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�+���b�+���/�2 �Q�7 �T���`�i�B�+�H�2�b �`�2�7�2�`�`�2�/ �i�Q ���b ���M �2�t�i�2�M�b�B�p�2 ���B�` �b�?�Q�r�2�` �U�1���a�V�X �.�m�2 �i�Q �i�?�2 �H�Q�r �/�2�M�b�B�i�v �Q�7 ���B�`�- �i�?�2�b�2
�b�?�Q�r�2�`�b �/�2�p�2�H�Q�T �Q�p�2�` �H�2�M�;�i�? �b�+���H�2�b �Q�7 �K�m�H�i�B�T�H�2 �F�B�H�Q�K�2�i�`�2�b�- �r�B�i�? �+�Q�`�`�2�b�T�Q�M�/�B�M�;�H�v �H���`�;�2 �7�Q�Q�i�T�`�B�M�i�b ���i
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�m�b�2�/�- �i���F�B�M�; �B�M�i�Q ���+�+�Q�m�M�i �i�?�2 �K���M�v �/�B�z�2�`�2�M�i �B�M�i�2�`���+�i�B�Q�M�b �m�M�/�2�`�;�Q�M�2 �#�v �i�?�2 �K�B�H�H�B�Q�M�b �Q�` �#�B�H�H�B�Q�M�b
�Q�7 �B�M�/�B�p�B�/�m���H �T���`�i�B�+�H�2�b�- �i�?�2 �p���`�B���i�B�Q�M�b �B�M ���B�` �/�2�M�b�B�i�v�- ���M�/ �b�Q �Q�M�X �>�Q�r�2�p�2�`�- �i�Q �� �`�2���b�Q�M���#�H�v �;�Q�Q�/
���T�T�`�Q�t�B�K���i�B�Q�M�- �i�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �i�?�2�b�2 �T���`�i�B�+�H�2 �+���b�+���/�2�b �+���M �#�2 �/�2�b�+�`�B�#�2�/ �#�v �b�B�K�T�H�2�` �/�B�/���+�i�B�+
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�K�Q�H�2�+�m�H�2�b �B�M �i�?�2 ���B�` �2�t�+�B�i�2�/ �#�v �i�?�2 �2�M�2�`�;�v �/�2�T�Q�b�B�i�2�/ �#�v �i�?�2 �b�?�Q�r�2�` �T���`�i�B�+�H�2�b �B�M �i�?�2 ���i�K�Q�b�T�?�2�`�2�X
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�r�?�2�`�2V �B�b �i�?�2 �b�T�2�2�/ �Q�7 �i�?�2 �b�?�Q�+�F �r���p�2�X �A�M �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �K���;�M�2�i�B�+ �}�2�H�/�b�- �i�?�2 �+�?���`�;�2�/ �T���`�i�B�+�H�2
�;�v�`���i�2�b�- ���M�/ �K���v �+�`�Q�b�b �i�?�2 �#�Q�m�M�/���`�v �K�m�H�i�B�T�H�2 �i�B�K�2�b�- �r�B�i�? �i�?�2 �T���`�i�B�+�H�2 �2�M�2�`�;�v �B�M�+�`�2���b�B�M�; ���i �2���+�?
�+�`�Q�b�b�B�M�;�R�X �"�2�+���m�b�2 �i�?�2 �T���`�i�B�+�H�2 �2�M�2�`�;�v �B�M�+�`�2���b�2�b ���i �2���+�? �+�`�Q�b�b�B�M�; �T�`�Q�T�Q�`�i�B�Q�M���H�H�v �i�Q �i�?�2 �b�?�Q�+�F �r���p�2
�b�T�2�2�/V �- �i�?�B�b ���+�+�2�H�2�`���i�B�Q�M �K�2�+�?���M�B�b�K�- �Q�`�B�;�B�M���H�H�v �T�`�Q�T�Q�b�2�/ �#�v �6�2�`�K�B �(�8�8�)�- �B�b ���H�b�Q �F�M�Q�r�M ���b�}�`�b�i�@�Q� �̀/�2�`
�6�2�`�K�B ���+�+�2�H�2� �̀��i�B�Q�M�X �A�M�b�i�2���/ �Q�7 �i�?�2 �T���`�i�B�+�H�2 �#�2�B�M�; ���+�+�2�H�2�`���i�2�/ �;�`���/�m���H�H�v �#�v �+�`�Q�b�b�B�M�; �i�?�2 �#�Q�m�M�/���`�v �Q�7
�� �M�Q�M�@�`�2�H���i�B�p�B�b�i�B�+ �b�?�Q�+�F �r���p�2 �K���M�v �i�B�K�2�b�- �i�?�2 �b���K�2 �K�2�+�?���M�B�b�K �K���v ���H�b�Q ���+�+�2�H�2�`���i�2 �T���`�i�B�+�H�2�b �B�M ��
�b�B�M�;�H�2 �+�v�+�H�2 �B�M �� �`�2�H���i�B�p�B�b�i�B�+ �b�?�Q�+�F �U�2�X�;�X �i�?�2 �D�2�i �Q�7 �� �T�Q�r�2�`�7�m�H ���+�i�B�p�2 �;���H���+�i�B�+ �M�m�+�H�2�m�b�V�c �i�?�B�b �B�b �F�M�Q�r�M
���b �Q�M�2�@�b�?�Q�i �Q�` �ö�2�b�T�`�2�b�b�Q�ö ���+�+�2�H�2�`���i�B�Q�M �(�8�e�)�X �A�M �i�?�B�b �+���b�2�- �i�?�2 �T���`�i�B�+�H�2 �2�M�2�`�;�v �B�M�+�`�2���b�2�b �#�v �� �7���+�i�Q�`
� � 2�- �r�?�2�`�2� �B�b �i�?�2 �G�Q�`�2�M�i�x �7���+�i�Q�` �Q�7 �i�?�2 �`�2�H���i�B�p�B�b�i�B�+ �D�2�i�X

�a�i�Q�+�?���b�i�B�+ ���+�+�2�H�2� �̀��i�B�Q�M�(�8�d�) �7�m�M�+�i�B�Q�M�b �B�M �� �b�B�K�B�H���` �r���v �i�Q �b�?�Q�+�F ���+�+�2�H�2�`���i�B�Q�M�- �#�m�i �`���i�?�2�` �i�?���M
�+�Q�H�H�B�/�B�M�; �r�B�i�? �� �b�?�Q�+�F �r���p�2�- �i�?�2 �+�Q�b�K�B�+ �`���v �T���`�i�B�+�H�2 �B�b �/�2�~�2�+�i�2�/ �#�v �K���;�M�2�i�B�x�2�/ �+�H�Q�m�/�b �U�2�X�;�X �T�H���b�K��

�R�P�7 �+�Q�m�`�b�2�- �B�M �`�2���H�B�i�v �B�i �B�b �M�Q�i �i�?�2 �#�Q�m�M�/���`�v �+�`�Q�b�b�B�M�; �i�?���i ���+�+�2�H�2�`���i�2�b �i�?�2 �T���`�i�B�+�H�2�c �`���i�?�2�`�- �Q�M�2 �+���M �i�?�B�M�F �Q�7 �i�?�2
�T���`�i�B�+�H�2 ���b �+�Q�M�i�B�M�m���H�H�v �#�2�B�M�; �/�2�~�2�+�i�2�/ �#�2�i�r�2�2�M �i�r�Q �K���;�M�2�i�B�+ �ö�r���H�H�b�ö �i�?���i ���`�2 �i�`���p�2�H�H�B�M�; �B�M �Q�T�T�Q�b�B�i�2 �/�B�`�2�+�i�B�Q�M�b�X
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�r���p�2�b �Q�` �K���;�M�2�i�Q�?�v�/�`�Q�/�v�M���K�B�+ �i�m�`�#�m�H�2�M�+�2�V�X �A�M �+�Q�M�i�`���b�i �i�Q �i�?�2 �b�?�Q�+�F ���+�+�2�H�2�`���i�B�Q�M �+���b�2�- �i�?�2 �/�B�`�2�+�@
�i�B�Q�M �i�?�2 �K���;�M�2�i�B�x�2�/ �+�H�Q�m�/ �B�b �i�`���p�2�H�H�B�M�; �B�M �`�2�H���i�B�p�2 �i�Q �i�?�2 �+�Q�b�K�B�+ �`���v �T���`�i�B�+�H�2 �B�b �`���M�/�Q�K�- ���M�/ �i�?�2
�T���`�i�B�+�H�2 �K���v �2�B�i�?�2�` �H�Q�b�2 �Q�` �;���B�M �2�M�2�`�;�v �/�2�T�2�M�/�B�M�; �Q�M �r�?�2�i�?�2�` �i�?�2 �+�Q�H�H�B�b�B�Q�M �B�b �i���B�H�@�Q�M �Q�` �?�2���/�@�Q�M�-
�`�2�b�T�2�+�i�B�p�2�H�v�X ���b �?�2���/�@�Q�M �+�Q�H�H�B�b�B�Q�M�b ���`�2�- �?�Q�r�2�p�2�`�- �K�Q�`�2 �H�B�F�2�H�v �U�7�Q�` �i�?�2 �b���K�2 �`�2���b�Q�M �� �+�v�+�H�B�b�i �2�M�+�Q�m�M�@
�i�2�`�b �K�Q�`�2 �Q�M�+�Q�K�B�M�; �i�?���M �Q�p�2�`�i���F�B�M�; �+�v�+�H�B�b�i�b �Q�M �� �i�r�Q�@�r���v �#�B�+�v�+�H�2 �T���i�?�V�- �Q�M ���p�2�`���;�2 �i�?�2 �T���`�i�B�+�H�2 �B�b
�2�t�T�2�+�i�2�/ �i�Q �;���B�M �2�M�2�`�;�v ���7�i�2�` �2���+�? �+�Q�H�H�B�b�B�Q�M�,
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���b �i�?�2 �2�M�2�`�;�v �;���B�M �B�b �[�m���/�`���i�B�+ �B�M �i�?�2 �b�T�2�2�/ �Q�7 �i�?�2 �K���;�M�2�i�B�x�2�/ �+�H�Q�m�/V �- �i�?�B�b �K�2�+�?���M�B�b�K �B�b ���H�b�Q
�`�2�7�2�`�`�2�/ �i�Q ���b�b�2�+�Q�M�/�@�Q� �̀/�2�` �6�2�`�K�B ���+�+�2�H�2� �̀��i�B�Q�M�(�8�3�)�X

���M�Q�i�?�2�` �T�`�Q�T�Q�b�2�/ ���+�+�2�H�2�`���i�B�Q�M �K�2�+�?���M�B�b�K �B�b�K���;�M�2�i�B�+ � �̀2�+�Q�M�M�2�+�i�B�Q�M�(�8�N�)�- �r�?�2�`�2 �T�H���b�K���b �r�B�i�?
�Q�T�T�Q�b�B�M�; �K���;�M�2�i�B�+ �}�2�H�/�b ���`�2 �+�Q�K�T�`�2�b�b�2�/ �i�Q�;�2�i�?�2�` �/�m�2 �i�Q �b�Q�K�2 �2�t�i�2�`�M���H �/�`�B�p�B�M�; �7�Q�`�+�2�X �A�M �i�?�2 �i�?�B�M
�H���v�2�` �#�2�i�r�2�2�M �i�?�2 �i�r�Q �T�H���b�K���b�- �i�?�2 �K���;�M�2�i�B�+ �}�2�H�/ �H�B�M�2�b �`�2�+�Q�M�M�2�+�i �B�M�i�Q �� �H�Q�r�2�`�@�2�M�2�`�;�v �+�Q�M�}�;�m�`���i�B�Q�M�-
�r�B�i�? �i�?�2 �K���;�M�2�i�B�+ �2�M�2�`�;�v �#�2�B�M�; �+�Q�M�p�2�`�i�2�/ �B�M�i�Q �T�H���b�K�� �F�B�M�2�i�B�+ �2�M�2�`�;�v�X �6�B�M���H�H�v�- �+�?���`�;�2�/ �T���`�i�B�+�H�2�b
�K���v ���H�b�Q �#�2 ���+�+�2�H�2�`���i�2�/ �#�v �b�i�`�Q�M�; �2�H�2�+�i�`�B�+ �}�2�H�/�b �B�M �+�Q�K�T���+�i�- �`���T�B�/�H�v �`�Q�i���i�B�M�; �Q�#�D�2�+�i�b �r�B�i�? �b�i�`�Q�M�;
�K���;�M�2�i�B�+ �}�2�H�/�b �U�2�X�;�X �T�m�H�b���`�b�V�- �r�?�B�+�? �B�b �`�2�7�2�`�`�2�/ �i�Q ���b�m�M�B�T�Q�H���` ���+�+�2�H�2� �̀��i�B�Q�M�(�e�y�- �e�R�)�X

�6�Q�` �b�?�Q�+�F ���M�/ �b�i�Q�+�?���b�i�B�+ ���+�+�2�H�2�`���i�B�Q�M�- �i�?�2 �2�M�2�`�;�v �;���B�M �B�M �2���+�? �+�v�+�H�2 �B�b �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2 �T���`�i�B�+�H�2
�2�M�2�`�;�v�-� E = �E �X ���b�b�m�K�B�M�; �i�?���i �i�?�2 �T�`�Q�#���#�B�H�B�i�vPesc �7�Q�` �i�?�2 �+�Q�b�K�B�+ �`���v �i�Q �2�b�+���T�2 �7�`�Q�K �i�?�2 �b�Q�m�`�+�2
�B�M �2���+�? �+�v�+�H�2 �B�b �U���T�T�`�Q�t�B�K���i�2�H�v�V �B�M�/�2�T�2�M�/�2�M�i �Q�7 �B�i�b �2�M�2�`�;�v�- ���7�i�2�`k �+�v�+�H�2�b�-N = N0(1 � Pesc)k

�T���`�i�B�+�H�2�b �r�B�i�? �2�M�2�`�;�vE = E0(1 + � )k �`�2�K���B�M�- �`�2�b�m�H�i�B�M�; �B�M �� �T�Q�r�2�`�@�H���r �b�T�2�+�i�`�m�K�,
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)
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dE

/ E
log(1 � P esc )

log(1+ � ) � 1: �U�R�X�j�V

�h�?�2 ���T�T�`�Q�t�B�K���i�B�Q�M �i�?���i �i�?�2 �2�b�+���T�2 �T�`�Q�#���#�B�H�B�i�v �B�b �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 �T���`�i�B�+�H�2 �2�M�2�`�;�v �#�`�2���F�b �/�Q�r�M
���i �?�B�;�?�2�` �2�M�2�`�;�B�2�b�X ���#�Q�p�2 �� �+�2�`�i���B�M �2�M�2�`�;�v �i�?�`�2�b�?�Q�H�/�- �i�?�2 �/�2�~�2�+�i�B�Q�M �Q�7 �i�?�2 �+�Q�b�K�B�+ �`���v �i�`���D�2�+�i�Q�`�v
�#�v �i�?�2 �K���;�M�2�i�B�+ �}�2�H�/�b �B�M �i�?�2 �b�Q�m�`�+�2 �#�2�+�Q�K�2�b �i�Q�Q �b�K���H�H �i�Q �F�2�2�T �B�i �+�Q�M�i���B�M�2�/ �r�B�i�?�B�M �i�?�2 �b�Q�m�`�+�2
�2�M�p�B�`�Q�M�K�2�M�i�X ���M �2�b�i�B�K���i�2 �Q�7 �i�?�B�b �K���t�B�K�m�K �2�M�2�`�;�v ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �b�B�x�2R ���M�/ �K���;�M�2�i�B�+ �}�2�H�/
�b�i�`�2�M�;�i�?B �Q�7 �i�?�2 �b�Q�m�`�+�2 �B�b �;�B�p�2�M �#�v �i�?�2 �G���`�K�Q�` �`���/�B�m�b�,

Emax � c� RjqjB; �U�R�X�9�V

�r�?�2�`�2 �i�?�2 �G�Q�`�2�M�i�x �7���+�i�Q�`� ���+�+�Q�m�M�i�b �7�Q�` �i�?�2 �7���+�i �i�?���i �i�?�2 �b�Q�m�`�+�2 �B�i�b�2�H�7 �K���v �#�2 �K�Q�p�B�M�; �`�2�H���i�B�p�2 �i�Q
���M �Q�#�b�2�`�p�2�` �Q�M �1���`�i�?�X �h�?�B�b �H�B�K�B�i �Q�M �i�?�2 �K���t�B�K�m�K �2�M�2�`�;�v �T�`�Q�/�m�+�2�/ �#�v ���M ���b�i�`�Q�T�?�v�b�B�+���H �+�Q�b�K�B�+�@�`���v
�b�Q�m�`�+�2 �B�b �F�M�Q�r�M ���b �i�?�2�>�B�H�H���b �+�`�B�i�2�`�B�Q�M�(�e�k�)�X

�h�?�B�b �b�B�K�T�H�2 �K�Q�/�2�H ���H�`�2���/�v �`�2�T�`�Q�/�m�+�2�b �b�Q�K�2 �Q�7 �i�?�2 �7�2���i�m�`�2�b �Q�7 �i�?�2 �+�Q�b�K�B�+�@�`���v �b�T�2�+�i�`�m�K �b�?�Q�r�M
�B�M �6�B�;�m�`�2 �R�X�R�X �6�B�`�b�i�H�v�- �B�i ���;�`�2�2�b �r�B�i�? �i�?�2 �T�Q�r�2�`�@�H���r �/�2�+�`�2���b�2 �Q�7 �i�?�2 �~�m�t �r�B�i�? �B�M�+�`�2���b�B�M�; �2�M�2�`�;�v�X
�h�?�2 �p���`�B���i�B�Q�M �B�M �i�?�2 �b�T�2�+�i�`���H �B�M�/�2�t �r�B�i�? �2�M�2�`�;�v �K���v �#�2 �2�t�T�H���B�M�2�/ �#�v �T�Q�b�i�m�H���i�B�M�; �i�?���i �i�?�2 �b�Q�m�`�+�2�b
�i�?���i �/�Q�K�B�M���i�2 ���i �H�Q�r�2�` �2�M�2�`�;�B�2�b �K���v �M�Q�i �#�2 ���#�H�2 �i�Q ���+�+�2�H�2�`���i�2 �T���`�i�B�+�H�2�b �i�Q �2�M�2�`�;�B�2�b ���#�Q�p�2 �� �+�2�`�i���B�M
�2�M�2�`�;�v �i�?�`�2�b�?�Q�H�/�- �b�Q �i�?���i �/�B�z�2�`�2�M�i �b�Q�m�`�+�2 �+�H���b�b�2�b ���`�2 �`�2�b�T�Q�M�b�B�#�H�2 �7�Q�` �i�?�2 �Q�#�b�2�`�p�2�/ �~�m�t �B�M �/�B�z�2�`�2�M�i
�2�M�2�`�;�v �`���M�;�2�b�X �a�2�+�Q�M�/�H�v�- �#�2�+���m�b�2 �Q�7 �i�?�2 �/�2�T�2�M�/�2�M�+�2 �Q�7 �2�[�m���i�B�Q�M �R�X�9 �Q�M �i�?�2 �T���`�i�B�+�H�2 �+�?���`�;�2q�- �i�?�2
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�B�M�p�2�`�b�2 �Q�7 �i�?�2 �M�2�m�i�`�Q�M� �@�/�2�+���v �/�2�b�+�`�B�#�2�/ �T�`�2�p�B�Q�m�b�H�v�,

� e + p+ ! e+ + n: �U�k�X�R�V

�h�?�2 �Q�m�i�;�Q�B�M�; �T�Q�b�B�i�`�Q�M �+���M �#�2 �/�2�i�2�+�i�2�/ �#�v �B�i�b �B�Q�M�B�x�B�M�; �`���/�B���i�B�Q�M �B�M �� �b�+�B�M�i�B�H�H���i�Q�`�- ���b �B�M �i�?�2 �Q�`�B�;�B�M���H
�M�2�m�i�`�B�M�Q �/�B�b�+�Q�p�2�`�v �2�t�T�2�`�B�K�2�M�i �#�v �*�Q�r���M ���M�/ �_�2�B�M�2�b �(�d�y�)�- �Q�` �#�v �i�?�2 �*�?�2�`�2�M�F�Q�p �`���/�B���i�B�Q�M �B�i �T�`�Q�/�m�+�2�b
�B�M �� �/�B�2�H�2�+�i�`�B�+ �K�2�/�B�m�K�X ���M ���/�/�B�i�B�Q�M���H �/�B�b�i�B�M�;�m�B�b�?�B�M�; �b�B�;�M���i�m�`�2 �Q�7 �i�?�B�b �T�`�Q�+�2�b�b �B�b �i�?���i �i�?�2 �M�2�m�i�`�Q�M
n �+���M �#�2 �ö�+���T�i�m�`�2�/�ö �#�v ���M ���i�Q�K �B�M �i�?�2 �i���`�;�2�i �K���i�2�`�B���H �U�Q�7�i�2�M �� �b�T�2�+�B�}�+ �B�b�Q�i�Q�T�2 �/�B�b�b�Q�H�p�2�/ �B�M �i�?�2
�/�2�i�2�+�i�Q�` �7�Q�` �i�?�B�b �T�m�`�T�Q�b�2�V�- �r�?�B�+�? �T�`�Q�/�m�+�2�b �� �`���/�B�Q���+�i�B�p�2 �2�H�2�K�2�M�i �i�?���i �b�m�#�b�2�[�m�2�M�i�H�v �/�2�+���v�b�X �h�?�B�b
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�6�B�;�m�`�2 �k�X�R�, �h�?�2 �i�?�`�2�2 �i�v�T�2�b �Q�7 �r�2���F �B�M�i�2�`���+�i�B�Q�M �#�2�i�r�2�2�M ���M �B�M�+�Q�K�B�M�; �M�2�m�i�`�B�M�Q� ` ���M�/ �� �[�m���`�Fq �Q�`
�2�H�2�+�i�`�Q�Me �B�M �i�?�2 �i���`�;�2�i �/�2�i�2�+�i�B�Q�M �K�2�/�B�m�K�X �G�2�7�i�, �� �M�2�m�i�`���H�@�+�m�`�`�2�M�i �U�L�*�V �B�M�i�2�`���+�i�B�Q�M�- �T�`�Q�/�m�+�B�M�; ���M
�Q�m�i�;�Q�B�M�; �M�2�m�i�`�B�M�Q ���M�/ �[�m���`�F�X �*�2�M�i�`�2�, �� �+�?���`�;�2�/�@�+�m�`�`�2�M�i �U�*�*�V �B�M�i�2�`���+�i�B�Q�M�- �B�M �r�?�B�+�? �i�?�2 �B�M�+�Q�K�B�M�;
�M�2�m�i�`�B�M�Q �B�b �+�Q�M�p�2�`�i�2�/ �B�M�i�Q �B�i�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �+�?���`�;�2�/ �H�2�T�i�Q�M` �U�M�Q�i�2 �i�?���i �+�?���`�;�2 �+�Q�M�b�2�`�p���i�B�Q�M �K���M�@
�/���i�2�b �i�?���i ���H�b�Q �i�?�2 �Q�m�i�;�Q�B�M�; �[�m���`�Fq0 �B�b �/�B�z�2�`�2�M�i �7�`�Q�K �i�?�2 �B�M�B�i�B���H �[�m���`�Fq �B�M �i�?�B�b �+���b�2�V�X �_�B�;�?�i�, ���M
�B�M�+�Q�K�B�M�;� e �B�M�i�2�`���+�i�b �r�B�i�? ���M �2�H�2�+�i�`�Q�M ���i �`�2�b�i�- �T�`�Q�/�m�+�B�M�; ��W � �#�Q�b�Q�M�X �h�?�B�b �T�`�Q�+�2�b�b �B�b �/�Q�K�B�M���M�i
�Q�p�2�` �i�?�2 �Q�i�?�2�` �i�r�Q �T�`�Q�+�2�b�b�2�b �Q�M�H�v �7�Q�` ���M� e �r�B�i�?E � � 6:3 PeV�- �r�?�2�`�2 �i�?�2W � �B�b �T�`�Q�/�m�+�2�/ ���H�K�Q�b�i
�Q�M�@�b�?�2�H�H�X

�`�2�b�m�H�i�b �B�M �i�?�2 �2�K�B�b�b�B�Q�M �Q�7 ���M ���/�/�B�i�B�Q�M���H �T�?�Q�i�Q�M�- �r�B�i�? �� �b�T�2�+�B�}�+ �2�M�2�`�;�v ���M�/ �i�B�K�2 �/�2�H���v �+�Q�K�T���`�2�/ �i�Q
�i�?�2 �2�K�B�b�b�B�Q�M �Q�7 �i�?�2 �T�Q�b�B�i�`�Q�M�- �i�?���i �/�2�T�2�M�/ �Q�M�H�v �Q�M �i�?�2 �+���T�i�m�`�B�M�; �B�b�Q�i�Q�T�2�X

�A�7 �i�?�2 �M�2�m�i�`�B�M�Q �2�M�2�`�;�v �B�b �b�m�{�+�B�2�M�i�H�v �?�B�;�?�- �B�i �B�b ���H�b�Q �T�Q�b�b�B�#�H�2 �i�Q �T�`�Q�/�m�+�2 ��� � �B�M�b�i�2���/ �Q�7 ���Me� �X
�P�i�?�2�` �T�Q�i�2�M�i�B���H �T�`�Q�+�2�b�b�2�b �B�M�+�H�m�/�2 �M�2�m�i�`���H�@�+�m�`�`�2�M�i �2�H���b�i�B�+ �b�+���i�i�2�`�B�M�; �Q�7 �i�?�2 �M�m�+�H�2�Q�M�- �B�M �r�?�B�+�? �+���b�2
�Q�M�H�v �i�?�2 �b�+���i�i�2�`�2�/ �M�m�+�H�2�Q�M �+���M �#�2 �Q�#�b�2�`�p�2�/�- ���b �i�?�2 �Q�m�i�;�Q�B�M�; �M�2�m�i�`�B�M�Q �`�2�K���B�M�b �m�M�/�2�i�2�+�i�2�/�- �Q�` �i�?�2
�T�`�Q�/�m�+�i�B�Q�M �Q�7 �T�B�Q�M�U�b�V �#�v �2�t�+�B�i�B�M�; �i�?�2 �M�m�+�H�2�Q�M �i�Q �� �?�B�;�?�2�`�@�2�M�2�`�;�v �b�i���i�2�X

�J�Q�b�i �H�Q�r�@�2�M�2�`�;�v �M�2�m�i�`�B�M�Q �2�t�T�2�`�B�K�2�M�i�b �T�`�B�K���`�B�H�v �/�2�i�2�+�i �i�?�2 �Q�T�i�B�+���H�*�?�2� �̀2�M�F�Q�p � �̀��/�B���i�B�Q�M�2�K�B�i�i�2�/
�#�v �i�?�2 �+�?���`�;�2�/ �H�2�T�i�Q�M �T�`�Q�/�m�+�2�/ �#�v �i�?�2 �M�2�m�i�`�B�M�Q �B�M �+�?���`�;�2�/�@�+�m�`�`�2�M�i �B�M�i�2�`���+�i�B�Q�M�b�X �*�?�2�`�2�M�F�Q�p �`���/�B�@
���i�B�Q�M �Q�+�+�m�`�b �r�?�2�M �+�?���`�;�2�/ �T���`�i�B�+�H�2�b �K�Q�p�2 ���i �� �b�T�2�2�/ �7���b�i�2�` �i�?���M �i�?�2 �b�T�2�2�/ �Q�7 �H�B�;�?�i �Q�7 �i�?�2 �K�2�/�B�m�K�X
�A�M �� �/�B�2�H�2�+�i�`�B�+ �K�2�/�B�m�K�- �b�m�+�? �� �T���`�i�B�+�H�2 �#�`�B�2�~�v �T�Q�H���`�B�x�2�b �i�?�2 �b�m�`�`�Q�m�M�/�B�M�; �T���`�i�B�+�H�2�b�- �`�2�b�m�H�i�B�M�; �B�M �i�?�2
�2�K�B�b�b�B�Q�M �Q�7 �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �r���p�2�b�X �"�2�+���m�b�2 �i�?�2 �T���`�i�B�+�H�2 �i�`���p�2�H�b �7���b�i�2�` �i�?���M �i�?�2 �T�?�Q�i�Q�M�b �B�i �2�K�B�i�b�-
���i �� �+�2�`�i���B�M ���M�;�H�2 �7�`�Q�K �i�?�2 �T���`�i�B�+�H�2 �i�`���+�F �i�?�2 �2�K�B�b�b�B�Q�M ���`�`�B�p�2�b �+�Q�?�2�`�2�M�i�H�v�X �J�Q�b�i �Q�7 �i�?�2 �2�K�B�b�b�B�Q�M �B�b
�i�?�2�`�2�7�Q�`�2 �+�Q�M�+�2�M�i�`���i�2�/ ���`�Q�m�M�/ �i�?�B�b �*�?�2�`�2�M�F�Q�p ���M�;�H�2�,

� C = arccos
1

�n
; �U�k�X�k�V

�r�?�2�`�2� = v=c � 1 �B�b �i�?�2 �b�T�2�2�/ �Q�7 �i�?�2 �T���`�i�B�+�H�2�- ���M�/n �B�b �i�?�2 �B�M�/�2�t �Q�7 �`�2�7�`���+�i�B�Q�M �Q�7 �i�?�2 �K�2�/�B�m�K�X
�h�?�2 �b�T�2�+�i�`�m�K �Q�7 �*�?�2�`�2�M�F�Q�p �2�K�B�b�b�B�Q�M�- �B�M �i�2�`�K�b �Q�7 �2�M�2�`�;�v �2�K�B�i�i�2�/ �T�2�` �m�M�B�i �7�`�2�[�m�2�M�+�v�- �B�M�+�`�2���b�2�b
���T�T�`�Q�t�B�K���i�2�H�v �H�B�M�2���`�H�v �r�B�i�? �7�`�2�[�m�2�M�+�v �(�d�) �U�m�T �m�M�i�B�H �b�Q�K�2 �+�m�i�Q�z �7�`�2�[�m�2�M�+�v ���bn �/�2�+�`�2���b�2�b �i�Q� 1
�7�Q�` �p�2�`�v �?�B�;�? �7�`�2�[�m�2�M�+�B�2�b�V�X �h�?�2 �+�?�Q�B�+�2 �7�Q�` �p�B�b�B�#�H�2 �H�B�;�?�i ���`�Q�m�M�/ �9�y�y �M�K �B�b �/�`�B�p�2�M �#�v �K�B�M�B�K�B�x�B�M�; �i�?�2
�b�+���i�i�2�`�B�M�; ���M�/ ���#�b�Q�`�T�i�B�Q�M �Q�7 �i�?�2 �2�K�B�i�i�2�/ �T�?�Q�i�Q�M�b �B�M �r���i�2�`�- ���b �r�2�H�H ���b �Q�T�i�B�K���H �2�{�+�B�2�M�+�B�2�b �Q�7 �i�?�2
�p�2�`�v �b�2�M�b�B�i�B�p�2 �T�?�Q�i�Q�@�K�m�H�i�B�T�H�B�2�` �i�m�#�2�b �U�S�J�h�b�V �m�b�2�/ �i�Q �/�2�i�2�+�i �i�?�2 �2�K�B�b�b�B�Q�M�X

�.�m�2 �i�Q �i�?�2 �H�Q�r �B�M�i�2�`���+�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �Q�7 �M�2�m�i�`�B�M�Q�b�- �/�2�i�2�+�i�Q�`�b ���`�2 �`�2�[�m�B�`�2�/ �i�Q �#�2 �#�Q�i�? �p�2�`�v
�H���`�;�2 ���M�/ �?���p�2 �p�2�`�v �H�B�i�i�H�2 �#���+�F�;�`�Q�m�M�/ �b�B�;�M���H�b�X �J�Q�b�i �H�Q�r�@�2�M�2�`�;�v �M�2�m�i�`�B�M�Q �/�2�i�2�+�i�Q�`�b �i�?�2�`�2�7�Q�`�2 �+�Q�M�b�B�b�i
�Q�7 �� �H���`�;�2 �p�Q�H�m�K�2 �Q�7 �?�B�;�?�H�v �T�m�`�B�}�2�/ �r���i�2�` �b�m�`�`�Q�m�M�/�2�/ �#�v �S�J�h�b �b�2�M�b�B�i�B�p�2 �2�M�Q�m�;�? �i�Q �/�2�i�2�+�i �i�?�2
�2�K�B�b�b�B�Q�M �Q�7 �B�M�/�B�p�B�/�m���H �T�?�Q�i�Q�M�b�X �S�m�`�2 �r���i�2�` �B�b �m�b�2�/ �B�M �Q�`�/�2�` �i�Q �2�H�B�K�B�M���i�2 �#���+�F�;�`�Q�m�M�/ �b�B�;�M���H�b �7�`�Q�K
�`���/�B�Q���+�i�B�p�2 �B�K�T�m�`�B�i�B�2�b�X �A�M ���/�/�B�i�B�Q�M�- �i�?�2�b�2 �/�2�i�2�+�i�Q�`�b ���`�2 �m�b�m���H�H�v �+�Q�M�b�i�`�m�+�i�2�/ �/�2�2�T �#�2�H�Q�r �i�?�2 �b�m�`�7���+�2
�Q�7 �i�?�2 �1���`�i�?�- �`�2�/�m�+�B�M�; �i�?�2 �#���+�F�;�`�Q�m�M�/ �7�`�Q�K �+�?���`�;�2�/ �T���`�i�B�+�H�2�b �U�K�m�Q�M�b�V �T�`�Q�/�m�+�2�/ �#�v �+�Q�b�K�B�+�@�`���v



�R�k �*�>���S�h�1�_ �k�X �L�1�l�h�_�A�L�P ���a�h�_�P�L�P�J�u

���B�` �b�?�Q�r�2�`�b�X �6�B�M���H�H�v�- ���M �Q�m�i�2�` �H���v�2�` �Q�7 �i�?�2 �/�2�i�2�+�i�Q�` �K���v �#�2 �B�M�b�i�`�m�K�2�M�i�2�/ �r�B�i�? �b�+�B�M�i�B�H�H���i�Q�`�b �Q�`
���/�/�B�i�B�Q�M���H �*�?�2�`�2�M�F�Q�p �/�2�i�2�+�i�Q�`�b �i�Q �ö�p�2�i�Q�ö �+�?���`�;�2�/ �T���`�i�B�+�H�2�b �Q�`�B�;�B�M���i�B�M�; �Q�m�i�b�B�/�2 �i�?�2 �/�2�i�2�+�i�B�Q�M �p�Q�H�m�K�2
���M�/ �2�t�+�H�m�b�B�p�2�H�v �B�/�2�M�i�B�7�v �M�2�m�i�`�B�M�Q�b �B�M�i�2�`���+�i�B�M�; �B�M�b�B�/�2 �i�?�2 �/�2�i�2�+�i�Q�`�X

�.�2�b�T�B�i�2 �i�?�B�b�- �i�?�2 �p���b�i �K���D�Q�`�B�i�v �Q�7 �M�2�m�i�`�B�M�Q�b �/�2�i�2�+�i�2�/ �B�M �i�?�2�b�2 �2�t�T�2�`�B�K�2�M�i�b �B�b �M�Q�i �Q�7 �+�Q�b�K�B�+
�Q�`�B�;�B�M�- �#�m�i �B�b �B�M�b�i�2���/ �T�`�Q�/�m�+�2�/ �B�M �i�?�2�`�K�Q�M�m�+�H�2���` �T�`�Q�+�2�b�b�b�2�b �B�M �i�?�2 �b�m�M �Q�` �+�Q�M�b�B�b�i�b �Q�7���i�K�Q�b�T�?�2�`�B�+
�M�2�m�i�`�B�M�Q�b�, �M�2�m�i�`�B�M�Q�b �T�`�Q�/�m�+�2�/ �B�M �i�?�2 ���i�K�Q�b�T�?�2�`�2 ���b �T���`�i �Q�7 �i�?�2 �2�t�i�2�M�b�B�p�2 �+�Q�b�K�B�+�@�`���v ���B�` �b�?�Q�r�2�`�b
�/�2�b�+�`�B�#�2�/ �B�M �b�2�+�i�B�Q�M �R�X�R�X �q�?�B�H�2 �i�?�B�b �K�2���M�b �H�Q�r�@�2�M�2�`�;�v �M�2�m�i�`�B�M�Q �/�2�i�2�+�i�Q�`�b ���`�2 �;�2�M�2�`���H�H�v �Q�7 �H�B�K�B�i�2�/
�m�b�2 �i�Q �M�2�m�i�`�B�M�Q ���b�i�`�Q�M�Q�K�v�- ���M�/ �B�M�b�i�2���/ �K�Q�b�i�H�v �2�t�B�b�i �i�Q �b�i�m�/�v �b�Q�H���` �Q�` �M�2�m�i�`�B�M�Q �T�?�v�b�B�+�b�- �B�M �R�N�3�d�- �i�?�2
�E���K�B�Q�F���M�/�2 �(�d�j�)�- �A�J�" �(�d�9�) ���M�/ �"���F�b���M �(�d�8�) �2�t�T�2�`�B�K�2�M�i�b �/�2�i�2�+�i�2�/ �� �i�Q�i���H �Q�7 �k�9 �M�2�m�i�`�B�M�Q�b �+�Q�B�M�+�B�/�2�M�i
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�i�Q �i�?�2 �Q�`�/�2�` �Q�7 �K�2�i�`�2�b�X �h�?�B�b �K���F�2�b ���M ���+�+�m�`���i�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �i�?�2 �B�M�B�i�B���H �T���`�i�B�+�H�2 �/�B�`�2�+�i�B�Q�M �K�m�+�?
�K�Q�`�2 �+�?���H�H�2�M�;�B�M�;�- �r�B�i�? �i�v�T�B�+���H �`�2�b�Q�H�m�i�B�Q�M�b �+�H�Q�b�2�` �i�QO(15� )�X

�A�M �k�y�R�9�- �i�?�2 �A�+�2�*�m�#�2 �2�t�T�2�`�B�K�2�M�i �/�B�b�+�Q�p�2�`�2�/ �i�?�2 �2�t�B�b�i�2�M�+�2 �Q�7 �� �/�B�z�m�b�2 �~�m�t �Q�7 ���b�i�`�Q�T�?�v�b�B�+���H
�M�2�m�i�`�B�M�Q�b �2�t�+�2�2�/�B�M�; �i�?�2 ���i�K�Q�b�T�?�2�`�B�+ �#���+�F�;�`�Q�m�M�/ ���#�Q�p�2 �2�M�2�`�;�B�2�b �Q�7� 10 TeV �(�3�9�)�X �a�B�M�+�2 �i�?�2�M�-
�B�i �?���b ���/�/�B�i�B�Q�M���H�H�v �b�?�Q�r�M �2�p�B�/�2�M�+�2 �Q�7 �?�B�;�?�@�2�M�2�`�;�v �M�2�m�i�`�B�M�Q �2�K�B�b�b�B�Q�M �+�Q�K�B�M�; �7�`�Q�K �� �#�H���x���` �(�3�8�)�- ��
�i�B�/���H �/�B�b�`�m�T�i�B�Q�M �2�p�2�M�i �(�3�e�)�- ���M ���:�L �(�3�d�) ���M�/ �i�?�2 �;���H���+�i�B�+ �T�H���M�2 �(�3�3�)�X �>�Q�r�2�p�2�`�- �i�Q �/���i�2�- �M�Q �?�B�;�?�@
�2�M�2�`�;�v �M�2�m�i�`�B�M�Q �b�Q�m�`�+�2 �?���b �#�2�2�M �B�/�2�M�i�B�}�2�/ ���i5� �b�B�;�M�B�}�+���M�+�2�X �A�M ���/�/�B�i�B�Q�M�- ���b�i�`�Q�T�?�v�b�B�+���H �M�2�m�i�`�B�M�Q�b
�7�`�Q�K �m�H�i�`���@�?�B�;�? �2�M�2�`�;�v �+�Q�b�K�B�+�@�`���v �b�Q�m�`�+�2�b�- ���b �r�2�H�H ���b �T�Q�i�2�M�i�B���H �+�Q�b�K�Q�;�2�M�B�+ �M�2�m�i�`�B�M�Q�b �T�`�Q�/�m�+�2�/ �#�v
�i�?�2 �:�w�E�@�2�z�2�+�i�- ���`�2 �2�t�T�2�+�i�2�/ �i�Q �#�2 �2�p�2�M �`���`�2�`�- �`�2�[�m�B�`�B�M�; �� �/�2�i�2�+�i�Q�` ���i �H�2���b�i ���M �Q�`�/�2�` �Q�7 �K���;�M�B�i�m�/�2
�#�B�;�;�2�` �i�?���M �A�+�2�*�m�#�2�- �i�?�2 �H���`�;�2�b�i �Q�T�i�B�+���H �*�?�2�`�2�M�F�Q�p �/�2�i�2�+�i�Q�` �+�m�`�`�2�M�i�H�v �B�M �Q�T�2�`���i�B�Q�M�X �h�?�2 ���i�i�2�M�m���i�B�Q�M
�H�2�M�;�i�? �Q�7 �p�B�b�B�#�H�2 �H�B�;�?�i �B�M �r���i�2�` ���M�/ �B�+�2 �K�2���M�b �b�m�+�? �� �/�2�i�2�+�i�Q�` �r�Q�m�H�/ �?���p�2 �i�Q �#�2 �B�M�b�i�`�m�K�2�M�i�2�/ ���i
�b�B�K�B�H���` �/�2�M�b�B�i�v ���b �+�m�`�`�2�M�i �B�M�b�i�`�m�K�2�M�i�b�- �K���F�B�M�; �B�i�b �+�Q�M�b�i�`�m�+�i�B�Q�M ���M�/ �Q�T�2�`���i�B�Q�M �+�Q�b�i�@�T�`�Q�?�B�#�B�i�B�p�2�X
�h�?�2�`�2�7�Q�`�2�- �7�Q�` �i�?�2 �/�2�i�2�+�i�B�Q�M �Q�7 �m�H�i�`���@�?�B�;�?�@�2�M�2�`�;�v �M�2�m�i�`�B�M�Q�b�- �� �/�B�z�2�`�2�M�i �i�2�+�?�M�B�[�m�2 �B�b �+���H�H�2�/ �7�Q�`�X

�k�X�R�X�j �l�H�i�`���@�?�B�;�? �2�M�2�`�;�v �UE � & 10 PeV�V

���i �m�H�i�`���@�?�B�;�?�@�2�M�2�`�;�B�2�b �U�l�>�1�V�- �m�b�m���H�H�v �/�2�}�M�2�/ ���bE � & 1016 eV�- �2�p�2�M �+�m�#�B�+�@�F�B�H�Q�K�2�i�`�2 �b�+���H�2 �/�2�i�2�+�i�Q�`�b
�b�m�+�? ���b �A�+�2�*�m�#�2 ���M�/ �E�J�j�L�2�h ���`�2 �i�Q�Q �b�K���H�H �i�Q �2�t�T�2�+�i �K�Q�`�2 �i�?���M �� �7�2�r �T���`�i�B�+�H�2�b �T�2�` �/�2�+���/�2�- ���M�/ �M�Q
�l�>�1 �M�2�m�i�`�B�M�Q �2�p�2�M�i �?���b �#�2�2�M �Q�#�b�2�`�p�2�/ �i�Q �/���i�2�X �a�2�p�2�`���H �/�2�i�2�+�i�B�Q�M �i�2�+�?�M�B�[�m�2�b �?���p�2 �#�2�2�M �b�m�;�;�2�b�i�2�/
�2�t�T�H�Q�B�i�B�M�; �b�B�;�M���H�b �r�B�i�? �T�`�Q�T���;���i�B�Q�M �H�2�M�;�i�?�b �K�m�+�? �H���`�;�2�` �i�?���M �i�?�2O(100) m �/�B�b�i���M�+�2�b �Q�7 �Q�T�i�B�+���H
�*�?�2�`�2�M�F�Q�p �H�B�;�?�i �B�M �B�+�2 �Q�` �r���i�2�`�- �2�M���#�H�B�M�; �i�?�2 �+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �2�t�T�2�`�B�K�2�M�i�b �Q�7 �i�?�2 �`�2�[�m�B�`�2�/ �/�2�i�2�+�i�B�Q�M
�p�Q�H�m�K�2�b �#�v �/�2�+�`�2���b�B�M�; �i�?�2 �B�M�b�i�`�m�K�2�M�i���i�B�Q�M �/�2�M�b�B�i�v�X �h�r�Q �b�m�+�? �i�2�+�?�M�B�[�m�2�b ���`�2� �̀��/�B�Q���M�/���+�Q�m�b�i�B�+
�/�2�i�2�+�i�B�Q�M�X

���+�Q�m�b�i�B�+ �/�2�i�2�+�i�B�Q�M�- �}�`�b�i �T�`�Q�T�Q�b�2�/ �#�v ���b�F���`�v���M �B�M �R�N�8�d �(�3�N�)�- �B�b �#���b�2�/ �Q�M �i�?�2 �i�?�2�`�K�Q�@���+�Q�m�b�i�B�+
�T�`�B�M�+�B�T�H�2�, �i�?�2 �+�Q�M�+�2�M�i�`���i�2�/ �2�M�2�`�;�v �/�2�T�Q�b�B�i�B�Q�M �#�v �T���`�i�B�+�H�2 �+���b�+���/�2�b �T�`�Q�/�m�+�2�/ �#�v ���M �m�H�i�`���@�?�B�;�? �2�M�2�`�;�v
�M�2�m�i�`�B�M�Q �B�M�i�2�`���+�i�B�Q�M �B�M �r���i�2�` �Q�` �B�+�2 �H�2���/�b �i�Q �� �`���T�B�/ �?�2���i�B�M�; �Q�7 �i�?�2 �b�m�`�`�Q�m�M�/�B�M�; �K���i�2�`�B���H�- �+���m�b�B�M�; ��
�T�`�2�b�b�m�`�2 �r���p�2�X �h�?�B�b �`�2�b�m�H�i�b �B�M �i�?�2 �2�K�B�b�b�B�Q�M �Q�7 �� �b�?�Q�`�i�- �#�B�T�Q�H���` �T�m�H�b�2 �+�Q�M�+�2�M�i�`���i�2�/ �B�M �� �M���`�`�Q�r �T�H���M�2
�T�2�`�T�2�M�/�B�+�m�H���` �i�Q �i�?�2 �b�?�Q�r�2�` ���t�B�b �(�N�y�)�- �`�2�7�2�`�`�2�/ �i�Q ���b �i�?�2���+�Q�m�b�i�B�+ �T���M�+���F�2�X �h�?�2 ���+�Q�m�b�i�B�+ �b�B�;�M���H �B�b
�b�i�`�Q�M�;�2�b�i ���`�Q�m�M�/O(10) �F�>�x�- ���i �r�?�B�+�? �7�`�2�[�m�2�M�+�B�2�b �i�?�2 ���i�i�2�M�m���i�B�Q�M �H�2�M�;�i�? �B�M �r���i�2�` �Q�` �B�+�2 �B�b �Q�7 �i�?�2
�Q�`�/�2�` �Q�7 �b�2�p�2�`���H �F�B�H�Q�K�2�i�`�2�b�- �r�?�B�+�? �r�Q�m�H�/ ���H�H�Q�r �7�Q�` �� �b�T���`�b�2�H�v �B�M�b�i�`�m�K�2�M�i�2�/ �/�2�i�2�+�i�Q�` �Q�7 �i�?�2 �b�+���H�2
�`�2�[�m�B�`�2�/ �7�Q�` �l�>�1 �M�2�m�i�`�B�M�Q �/�2�i�2�+�i�B�Q�M�X �*�m�`�`�2�M�i�H�v�- ���+�Q�m�b�i�B�+ �b�2�M�b�Q�`�b �U�?�v�/�`�Q�T�?�Q�M�2�b�V ���`�2 �K�Q�b�i�H�v �m�b�2�/ �B�M
�Q�`�/�2�` �i�Q �+���H�B�#�`���i�2 �i�?�2 �T�Q�b�B�i�B�Q�M�b �Q�7 �i�?�2 �b�i�`�B�M�;�b �/�2�T�H�Q�v�2�/ �B�M �B�M�@�r���i�2�` �*�?�2�`�2�M�F�Q�p �M�2�m�i�`�B�M�Q �/�2�i�2�+�i�Q�`�b�-
�#�m�i �b�Q�K�2 �b�i�m�/�B�2�b �?���p�2 �#�2�2�M �T�2�`�7�Q�`�K�2�/ �i�Q �+�?���`���+�i�2�`�B�x�2 �T�Q�i�2�M�i�B���H �#���+�F�;�`�Q�m�M�/ �b�B�;�M���H�b�- �K�Q�b�i �Q�7 �r�?�B�+�?
���`�2 �/�m�2 �i�Q �b�?�B�T�T�B�M�; �i�`���{�+ �Q�` �K���`�B�M�2 �H�B�7�2 �b�m�+�? ���b �/�Q�H�T�?�B�M�b �(�N�R�)�X ���M �2�p�2�M�i�m���H �7�m�H�H�@�b�+���H�2 ���+�Q�m�b�i�B�+ �l�>�1
�M�2�m�i�`�B�M�Q �/�2�i�2�+�i�Q�` �r�B�H�H �?���p�2 �i�Q �T�`�Q�p�B�/�2 �#�Q�i�? �� �`�2�H�B���#�H�2 �`�2�D�2�+�i�B�Q�M �Q�7 �#���+�F�;�`�Q�m�M�/�b ���M�/ ���M �2�{�+�B�2�M�i
�i�`�B�;�;�2�` �K�2�+�?���M�B�b�K�- �#�Q�i�? �Q�7 �r�?�B�+�? �r�B�H�H �H�B�F�2�H�v �?���p�2 �i�Q �2�t�T�H�Q�B�i �i�?�2 �+�?���`���+�i�2�`�B�b�i�B�+ �b�B�;�M���i�m�`�2 �Q�7 �i�?�2
���+�Q�m�b�i�B�+ �T���M�+���F�2 �T�`�Q�/�m�+�2�/ �#�v ���M �l�>�1 �T���`�i�B�+�H�2 �+���b�+���/�2�X �L�Q �+�Q�M�+�`�2�i�2 �T�H���M�b �7�Q�` �i�?�2 �+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7
�� �7�m�H�H�@�b�+���H�2 ���+�Q�m�b�i�B�+ �M�2�m�i�`�B�M�Q �/�2�i�2�+�i�Q�` �2�t�B�b�i ���i �i�?�2 �i�B�K�2 �Q�7 �r�`�B�i�B�M�;�X

�h�?�2 �`���/�B�Q �/�2�i�2�+�i�B�Q�M �Q�7 �m�H�i�`���@�?�B�;�? �2�M�2�`�;�v �T���`�i�B�+�H�2 �+���b�+���/�2�b �B�b �+�Q�K�T���`���i�B�p�2�H�v �K�Q�`�2 �K���i�m�`�2�- ���M�/
�?���b ���H�`�2���/�v �#�2�2�M ���T�T�H�B�2�/ �B�M ���B�` �i�Q �/�2�i�2�+�i �+�Q�b�K�B�+�@�`���v ���B�` �b�?�Q�r�2�`�b �U�2�X�;�X �(�N�k���N�9�)�V�X �A�M �B�+�2�- �i�?�2O(1)
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�F�K ���i�i�2�M�m���i�B�Q�M �H�2�M�;�i�? �Q�7 �`���/�B�Q �b�B�;�M���H�b �(�N�8�) �2�M���#�H�2�b �/�2�i�2�+�i�Q�`�b ���M �Q�`�/�2�` �Q�7 �K���;�M�B�i�m�/�2 �K�Q�`�2 �b�T���`�b�2�H�v
�B�M�b�i�`�m�K�2�M�i�2�/ �i�?���M �i�?�2�B�` �Q�T�i�B�+���H �*�?�2�`�2�M�F�Q�p �+�Q�m�M�i�2�`�T���`�i�b�X �A�M ���/�/�B�i�B�Q�M �i�Q �i�?�2 �/�2�i�2�+�i�B�Q�M �Q�7 �`���/�B�Q
�2�K�B�b�b�B�Q�M �7�`�Q�K �T���`�i�B�+�H�2 �+���b�+���/�2�b�- �K�Q�`�2 �`�2�+�2�M�i�H�v�- ���H�b�Q �/�2�i�2�+�i�B�Q�M �m�b�B�M�; �`���/���` �?���b �#�2�2�M �+�Q�M�b�B�/�2�`�2�/�X �A�M
�i�?�B�b �+���b�2�- �� �+�Q�M�i�B�M�m�Q�m�b �`���/���` �b�B�;�M���H �B�b �2�K�B�i�i�2�/�- �r�?�B�+�? �b�+���i�i�2�`�b �Q�z �i�?�2 �+�?���`�;�2�/ �T�H���b�K�� �B�M�/�m�+�2�/ �B�M
�i�?�2 �B�+�2 �#�v �� �T���`�i�B�+�H�2 �+���b�+���/�2�X �� �}�`�b�i �T���i�?�}�M�/�2�` �2�t�T�2�`�B�K�2�M�i�- �_�1�h�@�*�_ �U�_���/���` �1�+�?�Q �h�2�H�2�b�+�Q�T�2 �7�Q�`
�*�Q�b�K�B�+ �_���v�b�V�- �?���b �#�2�2�M �/�2�b�B�;�M�2�/ �i�Q �/�2�i�2�+�i �i�?�2 �B�+�2�@�T�2�M�2�i�`���i�B�M�; �+�Q�K�T�Q�M�2�M�i �Q�7 �T���`�i�B���H�H�v �/�2�p�2�H�Q�T�2�/
�+�Q�b�K�B�+�@�`���v ���B�` �b�?�Q�r�2�`�b �(�N�e�)�X �>�Q�r�2�p�2�`�- �i�?�2 �/�2�i�2�+�i�B�Q�M �i�2�+�?�M�Q�H�Q�;�v �i�?���i �?���b �#�2�2�M �/�2�p�2�H�Q�T�2�/ �K�Q�b�i�-
���M�/ �B�b �m�b�2�/ �#�v �i�?�2 �H���`�;�2�b�i �+�m�`�`�2�M�i �/�2�/�B�+���i�2�/ �l�>�1 �M�2�m�i�`�B�M�Q �2�t�T�2�`�B�K�2�M�i�b�- �B�b �i�?�2 �/�2�i�2�+�i�B�Q�M �Q�7 �`���/�B�Q
�2�K�B�b�b�B�Q�M �7�`�Q�K �m�H�i�`���@�?�B�;�? �2�M�2�`�;�v �T���`�i�B�+�H�2 �+���b�+���/�2�b�X �h�?�B�b �i�2�+�?�M�B�[�m�2 �r�B�H�H �#�2 �/�2�b�+�`�B�#�2�/ �B�M �K�Q�`�2 �/�2�i���B�H
�B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�2�+�i�B�Q�M�X

�k�X�k �_���/�B�Q �/�2�i�2�+�i�B�Q�M �Q�7 �m�H�i�`���@�?�B�;�?�@�2�M�2�`�;�v �T���`�i�B�+�H�2 �+���b�+���/�2�b

�q�?�B�H�2 �i�?�2 �*�?�2�`�2�M�F�Q�p �b�T�2�+�i�`�m�K �B�M �T�`�B�M�+�B�T�H�2 �2�t�i�2�M�/�b ���H�H �i�?�2 �r���v �/�Q�r�M �i�Q �`���/�B�Q �r���p�2�H�2�M�;�i�?�b�- �i�?�2
�2�M�2�`�;�v �2�K�B�i�i�2�/ ���i �i�?�2�b�2 �7�`�2�[�m�2�M�+�B�2�b �B�b �b�m�T�T�`�2�b�b�2�/ �#�vO(107) �+�Q�K�T���`�2�/ �i�Q �2�K�B�b�b�B�Q�M ���i �Q�T�i�B�+���H �r���p�2�@
�H�2�M�;�i�?�b�X �J�Q�`�2�Q�p�2�`�- �T���`�i�B�+�H�2 �+���b�+���/�2�b �+�Q�M�i���B�M ���T�T�`�Q�t�B�K���i�2�H�v �2�[�m���H �M�m�K�#�2�`�b �Q�7 �T�Q�b�B�i�B�p�2 ���M�/ �M�2�;���i�B�p�2
�T���`�i�B�+�H�2�b�- ���M�/ �*�?�2�`�2�M�F�Q�p �`���/�B���i�B�Q�M �7�`�Q�K �Q�T�T�Q�b�B�i�2 �+�?���`�;�2�b �K�Q�p�B�M�; �B�M �i�?�2 �b���K�2 �/�B�`�2�+�i�B�Q�M �b�2�T���`���i�2�/
�#�v �K�m�+�? �H�2�b�b �i�?���M �� �r���p�2�H�2�M�;�i�? �r�B�H�H �B�M�i�2�`�7�2�`�2 �/�2�b�i�`�m�+�i�B�p�2�H�v�X

�>�Q�r�2�p�2�`�- �B�i �i�m�`�M�b �Q�m�i �i�?�2�`�2 ���`�2 �i�r�Q �K�2�+�?���M�B�b�K�b �i�?���i �;�B�p�2 �`�B�b�2 �i�Q �/�2�i�2�+�i���#�H�2 �`���/�B�Q �2�K�B�b�b�B�Q�M
�7�`�Q�K �T���`�i�B�+�H�2 �+���b�+���/�2�b�X �"�Q�i�? �Q�7 �i�?�2�b�2 �K�2�+�?���M�B�b�K�b �`�2�H�v �Q�M�+�Q�?�2� �̀2�M�i�2�K�B�b�b�B�Q�M�- �7�Q�` �r�?�B�+�? �i�?�2 �2�K�B�i�i�2�/
�2�M�2�`�;�v �b�+���H�2�b �r�B�i�? �i�?�2 �M�m�K�#�2�` �Q�7 �T���`�i�B�+�H�2�bN ���b/ N 2�- �B�M�b�i�2���/ �Q�7/ N �7�Q�` �B�M�+�Q�?�2�`�2�M�i �2�K�B�b�b�B�Q�M�X
���b �i�?�2 �M�m�K�#�2�` �Q�7 �+�?���`�;�2�/ �T���`�i�B�+�H�2�b �B�M �� �+���b�+���/�2 �b�+���H�2�b ���T�T�`�Q�t�B�K���i�2�H�v �H�B�M�2���`�H�v �r�B�i�? �i�?�2 �2�M�2�`�;�v �Q�7
�i�?�2 �T�`�B�K���`�v �T���`�i�B�+�H�2 �U�b�2�2 �b�2�+�i�B�Q�M �R�X�R�V�- ���#�Q�p�2� 10 PeV �i�?�B�b �M�m�K�#�2�` �B�b �b�m�{�+�B�2�M�i�H�v �?�B�;�? �UNmax =
O(E0=Ecrit ) � 107�V �i�Q �Q�p�2�`�+�Q�K�2 �i�?�2 �B�M�i�`�B�M�b�B�+���H�H�v �H�Q�r�2�` �2�K�B�b�b�B�Q�M �Q�7 �B�M�/�B�p�B�/�m���H �T���`�i�B�+�H�2�b ���i �`���/�B�Q
�r���p�2�H�2�M�;�i�?�b�X

�k�X�k�X�R �*�Q�?�2�`�2�M�i �`���/�B�Q �2�K�B�b�b�B�Q�M �7�`�Q�K �T���`�i�B�+�H�2 �+���b�+���/�2�b

�"�2�7�Q�`�2 �r�2 �/�B�b�+�m�b�b �i�?�2 �b�T�2�+�B�}�+�b �Q�7 �i�?�2 �i�r�Q �2�K�B�b�b�B�Q�M �K�2�+�?���M�B�b�K�b�- �B�i �B�b �?�2�H�T�7�m�H �i�Q �b�F�2�i�+�? �?�Q�r �B�i
�B�b �T�Q�b�b�B�#�H�2 �i�Q �T�`�Q�/�m�+�2 �+�Q�?�2�`�2�M�i �2�K�B�b�b�B�Q�M �7�`�Q�K �� �T���`�i�B�+�H�2 �+���b�+���/�2�X �L���B�p�2�H�v�- �Q�M�2 �2�t�T�2�+�i�b �+�Q�?�2�`�2�M�i
�2�K�B�b�b�B�Q�M �7�`�Q�K �� �K���M�v�@�T���`�i�B�+�H�2 �b�Q�m�`�+�2 �B�7 �i�?�2 �b�B�x�2 �Q�7 �i�?�2 �b�Q�m�`�+�2 �B�b �K�m�+�? �b�K���H�H�2�` �i�?���M �i�?�2 �r���p�2�H�2�M�;�i�?
� �Q�7 �B�M�i�2�`�2�b�i�X �>�Q�r�2�p�2�`�- �i�?�2�`�2 ���`�2 �i�?�`�2�2 �/�B�z�2�`�2�M�i �H�2�M�;�i�? �b�+���H�2�b �i�?���i �/�2�b�+�`�B�#�2 �i�?�2 �ö�b�B�x�2�ö �Q�7 �� �T���`�i�B�+�H�2
�+���b�+���/�2�- ���M�/ �r�?�B�+�? �Q�7 �i�?�2�b�2 �/�2�i�2�`�K�B�M�2�b �i�?�2 �+�m�i�Q�z �7�`�2�[�m�2�M�+�v �7�Q�` �+�Q�?�2�`�2�M�+�2 �i�m�`�M�b �Q�m�i �i�Q �/�2�T�2�M�/ �Q�M
�i�?�2 �p�B�2�r�B�M�; ���M�;�H�2 ���M�/ �i�?�2 �K�2�/�B�m�K �B�M �r�?�B�+�? �i�?�2 �T���`�i�B�+�H�2 �+���b�+���/�2 �Q�+�+�m�`�b�X �q�2 �r�B�H�H �/�B�b�+�m�b�b �i�?�2 �i�r�Q
�+���b�2�b �K�Q�b�i �`�2�H�2�p���M�i �7�Q�` �M�2�m�i�`�B�M�Q �U���M�/ �+�Q�b�K�B�+�@�`���v�V �/�2�i�2�+�i�B�Q�M�- �M���K�2�H�v �B�M�@���B�` ���M�/ �B�M�@�B�+�2 �2�K�B�b�b�B�Q�M�X

�h�?�2 �H�2�7�i�@�?���M�/ �b�B�/�2 �Q�7 �6�B�;�m�`�2 �k�X�k �b�?�Q�r�b �i�?�2 �i�?�`�2�2 �H�2�M�;�i�? �b�+���H�2�b �Q�7 �� �T���`�i�B�+�H�2 �+���b�+���/�2�X �h�?�2�b�2
���`�2 �i�?�2 �b�?�Q�r�2�` �H�2�M�;�i�?`�- �r�?�B�+�? �B�b �i�?�2 �H�Q�M�;�B�i�m�/�B�M���H �/�B�b�i���M�+�2 �Q�p�2�` �r�?�B�+�? �i�?�2 �b�?�Q�r�2�` �/�2�p�2�H�Q�T�b�c �i�?�2
�b�?�Q�r�2�` �r�B�/�i�?w � r �J�Q�H�B���`�2�r�?�B�+�? �+�Q�M�i���B�M�b �i�?�2 �K���D�Q�`�B�i�v �Q�7 �i�?�2 �b�?�Q�r�2�` �T���`�i�B�+�H�2�b�c ���M�/ �i�?�2 �b�?�Q�r�2�`
�7�`�Q�M�i �i�?�B�+�F�M�2�b�b� t �- �r�?�B�+�? �B�b �i�?�2 �r�B�/�i�? �Q�7 �i�?�2 ���`�`�B�p���H�@�i�B�K�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �b�?�Q�r�2�` �T���`�i�B�+�H�2�b ���i
�B�i�b �K���t�B�K�m�K�X �h�Q �� �p�2�`�v �`�Q�m�;�? �}�`�b�i ���T�T�`�Q�t�B�K���i�B�Q�M�- ���H�H �Q�7 �i�?�2�b�2 �/�B�K�2�M�b�B�Q�M�b �b�+���H�2 �`�Q�m�;�?�H�v �B�M�p�2�`�b�2�H�v
�r�B�i�? �i�?�2 �/�2�M�b�B�i�v �Q�7 �i�?�2 �K�2�/�B�m�K�X

�h�?�2 �H�Q�M�;�2�b�i �/�B�K�2�M�b�B�Q�M �B�b �i�?�2 �b�?�Q�r�2�` �H�2�M�;�i�?`�- �r�?�B�+�? �B�b �Q�7 �i�?�2 �Q�`�/�2�` �Q�7� 5 km �B�M ���B�`�- ���M�/� 6 m
�B�M �B�+�2 �7�Q�` �i�?�2 �b�?�Q�r�2�` �2�M�2�`�;�B�2�b �Q�7 �B�M�i�2�`�2�b�i�X �h�?�B�b �r�Q�m�H�/ �B�K�T�H�v �+�Q�?�2�`�2�M�i �2�K�B�b�b�B�Q�M �Q�M�H�v ���i �p�2�`�v �H�Q�M�;
�r���p�2�H�2�M�;�i�?�b�X �>�Q�r�2�p�2�`�- �b�B�K�B�H���` �i�Q �i�?�2 �T�?�2�M�Q�K�2�M�Q�M �Q�7 �*�?�2�`�2�M�F�Q�p �`���/�B���i�B�Q�M �/�B�b�+�m�b�b�2�/ �T�`�2�p�B�Q�m�b�H�v�-
�#�2�+���m�b�2 �i�?�2 �b�?�Q�r�2�` �7�`�Q�M�i �K�Q�p�2�b �7���b�i�2�` �i�?���M �i�?�2 �b�T�2�2�/ �Q�7 �H�B�;�?�i �B�M �i�?�2 �K�2�/�B�m�K�- �2�K�B�b�b�B�Q�M ���H�Q�M�; �i�?�2
�H�Q�M�;�B�i�m�/�B�M���H �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �i�?�2 �b�?�Q�r�2�` ���`�`�B�p�2�b �+�Q�?�2�`�2�M�i�H�v �i�Q ���M �Q�#�b�2�`�p�2�` �+�H�Q�b�2 �i�Q �i�?�2 �*�?�2�`�2�M�F�Q�p
���M�;�H�2� C �X ���r���v �7�`�Q�K �i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2�- �i�?�B�b �+�Q�?�2�`�2�M�+�2 �2�p�2�M�i�m���H�H�v �/�B�b���T�T�2���`�b�- �#�m�i �B�i �/�2�+�`�2���b�2�b
�K�Q�`�2 �[�m�B�+�F�H�v �7�Q�` �?�B�;�?�2�` �7�`�2�[�m�2�M�+�B�2�b�X �h�?�m�b�- �i�?�2 �Q�#�b�2�`�p�2�/ �7�`�2�[�m�2�M�+�v �b�T�2�+�i�`�m�K �/�2�T�2�M�/�b �Q�M �i�?�2 �p�B�2�r�B�M�;
���M�;�H�2�- �r�B�i�? �� �H���`�;�2�` �+�Q�M�i�`�B�#�m�i�B�Q�M �7�`�Q�K �?�B�;�?�2�` �7�`�2�[�m�2�M�+�B�2�b �+�H�Q�b�2 �i�Q �i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2�X
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�6�B�;�m�`�2 �k�X�k�, �G�2�7�i�, �i�?�2 �i�?�`�2�2 �H�2�M�;�i�? �b�+���H�2�b �Q�7 �� �T���`�i�B�+�H�2 �+���b�+���/�2 �U�M�Q�i �i�Q �b�+���H�2�V�, �i�?�2 �H�Q�M�;�B�i�m�/�B�M���H �2�t�i�2�M�i
`�- �i�?�2 �r�B�/�i�?w � r �J�Q�H�B���`�2�- ���M�/ �i�?�2 �7�`�Q�M�i �i�?�B�+�F�M�2�b�b� t �X ���H�b�Q �B�M�/�B�+���i�2�/ ���`�2 �i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2�b
�7�Q�` �B�M�@���B�` ���M�/ �B�M�@�B�+�2 �2�K�B�b�b�B�Q�M �U���H�b�Q �M�Q�i �i�Q �b�+���H�2�V�X �_�B�;�?�i�, �i�?�2 �;�2�Q�K�2�i�`�v �7�Q�` �i�?�2 �2�K�B�b�b�B�Q�M ���H�Q�M�; �i�?�2
�H�Q�M�;�B�i�m�/�B�M���H �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �i�?�2 �b�?�Q�r�2�` ���b �b�2�2�M �#�v ���M �Q�#�b�2�`�p�2�` ���iO�X ���`�Q�m�M�/ �i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2�-
���H�H �2�K�B�b�b�B�Q�M ���`�`�B�p�2�b �+�Q�K�T�`�2�b�b�2�/ �B�M �i�B�K�2 �U�b�2�2 �i�2�t�i �7�Q�` �/�2�i���B�H�b�V�X

�h�?�2 �K���t�B�K�m�K �7�`�2�[�m�2�M�+�v ���i �r�?�B�+�? �+�Q�?�2�`�2�M�+�2 �B�b �Q�#�b�2�`�p�2�/ �/�2�T�2�M�/�b �Q�M �i�?�2 �/�2�i�2�+�i�B�Q�M �K�2�/�B�m�K�X
�A�M �B�+�2�- �r�?�2�`�2 �i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2 �B�b� 56� �- �i�?�2 �K���t�B�K�m�K �+�Q�?�2�`�2�M�i �7�`�2�[�m�2�M�+�v �B�b �H�B�K�B�i�2�/ �#�v �i�?�2
�b�?�Q�r�2�` �r�B�/�i�?w � 10 cm�- �b�Q �i�?���i ���i �i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2 �i�?�2 �2�K�B�b�b�B�Q�M �B�b �+�Q�?�2�`�2�M�i �m�T �i�Q �b�2�p�2�`���H
�:�>�x�X �h�?�2 �b�B�i�m���i�B�Q�M �B�b �/�B�z�2�`�2�M�i �B�M ���B�`�- �?�Q�r�2�p�2�`�c ���H�i�?�Q�m�;�? �i�?�2 �b�?�Q�r�2�` �r�B�/�i�? �B�b �K�m�+�? �H���`�;�2�` �i�?���M �B�M
���B�` ���i& 100 m�- �i�?�B�b �/�Q�2�b �M�Q�i ���z�2�+�i �i�?�2 �+�Q�?�2�`�2�M�+�2 �Q�7 �i�?�2 �2�K�B�b�b�B�Q�M ���i �i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2�X �h�?�2
�`�2���b�Q�M �7�Q�` �i�?�B�b �B�b �i�?���i �i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2 �B�M ���B�` �B�b �K�m�+�? �b�K���H�H�2�`�-� C � 1� �- ���M�/ �i�?�m�b �i�?�2 �`���/�B���H
�/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �b�?�Q�r�2�` �B�b ���T�T�`�Q�t�B�K���i�2�H�v �T�2�`�T�2�M�/�B�+�m�H���` �i�Q �i�?�2 �H�B�M�2 �Q�7 �b�B�;�?�i�- ���M�/ �2�K�B�b�b�B�Q�M �7�`�Q�K
�i�?�2 �2�M�i�B�`�2 �r�B�/�i�? �Q�7 �i�?�2 �b�?�Q�r�2�` �7�`�Q�M�i ���`�`�B�p�2�b ���T�T�`�Q�t�B�K���i�2�H�v �b�B�K�m�H�i���M�2�Q�m�b�H�v�X �A�M�b�i�2���/�- �i�?�2 �K���t�B�K�m�K
�+�Q�?�2�`�2�M�i �7�`�2�[�m�2�M�+�v �B�b �H�B�K�B�i�2�/ �#�v �K�m�H�i�B�T�H�2 �b�+���i�i�2�`�B�M�; �Q�7 �b�?�Q�r�2�` �T���`�i�B�+�H�2�b�- �r�?�B�+�? �H�2���/�b �i�Q �� �b�T�`�2���/ �Q�7
� t = O(5) ns �B�M �i�?�2 ���`�`�B�p���H �i�B�K�2�b �Q�7 �T���`�i�B�+�H�2�b ���i �i�?�2 �b�?�Q�r�2�` �7�`�Q�M�i�X �h�?�m�b�- �2�p�2�M ���i �i�?�2 �*�?�2�`�2�M�F�Q�p
���M�;�H�2 �i�?�2 �B�M�@���B�` �`���/�B�Q �2�K�B�b�b�B�Q�M �B�b �;�2�M�2�`���H�H�v �H�Q�r�2�` �B�M �7�`�2�[�m�2�M�+�v �i�?���M �i�?���i �Q�7 ���M �B�M�@�B�+�2 �T���`�i�B�+�H�2 �+���b�+���/�2�X

�L�Q�i�2 �i�?���i �i�?�B�b �ö�*�?�2�`�2�M�F�Q�p �2�z�2�+�i�ö �B�b �/�B�b�i�B�M�+�i ���M�/ �K�Q�`�2 �;�2�M�2�`���H �i�?���M �i�?�2 �T�?�2�M�Q�K�2�M�Q�M �Q�7 �*�?�2�`�2�M�F�Q�p
�`���/�B���i�B�Q�M �/�B�b�+�m�b�b�2�/ �T�`�2�p�B�Q�m�b�H�v�- ���M�/ ���T�T�H�B�2�b �i�Q ���M�v �2�K�B�b�b�B�p�2 �b�Q�m�`�+�2 �K�Q�p�B�M�; ���i� > 1=n�X �A�M�/�2�2�/�- �B�i
�i�m�`�M�b �Q�m�i �i�?���i �M�2�B�i�?�2�` �Q�7 �i�?�2 �K�2�+�?���M�B�b�K�b �`�2�b�T�Q�M�b�B�#�H�2 �7�Q�` �+�Q�?�2�`�2�M�i �`���/�B�Q �2�K�B�b�b�B�Q�M �7�`�Q�K �T���`�i�B�+�H�2 �+���b�@
�+���/�2�b �+���M �#�2 ���/�2�[�m���i�2�H�v �/�2�b�+�`�B�#�2�/ ���b �ö�+�H���b�b�B�+���H�ö �*�?�2�`�2�M�F�Q�p �`���/�B���i�B�Q�M �/�m�2 �i�Q �m�M�B�7�Q�`�K �K�Q�i�B�Q�M �(�N�d�)�X
�h�?�B�b �B�b �B�H�H�m�b�i�`���i�2�/ �Q�M �i�?�2 �`�B�;�?�i�@�?���M�/ �b�B�/�2 �Q�7 �6�B�;�m�`�2 �k�X�k�X �1�K�B�b�b�B�Q�M �7�`�Q�K ���M �2���`�H�B�2�` �T�Q�B�M�i ���H�Q�M�; �i�?�2
�b�?�Q�r�2�` �T�`�Q�T���;���i�2�b �� �H�Q�M�;�2�` �/�B�b�i���M�+�2R + �R �i�Q �i�?�2 �Q�#�b�2�`�p�2�` �i�?���M �� �b�B�;�M���H �2�K�B�i�i�2�/�t 0 �H���i�2�`�X �"�2�+���m�b�2
�i�?�2 �2�K�B�b�b�B�Q�M �i�`���p�2�H�b �B�M �i�?�2 �K�2�/�B�m�K ���i �� �b�T�2�2�/c=n�- �i�?�2 �i�B�K�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �i�r�Q �b�B�;�M���H�b ���i
�i�?�2 �Q�#�b�2�`�p�2�` ���iO �B�b

�t = �t 0 �
n�R

c
= �t 0(1 � n� cos� v ); �U�k�X�j�V

�r�?�2�`�2 �r�2 �?���p�2 �m�b�2�/�R � �c�t 0cos� v �- ���b�b�m�K�B�M�;�c�t 0 � R�X ���b �2�t�T�2�+�i�2�/�- �r�2 �b�2�2 �i�?���i �i�?�2 �*�?�2�`�2�M�F�Q�p
�+�Q�K�T�`�2�b�b�B�Q�M�t 0=�t �B�b �H���`�;�2�b�i ���i �i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2� C = arccos(1=(�n )) �X �A�M ���/�/�B�i�B�Q�M�- �r�2 �Q�#�b�2�`�p�2
�i�?���i�t 0=�t �+�?���M�;�2�b �b�B�;�M ���b �r�2 �T���b�b �i�?�`�Q�m�;�? �i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2�X �h�?�B�b �B�K�T�H�B�2�b �i�?���i �7�Q�`� v < � C �-
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�6�B�;�m�`�2 �k�X�j�, �h�B�K�2 �+�Q�K�T�`�2�b�b�B�Q�M �Q�7 �� �T���`�i�B�+�H�2 �+���b�+���/�2�- ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�B�K�2 �B�M �i�?�2 �Q�#�b�2�`�p�2�` �7�`���K�2
t = t ret + nj~rj=c�X �G�2�7�i�, �a�B�K�T�H�2 �R�.�@�T���`���K�2�i�2�`�B�x���i�B�Q�M �Q�7 �i�?�2 �2�p�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �M�m�K�#�2�` �Q�7 �+�?���`�;�2�/
�T���`�i�B�+�H�2�bN ���H�Q�M�; �i�?�2 �b�?�Q�r�2�` �/�2�p�2�H�Q�T�K�2�M�i�X �*�2�M�i�`�2�, �i�?�2 �i�B�K�2 ���i �r�?�B�+�? �2���+�? �T���`�i �Q�7 �i�?�2 �b�?�Q�r�2�` �B�b
�Q�#�b�2�`�p�2�/�- �7�Q�` ���M �B�M�@���B�` �b�?�Q�r�2�` �Q�#�b�2�`�p�2�/ ���i �� �i�v�T�B�+���H �/�B�b�i���M�+�2R = 10 km �7�`�Q�K �i�?�2 �b�?�Q�r�2�` �K���t�B�K�m�K�X
�h�?�2 �/�B�z�2�`�2�M�i �+�m�`�p�2�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q �Q�#�b�2�`�p�2�`�b ���i �/�B�z�2�`�2�M�i �p�B�2�r�B�M�; ���M�;�H�2�b� v �U�B�X�2�X ���i �/�B�z�2�`�2�M�i �/�B�b�i���M�+�2�b
�i�Q �i�?�2 �b�?�Q�r�2�` ���t�B�b�- �+�X�7�X �6�B�;�m�`�2�k�X�k�V�X �h�?�2 �i�B�K�2t = 0 �B�b �b�2�i �U���`�#�B�i�`���`�B�H�v�V �i�Q �i�?�2 �K�Q�K�2�M�i �r�?�2�M �i�?�2
�`���/�B���i�B�Q�M �7�`�Q�K �i�?�2 �T�Q�B�M�i �Q�7 �i�?�2 �}�`�b�i �B�M�i�2�`���+�i�B�Q�M �`�2���+�?�2�b �i�?�2 �Q�#�b�2�`�p�2�`�X �_�B�;�?�i�, �i�?�2 �b���K�2 ���b �B�M �i�?�2
�+�2�M�i�`�2�- �#�m�i �7�Q�` ���M �B�M�@�B�+�2 �b�?�Q�r�2�` �Q�#�b�2�`�p�2�/ ���iR = 1 km �X

�i�?�2 �2�M�/ �Q�7 �i�?�2 �b�?�Q�r�2�` �B�b �b�2�2�M�#�2�7�Q� �̀2�i�?�2 �2���`�H�v �T���`�i �Q�7 �i�?�2 �b�?�Q�r�2�`�- �r�?�Q�b�2 �/�2�p�2�H�Q�T�K�2�M�i �B�b �i�?�2�`�2�7�Q�`�2
�Q�#�b�2�`�p�2�/ �B�M �`�2�p�2�`�b�2�X

�h�?�2 �ö�i�B�K�2 �Q�`�/�2�`�ö �B�M �r�?�B�+�? �i�?�2 �2�K�B�b�b�B�Q�M ���`�`�B�p�2�b ���i ���M �Q�#�b�2�`�p�2�` ���/�/�B�i�B�Q�M���H�H�v �/�B�z�2�`�b �#�2�i�r�2�2�M ���B�`
�b�?�Q�r�2�`�b ���M�/ �B�M�@�B�+�2 �+���b�+���/�2�b�X �.�m�2 �i�Q �i�?�2 �K�m�+�? �H���`�;�2�` �2�t�i�2�M�i �Q�7 ���B�` �b�?�Q�r�2�`�b�- ���i �i�v�T�B�+���H �Q�#�b�2�`�p���i�B�Q�M
�/�B�b�i���M�+�2�b �B�i �B�b �M�Q �H�Q�M�;�2�` �i�`�m�2 �i�?���i �i�?�2 �2�M�i�B�`�2 �b�?�Q�r�2�` �B�b �b�2�2�M ���i �i�?�2 �b���K�2 �p�B�2�r�B�M�; ���M�;�H�2�X �h�?�B�b �B�b
�B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�m�`�2 �k�X�j�- �r�?�B�+�? �b�?�Q�r�b �i�?�2 �T���`�i �Q�7 �i�?�2 �b�?�Q�r�2�` �b�2�2�M �#�v ���M �Q�#�b�2�`�p�2�` ���i �i�B�K�2t�- �i���F�B�M�;
�B�M�i�Q ���+�+�Q�m�M�i �i�?�2 �i�B�K�2 �/�2�H���v�b �/�m�2 �i�Q �b�B�;�M���H �T�`�Q�T���;���i�B�Q�M �U�B�X�2�Xt � t ret = nj~rj=c�V�X �h�?�2 �/�B�b�i���M�+�2�b �7�`�Q�K
�i�?�2 �b�?�Q�r�2�` �K���t�B�K�m�K �i�Q �i�?�2 �Q�#�b�2�`�p�2�` ���`�2 �R�y �F�K ���M�/ �R �F�K �7�Q�` ���B�` ���M�/ �B�+�2 �`�2�b�T�2�+�i�B�p�2�H�v�- �r�?�B�+�? ���`�2
�i�v�T�B�+���H �p���H�m�2�b �2�t�T�2�+�i�2�/ �B�M �� �`���/�B�Q �/�2�i�2�+�i�Q�` �2�t�T�2�`�B�K�2�M�i�X �L�Q�i�2 ���H�b�Q �i�?���i �i�?�2 �p�2�`�i�B�+���H �b�+���H�2 �B�b �B�Mg=cm2�-
���M�/ �i�?�m�b �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �/�B�z�2�`�2�M�i �H�2�M�;�i�?�b �Q�7 ���T�T�`�Q�t�B�K���i�2�H�v �R�d �F�K �U�B�M ���B�`�V ���M�/ �k�k �K �U�B�M �B�+�2�V�X

�6�Q�` �i�?�2 �B�M�@�B�+�2 �b�?�Q�r�2�`�- �r�?�2�`�2 �i�?�2 �p�B�2�r�B�M�; ���M�;�H�2 �B�b �K�Q�`�2 �Q�` �H�2�b�b �+�Q�M�b�i���M�i �Q�p�2�` �i�?�2 �2�M�i�B�`�2 �b�?�Q�r�2�`�-
�6�B�;�m�`�2 �k�X�j �b�?�Q�r�b �i�?���i �i�?�2 �Q�`�/�2�` �i�?�2 �2�K�B�b�b�B�Q�M ���`�`�B�p�2�b �B�M �+�?���M�;�2�b�- ���b �T�`�2�/�B�+�i�2�/ �#�v �2�[�m���i�B�Q�M �k�X�j�, ���i
���M�;�H�2�b �b�K���H�H�2�` �i�?���M �i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2 �U� v < � C �V�- �2�K�B�b�b�B�Q�M �7�`�Q�K �i�?�2 �2�M�/ �Q�7 �i�?�2 �b�?�Q�r�2�` ���`�`�B�p�2�b
�#�2�7�Q�`�2 �i�?�2 �2�K�B�b�b�B�Q�M ���i �i�?�2 �b�i���`�i �Q�7 �i�?�2 �b�?�Q�r�2�`�- �r�B�i�? �i�?�2 �b�B�i�m���i�B�Q�M �`�2�p�2�`�b�2�/ �B�7 �U� v > � C �V�X �6�Q�` ���M
���B�` �b�?�Q�r�2�`�- �?�Q�r�2�p�2�`�- �6�B�;�m�`�2 �k�X�j �b�?�Q�r�b �i�?���i �i�?�2 �T���`�i �Q�7 �i�?�2 �b�?�Q�r�2�` �+�H�Q�b�2�b�i �i�Q �i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2
�U�r�?�2�`�2dt0=dt ! �1 �V ���`�`�B�p�2�b �i�Q �i�?�2 �Q�#�b�2�`�p�2�` �}�`�b�i�c �b�m�#�b�2�[�m�2�M�i�H�v�- �`���/�B���i�B�Q�M �7�`�Q�K �#�Q�i�? �2���`�H�B�2�` ���M�/
�H���i�2�` �T���`�i�b �Q�7 �i�?�2 �b�?�Q�r�2�` �+�Q�K�T���`�2�/ �i�Q �i�?�B�b �T�Q�B�M�i ���`�`�B�p�2�b �b�B�K�m�H�i���M�2�Q�m�b�H�v�X

���M�Q�i�?�2�` �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �B�M�@���B�` ���M�/ �B�M�@�B�+�2 �2�K�B�b�b�B�Q�M �B�H�H�m�b�i�`���i�2�/ �#�v �6�B�;�m�`�2 �k�X�j �B�b �i�?���i �T���`�i �Q�7
�i�?�2 ���B�` �b�?�Q�r�2�` �2�t�T�2�`�B�2�M�+�2�b �K�m�+�? �b�i�`�Q�M�;�2�` �*�?�2�`�2�M�F�Q�p �+�Q�K�T�`�2�b�b�B�Q�M �i�?���M �i�?�2 �`�2�b�i �Q�7 �i�?�2 �b�?�Q�r�2�`�X �A�M
�+�Q�M�i�`���b�i�-dt0=dt �B�b �`�Q�m�;�?�H�v �+�Q�M�b�i���M�i �Q�p�2�` �i�?�2 �r�?�Q�H�2 �B�M�@�B�+�2 �b�?�Q�r�2�`�X ���b �r�B�H�H �#�2 ���`�;�m�2�/ �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�;
�b�2�+�i�B�Q�M�b�- �i�?�B�b �H�2���/�b �i�Q �B�M�@�B�+�2 �2�K�B�b�b�B�Q�M �Q�7 �� �#�B�T�Q�H���` �T�m�H�b�2�- �r�?�2�`�2���b �i�?�2 �K�m�+�? �H�Q�M�;�2�` �ö�i���B�H�ö �Q�7 �i�?�2
�2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �p�2�+�i�Q�` �T�Q�i�2�M�i�B���H �7�`�Q�K ���M ���B�` �b�?�Q�r�2�` �`�2�b�m�H�i�b �B�M �� �K�Q�b�i�H�v �m�M�B�T�Q�H���` �T�m�H�b�2�X

�L�Q�r �i�?���i �r�2 �?���p�2 �� �;�2�M�2�`���H �T�B�+�i�m�`�2 �Q�7 �+�Q�?�2�`�2�M�i �2�K�B�b�b�B�Q�M �7�`�Q�K �T���`�i�B�+�H�2 �+���b�+���/�2�b�- �r�2 ���`�2 �`�2���/�v



�k�X�k�X �_���.�A�P �.�1�h�1�*�h�A�P�L �P�6 �l�G�h�_���@�>�A�:�>�@�1�L�1�_�:�u �S���_�h�A�*�G�1 �*���a�*���.�1�a�R�d

�i�Q �B�M�i�`�Q�/�m�+�2 �i�?�2 �2�K�B�b�b�B�Q�M �K�2�+�?���M�B�b�K�b�X �6�`�Q�K �i�?�2 �T�B�+�i�m�`�2 �r�2 �?���p�2 �b�F�2�i�+�?�2�/ �Q�7 �T���`�i�B�+�H�2 �+���b�+���/�2�b �b�Q
�7���`�- �i�?�2�v �K�Q�b�i�H�v �+�Q�M�b�B�b�i �Q�7 ���T�T�`�Q�t�B�K���i�2�H�v �2�[�m���H ���K�Q�m�M�i�b �Q�7 �T�Q�b�B�i�B�p�2 ���M�/ �M�2�;���i�B�p�2 �+�?���`�;�2�b �K�Q�p�B�M�;
���i �+�H�Q�b�2 �i�Q �i�?�2 �b�T�2�2�/ �Q�7 �H�B�;�?�i �B�M �i�?�2 �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �b�?�Q�r�2�`�X �A�7 �i�?�B�b �T�B�+�i�m�`�2 �r�2�`�2 �+�Q�K�T�H�2�i�2�- �i�?�2�`�2
�r�Q�m�H�/ �#�2 �M�Q �+�Q�?�2�`�2�M�i �2�K�B�b�b�B�Q�M�- ���b �i�?�2 �+�Q�M�i�`�B�#�m�i�B�Q�M�b �7�`�Q�K �Q�T�T�Q�b�B�i�2 �+�?���`�;�2�b �r�Q�m�H�/ �+���M�+�2�H �2���+�? �Q�i�?�2�`
�Q�m�i�X �6�Q�`�i�m�M���i�2�H�v �7�Q�` �m�b�- �i�?�2�`�2 ���`�2 �i�r�Q �2�z�2�+�i�b �i�?���i �/�Q �;�B�p�2 �`�B�b�2 �i�Q �+�Q�?�2�`�2�M�i �2�K�B�b�b�B�Q�M�X

�k�X�k�X�k ���b�F���`�v���M �2�z�2�+�i

�h�?�2 �}�`�b�i �Q�7 �i�?�2�b�2 �B�b �i�?�2���b�F���`�v���M �2�z�2�+�i�X �A�M �R�N�e�R�- ���b�F���`�v���M �(�N�3�) �b�m�;�;�2�b�i�2�/ �i�?���i �2�H�2�+�i�`�Q�M�b �B�M �i�?�2
�i���`�;�2�i �K�2�/�B�m�K �K�B�;�?�i �#�2 �H�B�#�2�`���i�2�/ �i�?�`�Q�m�;�? �*�Q�K�T�i�Q�M �b�+���i�i�2�`�B�M�; �#�v �?�B�;�?�@�2�M�2�`�;�v �T�?�Q�i�Q�M�b �B�M �i�?�2 �+���b�@
�+���/�2�X �A�M �+�Q�K�#�B�M���i�B�Q�M �r�B�i�? �T�Q�b�B�i�`�Q�M ���M�M�B�?�B�H���i�B�Q�M �U���M�/ �i�Q �� �H�2�b�b�2�` �2�t�i�2�M�i �"�?���#�?���f�J�à�H�H�2�` �b�+���i�i�2�`�B�M�;
�Q�7 ���/�/�B�i�B�Q�M���H �2�H�2�+�i�`�Q�M�b�V�- �i�?�B�b �`�2�b�m�H�i�b �B�M �� �M�2�i �M�2�;���i�B�p�2 �+�?���`�;�2 �2�t�+�2�b�b ���i �i�?�2 �+���b�+���/�2 �7�`�Q�M�i�X ���i �B�i�b
�K���t�B�K�m�K�- �i�?�B�b �+�?���`�;�2 �2�t�+�2�b�b �B�b �Q�7 �i�?�2 �Q�`�/�2�` �Q�7 �R�y�W �Q�7 �i�?�2 �i�Q�i���H ���K�Q�m�M�i �Q�7 �+�?���`�;�2�b �B�M �i�?�2 �T���`�i�B�+�H�2
�+���b�+���/�2 �(�N�3�)�X �h�Q �m�M�/�2�`�b�i���M�/ �r�?���i �i�?�2 �2�K�B�b�b�B�Q�M �H�Q�Q�F�b �H�B�F�2�- �B�i �B�b �?�2�H�T�7�m�H �i�Q �+�Q�M�b�B�/�2�` �i�?�2 �2�H�2�+�i�`�Q�K���;�@
�M�2�i�B�+ �p�2�+�i�Q�` �T�Q�i�2�M�i�B���H �B�M �i�?�2 �*�Q�m�H�Q�K�# �;���m�;�2 �7�Q�` �� �b�B�M�;�H�2 �+�?���`�;�2�/ �T���`�i�B�+�H�2 �Q�7 �+�?���`�;�2q �K�Q�p�B�M�; ���i
�p�2�H�Q�+�B�i�vv = �c �Q�#�b�2�`�p�2�/ ���i �� �/�B�b�i���M�+�2~r�,

~A(0; t) =
�
4�

Z
d3~r 0dt0

~J? (~r 0; t0)

j~r 0j
� 3(~r 0 � ~r)� (t0 � t ret ) =

�
4�

q~v?
j~rjj1 � n� cos� v j

; �U�k�X�9�V

�r�?�2�`�2n �B�b �i�?�2 �B�M�/�2�t �Q�7 �`�2�7�`���+�i�B�Q�M�-cos� v = ~̂v � ~̂r�- ���M�/ �i�?�2 �}�M���H �2�t�T�`�2�b�b�B�Q�M �b�?�Q�m�H�/ �#�2 �2�p���H�m���i�2�/ ���i
�i�?�2 �`�2�i���`�/�2�/ �i�B�K�2t ret = t � nj~rj=c�X �h�?�2 �7���+�i�Q�`1=j1 � n� cos� v j �B�b �� �+�Q�M�b�2�[�m�2�M�+�2 �Q�7 �i�?�2� �@�7�m�M�+�i�B�Q�M
�i�?���i �b�2�i�bt0 �i�Qt ret �- ���M�/ �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �*�?�2�`�2�M�F�Q�p �+�Q�K�T�`�2�b�b�B�Q�Mdt0=dt �/�2�b�+�`�B�#�2�/ �B�M �2�[�m���i�B�Q�M
�k�X�j�X �L�Q�i�2 �i�?���i �i�?�2�`�2 �B�b �M�Q ���+�i�m���H �b�B�M�;�m�H���`�B�i�v ���i �i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2 �r�?�2�`�21 � n� cos� C = 0 �, ���b
�K�2�M�i�B�Q�M�2�/ �B�M �i�?�2 �+�Q�M�i�2�t�i �Q�7 �+���M�Q�M�B�+���H �*�?�2�`�2�M�F�Q�p �2�K�B�b�b�B�Q�M �B�M �b�2�+�i�B�Q�M �k�X�R�X�R�-n �B�M �`�2���H�B�i�v �B�b �� �7�m�M�+�i�B�Q�M
�Q�7 �7�`�2�[�m�2�M�+�v�- ���M�/ �#�2�+�Q�K�2�b� 1 ���i �?�B�;�?�2�` �7�`�2�[�m�2�M�+�B�2�b�X

�L�Q�i�2 �i�?���i �Q�M�H�v �i�?�2 �+�Q�K�T�Q�M�2�M�i �Q�7 �i�?�2 �+�m�`�`�2�M�i �U�p�2�H�Q�+�B�i�v�V~J? = ~J � ( ~J � ~̂r)~̂r �T�2�`�T�2�M�/�B�+�m�H���` �i�Q �i�?�2
�H�B�M�2 �Q�7 �b�B�;�?�i~r �+�Q�M�i�`�B�#�m�i�2�b �i�Q �i�?�2 �Q�#�b�2�`�p�2�/ �`���/�B���i�B�Q�M�j �� �7�Q�` �� �/�2�`�B�p���i�B�Q�M�- �b�2�2 �2�X�;�X �(�N�N�)�X �6�Q�` �i�?�2 �b���K�2
�`�2���b�Q�M�- �r�2 �M�2�;�H�2�+�i �i�?�2 �b�+���H���` �T�Q�i�2�M�i�B���H� �r�?�B�+�? �i�m�`�M�b �Q�m�i �i�Q ���H�b�Q �#�2 �`�2�H�2�p���M�i �Q�M�H�v �B�M �i�?�2 �M�2���`�@�}�2�H�/�X
�h�?�m�b�- �i�?�2 �2�H�2�+�i�`�B�+ �}�2�H�/�b �+���M �#�2 �Q�#�i���B�M�2�/ �b�B�K�T�H�v �#�v �i���F�B�M�; �i�?�2 �i�B�K�2 �/�2�`�B�p���i�B�p�2~E = � @~A=@t�X

���M �Q�#�b�2�`�p�2�` �b�2�2�b �i�?�2 �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �p�2�+�i�Q�` �T�Q�i�2�M�i�B���H�- �r�?�B�+�? �B�b �i�?�2 �b�m�K �Q�7 �i�?�2 �p�2�+�i�Q�` �T�Q�i�2�M�i�B���H�b
�Q�7 �i�?�2 �B�M�/�B�p�B�/�m���H �+�?���`�;�2�b�- �B�M�+�`�2���b�2 ���M�/ �b�m�#�b�2�[�m�2�M�i�H�v �/�2�+�`�2���b�2 ���b �/�B�z�2�`�2�M�i �b�i���;�2�b ���H�Q�M�; �i�?�2 �/�2�p�2�H�@
�Q�T�K�2�M�i �Q�7 �i�?�2 �b�?�Q�r�2�` �#�2�+�Q�K�2 �p�B�b�B�#�H�2 �U�+�X�7�X �6�B�;�m�`�2 �k�X�j�V�X �h�?�2 �`�2�b�m�H�i�B�M�; �2�H�2�+�i�`�B�+ �}�2�H�/ �B�b �Q�#�i���B�M�2�/ �#�v
�i���F�B�M�; �i�?�2 �i�B�K�2 �/�2�`�B�p���i�B�p�2�X �A�M �i�?�2 �+���b�2 �Q�7 ���M �B�M�@�B�+�2 �b�?�Q�r�2�`�- �r�?�2�`�2 �i�?�2 �2�M�i�B�`�2 �b�?�Q�r�2�` �B�b �b�2�2�M �m�M�/�2�`
���T�T�`�Q�t�B�K���i�2�H�v �i�?�2 �b���K�2 �p�B�2�r�B�M�; ���M�;�H�2�- �i�?�B�b �`�2�b�m�H�i�b �B�M �� �b�i�`�Q�M�;�- �b�?�Q�`�iO(ns) �#�B�T�Q�H���` �T�m�H�b�2�X �6�Q�` ���M
�B�M�@���B�` �b�?�Q�r�2�`�- �i�?�2 �B�M�B�i�B���H �`�B�b�2 �Q�7 �i�?�2 �T�Q�i�2�M�i�B���H �B�b �K�m�+�? �K�Q�`�2 �`���T�B�/ �i�?���M �i�?�2 �b�m�#�b�2�[�m�2�M�i �/�2�+�`�2���b�2�-
���b �T���`�i�b �Q�7 �i�?�2 �b�?�Q�r�2�` �`�2�K���B�M �p�B�b�B�#�H�2 �7�Q�` �i�2�M�b �Q�7 �M���M�Q�b�2�+�Q�M�/�b ���b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �k�X�j�c �i�?�m�b�- �i�?�2
�Q�#�b�2�`�p�2�/ �T�m�H�b�2 �B�b �K�Q�`�2 �m�M�B�T�Q�H���` �B�M �M���i�m�`�2�- �r�B�i�? �i�?�2 �ö�/�Q�r�M�r���`�/�ö �~�m�+�i�m���i�B�Q�M �b�B�;�M�B�}�+���M�i�H�v �H�Q�M�;�2�` ���M�/
�H�Q�r�2�` �B�M ���K�T�H�B�i�m�/�2 �i�?���M �i�?�2 �B�M�B�i�B���H �ö�m�T�r���`�/�ö �~�m�+�i�m���i�B�Q�M�X �A�M �2�B�i�?�2�` �+���b�2�- �i�?�2 �2�K�B�b�b�B�Q�M �B�b �H�B�M�2���`�H�v
�T�Q�H���`�B�x�2�/ ���H�Q�M�;~v? �- �i�?���i �B�b�- �T�Q�B�M�i�B�M�; �i�Q�r���`�/�b �i�?�2 �b�?�Q�r�2�` ���t�B�b�X

���M �2�t���K�T�H�2 �Q�7 �i�?�2 ���b�F���`�v���M �2�K�B�b�b�B�Q�M �Q�7 ���M �1�2�o �U1018 eV�V �?���/�`�Q�M�B�+ �b�?�Q�r�2�` �B�M �B�+�2 �Un = 1 :78�V �B�b
�b�?�Q�r�M �B�M �6�B�;�m�`�2 �k�X�9�X ���b �T�`�2�/�B�+�i�2�/�- �i�?�2 �?�B�;�?�2�` �2�M�/ �Q�7 �i�?�2 �b�T�2�+�i�`�m�K �7���H�H�b �Q�z �`���T�B�/�H�v ���b �i�?�2 �p�B�2�r�B�M�;
���M�;�H�2 �K�Q�p�2�b ���r���v �7�`�Q�K �i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2�- �`�2�b�m�H�i�B�M�; �B�M �H�Q�M�;�2�` ���M�/ �H�Q�r�2�`�@���K�T�H�B�i�m�/�2 �T�m�H�b�2�b�X �h�?�2
�b�?���T�2 �Q�7 �i�?�2 �T�m�H�b�2 �B�M �i�?�2 �i�B�K�2 �/�Q�K���B�M �B�M�p�2�`�i�b ���b �r�2 �T���b�b �i�?�`�Q�m�;�? �i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2�- �r�?�B�+�? �B�b
�/�m�2 �i�Q �i�?�2 �`�2�p�2�`�b�2 �Q�`�/�2�` �B�M �r�?�B�+�? �i�?�2 �i�B�K�2�@�p���`�v�B�M�; �+�?���`�;�2 �2�t�+�2�b�b �B�b �b�2�2�M �U�B�X�2�X �i�?�2 �2�M�/ �Q�7 �i�?�2 �b�?�Q�r�2�`
�B�b �b�2�2�M �#�2�7�Q�`�2 �i�?�2 �b�i���`�i�V �#�v ���M �Q�#�b�2�`�p�2�` ���i� v < � C �- ���b ���M�i�B�+�B�T���i�2�/ �B�M �b�2�+�i�B�Q�M �k�X�k�X�R�X

�j �J�Q�`�2 �b�T�2�+�B�}�+���H�H�v�- �r�2 �?���p�2 �H�2�7�i �Q�m�i �i�2�`�K�b �B�M �i�?�2 �`�B�;�?�i�@�?���M�/ �b�B�/�2 �Q�7 �2�[�m���i�B�Q�M �k�X�9 �i�?���i �7���H�H �Q�z �K�Q�`�2 �[�m�B�+�F�H�v �r�B�i�?
�B�M�+�`�2���b�B�M�; �/�B�b�i���M�+�2 �i�?���M1=j~r j ���M�/ �i�?�2�`�2�7�Q�`�2 �+���M �#�2 �M�2�;�H�2�+�i�2�/ �B�M �i�?�2 �7���` �}�2�H�/�X
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�6�B�;�m�`�2 �k�X�9�, ���b�F���`�v���M �2�K�B�b�b�B�Q�M �B�M �B�+�2 �r�B�i�? �� �`�2�7�`���+�i�B�p�2 �B�M�/�2�t �Q�7 �R�X�d�3�- �Q�#�b�2�`�p�2�/ ���i �� �/�B�b�i���M�+�2 �Q�7 �R
�F�K�- �7�Q�` �� �?���/�`�Q�M�B�+ �b�?�Q�r�2�` �r�B�i�? ���M �2�M�2�`�;�v �Q�71018 �2�o�- ���b �b�B�K�m�H���i�2�/ �m�b�B�M�; �i�?�2���_�w�k�y�k�y�K�Q�/�2�H �B�M
�L�m�_���/�B�Q�J�*�- �7�Q�` �� �`���M�;�2 �Q�7 �p�B�2�r�B�M�; ���M�;�H�2�b� v �X �G�2�7�i�, �i�?�2 �U�M�Q�`�K���H�B�x�2�/�V �2�H�2�+�i�`�B�+ �}�2�H�/�b�- ���b �� �7�m�M�+�i�B�Q�M
�Q�7 �i�B�K�2�X �A�M ���/�/�B�i�B�Q�M �i�Q �K�Q�/�B�7�v�B�M�; �i�?�2 �T�m�H�b�2 �b�?���T�2 ���M�/ ���K�T�H�B�i�m�/�2�- �i�?�2 �b�B�;�M���H ���`�`�B�p�2�b �r�B�i�? �� �/�2�H���v�-
���b �i�?�2 �p�B�2�r�B�M�; ���M�;�H�2 �B�b �B�M�+�`�2���b�2�/ �7�`�Q�K� v < � C �U�/���b�?�2�/ �H�B�M�2�b�V �i�Q� v � � C �U�b�Q�H�B�/ �H�B�M�2�b�V�X �_�B�;�?�i�, �i�?�2
�7�`�2�[�m�2�M�+�v �b�T�2�+�i�`���X �*�H�2���`�H�v �p�B�b�B�#�H�2 �B�b �i�?�2 �H�Q�b�b �Q�7 �+�Q�?�2�`�2�M�+�2 �B�M �i�?�2 �?�B�;�?�2�` �7�`�2�[�m�2�M�+�B�2�b ���b �r�2 �K�Q�p�2
�7�m�`�i�?�2�` ���r���v �7�`�Q�K �i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2� C �- �`�2�b�m�H�i�B�M�; �B�M �� �`���T�B�/ �/�2�+�`�2���b�2 �B�M �i�?�2 �2�M�2�`�;�v �~�m�t �U�+�Q�H�Q�m�`
�b�+���H�2�V�X

���b�F���`�v���M �2�K�B�b�b�B�Q�M �B�b �T�`�Q�/�m�+�2�/ �#�Q�i�? �#�v �T���`�i�B�+�H�2 �+���b�+���/�2�b �B�M �/�2�M�b�2 �K�2�/�B�� ���b �r�2�H�H ���b �i�?�Q�b�2 �B�M
���B�`�X �A�i �?���b �#�2�2�M �/�2�i�2�+�i�2�/ �B�M �H���#�@�#���b�2�/ �2�t�T�2�`�B�K�2�M�i�b �B�M �B�+�2 �(�R�y�y�)�- ���b �r�2�H�H ���b �B�M �+�Q�b�K�B�+�@�`���v ���B�`�@�b�?�Q�r�2�`
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�h�?�2 �b�2�+�Q�M�/ �2�z�2�+�i �r�?�B�+�? �T�`�Q�/�m�+�2�b �+�Q�?�2�`�2�M�i �`���/�B�Q �2�K�B�b�b�B�Q�M �B�b �i�?�2�;�2�Q�K���;�M�2�i�B�+ �2�z�2�+�i�X �a�i���`�i�B�M�; �Q�M�+�2
���;���B�M �7�`�Q�K �i�?�2 �2�t�T�`�2�b�b�B�Q�M �7�Q�` �i�?�2 �p�2�+�i�Q�` �T�Q�i�2�M�i�B���H �Q�7 �� �b�B�M�;�H�2 �K�Q�p�B�M�; �+�?���`�;�2 �B�M �i�?�2 �*�Q�m�H�Q�K�# �;���m�;�2�,
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�r�2 �b�2�2 �i�?���i �i�r�Q �Q�T�T�Q�b�B�i�2 �+�?���`�;�2�b �K�Q�p�B�M�; �B�M �i�?�2 �b���K�2 �/�B�`�2�+�i�B�Q�M~v � ~vshower �/�Q �B�M�/�2�2�/ �+���M�+�2�H �2���+�?
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�� �b�K���H�H �+�Q�K�T�Q�M�2�M�i �B�M �Q�T�T�Q�b�B�i�2 �/�B�`�2�+�i�B�Q�M�b �/�m�2 �i�Q �i�?�2 �G�Q�`�2�M�i�x �7�Q�`�+�2d~v=dt= 1=
 � q~v� ~B �X �h�?�B�b �/�`�B�7�i
�p�2�H�Q�+�B�i�v~vd �B�b �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2 �+�Q�K�T�Q�M�2�M�i �Q�7 �i�?�2 �K���;�M�2�i�B�+ �}�2�H�/ �T�2�`�T�2�M�/�B�+�m�H���` �i�Q �i�?�2 �p�2�H�Q�+�B�i�v
j~̂v � ~B j�- ���b �r�2�H�H ���b �i�?�2 �K�2���M �7�`�2�2 �T���i�? �H�2�M�;�i�? �Q�7 �i�?�2 �+�?���`�;�2�/ �T���`�i�B�+�H�2�b�- �r�?�B�+�? �/�2�i�2�`�K�B�M�2�b �7�Q�` �?�Q�r
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�i�?�2 �K�2���M �7�`�2�2 �T���i�? �H�2�M�;�i�? �Q�7 �2�H�2�+�i�`�Q�M�b �B�M �B�+�2 �B�b �b�2�p�2�`���H �Q�`�/�2�`�b �Q�7 �K���;�M�B�i�m�/�2 �b�K���H�H�2�` �i�?���M �i�?���i �B�M ���B�`�-
�;�2�Q�K���;�M�2�i�B�+ �2�K�B�b�b�B�Q�M �B�b �`�2�H�2�p���M�i �Q�M�H�v �7�Q�` �B�M�@���B�` �T���`�i�B�+�H�2 �+���b�+���/�2�b�- �r�?�2�`�2���b �B�i �B�b �+�Q�K�T�H�2�i�2�H�v �M�2�;�H�B�;�B�#�H�2
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�J �(�R�y�d�)�- �"�1���*�P�L �(�R�y�3�)�- ���M�/ �i�?�2 �7�m�i�m�`�2 �T�`�Q�T�Q�b�2�/ �:�_���L�. �(�R�y�N�)�- �r�?�B�+�? ���`�2 �`���/�B�Q ���`�`���v�b �2�B�i�?�2�`
�H�Q�+���i�2�/ �Q�M �K�Q�m�M�i���B�M�b ���M�/ ���B�K�2�/ �/�Q�r�M�r���`�/�b�- �Q�` �p�B�+�2 �p�2�`�b���- ���b �r�2�H�H ���b �i�?�2 �#���H�H�Q�Q�M�@�#���b�2�/ ���L�A�h�� �(�R�R�y�)
���M�/ �B�i�b �b�m�+�+�2�b�b�Q�` �S�l�1�P �(�R�R�R�) �2�t�T�2�`�B�K�2�M�i�b�- �r�?�B�+�? �H�Q�Q�F �7�Q�` �M�2�m�i�`�B�M�Q�@�B�M�/�m�+�2�/ �b�?�Q�r�2�`�b �2�K�2�`�;�B�M�; �7�`�Q�K
�i�?�2 �T�Q�H���` �B�+�2 �Q�7 ���M�i���`�+�i�B�+���X ���H�H �Q�7 �i�?�2�b�2 �2�t�T�2�`�B�K�2�M�i�b �#�2�M�2�}�i �7�`�Q�K �Q�#�b�2�`�p�B�M�; �H���`�;�2 �2�z�2�+�i�B�p�2 �p�Q�H�m�K�2�b�-
�#�m�i �7�Q�` �b�Q�K�2 �i�?�2 �H���`�;�2 �/�B�b�i���M�+�2�b �i�Q �i�?�2 �Q�#�b�2�`�p�2�/ �p�Q�H�m�K�2 �H�2���/�b �i�Q �`�2�H���i�B�p�2�H�v �?�B�;�? �2�M�2�`�;�v �i�?�`�2�b�?�Q�H�/�b
�7�Q�` �/�2�i�2�+�i�B�Q�M�X ���M ���/�/�B�i�B�Q�M���H �+�?���H�H�2�M�;�2 ���`�B�b�2�b �7�`�Q�K �T�Q�i�2�M�i�B���H�H�v �H���`�;�2 �#���+�F�;�`�Q�m�M�/�b �/�m�2 �i�Q �+�Q�b�K�B�+�@�`���v
�B�M�/�m�+�2�/ �+���b�+���/�2�b ���b �r�2�H�H ���b ���M�i�?�`�Q�T�Q�;�2�M�B�+ �`���/�B�Q �#���+�F�;�`�Q�m�M�/�b �7�`�Q�K �M�2���` �i�?�2 �?�Q�`�B�x�Q�M�X

�h�?�2 �b�2�+�Q�M�/ ���T�T�`�Q���+�? �B�b �i�Q �/�2�i�2�+�i �i�?�2 ���b�F���`�v���M �2�K�B�b�b�B�Q�M �7�`�Q�K �T���`�i�B�+�H�2 �+���b�+���/�2�b �B�M�b�B�/�2 �� �/�2�M�b�2
�K�2�/�B�m�K�X �q�?�B�H�2 �B�M�B�i�B���H�H�v �`�Q�+�F �?���/ �#�2�2�M �+�Q�M�b�B�/�2�`�2�/ ���b �� �/�2�i�2�+�i�B�Q�M �K���i�2�`�B���H �(�N�3�)�- �Q�r�B�M�; �i�Q �B�i�b �?�B�;�?
�T�m�`�B�i�v�- �M���i�m�`���H ���#�m�M�/���M�+�2 ���i �i�?�2 �T�Q�H�2�b ���M�/ �H���`�;�2 �`���/�B�Q ���i�i�2�M�m���i�B�Q�M �H�2�M�;�i�?�- �i�?�2 �K�2�/�B�m�K �Q�7 �+�?�Q�B�+�2
�7�Q�` �K�Q�b�i �+�m�`�`�2�M�i ���M�/ �7�m�i�m�`�2 �m�H�i�`���@�?�B�;�? �2�M�2�`�;�v �M�2�m�i�`�B�M�Q �/�2�i�2�+�i�Q�`�b �?���b �#�2�2�M �B�+�2�X �A�i �B�b �i�?�B�b �i�v�T�2 �Q�7
�`���/�B�Q �/�2�i�2�+�i�Q�` �i�?���i �r�B�H�H �#�2 �i�?�2 �7�Q�+�m�b �Q�7 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���H�;�Q�`�B�i�?�K�b �/�2�p�2�H�Q�T�2�/ ���b �T���`�i �Q�7 �i�?�B�b
�i�?�2�b�B�b�- ���M�/ �i�?�2�B�` �/�2�b�B�;�M �T�`�B�M�+�B�T�H�2�b ���M�/ �2�t�T�2�`�B�K�2�M�i���H �+�?���H�H�2�M�;�2�b �r�B�H�H �#�2 �/�B�b�+�m�b�b�2�/ �B�M �K�Q�`�2 �/�2�i���B�H �B�M
�i�?�2 �7�Q�H�H�Q�r�B�M�; �+�?���T�i�2�`�X
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�*�?���T�i�2�` �j

�A�M�@�A�+�2 �_���/�B�Q �.�2�i�2�+�i�Q�`�b

�q�?�2�`�2���b �M�2�m�i�`�B�M�Q �2�t�T�2�`�B�K�2�M�i�b �m�b�B�M�; �Q�T�i�B�+���H �*�?�2�`�2�M�F�Q�p �2�K�B�b�b�B�Q�M �i�Q �/�2�i�2�+�i ���b�i�`�Q�T�?�v�b�B�+���H �M�2�m�i�`�B�M�Q�b
���`�2 �H�B�K�B�i�2�/ �#�v �i�?�2O(100) m ���#�b�Q�`�T�i�B�Q�M �H�2�M�;�i�? �Q�7 �Q�T�i�B�+���H �H�B�;�?�i �B�M �B�+�2 �Q�` �r���i�2�`�- �i�?�2 ���i�i�2�M�m���i�B�Q�M
�H�2�M�;�i�? �Q�7 �`���/�B�Q �b�B�;�M���H�b �B�b ���M �Q�`�/�2�` �Q�7 �K���;�M�B�i�m�/�2 �H���`�;�2�`�X �h�?�B�b ���H�H�Q�r�b �B�M�@�B�+�2 �`���/�B�Q �/�2�i�2�+�i�Q�`�b �i�Q �#�2
�K�m�+�? �K�Q�`�2 �b�T���`�b�2�H�v �B�M�b�i�`�m�K�2�M�i�2�/�- ���M�/ �i�?�2�`�2�7�Q�`�2 �+�Q�p�2�` �� �K�m�+�? �H���`�;�2�` ���`�2�� �7�Q�` �i�?�2 �b���K�2 �Q�` �H�Q�r�2�`
�+�Q�b�i ���b �Q�T�i�B�+���H �M�2�m�i�`�B�M�Q �/�2�i�2�+�i�Q�`�b�X �h�?�2�b�2 �B�M�@�B�+�2 �`���/�B�Q �/�2�i�2�+�i�Q�`�b ���B�K �i�Q �/�2�i�2�+�i �m�H�i�`���@�?�B�;�? �2�M�2�`�;�v
�M�2�m�i�`�B�M�Q�b �i�?�`�Q�m�;�? �i�?�2 ���b�F���`�v���M �2�K�B�b�b�B�Q�M �7�`�Q�K �T���`�i�B�+�H�2 �+���b�+���/�2�b �i�?�2�v �T�`�Q�/�m�+�2 �r�?�2�M �B�M�i�2�`���+�i�B�M�;
�B�M �i�?�2 �B�+�2�X �a�m�+�? �/�2�i�2�+�i�Q�`�b �+�Q�M�b�B�b�i �Q�7 �Q�M�2 �Q�` �K�Q�`�2�b�i���i�B�Q�M�b�- �2���+�? �Q�7 �r�?�B�+�? �+�Q�M�i���B�M�b �b�2�p�2�`���H �`���/�B�Q
���M�i�2�M�M���b �/�2�T�H�Q�v�2�/ �B�M�b�B�/�2 �i�?�2 �B�+�2 ���i �p���`�B�Q�m�b �/�2�T�i�?�b�X �h�?�2 �b�T���+�B�M�; �#�2�i�r�2�2�M �i�?�2�b�2 �b�i���i�B�Q�M�b�- �m�b�m���H�H�v
O(1) km�- �B�b �B�M�7�Q�`�K�2�/ �#�v �i�?�2 ���i�i�2�M�m���i�B�Q�M �H�2�M�;�i�? �Q�7 �`���/�B�Q �b�B�;�M���H�b ���M�/ ���H�H�Q�r�b �i�Q �K�B�M�B�K�B�x�2 �i�?�2 �Q�p�2�`�H���T
�#�2�i�r�2�2�M �b�i���i�B�Q�M�b�- �K���t�B�K�B�x�B�M�; �i�?�2 �i�Q�i���H �2�z�2�+�i�B�p�2 �p�Q�H�m�K�2 �Q�7 �i�?�2 �/�2�i�2�+�i�Q�`�X �a�i���i�B�Q�M�b ���`�2 �i�?�2�`�2�7�Q�`�2
�m�b�m���H�H�v �/�2�b�B�;�M�2�/ �i�Q �Q�T�2�`���i�2 �B�M�/�2�T�2�M�/�2�M�i�H�v�- �i�?�Q�m�;�? ���b �i�?�2 ���K�T�H�B�i�m�/�2 �Q�7 �i�?�2 �`���/�B�Q �b�B�;�M���H �b�+���H�2�b �r�B�i�?
�i�?�2 �b�?�Q�r�2�` �2�M�2�`�;�v�- �K�Q�`�2 �2�M�2�`�;�2�i�B�+ �M�2�m�i�`�B�M�Q �2�p�2�M�i�b �+���M �#�2 �/�2�i�2�+�i�2�/ �7�`�Q�K �7�m�`�i�?�2�` ���r���v�- ���M�/ �/�2�i�2�+�i�2�/
�+�Q�B�M�+�B�/�2�M�i���H�H�v �#�v �K�m�H�i�B�T�H�2 �b�i���i�B�Q�M�b�X

�h�?�B�b �+�?���T�i�2�` �B�b �b�i�`�m�+�i�m�`�2�/ ���b �7�Q�H�H�Q�r�b�X �A�M �b�2�+�i�B�Q�M �j�X�R�- �;�2�M�2�`���H �/�2�b�B�;�M �T�`�B�M�+�B�T�H�2�b �7�Q�` �B�M�@�B�+�2 �`���/�B�Q
�/�2�i�2�+�i�Q�`�b ���`�2 �/�B�b�+�m�b�b�2�/�X �a�2�+�i�B�Q�M �j�X�k �/�B�b�+�m�b�b�2�b �b�Q�K�2 �Q�7 �i�?�2 �T�Q�i�2�M�i�B���H �b�Q�m�`�+�2�b �Q�7 �#���+�F�;�`�Q�m�M�/ �b�B�;�M���H�b
�i�?���i ���M �B�M�@�B�+�2 �`���/�B�Q �/�2�i�2�+�i�Q�` �M�2�2�/�b �i�Q �#�2 ���#�H�2 �i�Q �`�2�D�2�+�i �B�M �Q�`�/�2�` �i�Q �B�/�2�M�i�B�7�v ���b�i�`�Q�T�?�v�b�B�+���H �M�2�m�@
�i�`�B�M�Q �+���M�/�B�/���i�2�b�X �6�B�M���H�H�v�- �b�2�+�i�B�Q�M�b �j�X�j ���M�/ �j�X�9 �/�2�b�+�`�B�#�2 �i�?�2 �+�m�`�`�2�M�i�H�v �B�M �+�Q�M�b�i�`�m�+�i�B�Q�M �_�L�P�@�: ���M�/
�T�`�Q�T�Q�b�2�/ �A�+�2�*�m�#�2�@�:�2�M�k �`���/�B�Q �/�2�i�2�+�i�Q�`�b�- �`�2�b�T�2�+�i�B�p�2�H�v�X

�j�X�R �.�2�i�2�+�i�Q�` �/�2�b�B�;�M

�"�`�Q���/�H�v �b�T�2���F�B�M�;�- �i�r�Q �i�v�T�2�b �Q�7 �b�i���i�B�Q�M �/�2�b�B�;�M�b �7�Q�` �B�M�@�B�+�2 �`���/�B�Q �/�2�i�2�+�i�Q�`�b �+���M �#�2 �/�B�b�i�B�M�;�m�B�b�?�2�/ �#���b�2�/
�Q�M �i�?�2 �/�2�T�i�? �Q�7 �i�?�2 �/�2�T�H�Q�v�2�/ ���M�i�2�M�M���b�X ���b�?���H�H�Q�r �b�i���i�B�Q�M�?���b �U�K�Q�b�i �Q�7�V �B�i�b ���M�i�2�M�M���b �r�B�i�?�B�M �� �7�2�r
�K�2�i�`�2�b �Q�7 �i�?�2 �b�m�`�7���+�2�- �B�M �i�?�2 �m�T�T�2�` �H���v�2�` �Q�7 �i�?�2 �}�`�M�X �A�M �+�Q�M�i�`���b�i�- ���/�2�2�T �b�i���i�B�Q�M�2�K�T�H�Q�v�b �i�?�`�2�2 �Q�`
�K�Q�`�2�b�i�`�B�M�;�b�Q�7 ���M�i�2�M�M���b �B�M �#�Q�`�2�?�Q�H�2�b �/�Q�r�M �i�Q �/�2�T�i�?�b �Q�7O(100) m �B�M �i�?�2 �B�+�2�X �h�?�2 �K�B�M�B�K�m�K �M�m�K�#�2�`
�Q�7 �b�i�`�B�M�;�b �T�2�` �b�i���i�B�Q�M �B�b �Q�M�2 �Q�7 �i�?�2 �T�`�2�`�2�[�m�B�b�B�i�2�b �7�Q�` �i�?�2 ���#�B�H�B�i�v �i�Q �`�2�+�Q�M�b�i�`�m�+�i �`���/�B�Q �b�B�;�M���H�b�- ���b �r�B�i�?
�i�r�Q �Q�` �7�2�r�2�` �b�i�`�B�M�;�b �B�i �B�b �M�Q�i �T�Q�b�b�B�#�H�2 �i�Q �m�M���K�#�B�;�m�Q�m�b�H�v �/�2�i�2�`�K�B�M�2 �i�?�2 ���x�B�K�m�i�? �Q�7 ���M �B�M�+�Q�K�B�M�;
�`���/�B�Q �b�B�;�M���H�X

�� �b�?���H�H�Q�r �b�i���i�B�Q�M �?���b �i�?�2 ���/�p���M�i���;�2 �Q�7 �#�2�B�M�; �2���b�B�2�` ���M�/ �+�?�2���T�2�` �i�Q �/�2�T�H�Q�v�- ���b �B�i �/�Q�2�b �M�Q�i �`�2�[�m�B�`�2
�/�`�B�H�H�B�M�; �/�2�2�T �B�M�i�Q �i�?�2 �B�+�2�X �A�M �T���`�i�B�+�m�H���`�- �i�?�B�b ���H�H�Q�r�b �i�?�2 �m�b�2 �Q�7 �H���`�;�2�`�- �K�Q�`�2 �b�2�M�b�B�i�B�p�2 ���M�i�2�M�M���b�- �B�M
�+�Q�K�T���`�B�b�Q�M �i�Q �/�2�2�T �b�i���i�B�Q�M�b�- �r�?�2�`�2 �i�?�2 �b�B�x�2 �Q�7 �i�?�2 ���M�i�2�M�M���b �B�b �H�B�K�B�i�2�/ �#�v �i�?�2 �/�B�K�2�M�b�B�Q�M�b �Q�7 �i�?�2 �/�`�B�H�H�X
�>�Q�r�2�p�2�`�- �i�?�2�v �+�Q�p�2�` �b�B�;�M�B�}�+���M�i�H�v �H�2�b�b �2�z�2�+�i�B�p�2 �p�Q�H�m�K�2 �B�M �i�?�2 �B�+�2 �i�?���M �/�2�2�T �b�i���i�B�Q�M�b�X �h�?�2 �`�2���b�Q�M
�7�Q�` �i�?�B�b �B�b �/�m�2 �i�Q �i�?�2 �r���v �`���/�B�Q �b�B�;�M���H�b �T�`�Q�T���;���i�2 �B�M �B�+�2�X �h�?�2 �/�2�M�b�B�i�v �Q�7 �T�Q�H���` �B�+�2 �B�b �M�Q�i �m�M�B�7�Q�`�K�-
�#�m�i �B�M�b�i�2���/ �B�M�+�`�2���b�2�b �r�B�i�? �/�2�T�i�? ���b �i�?�2 �T�`�2�b�b�m�`�2 �7�`�Q�K �i�?�2 �b�M�Q�r �Q�p�2�`�#�m�`�/�2�M �#�2�+�Q�K�2�b �H���`�;�2�`�X �h�Q

�k�R



�k�k �*�>���S�h�1�_ �j�X �A�L�@�A�*�1 �_���.�A�P �.�1�h�1�*�h�P�_�a

(c)

(b)

(a)

(d)

Cosmic ray
Muon
Neutrino

Shower
Signal path
Antenna

�6�B�;�m�`�2 �j�X�R�, �h�?�2 �/�2�i�2�+�i�B�Q�M �T�`�B�M�+�B�T�H�2 �Q�7 ���M �B�M�@�B�+�2 �`���/�B�Q �/�2�i�2�+�i�Q�`�- �B�M�+�H�m�/�B�M�; �b�Q�K�2 �2�t�T�2�+�i�2�/ �b�Q�m�`�+�2�b
�Q�7 �b�B�;�M���H ���M�/ �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b�X �U���V �� �/�2�2�T �M�2�m�i�`�B�M�Q �2�p�2�M�i�X �.�m�2 �i�Q �i�?�2 �/�Q�r�M�r���`�/�@�#�2�M�/�B�M�; �Q�7
�`���/�B�Q �b�B�;�M���H�b �B�M �B�+�2 �U�b�2�2 �i�2�t�i�V�- �i�?�2 �`���/�B�Q �b�B�;�M���H �7�`�Q�K �� �b�B�M�;�H�2 �b�Q�m�`�+�2 �+���M ���`�`�B�p�2 ���i ���M ���M�i�2�M�M�� �p�B��
�i�r�Q �i�`���D�2�+�i�Q�`�B�2�b�X �U�#�V �� �K�Q�`�2 �/�B�b�i���M�i �M�2�m�i�`�B�M�Q �2�p�2�M�i�X �h�?�2 �/�Q�r�M�r���`�/�@�#�2�M�/�B�M�; �Q�7 �i�?�2 �b�B�;�M���H �`���v�b
�K�2���M�b �i�?�B�b �2�p�2�M�i �B�b �B�M �i�?�2 �ö�b�?���/�Q�r �x�Q�M�2�ö �Q�7 �i�?�2 �b�?���H�H�Q�r ���M�i�2�M�M���- ���M�/ �+���M �Q�M�H�v �#�2 �/�2�i�2�+�i�2�/ �#�v �i�?�2
�/�2�2�T ���M�i�2�M�M���X �U�+�V �� �+�Q�b�K�B�+�@�`���v ���B�` �b�?�Q�r�2�` �T�`�Q�/�m�+�B�M�; �� �?�B�;�?�H�v �2�M�2�`�;�2�i�B�+ �K�m�Q�M�- �r�?�B�+�? �T�`�Q�/�m�+�2�b ���M
���/�/�B�i�B�Q�M���H �T���`�i�B�+�H�2 �+���b�+���/�2 �B�M �i�?�2 �B�+�2 �i�?�`�Q�m�;�? �� �+���i���b�i�`�Q�T�?�B�+ �2�M�2�`�;�v �H�Q�b�b�X �U�/�V �� �T���`�i�B���H�H�v�@�/�2�p�2�H�Q�T�2�/
�+�Q�b�K�B�+�@�`���v ���B�` �b�?�Q�r�2�` �B�M�/�m�+�2�b ���M ���/�/�B�i�B�Q�M���H �+���b�+���/�2 �B�M�b�B�/�2 �i�?�2 �B�+�2�X

�}�`�b�i �Q�`�/�2�`�- �i�?�B�b �K�2���M�b �i�?���i �i�?�2 �/�2�M�b�B�i�v �/�2�T�2�M�/�b �Q�M�H�v �Q�M �i�?�2 �/�2�T�i�?z�- ���M�/ �7�Q�H�H�Q�r�b ���M ���T�T�`�Q�t�B�K���i�2�H�v
�2�t�T�Q�M�2�M�i�B���H �T�`�Q�}�H�2 �(�R�R�k�)�- �`���T�B�/�H�v �B�M�+�`�2���b�B�M�; �7�`�Q�K �b�M�Q�r ���i �i�?�2 �b�m�`�7���+�2� � 400 kg m� 3 �i�Q �+�H�Q�b�2 �i�Q
�i�?�2 ���b�v�K�T�i�Q�i�B�+ �/�2�M�b�B�i�v �Q�7 �#�m�H�F �B�+�2 �Q�7� 920 kg m� 3�X

�h�?�2 �p���`�B���i�B�Q�M �B�M �/�2�M�b�B�i�v �?���b �B�K�T�H�B�+���i�B�Q�M�b �7�Q�` �i�?�2 �`�2�7�`���+�i�B�p�2 �B�M�/�2�t�X �a�+�?�v�i�i �(�R�R�j�) �b�m�;�;�2�b�i�2�/ ��
�H�B�M�2���` �`�2�H���i�B�Q�M �#�2�i�r�2�2�M �B�+�2 �/�2�M�b�B�i�v ���M�/ �`�2�7�`���+�i�B�p�2 �B�M�/�2�t�,

n(z) = 1 + A� (z); �U�j�X�R�V

�r�?�2�`�2A � 0:845 cm3 g� 1�X �h�?�2 �B�M�+�`�2���b�B�M�; �B�M�/�2�t �Q�7 �`�2�7�`���+�i�B�Q�M ���b �� �7�m�M�+�i�B�Q�M �Q�7 �/�2�T�i�? �K�2���M�b
�i�?���i �`���/�B�Q �r���p�2�b �B�M �T�Q�H���` �B�+�2 �/�Q �M�Q�i �T�`�Q�T���;���i�2 �Q�M �b�i�`���B�;�?�i �i�`���D�2�+�i�Q�`�B�2�b�- �#�m�i �#�2�M�/ �/�Q�r�M�r���`�/�b
���+�+�Q�`�/�B�M�; �i�Q �a�M�2�H�H�ö�b �H���r�X �h�?�B�b �?���b �i�r�Q �B�K�T�Q�`�i���M�i �+�Q�M�b�2�[�m�2�M�+�2�b�X �h�?�2 �}�`�b�i �B�b �i�?���i�- �B�M �i�?�2 �`���v�@�i�`���+�B�M�;
���T�T�`�Q�t�B�K���i�B�Q�M�- �i�?�2�`�2 �B�b �M�Q�i �Q�M�2 �`���v �T���i�? �7�`�Q�K �b�Q�m�`�+�2 �i�Q �Q�#�b�2�`�p�2�`�- �#�m�i �i�r�Q�- �/�m�2 �i�Q �`�2�7�`���+�i�B�Q�M �Q�`
�`�2�~�2�+�i�B�Q�M �Q�7 �i�?�2 �B�+�2�@���B�` �B�M�i�2�`�7���+�2�X �h�?�2 �b�2�+�Q�M�/ �+�Q�M�b�2�[�m�2�M�+�2 �B�b �i�?�2 �2�t�B�b�i�2�M�+�2 �Q�7 �� �ö�b�?���/�Q�r �x�Q�M�2�ö�, �/�m�2
�i�Q �i�?�2 �/�Q�r�M�r���`�/�@�#�2�M�/�B�M�; �Q�7 �`���v �i�`���D�2�+�i�Q�`�B�2�b�- �7�Q�` �� �;�B�p�2�M �b�Q�m�`�+�2 �T�Q�b�B�i�B�Q�M�- �i�?�2�`�2 �2�t�B�b�i�b �� �`�2�;�B�Q�M �M�2���`
�i�?�2 �b�m�`�7���+�2 �7�Q�` �r�?�B�+�? �M�Q �`���v �i�`���+�B�M�; �b�Q�H�m�i�B�Q�M�b �2�t�B�b�i�X �h�?�2 �b�?���/�Q�r �x�Q�M�2 �B�b �b�K���H�H�2�` �7�Q�` �/�2�2�T�2�` ���M�i�2�M�M���b�-
�r�?�B�+�? �i�?�2�`�2�7�Q�`�2 �Q�#�b�2�`�p�2�b �� �H���`�;�2�` �B�+�2 �p�Q�H�m�K�2�X �h�?�B�b �+���M �#�2 �b�2�2�M �B�M �6�B�;�m�`�2 �j�X�R�, �� �M�2���`�#�v�- �/�2�2�T�2�`
�M�2�m�i�`�B�M�Q �B�b �b�2�2�M �B�M �#�Q�i�? �b�?���H�H�Q�r ���M�/ �/�2�2�T ���M�i�2�M�M���b�- �r�?�2�`�2���b �� �K�Q�`�2 �/�B�b�i���M�i�- �b�?���H�H�Q�r�2�` �M�2�m�i�`�B�M�Q
�B�M�i�2�`���+�i�B�Q�M �B�b �B�M �i�?�2 �b�?���/�Q�r �x�Q�M�2 �Q�7 �i�?�2 �b�?���H�H�Q�r ���M�i�2�M�M�� ���M�/ �+�Q�M�b�2�[�m�2�M�i�H�v �/�2�i�2�+�i���#�H�2 �#�v �i�?�2 �/�2�2�T�2�`
���M�i�2�M�M�� �Q�M�H�v�X

�h�?�2 �}�`�b�i �B�M�@�B�+�2 �`���/�B�Q �/�2�i�2�+�i�Q�` �r���b �_�A�*�1 �U�_���/�B�Q �A�+�2 �*�?�2�`�2�M�F�Q�p �1�t�T�2�`�B�K�2�M�i�V �(�R�R�9�)�- �r�?�B�+�? �B�M�B�i�B���H�H�v
�m�b�2�/ �?�Q�H�2�b �/�`�B�H�H�2�/ �7�Q�` �i�?�2 ���J���L�.�� �2�t�T�2�`�B�K�2�M�i �i�Q �/�2�T�H�Q�v �`���/�B�Q ���M�i�2�M�M���b �/�Q�r�M �i�Q �/�2�T�i�?�b �Q�7 �R�y�y �i�Q
�j�y�y �K ���i �a�Q�m�i�? �S�Q�H�2 �B�M �R�N�N�8���k�y�y�y�X �q�?�B�H�2 �_�A�*�1 �+�Q�M�b�B�b�i�2�/ �Q�M�H�v �Q�7 �Q�M�2 �i�v�T�2 �Q�7 ���M�i�2�M�M���- �B�i�b �b�m�+�+�2�b�b�Q�`
���_�� �U���b�F���`�v���M �_���/�B�Q ���`�`���v�V �(�R�R�8�)�- �b�B�K�B�H���`�H�v �/�2�T�H�Q�v�2�/ ���i �a�Q�m�i�? �S�Q�H�2�- �7�2���i�m�`�2�/ �i�r�Q �/�B�z�2�`�2�M�i �i�v�T�2�b�,



�j�X�k�X �"���*�E�:�_�P�l�L�.�a �k�j

���M�i�2�M�M���b �b�2�M�b�B�i�B�p�2 �i�Q �p�2�`�i�B�+���H�H�v �T�Q�H���`�B�x�2�/ �b�B�;�M���H�b �U�ö�o�T�Q�H�ö�V ���b �r�2�H�H ���b �b�Q�K�2 �b�2�M�b�B�i�B�p�2 �i�Q �?�Q�`�B�x�Q�M�i���H�H�v
�T�Q�H���`�B�x�2�/ �b�B�;�M���H�b �U�ö�>�T�Q�H�ö�V�X �1�K�T�H�Q�v�B�M�; ���M�i�2�M�M���b �b�2�M�b�B�i�B�p�2 �i�Q �Q�`�i�?�Q�;�Q�M���H �T�Q�H���`�B�x���i�B�Q�M�b ���H�H�Q�r�b �7�Q�` �i�?�2
�`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �i�?�2 �b�B�;�M���H �T�Q�H���`�B�x���i�B�Q�M�- �r�?�B�+�? �B�b �?�2�H�T�7�m�H �B�M �/�2�i�2�`�K�B�M�B�M�; �i�?�2 �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �Q�`�B�;�B�M���H
�M�2�m�i�`�B�M�Q�- ���b �r�B�H�H �#�2 �+�Q�p�2�`�2�/ �B�M �K�Q�`�2 �/�2�i���B�H �B�M �+�?���T�i�2�` �3�X ���_�� �+�Q�M�b�B�b�i�b �Q�7 �b�2�p�2�`���H �B�M�/�2�T�2�M�/�2�M�i�H�v
�Q�T�2�`���i�B�M�; �/�2�2�T �b�i���i�B�Q�M�b�- �2���+�? �7�2���i�m�`�B�M�; �7�Q�m�` �b�i�`�B�M�;�b �/�Q�r�M �i�Q �/�2�T�i�?�b �Q�7 �m�T �i�Q �k�y�y �K�X �A�M �+�Q�M�i�`���b�i�-
�i�?�2 ���_�A���L�L�� �U���M�i���`�+�i�B�+ �_�Q�b�b �A�+�2�@�a�?�2�H�7 ���M�i�2�M�M�� �L�2�m�i�`�B�M�Q ���`�`���v�V �2�t�T�2�`�B�K�2�M�i �2�K�T�H�Q�v�b �� �b�?���H�H�Q�r
�/�2�i�2�+�i�Q�` �/�2�b�B�;�M�- �m�b�B�M�; �?�B�;�?�H�v �b�2�M�b�B�i�B�p�2 �H�Q�;�@�T�2�`�B�Q�/�B�+ �/�B�T�Q�H�2 ���`�`���v �U�G�S�.���V ���M�i�2�M�M���b �/�2�T�H�Q�v�2�/ �B�M ��
�b�[�m���`�2 �H���v�Q�m�i� 2 m �#�2�H�Q�r �i�?�2 �b�m�`�7���+�2 �Q�7 �i�?�2 �B�+�2�X

�"�Q�i�? ���_�� ���M�/ ���_�A���L�L�� ���`�2 �T�B�H�Q�i�@�b�+���H�2 �2�t�T�2�`�B�K�2�M�i�b �i�?���i �2�t�B�b�i �T�`�B�K���`�B�H�v �i�Q �T�`�Q�p�2 �i�?�2 �B�M�@�B�+�2
�`���/�B�Q �/�2�i�2�+�i�B�Q�M �+�Q�M�+�2�T�i�- ���M�/ �?���p�2 �+�Q�M�i�`�B�#�m�i�2�/ �b�B�;�M�B�}�+���M�i�H�v �i�Q �/�2�p�2�H�Q�T�K�2�M�i�b �Q�7 �?���`�/�r���`�2�- �b�B�K�m�H���@
�i�B�Q�M�b�- ���M�/ �i�?�2 �m�M�/�2�`�b�i���M�/�B�M�; �Q�7 �i�?�2 �T�`�Q�T�2�`�i�B�2�b �Q�7 �T�Q�H���` �B�+�2 �`�2�H�2�p���M�i �i�Q �i�?�2 �T�`�Q�T���;���i�B�Q�M �Q�7 �`���/�B�Q
�b�B�;�M���H�b �U�`�2�7�`���+�i�B�p�2 �B�M�/�2�t�- ���i�i�2�M�m���i�B�Q�M �H�2�M�;�i�? ���M�/ �b�Q �Q�M�V�X �>�Q�r�2�p�2�`�- �i�?�2�v ���`�2 �i�Q�Q �b�K���H�H �i�Q �B�K�T�`�Q�p�2 �Q�M
�i�?�2 �b�2�M�b�B�i�B�p�B�i�v �Q�7 �i�?�2 �Q�T�i�B�+���H �A�+�2�*�m�#�2 �/�2�i�2�+�i�Q�` �i�Q �� �/�B�z�m�b�2 �M�2�m�i�`�B�M�Q �~�m�t ���i �m�H�i�`���@�?�B�;�? �2�M�2�`�;�B�2�b�X �h�?�2
�}�`�b�i �B�M�@�B�+�2 �`���/�B�Q �/�2�i�2�+�i�Q�` �2�t�T�2�+�i�2�/ �i�Q �B�K�T�`�Q�p�2 �Q�M �i�?�2 �H�B�K�B�i�b �b�2�i �#�v �A�+�2�*�m�#�2 �B�b �i�?�2 �_�L�P�@�: �U�_���/�B�Q
�L�2�m�i�`�B�M�Q �P�#�b�2�`�p���i�Q�`�v �:�`�2�2�M�H���M�/�V �2�t�T�2�`�B�K�2�M�i �(�R�R�e�)�- �r�?�B�+�? �B�b �+�m�`�`�2�M�i�H�v �m�M�/�2�` �+�Q�M�b�i�`�m�+�i�B�Q�M ���i �a�m�K�@
�K�B�i �a�i���i�B�Q�M�- �:�`�2�2�M�H���M�/�X �_�L�P�@�: �m�b�2�b ���?�v�#�`�B�/ �b�i���i�B�Q�M�/�2�b�B�;�M �i�?���i �+�Q�K�#�B�M�2�b �i�?�2 �o�T�Q�H ���M�/ �>�T�Q�H
���M�i�2�M�M���b �/�2�T�H�Q�v�2�/ �Q�M �/�2�2�T �B�M�@�B�+�2 �b�i�`�B�M�;�b�- ���b �m�b�2�/ �#�v ���_���- �r�B�i�? �� �b�?���H�H�Q�r �+�Q�K�T�Q�M�2�M�i �+�Q�M�b�B�b�i�B�M�; �Q�7
�G�S�.�� ���M�i�2�M�M���b ���b �B�M ���_�A���L�L���X �h�?�2 ���/�/�B�i�B�Q�M �Q�7 �� �b�?���H�H�Q�r �+�Q�K�T�Q�M�2�M�i �B�b �`�2�H���i�B�p�2�H�v �+�?�2���T�- ���/�/�b
�b�Q�K�2 �2�z�2�+�i�B�p�2 �p�Q�H�m�K�2 ���b �i�?�2 �;�2�Q�K�2�i�`�B�2�b �Q�7 �2�p�2�M�i�b �i�`�B�;�;�2�`�B�M�; �i�?�2 �/�2�2�T �Q�` �i�?�2 �b�?���H�H�Q�r �b�i���i�B�Q�M ���`�2
�H���`�;�2�H�v �/�B�b�D�Q�B�M�i�- ���M�/ ���H�b�Q �B�K�T�`�Q�p�2�b �i�?�2 �+���T���#�B�H�B�i�v �i�Q �p�2�i�Q �b�B�;�M���H�b �Q�`�B�;�B�M���i�B�M�; �7�`�Q�K ���#�Q�p�2 �i�?�2 �b�m�`�@
�7���+�2�X �� �b�B�K�B�H���` �?�v�#�`�B�/ �/�2�b�B�;�M �B�b �T�H���M�M�2�/ �i�Q �#�2 �m�b�2�/ �7�Q�` �i�?�2 �`���/�B�Q ���`�`���v �Q�7 �i�?�2 �7�m�i�m�`�2 �A�+�2�*�m�#�2�@�:�2�M�k
�/�2�i�2�+�i�Q�` �(�R�R�d�)�X

�j�X�k �"���+�F�;�`�Q�m�M�/�b

���b �i�?�2 �b�B�;�M���H�b �i�?���i �B�M�@�B�+�2 �`���/�B�Q �/�2�i�2�+�i�Q�`�b ���B�K �i�Q �/�2�i�2�+�i ���`�2 �2�t�T�2�+�i�2�/ �i�Q �#�2 �2�t�+�2�2�/�B�M�;�H�v �`���`�2�- ���M�/
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�H�Q�+���H �+�Q�M�+�2�M�i�`���i�B�Q�M�b �Q�7 �b�2�� �b���H�i�b �Q�` �p�Q�H�+���M�B�+ �/�2�T�Q�b�B�i�B�Q�M�b �+���M �H�2���/ �i�Q �/�B�b�+�Q�M�i�B�M�m�B�i�B�2�b �B�M �i�?�2 �`�2�7�`���+�i�B�p�2
�B�M�/�2�t�X �q�?�B�H�2 �i�?�2 �`�2�~�2�+�i�B�p�B�i�v �Q�7 �b�m�+�? �H���v�2�`�b �B�b �i�v�T�B�+���H�H�v �H�Q�r �U. 1% �(�R�k�j�)�- �� �b�m�{�+�B�2�M�i�H�v �b�i�`�Q�M�; �b�B�;�M���H
���`�`�B�p�B�M�; �7�`�Q�K ���#�Q�p�2 �K���v �b�i�B�H�H �H�2���/ �i�Q �i�?�2 �`�2�~�2�+�i�2�/ �T�m�H�b�2 �i�`�B�;�;�2�`�B�M�; �i�?�2 �/�2�i�2�+�i�Q�`�- ���M�/ ���T�T�2���` ���b
�i�?�Q�m�;�? �B�i �Q�`�B�;�B�M���i�2�/ �7�`�Q�K �B�M�b�B�/�2 �i�?�2 �B�+�2�X �h�?�B�b �K���F�2�b �B�i �+�?���H�H�2�M�;�B�M�; �i�Q �`�2�D�2�+�i �b�m�+�? �#���+�F�;�`�Q�m�M�/ �b�B�;�M���H�b
�#���b�2�/ �Q�M �i�?�2�B�` �;�2�Q�K�2�i�`�v �Q�M�H�v�X �A�+�2 �K�2���b�m�`�2�K�2�M�i�b ���i �:�`�2�2�M�H���M�/ �(�R�k�9�) �b�m�;�;�2�b�i �i�?���i �i�?�2 �`�2�~�2�+�i�B�p�B�i�v
�Q�7 �B�+�2 �H���v�2�`�b �B�b �i�Q�Q �H�Q�r �i�Q �`�2�b�m�H�i �B�M �b�B�;�M���H�b �i�?���i �i�`�B�;�;�2�` �i�?�2 �/�2�i�2�+�i�Q�`�b�X �h�?�2 �B�+�2 ���i �a�Q�m�i�? �S�Q�H�2 �?���b
�#�2�2�M �b�?�Q�r�M �i�Q �7�2���i�m�`�2 �b�i�`�Q�M�;�2�` �`�2�~�2�+�i�B�p�2 �H���v�2�`�b �(�R�k�8�)�- �?�Q�r�2�p�2�`�- �r�?�B�+�? �+�Q�m�H�/ �T�`�Q�/�m�+�2 �� �b�B�;�M�B�}�+���M�i
�M�m�K�#�2�` �Q�7 �b�m�+�? �b�B�;�M���H�b�X

�j�X�j �h�?�2 �_���/�B�Q �L�2�m�i�`�B�M�Q �P�#�b�2�`�p���i�Q�`�v �:�`�2�2�M�H���M�/ �U�_�L�P�@�:�V

�h�?�2 �_���/�B�Q �L�2�m�i�`�B�M�Q �P�#�b�2�`�p���i�Q�`�v �:�`�2�2�M�H���M�/ �U�_�L�P�@�:�V �B�b �i�?�2 �}�`�b�i �7�m�H�H�@�b�+���H�2 �B�M�@�B�+�2 �`���/�B�Q �M�2�m�i�`�B�M�Q
�/�2�i�2�+�i�Q�`�X �S�`�2�p�B�Q�m�b �B�M�@�B�+�2 �`���/�B�Q �/�2�i�2�+�i�Q�`�b �U�_�A�*�1�- ���_���- ���_�A���L�L���V �b�2�`�p�2�/ �K�Q�b�i�H�v ���b �� �T�`�Q�Q�7 �Q�7
�+�Q�M�+�2�T�i�- �+�?���`���+�i�2�`�B�x�B�M�; �b�Q�K�2 �Q�7 �i�?�2 �T�`�Q�T�2�`�i�B�2�b �Q�7 �T�Q�H���` �B�+�2 ���M�/ �b�Q�K�2 �b�Q�m�`�+�2�b �Q�7 �#���+�F�;�`�Q�m�M�/ �b�B�;�M���H�-
�#�m�i �r�2�`�2 �i�Q�Q �b�K���H�H �i�Q �B�K�T�`�Q�p�2 �Q�M �i�?�2 �b�2�M�b�B�i�B�p�B�i�v �i�Q �m�H�i�`���@�?�B�;�? �2�M�2�`�;�v �M�2�m�i�`�B�M�Q�b �Q�7 �Q�T�i�B�+���H �*�?�2�`�2�M�F�Q�p
�/�2�i�2�+�i�Q�`�b�X

�h�?�B�b �r�B�H�H �+�?���M�;�2 �r�B�i�? �i�?�2 �_�L�P�@�: ���`�`���v�- �r�?�B�+�? ���i �+�Q�K�T�H�2�i�B�Q�M �r�B�H�H �+�Q�M�b�B�b�i �Q�7 �j�8 �?�v�#�`�B�/ �b�i���i�B�Q�M�b�-
�/�2�T�H�Q�v�2�/ �Q�M �� �b�[�m���`�2 �;�`�B�/ �r�B�i�? �� �b�T���+�B�M�; �Q�7 �R�X�k�8 �F�K ���i �a�m�K�K�B�i �a�i���i�B�Q�M�- �:�`�2�2�M�H���M�/�X �h�?�2 �b�T���+�B�M�; �r���b
�+�?�Q�b�2�M �i�Q �K�B�M�B�K�B�x�2 �i�?�2 �Q�p�2�`�H���T �B�M �2�z�2�+�i�B�p�2 �p�Q�H�m�K�2 ���i �H�Q�r�2�` �2�M�2�`�;�B�2�b�- �r�B�i�? ���M �2�t�T�2�+�i�2�/ �+�Q�B�M�+�B�/�2�M�+�2
�7�`���+�i�B�Q�M �U�M�2�m�i�`�B�M�Q �B�M�i�2�`���+�i�B�Q�M�b �/�2�i�2�+�i�2�/ �B�M �K�Q�`�2 �i�?���M �Q�M�2 �b�i���i�B�Q�M�V �Q�7 ���T�T�`�Q�t�B�K���i�2�H�v �R�y�W ���i �R
�1�2�o �(�R�R�e�)�- �B�M�+�`�2���b�B�M�; �r�B�i�? �2�M�2�`�;�v�X �6�B�;�m�`�2 �j�X�k �b�?�Q�r�b �i�?�2 �H���v�Q�m�i �Q�7 �i�?�2 �3 �+�m�`�`�2�M�i�H�v �/�2�T�H�Q�v�2�/ �b�i���i�B�Q�M�b
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Big House
DISC

Deployed
2021
2022

2024
Future 72.58� N

72.60� N

72.62� N

72.64� N

72.66� N
38.30� W38.40� W38.50� W

�6�B�;�m�`�2 �j�X�k�, �h�?�2 �H���v�Q�m�i �Q�7 �i�?�2 �_�L�P�@�: �/�2�i�2�+�i�Q�` ���`�`���v�- �b�?�Q�r�B�M�; �i�?�2 �H�Q�+���i�B�Q�M�b �Q�7 �+�m�`�`�2�M�i�H�v �/�2�T�H�Q�v�2�/
���b �r�2�H�H ���b �T�H���M�M�2�/ �7�m�i�m�`�2 �b�i���i�B�Q�M�b�X �h�?�2 �H�Q�+���H �+�Q�Q�`�/�B�M���i�2 �b�v�b�i�2�K �B�b �#���b�2�/ �Q�M �i�?�2 �1�S�a�:�,�j�k�e�k�9
�T�`�Q�D�2�+�i�B�Q�M �(�R�k�e�)�- �r�B�i�? �i�?�2 �Q�`�B�;�B�M �b�?�B�7�i�2�/ �i�Q �i�?�2 �.�A�a�* �#�Q�`�2�?�Q�H�2�X �h�?�2 �Q�`�B�2�M�i���i�B�Q�M �Q�7 �i�?�2 �i�`�B���M�;�H�2�b
�`�2�~�2�+�i�b �i�?�2 �`�2�H���i�B�p�2 �T�Q�b�B�i�B�Q�M�b �Q�7 �i�?�2 �i�?�`�2�2 �/�2�2�T �b�i�`�B�M�;�b�- �r�B�i�? �i�?�2 �B�M�i�2�`�B�Q�` �i�`�B���M�;�H�2 �U�b�[�m���`�2�V �K���`�F�B�M�;
�i�?�2 �H���v�Q�m�i �Q�7 �i�?�2 �b�?���H�H�Q�r �G�S�.���b�X ���H�b�Q �B�M�/�B�+���i�2�/ ���`�2 �i�?�2 �T�Q�b�B�i�B�Q�M�b �Q�7 �i�?�2 �.�A�a�* �#�Q�`�2�?�Q�H�2 ���i �i�?�2
�+�2�M�i�`�2 �Q�7 �i�?�2 �H�Q�+���H �+�Q�Q�`�/�B�M���i�2 �b�v�b�i�2�K�- ���M�/ �i�?�2 �"�B�; �>�Q�m�b�2 �i�?���i �?�Q�m�b�2�b �i�?�2 �_�L�P�@�: �b�2�`�p�2�`�X

���b �r�2�H�H ���b �i�?�2 �T�H���M�M�2�/ �H�Q�+���i�B�Q�M�b �Q�7 �i�?�2 �k�d �`�2�K���B�M�B�M�; �/�2�i�2�+�i�Q�` �b�i���i�B�Q�M�b�X
�h�?�2 �H���v�Q�m�i �Q�7 �� �b�B�M�;�H�2 �_�L�P�@�: �/�2�i�2�+�i�Q�` �b�i���i�B�Q�M �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �j�X�j�X �A�i �+�Q�K�#�B�M�2�b �i�?�`�2�2 �/�2�2�T

�b�i�`�B�M�;�b �r�B�i�? ���M�i�2�M�M���b �/�Q�r�M �i�Q �R�y�y �K �r�B�i�? �� �b�?���H�H�Q�r �+�Q�K�T�Q�M�2�M�i �7�2���i�m�`�B�M�; �M�B�M�2 �G�S�.���b�- �i�?�`�2�2 �Q�7
�r�?�B�+�? ���`�2 �Q�`�B�2�M�i���i�2�/ �i�Q�r���`�/�b �i�?�2 �b�m�`�7���+�2�- �r�B�i�? �i�?�2 �`�2�K���B�M�B�M�; �b�B�t ���i60� ���M�;�H�2�b �T�Q�B�M�i�B�M�; �/�Q�r�M�r���`�/�b�X
�h�?�2 �m�T�r���`�/�@�7���+�B�M�; �G�S�.���b �b�2�`�p�2 �K�Q�b�i�H�v �i�Q �p�2�i�Q �#���+�F�;�`�Q�m�M�/ �b�B�;�M���H�b �Q�`�B�;�B�M���i�B�M�; �7�`�Q�K ���#�Q�p�2 �i�?�2
�b�m�`�7���+�2�- �b�m�+�? ���b �+�Q�b�K�B�+ �`���v�b ���M�/ �K�Q�b�i ���M�i�?�`�Q�T�Q�;�2�M�B�+ �b�Q�m�`�+�2�b�- �r�?�2�`�2���b �i�?�2 �/�Q�r�M�r���`�/�@�7���+�B�M�; �G�S�.���b
�T�`�Q�p�B�/�2 ���/�/�B�i�B�Q�M���H �b�2�M�b�B�i�B�p�B�i�v �i�Q �M�2�m�i�`�B�M�Q�b�X �L�Q�i�2 �i�?���i �i�?�2 �/�2�b�B�;�M �Q�7 �i�?�2 �b�?���H�H�Q�r �+�Q�K�T�Q�M�2�M�i �7�Q�` �i�?�2
�K�Q�b�i �`�2�+�2�M�i�H�v �/�2�T�H�Q�v�2�/ �b�i���i�B�Q�M �U�R�9�V �B�b �b�H�B�;�?�i�H�v �/�B�z�2�`�2�M�i�- �7�2���i�m�`�B�M�; �2�B�;�?�i �G�S�.���b �U�7�Q�m�` �m�T�r���`�/�- �7�Q�m�`
�/�Q�r�M�r���`�/�V �B�M �� �b�[�m���`�2 �H���v�Q�m�i�- �r�B�i�? �Q�M�2 ���/�/�B�i�B�Q�M���H �b�?���H�H�Q�r �o�T�Q�H ���i� 20 m �/�2�T�i�? �Q�M �i�?�2 �T�Q�r�2�`
�b�i�`�B�M�;�X �h�?�B�b �M�2�r �H���v�Q�m�i �?���b �i�?�2 ���/�p���M�i���;�2 �Q�7 �`�2�/�m�+�B�M�; �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �+���#�H�2 �/�2�H���v�b �Q�7
�i�?�2 �/�2�2�T ���M�/ �b�?���H�H�Q�r �+�Q�K�T�Q�M�2�M�i�b�- �r�?�B�+�? �7�Q�` �i�?�B�b �b�i���i�B�Q�M ���`�2 �#�Q�i�? �+�Q�M�M�2�+�i�2�/ �i�?�`�Q�m�;�? �}�#�`�2 �+���#�H�2�b�-
���M�/ �B�K�T�`�Q�p�2�b �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �7�Q�` �i�`�B�;�;�2�`�B�M�; �Q�M ���M�/ �`�2�+�Q�M�b�i�`�m�+�i�B�M�; �+�Q�b�K�B�+�@�`���v �b�B�;�M���H�b �U���b �r�B�H�H �#�2
�/�2�i���B�H�2�/ �B�M �+�?���T�i�2�` �d�V�X �"�Q�i�? �Q�7 �i�?�2�b�2 �b�?�Q�m�H�/ �B�K�T�`�Q�p�2 �i�?�2 ���#�B�H�B�i�v �i�Q �`�2�D�2�+�i �#���+�F�;�`�Q�m�M�/ �b�B�;�M���H�b�- ���M�/
�i�?�B�b �/�2�b�B�;�M �B�b �2�t�T�2�+�i�2�/ �i�Q �#�2 �m�b�2�/ �7�Q�` �7�m�i�m�`�2 �_�L�P�@�: �b�i���i�B�Q�M�b�X

�h�?�2 �/�2�2�T �+�Q�K�T�Q�M�2�M�i �Q�7 ���M �_�L�P�@�: �b�i���i�B�Q�M �B�M�+�H�m�/�2�b �#�Q�i�? �o�T�Q�H ���M�/ �>�T�Q�H ���M�i�2�M�M���b�- �r�B�i�? �M�B�M�2
���M�i�2�M�M���b �K�Q�m�M�i�2�/ ���i �p���`�B�Q�m�b �/�2�T�i�?�b �Q�M �i�?�2 �K���B�M �ö�T�Q�r�2�` �b�i�`�B�M�;�ö�- ���M�/ �i�?�`�2�2 ���M�i�2�M�M���b �Q�M �2���+�? �Q�7
�i�?�2 �b�2�+�Q�M�/���`�v �ö�?�2�H�T�2�` �b�i�`�B�M�;�b�ö�X �h�?�2 �7�Q�m�` �o�T�Q�H ���M�i�2�M�M���b ���i �i�?�2 �#�Q�i�i�Q�K �Q�7 �i�?�2 �T�Q�r�2�` �b�i�`�B�M�; ���`�2 ���H�b�Q
�`�2�7�2�`�`�2�/ �i�Q ���b �i�?�2�T�?���b�2�/ ���`� �̀��v�- ���b �i�?�2�v ���`�2 �m�b�2�/ �i�Q �7�Q�`�K ���M �B�M�i�2�`�7�2�`�Q�K�2�i�`�B�+ �H�Q�r�@�i�?�`�2�b�?�Q�H�/ �i�`�B�;�;�2�`
���b �/�2�i���B�H�2�/ �B�M �b�2�+�i�B�Q�M �j�X�j�X�k�X

�_�L�P�@�: �/�2�i�2�+�i�Q�` �b�i���i�B�Q�M�b �Q�T�2�`���i�2 �B�M�/�2�T�2�M�/�2�M�i�H�v ���M�/ ���`�2 �T�Q�r�2�`�2�/ �#�v �i�r�Q �p�2�`�i�B�+���H�H�v �K�Q�m�M�i�2�/�-
�b�Q�m�i�?�@�7���+�B�M�; �b�Q�H���` �T���M�2�H�b�- �r�?�B�+�? ���`�2 �H�Q�+���i�2�/ �M�2���` �i�?�2 �b�i���i�B�Q�M �+�2�M�i�`�2�X �h�?�B�b �Q�`�B�2�M�i���i�B�Q�M �K���t�B�K�B�x�2�b
�i�?�2 �b�Q�H���` �T�Q�r�2�` �/�m�`�B�M�; �H���i�2 �b�T�`�B�M�; ���M�/ �2���`�H�v ���m�i�m�K�M�- �r�?�2�`�2 �i�?�2 �b�m�M �Q�M�H�v ���T�T�2���`�b �7�Q�` �� �7�2�r �?�Q�m�`�b
�+�H�Q�b�2 �i�Q �i�?�2 �?�Q�`�B�x�Q�M �i�Q�r���`�/�b �i�?�2 �a�Q�m�i�?�X �A�M �i�?�2 �r�B�M�i�2�` �b�2���b�Q�M�- �i�?�2 �b�m�M �B�b �p�B�b�B�#�H�2 �7�Q�` �H�2�b�b ���M�/ �H�2�b�b
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�i�Q �b�B�;�M���H�b ���`�`�B�p�B�M�; �7�`�Q�K �i�?���i �/�B�`�2�+�i�B�Q�M�- �`�2�b�m�H�i�B�M�; �B�M �� �H�Q�b�b �Q�7 ���x�B�K�m�i�?���H �b�v�K�K�2�i�`�v �i�?���i �B�b �?���`�/ �i�Q
�+���H�B�#�`���i�2 ���M�/ �K�Q�/�2�H�X

�h�?�2 �b�2�M�b�B�i�B�p�B�i�B�2�b �7�Q�` �2���+�? ���M�i�2�M�M�� �i�v�T�2�- ���b �� �7�m�M�+�i�B�Q�M �Q�7 �7�`�2�[�m�2�M�+�v ���M�/ ���M�;�H�2 �i�Q �#�Q�`�2�b�B�;�?�i �U�/�B�`�2�+�@
�i�B�Q�M �Q�7 �K���t�B�K�m�K ���M�i�2�M�M�� �;���B�M�V�- ���`�2 �b�?�Q�r�M �B�M �6�B�;�m�`�2 �j�X�8�X �h�?�2 �#�Q�`�2�b�B�;�?�i �/�B�`�2�+�i�B�Q�M �B�b �T�2�`�T�2�M�/�B�+�m�H���`
�i�Q �i�?�2 ���M�i�2�M�M�� �?�2�B�;�?�i �7�Q�` �i�?�2 �o�T�Q�H ���M�/ �>�T�Q�H ���M�i�2�M�M���b �U�B�X�2�X �i�?�2 �2�[�m���i�Q�`�B���H �T�H���M�2�V�- ���M�/ �T���`���H�H�2�H �i�Q
�i�?�2 �b�T�B�M�2 �Q�7 �i�?�2 �G�S�.�� �U�B�X�2�X �i�?�2 �T�Q�b�B�i�B�p�2 �x�@���t�B�b�V�X �h�?�2 �b�2�M�b�B�i�B�p�B�i�B�2�b ���`�2 �b�?�Q�r�M ���b �i�?�2 ���K�T�H�B�i�m�/�2�b �Q�7
�i�?�2 �+�Q�K�T�H�2�t �`�2���H�B�x�2�/ �p�2�+�i�Q�` �2�z�2�+�i�B�p�2 �H�2�M�;�i�? �U�o�1�G�V�- �r�?�B�+�? ���+�+�Q�m�M�i�b �7�Q�` �i�?�2 �`�2�~�2�+�i�B�Q�M�b �/�m�2 �i�Q �i�?�2
�B�K�T�2�`�7�2�+�i �B�K�T�2�/���M�+�2 �K���i�+�? ���M�/ �+���M �#�2 �m�b�2�/ �i�Q �/�B�`�2�+�i�H�v �+�Q�M�p�2�`�i �i�?�2 �2�H�2�+�i�`�B�+ �}�2�H�/ �b�i�`�2�M�;�i�?E i (! ) �i�Q
�i�?�2 �p�Q�H�i���;�2 �B�M�/�m�+�2�/ ���i �i�?�2 ���M�i�2�M�M�� �i�2�`�K�B�M���H�bV (! ) = H i (! )E i (! )�X

�6�Q�` �i�?�2 �o�T�Q�H ���M�/ �>�T�Q�H ���M�i�2�M�M���b�- �Q�M�H�v �i�?�2 �b�2�M�b�B�i�B�p�B�i�v �i�Q �i�?�2 �+�Q�@�T�Q�H���`�B�x�2�/ �p�2�`�i�B�+���H �U� �V ���M�/ �?�Q�`�@
�B�x�Q�M�i���H �U� �V �+�Q�K�T�Q�M�2�M�i�b �Q�7 ���M �B�M�+�Q�K�B�M�; �2�H�2�+�i�`�B�+ �}�2�H�/ ���`�2 �b�?�Q�r�M�- �`�2�b�T�2�+�i�B�p�2�H�v�c �i�?�2 �b�2�M�b�B�i�B�p�B�i�v �i�Q
�i�?�2 �+�`�Q�b�b�@�T�Q�H���`�B�x�2�/ �+�Q�K�T�Q�M�2�M�i �B�b �M�2�;�H�B�;�B�#�H�2 �7�Q�` �#�Q�i�? ���M�i�2�M�M���b�X �6�Q�` �i�?�2 �G�S�.���b�- �i�?�2 �i�Q�i���H �o�1�G
�UjH total j2 = jH � j2 + jH � j2)�V �B�b �b�?�Q�r�M�- �r�?�B�+�? �B�b ���/�/�B�i�B�Q�M���H�H�v ���p�2�`���;�2�/ �Q�p�2�` ���H�H �B�M�+�Q�K�B�M�; ���x�B�K�m�i�?���H
�/�B�`�2�+�i�B�Q�M�b�X �L�Q�i�2 �i�?���i �/�m�2 �i�Q �i�?�2 �/�B�z�2�`�2�M�i �#�Q�`�2�b�B�;�?�i �/�B�`�2�+�i�B�Q�M�b�- �i�?�2 �b���K�2 ���K�Q�m�M�i �Q�7 �b�Q�H�B�/ ���M�;�H�2 �B�b
�+�Q�M�i���B�M�2�/ �r�B�i�?�B�M� 30� �i�Q �#�Q�`�2�b�B�;�?�i �7�Q�` �i�?�2 �o�T�Q�H �U�>�T�Q�H�V ���M�i�2�M�M���b ���b �7�Q�`� 90� �i�Q �#�Q�`�2�b�B�;�?�i �7�Q�` �i�?�2
�G�S�.���b�X

���b �2�t�T�2�+�i�2�/�- �i�?�2 �H���`�;�2 �G�S�.�� ���M�i�2�M�M���b �?���p�2 �b�B�;�M�B�}�+���M�i�H�v �H���`�;�2�` �;���B�M �i�?���M �i�?�2 �o�T�Q�H�b�- �r�?�B�+�? �B�M
�i�m�`�M ���`�2 �K�Q�`�2 �b�2�M�b�B�i�B�p�2 �i�?���M �i�?�2 �>�T�Q�H ���M�i�2�M�M���b�- �/�m�2 �i�Q �i�?�2 �m�M�7���p�Q�m�`���#�H�2 �;�2�Q�K�2�i�`�v �Q�7 �i�?�2 �H���i�i�2�`�X �A�M
���/�/�B�i�B�Q�M�- �i�?�2 �`���M�;�2 �B�M �r�?�B�+�? �i�?�2 �>�T�Q�H ���M�i�2�M�M���b ���`�2 �b�2�M�b�B�i�B�p�2 �b�i���`�i�b ���i �b�H�B�;�?�i�H�v �?�B�;�?�2�` �7�`�2�[�m�2�M�+�B�2�b�-



�j�X�j�X �h�>�1 �_���.�A�P �L�1�l�h�_�A�L�P �P�"�a�1�_�o���h�P�_�u �:�_�1�1�L�G���L�. �U�_�L�P�@�:�V �k�N

�i�?�Q�m�;�? �i�?�2�`�2 �B�b �b�B�;�M�B�}�+���M�i �Q�p�2�`�H���T �r�B�i�? �i�?�2 �o�T�Q�H �7�`�2�[�m�2�M�+�v �`���M�;�2�X �q�?�B�H�2 �i�?�2 �>�T�Q�H�b ���`�2 �M�Q�i �m�b�2�/
�i�Q �i�`�B�;�;�2�` �Q�M �M�2�m�i�`�B�M�Q �2�p�2�M�i�b�- �i�?�2�B�` �H�Q�r�2�` �;���B�M �/�Q�2�b �?���p�2 �B�K�T�H�B�+���i�B�Q�M�b �7�Q�` �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �i�?�2
�T�Q�H���`�B�x���i�B�Q�M �Q�7 �B�M�+�Q�K�B�M�; �b�B�;�M���H�b�- �r�?�B�+�? ���H�b�Q ���z�2�+�i�b �i�?�2 �`�2�b�Q�H�m�i�B�Q�M �7�Q�` �i�?�2 �/�B�`�2�+�i�B�Q�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M
�Q�7 �M�2�m�i�`�B�M�Q �b�B�;�M���H�b�- ���b �r�B�H�H �#�2 �/�2�i���B�H�2�/ �B�M �+�?���T�i�2�` �3�X

�j�X�j�X�k �a�B�;�M���H �+�?���B�M ���M�/ �i�`�B�;�;�2�`�b

�6�Q�` �i�?�2 �}�`�b�i �b�2�p�2�M �b�i���i�B�Q�M�b �Q�7 �_�L�P�@�:�- �i�?�2 �G�S�.�� ���M�i�2�M�M���b ���`�2 �+�Q�M�M�2�+�i�2�/ �/�B�`�2�+�i�H�v �i�Q �+�m�b�i�Q�K
�a�l�_�6���*�1 ���K�T�H�B�}�2�`�b �B�M �i�?�2 �+�2�M�i�`���H �/���i���@���+�[�m�B�b�B�i�B�Q�M �U�.���Z�V �#�Q�t �#�v �R�y �K �G�J�_�9�y�y �+�Q���t�B���H �+���#�H�2�b�X
�h�?�2 �b�B�;�M���H�b �7�`�Q�K �i�?�2 �/�2�2�T �o�T�Q�H ���M�/ �>�T�Q�H ���M�i�2�M�M���b ���`�2 �B�M�b�i�2���/ �i�`���M�b�K�B�i�i�2�/ �p�B�� �� �+�m�b�i�Q�K �_�6�Q�6
�U�_���/�B�Q �6�`�2�[�m�2�M�+�B�2�b �Q�p�2�` �6�B�#�`�2�V �b�v�b�i�2�K ���M�/ ���K�T�H�B�}�2�/ �B�M �i�r�Q �b�i���;�2�b�- �i�Q ���p�Q�B�/ ���i�i�2�M�m���i�B�Q�M �H�Q�b�b�2�b
�i�?���i �r�Q�m�H�/ �`�2�b�m�H�i �7�`�Q�K �+�Q���t�B���H �i�`���M�b�K�B�b�b�B�Q�M�X �J�Q�m�M�i�2�/ �/�B�`�2�+�i�H�v ���#�Q�p�2 �2���+�? ���M�i�2�M�M�� �B�b �i�?�2 �7�`�Q�M�i�@�2�M�/
�H�Q�r�@�M�Q�B�b�2 �A�:�G�l �U�A�M�@�B�+�2 �:���B�M �r�B�i�? �G�Q�r �M�Q�B�b�2 �l�M�B�i�V ���K�T�H�B�}�2�`�- �r�?�B�+�? ���K�T�H�B�}�2�b ���M�/ �+�Q�M�p�2�`�i�b �i�?�2 �`���/�B�Q
�b�B�;�M���H �i�Q ���M ���K�T�H�B�i�m�/�2�@�K�Q�/�m�H���i�2�/ �Q�T�i�B�+���H �b�B�;�M���H�X �h�?�B�b �b�B�;�M���H �B�b �i�?�2�M �i�`���M�b�K�B�i�i�2�/ �p�B�� �}�#�`�2 �i�Q �Q�M�2 �Q�7
�i�?�2 �7�Q�m�` �[�m���/�@�+�?���M�M�2�H �.�_���"�b �U�.�Q�r�M�?�Q�H�2 �_�2�+�2�B�p�2�` ���M�/ ���K�T�H�B�}�2�` �"�Q���`�/�b�V�- �r�?�B�+�? �`�2�+�Q�M�p�2�`�i �B�i �i�Q
���M �2�H�2�+�i�`�B�+���H �b�B�;�M���H ���M�/ ���T�T�H�v ���M ���/�/�B�i�B�Q�M���H ���K�T�H�B�}�+���i�B�Q�M�X �A�M �2�B�i�?�2�` �+���b�2�- �i�?�2 �i�Q�i���H �;���B�M �B�b ���`�Q�m�M�/
� 60 dB�- �Q�` �� �7���+�i�Q�` �R�y�y�y �B�M ���K�T�H�B�i�m�/�2�- �B�M �i�?�2 �R�y�y �i�Q �d�y�y �J�>�x �7�`�2�[�m�2�M�+�v �`���M�;�2 �m�b�2�/ �#�v �_�L�P�@�:�X
�h�?�B�b �B�b �b�m�{�+�B�2�M�i �;���B�M �i�Q ���K�T�H�B�7�v �i�?�2� V�@�b�+���H�2 �B�M�T�m�i �p�Q�H�i���;�2�b �i�Q �� �K�2���b�m�`���#�H�2 �K�o �Q�m�i�T�m�i�X �h�?�2
�;���B�M �B�b �`�2�H���i�B�p�2�H�v �~���i �U�r�B�i�?�B�M� 1� 2 dB�V ���+�`�Q�b�b �i�?�2 �r�?�Q�H�2 �7�`�2�[�m�2�M�+�v �`���M�;�2�- ���M�/ �i�?�2 �2�H�2�+�i�`�Q�M�B�+ �M�Q�B�b�2
�B�M�/�m�+�2�/ �#�v �i�?�2 ���K�T�H�B�}�2�`�b �B�b �b�m�#�/�Q�K�B�M���M�i �i�Q �i�?�2 �2�t�i�2�`�M���H �U�i�?�2�`�K���H�V �M�Q�B�b�2 �K�2���b�m�`�2�/ �#�v �i�?�2 ���M�i�2�M�M���X

�h�?�2 �Q�m�i�T�m�i �p�Q�H�i���;�2 �7�`�Q�K �i�?�2 ���K�T�H�B�}�2�`�b �B�b �T�`�Q�+�2�b�b�2�/ �#�v �i�?�2 �_���.�A���L�h �U�_���/�B�Q �.�A�;�B�i�B�x�2�` ���M�/
���m�t�B�H�B���`�v �L�2�m�i�`�B�M�Q �h�`�B�;�;�2�`�V �#�Q���`�/�X �1���+�? ���M�i�2�M�M�� �B�b �+�Q�M�M�2�+�i�2�/ �i�Q �Q�M�2�+�?���M�M�2�H�Q�7 �i�?�2 �_���.�A���L�h�-
�r�?�B�+�? �?�Q�H�/�b �i�?�2 �p�Q�H�i���;�2 �r���p�2�7�Q�`�K �B�M �� �G���"�9�. �(�R�k�N�) ���a�A�* �U���T�T�H�B�+���i�B�Q�M�@�b�T�2�+�B�}�+ �B�M�i�2�;�`���i�2�/ �+�B�`�+�m�B�i�V
�b�r�B�i�+�?�2�/�@�+���T���+�B�i�Q�` ���`�`���v�X �h�?�2 �G���"�9�. �?���b �� �b���K�T�H�B�M�; �`���i�2 �Q�7 �k�X�9 �:�>�x ���M�/ �� �b�i�Q�`���;�2 ���`�`���v �Q�7 �9�y�N�e
�b���K�T�H�2�b�- ���`�`���M�;�2�/ �B�M �i�r�Q �#�m�z�2�`�b �Q�7 �k�y�9�3 �b���K�T�H�2�b �i�Q �`�2�/�m�+�2 �/�2���/�@�i�B�K�2 �Q�M �`�2���/�Q�m�i�X

�h�?�2 �G���"�9�. �B�b �M�Q�i �/�2�b�B�;�M�2�/ �i�Q �+�Q�M�i�B�M�m�Q�m�b�H�v �/�B�;�B�i�B�x�2 �r���p�2�7�Q�`�K�b�- ���b �i�?�B�b �r�Q�m�H�/ �B�M�+�`�2���b�2 �i�?�2
�T�Q�r�2�` �/�`���r �i�Q �� �H�2�p�2�H �b�B�;�M�B�}�+���M�i�H�v ���#�Q�p�2 �i�?���i �T�`�Q�p�B�/�2�/ �#�v �i�?�2 �_�L�P�@�: �b�v�b�i�2�K�X �A�M�b�i�2���/�- �/���i��
�B�b �/�B�;�B�i�B�x�2�/ ���M�/ �`�2���/ �Q�m�i �Q�M�H�v �Q�M�+�2 �� �ö�i�`�B�;�;�2�`�ö �Q�+�+�m�`�b�X �h�?�2�`�2 ���`�2 �b�2�p�2�`���H �i�`�B�;�;�2�`�b �B�K�T�H�2�K�2�M�i�2�/
�B�M �i�?�2 �_�L�P�@�: �b�v�b�i�2�K�X �"�2�7�Q�`�2 �i�?�2 �G���"�9�.�- �i�?�2 �p�Q�H�i���;�2 �b�B�;�M���H �B�M �2���+�? �+�?���M�M�2�H �B�b �b�T�H�B�i �Q�z �p�B�� ��
�@�j �/�" �+�Q�m�T�H�2�`�R ���M�/ �T���b�b�2�/ �i�Q �� �a�+�?�Q�i�i�F�v �/�B�Q�/�2�- �r�?�B�+�? �7�m�M�+�i�B�Q�M�b �b�B�K�B�H���`�H�v �i�Q �� �T�Q�r�2�`�@�B�M�i�2�;�`���i�B�Q�M
�i�`�B�;�;�2�`�X �h�?�2 �Q�m�i�T�m�i �Q�7 �i�?�2 �/�B�Q�/�2 �B�b �T���b�b�2�/ �i�Q �i�?�2 �_���.�A���L�h �6�S�:���- �r�?�2�`�2 �B�i �B�b �+�Q�K�T���`�2�/ �i�Q ��
�p�Q�H�i���;�2 �i�?�`�2�b�?�Q�H�/ �#�v �� �/�B�b�+�`�B�K�B�M���i�Q�`�X �h�?�2 �/�B�;�B�i���H �Q�m�i�T�m�i �Q�7 �2���+�? �/�B�b�+�`�B�K�B�M���i�Q�` �+���M �#�2 �+�Q�K�#�B�M�2�/ ���M�/
�b�m�#�D�2�+�i�2�/ �i�Q �/�2�H���v�b �i�Q �B�K�T�Q�b�2 ���`�#�B�i�`���`�v �+�Q�B�M�+�B�/�2�M�+�2 �+�Q�M�/�B�i�B�Q�M�b �Q�M �i�?�2 �}�M���H �i�`�B�;�;�2�` �/�2�+�B�b�B�Q�M�X �h�?�B�b
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�m�b�2�/ �7�Q�` �J�Q�M�i�2�@�*���`�H�Q �b�B�K�m�H���i�B�Q�M�b �Q�7 �i�?�2 �`���/�B�Q �2�K�B�b�b�B�Q�M ���M�/ �b�m�#�b�2�[�m�2�M�i �/�2�i�2�+�i�B�Q�M �Q�7 �m�H�i�`���@�?�B�;�?
�2�M�2�`�;�v �T���`�i�B�+�H�2 �+���b�+���/�2�b �B�M �B�+�2�- ���b �r�2�H�H ���b �i�?�2�L�m�_���/�B�Q�_�2�+�Q�b�m�#�T���+�F���;�2�- �r�?�B�+�? �+�Q�M�i���B�M�b �;�2�M�2�`���H
���M���H�v�b�B�b �i�Q�Q�H�b �7�Q�` �#�Q�i�? �`�2���H ���M�/ �b�B�K�m�H���i�2�/ �/���i���X �h�?�B�b �+�?���T�i�2�` �r�B�H�H �T�`�Q�p�B�/�2 �� �#�`�B�2�7 �Q�p�2�`�p�B�2�r �Q�7 �i�?�2
�7�2���i�m�`�2�b ���p���B�H���#�H�2 �B�M �L�m�_���/�B�Q�J�*�- ���b �r�2�H�H ���b �T�`�Q�p�B�/�B�M�; ���M �Q�m�i�H�Q�Q�F �7�Q�` �b�Q�K�2 �7�2���i�m�`�2�b �+�m�`�`�2�M�i�H�v �B�M
�/�2�p�2�H�Q�T�K�2�M�i�X �h�?�2 �K���B�M �T���`�i�- �b�2�+�i�B�Q�M �9�X�R�- �B�b �/�2�/�B�+���i�2�/ �i�Q ���M �Q�p�2�`�p�B�2�r �Q�7 �i�?�2 �b�B�K�m�H���i�B�Q�M �T�`�Q�+�2�b�b �B�M
�L�m�_���/�B�Q�J�*�X �A�M �b�2�+�i�B�Q�M �9�X�k�- �r�2 �#�`�B�2�~�v �/�2�b�+�`�B�#�2 �i�?�2 �/���i�� �b�i�`�m�+�i�m�`�2 �/�2�}�M�2�/ �#�v �L�m�_���/�B�Q�_�2�+�Q �i�?���i
���H�H�Q�r�b �7�Q�` �i�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 ���`�#�B�i�`���`�v ���M���H�v�b�2�b�- ���M�/ �H�B�b�i �b�Q�K�2 �Q�7 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���H�;�Q�`�B�i�?�K�b
�B�i �T�`�Q�p�B�/�2�b�X �6�B�M���H�H�v�- �b�2�+�i�B�Q�M �9�X�j �;�B�p�2�b ���M �Q�m�i�H�B�M�2 �Q�7 �i�?�2 �+�Q�M�i�B�M�m�Q�m�b �B�M�i�2�;�`���i�B�Q�M �U�*�A�V �i�2�b�i�b ���M�/
���m�i�Q�K���i�B�+ �/�Q�+�m�K�2�M�i���i�B�Q�M �/�2�T�H�Q�v�K�2�M�i �B�M �T�H���+�2 �i�Q �;�m���`���M�i�2�2 �i�?�2 �+�Q�M�i�B�M�m�2�/ ���+�+�m�`���+�v ���M�/ �m�b���#�B�H�B�i�v
�Q�7 �L�m�_���/�B�Q�J�*�X

�R�;�B�i�?�m�#�X�+�Q�K�f�M�m�@�`���/�B�Q�f�L�m�_���/�B�Q�J�*
�k�M�m�@�`���/�B�Q�X�;�B�i�?�m�#�X�B�Q�f�L�m�_���/�B�Q�J�*�f�K���B�M

�j�j



�j�9 �*�>���S�h�1�_ �9�X �L�l�_���.�A�P�J�*

Neutrino Particle shower Signal path Antenna

�6�B�;�m�`�2 �9�X�R�, �� �b�F�2�i�+�? �Q�7 �i�?�2 �b�B�K�m�H���i�B�Q�M �T�`�Q�+�2�b�b �B�M �L�m�_���/�B�Q�J�*�, �R�X �:�2�M�2�`���i�B�M�; �i�?�2 �l�>�1 �T���`�i�B�+�H�2
�b�?�Q�r�2�` �U�2�X�;�X �M�2�m�i�`�B�M�Q�V �U�`�2�/�V�c �k�X �S�`�Q�T���;���i�B�M�; �i�?�2 �b�B�;�M���H�b �i�?�`�Q�m�;�? �i�?�2 �B�+�2 �U�#�H�m�2�- �/���b�?�2�/�V�c �j�X �a�B�K�m�H���i�B�M�;
�i�?�2 ���b�F���`�v���M �`���/�B�Q �2�K�B�b�b�B�Q�M �7�`�Q�K �i�?�2 �B�M�@�B�+�2 �b�?�Q�r�2�` �U�v�2�H�H�Q�r�V�c �9�X �A�M�+�Q�`�T�Q�`���i�B�M�; �i�?�2 �?���`�/�r���`�2 �`�2�b�T�Q�M�b�2
�U���M�i�2�M�M���- ���K�T�H�B�}�2�`�- �X�X�X�V �Q�7 �i�?�2 �/�2�i�2�+�i�Q�` �U�#�H���+�F�- �Q�`���M�;�2�V�X

�9�X�R �L�m�_���/�B�Q�J�*�, �J�Q�M�i�2�@�*���`�H�Q �b�B�K�m�H���i�B�Q�M

�h�?�2 �b�B�K�m�H���i�B�Q�M �Q�7 �l�>�1 �`���/�B�Q �2�K�B�b�b�B�Q�M �7�`�Q�K �T���`�i�B�+�H�2 �i�Q �/�2�i�2�+�i�Q�` �B�b �b�T�H�B�i �m�T �B�M�i�Q �b�2�p�2�`���H �b�i���;�2�b�- �2���+�?
�B�M�+�Q�`�T�Q�`���i�2�/ �B�M ���M �B�M�/�2�T�2�M�/�2�M�i �K�Q�/�m�H�2�,

�R�X �2�p�2�M�i �;�2�M�2�`���i�B�Q�M�c

�k�X �B�M�@�B�+�2 �b�B�;�M���H �T�`�Q�T���;���i�B�Q�M�c

�j�X �`���/�B�Q �b�B�;�M���H �;�2�M�2�`���i�B�Q�M�c

�9�X �/�2�i�2�+�i�Q�` �`�2�b�T�Q�M�b�2�X

�6�B�;�m�`�2 �9�X�R �b�?�Q�r�b �� �b�F�2�i�+�? �Q�7 �i�?�2 �b�B�K�m�H���i�B�Q�M �T�`�Q�+�2�b�b�X �h�?�2 �K�Q�/�m�H���` ���T�T�`�Q���+�? �T�`�Q�p�B�/�2�b �i�?�2 �m�b�2�` �r�B�i�?
�i�?�2 �~�2�t�B�#�B�H�B�i�v �i�Q �m�b�2 �Q�` �K�Q�/�B�7�v �Q�M�H�v �� �b�T�2�+�B�}�+ �T���`�i �Q�7 �i�?�2 �b�B�K�m�H���i�B�Q�M�c �Q�M�2 �+���M �7�Q�` �2�t���K�T�H�2 �b�B�K�m�H���i�2
�i�?�2 �2�H�2�+�i�`�B�+ �}�2�H�/�b �Q�7 ���M �B�M�@���B�` �+�Q�b�K�B�+ �`���v �b�?�Q�r�2�` �m�b�B�M�; �*�Q�_�1���a �(�R�y�k�)�- ���M�/ �m�b�2 �i�?�2�b�2 ���b ���M �B�M�T�m�i �B�M
�i�?�2 �/�2�i�2�+�i�Q�` �b�B�K�m�H���i�B�Q�M �B�M �L�m�_���/�B�Q�J�*�X �� �#�`�B�2�7 �b�m�K�K���`�v �Q�7 �2���+�? �b�i���;�2 �Q�7 �i�?�2 �b�B�K�m�H���i�B�Q�M �B�b �;�B�p�2�M
�B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�2�+�i�B�Q�M�b�X

�9�X�R�X�R �1�p�2�M�i �;�2�M�2�`���i�B�Q�M

�h�?�2 �}�`�b�i �b�i�2�T �Q�7 �i�?�2 �b�B�K�m�H���i�B�Q�M �B�b �i�?�2 �;�2�M�2�`���i�B�Q�M �Q�7 �i�?�2 �l�>�1 �T���`�i�B�+�H�2 �b�?�Q�r�2�`�b�X �P�M�2 �+���M �b�T�2�+�B�7�v ��
�+�v�H�B�M�/�`�B�+���H �Q�` �#�Q�t�@�b�?���T�2�/ �p�Q�H�m�K�2 ���`�Q�m�M�/ �i�?�2 �/�2�i�2�+�i�Q�`�- �r�B�i�?�B�M �r�?�B�+�? �i�?�2 �B�M�i�2�`���+�i�B�Q�M �p�2�`�i�B�+�2�b �r�B�H�H
�#�2 �`���M�/�Q�K�H�v �;�2�M�2�`���i�2�/�X �h�?�2 �x�2�M�B�i�? ���M�/ ���x�B�K�m�i�? �/�B�b�i�`�B�#�m�i�B�Q�M �+���M �Q�T�i�B�Q�M���H�H�v �#�2 �`�2�b�i�`�B�+�i�2�/ �#�v �i�?�2
�m�b�2�`�- ���M�/ ���`�2 �Q�i�?�2�`�r�B�b�2 ���b�b�m�K�2�/ �i�Q �#�2 �B�b�Q�i�`�Q�T�B�+�X �h�?�2 �2�M�2�`�;�v �b�T�2�+�i�`�m�K �+���M �#�2 �+�?�Q�b�2�M �7�`�Q�K �� �b�2�i
�Q�7 �b�2�p�2�`���H �B�K�T�H�2�K�2�M�i�2�/ �~�m�t �K�Q�/�2�H�b�X ���H�i�2�`�M���i�B�p�2�H�v�- �i�Q �;�2�M�2�`���i�2 �� �+�m�b�i�Q�K �~�m�t�- �Q�M�2 �+���M �b�B�K�m�H���i�2
�b�2�p�2�`���H �H�Q�;�@�m�M�B�7�Q�`�K �2�M�2�`�;�v �#�B�M�b ���M�/ ���T�T�H�v �b�Q�K�2 �`�2�r�2�B�;�?�i�B�M�;�X

�6�Q�` �M�2�m�i�`�B�M�Q�b�- �i�?�2 �+�?�Q�b�2�M �2�M�2�`�;�v �b�T�2�+�i�`�m�K �`�2�7�2�`�b �i�Q �i�?�2 �M�2�m�i�`�B�M�Q �2�M�2�`�;�B�2�bE � �X �>�Q�r�2�p�2�`�- �B�i �B�b
�i�?�2 �2�M�2�`�;�v �/�2�T�Q�b�B�i�2�/ �B�M �i�?�2 �T���`�i�B�+�H�2 �b�?�Q�r�2�` �i�?���i �B�b �`�2�H�2�p���M�i �7�Q�` �i�?�2 �`���/�B�Q �2�K�B�b�b�B�Q�M�X �h�?�2 �2�M�2�`�;�v
�/�2�T�Q�b�B�i�2�/ �B�M �i�?�2 �?���/�`�Q�M�B�+ �T���`�i�B�+�H�2 �b�?�Q�r�2�` �B�b �`�2�H���i�2�/ �i�Q �i�?�2 �M�2�m�i�`�B�M�Q �2�M�2�`�;�v �i�?�`�Q�m�;�? �i�?�2 �B�M�2�H���b�i�B�+�B�i�v



�9�X�R�X �L�l�_���.�A�P�J�*�, �J�P�L�h�1�@�*���_�G�P �a�A�J�l�G���h�A�P�L �j�8

y�, E Had
sh = yE � �X �6�Q�` �+�?���`�;�2�/�@�+�m�`�`�2�M�i �B�M�i�2�`���+�i�B�Q�M�b �Q�`�B�;�B�M���i�B�M�; �7�`�Q�K �2�H�2�+�i�`�Q�M �U���M�i�B�@�V�M�2�m�i�`�B�M�Q�b�- �i�?�2

�Q�m�i�;�Q�B�M�; �U���M�i�B�@�V�2�H�2�+�i�`�Q�M �;�B�p�2�b �`�B�b�2 �i�Q ���M ���/�/�B�i�B�Q�M���H �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�?�Q�r�2�` �r�B�i�?E EM
sh = (1 � y)E � �X

�h�?�m�b�- �B�M �Q�`�/�2�` �i�Q �Q�#�i���B�M �i�?�2 �b�?�Q�r�2�` �2�M�2�`�;�B�2�b ���M�/ �i�v�T�2�b�- �B�M ���/�/�B�i�B�Q�M �i�Q �i�?�2 �M�2�m�i�`�B�M�Q �~�m�t �Q�M�2 �M�2�2�/�b
�i�?�2 �/�B�z�2�`�2�M�i�B���H �+�`�Q�b�b �b�2�+�i�B�Q�M�bd� NC =dy; d� CC =dy�X ���i �i�?�2 �i�B�K�2 �Q�7 �r�`�B�i�B�M�;�- ���M�/ �m�b�2�/ �7�Q�` �K�Q�b�i �Q�7 �i�?�2
�b�B�K�m�H���i�B�Q�M�b �B�M �i�?�B�b �i�?�2�b�B�b�- �i�?�2 �/�2�7���m�H�i �B�K�T�H�2�K�2�M�i���i�B�Q�M �B�M �L�m�_���/�B�Q�J�* ���b�b�m�K�2�b �� �`���i�B�Q �Q�7 �L�*�,�*�*
�B�M�i�2�`���+�i�B�Q�M�b �i�?���i �B�b �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 �M�2�m�i�`�B�M�Q �~���p�Q�` ���M�/ �2�M�2�`�;�v�- ���M�/ �b�B�K�B�H���`�H�v �7�Q�` �i�?�2 �B�M�2�H���b�i�B�+�B�i�v
�/�B�b�i�`�B�#�m�i�B�Q�M�X �h�?�2�b�2 �r�2�`�2 �T�Q�`�i�2�/ �7�`�Q�K �i�?�2�a�?�2�H�7�J�*�+�Q�/�2 �/�2�p�2�H�Q�T�2�/ �B�M �(�R�9�9�) ���M�/ ���`�2 �#���b�2�/ �Q�M �i�?�2
�ö�+�i�r�ö �T���`���K�2�i�2�`�B�x���i�B�Q�M �B�M �(�R�9�8�)�X ���M �B�K�T�H�2�K�2�M�i���i�B�Q�M �(�R�9�e�) �r�?�B�+�? �/�Q�2�b �i���F�2 �i�?�2 �/�2�T�2�M�/�2�M�+�2 �Q�M
�M�2�m�i�`�B�M�Q �2�M�2�`�;�v�- �~���p�Q�`�- ���M�/ �B�M�i�2�`���+�i�B�Q�M �i�v�T�2 �B�M�i�Q ���+�+�Q�m�M�i �B�b �2�t�T�2�+�i�2�/ �i�Q �#�2 �B�M�+�H�m�/�2�/ �B�M �� �7�m�i�m�`�2
�m�T�/���i�2�X

�q�?�B�H�2 �i�?�2� ���M�/� �T�`�Q�/�m�+�2�/ �B�M� � ���M�/� � �*�* �B�M�i�2�`���+�i�B�Q�M�b ���`�2 �M�Q�i �/�2�i�2�+�i���#�H�2 �#�v �`���/�B�Q �2�K�B�b�b�B�Q�M�b
�#�v �i�?�2�K�b�2�H�p�2�b�- �i�?�2�v �+���M �T�`�Q�/�m�+�2 ���/�/�B�i�B�Q�M���H �b�?�Q�r�2�`�b �i�?�`�Q�m�;�? �b�i�Q�+�?���b�i�B�+ �2�M�2�`�;�v �H�Q�b�b�2�b �U���M�/�- �B�M �i�?�2
�+���b�2 �Q�7� �- �/�2�+���v�V �i�?���i ���`�2�X �h�?�B�b �+���M �#�2 �i���F�2�M �B�M�i�Q ���+�+�Q�m�M�i �#�v �m�b�B�M�;�S�_�P�S�P�a���G�(�R�9�d���R�9�N�)�- �� �J�Q�M�i�2�@
�*���`�H�Q �+�Q�/�2 �i�?���i �b�B�K�m�H���i�2�b �i�?�2 �T�`�Q�T���;���i�B�Q�M ���M�/ �b�i�Q�+�?���b�i�B�+ �2�M�2�`�;�v �H�Q�b�b�2�b �Q�7 �+�?���`�;�2�/ �H�2�T�i�Q�M�b�X �A�M �i�?�B�b
�+���b�2�- �i�?�2 �B�M�B�i�B���H �M�2�m�i�`�B�M�Q �B�M�i�2�`���+�i�B�Q�M ���`�2 �;�2�M�2�`���i�2�/ �B�M �� �K�m�+�? �H���`�;�2�` �p�Q�H�m�K�2�- �#�m�i �Q�M�H�v �i�?�2 �T���`�i�B�+�H�2
�b�?�Q�r�2�`�b �T�`�Q�/�m�+�2�/ �r�B�i�?�B�M �i�?�2 �}�/�m�+�B���H �p�Q�H�m�K�2 ���`�2 �B�M�+�H�m�/�2�/ �B�M �i�?�2 �b�m�#�b�2�[�m�2�M�i �b�B�K�m�H���i�B�Q�M �b�i�2�T�b�X

�P�M�2 �7�m�`�i�?�2�` ���b�T�2�+�i �i�?���i �M�2�2�/�b �i�Q �#�2 �i���F�2�M �B�M�i�Q ���+�+�Q�m�M�i �B�b �i�?�2 �M�2�m�i�`�B�M�Q �B�M�i�2�`���+�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v
Pint �- �/�2�}�M�2�/ �#�v�,
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�h�?�B�b �+���M �#�2 �m�M�/�2�`�b�i�Q�Q�/ �B�M�i�m�B�i�B�p�2�H�v �#�v �+�Q�M�b�B�/�2�`�B�M�; �r�?���i �?���T�T�2�M�b �i�Q �� �b�B�;�M���H �i�`���p�2�H�H�B�M�; �Q�m�i�r���`�/



�9�X�R�X �L�l�_���.�A�P�J�*�, �J�P�L�h�1�@�*���_�G�P �a�A�J�l�G���h�A�P�L �j�d

�7�`�Q�K �� �b�Q�m�`�+�2 ���b �r�2 �+�?���M�;�2 �i�?�2 �H���m�M�+�? ���M�;�H�2� �X ���M���H�Q�;�Q�m�b �i�Q �H���m�M�+�?�B�M�; �� �T�`�Q�D�2�+�i�B�H�2 �b�m�#�D�2�+�i �i�Q
�;�`���p�B�i�v�- �B�7 �r�2 �b�i���`�i �Q�7 ���i� = � �- �B�X�2�X �/�Q�r�M�r���`�/�@�T�Q�B�M�i�B�M�;�- ���M�/ �;�`���/�m���H�H�v �`�2�/�m�+�2 �i�?�2 ���M�;�H�2�- �i�?�2 �`���v
�i�`���D�2�+�i�Q�`�v �r�B�H�H �B�M�B�i�B���H�H�v �m�M�/�2�`�b�?�Q�Q�i �i�?�2 �`�2�+�2�B�p�2�`�- �i�?�2�M �Q�p�2�`�b�?�Q�Q�i�- ���M�/ �i�?�2�M�- �/�m�2 �i�Q �`�2�7�`���+�i�B�Q�M �Q�`
�U�T���`�i�B���H�V �`�2�~�2�+�i�B�Q�M �Q�z �i�?�2 �B�+�2�@���B�` �B�M�i�2�`�7���+�2�- �m�M�/�2�`�b�?�Q�Q�i ���;���B�M�X �h�?�B�b �B�K�T�H�B�2�b �i�?���i�- �B�M �i�?�2 ���#�b�2�M�+�2
�Q�7 ���/�/�B�i�B�Q�M���H �`�2�~�2�+�i�B�Q�M�b �Q�z �/�B�b�+�Q�M�i�B�M�m�B�i�B�2�b �B�M �i�?�2 �`�2�7�`���+�i�B�p�2 �B�M�/�2�t �r�B�i�?�B�M �i�?�2 �B�+�2�- �i�?�2�`�2 ���`�2 ���H�r���v�b
�2�t���+�i�H�v �i�r�Q �Q�` �M�Q �b�Q�H�m�i�B�Q�M�b �i�Q �i�?�2 �`���v �i�`���+�B�M�; �T�`�Q�#�H�2�K�j �X

�A�M �i�?�2 �Q�`�B�;�B�M���H �L�m�_���/�B�Q�J�* �T���T�2�` �(�R�9�j�)�- �i�?�2 �`���v �i�`���+�B�M�; �b�Q�H�m�i�B�Q�M�b �r�2�`�2 �+���i�2�;�Q�`�B�x�2�/ ���b �ö�/�B�`�2�+�i�ö
�U�K�Q�M�Q�i�Q�M�B�+ �B�Mz�V�- �ö�`�2�7�`���+�i�2�/�ö �U�b�K�Q�Q�i�? �i�`���D�2�+�i�Q�`�v �r�B�i�? ���M �B�M�p�2�`�b�B�Q�M �B�M �i�?�2z�@�/�B�`�2�+�i�B�Q�M�V�- ���M�/ �ö�`�2�~�2�+�i�2�/�ö
�U�B�M�p�2�`�b�B�Q�M �B�Mz ���i �i�?�2 �B�+�2�@���B�` �B�M�i�2�`�7���+�2�V�X �q�?�B�H�2 �i�?�2�b�2 �/�2�}�M�B�i�B�Q�M�b �K���F�2 �b�2�M�b�2 �7�`�Q�K ���M �B�K�T�H�2�K�2�M�i���@
�i�B�Q�M �T�2�`�b�T�2�+�i�B�p�2�- ���b �2���+�? �`�2�[�m�B�`�2�b �� �b�H�B�;�?�i�H�v �/�B�z�2�`�2�M�i �i�`�2���i�K�2�M�i �B�M �i�?�2 �b�B�K�m�H���i�B�Q�M �+�Q�/�2�- �i�?�2�v ���`�2
�M�Q�i �2�M�i�B�`�2�H�v �m�M���K�#�B�;�m�Q�m�b �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �B�/�2�M�i�B�}�+���i�B�Q�M �Q�7 �i�?�2 �`���v �i�v�T�2 �b�Q�H�m�i�B�Q�M�X �6�Q�` �� �}�t�2�/
�b�Q�m�`�+�2�@�`�2�+�2�B�p�2�` �;�2�Q�K�2�i�`�v�- �i�?�2�`�2 ���`�2 ���H�r���v�b �i�r�Q �U�M�Q�i �i�?�`�2�2�V �b�Q�H�m�i�B�Q�M�b�- ���M�/ �B�M �7���+�i �B�i �B�b �T�Q�b�b�B�#�H�2 �7�Q�`
�#�Q�i�? �b�Q�H�m�i�B�Q�M�b �i�Q �#�2 �Q�7 �i�?�2 �b���K�2 �ö�i�v�T�2�ö�- ���b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �9�X�j �U�H�2�7�i�V�X ���b �B�i �B�b �i�?�2 �m�M���K�#�B�;�m�Q�m�b
�B�/�2�M�i�B�}�+���i�B�Q�M �Q�7 �i�?�2 �`���v �i�`���+�B�M�; �b�Q�H�m�i�B�Q�M �r�?�B�+�? �B�b �m�b�m���H�H�v �K�Q�`�2 �`�2�H�2�p���M�i �B�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�- �L�m�_���@
�/�B�Q�J�* �U�b�B�M�+�2 �p�2�`�b�B�Q�M �k�X�k�X�y�V �+�Q�M�b�B�b�i�2�M�i�H�v �b�Q�`�i�b �i�?�2 �`���v �i�`���+�B�M�; �b�Q�H�m�i�B�Q�M�b �B�M �/�2�+�`�2���b�B�M�; �Q�`�/�2�` �Q�7 �i�?�2
�H���m�M�+�? ���M�;�H�2� �U�B�X�2�X �H�Q�r�2�` �`���v�b �}�`�b�i�V�- ���M�/ �B�M �i�?�B�b �i�2�t�i �r�2 �r�B�H�H �m�b�2 �ö�`���v �i�v�T�2�ö �i�Q �/�B�b�i�B�M�;�m�B�b�? �i�?�2 �}�`�b�i
�7�`�Q�K �i�?�2 �b�2�+�Q�M�/ �`���v �i�`���+�B�M�; �b�Q�H�m�i�B�Q�M�- ���M�/ �`�2�7�2�` �i�Q �i�?�2�K ���b �ö�.�ö ���M�/ �ö�_�ö�- �`�2�b�T�2�+�i�B�p�2�H�v�X

�� �b�2�+�Q�M�/ �+�Q�M�b�2�[�m�2�M�+�2 �Q�7 �i�?�2 �/�Q�r�M�r���`�/�b�@�+�m�`�p���i�m�`�2 �Q�7 �i�?�2 �`���v �i�`���D�2�+�i�Q�`�B�2�b �B�b �i�?�2 �2�t�B�b�i�2�M�+�2 �Q�7 ��
�`�2�;�B�Q�M �7�`�Q�K �r�?�B�+�? �M�Q �b�B�;�M���H�b �+���M �`�2���+�? �i�?�2 �`�2�+�2�B�p�2�`�- �r�?�B�+�? �B�b �m�b�m���H�H�v �`�2�7�2�`�`�2�/ �i�Q ���b �i�?�2 �ö�b�?���/�Q�r
�x�Q�M�2�ö �(�R�8�R�)�X �h�?�2 �2�t�i�2�M�i �Q�7 �i�?�B�b �`�2�;�B�Q�M �/�2�T�2�M�/�b �Q�M �i�?�2 �/�2�T�i�? �Q�7 �i�?�2 �`�2�+�2�B�p�2�`�- ���M�/ �i�?�m�b �� �/�2�2�T�2�`
���M�i�2�M�M�� �B�b ���#�H�2 �i�Q �ö�p�B�2�r�ö �� �H���`�;�2�` �T���`�i �Q�7 �i�?�2 �B�+�2�X �h�?�B�b �B�b �B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�m�`�2�b �9�X�R ���M�/ �9�X�j�X

�6�B�M���H�H�v�- �i�?�2 �p���`�v�B�M�; �B�M�/�2�t �Q�7 �`�2�7�`���+�i�B�Q�M �H�2���/�b �i�Q �� �K�Q�/�B�}�+���i�B�Q�M �Q�7 �i�?�2 �m�b�m���H �B�M�p�2�`�b�2�@�b�[�m���`�2
�`�2�H���i�B�Q�M�b�?�B�T �Q�7 �i�?�2 �b�B�;�M���H ���K�T�H�B�i�m�/�2 �r�B�i�? �/�B�b�i���M�+�2�X �h�?�B�b �B�b �/�m�2 �i�Q �i�?�`�2�2 �7���+�i�Q�`�b�, �i�?�2 �`�2�~�2�+�i���M�+�2 �Q�z
�/�B�b�+�Q�M�i�B�M�m�B�i�B�2�b �B�M �i�?�2 �`�2�7�`���+�i�B�p�2 �B�M�/�2�t�- �i�?�2 �+�?���M�;�2 �B�M �i�?�2 �r���p�2 �B�K�T�2�/���M�+�2Z �- ���M�/ �i�?�2 �+�Q�M�p�2�`�;�2�M�+�2
�U�/�B�p�2�`�;�2�M�+�2�V �Q�` �ö�7�Q�+�m�b�b�B�M�;�ö �Q�7 �`���v �i�`���D�2�+�i�Q�`�B�2�b�X �6�Q�` �� �T�H���M�2�@�r���p�2 �b�B�;�M���H�- ���H�H �i�?�2�b�2 �2�z�2�+�i�b �+���M �#�2
�/�2�b�+�`�B�#�2�/ �#�v �i�?�2 �6�`�2�b�M�2�H �+�Q�2�{�+�B�2�M�i�b�X �>�Q�r�2�p�2�`�- �7�Q�` �� �T�Q�B�M�i �b�Q�m�`�+�2�- �i�?�2 �;�2�Q�K�2�i�`�B�+ �7�Q�+�m�b�b�B�M�; �7���+�i�Q�` �B�b
�b�H�B�;�?�i�H�v �/�B�z�2�`�2�M�i�X �h�?�2 �/�2�`�B�p���i�B�Q�M �Q�7 �i�?�2 �;�2�Q�K�2�i�`�B�+ �7�Q�+�m�b�b�B�M�; �7���+�i�Q�` �7�Q�` �� �T�Q�B�M�i �b�Q�m�`�+�2 �B�M �� �K�2�/�B�m�K
�r�?�Q�b�2 �`�2�7�`���+�i�B�p�2 �B�M�/�2�tn �Q�M�H�v �/�2�T�2�M�/�b �Q�M �i�?�2 �/�2�T�i�?z �+���M �#�2 �7�Q�m�M�/ �B�M ���T�T�2�M�/�B�t ���X �>�2�`�2�- �r�2 �b�B�K�T�H�v
�b�i���i�2 �i�?�2 �`�2�b�m�H�i�,
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C ds �B�b �i�?�2 �T���i�? �H�2�M�;�i�? �Q�7 �i�?�2 �`���v�- �i�?�2 �b�m�#�b�+�`�B�T�i�bs ���M�/r �`�2�7�2�` �i�Q �b�Q�m�`�+�2 ���M�/ �`�2�+�2�B�p�2�`�-
�`�2�b�T�2�+�i�B�p�2�H�v�- ���M�/ �i�?�2 ���M�;�H�2� �B�b �K�2���b�m�`�2�/ �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �b�m�`�7���+�2 �M�Q�`�K���H �U�B�X�2�X �i�?�2 �7���+�i�Q�`�bcos� s;r

���`�2 �m�M�b�B�;�M�2�/�V�X ���b �B�M �(�R�9�j�)�- �r�2 �?���p�2 �B�M�+�H�m�/�2�/ �i�?�2 �B�K�T�2�/���M�+�2 �7���+�i�Q�`ns=nr �B�M �Q�m�` �/�2�}�M�B�i�B�Q�M �Q�7 �i�?�2
�ö�7�Q�+�m�b�b�B�M�; �7���+�i�Q�`�öf �- �B�X�2�X �2�[�m���i�B�Q�M �9�X�9 �/�2�b�+�`�B�#�2�b �i�?�2 �`���i�B�Q �Q�7 �i�?�2 �2�H�2�+�i�`�B�+ �}�2�H�/���K�T�H�B�i�m�/�2�i�Q �i�?���i
�Q�7 �� �b�B�;�M���H �T�`�Q�T���;���i�B�M�; �B�M �� �m�M�B�7�Q�`�K �K�2�/�B�m�K�X �h�?�2�T�Q�r�2�`�7�Q�+�m�b�b�B�M�; �7���+�i�Q�` �B�b �/�2�b�+�`�B�#�2�/ �#�v �i�?�2
�;�2�Q�K�2�i�`�B�+ �7�Q�+�m�b�b�B�M�; �7���+�i�Q�`�- �r�?�B�+�? �B�b �;�B�p�2�M �#�v �/�B�p�B�/�B�M�; �Q�m�i �i�?�2 �}�`�b�i �i�2�`�K �B�M �2�[�m���i�B�Q�M �9�X�9�X �L�Q�i�2 �i�?���i�-
�T�`�B�Q�` �i�Q �p�2�`�b�B�Q�M �k�X�j�X�y�- �i�?�2 �b�2�+�Q�M�/ �B�M�i�2�;�`���H�- �r�?�B�+�? �/�2�b�+�`�B�#�2�b �i�?�2 �7�Q�+�m�b�b�B�M�; �B�M �i�?�2� �/�B�`�2�+�i�B�Q�M�- �r���b
�M�Q�i �B�M�+�H�m�/�2�/ �B�M �L�m�_���/�B�Q�J�*�c �B�i�b �2�z�2�+�i �B�b �?�Q�r�2�p�2�` �b�K���H�H �U< 1%�V �7�Q�` �K�Q�b�i �M�2�m�i�`�B�M�Q �;�2�Q�K�2�i�`�B�2�b�- �7�Q�`
�r�?�B�+�?n � ns = nice �7�Q�` �K�Q�b�i �Q�7 �B�i�b �i�`���D�2�+�i�Q�`�v�X

�q�2 �+�Q�K�K�2�M�i �Q�M �b�Q�K�2 �Q�7 �i�?�2 �[�m���H�B�i���i�B�p�2 �7�2���i�m�`�2�b �Q�7 �2�[�m���i�B�Q�M �9�X�9 �?�2�`�2�X �6�B�`�b�i�- �M�Q�i�2 �i�?���i �i�?�B�b
�B�M�i�2�;�`���H �B�b �Q�M�H�v �p���H�B�/ �7�Q�` �M�Q�M�@�?�Q�`�B�x�Q�M�i���H �i�`���D�2�+�i�Q�`�B�2�b�- �B�X�2�Xcos� 6= 0 �X ���b �`�2�7�`���+�i�2�/ �`���v�b �T���b�b �i�?�`�Q�m�;�?
�� �`�2�;�B�Q�M �r�?�2�`�2 �i�?�B�b �B�b �M�Q�i �i�`�m�2�- �B�M �T�`���+�i�B�+�2 �� �M�m�K�2�`�B�+���H �T�`�Q�+�2�/�m�`�2 �B�b �m�b�2�/ �i�Q �+�Q�K�T�m�i�2 �i�?�2 �7�Q�+�m�b�b�B�M�;
�+�Q�`�`�2�+�i�B�Q�M�- �r�?�B�+�? �B�b �Q�m�i�H�B�M�2�/ �B�M �i�?�2 ���T�T�2�M�/�B�t ���X �6�Q�` �/�B�`�2�+�i ���M�/ �`�2�~�2�+�i�2�/ �`���v�b�- �m�M�H�B�F�2 �i�?�2 �+���b�2 �Q�7 ��
�T�H���M�2 �r���p�2 �b�B�;�M���H�- �2�[�m���i�B�Q�M �9�X�9 �B�K�T�H�B�2�b �i�?���i �i�?�2 �7�Q�+�m�b�b�B�M�; �7���+�i�Q�` �B�b �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 �/�B�`�2�+�i�B�Q�M �Q�7

�j ���M�Q�i�?�2�` ���K�m�b�B�M�;�- �i�?�Q�m�;�? �7�m�`�i�?�2�` �B�`�`�2�H�2�p���M�i �i�Q �m�b�- �Q�#�b�2�`�p���i�B�Q�M �B�b �i�?���i�- �B�M �i�2�`�K�b �Q�7 �;�2�Q�K�2�i�`�B�+ �Q�T�i�B�+�b�- �i�?�2 �B�K���;�2
�+�`�2���i�2�/ �#�v �i�?�2 �b�2�+�Q�M�/ �U�m�T�T�2�`�V �`���v �i�`���+�B�M�; �b�Q�H�m�i�B�Q�M �r�Q�m�H�/ ���T�T�2���` �B�M�p�2�`�i�2�/ �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �Q�`�B�;�B�M���H �b�Q�m�`�+�2�X
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geom:

�6�B�;�m�`�2 �9�X�j�, �A�H�H�m�b�i�`���i�B�Q�M �Q�7 �b�Q�K�2 �Q�7 �i�?�2 �2�z�2�+�i�b �Q�7 �i�?�2 �M�Q�M�@�H�B�M�2���` �b�B�;�M���H �T�`�Q�T���;���i�B�Q�M �B�M �B�+�2�- ���b ��
�7�m�M�+�i�B�Q�M �Q�7 �b�Q�m�`�+�2 �T�Q�b�B�i�B�Q�M�- �7�Q�` �#�Q�i�? �� �/�2�2�T �`�2�+�2�B�p�2�` ���i(0; � 100) �K �U�i�Q�T �`�Q�r�V ���M�/ �� �b�?���H�H�Q�r �Q�M�2 ���i
(0; � 3) �K �U�#�Q�i�i�Q�K �`�Q�r�V�X �h�?�2 �B�+�2 �K�Q�/�2�H �m�b�2�/ �B�b �i�?�2�;�`�2�2�M�H���M�/�n�b�B�K�T�H�2�K�Q�/�2�H �B�M �L�m�_���/�B�Q�J�*�X �G�2�7�i�,
�i�?�2 �/�B�z�2�`�2�M�i �ö�`���v �i�v�T�2�b�ö �U�b�2�2 �i�2�t�i�V �7�Q�` �2���+�? �b�Q�m�`�+�2 �T�Q�b�B�i�B�Q�M�X �h�?�2 �H���#�2�H�b �R�- �k ���M�/ �j �`�2�7�2�` �i�Q �/�B�`�2�+�i�-
�`�2�7�`���+�i�2�/ ���M�/ �`�2�~�2�+�i�2�/ �i�`���D�2�+�i�Q�`�B�2�b�- �`�2�b�T�2�+�i�B�p�2�H�v�X �*�2�M�i�`�2�, �i�?�2 �i�`���p�2�H �i�B�K�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2
�i�r�Q �`���v �i�`���+�B�M�; �b�Q�H�m�i�B�Q�M�b�X ���/�/�B�i�B�Q�M���H�H�v �B�M�/�B�+���i�2�/ ���`�2 �i�?�2 �p���H�m�2�b �9�y �M�b �U� �i�?�2 �/�B�b�T�2�`�b�B�Q�M �B�M�i�`�Q�/�m�+�2�/
�#�v �i�?�2 ���M�i�2�M�M���Y�b�B�;�M���H �+�?���B�M�V�- �9�y�y �M�b �U� �?���H�7 �i�?�2 �H�2�M�;�i�? �Q�7 �i�?�2 �`�2�+�Q�`�/�2�/ �p�Q�H�i���;�2 �i�`���+�2�- ���b�b�m�K�B�M�;
�k�y�9�3 �b���K�T�H�2�b ���i �k�X�9 �:�>�x�V ���M�/ �3�y�y �M�b�X �_�B�;�?�i�, �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �ö�7�Q�+�m�b�b�B�M�; �+�Q�`�`�2�+�i�B�Q�M�ö �U�b�2�2 �i�2�t�i�V �7�Q�`
�2���+�? �Q�7 �i�?�2 �k �`���v �i�`���+�B�M�; �b�Q�H�m�i�B�Q�M�b�X �a�?�Q�r�M �B�b �i�?�2 �;�2�Q�K�2�i�`�B�+ �7�Q�+�m�b�b�B�M�; �7���+�i�Q�`�-f 2

geom: = n r
n s

f 2�- �r�?�B�+�?
�;�B�p�2�b �i�?�2 �`���i�B�Q �Q�7 �i�?�2 �`�2�+�2�B�p�2�/ �T�Q�r�2�` �i�Q �i�?���i �2�t�T�2�+�i�2�/ �7�`�Q�K �� �b�B�K�T�H�21=s2 �`�2�H���i�B�Q�M�X



�9�X�R�X �L�l�_���.�A�P�J�*�, �J�P�L�h�1�@�*���_�G�P �a�A�J�l�G���h�A�P�L �j�N

�i�?�2 �`���v �T���i�?�- �B�X�2�X �B�i �b�i���v�b �i�?�2 �b���K�2 �B�7 �i�?�2 �b�Q�m�`�+�2 ���M�/ �i�?�2 �`�2�+�2�B�p�2�` ���`�2 �b�r���T�T�2�/�X �6�B�M���H�H�v�- �7�Q�` �� �;�B�p�2�M
�H���m�M�+�? ���M�;�H�2� s �- �B�M �i�?�2 �T�H���M�2�@�r���p�2 �+���b�2�- �i�?�2 �7�Q�+�m�b�b�B�M�; �/�2�T�2�M�/�b �Q�M�H�v �Q�M �i�?�2 �B�M�/�2�t �Q�7 �`�2�7�`���+�i�B�Q�M ���i
�i�?�2 �b�Q�m�`�+�2 ���M�/ �i�?�2 �`�2�+�2�B�p�2�`�X �A�M �+�Q�M�i�`���b�i�- �i�?�2 �7�Q�+�m�b�b�B�M�; �7���+�i�Q�` �7�Q�` �� �T�Q�B�M�i �b�Q�m�`�+�2 �/�2�T�2�M�/�b �Q�M �i�?�2
�`�2�7�`���+�i�B�p�2 �B�M�/�B�+�2�b ���H�Q�M�; �i�?�2 �2�M�i�B�`�2 �T���i�?�- ���M�/ �B�M �T���`�i�B�+�m�H���` ���H�b�Q �+�Q�M�i�B�M�m�2�b �i�Q �+�?���M�;�2 �2�p�2�M �B�M �`�2�;�B�Q�M�b
�Q�7 �+�Q�M�b�i���M�in�X

�h�?�2 �p���H�m�2 �Q�7 �i�?�2 �;�2�Q�K�2�i�`�B�+ �7�Q�+�m�b�b�B�M�; �7���+�i�Q�` �U�B�X�2�X �r�B�i�? �i�?�2 �B�K�T�2�/���M�+�2 �7���+�i�Q�` �`�2�K�Q�p�2�/�V �7�Q�` �� �`���M�;�2
�Q�7 �b�Q�m�`�+�2 ���M�/ �i�r�Q �`�2�+�2�B�p�2�` �T�Q�b�B�i�B�Q�M�b �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �9�X�j�- �`�B�;�?�i�X �6�Q�` �K�Q�b�i �;�2�Q�K�2�i�`�B�2�b�- �i�?�2 �7�Q�+�m�b�b�B�M�;
�7���+�i�Q�` �B�b �+�H�Q�b�2 �i�Q �R�c �Q�M�H�v �+�H�Q�b�2 �i�Q �i�?�2 �2�/�;�2 �Q�7 �i�?�2 �b�?���/�Q�r �x�Q�M�2�- �B�i �#�2�+�Q�K�2�b �b�B�;�M�B�}�+���M�i�H�v �H���`�;�2�`�X �A�M
���/�/�B�i�B�Q�M�- �7�Q�` �� �/�2�2�T �`�2�+�2�B�p�2�`�- �i�?�2�`�2 �B�b �� �b�K���H�H �`�2�;�B�Q�M �r�?�2�`�2 �i�?�2 �`���v �i�v�T�2 �+�?���M�;�2�b �7�`�Q�K �ö�`�2�~�2�+�i�2�/�ö �i�Q
�ö�`�2�7�`���+�i�2�/�ö �r�?�2�`�2 �i�?�2 �7�Q�+�m�b�b�B�M�; �7���+�i�Q�` �#�2�+�Q�K�2�b �p�2�`�v �b�K���H�H�- �B�X�2�X �b�i�`�Q�M�; �/�2�7�Q�+�m�b�b�B�M�; �i���F�2�b �T�H���+�2�X

�6�B�M���H�H�v�- �B�+�2 �B�b �M�Q�i �� �T�2�`�7�2�+�i �/�B�2�H�2�+�i�`�B�+�- �r�?�B�+�? �K�2���M�b �i�?���i �b�B�;�M���H�b ���`�2 ���i�i�2�M�m���i�2�/ ���b �i�?�2�v �T�`�Q�T���;���i�2�X
�h�?�2 ���i�i�2�M�m���i�B�Q�M �H�2�M�;�i�? �/�2�T�2�M�/�b �K�Q�b�i�H�v �Q�M �i�?�2 �7�`�2�[�m�2�M�+�v�- �B�+�2 �i�2�K�T�2�`���i�m�`�2�- ���M�/ �i�?�2 �+�Q�M�/�m�+�i�B�p�B�i�v�c
�i�?�2 �H���i�i�2�` �B�M �i�m�`�M �/�2�T�2�M�/�b �Q�M �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �/�B�z�2�`�2�M�i �+�?�2�K�B�+���H �B�K�T�m�`�B�i�B�2�b �B�M �i�?�2 �B�+�2�X �� �M�m�K�#�2�` �Q�7
�K�Q�/�2�H�b �Q�7 �i�?�2 ���i�i�2�M�m���i�B�Q�M �H�2�M�;�i�?�- �#���b�2�/ �Q�M �K�2���b�m�`�2�K�2�M�i�b �i���F�2�M ���i �i�?�2 �`�2�b�T�2�+�i�B�p�2 �b�B�i�2�- �B�b ���p���B�H���#�H�2
�B�M �L�m�_���/�B�Q�J�*�X

�A�M �/�B�b�+�m�b�b�B�M�; �i�?�2 �[�m���H�B�i���i�B�p�2 ���b�T�2�+�i�b �Q�7 �i�?�2 �b�B�;�M���H �T�`�Q�T���;���i�B�Q�M ���#�Q�p�2 �r�2 �?���p�2 ���b�b�m�K�2�/ �i�?���i �i�?�2
�B�M�/�2�t �Q�7 �`�2�7�`���+�i�B�Q�M �Q�7 �i�?�2 �B�+�2 �B�M�+�`�2���b�2�b �K�Q�M�Q�i�Q�M�B�+���H�H�v �r�B�i�? �/�2�T�i�?�X �h�?�2 �b�B�K�T�H�2�b�i ���M�/ �K�Q�b�i �+�Q�K�K�Q�M
�K�Q�/�2�H �7�Q�` �i�?�2 �`�2�7�`���+�i�B�p�2 �B�M�/�2�t �Q�7 �B�+�2 ���b�b�m�K�2�b �i�?���i �B�i �B�b �H�B�M�2���`�H�v �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �B�i�b �/�2�M�b�B�i�v �(�R�R�j�)�X
�A�7 �Q�M�2 ���/�/�B�i�B�Q�M���H�H�v ���b�b�m�K�2�b �i�?���i �i�?�2 �B�M�+�`�2���b�2 �B�M �/�2�M�b�B�i�v �r�B�i�? �/�2�T�i�? �B�b �/�m�2 �i�Q �i�?�2 �Q�p�2�`�#�m�`�/�2�M
�Q�7 �B�+�2 ���i �i�?���i �/�2�T�i�?�- �i�?�B�b �B�K�T�H�B�2�b �� �/�2�M�b�B�i�v �i�?���i �+�Q�M�i�B�M�m�Q�m�b�H�v ���M�/ �2�t�T�Q�M�2�M�i�B���H�H�v �/�2�+�`�2���b�2�b �7�`�Q�K
� ice = 917 kg=m3 �i�Q �i�?�2 �/�2�M�b�B�i�v �Q�7 �b�M�Q�r ���i �i�?�2 �b�m�`�7���+�2�X �A�M �i�?�B�b �+���b�2�- �i�?�2 �B�M�/�2�t �Q�7 �`�2�7�`���+�i�B�Q�M �+���M �#�2
�T���`���K�2�i�`�B�x�2�/ ���b�,

n(z) = nice � � nez=z0 ; �U�9�X�8�V

�r�?�2�`�2z � 0 �B�b �i�?�2 �/�2�T�i�?�X �h�?�2 �T���`���K�2�i�2�`�bnice �- � n ���M�/z0 �+���M �#�2 �Q�#�i���B�M�2�/ �7�`�Q�K �/�2�M�b�B�i�v �Q�`
�T�`�Q�T���;���i�B�Q�M �i�B�K�2 �K�2���b�m�`�2�K�2�M�i�b �B�M �b�B�i�m�c �L�m�_���/�B�Q�J�* �B�M�+�H�m�/�2�b �b�m�+�? �� �K�Q�/�2�H �7�Q�` �2���+�? �Q�7 �i�?�2 �B�M�@�B�+�2
�`���/�B�Q �M�2�m�i�`�B�M�Q �/�2�i�2�+�i�Q�` �b�B�i�2�b �U�a�Q�m�i�? �S�Q�H�2�- �J�Q�Q�`�2�ö�b �"���v�- ���M�/ �a�m�K�K�B�i �a�i���i�B�Q�M�V�X

�h�?�2 �ö�b�B�K�T�H�2 �2�t�T�Q�M�2�M�i�B���H�ö �K�Q�/�2�H ���#�Q�p�2 �B�b �� �;�Q�Q�/ �}�`�b�i ���T�T�`�Q�t�B�K���i�B�Q�M�- ���M�/ �?���b �i�?�2 ���/�/�B�i�B�Q�M���H
���/�p���M�i���;�2 �i�?���i �i�?�2 �`���v �i�`���+�B�M�; �T�`�Q�#�H�2�K �U���b �r�2�H�H ���b �i�?�2 �`���v �T���i�? �H�2�M�;�i�?�- �`���v �i�`���p�2�H �i�B�K�2�- ���M�/
�7�Q�+�m�b�b�B�M�; �7���+�i�Q�`�V �+���M ���H�H �#�2 �b�Q�H�p�2�/ ���M���H�v�i�B�+���H�H�v�- �H�2���/�B�M�; �i�Q �� �+�Q�M�b�B�/�2�`���#�H�2 �b�T�2�2�/�m�T�X �A�M �L�m�_���/�B�Q�J�*�-
�i�?�B�b �B�b �2�t�T�H�Q�B�i�2�/ �#�v �i�?�2���M���H�v�i�B�+�`���v�i�`���+�B�M�;�K�Q�/�m�H�2�- �r�?�B�+�? �+�Q�M�i���B�M�b �#�Q�i�? �� �7���b�i �*�Y�Y ���b �r�2�H�H ���b
�� �M���i�B�p�2 �S�v�i�?�Q�M �B�K�T�H�2�K�2�M�i���i�B�Q�M �Q�7 �i�?�2 �`���v �i�`���+�B�M�; �+�Q�/�2�X

�>�Q�r�2�p�2�`�- �B�M �`�2���H�B�i�v�- �T�Q�H���` �B�+�2 �B�b �K�Q�`�2 �+�Q�K�T�H�2�t�, �i�?�2 �/�2�M�b�B�i�v �T�`�Q�}�H�2 �/�Q�2�b �M�Q�i �7�Q�H�H�Q�r �2�[�m���i�B�Q�M
�9�X�8 �2�t���+�i�H�v�- ���M�/ �B�M �T���`�i�B�+�m�H���` �i�?�2�`�2 �K���v �#�2 �B�M�p�2�`�b�B�Q�M�b �Q�` �/�B�b�+�Q�M�i�B�M�m�B�i�B�2�b �B�M �i�?�2 �B�M�/�2�t �Q�7 �`�2�7�`���+�i�B�Q�M�-
�H�2���/�B�M�; �i�Q �T�`�Q�T���;���i�B�Q�M �K�Q�/�2�b �B�M ���/�/�B�i�B�Q�M �i�Q �i�?�2 �Q�M�2�b �Q�m�i�H�B�M�2�/ ���#�Q�p�2 �U�2�X�;�X �ö�?�Q�`�B�x�Q�M�i���H�ö �T�`�Q�T���;���i�B�Q�M
���i �i�?�2 �B�+�2�@���B�` �B�M�i�2�`�7���+�2 �Q�` �r�B�i�?�B�M �� �H���v�2�` �r�B�i�? ���M ���M�Q�K���H�Q�m�b �`�2�7�`���+�i�B�p�2 �B�M�/�2�t ���+�i�B�M�; ���b �� �r���p�2�;�m�B�/�2�V
�(�R�8�R�- �R�8�k�)�X �h�Q �b�Q�H�p�2 �i�?�2 �`���v �i�`���+�B�M�; �T�`�Q�#�H�2�K �B�M �b�m�+�? �+���b�2�b�- �Q�M�2 �M�2�2�/�b �i�Q �m�b�2 �� �M�m�K�2�`�B�+���H �`���v �i�`���+�2�`�X
�h�?�B�b �+���M �#�2 �b�B�K�m�H���i�2�/ �r�B�i�?�B�M �L�m�_���/�B�Q�J�* �#�v �B�M�b�i���H�H�B�M�;�_���/�B�Q�S�`�Q�T���(�R�8�j�- �R�8�9�)�X �>�Q�r�2�p�2�`�- �i�?�B�b
���H�b�Q �`�2�[�m�B�`�2�b �� �K�m�+�? �K�Q�`�2 �/�2�i���B�H�2�/ �m�M�/�2�`�b�i���M�/�B�M�; �Q�7 �i�?�2 �B�+�2�- �r�?�B�+�? �B�b �b�i�B�H�H ���M ���`�2�� �Q�7 �Q�M�;�Q�B�M�;
�/�2�p�2�H�Q�T�K�2�M�i �(�R�k�9�- �R�8�8�)�X

���M�Q�i�?�2�` �7�2���i�m�`�2 �Q�7 �T�Q�H���` �B�+�2 �B�b �#�B�`�2�7�`�B�M�;�2�M�+�2�X �.�m�2 �i�Q �i�?�2 �7�Q�`�+�2�b �Q�7 �i�?�2 �B�+�2 �~�Q�r ���M�/ �;�`���p�B�i���i�B�Q�M���H
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�U�a�*���V �+�Q�M�b�B�b�i�B�M�; �Q�7 �i�r�Q �e�9�@�b���K�T�H�2 �+�2�H�H�b�X �h�?�2 �b���K�T�H�2�/ �b�B�;�M���H �B�b �i�?�2�M �b�i�Q�`�2�/ �B�M �Q�M�2 �Q�7 �i�?�2 �j�k �#�H�Q�+�F�b
�Q�7 �i�?�2 �9�y�N�e�@�b���K�T�H�2 �K���B�M �b�i�Q�`���;�2 ���`�`���v�- �r�?�2�`�2 �B�i �B�b �`�2���/ �Q�m�i ���M�/ �/�B�;�B�i�B�x�2�/ �B�7 �� �i�`�B�;�;�2�` �Q�+�+�m�`�b �#�v
�B�M�i�2�;�`���i�2�/ �q�B�H�F�B�M�b�Q�M ���M���H�Q�;�@�i�Q�@�/�B�;�B�i���H �+�Q�M�p�2�`�i�2�`�b �U���.�*�V�X

�A�i �r���b �Q�#�b�2�`�p�2�/ �i�?���i ���7�i�2�` �`�2���/�Q�m�i�f�/�B�;�B�i�B�x���i�B�Q�M�- �i�?�2 �R�k�3�@�b���K�T�H�2 �#�H�Q�+�F�b �2�t�?�B�#�B�i�2�/ �Q�z�b�2�i�b �r�B�i�?
�`�2�b�T�2�+�i �i�Q �2���+�? �Q�i�?�2�` ���M�/ �i�?�2 �Q�p�2�`���H�H �#���b�2�H�B�M�2�X �L�Q�i�2 �i�?���i �i�?�2�b�2 �ö�#�H�Q�+�F �Q�z�b�2�i�b�ö �b�?�Q�m�H�/ �M�Q�i �#�2 �+�Q�M�7�m�b�2�/
�r�B�i�? �i�?�2 �ö�T�2�/�2�b�i���H �Q�z�b�2�i�b�ö�- �B�X�2�X �i�?�2 �.�* �Q�z�b�2�i�b �Q�7 �2���+�? �B�M�/�B�p�B�/�m���H �b���K�T�H�2 �Q�m�i �Q�7 �i�?�2 �9�y�N�e �b���K�T�H�2�b�-
�r�?�B�+�? ���`�2 �+���H�B�#�`���i�2�/ �Q�m�i ���i �i�?�2 �b�i���`�i �Q�7 �2���+�? �/���i���@�i���F�B�M�; �`�m�M�X �h�?�2 �#�H�Q�+�F �Q�z�b�2�i�b �K���M�B�7�2�b�i �B�M�b�i�2���/ ���b
�`�2�+�i�@�b�?���T�2�/ �Q�z�b�2�i�b �Q�7 �i�?�2 �R�e �R�k�3�@�b���K�T�H�2 �#�H�Q�+�F�b �i�?���i �K���F�2 �m�T �� �b�B�M�;�H�2 �`�2�+�Q�`�/�2�/ �p�Q�H�i���;�2 �i�`���+�2�c �i�?�2�v
���T�T�2���` �i�Q �p���`�v �`���M�/�Q�K�H�v �i�?�`�Q�m�;�?�Q�m�i �� �/���i���@�i���F�B�M�; �`�m�M�- ���M�/ �M�Q �+�Q�`�`�2�H���i�B�Q�M �r���b �Q�#�b�2�`�p�2�/ �#�2�i�r�2�2�M
�i�?�2 �b�B�x�2 �Q�` �i�?�2 �b�B�;�M �Q�7 �i�?�2 �Q�z�b�2�i ���M�/ �B�i�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �#�H�Q�+�F �Q�M�@�+�?�B�T�- �B�X�2�X �i�?�2 �b���K�2 �b���K�T�H�2 �#�H�Q�+�F
�2�t�?�B�#�B�i�b �/�B�z�2�`�2�M�i �Q�z�b�2�i�b �7�Q�` �2���+�? �`�2�+�Q�`�/�2�/ �2�p�2�M�i�X

�h�?�2 �#�H�Q�+�F �Q�z�b�2�i�b �r�2�`�2 �Q�#�b�2�`�p�2�/ �i�Q �#�2 �T�`�2�b�2�M�i �7�Q�` �2�p�2�`�v �+�?���M�M�2�H ���M�/ �B�M �2���+�? �`�2�+�Q�`�/�2�/ �2�p�2�M�i�c
�i�?�2 �`�Q�Q�i�@�K�2���M�@�b�[�m���`�2�/ �p�Q�H�i���;�2 �UVrms �V �Q�7 �i�?�2 �Q�z�b�2�i�b ���`�2 �m�b�m���H�H�v ���`�Q�m�M�/ ���M �Q�`�/�2�` �Q�7 �K���;�M�B�i�m�/�2
�b�K���H�H�2�` �i�?���M �i�?�2Vrms �Q�7 �i�?�2�`�K���H �M�Q�B�b�2�- �i�?�Q�m�;�? �i�?�2�`�2 ���`�2 �b�Q�K�2 �+�?���M�M�2�H�b �i�?���i �Q�+�+���b�B�Q�M���H�H�v �2�t�?�B�#�B�i
�b�B�;�M�B�}�+���M�i�H�v �H���`�;�2�` �#�H�Q�+�F �Q�z�b�2�i�b�X ���M �2�t���K�T�H�2 �Q�7 �i�?�2�b�2 �#�H�Q�+�F �Q�z�b�2�i�b �7�Q�` �� �b�B�M�;�H�2 �7�Q�`�+�2�/�@�i�`�B�;�;�2�` �_�L�P�@
�: �2�p�2�M�i �B�M �i�r�Q �+�?���M�M�2�H�b �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �8�X�R�X

�q�?�B�H�2 �i�?�2 �`�Q�Q�i �+���m�b�2 �7�Q�` �i�?�2 �#�H�Q�+�F �Q�z�b�2�i�b �B�b �M�Q�i �+�m�`�`�2�M�i�H�v �m�M�/�2�`�b�i�Q�Q�/�- �� �K�2�i�?�Q�/ �r���b �/�2�p�2�H�Q�T�2�/
�i�Q �`�2�K�Q�p�2 �i�?�2�K�X ���b �#�Q�i�? �i�?�2 ���M�i�2�M�M���b ���M�/ �i�?�2 �`�2�b�i �Q�7 �i�?�2 �b�B�;�M���H �+�?���B�M ���`�2 �Q�M�H�v �b�2�M�b�B�i�B�p�2 ���#�Q�p�2
& 80 �J�>�x�- �r�?�2�`�2���b �i�?�2 �R�k�3�@�b���K�T�H�2�@�H�Q�M�; �#�H�Q�+�F�b ���`�2 �b�i�`�Q�M�;�2�b�i ���i �i�?�2 �H�Q�r�2�b�i �7�`�2�[�m�2�M�+�B�2�b�- �Q�M�2 �+���M

�R�h�?�B�b �`�2�~�2�+�i�b �i�?�2 �b���K�T�H�B�M�; �`���i�2 �T�`�B�Q�` �i�Q �k�y�k�9�c �b�B�M�+�2 �k�y�k�9�- �� �}�`�K�r���`�2 �m�T�/���i�2 �?���b �`�2�/�m�+�2�/ �i�?�2 �b���K�T�H�B�M�; �`���i�2 �i�Q
�k�X�9 �:�a���f�b�- �B�M�+�`�2���b�B�M�; �i�?�2 �H�2�M�;�i�? �Q�7 �i�?�2 �`�2�+�Q�`�/�2�/ �p�Q�H�i���;�2 �i�`���+�2�b �r�?�B�H�2 �b�i�B�H�H �`�2�K���B�M�B�M�; �r�2�H�H ���#�Q�p�2 �i�?�2 �L�v�[�m�B�b�i �`���i�2 �7�Q�`
�i�?�2 �`�2�H�2�p���M�i �7�`�2�[�m�2�M�+�v �`���M�;�2�X

�9�8
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�6�B�;�m�`�2 �8�X�R�, �1�t���K�T�H�2 �Q�7 �i�?�2 �ö�#�H�Q�+�F �Q�z�b�2�i�b�ö �/�2�b�+�`�B�#�2�/ �B�M �i�?�2 �i�2�t�i �7�Q�` �� �b�B�M�;�H�2 �7�Q�`�+�2�/�@�i�`�B�;�;�2�` �2�p�2�M�i �B�M
�i�r�Q �+�?���M�M�2�H�b �r�B�i�? �i�v�T�B�+���H �U�i�Q�T�V ���M�/ ���i�v�T�B�+���H�H�v �b�i�`�Q�M�; �#�H�Q�+�F �Q�z�b�2�i�b �U�#�Q�i�i�Q�K�V�X �G�2�7�i�, �i�?�2 �`���r �p�Q�H�i���;�2
�i�`���+�2�b�- �r�B�i�? �� �8�y �J�>�x �H�Q�r�@�T���b�b �}�H�i�2�`�2�/ ���b �r�2�H�H ���b �i�?�2 �}�i�i�2�/ �#�H�Q�+�F �Q�z�b�2�i�b �Q�p�2�`�H���B�/�X �_�B�;�?�i�, �i�?�2
�7�`�2�[�m�2�M�+�v �b�T�2�+�i�`���X �h�?�2 �ö�2�t�T�2�+�i�2�/�ö �b�T�2�+�i�`�m�K �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �r�?�B�i�2 �M�Q�B�b�2 �T���b�b�2�/ �i�?�`�Q�m�;�? �� �`�2�7�2�`�2�M�+�2
�A�:�G�l ���K�T�H�B�}�2�` �+�Q�K�#�B�M�2�/ �r�B�i�? �[�m���M�i�B�x���i�B�Q�M �M�Q�B�b�2 �/�m�2 �i�Q �i�?�2 �T�2�/�2�b�i���H �b�m�#�i�`���+�i�B�Q�M�X

�T���`���K�2�i�2�`�B�x�2 �i�?�2�K �B�M �7�`�2�[�m�2�M�+�v�@�b�T���+�2 ���M�/ �T�2�`�7�Q�`�K ���M �ö�Q�m�i�@�Q�7�@�#���M�/�ö �}�i �r�?�2�`�2 �i�?�2 �b�B�;�M���H �+�Q�M�i�`�B�#�m�i�B�Q�M
�B�b �M�2�;�H�B�;�B�#�H�2�X �6�Q�` �� �b�B�M�;�H�2 �#�H�Q�+�F �Q�z�b�2�i �Q�7 ���K�T�H�B�i�m�/�2A ���M�/ns �b���K�T�H�2�b�- �r�2 �?���p�2 �B�M �i�?�2 �i�B�K�2 �/�Q�K���B�M�,

xk =

(
A; for 0 � k < n s;
0; otherwise:

�U�8�X�R�V

���M�/ �B�M �i�?�2 �7�`�2�[�m�2�M�+�v �/�Q�K���B�M�- ���b�b�m�K�B�M�; �� �b���K�T�H�2 �b�T���+�B�M�; �Q�7�t = 1=f sampling �,

~x ! =
p

2�t
n s � 1X

k=0

Ae� i!k�t =

( p
2�tA e� i!n s �t � 1

e� i!�t � 1 for ! 6= 0;
p

2�tn sA for ! = 0 ;
�U�8�X�k�V

�r�B�i�?! = 2 �f ���b �m�b�m���H�X �h�?�2 �7���+�i�Q�`
p

2�t �B�b �/�m�2 �i�Q �i�?�2 �L�m�_���/�B�Q�J�* �+�Q�M�p�2�M�i�B�Q�M �7�Q�` �i�?�2 �M�Q�`�K���H�B�x���i�B�Q�M
�Q�7 �i�?�2 �6�Q�m�`�B�2�` �i�`���M�b�7�Q�`�K �(�R�9�j�)�X �L�Q�i�2 �i�?���i �i�?�B�b �2�t�T�`�2�b�b�B�Q�M �B�b �b�H�B�;�?�i�H�v �/�B�z�2�`�2�M�i �7�`�Q�K �i�?�2 �b�B�M�+�@�7�m�M�+�i�B�Q�M
�2�t�T�2�+�i�2�/ �7�Q�` �i�?�2 �+�Q�M�i�B�M�m�Q�m�b �6�Q�m�`�B�2�` �i�`���M�b�7�Q�`�K �Q�7 �� �`�2�+�i�@�b�?���T�2�/ �7�m�M�+�i�B�Q�M�- �#�2�+���m�b�2 �r�2 ���`�2 �r�Q�`�F�B�M�;
�r�B�i�? �/�B�b�+�`�2�i�2 �[�m���M�i�B�i�B�2�b�- �7�Q�`�+�B�M�; �m�b �i�Q �b�2�T���`���i�2 �i�?�2 �+���b�2�b! 6= 0 ���M�/! = 0 �X �G�2�i �m�b �7�Q�+�m�b �Q�M �i�?�2 �+���b�2
! 6= 0 �}�`�b�i�X �1�[�m���i�B�Q�M �8�X�k �/�2�b�+�`�B�#�2�b �� �b�B�M�;�H�2ns �@�b���K�T�H�2 �#�H�Q�+�F �Q�z�b�2�i�X �h�Q �/�2�b�+�`�B�#�2Nb = 16 �#�H�Q�+�F�b
�Q�7ns �b���K�T�H�2�b �2���+�?�- �r�2 �b�B�K�T�H�v �b�m�K �R�e �+�Q�T�B�2�b �Q�7 �i�?�B�b �2�t�T�`�2�b�b�B�Q�M�- �i���F�B�M�; �+���`�2 �i�Q �b�?�B�7�i �2���+�? �#�v �i�?�2
���T�T�`�Q�T�`�B���i�2 ���K�Q�m�M�i �Q�7 �b���K�T�H�2�b�,

~x ! =
p

2�t
e� i!n s �t � 1
e� i!�t � 1

N b � 1X

m =0

Am e� i!mn s �t : �U�8�X�j�V

�h�?�B�b �2�t�T�`�2�b�b�B�Q�M �+���M �M�Q�r �#�2 �m�b�2�/ �i�Q �}�i �i�?�2 �m�M�F�M�Q�r�M �T���`���K�2�i�2�`�bAm �i�Q �� �H�Q�r�@�T���b�b �}�H�i�2�`�2�/ �+�Q�T�v �Q�7
�i�?�2 �`���r �/���i�� �i�`���+�2 �B�M �i�?�2 �7�`�2�[�m�2�M�+�v �/�Q�K���B�M�X ���b �K�2�M�i�B�Q�M�2�/�- �2�[�m���i�B�Q�M �8�X�j �B�b �Q�M�H�v �p���H�B�/ �7�Q�`! 6= 0 �X
�h�?�2 �}�i �7�Q�`! = 0 �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �b�B�K�T�H�v �`�2�K�Q�p�B�M�; �� �;�H�Q�#���H �.�* �Q�z�b�2�i �U�ô�x�2�`�Q�@�K�2���M�B�M�;�ô�V�X �h�?�B�b ���H�b�Q
�B�K�T�H�B�2�b �i�?���i �i�?�2 �}�i �m�b�B�M�; �2�[�m���i�B�Q�M �8�X�j �B�b �B�M�b�2�M�b�B�i�B�p�2 �i�Q �b�m�+�? �� �;�H�Q�#���H �.�* �Q�z�b�2�i ���T�T�H�B�2�/ �i�Q ���H�H �#�H�Q�+�F�b
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Am ! A0
m = Am + C�- �B�M�i�`�Q�/�m�+�B�M�; �� �/�2�;�`�2�2 �Q�7 �/�2�;�2�M�2�`���+�v �B�M �i�?�2 �}�i�X �h�?�B�b �/�2�;�2�M�2�`���+�v �+���M �#�2

�`�2�K�Q�p�2�/ �#�v �}�t�B�M�; �i�?�2 �H���b�i �#�H�Q�+�F �Q�z�b�2�iAN b � 1 = 0 �i�Q �x�2�`�Q �B�M �i�?�2 �}�i �T�`�Q�+�2�/�m�`�2�c �i�?�2 �+�Q�`�`�2�+�i �b�Q�H�m�i�B�Q�M
�B�b �i�?�2�M �Q�#�i���B�M�2�/ �#�v �T�2�`�7�Q�`�K�B�M�; �i�?�2 �x�2�`�Q�@�K�2���M�B�M�; �b�i�2�T �H���b�i�X

�� �S�v�i�?�Q�M �K�Q�/�m�H�2 �i�?���i �T�2�`�7�Q�`�K�b �i�?�B�b �}�i �r���b �/�2�p�2�H�Q�T�2�/ ���M�/ �B�M�+�H�m�/�2�/ �B�M �L�m�_���/�B�Q�J�* �(�R�9�j�)
�m�M�/�2�` �i�?�2 �M���K�2�L�m�_���/�B�Q�_�2�+�Q�X�K�Q�/�m�H�2�b�X�_�L�P�n�:�X�+�?���M�M�2�H�"�H�Q�+�F�P�7�7�b�2�i�6�B�i�i�2�`�X �h�?�2 �+�Q�/�2 �+���M �#�2
�m�b�2�/ �2�B�i�?�2�` �b�i���M�/���H�Q�M�2 �Q�` ���b �� �L�m�_���/�B�Q�J�* �K�Q�/�m�H�2�- ���+�i�B�M�; �/�B�`�2�+�i�H�v �Q�M �i�?�2 �ö�1�p�2�M�i�ö �b�i�`�m�+�i�m�`�2 �m�b�2�/ �#�v
�L�m�_���/�B�Q�J�* �U�b�2�2 �b�2�+�i�B�Q�M �9�X�k �7�Q�` �K�Q�`�2 �/�2�i���B�H�b�V�X �A�M �i�?�2 �H���i�i�2�` �+���b�2�- �i�?�2 �}�i�i�2�/ �Q�#�D�2�+�i�b ���`�2 ���m�i�Q�K���i�B�+���H�H�v
�b�i�Q�`�2�/ �B�M�b�B�/�2 �i�?�2 �1�p�2�M�i �Q�#�D�2�+�i�- ���H�H�Q�r�B�M�; �i�?�2 �T�`�Q�+�2�b�b �i�Q �#�2 �`�2�p�2�`�b�2�/�X �h�?�2 �#�H�Q�+�F �Q�z�b�2�i �`�2�K�Q�p���H
�B�b ���H�b�Q �B�M�+�H�m�/�2�/ �B�M �i�?�2 �L�m�_���/�B�Q�J�* �K�Q�/�m�H�2 �m�b�2�/ �i�Q �`�2���/ �B�M �_�L�P�@�: �/���i���- �b�Q �i�?���i �#�H�Q�+�F �Q�z�b�2�i�b
���`�2 ���m�i�Q�K���i�B�+���H�H�v �`�2�K�Q�p�2�/ �Q�M �`�2���/�@�B�M�X �S�H���M�b �2�t�B�b�i �i�Q �B�K�T�H�2�K�2�M�i �b�Q�K�2 �p�2�`�b�B�Q�M �Q�7 �i�?�2 �#�H�Q�+�F�@�Q�z�b�2�i
�`�2�K�Q�p���H ���H�;�Q�`�B�i�?�K �Q�M �i�?�2 �_�L�P�@�: �/���i���@���+�[�m�B�b�B�i�B�Q�M �b�v�b�i�2�K �U�.���Z�V�X

�A�M ���/�/�B�i�B�Q�M �i�Q �� �}�i�i�B�M�; ���M�/ �`�2�K�Q�p�B�M�; �#�H�Q�+�F �Q�z�b�2�i�b�- �i�?�2 �S�v�i�?�Q�M �K�Q�/�m�H�2 �B�b ���H�b�Q �+���T���#�H�2 �Q�7
�b�B�K�m�H���i�B�M�; ���M�/ ���/�/�B�M�; �#�H�Q�+�F �Q�z�b�2�i�b�X �h�?�B�b ���H�H�Q�r�b �i�Q �b�i�m�/�v �i�?�2�B�` �B�K�T���+�i �Q�M ���M���H�v�b�2�b�- ���b �r�2�H�H ���b
�i�?�2 ���+�+�m�`���+�v �Q�7 �i�?�2 �#�H�Q�+�F �Q�z�b�2�i �`�2�K�Q�p���H�X �A�M �T���`�i�B�+�m�H���`�- �i�?�2 �B�K�T���+�i �Q�7 �i�?�2�`�K���H �M�Q�B�b�2�- ���M ���b�F���`�v���M
�b�B�;�M���H�- ���M�/ �i�?�2 �b�B�x�2 �Q�7 �i�?�2 �#�H�Q�+�F �Q�z�b�2�i�b �r���b �B�M�p�2�b�i�B�;���i�2�/�X �A�M ���H�H �+���b�2�b ���M �2�b�b�2�M�i�B���H�H�v ���`�#�B�i�`���`�v �U�#�2�i�i�2�`
�i�?���M10� 3 �`�2�H���i�B�p�2�V �T�`�2�+�B�b�B�Q�M �+�Q�m�H�/ �#�2 �Q�#�i���B�M�2�/�- �B�K�T�H�v�B�M�; �i�?���i �B�i �B�b �T�Q�b�b�B�#�H�2 �i�Q �`�2�K�Q�p�2 �i�?�2�b�2 �#�H�Q�+�F
�Q�z�b�2�i�b �r�B�i�?�Q�m�i �/�B�b�i�Q�`�i�B�M�; �i�?�2 �Q�`�B�;�B�M���H �b�B�;�M���H�X �6�Q�` �`�2���H �/���i���- �r�?�B�+�? �B�b �b�i�Q�`�2�/ ���b �/�B�b�+�`�2�i�2 ���.�* �+�Q�m�M�i�b�-
�i�?�2 ���+�+�m�`���+�v �r�B�H�H �#�2 �H�B�K�B�i�2�/ �#�v �[�m���M�i�B�x���i�B�Q�M �M�Q�B�b�2 ���M�/ �� �T�2�/�2�b�i���H�@�Q�z�b�2�i �+�Q�`�`�2�+�i�B�Q�M�, �2���+�? �b�i�Q�`���;�2
�+�2�H�H �Q�7 �i�?�2 �G���"�9�. �?���b �� �b�H�B�;�?�i�H�v �/�B�z�2�`�2�M�i �.�* �Q�z�b�2�i�- �r�?�B�+�? �+���M �p���`�v �b�H�B�;�?�i�H�v ���M�/ �B�b �+���H�B�#�`���i�2�/
�Q�m�i ���i �i�?�2 �b�i���`�i �Q�7 �2���+�? �/���i���@�i���F�B�M�; �`�m�M�X �h�?�2 �T�`�2�+�B�b�B�Q�M �Q�7 �i�?�B�b �ö�T�2�/�2�b�i���H �b�m�#�i�`���+�i�B�Q�M�ö �`�2�b�m�H�i�b �B�M
�[�m���M�i�B�x���i�B�Q�M�@�H�B�F�2 �U�r�?�B�i�2�V �M�Q�B�b�2 ���M�/ �B�b �i�?�2 �/�Q�K�B�M���M�i �M�Q�B�b�2 �b�Q�m�`�+�2 �Q�m�i�b�B�/�2 �i�?�2 ���K�T�H�B�}�2�` �#���M�/�X

���b �+���M �#�2 �b�2�2�M �Q�M �i�?�2 �H�2�7�i�@�?���M�/ �b�B�/�2 �Q�7 �6�B�;�m�`�2 �8�X�R�- �� �p�2�`�v �;�Q�Q�/ ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 �i�?�2 �#�H�Q�+�F
�Q�z�b�2�i�b �+���M ���H�`�2���/�v �#�2 �2�b�i�B�K���i�2�/ �7�`�Q�K �i�?�2 �H�Q�r�@�T���b�b �}�H�i�2�`�2�/ �i�`���+�2�X �h�?�B�b ���H�`�2���/�v �`�2�/�m�+�2�b �i�?�2 �#�H�Q�+�F
�Q�z�b�2�i�b �#�v �K�Q�`�2 �i�?���M ���M �Q�`�/�2�` �Q�7 �K���;�M�B�i�m�/�2�- ���M�/ ���b �B�i �B�b �b�B�;�M�B�}�+���M�i�H�v �7���b�i�2�` �i�?���M �T�2�`�7�Q�`�K�B�M�; �i�?�2
�7�m�H�H �}�i�- �B�b �i�?�2 �/�2�7���m�H�i �b�2�i�i�B�M�; �r�?�2�M �`�2���/�B�M�; �B�M �_�L�P�@�: �2�p�2�M�i�b �m�b�B�M�; �L�m�_���/�B�Q�J�*�X

�h�?�2 �b�T�2�+�i�`�� �Q�7 �i�r�Q �p�Q�H�i���;�2 �i�`���+�2�b �7�Q�` �� �b�B�M�;�H�2 �7�Q�`�+�2�/�@�i�`�B�;�;�2�` �2�p�2�M�i �K�2���b�m�`�2�/ �#�v �_�L�P�@�:�- �#�2�@
�7�Q�`�2 ���M�/ ���7�i�2�` �`�2�K�Q�p�B�M�; �i�?�2 �#�H�Q�+�F �Q�z�b�2�i�b�- ���`�2 �b�?�Q�r�M �B�M �6�B�;�m�`�2 �8�X�R�X �P�M�2 �+���M �b�2�2 �i�?���i �i�?�2 �#�H�Q�+�F
�Q�z�b�2�i�b �`�2�b�m�H�i �B�M �� �b�i�`�Q�M�; �+�Q�M�i�`�B�#�m�i�B�Q�M �Q�m�i�b�B�/�2 �i�?�2 �#���M�/�r�B�/�i�? �Q�7 �i�?�2 �_�L�P�@�: �A�:�G�l ���K�T�H�B�}�2�`�- �r�?�B�+�?
�/�B�b���T�T�2���`�b ���7�i�2�` �i�?�2 �`�2�K�Q�p���H �Q�7 �i�?�2 �#�H�Q�+�F �Q�z�b�2�i�b�X �h�?�2 �K���;�M�B�i�m�/�2 �Q�7 �i�?�2 �`�2�K���B�M�B�M�; �Q�m�i�@�Q�7�@�#���M�/ �+�Q�M�@
�i�`�B�#�m�i�B�Q�M�b �B�b �+�Q�K�T���i�B�#�H�2 �r�B�i�? �i�?�2 �2�t�T�2�+�i���i�B�Q�M �7�`�Q�K �i�?�2 �T�2�/�2�b�i���H�@�b�m�#�i�`���+�i�B�Q�M �T�`�Q�+�2�/�m�`�2 �2�t�T�H���B�M�2�/
�T�`�2�p�B�Q�m�b�H�v�X

�8�X�k �h�`�B�;�;�2�` �`�2���/�Q�m�i �r�B�M�/�Q�r �Q�T�i�B�K�B�x���i�B�Q�M

���b �/�2�b�+�`�B�#�2�/ �B�M �b�2�+�i�B�Q�M �j�X�j�X�k�- �i�?�2 �_�L�P�@�: �/�2�i�2�+�i�Q�` �b�i���i�B�Q�M�b �7�2���i�m�`�2 �i�?�`�2�2 �i�`�B�;�;�2�`�b �i�?���i �/�2�+�B�/�2 �r�?�2�M
�i�Q �`�2���/ �Q�m�i �i�?�2 �p�Q�H�i���;�2 �i�`���+�2�b �B�M �i�?�2 �.���Z�X �h�?�2�b�2 ���`�2 �i�?�2 �ö�/�2�2�T�ö �U���H�b�Q �ö�H�Q�r�@�i�?�`�2�b�?�Q�H�/�ö �Q�` �ö�T�?���b�2�/�@
���`�`���v�ö�V �i�`�B�;�;�2�`�- �r�?�B�+�? �B�b �#���b�2�/ �Q�M �i�?�2 �b�B�;�M���H �B�M �i�?�2 �#�Q�i�i�Q�K �9 �o�S�Q�H ���M�i�2�M�M���b �B�M �i�?�2 �T�Q�r�2�` �b�i�`�B�M�;�- ���b
�r�2�H�H ���b �i�r�Q �ö�b�?���H�H�Q�r�ö �i�`�B�;�;�2�`�b�- �i�?���i �`�m�M �Q�M �i�?�2 �/�Q�r�M�r���`�/�@ ���M�/ �m�T�r���`�/�@�7���+�B�M�; �G�S�.���b�- �`�2�b�T�2�+�i�B�p�2�H�v�X
�h�?�2 �b�B�K�T�H�2�b�i �T�`�Q�+�2�/�m�`�2 �i�Q �`�2���/ �Q�m�i �i�?�2 �/���i�� �r�Q�m�H�/ �#�2 �i�Q �`�2���/ �Q�m�i ���H�H �+�?���M�M�2�H�b �b�B�K�m�H�i���M�2�Q�m�b�H�v �Q�M ��
�i�`�B�;�;�2�` �}�`�B�M�;�- �T�Q�i�2�M�i�B���H�H�v ���7�i�2�` �b�Q�K�2 �/�2�H���v�X �>�Q�r�2�p�2�`�- �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �b�Q�m�`�+�2�- �i�?�2
�b�B�;�M���H �r�B�H�H ���`�`�B�p�2 ���i �/�B�z�2�`�2�M�i �i�B�K�2�b ���i �i�?�2 �/�B�z�2�`�2�M�i ���M�i�2�M�M���b�X �A�M ���/�/�B�i�B�Q�M�- �i�?�2 �p�Q�H�i���;�2�b �B�M �i�?�2 �.���Z
���`�2 �/�2�H���v�2�/ �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �b�B�;�M���H�b ���i �i�?�2 ���M�i�2�M�M���b �#�v ���M ���K�Q�m�M�i �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �H�2�M�;�i�? �Q�7
�i�?�2 �}�#�`�2 ���M�/ �+�Q���t �+���#�H�2�b �+�Q�M�M�2�+�i�B�M�; �i�?�2 ���M�i�2�M�M���b �i�Q �i�?�2 �.���Z�- �`���M�;�B�M�; �7�`�Q�K �H�2�b�b �i�?���M �8�y �M�b �7�Q�`
�i�?�2 �G�S�.���b �M�2���` �i�?�2 �b�m�`�7���+�2 �i�Q �Q�p�2�` �d�y�y �M�b �B�M �i�?�2 �/�2�2�T�2�b�i ���M�i�2�M�M���b�X �h�?�m�b�- �B�M �Q�`�/�2�` �i�Q �+���T�i�m�`�2 �i�?�2
�b�B�;�M���H �B�M ���b �K���M�v �+�?���M�M�2�H�b ���b �T�Q�b�b�B�#�H�2�- �B�i �K���v �#�2 �T�`�2�7�2�`���#�H�2 �i�Q �`�2���/ �Q�m�i �i�?�2 �+�?���M�M�2�H�b ���i �/�B�z�2�`�2�M�i
�i�B�K�2�b�X

�h�?�B�b �b�2�+�i�B�Q�M �7�2���i�m�`�2�b �� �M�m�K�#�2�` �Q�7 �b�B�K�T�H�2 �b�B�K�m�H���i�B�Q�M�b �i�?���i �r�2�`�2 �T�2�`�7�Q�`�K�2�/ �B�M �Q�`�/�2�` �i�Q �b�i�m�/�v
�i�?�2 �Q�T�i�B�K���H �`�2���/�Q�m�i �r�B�M�/�Q�r�b �7�Q�` �2���+�? �+�?���M�M�2�H�- �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �i�`�B�;�;�2�` ���M�/ �b�B�;�M���H �i�v�T�2�X �q�2



�9�3 �*�>���S�h�1�_ �8�X �*�P�L�h�_�A�"�l�h�A�P�L�a �h�P �_�L�P�@�:

�}�`�b�i �+�Q�M�b�B�/�2�` �M�2�m�i�`�B�M�Q �b�B�;�M���H�b �B�M �b�2�+�i�B�Q�M �8�X�k�X�R�- �7�Q�H�H�Q�r�2�/ �#�v �B�M�@���B�` �b�B�;�M���H�b�- �b�m�+�? ���b �+�Q�b�K�B�+ �`���v�b �Q�`
���M�i�?�`�Q�T�Q�;�2�M�B�+ �M�Q�B�b�2�- �B�M �b�2�+�i�B�Q�M �8�X�k�X�k�X �6�B�M���H�H�v�- �r�2 �#�`�B�2�~�v �+�Q�K�K�2�M�i �Q�M �i�?�2 �b�B�;�M�B�}�+���M�+�2 �Q�7 �i�?�2 �Q�#�i���B�M�2�/
�`�2�b�m�H�i�b �7�Q�` �i�?�2 �+���T���#�B�H�B�i�v �Q�7 �i�?�2 �/�2�i�2�+�i�Q�` �i�Q �p�2�i�Q �b�B�;�M���H�b �Q�`�B�;�B�M���i�B�M�; �7�`�Q�K ���#�Q�p�2 �i�?�2 �b�m�`�7���+�2�X

�8�X�k�X�R �L�2�m�i�`�B�M�Q�b

�h�?�2 �Q�T�i�B�K���H �`�2���/�Q�m�i �r�B�M�/�Q�r�b �7�Q�` �M�2�m�i�`�B�M�Q �b�B�;�M���H�b �r�2�`�2 �b�i�m�/�B�2�b �#�v �b�B�K�m�H���i�B�M�; ���M �A�+�2�*�m�#�2�@�H�B�F�2
�~�m�t �(�R�j�9�) �T�H�m�b �� �:�w�E �+�Q�K�T�Q�M�2�M�i �(�R�d�k�) �B�M �i�?�2 �M�2�m�i�`�B�M�Q �2�M�2�`�;�v �`���M�;�2 �7�`�Q�K1017 �i�Q1019 �2�o �7�Q�` ��
�b�B�M�;�H�2 �_�L�P�@�: �b�i���i�B�Q�M�- �m�b�B�M�; �L�m�_���/�B�Q�J�*�X �6�Q�` �i�?�2 �/�2�2�T �i�`�B�;�;�2�`�- �� �j �Q�m�i �Q�7 �9 �+�Q�B�M�+�B�/�2�M�+�2 �i�`�B�;�;�2�`
�r�B�i�? �� �?�B�;�?�@�H�Q�r �i�?�`�2�b�?�Q�H�/ �Q�73� �B�M �i�?�2 �T���b�b�#���M�/[80; 240]�J�>�x �r���b �m�b�2�/�- �r�?�2�`�2���b �i�?�2 �b�?���H�H�Q�r �i�`�B�;�;�2�`
�r���b �� �k �Q�m�i �Q�7 �e �+�Q�B�M�+�B�/�2�M�+�2 ���i5� �B�M[80; 180] �J�>�x �Q�M �i�?�2 �/�Q�r�M�r���`�/�@�7���+�B�M�; �G�S�.�� �+�?���M�M�2�H�b�X �q�?�B�H�2
�i�?�2�b�2 �i�`�B�;�;�2�` �b�2�i�i�B�M�;�b �U���M�/ �i�?�2 �2�M�2�`�;�v �`���M�;�2�V ���`�2 �M�Q�i �T�2�`�7�2�+�i �K���i�+�?�2�b �7�Q�` �i�?�2 �`�2���H �_�L�P�@�: �/�2�i�2�+�i�Q�`
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�`�2�H���i�B�p�2 �i�Q �� �T�Q�B�M�i ���i �i�?�2 �Q�`�B�;�B�M �B�b �;�B�p�2�M �#�v�,

c� t = �
�
x sin � cos� + y sin � sin � + znice cos� ice
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�/�2�i�2�+�i�Q�` �2�t�T�2�`�B�K�2�M�i�b�- �+���m�b�B�M�; �B�M�~���i�2�/ �i�`�B�;�;�2�` �`���i�2�b �Q�M�+�2 �i�?�2 �r�B�M�/ �b�T�2�2�/ �2�t�+�2�2�/�b �d�@�R�y �K�f�b�X �A�i �B�b
�m�M�+�H�2���` �r�?�2�i�?�2�` �i�?�B�b �b�T�2�2�/ �i�?�`�2�b�?�Q�H�/ �B�b ���M �B�M�i�`�B�M�b�B�+ �`�2�[�m�B�`�2�K�2�M�i �7�Q�` �i�?�2 �Q�+�+�m�`�`�2�M�+�2 �Q�7 �i�`�B�#�Q�2�H�2�+�i�`�B�+
�/�B�b�+�?���`�;�2�b�- �Q�` �B�M�b�i�2���/ �B�b �Q�#�b�2�`�p�2�/ ���b �� �`�2�b�m�H�i �Q�7 �2�p�2�M�i�b ���i �H�Q�r�2�` �r�B�M�/ �b�T�2�2�/�b �#�2�B�M�; �i�Q�Q �H�Q�r �B�M
���K�T�H�B�i�m�/�2 �i�Q �i�`�B�;�;�2�` �i�?�2 �/�2�i�2�+�i�Q�`�b�X �h�?�2 �;�2�M�2�`���i�B�Q�M �Q�7 ���M �2�H�2�+�i�`�B�+ �}�2�H�/ �/�m�2 �i�Q �b�M�Q�r �#�H�Q�r�B�M�; �Q�p�2�`
���M �B�+�2 �b�m�`�7���+�2 �?���b �#�2�2�M �Q�#�b�2�`�p�2�/ ���M�/ �b�i�m�/�B�2�/ �b�B�M�+�2 �K�Q�`�2 �i�?���M �� �+�2�M�i�m�`�v �(�R�d�3�)�X �A�M �(�R�d�N�)�- �i�?�2
�i�?�2�`�K�Q�2�H�2�+�i�`�B�+ �2�z�2�+�i �r���b �b�m�;�;�2�b�i�2�/ �i�Q �2�t�T�H���B�M �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �� �+�?���`�;�2 �/�B�z�2�`�2�M�+�2 �B�M �#�H�Q�r�B�M�; �b�M�Q�r�,
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���b �>+ �B�Q�M�b ���`�2 �K�Q�`�2 �K�Q�#�B�H�2 �i�?���M �i�?�2�B�` �M�2�;���i�B�p�2 �P�>� �+�Q�m�M�i�2�`�T���`�i�b�- �i�?�2�v �K�B�;�`���i�2 �T�`�2�7�2�`�2�M�i�B���H�H�v
�i�Q �+�Q�H�/�2�` �`�2�;�B�Q�M�b�X �h�?�`�2�2 �K�2�+�?���M�B�b�K�b ���`�2 �Q�m�i�H�B�M�2�/ �i�?���i �;�B�p�2 �`�B�b�2 �i�Q �+�?���`�;�2 �b�2�T���`���i�B�Q�M �i�?�`�Q�m�;�?
�i�?�B�b �2�z�2�+�i�, ���B�`�@�b�m�`�7���+�2 �i�2�K�T�2�`���i�m�`�2 �/�B�z�2�`�2�M�+�2�b�- �+�`�v�b�i���H �7�`���;�K�2�M�i���i�B�Q�M ���M�/ ���b�v�K�K�2�i�`�B�+ �`�m�#�#�B�M�;�X �A�M
�+�`�v�b�i���H �7�`���;�K�2�M�i���i�B�Q�M�- �i�?�2 �Q�m�i�2�`�- �+�Q�Q�H�2�` �U�/�m�2 �i�Q �b�m�#�H�B�K���i�B�Q�M�V�- ���M�/ �i�?�m�b �T�Q�b�B�i�B�p�2�H�v�@�+�?���`�;�2�/ �2�t�i�2�`�B�Q�`
�K���v �#�2 �7�`���+�i�m�`�2�/ �Q�z �7�`�Q�K �i�?�2 �`�2�b�i �Q�7 �i�?�2 �b�M�Q�r �+�`�v�b�i���H �B�M �+�Q�H�H�B�b�B�Q�M�b �r�B�i�? �i�?�2 �b�m�`�7���+�2 �Q�` �Q�i�?�2�`
�T���`�i�B�+�H�2�b�X ���b�v�K�K�2�i�`�B�+ �`�m�#�#�B�M�;�- �K�2���M�r�?�B�H�2�- �`�2�7�2�`�b �i�Q �i�?�2 �b�B�x�2 �/�B�z�2�`�2�M�i�B���H �#�2�i�r�2�2�M �b�M�Q�r �T���`�i�B�+�H�2�b
���M�/ �i�?�2 �b�M�Q�r �b�m�`�7���+�2�- �r�?�B�+�? �`�2�b�m�H�i�b �B�M �?�2���i�B�M�; ���M�/ �i�?�m�b �M�2�;���i�B�p�2�H�v �+�?���`�;�B�M�; �i�?�2 �7�Q�`�K�2�`�- �H�2���p�B�M�; �i�?�2
�b�m�`�7���+�2 �T�Q�b�B�i�B�p�2�H�v �+�?���`�;�2�/�X �h�?�2 �M�m�K�#�2�` �Q�7 �+�?���`�;�2�/ �T���`�i�B�+�H�2�b�- ���M�/ �i�?�2 �K���;�M�B�i�m�/�2 �Q�7 �i�?�2 �T�Q�i�2�M�i�B���H
�/�B�z�2�`�2�M�+�2 �;�2�M�2�`���i�2�/�- �r���b �Q�#�b�2�`�p�2�/ �i�Q �/�2�+�`�2���b�2 �r�B�i�? �B�M�+�`�2���b�B�M�; �?�2�B�;�?�i ���#�Q�p�2 �i�?�2 �b�m�`�7���+�2�- ���M�/ �B�M�+�`�2���b�2
�r�B�i�? �B�M�+�`�2���b�B�M�; �r�B�M�/ �b�T�2�2�/�- �r�B�i�? �K�m�H�i�B�T�H�2 �2�t�T�2�`�B�K�2�M�i�b �b�m�;�;�2�b�i�B�M�; �� �i�m�`�M�@�Q�M �r�B�M�/ �b�T�2�2�/ ���`�Q�m�M�/
�e���R�y �K�f�b �(�R�d�3�- �R�3�y�- �R�3�R�)�X

�>�Q�r�2�p�2�`�- �i�?�2 �`�2�b�m�H�i�B�M�; �2�H�2�+�i�`�B�+ �}�2�H�/ �K���;�M�B�i�m�/�2�b ���`�2 �b�B�;�M�B�}�+���M�i�H�v �H�Q�r�2�` �i�?���M �i�?�2 �i�?�`�2�b�?�Q�H�/ �i�Q
�B�M�/�m�+�2 �+�Q�`�Q�M���H �/�B�b�+�?���`�;�2�b �B�M ���B�` �U� �j�9�y�y �F�o�f�K�V�X �h�?�m�b�- �� �/�B�z�2�`�2�M�i �2�t�T�H���M���i�B�Q�M �B�b �`�2�[�m�B�`�2�/ �7�Q�` �i�?�2
�K�Q�`�2 �B�K�T�m�H�b�B�p�2 �b�B�;�M���H�b �i�?���i �7�Q�`�K �� �T�Q�i�2�M�i�B���H �#���+�F�;�`�Q�m�M�/ �i�Q �m�H�i�`���@�?�B�;�? �2�M�2�`�;�v �+�Q�b�K�B�+�@�`���v �b�2���`�+�?�2�b�X
�S�`�2�p�B�Q�m�b �2�z�Q�`�i�b �i�Q �`�2�+�Q�M�b�i�`�m�+�i �� �b�Q�m�`�+�2 �/�B�`�2�+�i�B�Q�M �7�Q�` �p���`�B�Q�m�b �T�Q�H���`�@�#���b�2�/ �`���/�B�Q �/�2�i�2�+�i�B�Q�M �2�t�T�2�`�@
�B�K�2�M�i�b �b�m�;�;�2�b�i �i�?�2 �/�B�b�+�?���`�;�2�b �Q�+�+�m�` �T�`�B�K���`�B�H�v �Q�M �M�2���`�#�v �K�2�i���H�H�B�+ �b�i�`�m�+�i�m�`�2�b �(�R�R�3�)�- �`���i�?�2�` �i�?���M
�2�X�;�X �/�m�2 �i�Q �+�?���`�;�2 �#�m�B�H�/�@�m�T �Q�M �i�?�2 �b�M�Q�r �b�m�`�7���+�2�- �r�?�B�+�? �r�Q�m�H�/ �`�2�b�m�H�i �B�M �� �K�Q�`�2 �B�b�Q�i�`�Q�T�B�+ �b�Q�m�`�+�2
�/�B�b�i�`�B�#�m�i�B�Q�M�X

�A�M �Q�`�/�2�` �i�Q �p�2�`�B�7�v �i�?�B�b�- �� �/�B�`�2�+�i�B�Q�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���H�;�Q�`�B�i�?�K �B�b �`�2�[�m�B�`�2�/�X �A�M �+�Q�M�i�`���b�i �i�Q �+�Q�b�K�B�+�@�`���v
�Q�` �M�2�m�i�`�B�M�Q�@�B�M�/�m�+�2�/ �b�B�;�M���H�b�- �?�Q�r�2�p�2�`�- �i�?�2�`�2 �B�b �M�Q �K�Q�/�2�H �i�?���i �+���M �#�2 �m�b�2�/ �i�Q �T�`�2�/�B�+�i �i�?�2 �b�B�;�M���H �b�?���T�2
���M�/ �T�2�`�7�Q�`�K �� �}�i �Q�` �i�2�K�T�H���i�2 �+�Q�`�`�2�H���i�B�Q�M�X �J�Q�`�2�Q�p�2�`�- �i�?�2 �B�K�T�m�H�b�B�p�2 �2�p�2�M�i�b �Q�#�b�2�`�p�2�/ �/�m�`�B�M�; �?�B�;�?�@
�r�B�M�/ �T�2�`�B�Q�/�b ���`�2 �Q�7 �2�t�i�2�M�/�2�/ �/�m�`���i�B�Q�M�- �Q�7�i�2�M �+�Q�M�i���B�M �K�m�H�i�B�T�H�2 �T�2���F�b�- ���M�/ ���`�2 �m�b�m���H�H�v �Q�M�H�v �T���`�i�B���H�H�v
�+�Q�M�i���B�M�2�/ �B�M �i�?�2 �`�2�+�Q�`�/�2�/ �p�Q�H�i���;�2 �i�`���+�2�b�X �h�?�B�b �K���F�2�b �i�?�2 �b�i���M�/���`�/ ���T�T�`�Q���+�? �Q�7 �+�`�Q�b�b�@�+�Q�`�`�2�H���i�B�M�; �i�?�2
�b�B�;�M���H �#�2�i�r�2�2�M �/�B�z�2�`�2�M�i ���M�i�2�M�M���b �B�M �Q�`�/�2�` �i�Q �/�2�i�2�`�K�B�M�2 �B�i�b ���`�`�B�p���H �/�B�`�2�+�i�B�Q�M �m�M�`�2�H�B���#�H�2�- �K�Q�i�B�p���i�B�M�;
�i�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �� �i�?�`�2�b�?�Q�H�/�@�+�`�Q�b�b�B�M�; �#���b�2�/ ���H�;�Q�`�B�i�?�K �B�M�b�i�2���/�- �r�?�B�+�? �r�B�H�H �#�2 �/�2�b�+�`�B�#�2�/ �B�M �i�?�2
�M�2�t�i �b�2�+�i�B�Q�M�X

�e�X�k �h�?�2 ���H�;�Q�`�B�i�?�K

�h�?�2 �b�B�K�T�H�2�b�i �r���v �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 ���`�`�B�p���H �i�B�K�2 �Q�7 ���M �B�K�T�m�H�b�B�p�2 �b�B�;�M���H ���i ���M ���M�i�2�M�M�� �B�b �i�Q �i���F�2 �i�?�2
�i�B�K�2 �r�?�2�`�2 �i�?�2 �`�2�+�Q�`�/�2�/ �p�Q�H�i���;�2 �}�`�b�i �+�`�Q�b�b�2�b �� �;�B�p�2�M �i�?�`�2�b�?�Q�H�/�X �h�?�B�b �B�b �B�M �7���+�i �i�?�2 ���T�T�`�Q���+�? �m�b�2�/ �i�Q
�`�2�+�Q�M�b�i�`�m�+�i �i�?�2 �i�`�B�#�Q�2�H�2�+�i�`�B�+ �2�p�2�M�i�b �b�2�2�M �#�v �_�L�P�@�: �B�M �(�R�R�3�)�X �>�Q�r�2�p�2�`�- �i�?�B�b �`�2�b�m�H�i�b �B�M �� �`�2�H���i�B�p�2�H�v
�?�B�;�? �K�B�M�B�K�m�K �i�?�`�2�b�?�Q�H�/ �B�M �Q�`�/�2�` �i�Q �/�B�b�i�B�M�;�m�B�b�? �i�?�2 �b�B�;�M���H �7�`�Q�K �i�?�2 �U�2�H�2�+�i�`�Q�M�B�+ ���M�/ �i�?�2�`�K���H�V �M�Q�B�b�2�-
�T���`�i�B�+�m�H���`�H�v ���b �i�?�2 �/�B�b�T�2�`�b�B�Q�M �B�M�i�`�Q�/�m�+�2�/ �#�v �i�?�2 ���M�i�2�M�M�� ���M�/ �b�B�;�M���H �+�?���B�M �+���M �b�B�;�M�B�}�+���M�i�H�v �`�2�/�m�+�2
�i�?�2 �T�2���F �p�Q�H�i���;�2 �B�M�/�m�+�2�/ �#�v �i�?�2 �b�B�;�M���H�X

�h�?�m�b�- �`���i�?�2�` �i�?���M �/�2�}�M�B�M�; �� �i�?�`�2�b�?�Q�H�/ �/�B�`�2�+�i�H�v �Q�M �i�?�2 �p�Q�H�i���;�2 �i�`���+�2�- �� �b�?�Q�`�i�@�i�B�K�2 �6�Q�m�`�B�2�` �i�`���M�b�@
�7�Q�`�K �U�a�h�6�h�V �B�b �m�b�2�/�X �a�B�K�B�H���` �i�Q �� �T�Q�r�2�`�@�B�M�i�2�;�`���i�B�Q�M �i�`�B�;�;�2�`�- �i�?�B�b �+�Q�K�T�2�M�b���i�2�b �7�Q�` �i�?�2 �b�B�;�M���H �T�Q�r�2�`
�b�T�`�2���/�B�M�; �Q�m�i �/�m�2 �i�Q �/�B�b�T�2�`�b�B�Q�M�- ���i �i�?�2 �+�Q�b�i �Q�7 �B�M�i�`�Q�/�m�+�B�M�; �b�Q�K�2 ���K�#�B�;�m�B�i�v �B�M �i�?�2 �i�B�K�B�M�; �`�2�b�Q�H�m�i�B�Q�M
�/�m�2 �i�Q �i�?�2 �r�B�/�i�? �Q�7 �i�?�2 �r�B�M�/�Q�r�X �h�?�2 �7�Q�H�H�Q�r�B�M�; �T�`�Q�+�2�/�m�`�2 �B�b �m�b�2�/�, �7�Q�` �2���+�? ���M�i�2�M�M�� �B�M�+�H�m�/�2�/ �B�M
�i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�- �i�?�2 �a�h�6�h �B�b �+�Q�K�T�m�i�2�/ �r�B�i�? �� �h�m�F�2�v �r�B�M�/�Q�r �Q�7 �k�y �M�b �U�e�9 �b���K�T�H�2�b ���i �j�X�k �:�>�x�V
�r�B�i�? �� �b�i�2�T �b�B�x�2 �U�B�M�+�`�2�K�2�M�i �#�2�i�r�2�2�M �b�m�+�+�2�b�b�B�p�2 �r�B�M�/�Q�r�b�V �Q�7 �R �b���K�T�H�2�X �q�2 �i�?�2�M �/�2�}�M�2 �i�?�2 �b�T�2�+�i�`���H
�2�t�+�2�b�bS ���b �7�Q�H�H�Q�r�b�,

S(t) =

P
f Sf (t)

P
f

~Sf
; �U�e�X�R�V

�r�?�2�`�2Sf (t) �B�b �i�?�2 �a�h�6�h �2�M�2�`�;�v �b�T�2�+�i�`���H �/�2�M�b�B�i�v �Q�7 �7�`�2�[�m�2�M�+�v �#�B�Mf ���i �i�B�K�2t�- ���M�/~Sf �B�b �i�?�2
�K�2�/�B���M �2�M�2�`�;�v �b�T�2�+�i�`���H �/�2�M�b�B�i�v�- �+�Q�K�T�m�i�2�/ �Q�M �� �b�B�;�M���H�@�7�`�2�2 �T���`�i �Q�7 �i�?�2 �p�Q�H�i���;�2 �i�`���+�2�X �h�?�2 �b�m�K �Q�p�2�`
�7�`�2�[�m�2�M�+�v �#�B�M�b �B�M�+�H�m�/�2�b �Q�M�H�v �i�?�Q�b�2 �#�B�M�b �r�?�2�`�2 �i�?�2 �K���t�B�K�m�K �2�M�2�`�;�v �b�T�2�+�i�`���H �/�2�M�b�B�i�v �B�b �K�Q�`�2 �i�?���M
�R�y �i�B�K�2�b �i�?�2 �K�2�/�B���M�- �r�B�i�? �� �K�B�M�B�K�m�K �Q�7 �i�r�Q �7�`�2�[�m�2�M�+�v �#�B�M�b�X �h�?�B�b �2�z�2�+�i�B�p�2�H�v ���+�i�b ���b �� �#���M�/�@�T���b�b
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�6�B�;�m�`�2 �e�X�R�, �1�t���K�T�H�2 �2�p�2�M�i �Q�#�b�2�`�p�2�/ �#�v ���M �_�L�P�@�: �b�i���i�B�Q�M �/�m�`�B�M�; �?�B�;�?�@�r�B�M�/ �b�T�2�2�/�b�X �h�Q�T �`�Q�r�, �i�?�2
�`�2�+�Q�`�/�2�/ �p�Q�H�i���;�2 �i�`���+�2�b �7�Q�` �i�?�2 �i�?�`�2�2 �m�T�r���`�/�@�7���+�B�M�; �G�S�.�� ���M�i�2�M�M���b�X �J�B�/�/�H�2 �`�Q�r�, �i�?�2 �b�T�2�+�i�`�Q�;�`���K
�Q�7 �i�?�2 �2�M�2�`�;�v �b�T�2�+�i�`���H �/�2�M�b�B�i�v�X �"�Q�i�i�Q�K �`�Q�r�, �i�?�2 �b�T�2�+�i�`���H �2�t�+�2�b�bS�- ���b �/�2�}�M�2�/ �B�M �i�?�2 �i�2�t�i�X �"�H�m�2
�/�Q�i�i�2�/ �H�B�M�2�b �B�M�/�B�+���i�2 �i�?�2 �i�?�`�2�b�?�Q�H�/ ���M�/ �i�?�2 �T�m�H�b�2 ���`�`�B�p���H �i�B�K�2 �/�2�}�M�2�/ �#�v �i�?�2 �}�`�b�i �i�?�`�2�b�?�Q�H�/ �+�`�Q�b�b�B�M�;�X

�}�H�i�2�` �i�?���i �2�t�+�H�m�/�2�b �7�`�2�[�m�2�M�+�v �#�B�M�b �r�B�i�? �H�B�i�i�H�2 �Q�` �M�Q �b�B�;�M���H �+�Q�M�i�`�B�#�m�i�B�Q�M�X �h�?�2 �T�m�H�b�2 ���`�`�B�p���H �i�B�K�2 �B�b
�i�?�2�M �Q�#�i���B�M�2�/ �#�v �B�/�2�M�i�B�7�v�B�M�; �i�?�2 �i�B�K�2�U�b�V �r�?�2�`�2 �i�?�2 �b�T�2�+�i�`���H �2�t�+�2�b�b �+�`�Q�b�b�2�b �� �K�B�M�B�K�m�K �i�?�`�2�b�?�Q�H�/�,

Sthreshold = 1 +
12

(N f � 1)2=3
; �U�e�X�k�V

�r�?�B�+�? �B�b �b�B�K�T�H�v ���M �2�K�T�B�`�B�+���H �T���`���K�2�i�2�`�B�x���i�B�Q�M �Q�7 �i�?�2 �K�2�/�B���M �b�T�2�+�i�`���H �2�t�+�2�b�b �Q�7 �T�m�`�2 �M�Q�B�b�2�- �r�?�2�`�2N f

�B�b �i�?�2 �M�m�K�#�2�` �Q�7 �7�`�2�[�m�2�M�+�v �#�B�M�b �B�M�+�H�m�/�2�/ �B�M �i�?�2 �b�m�K �B�M �2�[�m���i�B�Q�M �e�X�R�X �A�M �Q�i�?�2�` �r�Q�`�/�b�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v
�i�?���i �i�?�2 �b�T�2�+�i�`���H �2�t�+�2�b�b �Q�7 �T�m�`�2 �M�Q�B�b�2 �2�t�+�2�2�/�bSthreshold ���i �H�2���b�i �Q�M�+�2 �7�Q�` �� �;�B�p�2�M �2�p�2�M�i ���M�/ ���M�i�2�M�M��
�B�b �`�Q�m�;�?�H�v �8�y�W�X �h�?�B�b �B�b �+�Q�K�#�B�M�2�/ �r�B�i�? �� �+�Q�B�M�+�B�/�2�M�+�2 �+�Q�M�/�B�i�B�Q�M �Q�M ���H�H �B�M�+�H�m�/�2�/ ���M�i�2�M�M���bi; j �,

cjt i � t j j < max
i;j

j~xi � ~xj j; �U�e�X�j�V

�r�?�2�`�2c �/�2�M�Q�i�2�b �i�?�2 �b�T�2�2�/ �Q�7 �H�B�;�?�i�X �h�?�B�b �7�m�`�i�?�2�` �`�2�/�m�+�2�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �7���H�b�2 �T�Q�b�B�i�B�p�2�- �B�X�2�X ��
�i�?�`�2�b�?�Q�H�/ �+�`�Q�b�b�B�M�; �/�m�2 �i�Q �T�m�`�2 �M�Q�B�b�2 �B�M�b�i�2���/ �Q�7 �i�?�2 �B�K�T�m�H�b�B�p�2 �b�B�;�M���H�X

���M �2�t���K�T�H�2 �2�p�2�M�i�- �Q�#�b�2�`�p�2�/ �/�m�`�B�M�; �� �?�B�;�?�@�r�B�M�/ �T�2�`�B�Q�/ �U�R�8 �K�f�b�V �#�v �_�L�P�@�: �b�i���i�B�Q�M �k�j�- �B�b
�b�?�Q�r�M �B�M �6�B�;�m�`�2 �e�X�R�X �6�Q�` �i�?�2 �+�m�`�`�2�M�i �_�L�P�@�: �b�i���i�B�Q�M�b�- �i�?�2 �i�?�`�2�2 �m�T�r���`�/�@�7���+�B�M�; �H�Q�;�@�T�2�`�B�Q�/�B�+ �/�B�T�Q�H�2
���M�i�2�M�M���b �U�G�S�.���b�V �U�b�2�2 �b�2�+�i�B�Q�M �j�X�j�V ���`�2 �K�Q�b�i �b�2�M�b�B�i�B�p�2 �i�Q �b�B�;�M���H�b ���`�`�B�p�B�M�; �7�`�Q�K ���#�Q�p�2�X �l�M�7�Q�`�i�m�M���i�2�H�v�-
�/�m�2 �i�Q �i�?�2 �+�Q�K�#�B�M���i�B�Q�M �Q�7 �+���#�H�2 �/�2�H���v�b ���M�/ �b�B�;�M���H �i�`���p�2�H �i�B�K�2�- �i�?�B�b ���H�b�Q �K�2���M�b �i�?���i �B�7 �i�?�2 �2�p�2�M�i
�i�`�B�;�;�2�`�2�/ �i�?�2�b�2 ���M�i�2�M�M���b�- �i�?�2 �b�B�;�M���H �r�B�H�H �M�Q�i �#�2 �p�B�b�B�#�H�2 �B�M �i�?�2 �/�2�2�T ���M�i�2�M�M���b �r�B�i�? �i�?�2 �i�`�B�;�;�2�` �`�2���/�Q�m�i
�b�2�i�i�B�M�;�b �m�b�2�/ �T�`�B�Q�` �i�Q �k�y�k�9�X �l�b�B�M�; �Q�M�H�v �i�?�`�2�2 ���M�i�2�M�M���b�- �B�i �B�b �M�Q�i �T�Q�b�b�B�#�H�2 �i�Q �/�Q �� �7�m�H�H �j�. �/�B�`�2�+�i�B�Q�M



�8�3 �*�>���S�h�1�_ �e�X �.�A�_�1�*�h�A�P�L �_�1�*�P�L�a�h�_�l�*�h�A�P�L �6�P�_ �A�J�S�l�G�a�A�o�1 �a�A�:�L���G�a

�`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�X �A�M�b�i�2���/�- �r�2 �m�b�2 �i�?�2 �T�H���M�2�@�r���p�2 ���T�T�`�Q�t�B�K���i�B�Q�M�,
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A ; �U�e�X�9�V

�r�?�2�`�2 �i�?�2� �B�M�/�B�+���i�2�b �i�?�2 �U�i�B�K�2�f�b�T���i�B���H�V �/�B�z�2�`�2�M�+�2 �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �}�`�b�i ���M�i�2�M�M���- �B�X�2�X �7�Q�`N
���M�i�2�M�M���b �r�2 �?���p�2N � 1 �`�Q�r�b�X �A�M �i�?�2 �+���b�2 �Q�7 �i�?�`�2�2 ���M�i�2�M�M���b ���i �i�?�2 �b���K�2 �/�2�T�i�?�R�- � zi = 0 ���M�/
�2�[�m���i�B�Q�M �e�X�9 �b�B�K�T�H�B�}�2�b �i�Q ��2 � 2 �K���i�`�B�t �2�[�m���i�B�Q�M�- �r�?�B�+�? �+���M �#�2 �B�M�p�2�`�i�2�/�,
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�
= c

�
� x1 � y1

� x2 � y2

� � 1 �
� t1

� t2

�
: �U�e�X�8�V

�6�Q�` �b�Q�m�`�+�2�b �r�B�i�?�B�M �i�?�2 �b�i���i�B�Q�M �7�Q�Q�i�T�`�B�M�i�- �i�?�Q�m�;�? �7�Q�`�K���H�H�v �i�?�2 �T�H���M�2�@�r���p�2 ���T�T�`�Q�t�B�K���i�B�Q�M �B�b �M�Q�i
���T�T�H�B�+���#�H�2�- �B�i �/�Q�2�b �;�B�p�2 �+�Q�M�b�B�b�i�2�M�i �`�2�b�m�H�i�b�, �b�B�;�M���H�b �Q�`�B�;�B�M���i�B�M�; �7�`�Q�K �M�2���` �i�?�2 �b�i���i�B�Q�M �+�2�M�i�`�2 ���`�`�B�p�2
�+�H�Q�b�2 �B�M �i�B�K�2�- �`�2�b�m�H�i�B�M�; �B�M �� �b�K���H�H �x�2�M�B�i�?� �X �A�i �B�b �i�?�2�`�2�7�Q�`�2 �b�i�B�H�H �T�Q�b�b�B�#�H�2 �i�Q �+�Q�K�T���`�2 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M
�i�Q �i�?�2 �2�t�T�2�+�i�2�/ �/�B�`�2�+�i�B�Q�M�b �7�`�Q�K �T�Q�i�2�M�i�B���H �b�Q�m�`�+�2�b �B�M�b�B�/�2 �i�?�2 �b�i���i�B�Q�M �U�2�X�;�X �i�?�2 �b�Q�H���` �T���M�2�H�b �Q�` �i�?�2
�/���i���@���+�[�m�B�b�B�i�B�Q�M �U�.���Z�V �#�Q�t�V�X

�6�B�M���H�H�v�- �r�2 �T�Q�B�M�i �Q�m�i �?�2�`�2 �i�?���i �Q�M�2 �+�Q�M�b�2�[�m�2�M�+�2 �Q�7 �m�b�B�M�; �� �i�?�`�2�b�?�Q�H�/�@�+�`�Q�b�b�B�M�; ���H�;�Q�`�B�i�?�K �`���i�?�2�`
�i�?���M �� �+�`�Q�b�b�@�+�Q�`�`�2�H���i�B�Q�M �#���b�2�/ ���H�;�Q�`�B�i�?�K �B�K�T�H�B�2�b �i�?���i �M�Q�i ���H�H �2�p�2�M�i�b �+���M �#�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/�, �B�7 �i�?�2
�i�?�`�2�b�?�Q�H�/ �B�b �+�`�Q�b�b�2�/ �B�M �Q�M�H�v �i�r�Q �Q�m�i �Q�7 �i�?�2 �i�?�`�2�2 ���M�i�2�M�M���b�- �Q�M�H�v �� �T���`�i�B���H �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�- �+�Q�M�b�i�`���B�M�B�M�;
�i�?�2 �b�Q�m�`�+�2 �/�B�`�2�+�i�B�Q�M �i�Q �H�B�2 �Q�M �� �+�m�`�p�2 �B�M �x�2�M�B�i�? ���M�/ ���x�B�K�m�i�?�- �B�b �T�Q�b�b�B�#�H�2�- �r�?�B�H�2 �M�Q �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M
���i ���H�H �B�b �T�Q�b�b�B�#�H�2 �B�7 �i�?�2 �i�?�`�2�b�?�Q�H�/ �B�b �+�`�Q�b�b�2�/ �B�M �Q�M�2 �Q�` �M�Q ���M�i�2�M�M���b�X �q�?�B�H�2 �i�?�B�b �+���M �#�2 �b�2�2�M ���b
�� �/�Q�r�M�b�B�/�2 �i�Q �i�?�B�b �K�2�i�?�Q�/�- �B�i �/�Q�2�b �?���p�2 �i�?�2 ���/�p���M�i���;�2 �Q�7 ���m�i�Q�K���i�B�+���H�H�v �`�2�D�2�+�i�B�M�; �i�?�2�`�K���H �M�Q�B�b�2
���M�/ �+�Q�M�i�B�M�m�Q�m�b�@�r���p�2 �U�M���`�`�Q�r�#���M�/�V �i�`�B�;�;�2�`�b�- �7�Q�` �r�?�B�+�? �� �/�B�`�2�+�i�B�Q�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �B�b �B�M ���M�v �+���b�2 �M�Q�i
�H�B�F�2�H�v �i�Q �#�2 ���+�+�m�`���i�2 �Q�` �K�2���M�B�M�;�7�m�H�X

�e�X�j �_�2�b�m�H�i�b

�A�M �Q�`�/�2�` �i�Q �B�/�2�M�i�B�7�v �i�?�2 �b�Q�m�`�+�2�b �Q�7 �B�K�T�m�H�b�B�p�2 �b�B�;�M���H�b �B�M �_�L�P�@�: �b�i���i�B�Q�M�b�- �i�?�2 �/�B�`�2�+�i�B�Q�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M
���H�;�Q�`�B�i�?�K �r���b ���T�T�H�B�2�/ �i�Q �i�?�2� 3%�b���i�2�H�H�B�i�2�@�i�`���M�b�7�2�`�`�2�/ �7�`���+�i�B�Q�M �U�ô�#�m�`�M �b���K�T�H�2�ô�V �Q�7 �b�?���H�H�Q�r�@�U�G�S�.���@
�V�i�`�B�;�;�2�`�2�/ �2�p�2�M�i�b �`�2�+�Q�`�/�2�/ �B�M �i�?�2 �}�`�b�i �i�r�Q �b�2���b�Q�M�b �U�k�y�k�R ���M�/ �k�y�k�k�V �Q�7 �Q�T�2�`���i�B�Q�M�X �h�?�2 �`�2�b�m�H�i�b ���`�2
�b�2�T���`���i�2�/ �#�v �i�?�2 �`�2�T�Q�`�i�2�/ �r�B�M�/ �b�T�2�2�/�b ���i �a�m�K�K�B�i �a�i���i�B�Q�M �(�R�3�k�) �i�Q �/�B�b�i�B�M�;�m�B�b�? �+�Q�M�i�B�M�m���H �U�b�i���i�B�Q�M�@
�B�M�/�m�+�2�/�V �b�Q�m�`�+�2�b �7�`�Q�K �i�`�B�#�Q�2�H�2�+�i�`�B�+ �2�p�2�M�i�b �Q�+�+�m�`�`�B�M�; �/�m�`�B�M�; �T�2�`�B�Q�/�b �Q�7 �B�M�+�`�2���b�2�/ �r�B�M�/ �b�T�2�2�/�b�X �h�?�2
�`�2�+�Q�M�b�i�`�m�+�i�2�/ �/�B�`�2�+�i�B�Q�M�b ���`�2 �b�?�Q�r�M ���b �i�?�2 �2�t�+�2�b�b �Q�p�2�` �i�?�2 �M�m�K�#�2�` �Q�7 �2�p�2�M�i�b �2�t�T�2�+�i�2�/ ���b�b�m�K�B�M�; ��
�`���M�/�Q�K �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �T�m�H�b�2 ���`�`�B�p���H �i�B�K�2�b ���i �i�?�2 �i�?�`�2�2 ���M�i�2�M�M���b�,

nexcess =
Nobs � Nexpp

Nexp
: �U�e�X�e�V

�L�Q�i�2 �i�?���i �i�?�B�b �B�b �M�Q�i �2�[�m�B�p���H�2�M�i �i�Q �m�b�B�M�; �2�[�m���H�@���`�2�� �#�B�M�b �B�M �x�2�M�B�i�? ���M�/ ���x�B�K�m�i�?�- �#�m�i �i�?�2�`�2 �B�b �M�Q
�;�Q�Q�/ �`�2���b�Q�M �i�Q �2�t�T�2�+�i �� �/�B�b�i�`�B�#�m�i�B�Q�M �m�M�B�7�Q�`�K �B�M �i�?�2�b�2 �+�Q�Q�`�/�B�M���i�2�b�X �A�M ���M�v �+���b�2�- �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/
�/�B�`�2�+�i�B�Q�M�b �m�M���K�#�B�;�m�Q�m�b�H�v �+�H�m�b�i�2�` ���`�Q�m�M�/ �� �H�B�K�B�i�2�/ �M�m�K�#�2�` �Q�7 �b�Q�m�`�+�2 �H�Q�+���i�B�Q�M�b �B�M �� �r���v �i�?���i �r�Q�m�H�/
�#�2 �+�H�2���`�H�v �p�B�b�B�#�H�2 �`�2�;���`�/�H�2�b�b �Q�7 �i�?�2 �+�?�Q�B�+�2 �Q�7 �M�Q�`�K���H�B�x���i�B�Q�M�X

�e�X�j�X�R �_�2�b�m�H�i�b �b�2�T���`���i�2�/ �#�v �r�B�M�/ �b�T�2�2�/

�6�B�;�m�`�2 �e�X�k �b�?�Q�r�b �i�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �7�Q�` �_�L�P�@�: �b�i���i�B�Q�M �k�R �B�M �a�2�T�i�2�K�#�2�` �k�y�k�R�X ���i
�H�Q�r�2�` �r�B�M�/ �b�T�2�2�/�b �U�H�2�7�i�@�?���M�/ �T�H�Q�i�V�- �i�?�2 �K���D�Q�`�B�i�v �Q�7 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �2�p�2�M�i�b �+�H�m�b�i�2�` ���`�Q�m�M�/ �i�?�2 �+�2�M�i�`�2

�R���b �H�Q�M�; ���b �i�?�2 �i�?�`�2�2 ���M�i�2�M�M���b ���`�2 �+�H�Q�b�2 �2�M�Q�m�;�? �i�Q �b�?���`�2 �i�?�2 �b���K�2 �`�2�7�`���+�i�B�p�2 �B�M�/�2�tn�- ���M�/ �i�?�2 �`�2�7�`���+�i�B�p�2 �B�M�/�2�t
�B�b �� �7�m�M�+�i�B�Q�M �Q�7 �/�2�T�i�? �Q�M�H�vn = n(z)�- �i�?�B�b �+�`�B�i�2�`�B�Q�M �+���M ���H�r���v�b �#�2 �b���i�B�b�}�2�/ �#�v �U�i�2�K�T�Q�`���`�B�H�v�V �`�Q�i���i�B�M�; �i�?�2 �+�Q�Q�`�/�B�M���i�2
�b�v�b�i�2�K�X
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�6�B�;�m�`�2 �e�X�k�, �_�2�b�m�H�i�b �Q�7 �i�?�2 �B�K�T�m�H�b�B�p�2 �b�B�;�M���H �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �7�Q�` �b�?���H�H�Q�r�@�i�`�B�;�;�2�`�B�M�; �2�p�2�M�i�b �B�M �_�L�P�@�:
�b�i���i�B�Q�M �k�R �U�ô���K���`�Q�[�ô�V �B�M �a�2�T�i�2�K�#�2�` �k�y�k�R�X �h�?�2 �`�2�b�m�H�i�b ���`�2 �b�2�T���`���i�2�/ �B�M�i�Q �H�Q�r �U�H�2�7�i�V�- �B�M�i�2�`�K�2�/�B���i�2
�U�+�2�M�i�`�2�V ���M�/ �?�B�;�? �U�`�B�;�?�i�V �r�B�M�/ �b�T�2�2�/�b�- �r�B�i�? �T�2�`�+�2�M�i���;�2�b �B�M�/�B�+���i�B�M�; �i�?�2 �`�2�H���i�B�p�2 �7�`�2�[�m�2�M�+�v �Q�p�2�` �i�?�2
�Q�#�b�2�`�p���i�B�Q�M �T�2�`�B�Q�/�X �:�`�B�/ �H�B�M�2�b �B�M�/�B�+���i�2 �x�2�M�B�i�?�b �Q�7 �j�y� �- �e�y� ���M�/ �N�y� �c �i�?�2 �N�y� �@�#�B�M �B�b �b�?�Q�r�M �H���`�;�2�` �7�Q�`
�+�H���`�B�i�v�X �P�T�2�M�- �#�H���+�F �+�B�`�+�H�2�b �B�M�/�B�+���i�2 �i�?�2 ���T�T�`�Q�t�B�K���i�2 �T�Q�b�B�i�B�Q�M�b �Q�7 �i�?�2 �b�Q�H���` �T���M�2�H�b�- ���M�/ �i�?�2 �}�H�H�2�/�-
�Q�`���M�;�2 �+�B�`�+�H�2 �b�?�Q�r�b �i�?�2 �/�B�`�2�+�i�B�Q�M �Q�7 �a�m�K�K�B�i �a�i���i�B�Q�M�X

�Q�7 �i�?�2 �b�i���i�B�Q�M�X �A�M �7���+�i�- �i�?�B�b �+�H�m�b�i�2�` �B�b �/�m�2 �i�Q �i�r�Q �b�2�T���`���i�2 �b�Q�m�`�+�2�b�, �i�?�2 �T�2�`�B�Q�/�B�+ �/���i�� �i�`���M�b�K�B�b�b�B�Q�M�b
�7�`�Q�K �i�?�2 �G�Q�_���q���L ���M�i�2�M�M���- �r�?�B�+�? �B�b �K�Q�m�M�i�2�/ �Q�M �i�?�2 �2���b�i�2�`�M �b�Q�H���` �T���M�2�H�- ���M�/ �#���i�i�2�`�v �+�?���`�;�B�M�;
�M�Q�B�b�2�- �Q�`�B�;�B�M���i�B�M�; �7�`�Q�K �i�?�2 �T�Q�r�2�` �b�v�b�i�2�K �B�M �i�?�2 �.���Z �#�Q�t �U���i �i�?�2 �+�2�M�i�`�2 �Q�7 �i�?�2 �b�i���i�B�Q�M�V�X �q�?�B�H�2 �i�?�2
�`�2�b�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �B�b �M�Q�i �b�m�{�+�B�2�M�i �i�Q �/�B�b�i�B�M�;�m�B�b�? �i�?�2 �i�r�Q�- �i�?�2�v �+���M �#�2 �b�2�T���`���i�2�/ �m�b�B�M�;
���/�/�B�i�B�Q�M���H �+�m�i�b �Q�M �2�X�;�X �i�B�K�2 �U���b �i�?�2 �#���i�i�2�`�v �/�Q�2�b �M�Q�i �+�?���`�;�2 �r�?�2�M �i�?�2 �b�m�M �B�b �/�Q�r�M�V �Q�` ���K�T�H�B�i�m�/�2�X

�A�M ���/�/�B�i�B�Q�M �i�Q �i�?�2 �+�H�m�b�i�2�`�U�b�V �M�2���` �x�2�M�B�i�?�- �i�?�2�`�2 ���`�2 �i�?�`�2�2 �ö�i���B�H�b�ö�X �h�?�B�b �B�b �K�Q�b�i �H�B�F�2�H�v �/�m�2 �i�Q �2�p�2�M�i�b
�r�?�2�`�2 �i�?�2 ���`�`�B�p���H �i�B�K�2 ���i �Q�M�2 �Q�7 �i�?�2 �i�?�`�2�2 ���M�i�2�M�M���b �B�b �K�B�b�`�2�+�Q�M�b�i�`�m�+�i�2�/�X �A�M �i�?�Q�b�2 �+���b�2�b�- �i�?�2 �Q�i�?�2�`
�i�r�Q ���M�i�2�M�M���b �+�Q�M�b�i�`���B�M �i�?�2 �b�Q�H�m�i�B�Q�M �i�Q �H�B�2 �Q�M �� �+�m�`�p�2 �i�?�`�Q�m�;�? �i�?�2 �i�`�m�2 �b�Q�m�`�+�2 ���`�`�B�p���H �/�B�`�2�+�i�B�Q�M�X ��
�b�K���H�H �M�m�K�#�2�` �Q�7 �2�p�2�M�i�b�- ���H�H �Q�+�+�m�`�`�B�M�; �r�B�i�?�B�M �� �b�B�M�;�H�2 �R�y�@�K�B�M�m�i�2 �T�2�`�B�Q�/�- �7�Q�`�K �� �+�H�m�b�i�2�` �i�?���i �T�Q�B�M�i�b
�`�Q�m�;�?�H�v �i�Q�r���`�/�b �i�?�2 �K���B�M �a�m�K�K�B�i �a�i���i�B�Q�M �#�m�B�H�/�B�M�;�X

���i �?�B�;�?�2�` �r�B�M�/ �b�T�2�2�/�b �U�`�B�;�?�i �T�H�Q�i�V�- �i�?�2 �b�B�i�m���i�B�Q�M �+�?���M�;�2�b�- ���M�/ �i�?�`�2�2 �/�B�b�i�B�M�+�i �+�H�m�b�i�2�`�b �+���M �#�2
�B�/�2�M�i�B�}�2�/�X �h�?�2 �}�`�b�i �i�r�Q �+�Q�B�M�+�B�/�2 �r�B�i�? �i�?�2 �:�S�a�@�b�m�`�p�2�v�2�/ �T�Q�b�B�i�B�Q�M�b �Q�7 �i�?�2 �b�Q�H���` �T���M�2�H�b�- �r�B�i�? �i�?�2
�i�?�B�`�/ �T�Q�B�M�i�B�M�; �i�Q�r���`�/�b �a�m�K�K�B�i �a�i���i�B�Q�M�X �h�?�B�b ���;�`�2�2�b �r�B�i�? �i�?�2 �+�Q�M�+�H�m�b�B�Q�M �B�M �(�R�R�3�) �i�?���i �i�?�2 �i�`�B�#�Q�@
�2�H�2�+�i�`�B�+ �2�p�2�M�i�b �Q�#�b�2�`�p�2�/ �/�m�`�B�M�; �?�B�;�?�@�r�B�M�/ �b�T�2�2�/�b �K�Q�b�i �H�B�F�2�H�v �Q�`�B�;�B�M���i�2 �7�`�Q�K �K�2�i���H�H�B�+ ���#�Q�p�2�@�b�m�`�7���+�2
�b�i�`�m�+�i�m�`�2�b�X �L�Q�i�2 �i�?���i �i�?�2 �2�p�2�M�i �+�H�m�b�i�2�` �T�Q�B�M�i�B�M�; �i�Q�r���`�/�b �a�m�K�K�B�i �a�i���i�B�Q�M �B�b �/�m�2 �i�Q �2�p�2�M�i�b �Q�+�+�m�`�`�B�M�;
�Q�M �� �b�B�M�;�H�2 �/���v �Q�M�H�v�- �b�m�;�;�2�b�i�B�M�; �T�Q�i�2�M�i�B���H�H�v �� �+�Q�M�/�B�i�B�Q�M���H�B�i�v �Q�M ���M�Q�i�?�2�` �p���`�B���#�H�2�- �2�X�;�X �r�B�M�/ �/�B�`�2�+�i�B�Q�M�-
�B�M ���/�/�B�i�B�Q�M �i�Q �r�B�M�/ �b�T�2�2�/�c �M�Q �b�m�+�? �+�H�m�b�i�2�` �r���b �Q�#�b�2�`�p�2�/ �B�M �k�y�k�k �Q�` �7�Q�` ���M�v �Q�7 �i�?�2 �Q�i�?�2�` �_�L�P�@�:
�b�i���i�B�Q�M�b�- �r�?�B�+�? ���`�2 ���H�H �H�Q�+���i�2�/ �7�m�`�i�?�2�` �U> 2 �F�K�V �7�`�Q�K �i�?�2 �K���B�M �a�m�K�K�B�i �a�i���i�B�Q�M �i�?���M �b�i���i�B�Q�M �k�R
�U� �R �F�K�V�X

�h�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���H�;�Q�`�B�i�?�K �7�Q�` ���M�Q�i�?�2�` �b�i���i�B�Q�M�- �k�j�- ���`�2 �b�?�Q�r�M �B�M �6�B�;�m�`�2 �e�X�j�X �h�?�B�b
�b�i���i�B�Q�M �r���b �#�m�B�H�i �B�M �k�y�k�k�- ���M�/ �?���b �� �b�K���H�H�2�` �+�Q�M�i�`�B�#�m�i�B�Q�M �7�`�Q�K �b�2�H�7�@�B�M�/�m�+�2�/ �2�H�2�+�i�`�Q�M�B�+ �#���+�F�;�`�Q�m�M�/�b�-
���H�i�?�Q�m�;�? �i�?�2 �m�T�r���`�/�@�7���+�B�M�; �G�S�.�� �i�`�B�;�;�2�` �`���i�2 �B�b �b�i�B�H�H �Q�#�b�2�`�p�2�/ �i�Q �B�M�+�`�2���b�2 �/�m�`�B�M�; �/���v�i�B�K�2�- �H�B�F�2�H�v
�/�m�2 �i�Q �M�Q�B�b�2 �7�`�Q�K �i�?�2 �#���i�i�2�`�v �+�?���`�;�B�M�;�X �>�Q�r�2�p�2�`�- �m�M�H�B�F�2 �7�Q�` �b�i���i�B�Q�M �k�R�- �i�?�2�`�2 �B�b �M�Q �+�H�2���` �+�H�m�b�i�2�`
�T�Q�B�M�i�B�M�; �i�Q�r���`�/�b �i�?�2 �.���Z�@�#�Q�t ���i �i�?�2 �b�i���i�B�Q�M �+�2�M�i�`�2 ���i �H�Q�r�2�` �r�B�M�/ �b�T�2�2�/�b�X �h�?�B�b �K���v �#�2 �/�m�2 �i�Q �i�?�2
�7���+�i �i�?���i �i�?�2 �+�?���`�;�B�M�; �2�p�2�M�i�b ���`�2 �H�Q�r�2�` �B�M ���K�T�H�B�i�m�/�2 �i�?���M �7�Q�` �b�i���i�B�Q�M �k�R�- ���M�/ ���`�2 �i�?�2�`�2�7�Q�`�2 �K�Q�`�2
�H�B�F�2�H�v �i�Q �#�2 �K�B�b�`�2�+�Q�M�b�i�`�m�+�i�2�/�X

���i �?�B�;�?�2�` �r�B�M�/ �b�T�2�2�/�b�- �r�2 ���;���B�M �b�2�2 �b�Q�K�2 �+�H�m�b�i�2�`�B�M�; ���`�Q�m�M�/ �i�?�2 �T�Q�b�B�i�B�Q�M�b �Q�7 �i�?�2 �b�Q�H���` �T���M�2�H�b�X �A�M
�i�?�B�b �+���b�2�- �?�Q�r�2�p�2�`�- �i�?�2 �+�H�m�b�i�2�` ���`�Q�m�M�/ �i�?�2 �r�2�b�i�2�`�M �b�Q�H���` �T���M�2�H �B�b �K�m�+�? �H���`�;�2�`�- ���M�/ �2�t�i�2�M�/�b �i�Q�r���`�/�b
�?�B�;�?�2�` �x�2�M�B�i�?�b�X �h�?�2 �b�?�B�7�i�2�/ �x�2�M�B�i�? �K���v �#�2 �/�m�2 �i�Q �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �2�`�`�Q�`�, �� �b�B�K�T�H�2 �`�2�b�+���H�B�M�; �Q�7 �i�?�2
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�6�B�;�m�`�2 �e�X�j�, �_�2�b�m�H�i�b �Q�7 �i�?�2 �B�K�T�m�H�b�B�p�2 �b�B�;�M���H �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �7�Q�` �b�?���H�H�Q�r�@�i�`�B�;�;�2�`�B�M�; �2�p�2�M�i�b �B�M �_�L�P�@
�: �b�i���i�B�Q�M �k�j �U�ô�l�F���H�B���i�b�B���[�ô�V �7�`�Q�K �C�m�H�v �i�Q �a�2�T�i�2�K�#�2�` �k�y�k�k�X �h�?�2 �`�2�b�m�H�i�b ���`�2 �b�2�T���`���i�2�/ �B�M�i�Q �H�Q�r
�U�H�2�7�i�V�- �B�M�i�2�`�K�2�/�B���i�2 �U�+�2�M�i�`�2�V ���M�/ �?�B�;�? �U�`�B�;�?�i�V �r�B�M�/ �b�T�2�2�/�b�- �r�B�i�? �T�2�`�+�2�M�i���;�2�b �B�M�/�B�+���i�B�M�; �i�?�2 �`�2�H���i�B�p�2
�7�`�2�[�m�2�M�+�v �Q�p�2�` �i�?�2 �Q�#�b�2�`�p���i�B�Q�M �T�2�`�B�Q�/�X �:�`�B�/ �H�B�M�2�b �B�M�/�B�+���i�2 �x�2�M�B�i�?�b �Q�7 �j�y� �- �e�y� ���M�/ �N�y� �c �i�?�2 �N�y� �@�#�B�M
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�B�b �p�2�`�v �+�H�Q�b�2 �i�Q �p�2�`�i�B�+���H �U� B � 9� �(�R�3�3�)�V�- �+�?���M�;�B�M�; �i�?�2 �+�Q�b�K�B�+ �`���v ���x�B�K�m�i�? �B�b �2�t�T�2�+�i�2�/ �i�Q �?���p�2 �Q�M�H�v
�� �K�B�M�Q�` �2�z�2�+�i �Q�M �i�?�2 �`�2�b�m�H�i�B�M�; �`���/�B�Q �2�K�B�b�b�B�Q�M�X �h�?�m�b�- �B�M�b�i�2���/ �Q�7 �b�B�K�m�H���i�B�M�; ���/�/�B�i�B�Q�M���H �+�Q�b�K�B�+ �`���v
�b�?�Q�r�2�`�b �7�`�Q�K �/�B�z�2�`�2�M�i ���x�B�K�m�i�?�b�- �� �+�Q�b�K�B�+ �`���v �+�Q�K�B�M�; �7�`�Q�K �i�?�2 �/�B�`�2�+�i�B�Q�M� = � CR + � � �+���M �#�2
���T�T�`�Q�t�B�K���i�2�/ �#�v �`�Q�i���i�B�M�; �i�?�2 �/�2�i�2�+�i�Q�` �#�v� � � �X

�d�X�R�X�R �a�B�K�m�H���i�B�Q�M �b�2�i�m�T

�h�?�2 �i�`�B�;�;�2�` �2�{�+�B�2�M�+�B�2�b ���b �� �7�m�M�+�i�B�Q�M �Q�7 �+�Q�b�K�B�+ �`���v �/�B�`�2�+�i�B�Q�M �r�2�`�2 �2�b�i�B�K���i�2�/ �B�M �(�k�)�- �r�?�B�+�? ���H�b�Q �b�2�`�p�2�/
�i�Q �T�`�Q�/�m�+�2 �� �`�2���H�B�b�i�B�+ �+�Q�b�K�B�+�@�`���v �b���K�T�H�2 �i�Q �m�b�2 �7�Q�` �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �b�i�m�/�B�2�b �B�M �i�?�B�b �+�?���T�i�2�`�X �h�?�B�b
�r���b �/�Q�M�2 �#�v �`�2���/�B�M�; �i�?�2 �2�H�2�+�i�`�B�+ �}�2�H�/�b �;�2�M�2�`���i�2�/ �#�v �*�Q�_�1���a �B�M�i�Q �L�m�_���/�B�Q�_�2�+�Q �(�R�9�j�)�- ���/�/�B�M�;
�M�Q�B�b�2 �/�m�2 �i�Q �i�?�2 �B�+�2 �i�2�K�T�2�`���i�m�`�2�- �2�H�2�+�i�`�Q�M�B�+�b ���M�/ �i�?�2 �;���H���t�v�- ���M�/ �+�Q�M�p�Q�H�p�B�M�; �r�B�i�? �i�?�2 ���T�T�`�Q�T�`�B���i�2
���M�i�2�M�M�� ���M�/ �b�B�;�M���H �+�?���B�M �`�2�b�T�Q�M�b�2�X �"�Q�i�? �� �i�`�B���M�;�m�H���`�- �j�@�G�S�.�� �+�Q�M�}�;�m�`���i�B�Q�M ���b �+�m�`�`�2�M�i�H�v �m�b�2�/ �#�v
�_�L�P�@�:�- ���b �r�2�H�H ���b �� �9�@�G�S�.�� �H���v�Q�m�i�- �b�B�K�B�H���` �i�Q �i�?�2 �Q�M�2 �m�b�2�/ �#�v ���_�A���L�L�� �(�R�3�8�)�- �r�2�`�2 �b�B�K�m�H���i�2�/�X
�h�?�2�b�2 �H���v�Q�m�i�b ���`�2 �b�?�Q�r�M �B�M �6�B�;�m�`�2 �d�X�R�X �.�B�z�2�`�2�M�i �+�Q�b�K�B�+�@�`���v ���x�B�K�m�i�?�b �r�2�`�2 �b�B�K�m�H���i�2�/ �#�v �m�b�B�M�; ��
�`�Q�i���i�2�/ �/�2�i�2�+�i�Q�` �/�2�b�+�`�B�T�i�B�Q�M�- ���b �K�Q�i�B�p���i�2�/ ���#�Q�p�2�X �P�M�H�v �/�2�i�2�+�i�Q�` �`�Q�i���i�B�Q�M�b �7�`�Q�K� 50� �i�Q60� �r�2�`�2
�b�B�K�m�H���i�2�/�- ���b ���H�H �Q�i�?�2�` �`�Q�i���i�B�Q�M�b �+���M �#�2 �`�2�H���i�2�/ �i�Q �� �`�Q�i���i�B�Q�M �B�M �i�?�B�b �`���M�;�2 �/�m�2 �i�Q �i�?�2 �b�v�K�K�2�i�`�B�2�b
�Q�7 �i�?�2 �/�2�i�2�+�i�Q�` �H���v�Q�m�i�b�X �A�M ���/�/�B�i�B�Q�M�- �7�Q�` �b�Q�K�2 �+�Q�b�K�B�+ �`���v �2�M�2�`�;�B�2�b ���M�/ �x�2�M�B�i�?�b �i�?�2 �M�m�K�#�2�` �Q�7
���p���B�H���#�H�2 �*�Q�_�1���a �b�B�K�m�H���i�B�Q�M�b �r���b �H�Q�r�2�` �i�?���M �7�Q�` �Q�i�?�2�`�b�c �B�M �i�?�Q�b�2 �+���b�2�b�- �i�?�2 �K�B�b�b�B�M�; �b�B�K�m�H���i�B�Q�M�b
�r�2�`�2 �b�m�#�b�i�B�i�m�i�2�/ �#�v �H�B�M�2���`�H�v �`�2�b�+���H�B�M�; �i�?�2 �2�H�2�+�i�`�B�+ �}�2�H�/�b �7�`�Q�K �� �+�Q�`�`�2�b�T�Q�M�/�B�M�; �*�Q�_�1���a �b�B�K�m�H���i�B�Q�M
���i �� �/�B�z�2�`�2�M�i �2�M�2�`�;�v�X ���b �i�?�2 ���K�T�H�B�i�m�/�2 �Q�7 �i�?�2 �`���/�B�Q �b�B�;�M���H �B�b ���T�T�`�Q�t�B�K���i�2�H�v �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2
�/�2�T�Q�b�B�i�2�/ �2�M�2�`�;�v �(�R�3�N�)�- ���M�/ �i�?�B�b �Q�M�H�v ���z�2�+�i�b �� �b�K���H�H �M�m�K�#�2�` �Q�7 �b�B�K�m�H���i�B�Q�M�b �U< 2% �Q�7 ���H�H �i�`�B�;�;�2�`�B�M�;



�d�X�R�X �a�A�J�l�G���h�A�P�L �e�8

�2�p�2�M�i�b�V�- �i�?�2 �2�z�2�+�i �Q�M �i�?�2 �`�2�b�m�H�i�b �r�B�H�H �#�2 �M�2�;�H�B�;�B�#�H�2�X
�h�?�2 �m�T�r���`�/�@�7���+�B�M�; �i�`�B�;�;�2�` �7�Q�` �_�L�P�@�: �B�b �#���b�2�/ �Q�M �� �i�r�Q�@�7�Q�H�/ �+�Q�B�M�+�B�/�2�M�+�2 �Q�7 �i�?�2 �a�+�?�Q�i�i�F�v�@�/�B�Q�/�2

�i�`�B�;�;�2�` �Q�7 �i�?�2 �i�?�`�2�2 �m�T�r���`�/�@�7���+�B�M�; �G�S�.�� �+�?���M�M�2�H�b�X ���b �i�?�2 �2�t���+�i �#�2�?���p�B�Q�m�` �Q�7 �i�?�2 �a�+�?�Q�i�i�F�v�@�/�B�Q�/�2
�B�b �b�i�B�H�H �#�2�B�M�; �K�2���b�m�`�2�/ �(�R�j�y�)�- ���M�/ �i�?�2 �i�`�B�;�;�2�` �i�?�`�2�b�?�Q�H�/ �B�b �i�B�K�2�@�p���`�B���#�H�2 ���b �Q�m�i�H�B�M�2�/ �B�M �b�2�+�i�B�Q�M
�j�X�j�X�k�- �B�M �(�k�) �� �>�B�H�#�2�`�i�@�2�M�p�2�H�Q�T�2 �i�`�B�;�;�2�` �Q�M �i�?�2 ���K�T�H�B�i�m�/�2 �Q�7 �i�?�2 �#���M�/�T���b�b�@�}�H�i�2�`�2�/ �i�`���+�2 �r���b �m�b�2�/�X ��
�T���b�b�#���M�/ �Q�7[80; 180]�J�>�x�- �+�Q�`�`�2�b�T�Q�M�/�B�M�; �`�Q�m�;�?�H�v �i�Q �i�?�2 �#���M�/�T���b�b �}�H�i�2�` �m�b�2�/ �B�M �`�2���H�B�i�v�- ���M�/ �K�m�H�i�B�T�H�2
�i�`�B�;�;�2�` �i�?�`�2�b�?�Q�H�/�b �r�2�`�2 �b�B�K�m�H���i�2�/�X �l�M�H�2�b�b �b�T�2�+�B�}�2�/ �Q�i�?�2�`�r�B�b�2�- �i�?�2 �7�Q�H�H�Q�r�B�M�; �`�2�b�m�H�i�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q
�� �i�`�B�;�;�2�` �i�?�`�2�b�?�Q�H�/ �Q�7Vtrigger = 30 mV � 8V noise

RMS �r���b �m�b�2�/�X �L�Q�i�2 �i�?���i �i�?�B�b �`�2�7�2�`�b �i�Q �i�?�2 �b�B�;�M���H�@
�i�Q�@�M�Q�B�b�2 �`���i�B�Q �U�a�L�_�V �B�M�b�B�/�2 �i�?�2 �i�`�B�;�;�2�` �T���b�b�#���M�/�- �r�?�B�+�? �+�Q�`�`�2�b�T�Q�M�/�b �i�Q ���M �a�L�_ �Q�7 ���T�T�`�Q�t�B�K���i�2�H�v
5 �B�M �i�?�2 �7�m�H�H �#���M�/�r�B�/�i�?�X �h�?�B�b �B�b �`�Q�m�;�?�H�v �2�[�m�B�p���H�2�M�i �i�Q �i�?�2 ���p�2�`���;�2 �2�t�T�2�+�i�2�/ �i�`�B�;�;�2�` �i�?�`�2�b�?�Q�H�/ �7�Q�`
�i�?�2 �?���`�/�r���`�2 �/�2�T�H�Q�v�2�/ �7�`�Q�K �k�y�k�9 �Q�M�r���`�/�b �(�R�j�y�)�X �h�?�2 �b���K�2 �i�`�B�;�;�2�` �+�Q�M�/�B�i�B�Q�M�b �r�2�`�2 �m�b�2�/ �7�Q�` �#�Q�i�?
�i�?�2 �j�@�G�S�.�� ���M�/ �i�?�2 �9�@�G�S�.�� �H���v�Q�m�i�b�c �B�M �`�2���H�B�i�v�- �B�7 �i�?�2 ���B�K �B�b �i�Q �?���p�2 �� �+�Q�K�T���`���#�H�2 �i�`�B�;�;�2�` �`���i�2
�Q�M �T�m�`�2 �M�Q�B�b�2�- �i�?�2 �i�?�`�2�b�?�Q�H�/�b �7�Q�` �i�?�2 �9�@�G�S�.�� �H���v�Q�m�i �r�Q�m�H�/ �T�`�Q�#���#�H�v �#�2 �b�H�B�;�?�i�H�v �?�B�;�?�2�`�- �/�m�2 �i�Q
�i�?�2 �?�B�;�?�2�` �+�Q�K�#�B�M���i�Q�`�B���H �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �k�@�Q�m�i�@�Q�7�@�9 �+�Q�B�M�+�B�/�2�M�+�2 �+�Q�K�T���`�2�/ �i�Q �k�@�Q�m�i�@�Q�7�@�j�X �h�?�B�b �r�B�H�H
�K�Q�b�i�H�v �`�2�b�m�H�i �B�M �� �K�B�M�Q�` ���/�D�m�b�i�K�2�M�i �Q�7 �i�?�2 ���#�b�Q�H�m�i�2 �i�`�B�;�;�2�` �`���i�2�- �r�?�B�+�? �B�M ���M�v �+���b�2 �b�?�Q�m�H�/ �M�Q�i �#�2
�B�M�i�2�`�T�`�2�i�2�/ �i�Q�Q �`�B�;�Q�`�Q�m�b�H�v �?�2�`�2�- �/�m�2 �i�Q �i�?�2 ���#�b�2�M�+�2 �Q�7 �� �7�m�H�H �+���H�B�#�`���i�B�Q�M ���;���B�M�b�i �i�?�2 �`�2���H �_�L�P�@�:
�i�`�B�;�;�2�`�X �h�?�2 �`�2�H���i�B�p�2 �#�2�?���p�B�Q�m�` �Q�7 �i�?�2 �i�`�B�;�;�2�` �`���i�2�b �p�2�`�b�m�b �2�M�2�`�;�v ���M�/ �+�Q�b�K�B�+ �`���v �/�B�`�2�+�i�B�Q�M �+���M �#�2
�2�t�T�2�+�i�2�/ �i�Q �`�2�K���B�M �K�Q�b�i�H�v �m�M���z�2�+�i�2�/�X

�d�X�R�X�k �_�2�b�m�H�i�b

�h�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�2 �i�`�B�;�;�2�` �b�B�K�m�H���i�B�Q�M�b ���`�2 �b�?�Q�r�M �B�M �6�B�;�m�`�2 �d�X�k�X �h�?�2�v �?���p�2 �#�2�2�M �r�2�B�;�?�i�2�/ �#�v �i�?�2
�T�`�Q�D�2�+�i�2�/ ���`�2���b �Q�7 �2���+�? �b�B�K�m�H���i�2�/ �T�Q�B�M�i �Q�M �i�?�2 �b�i���`�@�b�?���T�2�/ �;�`�B�/�- ���b�b�m�K�B�M�; ���M �B�b�Q�i�`�Q�T�B�+ �+�Q�b�K�B�+�@�`���v
�~�m�t�- ���M�/ �#�v �i�?�2 �T�`�B�K���`�v �2�M�2�`�;�B�2�b �m�b�B�M�; �i�?�2 �2�M�2�`�;�v �b�T�2�+�i�`�m�K �T���`���K�2�i�2�`�B�x���i�B�Q�M �7�`�Q�K �(�R�N�y�)�X �h�?�2 �H�2�7�i�@
�?���M�/ �b�B�/�2 �Q�7 �6�B�;�m�`�2 �d�X�k �b�?�Q�r�b �i�?�2 �i�`�B�;�;�2�` �`���i�2 ���b �� �7�m�M�+�i�B�Q�M �Q�7 �+�Q�b�K�B�+ �`���v �2�M�2�`�;�v ���M�/ �x�2�M�B�i�?�X �J�Q�b�i
�i�`�B�;�;�2�`�B�M�; �+�Q�b�K�B�+ �`���v�b ���`�`�B�p�2 �7�`�Q�K �i�?�2 �x�2�M�B�i�? �`���M�;�2 �9�8� �@�d�y� �- ���M�/ �?���p�2 �2�M�2�`�;�B�2�b ���`�Q�m�M�/1017��1017:5

�2�o�c �Q�M�H�v �7�Q�` �i�?�2 �K�Q�b�i �B�M�+�H�B�M�2�/ ���`�`�B�p���H �/�B�`�2�+�i�B�Q�M�b�- �r�?�2�`�2 �i�?�2 ���K�T�H�B�i�m�/�2 �Q�7 �H�Q�r�2�`�@�2�M�2�`�;�v �+�Q�b�K�B�+ �`���v�b �B�b
�M�Q�i �b�m�{�+�B�2�M�i �i�Q �i�`�B�;�;�2�` �i�?�2 �/�2�i�2�+�i�Q�`�- �/�Q �?�B�;�?�2�`�@�2�M�2�`�;�v �+�Q�b�K�B�+ �`���v�b �T�`�Q�p�B�/�2 �� �b�B�;�M�B�}�+���M�i �+�Q�M�i�`�B�#�m�i�B�Q�M�X
�h�?�2�b�2 �Q�#�b�2�`�p���i�B�Q�M�b �?�Q�H�/ �7�Q�` �#�Q�i�? �j�@ ���M�/ �9�@���M�i�2�M�M�� �H���v�Q�m�i�b�X

�h�?�2 �`�B�;�?�i�@�?���M�/ �b�B�/�2 �Q�7 �6�B�;�m�`�2 �d�X�k �b�?�Q�r�b �i�?�2 �`�2�H���i�B�p�2 �p���`�B���i�B�Q�M �Q�7 �i�?�2 �i�`�B�;�;�2�` �`���i�2 ���b �� �7�m�M�+�i�B�Q�M �Q�7
�i�?�2 �+�Q�b�K�B�+ �`���v ���x�B�K�m�i�?� �X ���b �K�2�M�i�B�Q�M�2�/�- �#�2�+���m�b�2 �i�?�2 �*�P�_�a�A�E�� �b�B�K�m�H���i�B�Q�M�b �r�2�`�2 �T�2�`�7�Q�`�K�2�/ �7�Q�` ��
�}�t�2�/ �+�Q�b�K�B�+ �`���v ���x�B�K�m�i�? �Q�726� �- �i�?�2 �b�B�K�m�H���i�2�/ �i�`�B�;�;�2�` �`���i�2�b ���`�2 �Q�#�i���B�M�2�/ �#�v �`�Q�i���i�B�M�; �i�?�2 �/�2�i�2�+�i�Q�`
�B�M�b�i�2���/ �Q�7 �i�?�2 �+�Q�b�K�B�+ �`���v�X �q�2 �Q�#�b�2�`�p�2 �i�?���i �i�?�2 �i�`�B�;�;�2�` �`���i�2 �B�b �M�Q�i �m�M�B�7�Q�`�K ���b �� �7�m�M�+�i�B�Q�M �Q�7 ���x�B�K�m�i�?�c
�B�M�b�i�2���/�- �r�2 �Q�#�b�2�`�p�2 �T�2�`�B�Q�/�B�+ �K�B�M�B�K�� �Q�` �ö�#�H�B�M�/ �b�T�Q�i�b�ö ���i� � 10� + k � 60� �7�Q�` �i�?�2 �j�@�G�S�.�� �H���v�Q�m�i ���M�/
� � 60� + k � 90� �7�Q�` �i�?�2 �9�@�G�S�.�� �H���v�Q�m�i�X �A�M ���/�/�B�i�B�Q�M�- �r�2 �M�Q�i�2 �i�?���i �i�?�2 �`�2�H���i�B�p�2 �p���`�B���i�B�Q�M �B�b �H���`�;�2�`
�7�Q�` �i�?�2 �j�@�G�S�.�� �H���v�Q�m�i �i�?���M �7�Q�` �i�?�2 �9�@�G�S�.�� �H���v�Q�m�i�- �r�B�i�?max � N (� )

min � N (� ) � 2:2 ���M�/� 1:4�- �`�2�b�T�2�+�i�B�p�2�H�v�X

�A�7 �r�2 �Q�M�H�v �+�Q�M�b�B�/�2�` �i�?�2 �;�2�Q�K���;�M�2�i�B�+ �+�Q�K�T�Q�M�2�M�i �Q�7 �i�?�2 �`���/�B�Q �2�K�B�b�b�B�Q�M �U�b�2�2 �b�2�+�i�B�Q�M �k�X�k�X�j�V�- �r�?�B�+�?
�B�b �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q~v� ~B ���M�/ �2�t�T�2�+�i�2�/ �i�Q �#�2 �i�?�2 �/�Q�K�B�M���M�i �+�Q�K�T�Q�M�2�M�i �7�Q�` �B�M�@���B�` �+�Q�b�K�B�+ �`���v �b�?�Q�r�2�`�b�-
�K�Q�b�i �Q�7 �i�?�2 �p���`�B���i�B�Q�M �B�M �i�`�B�;�;�2�` �`���i�2 �+���M �#�2 �2�t�T�H���B�M�2�/ �#�v �i�?�2 �+�?���M�;�2 �B�M �i�?�2 �T�`�Q�D�2�+�i�B�Q�M �Q�7~v� ~B �U���7�i�2�`
�B�M�+�H�m�/�B�M�; �i�?�2 �T�`�Q�T���;���i�B�Q�M �B�M�i�Q �i�?�2 �B�+�2�V �Q�M�i�Q �i�?�2 �G�S�.�� �i�B�M�2�b~̀�- �r�?�B�+�? �B�b ���T�T�`�Q�t�B�K���i�2�H�v �T�`�Q�T�Q�`�i�B�Q�M���H
�i�Q �i�?�2 ���K�T�H�B�i�m�/�2 �Q�7 �i�?�2 �B�M�/�m�+�2�/ �p�Q�H�i���;�2�X

�P�M�2 �+���M �m�b�2 �i�?�B�b �`�2�H���i�B�Q�M�b�?�B�T �i�Q �T�`�2�/�B�+�i �i�?�2 �p���`�B���i�B�Q�M �B�M �i�`�B�;�;�2�` �`���i�2 ���b �� �7�m�M�+�i�B�Q�M �Q�7 ���x�B�K�m�i�?
���M�/ �Q�#�i���B�M ���M �2�b�i�B�K���i�2 �Q�7 �i�?�2 �B�K�T���+�i �Q�7 ���T�T�`�Q�t�B�K���i�B�M�; �i�?�2 �p���`�B���i�B�Q�M �B�M �i�?�2 �+�Q�b�K�B�+�@�`���v ���x�B�K�m�i�?
�#�v �`�Q�i���i�B�M�; �i�?�2 �/�2�i�2�+�i�Q�`�X �A�7 �Q�M�2 ���b�b�m�K�2�b �i�?���i �i�?�2 ���K�T�H�B�i�m�/�2 �Q�7 �i�?�2 �b�B�;�M���H �B�b �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2
�+�Q�b�K�B�+�@�`���v �2�M�2�`�;�vE �- ���M�/ �i�?�2 �+�Q�b�K�B�+�@�`���v �b�T�2�+�i�`�m�K �+���M �#�2 ���T�T�`�Q�t�B�K���i�2�H�v �/�2�b�+�`�B�#�2�/ �#�v �� �b�B�K�T�H�2
�T�Q�r�2�` �H���rdN=dE = aE � 
 �- �7�Q�` �� �;�B�p�2�M �;�2�Q�K�2�i�`�v �U�b�?�Q�r�2�` �/�B�`�2�+�i�B�Q�M ���M�/ �+�Q�`�2 �T�Q�b�B�i�B�Q�M�V �i�?�2 �M�m�K�#�2�`
�Q�7 �i�`�B�;�;�2�`�B�M�; �+�Q�b�K�B�+�@�`���v�b �B�b �;�B�p�2�M �#�v�,
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�6�B�;�m�`�2 �d�X�k�, �h�?�2 �2�t�T�2�+�i�2�/ �i�`�B�;�;�2�` �`���i�2 �7�Q�` �+�Q�b�K�B�+ �`���v�b �B�M �� �b�B�M�;�H�2 �_�L�P�@�: �b�i���i�B�Q�M�X �G�2�7�i�, �i�?�2 �i�`�B�;�;�2�`
�`���i�2�b ���b �� �7�m�M�+�i�B�Q�M �Q�7 �+�Q�b�K�B�+ �`���v �x�2�M�B�i�? ���M�/ �2�M�2�`�;�v�- ���b�b�m�K�B�M�; �� �i�`�B�;�;�2�` �i�?�`�2�b�?�Q�H�/ �Q�7 �j�y �K�o �B�M �i�?�2
�T���b�b�#���M�/ �(�3�y�- �R�3�y�) �J�>�x�X �L�Q�i�2 �i�?���i �i�?�B�b �i�`�B�;�;�2�` �i�?�`�2�b�?�Q�H�/ �/�Q�2�b �M�Q�i �M�2�+�2�b�b���`�B�H�v �+�Q�`�`�2�b�T�Q�M�/ �i�Q �i�?�2
���+�i�m���H �i�?�`�2�b�?�Q�H�/ �Q�7 �i�?�2 �_�L�P�@�: �i�`�B�;�;�2�`�- �b�m�+�? �i�?���i �i�?�2 ���#�b�Q�H�m�i�2 �p���H�m�2�b �K���v �#�2 �/�B�z�2�`�2�M�i �7�Q�` �i�?�2 �`�2���H
�/�2�i�2�+�i�Q�`�X �_�B�;�?�i�, �i�?�2 �p���`�B���i�B�Q�M �Q�7 �i�?�2 �2�t�T�2�+�i�2�/ �i�`�B�;�;�2�` �`���i�2 ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �+�Q�b�K�B�+�@�`���v �x�2�M�B�i�?
� CR �- �M�Q�`�K���H�B�x�2�/ �i�Q �i�?�2 �i�`�B�;�;�2�` �`���i�2 �7�Q�` �i�?�2 �b�B�K�m�H���i�2�/ �+�Q�b�K�B�+�@�`���v �/�B�`�2�+�i�B�Q�M �U26� �V�X ���H�b�Q �b�?�Q�r�M ���`�2
�i�?�2 �2�t�T�2�+�i�2�/ �p���`�B���i�B�Q�M�b �7�Q�` �i�?�B�b �b�B�K�m�H���i�B�Q�M �U�`�Q�i���i�B�M�; �i�?�2 �/�2�i�2�+�i�Q�`�- �#�m�i �F�2�2�T�B�M�;� CR �}�t�2�/�V�- ���M�/ �7�Q�`
�i�?�2 �K�Q�`�2 �`�2���H�B�b�i�B�+ �+���b�2 �Q�7 �+�?���M�;�B�M�; �i�?�2 �+�Q�b�K�B�+�@�`���v �/�B�`�2�+�i�B�Q�M�X
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 � 1
Emin

� 
 +1 ; �U�d�X�R�V

�r�?�2�`�2 �i�?�2 �K�B�M�B�K�m�K �2�M�2�`�;�vEmin �B�b �b�T�2�+�B�}�2�/ �#�v �i�?�2 �i�`�B�;�;�2�` �+�Q�M�/�B�i�B�Q�MVtrigger = �E min �- �r�B�i�?�
�i�?�2 �T�`�Q�T�Q�`�i�B�Q�M���H�B�i�v �+�Q�M�b�i���M�i �i�?���i �`�2�H���i�2�b �i�?�2 �2�M�2�`�;�v �i�Q �i�?�2 �K���t�B�K�m�K �K�2���b�m�`�2�/ ���K�T�H�B�i�m�/�2 �B�M �p�Q�H�i�b�X
�q�?�B�H�2 �i�?�2 �2�t���+�i �p���H�m�2 �Q�7� ���H�b�Q �/�2�T�2�M�/�b �Q�M �i�?�2 �+�Q�b�K�B�+ �`���v �x�2�M�B�i�? ���M�/ �+�Q�`�2 �T�Q�b�B�i�B�Q�M�- �i�?�2 �/�2�T�2�M�/�2�M�+�2
�Q�M �i�?�2 ���x�B�K�m�i�?� �+���M �#�2 �T���`���K�2�i�2�`�B�x�2�/ ���b�,

� (� 0; �; ::: )
� (�; �; ::: )

=
(~v0 � ~B ) ice � ~̀

(~v � ~B ) ice � ~̀
; �U�d�X�k�V

�r�?�2�`�2~̀ �`�2�7�2�`�b �i�Q �i�?�2 �Q�`�B�2�M�i���i�B�Q�M �Q�7 �G�S�.�� �i�B�M�2�b�- ���M�/ �i�?�2 �b�m�#�b�+�`�B�T�i �`�2�K�B�M�/�b �m�b �i�?���i �i�?�2 �`�2�7�`���+�i�B�Q�M
�B�M�i�Q �i�?�2 �B�+�2 �M�2�2�/�b �i�Q �#�2 �i���F�2�M �B�M�i�Q ���+�+�Q�m�M�i �#�2�7�Q�`�2 �+�Q�K�T�m�i�B�M�; �i�?�2 �/�Q�i �T�`�Q�/�m�+�i�b�X �h�?�B�b �;�B�p�2�b �m�b ��
�T�`�Q�+�2�/�m�`�2 �i�Q �2�b�i�B�K���i�2 �i�?�2 �2�t�T�2�+�i�2�/ �i�`�B�;�;�2�` �`���i�2 �7�Q�` �� �/�B�z�2�`�2�M�i ���x�B�K�m�i�?� 0 �#���b�2�/ �Q�M �i�?�2 �i�`�B�;�;�2�`�B�M�;
�2�p�2�M�i�b �7�Q�` �i�?�2 �+�Q�b�K�B�+ �`���v �/�B�`�2�+�i�B�Q�M� �, �7�Q�` �2���+�? �+�Q�b�K�B�+ �`���v �r�B�i�? ���x�B�K�m�i�?� �- �r�2 �K�m�H�i�B�T�H�v �B�i�b �2�p�2�M�i
�r�2�B�;�?�i �#�v�,

w(� 0; �; E; ::: ) =

2

6
4

�
(~v0 � ~B ) ice � ~̀

�

(n � 1)�
~v � ~B ) ice � ~̀

�

(n � 1)

3

7
5


 � 1

� w(�; �; E; ::: ): �U�d�X�j�V

�h�?�2 �b�m�#�b�+�`�B�T�i(n � 1) �`�2�7�2�`�b �i�Q �i�?�2 �b�2�+�Q�M�/�@�H���`�;�2�b�i �p���H�m�2 �Q�p�2�` ���H�Hn 2 f 3; 4g ���M�i�2�M�M���b�- ���b �B�i �B�b �i�?�2
���M�i�2�M�M�� �r�B�i�? �i�?�2 �b�2�+�Q�M�/�@�H���`�;�2�b�i �b�B�;�M���H �i�?���i �/�2�i�2�`�K�B�M�2�b �r�?�2�i�?�2�` �Q�` �M�Q�i �i�?�2 �i�r�Q�@�7�Q�H�/ �+�Q�B�M�+�B�/�2�M�+�2
�i�`�B�;�;�2�` �+�Q�M�/�B�i�B�Q�M �B�b �K�2�i�X

�1�[�m���i�B�Q�M �d�X�j �r���b ���T�T�H�B�2�/ �i�Q �i�?�2 �b�B�K�m�H���i�2�/ �i�`�B�;�;�2�` �`���i�2�b ���i� = 26 � �U�B�X�2�X �i�?�2 ���+�i�m���H �/�B�`�2�+�i�B�Q�M �Q�7
�i�?�2 �+�Q�b�K�B�+ �`���v�b �b�B�K�m�H���i�2�/ �r�B�i�? �*�P�_�a�A�E���V ���M�/ �m�b�2�/ �i�Q �T�`�2�/�B�+�i �i�?�2 �2�t�T�2�+�i�2�/ �p���`�B���i�B�Q�M �r�B�i�?� �X �h�?�2
�`�2�b�m�H�i�b ���`�2 �b�?�Q�r�M �Q�M �i�?�2 �`�B�;�?�i�@�?���M�/ �b�B�/�2 �Q�7 �6�B�;�m�`�2 �d�X�k ���M�/ �+�Q�K�T���`�2�/ �i�Q �i�?�2 �`�2�b�m�H�i�b �Q�#�i���B�M�2�/ �#�v �i�?�2
���+�i�m���H �i�`�B�;�;�2�` �b�B�K�m�H���i�B�Q�M�b�X �S�`�2�/�B�+�i�B�Q�M�b ���`�2 �b�?�Q�r�M �#�Q�i�? �7�Q�` �i�?�B�b �b�B�K�m�H���i�B�Q�M �U�B�X�2�X �`�Q�i���i�B�M�; �i�?�2 ���M�i�2�M�M���b
~̀ �B�M�b�i�2���/ �Q�7 �i�?�2 �+�Q�b�K�B�+�@�`���v �/�B�`�2�+�i�B�Q�M~v�V ���M�/ �7�Q�` �i�?�2 �K�Q�`�2 �`�2���H�B�b�i�B�+ �+���b�2 �Q�7 �/�B�z�2�`�2�M�i �+�Q�b�K�B�+ �`���v
�/�B�`�2�+�i�B�Q�M�b�X �h�?�2 �T�`�2�/�B�+�i�B�Q�M �B�b �`�2�H���i�B�p�2�H�v ���+�+�m�`���i�2 �7�Q�` �i�?�2 �j�@�G�S�.�� �b�B�K�m�H���i�B�Q�M�c �i�?�2 �T�`�2�/�B�+�i�2�/ �p���`�B���i�B�Q�M
�b�H�B�;�?�i�H�v �Q�p�2�`�b�?�Q�Q�i�b �i�?�2 �Q�M�2 �Q�#�i���B�M�2�/ �#�v �b�B�K�m�H���i�B�Q�M�X �h�?�B�b �K�B�;�?�i �#�2 �/�m�2 �i�Q �i�?�2 ���T�T�`�Q�t�B�K���i�B�Q�M �i�?���i
���H�H �2�K�B�b�b�B�Q�M �B�b �/�m�2 �i�Q �i�?�2 �;�2�Q�K���;�M�2�i�B�+ �2�z�2�+�i�- ���b �i�?�2 �2�K�B�b�b�B�Q�M �/�m�2 �i�Q �i�?�2 �b�?�Q�r�2�` �+�?���`�;�2 �2�t�+�2�b�b �B�b
�M�Q�i �b�m�#�D�2�+�i �i�Q �i�?�2 �b���K�2 �b�+���H�B�M�; �2�b�i�B�K���i�2�/ �B�M �2�[�m���i�B�Q�M �d�X�k�X �h�?�2 �T�`�2�/�B�+�i�B�Q�M �7�Q�` �i�?�2 �9�@�G�S�.�� �H���v�Q�m�i
�B�b �H�2�b�b ���+�+�m�`���i�2�c �B�M �T���`�i�B�+�m�H���`�- �i�?�2 �b�B�K�m�H���i�2�/ �i�`�B�;�;�2�` �`���i�2 �B�b �M�Q�i �b�v�K�K�2�i�`�B�+ ���`�Q�m�M�/ �i�?�2 �K�B�M�B�K���X

�h�?�2 �T�`�2�/�B�+�i�B�Q�M �7�Q�` �i�?�2 �i�`�B�;�;�2�` �`���i�2 ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �+�Q�b�K�B�+�@�`���v ���x�B�K�m�i�?� CR = � �M�Q �H�Q�M�;�2�`
�7�Q�H�H�Q�r�b �i�?�2 �b�v�K�K�2�i�`�v �Q�7 �i�?�2 �/�2�i�2�+�i�Q�` �H���v�Q�m�i�b�- ���b �M�Q�r ���/�/�B�i�B�Q�M���H�H�v �i�?�2 �K���;�M�B�i�m�/�2j~v� ~B j �/�2�T�2�M�/�b �Q�M
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�+�Q�`�`�2�H���i�B�Q�M �B�b �`�2�/�m�+�2�/�X ���/�/�B�i�B�Q�M���H�H�v�- �7�Q�` �� �H�B�M�2���`�H�v �T�Q�H���`�B�x�2�/ �b�B�;�M���H�- �B�M ���i �H�2���b�i �Q�M�2 �Q�7 �i�?�2 ���M�i�2�M�M���b
�i�?�2 �a�L�_ �r�B�H�H �#�2 �b�i�`�Q�M�;�H�v �`�2�/�m�+�2�/ �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �i�r�Q �i�`�B�;�;�2�`�B�M�; ���M�i�2�M�M���b �7�Q�` �i�?�2 �K���D�Q�`�B�i�v �Q�7
�T�Q�b�b�B�#�H�2 �b�B�;�M���H �/�B�`�2�+�i�B�Q�M�b�X

�>�Q�r�2�p�2�`�- ���H�b�Q �i�?�2 ���#�b�2�M�+�2 �Q�7 �� �H���`�;�2 �+�Q�M�i�`�B�#�m�i�B�Q�M �B�M �Q�M�2 �Q�7 �i�?�2 ���M�i�2�M�M���b �+���M �b�2�`�p�2 �i�Q �+�Q�M�b�i�`���B�M
�i�?�2 �/�B�`�2�+�i�B�Q�M �U���M�/ �T�Q�H���`�B�x���i�B�Q�M�V �Q�7 �i�?�2 �B�M�+�Q�K�B�M�; �b�B�;�M���H�X �A�M �Q�`�/�2�` �i�Q �2�t�T�H�Q�B�i �i�?�B�b�- �i�?�2 �7�Q�`�r���`�/�@�7�Q�H�/�B�M�;



�d�X�k�X �_�1�*�P�L�a�h�_�l�*�h�A�P�L ���G�:�P�_�A�h�>�J �e�N

���H�;�Q�`�B�i�?�K �7�`�Q�K �(�R�) �r���b ���/���T�i�2�/ �i�Q �2�t�T�H�B�+�B�i�H�v �B�M�+�H�m�/�2 �i�?�2 �/�2�T�2�M�/�2�M�+�2 �Q�M �i�?�2 �b�B�;�M���H �/�B�`�2�+�i�B�Q�M�X �h�?�B�b
�`�2�b�m�H�i�b �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �T���`���K�2�i�2�`�B�x���i�B�Q�M �7�Q�` �i�?�2 �U�6�Q�m�`�B�2�` �i�`���M�b�7�Q�`�K�V �Q�7 �i�?�2 �p�Q�H�i���;�2V �7�Q�` �2���+�?
���M�i�2�M�M��r �,

Vr (f ) =
X

s

H rs (f; �; � )Asts(� ) � 10m f f + n f ( f � f 0 )2
� e� i [2� (� t (~x r ;�;� ) � t 0 ) f +  0 ]; �U�d�X�8�V

�r�?�2�`�2 �i�?�2 �b�m�K �B�b �Q�p�2�` �#�Q�i�? �T�Q�H���`�B�x���i�B�Q�M �+�Q�K�T�Q�M�2�M�i�bs = �; � �X ���b �#�2�7�Q�`�2�-H �B�b �i�?�2 ���M�i�2�M�M�� �`�2�b�T�Q�M�b�2�-
���M�/ts(� ) �B�b �i�?�2 �6�`�2�b�M�2�H �i�`���M�b�K�B�b�b�B�Q�M �+�Q�2�{�+�B�2�M�i �i�?���i ���+�+�Q�m�M�i�b �7�Q�` �i�?�2 �`�2�7�`���+�i�B�Q�M �B�M�i�Q �i�?�2 �B�+�2�X �h�?�2�`�2
���`�2 �3 �}�i �T���`���K�2�i�2�`�b�,A � ; A � ; mf ; nf ; �; �; t 0�- ���M�/ 0�X �h�?�2 �}�`�b�i �7�Q�m�` �b�T�2�+�B�7�v �i�?�2 �K���;�M�B�i�m�/�2 �Q�7
�i�?�2 �2�H�2�+�i�`�B�+ �}�2�H�/ �7�`�2�[�m�2�M�+�v �b�T�2�+�i�`�m�K�- ���M�/ ���`�2 �B�/�2�M�i�B�+���H �i�Q �i�?�2 �T���`���K�2�i�2�`�B�x���i�B�Q�M �m�b�2�/ �B�M �(�8�)�X �h�?�B�b
�T���`���K�2�i�2�`�B�x���i�B�Q�M�- �B�X�2�X ���M ���T�T�`�Q�t�B�K���i�2�H�v �2�t�T�Q�M�2�M�i�B���H �/�2�+�H�B�M�2 �Q�7 �i�?�2 ���K�T�H�B�i�m�/�2 �r�B�i�? �7�`�2�[�m�2�M�+�v �U���b
mf < 0�V�- �B�b �� �;�Q�Q�/ ���T�T�`�Q�t�B�K���i�B�Q�M �7�Q�` �i�?�2 �`���T�B�/ �7���H�H�@�Q�z �Q�7 �i�?�2 �+�Q�?�2�`�2�M�i �2�K�B�b�b�B�Q�M �7�`�Q�K �2�t�i�2�M�b�B�p�2 ���B�`
�b�?�Q�r�2�`�b �r�B�i�?�B�M �i�?�2 �#���M�/�r�B�/�i�? �Q�7 �+�m�`�`�2�M�i �B�M�@�B�+�2 �`���/�B�Q �/�2�i�2�+�i�Q�`�b�- �B�X�2�X� 80��700 �J�>�x�X �h�?�2 �[�m���/�`���i�B�+
�T���`���K�2�i�2�`nf �r���b �B�M�i�`�Q�/�m�+�2�/ �B�M �(�8�) �i�Q �T�`�Q�p�B�/�2 �� �?���M�/�H�2 �Q�M �i�?�2 �p�B�2�r�B�M�; ���M�;�H�2 �Q�7 �i�?�2 �`���/�B�Q �2�K�B�b�b�B�Q�M
�r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �b�?�Q�r�2�` ���t�B�b�- �r�?�B�+�? �B�b �m�b�2�/ �i�Q �`�2�+�Q�M�b�i�`�m�+�i �i�?�2 �b�?�Q�r�2�` �2�M�2�`�;�v �7�`�Q�K �i�?�2 �2�M�2�`�;�v
�~�m�2�M�+�2 �B�M �i�?�2 �2�H�2�+�i�`�B�+ �}�2�H�/�X �h�?�2 �U�}�t�2�/�V �T���`���K�2�i�2�`f 0 �b�T�2�+�B�}�2�b �� �ö�`�2�7�2�`�2�M�+�2�ö �7�`�2�[�m�2�M�+�v�- �r�?�B�+�? ���b
�B�M �(�8�) �B�b �+�?�Q�b�2�M �i�Q �H�B�2 �+�H�Q�b�2 �i�Q �i�?�2 �H�Q�r�2�` �2�M�/ �Q�7 �i�?�2 �/�2�i�2�+�i�Q�` �#���M�/�r�B�/�i�? ���i �3�y �J�>�x�- �i�?�Q�m�;�? �r�2 �M�Q�i�2
�?�2�`�2 �i�?���i �B�i�b �p���H�m�2 �B�b �b�Q�K�2�r�?���i ���`�#�B�i�`���`�v�- ���b ���M�v �+�?���M�;�2 �+���M �#�2 ���#�b�Q�`�#�2�/ �B�M�i�Qmf ���M�/As �X

�h�?�2 �/�B�`�2�+�i�B�Q�M(�; � )�- �B�M ���/�/�B�i�B�Q�M �i�Q ���z�2�+�i�B�M�; �i�?�2 ���M�i�2�M�M�� �`�2�b�T�Q�M�b�2 ���M�/ �6�`�2�b�M�2�H �+�Q�2�{�+�B�2�M�i�b�-
���H�b�Q �T�`�2�/�B�+�i�b �i�?�2 �T�m�H�b�2 ���`�`�B�p���H �i�B�K�2 �B�M �2���+�? ���M�i�2�M�M���X �� �T�H���M�2�@�r���p�2 ���T�T�`�Q�t�B�K���i�B�Q�M �B�b �m�b�2�/�- �B�X�2�X
� t(~xr ; �; � ) = ~v � ~xr �- �r�?�2�`�2~v �B�b �i�?�2 �b�B�;�M���H �p�2�H�Q�+�B�i�v�- ���M�/~xr �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 ���M�i�2�M�M��r �X �L�Q�i�2 �i�?���i
�i�?�B�b ���T�T�`�Q�t�B�K���i�B�Q�M �B�b �p���H�B�/ �7�Q�` ���M�i�2�M�M���b �B�M�b�B�/�2 �i�?�2 �B�+�2 �Q�M�H�v �B�7 ���H�H ���M�i�2�M�M���b ���`�2 �H�Q�+���i�2�/ ���i �i�?�2 �b���K�2
�/�2�T�i�?z�X �A�M �Q�`�/�2�` �i�Q �B�M�+�H�m�/�2 ���M�i�2�M�M���b ���i �/�B�z�2�`�2�M�i �/�2�T�i�?�b�- �i�?�2 �+�?���M�;�B�M�; �`�2�7�`���+�i�B�p�2 �B�M�/�2�t �M�2�2�/�b �i�Q
�#�2 ���+�+�Q�m�M�i�2�/ �7�Q�`�- �2�X�;�X �#�v �`���v �i�`���+�B�M�;�X

�6�B�M���H�H�v�- �i�?�2 �T���`���K�2�i�2�`�bt0 ���M�/ 0 �`�2�T�`�2�b�2�M�i ���M �Q�p�2�`���H�H �i�B�K�2�@ ���M�/ �T�?���b�2 �b�?�B�7�i�- �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2
� 2 �K�B�M�B�K�B�x���i�B�Q�M �B�b �T�2�`�7�Q�`�K�2�/ �B�M �i�?�2 �i�B�K�2 �/�Q�K���B�M�,

� 2 =
X

r

X

t

�
V data

r (t) � V �t
r (t)

V noise
RMS

� 2

; �U�d�X�e�V

�r�?�2�`�2 �i�?�2 �b�m�K �B�b �Q�p�2�` ���H�H �+�?���M�M�2�H�br ���M�/ �i�B�K�2�bt�X
���b �B�M �i�?�2 �T�`�2�p�B�Q�m�b �p�2�`�b�B�Q�M �Q�7 �i�?�2 ���H�;�Q�`�B�i�?�K�- �i�?�2 �T���`���K�2�i�2�`�b ���`�2 �}�i�i�2�/ �B�M ���M �B�i�2�`���i�B�p�2 �T�`�Q�+�2�/�m�`�2�X

���M �B�M�B�i�B���H �;�m�2�b�b �7�Q�`�; � ���M�/t0 �B�b �Q�#�i���B�M�2�/ �#�v �+�Q�`�`�2�H���i�B�M�; �2���+�? �Q�7 �i�?�2 �p�Q�H�i���;�2 �i�`���+�2�b �r�B�i�? �� �K�Q�/�2�H�H�2�/
�p�Q�H�i���;�2 �i�`���+�2 �r�B�i�?mf = � 2�X �A�M �i�?�2 �}�`�b�i �B�i�2�`���i�B�Q�M�- �Q�M�H�vA � ; mf ���M�/ 0 ���`�2 �}�i�i�2�/�- �r�B�i�?�; � ���M�/
t0 �F�2�T�i �}�t�2�/ ���i �i�?�2 �p���H�m�2�b �B�M�7�2�`�`�2�/ �7�`�Q�K �i�?�2 �+�Q�`�`�2�H���i�B�Q�M�- ���M�/A � = nf = 0 �- ���b �i�?�2 �;�2�Q�K���;�M�2�i�B�+
�T�Q�H���`�B�x���i�B�Q�M~v � ~B �U�7�Q�` �� �p�2�`�i�B�+���H �K���;�M�2�i�B�+ �}�2�H�/�V �B�b �2�t�T�2�+�i�2�/ �i�Q �#�2 �K�Q�b�i�H�v ���H�Q�M�; �i�?�2� �@�/�B�`�2�+�i�B�Q�M�X
�A�M �i�?�2 �b�2�+�Q�M�/ �b�i�2�T ���M�/ �i�?�B�`�/ �b�i�2�T�b�-� ���M�/� �- �7�Q�H�H�Q�r�2�/ �#�vt0 ���M�/A � ���`�2 �`�2�H�2���b�2�/�X �6�B�M���H�H�v�- �B�M �i�?�2
�7�Q�m�`�i�? �B�i�2�`���i�B�Q�M�- ���H�H �T���`���K�2�i�2�`�b ���`�2 �B�M�+�H�m�/�2�/ �B�M �i�?�2 �}�i�- �B�M�+�H�m�/�B�M�; �i�?�2 �[�m���/�`���i�B�+ �i�2�`�Knf �X �q�?�2�`�2���b
�B�M �(�8�)�- �i�?�2 �}�i �r���b �T�`�2�p�2�M�i�2�/ �7�`�Q�K �#�H�Q�r�B�M�; �m�T �#�v �F�2�2�T�B�M�;mf �}�t�2�/ �r�?�B�H�2 �}�i�i�B�M�; �i�?�2 �b�2�+�Q�M�/�@�Q�`�/�2�`
�i�2�`�Knf �- �B�M �Q�m�` �B�K�T�H�2�K�2�M�i���i�B�Q�M �i�?�2�v ���`�2 �}�i�i�2�/ �b�B�K�m�H�i���M�2�Q�m�b�H�v�- �#�m�i �i�?�2 �[�m���/�`���i�B�+ �i�2�`�K �B�b �b�m�#�D�2�+�i
�i�Q �i�?�2 �+�Q�M�b�i�`���B�M�iminf� 2; �j mf j � GHzg < n f � GHz2 < maxf 2; jmf j � GHzg�X

���7�i�2�` ���H�H �}�i �T���`���K�2�i�2�`�b �?���p�2 �#�2�2�M �Q�T�i�B�K�B�x�2�/�- �i�?�2 �K�Q�/�2�H�H�2�/ �p�Q�H�i���;�2 �i�`���+�2�b ���`�2 �Q�M�+�2 ���;���B�M �+�Q�`�@
�`�2�H���i�2�/ �r�B�i�? �i�?�2 �/���i���- ���M�/ ���M ���/�/�B�i�B�Q�M���H �}�i �B�i�2�`���i�B�Q�M �B�b �T�2�`�7�Q�`�K�2�/ �m�b�B�M�; �i�?�2 �p���H�m�2�b �7�Q�`�; � ���M�/t0

�Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 �+�Q�`�`�2�H���i�B�Q�M�X �h�?�B�b �b�2�`�p�2�b ���b ���M ���/�/�B�i�B�Q�M���H �b���7�2�;�m���`�/ ���;���B�M�b�i �i�?�2 �}�i �7���H�H�B�M�; �B�M�i�Q
�� �H�Q�+���H �K�B�M�B�K�m�K�X �h�?�2 �2�M�i�B�`�2 �}�i�i�B�M�; �T�`�Q�+�2�/�m�`�2 �i���F�2�b ���`�Q�m�M�/ �R �K�B�M�m�i�2 �T�2�` �2�p�2�M�i �Q�M �� �b�B�M�;�H�2 �*�S�l
�+�Q�`�2�X

�h�?�2 �b�?�Q�r�2�` �2�M�2�`�;�v �B�b �M�Q�i �/�B�`�2�+�i�H�v �2�M�+�Q�/�2�/ �B�M�i�Q �i�?�2 �}�i �T���`���K�2�i�2�`�b �B�M �2�[�m���i�B�Q�M �d�X�8�- �#�m�i �+���M �#�2
�Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 �2�M�2�`�;�v �~�m�2�M�+�2 �B�M �i�?�2 �}�i�i�2�/ �2�H�2�+�i�`�B�+ �}�2�H�/ ���M�/ �i�?�2 �T���`���K�2�i�2�`�bmf ���M�/nf �- ���b



�d�y �*�>���S�h�1�_ �d�X �*�P�a�J�A�* �_���u �_�1�*�P�L�a�h�_�l�*�h�A�P�L

�b�?�Q�r�M �B�M �(�8�)�X �h�?�2 �T���`���K�2�i�2�`�B�x���i�B�Q�M �7�Q�` �i�?�2 �b�?�Q�r�2�` �2�M�2�`�;�v �i�?�2�`�2�B�M �B�b �B�M�+�H�m�/�2�/ �#�2�H�Q�r�,
p

� 0
E

Eshower
= ( A0 + A1� + A2� 2) exp

�
� (s0 + s1� ) � (jmf j � GHz)0:8�

; �U�d�X�d�V

�r�?�2�`�2� 0
E �B�b �`�2�H���i�2�/ �i�Q �i�?�2 �2�M�2�`�;�v �~�m�2�M�+�2� E �B�M �i�?�2 �T���b�b�#���M�/ �(�3�y�- �j�y�y�) �J�>�x�,

� 0
E =

�
1

sin2 �
� E;~v � ~B + � E;~v � (~v� ~B )

�
�
�

dX max

1 km

� 2

: �U�d�X�3�V

�>�2�`�2�- �i�?�2 �b�m�#�b�+�`�B�T�i�b �`�2�7�2�` �i�Q �i�?�2 �T�Q�H���`�B�x���i�B�Q�M �+�Q�K�T�Q�M�2�M�i�b �B�M �i�?�2~v � ~B ���M�/~v � (~v � ~B ) �/�B�`�2�+�i�B�Q�M�b�-
�i�?�2 �7���+�i�Q�`sin2 � = jv̂ � B̂ j2 ���+�+�Q�m�M�i�b �U���T�T�`�Q�t�B�K���i�2�H�v�V �7�Q�` �i�?�2 �b�i�`�2�M�;�i�? �Q�7 �i�?�2 �;�2�Q�K���;�M�2�i�B�+ �2�K�B�b�b�B�Q�M�-
���M�/dX max �B�b �i�?�2 �/�B�b�i���M�+�2 �i�Q �i�?�2 �b�?�Q�r�2�` �K���t�B�K�m�K�X ���bdX max �B�b �M�Q�i �`�2�+�Q�M�b�i�`�m�+�i�2�/ �2�t�T�H�B�+�B�i�H�v�- �B�M�b�i�2���/
���M �2�b�i�B�K���i�2 �#���b�2�/ �Q�M �i�?�2 �x�2�M�B�i�?� ���M�/ �� �}�t�2�/ �b�?�Q�r�2�`X max = 750 g cm� 2 �B�b �m�b�2�/�X

�h�?�2 �T���`���K�2�i�2�`�bAk ���M�/sm �B�M �2�[�m���i�B�Q�M �d�X�d �/�2�T�2�M�/ �Q�M �i�?�2 �H�Q�+���i�B�Q�M �Q�7 �i�?�2 �/�2�i�2�+�i�Q�` �i�?�`�Q�m�;�?
�i�?�2 ���H�i�B�i�m�/�2 ���M�/ �i�?�2 �H�Q�+���H �K���;�M�2�i�B�+ �}�2�H�/�- ���M�/ ���/�/�B�i�B�Q�M���H�H�v �p���`�v �/�2�T�2�M�/�B�M�; �Q�M �r�?�2�i�?�2�` �i�?�2 �b�B�;�M���H
�B�b �Q�#�b�2�`�p�2�/ �7�`�Q�K �B�M�b�B�/�2 �Q�` �Q�m�i�b�B�/�2 �i�?�2 �*�?�2�`�2�M�F�Q�p �+�Q�M�2 �U� 1� �B�M ���B�`�V�X �A�i �r���b �b�?�Q�r�M �B�M �(�8�) �i�?���i
�i�?�2 �b�B�/�2 �Q�7 �i�?�2 �*�?�2�`�2�M�F�Q�p �+�Q�M�2 �+���M �#�2 �B�M�7�2�`�`�2�/ �r�B�i�? �`�2���b�Q�M���#�H�2 ���+�+�m�`���+�v �#�v �/�2�i�2�`�K�B�M�B�M�; �r�?�2�i�?�2�`
�i�?�2 �H�Q�;���`�B�i�?�K�B�+ �b�T�2�+�i�`�m�K �B�b �+�Q�M�p�2�t �Q�` �+�Q�M�+���p�2�- �B�X�2�Xnf < 0 �Q�ǹf > 0�X ���b �i�?�2 �p���H�m�2�b �Q�7 �i�?�2�b�2
�T���`���K�2�i�2�`�b �7�Q�` �i�?�2 �H�Q�+���i�B�Q�M �Q�7 �i�?�2 �_�L�P�@�: �/�2�i�2�+�i�Q�` ���i �a�m�K�K�B�i �a�i���i�B�Q�M �B�M �:�`�2�2�M�H���M�/ �?���/ �M�Q�i �v�2�i
�#�2�2�M �/�2�i�2�`�K�B�M�2�/�- �r�2 �7�Q�H�H�Q�r �� �b�B�K�B�H���` ���T�T�`�Q���+�? ���b �B�M �(�8�)�- ���M�/ �/�2�i�2�`�K�B�M�2 �i�?�2�K �#�v �� �}�i �i�Q� 10%
�Q�7 �i�?�2 �/���i���b�2�i �r�?�2�`�2 ���H�H �M�Q�B�b�2 �+�Q�M�i�`�B�#�m�i�B�Q�M�b �?���p�2 �#�2�2�M �`�2�K�Q�p�2�/�X �A�M �Q�`�/�2�` �i�Q �`�2�K���B�M �+�Q�M�b�B�b�i�2�M�i
�r�B�i�? �i�?�2 �2�t�B�b�i�B�M�; �T���`���K�2�i�2�`�B�x���i�B�Q�M�b �7�Q�` �Q�i�?�2�` �H�Q�+���i�B�Q�M�b�- �i�?�2 �}�i �r���b �T�2�`�7�Q�`�K�2�/ �m�b�B�M�; �� �9�@�G�S�.��
�H���v�Q�m�i ���M�/ �i�?�2 �T�`�2�p�B�Q�m�b �p�2�`�b�B�Q�M �Q�7 �i�?�2 �}�i ���H�;�Q�`�B�i�?�K�X �h�?�2 �Q�T�i�B�K���H �T���`���K�2�i�2�` �p���H�m�2�b �/�2�i�2�`�K�B�M�2�/
�#�v �i�?�B�b �}�i �T�`�Q�+�2�/�m�`�2 �?���p�2 �#�2�2�M ���/�/�2�/ �i�Q �i�?�2 �2�t�B�b�i�B�M�;�+�Q�b�K�B�+�_���v�1�M�2�`�;�v�_�2�+�Q�M�b�i�`�m�+�i�Q�`�K�Q�/�m�H�2 �B�M
�L�m�_���/�B�Q�J�*�X

�d�X�j �_�2�+�Q�M�b�i�`�m�+�i�B�Q�M �T�2�`�7�Q�`�K���M�+�2

�h�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �b�i�m�/�v ���`�2 �b�?�Q�r�M �B�M �6�B�;�m�`�2 �d�X�j�- �r�?�B�+�? �b�?�Q�r�b �i�?�2 �`�2�b�Q�H�m�i�B�Q�M �7�Q�` �i�?�2
�b�T���+�2 ���M�;�H�2	 �U�/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �`�2�+�Q�M�b�i�`�m�+�i�2�/ ���M�/ �i�`�m�2 �+�Q�b�K�B�+ �`���v �/�B�`�2�+�i�B�Q�M�b�V�- �i�?�2 �T�Q�H���`�B�x���i�B�Q�M
���M�;�H�2� pol = arctan( A � =A� )�- ���M�/ �i�?�2 �+�Q�b�K�B�+�@�`���v �2�M�2�`�;�vE �X �h�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �B�b �T�2�`�7�Q�`�K�2�/ �i�r�B�+�2�-
�Q�M�+�2 �m�b�B�M�; �i�?�2 ���H�;�Q�`�B�i�?�K �/�2�b�+�`�B�#�2�/ �?�2�`�2�- ���M�/ �Q�M�+�2 �m�b�B�M�; �i�?�2 �Q�`�B�;�B�M���H ���H�;�Q�`�B�i�?�K �B�M�i�`�Q�/�m�+�2�/ �B�M �(�R�)�X
���/�/�B�i�B�Q�M���H�H�v�- �#�Q�i�? �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �7�Q�` �i�?�2 �j�@�G�S�.�� ���M�/ �i�?�2 �9�@�G�S�.�� �H���v�Q�m�i�b �B�b �b�?�Q�r�M�X �L�Q�i�2 �i�?���i
�i�?�2 �Q�`�B�;�B�M���H ���H�;�Q�`�B�i�?�K �Q�M�H�v �+�Q�M�b�B�/�2�`�b �i�?�2 �T���B�`�@�r�B�b�2 �+�Q�`�`�2�H���i�B�Q�M �7�Q�` �i�r�Q �T���B�`�b �Q�7 �U�T���`���H�H�2�H�V ���M�i�2�M�M���b�c
�7�Q�` �i�?�2 �j�@�G�S�.�� �H���v�Q�m�i�- �i�?�B�b �r���b �K�Q�/�B�}�2�/ �i�Q �2�t�T�H�Q�B�i �i�?�2 �+�`�Q�b�b�@�+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M �i�?�`�2�2 ���M�i�2�M�M���b�-
�B�X�2�X �i�?�`�2�2 �T���B�`�r�B�b�2 �+�Q�`�`�2�H���i�B�Q�M�b�X

���b �2�t�T�2�+�i�2�/�- �i�?�2 �+�Q�K�#�B�M�2�/ �}�i �7�Q�` �i�?�2 �+�Q�b�K�B�+�@�`���v �b�?�Q�r�2�` �/�B�`�2�+�i�B�Q�M ���M�/ �2�H�2�+�i�`�B�+ �}�2�H�/ �B�M�i�`�Q�/�m�+�2�/
�?�2�`�2 �T�2�`�7�Q�`�K�b �#�2�i�i�2�` �i�?���M �i�?�2 �i�r�Q�@�b�i���;�2 �}�i�- �`�2�b�m�H�i�B�M�; �B�M �� �H���`�;�2�` �7�`���+�i�B�Q�M �Q�7 �r�2�H�H�@�`�2�+�Q�M�b�i�`�m�+�i�2�/
�2�p�2�M�i�b ���M�/ �� �b�K���H�H�2�` ���p�2�`���;�2 �2�`�`�Q�`�X �>�Q�r�2�p�2�`�- �i�?�2 �/�B�z�2�`�2�M�+�2 �B�b �b�B�;�M�B�}�+���M�i�H�v �H���`�;�2�` �7�Q�` �i�?�2 �9�@�G�S�.��
�H���v�Q�m�i �i�?���M �7�Q�` �i�?�2 �j�@�G�S�.�� �H���v�Q�m�i�X �A�M �7���+�i�- �r�?�2�`�2���b �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �m�b�B�M�; �9 �G�S�.���b �B�b �K�Q�`�2
���+�+�m�`���i�2 �i�?���M �m�b�B�M�; �j �7�Q�` �i�?�2 �M�2�r ���H�;�Q�`�B�i�?�K�- �i�?�B�b �B�b �B�M�p�2�`�i�2�/ �7�Q�` �i�?�2 �T�`�2�p�B�Q�m�b ���H�;�Q�`�B�i�?�K�- �r�?�2�`�2 �i�?�2
�j�@�G�S�.�� �H���v�Q�m�i �T�2�`�7�Q�`�K�b �#�2�i�i�2�` �/�2�b�T�B�i�2 �i�?�2 �`�2�/�m�+�i�B�Q�M �B�M �i�?�2 �M�m�K�#�2�` �Q�7 ���M�i�2�M�M���b�X �h�?�B�b �B�b �K�Q�b�i
�H�B�F�2�H�v �/�m�2 �i�Q �i�?�2 �7���+�i �i�?���i �i�?�2 �Q�H�/ �/�B�`�2�+�i�B�Q�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �7�Q�` �i�?�2 �9�@�G�S�.�� �H���v�Q�m�i �m�b�2�b �Q�M�H�v �i�?�2
�+�`�Q�b�b�@�+�Q�`�`�2�H���i�B�Q�M �Q�7 �i�?�2 �T���`���H�H�2�H ���M�i�2�M�M���b�- �r�?�2�`�2���b �#�Q�i�? �Q�H�/ ���M�/ �M�2�r �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���H�;�Q�`�B�i�?�K�b
�2�t�T�H�Q�B�i �i�?�2 �+�`�Q�b�b�@�+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M ���H�H �T�Q�b�b�B�#�H�2 �T���B�`�b �7�Q�` �i�?�2 �j�@�G�S�.�� �H���v�Q�m�i�X �h�?�m�b�- ���H�i�?�Q�m�;�? �i�?�2
�B�M�i�`�Q�/�m�+�i�B�Q�M �Q�7 �i�?�2 �+�Q�K�#�B�M�2�/ �}�i �r���b �K�Q�i�B�p���i�2�/ �#�v �i�?�2 �T���`�i�B�+�m�H���` �+�?���H�H�2�M�;�2�b �Q�7 �i�?�2 �j�@�G�S�.�� �H���v�Q�m�i�-
�� �H���`�;�2�` �B�K�T�`�Q�p�2�K�2�M�i �B�b �Q�#�i���B�M�2�/ �7�Q�` �i�?�2 �9�@�G�S�.�� �H���v�Q�m�i�X

���M�Q�i�?�2�` �+�m�`�B�Q�b�B�i�v �B�b �i�?���i �i�?�2 �M�2�r ���H�;�Q�`�B�i�?�K �`�2�+�Q�M�b�i�`�m�+�i�b �i�?�2 �b�?�Q�r�2�` �2�M�2�`�;�v �K�Q�`�2 ���+�+�m�`���i�2�H�v
�i�?���M �i�?�2 �T�`�2�p�B�Q�m�b �B�i�2�`���i�B�Q�M�- �/�2�b�T�B�i�2 �i�?�2 �7���+�i �i�?���i �i�?�2 �Q�`�B�;�B�M���H ���H�;�Q�`�B�i�?�K �r���b �m�b�2�/ �i�Q �/�2�i�2�`�K�B�M�2
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�6�B�;�m�`�2 �d�X�j�, �_�2�+�Q�M�b�i�`�m�+�i�B�Q�M �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �+�Q�b�K�B�+�@�`���v �7�Q�`�r���`�/�@�7�Q�H�/�B�M�; ���H�;�Q�`�B�i�?�K �B�M �i�?�B�b �r�Q�`�F
�U�b�Q�H�B�/ �H�B�M�2�b�V�- �+�Q�K�T���`�2�/ �i�Q �i�?���i �Q�#�i���B�M�2�/ �m�b�B�M�; �i�?�2 �Q�`�B�;�B�M���H ���H�;�Q�`�B�i�?�K �B�M �(�R�) �U�/���b�?�2�/ �H�B�M�2�b�V�- �7�Q�` �#�Q�i�?
�� �j�@�G�S�.�� ���M�/ �� �9�@�G�S�.�� �H���v�Q�m�i �U�b�2�2 �6�B�;�m�`�2 �d�X�R�V�X �h�?�2 �T�2�`�7�Q�`�K���M�+�2 �B�b �b�?�Q�r�M ���b �i�?�2 �+�m�K�m�H���i�B�p�2
�/�B�b�i�`�B�#�m�i�B�Q�M �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �`�2�b�Q�H�m�i�B�Q�M�- �B�X�2�X �i�?�2 �7�`���+�i�B�Q�M �Q�7 �2�p�2�M�i�b �`�2�+�Q�M�b�i�`�m�+�i�B�M�; �r�B�i�? �� �/�B�z�2�`�2�M�+�2
� x = x reconstructed � x true �b�K���H�H�2�` �i�?���M �� �;�B�p�2�M �p���H�m�2�X �L�Q�i�2 �i�?���i �i�?�B�b �B�b �M�Q�i �i�?�2 �b���K�2 ���b �i�?�2
�b�B�M�;�H�2�@�2�p�2�M�i �m�M�+�2�`�i���B�M�i�B�2�b�X �a�?�Q�r�M ���`�2 �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b �7�Q�` �i�?�2 �U���M�;�m�H���`�V �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2
�`�2�+�Q�M�b�i�`�m�+�i�2�/ ���M�/ �i�`�m�2 �+�Q�b�K�B�+�@�`���v �/�B�`�2�+�i�B�Q�M �U�H�2�7�i�V�- �i�?�2 �T�Q�H���`�B�x���i�B�Q�M ���M�;�H�2 �U�+�2�M�i�`�2�V ���M�/ �i�?�2 �b�?�Q�r�2�`
�2�M�2�`�;�v �U�`�B�;�?�i�V�X

�i�?�2 �}�i �+�Q�M�b�i���M�i�b �B�M �2�[�m���i�B�Q�M �d�X�d�X �q�?�B�H�2 �i�?�B�b �B�b �2�t�T�2�+�i�2�/ �7�Q�` �i�?�2 �9�@�G�S�.�� �H���v�Q�m�i�- �r�?�2�`�2 �i�?�2 �M�2�r
���H�;�Q�`�B�i�?�K �7�2���i�m�`�2�b �� �K�m�+�? �B�K�T�`�Q�p�2�/ �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �i�?�2 �+�Q�b�K�B�+�@�`���v �b�?�Q�r�2�` �/�B�`�2�+�i�B�Q�M ���M�/ �b�B�;�M���H
�T�Q�H���`�B�x���i�B�Q�M�- �i�?�2 �/�B�z�2�`�2�M�+�2 �B�b �b�H�B�;�?�i�H�v �H���`�;�2�` �i�?���M �2�t�T�2�+�i�2�/ �7�Q�` �i�?�2 �j�@�G�S�.�� �H���v�Q�m�i�- �r�?�B�+�? �Q�M�H�v
�K�Q�/�2�`���i�2�H�v �B�K�T�`�Q�p�2�b �B�M �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �i�?�2�b�2 �[�m���M�i�B�i�B�2�b�X �h�?�2 �B�K�T�`�Q�p�2�/ �2�M�2�`�;�v �`�2�b�Q�H�m�i�B�Q�M
�K���v �#�2 �/�m�2 �i�Q �i�?�2 �7���+�i �i�?���i �i�?�2 ���H�;�Q�`�B�i�?�K �B�M �(�8�) �m�b�2�b �Q�M�H�v �i�?�2 �H�B�M�2���` �7�`�2�[�m�2�M�+�v �b�H�Q�T�2mf �U�b�2�2
�2�[�m���i�B�Q�M �d�X�8�V �i�Q �+�Q�K�T�m�i�2 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �2�H�2�+�i�`�B�+ �}�2�H�/ �~�m�t� 0

E �- �m�b�B�M�; �i�?�2 �[�m���/�`���i�B�+mf �i�2�`�K
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�T�Q�H���`�B�x���i�B�Q�M �B�b �B�M �;�2�M�2�`���H �K�m�+�? �?���`�/�2�` �i�Q �+�Q�M�b�i�`���B�M�X �h�?�m�b�- �i�v�T�B�+���H �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�Q�m�`�b �Q�M�@�b�F�v ���`�2
�2�H�H�B�T�b�2 �Q�` �ö�#���M���M���ö�@�b�?���T�2�/�- �r�B�i�? �� �K�m�+�? �H���`�;�2�` �m�M�+�2�`�i���B�M�i�v �B�M �i�?�2 �T�Q�H���`�B�x���i�B�Q�M �/�B�`�2�+�i�B�Q�M�X

�6�B�M���H�H�v�- �r�2 �M�Q�i�2 �i�?���i �r�?���i �B�b ���+�i�m���H�H�v �`�2�+�Q�M�b�i�`�m�+�i�2�/ �B�b �i�?�2 �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �T���`�i�B�+�H�2 �b�?�Q�r�2�`�b�-
�`���i�?�2�` �i�?���M �i�?���i �Q�7 �i�?�2 �Q�`�B�;�B�M���H �M�2�m�i�`�B�M�Q�X �>�Q�r�2�p�2�`�- �i�?�2 �b�?�Q�r�2�` �B�b �p�2�`�v �b�i�`�Q�M�;�H�v �7�Q�`�r���`�/�@�#�Q�Q�b�i�2�/
���H�`�2���/�v ���i �R �h�2�o �(�k�y�d�)�- �b�m�+�? �i�?���i ���i �i�?�2 �2�M�2�`�;�B�2�b �`�2�H�2�p���M�i �?�2�`�2 �i�?�2 ���M�;�m�H���` �/�2�p�B���i�B�Q�M �#�2�i�r�2�2�M �i�?�2
�b�?�Q�r�2�` ���M�/ �i�?�2 �Q�`�B�;�B�M���H �M�2�m�i�`�B�M�Q �B�b �+�Q�K�T�H�2�i�2�H�v �M�2�;�H�B�;�B�#�H�2�X

�3�X�j ���H�;�Q�`�B�i�?�K �7�Q�` �/�B�`�2�+�i�B�Q�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M

���b �/�2�b�+�`�B�#�2�/ �B�M �b�2�+�i�B�Q�M �j�X�R�- �i�?�2 �/�2�b�B�;�M �Q�7 �� �i�v�T�B�+���H �/�2�2�T �B�M�@�B�+�2 �`���/�B�Q �M�2�m�i�`�B�M�Q �/�2�i�2�+�i�Q�` �B�b �B�M�7�Q�`�K�2�/ �#�v
�i�?�2 ���B�K �i�Q �K���t�B�K�B�x�2 �2�z�2�+�i�B�p�2 �p�Q�H�m�K�2�- �r�?�B�+�? �`�2�b�m�H�i�b �B�M �� �b�i���i�B�Q�M�@�i�Q�@�b�i���i�B�Q�M �b�T���+�B�M�; �i�?���i �K�2���M�b �K�Q�b�i
�2�p�2�M�i�b ���`�2 �2�t�T�2�+�i�2�/ �i�Q �#�2 �/�2�i�2�+�i�2�/ �B�M �� �b�B�M�;�H�2 �/�2�i�2�+�i�Q�` �b�i���i�B�Q�M �Q�M�H�v�X �h�?�m�b�- �2���+�? �b�i���i�B�Q�M �M�2�2�/�b �i�Q
�#�2 ���#�H�2 �i�Q �B�M�/�B�p�B�/�m���H�H�v �`�2�+�Q�M�b�i�`�m�+�i �M�2�m�i�`�B�M�Q �T�`�Q�T�2�`�i�B�2�b�X �h�?�2 �b�i���i�B�Q�M �/�2�b�B�;�M �+�?�Q�b�2�M �7�Q�` �#�Q�i�? �_�L�P�@
�: �(�R�R�e�) ���b �r�2�H�H ���b �i�?�2 �Q�M�2 �m�M�/�2�` �+�Q�M�b�B�/�2�`���i�B�Q�M �7�Q�` �A�+�2�*�m�#�2�@�:�2�M�k �(�R�R�d�) ���H�H �7�2���i�m�`�2 �i�?�`�2�2 �p�2�`�i�B�+���H
�ö�b�i�`�B�M�;�b�ö �B�M �� �i�`�B���M�;�m�H���` �+�Q�M�}�;�m�`���i�B�Q�M�- �r�?�B�+�? �B�b �`�2�[�m�B�`�2�/ �i�Q �i�`�B���M�;�m�H���i�2 �i�?�2 �2�K�B�b�b�B�Q�M �p�2�`�i�2�t�X �h�?�2�b�2
�b�i�`�B�M�;�b ���`�2 �T�Q�T�m�H���i�2�/ �r�B�i�? �Q�K�M�B�/�B�`�2�+�i�B�Q�M���H ���M�i�2�M�M���b �i�?���i ���`�2 �b�2�M�b�B�i�B�p�2 �2�B�i�?�2�` �i�Q �p�2�`�i�B�+���H�H�v �T�Q�H���`�B�x�2�/
�U�ö�o�T�Q�H�ö�V �Q�` �?�Q�`�B�x�Q�M�i���H�H�v �T�Q�H���`�B�x�2�/ �U�ö�>�T�Q�H�ö�V �b�B�;�M���H�b ���i �p���`�B�Q�m�b �/�2�T�i�?�b�- �r�?�B�+�? �T�`�Q�p�B�/�2 �b�2�M�b�B�i�B�p�B�i�v �i�Q
�i�?�2 �b�B�;�M���H �T�Q�H���`�B�x���i�B�Q�M�X �� �b�F�2�i�+�? �Q�7 ���M �2�t���K�T�H�2 �b�B�M�;�H�2�@�b�i���i�B�Q�M �H���v�Q�m�i ���b �m�b�2�/ �#�v �_�L�P�@�: �+���M �#�2
�7�Q�m�M�/ �B�M �b�2�+�i�B�Q�M �j�X�j�X
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�h�?�2 ���H�;�Q�`�B�i�?�K �/�2�b�+�`�B�#�2�/ �B�M �i�?�B�b �+�?���T�i�2�` �r���b �/�2�b�B�;�M�2�/ �i�Q �2�M���#�H�2 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �M�2�m�i�`�B�M�Q
�T�`�Q�T�2�`�i�B�2�b �m�b�B�M�; �� �b�B�M�;�H�2 �/�2�i�2�+�i�Q�` �b�i���i�B�Q�M ���M�/ �B�b �#���b�2�/ �Q�M �i�?�2�7�Q�`�r��� �̀/�@�7�Q�H�/�B�M�;���T�T�`�Q���+�?�X �A�i �r���b
�}�`�b�i �b�?�Q�r�M �B�M �(�R�) �i�?���i �7�Q�`�r���`�/�@�7�Q�H�/�B�M�; �B�b �� �b�m�B�i���#�H�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �i�Q�Q�H �7�Q�` �`���/�B�Q �/�2�i�2�+�i�Q�`�b�X �A�M �i�?�2
�7�Q�`�r���`�/�@�7�Q�H�/�B�M�; ���T�T�`�Q���+�?�- ���M ���M���H�v�i�B�+ �/�2�b�+�`�B�T�i�B�Q�M �Q�7 �i�?�2 �2�H�2�+�i�`�B�+ �}�2�H�/ �B�b �7�Q�`�r���`�/�@�7�Q�H�/�2�/ �i�?�`�Q�m�;�? �i�?�2
�T�`�Q�T���;���i�B�Q�M ���M�/ �b�v�b�i�2�K �`�2�b�T�Q�M�b�2 �i�Q �Q�#�i���B�M �r���p�2�7�Q�`�K�b �Q�7 �i�?�2 �p�Q�H�i���;�2 �`�2�+�2�B�p�2�/ ���i �2�p�2�`�v ���M�i�2�M�M���X
�h�?�2�b�2 �r���p�2�7�Q�`�K�b ���`�2 �+�Q�K�T���`�2�/ �r�B�i�? �i�?�2 �`�2�+�Q�`�/�2�/ �p�Q�H�i���;�2 �/���i�� ���M�/ �� �i�2�b�i �b�i���i�B�b�i�B�+ �B�b �K�B�M�B�K�B�x�2�/ �i�Q
�Q�#�i���B�M �i�?�2 �#�2�b�i �}�i�i�B�M�; �b�B�;�M���H �T���`���K�2�i�2�`�b�X �h�?�B�b ���T�T�`�Q���+�? �?���b �b�?�Q�r�M �i�Q �r�Q�`�F �#�2�i�i�2�` �7�Q�` �`�2�+�Q�M�b�i�`�m�+�i�B�M�;
�H�Q�r �b�B�;�M���H ���K�T�H�B�i�m�/�2 �`���/�B�Q �T�m�H�b�2�b �i�?���M �m�M�7�Q�H�/�B�M�; �i�?�2 �/�2�i�2�+�i�Q�` �`�2�b�T�Q�M�b�2�X �.�m�2 �i�Q �i�?�2 �+�Q�M�i�`�B�#�m�i�B�Q�M �Q�7
�M�Q�B�b�2 �B�M �i�?�2 �p�Q�H�i���;�2 �/���i���- �m�M�7�Q�H�/�B�M�; �i�?�2 �U�M�Q�B�b�2�H�2�b�b�V �/�2�i�2�+�i�Q�` �`�2�b�T�Q�M�b�2 �b�v�b�i�2�K���i�B�+���H�H�v �Q�p�2�`�2�b�i�B�K���i�2�b
�i�?�2 �b�B�;�M���H �+�Q�M�i�`�B�#�m�i�B�Q�M �r�?�2�M �i�?�2 �/�2�i�2�+�i�Q�` �`�2�b�T�Q�M�b�2 �2�t�T�2�+�i�b �� �H�Q�r �p���H�m�2�X

�h�Q �`�2�+�Q�M�b�i�`�m�+�i �i�?�2 �M�2�m�i�`�B�M�Q �/�B�`�2�+�i�B�Q�M�- �i�?�2 �7�Q�`�r���`�/�@�7�Q�H�/�B�M�; ���T�T�`�Q���+�? �Q�7 �(�R�) �?���b �#�2�2�M �2�t�i�2�M�/�2�/
�i�Q �m�b�2 ���M�i�2�M�M���b �r�B�i�? �H���`�;�2 �/�B�b�i���M�+�2�b �i�Q �2���+�? �Q�i�?�2�`�- �r�?�2�`�2 �B�i �M�Q �H�Q�M�;�2�` �?�Q�H�/�b �i�?���i �i�?�2 �b���K�2 �b�B�;�M���H
�B�b �K�2���b�m�`�2�/�X �h�?�B�b �2�t�i�2�M�b�B�Q�M �?���b �i�?�2 �#�2�M�2�}�i �i�?���i �m�b�B�M�; �K�Q�`�2 ���M�i�2�M�M���b �B�M �i�?�2 �b���K�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M
�2�z�2�+�i�B�p�2�H�v �`�2�/�m�+�2�b �i�?�2 �M�Q�B�b�2 �+�Q�M�i�`�B�#�m�i�B�Q�M ���M�/ �i�?�2�`�2�7�Q�`�2 �B�K�T�`�Q�p�2�b �i�?�2 �Q�#�i���B�M���#�H�2 �`�2�b�Q�H�m�i�B�Q�M�X �6�m�`�@
�i�?�2�`�K�Q�`�2�- �+�Q�K�#�B�M�B�M�; ���M�i�2�M�M���b ���+�`�Q�b�b �i�?�2 �2�M�i�B�`�2 �b�i���i�B�Q�M �`�2�b�m�H�i�b �B�M �� �K�Q�`�2 ���+�+�m�`���i�2 �K�2���b�m�`�2�K�2�M�i �Q�7
�i�?�2 �T�Q�H���`�B�x���i�B�Q�M �/�m�2 �i�Q �i�?�2 �p�2�`�i�B�+���H ���M�/ �?�Q�`�B�x�Q�M�i���H �b�T���i�B���H �b�2�T���`���i�B�Q�M �i�?���M �Q�#�i���B�M���#�H�2 �#�v �Q�M�H�v �m�b�B�M�;
�M�2���`�#�v ���M�i�2�M�M���b�X

�3�X�j�X�R �6�B�i �T���`���K�2�i�2�`�b ���M�/ �b�B�;�M���H �K�Q�/�2�H

�A�M �Q�`�/�2�` �i�Q ���T�T�H�v �i�?�2 �7�Q�`�r���`�/�@�7�Q�H�/�B�M�; ���T�T�`�Q���+�?�- �r�2 �M�2�2�/ �i�Q �K�Q�/�2�H �i�?�2 �2�t�T�2�+�i�2�/ �b�B�;�M���H ���b �� �7�m�M�+�i�B�Q�M
�Q�7 �i�?�2 �T���`���K�2�i�2�`�b �Q�7 �B�M�i�2�`�2�b�i�X �A�M �;�2�M�2�`���H�- �i�?�2 �`���/�B�Q �T�m�H�b�2 ���b �K�2���b�m�`�2�/ �#�v �i�?�2 �/�2�i�2�+�i�Q�` �/�2�T�2�M�/�b �Q�M
�i�?�2 �B�M�i�2�`���+�i�B�Q�M �p�2�`�i�2�t~x�- �i�?�2 �`���v �i�`���D�2�+�i�Q�`�v �U�Q�` �ö�`���v �i�v�T�2�ö�V�- �i�?�2 �p�B�2�r�B�M�; ���M�;�H�2 �#�2�i�r�2�2�M �i�?�2 �b�B�;�M���H
�2�K�B�b�b�B�Q�M �/�B�`�2�+�i�B�Q�M ���M�/ �i�?�2 �M�2�m�i�`�B�M�Q �/�B�`�2�+�i�B�Q�M�- �i�?�2 �b�B�;�M���H �T�Q�H���`�B�x���i�B�Q�M�- ���M�/ �i�?�2 �M�2�m�i�`�B�M�Q �2�M�2�`�;�v�X �A�M
�T�`�B�M�+�B�T�H�2�- �i�?�2 �b�B�;�M���H �+���M �#�2 �K�Q�/�2�H�H�2�/ ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2�b�2 �T���`���K�2�i�2�`�b �B�M �� �b�B�K�B�H���` �r���v ���b �B�b �/�Q�M�2 �B�M
�b�B�K�m�H���i�B�Q�M�c �?�Q�r�2�p�2�`�- ���b �}�i�i�B�M�; �� �b�B�M�;�H�2 �2�p�2�M�i �`�2�[�m�B�`�2�b �K���M�v �2�p���H�m���i�B�Q�M�b �Q�7 �i�?�2 �}�i �K�Q�/�2�H�- �� �+�Q�m�T�H�2 �Q�7
���/�D�m�b�i�K�2�M�i�b �B�b �K���/�2 �B�M �Q�`�/�2�` �i�Q �2�M�b�m�`�2 �+�Q�K�T�m�i���i�B�Q�M���H �7�2���b�B�#�B�H�B�i�v�X �6�B�`�b�i�H�v�- �`���i�?�2�` �i�?���M �`���v�@�i�`���+�B�M�;
�7�Q�` �2���+�? �B�M�i�2�`���+�i�B�Q�M �p�2�`�i�2�t �?�v�T�Q�i�?�2�b�B�b�- �� �H�Q�Q�F�m�T �i���#�H�2 �B�b �+�Q�M�b�i�`�m�+�i�2�/ �r�?�B�+�? �+�Q�M�i���B�M�b �i�?�2 �`���v �i�`���p�2�H
�i�B�K�2�b�X �A�M ���/�/�B�i�B�Q�M�- �� �7���b�i�- �7�m�H�H�v ���M���H�v�i�B�+ �K�Q�/�2�H �B�b �m�b�2�/ �i�Q �K�Q�/�2�H �i�?�2 ���b�F���`�v���M �2�K�B�b�b�B�Q�M �U�B�X�2�X �i�?�2
���H�p���`�2�x�k�y�y�N�K�Q�/�2�H �/�2�b�+�`�B�#�2�/ �B�M �(�R�e�k�)�V�- �r�?�B�+�? �B�b �K�m�+�? �7���b�i�2�` �i�Q �2�p���H�m���i�2 �i�?���M �i�?�2 �b�2�K�B�@���M���H�v�i�B�+
���_�w �K�Q�/�2�H �m�b�2�/ �B�M �b�B�K�m�H���i�B�Q�M�X �6�Q�` �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�?�Q�r�2�`�b�- �i�?�2���H�p���`�2�x�k�y�y�N�K�Q�/�2�H �B�M�+�H�m�/�2�b ���M
���/�/�B�i�B�Q�M���H �T���`���K�2�i�2�` �i�Q �b�B�K�m�H���i�2 �i�?�2 �H���`�;�2�` �/�B�b�i�`�B�#�m�i�B�Q�M �B�M �T�Q�b�b�B�#�H�2 �b�?�Q�r�2�` �T�`�Q�}�H�2�b �/�m�2 �i�Q �i�?�2 �G�S�J
�2�z�2�+�i �/�2�b�+�`�B�#�2�/ �B�M �b�2�+�i�B�Q�M �R�X�R�X �>�Q�r�2�p�2�`�- ���b �B�i �B�b �m�M�H�B�F�2�H�v �i�?���i �i�?�B�b ���H�;�Q�`�B�i�?�K �+���M �`�2�b�Q�H�p�2 �i�?�2 �b�?�Q�r�2�`
�B�M �b�m�+�? �/�2�i���B�H�- �r�2 �B�M�b�i�2���/ �m�b�2 �i�?�2 ���p�2�`���;�2 �b�?�Q�r�2�` �T�`�Q�}�H�2 �B�M �i�?�2 �}�i�X �L�Q�i�2 �i�?���i �r�?�B�H�2 �m�b�B�M�; �� �/�B�z�2�`�2�M�i
�T���`���K�2�i�2�`�B�x���i�B�Q�M �B�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �+�Q�K�T���`�2�/ �i�Q �b�B�K�m�H���i�B�Q�M �K���v �H�2���/ �i�Q �� �b�H�B�;�?�i �/�2�;�`���/���i�B�Q�M �B�M
�`�2�b�Q�H�m�i�B�Q�M�- �r�2 �`�2�K���`�F �i�?���i �B�M �i�?�2 ���#�b�2�M�+�2 �Q�7 �2�b�i���#�H�B�b�?�2�/ �B�M�@�B�+�2 �`���/�B�Q �/�2�i�2�+�i�B�Q�M�b �Q�7 �M�2�m�i�`�B�M�Q�b �i�?�B�b
���T�T�`�Q���+�? �b�?�Q�m�H�/ �T�`�Q�p�B�/�2 �K�Q�`�2 �`�Q�#�m�b�i�M�2�b�b �i�Q�r���`�/�b �b�H�B�;�?�i �K�B�b�K�Q�/�2�H�H�B�M�; �Q�7 �i�?�2 �b�B�;�M���H�X

�A�M ���/�/�B�i�B�Q�M �i�Q �i�?�2 �T���`���K�2�i�2�`�b ���#�Q�p�2�- �i�?�2 �K�2���b�m�`�2�/ �b�B�;�M���H ���H�b�Q �/�2�T�2�M�/�b �Q�M �i�?�2 �B�+�2 �K�Q�/�2�H �U�B�M�/�2�t
�Q�7 �`�2�7�`���+�i�B�Q�M�- ���i�i�2�M�m���i�B�Q�M �H�2�M�;�i�?�- �X�X�X�V ���b �r�2�H�H ���b �i�?�2 �/�2�i�2�+�i�Q�` �`�2�b�T�Q�M�b�2 �U���M�i�2�M�M�� �;���B�M�- ���K�T�H�B�}�2�`
�`�2�b�T�Q�M�b�2�- �X�X�X�V�X �q�?�B�H�2 �B�M �i�?�2�Q�`�v �Q�M�2 �+�Q�m�H�/ �B�M�+�H�m�/�2 �i�?�2�b�2 ���b �M�m�B�b���M�+�2 �T���`���K�2�i�2�`�b�- �7�Q�` �M�Q�r �r�2 �`�2�b�i�`�B�+�i
�Q�m�`�b�2�H�p�2�b �i�Q �m�b�B�M�; �i�?�2 �2�t���+�i �B�+�2 �K�Q�/�2�H ���M�/ �/�2�i�2�+�i�Q�` �`�2�b�T�Q�M�b�2 ���b �m�b�2�/ �B�M �i�?�2 �b�B�K�m�H���i�B�Q�M�X �h�?�2 �B�K�T���+�i
�Q�7 �b�Q�K�2�r�?���i �`�2���H�B�b�i�B�+ �2�`�`�Q�`�b �B�M �i�?�2�b�2 �T���`���K�2�i�2�`�b �B�b �2�t�T�H�Q�`�2�/ �B�M �b�2�+�i�B�Q�M �3�X�9�X�9�X

�6�B�M���H�H�v�- �Q�M�2 ���/�/�B�i�B�Q�M���H �b�B�K�T�H�B�}�+���i�B�Q�M �K���/�2 �i�Q �B�K�T�`�Q�p�2 �i�?�2 �b�T�2�2�/ �Q�7 �i�?�2 ���H�;�Q�`�B�i�?�K �B�b �i�Q �T�2�`�7�Q�`�K
�i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �B�M �i�r�Q �b�2�T���`���i�2 �b�i���;�2�b�X �6�B�`�b�i�- �Q�M�H�v �i�?�2 �M�2�m�i�`�B�M�Q �B�M�i�2�`���+�i�B�Q�M �p�2�`�i�2�t�- �Q�` �K�Q�`�2
���+�+�m�`���i�2�H�v �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �b�?�Q�r�2�` �K���t�B�K�m�K�- �B�b �`�2�+�Q�M�b�i�`�m�+�i�2�/�X �A�M �i�?�2 �b�2�+�Q�M�/ �b�i�2�T�- �i�?�2 �p�B�2�r�B�M�;
���M�;�H�2 ���M�/ �T�Q�H���`�B�x���i�B�Q�M�- ���M�/ �i�?�m�b �i�?�2 �M�2�m�i�`�B�M�Q �/�B�`�2�+�i�B�Q�M�- ���`�2 �}�i�i�2�/ �r�?�B�H�2 �F�2�2�T�B�M�; �i�?�2 �B�M�i�2�`���+�i�B�Q�M
�p�2�`�i�2�t �}�t�2�/�X �q�2 �/�2�b�+�`�B�#�2 �2���+�? �Q�7 �i�?�2�b�2 �b�i�2�T�b �B�M �/�2�i���B�H �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�2�+�i�B�Q�M�b�X
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�6�B�;�m�`�2 �3�X�k�, �A�H�H�m�b�i�`���i�B�Q�M �Q�7 �i�?�2 �p�2�`�i�2�t �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���H�;�Q�`�B�i�?�K�X �G�2�7�i�, �i�?�2 �`�2�+�Q�`�/�2�/ �p�Q�H�i���;�2 �i�`���+�2 �B�b
�+�Q�`�`�2�H���i�2�/ �r�B�i�? �� �b�B�;�M���H �i�2�K�T�H���i�2 �7�Q�` �2���+�? �+�?���M�M�2�H�X �_�B�;�?�i�, �i�?�2 �+�Q�`�`�2�H���i�B�Q�M�b� i;j �7�Q�` �/�B�z�2�`�2�M�i �+�?���M�M�2�H�b
i; j ���`�2 �b�?�B�7�i�2�/ �r�B�i�? �`�2�b�T�2�+�i �i�Q �2���+�? �Q�i�?�2�` �#�v� t ���M�/ �i�?�2�M �K�m�H�i�B�T�H�B�2�/ �i�Q�;�2�i�?�2�`�X �h�?�B�b �`�2�b�m�H�i�b �B�M ��
�T�2���F ���i �i�?�2 �ö�i�`�m�2�ö �i�B�K�B�M�; �/�B�z�2�`�2�M�+�2�X

�3�X�j�X�k �L�2�m�i�`�B�M�Q �p�2�`�i�2�t �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M

�h�?�2 ���H�;�Q�`�B�i�?�K �m�b�2�/ �i�Q �`�2�+�Q�M�b�i�`�m�+�i �i�?�2 �M�2�m�i�`�B�M�Q �p�2�`�i�2�t �B�b �� �K�Q�/�B�}�+���i�B�Q�M �Q�7 �i�?�2 ���H�;�Q�`�B�i�?�K �/�2�b�+�`�B�#�2�/
�B�M �(�R�d�R�)�X �h�?�2 �;�2�M�2�`���H �B�/�2�� �B�b �i�?���i �i�?�2 �Q�`�B�;�B�M �Q�7 �i�?�2 �`���/�B�Q �2�K�B�b�b�B�Q�M �+���M �#�2 �i�`�B���M�;�m�H���i�2�/ �#�v �/�2�i�2�`�K�B�M�B�M�;
�i�?�2 �`�2�H���i�B�p�2 �T�m�H�b�2 ���`�`�B�p���H �i�B�K�2�b �B�M �2���+�? ���M�i�2�M�M�� �i�?�`�Q�m�;�? �K���t�B�K�B�x�B�M�; �i�?�2 �+�Q�`�`�2�H���i�B�Q�M �r�B�i�? �� �M�2�m�i�`�B�M�Q
�b�B�;�M���H �i�2�K�T�H���i�2�X �L�Q�i�2 �i�?���i �i�?�2 �`���/�B�Q �2�K�B�b�b�B�Q�M �Q�`�B�;�B�M���i�2�b �7�`�Q�K �i�?�2 �T���`�i�B�+�H�2 �b�?�Q�r�2�`�- �M�Q�i �i�?�2 �M�2�m�i�`�B�M�Q
�B�M�i�2�`���+�i�B�Q�M �p�2�`�i�2�t�X �h�?�m�b�- �B�M �i�?�2 �`���v�@�i�`���+�B�M�; ���T�T�`�Q�t�B�K���i�B�Q�M �K���/�2 �B�M �L�m�_���/�B�Q�J�*�- �B�i �B�b �i�?�2 �T�Q�b�B�i�B�Q�M
�Q�7 �i�?�2 �b�?�Q�r�2�` �K���t�B�K�m�K�- �`���i�?�2�` �i�?���M �i�?�2 �B�M�i�2�`���+�i�B�Q�M �p�2�`�i�2�t�- �r�?�B�+�? �B�b �`�2�+�Q�M�b�i�`�m�+�i�2�/�X �h�?�2 �/�B�z�2�`�2�M�+�2
�#�2�i�r�2�2�M �i�?�2 �i�r�Q �B�b �Q�7 �i�?�2 �Q�`�/�2�` �Q�7 �R�y �K �7�Q�` �?���/�`�Q�M�B�+ �b�?�Q�r�2�`�b�- ���M�/ �m�T �i�Q ���M �Q�`�/�2�` �Q�7 �K���;�M�B�i�m�/�2
�H���`�;�2�` �7�Q�` �?�B�;�?�@�2�M�2�`�;�v �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�?�Q�r�2�`�b �b�m�#�D�2�+�i �i�Q �i�?�2 �G�S�J �2�z�2�+�i�X

�h�?�2 �}�`�b�i �b�i�2�T �B�M �i�?�2 �p�2�`�i�2�t �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���H�;�Q�`�B�i�?�K �B�b �i�Q �+�Q�`�`�2�H���i�2 �2���+�? �p�Q�H�i���;�2 �i�`���+�2 �r�B�i�? ��
�M�2�m�i�`�B�M�Q �i�2�K�T�H���i�2�X �l�b�B�M�; �� �i�2�K�T�H���i�2 �`���i�?�2�` �i�?���M �/�B�`�2�+�i�H�v �+�Q�`�`�2�H���i�B�M�; �i�r�Q �p�Q�H�i���;�2 �i�`���+�2�b �r�B�i�? �2���+�?
�Q�i�?�2�` �?���b �i�?�2 ���/�p���M�i���;�2 �Q�7 �`�2�/�m�+�B�M�; �i�?�2 �2�z�2�+�i �Q�7 �b�T�m�`�B�Q�m�b �+�Q�`�`�2�H���i�B�Q�M�b �#�2�i�r�2�2�M �i�?�2 �M�Q�B�b�2 �B�M �2���+�?
���M�i�2�M�M���X �"�2�7�Q�`�2 �+�Q�`�`�2�H���i�B�M�;�- �� �#���M�/�T���b�b �}�H�i�2�` �r�B�i�? �� �T���b�b�#���M�/ �Q�795 MHz �i�Q300 MHz �B�b ���T�T�H�B�2�/
�i�Q �#�Q�i�? �i�?�2 �M�2�m�i�`�B�M�Q �i�2�K�T�H���i�2 ���M�/ �i�?�2 �p�Q�H�i���;�2 �i�`���+�2�X �h�?�2 �T�m�H�b�2 �b�?���T�2 �B�M �i�?�B�b �#���M�/ �B�b �/�2�i�2�`�K�B�M�2�/
�K�Q�b�i�H�v �#�v �i�?�2 ���M�i�2�M�M�� ���M�/ ���K�T�H�B�}�2�` �`�2�b�T�Q�M�b�2�- ���M�/ �p���`�B�2�b �Q�M�H�v �b�H�B�;�?�i�H�v �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 ���`�`�B�p���H
�/�B�`�2�+�i�B�Q�M ���M�/ �p�B�2�r�B�M�; ���M�;�H�2�- �r�?�B�+�? ���H�H�Q�r�b �m�b �i�Q �m�b�2 �Q�M�H�v �� �b�B�M�;�H�2 �M�2�m�i�`�B�M�Q �i�2�K�T�H���i�2�X

�q�2 �i�?�2�M �/�2�}�M�2 �i�?�2 �+�`�Q�b�b�@�+�Q�`�`�2�H���i�B�Q�M� �#�2�i�r�2�2�M �i�r�Q �+�?���M�M�2�H�bi; j ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �`�2�H���i�B�p�2
�i�B�K�2 �/�2�H���v� t ���b�,

� i;j (� t) = max
t

(j� i (t)jj � j (t + � t)j) ; �U�3�X�R�V

�r�?�2�`�2� i ; � j ���`�2 �i�?�2 �+�Q�`�`�2�H���i�B�Q�M�b �Q�7 �2���+�? �p�Q�H�i���;�2 �i�`���+�2 �r�B�i�? �i�?�2 �M�2�m�i�`�B�M�Q �i�2�K�T�H���i�2�X �A�7 �i�?�2�`�2 �B�b ��
�b�m�{�+�B�2�M�i�H�v �+�H�2���` �M�2�m�i�`�B�M�Q �T�m�H�b�2 �B�M �#�Q�i�? �i�`���+�2�b�- �i�?�2 �+�`�Q�b�b�@�+�Q�`�`�2�H���i�B�Q�M �r�B�H�H �b�?�Q�r �� �T�2���F ���`�Q�m�M�/ �i�?�2
�i�`�m�2 �/�B�z�2�`�2�M�+�2 �B�M ���`�`�B�p���H �i�B�K�2�b�X �h�?�B�b �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �3�X�j�X�k�X

�A�M �i�?�2 �M�2�t�i �b�i�2�T�- �Q�M�2 �+���M �+�Q�K�T�m�i�2 �i�?�2 �2�t�T�2�+�i�2�/ �i�B�K�2 �/�B�z�2�`�2�M�+�2� t �7�Q�` �2���+�? �T�Q�i�2�M�i�B���H �p�2�`�i�2�t
�T�Q�b�B�i�B�Q�M�- ���M�/ �7�`�Q�K �i�?�B�b �Q�#�i���B�M �i�?�2 �+�`�Q�b�b�@�+�Q�`�`�2�H���i�B�Q�M �7�Q�` �2���+�? �T���B�` �Q�7 �+�?���M�M�2�H�b�X �P�M�2 ���/�/�B�i�B�Q�M���H
�+�?���H�H�2�M�;�2 �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�`���/�B�i�B�Q�M���H �i�`�B���M�;�m�H���i�B�Q�M ���`�B�b�2�b �/�m�2 �i�Q �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �K�m�H�i�B�T�H�2 �`���v �T���i�?�b
�#�2�i�r�2�2�M �p�2�`�i�2�t ���M�/ ���M�i�2�M�M�� �T�Q�b�B�i�B�Q�M�- ���b �2�t�T�H���B�M�2�/ �B�M �b�2�+�i�B�Q�M �9�X�R�X�k�X �h�?�m�b�-� t(~x; r i ; r j ) �B�b �� �7�m�M�+�i�B�Q�M
�#�Q�i�? �Q�7 �i�?�2 �p�2�`�i�2�t �T�Q�b�B�i�B�Q�M~x ���b �r�2�H�H ���b �i�?�2 �`���v �i�v�T�2�br i ; r j �U�r�?�B�+�? �K���v �Q�` �K���v �M�Q�i �#�2 �i�?�2 �b���K�2�V�X



�3�y �*�>���S�h�1�_ �3�X �L�1�l�h�_�A�L�P �.�A�_�1�*�h�A�P�L �_�1�*�P�L�a�h�_�l�*�h�A�P�L

�h�?�B�b �B�b �i���F�2�M �B�M�i�Q ���+�+�Q�m�M�i �#�v �B�i�2�`���i�B�M�; �Q�p�2�` ���H�H �T�Q�b�b�B�#�H�2 �`���v �i�v�T�2�b �7�Q�` �2���+�? ���M�i�2�M�M���- ���M�/ �m�b�B�M�; �i�?�2
�`���v �i�v�T�2�b �i�?���i �+�Q�`�`�2�b�T�Q�M�/ �i�Q �i�?�2 �K���t�B�K�m�K �+�`�Q�b�b�@�+�Q�`�`�2�H���i�B�Q�M�X �J�Q�`�2�Q�p�2�`�- �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �K�m�H�i�B�T�H�2
�`���v �T���i�?�b �+���M ���H�b�Q �T�`�Q�p�B�/�2 ���/�/�B�i�B�Q�M���H �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �i�?�2 �p�2�`�i�2�t �T�Q�b�B�i�B�Q�M�- �r�?�B�+�? �B�b �2�t�T�H�Q�B�i�2�/
�#�v ���/�/�B�M�; ���M ���/�/�B�i�B�Q�M���H �i�2�`�K �7�Q�` �i�?�2 �+�`�Q�b�b�@�+�Q�`�`�2�H���i�B�Q�M �7�Q�` �2���+�? �+�?���M�M�2�H �r�B�i�? �B�i�b�2�H�7 �U�B�X�2�X� i;i �V�X ���b
�r���b �b�?�Q�r�M �B�M �(�R�d�R�)�- �7�Q�` �2�p�2�M�i�b �r�?�2�`�2 �#�Q�i�? �T�m�H�b�2�b ���`�2 �b�m�{�+�B�2�M�i�H�v �+�H�2���` �i�?�B�b �?�2�H�T�b �B�M �T���`�i�B�+�m�H���` �i�Q
�+�Q�M�b�i�`���B�M �i�?�2 �/�B�b�i���M�+�2 �i�Q �i�?�2 �p�2�`�i�2�t�- �r�?�B�+�? �B�b �Q�i�?�2�`�r�B�b�2 �2�b�T�2�+�B���H�H�v �+�?���H�H�2�M�;�B�M�; �i�Q �/�2�i�2�`�K�B�M�2�X �h�?�B�b
�`�2�b�m�H�i�b �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �2�t�T�`�2�b�b�B�Q�M �7�Q�` �i�?�2 �i�Q�i���H �+�Q�`�`�2�H���i�B�Q�MC(~x)�,

C(~x) =
X

i

X

j 6= i

max
r i ;r j

� i;j (� t(~x; r i ; r j )) +
X

i

� i;i (� t(~x; r i ; r 0
i )) ; �U�3�X�k�V

�r�?�2�`�2 �B�M �i�?�2 �b�2�H�7�@�+�Q�`�`�2�H���i�B�Q�M �i�2�`�K �i�?�2 �i�B�K�2 �/�B�z�2�`�2�M�+�2 �B�b �;�B�p�2�M �#�v �+�Q�M�b�B�/�2�`�B�M�; �Q�M�H�v �i�?�2 �i�r�Q �/�B�z�2�`�2�M�i
�`���v �i�v�T�2�br ���M�/r 6= r �X

�h�?�2 �2�K�B�b�b�B�Q�M �p�2�`�i�2�t~x �B�b �i�?�2�M �/�2�i�2�`�K�B�M�2�/ �#�v �K���t�B�K�B�x�B�M�;C(~x)�X �A�M �Q�`�/�2�` �i�Q �b�T�2�2�/ �m�T �i�?�2
���H�;�Q�`�B�i�?�K�- �H�Q�Q�F�m�T �i���#�H�2�b ���`�2 �+�Q�M�b�i�`�m�+�i�2�/ �7�Q�` �2���+�? ���M�i�2�M�M�� �/�2�T�i�?�- �2�t�T�H�Q�B�i�B�M�; �i�?�2 �7���+�i �i�?���i �i�?�2 �B�+�2
�K�Q�/�2�H�b �+�m�`�`�2�M�i�H�v �m�b�2�/ ���`�2 �B�M�p���`�B���M�i �m�M�/�2�` �?�Q�`�B�x�Q�M�i���H �i�`���M�b�H���i�B�Q�M ���M�/ �i�?�m�b �+�v�H�B�M�/�`�B�+���H�H�v �b�v�K�K�2�i�`�B�+�X
�A�M ���/�/�B�i�B�Q�M�- �/�m�2 �i�Q �i�?�2 �b�?���`�T �7�2���i�m�`�2�b �B�M �i�?�2 �+�Q�`�`�2�H���i�B�Q�M ���b �r�2�H�H ���b ���+�i�m���H �/�2�;�2�M�2�`���+�B�2�b ���`�B�b�B�M�; �B�7 �i�?�2
�b�B�;�M���H�@�i�Q�@�M�Q�B�b�2 �`���i�B�Q �U�a�L�_�V �B�b �H�Q�r �B�M �b�Q�K�2 ���M�i�2�M�M���b�- �i�`���/�B�i�B�Q�M���H �}�i�i�B�M�; ���H�;�Q�`�B�i�?�K�b ���`�2 �H�B�F�2�H�v �i�Q �;�2�i
�b�i�m�+�F �B�M �H�Q�+���H �K�B�M�B�K���X �h�?�2�`�2�7�Q�`�2�- �B�M�b�i�2���/ ���M �B�i�2�`���i�B�p�2 ���T�T�`�Q���+�? �B�b �i���F�2�M�- �r�?�2�`�2C(~x) �B�b �2�p���H�m���i�2�/
�Q�M �� �;�`�B�/ �i�?���i �#�2�+�Q�K�2�b �}�M�2�` �r�B�i�? �2���+�? �B�i�2�`���i�B�Q�M�X �h�?�2 �;�`�B�/ �T�Q�B�M�i�b ���`�2 �T�H���+�2�/ �Q�M �� �?�2�K�B�b�T�?�2�`�2�- �r�B�i�?
�i�?�2 �b�T�?�2�`�2 �+�2�M�i�`�2 ���i �i�?�2 �i�Q�T �Q�7 �i�?�2 �+�2�M�i�`���H �b�i�`�B�M�;�- ���M�/ ���i �i�?�2 �2�M�/ �Q�7 �2���+�? �B�i�2�`���i�B�Q�M�- �i�?�2 �H�Q�r�2�` �N�yth

�T�2�`�+�2�M�i�B�H�2 �Q�7 �/�B�`�2�+�i�B�Q�M�b �B�M �i�2�`�K�b �Q�7 �i�Q�i���H �+�Q�`�`�2�H���i�B�Q�M �B�b �/�B�b�+���`�/�2�/�X �A�M �+�Q�K�T���`�B�b�Q�M �i�Q �i�?�2 �T�`�2�p�B�Q�m�b
�p�2�`�b�B�Q�M �Q�7 �i�?�2 ���H�;�Q�`�B�i�?�K�- �i�?�B�b �T�`�2�p�2�M�i�b ���T�T�`�Q�t�B�K���i�2�H�v �/�2�;�2�M�2�`���i�2 �b�Q�H�m�i�B�Q�M�b �#�2�B�M�; �/�B�b�+���`�/�2�/ �2���`�H�v
�Q�M�- �r�?�B�H�2 �b�B�K�m�H�i���M�2�Q�m�b�H�v �T�`�Q�p�B�/�B�M�; �+�H�Q�b�2 �i�Q ���M �Q�`�/�2�` �Q�7 �K���;�M�B�i�m�/�2 �B�K�T�`�Q�p�2�K�2�M�i �B�M �+�Q�K�T�m�i���i�B�Q�M
�i�B�K�2�X �h�?�B�b �T�`�Q�+�2�b�b �B�b �B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�m�`�2 �3�X�j�X

�6�B�M���H�H�v�- �Q�M�2 �K�Q�`�2 �+�Q�K�T�H�B�+���i�B�Q�M ���`�B�b�2�b�- ���b �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �p�2�`�i�2�t �T�Q�b�B�i�B�Q�M�- �b�Q�K�2 �Q�7 �i�?�2 ���M�@
�i�2�M�M���b �K���v �#�2 �H�Q�+���i�2�/ �B�M �i�?�2 �ö�b�?���/�Q�r �x�Q�M�2�ö �U�b�2�2 �b�2�+�i�B�Q�M �9�X�R�X�k�V�- �Q�` �i�?�2 �T�m�H�b�2 �K���v �7���H�H �Q�m�i�b�B�/�2 �i�?�2
�`�2�+�Q�`�/�2�/ �i�`���+�2 �7�Q�` �i�?���i ���M�i�2�M�M���X �6�Q�` �H�Q�r �a�L�_ �2�p�2�M�i�b�- �i�?�B�b �+���M ���H�H�Q�r �~�m�+�i�m���i�B�Q�M�b �B�M �i�?�2 �+�Q�`�`�2�H���i�B�Q�M
�i�Q �#�B���b �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �i�Q�r���`�/�b �/�2�2�T�2�` �Q�` �+�H�Q�b�2�` �p�2�`�i�B�+�2�b�- �r�?�2�`�2 ���H�H ���M�i�2�M�M���b ���`�2 �2�t�T�2�+�i�2�/ �i�Q �+�Q�M�@
�i�`�B�#�m�i�2�X �>�Q�r�2�p�2�`�- �b�B�K�T�H�v �/�B�p�B�/�B�M�; �i�?�2 �i�Q�i���H �+�Q�`�`�2�H���i�B�Q�M �#�v �i�?�2 �M�m�K�#�2�` �Q�7 ���M�i�2�M�M�� �U�T���B�`�b�V �2�t�T�2�+�i�2�/
�i�Q �+�Q�M�i�`�B�#�m�i�2 �B�M�b�i�2���/ �#�B���b�2�b �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �i�Q�r���`�/�b �p�2�`�i�B�+�2�b �r�?�2�`�2 �Q�M�H�v �i�?�2 �H�Q�r�2�b�i �U�i�`�B�;�;�2�`�B�M�;�V
���M�i�2�M�M���b ���`�2 �2�t�T�2�+�i�2�/ �i�Q �+�Q�M�i�`�B�#�m�i�2�- ���b �i�?�2 �a�L�_ �B�b �m�b�m���H�H�v �?�B�;�?�2�b�i �i�?�2�`�2�X �A�M �Q�`�/�2�` �i�Q �K�B�i�B�;���i�2
�i�?�2�b�2 �#�B���b�2�b �b�Q�K�2�r�?���i�- �i�?�2 �+�Q�`�`�2�H���i�B�Q�M� i;j �B�M �2�[�m���i�B�Q�M�b �3�X�R ���M�/ �3�X�k �B�b �K�Q�/�B�}�2�/ �#�v �b�m�#�i�`���+�i�B�M�; �i�?�2
�K�2�/�B���M�,

� 0
i;j (� t) = max f 0; � i;j (� t) � ~� i;j g; �U�3�X�j�V

�r�?�2�`�2~� i;j �/�2�M�Q�i�2�b �i�?�2 �K�2�/�B���M �Q�p�2�` ���H�H �p���H�m�2�b �Q�7� t �i�?���i ���`�2 �r�B�i�?�B�M �i�?�2 �`�2�+�Q�`�/�2�/ �i�`���+�2�b�X �h�?�B�b �`�2�/�m�+�2�b
�i�?�2 �B�K�T���+�i �Q�7 �U�T�Q�i�2�M�i�B���H�H�v �K���M�v�V �b�B�;�M���H�@�H�2�b�b ���M�i�2�M�M�� �T���B�`�b �+�Q�K�T���`�2�/ �i�Q �i�?���i �Q�7 �i�?�2 ���M�i�2�M�M���b �r�B�i�?
�b�B�;�M���H�X

�3�X�j�X�j �.�B�`�2�+�i�B�Q�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M

���H�i�?�Q�m�;�? �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �p�2�`�i�2�t �T�Q�b�B�i�B�Q�M �T�`�Q�p�B�/�2�b �i�?�2 �2�t�T�2�+�i�2�/ �`�2�H���i�B�p�2 �i�B�K�2 �/�2�H���v�b �#�2�i�r�2�2�M �i�?�2
�/�B�z�2�`�2�M�i ���M�i�2�M�M���b�- �i�?�2 ���#�b�Q�H�m�i�2 �T�m�H�b�2 ���`�`�B�p���H �i�B�K�2 �B�b �M�2�2�/�2�/ �B�M ���/�/�B�i�B�Q�M �B�M �Q�`�/�2�` �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2
�T�m�H�b�2 �r�B�M�/�Q�r�b �i�Q �B�M�+�H�m�/�2 �B�M �i�?�2 �}�i�X �S�m�H�b�2 �r�B�M�/�Q�r�b ���`�2 �m�b�2�/ �i�Q �H�B�K�B�i �i�?�2 �Q�T�i�B�Q�M�b �7�Q�` ���+�+�B�/�2�M�i���H
�+�Q�`�`�2�H���i�B�Q�M�b�X �h�?�2 ���#�b�Q�H�m�i�2 �i�B�K�2 �B�b �/�2�i�2�`�K�B�M�2�/ �#�v �i�?�2 �`���v�@�i�v�T�2 �b�2�H�2�+�i�B�Q�M ���H�;�Q�`�B�i�?�K�X ���b �B�M �i�?�2 �+���b�2
�Q�7 �i�?�2 �p�2�`�i�2�t �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���H�;�Q�`�B�i�?�K�- �� �i�2�K�T�H���i�2 �B�b �+�Q�`�`�2�H���i�2�/ �r�B�i�? �i�?�2 �p�Q�H�i���;�2 �i�`���+�2�b �7�Q�` �2���+�?
�`���v�@�i�v�T�2 �?�v�T�Q�i�?�2�b�B�b�- ���M�/ �i�?�2 �/�Q�K�B�M���M�i �`���v �i�v�T�2 ���M�/ �B�i�b ���`�`�B�p���H �i�B�K�2 ���`�2 �/�2�i�2�`�K�B�M�2�/ �#�v �H�Q�Q�F�B�M�; ���i
�i�?�2 �K���t�B�K�m�K �i�Q�i���H �`�2�b�m�H�i�B�M�; �+�Q�`�`�2�H���i�B�Q�M�X �h�?�B�b �B�b �B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�m�`�2 �3�X�9�X
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�6�B�;�m�`�2 �3�X�j�, �h�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�2 �p�2�`�i�2�t �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���H�;�Q�`�B�i�?�K ���7�i�2�`i = 1 ; 2 ���M�/6 �B�i�2�`���i�B�Q�M�b�X
�1���+�? �`�Q�r �b�?�Q�r�b �i�?�2 �`�2�b�m�H�i�b �B�M �i�r�Q �Q�m�i �Q�7 �i�?�2 �i�?�`�2�2 �+�Q�Q�`�/�B�M���i�2�b�- �r�B�i�? �i�?�2 �`�2�K���B�M�B�M�; �+�Q�Q�`�/�B�M���i�2
�K���`�;�B�M���H�B�x�2�/ �Q�p�2�` �#�v �i���F�B�M�; �i�?�2 �K���t�B�K�m�K �+�Q�`�`�2�H���i�B�Q�M�X �h�?�2 �i�Q�T �`�Q�r �b�?�Q�r�b �i�?�2 �/�B�`�2�+�i�B�Q�M�b �#�2�H�Q�r
�i�?�2 �N�y�i�? �T�2�`�+�2�M�i�B�H�2 �i�Q�i���H �+�Q�`�`�2�H���i�B�Q�M �B�M �;�`�2�v�c �M�Q�i�2 �i�?���i �i�Q �/�2�+�B�/�2 �r�?�B�+�? �/�B�`�2�+�i�B�Q�M�b �i�Q �2�t�+�H�m�/�2 ���H�b�Q
�i�?�2 ���p�2�`���;�2 �U�`���i�?�2�` �i�?���M �i�?�2 �K���t�B�K�m�K�V �+�Q�`�`�2�H���i�B�Q�M �B�M �2���+�? �/�B�`�2�+�i�B�Q�M �B�b �i���F�2�M �B�M�i�Q ���+�+�Q�m�M�i�X �*�H�2���`�H�v
�p�B�b�B�#�H�2 �B�b �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �K�m�H�i�B�T�H�2 �H�Q�+���H �K���t�B�K�� �B�M �i�?�2 �}�`�b�i �i�r�Q �B�i�2�`���i�B�Q�M�b�X
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�6�B�;�m�`�2 �3�X�9�, �h�?�2 �T�m�H�b�2 �b�2�H�2�+�i�B�Q�M �T�`�Q�+�2�/�m�`�2�X �G�2�7�i�- �i�Q�T�, �i�?�2 �i�Q�i���H �i�2�K�T�H���i�2 �+�Q�`�`�2�H���i�B�Q�M �7�Q�` �i�?�2 �T�?���b�2�/
���`�`���v ���M�i�2�M�M���b �7�Q�` �2���+�? �`���v�@�i�v�T�2 �?�v�T�Q�i�?�2�b�B�b �U�ö�.�ö �Q�` �ö�_�ö�V�- �B�M�/�B�+���i�B�M�; �?�2�`�2 �� �#�2�i�i�2�` �+�Q�`�`�2�H���i�B�Q�M �7�Q�` �i�?�2
�`�2�7�`���+�i�2�/ �`���v�X �G�2�7�i�- �#�Q�i�i�Q�K�, �h�?�2 �B�M�/�B�p�B�/�m���H ���b �r�2�H�H ���b �+�Q�?�2�`�2�M�i�H�v�@�b�m�K�K�2�/ �U�#�2���K�7�Q�`�K�2�/�V �T�m�H�b�2�b
�7�Q�` �2���+�? �`���v �i�v�T�2�X �_�B�;�?�i�, �q�B�M�/�Q�r �b�2�H�2�+�i�B�Q�M �7�Q�` �#�Q�i�? �`���v �i�v�T�2�b�X �h�?�2 �T�m�H�b�2 �r�B�M�/�Q�r�b �i�Q �B�M�+�H�m�/�2
�B�M �i�?�2 �}�i ���`�2 �b�2�H�2�+�i�2�/ �#���b�2�/ �Q�M �i�?�2�B�` �2�t�T�2�+�i�2�/ �H�Q�+���i�B�Q�M�b �`�2�H���i�B�p�2 �i�Q �i�?�2 �T�m�H�b�2 ���`�`�B�p���H �i�B�K�2�b �B�M �i�?�2
�T�?���b�2�/ ���`�`���v�- ���M�/ �� �+�m�i �Q�M �i�?�2 �T�2���F�@�i�Q�@�T�2���F �a�L�_�X �A�M�+�H�m�/�2�/ �T�m�H�b�2 �r�B�M�/�Q�r�b ���`�2 �?�B�;�?�H�B�;�?�i�2�/ �B�M �;�`�2�2�M�-
�2�t�+�H�m�/�2�/ �Q�M�2�b �B�M �?���i�+�?�2�/ �;�`�2�v�X �h�?�2 �T�m�H�b�2�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �ö�T�?���b�2�/ ���`�`���v �+�H�m�b�i�2�`�ö �U�b�?�Q�r�M �B�M
�#�Q�H�/�7���+�2�V�- �+�Q�M�b�B�b�i�B�M�; �Q�7 �i�?�2 �T�?���b�2�/ ���`�`���v ���M�/ ���/�D���+�2�M�i �>�T�Q�H ���M�i�2�M�M���b�- ���`�2 ���H�r���v�b �B�M�+�H�m�/�2�/ �B�M �i�?�2
�}�i�X

�l�M�H�B�F�2 �B�M �i�?�2 �p�2�`�i�2�t �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���H�;�Q�`�B�i�?�K�- �?�2�`�2 �Q�M�H�v �i�?�2 �7�Q�m�` �/�2�2�T �o�T�Q�H ���M�i�2�M�M���b �B�M �i�?�2
�T�?���b�2�/ ���`�`���v ���`�2 �m�b�2�/�X ���b �i�?�2�v �7�Q�`�K �i�?�2 �i�`�B�;�;�2�` �Q�7 �i�?�2 �2�t�T�2�`�B�K�2�M�i�- �i�?�2 �H�B�F�2�H�B�?�Q�Q�/ �Q�7 �Q�#�b�2�`�p�B�M�; ��
�+�H�2���` �U�r�?�2�M �#�2���K�7�Q�`�K�2�/�V �T�m�H�b�2 �?�2�`�2 �B�b �?�B�;�?�2�b�i�X �A�M ���/�/�B�i�B�Q�M�- �i�?�2�B�` �T�`�Q�t�B�K�B�i�v �i�Q �2���+�? �Q�i�?�2�` �`�2�/�m�+�2�b
�i�?�2 �`�2�H���i�B�p�2 �i�B�K�B�M�; �2�`�`�Q�` �/�m�2 �i�Q �/�B�z�2�`�2�M�+�2�b �B�M �p�B�2�r�B�M�; ���M�;�H�2 �Q�` �m�M�+�2�`�i���B�M�i�B�2�b �B�M �2�X�;�X �i�?�2 �B�+�2 �K�Q�/�2�H�X

�P�M�+�2 �i�?�2 �T�m�H�b�2 ���`�`�B�p���H �i�B�K�2 ���M�/ �i�?�2 �`���v �i�v�T�2 �B�M �i�?�2 �T�?���b�2�/ ���`�`���v �?���p�2 �#�2�2�M �B�/�2�M�i�B�}�2�/�- �i�?�2
���T�T�`�Q�t�B�K���i�2 �T�m�H�b�2 �r�B�M�/�Q�r�b �7�Q�` �i�?�2 �Q�i�?�2�` ���M�i�2�M�M���b �7�Q�` �2���+�? �`���v �i�v�T�2 �+���M �#�2 �+���H�+�m�H���i�2�/�X �h�?�2 �2�t���+�i
�T�m�H�b�2 ���`�`�B�p���H �i�B�K�2 �B�M �i�?�2 �Q�i�?�2�` ���M�i�2�M�M���b �B�b �?�Q�r�2�p�2�` �M�Q�i �F�M�Q�r�M�, �}�`�b�i �Q�7 ���H�H�- �i�?�2 �2�H�2�+�i�`�B�+ �}�2�H�/ �K�Q�/�2�H
�m�b�2�/ �B�M �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �/�Q�2�b �M�Q�i �+�Q�M�i���B�M �T�?���b�2 �B�M�7�Q�`�K���i�B�Q�M�- �H�2���/�B�M�; �i�Q �� �b�K���H�H �i�B�K�B�M�; �b�?�B�7�i �B�M
�i�?�2 ���M�i�2�M�M���b ���i �H���`�;�2�` �#���b�2�H�B�M�2�b �/�m�2 �i�Q �`�2�H���i�B�p�2 �b�?�B�7�i�b �B�M �i�?�2 �p�B�2�r�B�M�; ���M�;�H�2�X ���/�/�B�i�B�Q�M���H �i�B�K�B�M�; �b�?�B�7�i�b
���`�2 �+���m�b�2�/ �#�v �i�?�2 �2�`�`�Q�` �B�M �i�?�2 �p�2�`�i�2�t �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�` �m�M�+�2�`�i���B�M�i�B�2�b �B�M �i�?�2 ���M�i�2�M�M�� �T�Q�b�B�i�B�Q�M�b ���M�/
�B�+�2 �K�Q�/�2�H�X

�h�?�2�`�2�7�Q�`�2�- �B�M �Q�`�/�2�` �i�Q �B�/�2�M�i�B�7�v �i�?�2 �2�t���+�i ���`�`�B�p���H �i�B�K�2 �r�B�i�?�B�M �2���+�? �T�m�H�b�2 �r�B�M�/�Q�r�- ���M�Q�i�?�2�` �+�Q�`�`�2�@
�H���i�B�Q�M �#�2�i�r�2�2�M �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �r���p�2�7�Q�`�K ���M�/ �i�?�2 �/���i�� �B�b �T�2�`�7�Q�`�K�2�/�X �6�Q�` �H�Q�r �b�B�;�M���H ���K�T�H�B�i�m�/�2�b�-
�i�?�B�b �`�2�b�m�H�i�b �B�M �� �T�Q�b�B�i�B�Q�M �/�2�i�2�`�K�B�M�2�/ �#�v �i�?�2�`�K���H �M�Q�B�b�2 �~�m�+�i�m���i�B�Q�M�b�- �r�?�B�+�? �`�2�b�m�H�i�b �B�M ���M �Q�p�2�`�2�b�i�B�K���@
�i�B�Q�M �Q�7 �i�?�2 �T�Q�r�2�` �B�M �i�?�2�b�2 �T�m�H�b�2�b�X �h�Q ���p�Q�B�/ �i�?�B�b�- �Q�M�H�v �T�m�H�b�2�b �r�?�B�+�? �2�t�+�2�2�/ �� �b�B�;�M���H�@�i�Q�@�M�Q�B�b�2 �U�a�L�_�V
�`���i�B�Q �Q�7 ���i �H�2���b�i �j�X�8�- �/�2�}�M�2�/ ���b �?���H�7 �i�?�2 �K���t�B�K�m�K �T�2���F�@�i�Q�@�T�2���F �p�Q�H�i���;�2 �U�r�B�i�?�B�M �i�?�2 �T�m�H�b�2 �r�B�M�/�Q�r�V
�/�B�p�B�/�2�/ �#�v �i�?�2 �`�Q�Q�i�@�K�2���M�@�b�[�m���`�2�/ �M�Q�B�b�2 �p�Q�H�i���;�2� noise �- ���`�2 �B�M�+�H�m�/�2�/ �B�M �i�?�2 �}�i�X �h�?�B�b �B�b �B�H�H�m�b�i�`���i�2�/ �B�M
�6�B�;�m�`�2 �3�X�9�- �`�B�;�?�i�X

�L�Q�i�2 �i�?���i �i�?�2�`�2 ���`�2 �� �+�Q�m�T�H�2 �Q�7 �2�t�+�2�T�i�B�Q�M�b �i�Q �i�?�2 �a�L�_ �B�M�+�H�m�b�B�Q�M �+�`�B�i�2�`�B�Q�M�X �6�B�`�b�i�- ���i �� �K�B�M�B�K�m�K�-
�i�?�2 �7�Q�m�` �/�2�2�T �o�T�Q�H�b �Q�7 �i�?�2 �T�?���b�2�/ ���`�`���v ���`�2 ���H�r���v�b �B�M�+�H�m�/�2�/�- ���b �r�2�H�H ���b �i�?�2 �i�r�Q �>�T�Q�H�b �U�>�d�-�>�3�V
�/�B�`�2�+�i�H�v ���#�Q�p�2 �i�?�2�K�X �A�M ���/�/�B�i�B�Q�M�- �i�?�2 �T�m�H�b�2 ���`�`�B�p���H �i�B�K�2�b �B�M �i�?�2 �>�T�Q�H ���M�i�2�M�M���b ���`�2 �B�M�7�2�`�`�2�/ �7�`�Q�K
���/�D���+�2�M�i �o�T�Q�H�b�- ���b �i�?�2 �b�B�;�M���H �K�2���b�m�`�2�/ �B�M �i�?�2 �7�Q�`�K�2�` �B�b �m�b�m���H�H�v �K�m�+�? �r�2���F�2�` �i�?���M �i�?���i �B�M �i�?�2 �H���i�i�2�`�X
�6�B�M���H�H�v�- ���M�i�2�M�M���b �r�?�2�`�2 �i�?�2 �i�r�Q �2�t�T�2�+�i�2�/ �`���v �i�v�T�2�b �?���p�2 �Q�p�2�`�H���T�T�B�M�; �T�m�H�b�2 �r�B�M�/�Q�r�b�- �+���m�b�B�M�; �i�?�2
�T�m�H�b�2�b �i�Q �B�M�i�2�`�7�2�`�2�- ���`�2 �2�t�+�H�m�/�2�/ �7�`�Q�K �i�?�2 �}�i�X

�h�?�2� 2 �b�i���i�B�b�i�B�+ �i�Q �#�2 �K�B�M�B�K�B�x�2�/ �B�b �Q�#�i���B�M�2�/ �#�v �7�Q�`�r���`�/�@�7�Q�H�/�B�M�; �i�?�2 �K�Q�/�2�H �T�`�2�/�B�+�i�B�Q�M �Q�7 �M�Q�B�b�2�@



�3�X�j�X ���G�:�P�_�A�h�>�J �6�P�_ �.�A�_�1�*�h�A�P�L �_�1�*�P�L�a�h�_�l�*�h�A�P�L �3�j

� 100

0

100

V
[m

V
] V3

Data
Sim
Fit

0:0

0:2

V
[m

V
/

M
H

z] V3

8900 8925 8950
Time [ns]

� 25

0

25

V
[m

V
] H7

0 200 400 600
Frequency [MHz]

0:0

0:1

V
[m

V
/

M
H

z] H7

�6�B�;�m�`�2 �3�X�8�, �h�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �T�m�H�b�2�b �7�Q�` �Q�M�2 �o�T�Q�H �U�i�Q�T�V ���M�/ �Q�M�2 �>�T�Q�H �U�#�Q�i�i�Q�K�V ���M�i�2�M�M�� �B�M ���M
�2�t���K�T�H�2 �2�p�2�M�i�- �+�Q�K�T���`�2�/ �i�Q �i�?�2 �M�Q�B�b�2�H�2�b�b �U�b�B�K�V �b�B�;�M���H�X �h�?�2 �M�Q�M�@�b�?���/�2�/ �`�2�;�B�Q�M �B�M �i�?�2 �r���p�2�7�Q�`�K
�U�H�2�7�i�V �B�M�/�B�+���i�2�b �r�?�B�+�? �T���`�i �Q�7 �i�?�2 �r���p�2�7�Q�`�K �B�b �B�M�+�H�m�/�2�/ �B�M �i�?�2 �}�i�X �h�?�2 �b�?���T�2 �Q�7 �i�?�2 �7�`�2�[�m�2�M�+�v
�b�T�2�+�i�`�m�K �B�b �/�Q�K�B�M���i�2�/ �#�v �i�?�2 �b�v�b�i�2�K �`�2�b�T�Q�M�b�2�X

�H�2�b�b �b�B�;�M���H �r���p�2�7�Q�`�K�b �r�B�i�? �i�?�2 ���T�T�`�Q�T�`�B���i�2 �B�M�@�B�+�2 �T�`�Q�T���;���i�B�Q�M ���M�/ �/�2�i�2�+�i�Q�` �`�2�b�T�Q�M�b�2 �2�z�2�+�i�b�- ���M�/
�+�Q�K�T���`�B�M�; �i�?�B�b �r�B�i�? �b�B�;�M���H �/���i�� �U�Q�` �b�B�K�m�H���i�B�Q�M�b�V�- �r�?�B�+�? �B�M�+�H�m�/�2 �� �+�Q�M�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2�`�K���H �M�Q�B�b�2�X �A�7
�i�?�2 �M�Q�B�b�2 �B�b ���b�b�m�K�2�/ �i�Q �#�2 ���T�T�`�Q�t�B�K���i�2�H�v �:���m�b�b�B���M�- �i�?�2� 2�@�b�i���i�B�b�i�B�+ �B�b �;�B�p�2�M �#�v

� 2 =
n �T�m�H�b�2�bX

n =1

n �b���K�T�H�2�bX

i =1

(x i � f i (� view ; � pol ; Esh))2

� 2
noise

; �U�3�X�9�V

�r�B�i�?x i �i�?�2 �p�Q�H�i���;�2 �/���i�� ���i �b���K�T�H�2i �-f i �i�?�2 �K�Q�/�2�H �T�`�2�/�B�+�i�B�Q�M ���i �b���K�T�H�2i �-� view �i�?�2 �p�B�2�r�B�M�; ���M�;�H�2�-
� pol �i�?�2 �T�Q�H���`�B�x���i�B�Q�M ���M�;�H�2 ���M�/Esh �i�?�2 �b�?�Q�r�2�` �2�M�2�`�;�v�X �P�M�H�v �i�?�2n�T�m�H�b�2�b�i�?���i �T���b�b �i�?�2 �a�L�_> �j�X�8
�+�`�B�i�2�`�B�� �U�r�B�i�? �� �K�B�M�B�K�m�K �Q�7n�T�m�H�b�2�b�4 �e�V�- �r�B�i�? �� �r�B�M�/�Q�r �Q�7n�b���K�T�H�2�b���`�2 �B�M�+�H�m�/�2�/�X

�h�?�2 �T�m�H�b�2�b �B�M �i�?�2 �>�T�Q�H ���`�2 �i�v�T�B�+���H�H�v �b�?�Q�`�i�2�` �i�?���M �i�?�2 �T�m�H�b�2�b �B�M �i�?�2 �o�T�Q�H�- ���M�/ �i�?�2�`�2�7�Q�`�2 �� �b�K���H�H�2�`
�}�i�i�B�M�; �i�B�K�2�@�r�B�M�/�Q�r� t �B�b �m�b�2�/ �U�j�y �M�b�V �i�?���M �7�Q�` �i�?�2 �o�T�Q�H �U�e�y �M�b�V�X �h�?�B�b �`�2�b�m�H�i�b �B�M �� �/�B�z�2�`�2�M�i �M�m�K�#�2�`
�Q�7n�b���K�T�H�2�b�U�b���K�T�H�B�M�; �`���i�2�� t �V �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 ���M�i�2�M�M�� �i�v�T�2�X� noise �B�b �i�?�2 �M�Q�B�b�2 �`�Q�Q�i�@�K�2���M�@
�b�[�m���`�2�/ �Q�7 �i�?�2 ���M�i�2�M�M���b ���7�i�2�` �}�H�i�2�`�b�- �r�?�B�+�? ���`�2 ���T�T�H�B�2�/ �i�Q �`�2�/�m�+�2 �i�?�2 �M�Q�B�b�2 �+�Q�M�i�`�B�#�m�i�B�Q�M �B�M �`�2�;�B�Q�M�b
�r�?�2�`�2 �i�?�2 ���M�i�2�M�M�� �B�b �M�Q�i �b�2�M�b�B�i�B�p�2�X �� �H�Q�r�@�T���b�b �}�H�i�2�` �Q�7 �d�y�y �J�>�x ���M�/ �� �?�B�;�?�@�T���b�b �}�H�i�2�` �Q�7 �8�y �J�>�x
���`�2 �m�b�2�/�- �`�2�b�m�H�i�B�M�; �B�M �� �i�v�T�B�+���H� noise �4 �R�R�X�e �K�o �7�Q�` �i�?�B�b �T���`�i�B�+�m�H���` �b�2�i�@�m�T�X

�h�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�2 �}�i�i�B�M�; �T�`�Q�+�2�/�m�`�2 �7�Q�` �Q�M�2 �2�t���K�T�H�2 �2�p�2�M�i ���M�/ �i�r�Q �Q�7 �i�?�2 �B�M�+�H�m�/�2�/ �T�m�H�b�2�b ���`�2
�b�?�Q�r�M �B�M �6�B�;�m�`�2 �3�X�8 ���M�/ �+�Q�K�T���`�2�/ �i�Q �i�?�2 �i�`�m�2 �U�b�B�K�m�H���i�2�/�V �M�2�m�i�`�B�M�Q �b�B�;�M���H�X �L�Q�i�2 �i�?���i �i�?�2 �`�2�b�m�H�i
�?�2�`�2 �B�b ���/�/�B�i�B�Q�M���H�H�v �+�Q�M�b�i�`���B�M�2�/ �#�v �i�?�2 �}�i �i�Q �i�?�2 �R�y �Q�i�?�2�` �T�m�H�b�2�b �U�M�Q�i �b�?�Q�r�M�V�X

�3�X�j�X�9 ���/�/�B�i�B�Q�M���H �/�2�i���B�H�b

�h�?�2 ���H�;�Q�`�B�i�?�K�- �r�?�B�+�? �r���b �}�`�b�i �/�2�b�+�`�B�#�2�/ �B�M �(�k�y�3�) ���M�/ �(�9�)�- �r���b �Q�`�B�;�B�M���H�H�v �/�2�b�B�;�M�2�/ �7�Q�` �?���/�`�Q�M�B�+
�b�?�Q�r�2�`�b �Q�M�H�v�X �A�M �`�2���H�B�i�v�- �� �K�B�t �Q�7 �2�p�2�M�i�b �7�2���i�m�`�B�M�; �Q�M�H�v �?���/�`�Q�M�B�+ �b�?�Q�r�2�`�b ���M�/ �i�?�Q�b�2 �B�M�+�H�m�/�B�M�;
�#�Q�i�? �?���/�`�Q�M�B�+ ���M�/ �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�?�Q�r�2�`�b �B�b �2�t�T�2�+�i�2�/�X �6�Q�` �i�?�B�b �`�2���b�Q�M�- ���7�i�2�` �i�?�2 ���H�;�Q�`�B�i�?�K �?���b
�+�Q�M�p�2�`�;�2�/�- ���M ���/�/�B�i�B�Q�M���H �B�i�2�`���i�B�Q�M �B�b �`�m�M �m�b�B�M�; �i�?�2���H�p���`�2�x�k�y�y�N�(�R�e�k�) �T���`���K�2�i�2�`�B�x���i�B�Q�M �7�Q�` �2�H�2�+�@
�i�`�Q�K���;�M�2�i�B�+ �b�?�Q�r�2�`�b�- ���M�/ �i�?�2 �2�p�2�M�i �B�b �i���;�;�2�/ �/�2�T�2�M�/�B�M�; �Q�M �r�?�B�+�? �?�v�T�Q�i�?�2�b�B�b �`�2�b�m�H�i�b �B�M �i�?�2 �H�Q�r�2�`
�Q�p�2�`���H�H� 2�X �6�Q�` �H�Q�r �i�Q �K�2�/�B�m�K �[�m���H�B�i�v �2�p�2�M�i�b�- �i�?�B�b �i���;�;�B�M�; �B�b �7���B�`�H�v �B�M���+�+�m�`���i�2�- �#�m�i �/�Q�2�b �M�Q�i �M�Q�i�B�+�2�@
���#�H�v �/�2�i�2�`�B�Q�`���i�2 �T�2�`�7�Q�`�K���M�+�2�- �r�?�2�`�2���b �i�?�2 �`�2�b�Q�H�m�i�B�Q�M �7�Q�` �?�B�;�?�@�[�m���H�B�i�v �2�H�2�+�i�`�Q�K���;�M�2�i�B�+�@�/�Q�K�B�M���i�2�/
�2�p�2�M�i�b �B�b �B�K�T�`�Q�p�2�/�X



�3�9 �*�>���S�h�1�_ �3�X �L�1�l�h�_�A�L�P �.�A�_�1�*�h�A�P�L �_�1�*�P�L�a�h�_�l�*�h�A�P�L

�h�?�2� 2�@�K�B�M�B�K�B�x���i�B�Q�M �+���M �#�2 �T�2�`�7�Q�`�K�2�/ �m�b�B�M�; �� �ö�#�`�m�i�2�@�7�Q�`�+�2�ö �b�i�`���i�2�;�v �#�v �2�p���H�m���i�B�M�; �Q�M �� �;�`�B�/
�B�M �p�B�2�r�B�M�; ���M�;�H�2�- �T�Q�H���`�B�x���i�B�Q�M ���M�;�H�2 ���M�/ �b�?�Q�r�2�` �2�M�2�`�;�v�X �h�?�B�b �2�M�b�m�`�2�b �+�Q�M�p�2�`�;�2�M�+�2 �i�Q �i�?�2 �;�H�Q�#���H
�K�B�M�B�K�m�K�- ���i �i�?�2 �+�Q�b�i �Q�7 �`�2�[�m�B�`�B�M�; �Q�7 �i�?�2 �Q�`�/�2�` �Q�7 �R �*�S�l �?�Q�m�` �T�2�` �2�p�2�M�i�X ���H�i�2�`�M���i�B�p�2�H�v�- �� �i�`���/�B�i�B�Q�M���H
�K�B�M�B�K�B�x���i�B�Q�M ���H�;�Q�`�B�i�?�K ���b �B�K�T�H�2�K�2�M�i�2�/ �#�v �i�?�2 �S�v�i�?�Q�M�b�+�B�T�v�T���+�F���;�2 �(�k�y�N�) �+���M �#�2 �m�b�2�/�X �A�M �i�?�B�b
�+���b�2�- ���7�i�2�` �i�?�2 �}�`�b�i �+�Q�M�p�2�`�;�2�M�+�2�- �i�?�2 ���H�;�Q�`�B�i�?�K �B�b �B�M�B�i�B���H�B�x�2�/ ���H�b�Q ���i �i�?�2 �K�Q�b�i �+�Q�K�K�Q�M �/�2�;�2�M�2�`���i�2
�K�B�M�B�K���X �h�?�B�b ���T�T�`�Q���+�? �r���b �Q�#�b�2�`�p�2�/ �i�Q �+�Q�`�`�2�+�i�H�v �B�/�2�M�i�B�7�v �i�?�2 �;�H�Q�#���H �K�B�M�B�K�m�K �B�M� 90% �Q�7 �+���b�2�b�-
���M�/ �B�b �K�Q�`�2 �i�?���M ���M �Q�`�/�2�` �Q�7 �K���;�M�B�i�m�/�2 �7���b�i�2�`�X �h�?�B�b �Q�T�i�B�Q�M �B�b �i�?�2�`�2�7�Q�`�2 �b�m�B�i���#�H�2 �7�Q�` �2�X�;�X �/�2�i�2�+�i�Q�`
�Q�T�i�B�K�B�x���i�B�Q�M �b�i�m�/�B�2�b�- �r�?�2�`�2 �`�2�H���i�B�p�2 �T�2�`�7�Q�`�K���M�+�2 �U�Q�7 �/�B�z�2�`�2�M�i �/�2�i�2�+�i�Q�` �H���v�Q�m�i�b�V �B�b �K�Q�`�2 �`�2�H�2�p���M�i
�i�?���M �Q�#�i���B�M�B�M�; �i�?�2 �#�2�b�i �T�Q�b�b�B�#�H�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���+�+�m�`���+�v�X

�3�X�9 �S�2�`�7�Q�`�K���M�+�2

�A�M �Q�`�/�2�` �i�Q �i�2�b�i �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���H�;�Q�`�B�i�?�K�- �r�2 �;�2�M�2�`���i�2 �� �`�2�T�`�2�b�2�M�i���i�B�p�2 �b�2�i �Q�7 �M�2�m�i�`�B�M�Q �b�B�;�M���H�b
���b �i�?�2�v �r�Q�m�H�/ �#�2 �/�2�i�2�+�i�2�/ �B�M �� �/�2�2�T �`���/�B�Q �b�i���i�B�Q�M�X �6�Q�` �i�?�2�b�2 �`�2�b�m�H�i�b�- �r�?�B�+�? �r�2�`�2 �}�`�b�i �Q�#�i���B�M�2�/
���M�/ �b�?�Q�r�M �B�M �(�9�)�- �i�?�2 �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�?�Q�r�2�` �i���;�;�B�M�; ���M�/ �i�?�2 �>�T�Q�H �i�B�K�B�M�; �B�M�7�2�`�2�M�+�2 �r�2�`�2 �M�Q�i
�U�+�Q�K�T�H�2�i�2�H�v�V �B�K�T�H�2�K�2�M�i�2�/ �v�2�i�X �a�Q�K�2 �K�B�M�Q�` �/�B�z�2�`�2�M�+�2�b �r�B�i�? �i�?�2 �Q�`�B�;�B�M���H �`�2�b�m�H�i�b �T�`�2�b�2�M�i�2�/ �i�?�2�`�2�B�M
���`�2 �/�m�2 �i�Q �� �`�2�r�2�B�;�?�i�B�M�; �Q�7 �i�?�2 �b�B�K�m�H���i�2�/ �~�m�t�- �b�Q �i�?���i �M�Q�r �i�?�2 �b���K�2 �~�m�t �K�Q�/�2�H �B�b �m�b�2�/ �?�2�`�2 ���b �B�M
�i�?�2 �b�i�m�/�B�2�b �B�M �+�?���T�i�2�` �N�X �q�2 �`�2�+�Q�M�b�i�`�m�+�i �i�?�2 �2�M�i�B�`�2 �b�2�i ���M�/ �/�B�b�+�m�b�b �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �T�2�`�7�Q�`�K���M�+�2
�7�Q�` �B�M�/�B�p�B�/�m���H �2�p�2�M�i�b�- �b�2�p�2�`���H �?�B�;�? �[�m���H�B�i�v �b�m�#�b�2�i�b�- ���M�/ �i�?�2 �B�K�T�H�B�+���i�B�Q�M�b �7�Q�` �`���/�B�Q �/�2�i�2�+�i�Q�`�b�X

�3�X�9�X�R �a�B�K�m�H���i�B�Q�M �b�2�i�@�m�T

�q�2 �m�b�2 �L�m�_���/�B�Q�J�* �i�Q �;�2�M�2�`���i�2� 6:5 � 107 �M�2�m�i�`�B�M�Q�b �r�B�i�? �2�M�2�`�;�B�2�b �`���M�;�B�M�; �7�`�Q�K1016 �i�Q1022 �2�o�-
�7�Q�H�H�Q�r�B�M�; �� �b�T�2�+�i�`�m�K �i�?���i �+�Q�K�#�B�M�2�b ���M �A�+�2�*�m�#�2�@�H�B�F�2 �~�m�t �(�R�j�9�) �r�B�i�? ���M ���/�/�B�i�B�Q�M���H �+�Q�M�i�`�B�#�m�i�B�Q�M �7�`�Q�K
�+�Q�b�K�Q�;�2�M�B�+ �M�2�m�i�`�B�M�Q�b ���b �/�2�}�M�2�/ �B�M �(�R�d�k�)�X �h�?�2 �M�2�m�i�`�B�M�Q ���`�`�B�p���H �/�B�`�2�+�i�B�Q�M�b ���`�2 �;�2�M�2�`���i�2�/ �`���M�/�Q�K�H�v�-
���H�i�?�Q�m�;�? �i�?�2�B�` ���i�i�2�M�m���i�B�Q�M �/�m�2 �i�Q �T�`�Q�T���;���i�B�Q�M �B�M �i�?�2 �1���`�i�? �B�b �i���F�2�M �B�M�i�Q ���+�+�Q�m�M�i �#�v �r�2�B�;�?�i�B�M�; �i�?�2
�`�2�b�m�H�i�B�M�; �2�p�2�M�i�b ���T�T�`�Q�T�`�B���i�2�H�v�X

�h�?�2 �b�B�K�m�H���i�2�/ �/�2�i�2�+�i�Q�` �B�b �#���b�2�/ �Q�M �i�?�2 �/�2�b�B�;�M �Q�7 �i�?�2 �_�L�P�@�: �b�i���i�B�Q�M�- ���b �/�2�b�+�`�B�#�2�/ �B�M �(�R�R�e�)�X
�h�?�2 �T�Q�r�2�` �b�i�`�B�M�; ���M�/ �i�?�2 �?�2�H�T�2�` �b�i�`�B�M�;�b �U�b�2�2 �b�2�+�i�B�Q�M �j�X�j�V ���`�2 �b�2�T���`���i�2�/ �?�Q�`�B�x�Q�M�i���H�H�v �#�v35 m�X �h�?�2
�T�Q�r�2�` �b�i�`�B�M�; �+�Q�M�b�B�b�i�b �Q�7 �� �T�?���b�2�/ ���`�`���v �+�Q�M�i���B�M�B�M�; �7�Q�m�` �o�T�Q�H ���M�i�2�M�M���b ���i� 100 m �/�2�T�i�?�- �r�B�i�?
�i�r�Q �>�T�Q�H ���M�i�2�M�M���b �/�B�`�2�+�i�H�v ���#�Q�p�2�- ���b �r�2�H�H ���b �j ���/�/�B�i�B�Q�M���H �o�T�Q�H ���M�i�2�M�M���b ���i �/�2�T�i�?�b �Q�7 �3�y�- �e�y ���M�/
40 m�X �h�?�2 �i�r�Q �?�2�H�T�2�` �b�i�`�B�M�;�b �7�2���i�m�`�2 �i�r�Q �o�T�Q�H ���M�i�2�M�M���b �r�B�i�? �Q�M�2 ���/�/�B�i�B�Q�M���H �>�T�Q�H ���M�i�2�M�M�� �/�B�`�2�+�i�H�v
���#�Q�p�2�- ���i �� �/�2�T�i�? �Q�7100 m�X �h�?�2 ���M�i�2�M�M�� �`�2�b�T�Q�M�b�2�b �7�Q�` �i�?�2 �>�T�Q�H ���M�/ �o�T�Q�H ���`�2 �m�b�2�/ ���b ���p���B�H���#�H�2 �B�M
�L�m�_���/�B�Q�J�* ���i �i�?�2 �i�B�K�2 �Q�7 �i�?�B�b �b�i�m�/�v�X �L�Q�i�2 �i�?���i �M�2�r �b�B�K�m�H���i�B�Q�M�b �i�?���i �+�Q�`�`�2�b�T�Q�M�/ �K�Q�`�2 �+�H�Q�b�2�H�v �i�Q
�i�?�2 ���M�i�2�M�M���b ���+�i�m���H�H�v �/�2�T�H�Q�v�2�/ �#�v �_�L�P�@�: �?���p�2 �#�2�+�Q�K�2 ���p���B�H���#�H�2 �b�B�M�+�2�X �q�?�B�H�2 �i�?�2 �o�T�Q�H �`�2�b�T�Q�M�b�2
�B�b �p�2�`�v �b�B�K�B�H���`�- �i�?�2 �>�T�Q�H �`�2�b�T�Q�M�b�2 �U�b�2�2 �b�2�+�i�B�Q�M �j�X�j�X�R�V �B�b �b�?�B�7�i�2�/ �i�Q �?�B�;�?�2�` �7�`�2�[�m�2�M�+�B�2�b �i�?���M �i�?�2 �K�Q�/�2�H
�m�b�2�/ �?�2�`�2�c �i�?�2 �B�K�T���+�i �Q�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �T�2�`�7�Q�`�K���M�+�2 �?���b �v�2�i �i�Q �#�2 �b�i�m�/�B�2�/�X �h�?�2 �#�B�+�Q�M���H �o�T�Q�H �B�b
�b�2�M�b�B�i�B�p�2 �#�2�i�r�2�2�M100 MHz �i�Q600 MHz �r�B�i�? �� �`�2�b�Q�M���M�i �7�`�2�[�m�2�M�+�v �Q�7 ���#�Q�m�i150 MHz�X �h�?�2 �>�T�Q�H
�B�b �b�B�;�M�B�}�+���M�i�H�v �H�Q�r�2�` �B�M �;���B�M ���M�/ �?���b �B�i�b �?�B�;�?�2�b�i �`�2�b�T�Q�M�b�2 �#�2�i�r�2�2�M200 MHz �i�Q500 MHz�X �"�Q�i�?
�?���p�2 �� �b�v�K�K�2�i�`�B�+ �`�2�b�T�Q�M�b�2 �B�M ���x�B�K�m�i�? ���M�/ ���`�2 �K�Q�b�i �b�2�M�b�B�i�B�p�2 ���i �� �x�2�M�B�i�? �Q�7 �N�y� �X �1���+�? ���M�i�2�M�M��
�B�b �+�Q�M�M�2�+�i�2�/ �i�Q �H�Q�r�@�M�Q�B�b�2 ���K�T�H�B�}�2�`�b ���b �/�2�b�+�`�B�#�2�/ �B�M �b�2�+�i�B�Q�M �j�X�j�X�k �i�?���i �#�Q�Q�b�i�b �i�?�2 �b�B�;�M���H �b�i�`�2�M�;�i�?
�U���H�K�Q�b�i�V �7�`�2�[�m�2�M�+�v �B�M�/�2�T�2�M�/�2�M�i �m�T �i�Q800 MHz�X

�q�2 �K�Q�/�2�H �i�?�2 �T�?���b�2�/ ���`�`���v �i�`�B�;�;�2�` �U�7�Q�m�` �o�T�Q�H�b�-1 m �b�T���+�B�M�;�V �r�B�i�? ��2� �i�?�`�2�b�?�Q�H�/ �i�`�B�;�;�2�` �7�Q�`
�� �b�B�M�;�H�2 ���M�i�2�M�M���- �r�?�B�+�? �B�b ���T�T�`�Q�t�B�K���i�2�H�v �2�[�m�B�p���H�2�M�i �i�Q �i�?�2 �i�`�B�;�;�2�` �m�b�2�/ �#�v �_�L�P�@�: ���b �b�?�Q�r�M
�B�M �(�R�R�e�- �6�B�;�m�`�2 �R�3�)�X �� �b���K�T�H�B�M�; �`���i�2 �Q�72:4 GHz �B�b �m�b�2�/�- �b�B�K�B�H���` �i�Q �i�?�2 �_�L�P�@�: �/�2�b�B�;�M �b���K�T�H�B�M�;
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�6�B�;�m�`�2 �3�X�3�, �h�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 ���`�2�� �Q�7 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �2�`�`�Q�`�b �U���b �/�2�}�M�2�/ �B�M �i�?�2 �i�2�t�i�V �7�Q�`
�2�p�2�M�i�b �T���b�b�B�M�; �i�?�2 ���M���H�v�b�B�b �+�m�i�- �7�Q�` �/�B�z�2�`�2�M�i �b�?�Q�r�2�` �i�v�T�2�b ���M�/ �2�M�2�`�;�B�2�b�X �6�Q�` �?���/�`�Q�M�B�+ �2�p�2�M�i�b�- �?�B�;�?�@
�2�M�2�`�;�v �b�?�Q�r�2�`�b �B�M �;�2�M�2�`���H �;�B�p�2 �?�B�;�?�2�` ���K�T�H�B�i�m�/�2 �b�B�;�M���H�b�- �H�2���/�B�M�; �i�Q ���M �B�K�T�`�Q�p�B�M�; �`�2�b�Q�H�m�i�B�Q�M ���b ��
�7�m�M�+�i�B�Q�M �Q�7 �2�M�2�`�;�v�X

�[�m���H�B�i�v �+�m�i �U�>�V�V�X
�q�2 �+���M �i�?�2�M �+�Q�K�T�m�i�2 �� �`�2�b�Q�H�m�i�B�Q�M �B�M �b�[�m���`�2 �/�2�;�`�2�2�b�- �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 ���`�2�� �Q�7 ���M �2�H�H�B�T�b�2

�+�Q�p�2�`�B�M�; �L�W �Q�7 �2�p�2�M�i�b�X �L�Q�i�2 �i�?���i �i�?�2 �m�M�/�2�`�H�v�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �m�M�H�B�F�2�H�v �i�Q �#�2 �T�2�`�7�2�+�i�H�v �/�2�b�+�`�B�#�2�/
�#�v �2�H�H�B�T�b�2�b�- ���M�/ �2�p�2�M �r�B�i�?�B�M �2���+�? �b�m�#�b�2�i �i�?�2 �i�`�m�2 �m�M�+�2�`�i���B�M�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �B�M�/�B�p�B�/�m���H �2�p�2�M�i�b
�B�b �/�B�z�2�`�2�M�i �7�`�Q�K �i�?���i �Q�7 �i�?�2 �2�M�b�2�K�#�H�2�- �b�Q �i�?�B�b �T�`�Q�+�2�/�m�`�2 �B�b �b�Q�K�2�r�?���i �M���B�p�2 ���M�/ �B�b �M�Q�i �B�/�2���H �i�Q
�2�b�i�B�K���i�2 �b�B�M�;�H�2�@�2�p�2�M�i �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�Q�m�`�b�X �>�Q�r�2�p�2�`�- �#�2�+���m�b�2 �i�?�2 �b�T���+�2 ���M�;�H�2 �B�b �T�`�Q�D�2�+�i�2�/ �m�b�B�M�;
�i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �b�B�;�M���H �/�B�`�2�+�i�B�Q�M�- �i�?�2�b�2 �2�H�H�B�T�i�B�+���H �+�Q�M�i�Q�m�`�b �/�Q �;�m���`���M�i�2�2 �i�?�2 ���T�T�`�Q�T�`�B���i�2 �+�Q�p�2�`���;�2
���i ���M �2�M�b�2�K�#�H�2 �H�2�p�2�H�X

�h�?�2 ���`�2�� �Q�7 �i�?�2�b�2 �2�H�H�B�T�i�B�+���H �+�Q�M�i�Q�m�`�b ���`�2 �b�?�Q�r�M �Q�M �i�?�2 �`�B�;�?�i�@�?���M�/ �b�B�/�2 �Q�7 �6�B�;�m�`�2 �3�X�d�X �h�?�2
�b�2�+�Q�M�/���`�v �t�@���t�B�b �b�?�Q�r�b �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �R�. ���M�;�H�2 �i�?���i �r�Q�m�H�/ �+�Q�p�2�` �i�?�2 �b���K�2 ���`�2�� �7�Q�` �� �b�v�K�K�2�i�`�B�+
�+�Q�M�i�Q�m�` �U�B�X�2�X �� �+�B�`�+�H�2�V�X �h�?�2 �K�2�/�B���M �k�. �`�2�b�Q�H�m�i�B�Q�M �7�Q�` �?���/�`�Q�M�B�+ �2�p�2�M�i�b �T���b�b�B�M�; �i�?�2 ���M���H�v�b�B�b �+�m�i�- �7�Q�`
�2�t���K�T�H�2�- �B�b ���T�T�`�Q�t�B�K���i�2�H�v15 deg2�- �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �� �R�. ���M�;�H�2 �Q�72:2� �- �+�Q�K�T���`�2�/ �i�Q �� �K�2�/�B���M
�b�T���+�2 ���M�;�H�2 �Q�74:7� �X �h�?�B�b �}�;�m�`�2 ���H�b�Q �2�K�T�?���b�B�x�2�b �i�?�2 �B�K�T�Q�`�i���M�+�2 �Q�7 �B�K�T�`�Q�p�B�M�; �i�?�2 �p�B�2�r�B�M�; ���M�;�H�2
�`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �7�Q�` �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �2�p�2�M�i�b�c ���H�i�?�Q�m�;�? �i�?�2 �`�2�b�Q�H�m�i�B�Q�M �B�M �i�2�`�K�b �Q�7 �b�T���+�2 ���M�;�H�2 �B�b �p�2�`�v
�b�B�K�B�H���` �7�Q�` �K�Q�b�i �2�p�2�M�i�b�- �B�M�+�H�m�/�B�M�; �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �2�p�2�M�i�b �`�Q�m�;�?�H�v �/�Q�m�#�H�2�b �i�?�2 �K�2�/�B���M �b�T�`�2���/ �B�M �k�.�X

�h�?�2 �`�2�b�Q�H�m�i�B�Q�M ���/�/�B�i�B�Q�M���H�H�v �p���`�B�2�b �r�B�i�? �i�?�2 �/�2�T�Q�b�B�i�2�/ �b�?�Q�r�2�` �2�M�2�`�;�v ���M�/ �i�?�2 �M�2�m�i�`�B�M�Q �x�2�M�B�i�?�X
�h�?�2 �b���K�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���`�2�� ���b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �3�X�d �B�b �b�?�Q�r�M ���;���B�M �B�M �6�B�;�m�`�2 �3�X�3 �7�Q�` �/�B�z�2�`�2�M�i
�#�B�M�b �B�M �b�?�Q�r�2�` �2�M�2�`�;�vEsh�X �P�M�H�v �2�p�2�M�i�b �T���b�b�B�M�; �i�?�2 ���M���H�v�b�B�b �+�m�i ���`�2 �+�Q�M�b�B�/�2�`�2�/�X �A�M �;�2�M�2�`���H�- �2�p�2�M
���7�i�2�` �i�?�2 �+�m�i�b ���`�2 ���T�T�H�B�2�/�- �?�B�;�?�2�` �2�M�2�`�;�v �b�?�Q�r�2�`�b ���`�2 �m�b�m���H�H�v �?�B�;�?�2�` �B�M ���K�T�H�B�i�m�/�2 �B�M �#�Q�i�? �>�T�Q�H
���M�/ �o�T�Q�H ���M�i�2�M�M���b�- �H�2���/�B�M�; �i�Q ���M �B�K�T�`�Q�p�B�M�; �`�2�b�Q�H�m�i�B�Q�M ���b �� �7�m�M�+�i�B�Q�M �Q�7 �b�?�Q�r�2�` �2�M�2�`�;�v�X �>�Q�r�2�p�2�`�-
�7�Q�` �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�?�Q�r�2�`�b�- �i�?�B�b �2�z�2�+�i �B�b ���H�K�Q�b�i �+�Q�K�T�H�2�i�2�H�v �Q�z�b�2�i �#�v �i�?�2 �B�M�+�`�2���b�2�/ �b�T�`�2���/ �B�M �i�?�2
�b�?�Q�r�2�` �b�?���T�2 �/�m�2 �i�Q �i�?�2 �G�S�J �2�z�2�+�i ���i �?�B�;�?�2�` �2�M�2�`�;�B�2�b�X �q�2 ���H�b�Q �M�Q�i�2 �i�?���i ���i �i�?�2 �H�Q�r�2�b�i �2�M�2�`�;�B�2�b�-
�i�?�2 �`�2�b�Q�H�m�i�B�Q�M �7�Q�` �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�?�Q�r�2�`�b �B�b �b�B�K�B�H���` �i�Q �i�?���i �7�Q�` �?���/�`�Q�M�B�+ �b�?�Q�r�2�`�b�c ���i �i�?�2�b�2 �2�M�2�`�;�B�2�b�-
�i�?�2 �G�S�J �2�z�2�+�i �B�b �M�Q�i �v�2�i �b�B�;�M�B�}�+���M�i�- ���M�/ �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �i�r�Q �b�?�Q�r�2�` �i�v�T�2�b �B�b �`�2�H���i�B�p�2�H�v
�b�K���H�H�X

�h�?�2 �/�2�T�2�M�/�2�M�+�2 �Q�M �i�?�2 �M�2�m�i�`�B�M�Q �x�2�M�B�i�? ���M�;�H�2 �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �3�X�N�- ���;���B�M �7�Q�` �2�p�2�M�i�b �T���b�b�B�M�;
�i�?�2 ���M���H�v�b�B�b �+�m�i �Q�M�H�v�X �A�M �i�?�B�b �+���b�2�- �i�?�2 �`�2�b�Q�H�m�i�B�Q�M �B�K�T�`�Q�p�2�b ���b �i�?�2 �M�2�m�i�`�B�M�Q �#�2�+�Q�K�2�b �K�Q�`�2 �B�M�+�H�B�M�2�/
�U�H���`�;�2�` �x�2�M�B�i�?�V�X �h�?�2�`�2 ���`�2 �i�r�Q �`�2���b�Q�M�b �7�Q�` �i�?�B�b�X �6�B�`�b�i�H�v�- �K�Q�`�2 �p�2�`�i�B�+���H �b�?�Q�r�2�`�b �U< 60� �V ���`�2 �;�2�Q�@
�K�2�i�`�B�+���H�H�v �+�Q�M�b�i�`���B�M�2�/�- �#�v �i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2 �Q�7� 56� ���M�/ �i�?�2 �7���+�i �i�?���i �`���v�b �#�2�M�/ �/�Q�r�M�r���`�/�b
�B�M �i�?�2 �}�`�M�- �i�Q �H�B�2 �+�H�Q�b�2�` �i�Q �i�?�2 �b�m�`�7���+�2�- �r�?�B�+�? �H�2���/�b �i�Q �� �K�Q�`�2 �+�?���H�H�2�M�;�B�M�; �b�?�Q�r�2�`�@�K���t�B�K�m�K �`�2�@
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�6�B�;�m�`�2 �3�X�N�, �h�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 ���`�2�� �Q�7 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �2�`�`�Q�`�b �U���b �/�2�}�M�2�/ �B�M �i�?�2 �i�2�t�i�V �7�Q�`
�2�p�2�M�i�b �T���b�b�B�M�; �i�?�2 ���M���H�v�b�B�b �+�m�i�- �7�Q�` �/�B�z�2�`�2�M�i �b�?�Q�r�2�` �i�v�T�2�b ���M�/ �M�2�m�i�`�B�M�Q �x�2�M�B�i�?�b�X �J�Q�`�2 �p�2�`�i�B�+���H
�b�?�Q�r�2�`�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q �b�?���H�H�Q�r�2�` �B�M�i�2�`���+�i�B�Q�M �p�2�`�i�B�+�2�b�- �/�m�2 �i�Q �i�?�2 �2�K�B�b�b�B�Q�M ���M�;�H�2 �Q�7 ���T�T�`�Q�t�B�K���i�2�H�v
56� �- �r�?�B�+�? �B�M �i�m�`�M ���`�2 �?���`�/�2�` �i�Q �`�2�+�Q�M�b�i�`�m�+�i�X

�+�Q�M�b�i�`�m�+�i�B�Q�M�- ���b �K�2�M�i�B�Q�M�2�/ �T�`�2�p�B�Q�m�b�H�v�X �A�M ���/�/�B�i�B�Q�M�- ���b �i�?�2 �T�Q�H���`�B�x���i�B�Q�M �p�2�+�i�Q�` �T�Q�B�M�i�b �i�Q�r���`�/�b �i�?�2
�b�?�Q�r�2�` ���t�B�b�- �K�Q�`�2 �B�M�+�H�B�M�2�/ �M�2�m�i�`�B�M�Q�b �B�M�+�H�m�/�2 �� �b�i�`�Q�M�;�2�` �?�Q�`�B�x�Q�M�i���H�H�v �T�Q�H���`�B�x�2�/ �+�Q�K�T�Q�M�2�M�i�- �r�?�B�+�?
�B�K�T�`�Q�p�2�b �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �i�?�2 �T�Q�H���`�B�x���i�B�Q�M ���M�;�H�2�X �h�?�2�b�2 �2�z�2�+�i�b ���`�2 �b�B�K�B�H���` �7�Q�` �#�Q�i�? �?���/�`�Q�M�B�+
���M�/ �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �2�p�2�M�i�b�- �i�?�Q�m�;�? �B�i �B�b �K�Q�`�2 �T�`�Q�M�Q�m�M�+�2�/ �7�Q�` �?���/�`�Q�M�B�+ �2�p�2�M�i�b�- �T�2�`�?���T�b �#�2�+���m�b�2 �i�?�2
�Q�T�i�B�K���H �T�2�`�7�Q�`�K���M�+�2 �7�Q�` �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �2�p�2�M�i�b �B�b �B�M�?�2�`�2�M�i�H�v �H�B�K�B�i�2�/ �#�v �i�?�2 �?���/�`�Q�M�B�+ �K�Q�/�2�H �m�b�2�/
�B�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�X

�3�X�9�X�j �a�B�M�;�H�2 �2�p�2�M�i �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�Q�m�`�b

�q�?�B�H�2 �i�?�2 �T�`�2�p�B�Q�m�b �b�2�+�i�B�Q�M �;�B�p�2�b ���M �U���T�T�`�Q�t�B�K���i�2�V ���M�b�r�2�` �i�Q �?�Q�r �r�2�H�H �i�?�2 ���H�;�Q�`�B�i�?�K �T�2�`�7�Q�`�K�b �ö�Q�M
���p�2�`���;�2�ö�- �B�M �i�?�2 �b�+�2�M���`�B�Q �Q�7 ���M �B�M�/�B�p�B�/�m���H �M�2�m�i�`�B�M�Q �+���M�/�B�/���i�2 �Q�M�2 �B�b �K�Q�`�2 �B�M�i�2�`�2�b�i�2�/ �B�M �i�?�2 �b�B�M�;�H�2�@
�2�p�2�M�i �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�Q�m�`�- �B�M �Q�`�/�2�` �i�Q ���p�Q�B�/ �b�i�`�Q�M�; �Q�p�2�`�@ �Q�` �m�M�/�2�`�+�Q�p�2�`���;�2�X �"�2�H�Q�r�- �r�2 �Q�m�i�H�B�M�2 ���M
���T�T�`�Q���+�? �i�Q �Q�#�i���B�M �b�m�+�? �+�Q�M�i�Q�m�`�b ���M�/ �b�?�Q�r ���M �2�t���K�T�H�2�X

�A�i �r���b �b�?�Q�r�M �B�M �(�k�y�3�) �i�?���i �� �M���B�p�2 ���T�T�H�B�+���i�B�Q�M �Q�7 �q�B�H�F�b�ö �i�?�2�Q�`�2�K �`�2�b�m�H�i�b �B�M �� �b�B�;�M�B�}�+���M�i �m�M�@
�/�2�`�2�b�i�B�K���i�2 �Q�7 �i�?�2 �i�`�m�2 �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�Q�m�` �7�Q�` �i�?�B�b ���H�;�Q�`�B�i�?�K�X �h�?�2�`�2�7�Q�`�2�- �i�?�2 �+�Q�M�i�Q�m�` �B�b �B�M�b�i�2���/
�Q�#�i���B�M�2�/ ���b �7�Q�H�H�Q�r�b�, �i�?�2� 2 �b�i���i�B�b�i�B�+ �B�b �K�B�M�B�K���H�B�x�2�/ �r�?�B�H�2 �}�t�B�M�; �i�?�2 �M�2�m�i�`�B�M�Q �x�2�M�B�i�? ���M�/ ���x�B�K�m�i�?
�Q�M �� �;�`�B�/ ���`�Q�m�M�/ �i�?�2 �Q�p�2�`���H�H �#�2�b�i�@�}�i �T�Q�B�M�i�X �h�?�2 �L�W �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�Q�m�` �7�Q�` �i�?�2 �2�p�2�M�i �B�b �i�?�2�M
�Q�#�i���B�M�2�/ ���b �i�?�2 ���`�2�� �r�?�2�`�2� 2(�; � ) � � 2

�K�B�M+ � � 2�X �h�?�2 ���T�T�`�Q�T�`�B���i�2 �p���H�m�2 �Q�7� � 2 �B�b �+���H�+�m�H���i�2�/ �#�v
�`�2�+�Q�M�b�i�`�m�+�i�B�M�; �i�?�2 �b���K�2 �2�p�2�M�i �K�m�H�i�B�T�H�2 �i�B�K�2�b �r�B�i�? �/�B�z�2�`�2�M�i �`�2���H�B�x���i�B�Q�M�b �Q�7 �i�?�2 �2�H�2�+�i�`�B�+ �}�2�H�/ ���M�/ �i�?�2
�i�?�2�`�K���H �M�Q�B�b�2�- ���M�/ �/�2�i�2�`�K�B�M�B�M�; �i�?�2 �e�3�i�? �T�2�`�+�2�M�i�B�H�2 �Q�7� 2

�i�`�m�2� � 2
�`�2�+�- �r�?�2�`�2� 2

�i�`�m�2�B�b �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+
�+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �i�`�m�2 �/�B�`�2�+�i�B�Q�M ���M�/ �#�2�b�i �}�i�i�B�M�; �b�?�Q�r�2�` �2�M�2�`�;�v�X �h�?�m�b�- �i�?�2 �+�Q�M�i�Q�m�` �+���M �#�2 �B�M�i�2�`�@
�T�`�2�i�2�/ �b�m�+�? �i�?���i �e�3�W �Q�7 �i�?�2 �`�2�T�2���i�2�/ �2�t�T�2�`�B�K�2�M�i�b �r�B�H�H �#�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �r�B�i�?�B�M �i�?�B�b �+�Q�M�i�Q�m�`�X ���M
�2�t���K�T�H�2 �b�B�M�;�H�2�@�2�p�2�M�i �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�Q�m�` �7�Q�` �� �i�v�T�B�+���H �2�p�2�M�i �T���b�b�B�M�; �i�?�2 ���M���H�v�b�B�b �+�m�i �B�b �b�?�Q�r�M �B�M
�6�B�;�m�`�2 �3�X�R�y�X

���M�Q�i�?�2�` �2�t���K�T�H�2 �+�Q�M�i�Q�m�` �7�Q�` ���M �2�p�2�M�i �r�B�i�? �� �H���`�;�2 ���K�T�H�B�i�m�/�2 �B�M �i�?�2 �>�T�Q�H�- �r�?�B�+�? �T���b�b�2�b �[�m���H�B�i�v
�+�m�i �U�>�V�- �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �3�X�R�R�X ��68% ���`�2�� �Q�7 �9�X�8 �/�2�;2 �B�b �Q�#�i���B�M�2�/�X ���b �+���M �#�2 �b�2�2�M �7�`�Q�K �i�?�2
�}�;�m�`�2�- �7�Q�` �b�K���H�H �T�Q�H���`�B�x���i�B�Q�M ���M�;�H�2�b �i�?�2 �m�M�+�2�`�i���B�M�i�v �`�2�;�B�Q�M �B�M �x�2�M�B�i�? ���M�/ ���x�B�K�m�i�? �+���M �#�2 �+�H�Q�b�2�H�v
���T�T�`�Q�t�B�K���i�2�/ �#�v ���M �2�H�H�B�T�b�2�X �L�Q�i�2 �i�?���i �2�p�2�M �7�Q�` �i�?�B�b �2�p�2�M�i�- �i�?�2 �m�M�+�2�`�i���B�M�i�v �B�M �i�?�2 �T�Q�H���`�B�x���i�B�Q�M
�/�B�`�2�+�i�B�Q�M �B�b �K�m�+�? �H���`�;�2�` �i�?���M �i�?���i �B�M �i�?�2 �p�B�2�r�B�M�; ���M�;�H�2 �/�B�`�2�+�i�B�Q�M�X �h�?�B�b �m�M�/�2�`�H�B�M�2�b �Q�M�+�2 �K�Q�`�2 �i�?�2
�2���`�H�B�2�` �T�Q�B�M�i �i�?���i �Q�M�H�v �[�m�Q�i�B�M�; �i�?�2 �Q�M�2�@�/�B�K�2�M�b�B�Q�M���H �b�T���+�2 ���M�;�H�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �#�2�b�i �}�i �T�Q�B�M�i



�N�y �*�>���S�h�1�_ �3�X �L�1�l�h�_�A�L�P �.�A�_�1�*�h�A�P�L �_�1�*�P�L�a�h�_�l�*�h�A�P�L

�6�B�;�m�`�2 �3�X�R�y�, �G�2�7�i�- �i�Q�T�, �i�?�2 �e�3%�@�+�Q�M�i�Q�m�` �7�Q�` ���M �2�p�2�M�i �Q�7 ���p�2�`���;�2 �[�m���H�B�i�v �i�?���i �T���b�b�2�b �i�?�2 ���M���H�v�b�B�b
�+�m�i�b�- �`�2�b�m�H�i�B�M�; �B�M �� �b�T���+�2 ���M�;�H�2 �Q�7 �9� �X �h�?�2 �m�M�+�2�`�i���B�M�i�v �`�2�;�B�Q�M �B�b ���M �2�H�Q�M�;���i�2�/ ���M�/ �M���`�`�Q�r ���b�v�K�K�2�i�`�B�+
���`�2���X �G�2�7�i�- �#�Q�i�i�Q�K�, �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �/�B�`�2�+�i�B�Q�M �7�Q�` �i�?�2 �b���K�2 �2�p�2�M�i �m�M�/�2�` �i�?�2
�B�M�~�m�2�M�+�2 �Q�7 �b�i���i�B�b�i�B�+���H �m�M�+�2�`�i���B�M�i�B�2�b�- �2�X�;�X �b�?�Q�r�2�` �T�`�Q�}�H�2 ���M�/ �i�?�2�`�K���H �M�Q�B�b�2 �~�m�+�i�m���i�B�Q�M�b�X �_�B�;�?�i�, �i�?�2
�b���K�2 �T�H�Q�i�b ���b �Q�M �i�?�2 �H�2�7�i�- �#�m�i �B�M�+�H�m�/�B�M�; �b�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�B�2�b ���b �/�2�b�+�`�B�#�2�/ �B�M �b�2�+�i�B�Q�M �3�X�9�X�9�X

�6�B�;�m�`�2 �3�X�R�R�, �a���K�2 ���b �6�B�;�m�`�2 �3�X�R�y �U�i�Q�T �T���M�2�H�V�- �#�m�i �7�Q�` �� �?�B�;�?�@�[�m���H�B�i�v �2�p�2�M�i �r�B�i�? �H���`�;�2 �+�Q�M�i�`�B�#�m�i�B�Q�M
�B�M �i�?�2 �>�T�Q�H ���M�i�2�M�M���b�X



�3�X�8�X �*�P�L�*�G�l�a�A�P�L�a �N�R

���M�/ �i�`�m�2 �/�B�`�2�+�i�B�Q�M �B�b �m�b�m���H�H�v �K�B�b�H�2���/�B�M�;�X

�3�X�9�X�9 �a�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�B�2�b

�h�Q �/�2�K�Q�M�b�i�`���i�2 �i�?�2 �2�z�2�+�i�b �Q�7 ���M �B�K�T�2�`�7�2�+�i �F�M�Q�r�H�2�/�;�2 �Q�7 �i�?�2 �/�2�i�2�+�i�Q�` ���M�/ �i�?�2 �B�+�2 �i���`�;�2�i �p�Q�H�m�K�2
�7�Q�` �i�?�2 �Q�m�i�H�B�M�2�/ �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �K�2�i�?�Q�/�- �r�2 �+�Q�K�T�m�i�2 ���M �2�p�2�M�i �+�Q�M�i�Q�m�` �7�Q�` �i�?�2 �b���K�2 �2�t���K�T�H�2 �2�p�2�M�i
�b�?�Q�r�M �B�M �6�B�;�m�`�2 �3�X�R�y�- �B�X�2�X �� �i�v�T�B�+���H �2�p�2�M�i �`�2�K���B�M�B�M�; ���7�i�2�` ���M���H�v�b�B�b �+�m�i�b�X �q�2 �i���F�2 �B�M�i�Q ���+�+�Q�m�M�i
�i�?�`�2�2 �b�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�B�2�b�- �M���K�2�H�v �R�V ���M�i�2�M�M�� �T�Q�b�B�i�B�Q�M�b�- �k�V ���M�i�2�M�M�� �`�2�b�T�Q�M�b�2 ���M�/ �j�V �i�?�2 �B�+�2
�`�2�7�`���+�i�B�p�2 �B�M�/�2�t �K�Q�/�2�H�X �q�2 �B�M�+�H�m�/�2 ���M �Q�z�b�2�i �B�M �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 ���M�i�2�M�M�� �Q�73 cm �B�M ���M�v �/�B�`�2�+�i�B�Q�M�-
���M�/ �m�M�+�2�`�i���B�M�i�v �Q�7 �R�y�W �B�M �i�?�2 ���M�i�2�M�M�� �p�2�+�i�Q�` �2�z�2�+�i�B�p�2 �H�2�M�;�i�? ���M�/ ��10 MHz �m�M�+�2�`�i���B�M�i�v �B�M �i�?�2
�7�`�2�[�m�2�M�+�v �#�2�?���p�B�Q�` �Q�7 �i�?�2 �p�2�+�i�Q�` �2�z�2�+�i�B�p�2 �H�2�M�;�i�? �U�B�X�2�X �� �b�?�B�7�i �B�M �i�?�2 �`�2�b�Q�M���M�+�2 �7�`�2�[�m�2�M�+�v ���M�/ �i�?�2
�T�?���b�2 �#�2�?���p�B�Q�`�V�X �q�2 �m�b�2 �:���m�b�b�B���M �m�M�+�2�`�i���B�M�i�B�2�b �7�Q�` �2���+�? �B�M�/�B�p�B�/�m���H ���M�i�2�M�M���X �6�Q�` �i�?�2 �B�+�2 �K�Q�/�2�H�-
�r�2 �H�2�i �i�?�2 �T���`���K�2�i�2�`�b� n ���M�/z0 �Q�7 �i�?�2 �2�t�T�Q�M�2�M�i�B���H �`�2�7�`���+�i�B�p�2 �B�M�/�2�t �T�`�Q�}�H�2n(z) = n � � n � e

z
z 0

�p���`�v �#�v10%�- ���b �i�?�2 �/�2�2�T �`�2�7�`���+�i�B�p�2 �B�M�/�2�t �+���M �#�2 �2�b�i���#�H�B�b�?�2�/ �p�2�`�v ���+�+�m�`���i�2�X �q�?�B�H�2 �7�m�`�i�?�2�` �r�Q�`�F �B�b
�M�2�2�/�2�/ �i�Q �+�Q�`�`�2�+�i�H�v �i�`�2���i �i�?�2 �b�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�B�2�b�- �r�2 �#�2�H�B�2�p�2 �i�?���i �i�?�2�b�2 ���b�b�m�K�T�i�B�Q�M�b �T�`�Q�p�B�/�2
�� �`�2���b�Q�M���#�H�2 �2�b�i�B�K���i�2 �Q�7 �i�?�2 �+�m�`�`�2�M�i �m�M�/�2�`�b�i���M�/�B�M�; �Q�7 �`���/�B�Q �M�2�m�i�`�B�M�Q �/�2�i�2�+�i�Q�`�b�X

�h�?�2 �K���B�M �B�K�T���+�i �Q�7 �i�?�2 �b�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�B�2�b �7�Q�` �i�?�B�b �2�t���K�T�H�2 �2�p�2�M�i �B�b �� �r�Q�`�b�2�M�B�M�; �Q�7 �i�?�2
�T�Q�H���`�B�x���i�B�Q�M �`�2�b�Q�H�m�i�B�Q�M�- �7�`�Q�K� 68% �4 �N�X�k� �i�Q� 68% �4 �R�R�X�8� �X ���/�/�B�i�B�Q�M���H�H�v�- �r�2 �Q�#�i���B�M �� �#�B���b �Q�7 �9� �B�M
�i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �T�Q�H���`�B�x���i�B�Q�M�X �h�?�B�b �B�b �/�m�2 �i�Q �i�?�2 �7���+�i �i�?���i ���i �H�Q�r �a�L�_�- �i�?�2 ���`�`�B�p���H �i�B�K�2 ���i �i�?�2
�>�T�Q�H ���M�i�2�M�M�� �B�b �/�2�i�2�`�K�B�M�2�/ �7�`�Q�K �i�?�2 ���`�`�B�p���H �i�B�K�2�b �B�M �i�?�2 �M�2���`�#�v �o�T�Q�H ���M�i�2�M�M���b�X �l�M�+�2�`�i���B�M�i�B�2�b �B�M
�i�?�2 �B�+�2 �K�Q�/�2�H �Q�` ���M�i�2�M�M�� �T�Q�b�B�i�B�Q�M�b �`�2�b�m�H�i �B�M �� �b�K���H�H �i�B�K�B�M�; �Q�z�b�2�i �#�2�i�r�2�2�M �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ ���M�/
�i�`�m�2 �T�m�H�b�2�b�- ���M�/ �i�?�2�`�2�7�Q�`�2 �� �b�v�b�i�2�K���i�B�+ �m�M�/�2�`�2�b�i�B�K���i�B�Q�M �Q�7 �i�?�2 �>�T�Q�H �+�Q�M�i�`�B�#�m�i�B�Q�M�X �q�2 �2�K�T�?���b�B�x�2
�i�?�2 �+�?���H�H�2�M�;�2 �Q�7 �i�?�2 �H�Q�r �>�T�Q�H �b�B�;�M���H�b ���M�/ �b�i���i�2 �i�?�2 �B�K�T�Q�`�i���M�+�2 �Q�7 �i�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 ���H�;�Q�`�B�i�?�K�b
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�A�M �i�?�2 �+���b�2 �Q�7 �b�v�K�K�2�i�`�B�+ �m�M�+�2�`�i���B�M�i�B�2�b�- �i�?�2 �S�a�6 �+���M �#�2 �Q�#�i���B�M�2�/ �i�`�B�p�B���H�H�v �7�`�Q�K �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M
�m�M�+�2�`�i���B�M�i�B�2�b�X ���b �i�?�B�b �B�b �M�Q�i �i�?�2 �+���b�2 �?�2�`�2�- �?�Q�r�2�p�2�`�- �i�?�2 �S�a�6 �i�m�`�M�b �Q�m�i �i�Q �#�2 �#�Q�i�? ���b�v�K�K�2�i�`�B�+ ���M�/
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�/�B�z�2�`�b �7�`�Q�K �i�?�2 �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�Q�m�` �7�Q�` �� �b�B�M�;�H�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �2�p�2�M�i�X �h�?�2 �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�Q�m�`�- ���b
�b�?�Q�r�M �B�M �b�2�+�i�B�Q�M �3�X�9�X�j�- �B�b �i�?�2 ���`�2�� �/�2�}�M�2�/ �#�v �i�?�2 �`�2�[�m�B�`�2�K�2�M�i �i�?���i �i�?�2 �i�`�m�2 �/�B�`�2�+�i�B�Q�M �b�?�Q�m�H�/ �#�2
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�6�B�;�m�`�2 �N�X�R�, �A�H�H�m�b�i�`���i�B�Q�M �Q�7 �i�?�2 �T�Q�B�M�i �b�T�`�2���/ �7�m�M�+�i�B�Q�M�X �G�2�7�i�, �i�?�2 �Q�`�B�2�M�i���i�B�Q�M �Q�7 �i�?�2 �U���b�v�K�K�2�i�`�B�+�V
�`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�Q�m�`�b �B�b �/�2�i�2�`�K�B�M�2�/ �#�v �i�?�2 �b�B�;�M���H �/�B�`�2�+�i�B�Q�M�X �_�B�;�?�i�, �6�Q�` �� �b�B�M�;�H�2�-
�}�t�2�/ �b�Q�m�`�+�2 �/�B�`�2�+�i�B�Q�M�- �i�?�2�`�2 ���`�2 �K���M�v �T�Q�b�b�B�#�H�2 �M�2�m�i�`�B�M�Q �p�2�`�i�B�+�2�b �U���M�/ �i�?�m�b �b�B�;�M���H �/�B�`�2�+�i�B�Q�M�b�V �i�?���i
�`�2�b�m�H�i �B�M �� �i�`�B�;�;�2�`�B�M�; �b�B�;�M���H�X �h�?�2 �S�a�6 �i�?�2�`�2�7�Q�`�2 �+���M �#�2 �i�?�Q�m�;�?�i �Q�7 ���b ���`�B�b�B�M�; �7�`�Q�K �i�?�2 �+�Q�K�#�B�M���i�B�Q�M
�Q�7 �i�?�2�b�2 �B�M�/�B�p�B�/�m���H �+�Q�M�i�Q�m�`�b�- �`�2�b�m�H�i�B�M�; �B�M �� �ö�#�Q�r�@�i�B�2�ö�@�b�?���T�2�X

�B�M�+�H�m�/�2�/ �r�B�i�? �i�?�2 ���T�T�`�Q�T�`�B���i�2 �+�Q�p�2�`���;�2 �T�`�Q�#���#�B�H�B�i�v�X �A�M �i�?�2 �m�b�m���H �T�`�2�b�+�`�B�T�i�B�Q�M�- �B�i �B�b �i�?�m�b �+�2�M�i�`�2�/ �Q�M
�i�?�2 �K���t�B�K�m�K�@�H�B�F�2�H�B�?�Q�Q�/ �2�b�i�B�K���i�2�- �B�X�2�X �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �/�B�`�2�+�i�B�Q�M�X �A�M �+�Q�M�i�`���b�i�- �i�?�2 �T�Q�B�M�i �b�T�`�2���/
�7�m�M�+�i�B�Q�M �/�2�b�+�`�B�#�2�b �?�Q�r �� �T�Q�B�M�i �b�Q�m�`�+�2 ���T�T�2���`�b �B�M �i�?�2 �/���i�� ���7�i�2�` �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�X �6�Q�` ���M �m�M�#�B���b�2�/
�`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�- �i�?�B�b �K�2���M�b �i�?�2 �S�a�6 �B�b �+�2�M�i�`�2�/ �U�K���t�B�K���H�V ���i �i�?�2 �i�`�m�2 �b�Q�m�`�+�2 �/�B�`�2�+�i�B�Q�M�X

�A�M �i�?�2 �+���b�2 �r�?�2�`�2 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �m�M�+�2�`�i���B�M�i�v �B�b �b�v�K�K�2�i�`�B�+�- �i�?�B�b �/�B�b�i�B�M�+�i�B�Q�M �B�b �H�2�b�b �`�2�H�2�p���M�i�- ���b
�#�Q�i�? �i�?�2 �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�Q�m�`�b ���M�/ �i�?�2 �S�a�6 �r�B�H�H �?���p�2 �i�?�2 �b���K�2 �b�?���T�2 ���M�/ �b�B�x�2�- ���M�/ �+���M �#�2 �/�2�b�+�`�B�#�2�/
�#�v �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 ���M�;�m�H���` �m�M�+�2�`�i���B�M�i�v�X �>�Q�r�2�p�2�`�- ���b �r���b �/�2�b�+�`�B�#�2�/ �B�M �b�2�+�i�B�Q�M �3�X�k�- �7�Q�` �i�?�2
�M�2�m�i�`�B�M�Q �/�B�`�2�+�i�B�Q�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���H�;�Q�`�B�i�?�K �i�?�2 �H���`�;�2�` �m�M�+�2�`�i���B�M�i�B�2�b �Q�M �i�?�2 �b�B�;�M���H �T�Q�H���`�B�x���i�B�Q�M �`�2�b�m�H�i
�B�M ���b�v�K�K�2�i�`�B�+�- �2�H�H�B�T�b�2�@ �Q�` �ö�#���M���M���ö�@�b�?���T�2�/ �+�Q�M�i�Q�m�`�b�- �r�B�i�? �i�?�2 �H�Q�M�; ���t�B�b ���H�B�;�M�2�/ �r�B�i�? �i�?�2 �T�Q�H���`�B�x���i�B�Q�M
���M�;�H�2�X �h�?�B�b �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �N�X�R�- �H�2�7�i�X �h�?�2 �Q�`�B�2�M�i���i�B�Q�M �Q�7 �i�?�2 �+�Q�M�i�Q�m�` �B�b �/�2�i�2�`�K�B�M�2�/ �#�v �i�?�2 �b�B�;�M���H
�2�K�B�b�b�B�Q�M �/�B�`�2�+�i�B�Q�M�- �r�?�B�+�? �/�2�T�2�M�/�b �Q�M�H�v �Q�M �i�?�2 �M�2�m�i�`�B�M�Q �p�2�`�i�2�t �B�M �i�?�2 �B�+�2�X �6�Q�` �� �}�t�2�/ �b�Q�m�`�+�2 �T�Q�b�B�i�B�Q�M�-
�i�?�2�`�2 �B�b �� �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �T�Q�b�b�B�#�H�2 �b�B�;�M���H �/�B�`�2�+�i�B�Q�M�b�- �H�B�K�B�i�2�/ �#�v �i�?�2 �;�2�Q�K�2�i�`�v �Q�7 �i�?�2 �*�?�2�`�2�M�F�Q�p �+�Q�M�2�-
�`���v�@�#�2�M�/�B�M�; �B�M �B�+�2 ���M�/ �i�?�2 �i�`�B�;�;�2�` �`�2�[�m�B�`�2�K�2�M�i �B�M �i�?�2 �o�T�Q�H ���M�i�2�M�M���b�X �h�?�2 �S�a�6 �+���M �i�?�2�`�2�7�Q�`�2 �#�2
�i�?�Q�m�;�?�i �Q�7 ���b �i�?�2 �b�m�K �Q�7 �K���M�v �B�M�/�B�p�B�/�m���H �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�Q�m�`�b�- �`�2�b�m�H�i�B�M�; �B�M �� �ö�#�Q�r�@�i�B�2�ö�@�b�?���T�2�X �h�?�B�b
�B�b �B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�m�`�2 �N�X�R�- �`�B�;�?�i�X

�A�M �Q�`�/�2�` �i�Q �2�b�i�B�K���i�2 �i�?�2 �b�?���T�2 �Q�7 �i�?�2 �S�a�6�- �r�2 �m�b�2 �i�?�2 �`�2�b�m�H�i�b �Q�#�i���B�M�2�/ �7�Q�` ���M �_�L�P�@�:�@�H�B�F�2
�/�2�i�2�+�i�Q�` �B�M �+�?���T�i�2�` �3�X �A�/�2���H�H�v�- �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �b�?���T�2 �Q�7 �i�?�2 �S�a�6 ���i �� �;�B�p�2�M �x�2�M�B�i�?�- �Q�M�2 �r�Q�m�H�/
�b�B�K�m�H���i�2 ���M�/ �`�2�+�Q�M�b�i�`�m�+�i �� �b�m�{�+�B�2�M�i�H�v �H���`�;�2 �M�m�K�#�2�` �Q�7 �2�p�2�M�i�b �7�Q�` �� �}�t�2�/ �b�Q�m�`�+�2 �T�Q�b�B�i�B�Q�M�X �>�Q�r�2�p�2�`�-
�i�?�B�b �r�Q�m�H�/ �`�2�[�m�B�`�2 �� �/�2�/�B�+���i�2�/ �2�z�Q�`�i �Q�7 �b�B�;�M�B�}�+���M�i �+�Q�K�T�m�i���i�B�Q�M���H �+�Q�b�i�- �r�2 �B�M�b�i�2���/ �T�`�Q�+�2�2�/ ���b �7�Q�H�H�Q�r�b�X
�6�B�`�b�i�- �r�2 �`�2�b�i�`�B�+�i �Q�m�`�b�2�H�p�2�b �i�Q �2�p�2�M�i�b �Q�`�B�;�B�M���i�B�M�; �+�H�Q�b�2 �i�Q �i�?�2 �x�2�M�B�i�? �Q�7 �B�M�i�2�`�2�b�i�- ���M�/ �`�2�r�2�B�;�?�i �i�?�2
�b���K�T�H�2 �i�Q �+�Q�`�`�2�b�T�Q�M�/ �i�Q �i�?�2 �/�2�b�B�`�2�/ �b�Q�m�`�+�2 �~�m�t �b�T�2�+�i�`�m�K�X �h�?�2�M�- �r�2 �m�b�2 �i�?�2 �T�`�Q�D�2�+�i�B�Q�M �B�M�i�`�Q�/�m�+�2�/
�B�M �b�2�+�i�B�Q�M �3�X�9�X�k �i�Q �T�`�Q�D�2�+�i �i�?�2 �`�2�b�m�H�i�b �B�M�i�Q �� �+�Q�K�K�Q�M �`�2�7�2�`�2�M�+�2 �7�`���K�2�X ���b �i�?�2 �M�m�K�#�2�` �Q�7 �2�p�2�M�i�b�-
�/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �x�2�M�B�i�? ���M�/ �[�m���H�B�i�v �+�m�i�b�- �B�b �H�B�K�B�i�2�/�- ���M�/ �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �i�Q �#�2 �2�b�i�B�K���i�2�/ �B�b �i�r�Q�@
�/�B�K�2�M�b�B�Q�M���H�- �B�i �+���M�M�Q�i �2���b�B�H�v �#�2 �Q�#�i���B�M�2�/ �/�B�`�2�+�i�H�v �7�`�Q�K �i�?�2 �/���i�� �#�v �2�X�;�X �F�2�`�M�2�H�@�/�2�M�b�B�i�v �2�b�i�B�K���i�B�Q�M�X
�q�2 �i�?�2�`�2�7�Q�`�2 �B�M�b�i�2���/ �2�b�i�B�K���i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �7�m�M�+�i�B�Q�M �U�S�.�6�V ���b �� �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M
�Q�7 �i�r�Q �#�B�p���`�B���i�2 �*���m�+�?�v �/�B�b�i�`�B�#�m�i�B�Q�M�b�,
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�r�?�2�`�2� � view ; � � pol �`�2�7�2�` �i�Q �i�?�2 �/�B�b�T�H���+�2�K�2�M�i�b ���H�Q�M�; �i�?�2 �p�B�2�r�B�M�; ���M�;�H�2 ���M�/ �T�Q�H���`�B�x���i�B�Q�M ���M�;�H�2 �/�B�`�2�+�@
�i�B�Q�M�b�- �`�2�b�T�2�+�i�B�p�2�H�v�- ���b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �3�X�d�X �h�?�2 �T���`���K�2�i�2�`�b0 < r < 1; s1; p1; s2; p2 ���`�2 �/�2�i�2�`�K�B�M�2�/
�#�v �T�2�`�7�Q�`�K�B�M�; ���M �m�M�#�B�M�M�2�/ �H�B�F�2�H�B�?�Q�Q�/ �}�i �i�Q �i�?�2 �/���i���X �h�?�B�b �T���`���K�2�i�2�`�B�x���i�B�Q�M �B�b �2�K�T�B�`�B�+���H�- �#�m�i �+���M
�#�2 �[�m���H�B�i���i�B�p�2�H�v �K�Q�i�B�p���i�2�/�X �h�?�2 �2�p�2�M�i�b �m�M�/�2�` �+�Q�M�b�B�/�2�`���i�B�Q�M �r�B�H�H �#�2 �Q�7 �/�B�z�2�`�2�M�i �[�m���H�B�i�v�- �B�X�2�X �i�?�2 �i�`�m�2
�m�M�/�2�`�H�v�B�M�; �m�M�+�2�`�i���B�M�i�B�2�b �7�Q�` �2���+�? �2�p�2�M�i �r�B�H�H �#�2 �/�B�z�2�`�2�M�i�X ���b �� �ö�H�Q�r�@�[�m���H�B�i�v�ö �U�?�B�;�?�@�[�m���H�B�i�v�V �2�p�2�M�i �B�b
�2�t�T�2�+�i�2�/ �i�Q �?���p�2 �H���`�;�2 �U�b�K���H�H�V �m�M�+�2�`�i���B�M�i�B�2�b �B�M �#�Q�i�? �/�B�`�2�+�i�B�Q�M�b�- �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �2�`�`�Q�`�b �7�Q�` �i�?�2
�2�M�b�2�K�#�H�2 �Q�7 �2�p�2�M�i�b �r�B�H�H �M�Q�i �#�2 �b�i���i�B�b�i�B�+���H�H�v �B�M�/�2�T�2�M�/�2�M�i �B�M� � view ; � � pol �U���H�i�?�Q�m�;�? �B�i �r�B�H�H �b�i�B�H�H �#�2
�m�M�+�Q�`�`�2�H���i�2�/�V�X �A�M�b�i�2���/�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �H���`�;�2 �2�`�`�Q�` �B�M �#�Q�i�? �/�B�`�2�+�i�B�Q�M�b �B�b �H���`�;�2�` �i�?���M �r�Q�m�H�/ �#�2
�2�t�T�2�+�i�2�/ �7�Q�` �� �S�.�6 �i�?���i �7���+�i�Q�`�B�x�2�b �B�M�i�Q �i�r�Q �B�M�/�2�T�2�M�/�2�M�i �R�@�. �/�B�b�i�`�B�#�m�i�B�Q�M�b�X �A�M�/�2�2�/�- �i�?�2 �#�B�p���`�B���i�2
�*���m�+�?�v �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �7�Q�m�M�/ �i�Q �T�`�Q�p�B�/�2 �� �#�2�i�i�2�` �}�i �i�Q �i�?�2 �/���i�� �i�?���M �2�X�;�X �� �#�B�p���`�B���i�2 �M�Q�`�K���H �Q�` �i�?�2
�T�`�Q�/�m�+�i �Q�7 �i�r�Q �B�M�/�2�T�2�M�/�2�M�i �R�@�. �*���m�+�?�v �/�B�b�i�`�B�#�m�i�B�Q�M�b�X

�h�?�2 �+�?�Q�B�+�2 �7�Q�` �� �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �Q�7 �i�r�Q �/�B�b�i�`�B�#�m�i�B�Q�M�b �B�b �K�Q�i�B�p���i�2�/ �#�v �i�?�2 �Q�#�b�2�`�p���i�B�Q�M �i�?���i
�r�2 �2�t�T�2�+�i �� �/�B�z�2�`�2�M�i �b�?���T�2 �7�Q�` �i�?�2 �m�M�+�2�`�i���B�M�i�B�2�b �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �[�m���H�B�i�v �Q�7 �i�?�2 �b�B�;�M���H �/�B�`�2�+�i�B�Q�M
�`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�, �i�?�2 �}�`�b�i �i�2�`�K �`�2�T�`�2�b�2�M�i�b �i�?�2 �r�2�H�H�@�`�2�+�Q�M�b�i�`�m�+�i�2�/ �2�p�2�M�i�b�- �r�?�2�`�2 �i�?�2 �T�Q�H���`�B�x���i�B�Q�M ���M�;�H�2
�m�M�+�2�`�i���B�M�i�v �r�B�H�H �#�2 ���H�B�;�M�2�/ �r�B�i�? �i�?�2 �?�Q�`�B�x�Q�M�i���H �/�B�`�2�+�i�B�Q�M�- ���M�/ �/�Q�K�B�M���i�2 �i�?�2 �Q�p�2�`���H�H �m�M�+�2�`�i���B�M�i�v�X �A�7
�i�?�2 �b�B�;�M���H �/�B�`�2�+�i�B�Q�M �B�b �T�Q�Q�`�H�v �`�2�+�Q�M�b�i�`�m�+�i�2�/�- �B�M �+�Q�M�i�`���b�i�- �i�?�2 �T�Q�H���`�B�x���i�B�Q�M ���M�;�H�2 �/�B�`�2�+�i�B�Q�M �r�B�H�H �#�2
�K�B�b���H�B�;�M�2�/ �r�B�i�? �i�?�2 �i�`�m�2 �T�Q�H���`�B�x���i�B�Q�M ���M�;�H�2 �/�B�`�2�+�i�B�Q�M�- ���M�/ �i�?�2 �Q�p�2�`���H�H �m�M�+�2�`�i���B�M�i�v �B�b �2�t�T�2�+�i�2�/ �i�Q
�#�2 �K�Q�`�2 �b�v�K�K�2�i�`�B�+ �U�b�2�2 ���H�b�Q �i�?�2 �`�2�H�2�p���M�i �/�B�b�+�m�b�b�B�Q�M �B�M �b�2�+�i�B�Q�M �3�X�9�X�k�V�X �h�?�m�b �r�2 �2�t�T�2�+�is1 � p1 �
s2 � p2�X

�A�M ���/�/�B�i�B�Q�M �i�Q �i�?�2 �S�.�6 �B�M �i�?�2 �T�`�Q�D�2�+�i�2�/ �+�Q�Q�`�/�B�M���i�2 �b�v�b�i�2�K�- �r�2 �M�2�2�/ �� �/�2�b�+�`�B�T�i�B�Q�M �Q�7 �i�?�2 ���H�H�Q�r�2�/
�Q�`�B�2�M�i���i�B�Q�M�b �Q�7 �i�?�2 �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�Q�m�`�b�X �>�2�`�2�- �r�2 �m�b�2 �i�?�2 �2�K�T�B�`�B�+���H �+�m�K�m�H���i�B�p�2 �/�B�b�i�`�B�#�m�i�B�Q�M �7�m�M�+�@
�i�B�Q�M�b �U�*�.�6�V �Q�7 �i�?�2 �U�i�`�m�2�V �p�B�2�r�B�M�; ���M�;�H�2 ���M�/ �b�B�;�M���H �2�K�B�b�b�B�Q�M �/�B�`�2�+�i�B�Q�M�b�X �"�v �`�2�T�2���i�2�/�H�v �b���K�T�H�B�M�;
�7�`�Q�K �i�?�2�b�2 ���M�/ �7�Q�H�/�B�M�; �r�B�i�? �i�?�2 �S�.�6 �/�2�b�+�`�B�#�2�/ ���#�Q�p�2�- �r�2 �Q�#�i���B�M �i�?�2 �S�a�6�X �q�2 �2�t�T�2�+�i �i�?�2 �`�2�b�m�H�i�B�M�;
�S�a�6 �b�?���T�2 �i�Q �[�m���H�B�i���i�B�p�2�H�v ���;�`�2�2 �r�B�i�? �i�?�2 �b�?���T�2 �i�?���i �r�Q�m�H�/ �?���p�2 �#�2�2�M �Q�#�i���B�M�2�/ �r�B�i�? �� �/�2�/�B�+���i�2�/
�b�i�m�/�v�- ���M�/ �b�m�{�+�B�2�M�i�H�v ���+�+�m�`���i�2 �i�Q �?�B�;�?�H�B�;�?�i �i�?�2 �7�2���i�m�`�2�b �Q�7 �B�M�i�2�`�2�b�i�X

�h�r�Q �2�t���K�T�H�2 �T�Q�B�M�i �b�T�`�2���/ �7�m�M�+�i�B�Q�M�b�- �7�Q�` �b�Q�m�`�+�2�b ���i �H�Q�+���H �x�2�M�B�i�?�b �Q�750� ���M�/70� �- ���`�2 �b�?�Q�r�M
�B�M �6�B�;�m�`�2 �N�X�k�X �A�M�+�H�m�/�2�/ ���`�2 ���H�H �2�p�2�M�i�b �U�?���/�`�Q�M�B�+ ���M�/ �2�H�2�+�i�`�Q�K���;�M�2�i�B�+�V �T���b�b�B�M�; �i�?�2 ���M���H�v�b�B�b �+�m�i
�/�2�b�+�`�B�#�2�/ �B�M �b�2�+�i�B�Q�M �3�X�9�X�k�X ���i �i�?�2 �H�Q�r�2�` �x�2�M�B�i�?�- �i�?�2 �T�Q�b�b�B�#�H�2 �Q�`�B�2�M�i���i�B�Q�M�b �Q�7 �i�?�2 �+�?�2�`�2�M�F�Q�p �+�Q�M�2 ���`�2
�K�Q�`�2 �`�2�b�i�`�B�+�i�2�/ �/�m�2 �i�Q �i�?�2 �/�Q�r�M�r���`�/�@�#�2�M�/�B�M�; �`���v �i�`���D�2�+�i�Q�`�B�2�b�- �b�m�+�? �i�?���i �K�Q�b�i �i�`�B�;�;�2�`�B�M�; �2�p�2�M�i�b ���`�2
���H�K�Q�b�i �7�m�H�H�v �p�2�`�i�B�+���H�H�v �T�Q�H���`�B�x�2�/�- �H�2���/�B�M�; �i�Q �� �ö�~���i�i�2�`�ö �S�a�6�X �A�M �+�Q�M�i�`���b�i�- ���i70� �- �� �#�`�Q���/�2�` �T���`�i �Q�7
�i�?�2 �+�Q�M�2 �#�2�+�Q�K�2�b �Q�#�b�2�`�p���#�H�2�- ���M�/ �i�?�m�b �� �H���`�;�2�` �`���M�;�2 �Q�7 �T�Q�H���`�B�x���i�B�Q�M ���M�;�H�2�b �B�b ���H�H�Q�r�2�/�- �H�2���/�B�M�; �i�Q
�� �K�Q�`�2 �ö�#�Q�r�@�i�B�2�ö�@�H�B�F�2 �b�?���T�2�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �i�?�2 �m�M�+�2�`�i���B�M�i�B�2�b �7�Q�` �i�?�2 �H�Q�r�2�` �x�2�M�B�i�? ���`�2 �H���`�;�2�`
�U�b�2�2 �6�B�;�m�`�2 �3�X�N ���M�/ �i�?�2 �/�B�b�+�m�b�b�B�Q�M �i�?�2�`�2�V�- �b�m�+�? �i�?���i �i�?�2 �Q�p�2�`���H�H �K�2�/�B���M ���`�2�� �Q�7 �i�?�2 �S�a�6 �B�b �H���`�;�2�`�X

�"�2�+���m�b�2 �i�?�2 �S�a�6 �b�?���T�2 �B�b �H�2�b�b �+�Q�M�b�i�`���B�M�2�/ �i�?���M �7�Q�` �� �b�B�M�;�H�2 �2�p�2�M�i�- �B�i�b ���`�2�� �H�B�2�b �b�Q�K�2�r�?�2�`�2
�#�2�i�r�2�2�M �i�?�2 ���`�2�� �Q�7 �� �b�B�M�;�H�2 �2�p�2�M�i �+�Q�M�i�Q�m�` ���M�/ �i�?�2 ���`�2�� �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �� �7�m�H�H�v �b�v�K�K�2�i�`�B�+ �S�a�6�X
�6�Q�` �2�t���K�T�H�2�- ���i70� �- �i�?�2 �K�2�/�B���M �b�T���+�2 ���M�;�H�2 �B�b �d�X�8� �- �r�?�B�+�? �r�Q�m�H�/ �B�K�T�H�v �� �K�2�/�B���M ���`�2�� �Q�7 �R�d�d �/�2�;2

�7�Q�` �� �b�v�K�K�2�i�`�B�+ �S�a�6�X �h�?�2 ���+�i�m���H �S�a�6 ���`�2�� �Q�#�i���B�M�2�/ �B�b �R�j�3 �/�2�;2�X
�6�B�M���H�H�v�- �M�Q�i�2 �i�?���i �i�?�2 �S�a�6 �/�2�b�+�`�B�#�2�/ �B�M �i�?�B�b �b�2�+�i�B�Q�M �B�b �;�B�p�2�M �B�M �H�Q�+���H �x�2�M�B�i�? ���M�/ ���x�B�K�m�i�?�-

���M�/ �b�?�Q�m�H�/ �#�2 �i�?�Q�m�;�?�i �Q�7 ���b �i�?�2 �B�M�b�i���M�i���M�2�Q�m�b �S�a�6�X �6�Q�` �� �/�2�i�2�+�i�Q�` �H�Q�+���i�2�/ ���i �i�?�2 �T�Q�H�2�- �b�m�+�?
���b �A�+�2�*�m�#�2�@�:�2�M�k�- �i�?�2 �i�`���M�b�7�Q�`�K���i�B�Q�M �i�Q �/�2�+�H�B�M���i�B�Q�M ���M�/ �`�B�;�?�i ���b�+�2�M�b�B�Q�M �B�b �i�`�B�p�B���H�X �>�Q�r�2�p�2�`�- �7�Q�` ��
�/�2�i�2�+�i�Q�` ���M�v�r�?�2�`�2 �2�H�b�2�- �� �b�Q�m�`�+�2 ���i �� �}�t�2�/ �/�2�+�H�B�M���i�B�Q�M ���M�/ �`�B�;�?�i ���b�+�2�M�b�B�Q�M �r�B�H�H ���T�T�2���` ���i �/�B�z�2�`�2�M�i



�N�e �*�>���S�h�1�_ �N�X ���S�S�G�A�*���h�A�P�L�a

10 20 30
Azimuth [ � ]

40

45

50

55

60
Z

en
ith

[�
]

True � 50%

100

101

102

P
D

F

10 20 30
Azimuth [ � ]

60

65

70

75

80

Z
en

ith
[�

]

True � 50%

100

101

102

P
D

F

�6�B�;�m�`�2 �N�X�k�, �S�Q�B�M�i �b�T�`�2���/ �7�m�M�+�i�B�Q�M �U�S�a�6�V �7�Q�` �i�r�Q �b�Q�m�`�+�2�b ���i �x�2�M�B�i�?�b �Q�7 �8�y� �U�H�2�7�i�V ���M�/ �d�y� �U�`�B�;�?�i�V�-
�m�b�B�M�; �i�?�2 �Q�#�i���B�M�2�/ �`�2�b�Q�H�m�i�B�Q�M ���7�i�2�` ���T�T�H�v�B�M�; �i�?�2 ���M���H�v�b�B�b �+�m�i �Q�m�i�H�B�M�2�/ �B�M �b�2�+�i�B�Q�M �3�X�9�X�k�X �6�Q�` �/�2�i���B�H�b�-
�`�2�7�2�` �i�Q �i�?�2 �i�2�t�i�X �L�Q�i�2 �i�?���i �i�?�2 �?�Q�`�B�x�Q�M�i���H �T�H�Q�i �H�B�K�B�i�b �?���p�2 �#�2�2�M ���/�D�m�b�i�2�/ �i�Q �K�B�M�B�K�B�x�2 ���`�2�� �/�B�b�i�Q�`�i�B�Q�M�X
�*�H�2���`�H�v �b�2�2�M �B�b �i�?�2 �x�2�M�B�i�? �/�2�T�2�M�/�2�M�i �b�?���T�2 �Q�7 �i�?�2 �T�Q�B�M�i �b�T�`�2���/ �7�m�M�+�i�B�Q�M�X

�x�2�M�B�i�?�b ���M�/ �`�Q�i���i�B�Q�M�b ���b �i�?�2 �1���`�i�? �`�Q�i���i�2�b�- �H�2���/�B�M�; �i�Q �� �K�Q�`�2 �ö�b�K�2���`�2�/�@�Q�m�i�ö ���M�/ �i�?�2�`�2�7�Q�`�2 �H���`�;�2�`
�i�B�K�2�@�B�M�i�2�;�`���i�2�/ �S�a�6�X �A�M �� �b�Q�m�`�+�2 �b�2���`�+�?�- ���b �H�Q�M�; ���b �i�?�2 �/�2�i�2�+�i�B�Q�M �i�B�K�2�b ���`�2 ���p���B�H���#�H�2�- �m�b�B�M�; �i�?�2
�B�M�b�i���M�i���M�2�Q�m�b �S�a�6 �B�b �K�Q�`�2 ���+�+�m�`���i�2 ���M�/ �T�Q�r�2�`�7�m�H�- �b�Q �r�2 �r�B�H�H �+�Q�M�i�B�M�m�2 �i�Q �m�b�2 �i�?�B�b �/�2�b�+�`�B�T�i�B�Q�M �B�M
�i�?�2 �7�Q�H�H�Q�r�B�M�;�X

�N�X�R�X�k �a�Q�m�`�+�2 �b�2���`�+�?

�� �;�Q�Q�/ �T�Q�B�M�i�B�M�; �`�2�b�Q�H�m�i�B�Q�M �7�Q�` �i�?�2 �/�2�i�2�+�i�2�/ �b�B�;�M���H�b �B�b �B�K�T�Q�`�i���M�i �7�Q�` �M�2�m�i�`�B�M�Q �B�/�2�M�i�B�}�+���i�B�Q�M�- �i�?�2
�/�B�z�m�b�2 �~�m�t �/�B�b�+�Q�p�2�`�v�- �+�`�Q�b�b�@�b�2�+�i�B�Q�M �K�2���b�m�`�2�K�2�M�i�b�- ���M�/ �b�Q�m�`�+�2 �B�/�2�M�i�B�}�+���i�B�Q�M�X �A�M �i�?�B�b �b�2�+�i�B�Q�M �r�2
�7�Q�+�m�b �Q�M �i�?�2 �H���i�i�2�` �i�Q �B�H�H�m�b�i�`���i�2 �i�?�2 �2�z�2�+�i �Q�7 ���M���H�v�b�B�b �+�m�i�b ���M�/ ���M�;�m�H���` �`�2�b�Q�H�m�i�B�Q�M�X

�L�2�m�i�`�B�M�Q �b�Q�m�`�+�2�b �+���M �#�2 �B�/�2�M�i�B�}�2�/ �B�M �i�r�Q �r���v�b�c �2�B�i�?�2�` �i�?�`�Q�m�;�? �� �U�i�2�K�T�Q�`���H ���M�/ �b�T���i�B���H�V �+�Q�B�M�@
�+�B�/�2�M�+�2 �r�B�i�? �i�?�2 �/�2�i�2�+�i�B�Q�M �Q�7 �� �T�?�Q�i�Q�M �B�M �i�?�2 �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�T�2�+�i�`�m�K �Q�` �� �;�`���p�B�i���i�B�Q�M���H �r���p�2�-
�2�X�;�X �(�3�8�- �3�e�)�- �Q�` �#�v �i�?�2 �/�2�i�2�+�i�B�Q�M �Q�7 ���M �2�t�+�2�b�b �Q�7 �M�2�m�i�`�B�M�Q�b �i�?���i �B�b �H���`�;�2 �2�M�Q�m�;�? �i�Q �B�/�2�M�i�B�7�v �B�i ���#�Q�p�2
�i�?�2 �2�t�T�2�+�i�2�/ �#���+�F�;�`�Q�m�M�/�- �2�X�;�X �(�3�d�)�X �h�?�2�`�2 ���`�2 �p���`�v�B�M�; ���M���H�v�b�B�b �b�i�`���i�2�;�B�2�b �7�Q�` �i�2�K�T�Q�`���H �+�Q�B�M�+�B�/�2�M�+�2�b�-
�r�?�2�`�2 �7�Q�` �B�M�b�i���M�+�2 �B�M �� �p�2�`�v �b�?�Q�`�i �+�Q�B�M�+�B�/�2�M�+�2 �r�B�M�/�Q�r�- ���H�b�Q �� �H�B�K�B�i�2�/ ���M�;�m�H���` �`�2�b�Q�H�m�i�B�Q�M �+���M �H�2���/
�i�Q �� �b�B�;�M�B�}�+���M�i �/�2�i�2�+�i�B�Q�M�X �>�Q�r�2�p�2�`�- �B�i �B�b �B�M �;�2�M�2�`���H �m�M�/�2�`�b�i�Q�Q�/ �i�?���i �� �b�K���H�H�2�` ���M�;�m�H���` �m�M�+�2�`�i���B�M�i�v
�r�B�H�H ���H�r���v�b �H�2���/ �i�Q �� �#�2�i�i�2�` �+�?���M�+�2 �Q�7 �}�M�/�B�M�; �i�`�m�2 �+�Q�B�M�+�B�/�2�M�+�2�b �B�M �K�m�H�i�B�@�K�2�b�b�2�M�;�2�` �b�2���`�+�?�2�b ���M�/
�� �`�2�H�B���#�H�2 ���`�`�B�p���H �/�B�`�2�+�i�B�Q�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �B�b �� �T�`�2�`�2�[�m�B�b�B�i�2 �i�Q �� �b�m�+�+�2�b�b�7�m�H �i�`�B�;�;�2�`�B�M�; �Q�7 �7�Q�H�H�Q�r�@�m�T
�Q�#�b�2�`�p���i�B�Q�M�b ���i �Q�i�?�2�` �r���p�2�H�2�M�;�i�?�b�X

�6�Q�` �B�H�H�m�b�i�`���i�B�Q�M�- �r�2 �7�Q�+�m�b �?�2�`�2 �Q�M �� �T�Q�i�2�M�i�B���H �T�Q�B�M�i �b�Q�m�`�+�2 �2�t�+�2�b�b�- �b�B�M�+�2 �B�i �B�b �K�Q�b�i �b�i�`�Q�M�;�H�v
���z�2�+�i�2�/ �#�v �i�?�2 ���M�;�m�H���` �`�2�b�Q�H�m�i�B�Q�M�X �� �;�Q�Q�/ ���M�;�m�H���` �`�2�b�Q�H�m�i�B�Q�M �`�2�/�m�+�2�b �i�?�2 �2�t�T�2�+�i�2�/ �M�m�K�#�2�` �Q�7
�#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b �r�B�i�?�B�M �i�?�2 �m�M�+�2�`�i���B�M�i�v �`�2�;�B�Q�M �U�S�a�6�V �Q�7 �i�?�2 �M�2�m�i�`�B�M�Q �U�b�Q�m�`�+�2�V ���M�/ �i�?�2�`�2�7�Q�`�2
�`�2�/�m�+�2�b �i�?�2 �~�m�t �`�2�[�m�B�`�2�/ �7�Q�` �b�Q�m�`�+�2 �B�/�2�M�i�B�}�+���i�B�Q�M�X

�A�/�2�M�i�B�7�v�B�M�; �T�Q�B�M�i �b�Q�m�`�+�2�b �#�v �/�2�i�2�+�i�B�M�; ���M �2�t�+�2�b�b �Q�7 �2�p�2�M�i�b ���#�Q�p�2 �i�?�2 �2�t�T�2�+�i�2�/ �#���+�F�;�`�Q�m�M�/ ���M�/
�B�K�T�H�B�+���i�B�Q�M�b �7�Q�` �i�?�2 �H���`�;�2 �b�+���H�2 �B�M�@�B�+�2 �`���/�B�Q ���`�`���v �Q�7 �A�+�2�*�m�#�2�@�:�2�M�k �?���b �#�2�2�M �2�t�i�2�M�b�B�p�2�H�v �b�i�m�/�B�2�/
�B�M �(�k�R�j�)�X �q�2 �M�Q�i�2 �i�?���i �7�Q�` �b�K���H�H�2�` �`���/�B�Q �2�t�T�2�`�B�K�2�M�i�b �b�m�+�? ���b �_�L�P�@�: �r�2 �`�2�H�v �Q�M �p�2�`�v �2�t�i�`�2�K�2 �~�m�t
�K�Q�/�2�H�b �7�`�Q�K �T�Q�B�M�i �b�Q�m�`�+�2�b �Q�` �M�2���`�#�v �b�Q�m�`�+�2�b �i�Q �#�2 ���#�H�2 �i�Q �B�/�2�M�i�B�7�v �i�?�2 �b�Q�m�`�+�2�X �L�Q�M�2�i�?�2�H�2�b�b�- �r�2
�b�i�m�/�v �i�?�2 �2�z�2�+�i �Q�7 �i�?�2 �/�B�z�2�`�2�M�i ���M���H�v�b�B�b �+�m�i�b �B�M�i�`�Q�/�m�+�2�/ �B�M �b�2�+�i�B�Q�M �3�X�9�- �i�Q �2�b�i���#�H�B�b�? �i�?�2 �#�2�b�i �b�2���`�+�?
�b�i�`���i�2�;�v�X

�q�2 �m�b�2 �i�?�2 �b�Q�7�i�r���`�2 �7�`���K�2�r�Q�`�F�i�Q�B�b�2�(�k�R�9�)�- �r�?�B�+�? ���H�H�Q�r�b �7�Q�` �i�?�2 �7���b�i �+���H�+�m�H���i�B�Q�M �Q�7 �m�T�T�2�` �H�B�K�B�i�b



�N�X�R�X �L�1�l�h�_�A�L�P �a�P�l�_�*�1 �a�1���_�*�> �N�d

���M�/ �/�B�b�+�Q�p�2�`�v �T�Q�i�2�M�i�B���H�b �Q�7 �M�2�m�i�`�B�M�Q �i�2�H�2�b�+�Q�T�2�b �#���b�2�/ �Q�M �T���`���K�2�i�2�`�B�x���i�B�Q�M�b �Q�7 �i�?�2 �/�2�i�2�+�i�Q�` �`�2�b�T�Q�M�b�2
�B�M �i�2�`�K�b �Q�7 �2�z�2�+�i�B�p�2 �p�Q�H�m�K�2�- ���M�;�m�H���` �`�2�b�Q�H�m�i�B�Q�M ���M�/ �2�M�2�`�;�v �`�2�b�Q�H�m�i�B�Q�M�X �h�?�2 �7���b�i �T�2�`�7�Q�`�K���M�+�2 �B�b �/�m�2
�i�Q �i�?�2 �m�b���;�2 �Q�7 ���M ���b�B�K�Q�p �/���i���b�2�i�- �K�2���M�B�M�; �i�?���i �i�?�2 �Q�#�b�2�`�p�2�/ �2�p�2�M�i �`���i�2�b ���`�2 �`�2�T�H���+�2�/ �#�v �i�?�2 �2�t���+�i
�K�2���M �(�k�R�8�)�X ���/�/�B�i�B�Q�M���H�H�v�- �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �Q�7 �i�?�2 �M�m�H�H �?�v�T�Q�i�?�2�b�B�b �U�#���+�F�;�`�Q�m�M�/ �Q�M�H�v�V �B�b ���b�b�m�K�2�/
�i�Q �#�2� 2�@�/�B�b�i�`�B�#�m�i�2�/�- �B�X�2�X �q�B�H�F�b�ö �i�?�2�Q�`�2�K �?�Q�H�/�b �(�k�R�e�)�X �h�?�2 �#�2�?���p�B�Q�` �Q�7 �i�?�2 �i�2�b�i �b�i���i�B�b�i�B�+ �7�Q�` �i�?�2
�#���+�F�;�`�Q�m�M�/ �Q�M�H�v �b�+�2�M���`�B�Q �+���M �#�2 �+�Q�K�T�m�i�2�/ �#�v �+�`�2���i�B�M�; �K�m�H�i�B�T�H�2 �T�b�2�m�/�Q�@�2�t�T�2�`�B�K�2�M�i�b �m�b�B�M�; �i�?�2
�Q�#�b�2�`�p�2�/ �#���+�F�;�`�Q�m�M�/ �`���i�2�b�X �"���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b �7�Q�` �l�>�1 �M�2�m�i�`�B�M�Q�b �?���p�2 �M�Q�i �#�2�2�M �Q�#�b�2�`�p�2�/ ���M�/ ���`�2
���b �m�M�+�2�`�i���B�M ���b �i�?�2 �l�>�1 �M�2�m�i�`�B�M�Q �~�m�t �B�i�b�2�H�7�- ���M�/ �i�?�2�`�2�7�Q�`�2 �i�?�B�b ���T�T�`�Q���+�? �B�b ���b �`�2���H�B�b�i�B�+ ���b �T�Q�b�b�B�#�H�2
���i �i�?�B�b �b�i���;�2�X

���b �#���+�F�;�`�Q�m�M�/ �7�Q�` �B�/�2�M�i�B�7�v�B�M�; �T�Q�B�M�i �b�Q�m�`�+�2�b �Q�7 �l�>�1 �M�2�m�i�`�B�M�Q�b �r�2 �B�M�+�H�m�/�2 �i�?�`�2�2 �F�B�M�/ �Q�7 �2�p�2�M�i�b�c
�R�V �i�?�2 �i���B�H �Q�7 �i�?�2 �?�B�;�?�@�2�M�2�`�;�v �M�2�m�i�`�B�M�Q �~�m�t�- �k�V �+�Q�b�K�Q�;�2�M�B�+ �M�2�m�i�`�B�M�Q�b�- ���M�/ �j�V �l�>�1 �K�m�Q�M�b�X �q�2
�B�M�+�H�m�/�2 �7�Q�` �R�V �i�?�2 �/�B�z�m�b�2 �M�2�m�i�`�B�M�Q �~�m�t ���b �Q�#�b�2�`�p�2�/ �#�v �A�+�2�*�m�#�2�- ���b�b�m�K�B�M�; �� �T�Q�r�2�`�@�H���r �2�t�i�2�M�b�B�Q�M
�B�M �M�2�m�i�`�B�M�Q �2�M�2�`�;�B�2�b �r�B�i�?�Q�m�i �� �+�m�i�@�Q�z �(�R�j�9�)�- �k�V �� �+�Q�b�K�Q�;�2�M�B�+ �M�2�m�i�`�B�M�Q �~�m�t �`�2�b�m�H�i�B�M�; �7�`�Q�K �+�Q�b�K�B�+
�`���v�b �B�M�i�2�`���+�i�B�M�; �r�B�i�? �T�?�Q�i�Q�M �}�2�H�/�b ���b�b�m�K�B�M�; �� �R�y% �T�`�Q�i�Q�M �7�`���+�i�B�Q�M �7�Q�` �i�?�2 �+�Q�b�K�B�+�@�`���v �b�T�2�+�i�`�m�K
�Q�#�b�2�`�p�2�/ �#�v �i�?�2 �S�B�2�`�`�2 ���m�;�2�` �P�#�b�2�`�p���i�Q�`�v �(�R�d�k�)�- ���M�/ �j�V �B�M�@�B�+�2 �T�2�M�2�i�`���i�B�M�; �l�>�1 �K�m�Q�M�b �b�i�2�K�K�B�M�;
�7�`�Q�K �+�Q�b�K�B�+�@�`���v ���B�` �b�?�Q�r�2�`�b �B�M�/�m�+�B�M�; �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�?�Q�r�2�`�b �r�?�B�H�2 �`���/�B���i�B�M�; �(�k�R�d�)�X �1���+�? �Q�7 �i�?�2�b�2
�+�Q�M�i�`�B�#�m�i�B�Q�M�b ���`�2 �`���`�2 ���M�/ �H�B�F�2�H�v �Q�M �i�?�2 �b���K�2 �H�2�p�2�H �Q�7 �i�?�2 �2�t�T�2�+�i�2�/ �M�m�K�#�2�` �Q�7 �l�>�1 �M�2�m�i�`�B�M�Q�b�- �#�m�i
�m�M�+�2�`�i���B�M�i�B�2�b ���`�2 �H���`�;�2�X �6�Q�` �R�V �i�?�2 �~�m�t �B�b �K�2���b�m�`�2�/ ���i �H�Q�r �2�M�2�`�;�B�2�b �U�S�2�o �`���M�;�2�V �r�B�i�? �� �b�2�i �Q�7 �b�T�2�+�i�`���H
�m�M�+�2�`�i���B�M�i�B�2�b�- �r�?�B�+�? �`�2�b�m�H�i�b �B�M �H���`�;�2 �p���`�B���i�B�Q�M�b �7�Q�` �i�?�2 �1�2�o �`�2�;�B�K�2 �2�p�2�M �B�7 �i�?�2 �T�Q�r�2�`�@�H���r ���b�b�m�K�T�i�B�Q�M
�r�B�i�?�Q�m�i �+�m�i�@�Q�z �?�Q�H�/�b�X �h�?�2 �m�M�+�2�`�i���B�M�i�B�2�b �7�Q�` �k�V ���`�2 �/�Q�K�B�M���i�2�/ �#�v �i�?�2 �m�M�+�2�`�i���B�M �l�>�1 �+�Q�b�K�B�+�@�`���v
�K���b�b �+�Q�K�T�Q�b�B�i�B�Q�M �r�?�B�+�? �B�M�~�m�2�M�+�2�b �i�?�2 �M�2�m�i�`�B�M�Q �`���i�2 �T�`�2�/�B�+�i�B�Q�M �#�v �Q�`�/�2�`�b �Q�7 �K���;�M�B�i�m�/�2�X �6�B�M���H�H�v
�7�Q�` �j�V �i�?�2 �M�m�K�#�2�` �Q�7 �T�`�2�/�B�+�i�2�/ �l�>�1 �K�m�Q�M�b �B�M ���B�` �b�?�Q�r�2�`�b �p���`�B�2�b �/�m�2 �i�Q �H���`�;�2 �m�M�+�2�`�i���B�M�i�B�2�b �Q�M
�i�?�2 �?���/�`�Q�M�B�+ �B�M�i�2�`���+�i�B�Q�M �K�Q�/�2�H�b�- �B�M �T���`�i�B�+�m�H���` ���i �i�?�2 �?�B�;�?�2�b�i �2�M�2�`�;�B�2�b�X �h�?�2�`�2�7�Q�`�2�- �r�2 �m�b�2 �i�?�2 ���#�Q�p�2
�K�2�M�i�B�Q�M�2�/ �#���+�F�;�`�Q�m�M�/ �`���i�2 ���b �Q�m�` �#�2�M�+�?�K���`�F �#���+�F�;�`�Q�m�M�/ ���M�/ �b�?�Q�r �`�2�b�m�H�i�b �7�Q�` �p���`�v�B�M�; �#���+�F�;�`�Q�m�M�/
�H�2�p�2�H�b�X

�P�i�?�2�` �T�Q�i�2�M�i�B���H �#���+�F�;�`�Q�m�M�/�b �7�Q�` �l�>�1 �`���/�B�Q �/�2�i�2�+�i�Q�`�b ���`�2 �+�m�`�`�2�M�i�H�v �m�M�/�2�` �b�i�m�/�v ���M�/ ���`�2 �M�Q�i
�B�M�+�H�m�/�2�/ �B�M �Q�m�` �#���+�F�;�`�Q�m�M�/ �2�b�i�B�K���i�2�b�X �h�?�2�b�2 �#���+�F�;�`�Q�m�M�/�b �B�M�+�H�m�/�2 �`���/�B�Q �2�K�B�b�b�B�Q�M �7�`�Q�K ���B�` �b�?�Q�r�2�`�b
�T�2�M�2�i�`���i�B�M�; �B�M�i�Q �i�?�2 �B�+�2 ���M�/ �M�Q�i �7�m�H�H�v �/�2�p�2�H�Q�T�2�/ �B�M�@�B�+�2 �T�2�M�2�i�`���i�B�M�; ���B�` �b�?�Q�r�2�`�b �B�M�/�m�+�B�M�; �2�H�2�+�i�`�Q�K���;�@
�M�2�i�B�+ �/�2�M�b�2 �b�?�Q�r�2�` �+�Q�`�2�b�X �"�Q�i�? �#���+�F�;�`�Q�m�M�/�b�- �H�B�F�2 �i�?�2 �K�m�Q�M�b�- �+���M �#�2 �`�2�/�m�+�2�/ �B�7 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;
���B�` �b�?�Q�r�2�` �+���M �#�2 �/�2�i�2�+�i�2�/�- �7�Q�` �2�t���K�T�H�2 �r�B�i�? �� �b�?���H�H�Q�r �+�Q�K�T�Q�M�2�M�i �Q�7 �i�?�2 �?�v�#�`�B�/ �b�i���i�B�Q�M�X �q�2�-
�?�Q�r�2�p�2�`�- �/�Q �M�Q�i �B�M�+�H�m�/�2 �b�m�+�? �� �+�Q�b�K�B�+�@�`���v �p�2�i�Q �B�M �i�?�2 �#���+�F�;�`�Q�m�M�/ ���b�b�m�K�T�i�B�Q�M�X

�h�?�2 �B�K�T���+�i �Q�7 �i�?�2 �/�B�z�2�`�2�M�i �2�p�2�M�i �;�`�Q�m�T�b �B�M�i�`�Q�/�m�+�2�/ �B�M �b�2�+�i�B�Q�M �3�X�9 �7�Q�` �/�B�z�2�`�2�M�i �#���+�F�;�`�Q�m�M�/
�H�2�p�2�H�b �B�b �b�i�m�/�B�2�/ �B�M �i�2�`�K�b �Q�7 �i�?�25� �/�B�b�+�Q�p�2�`�v �T�Q�i�2�M�i�B���H�- �B�X�2�X �i�?�2 �b�Q�m�`�+�2 �~�m�t �`�2�[�m�B�`�2�/ �7�Q�` �b�Q�m�`�+�2
�B�/�2�M�i�B�}�+���i�B�Q�M�- �7�Q�` �� �b�i�2���/�v �T�Q�B�M�i �b�Q�m�`�+�2 �U�R�y �v�2���`�b�V ���i �k�y� �/�2�+�H�B�M���i�B�Q�M ���b�b�m�K�B�M�; �� �M�2�m�i�`�B�M�Q �~�m�t �Q�7
E � 2�X

�_�2�b�m�H�i�b ���`�2 �b�?�Q�r�M �#���b�2�/ �Q�M �i�?�2 ���M�;�m�H���` �`�2�b�Q�H�m�i�B�Q�M �Q�#�i���B�M�2�/ �B�M �i�?�B�b �r�Q�`�F�- ���M �2�M�2�`�;�v �`�2�b�Q�H�m�i�B�Q�M
�#���b�2�/ �Q�M �(�R�d�R�)�- �i�?�2 �2�z�2�+�i�B�p�2 �p�Q�H�m�K�2 �#���b�2�/ �Q�M �i�?�2 �b�T�2�+�B�}�+�b �Q�7 �_�L�P�@�: �B�M �:�`�2�2�M�H���M�/�- �m�b�B�M�; �� �b�i���i�B�Q�M
�2�z�2�+�i�B�p�2 �p�Q�H�m�K�2 �7�Q�` ���M �_�L�P�@�: �b�i���i�B�Q�M ���M�/ ���M ���`�`���v �Q�7 �j�8 �b�i���i�B�Q�M�b �(�R�R�e�)�X �k�y� �/�2�+�H�B�M���i�B�Q�M �B�b �/�B�`�2�+�i�H�v
�B�M �i�?�2 �}�2�H�/ �Q�7 �p�B�2�r �Q�7 �� �`���/�B�Q �/�2�i�2�+�i�Q�` �#���b�2�/ �B�M �:�`�2�2�M�H���M�/�X

�h�?�2 �T�Q�B�M�i �b�Q�m�`�+�2 �b�i�m�/�v �K�Q�/�2�H�H�2�/ �r�B�i�? �i�Q�B�b�2 �B�b �b�2���`�+�?�B�M�; �k�y� ���`�Q�m�M�/ �� �b�Q�m�`�+�2�X �h�?�2 �7�`���K�2�r�Q�`�F
���b�b�m�K�2�b �R�. �b�v�K�K�2�i�`�v �7�Q�` �i�?�2 �`�2�b�Q�H�m�i�B�Q�M �Q�7 �� �b�Q�m�`�+�2�- �B�X�2�X �i�?�2 �M�m�K�#�2�` �Q�7 �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b �B�b
�+���H�+�m�H���i�2�/ �B�M �� �+�B�`�+�H�2 �r�B�i�? �`���/�B�m�b �Q�7 �i�?�2 ���M�;�m�H���` �`�2�b�Q�H�m�i�B�Q�M�X �h�?�2�`�2�7�Q�`�2�- �i�?�2 ���M�;�m�H���` �`�2�b�Q�H�m�i�B�Q�M
�`�2�[�m�B�`�2�/ �B�b �i�?�2 �S�a�6�- �B�X�2�X �?�Q�r �� �T�Q�B�M�i �b�Q�m�`�+�2 �B�b �T�2�`�+�2�B�p�2�/ �;�B�p�2�M �i�?�2 �B�K�T�2�`�7�2�+�i �/�2�i�2�+�i�Q�`�X �q�2 �+�Q�M�p�2�`�i
�i�?�2 �S�a�6�- �Q�#�i���B�M�2�/ ���b �2�t�T�H���B�M�2�/ �B�M �b�2�+�i�B�Q�M �N�X�R�X�R�- �B�M�i�Q �i�?�2 ���`�2���@�2�[�m�B�p���H�2�M�i �b�v�K�K�2�i�`�B�+ �`�2�b�Q�H�m�i�B�Q�M �7�Q�` ��
�b�Q�m�`�+�2 �H�Q�+���i�2�/ ���i �� �H�Q�+���H �x�2�M�B�i�? �Q�7 �d�y� �X �6�Q�` �� �b�i���i�B�Q�M �#���b�2�/ �B�M �:�`�2�2�M�H���M�/ �� �b�Q�m�`�+�2 ���i �� �/�2�+�H�B�M���i�B�Q�M
�Q�7 �k�y� �?���b ���M ���p�2�`���;�2 �H�Q�+���H �x�2�M�B�i�? �Q�7 �d�y� �- �r�?�B�+�? �B�b �i�?�2�`�2�7�Q�`�2 �� �;�Q�Q�/ ���T�T�`�Q�t�B�K���i�B�Q�M �7�Q�` �i�?�2 �b�B�x�2 �Q�7
�i�?�2 �S�a�6�X

�P�m�` �`�2�b�m�H�i�b ���`�2 �p�B�b�m���H�B�x�2�/ �B�M �6�B�;�m�`�2 �N�X�j�X �q�2 �b�?�Q�r �i�?�2 �`���i�B�Q �Q�7 �i�?�2 �/�B�b�+�Q�p�2�`�v �T�Q�i�2�M�i�B���H �7�Q�`
�/�B�z�2�`�2�M�i �2�p�2�M�i �;�`�Q�m�T�b�- �B�K�T�`�Q�p�B�M�; �B�M ���M�;�m�H���` �`�2�b�Q�H�m�i�B�Q�M �r�?�B�H�2 �`�2�/�m�+�B�M�; �i�?�2 �2�z�2�+�i�B�p�2 �p�Q�H�m�K�2 �r�B�i�?



�N�3 �*�>���S�h�1�_ �N�X ���S�S�G�A�*���h�A�P�L�a

10� 3 10� 2 10� 1 100 101 102 103

Background level

1

0.5

2

4

D
is

co
ve

ry
p

ot
en

tia
l

(r
el

at
iv

e
to

al
le

ve
nt

s)

All events

All events (vertex only)

Analysis cut

Quality cut (V)

Quality cut (H)

�6�B�;�m�`�2 �N�X�j�, �6�`���+�i�B�Q�M���H �B�K�T�`�Q�p�2�K�2�M�i �Q�7 �i�?�25� �/�B�b�+�Q�p�2�`�v �T�Q�i�2�M�i�B���H �7�Q�` �/�B�z�2�`�2�M�i ���M���H�v�b�B�b �+�m�i�b �+�Q�K�@
�T���`�2�/ �i�Q ���H�H �2�p�2�M�i�b �r�B�i�? �i�?�2 �Q�#�i���B�M�2�/ ���M�;�m�H���` �B�M�7�Q�`�K���i�B�Q�M �7�Q�` �� �/�2�+�H�B�M���i�B�Q�M �Q�7 �k�y� �X �L�Q�i�2 �i�?���i �#�Q�i�?
���t�2�b ���`�2 �H�Q�;���`�B�i�?�K�B�+�- ���M�/ ���M �2�p�2�M�i �;�`�Q�m�T �?���b �#�2�i�i�2�` �T�2�`�7�Q�`�K���M�+�2 �i�?���M �i�?�2 �#�2�M�+�?�K���`�F �b�2�i �r�?�2�M
�i�?�2 �`�2�H���i�B�p�2 �/�B�b�+�Q�p�2�`�v �T�Q�i�2�M�i�B���H �B�b �H�Q�r�2�`�X �q�2 �b�?�Q�r �i�?�2 ���M���H�v�b�B�b �+�m�i ���M�/ �i�r�Q �[�m���H�B�i�v �+�m�i�b �U�o ���M�/ �>�V�-
���b �/�B�b�+�m�b�b�2�/ �B�M �b�2�+�i�B�Q�M �3�X�9�X�k�X �6�m�`�i�?�2�`�K�Q�`�2�- �r�2 �b�?�Q�r �i�?�2 �`�2�H���i�B�p�2 �/�B�b�+�Q�p�2�`�v �T�Q�i�2�M�i�B���H �7�Q�` �i�?�2 �7�m�H�H �b�2�i
�m�b�B�M�; �Q�M�H�v �i�?�2 �b�?�Q�r�2�`�@�K���t�B�K�m�K �`�2�b�Q�H�m�i�B�Q�M�X �.�2�i���B�H�b ���`�2 �;�B�p�2�M �B�M �i�?�2 �i�2�t�i�X

�i�?�2�B�` �+�Q�`�`�2�b�T�Q�M�/�B�M�; ���M�;�m�H���` �`�2�b�Q�H�m�i�B�Q�M �+�Q�K�T���`�2�/ �i�Q �i�?�2 �#�2�M�+�?�K���`�F �2�p�2�M�i �b�2�i �U�7�m�H�H �b�2�i �r�B�i�? �Q�#�i���B�M�2�/
�`�2�b�Q�H�m�i�B�Q�M�V�X �A�M ���/�/�B�i�B�Q�M �i�Q �i�?�2 �2�p�2�M�i �;�`�Q�m�T�b �B�M�i�`�Q�/�m�+�2�/ �B�M �b�2�+�i�B�Q�M �3�X�9�- �r�2 ���H�b�Q �b�?�Q�r �i�?�2 �`�2�b�m�H�i�b �7�Q�`
�i�?�2 �7�m�H�H �2�p�2�M�i �b�2�i �r�B�i�? �Q�M�H�v �i�?�2 �b�?�Q�r�2�` �K���t�B�K�m�K �`�2�+�Q�M�b�i�`�m�+�i�2�/�- �B�X�2�X �i�?�2 �`�2�b�Q�H�m�i�B�Q�M �Q�#�i���B�M�2�/ �r�?�2�M
�Q�M�H�v �2�t�T�H�Q�B�i�B�M�; �i�?�2 �b�B�;�M���H �/�B�`�2�+�i�B�Q�M�X �q�2 �B�M�+�H�m�/�2 �i�?�B�b �i�Q �b�?�Q�r �i�?�2 �B�K�T�`�Q�p�2�K�2�M�i �T�`�Q�p�B�/�2�/ �i�?�`�Q�m�;�?
�i�?�B�b �r�Q�`�F�X

�q�2 �+�Q�M�+�H�m�/�2 �i�?���i �i�?�2 �Q�#�i���B�M�2�/ �M�2�m�i�`�B�M�Q �/�B�`�2�+�i�B�Q�M �`�2�b�Q�H�m�i�B�Q�M �`�2�b�m�H�i�b �B�M �� �7���+�i�Q�` �k�@�j �B�K�T�`�Q�p�2�K�2�M�i
�B�M �/�B�b�+�Q�p�2�`�v �T�Q�i�2�M�i�B���H �+�Q�K�T���`�2�/ �i�Q �`�2�+�Q�M�b�i�`�m�+�i�B�M�; �i�?�2 �b�?�Q�r�2�` �K���t�B�K�m�K �Q�M�H�v�X ���i �p�2�`�v �H�Q�r �#���+�F�@
�;�`�Q�m�M�/ �~�m�t�2�b�- �i�?�2 �/�B�b�+�Q�p�2�`�v �T�Q�i�2�M�i�B���H �/�2�T�2�M�/�b �Q�M�H�v �K�B�H�/�H�v �Q�M �i�?�2 �M�m�K�#�2�` �Q�7 �#���+�F�;�`�Q�m�M�/ �2�p�2�M�i�b�-
���M�/ �i�?�m�b �/�2�T�2�M�/�b �K�Q�`�2 �b�i�`�Q�M�;�H�v �Q�M �i�?�2 �2�z�2�+�i�B�p�2 �p�Q�H�m�K�2 �i�?���M �i�?�2 �`�2�b�Q�H�m�i�B�Q�M �Q�7 �2���+�? �2�p�2�M�i �b�2�i�X ���b
�i�?�2 �#���+�F�;�`�Q�m�M�/ �~�m�t �B�M�+�`�2���b�2�b�- �i�?�2 �`�2�/�m�+�i�B�Q�M �B�M �#���+�F�;�`�Q�m�M�/ ���H�H�Q�r�2�/ �#�v �`�2�b�i�`�B�+�i�B�M�; �i�Q �i�?�2 ���M���H�v�b�B�b
�+�m�i�- �Q�` �2�p�2�M�i�m���H�H�v �Q�M�2 �Q�7 �i�?�2 �[�m���H�B�i�v �+�m�i�b�- �#�2�+�Q�K�2�b �7���p�Q�`���#�H�2�- �+�Q�K�T���`�2�/ �i�Q �B�M�+�H�m�/�B�M�; ���H�H �2�p�2�M�i�b �B�M
�i�?�2 ���M���H�v�b�B�b�X �L�Q�i�2�- ���;���B�M�- �i�?���i �i�?�2 �/�B�b�+�Q�p�2�`�v �T�Q�i�2�M�i�B���H �B�b �b�?�Q�r�M� �̀2�H���i�B�p�2�i�Q �i�?���i �Q�7 ���H�H �2�p�2�M�i�b�c �7�Q�`
�H�Q�r�2�` �#���+�F�;�`�Q�m�M�/ �H�2�p�2�H�b �Q�` �7�Q�` �i�`���M�b�B�2�M�i �b�2���`�+�?�2�b �i�?�2 �Q�p�2�`���H�H �/�B�b�+�Q�p�2�`�v �T�Q�i�2�M�i�B���H �B�K�T�`�Q�p�2�b�X

�N�X�R�X�j �*�Q�M�+�H�m�b�B�Q�M�b

�A�M �i�?�B�b �b�2�+�i�B�Q�M�- �r�2 �?���p�2 �m�b�2�/ �i�?�2 �M�2�m�i�`�B�M�Q �/�B�`�2�+�i�B�Q�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���H�;�Q�`�B�i�?�K �Q�m�i�H�B�M�2�/ �B�M �+�?���T�i�2�`
�3 �i�Q �T�2�`�7�Q�`�K �� �i�Q�v �K�Q�/�2�H �b�Q�m�`�+�2 �b�2���`�+�? �7�Q�` ���M �_�L�P�@�:�@�H�B�F�2 �/�2�2�T �B�M�@�B�+�2 �`���/�B�Q �/�2�i�2�+�i�Q�`�X �h�Q �T�2�`�7�Q�`�K
�i�?�2 �b�Q�m�`�+�2 �b�2���`�+�?�- �i�?�2 �T�Q�B�M�i �b�T�`�2���/ �7�m�M�+�i�B�Q�M �U�S�a�6�V�- �r�?�B�+�? �/�2�b�+�`�B�#�2�b �?�Q�r �� �T�Q�B�M�i �b�Q�m�`�+�2 ���T�T�2���`�b
���7�i�2�` �7�Q�H�/�B�M�; �r�B�i�? �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �m�M�+�2�`�i���B�M�i�B�2�b�- �B�b �B�M�i�`�Q�/�m�+�2�/�X �A�M �+�Q�M�i�`���b�i �i�Q �i�v�T�B�+���H �i�2�H�2�b�+�Q�T�2
�2�t�T�2�`�B�K�2�M�i�b�- �i�?�2 �S�a�6 �B�b �M�2�B�i�?�2�` �b�v�K�K�2�i�`�B�+�- �M�Q�` �b�B�K�B�H���` �B�M �b�?���T�2 �i�Q �i�?�2 �ö�#���M���M���ö�@�b�?���T�2�/ �b�B�M�;�H�2�@�2�p�2�M�i
�+�Q�M�i�Q�m�`�b �b�2�2�M �B�M �+�?���T�i�2�` �3�X �A�M�b�i�2���/�- �r�2 �?���p�2 �b�?�Q�r�M �?�Q�r �/�B�z�2�`�2�M�i �M�2�m�i�`�B�M�Q �B�M�i�2�`���+�i�B�Q�M �p�2�`�i�B�+�2�b �7�Q�`
�� �b�B�M�;�H�2 �b�Q�m�`�+�2 �/�B�`�2�+�i�B�Q�M �H�2���/ �i�Q �� �ö�#�Q�r�@�i�B�2�ö�@�b�?���T�2�/ �S�a�6�- �r�?�B�+�? �+���M �#�2 �i�?�Q�m�;�?�i �Q�7 ���b ���`�B�b�B�M�; �7�`�Q�K
�i�?�2 �+�Q�K�#�B�M���i�B�Q�M �Q�7 �K���M�v �b�B�M�;�H�2�@�2�p�2�M�i �+�Q�M�i�Q�m�`�b�X �A�i�b �b�?���T�2 ���M�/ �b�B�x�2 �/�2�T�2�M�/ �Q�M �i�?�2 �H�Q�+���H �x�2�M�B�i�? �Q�7
�i�?�2 �b�Q�m�`�+�2�- ���b �r�2�H�H ���b �i�?�2 �[�m���H�B�i�v �+�m�i�b ���T�T�H�B�2�/ �i�Q �i�?�2 �2�p�2�M�i �b�2�i �m�b�2�/�X
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�h�?�2 �/�B�b�+�Q�p�2�`�v �T�Q�i�2�M�i�B���H �7�Q�` �� �T�Q�B�M�i �b�Q�m�`�+�2 �r�B�i�? �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���H�;�Q�`�B�i�?�K �/�2�b�+�`�B�#�2�/ �B�M �+�?���T�i�2�`
�3 �B�b �b�?�Q�r�M �i�Q �B�K�T�`�Q�p�2 �#�v �� �7���+�i�Q�`& 2 �+�Q�K�T���`�2�/ �i�Q �`�2�+�Q�M�b�i�`�m�+�i�B�M�; �i�?�2 �p�2�`�i�2�t �T�Q�b�B�i�B�Q�M �U�b�Q�m�`�+�2 �Q�7
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�i�?�2 �2�`�`�Q�` �Q�M �i�?�2 �T�Q�H���`�B�x���i�B�Q�M ���M�;�H�2�X �h�?�B�b �B�b �/�m�2 �#�Q�i�? �i�Q �i�?�2 �K�m�+�? �H���`�;�2�` �T�?���b�2 �b�T���+�2 �7�Q�` �i�?�B�b
�[�m���M�i�B�i�v �+�Q�K�T���`�2�/ �i�Q �i�?�2 �p�B�2�r�B�M�; ���M�;�H�2�- �r�?�B�+�? �B�b �+�Q�M�b�i�`���B�M�2�/ �i�Q �H�B�2 �r�B�i�?�B�M �� �+�Q�m�T�H�2 �Q�7 �/�2�;�`�2�2�b �Q�7
�i�?�2 �*�?�2�`�2�M�F�Q�p ���M�;�H�2�- ���M�/ �i�?�2 �7���+�i �i�?���i �i�?�2 �>�T�Q�H ���M�i�2�M�M���b ���`�2 �H�2�b�b �b�2�M�b�B�i�B�p�2 ���M�/ �;�2�M�2�`���H�H�v �`�2�+�Q�`�/ ��
�K�m�+�? �b�K���H�H�2�` �+�Q�M�i�`�B�#�m�i�B�Q�M �i�?���M �i�?�2 �o�T�Q�H ���M�i�2�M�M���b�X

�A�M �;�2�M�2�`���H�- �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �T�2�`�7�Q�`�K�b �#�2�b�i �7�Q�` �i�?�2 �ö�K�B�/�/�H�2�ö �2�M�2�`�;�B�2�b�X ���i �i�?�2 �H�Q�r�2�b�i �2�M�2�`�;�B�2�b�-
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�Q�7 �i�`�B�;�;�2�`�2�/ �2�p�2�M�i�b �i�?���i �+���M �#�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �r�2�H�H�X ���i �i�?�2 �?�B�;�?�2�b�i �2�M�2�`�;�B�2�b�- ���b �i�?�2 �b�?�Q�r�2�` �b�?���T�2�b
�#�2�+�Q�K�2 �K�Q�`�2 �B�`�`�2�;�m�H���`�- �T�2�`�7�Q�`�K���M�+�2 �Q�M�+�2 ���;���B�M �b�i���`�i�b �i�Q �/�2�+�`�2���b�2�X �6�B�M���H�H�v�- �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �7�Q�`
�2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �2�p�2�M�i�b ���i �H�Q�r �2�M�2�`�;�B�2�b �B�b �b�H�B�;�?�i�H�v �#�2�i�i�2�` �i�?���M �i�?���i �7�Q�` �T�m�`�2�H�v �?���/�`�Q�M�B�+ �2�p�2�M�i�b�X �h�?�B�b
�+���M �#�2 �T���`�i�B���H�H�v �2�t�T�H���B�M�2�/ �#�v �+�Q�M�b�B�/�2�`�B�M�; �i�?���i �7�Q�` �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �2�p�2�M�i�b�- �i�?�2 �2�M�i�B�`�2 �M�2�m�i�`�B�M�Q �2�M�2�`�;�v
�B�b �/�2�T�Q�b�B�i�2�/ �B�M �i�?�2 �T���`�i�B�+�H�2 �b�?�Q�r�2�`�b�- �H�2���/�B�M�; �i�Q �� �H���`�;�2�` �b�B�;�M���H ���K�T�H�B�i�m�/�2 ���i �i�?�2 �/�2�i�2�+�i�Q�`�X
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�H�B�2�b ���H�Q�M�; �i�?�2 �t�@���t�B�b�- ���M�/ �i�?�2 �p�B�2�r�B�M�; ���M�;�H�2 �/�B�`�2�+�i�B�Q�M ���H�Q�M�; �i�?�2 �v�@���t�B�b�X �h�?�B�b �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �N�X�8�-
�H�2�7�i�X �q�2 �i�?�2�M �[�m�Q�i�2 �i�?�2 �7�`���+�i�B�Q�M �Q�7 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �2�p�2�M�i�b �+�Q�M�i���B�M�2�/ �r�B�i�?�B�M �i�?�2 ���`�2�� �Q�7 ���M �2�H�Q�M�;���i�2�/
�2�H�H�B�T�b�2 �+�2�M�i�`�2�/ �Q�M �i�?�2 �i�`�m�2 �M�2�m�i�`�B�M�Q �/�B�`�2�+�i�B�Q�M�X �h�?�B�b �;�B�p�2�b �� �K�Q�`�2 ���+�+�m�`���i�2 �B�K�T�`�2�b�b�B�Q�M �Q�7 �i�?�2 ���+�i�m���H
�k�/ �b�T�`�2���/ �Q�7 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���H�;�Q�`�B�i�?�K�c �?�Q�r�2�p�2�`�- �B�i �b�?�Q�m�H�/ �#�2 �b�i�`�2�b�b�2�/ �i�?���i �i�?�2 ���`�2�� �r�B�i�?�B�M �r�?�B�+�?
�� �b�B�M�;�H�2 �2�p�2�M�i �`�2�+�Q�M�b�i�`�m�+�i�b �/�Q�2�b�M�Q�i���H�H�Q�r �i�Q �K���F�2 �B�M�7�2�`�2�M�+�2�b �Q�M �i�?�2 �i�`�m�2 �b�B�M�;�H�2�@�2�p�2�M�i �m�M�+�2�`�i���B�M�i�v�-
�r�?�B�+�? �K���v �#�2 �b�K���H�H�2�` �Q�` �H���`�;�2�`�X �� �T�`�Q�+�2�/�m�`�2 �i�Q �/�2�i�2�`�K�B�M�2 �b�B�M�;�H�2�@�2�p�2�M�i �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�Q�m�`�b �m�b�B�M�;
�`�2�b�B�K�m�H���i�B�Q�M �?���b �#�2�2�M �/�2�b�+�`�B�#�2�/ �B�M �b�2�+�i�B�Q�M �3�X�9�X�j�c ���b �i�?�B�b �T�`�Q�+�2�b�b �i���F�2�b �Q�7 �i�?�2 �Q�`�/�2�` �Q�7 �b�2�p�2�`���H �?�Q�m�`�b
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�?�2�`�2 �/�2�}�M�2�/ �#�v �`�2�[�m�B�`�B�M�; �� �K�B�M�B�K�m�K �a�L�_ �Q�7 �k�X�8 �B�M �i�r�Q ���M�i�2�M�M���b �Q�M �i�?�2 �+�2�M�i�`���H �b�i�`�B�M�;�- �Q�7 �r�?�B�+�? ���i
�H�2���b�i �Q�M�2 �b�?�Q�m�H�/ �#�2 ���i �� �/�B�z�2�`�2�M�i �/�2�T�i�? �i�?���M �i�?�2 �T�?���b�2�/ ���`�`���v�- ���b �r�2�H�H ���b ���M �a�L�_> 2 �Q�M ���i �H�2���b�i
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�6�B�;�m�`�2 �N�X�8�, �h�?�2 �k�. �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 ���H�H �`�2�+�Q�M�b�i�`�m�+�i�2�/ �2�p�2�M�i�b�X �G�2�7�i�, ���7�i�2�` �`�Q�i���i�B�Q�M ���M�/ �T�`�Q�D�2�+�i�B�Q�M
�i�Q �i�?�2 �T�Q�H���`�B�x���i�B�Q�M ���M�/ �p�B�2�r�B�M�; ���M�;�H�2 �/�B�`�2�+�i�B�Q�M�b�- �i�?�2 �U�`�2�+�Q�M�b�i�`�m�+�i�2�/� �i�`�m�2�V �M�2�m�i�`�B�M�Q �/�B�`�2�+�i�B�Q�M�b
���`�2 �/�B�b�i�`�B�#�m�i�2�/ ���H�Q�M�; �2�H�Q�M�;���i�2�/ �2�H�H�B�T�b�2�b�X �a�?�Q�r�M ���`�2 �B�M�/�B�p�B�/�m���H �`�2�+�Q�M�b�i�`�m�+�i�2�/ �2�p�2�M�i�b�- ���b �r�2�H�H ���b
�i�?�2 �2�H�H�B�T�b�2 �+�Q�M�i���B�M�B�M�; �8�y�W �Q�7 ���H�H �2�p�2�M�i�b�X �1�p�2�M�i�b �T���b�b�B�M�; �i�?�2 ���M���H�v�b�B�b �+�m�i ���`�2 �B�M�/�B�+���i�2�/ �r�B�i�? �}�H�H�2�/
�b�v�K�#�Q�H�b ���M�/ �/���b�?�2�/ �2�H�H�B�T�b�2�b�X �_�B�;�?�i�, �i�?�2 �7�`���+�i�B�Q�M �Q�7 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �2�p�2�M�i�b �+�Q�M�i���B�M�2�/ �r�B�i�?�B�M ���M �2�H�H�B�T�b�2
�Q�7 �� �+�2�`�i���B�M ���`�2���- �7�Q�` �#�Q�i�? ���H�H �2�p�2�M�i�b ���M�/ �i�?�Q�b�2 �T���b�b�B�M�; �i�?�2 ���M���H�v�b�B�b �+�m�i�X �L�Q�i�2 �i�?���i �i�?�B�b �/�Q�2�b�M�Q�i
�B�K�T�H�v �i�?���i �i�?�2�b�2 �2�p�2�M�i�b ���H�b�Q �?���p�2 �b�B�M�;�H�2�@�2�p�2�M�i �L�W �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�Q�m�`�b �i�?���i ���`�2 �b�K���H�H�2�` �i�?���M �i�?�2
�;�B�p�2�M �2�H�H�B�T�b�2�X �h�?�2 �i�Q�T �t�@���t�B�b �b�?�Q�r�b �i�?�2 ���`�2���@�2�[�m�B�p���H�2�M�i �R�. ���M�;�H�2 �7�Q�` �� �b�v�K�K�2�i�`�B�+ �+�Q�M�i�Q�m�`�X

�Q�M�2 ���M�i�2�M�M�� �B�M �#�Q�i�? �Q�7 �i�?�2 �b�2�+�Q�M�/���`�v �b�i�`�B�M�;�b�X �h�?�2 �7�`���+�i�B�Q�M �Q�7 �2�p�2�M�i�b �`�2�i���B�M�2�/ ���i �2���+�? �2�M�2�`�;�v ���7�i�2�`
�i�?�B�b �+�m�i �B�b �b�?�Q�r�M �Q�M �i�?�2 �`�B�;�?�i �Q�7 �6�B�;�m�`�2 �N�X�8�X �L�Q�i�2 �i�?���i �i�?�B�b �+�m�i �?���b �#�2�2�M �/�2�}�M�2�/ �#���b�2�/ �Q�M �i�?�2 �i�`�m�2
�U�b�B�K�m�H���i�2�/�V �b�B�;�M���H �a�L�_ �B�M �i�?�2 �(�N�e�- �8�y�y�) �J�>�x �#���M�/�c �B�i �B�b �2�t�T�2�+�i�2�/ �i�?���i �� �b�B�K�B�H���` �+�m�i �+���M �#�2 �/�2�}�M�2�/
�#���b�2�/ �Q�M �/���i�� �r�B�i�? �� �K�Q�/�2�`���i�2 �H�Q�b�b �Q�7 �2�B�i�?�2�` �2�{�+�B�2�M�+�v �Q�` �`�2�b�Q�H�m�i�B�Q�M�X

�N�X�k�X�j �*�Q�K�T���`�B�b�Q�M �Q�7 �/�B�z�2�`�2�M�i �H���v�Q�m�i�b

�A�M ���/�/�B�i�B�Q�M �i�Q �2�p���H�m���i�B�M�; �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �ö�`�2�7�2�`�2�M�+�2�ö �/�2�b�B�;�M �Q�7 �i�?�2 �A�+�2�*�m�#�2�@�:�2�M�k �?�v�#�`�B�/
�`���/�B�Q �b�i���i�B�Q�M�- �r�2 �?���p�2 ���H�b�Q �T�2�`�7�Q�`�K�2�/ �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �7�Q�` �b�2�p�2�`���H ���H�i�2�`�M���i�B�p�2 �/�2�i�2�+�i�Q�` �H���v�Q�m�i�b�X
�A�M �Q�`�/�2�` �i�Q �#�2 ���#�H�2 �i�Q �+�Q�K�T���`�2 �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �/�B�z�2�`�2�M�i �H���v�Q�m�i�b �+�Q�M�b�B�b�i�2�M�i�H�v�- �i�?�2 �b�B�K�m�H���i�B�Q�M
�r���b �Q�M�H�v �T�2�`�7�Q�`�K�2�/ �Q�M�+�2�- �m�b�B�M�; ���M �ö�Q�p�2�`�B�M�b�i�`�m�K�2�M�i�2�/�ö �/�2�i�2�+�i�Q�` �+�Q�M�i���B�M�B�M�; ���H�H ���M�i�2�M�M���b �Q�M�2 �r���M�i�b
�i�Q �+�Q�M�b�B�/�2�`�X ���b �i�?�2 �i�`�B�;�;�2�` �`�2�K���B�M�b �i�?�2 �b���K�2 �7�Q�` ���H�H �H���v�Q�m�i�b �+�Q�M�b�B�/�2�`�2�/ �?�2�`�2�- �i�?�2 �b���K�2 �2�p�2�M�i�b �+���M
�#�2 �m�b�2�/ �7�Q�` �i�?�2 �+�Q�K�T���`�B�b�Q�M �#�v �b�B�K�T�H�v �+�?���M�;�B�M�; �i�?�2 ���M�i�2�M�M���b �m�b�2�/ �B�M �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�X

�� �b�F�2�i�+�? �Q�7 ���H�H �H���v�Q�m�i�b �m�b�2�/ �B�M �i�?�B�b �b�i�m�/�v �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �N�X�e�X ���H�H �/�2�b�B�;�M�b �B�M�+�H�m�/�2 �R�e �/�2�2�T
�B�M�@�B�+�2 ���M�i�2�M�M���b�- �H�2���p�B�M�; �3 �Q�7 �i�?�2 �i�Q�i���H �k�9 �.���Z �+�?���M�M�2�H�b �7�Q�` �i�?�2 �b�?���H�H�Q�r �+�Q�K�T�Q�M�2�M�i�X �A�M ���/�/�B�i�B�Q�M �i�Q
�i�?�2 �`�2�7�2�`�2�M�+�2 �/�2�b�B�;�M�- �r�2 �7�m�`�i�?�2�` �+�Q�M�b�B�/�2�`�,

�Ç �h�?�2���H�i�R���M�/���H�i�k�/�2�b�B�;�M�b �B�M�+�`�2���b�2 �i�?�2 �?�Q�`�B�x�Q�M�i���H �#���b�2�H�B�M�2 �Q�7 �i�?�2 �i�?�`�2�2 �b�i�`�B�M�;�b�X �� �H���`�;�2�`
�#���b�2�H�B�M�2 �?�2�H�T�b �i�Q �K�Q�`�2 ���+�+�m�`���i�2�H�v �+�Q�M�b�i�`���B�M �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �b�?�Q�r�2�` �K���t�B�K�m�K�- ���M�/ �K���v
���H�b�Q �?�2�H�T �i�Q �+�Q�M�b�i�`���B�M �i�?�2 �T�Q�H���`�B�x���i�B�Q�M �#�v �K���T�T�B�M�; �Q�m�i �i�?�2 �*�?�2�`�2�M�F�Q�p �+�Q�M�2�- ���i �i�?�2 �+�Q�b�i �Q�7
�i�?�2 �H�Q�b�b �Q�7 �a�L�_ ���b �Q�M�2 �;�Q�2�b ���r���v �7�m�`�i�?�2�` �7�`�Q�K �i�?�2 �i�`�B�;�;�2�`�B�M�; ���M�i�2�M�M���X

�Ç �h�?�2���H�i�j�H���v�Q�m�i �K�Q�p�2�b ���H�H �7�Q�m�` �>�T�Q�H ���M�i�2�M�M���b �i�Q �i�?�2 �+�2�M�i�`���H �b�i�`�B�M�;�X �A�M �;�2�M�2�`���H�- �i�?�2 �?�B�;�?�2�b�i
�a�L�_ �B�b �2�t�T�2�+�i�2�/ �+�H�Q�b�2 �i�Q �i�?�2 �i�`�B�;�;�2�`�B�M�; ���M�i�2�M�M���b�c �?���p�B�M�; ���H�H �7�Q�m�` �>�T�Q�H ���M�i�2�M�M���b �/�B�`�2�+�i�H�v ���#�Q�p�2
�i�?�2 �T�?���b�2�/ ���`�`���v �K���v �i�?�2�`�2�7�Q�`�2 �?�2�H�T �i�Q �B�M�+�`�2���b�2 �i�?�2 �b�B�;�M���H �+�Q�M�i�`�B�#�m�i�B�Q�M �B�M �i�?�2�b�2 ���M�i�2�M�M���b�X
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String separation [m]

�6�B�;�m�`�2 �N�X�e�, �.�B�z�2�`�2�M�i �/�2�i�2�+�i�Q�` �H���v�Q�m�i�b �m�b�2�/ �7�Q�` �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �+�Q�K�T���`�B�b�Q�M�X �h�?�2 �+�2�M�i�`���H �b�i�`�B�M�;
�+�Q�M�i���B�M�b �i�?�2 �7�Q�m�`�@�+�?���M�M�2�H �T�?���b�2�/ ���`�`���v �m�b�2�/ �7�Q�` �i�`�B�;�;�2�`�B�M�; ���i �i�?�2 �#�Q�i�i�Q�K�X �h�?�2 ���M�i�2�M�M���b �T�`�2�b�2�M�i �B�M
�2���+�? �+�Q�M�}�;�m�`���i�B�Q�M ���`�2 �b�?�Q�r�M �B�M �Q�`���M�;�2 ���M�/ �;�`�2�2�M�- �r�B�i�? �i�?�2 �m�M�m�b�2�/ ���M�i�2�M�M���b �B�M �;�`�2�v�X
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�6�B�;�m�`�2 �N�X�d�, �*�Q�K�T���`�B�b�Q�M �Q�7 �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �/�B�z�2�`�2�M�i �/�2�i�2�+�i�Q�` �H���v�Q�m�i�b�X �h�?�2 �B�K�T�`�Q�p�2�K�2�M�i �B�b
�b�?�Q�r�M ���b �i�?�2 ���/�/�B�i�B�Q�M���H �7�`���+�i�B�Q�M �Q�7 ���H�H �2�p�2�M�i�b �i�?���i �`�2�+�Q�M�b�i�`�m�+�i�b �r�B�i�?�B�M �� �+�2�`�i���B�M� �- �+�Q�K�T���`�2�/ �i�Q
�i�?�2 �`�2�7�2�`�2�M�+�2 �H���v�Q�m�i�- �7�Q�` �r�?�B�+�? �i�?�2 �*�.�6 �B�b �b�?�Q�r�M �Q�M �i�?�2 �i�Q�T �t�@���t�B�b�X

�Ç �6�B�M���H�H�v�- �i�?�2���H�i�9���M�/���H�i�8�/�2�b�B�;�M�b �K�Q�p�2 �i�?�2 �i�r�Q �b�?���H�H�Q�r�2�` �o�T�Q�H ���M�i�2�M�M���b �/�2�2�T�2�`�X �� �b�B�;�M���H �B�M
�Q�M�2 �Q�7 �i�?�2 �m�T�T�2�` �o�T�Q�H ���M�i�2�M�M���b �+���M �T�`�Q�p�B�/�2 �� �b�i�`�Q�M�; ���/�/�B�i�B�Q�M���H �+�Q�M�b�i�`���B�M�i �B�M �i�?�2 �`�2�+�Q�M�b�i�`�m�+�@
�i�B�Q�M�- �T���`�i�B�+�m�H���`�H�v �7�Q�` �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �b�?�Q�r�2�` �K���t�B�K�m�K�X �>�Q�r�2�p�2�`�- �/�m�2 �i�Q �i�?�2�B�` �`�2�H���i�B�p�2�H�v
�H���`�;�2 �b�2�T���`���i�B�Q�M �7�`�Q�K �i�?�2 �i�`�B�;�;�2�`�B�M�; �+�?���M�M�2�H�b�- ���b �r�2�H�H ���b �i�?�2 �ö�b�?���/�Q�r�@�x�Q�M�2�ö �(�R�8�R�) �/�m�2 �i�Q �i�?�2
�/�Q�r�M�r���`�/�@�#�2�M�/�B�M�; �Q�7 �B�M�@�B�+�2 �`���/�B�Q �b�B�;�M���H�b�- �/�2�i�2�+�i���#�H�2 �b�B�;�M���H�b �B�M �i�?�2�b�2 ���M�i�2�M�M���b ���`�2 �`���`�2�- �K�Q�@
�i�B�p���i�B�M�; �i�?�2�b�2 �/�2�b�B�;�M�b �r�B�i�? �b�K���H�H�2�` �p�2�`�i�B�+���H �#���b�2�H�B�M�2�b�- �r�?�B�+�? ���`�2 �2�t�T�2�+�i�2�/ �i�Q �+�Q�M�i�`�B�#�m�i�2 �7�Q�` ��
�H���`�;�2�` �7�`���+�i�B�Q�M �Q�7 �i�`�B�;�;�2�`�2�/ �2�p�2�M�i�b�X

�h�?�2 �`�2�b�m�H�i�b �7�Q�` �2���+�? �+�Q�M�}�;�m�`���i�B�Q�M ���`�2 �b�?�Q�r�M �B�M �6�B�;�m�`�2 �N�X�d�X �h�?�2�v �b�?�Q�r �i�?�2 �B�K�T�`�Q�p�2�K�2�M�i �B�M
�T�2�`�7�Q�`�K���M�+�2 ���b �i�?�2 ���/�/�B�i�B�Q�M���H �7�`���+�i�B�Q�M �Q�7 �2�p�2�M�i�b �i�?���i �`�2�+�Q�M�b�i�`�m�+�i�2�/ �r�B�i�?�B�M �� �+�2�`�i���B�M �`�2�b�Q�H�m�i�B�Q�M�- �B�X�2�X
�i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �`�2�b�T�2�+�i�B�p�2 �*�.�6�b�X �q�2 �+�Q�K�T���`�2 �i�?�2 �T�2�`�7�Q�`�K���M�+�2 ���+�`�Q�b�b ���H�H �2�M�2�`�;�B�2�b �#�v
�`�2�r�2�B�;�?�i�B�M�; �r�B�i�? �i�?�2 �2�t�T�2�+�i�2�/ �~�m�t ���i �i�?�2 �/�2�i�2�+�i�Q�`�- ���b�b�m�K�B�M�; �� �b�B�M�;�H�2 �T�Q�r�2�`�@�H���r �b�T�2�+�i�`�m�K �(�R�j�9�) �T�H�m�b
�� �:�w�E �+�Q�K�T�Q�M�2�M�i �7�`�Q�K �+�Q�b�K�Q�;�2�M�B�+ �M�2�m�i�`�B�M�Q�b �(�R�d�k�)�X �P�M�H�v �?���/�`�Q�M�B�+ �2�p�2�M�i�b �r�2�`�2 �B�M�+�H�m�/�2�/ �7�Q�` �i�?�2
�+�Q�K�T���`�B�b�Q�M�- ���H�i�?�Q�m�;�? ���b �Q�M�H�v �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �`�2�H���i�B�p�2 �i�Q �i�?�2 �`�2�7�2�`�2�M�+�2 �B�b �b�?�Q�r�M �?�2�`�2�- �i�?�2 �B�K�T���+�i
�Q�7 �2�t�+�H�m�/�B�M�; �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �2�p�2�M�i�b �?�2�`�2 �+���M �#�2 ���b�b�m�K�2�/ �i�Q �#�2 �b�K���H�H�X

�q�2 �K���F�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �Q�#�b�2�`�p���i�B�Q�M�b�, �A�M�+�`�2���b�B�M�; �i�?�2 �?�Q�`�B�x�Q�M�i���H �#���b�2�H�B�M�2 �U�+�Q�M�}�;�m�`���i�B�Q�M�b ���H�i�R�-
���H�i�k�V �K���B�M�H�v �B�K�T�`�Q�p�2�b �i�?�2 �T�`�2�+�B�b�B�Q�M �Q�7 �i�?�2 �b�B�;�M���H �/�B�`�2�+�i�B�Q�M �/�2�i�2�`�K�B�M���i�B�Q�M�- �#�m�i �Q�M�H�v �7�Q�` �i�?�2� 30%
�#�2�b�i �2�p�2�M�i�b�X �h�?�2 �2�`�`�Q�` �7�Q�` �i�?�2�b�2 �2�p�2�M�i�b�- �?�Q�r�2�p�2�`�- �B�b �/�Q�K�B�M���i�2�/ �#�v �i�?�2 �m�M�+�2�`�i���B�M�i�B�2�b �Q�M �p�B�2�r�B�M�;
���M�;�H�2 ���M�/ �T�Q�H���`�B�x���i�B�Q�M�- �r�?�2�`�2 �M�Q �+�H�2���` �B�K�T�`�Q�p�2�K�2�M�i �B�b �Q�#�b�2�`�p�2�/�X �6�Q�` �H�Q�r�2�` �[�m���H�B�i�v �2�p�2�M�i�b�- �Q�M �i�?�2
�Q�i�?�2�` �?���M�/�- �i�?�2 �H�Q�r�2�` �b�B�;�M���H �+�Q�M�i�`�B�#�m�i�B�Q�M �B�M �i�?�2 �M�Q�r �7�m�`�i�?�2�`�@���r���v �b�2�+�Q�M�/���`�v �b�i�`�B�M�;�b �?�B�M�/�2�`�b �i�?�2
�`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �i�?�2 �b�?�Q�r�2�` �K���t�B�K�m�K�- �2�b�T�2�+�B���H�H�v �7�Q�` �i�?�2 �H���`�;�2�b�i �#���b�2�H�B�M�2 �U���H�i�k�V�X

�J�Q�p�B�M�; ���H�H �7�Q�m�` �>�T�Q�H ���M�i�2�M�M���b �i�Q �i�?�2 �+�2�M�i�`���H �b�i�`�B�M�; �U���H�i�j�V �/�Q�2�b �M�Q�i ���z�2�+�i �i�?�2 �b�B�;�M���H �/�B�`�2�+�i�B�Q�M
�`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�- �r�?�B�+�? �`�2�H�B�2�b �Q�M�H�v �Q�M �i�?�2 �o�T�Q�H ���M�i�2�M�M���b�X �L�Q �+�H�2���` �B�K�T�`�Q�p�2�K�2�M�i �B�b �b�?�Q�r�M �7�Q�` �i�?�2 �p�B�2�r�@
�B�M�; ���M�;�H�2 �Q�` �T�Q�H���`�B�x���i�B�Q�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�- �2�B�i�?�2�`�- �?�Q�r�2�p�2�`�X �U�L�Q�i�2 �i�?���i �B�M �+�Q�K�T���`�B�b�Q�M �i�Q �i�?�2 �Q�`�B�;�B�M���H
���H�;�Q�`�B�i�?�K�- �r�?�2�`�2 �i�?�2 �>�T�Q�H ���M�i�2�M�M���b �Q�M �b�2�+�Q�M�/���`�v �b�i�`�B�M�;�b �r�2�`�2 �Q�M�H�v �B�M�+�H�m�/�2�/ �B�7 �i�?�2�B�` �a�L�_ �2�t�+�2�2�/�2�/
�j�X�8�- �i�?�B�b �+�Q�M�}�;�m�`���i�B�Q�M �/�B�/ �b�?�Q�r ��� 5% �B�K�T�`�Q�p�2�K�2�M�i �B�M �i�?�2 �M�m�K�#�2�` �Q�7 �2�p�2�M�i�b �`�2�+�Q�M�b�i�`�m�+�i�2�/ �r�B�i�?
�� �T�Q�H���`�B�x���i�B�Q�M �2�`�`�Q�` �Q�7� 10� �V�X

�6�B�M���H�H�v�- �`�2�T�H���+�B�M�; �i�?�2 �i�r�Q �m�T�T�2�`�K�Q�b�i �o�T�Q�H ���M�i�2�M�M���b �r�B�i�? �/�2�2�T�2�` ���M�i�2�M�M���b �U���H�i�9�- ���H�i�8�V �b�B�;�M�B�}�@
�+���M�i�H�v �B�M�+�`�2���b�2�b �i�?�2 �7�`���+�i�B�Q�M �Q�7 �2�p�2�M�i�b �r�B�i�? �� �b�B�;�M���H �/�B�`�2�+�i�B�Q�M �`�2�+�Q�M�b�i�`�m�+�i�2�/ �r�B�i�?�B�M �P�U�R�V �/�2�;�- �r�B�i�?�Q�m�i
�M�2�;���i�B�p�2�H�v �B�K�T���+�i�B�M�; �i�?�2 �`�2�b�Q�H�m�i�B�Q�M �Q�#�i���B�M�2�/ �#�v �i�?�2 �Q�i�?�2�` �T���`�i�b �Q�7 �i�?�2 ���H�;�Q�`�B�i�?�K�X �J�Q�b�i �Q�7 �i�?�2 �B�K�@
�T�`�Q�p�2�K�2�M�i�- �?�Q�r�2�p�2�`�- �b�2�2�K�b �i�Q ���T�T�H�v �i�Q �H�Q�r �Q�` �K�2�/�B�m�K �[�m���H�B�i�v �2�p�2�M�i�b�- �b�m�+�? �i�?���i �i�?�2 �B�M�+�`�2���b�2 �B�M �i�?�2
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�7�`���+�i�B�Q�M �Q�7 �2�p�2�M�i�b �`�2�+�Q�M�b�i�`�m�+�i�B�M�; �r�B�i�?�B�M �� �+�2�`�i���B�M ���`�2�� �B�b �`�2�H���i�B�p�2�H�v �K�Q�/�2�b�i�X
�A�M �;�2�M�2�`���H�- �i�?�2 �B�K�T���+�i �Q�7 �+�?���M�;�B�M�; �i�?�2 �/�2�i�2�+�i�Q�` �+�Q�M�}�;�m�`���i�B�Q�M �B�b �M�Q�i �/�`���K���i�B�+�- ���M�/ �H���`�;�2�` �B�K�@

�T�`�Q�p�2�K�2�M�i�b ���`�2 �2�t�T�2�+�i�2�/ �#�v �7�m�`�i�?�2�` �`�2�}�M�2�K�2�M�i�b �Q�7 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���H�;�Q�`�B�i�?�K�- �Q�` �i�?�2 �m�b�2 �Q�7
�K���+�?�B�M�2�@�H�2���`�M�B�M�; �#���b�2�/ ���T�T�`�Q���+�?�2�b �b�m�+�? ���b �(�k�y�j�- �k�y�8�)�X
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�(�k�R�d�) �.�X �:���`�+�Q���@�6�2�`�M�€�M�/�2�x�- ���X �L�2�H�H�2�b ���M�/ �*�X �:�H���b�2�`�-�a�B�;�M���i�m� �̀2�b �Q�7 �b�2�+�Q�M�/���`�v �H�2�T�i�Q�M�b �B�M
� �̀��/�B�Q�@�M�2�m�i�`�B�M�Q �/�2�i�2�+�i�Q�`�b �B�M �B�+�2�-�S�?�v�b�X �_�2�p�X �.�R�y�k�U�k�y�k�y�V �y�3�j�y�R�R�- �(�k�y�y�j�X�R�j�9�9�k�)�X

�(�k�R�3�) �C�X �L�Q�+�2�/���H ���M�/ �a�X �C�X �q�`�B�;�?�i�-�L�m�K�2�`�B�+���H �P�T�i�B�K�B�x���i�B�Q�M�X �a�T�`�B�M�;�2�` �a�2�`�B�2�b �B�M �P�T�2�`���i�B�Q�M�b
�_�2�b�2���`�+�? ���M�/ �6�B�M���M�+�B���H �1�M�;�B�M�2�2�`�B�M�;�X �a�T�`�B�M�;�2�`�- �k�y�y�e�- �R�y�X�R�y�y�d�f�N�d�3�@�y�@�j�3�d�@�9�y�y�e�8�@�8�X
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�6�Q�+�m�b�b�B�M�; �7���+�i�Q�`

�A�M �i�?�B�b ���T�T�2�M�/�B�t�- �r�2 �/�2�`�B�p�2 �i�?�2 �b�Q�@�+���H�H�2�/ �7�Q�+�m�b�b�B�M�; �7���+�i�Q�` �7�Q�` �� �b�B�;�M���H �i�`���p�2�H�H�B�M�; �i�?�`�Q�m�;�? �� �K�2�/�B�m�K
�r�B�i�? �� �+�?���M�;�B�M�; �B�M�/�2�t �Q�7 �`�2�7�`���+�i�B�Q�M�X �A�M �i�?�2 �7�Q�H�H�Q�r�B�M�;�- �r�2 �r�B�H�H ���H�r���v�b ���b�b�m�K�2 �i�?���i �i�?�2 �B�M�/�2�t �Q�7
�`�2�7�`���+�i�B�Q�M �/�2�T�2�M�/�b �Q�M �/�2�T�i�? �Q�M�H�v�- �B�X�2�Xn = n(z)�- �r�?�B�+�? �B�K�T�H�B�2�b �� �?�Q�`�B�x�Q�M�i���H �i�`���M�b�H���i�B�Q�M���H �b�v�K�K�2�i�`�v�X
�A�;�M�Q�`�B�M�; ���i�i�2�M�m���i�B�Q�M�- �i�?�2 ���K�T�H�B�i�m�/�2 �Q�7 ���M �2�H�2�+�i�`�Q�K���;�M�2�i�B�+ �b�B�;�M���HjE j �i�`���p�2�H�H�B�M�; �� �/�B�b�i���M�+�2s �B�M ��
�M�Q�M�@�m�M�B�7�Q�`�K �K�2�/�B�m�K �B�b �K�Q�/�B�}�2�/ �7�`�Q�K �i�?�2 �m�b�m���H �B�M�p�2�`�b�2�@�b�[�m���`�2 �`�2�H���i�B�Q�M�b�?�B�T �#�v �i�?�`�2�2 �7���+�i�Q�`�b�,

�R�X �h�?�2 �`�2�~�2�+�i���M�+�2�f�i�`���M�b�K�B�i�i���M�+�2�X ���i ���M �B�M�i�2�`�7���+�2 �#�2�i�r�2�2�M �/�B�2�H�2�+�i�`�B�+ �K�2�/�B�� �r�B�i�? �`�2�7�`���+�i�B�p�2 �B�M�@
�/�B�+�2�bn ���M�/n0�- �� �T�Q�H���`�B�x���i�B�Q�M�@�/�2�T�2�M�/�2�M�i �7�`���+�i�B�Q�M �Q�7 �i�?�2 �B�M�+�B�/�2�M�i �T�Q�r�2�` �B�b �`�2�~�2�+�i�2�/�X �h�?�B�b
�7�`���+�i�B�Q�M �B�b �;�B�p�2�M �#�v �i�?�2 �6�`�2�b�M�2�H �+�Q�2�{�+�B�2�M�i�bR� ���M�/R�

�R�X �h�?�2 �i�`���M�b�K�B�i�i���M�+�2 �B�b �i�?�2�M �;�B�p�2�M �#�v
�2�M�2�`�;�v �+�Q�M�b�2�`�p���i�B�Q�M �i�Q �#�2T�;� = 1 � R�;� �X

�k�X �h�?�2 �+�?���M�;�2 �B�M �i�?�2 �r���p�2 �B�K�T�2�/���M�+�2Z �X �h�?�2 �B�M�i�2�M�b�B�i�v �Q�7 �i�?�2 �b�B�;�M���H �B�b �;�B�p�2�M �#�vI = jE j2=Z�-

�r�B�i�?Z =
p

�=� / 1=n�X �h�?�B�b �`�2�b�m�H�i�b �B�M �i�?�2�B�K�T�2�/���M�+�2 �7���+�i�Q�`jE 0j2

jE j2 / n
n 0 �X

�j�X �h�?�2 �+�?���M�;�2 �B�M �i�?�2 �B�M�i�2�M�b�B�i�v�X �6�Q�` �� �b�B�;�M���H �+�Q�M�+�2�M�i�`���i�2�/ �B�M �� �M���`�`�Q�r �#�2���K�- �i�?�2 �#�2���K ���`�2��
A �+�?���M�;�2�b ���b �i�?�2 �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �b�B�;�M���H �+�?���M�;�2�b�X �6�`�Q�K �2�M�2�`�;�v �+�Q�M�b�2�`�p���i�B�Q�M�-I � A �`�2�K���B�M�b
�+�Q�M�b�i���M�i�- ���M�/ �i�?�2�`�2�7�Q�`�2 �i�?�2 �B�M�i�2�M�b�B�i�v �B�M �i�?�2 �#�2���K �r�B�H�H �p���`�v ���bI 0

I / A
A 0 �X �q�2 �r�B�H�H �`�2�7�2�` �i�Q �i�?�B�b

�B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; ���b �i�?�2�;�2�Q�K�2�i�`�B�+ �7���+�i�Q�`�X

�q�2 �r�B�H�H �7�Q�H�H�Q�r �i�?�2 �+�Q�M�p�2�M�i�B�Q�M �B�M �(�R�9�j�)�- ���M�/ �`�2�7�2�` �i�Q �i�?�2 �T�`�Q�/�m�+�i �Q�7 �i�?�2 �B�K�T�2�/���M�+�2 �7���+�i�Q�` ���M�/ �i�?�2
�;�2�Q�K�2�i�`�B�+ �7���+�i�Q�` ���b �i�?�2�7�Q�+�m�b�b�B�M�; �7���+�i�Q�`f =

p
nA=n0A0�- �/�2�b�T�B�i�2 �i�?�2 �7���+�i �i�?���i �Q�M�H�v �i�?�2 �;�2�Q�K�2�i�`�B�+

�7���+�i�Q�` �/�2�T�2�M�/�b �Q�M �i�?�2 �+�Q�M�p�2�`�;�2�M�+�2 �Q�` �/�B�p�2�`�;�2�M�+�2 �Q�7 �b�B�;�M���H �T���i�?�b�X
�q�2 �}�`�b�i �+�Q�M�b�B�/�2�` �i�?�2 �b�B�K�T�H�2�` �+���b�2 �Q�7 �� �T�H���M�2�@�r���p�2 �b�B�;�M���H�- �r�?�B�+�? �B�b �b�F�2�i�+�?�2�/ �B�M �6�B�;�m�`�2 ���X�R�X �h�r�Q

�T���`���H�H�2�H �`���v�b ���`�`�B�p�2 ���i ���M ���M�;�H�2� ���i �i�?�2 �B�M�i�2�`�7���+�2 �r�?�2�`�2 �i�?�2 �B�M�/�2�t �Q�7 �`�2�7�`���+�i�B�Q�M �+�?���M�;�2�b �7�`�Q�Kn �i�Qn0�X
�6�Q�` �� �T�H���M�2 �r���p�2�- �M�Q �T�`�Q�T���;���i�B�Q�M �Q�+�+�m�`�b �B�M �i�?�2� �@�/�B�`�2�+�i�B�Q�M �U�T�2�`�T�2�M�/�B�+�m�H���` �i�Q �i�?�2 �T�H���M�2 �Q�7 �B�M�+�B�/�2�M�+�2�V�X
�h�?�m�b�- �r�2 �M�2�2�/ �Q�M�H�v �+�Q�M�b�B�/�2�` �i�?�2 �b�B�i�m���i�B�Q�M �B�M �i�?�2� �@�T�H���M�2�- ���M�/ �r�2 �Q�#�i���B�MA 0

A = w 0

w = cos � 0

cos � �X �S�m�i�i�B�M�;
���H�H �i�?�`�2�2 �i�Q�;�2�i�?�2�`�- �7�Q�` �� �b�B�M�;�H�2 �+�?���M�;�2 �B�M �`�2�7�`���+�i�B�p�2 �B�M�/�2�t �7�`�Q�Kn �i�Qn0 �r�2 �Q�#�i���B�M �i�?�2 ���K�T�H�B�i�m�/�2
�i�`���M�b�K�B�b�b�B�Q�M �+�Q�2�{�+�B�2�M�i�bt �;� �,

t �;� =

r
n
n0

cos�
cos� 0

p
1 � R�;� : �U���X�R�V

�6�Q�` �� �b�B�;�M���H �i�`���p�2�H�H�B�M�; �i�?�`�Q�m�;�? �K���M�v �B�M�i�2�`�7���+�2�b�- �Q�M�2 �+���M �b�B�K�T�H�v �K�m�H�i�B�T�H�v �i�?�2 �i�`���M�b�K�B�b�b�B�Q�M �+�Q�2�{�@
�+�B�2�M�i�b �i�Q�;�2�i�?�2�`�- �b�m�+�? �i�?���i �7�Q�` �� �b�B�;�M���H �2�K�B�i�i�2�/ ���i ���M ���M�;�H�2� s �7�`�Q�K �� �b�Q�m�`�+�2 ���i �� �`�2�7�`���+�i�B�p�2 �B�M�/�2�tns

�i�Q �� �`�2�+�2�B�p�2�` ���i �� �`�2�7�`���+�i�B�p�2 �B�M�/�2�tnr �B�b �;�B�p�2�M �b�B�K�T�H�v �#�v�,
�R�q�2 �?���p�2 �m�b�2�/ �i�?�2 �M�Q�i���i�B�Q�M� ���M�/� �7�Q�` �i�?�2 �T�Q�H���`�B�x���i�B�Q�M�b �`���i�?�2�` �i�?���M �i�?�2 �K�Q�`�2 �+�Q�K�K�Q�Mp ���M�/s�- �`�2�b�T�2�+�i�B�p�2�H�v�- �i�Q

�K���B�M�i���B�M �+�Q�M�b�B�b�i�2�M�+�v �r�B�i�? �i�?�2 �+�Q�M�p�2�M�i�B�Q�M�b �m�b�2�/ �B�M �i�?�B�b �i�2�t�i�X
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�r�?�2�`�2 �i�?�2 �}�`�b�i �i�B�K�2 �+���M �#�2 �B�/�2�M�i�B�}�2�/ ���b �i�?�2 �T�Q�H���`�B�x���i�B�Q�M�@�B�M�/�2�T�2�M�/�2�M�i �7�Q�+�m�b�b�B�M�; �7���+�i�Q�`f �- ���M�/ �i�?�2
�T�`�Q�/�m�+�i �B�M �i�?�2 �b�2�+�Q�M�/ �i�2�`�K �B�b �Q�p�2�` ���H�H �B�M�i�2�`�7���+�2�bi �r�?�2�`�2n �+�?���M�;�2�b�X �q�2 �`�2�K���`�F �?�2�`�2 �i�?���i �7�Q�` ���M
�B�M�/�2�t �i�?���i �p���`�B�2�b�+�Q�M�i�B�M�m�Q�m�b�H�v�r�B�i�? �/�2�T�i�?�- �2�X�;�X ���b �B�M �2�t�T�Q�M�2�M�i�B���H �B�+�2 �K�Q�/�2�H�b�- �i�?�2�`�2 ���`�2 �M�Q �`�2�~�2�+�i�B�Q�M�b
�Q�i�?�2�` �i�?���M ���i �i�?�2 �B�+�2�@���B�` �Q�` �B�+�2�@�#�2�/�`�Q�+�F �B�M�i�2�`�7���+�2�b�c �B�M �i�?���i �+���b�2�- �i�?�2 �i�`���M�b�K�B�b�b�B�Q�M �+�Q�2�{�+�B�2�M�i �`�2�/�m�+�2�b
�i�Q �i�?�2 �T�Q�H���`�B�x���i�B�Q�M�@�B�M�/�2�T�2�M�/�2�M�i �7�Q�+�m�b�b�B�M�; �7���+�i�Q�`�X

�h�?�2 �b�B�i�m���i�B�Q�M �B�b �K�Q�`�2 �+�Q�K�T�H�B�+���i�2�/ �7�Q�` �� �T�Q�B�M�i �b�Q�m�`�+�2�X �h�?�2 �B�K�T�2�/���M�+�2 �7���+�i�Q�`n=n0 �b�i���v�b �i�?�2
�b���K�2 ���b �B�M �i�?�2 �+���b�2 �Q�7 �i�?�2 �T�H���M�2 �r���p�2 �`�2�b�m�H�i�- �b�Q �r�2 �Q�M�H�v �M�2�2�/ �i�Q �/�2�`�B�p�2 �i�?�2 �;�2�Q�K�2�i�`�B�+ �7���+�i�Q�`�X �h�Q �/�Q
�i�?�B�b�- �r�2 �r�B�H�H �+�Q�M�b�B�/�2�` �i�?�2 �T�Q�r�2�` �2�K�B�i�i�2�/ �B�M �� �`���v �#�m�M�/�H�2 �r�B�i�?�B�M �� �b�Q�H�B�/ ���M�;�H�2� 
 �Q�7 �� �`���v �2�K�B�i�i�2�/
�B�M �i�?�2 �/�B�`�2�+�i�B�Q�M(�; � )�X

�A�M �� �m�M�B�7�Q�`�K �K�2�/�B�m�K �U�+�Q�M�b�i���M�in�V�- �i�?�2 ���`�2�� �+�Q�p�2�`�2�/ �#�v �i�?�B�b �`���v �#�m�M�/�H�2 ���7�i�2�` �T�`�Q�T���;���i�B�M�; ��
�/�B�b�i���M�+�2s �B�b �;�B�p�2�M �#�vA = s2� 
 = [ s�� ][s sin(� )�� ]�k�- �r�?�B�+�? �?���b �#�2�2�M �7���+�i�Q�`�B�x�2�/ �B�M�i�Q �i�?�2 �r�B�/�i�?�b
�B�M �i�?�2� ���M�/� �/�B�`�2�+�i�B�Q�M�b�X �q�2 �r�B�H�H �7�Q�H�H�Q�r �i�?�2 �b���K�2 ���T�T�`�Q���+�? �B�M �/�2�`�B�p�B�M�; �i�?�2 �7�Q�+�m�b�b�B�M�; �7���+�i�Q�` �#�v
�+�Q�M�b�B�/�2�`�B�M�; �i�?�2 �r�B�/�i�? �B�M �2���+�? �/�B�K�2�M�b�B�Q�M �b�2�T���`���i�2�H�v�X

�k�h�?�B�b �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �� �`�2�+�i���M�;�H�2�@�b�?���T�2�/ �b�Q�H�B�/ ���M�;�H�2�c �Q�M�2 �+�Q�m�H�/ �+�Q�M�b�B�/�2�` �� �/�B�z�2�`�2�M�i �b�?���T�2 �B�M�b�i�2���/�- �2�X�;�X ���M �2�H�H�B�T�b�2�-
�#�m�i �i�?�B�b �r�Q�m�H�/ �Q�M�H�v �+�?���M�;�2 ���M �Q�p�2�`���H�H �7���+�i�Q�` �i�?���i �/�`�Q�T�b �Q�m�i �B�M �i�?�2 �`���i�B�QA=A 0�X
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�+�?���M�;�2 �B�M �i�?�2 �#�m�M�/�H�2 �r�B�/�i�? �/�m�2 �i�Q �i�?�2 �+�?���M�;�2 �B�M �i�?�2 �T�`�Q�T���;���i�B�Q�M ���M�;�H�2� �- ���b �B�M �i�?�2 �T�H���M�2�@�r���p�2 �+���b�2�-
�?�2�`�2 ���H�b�Q �i�?�2 ���M�;�m�H���` �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �i�r�Q �`���v�b�� �+�?���M�;�2�b�X �l�b�B�M�; �a�M�2�H�H�ö�b �H���r�- ���M�/ �2�t�T���M�/�B�M�;
sin(� + �� ) � sin(� ) + cos(� )�� �- �r�2 �Q�#�i���B�M�,

�� 0 =
n cos�

n0cos� 0��: �U���X�j�V

�A�M�b�i�2���/ �Q�7 �+�Q�K�T�m�i�B�M�; �i�?�2 �+�?���M�;�2 �B�M �i�?�2 �r�B�/�i�?w �#�2�i�r�2�2�M �i�?�2 �i�r�Q �`���v�b �/�B�`�2�+�i�H�v�- �r�2 �+���M �b�B�K�T�H�B�7�v �i�?�2
�/�2�`�B�p���i�B�Q�M �#�v �+�Q�M�b�B�/�2�`�B�M�; �B�i�b �?�Q�`�B�x�Q�M�i���H �r�B�/�i�?� x = w=cos� �- �r�?�B�+�? �7�Q�` �i�r�Q �T���`���H�H�2�H �`���v�b �`�2�K���B�M�b
�+�Q�M�b�i���M�i �2�p�2�M �r�?�2�Mn �+�?���M�;�2�b�X �h�?�2�M �B�M �2���+�? �H���v�2�` �Q�7 �?�2�B�;�?�i�z 0�-� x0 �B�M�+�`�2���b�2�b �#�v�,

�x 0 = �z 0[tan( � 0+ �� 0) � tan( � 0)] � �z 0�� 0 = �s 0 n cos�
n0cos2 � 0��; �U���X�9�V

�r�?�2�`�2 �B�M �i�?�2 �H���b�i �b�i�2�T �r�2 �?���p�2 �b�m�#�b�i�B�i�m�i�2�/ �B�M �i�?�2 �H�2�M�;�i�? �Q�7 �i�?�2 �`���v �b�2�;�K�2�M�i�s 0 = �z 0=cos� 0�X �A�7 �r�2
�/�B�p�B�/�2 �i�?�2 �K�2�/�B�m�K �B�M�i�Q �K���M�v �B�M�}�M�B�i�2�b�B�K���H �H���v�2�`�b �#�2�i�r�2�2�M �i�?�2 �b�Q�m�`�+�2 ���i~xs ���M�/ �i�?�2 �`�2�+�2�B�p�2�` ���i~xr �-
� �#�2�+�Q�K�2�bd�- ���M�/ �r�2 �Q�#�i���B�M �i�?�2 �H�B�M�2 �B�M�i�2�;�`���H�,

� x r = ns cos� s �� s

Z

C
ds

1
n(~x) cos2 � (~x)

; �U���X�8�V

�r�?�2�`�2 �i�?�2 �H�B�M�2 �B�M�i�2�;�`���H �B�b �2�p���H�m���i�2�/ ���H�Q�M�; �i�?�2 �`���v �T���i�?C�X �6�B�M���H�H�v�- �i�Q �Q�#�i���B�M �i�?�2 �r�B�/�i�? �Q�7 �i�?�2 �`���v
�#�m�M�/�H�2�- �r�2 �T�`�Q�D�2�+�i �#���+�F �Q�M�i�Q �i�?�2� �@�/�B�`�2�+�i�B�Q�M�- �B�X�2�X �T�2�`�T�2�M�/�B�+�m�H���` �i�Q �i�?�2 �`���v �/�B�`�2�+�i�B�Q�M�- ���M�/ �Q�#�i���B�M�,

w� = ns cos� s cos� r �� s

Z

C
ds

1
n(~x) cos2 � (~x)

: �U���X�e�V

���b �7�Q�` �� �T�H���M�2 �r���p�2�- �i�?�B�b �B�M�i�2�;�`���H �/�B�p�2�`�;�2�b ���b �i�?�2 �`���v �#�2�+�Q�K�2�b �?�Q�`�B�x�Q�M�i���H �Ucos� ! 0�V�X �L�Q�i�2 �i�?���i �B�M
�i�?�B�b �+���b�2�- �2�[�m���i�B�Q�M ���X�j �B�b �M�Q �H�Q�M�;�2�` �p���H�B�/�- ���b �r�2 �B�K�T�H�B�+�B�i�H�v ���b�b�m�K�2�/cos� � �� �X �h�?�m�b �i�?�B�b �B�M�i�2�;�`���H
�2�t�T�`�2�b�b�B�Q�M �B�b �p���H�B�/ �7�Q�` �/�B�`�2�+�i ���M�/ �`�2�~�2�+�i�2�/�- �#�m�i �M�Q�i �7�Q�` �`�2�7�`���+�i�2�/ �`���v�b�- �� �T�Q�B�M�i �r�?�B�+�? �r�2 �r�B�H�H �`�2�i�m�`�M
�i�Q �H���i�2�`�X

�A�M �i�?�2 �T�H���M�2 �r���p�2 �+���b�2�- �i�?�B�b �B�b ���H�H �r�2 �M�2�2�/�2�/ �i�Q �+�Q�M�b�B�/�2�`�- ���b �M�Q �U�/�2�V�7�Q�+�m�b�b�B�M�; �Q�+�+�m�`�b �B�M �i�?�2
� �@�T�H���M�2 �T�2�`�T�2�M�/�B�+�m�H���` �i�Q �i�?�2 �T�H���M�2 �Q�7 �T�`�Q�T���;���i�B�Q�M�X �>�Q�r�2�p�2�`�- �i�?�B�b �i�m�`�M�b �Q�m�i �M�Q�i �i�Q ���T�T�H�v �i�Q �i�?�2
�+���b�2 �Q�7 �� �T�Q�B�M�i �b�Q�m�`�+�2�X �A�7 �r�2 �+�Q�M�b�B�/�2�` �� �b�2�+�Q�M�/ �`���v �T�`�Q�T���;���i�B�M�; �B�M �i�?�2 �/�B�`�2�+�i�B�Q�M(�; � + �� )�- �#�2�+���m�b�2
�Q�7 �i�?�2 �+�v�H�B�M�/�`�B�+���H �b�v�K�K�2�i�`�v�- �B�i�b ���x�B�K�m�i�?���H �/�B�`�2�+�i�B�Q�M �r�B�H�H �M�2�p�2�` �+�?���M�;�2�- ���M�/ �B�i �r�B�H�H ���H�r���v�b �?���p�2
�i�?�2 �b���K�2 �x�2�M�B�i�? ���b �i�?�2 �}�`�b�i �`���v�- �B�X�2�X �i�?�2 �r�B�/�i�? �#�2�i�r�2�2�M �i�?�2 �i�r�Q �`���v�b �r�B�H�H ���H�r���v�b �`�2�K���B�M �B�M �i�?�2
� �/�B�`�2�+�i�B�Q�M�X �>�Q�r�2�p�2�`�- �i�?�2 ���M�;�m�H���` �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �i�r�Q �`���v�b �B�b �M�Q�i�� �#�m�isin(� )�� �X �h�?�2
�T�2�`�T�2�M�/�B�+�m�H���` �/�B�b�i���M�+�2 �#�2�i�r�2�2�M �i�r�Q �H�B�M�2�b ���i ���M ���M�;�H�2�� �B�M�+�`�2���b�2�b �T�2�` �m�M�B�i �/�B�b�i���M�+�2 ���H�Q�M�; �Q�M�2 �Q�7
�i�?�2�K �#�vtan( �� ) � �� �7�Q�` �b�K���H�H�� �X �h�?�m�b�- �i�?�2 �r�B�/�i�? �B�M �i�?�2� �@�/�B�`�2�+�i�B�Q�M �B�b �;�B�p�2�M �#�v�,

w� =
Z

C
dssin(� (~x)) �� = ns sin � s ��

Z

C
ds

1
n(~x)

; �U���X�d�V

�r�?�2�`�2 �r�2 �?���p�2 �m�b�2�/ �a�M�2�H�H�ö�b �H���r ���;���B�M �B�M �i�?�2 �}�M���H �2�[�m���H�B�i�v�X
�L�Q�r �r�2 �+���M �+�Q�K�#�B�M�2 �2�[�m���i�B�Q�M�b ���X�e ���M�/ ���X�d �i�Q �Q�#�i���B�M �i�?�2 �;�2�Q�K�2�i�`�B�+ �+�Q�K�T�Q�M�2�M�i �Q�7 �i�?�2 �7�Q�+�m�b�b�B�M�;

�7���+�i�Q�`�,
A r

A
=

w�

s��
w�

ssin(� s)��
=

1
s2

� Z

C
ds

ns cos� s cos� r

n(~x) cos2 � (~x)

� � Z

C
ds

ns

n(~x)

�
; �U���X�3�V

���M�/�- �B�M�+�H�m�/�B�M�; �i�?�2 �B�K�T�2�/���M�+�2 �7���+�i�Q�`�- �r�2 �Q�#�i���B�M �i�?�2 �Q�p�2�`���H�H �7�Q�+�m�b�b�B�M�; �7���+�i�Q�`�,

f 2 =
ns

nr

A
A r

=
s2

nsnr cos� s cos� r

� Z

C
ds

1
n(~x) cos2 � (~x)

� � 1 � Z

C
ds

1
n(~x)

� � 1

: �U���X�N�V



�R�k�3 ���S�S�1�L�.�A�s ���X �6�P�*�l�a�a�A�L�: �6���*�h�P�_

�L�Q�i�2 �i�?���i�- �#�2�+���m�b�2 �i�?�2 ���M�;�m�H���` �/�2�T�2�M�/�2�M�+�2 �B�b �Q�M �i�?�2 ���M�;�H�2 �i�Q �i�?�2 �b�m�`�7���+�2 �M�Q�`�K���H�- �i�?�B�b �2�t�T�`�2�b�b�B�Q�M �B�b
�2�[�m���H�H�v �p���H�B�/ �7�Q�` �`�2�~�2�+�i�2�/ �`���v �T���i�?�b�- ���H�i�?�Q�m�;�? �Q�M�2 �M�2�2�/�b �i�Q �i���F�2 �+���`�2 �i�Q �B�M�+�H�m�/�2 �i�?�2 �U�T�Q�H���`�B�x���i�B�Q�M�@
�/�2�T�2�M�/�2�M�i�V �`�2�~�2�+�i���M�+�2 �i�Q �Q�#�i���B�M �i�?�2 �`�2�b�m�H�i���M�i ���K�T�H�B�i�m�/�2�X �A�M ���/�/�B�i�B�Q�M�- �M�Q ���b�b�m�K�T�i�B�Q�M �r���b �K���/�2
���#�Q�m�i �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�Mn ���M�/n0�- �b�Q �i�?�B�b �2�t�T�`�2�b�b�B�Q�M �B�b ���H�b�Q �p���H�B�/ �7�Q�` �T���i�?�b �T���b�b�B�M�; �i�?�`�Q�m�;�?
�/�B�b�+�Q�M�i�B�M�m�B�i�B�2�b �B�Mn �U�2�X�;�X ���B�`�@�i�Q�@�B�+�2 �T�`�Q�T���;���i�B�Q�M�V�c �B�M �i�?�B�b �+���b�2�- �?�Q�r�2�p�2�`�- �Q�M�2 �b�?�Q�m�H�/ �#�2 �+���`�2�7�m�H �i�Q
�K�m�H�i�B�T�H�v �r�B�i�? �i�?�2�T�Q�r�2��̀i�`���M�b�K�B�b�b�B�Q�M �+�Q�2�{�+�B�2�M�i�bT�;� �`���i�?�2�` �i�?���M �i�?�2 ���K�T�H�B�i�m�/�2 �+�Q�2�{�+�B�2�M�i�b�- ���b
�i�?�2 �H���i�i�2�` �B�M�+�H�m�/�2 �i�?�2 �B�K�T�2�/���M�+�2 ���M�/ �;�2�Q�K�2�i�`�B�+ �7�Q�+�m�b�b�B�M�; �2�z�2�+�i�b �7�Q�` �� �T�H���M�2 �r���p�2�- ���b �r���b �b�?�Q�r�M �B�M
�2�[�m���i�B�Q�M ���X�R�X

�G�2�i �m�b �+�Q�M�b�B�/�2�` �� �+�Q�m�T�H�2 �Q�7 �B�M�i�2�`�2�b�i�B�M�; �H�B�K�B�i�B�M�; �+���b�2�b�X �6�B�`�b�i�- �r�2 �F�M�Q�r �i�?���i �� �T�Q�B�M�i �b�Q�m�`�+�2 �+���M
�#�2 ���T�T�`�Q�t�B�K���i�2�/ �#�v �� �T�H���M�2 �r���p�2 �B�7 �B�i �B�b �b�m�{�+�B�2�M�i�H�v �7���` ���r���v�X �q�2 �+���M �b�2�2 �i�?�B�b �#�v ���b�b�m�K�B�M�; �i�?���i
�i�?�2 �b�B�;�M���H �}�`�b�i �i�`���p�2�H�b �i�?�`�Q�m�;�? �� �+�Q�M�b�i���M�i �B�M�/�2�t �Q�7 �`�2�7�`���+�i�B�Q�Mns �7�Q�` �� �H���`�;�2 �/�B�b�i���M�+�2s0 � stotal �X
�h�?�2�M �i�?�2 �B�M�i�2�;�`���H�b �b�B�K�T�H�B�7�v �i�Q

R
ds[n(~x) cos2 � (~x)] � 1 � s0=[ns cos2 � s] ���M�/

R
ds=n(~x) � s0=ns �- ���M�/

�r�2 �B�M�/�2�2�/ �`�2�+�Q�p�2�` �i�?�2 �`�2�b�m�H�i �B�M �2�[�m���i�B�Q�M ���X�k�X

�� �b�2�+�Q�M�/ �H�B�K�B�i�B�M�; �+���b�2 �B�b �U�M�2���`�@�V�p�2�`�i�B�+���H �T�`�Q�T���;���i�B�Q�M�-cos� � 1�X �6�B�`�b�i�- �r�2 �M�Q�i�2 �i�?���i �B�M �i�?�B�b
�+���b�2�- �i�?�2� �B�M�i�2�;�`���H �#�2�+�Q�K�2�b �B�/�2�M�i�B�+���H �i�Q �i�?�2� �B�M�i�2�;�`���H�-

R
dsns=n(~x)�- �r�?�B�+�? �B�b �2�t�T�2�+�i�2�/ ���b �i�?�2�

���M�/� �/�B�`�2�+�i�B�Q�M�b ���`�2 �M�Q�i �/�B�b�i�B�M�;�m�B�b�?���#�H�2 ���i �i�?�2 �T�Q�H�2�b�X �h�?�B�b �B�b �M�Q�i �D�m�b�i �� �b�T�2�+�m�H���i�B�p�2 �2�t���K�T�H�2�- �#�m�i
�B�b �`�2�H�2�p���M�i �2�X�;�X �B�M �;�`�Q�m�M�/�@�#�Q�m�M�+�2 �K�2���b�m�`�2�K�2�M�i�b�- �r�?�2�`�2 �i�?�2 ���K�T�H�B�i�m�/�2 �Q�7 �� �b�B�;�M���H �`�2�~�2�+�i�2�/ �Q�z �i�?�2
�#�2�/�`�Q�+�F �#�2�H�Q�r �i�?�2 �B�+�2 �B�b �K�2���b�m�`�2�/ �B�M �Q�`�/�2�` �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 ���i�i�2�M�m���i�B�Q�M �H�2�M�;�i�?�X �A�7 �i�?�2 �2�K�B�i�i�B�M�;
���M�/ �`�2�+�2�B�p�B�M�; ���M�i�2�M�M���b ���`�2 �#�m�`�B�2�/ �D�m�b�i �#�2�H�Q�r �i�?�2 �b�m�`�7���+�2 ���i �B�M�/�2�t �Q�7 �`�2�7�`���+�i�B�Q�Mns = nr = nsurface �-
���M�/ �i�?�2 �}�`�M �H���v�2�` �B�M �r�?�B�+�? �i�?�2 �B�M�/�2�t �Q�7 �`�2�7�`���+�i�B�Q�M �+�?���M�;�2�b �`���T�B�/�H�v �+���M �#�2 ���b�b�m�K�2�/ �i�Q �#�2 �K�m�+�?
�b�K���H�H�2�` �i�?���M �i�?�2 �/�2�T�i�? �Q�7 �i�?�2 �#�m�H�F �B�+�2 �r�B�i�? �B�M�/�2�t �Q�7 �`�2�7�`���+�i�B�Q�Mnice �- �i�?�2 �B�M�i�2�;�`���H�b ���;���B�M �b�B�K�T�H�B�7�v
���M�/ �r�2 �?���p�2

f 2 �
s2

n2
surface

nice

s
nice

s
=

n2
ice

n2
surface

; �U���X�R�y�V

�r�?�B�+�? ���;�`�2�2�b �r�B�i�? �i�?�2 �2�t�T�`�2�b�b�B�Q�M �m�b�2�/ �B�M �(�N�8�)�- �r�?�B�+�? �r���b �p�2�`�B�}�2�/ �#�v �� �j�. �6�.�h�. �b�B�K�m�H���i�B�Q�M�X

�6�B�M���H�H�v�- �r�2 �+�Q�K�K�2�M�i �?�2�`�2 �Q�M �i�?�2 �T�`���+�i�B�+���H �B�K�T�H�2�K�2�M�i���i�B�Q�M �Q�7 �i�?�2 �7�Q�+�m�b�b�B�M�; �7���+�i�Q�` �B�M �L�m�_���@
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