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(b) Columnar defect

D

�7���3�¼6+��) . �"ó��	�8ò¸� . 
&�Úó�ö ����5� . �+�3'����5��2%�����8ò¸�5��ôP���'���ô . ��÷¨ó_
��³2 ø
ò¸ó4ùa�5�5ô"óºõ�� . ��2 2#ó�ô&ò � . �¼2 . ���5�8ò¸�¼ô����2#���3ô3ÿ_�����#ó�'3��� �³ô 
+��2 ò¸ó4ù
ú¬�¸�"�8ö�ô�����³ô�³2 2#�8öÇþ���³2Sò¹ö�� . �+�#ód�N+Mú¬�¨þ��2#ó�óý��ûýü���ú�õ�þY��ûýü
ò 2#��'&'�ó³ÿPõ�� . �³���3��ô"�³2Mÿ"ó��ó . òÛú¬�¸�"�8ö�ôO�+�_�º2#ó . ò¸��ô������Ú�³24þ

I�;U3.6���3]B�6�9:9NI73<;%F�AU?fBRF�KMLE6�9N6.?@I7V�3�3�ZULQ3�9NI7Kw3�S�?�=�F�SMi��#�jF�S
L,9NI�=P?@IYSU3%6�SC;^I79:9N6�;CI�6.?@3<;�X�8^2U3
6
VU8�I7F�SQ=]�IYT�r�rU}
rwK>3<=:6�=56.?
=:K>6�4Y4#LE3�9:LQ3�SC;CI�BRAE476�9oK'6�J�SU3R?@I�B�\E3�47;E=o�O2U3�S�6�4Y4�?�2U3 d(eog =
I7Sp?�2U3�I79:9N6�;CI�6.?@3<;M=�6�KMLC473o��3�9�3�?:9N6�LULE3<;�XU8b°fs�=�l

��¬�r ´yµ�¶D·.¸y¹�º�»j¼�½[¾ ¿
À�¸ �+! º.Á*Â �%$¢-�� ,³*+*�!



���8���¨�����r�¬���L£G�+�#���&�����%£o�������¢�¹�	�8���³���¡�¨�}�
�S ��"�³���7�¢���¨� ����³���¹�d�³�X�¨�������¨�����¨��������� ��¬��

(a)

T = 45 K T

H

= 45 K
= 1 T

I = 0.01
0.02
0.03
0.04
0.05 mA

j j– = 0, 0.02, 0.025,

0.03, 0.04, 0.05 deg
0

R
JF

F
(k

)
W

112.0 112.5 113.0 113.5 114.0 114.5
0

Angle  (deg)

I
(m

A
)

V (mV)

–200 0–100 100 200
–0.15

0.15

–0.10

0.10

–0.05

0.05

0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6
(b)

Bi-2212 #4 Bi-2211 #4

�7���3� ,&��0_ô������5��2Xÿ"ó4'�ó�ô3ÿ"ó4ô . óL��y�����#ó�'3��� �³ôb���3ù&ø!���8öÑ2#ód�#���¸ò¹��ô . óº��y�S�¼ø¹,+,&68,W�	ód� ���Û)�8òý
³��2%�5����� . �32 2#ó�ô&ò �f�2#�³� *"� *&6	ò �*"� *.-Y�P0L�
��� 6¢�X�������%øÌ�³ù"���Lú¬�¨þ4��ò¡�"ó��Ìø¡û . �"��2#� . ò¸ó�2%�Ú�¸ò¸� . �Ç���òÌ�"óe� ���	óe�ºód� �Wö_�¼òÌ�O�¸�	�+�5�7ÿ&ó�
&�5�dò¹�Ú�³ô����2#�³� '���2#���Ú�5ó��(�³2%�Úó�ô&ò¹�dò¹�Ú�³ôV��~ò¡�"ó�$�ó��Úÿ
ú�õ�þ4�! "� )<-$#

%�ZCLE3�9�I7K>3�S�?q2U6�=�XE3�3�S ;CF�SU3&F�S K>3
=�6 ?@8ULE3 =P?:9�AUBRT
?@A,9�3
=³G�6
X,9NI�B�6.?@3<;ªXU8uG�FCBRAE=N3<;²I7F�S XE3
6�K c �#�@]h&?@3.BN2CT
S,I'&�A,3xG!9�F�K �I'(�)C9*(�°�6U°fA+(.¤-, �/. c �IYT�r�rU}<r�h�=�I7SCJ�473pBR9�8C=@?P6�4�O2,I�=:a�3�9N=�|�}
¬<~�l 1�2U3jI7SCT	47IYSU3^?@8ULQ3�=P?:9�ACBD?@A,9�3<=�2C6
V�3k?@8UL,IYT
B�6�4#=�I7��3<=-0(¢�1+0f£*120�3�4 r�¬65�K87m��5�K87k¬9��r�5�K_l�:j3>AE=N3<;
;CF�A�XC473j=�I7��3<;q�#�@§L,9�FCBR3<=N=�IYSCJv?@3�BN2,S,I'&�A,3�|�}�}�~�G�F�9^=P?:9�AUBRT
?@A,9�3�G�6
X,9NI�B�6.?@I7F�SHl;%�ZCLQ3�9NI7Kw3�S�?P6�4Y478x��3w=P?@AE;CI73<;ki�FU=N3�L,2E=:F�S
{EACZUT�{EF<�±?�9�6�SE=:LQF�9P?5F�S_?�2�FU=N3�=P?P6�BNa�3<;^=P?:9�ACBD?@A,9�3<=OI7S^K>6�J�T
SU3R?@I�BO\E3�4�;,=(F�9NIY3�S�?@3<;p3.IY?�2U3�9�=@?�9NI7BR?�4Y8>LE6�9�6�4Y473�4C?PFw?	2U3�4�6�8�3�9�=��
<>=�?<�W|�}
r
~QF�9��OIY?�2>6�LE9:3<=N3�SQBR3OF�GH=:K>6�4Y4CBRT	6�ZUI�=*B�F�KMLWF�SU3�S�?
BR9�3.6.?@I7SCJ d(e 47IYSU3<=b| �
~�l 1�2U3_3RZCLE3�9�I7K>3�S�?>2C6�='XE3�3�S�;,F�SU3
\E9N=@?�F�SjL,9NI�=@?@I7SU3%=�6�KMLC473%6�SC;k?	2U3�Sm2C6�=oXE3�3�S�9:3�LE3
6.?@3
;kF�S
?�2�3�=:6�Kw3o=:6�KMLC4Y3]6.?�3RZ,6�BD?�478�?�2U3�=�6�K>3]BRF�SU;,I�?@I7F�SE= c =�6�KMLC473
LQFU=�IY?@IYF�SH�*?@3�KMLQ3�9N6.?@A,9�3���\E3�4�;�F�9�I73�S�?P6.?@I7F�S�3�?PB<l�h IYS�6jG�3��
;C6�8C=(6�G�?@3�9fIY9�9N6�;CI�6.?@I7F�SHl�1�2U35I79�9�6�;CI�6.?@I7F�S���6�=(K>6�;U3OX�8 d X,T
I7F�SE=(�OI�?�2x3�SU3�9�J�8>F�G�}A@�3 e 6.?�@�tCB]� g 6�B�BR3�473�9N6.?PF�9 c °�6�3�S��
�E9N6�SEB�3.hDl^1�2U3p;U3�G�3�BR?:=���3�9�3xI7S�?�9:FC;�ACBR3<;n6�47F�SCJb?�2U3EDNT�6<ZCI�=
�OIY?	2k6pBRF�SQBR3�S�?:9N6.?@I7F�SFDG4&�GH�}.¬ , BRKJI ( BRF�9�9�3
=:LWF�SC;CI7SCJ>?PF
?�2�3OK'6.?PBN2,I7SCJ]\Q3�4�; c <LKNM�OQPSR�4TD�U�V
h�F�GH6
XWF�AU?���¬(¤o3�l�t�?(=:F
=PK'6�474�B�F�SEB�3�S�?:9N6.?@IYF�Sm?�2U3x6
V�3�9�6�J�3M;CI�=P?P6�SEB�3MXE3�?@�f3�3�S�°fs�=
I�=�6
XQF�AU?���¬�?@I7K>3
=fX,I7J�J�3�9f?�2U6�Sx?�2U3�;,I76�Kw3�?@3�9fF�G*°fswlE1�2C6.?
L,9�F<V�I�;U3<=�J�FUFU;bBRF�SC;CIY?@IYF�SE=�?PFM6
V�F�I�;'?�2U3.I79�BRF�6�473<=:B�3�SEB�356�SC;
6�4�=:Fp?PFk6
V�F�I�;m6�SnIYS�?@3�9N6�BR?@I7F�SmXQ3R?@��3�3�Sj?�2U3'?:9N6�LULQ3
; dfe =�l
1�2U3zK>6�J�SU3R?@I�B�\E3�4�;�2C6�=�XE3�3�S^L,9�F<V�I�;U3<;xXU8x3�473�BD?�9:F�K>6�J�SU3R?
?�2U6.?]B�6�SbXE3z9�F�?P6.?@3<;xI7S_6wLE9:F�J�9N6�KMK'6
XC4Y3O��6�8MXU8p?	2U3z=P?@3�L
KMF�?PF�9f�OIY?�2,I7S�6�B�B�A,9�6�BR8MF�G�¬,l ¬,}�;U3�J�9�3�3<=Rl

1�2�3o3XW�3�BR?fF�G dfe 4�=*F�Sxi�����I�=(;U3�KMF�SE=P?:9N6.?@3<;wF�SM��IYJEl rCl
��IYJEl r�6%=:2UF<�]=fi�FU=N3�L,2E=:F�Sx{EACZUT�{QF<�±9�3
=�I�=P?P6�SEB�3ZY;[]\^\ c`_ h�F�G
Kw3<=�6ba���6�=56MG�ACSEBD?@I7F�S_F�G#?@I74�?@I7SCJ>6�SCJ�473�F�G*K>6�J�SU3R?@I�B5\E3�4�;
<c4 }y1³6�9:F�ACSU;b?�2U3d?DT	6�ZUI�=�l�1�2U3>=@?�9�I�BR?	478�LE6�9N6�47473�4�F�9NIY3�SCT
?P6.?@I7F�SH�e<f=EgQ�fBRF�9:9�3<=PLWF�SC;,=�?PFk?�2U3pK'6<ZCI7K%ACKhY;[]\^\ c`_ hNl
t�?���I7J,l�r�6�?�2C6.?�B�F�9�9:3<=:LQF�SC;,=*?PF>=PF�Kw3o6�SCJ�473 _ V 4³}�}
�9� �,}�i
l
t³;U3�VUI�6.?@I7F�SMG!9�F�K _ V IYSC;�ACBR3<=�?�2U3�DDT	6�ZUI�=f\E3�4�;bB�F�KMLWF�SU3�S�?

< 3 4j<&=:I7S ck_mln_ V hNl&1�2C6.?'I7S�?@A,9NS BR9�3.6.?@3<= d(e 47I7SU3<=Rl
�@S�?@3�9N6�BD?@I7F�S�F�G#i������OIY?�2 d(e5g =:47F<�]=�;CF<�OS_i�����6�SC;�?	2C6.?
9�3
=:A,4�?:=wIYS�6j=:2C6�9�L�;U3�B�9:3
6�=N3xF�G5i��#�³V�F�4�?P6�J�3MF�9'i����³9�3RT
=�I�=@?P6�SEBR3�K>3.6�=PA,9�3<;p6.?�?�2U3o\EZU3<;_BRAE9:9�3�S�?56�B�9:FU=N=�?�2U3�476�8�3�9�=
| �<~�lm1�2�3MLQ3.6�ajI�=�V�3�9�8n=P2C6�9�Ln�OIY?	2�6^2C6�4�G��OI�;�?�2�9N6�SCJ�I7SCJ
G!9�F�K²¬ClY}
�^iw?PFk¬Cl �^i'�OIY?�2�BRA,9�9�3�S�?�V
6�9NI76.?@I7F�SkG!9�F�K ¬Cl ¬C}'?PF
¬Cl ¬��#Kxt�l#1�2U3M?PF<Ln{W6.?%LE6�9:?%F�GO?	2U3xLQ3.6�a�B�F�9�9:3<=:LQF�SC;,=�?PF
?�2U3_6
XW=N3�SEB�3pF�G d(eog =>�O2U3�S�?�2�3FDNT�6<ZCI�=%\E3�4�;�BRF�KMLWF�SU3�S�?
I�=M473<=N='?�2U6�Sn< 3 � © }.¬f¤o3����O2EIY473_?�2U3^47F<� 9�3<=:I�=P?@I7V�3�{Q6.?
LE6�9P?%B�F�9�9:3<=:LQF�SU;E=�?PF_?�2�3MSU3
6�9�478^L,I7S,SU3
;ji��#�&=P?P6.?@3�l�1�2U3
LE3
6�a��OI7SCJ�=�KMF<V�3�F�AU?@��6�9�;,=��OIY?�2^BRA,9�9�3�S�?�l���?5Kw3
6�SQ=�?	2C6.?
G�F�9z2EIYJ�2U3�9�BRA,9�9:3�S�?��[I�l 3�l>2EIYJ�2U3�9�;C9NIYVUI7SCJxG�F�9�B�3��H?�2U3'2,I7J�2U3�9
LE3�9:LQ3�SC;CI�BRAE476�9fB�F�KMLWF�SU3�S�?�SU3�3
;E=(?:F>=P?PF<Lbi�FU=N3�L,2Q=PF�S'{EACZUT
{EF<��l

��I7J,l�r<X^=P2UF<�]=]?	2U3%��T e BN2U6�9�6�BD?@3�9�I�=P?@I�B�=�F�G�i����q=@?P6.?@3wIYS
=P?:9NI�BD?�478^LE6�9N6�47473�4y\E3�4�;�� _olp_ Vq4 ¬C�*6�SC;�IYSj?�2U3ML,9:3<=N3�SEBR3
F�G�?�2U3EDNT�6<ZCI�=�\E3�4�;�B�F�KMLWF�SU3�S�?�?�2C6.?%I7SC;�ACB�3
= d(e5g =Rlk1�2U3
BRF�SEBR3�S�?�9�6.?@I7F�S�F�G dfe5g =xI�='L,9:F<LWF�9:?@I7F�SC6�4�?PFn?�2U3^V<6�47A,3_F�G
?�2U3dDNT�6<ZCI�=]B�F�KMLWF�SU3�S�?5F�95?PF _rl"_ V 6.?�=:K>6�4Y4y6�SCJ�473�;U3�V�IYT
6.?@I7F�SHlp)UI7SEB�3p?�2U3JDNT	6�ZCI�=%BRF�KMLQF�SU3�S�?wI�=>F�9NI73�S�?@3<;�LE6�9N6�47473�4
?PF%?	2U35?:9N6�SE=:LQF�9P?�BRA,9�9:3�S�?�?�2U3�9�3]I�=(SEF g F�9:3�S�?��]G�F�9�B�356�BR?@IYSCJ
F�S d(eog =�l 1�2U3�9�3RG�F�9:3��o;�A,3k?:F�?�2U3�9�3j6.?	?:9N6�BR?@I7V�3^I7S�?@3�9�6�BDT
?@I7F�S��OIY?	2ji e =�?�2U3�8kLC4�6�8k6b9�F�473wF�G�LEIYSEIYSCJbBR3�S�?@3�9�=�?:F�?�2U3
i��#��| �<~�l#s�8USU6�KMI�B�6�47478��.?�2,I�=*I7S�?@3�9N6�BD?@I7F�S%I7SC;�ACB�3
=*6�SM3RZ,BR3<=N=
;C6�KMLEIYSCJ�F�G�?�2�3M;C9NI7V�3�Smi�F�=N3�L,2E=:F�SjV�F�9:?@3RZk4�6.?	?@I�BR3 c i e5g hDl
1�2U3_Kw3.BN2U6�S,I�=:K F�G�;C8USC6�KMI�B�6�4�IYS�?@3�9N6�BR?@I7F�S�F�G�i e5g �OIY?	2
d(e 47I7SU3<=�2U6�=�XE3�3�S�9�3�BR3�S�?�478m;CI�=�BRAQ=�=N3<;mIYSrs]3�G�ln| �.~�l^¤oSU3
B�6�S�=N3�3b?	2C6.?p6�S�3�ZCB�3<=�=M;C6�KML,I7SCJj6�L�LQ3.6�9�='6�=M6�S�3RZ,BR3<=N=
BRAE9:9�3�S�?]F�Sb?�2U3�� e BN2C6�9N6�BD?@3�9NI�=@?@I�B�=f6.?O?�2�3�\EZU3<;_V�F�4�?P6�J�3oF�9
6.?O?�2U3�B�F�SE=P?P6�S�?Oi eog V�3�4YFCB�I�?@8�l

1�2U3OK>6�I7S%9�3
=:A,4�?*F�GW?	2U3�LE6�LE3�9(I�=*=P2UF<�OS'I7Sw��I7J,l ���O2,I�BN2
=:2�F<�]=�6�;U3�LQ3�SC;U3�SEB�3fF�GQi�F�=N3�L,2E=:F�Sz{QACZUT�{EF<��9:3<=�I�=@?P6�SEBR3fF�S
?�2U3]\E3�47;>?@I74�?@I7SCJ�6�SCJ�473 c I�l*3�l*F�SxLE3�9:LQ3�SC;CI�BRA,4�6�9�BRF�KMLWF�SU3�S�?

´[µ�¶D·
¸[¹�º�»m¼�½y¾ ¿
À�¸ ��! º.Á*Â �4$(-�� ,�*�*+! t ×



��¬�� �����%�d�%���3�����4�����"�¢���%��¨�Y�4�d�����3�_�%���¡���Y� �Ì ��4�W��£

0.5

1.0

1.5

0

Irradiated

Non-irraduiated

Bi-2212 #4 irr. dose 3 10 cm
8 –2

´

H1 H0

–2.0 –1.5 –1.0 –0.5 0 0.5 1.0 1.5 2.0

Angle  (deg)

R
JF

F
(k

)
W

�7���3� �"�R�+���#ó�'���� ��ô5����ù&ø����8ör2#ód�%�Ú�¸ò¸�³ô . ó��������e����S�¼ø¸,�,&68,��	ód� �
�	)	�+���5Y�"ô . ò¹�Ú�³ô^��W$�ó���ÿWò¸�5��ò¸�¼ô��e�³ô����Úó	�}�5ô[òÌ�"ó���
4ø�'3�Ú�³ô"ó(���2
õ��³òÌ�¢��'324�Ú�¸ò¸�¼ô"óÇú¬�8'�ó�ô	�	�&�eõ����5�%þ(��ô3ÿL�52 2#�+ÿ3�5�8ò¸ó³ÿ[ú7����5�¨�	�&�eõ����5�%þ
� �³��'��5ó+��� � * . ��2 2#ód�¸'��³ô�ÿ"�^ò �?òÌ�"ór��2%�5ó�ô&ò¸�8ò¸�5��ôp� � �%ø
�³ù3�Ú���G� � 6(�X�Û���"ó . �3�³2#� . ò¹ó�2%���¸ò¹� . '�ó�2 '�ó4ô�ÿ"� . ���5��2M$�ó���ÿ"�
��	��ô3ÿq� � . �³2 2#ó³�¸'��³ô3ÿ3�eò �ò¡�"ó	�W�+�¸òL�¸�3�³2 'aÿ&2#�8'��������(ú��Yþ
���2Û'�2%���¸ò¹�5ô"óW��ô3ÿ}�¼2 2#��ÿ"�Ú�8ò¹ó�ÿB� ����'3�Úó����^ó8���	��2%�5ô�� . �32 2#ó�ô&ò	�Ú�
*&� *����W0Û�  h� )<-!#��f ���ô . ó�ô&ò 2#�dò¹�Ú�³ô �� . �����3�ºô3�³2Gÿ&ó��ó . ò �

e�����+6�*�� . �����
F�G�?�2�3'\Q3�4�;��N<���h�G�F�9zXWF�?�2�L,9NI�=@?@I7SU3'6�SC;�IY9�9N6�;CI�6.?@3<;k=�6�K'T
LC473
=�l_�@SvXWF�?�2vB�6�=N3
=z?	2U3x9�F�?P6.?@I7F�S�=�B�6�SE=z2C6
V�3MXQ3�3�Sv;,F�SU3
A,L_6�SC;�;,F<�OSb6�SU;�9�3
=:A,4�?:=�6�9�3o��3�474�9�3�L,9�FC;�ACB�3
;H�C6�=O=P2UF<�OS
I7Sp��I7J,l �Cl*1�2�3o\E9N=@?OL,9�F�KMI7SU3�S�?(G�3
6.?@A,9�3oI�=f?�2C6.?�6.?O��3�9�FL<��
i����j9:3<=�I�=@?P6�SEBR3�;CF�3<=*S,F�?(;U3�LE3�SU;>F�Sw?�2U3�L,9�3
=N3�SEBR3OF�G�°fs�=�l
1�2C6.?oK>3.6�SE=O?�2C6.?z°fs�=�F�G(=:K>6�4Y4yBRF�SQBR3�S�?:9N6.?@I7F�S^SU3�J�47IYJ�I7XC4Y8
6W�3�BR?pi�FU=N3�LE2E=PF�Sv{EA,Z�T�{EF<��l&1�2�3�9:3k6�9:3k6�4�=PF�S,FvBRF�SE=�I�;UT
3�9N6
XC473pBN2C6�SCJ�3<=�6.?'SU3.6�9:478jL,I7S,SU3
;�=P?P6.?@3�l�1�2U3pKMFU=@?'BRF�SCT
=�I7;U3�9�6
XC473�3XW�3�BR?�F�G�°fs�=oI�=5?	2U3%=:2,IYG�?oF�G(XWF�?�2kLWF�=�IY?@I7V�3z6�SC;
SU3�J�6.?@I7V�3o�OI7SCJ�=]F�G�?�2�3%LE3
6�ap�OIY?�2k=:F�K>3o?�2U3
I79]X,9�F�6�;U3�S,I7SCJ,l
1�2U3�=:2,IYG�?yK>3.6�=PAE9:3<;z6.?#?	2U3f2U6�4YG,F�G,?�2U3(LQ3.6�a�2U3
I7J�2�?yI�=#¬Cl ��� i
G�F�9fXQF�?	2MLWF�4�6�9NIY?@I73<=Rl[1�2C6.?(J�IYV�3<=*6�\E3�4�;'V<6�47A,3C< � F�GH���(¤o3
�O2,I�BN2�I�=%�OIY?�2v3�ZULQ3�9NI7Kw3�S�?P6�4(6�B�BRA,9N6�B�8jV�3�9�8�BR47F�=N3x?PFk?�2U3
K>6.?PBN2EIYSCJ�\E3�4�; < K M O'PSR 4q��rf¤o3�l

g 3R? AQ=q;U3�S,F�?@3±?�2U3 \E3�4�; F�Gm?�2U3³=P2C6�9�LE3<=P? ;C9:F<L F�G
YC[]\ \ c <mhfG�F�9OL,9NI�=P?@I7S�3�6�SC;bI79:9N6�;,I76.?@3<;M=�6�KMLC473<=�6�=�< V 6�SC;
< � lM1�2U6.?zBRF�9:9�3<=PLWF�SC;,=5?PF�?�2�3MB�F�SEB�3�S�?:9N6.?@IYF�S^F�Gf?	2U3 d(e =?�2�3mKMF�=P?p3XW�3�BR?@I7V�3�478�=P?PF<LW=Mi�����l��EF�9�I79:9N6�;CI�6.?@3<;�=�6�KMLC473
?�2,I�=OBN2C6�9N6�BD?@3�9NI�=@?@I�B�\E3�4�; < � I�=�2EIYJ�2U3�9�lf1�2U3�=:I7KMLC473�3RZCLC4�6<TSC6.?@IYF�SjF�Gf?�2C6.?�I�=�?�2U3'G�F�474YF<�OI7SCJElL:qIY?�2�\E3�4�;�I7SEBR9�3.6�=N3�?�2U3
d(e =�\E9N=@?'=:IY?�I7SE=�I�;U3>?	2U3�°fs�=w6�SC;�;,FkS,F�?wIYS�?@3�9N6�BR?�3XW�3�BRT
?@I7V�3�478x�OIY?�2²i e =Rl�t�?-<! <dK M O'PSRx6�474#°fs�=o6�9:3zFCB�BRA,L,I73<;

6�SC;w?�2U3 d(e =*6�LULE3
6�9*I7S>=:F�K>3O=PLQ6�BR3�XQ3R?@��3�3�Sp°fs�=�6�SC;>XE3�T
J�I7S�3XW�3�BR?@IYV�3�478_I7S�?@3�9�6�BD?��OI�?�2�i e =RlM�@S�?�2,I�=�=�I7KMLC4Y3wKMFC;U3�4
?�2U3�BN2C6�9N6�BR?@3�9NI�=P?@I7B[\E3�47;�< � ?PF�=@?:F<L�i����^I7S%I79�9�6�;CI�6.?@3<;o=�6�K'TLC473�=P2UF�A,4�;oXQ3(3
&�AQ6�4<?PFZ< � 4 < V#" < K M O'PSR l�1�2C6.?�I�=H3�Z,6�BD?�478�O2C6.?OI�=�F�XQ=N3�9:V�3<;xI7Sp?�2U3�3RZCLE3�9NIYK>3�S�?�l

1�2U3�=:K>3.6�9�I7SCJ]F�G2Y;[	\ \ c <���h�BRA,9�V�3(G�F�9*I79�9�6�;CI�6.?@3
;�=�6�K'T
LC473nI�=^6�LULE6�9�3�S�?�478�9�3�4�6.?@3<; �OIY?�2&;U3�L,I7S,S,I7SCJ�F�G d(e5g =_XU8
?�2U3�9�K>6�4*{EACBD?@AE6.?@I7F�SE=Rl^t5=%IY?%��6�=�=:2�F<�OS�I7S"s]3�G�l.| �.~���?	2C6.?
L,9�F�XE6
XEIY47IY?@8OI7S��IYT@r�rC}
rf2,I7J�2,478]I7SEB�9:3
6�=N3<=��OIY?�2�?@3�KMLQ3�9N6.?@A,9:3
6�LUL,9�F�6�BN2,I7SCJz?PFM��¬%$'l

�@S'6o=:ACKMK>6�9:8��.��3�G�F�ACSC;z?�2C6.?�?�2�3f?:9N6�LUL,I7SCJoF�GELE6�SEB�6�a�3
V�F�9P?@3�Z�47IYSU3<=#XU8%BRF�47ACKMSC6�9�;U3RG�3.BD?:=*=�I7J�SEI�\WB�6�S�?�478�=:A,LUL,9�3
=N=N3<=
?�2U3.I79�I7S�?@3�9�6�BD?@I7F�S^�OIY?�2mi�FU=N3�L,2E=:F�SmV�F�9:?@I�BR3<=�l�:j3MB�F�SE=�I�;U3�9
?�2C6.?�6�=f6z9�3
=:A,4�?(F�G[6�4YFU=N=*F�GH?�2U3547FCB�6�4,LWF�4�6�9NI7��6
X,I747IY?@8oF�GW?�2U3
?:9N6�LULQ3
;bLE6�SEB�6�a�3�V�F�9P?@3�Zx4YI7SU3<=Rl

:�3x6�9�3wJ�9:3
6.?�4Y8^6�BNa�SEF<�O4Y3<;CJ�3<;_?PFktzl %]l�$zF�=:2U3�473�V^6�SU;
°5l iEl�V
6�Sp;U3�9��3�3�awG�F�9�G!9�A,IY?PG�AE4�;,I�=:B�AE=N=:I7F�SE=Rl#1�2�3o�fF�9Pa>2C6�=
XE3�3�S%=:A,LULWF�9:?@3
;�XU8-s]�� s�J�9N6�S�?Nav¬��<T�¬�r
TP��r����C}�TP°�B;sZ) 6,�
XU8&$zF�9:3
6;s53
=N3
6�9NBN2%�QF�ACSC;C6.?@I7F�SH�<J�9�6�S�?�a'$Gs]�#T�r�¬�¬U�.T��C}.��T
s�¬�¬�¬�¬��,��$zF�9:3
6 ),BRI73�SEB�3�6�SC; %fSCJ�I7SU3�3�9NI7SCJ �QF�ACSC;C6.?@I7F�SH�
J�9N6�S�? a��*¬,}�T@r�¬�¬U�.T�¬�¬�¬<T�}.¬�r�¬�r�6�SC; ��Bo1#tZ) J�9N6�S�? av¬��
T
}.¬�¬�¬�¬�¬���T@������rUl

6+�])��)(	�"0_2 ò¸ó��	ó�ô3÷¨�L��ô3ÿ0L�*(Û�^#ý2����+�5�d
��¨�����"���3ü¢ó�ò¡ò8�"0,+�-�t��
)+�
- ú¸68!+!�*�þ/.}0Û� �%�]�#�U��ÿ3�¼ô �³ô�ÿ "º�Û��ód�¼ô�õ�ó�2@�"�%���	�����"���
ú��7�³2%���%þ102+���68!+$&6Pú¸68!�!+*+þ4�

,&���3�)3Û�# ��5ó�� �³ô�ÿ4�}��� �# ���5�ó:�¨���Y���"���63Mó�
����7-�8��9�+,�*�!
ú¸6�!+!�*�þ4�

�"�e0L� ����#e���¸�"ó��5ó�
��3�63Çü�: t��¢6���$^ú¸6�!+!+!+þ4�
)3�e0L�*(Û��;Ç2%���+�³2#ó�ô�÷¨�"�<)��R�Só�ô3ÿ3�¼ô��L�+�X���(���	óN���+�"ó�òY�+���¼��(Ç�8ò���2#ó
-<+#-(��$+,��Vú¡,³*+*&6dþ4�

-&�] Ç� 0Û���S���5�5ó+�¨�7�#ü��#;X�³���ºó��¡�."º��;	��;Ç24�5ó�2~ó�ò~�+���¼�¨�Y���3���=3Mó�
��
ü�ó�ò¡ò8�<>?>���6+68,rú¸68!�!"68þ/.$�4�¸û	�2;Ç2%���+��2%�5ó�
³�3�E����� �Q)¨ò¸ó�ó³ÿ3����@Û�
�7�8'&'�óýó4òÇ���¡�¼�������"���A3Çó�
����'02+��B��$=�
-^ú¸6�!+!
-�þ4�

�"�e�X�6(Ç� . �"ò 2#�8õ¢�y"	�/#e��ó��5�Úó+�C3L�!#e�Úód�¼ô"ó�2�ó�ò��+���5�S�����"���D3Mó�
��
ü�ó�ò¡ò8�BE?8��¢6�6d$�*�*"6[ú¡,�*�*�)�þ4�

$&�e0L� ���9#e���¸�"ó��5ó�
��GF[�(�S�4��ü��dò��"�¸�3ó�
�����ô3ÿ��}�9#e�³ô . ���&÷¨�8ö_�¸÷"���
�Y���"���H3Mó�
����JIA-(�¢68*�)
-�*�!Gú¡,³*+*���þ4�

�"��F[�(�S�4�Sü¢�8ò��"�¸�"ó�
 ��ô3ÿ�0Û�#���Sû��³�5÷��³
��_�Y���"�%� . �m K+A:?8��Ç)¨$
ú¸6�!+!&6dþ4�

!"�L�}�	����� ��"ý�&ÿ���� ��ô(���Y���"�#� . �z ot?>?E��(68�+,ú¡,�*�*�,�þ4�
6�*"�	F[�(�S�4�Lü��8ò��"�¸�"ó�
��G�4��;	�M;X�³2#�Ú�d
³�3�P0L�)�}�N(X�¼÷"�5ò¹�5ô"� ó�òQ�+���¼�

�Y���"�%� . �� J8�+A>��3)¨$&6Pú¸6�!+!���þ4�
6�6+�	F[�(�S�4�7ü¢�8ò��"�¸�"ó�
��~0Û�#���!#e���¸�"ó��5ó�
���û	�*(	�Y�7�d
&�5ó�ô�÷¨�Oó4ò��+���¼�

�Y���"�%� . �� tG>BI��G���
-^ú¡,³*+*+,+þ4�
68,&�	F[�(�S�4��ü¢�8ò��"�¸�"ó�
��_0L�#�_�N#e���¸�"ó��5ó�
�����ô3ÿ ü��)(	�y�#���5�+ó�
"�¸÷"�5�¡�

�Y���"���H3Mó�
����'>?:��¢6O��)
-�*³)rú¡,³*+*���þ4�

´yµ�¶D·.¸y¹�º�»j¼�½[¾ ¿
À�¸ �+! º.Á*Â �%$¢-�� ,³*+*�!


