
PREPARED FOR THE U.S. DEPARTMENT OF ENERGY,
UNDER CONTRACT DE-AC02-76CH03073

PRINCETON PLASMA PHYSICS LABORATORY
PRINCETON UNIVERSITY, PRINCETON, NEW JERSEY

PPPL-3728 PPPL-3728
UC-70

High Resolution Spectroscopic Diagnostic for Divertor
and Scrape-off Layer Neutral and Impurity Emission Measurements

in the National Spherical Torus Experiment

by

V.A. Soukhanovskii, A.L. Roquemore, C.H. Skinner, J. Menard,
H.W. Kugel, D. Johnson, R. Maingi, S. Sabbagh, and F. Paoletti

July 2002



PPPL Reports Disclaimer

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its
use would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.

Availability

This report is posted on the U.S. Department of Energy’s Princeton
Plasma Physics Laboratory Publications and Reports web site in Fiscal
Year 2002. The home page for PPPL Reports and Publications is:
http://www.pppl.gov/pub_report/

DOE and DOE Contractors can obtain copies of this report from:

U.S. Department of Energy
Office of Scientific and Technical Information
DOE Technical Information Services (DTIS)
P.O. Box 62
Oak Ridge, TN 37831

Telephone: (865) 576-8401
Fax: (865) 576-5728
Email: reports@adonis.osti.gov

This report is available to the general public from:

National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Road
Springfield, VA 22161

Telephone: 1-800-553-6847 or
(703) 605-6000

Fax: (703) 321-8547
Internet: http://www.ntis.gov/ordering.htm



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

�����
#$�-	/.0
$12��#�3�	/�"�%	4���5�
#$�6#��%!7��89�:���
�;�<3=	>8?��������
��@89	�#$�A���
	48?	>�$���B���

�
�%	�C�#4����
���#(�ED��F��	/�
����#$�EGH
$���%�JILK%��	��
��8?	>�$�NM

OQP�R�P�SUT<V�W5X
Y[Z�T[\�]^W5_`_ba�R�P�c�P
d�T5efV�gih6Tkj�gfa
l%P
m�PASfW5_`Z�Z�gijia
n�P
opgiZ
Y[jrq�a
m�P5s�P
tuV�v<giwba�x�P
n<TkX�Z
]^TkZ

y{z�|~}��������0}Qy4�����r� �Fy��k����|~�����
�k�^�0z;�0���0z�����y{z�|~}��������0}f���������U��z����'�

d:P�o�Y[_~Z�v<_
� �i� �>|`�'�[� ���[��|~�0}��0���
�k�^�0z;�0���0z���� � �i� �>|`�'�[�������'}�}5���������

S
P�S5Y0���
Y[vkX�a¡ �P
¢4Y[Tkw`gi£�£�_
¤ �[��¥<�:��|`�§¦�}5|`¨'��z���|`���'�����'�ª©��0z^�'�����'�ª©��0z^�

«p¬$­i®k¯0°�±f®

²$³<´¶µ�·i¸�¹»ºk¼f·�½>¾f¿f³<´'À,¹�Á'·�½�²AºkÀ�Â<Ã:Ä�Åf¿f´'À,¹ÇÆu´'¼0¸ÉÈÊµ�¾f²4Ë�Ì ÍfºkÂf¼<Î5·[À;ÏÐ¿f³[Ï<Ã�¹»Á�ÃÑ¿fÀ;º�Ò

Ó À�·0Æ7¿fÀ;´�Ã^´'¼0¸�½»Ï�Ô�ºkÁ'Â<Ã�´�ÃHºk¼�´�Î Ó ´§¿Õº×Ö4´'ÀQ·0¼<ÎB¿f·0À;¸�¹»Á�½»´EØ5ºiÖ9ºk¿<¸^¹ÇÆu¹�Ù'·�¸�¹»ºk¼J·[¼<Î
Á�ºk¼0¸�À;º0½
¹Ú¼6ÛÝÜßÞ[à-áâ½»ºk¼ Ó ¿fÂ<½»Ã�´-ã�Ò�·0¼<ÎEä>ÒbÆ ºkÎf´:¿<½Ú·iÃ�ÆF·iÃ�Ö$¹»¸�³6³<¹ Ó ³6³f·0À�Æ ºk¼<¹»Á
ÔÊ·iÃ^¸�Ö$·�å0´$³<´'·i¸�¹Ú¼ Ó ¿fºiÖ4´'À�Âf¿F¸�º*æèç6éê·0¼<Î-¼<´'Â<¸�À^·i½�ÍÕ´'·0Æë¹Ç¼�ì;´�Á�¸�¹»ºk¼Q¿Õº×Ö4´'ÀíÂf¿:¸�º
à�ç6é)îiÖ$¹»¸�³:¸�³<´�´'Æ:¿f³f·�Ã�¹»Ã{º<¼ ¸�³<´�´�Î Ó ´�¿f³[Ï<Ã�¹»Á�Ã{¹ÚÆ:¿<½»¹»Á'·i¸�¹»ºk¼<Ã�À;´�Ã�Â<½»¸�¹Ú¼ Ó ÔïÀ;ºkÆ)¸�³<´
½�ºiÖ)·iÃ�¿Õ´�Á�¸�À�·�¸�¹»º Ó ´�ºkÆ ´�¸�À;Ï0ð$²
º�·iÎfÎ5À;´�Ã�Ã�¸�³<´*¿f·[À;¸�¹»Á�½»´%Ø�Â<Å¶Æu´'·iÃ�ÂfÀ;´'Æ ´'¼[¸�Ã�¹Ú¼¶¸�³<´
Îf¹�å[´'À;¸�ºkÀ4·0¼<ÎQ¿<½Ú·iÃ�Æ:·èÃ�Á'À�·[¿f´�Òïºiñ6½Ç·�Ï0´'À�È�¾fò�ãAÌ�¸;Ö4º%Ã�¿f´�Á�¸�À�·�½�½»ÏFó5½»¸�´'À;´�ÎQºk¼<´�Îf¹ÚÆ ´'¼[Ò
Ã�¹»ºk¼f·i½�Ár³f·0À Ó ´�Î¶Á�ºkÂf¿<½»´ Îf´�å<¹�Á�´FÁ'·0Æ ´'À�·iÃ�³f·'å[´*Íf´�´'¼ôó5´�½»Îf´�Î
ð%²$³<´èÁ'·0Æ ´'À�·�Ã�Â<¸�¹»½»¹»Ù�´
Þ0õiök÷:¿<¹»Å<´�½$ø'Þ�ÒbÍ<¹»¸�ù%·i½»Ã�·�ú$ã�Òbú$æQ·[À�À�·�ÏkÃ�î5û6ü)÷0à-ÆFÆ�½»´'¼<Ã�´�Ã'î�·0¼<ÎEý�þÑü"ø[ÿ à-¼fÆ
Íf·0¼<Î5¿f·iÃ�Ã:¹Ú¼[¸�´'À Ô�´'À;´'¼<Á�´�ó5½»¸�´'À;Ã'ð��íº0¸�³LÁ'·0Æ ´'À^·iÃ:¿fÀ;ºiåk¹»Îf´¶Æ:Æ Ã�¿f·i¸^¹Ç·�½>À,´�Ã�º0½ÚÂ<¸�¹»ºk¼�î
Ã�ÂfÍ[ÒbÆ Ã$¸�´'ÆF¿fºkÀ�·�½�À;´�Ã�º[½ÇÂ<¸^¹�º<¼¶·0¼<ÎQ·0À;´�Ã�¿f·i¸�¹Ú·i½»½»Ï¶·0¼<Î¶¿f³<º0¸^ºkÆ ´�¸�À;¹»Á'·i½»½»Ï�Á'·i½»¹ÇÍfÀ^·i¸�´�Î
ð
çÉ¹»Î5¿<½Ú·0¼<´%¾fò�ã6·0¼<Î:Îf¹»å0´'À,¸�ºkÀ�ÍfÀ,¹ Ó ³0¸�¼<´�Ã^Ã>¿fÀ,ºió5½»´�Ã{º�ÔAú�������·[¼<Î-Îf´'Â<¸�´'À,¹ÇÂfÆëÃ�¿Õ´�Á�¹»´�Ã

�



³f·'å[´*Íf´�´'¼HºkÍ<¸�·i¹Ú¼<´�Î¶¹Ú¼6ã�Ò�·0¼<ÎÉä>ÒbÆ º<Îf´u¿f³f·�Ã�´�Ã�º�ÔNÁ�´'¼[¸�´'À(Ã�¸�·iÁ � ½»¹ÇÆu¹�¸^´�Î§·0¼<Î¶Îf¹ Ò
å0´'À;¸�´�Î:¿<½Ú·iÃ�Æ:·�Ã'ð�²$³<´$´��fÂ<¹�½»¹ÚÍfÀ;¹Ú·:À;´�Á�º<¼<Ã�¸�À�Â<Á�¸�´�Î�Í0Ï:Ä�� � ²pÁ�ºkÎf´�·0À;´4Ô�ºkÂf¼<Î ¹Ú¼ Ó º<º<Î
· Ó À;´�´'Æ ´'¼[¸�Ö(¹�¸�³ ¸�³<´�ºk¿<¸�¹»Á'·i½�Æu´'·iÃ�ÂfÀ;´'Æ ´'¼[¸�Ã'ð � ¼[ÒïºkÂ<¸$·iÃ�ÏfÆ:Æ ´�¸�À;¹»´�Ãí¹Ç¼FÎf¹»å0´'À;¸�º<À{À,´�Ò
Á�ÏkÁ�½»¹Ú¼ Ó ·[¼<Î-Á'·0À^Ífºk¼uØ�Â<Åk´�Ã�³f·'å[´�ÍÕ´�´'¼�ºkÍ<Ã�´'À;å0´�Î�¹Ú¼Qã�Ò{·0¼<ÎQä4ÒbÆuºkÎf´�¿<½Ú·iÃ�Æ:·iÃ�ð�µ$º
Ã�¸�À;ºk¼ Ó Ã^ÏkÃ�¸^´'Æ:·i¸�¹»Á�Îf´'¿f´'¼<Îf´'¼<Á�´%º�Ô�¹Ú¼<Ífºk·[À;ÎÑÍfÀ,¹ Ó ³0¸�¼<´�Ã^Ã>¿fÀ,ºió5½»´�Ã>·[¼<Î-Îf¹»å0´'À;¸^ºkÀ�¿f·0ÀbÒ
¸�¹»Á�½�´�Ø�Â<ÅL¹Ç¼[Òïº<Â<¸u·�Ã�ÏUÆFÆ ´�¸�À;¹»´�Ã%º<¼§Æ:· Ó ¼<´�¸�¹»ÁÑÍÕºkÂf¼<Î5·0À;ÏLÁ�ºk¼[ó Ó ÂfÀ�·i¸^¹�º<¼E³f·iÃ:Íf´�´'¼
Ô ºkÂf¼<Î
ðH²$³<´Ñ·[¼f·i½»ÏkÃ�¹»Ã:º�Ô(¼<´'Â<¸�À�·i½{À,´�Á�ÏkÁ�½»¹Ú¼ Ó ·0¼<Îp¹ÚÆ:¿fÂfÀ;¹»¸;ÏEØ�Â<Å<´�Ã:Â<Ã�¹Ú¼ Ó ¸�³<´-¸;Ö4º
Îf¹ÇÆu´'¼0¸�¹»ºk¼f·�½NÆ Â<½»¸�¹ Ò�Ø�Â<¹»ÎÉÁ�º<Îf´���Ä�ù���Äp¹»Ã�¹Ú¼¶¿fÀ,º Ó À;´�Ã�Ã�ð

	�
�	���
�����������
�	����

l$X
Y[j�v<g�����TkV���w`g�q q�gi\5_���gJ�
Y<]�g0q9\�_ ]^_`��w`gªq�gi£�g���£�T<j�]'a6X�gij�g� ïT<j�£�X j�g� ïgij�j�g0q�£�T?Y<]Bl�l�x �iY0h��
gijrY<]�a
X
Yi\fg:�
g���T<hÉg��'T<h6h6TkZ6_`h Y[v<_~Z�v¶q�_ Y[v<Z�Tf]^£�_��i]�_`Z§X�_`vkX!�b£�gih"�
gijrY[£�V�j�g:hEY0v<Z�gi£�_��iY0w`w$#"��TkZ!%
Z�g�q
£�Tkj�Tk_�q�Y0w���w�Yk]^hEY g�&'�
gij�_~h6giZ5£�]í_~Z6j�g��'giZ�£(#fg0Y[jr]�) �+* a,).- * a/).0 * P21�X�g-Yk]�]^V�h"��£�_~T<Z¶T3 {£�Tkj�T<_ q�Y[w�]4#�hÉh6g5�
£�j6#�giZ�Y[��w~g0]/TkZ�g%£�T V
]�g�w`_~Z�g0Y[j$l�l�xªY[j�jrY�#�]7 ïTkj$��j�_~v<X5£�Z�g0]�]7��j�T3%�w`g�h6g0Yk]^V�j�gih6giZ5£�]
T3 N£�X�g�g0q�v<g%Y0Z
q
q�_~\fgij�£�T<j�j�g×v<_`TkZ
]�P:Sfgiw8 ���]6�iY[Z�Z�_`Z�v¶T<Z�g¶q5_`h6giZ�]^_`TkZ
Y[w(9 � x;: l�l�x9Y[j�j�Y�#�]<��j�T0\�_ q�g���w~g0Y[j%Ykq�\kY[Z5£�Y0v<g0]
T0\fgij=��Tkh6h6TkZ�w># V�]^g0q���X�Tk£�T5q�_~T5q�g:Y[j�j�Y�#�]<9� ïT<j�g�&�Y0h"��w~gfa')@? * :�_~ZH£�X
Y[£$£�X�g%YA��X�_`gi\kY0��w`g%]4�
Y[£�_�Y[w
j�g0]^T��
w`V�£�_`TkZ�_ ]íhHVB��X X�_`v<X�gij2C�_`£�X�T<V�£4w`TU]�]í_~ZQ£�gih"�
Tkj�Y[wfj�g0]^Tkw`V�£�_`TkZ�P21�X�_ ]D�
Y��Ag×j$q�g0]6��j�_~�Ag�]í£�X�g�V
]^g�T� � x
l�l�xªY[j�jrY�#�]7 ïTkj$q�_~\fgij�£�T<j{Y[Z
q���w�Yk]^hEY%]E�'j�Y3�
g��bT3F w�Y�#fgijG9^S�H:c�:{q�giV�£�gij�_~V�h�Y0Z
q��×Y[j��
TkZH��j�_`vkX�£�Z�g0]�]
��j�T3%
w~g�h6g0Y<]�V�j�g×h6giZ5£�]�_`ZQ£�X�g�I Y[£�_`T<Z�Y[w�SJ��X�gij�_K�iY[wB1/Tkj�V
]=L2&!�
gij�_`h6g×Z�£G9MIFSN1PO�:�PQIFS'1PO)_ ](Y���j�TfT3 
T3 R��j�_~ZS��_$��w`gÑ]T��X�g×j�_��×Y[w4£�T<j�V�]ugU&!�
gij�_`h6giZ5£iP�V;£ X
Y<]-]^VS�U��g0]�]M ïV�w`w$#§YA��X�_`gi\fg�qXWSY[Z\0Q]_^�h6givUY`�,Y[h"�
��w Y<]^h Y<]�Y0Z
q j�TkV�£�_~Z�gEm<�bh6T5q�g6TQ�
gij�Y0£�_`TkZaC�_`£�Xb��T<Z!%�Z�gih6giZ5£:£�_~h6g0]èT� �c�dfe �Agihkj c+lMm!dSn�o4pMqsr>tEu
) h�* P=1�X�g-�
T<V�Z
q�Y[jE#v��X'#�]�_��i]P��j�T<vkj�Y[hw��j�g0]^g×Z�£�w>#� ïT'��V
]^g�]�TkZpg0q�vkg��
T�C�gij%Y0Z
qX��Y[j�£�_���w~g�x
T�CëTQ��£�_8�
h6_$y0Y[£�_`T<Z Y[Z
qz��TkZ�£�j�Tkwí_~Zp£�X�gôc���Y[Z
q�m[�;h6T5q5g;��w�Y<]�hEY<][C�_`£�XpX�_~v<X§X
Y[j�h6T<Z�_K�{ bY<]^£�C�Yi\fg-X�g0Y[£�_`Z�v
9;m*m  ís|:/�AT�C�gij$V��Q£�T~} ops Y[Z
q�Z�g×V�£�jrY[w��
g0Y0h9_`Z���g��'£�_`TkZ"9�I��[VE:��
T�C�gij{V��H£�T h ops�PJ1�X�g%]4�Ag+�
��_8%/����X!#�]^_K�i]P�
T<_~Z�£r]��
gi_~Z�vEY<q�q�j�g0]�]^g0q§Y[j�g�£�X�g���X
Y[jrYA��£�gij�_$y0Y[£�_`T<ZET� $£�X�g¶c���m�£�jrY[Z
]�_`£�_~T<Z�a¡m<�bh6T5q�g
YA�U��g0]�]��'T<Z
q�_~£�_~T<Z
]'a4g0q�v<gEw~T'�iY[w~_>yig0q�h6T5q�g�]"9ML�c¡o�]5:ra(g0q5v<g"�
Y0j�Y0w`w`g×w�Y[Z�qb�
gij6�
giZ
q�_K��V�w�Y0j��
Y[j�£�_K��w`g
Y[Z�q X�g�Y[£:£�jrY[Z
]4�ATkj�£×a4Y[Z�q�Ykq�\kY[ZS��g�q�C�Y0w`w=��TkZ
q�_~£�_`TkZ�_`Z�v6£�g���X�Z�_ eÕV�g0]�aSC�_`£�X�£�X�gQgih"��X�Y<]^_ ]èT<ZÝ£�X�g

-



��X'#�]�_��i]:_`h"��w`_��×Y[£�_~T<Z
] T�  £�X�g6w`T�C�Y<]4�Ag`��£Qj�Y0£�_`T�vkgiT<hÉgi£�j6#fPz��g��iY0V
]^gÉT3 *£�X�g§]^X�Y[jE�ßvkj�Y<q5_`giZ5£�]�_~Z
_`h ��V�j�_~£4#�Y0Z
qHZ�g×V�£�jrY[w�g×h6_�]�]^_`TkZQ_`Z¶£�X�g*g0q�v<g*Y[Z�q6q�_`\fg×j�£�Tkj�YFX�_~v<X6j�g0]^Tkw`V�£�_`T<ZÉ_`hEY0v<_`Z�v:q�_�Y0v<Z�TU]^£�_��
_�]�g0]4�Ag`��_�Y0w`w>#*_`h"�
T<j�£�Y0Z�£ � £�X�g�_~Z�£�gijE��j�gi£rY[£�_~T<Z-T3 ¡£�X�gG��j�T�%
w`g�]í_`Z5\fT<w~\fg0]A£4C�Tuq�_`h6g×Z
]^_~T<Z
Y0wAx
V�_�q:h6T5qN�
giw~_`Z�v�C�X�_���XHj�g0eÕV�_`j�g�]í£�X�g*q�gi£rY[_~w�]íT� �_`h"��V�j�_`£4#:Y0Z
qHZ�g×V�£�jrY[w
j�g��+#���w~_`Z�v*q�_ ]^£�j�_`��V�£�_`TkZ�P21PC�T��iY0h6gijrY<]
X
Yi\fgQ�
gigiZ�%�giw�q�g�q�Y[£�I:S'1PO � TkZ�g"�×Y[h6gijrY�a�j�g� ïgij�j�g0q�£�T§Y<]:£�X�gÉozV�x �×Y[h6gijrY�a�_ ] h6T<V�Z5£�g�q�Y[£-Y
h6_ q!��w�Y0Z�g%w`T'�iY0£�_`TkZ C�_`£�XEgi_~£�X�g×j�Y�£rY[Z�vkgiZ5£�_�Y0w�T<j%Y�\fgij�£�_K�iY[w
\5_`g�C)T� 4£�X�g���giZ5£�g×j�]^£rYA��W��5£�X�g-]�g���T<Z�q
�iY0h6gij�Yv9^c¡x�V;O �iY0h6gij�YJ:�_�] h6TkV�Z5£�g0qET<ZÝ£�TA� T3 �£�X�g¶\<YQ��V�V�h@\fg0]�]�giw2C�_~£�X Y jrY<q�_ Y[w$\5_`g�C YA�'j�Tf]�]
£�X�g6w`T�C�g×jQq�_~\fgij�£�T<jiPv1�X�gv�iY0h6gij�Yk] £�T<vkgi£�X�gij�C�_~£�X ��T<j�g"��j�T3%
w~gEq�_�Y0v<Z�TU]^£�_��i]'a$q�_`\fgij�£�Tkj�_`Z' ïj�Y`�bj�g�q
�iY0h6gij�Yk]:Y[Z
qßq�_~\fgij�£�T<j�£�_`w~gLc¡Y0Z�v<h¶V�_`j~��j�Tk�
g0]���j�T0\5_�q�gÉ£�X�g6��Y<]^_K�6q�Y0£�Y�Z�g���g0]�]�Y0jE#z ïT<j¶]^£�V
q!#5_`Z�v
g0q�vkg:j�g���# ��w~_`Z�v�a!�'T<j�g� ïV�g×w`_`Z�v¶Y[Z
qEg0q�v<g��
Y0j�£�_���w~g{x
T�C%]�P

	�	�
 �;�������~�����	�

1�X�g � x l�l�x �iY[h6g×j�Y<]�V�]^g0q:T<Z�I:S'1POJY[j�g�£�X�g�x Y0w�]�YFl�c���lG}��4-Q]3?�
A1)]^g×w  ��,]E�iY0Z�Z�_`Z�v�-Q]3?�
���_>&5giw
Y[j�j�Y�#�]�P�1�X�g�hEY�&�_~hHV�h  ïjrY[h6g:jrY[£�gQ_ ]�
�� - g ?HW�m{yfP�1�X�g¶q�Y0£�Y  ïTkj�hEY0£���T<Z' ïT<j�h ]�£�T6£�X�g � -��;��_~£
d SJ?J-Q-Q]^£�Y0Z
q�Y0j�q�P�x Y[£rYFj�g0eÕV�_�]^_~£�_~T<Z¶T3 �£�X�g��iY0h6gijrY<]í_ ] �'T<Z5£�j�Tkw`w~g0qô�'#¶Y;�
gijr]^TkZ
Y[w,��T<h"��V�£�gijR9;¢�l[:
w`T'�×Y[£�g�q _~Z IFS'1PO�£�g0]^£R��giw`wbP2V;hEY0v<g��iY3��£�V�j�g:_ ]P�Ag×jT ïT<j�h6g0qQ�!#É£TC�T�I Y0£�_~T<Z
Y0w V,Z�]^£�j�V�h6giZ5£�]=V�o�R��
¢�lGV � � ?J-3?z ïj�Y0h6givkj�Y[���Ag×j�] £�j�_`v<vkgij�g�q �'# Yv1[1èc ��V�w�]�gfPpc¡Y[��O*_`g�C q�Y0£�Y§YA�iefV�_�]�_`£�_`T<Z ]^T� ï£4C�Y[j�g6_�]
V
]�g0qX ïT<j��iY[hÉgij�Y ��T<Z5£�j�T<wba�¢�lªq�Y0£�Y6hEY0Z
Y[vkgih6giZ5£�Y0Z
qp_`Z5£�givkj�Y0£�_`TkZp_~Z�£�TH£�X�gQhEY<]�£�gij��'w`T'��W ��# ��w`g
Y[Z�q�o�xFSE¢4w`V�]èq�Y0£�Y6]4#�]�£�gihÐP[��T<£�Xz�iY0h6gij�Yk]�Y[Z
qp£�X�g-¢�l"Y0j�g-w`T'�iY0£�g0qE_`ZzI:S'1POâ£�g0]^£���giw~w;a�Y0Z
q
Y[j�gE_`h6hQV�Z�gQ£�T�j�Ykq�_`T  ïj�g0efV�giZS��# C�Yi\fg0]-Y[Z
q giZ�gij�vkgi£�_K���
Y[j�£�_K��w`g0] j�giw�Y0£�g0q £�TÝm*m  ís Y[Z�q I��[V
TA�
gijrY[£�_`T<ZNPP1�X�g���X�T<£�T<h6g×£�j�_K��j�g0]T�
TkZ
]^_~\�_~£T#¶T3 {£�X�g:Y[j�j�Y�#H_ ][} � 
Qx�I��J9ïZ
n����'h :�a5Y[Z�q £�X�g-q!#5Z
Y[h6_K�
j�Y0Z�v<g*_�] � ? -A] � � PG��T<£�X"�iY0h6gijrY<]4Y0j�g%g0eÕV�_>���
g0q�C�_~£�X¶£�X�g�Iè_`WfTkZ¶ 7�bh6T<V�Z5£�
 h h6h?q�_�Y0h6gi£�g×j�
�� �Ag 

w`g×Z
]^g0]'P I Y[j�j�T�C9�
Y[Z�q!�
Y<]�]	�	� e �Agih Z�hê_`Z5£�gij4 ïgij�giZB��g�%
w`£�gij�]-Y[Z
qßZ�giV�£�j�Y0w�q�giZ�]^_`£4#z%
w`£�gij�]-Y[j�g
h6TkV�Z�£�g0q¶q�_`j�g���£�w$#QT<Z§£�X�g w~giZ
]2 ïj�T<Z5£iP=1�X�gF_~Z�£�gijT ïg×j�giZS�'g<%
w~£�gij�£�jrY[Z
]�h6_�]�]^_`TkZ6_�]���� ] gih P=��g��×Y[V
]�g
T3 �£�X�g�w~_`h6_~£�g0q¶YA���'g���£�Y0ZS��gÑY[Z�vkw`g�T� �£�X�g-_`Z5£�gij4 ïgij�giZB��g{%
w~£�gij×a�£�X�g-g�F¡g���£�_~\fg 
B�bZ5V�hH�
gij%T3 >£�X�g-w`giZ
]
Y[Z�q %
w~£�gij�_�]�
�� h!g }�P=1�X�g=%
w`£�gij�]�Y0j�g�V
]^g0q� ïT<j{]^giw~g���£�_`\fg4h6g�Y<]^V�j�gih6g×Zf£�]�T3 Nq�giV�£�gij�_`V�h 9;x�! �	� } h } �
"R;:raAl V6VEV{9#�	� ? } h ] "R;:�a
Y0Z
qpmèg VEV{9#�$� ?J}%
A} "R;:$��j�_`vkX�£�Z�g0]�]P��j�T�%
w`g0]'P�R"\5_�]�_`��w~g ]4�Ag`��£�j�T<h6gi£�gij

0



_�] V
]�g0q�£�Tp\fgij�_  #p£�X
Y[£-£�X�g¶h6g0Yk]^V�j�g0q ��j�T3%
w~g0]�Y0j�g¶Z�T<£ ��TkZ�£rY[h6_~Z
Y[£�g0qp�'#ÝY[£�Tkh6_���Tkj�h6Tkw`g��'V�w�Y0j
]T�
g��'£�j�Y0w�w`_~Z�g0]PC�_`£�X�_`ZÉ£�X�g�%
w~£�gij��
Y0Z
q!�
Yk]�]'P

1�X�g�]T�
Y0£�_ Y[w �iY[w~_`��jrY[£�_~T<Z:_�]��
gij4 ïT<j�h6g0q ���������	� q�V�j�_`Z�v%\kYA��V�V�h"\fg0]�]^giwkhEY[_~Z�£�giZ
Y[ZB��gíV�]^_`Z�v%]^hEY0w`w
w`_~v<X5£�]íhÉT<V�Z5£�g0q:q�_~j�g��'£�w>#:TkZH£�X�g%q�_`\fg×j�£�TkjíTkj=��giZ5£�g×j4]�£�YA��W�£�_`w~g0]7C�X�Tf]^g��
Tf]�_`£�_~T<Z
]=�iY0ZH�
g�h6g�Y<]^V�j�g0q
C�_`£�X6X�_~v<X§YA���'V�j�YQ��#fP4m%T3C�gi\fgij×a<£�X�g �iY[h6g×j�Y<]�Y[j�g j�gihÉT[\fg�q; ïj�T<h £�X�g \fg0]�]�giw¡Y` ï£�gij�£�X�g��iY0w`_`��j�Y[£�_`TkZ
�
g��iY0V
]^g�£�X�g�_`Z!�b\fg0]�]�giwA��w�Y<]�hEY  bYA�'_`Z�v���T<h �ATkZ�giZ5£�]�Y0j�g���Y[Wfg0q £�T�0A]Q] q�givkj�gig�]>l�_~Z���j�g���Y[j�Y0£�_~T<Z; ïTkj
��w Y<]^h Y�TA�
gij�Y0£�_~T<Z
]'P$RBq�gi\fg×w`TA�
g0q _~Z�£�gij�_~h ��j�T'��g0q�V�j�g�Y0w`w~T3C%]�V
]í£�Tèh Y[_`Z5£�Y0_`Z £�X�g[�×Y[h6gijrYP�
Tf]^_~£�_~T<Z
]^T�£�X
Y[£-£�X�gÉV�ZS��gij�£�Y0_`Z5£T#�_~Z £�X�g6_`Z
q5_`\5_�q�V
Y0w=��_>&5giw4w~_`Z�g¶T3 u]^_~v<X5£�_�]���j�g�]^giZ5£�w$#�w`_`hÉ_`£�g�qL£�T h h6h�P
1�X�g~��j�T'��g�q�V�j�g:_ ]��
gi_~Z�vQ_`h"��j�T0\fg0qQ£�T� ïV�j�£�X�gij%j�g0q�VB��g £�X�g��iY0w`_`��j�Y[£�_`TkZLV�ZS��gij�£�Y[_~Z�£4#fP�c¡Y0�
T<j�Y0£�TkjE#
£�g�]^£�]$j�g���j�T5q�VS�'_`Z�v-£�X�g��×Y[h6gijrY<]4h6TkV�Z�£�_`Z�v*v<giTkh6gi£�j6#¶q�gih6TkZ
]^£�j�Y0£�g0qQ£�X
Y0£�£�X�g:YA��X�_~gi\kY[��w~g ]4�
Y[£�_�Y[w
j�g�]^T<w~V�£�_~T<Z _ ]F�
gi£�£�gij-£�X
Y0Z � hÉh�P"1�X�g ��X�T<£�T<h6g×£�j�_K���×Y[w`_~��j�Y0£�_~T<Z T� %£�X�g �×Y[h6gijrYEY[Z
q�%
w~£�gijr]F_�]
YA�U��T<h"��w`_�]�X�g0qp_~Z £�X�gÉw�Y[�
Tkj�Y[£�T<j6# V�]^_`Z�vÝY c¡Y[��]T�
gij�gÐY[�
]�T<w~V�£�giw$# �×Y[w`_~��j�Y0£�g0qÝw`_`vkX�£-]�T<V�js��gfP 1�X�_�]
_�]%Y<q5g0eÕV�Y[£�g� ïTkjè£�X�g¶ozV�x �iY0h6gijrY�a�X�T�C�g×\fgij�£�X�g¶c¡x�V;O\�iY0h6gijrY�\�_~g�C"hEY�#6�
g�\5_`vkZ�gi£�£�g0qE�!#E£�X�g
g0q�vkg0]QT3 -£�X�g§j�g��'£�Y[Z�v<V�w Y[j¶\�_~g�C�_`Z�v ]^w~T<£ ��V�£¶_`ZJ£�X�gÐq�_`\fgij�£�Tkj¶Y[Z
q �
Yk]�]�_`\fg ��w�Y[£�g0]�P 1�X�g§w`_~Z�g0Y[j
]T��Y[£�_ Y[w$j�g�]T�
T<Z
]�_`\5_`£4#�T3 �£�X�g �iY0h6gij�Yk]{C�Yk]F\fgij�_ %
g�q ���
�����	� �'#phÉT[\5_`Z�vEY�� !pw�Y[h ��YA�'j�Tf]�]F£�X�gi_`j
%
giw q6T3 {\�_~g�C:a�X�T�C�gi\fgij�£�X�g:g�&5£�giZ5£�T� $£�X�g:\5_`vkZ�gi£�£�_`Z�v-T3 $£�X�gQc¡x�V;O �iY[h6g×j�YF\5_`gUC C�_~w`w��
g� ïV�j�£�X�gij
_`Z5\fg0]�£�_`vUY[£�g0q�P

1�X�g�_~Z�£�gijE��j�gi£rY[£�_~T<Z T� 
£�X�g�h6g0Yk]^V�j�g0qè��j�_`vkX�£�Z�g0]�]�g0]�
 � 9 ?��D:��������������!C�X�gij�g�£�X�g$_`Z5£�givkj�Y[£�_`TkZ
T3 ¡£�X�g�w~T'�iY[w�g×h6_�]�]^_`\5_`£4#��%_�]��
gijT ïTkj�h6g0q-Y[w~T<Z�v £�X�g�w~_`Z�g�T3 N]^_~v<X5£ ��a<j�g�eÕV�_~j�g0]�£�X�g�W5Z�T�C�w`g0q�vkg�T� �w~T'�iY[w
giw~g���£�j�T<ZE£�g×h"�
gij�Y0£�V�j�g:Y[Z
q§q�giZ
]�_`£4#Eq�_ ]^£�j�_`��V�£�_~T<Z
]'P�R ]�£�X�gQq�Y0£�YQ�Ag`��T<h6guY�\kY0_`w�Y0��w`gUa�£�X�gÑY[Z
Y0w>#�]^_�]
C�_`w~wP��j�T'��gig0qßYk]  ïTkw`w`T�C%]'Pßxè_`\fgij�£�Tkj!� ! ��j�_`vkX�£�Z�g0]�]���j�T3%�w`g0]�Tk��£�Y0_`Z�g0qaC�_`£�X £�X�g�c¡x�V;O �iY[h6g×j�Y
C�_`w~w��
gQ]^_~hHV�w�Y[£�g0qEY[Z
qEV
]^g�q�Y<] Y ��T<Z�]^£�jrY[_~Z�£[ ïT<j g�q�v<g-£�j�Y0Z
]T�
Tkj�£:h6T5q�giw~_`Z�v�C�_~£�X#"�L$x�$�L ��T5q5g
).} * P 1�X�gÉ_`Z5�ATUY[jrq�gih6_ ]�]^_~\�_~£4#X��j�T3%�w`g0]%�§Y[j�g6T<��£rY[_~Z�g0q�V
]�_`Z�vÐY[ZßY0w`vkgi��j�Y0_��Q_`Z5\fgij�]�_`TkZ Y0w`v<Tkj�_~£�X�h
Y<]�]^V�hÉ_`Z�v6£�T<j�T<_�q�Y[w$]4#�h6hÉgi£�j6#QT3 �£�X�gQg�eÕV
Y0w4gih6_ ]�]�_`\5_`£M#É]^X�g×w`w�] � �'& �)(+*,� ���* & 
 * a�C�X�gij�g-�.& _ ]è£�X�g
/A�;£�X ]�X�giw~w4gih6_ ]�]^_~\�_~£4#fa0� * &-_�]è£�X�gHw~giZ�vk£�XÝT3 �£�X�g21 £�X ��X�T<j�q�_`Z�£�X�g3/Õ£�X ]�X�giw~w;a�Y[Z
q�£�X�gHh6g�Y<]^V�j�g0q
1 £�Xz��X�T<jrqL��j�_`v<X5£�Z�g0]�]�_�]%
 * � ( & �.&4� * &�P[IègiV�£�j�Y0w4Y0Z
qp_`h ��V�j�_~£4#¶q�giZ
]�_`£�_~g0]�Y[j�gQq�g×j�_`\fg�q  ïj�T<h £�X�g
gih6_ ]�]�_`\5_`£�_~gi]4V
]�_`Z�vÉY���Tkw`w`_ ]^_~T<Z
Y0w �bj�Y<q5_�Y[£�_`\fg hÉT5q�giw;P

?



	+	�	�
,��� �B����
��

�"
����	��

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


V;Z�Z�gij C�Y0w`wfw`_~h6_`£�g0q�9�V,s"c�:raiw`T�C�g×j4]�_`Z�vkw`g$Z�V�w`wS9^c�SNI;:�Y[Z�q�q�TkV���w`g�Z�V�w`w�q�_`\fgij�£�g0q~9;x�I x�:��
T<V�Z
qN�
Y[j6#z��TkZ!%
vkV�j�Y0£�_`TkZ
] X
Yi\fgQ�
gigiZz��j�T5q�VS��g0qp_~Z IFS'1POQP�SfX�T�C�Z�_~ZÝ í_`vkV�j�g � Y0j�gQ£�X�gQg0efV�_`w~_`��j�_�Y�T<�'�
£�Y0_`Z�g�q  ïj�Tkhâ£�X�g[L$ 2V41 g0efV�_`w~_`��j�_`V�hªj�g��'T<Z
]�£�j�VB��£�_~T<Z��'T5q�gfP21�X�g�j�g���TkZ
]^£�j�VS�'£�_`TkZ
]�Y[j�g���Y<]^g�q�T<ZQ£�X�g
]^Tkw`V�£�_`TkZ
]4T3 �$%jrY<qN��SfX
Y� ïj�Y[Z�T[\Ég0eÕV�Y[£�_~T<Z¶Y0Z
qHhEY0v<Z�gi£�_���q�_�Y0v<Z�TU]^£�_K�i][9 ��_K��WJ�bV�� 9;op_~j�Z�T0\S: ��T<_~w�]'a3x
V�&
w`TfTQ�
]5:�h6g0Y<]�V�j�g×h6giZf£�]$Yk] q�g0]6��j�_~�Ag�q _~Z§q�gi£�Y0_`w ]�_`Za)(' * P�Rèw ]^T¶]�X�T�C�Z�_`Z§ í_`vkV�j�g � Y[j�g�£�X�gQq�_~\fgij�£�T<j
� ! ��j�T3%
w~g0] h6g0Y<]�V�j�g�qp�!#�£�X�gLc¡x�V,O �iY[h6g×j�Y�P V;ZÝv<giZ�g×j�Y[wbaí£�X�g6Y0v<j�gigih6giZ5£%�Ag×£TC�gigiZÝ£�X�g L$ 2V41
g0efV�_`w~_`��j�_�YEY[Z�q £�X�g �×Y[h6gijrYL_~hEY[vkg0]FT� ���w Y<]�hEY`�,]^V�j4 bYA��gE_~Z�£�gij�YQ��£�_~T<Z £�X�j�TkV�v<XJZ�giV�£�j�Y[w�j�g���# ��w`_~Z�v
T<j¶]4��V�£�£�gij�g0qa�iY[j��ATkZB��j�_`vkX�£�Z�g0]�]���j�T�%
w`g�]�_�]�v<TfT5q¡P 1�X�g§Y0v<j�g×gih6giZ5£:��j�g0Y0W�]Qq5T3C�ZßTkZ�w>#Ý_`Zß£�X�g
hEY0j�v<_~Z
Y[w~w>#Éq�_`\fg×j�£�g�q6q�_�]6��X�Y[j�vkg0]PC�_`£�X�]�hEY[w~w�_`Z�Z�gij�vfY��
]%Y[Z
q§q�_`\fgij�£�Tkj�hEY[vkZ�gi£�_K�èZ5V�w`w�9;]5:rP�SfX�T�C�Z
_`ZÉ í_~v<V�j�g�- _�]$£�X�g���Tkh"�
Y[j�_�]�T<ZQ�
gi£4C�gig×Z"L$ 2V41B]�£�j�_`Wfg[�
T<_~Z�£=�
Tf]�_`£�_~T<Z
]�Y0Z
q¶q�_`\fgij�£�Tkj � !:gih6_ ]�]^_~T<Z
hEY�&�_~hEY��
Tf]^_~£�_~T<Z
]:h6g0Y<]�V�j�g�qp�!#§£�X�gEc¡x�V;O �iY[hÉgij�Y  ïTkjQc�S'I c��uY[Z�q�m<�bh6T5q�g���w�Y<]�hEY<]'PQopTf]�£
q�Y0£�Y"�
T<_`Z5£�]:Y0j�gQ�
giw`_~gi\fg0q6£�TEj�g���j�g�]^giZ5£è£�X�g*)<Y0£�£rYA��X�g0q+)Eq�_~\fgij�£�T<j���TkZ
q�_~£�_`TkZ�£�X5V
]2��V
]�£�_8 #�_~Z�v6£�X�g
��Tkh"�
Y[j�_�]�T<ZÝ�Ag×£TC�gigiZ�j�g���# ��w`_~Z�v6hEY�&�_~hEY �
TU]^_`£�_`TkZ
]�Y0Z
q�£�X�g"��Tkh"��V�£�g0q�]^gU�
Y[jrY[£�j�_>&¡P 1�X�g6TkV�£�gij
£�Y0j�vkgi£ ]�£�j�_`Wfg��
T<_`Z5£ X
Yk]èY¶h6T<j�g  bYi\fTkj�Y[��w`g:\�_~g�C�_`Z�vHvkgiT<h6g×£�jE#Ua�Y[Z�qp£�X�gÑY[v<j�gigih6g×Z�£��Ag×£TC�gigiZE£�X�g
L$ 2V41"Y[Z�qpTA��£�_��iY0wíh6g�Y<]^V�j�gih6g×Z�£r]>_ ]èv<TfT5q¡P�1�X�g�_~Z�Z�gij*]^£�j�_`Wfg��
T<_~Z�£*gih6_�]�]^_~T<Z� ïj�g0eÕV�giZ�£�w>#E]�X�T�C%]
_`Z5£�g×j�Z
Y0w�]^£�j�VS�'£�V�j�gpY0Z
q h¶V�w~£�_>��w`gQw`T'�×Y[w�hEY�&�_~hEY�a C�X�_���Xß_�]��
giw`_~gi\fg0q�£�TÝ�
gL£�X�gEj�g0Yk]^TkZ  ïT<j¶£�X�g
]T#�]^£�gihEY0£�_��%q�_ ]E��j�g��
Y[ZB��#fP

,�
��-� ��.�/ ����"%$0�1�&.324�65 .7
��+���8�+�	�+�����9�:�����;�+.���.���"

L$q�v<g IFS'1PO  ïg0Y0£�V�j�g0]Lj�g0]^V�w~£�_~Z�v  ïj�T<h £�X�g w~T�CêY<]T�
g��'£�j�Y[£�_`TJv<giTkh6gi£�j6#fa Z
Y0h6giw>#J£�X�g w`T�C
£�Tkj�Tk_�q�Y0w!%
giw q�9M]5P 0P� ]5P.? h 1{:�C�_`£�XQYèw Y[j�vkg�j�Ykq�_�Y0w�vkj�Y<q5_`giZ5£ia<X�_`v<X-h6_`j�j�Tkj�j�Y[£�_`T=<�>�?�9�@ 
�@ : �
<+1BAD9�@ 
�@»a
w�Y0j�vkgQvA#5j�T<jrY<q�_~_4C * � -"��h�a¡]^X�T<j�£~��TkZ�Z�g��'£�_`TkZ�w`giZ�v<£�X � e �EDGF"e � 
6h�a�w�Y0j�v<gES�H:czx
V�&�£�V��
g
g�&'�
Y[Z�]^_`TkZ�a Y0Z
q ��Tkh"�
YA�'£6q�_~\fgij�£�T<j×a�Y[j�g�w`_`Wfg×w># £�T w`g0YkqB£�T hÉg0Y<]�V�j�Y0��w`g§g0q�v<gÝq5_ F¡gij�g×ZS��g0]�C�_`£�X
��TkZ�\fgiZ5£�_~T<Z
Y0w�£�T<WkY[hEY0W�]'P�Sfgi\fgijrY[w¡£�giZ5£�Y0£�_`\fg ��T<ZS�'w`V
]�_`T<Z�]�j�givfY0j�q�_~Z�v��
Y[j�£�_K��w`g�x
T�C%]�_`ZvIFS'1PO �iY0Z

h



�
gHh Y<q�g-V
]^_~Z�v"�
Y0j�£�_K��w`g�x�V�&pTkj�q�gij4�;T� �hEY0v<Z�_~£�V
q5g�g0]�£�_`h Y[£�g�]�Tk��£�Y0_`Z�g0q  ïj�Tkh £�X�gQh6g0Yk]^V�j�g0q
� !
��j�_`v<X5£�Z�g0]�]�g0]�P- í_`jr]^£×a�£�X�gQ_~T<Zzx
V�&§£�TE£�X�g¶q5_`\fgij�£�T<j���w Y[£�g�]u_~Z�£�X�g¶Y0Z
Y[w$#!y×g0q�c�S'I9Y[Z�q�x�I*x q�_ ]��
��X
Y[j�v<g0]�g�& ��gig�q�]��
T<£�XJ£�X�gE_~T<Z)Y0Z
q Z�giV�£�jrY[wPx
V &�g0]�_~Zß£�X�gEh6_ q!��w�Y0Z�g6�'#ßY[�
TkV�£H£4C�T�Tkj�q�gijr]�T3 
hEY0v<Z�_~£�V
q�g~) 
 * a�]�V�v<vkg0]^£�_`Z�v-£�X
Y0£�£�X�g{��Y[j�Y0w`w~giw�S�H:cE£�jrY[Z
]4�
T<j�£�v<j�g0Y[£�w>#Qg�& ��gig0q�]í£�X�g��
gijE�
giZ�q�_���V�w�Y[j
9M�'j�Tf]�]�� %
giw q :�£�j�Y0Z
]T�
T<j�£iP[1�X�gFj�g0]^V�w`£�X
Yk]èY¶q�_`j�g���£�_`h"�
YQ��£�TkZ�q�_~\fgij�£�T<jG�Ag×jT ïT<j�hEY[ZB��g:_`Z�S'1 � ]�Y0Z
q
C�_`w~w
�Ag� ïV�j�£�X�gij$\kY[w`_ q�Y[£�g0qH£�X�j�TkV�v<XEZ5V�h6gij�_��iY0w�h6T5q5giw`_~Z�v�P4Sfg��'T<Z
q�a5w�Y0j�v<g*_`Z!�bT<V�£�Y<]4#�h6hÉgi£�j�_`g0]�Y[j�g
j�TkV�£�_~Z�giw$#�Tk�
]^gij�\fg0q�_~Z X�g0Y0£¶Y[Z
qa�
Y[j�£�_��'w`g�x
V�&5g0]�_`Z £�X�g§q�_`\fg×j�£�TkjiP�m%_`v<X�gij�X�g�Y[£¶Y[Z�q j�g���# ��w`_~Z�v
x
V�&5g0]$Y[j�g T3 ï£�giZ6Tk�
]^gij�\fg0qQT<Z6£�X�gèTkV�£��
TUY[j�q ��w�Y0£�g*Y<]$_`Z ��TkZ�\fg×Z�£�_`T<Z�Y[w�£�T<WkY[hEY0W�]�) � ] * a�q�V�gè£�T�£�X�g
w�Y0j�vkgij�TkV�£��
TfY0j�qE]^V�jT bYA�'g:Y[j�g0Y�Y0Z
qH£�X�gèTkV�£��
TfY0j�q �
Y[j�£�_��'w`gPx
V�&¶giZ�X�Y[ZS��g×h6giZ5£íw~_`Z�Wfg0q�£�T�£�X�g���Tkh��
��j�g0]�]�_`T<Z§T3 $TkV�£��
TUY[j�q x
V�&§]�V�jT bYQ��g0]�PR1�X�gHS�H:c C�_�q5£�Xp_ ][��w`TU]^giw$#6j�g×w�Y[£�g0qL£�TH£�X�g0]�g�Yk]T#5h6h6gi£�j�_~g0]�a
Y<]�£�X�g:_`Z5�
TfY[jrqEY[Z
q6T<V�£��
TfY0j�q S HFc¡]%Y[j�g���TkZ�Z�g���£�g0qH_~Zpc�S'I�q�_�]6��X�Y[j�vkg0]�a�Y[Z
q ��X'#�]�_��iY0w`w>#Ñq�_�]6��T<Z'�
Z�g��'£�g0qE_`Z�x�I xâq�_ ]E��X
Y[j�v<g0]'P�1�X�_ ]è]�V��'��g���£%_�]�T3 G�
Y0j�£�_���V�w Y[j%_`h"�
Tkj�£�Y0ZS��g:£�T§S'1 � ] � £�X�g�TkV�£��
TUY[j�q
S�H:c 9 j�giv<_~T<Z T� ��
Ykq ��V�j�\kY[£�V�j�gA: ��T<Z�Z�g���£�_~T<ZÝw`giZ�v<£�XÝ_�] h¶VS��XÝ]^X�Tkj�£�g×jF£�X
Y[Z £�X�g6_~Z��
TUY[j�q 9 v<TfT5q
��V�j�\kY[£�V�j�gA:-S�H:c ��TkZ�Z�g��'£�_`TkZ�w~giZ�vk£�X�a$Y0Z
q £�X�g¶£�Tkj�T<_ q�Y[w�h Y[v<Z�gi£�_K�;%
giw�qÝT<Zß£�X�g¶_`Z5�
TfY0j�qß]^_ q�g6_�]
h¶VS��XQw Y[j�v<gij×P=1�X�V
]'a�_`ZEx�I x�q�_�]6��X
Y0j�vkg0]�_`Z5�
TfY[jrqEY[Z
q6T<V�£��
TfY0j�q�S�H:c§£�j�Y0Z
]T�
Tkj�£%hEY�#Q�Ag-q�_8F¡gijT�
giZ5£iaAC�X�gij�g0Yk]4_`Z6c�S'Iªq�_�]6��X�Y[j�vkg0]í_~£4_�]ígU&!�
g���£�g0q�£�T:�
g%]^_~h6_`w Y[j�_`ZQ�
T<£�XHj�giv<_~T<Z
]'P�l$X
Y[jrYA��£�gij�_$y0Y[£�_`TkZ
T3 �S�H:cÉ£�j�Y0Z
]T�
Tkj�£$_`Z IFS'1PO)_�]�V�Z
q5gijEC�Y`#UafY<]4Y{ bYk]^£4j�g���_>��j�T'�iY0£�_`Z�v���j�Tk�
g%Y[Z
q¶q�giZ
]�_`£4#{x
VB��£�V
Y0£�_~T<Z
q�_ Y[v<Z�Tf]^£�_��i]��
g��'T<h6g%Yi\kY[_~w�Y[��w`gfP{¢>j�g0]^g×Z�£�T<�
]�gij�\kY[£�_`TkZ
]�T3 � !Q_`Z5�
TfY[jrq���j�T3%
w~g0](_~Z V;s"c�aAc�S'I"Y0Z
q
x�I xªq�_ ]E��X
Y[j�v<g0]4Y0j�g%Z�T<£$_~Z
q�_��×Y[£�_~\fg$T3 �w Y[j�v<g*q�_ F¡gij�giZS��g0]=9; �_`v<V�j�g�0N:�P$SfX�T�C�ZÉY[j�g%£�X�g�_`Z5�ATUY[jrq � !
��j�_`v<X5£�Z�g0]�]2��j�T3%
w~g0]4T3 �£�X�g c��bh6T5q�g���X
Y<]�gè_~Z6]�_`h6_~w�Y0j � o�R)q5_�]E��X
Y0j�v<g�] C�_~£�X h ops I��[V�X�g�Y[£�_~Z�v�P
1�X�g���w�Yk]^hEYk]2C�gij�g< ïV�g×w`g0q; ïj�T<h YFX�_`v<X�%
giw qH]�_�q�g%vfYk](_~Z���g���£�T<jiaUY[Z
q6Y���j�Tkh6_`Z�giZ�£� ïg0Y0£�V�j�g ]�gigiZ¶T<Z
£�X�g;��j�T3%�w`g0]�_�]�YQj�g0]�V�w`£�T� $vfYk]èw`g�Y[WkY[vkg  ïj�T<h £�X�gF_~Z��
TUY[j�qE_`Z���g`��£�Tkj[C�_`£�X§YQj�Y0£�g�� � � ]"1�T<j�j�� w �0]�P
V;Zpw~T3C %
giw qE]^_�q5g�vfYk]< ïV�giw~g0q6q�_ ]E��X
Y[j�v<g0]'aAj�g���# ��w`_~Z�v�w~_`vkX�£[��j�T3%
w~g0]%Y[j�gÑY[w ]^T¶T3 ï£�g×Zp_`Z�X�T<h6Tkv<giZ�giT<V
]
C�_`£�Xßw�Y[j�v<g" ïg0Y0£�V�j�g0]QY3���
g0Y0j�_~Z�v�TkZB£�X�g ��giZ5£�g×jQ]^£rYA��W�a$X�T�C�g×\fgij:£�X�gE_`Z5�
TfY0j�q � !z��j�T3%
w~g0]Q]^X�T�C
C�g�Y[WEq�gU�Ag×Z
q�giZS�'g T<Z§�ATkV�Z
q�Y0jE#_��T<Z!%�v<V�jrY[£�_~T<Z�P

$%w`T<��Y[w��
Y0j�£�_���w~g �'T<Z!%
Z�gih6giZ5£Q£�_~h6g c��q �×Y[Z)�
gp_~Z! ïgij�j�g0qb ïj�T<h £�X�g�v<w`Tk�
Y[w��
Y0j�£�_K��w`g§�
Y[w Y[ZS�'g
g0efV
Y[£�_`TkZ��
	��
� Y��� Y ����	��
� Y�������� D 9���:�	������������ � � ��� 	"! l#� 	"! l'aNC�X�gij�g%${qQ9&�5:�_ ]>£�X�g%£�T<£rY[w/�
Y[j�£�_��'w`g�9 _~T<Z�:

}



_`Z5\fgiZ5£�TkjE#fa D�9&��: ${q �`c �q _ ]í£�X�g�j�g��+#���w~_`Z�vPx�V�&� ïj�T<h ��w�Yk]^hEY��MC�gi£�£�g0q:]^V�j4 bYA��g�]�a�D�9&��:��
gi_~Z�v £�X�g�v<w~T<�
Y0w
j�g`��#��'w`_`Z�v���Tfg � ��_~giZ�£×a � � _ ]�£�X�g-vfYk]�_~Z���g���£�_`T<ZEjrY[£�gUa � 	"! l�_�]�£�X�g~I��[VD ïV�g×w`_`Z�vQj�Y[£�gfa¡Y[Z
q ��� a � 	"! l
Y[j�g £�X�g vfYk]èY0Z
q I��[V7 ïV�giw~_`Z�v:g � ��_~giZS��_~g0]�a<j�g0]T�
g��'£�_`\fg×w>#fP�V;£�X
Y<]��
gigiZ  ïT<V�Z
q6£�X
Y[£ ��� � ] g ] h �z] g -
Y[Z�q � 	"! l � ] g 
F_`Z I:S'1PO\) 
 * P2V;ZH£�X�g�V,s"c ��T<Z'%
v<V�jrY[£�_`T<ZNa�Z�giV�£�j�Y[wS�
Y0j�£�_���w~g�_`T<Z�_>y0Y0£�_`TkZQT'����V�jr](_~Z
£�X�g hEY[_~Z"��w Y<]^h Y�a5Y[Z
qEY0Zpg0]�£�_`h Y[£�g�T� 4£�X�g:j�g��+#���w~_`Z�v�x
V�& �iY0ZE�Ag:Tk��£�Y0_`Z�g0q� ïj�T<h � !ô��j�_`vkX�£�Z�g0]�]
h6g0Yk]^V�j�gih6giZ5£�]'P4mèT�C�gi\fgijia5£�X�g:h6TU]^£[�
gij4 ïT<j�hÉ_`Z�v IFSN1PO ��w Y<]^h Y<]PC�_`£�XpX�_~v<XvWßY[Z
qEX�_`vkX�]�£�T<j�g0q
giZ�g×j�vA#ÝX
Yi\fg6�
gigiZ T<��£rY[_`Z�g0q _`Zßq�_~\fgij�£�g0q ��T<Z!%�v<V�jrY[£�_~T<Z
]'a(j�giZ
q�g×j�_`Z�vp£�X�_�]FhÉgi£�X�T5qÝ_`h"��jrYA��£�_��iY0w;P
xègi£rY[_~w`g0qa-<x h6T5q�giw~_`Z�v�V�]^_`Z�v�h¶V�w`£�_ � x
V�_ q�Y0Z
q Z�g×V�£�jrY[w%£�j�Y0Z
]T�
Tkj�£ ��T5q5g0] C�_~w`w��Ag§V
]^g�qb ïT<j¶£�X�g
��TkZ!%
Z�gihÉgiZ�£�Y0Z
Y[w$#�]�_�]�T3 >q�_`\fgij�£�Tkj���T<Z!%�v<V�jrY[£�_~T<Z
]'P

��
���� �3����.3�6��
 .#���#�#"%$	� �!


m<�bh6T5q�gz��w Y<]^h Y<]HX
Yi\fgÝ�
gigiZ)T<��£�Y[_~Z�g0që_~Z IFS'1PO C�_~£�Xªgi_`£�X�gij I��[VQT<j§m m* ís Y[V�&5_`w~_�Y[j6#
X�g0Y0£�_~Z�v�_`ZBc�SNI Y0Z
qBx�I xw��T<Z!%�v<V�jrY[£�_~T<Z
]v)�� * P 1�X�g�c��,m £�j�Y0Z
]^_~£�_`TkZß_�]���w~g0Y[j�w>#�\5_�]^_~��w`g Y<]�£�X�g
� !Lg×h6_�]�]^_`TkZÝq�j�TQ��_~Z�£�X�gÉq�_`\fgij�£�Tkj:Y[Z
q�_`Z5�
TfY0j�q�h6_ q!��w Y[Z�g~��j�T�%
w`g0]'P6SfX�T�C�Z _`Z  í_~v<V�j�g�?L_ ]:Y[Z
g�&�Y[h"��w`g$T3 ¡£�X�g%� !�q�_~\fgij�£�T<j ��j�T�%
w`g�T� �Y0ZLc�SNI)q�_�]6��X
Y0j�vkg[C�_`£�X¶Y*]^X�Tkj�£�m<�bh6T5q�gfP 1�X�g�j�gi\fgij�]�Y[w5T3 
_`Z'�;TkV�£�Yk]T#5h6h6gi£�jE#:_`Z¶j�g��+#���w~_`Z�v�C�Y<]$T<�
]�gij�\fg�qô_~Zpc�S'I"q�_ ]E��X
Y[j�v<g0]4T� { 
	|-Q]A] � �iY0h"�
Y0_`v<ZÉq�V�j�_`Z�v
L�c¡oX�  ïj�gig§Y[Z
q L�c¡o #Bm[�;h6T5q5gX�
gij�_`T5q�]'P 1�X�_�]���X�giZ�Tkh6giZ�TkZßX
Y<]QZ�T<£¶j�g`��V�j�j�g0q�_~Z)]^_~h6_`w Y[j-m<�
h6T5q�g���w Y<]^h Y<]4_`Z¶£�X�g* 
	 -A]Q]A-��iY0h"�
Y[_~v<ZÉY[Z
q¶_�]4�
giw`_~gi\fg0q�£�T-�
gèj�giw�Y0£�g0qQ£�T-£�X�g���X�Y[Z�vkg0](_~ZLS�H:c
£�jrY[Z
]4�
T<j�£�q�V�g%£�T-Z�T<Z!�,Y3&5_�]4#�hÉh6gi£�j�_��íg×j�j�Tkj2%
giw�qQj�g�q�VS��£�_`T<Z¶Y� ï£�gij=�
T<w~T<_ q�Y[w�%
giw q��'T<_`w�j�g��,Y[w~_`v<Z�h6giZ5£
��j�_`T<j-£�T§£�X�g �iY[h �
Y[_~v<Z�PEmè_~v<X £�gih"�
T<jrY[w$j�g�]^T<w~V�£�_~T<ZÝT3 %£�X�g �iY0h6gij�Yk]�9McaZ -A]%
���]�: giZ
Y0��w`g�]u£�T
]^£�V
q!#-£�X�g%q!#5Z
Y0h6_��i]�Y0Z
qQ_`Z5£�gij�Z
Y[w�]^£�j�VS��£�V�j�g�T3 7L�c¡o�]'P4)�$èjrY<]�]T#6)�m<�bh6T5q�gG��w�Yk]^hEYk]4Y[Z
q���w�Y<]�hEY<]
C�_`£�X�£4#!�
g V�Y[Z�q�V6VEV[L�c¡o�] X
Yi\fg��
gigiZ�Tk�
]^gij�\fg0q�PQSfX�T�C�Z�_`ZÝ �_`v<V�j�g h _ ] YEq�_`\fgij�£�Tkj�� !"��j�T3%
w~g
q�V�j�_`Z�vÑYFX�_~v<X�%�giw�q6]�_�q�g[ ïV�giw~g0q L�c¡o #Ém<�bh6T5q�g���w�Yk]^hEY X�g�Y[£�g�qH�!# � P }Qops T3 (I��[V�P5R ]4gi\5_�q�giZ5£
 ïj�Tkh2£�X�g %�v<V�j�gL£�X�g � !�]4��_`Wfg Y<]�]�T'��_�Y0£�g0qaC�_`£�X £�X�g6h6T5q5gp]�£�Y0j�£�]��'#�� *�
������ Y�e -A]Q]���]Qg0Y0j�w`_~gij
T<ZJ£�X�gÉT<V�£��ATUY[jrqB£�Y[j�v<gi£×Pa1�X�gE_`h"�
Tkj�£�Y0ZS��g6T� ~L�c¡o�]�_`Zßw`TkZ�v m<�;hÉT5q�gEq�_ ]E��X
Y[j�v<g0]�_ ]�_`Z £�X�gi_`j
�
T<£�giZ�£�_�Y0w4£�T§Y[hÉgiw`_~T<j�Y0£�g-_`h"��V�j�_`£4#EYQ����V�h¶V�w Y[£�_~T<Z§g�F¡g���£�]'PHl$T<j�j�giw Y[£�_`T<ZÝT3 �£�X�g¶£�_~h6g%� *�
������ Y C�_`£�X
m<�bh6T5q�g-g0q�v<g~�
Y[jrY[h6g×£�gijr]�giZ�Y[��w~g0]è£�T ]^£�V�q!#EX�T�CâgiZ�g×j�vA#§Y0Z
q �
Y[j�£�_K��w`gÑY[j�gQ£�j�Y0Z
]T�
T<j�£�g0qÝq�V�j�_`Z�v

'



L�c¡o�]�£�T-£�X�g:q5_`\fgij�£�T<j×P21�X�g*g�&�Y0h"��w~g�v<_`\fg×ZHg0Y0j�w~_`gij$_�]G��T<Z�]^_�]�£�giZ5£PC�_~£�X6£�X�g h6T5q5giw
T3 (��TkZ
q�VS��£�_`\fg
�
Y0j�Y[w~w`giw¡giZ�gij�vA#6£�j�Y0Z
]T�
T<j�£:Y[w~T<Z�v¶£�X�gFTkV�£��
TUY[j�qpg�q�v<g�C�_`£�X§YH]�X�T<j�£�gij���TkZ�Z�g��'£�_`TkZEw`giZ�vk£�X�P

	�� 
���	 ����� � �S	����

1�X�g%g�&�Y0h"��w~g0]/T� �£�X�gFc¡x�V,O Y[Z�qHozV�x �iY[h6g×j�Y�h6g0Y<]�V�j�g×h6giZ5£�]�_`Z IFS'1PO)vk_`\fgiZQ_~ZLSUg���£�_~T<Z V6VEV
q�gihÉT<Z
]�£�j�Y0£�gQ£�X�gQV
]^g+ ïV�w`Z�g�]�] T3 �]^_`h ��w`g�%
w~£�gij�g0qp\�_ ]^_~��w`g � x l�l�x �iY0h6gijrY<]< ïTkj�q5_�Y[vkZ�Tf]�_`Z�v§g0q�vkg
��w Y<]^h Y<]�PÑ �V�£�V�j�gQg�&!�
gij�_`h6g×Z�£r] C�_`w~w$Y<q�q�j�g0]�] £�X�gQX�_~v<X Y[Z
q�w`T�C|%
giw q�]^_ q�gQg0q�vkgH£�j�Y[Z�]T�
T<j�£�h6g0Y��
]^V�j�gih6g×Z�£r]�a�S�H:c C�_ q�£�XEh6g�Y<]^V�j�gih6g×Z�£r]�afY0Z
qEq�gi£�Y0_`w~g0q6]^£�V
q�_~g0]�T3 GI:S'1PO�q�_~\fgij�£�T<j�j�giv<_~h6g0]'PD1PC�T
V���vkj�Ykq�g0]:Y[j�g��
gi_`Z�v"��w�Y0Z�Z�g0qE_`ZÝ]�V����
T<j�£ T3 �£�X�g0]^g-g�&!�
gij�_`h6g×Z�£r]�P�RèZ§_`Z!�b\fg0]�]^giw�h6_~j�j�T<j%X
Y<]è�
gig×Z
_`Z�]^£�Y0w`w~g0q�£�T§giZ
Y0��w`gEY�q5_`j�g`��£�\5_`g�C T3 *£�X�gETkV�£��
TfY0j�qßh6_�q!��w�Y[Z�g¶]^g��
Y0j�Y0£�j�_$&�PÝRèw ]^Tz��w Y[Z�Z�g0q�_�]-Y
Z�g�C w`T�C�g×j:q�_`\fg×j�£�Tkj X�Tkj�_>y×T<Z5£�Y[w$\5_`g�C�giZ�Y[��w~_`Z�v6£�T<h6Tkv<jrY3��X�_K�ôj�g���TkZ
]^£�j�VS��£�_`TkZ�T� [O{���
T<_`Z5£:j�givk_`TkZ
gih6_ ]�]�_`T<ZNP>SUX�T�C�ZL_~Z6 �_`v<V�j�g�}-Y[j�g*£�X�g���w�Y[Z�Z�g0q"�iY0h6gijrYè\�_~g�C%]�P=1�X�g:eÕV�Y[w`_~£4#�T3 �£�X�g £�T<h6Tkv<j�Y���X�_K�
j�g`��T<Z
]�£�j�VS��£�_~T<Z)_ ]6q�gi£�gij�h6_~Z�g0q��'#ß£�X�g�V�Z�_  ïTkj�h6_~£T# T3 -£�X�ga9�������:¶]T��YA��gÝ]�Y[h"��w~_`Z�vÝ�'#Bq5gi£�g��'£�T<j
��X�T<jrq�]�aSC�X�gij�g��E_�]�£�X�g-_`h"�
YQ��£P��Y[j�Y0h6gi£�gijia
Y0Z
q	��_�]�£�X�g-_`h"��YA��£�Y[Z�vkw`g ) � �+* P�R ]%]^X�T3C�Z�_~Z� í_~v3�
V�j�g } £�X�g 9
�����7:���T0\fgijrY[vkgQT3 �£�X�g ��j�TA�
Tf]�g0q \5_`gUC%]è_`ZÝj�g0]4�
g���£ £�TL£�X�g�O{���
T<_`Z5£��
Tf]�_`£�_`T<ZÝ_�]{ bY0_`j�w$#
V�Z�_8 ïT<j�h�P ��g��iY[V�]^g�T3 ¡£�X�g�T<�
]�£�j�VS��£�_~T<Z¶�!#-£�X�g[��Y<]�]�_`\fg[��w Y[£�g0]�a<X�T3C�gi\fgij×a[£�X�g�X�T<j�_>yiTkZ�£rY[w�\5_`gUCBq5Tfg0]
Z�Tk£è_~ZS��w`V�q�g £�X�g�q5_`\fgij�£�T<jG��w�Y0£�g0]'P

V;Z)]^V�h6hEY[j6#faí£4C�Tk%
w~£�gij�g0q � x7l�l�x �iY[h6g×j�Y<]:X
Yi\fgE�Ag×giZ %
g×w�q�g0qßY0£"IFSN1POQP$mè_`vkX)]4�
Y[£�_�Y[w
9
� e � h6hv: Y0Z
q £�gih �ATkj�Y0w�9Mc Z -A]%
 �N]5:Qj�g0]^Tkw`V�£�_`T<Z�]ôgiZ�Y[��w~gL£�X�g§q�gi£rY[_`w~g0q�h6g�Y<]^V�j�gih6g×Z�£r]èT3 
_`h ��V�j�_~£4#�Y[Z�qBq�giV�£�gij�_`V�hê��j�_~v<X5£�Z�g�]�]���j�T3%
w~g0]�_`Zß£�X�g S HFc Y[Z�qBq�_~\fgij�£�T<jiP 1�X�g§T<��£rY[_~Z�g0qßq�Y[£rY
��j�T[\5_�q5g6£�X�gE�
Yk]^_ ]  ïTkj6q�g×£�Y[_~w`g0qzx
V�_�q h6T5q5giw`_~Z�vpT� ���Tkj�g§Y[Z�q g0q�vkg �
Y[j�£�_��'w`g�x
T�C%]¶Y[Z
qa�
Y[j�£�_K��w`g
��TkZ!%
Z�gihÉgiZ�£=��j�TA�
gij�£�_`g�]�T� =IFSN1POf��w�Y<]�hEY<]'P

� ��� � ��� � �P����� �P� 
��

IFS'1POJ£�g0Y0h _ ]�YA��W�Z�T3C�w~g0q�vkg0q  ïTkjD��w Y<]�hEYèY0Z
q�I��[VATA�
gijrY[£�_`T<Z�]�P�l$T<h ��V�£�g×j�]^T3 ï£4C�Y[j�g%]�V����
T<j�£
�'# $-P��
_`h6h¶gij
_�]�v<j�g0Y[£�w>#-YA��W5Z�T�C�w`g0q�vkg0q�P 1�X�_ ]/j�g0]^g0Y0j���X�C�Y<]{]^V����
Tkj�£�g�q��!#:£�X�g "-P S
P0xègU�
Y[j�£�h6giZ5£






T3 L>Z�gij�vQ#FV�Z
q�gij(��T<Z5£�jrYA��£r]�IèT�P{x�LD��R lG]A-�� '`}Õl�m�]Q0A]#'�0�a�x�L(�,R lG] h ��]A]JH*d{-Q- '�- h a�Y0Z
q�x�LD�,  $�]Q-`�
� �QL$d h ? h -�?�P

�



�������������
	����

) ��* l%P¡n�PS��Tf]4C�giw~w;a
n�P�c�P/1/gij�jE#faS� P
c
_>�
]6��X5V�w~£Eyfa�Y[Z
q�n�P�Sf£�_`w~w`gij�hEY[Z�a5d�gi\¡P�S'��_;P V;Z
]^£�j�V�h�P�
���a��A0 h
9�-A]A] � :rP

) - * L�P�S
P
o�Y0j�hEY0j�� ������� a
d�gi\¡PAS'�'_;P�V;Z
]�£�j�V�h�P�
��¡a ��?J] 9�-A]Q] � :rP

) 0 * o PSL�P
 �giZ
]�£�gij�hEYA��X�gij�� ������� a
d�g×\�P
S'��_;P V;Z
]^£�j�V�h�P����/a � 'U?z9 � � � 'Q:�P

) ? * n�P�c�P/1/g×j�jE#Ua�n�P
R�P
SfZ�_>�
g0]'a
Y[Z
q�l%P
t V�jEyfa�d�g×\�P
S'��_;PSV;Z
]�£�j�V�h�P����/a hQhAh 9 � � � h :�P

) h3* x�PNR�P0$*Y[£�g�]�� ������� a�_~Z ��!#"%$&�'�)( ����* � ",+ �.- �0/�1 �.-�2 �43657" � +%�8!'� � $&��" � � �9� �;:�� � -�<'��� $ �=��� (
57" � � !#" �>� �)(�? � ��� " � 9;opT<Z5£�j�giV�&¡aASJC�_~£Eyig×j�w�Y0Z
q�a -A]A]Q-N:rP

) } * o PSL�P
d�giZ
]^_~Z�W@� ������� a
n�PSIèVS�'w;P5o�Y[£�gijiPA��B�CED&��B�F/a�'�]Q} 9M-Q]A] � :�P

)(' * S
P
R-P�S5Y[����Y[v<XG� ������� aSIèVB��w;P5 �V
]^_~T<ZIHKJ
a � }A] � 9M-Q]A] � :�P

) 
 * OQP%R�P SfTkV�W5X
Y[Z�T0\�]^W5_`_�� �L����� a _`ZM��!)"%$&�'�)( ����* � ",+ �N- �PORQ �.-TS � � �U! �E�,�	� " �E��� 57" � +%�8!U� � $&�V" �
� �9� �;:�� 3 � !W+ � $&� S � � �8! � $ �	� " � � ��� 57" � � !)" ��� �)(X? �,��� " �ZY �8[ � $&� � 9�SfV���h6_~£�£�g0q�£�T%n�P�IèVS��wbPio�Y0£�gij×P`a
$%_  ïVNa
nfY3�
Y0Z�a�-Q]A]Q-N:�P

) � * l%P/L�PS��V
]^XP� ������� a
¢4w�Y<]�hEYQ¢4X!#�]�P
l$T<Z5£�j�T<w;P
 �V
]�_`TkZ
H�H�a
R�0A-Q0X9�-A]A]Q-N:rP

) � ] * l%P�S
P�¢4_~£���X�gij�Y0Z
qp¢�P�l%P�Sf£�Y0Z�v<g×�!#fa
¢4w Y<]^h YQ¢>X'#�]�PAl$TkZ�£�j�Tkw;P
 �V
]^_~T<ZIF�B�a�' ' � 9 � � � 'Q:�P

) � ��* d:P�S
P0$%j�Y0Z�gi£Ey-Y0Z
qp¢�P�Sfh6giV�w q�gijr]�a'IèVS��wbP� �V
]�_`T<Z
����a�? h '"9 � � 
%
N:rP

� ]



)  2V�$�P � Y0�
T<V�£ X�gij�gfP *

)  2V�$�PS-QY0�
T<V�£ X�gij�gfP *

)  2V�$�PS0QY0�
T<V�£ X�gij�gfP *

)  2V�$�P�?¶Y0�
T<V�£ X�gij�gfP *

)  2V�$�P h Y0�
T<V�£ X�gij�gfP *

)  2V�$�PS}QY0�
T<V�£ X�gij�gfP *

� �



� $ 
 " � ��� $	� �!��.#


� ¢4w�Yk]^hEYQ�
T<V�Z
q�Y[jE#_��T<Z'%
v<V�jrY[£�_`T<Z�] 9�V;s"c�a/c�S'I-a
x�I x;:�j�g���TkZ
]^£�j�VS��£�g0q6�!#vL$ 2V41 P
1�X�g-w`T�C�gij�q�_`\fg×j�£�Tkj � !���j�T3%�w`g0]�Y0j�g-]^X�T�C�Z§T<Zp£�X�g-]�Y0h6g X�Tkj�_>y×T<Z5£�Y[w�]6�iY[w~gfP P:P�P � 0

- l$T<h �
Y[j�_�]^TkZE�Ag×£TC�gigiZvL$ 2V41ë]�£�j�_`Wfg��ATk_`Z5£èh Y���T<j�j�Y<q5_`_ED Y[Z
qE£�X�g:hEYU��T<j�jrY<q�_~_�d
T3 � !ôgihÉ_�]�]�_`TkZ6hEY3&5_`h YuhÉg0Y<]�V�j�g0q¶�!#¶£�X�gQc¡x�V;O �iY[h6g×j�Y�P$P:P�P:P-PFP-P:PFP-P:P�P � ?

0 V;Z��
TUY[j�q h6_ q!��w Y[Z�g � !â��j�_~v<X5£�Z�g0]�] ��j�T3%
w~g0] hÉg0Y<]�V�j�g0qâ_~Z _`Z�Z�gijT��C�Y0w`w6w~_`h6_~£�g0q
9MV;s"c�:ra�w`T�C�g×j6]�_`Z�vkw`g�Z5V�w`w~9^c�S'I�:�a$V����
gij§]^_~Z�v<w~gpZ5V�w`w~9 "FSNI;:�a�Y[Z
q)q5T<V���w~g�Z�V�w`w
9;x�I x;:2��X
Y<]�gèT� �T<£�X�gijEC�_ ]^g*]^_`hÉ_`w�Y0j4q5_�]E��X
Y0j�v<g�]�aA ïV�giw~g0q; ïj�Tkh YFX�_~v<X�%
giw�q¶]^_ q�g�vfYk]
_`Z`��g���£�TkjiP)P:P�P:P-PFP-P:P�P:P�P:P:P�P:P�P:P-PFP-P:P�P:P:P�P:P�P:P�P:P-PFP-P:PFP-P:P�P �Uh

? c
T�C�gijÑq�_`\fg×j�£�Tkj!� ! ��j�T3%
w~gEq�V�j�_`Z�vÐm<�bh6T5q�gfP§d�g`��#��'w`_`Z�v6_`Z!�bT<V�£QY<]4#�hÉh6gi£�j6#Ej�g��
\fgijr]�Y[w�_ ]�T<�
]�gij�\fg�qLY� ï£�gij c��,m"£�jrY[Z
]�_`£�_~T<Z�P�PFP-P:P�P:P:P�P:P�P:P�P:P-PFP-P:PFP-P:P�P � }

h L$q�v<g-w`T'�iY0w`_$yig0qHh6T5q5g0]�_`Z§Y[Z§m<�bh6T5q�gQc�S'I|��w Y<]�hEY�P P�P:P�P:P�P:P-PFP-P:PFP-P:P�P � '
} ¢4j�TQ�ATU]^g0qE\�_~g�C%]D ïT<jGO{�M�
Tk_`Z5£�gih6_ ]�]�_`T<ZQ£�T<h6Tkv<jrY3��X'#¶Y[Z
q6w~T'�iY[£�_`T<Z�](T3 $l�l�x|��_$&�g×w

��X�T<jrq�]�_~Z 9
��� �7:�]T��YA��gfP$ �Tkj���w Y[j�_`£4#fafT<Z�w$#6gi\fgij6# � ][£�Xz��X�T<jrq _ ]�]^X�T�C�Z�P§P:PFP-P:P�P � 


� -



 2V�$%"*d{L�S

� ���*ð5ø[ð���½Ú·iÃ�Æ:·èÍfºkÂf¼<Î5·[À;Ï:Á�ºk¼[ó Ó ÂfÀ^·i¸�¹»ºk¼<Ã�È ��éßã�îkãA¾fµ%î<ù%µ(ù%Ì�À;´�Á�ºk¼<Ã�¸�À^Â<Á�¸�´�ÎÑÍ[Ï:Ä�� � ²�ðk²$³<´(½�ºiÖ4´'À
Îf¹»å0´'À;¸�º<À�� ! ¿fÀ;ºió5½»´�Ã�·[À;´�Ã�³<ºiÖ�¼�ºk¼�¸�³<´èÃ�·0Æ ´%³<º<À;¹»Ù�ºk¼0¸�·i½�Ã�Á'·i½»´0ð

� 0



0.2 0.4 0.6 0.8 1.0
EFIT strike point R (m)

0.2

0.4

0.6

0.8

1.0

E
m

is
si

on
 m

ax
im

um
 R

 (
m

)

Inner target
Outer target

� ���*ð5Þfð:ú>ºkÆ:¿f·0À;¹»Ã�º<¼EÍf´�¸;Ö4´�´'¼§Ä7� �ï² Ã�¸�À;¹ � ´Q¿fº0¹Ú¼[¸:Æ:·iì;ºkÀ�À�·iÎf¹»¹��â·0¼<ÎE¸�³<´QÆ:·iì;ºkÀ�À�·�Îf¹�¹��"ºiÔ � !
´'Æ ¹»Ã�Ã�¹»ºk¼HÆ:·iÅ<¹ÚÆ:·:Æ ´'·iÃ�ÂfÀ;´�ÎÉÍ[Ï-¸�³<´%ã�ù ���)Á'·0Æu´'À�·fð

� ?



0 500 1000 1500 2000
Pixel

0

1000

2000

3000

B
rig

ht
ne

ss
 (

co
un

ts
)

Separatrix location

IWL

LSN

DND

USN

� ���*ð � ð � ¼kÍÕºk·0À;Î6Æ ¹»Î5¿<½Ú·0¼<´ � ! ÍfÀ;¹ Ó ³0¸�¼<´�Ã�Ã�¿fÀ,ºió5½»´�Ã%Æ ´'·iÃ�ÂfÀ;´�Î6¹Ú¼H¹Ú¼f¼<´'À ÒïÖ$·i½»½¡½»¹ÚÆ ¹»¸�´�Î È �Êéßã
Ì�î�½�ºiÖ4´'À
Ã�¹Ú¼ Ó ½»´E¼kÂ<½»½:È�ã
¾fµ�Ì�î4Âf¿f¿f´'À�Ã�¹Ú¼ Ó ½»´E¼kÂ<½»½:È���¾fµ�Ì�î4·0¼<Î�ÎfºkÂfÍ<½»´ ¼<Â<½»½uÈ ù%µ$ù%Ì:¿f³f·�Ã�´¶ºiÔ�º0¸�³<´'À,Ö$¹»Ã�´¶Ã�¹ÚÆ ¹»½Ú·0À
Îf¹»Ã�Á�³f·0À Ó ´�Ã'îUÔÊÂ<´�½»´�ÎHÔÊÀ,ºkÆ"·:³<¹ Ó ³�ó5´�½»Î6Ã�¹»Îf´ Ó ·�Ã{¹Ú¼�ì;´�Á�¸�ºkÀ�ð

�Uh



� ���*ð�ö5ðQã�ºiÖ4´'À Îf¹»å0´'À;¸�º<À � ! ¿fÀ,ºió5½»´¶Î5ÂfÀ;¹Ú¼ Ó ä>ÒbÆ ºkÎf´0ð ��´�Á�Ï<Á�½»¹Ú¼ Ó ¹Ç¼[Òïº<Â<¸Ñ·iÃ^ÏUÆ:Æu´�¸�À;Ï�À;´�å0´'À;Ã�·�½$¹»Ã
ºkÍ<Ã�´'À,å0´�Î¶·�Ô�¸�´'À$ã�ÒbäB¸�À^·0¼<Ã�¹»¸�¹»ºk¼�ð

� }



� �M� ðkàfð$Ä/Î Ó ´�½»ºkÁ'·i½»¹»Ù�´�Î§Æ º<Îf´�Ã$¹Ú¼¶·[¼Qä4ÒbÆ º<Îf´*ãA¾fµ)¿<½Ç·�Ã�Æ:·fð

� '



X-point

0 100 200 300
Impact angle (degrees)

0

5

10

15

Im
pa

ct
 p

ar
am

et
er

 (
cm

)

� ���*ð5æfð �íÀ;ºk¿fº[Ã�´�ÎEå<¹�´�Ö(Ã�Ô�ºkÀ�Ë$Òb¿Õº0¹Ú¼0¸è´'Æ ¹»Ã�Ã�¹»ºk¼L¸�ºkÆ º Ó À�·0¿f³[Ï¶·0¼<Î6½»ºkÁ'·i¸^¹�º<¼<Ã*º�Ô>ú$ú4ù�¿<¹»Å<´�½�Á�³<ºkÀ;ÎfÃ
¹Ú¼§È ����� ÌíÃ�¿f·iÁ�´0ð���ºkÀíÁ�½Ç·[À;¹»¸bÏ0î�ºk¼<½»ÏQ´�å0´'À;Ï6ø'õi¸�³:Á�³<ºkÀ;ÎQ¹»Ã�Ã�³<ºiÖ�¼�ð

� 




03/26/01

External Distribution

Plasma Research Laboratory, Australian National University, Australia
Professor I.R. Jones, Flinders University, Australia
Professor João Canalle, Instituto de Fisica DEQ/IF - UERJ, Brazil
Mr. Gerson O. Ludwig, Instituto Nacional de Pesquisas, Brazil
Dr. P.H. Sakanaka, Instituto Fisica, Brazil
The Librarian, Culham Laboratory, England
Library, R61, Rutherford Appleton Laboratory, England
Mrs. S.A. Hutchinson, JET Library, England
Professor M.N. Bussac, Ecole Polytechnique, France
Librarian, Max-Planck-Institut für Plasmaphysik, Germany
Jolan Moldvai, Reports Library, MTA KFKI-ATKI, Hungary
Dr. P. Kaw, Institute for Plasma Research, India
Ms. P.J. Pathak, Librarian, Insitute for Plasma Research, India
Ms. Clelia De Palo, Associazione EURATOM-ENEA, Italy
Dr. G. Grosso, Instituto di Fisica del Plasma, Italy
Librarian, Naka Fusion Research Establishment, JAERI, Japan
Library, Plasma Physics Laboratory, Kyoto University, Japan
Research Information Center, National Institute for Fusion Science, Japan
Dr. O. Mitarai, Kyushu Tokai University, Japan
Library, Academia Sinica, Institute of Plasma Physics, People’s Republic of China
Shih-Tung Tsai, Institute of Physics, Chinese Academy of Sciences, People’s Republic of China
Dr. S. Mirnov, TRINITI, Troitsk, Russian Federation, Russia
Dr. V.S. Strelkov, Kurchatov Institute, Russian Federation, Russia
Professor Peter Lukac, Katedra Fyziky Plazmy MFF UK, Mlynska dolina F-2, Komenskeho

Univerzita, SK-842 15 Bratislava, Slovakia
Dr. G.S. Lee, Korea Basic Science Institute, South Korea
Mr. Dennis Bruggink, Fusion Library, University of Wisconsin, USA
Institute for Plasma Research, University of Maryland, USA
Librarian, Fusion Energy Division, Oak Ridge National Laboratory, USA
Librarian, Institute of Fusion Studies, University of Texas, USA
Librarian, Magnetic Fusion Program, Lawrence Livermore National Laboratory, USA
Library, General Atomics, USA
Plasma Physics Group, Fusion Energy Research Program, University of California at San

Diego, USA
Plasma Physics Library, Columbia University, USA
Alkesh Punjabi, Center for Fusion Research and Training, Hampton University, USA
Dr. W.M. Stacey, Fusion Research Center, Georgia Institute of Technology, USA
Dr. John Willis, U.S. Department of Energy, Office of Fusion Energy Sciences, USA
Mr. Paul H. Wright, Indianapolis, Indiana, USA



The Princeton Plasma Physics Laboratory is operated
by Princeton University under contract

with the U.S. Department of Energy.

Information Services
Princeton Plasma Physics Laboratory

P.O. Box 451
Princeton, NJ 08543

Phone: 609-243-2750
Fax: 609-243-2751

e-mail: pppl_info@pppl.gov
Internet Address: http://www.pppl.gov


