�*�DB+`4;#8 GE$A=,�#;D!*a<?,XM#;�$A=,.,2A{ G"=,f5`,24;A`%�%L" P H  �"=,n4 P H\,2%0 _' P "=,.-L,2�$'3,XSª\,2'.*�E`%0,k G"=,k-),2A$E$'3 G# P � P?Q +`"$*�%0,k� P #&%0,k#;�� �"=,�#;�[ �,.- Q ,.- P <?-)*�D #;%!*�� #;D�+ P -L G*��r ^< P *�4 P %0+1,2'3 9-:*�415748 9,.-:#;�=<$M$#;�r �,.- Q ,.- P D�,. 9-:#;'f+`"$*�%0,^#;D!*a<?,2%]H/,.-),F'.*�4;'.E$4;*� �,2A	S_T�"=,nD P %0 �#;�r 9,.-L,2%L �#;�$<#;DB*�<?,2%V*�-L,@%L" P H@�!#&�� �"`#;%U �"$,2%L#;%2StT P J1,�*aJ`4;,� P *�%L%L,2%L%u G"=,@� P #&%0,XMX� P DFE$48 G#;4 P6P qK#;�=<f#;%V*�+$+`4;#;,2A P  �" P %L,!#;DB*�<?,2%^*��$Ao"=,2�`'3,! G"=,B+`#³pK,24;%>*�-L,y� P  f%) rE$*�-L,B*��$A P �$4;Y~*{%0,24;,2'3 �# P � P?Q gN�?�k+`#8p6,24;%#;��*�C2#;DnE$ �" � }N�?�xD�,. �-L, �/*��$A{zX�?�!#;��-)*��$<?, � }?|N�?�yD�,. �-L, �/'.*���J1,ZA$#&%0+`4;*3Y?,2A	S(T P E$�`A=,.-)%0 G*��`A �"=,2%L,^+`#;'3 GE=-L,2%aM=*�4;% P  �"$,Z+`"$*�%0,^#;D!*a<?, P?Q *I' P D�+W48,. 9,n+$- P '3,2%L%0,2A�#;�[ �,.- Q ,.- P <?-)*�D #;%]%L" P H]�	S\���5`<XE=-L,fdKShvKe?Mr G"=,�#;�[ �,.- Q ,.- P D�,. �-)#;'�+W"$*�%L,@#;DB*�<?, P?Q  G"=,@ G*��$A=,2D¬+W*�#8-\g�z[�Kea�^*��$Axd?g�z?zI#&%V%L" P H@�	Sw % QmP -V*�4;4K+`"`*�%0,�#&DB*a<?,2%aMX G"=,�-L, Q ,.-L,2�$'3,�+`"`*�%0,�#&%(%LE=J$ �-)*�'3 9,2AIJ1,2'.*�E$%0,� G"=, Q -)#;�=<?,2%UH P E$4;A�DB*�q?, �"=,Z� P #;%0,Z48,2%L% s #;%L#;J`48,XStT�"=,Z#;DB*�<?,Z#;%�gN�Nz[} E�gN�Nz[}�+`#8p6,24;% P -�z?z � -)*��$<?, � E�} � *�C2#;DnE$ �" �uqKD�Sw %U G"=,\J`*�%L,24;#;�=, P?Q  �"`#;%l+W*�#8-t#;%(|?|�D�,. 9-),\*��$AF �"$,\' P -L-),2%0+ P �$A$#;�=<]"=,2#8<X"r lA$#;S1,.-L,2�$'3,\ �"`*a jH P E$4;A'.*�E$%L,n G"=,F+`"$*�%0,^ P %)"$# Q  @g
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Spectrum of aliased complex product of cosine signals 50 and 52 Hz

Frequency (Hz)

−100 −50 0 50 100
0

1

Spectrum of oversampled 50 Hz cosine signal

−100 −50 0 50 100
0

1

Spectrum of oversampled 52 Hz cosine signal

−100 −50 0 50 100
0

1

Spectrum of complex product of oversampled cosine signals 50 and 52 Hz
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Spectrum of complex product, filtered to half bandwidth
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