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�+���M �#�2 �`�2���H�B�x�2�/ ���b �� �?���`�/�r���`�2 ���+�+�2�H�2�`���i�Q�` �7�Q�` �� �r�B�/�2 �b�T�2�+�i�`�m�K �Q�7 ���T�T�H�B�+���i�B�Q�M�b�-
�B�M �i�?�B�b �i�?�2�b�B�b �r�2 �#�2�M�+�?�K���`�F �Q�m�` �?���`�/�r���`�2 �T�2�`�7�Q�`�K���M�+�2 ���;���B�M�b�i �i�?�2 �/�B�;�B�i���H
�B�K�T�H�2�K�2�M�i���i�B�Q�M�b �Q�7 �A�b�B�M�; �J���+�?�B�M�2�b�X : : : : : : : : : : : : : : : : : : : : : : : �k�8

 �k�X�R�6�H�m�+�i�m���i�B�Q�M �.�v�M���K�B�+�b �Q�7 �G�"�J�,�U���V �a�+�?�2�K���i�B�+ �B�H�H�m�b�i�`���i�B�Q�M �Q�7 �+�B�`�+�m�H���`
�G�"�J �r�B�i�? �b���i�m�`���i�B�Q�M �K���;�M�2�i�B�x���i�B�Q�MM s ���M�/ �p�Q�H�m�K�2
 = p(D=2)2t ���M�/ �i�?�2
�K���;�M�2�i�B�x���i�B�Q�M�K = �J =Ms = ( mx ; my; mz) � (cos�; sin� sin�; sin� cos� )�X
�a�S�A�*�1 �b�B�K�m�H���i�B�Q�M �b�?�Q�r�bm(t) �/�v�M���K�B�+�b �Q�M �"�H�Q�+�? �b�T�?�2�`�2 �Q�7 �� �H�Q�r �#���`�`�B�2�` �+�B�`�+�m�@
�H���` �K���;�M�2�i �r�B�i�? �U� � 0�V �7�Q�` �K���;�M�2�i �r�B�i�? �U�#�VHkp � 0 ���M�/ �U�+�VHkp � � 4pMs �
� 13:8 kOe�- �r�?�2�`�2Hkp = 2K s=t � 4pM s �B�b �i�?�2 �T�2�`�T�2�M�/�B�+�m�H���` ���M�B�b�Q�i�`�Q�T�v ���H�Q�M�;
�t�@���t�B�b ���M�/ �i�?�2 �B�M�@�T�H���M�2 ���M�B�b�Q�i�`�Q�T�vHk�B� 0 �/�m�2 �i�Q �+�B�`�+�m�H���` �b�?���T�2�X : : : : : : �k�N
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 �k�X�k�*�Q�`�`�2�H���i�B�Q�M �h�B�K�2 �Q�7 �S�J�� ���M�/ �A�J�� �K���;�M�2�i�b�U���V �h�?�2 �M�Q�`�K���H�B�x�2�/ ���m�i�Q�@
�+�Q�`�`�2�H���i�B�Q�M �Q�7 �K���;�M�2�i�B�+ �~�m�+�i�m���i�B�Q�M�b �i���F�2�M �B�M �i�?�2 �x �/�B�`�2�+�i�B�Q�M�- �U�#�V �*�Q�K�T���`�B�b�Q�M
�Q�7� c ���b �� �7�m�M�+�i�B�Q�M �Q�7 �M�m�K�#�2�` �Q�7 �b�T�B�M�bNs � M s
 =� B �r�?�2�`�2M s = 1100 emu=cc
���M�/ �i�?�2 �p�Q�H�m�K�2
 �B�b �p���`�B�2�/�X �.���K�T�B�M�; �+�Q�2�{�+�B�2�M�i� �B�b ���b�b�m�K�2�/ �i�Q �#�2 �y�X�y�R�,
�_�2�b�m�H�i�b �7�`�Q�K �M�m�K�2�`�B�+���H �b�B�K�m�H���i�B�Q�M�b ���;�`�2�2 �r�2�H�H �r�B�i�? �i�?�2 �2�[�m���i�B�Q�M�b �+�B�i�2�/ �B�M �i�?�2
�i�2�t�i�X : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : �j�R

 �k�X�j �S�B�M�M�B�M�; �+�m�`�`�2�M�i �Q�7 �S�J�� ���M�/ �A�J�� �K���;�M�2�i�b�U���V �S�J�� ���M�/ �A�J�� �K���;�M�2�i�ö�b
�H�Q�M�; �i�B�K�2 ���p�2�`���;�2�/ �K���;�M�2�i�B�x���i�B�Q�Mhmi ���b �� �7�m�M�+�i�B�Q�M �Q�7 ���T�T�H�B�2�/ �b�T�B�M �+�m�`�`�2�M�i
I S�- �U�#�V �*�Q�K�T���`�B�b�Q�M �Q�7 �S�J���f�A�J��I P ���b �� �7�m�M�+�i�B�Q�M �Q�7 �M�m�K�#�2�` �Q�7 �b�T�B�M�bNs �
M s
 =� B �r�?�2�`�2M s = 1100 emu=cc ���M�/ �i�?�2 �p�Q�H�m�K�2
 �B�b �p���`�B�2�/�X �.���K�T�B�M�;
�+�Q�2�{�+�B�2�M�i� �B�b ���b�b�m�K�2�/ �i�Q �#�2 �y�X�y�R�, �_�2�b�m�H�i�b �7�`�Q�K �M�m�K�2�`�B�+���H �b�B�K�m�H���i�B�Q�M�b ���;�`�2�2
�r�2�H�H �r�B�i�? �i�?�2 �2�[�m���i�B�Q�M�b �+�B�i�2�/ �B�M �i�?�2 �i�2�t�i�X : : : : : : : : : : : : : : : : : : : : �j�k

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

 �k�X�8�a�i�2���/�v�@�b�i���i�2 �_�2�b�T�Q�M�b�2�,�U���V �S�H�Q�i �Q�7hVOUT i �U���p�2�`���;�2�/ �Q�p�2�` �� �i�B�K�2 �r�B�M�/�Q�r
� � c�V �p�bVIN �7�Q�` �/�2�b�B�;�M�b ���- �" �m�b�B�M�; �K���;�M�2�i�b �J�R�- �J�k�X �h�?�2 �;�`�2�v �H�B�M�2�b �B�M�/�B�+���i�2
VOUT �r�B�i�?�Q�m�i �i�B�K�2 ���p�2�`���;�B�M�;�X �U�#�V ���H�H �7�Q�m�` �T�H�Q�i�b �B�M �U���V �+�Q�H�H���T�b�2 �Q�M�i�Q �� �b�B�M�;�H�2
�+�m�`�p�2 �m�b�B�M�; ���T�T�`�Q�T�`�B���i�2 �b�+���H�B�M�; �T���`���K�2�i�2�`�bVOUT0 ; I IN0 ; V IN0 �X �h�?�2 �`�2�b�m�H�i�B�M�;
�+�m�`�p�2 ���T�T�`�Q�t�B�K���i�2�H�v �7�Q�H�H�Q�r�b �i�?�2 �i�B�K�2 ���p�2�`���;�2�/hmi i �Q�7 �2�[�X  �k�X�R  �X : : : : : : : : �j�e

 �k�X�e�h�r�Q �`�2�H�2�p���M�i �i�B�K�2�@�b�+���H�2�b �7�Q�` �"�a�L �P�T�2�`���i�B�Q�M�,�U���V�- �U�#�V �b�?�Q�r �+�Q�`�`�2�H���i�B�Q�M
�i�B�K�2 ���M�/ �U�+�V�-�U�/�V �b�?�Q�r �`�2�b�T�Q�M�b�2 �i�B�K�2�X �U���V �P�m�i�T�m�i �p�Q�H�i���;�2 �~�m�+�i�m���i�B�Q�M�b �r�B�i�?
I �B= 0 �7�Q�` �/�2�b�B�;�M�b ���- �" �m�b�B�M�; �K���;�M�2�i�b �J�R�- �J�k�X �U�#�V �*�Q�`�`�2�b�T�Q�M�/�B�M�; �M�Q�`�K���H�B�x�2�/
���m�i�Q�+�Q�`�`�2�H���i�B�Q�M �7�m�M�+�i�B�Q�M�b�X �U�+�V �_�2�b�T�Q�M�b�2 �i�Q �� �b�i�2�T �7�m�M�+�i�B�Q�MI �B: � 10 ! 0 ���i
�i�4�y ���p�2�`���;�2�/ �Q�p�2�` �R�y�y�y �2�M�b�2�K�#�H�2�b �7�Q�` ���H�H �7�Q�m�` �+���b�2�b�X�U�/�V ���H�H �7�Q�m�` �+�m�`�p�2�b �B�M �U�+�V
�+�Q�H�H���T�b�2 �Q�M�i�Q �� �b�B�M�;�H�2 �+�m�`�p�2 �m�b�B�M�; ���T�T�`�Q�T�`�B���i�2 �b�+���H�B�M�; �T���`���K�2�i�2�`t0�X : : : : : �j�d

 �k�X�d�S�Q�r�2�` �*�Q�M�b�m�K�T�i�B�Q�M�7�Q�` �U���V �"�a�L�@�� ���M�/ �U�#�V �"�a�L�@�" �r�?�2�M �i�?�2 �B�M�T�m�i �B�b
�b�i�2�T�T�2�/ ���i �i�4�y ���b �B�M�/�B�+���i�2�/�X : : : : : : : : : : : : : : : : : : : : : : : : : : : �j�3

 �j�X�R �R�J�h�C�@�j�h �+�Q�K�T���+�i �"�a�L �?���`�/�r���`�2 �r�?�B�+�? �m�i�B�H�B�x�2�b �i�?�2 �M���i�m�`���H �T�?�v�b�B�+�b �Q�7 �H�Q�r�@
�#���`�`�B�2�` �M���M�Q�K���;�M�2�i�b �?�Q�H�/�b �i�?�2 �T�`�Q�K�B�b�2 �i�Q ���+�+�2�H�2�`���i�2 �i�?�2 �b�B�K�m�H���i�2�/ ���M�M�2���H�B�M�;
�T�`�Q�+�2�b�b�Q�`�b�X : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : �9�R
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 �j�X�k �*���i�2�;�Q�`�B�x�B�M�; �_�2�b�B�b�i���M�+�2�b�,�U���V �6�H�m�+�i�m���i�B�M�; �M���i�m�`�2�, �i�?�2�v �+���M �#�2 �+�Q�M�i�B�M�m�Q�m�b
�Q�` �#�B�T�Q�H���`�X �h�?�2 �i�B�K�2 �/�v�M���K�B�+�b ���M�/ �/�B�b�i�`�B�#�m�i�B�Q�M ���`�2 �b�?�Q�r�M �7�Q�` �2���+�? �+���i�2�;�Q�`�v�X
�U�#�V �*�m�`�`�2�M�i�@�h�m�M���#�B�H�B�i�v�, �h�?�2 �~�m�+�i�m���i�B�Q�M�b �+�Q�m�H�/ �#�2 �m�M���z�2�+�i�2�/ �#�vI �Q�` �B�i �+�Q�m�H�/
�#�2 �� �7�m�M�+�i�B�Q�M �Q�7I ���b �B�M�/�B�+���i�2�/ �#�v �i�?�2�B�` �i�`���M�b�7�2�` �+�?���`���+�i�2�`�B�b�i�B�+�b�XI 50 �B�b �i�?�2
�+�m�`�`�2�M�i ���i �i�?�2 �8�y�,�8�y �T�Q�B�M�i �r�?�2�`�2 �i�?�2 �`�2�b�B�b�i���M�+�2 �b�T�2�M�/�b �2�[�m���H �i�B�K�2 �B�MRP ���M�/
RAP �b�i���i�2�b�XI 0 �B�b �i�?�2 �#�B���b�B�M�; �+�m�`�`�2�M�i �/�2�}�M�2�/ ���b �i�?�2 �b�H�Q�T�2 �Q�7 �i�?�2 �U�_ �p�b �A�V �+�m�`�p�2
���i �8�y�,�8�y �T�Q�B�M�i�X �h�?�2 �T�B�M�M�B�M�; �+�m�`�`�2�M�i �B�b �i�v�T�B�+���H�H�v� 3 � 5 I 0�X : : : : : : : : : : �9�9

 �j�X�j �h�`���M�b�7�2�` �*�?���`���+�i�2�`�B�b�i�B�+�b �,�h�?�2 �"�a�L �+�B�`�+�m�B�i �B�b �`�2���H�B�x�2�/ �#�v �+�Q�m�T�H�B�M�; �i�?�2
�~�m�+�i�m���i�B�M�; �`�2�b�B�b�i�Q�` �r�?�B�+�? �B�b �i�?�2 �T�?�v�b�B�+���H �`�2���H�B�x���i�B�Q�M �Q�7 �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2
r �B�B�M �i�?�2 �"�a�L �2�[�m���i�B�Q�M �i�Q ���M �L�J�P�a �r�?�B�+�? �T�`�Q�p�B�/�2�b �i�?�2 �i�m�M���#�B�H�B�i�v�- ���M�/ �i�?�2�M
�i�Q ���M �B�M�p�2�`�i�2�` �r�?�B�+�? �i�?�`�2�b�?�Q�H�/�b �i�?�2 �Q�m�i�T�m�i�X �h�?�2 �7�Q�m�` �i�v�T�2�b �Q�7 �`�2�b�B�b�i���M�+�2�b ���`�2
�+�Q�m�T�H�2�/ �i�Q �� �R�9�M�K �6�B�M�6�1�h ���M�/ �i�?�2 �`�2�b�B�b�i���M�+�2 �T���`���K�2�i�2�`�b �U�#���b�2�/ �Q�M �2�t�T�2�`�@
�B�K�2�M�i���H �/�2�K�Q�M�b�i�`���i�B�Q�M�b �Q�7 �J�h�C�b �(  �R�R�y  �)�V ���`�2 �+�?�Q�b�2�M �i�Q �K���i�+�? �i�?�2 �i�`���M�b�B�b�i�Q�`
�+�?���`���+�i�2�`�B�b�i�B�+�b�X ���H�H �`�2�b�B�b�i���M�+�2 �i�v�T�2�b �2�t�+�2�T�i �7�Q�` �i�?�2 �#�B�T�Q�H���` �M�Q�M�@�i�m�M���#�H�2 �r�2�`�2
���#�H�2 �i�Q ���+�?�B�2�p�2 �"�a�L �Q�T�2�`���i�B�Q�M �7�Q�H�H�Q�r�B�M�; �2�[�X  �j�X�k  �X �h�Q �7�m�M�+�i�B�Q�M ���b �� �"�a�L �i�?�2
�#�B�T�Q�H���` �`�2�b�B�b�i���M�+�2�b �M�2�2�/ �b�Q�K�2 �K�2���M�b �Q�7 �i�m�M�B�M�; �i�?�2�B�` �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�X �9�8

 �j�X�9�L�Q�M�@�i�m�M���#�H�2 �*�Q�M�i�B�M�m�Q�m�b �p�b �"�B�T�Q�H���` �_�2�b�B�b�i���M�+�2�,�U���V �h�`���M�b�7�2�` �*�?���`���+�@
�i�2�`�B�b�i�B�+�b �b�?�Q�r�b �i�?���i �r�?�B�H�2 �i�?�2 �+�Q�M�i�B�M�m�Q�m�b �`�2�b�B�b�i�Q�` �`�2�b�m�H�i�b �B�M �� �b�B�;�K�Q�B�/���H �Q�m�i�T�m�i�-
�i�?�2 �#�B�T�Q�H���` �;�B�p�2�b �� �b�i���B�`�@�+���b�2 �H�B�F�2 �7�m�M�+�i�B�Q�M�X �U�#�V �h�?�2 �#�B�T�Q�H���` �_ �B�b �m�M���#�H�2 �i�Q
�7�Q�H�H�Q�r �i�?�2 �"�Q�H�i�x�K���M�M �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �B�M�p�2�`�i�B�#�H�2 ���L�. �;���i�2 �U�/�2�b�+�`�B�T�i�B�Q�M �B�M
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�Q�m�i �2�t�i�2�`�M���H�@�}�2�H�/�b �7�Q�` �U���V �+�B�`�+�m�H���` �A�J�� �K���;�M�2�i �UHki � 0; Hkp � � HD �V ���M�/ �U�#�V
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 �j�X�R�y�*�?���`���+�i�2�`�B�x���i�B�Q�M �h���#�H�2�,�J�h�C �6�`�2�2 �H���v�2�` ���M�/ �B�i�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �_ �i�v�T�2
���H�Q�M�; �r�B�i�? �+�Q�`�`�2�b�T�Q�M�/�B�M�; �+�?���`���+�i�2�`�B�b�i�B�+ �T���`���K�2�i�2�`�b ���M�/ �i�?�2�B�` ���M���H�v�i�B�+���H �2�t�@
�T�`�2�b�b�B�Q�M�X �h�?�2 �M�m�K�#�2�`�b �B�M �#�`���+�F�2�i �B�M�/�B�+���i�2�b ���M ���T�T�`�Q�t�B�K���i�2 �`���M�;�2 �Q�7 �p���H�m�2�b �7�Q�`
�2���+�? �T���`���K�2�i�2�`�X �h�?�2 �T�`�Q�T�Q�`�i�B�Q�M���H�B�i�v �+�Q�M�b�i���M�i �7�Q�` �+�Q�`�`�2�H���i�B�Q�M �i�B�K�2 �Q�7 �K���;�M�2�i�b
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�M�2�m�`�Q�M�b �7�Q�` �2���+�? �i�v�T�2 �Q�7 �J�h�C�b�X �6�Q�` �i�?�2 �T�`�Q�D�2�+�i�B�Q�M�b �Q�M�H�v �"�a�L �T�2�`�7�Q�`�K���M�+�2
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�K���M�+�2 �K�2�i�`�B�+ �7�Q�` �b�B�K�m�H���i�2�/ ���M�M�2���H�B�M�; �T�`�Q�+�2�b�b�Q�`�b �K�m�+�? �H�B�F�2 �i�?�2 �~�Q�T�b �T�2�` �b�2�+�@
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�~�B�T�b�- ���M�/ �?�2�M�+�2 �b�T�B�M �+�Q�M�}�;�m�`���i�B�Q�M�b �i�?�2 �b�v�b�i�2�K �+���M �+�v�+�H�2 �i�?�`�Q�m�;�? �B�M �� �b�2�+�Q�M�/�X
�7�T�b �+���M �#�2 �/�2�`�B�p�2�/ �7�`�Q�K �i�?�2 �`�2�T�Q�`�i�2�/ �T�2�`�7�Q�`�K���M�+�2 �K�2�i�`�B�+�b �Q�7 �i�?�2 �T�`�Q�+�2�b�b�Q�`�b
�7�Q�H�H�Q�r�B�M�; �`�2�7�X �(  �9�3  �)�X �h�?�2 �`�2�T�Q�`�i�2�/ ���M�/ �/�2�`�B�p�2�/ �[�m���M�i�B�i�B�2�b ���b �B�M�/�B�+���i�2�/�X �*�m�`�`�2�M�i
�*�J�P�a �#���b�2�/ ���M�M�2���H�B�M�; �T�`�Q�+�2�b�b�Q�`�b �T�2�`�7�Q�`�K ���i� 1012 fps�X �q�2 �T�`�Q�D�2�+�i �i�?���i
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