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�T�`�Q�7�2�b�B�Q�M�€�H�M�Q �p�2�/�2�M�Q �T�`�€�+�2 �� �M�2�m�b�i�€�H�Q�m �T�Q�K�Q�+ �T�ü�B �ü�2���2�M�Q �T�`�Q�#�H�û�K�i�- ���H�2 �i���F�û �x�� �D�2�D�Q �b�F�p�ÿ�H�w
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�o�2�F�i�Q�` �T�Q�H���`�B�x���+�2�S�D�2 �/�2�}�M�Q�p���M�w �D���F�Q �2�H�2�F�i�`�B�+�F�w �/�B�T�¦�H�Q�p�w �K�Q�K�2�M�i �M�� �D�2�/�M�Q�i�F�Q�p�w �Q�#�D�2�K�-
�p�2�F�i�Q�` �K���;�M�2�i�B�x���+�2�J �D���F�Q �K���;�M�2�i�B�+�F�w �/�B�T�¦�H�Q�p�w �K�Q�K�2�M�i �M�� �D�2�/�M�Q�i�F�Q�p�w �Q�#�D�2�K�X �S�Q�F�m�/
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�i�2�/�v �#�m�/�2�K�2 �m�p���ˆ�Q�p���iN �/�B�T�¦�H�i �p �Q�#�D�2�K�mV�- �2�H�2�F�i�`�B�+�F�w �/�B�T�¦�H�Q�p�w �K�Q�K�2�M�i�T�� �K���;�M�2�i�B�+�F�w
�/�B�T�¦�H�Q�p�w �K�Q�K�2�M�i�K�- �H�x�2 �T�b�€�i

�S=
N �T
V

= n�T; �U�R�X�d�V

�J =
N �K
V

= n�K; �U�R�X�3�V

�F�/�2n �D�2 �Q�#�D�2�K�Q�p�€ �?�m�b�i�Q�i�� �/�B�T�¦�H�i�X
�S�Q �`�Q�x�/�ÿ�H�2�M�Q �M�€�#�Q�D�i �� �T�`�Q�m�/�i �M�� �p�Q�H�M�û �� �p�€�x���M�û �D�2 �K�Q�ˆ�M�û �T�b�€�i �J���t�r�2�H�H�Q�p�v �`�Q�p�M�B�+�2

�p �H�€�i�F�Q�p�û�K �T�`�Q�b�i�ü�2�/�Q �D���F�Q

r � �. = � �6; �U�R�X�N�V

r � �" = 0; �U�R�X�R�y�V

r � �1= �
@�"
@t

; �U�R�X�R�R�V

r � �> = �C�6 +
@�.
@t

; �U�R�X�R�k�V

�F�/�2 �#�v�H�v �x���p�2�/�2�M�v �M�Q�p�û �p�2�F�i�Q�`�v�. �� �>�X �o�2�F�i�Q�`�. �- �x�M�€�K�w �D���F�Q �p�2�F�i�Q�` �2�H�2�F�i�`�B�+�F�û �B�M�/�m�F�+�2
�� �>�- �x�M�€�K�w �D���F�Q �p�2�F�i�Q�` �K���;�M�2�i�B�+�F�û �B�M�i�2�M�x�B�i�v�X �S�`�Q �i�v�i�Q �p�2�F�i�Q�`�v �M���p�Q�+ �T�H���i�Q �p�x�i���?�v

�. = � �y�1+ �S; �U�R�X�R�j�V

�> =
1
� �y

�" � �J : �U�R�X�R�9�V

�_�Q�p�M�B�+�2 �U�R�X�N�@�R�X�R�k�V �M�2�D�b�Q�m �F�Q�K�T�H�2�i�M�Q �� �K�m�b�Q �#�w�i �/�Q�T�H�M�ÿ�M�v �Q �i�x�p�X �F�Q�M�b�i�B�i�m�i�B�p�M�Q �`�2�H���+�2�-
�F�i�2�`�û �m�/���D�Q �x�€�p�B�b�H�Q�b�i�. �� �> �M�� �T�Q�H�Q�+�?�1 �� �" �- �i�2�/�v�. = �. (�1; �" ) �� �> = �>(�1; �" )�X �h�v�i�Q
�K���i�2�`�B�€�H�Q�p�û �p�x�i���?�v �K�Q�?�Q�m �#�w�i �M���H�2�x�2�M�v �M�� �K�B�F�`�Q�b�F�Q�T�B�+�F�û �9�`�Q�p�M�B �M�2�#�Q �K�i�ˆ�Q�m �#�w�i �T�Q�T�b�€�M�v
�7�2�M�Q�K�2�M�Q�H�Q�;�B�+�F�v�X �o �/���H���Q�K �#�m�/�2�K�2 �m�p���ˆ�Q�p���i �H�B�M�2�€�`�M�Q�- �B�x�Q�i�`�Q�T�M�Q �� �?�Q�K�Q�;�2�M�M�Q �K���i�2�`�B�€�H�Q�p�û
�T�`�Q�b�i�ü�2�/�Q�- �F�/�2 �D�2 �x�€�p�B�b�H�Q�b�i�S�M���1 �U�`�2�b�T�X�J �M���>�V �p�v�D�€�/�ü�2�M�� �p�x�i���?�v

�S= � �y� �2�1; �U�R�X�R�8�V

�J = � �y� �K�" ; �U�R�X�R�e�V

�F�/�2� �2 �D�2 �2�H�2�F�i�`�B�+�F�€ �b�m�b�+�2�T�i�B�#�B�H�B�i�� ��� �K �K���;�M�2�i�B�+�F�€ �b�m�b�+�2�T�i�B�#�B�H�B�i���X �a�m�b�+�2�T�i�B�#�B�H�B�i�v �D�b�Q�m
�7�m�M�F�+�2 �p�v�D���/�ü�m�D�Q�+�Q �b�i�m�T�2�š �T�Q�H���`�B�x���+�2 �U�`�2�b�T�X �K���;�M�2�i�B�x���+�2�V �p �x�€�p�B�b�H�Q�b�i�B �M�� �p�M�ÿ�D���Q�K �T�Q�H�B�X �S�Q
�/�Q�b���x�2�M�Q �/�Q �p�x�i���?�i �U�R�X�R�j�V �� �U�R�X�R�9�V �/�Q�b�i�€�p�€�K�2

�. = � �y(1 + � �2)�1= � �y� � �̀1; �U�R�X�R�d�V

�" = � �y(1 + � �K)�> = � �y� � �̀>; �U�R�X�R�3�V

�F�/�2� �` �D�2 �`�2�H���i�B�p�M�Q �T�2�`�K�B�i�B�p�B�i�� ��� �` �`�2�H���i�B�p�M�Q �T�2�`�K�2���#�B�H�B�i���X �h���F�û �D�2 �K�Q�ˆ�M�û �x���p�û�b�i �+�2�H�F�Q�p�Q�m
�T�2�`�K�B�i�B�p�B�i�m� �� �+�2�H�F�Q�p�Q�m �T�2�`�K�2���#�B�H�B�i�m� �- �F�i�2�`�û �D�b�Q�m �/�€�M�v �p�x�i���?�v

� = � �y� � ;̀ �U�R�X�R�N�V

� = � �y� � :̀ �U�R�X�k�y�V
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�_�2�H���i�B�p�M�Q �T�2�`�K�B�i�B�p�B�i�� �D�2 �p �T�`�Q�b�i�ü�2�/�Q �b �/�B�b�T�2�`�x�Q �7�`�2�F�p�2�M�Í�M�ÿ �x�€�p�B�b�H�€�X �o �i���F�Q�p�û�K �T�ü�Q�T���/�ÿ �b�2
�M���x�w�p�€ �/�B�2�H�2�F�i�`�B�+�F�€ �7�m�M�F�+�2 �� �x�M���Í�Q �b�2� � (̀! )�X �S�`�€�p�ÿ �/�B�2�H�2�F�i�`�B�+�F�€ �7�m�M�F�+�2 �#�m�/�2 �T�ü�2�/�K�ÿ�i�2�K
�x�€�D�K�m �p �/���H���Q�+�? �Í�€�b�i�2�+�? �T�`�€�+�2 �� �#�m�/�2�K�2 �b�2 �D�Q �i�2�/�v �T�Q�x�/�ÿ�D�B �p�ÿ�M�Q�p���i �T�Q�/�`�Q�#�M�ÿ�D�B�X

�L�v�M�Q �b�2 �x �J���t�r�2�H�H�Q�p�w�+�? �`�Q�p�M�B�+ �p �H�€�i�+�2 �T�Q�F�m�b�Q�K�2 �Q�/�p�Q�/�B�i �p�H�M�Q�p�û �`�Q�p�M�B�+�2 �T�`�Q �2�H�2�F�i�`�Q�@
�K���;�M�2�i�B�+�F�û �p�H�M�v�X ���T�H�B�F�m�D�K�2 �Q�T�2�`�€�i�Q�`r� �M�� �6���`���/���v�i�p �x�€�F�Q�M �U�R�X�R�R�V �� ���K�T�û�`�i�p�@�J���t�r�2�H�@
�H�i�p �x�€�F�Q�M �U�R�X�R�k�V

r � (r � �1) = �r �
�

@�"
@t

�
; �U�R�X�k�R�V

r � (r � �>) = r �
�

�C�6 +
@�.
@t

�
: �U�R�X�k�k�V

�L�v�M�Q �H�x�2 �p�v�m�ˆ�Q�i �p�2�F�i�Q�`�Q�p�û �B�/�2�M�i�B�i�vr � (r� ) = r (r� ) � r �k �� �F�Q�K�m�i���i�B�p�B�i�v �T�`�Q�b�i�Q�`�Q�@
�p�w�+�? �� �Í���b�Q�p�w�+�? �/�2�`�B�p���+�Q �� �T�b�€�i

r (r � �1) � r �k�1= �
@
@t

(r � �" ) ; �U�R�X�k�j�V

r (r � �>) � r �k�> = r � �C�6 +
@
@t

(r � �. ) : �U�R�X�k�9�V

�S�Q�F�m�/ �b�2 �M�v�M�Q �T�`�Q �T�ü�2�/�+�?�Q�x�Q �`�Q�p�M�B�+�2 �� �p�x�i���?�v �U�R�X�N�@�R�X�R�k�V �p�v�m�ˆ�B�D�2 �p�v�D�€�/�ü�2�M�Q �p�2�F�i�Q�`�i
�. �� �> �T�Q�K�Q�+�Q �p�x�i���?�i �U�R�X�R�d�V �� �U�R�X�R�3�V�- �H�x�2 �D�2 �b�T�Q�D�B�i �p �M�€�b�H�2�/�m�D�Q�+�Q �`�Q�p�M�B�+�2

r
�

� �6

� �y� �`

�
� r �k�1= � � �y� �`

@
@t

�
�C�6 + � �y� �`

@�1
@t

�
; �U�R�X�k�8�V

r (0) � r �k�" = � �y� �`

�
r � �C�6 + � �y� �`

@
@t

�
�

@�"
@t

��
: �U�R�X�k�e�V

�S�Q�F�m�/ �#�m�/�2�K�2 �/�€�H�2 �m�p���ˆ�Q�p���i �T�`�Q�b�i�ü�2�/�Q �#�2�x �p�Q�H�M�w�+�? �M�€�#�Q�D�i �� �T�`�Q�m�/�i�- �/�Q�b�i���M�2�K�2 �p�x�i���?�v

r �k�1� ��
@�k�1
@t�k

= 0; �U�R�X�k�d�V

r �k�" � ��
@�k�"
@t�k

= 0: �U�R�X�k�3�V

�S�Q�K�Q�+�Q �9�T�`���p �T�`�Q�p�2�/�2�M�w�+�? �p�w���2 �#�v�H�v �Í�i�v�ü�B �J���t�r�2�H�H�Q�p�v �/�B�7�2�`�2�M�+�B�€�H�M�Q �`�Q�p�M�B�+�2 �T�`�p�M�Q�?�Q �ü�€�/�m
�T�ü�2�p�2�/�2�M�v �M�� �/�p�ÿ �/�B�7�2�`�2�M�+�B�€�H�M�Q �`�Q�p�M�B�+�2 �/�`�m�?�û�?�Q �ü�€�/�m�- �i�x�p�X �p�H�M�Q�p�û �`�Q�p�M�B�+�2 �T�`�Q�1 �� �" �X
�l�p���ˆ�m�D�K�2 �ü�2���2�M�Q �p�H�M�Q�p�w�+�? �`�Q�p�M�B�+ �p�2 �i�p���`�m �`�Q�p�B�M�M�w�+�? �p�H�M ���Q�ü�Q�+�Q�+�? �b�2 �T�`�Q�b�i�Q�`�2�K �b �p�H�M�Q�p�w�K
�p�2�F�i�Q�`�2�K�F= ( k�t; k�v; k�x) �� �9�?�H�Q�p�Q�m �7�`�2�F�p�2�M�+�Q!

E(� ;̀ t) = E �y�2�B(�F�� �̀ !t ) ; �U�R�X�k�N�V

B(� ;̀ t) = B �y�2�B(�F�� �̀ !t ) : �U�R�X�j�y�V

�S�Q �/�Q�b���x�2�M�Q �`�Q�p�B�M�M�w�+�? �p�H�M �/�Q �p�H�M�Q�p�w�+�? �`�Q�p�M�B�+ �/�Q�b�i�€�p�€�K�2 �x �Q�#�Q�m �`�Q�p�M�B�+ �p�x�i���?

k�k
�t + k�k

�v + k�k
�x � ��! �k = j�Fj �k � ��! �k = 0: �U�R�X�j�R�V

�o�2�H�B�F�Q�b�i �p�H�M�Q�p�û�?�Q �p�2�F�i�Q�`�mjkj �#�m�/�2 �/�€�H�2 �x�M���Í�2�M��k�X

�e



�S�Q �Q�/�K�Q�+�M�ÿ�M�Q �T�ü�2�/�+�?�Q�x�Q�?�Q �p�x�i���?�m �/�Q�b�i�€�p�€�K�2 �/�B�b�T�2�`�x�M�Q �`�2�H���+�B �K�2�x�B �9�?�H�Q�p�Q�m �7�`�2�F�p�2�M�+�Q
�� �p�H�M�Q�p�w�K �p�2�F�i�Q�`�2�K �T�`�Q �`�Q�p�B�M�Q�m �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�Q�m �p�H�M�m ���Q�ü�Q�+�Q �b�2 �K���i�2�`�B�€�H�2�K�- �F�/�2 �T�Q
�/�Q�b���x�2�M�Q �x��� �� � �x�2 �p�x�i���?�i �U�R�X�R�N�V �� �U�R�X�k�y�V �H�x�2 �T�b�€�i

k =
p

��! =
p

� �y� �y
p

� � �̀ � !̀ =
N!

c
; �U�R�X�j�k�V

�F�/�2 �D�b�K�2 �p�v�m�ˆ�B�H�B �p�x�i���? �T�`�Q �`�v�+�?�H�Q�b�i �b�p�ÿ�i�H�� �p�2 �p���F�m�mc = 299 792 458�K��b� �R�D���F�Q

c =
1

p
� �y� �y

; �U�R�X�j�j�V

�� �B�M�/�2�t �H�Q�K�m

N =
p

� � �̀ � :̀ �U�R�X�j�9�V

�Ì���b�i�Q �D�2 �m�p���ˆ�Q�p�€�M�Q �M�2�K���;�M�2�i�B�+�F�û �T�`�Q�b�i�ü�2�/�Q�- �F�/�2� �` � 1 �� �B�M�/�2�t �H�Q�K�m �D�2 �i�2�/�v �/�€�M �p�x�i���@
�?�2�KN =

p
� � �̀X �S�`�Q �p���F�m�m�K �UN = 1�V �i�2�/�v �T�H���i�Q �/�B�b�T�2�`�x�M�Q �`�2�H���+�2 �T�`�Q �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�Q�m

�p�H�M�m �p �M�€�b�H�2�/�m�D�Q�+�Q�K �i�p���`�m

! = ck: �U�R�X�j�8�V

�.�B�2�H�2�F�i�`�B�+�F�€ �7�m�M�F�+�2 �D�2 �Q�#�2�+�M�ÿ �i�2�M�x�Q�`�Q�p�û�?�Q �+�?���`���F�i�2�`�m�- �F�p�i�H�B �p�v�D�€�/�ü�2�M�Q �p�H�B�p�m ���M�B�x�Q�i�`�Q�T�@
�M�Q�?�Q �T�`�Q�b�i�ü�2�/�Q�- �M�v�M�Q �p�����F �m�p���ˆ�m�D�K�2�- �ˆ�2 �D�2 �i�Q �F�Q�K�T�H�2�t�M�Q �7�m�M�F�+�2 �p�2 �i�p���`�m

� �` = � � ;̀�R+ �B� � ;̀�k: �U�R�X�j�e�V

�S�Q�F�m�/ �D�2 �/�B�2�H�2�F�i�`�B�+�F�€ �7�m�M�F�+�2 �F�Q�K�T�H�2�t�M�Q�- �K�€ �T�Q�i�Q�K �B �B�M�/�2�t �H�Q�K�m �B�K���;�B�M�€�`�M�Q �Í�€�b�i �� �M���@
�x�w�p�€ �b�2 �F�Q�K�T�H�2�t�M�Q�K �B�M�/�2�t�2�K �H�Q�K�m�- �F�i�2�`�w �D�2 �/�€�M �p�x�i���?�2�K

N =
p

� �` = n + �Bk: �U�R�X�j�d�V

�_�2�€�H�M�€ �Í�€�b�i �F�Q�K�T�H�2�t�M�Q�?�Q �B�M�/�2�t�m �H�Q�K�m �b�2 �Í���b�i�Q �M���x�w�p�€ �T�Q�m�x�2 �B�M�/�2�t�2�K �H�Q�K�m �� �D�2 �x�Q�/�@
�T�Q�p�ÿ�/�M�€ �x�� �x�K�ÿ�M�m �p�H�M�Q�p�û �/�û�H�F�v �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�û �p�H�M�v ���Q�ü�Q�+�Q �b�2 �p �K���i�2�`�B�€�H�m�X �S�ü�B �T�Q�@
�b�i�m�T�m �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�û �p�H�M�v ���#�b�Q�`�#�m�D�Q�+�Q�K �T�`�Q�b�i�ü�2�/�Q�K �/�Q�+�?�€�x�Q �F �D�2�D�Q�K�m �2�t�T�Q�M�2�M�+�B�€�H�M�Q�K�m
�9�i�H�m�K�m�X �w�� �i�2�M�i�Q �9�i�H�m�K �D�2 �x�Q�/�T�Q�p�ÿ�/�M�€ �B�K���;�B�M�€�`�M�Q �Í�€�b�i �F�Q�K�T�H�2�t�M�Q�?�Q �B�M�/�2�t�m �H�Q�K�m�- �M�ÿ�F�/�v
�i���F�û �x�M�€�K�€ �D���F�Q ���#�b�Q�`�T�Í�M�Q �F�Q�2�}�+�B�2�M�i�X

�a �p�v�m�ˆ�B�i�Q�K �p�x�i���?�m �U�R�X�j�d�V �K�i�ˆ�2�K�2 �T�ü�2�+�?�€�x�2�i �Q�/ �F�Q�K�T�H�2�t�M�Q�?�Q �B�M�/�2�t�m �H�Q�K�m �F�2 �F�Q�K�T�H�2�t�M�Q
�/�B�2�H�2�F�i�`�B�+�F�û �7�m�M�F�+�B �� �M���Q�T���F�X �S�`�Q �`�2�€�H�M�Q�m �� �B�K���;�B�M�€�`�M�Q �Í�€�b�i �/�B�2�H�2�F�i�`�B�+�F�û �7�m�M�F�+�2 �T�Q�i�Q�K �T�H���i�Q

� � ;̀�R= n�k � k�k; �U�R�X�j�3�V

� � ;̀�k = 2nk: �U�R�X�j�N�V

�R�X�k�X �J�Q�/�2�H�v �Q�T�i�B�+�F�û �Q�/�2�x�p�v �T�2�p�M�w�+�? �H�€�i�2�F

�E �H�2�T���Q�K�m �T�Q�+�?�Q�T�2�M�Q �M�ÿ�F�i�2�`�w�+�? �Q�T�i�B�+�F�w�+�? �p�H���b�i�M�Q�b�i�Q �T�2�p�M�w�+�? �H�€�i�2�F �#�m�/�Q�m �p �i�û�i�Q �b�2�F�+�B �m�p�2�@
�/�2�M�v �K�Q�/�2�H�v �T�Q�T�B�b�m�D�Q�+�Q �/�B�2�H�2�F�i�`�B�+�F�Q�m �7�m�M�F�+�B �p �T�2�p�M�w�+�? �H�€�i�F�€�+�?�X �E �D�2�D�B�+�? �Q�/�p�Q�x�2�M�Q �� �T�Q�T�B�b�m
�#�v�H�v �p�v�m�ˆ�B�i�v �x�/�`�Q�D�2 �(�j�-�9�-�8�-�e�)�X �.�Q�F�v �i�ÿ�K�i�Q �K�Q�/�2�H�i�K �#�m�/�2 �K�Q�ˆ�M�û �M���}�i�Q�p���i �/�B�2�H�2�F�i�`�B�+�F�û
�7�m�M�F�+�2 �x�Q�b�F���M�û �x �2�t�T�2�`�B�K�2�M�i�i�X

�d



�o �`�Q�+�2 �R�N�y�y �p�v�/���H �M�ÿ�K�2�+�F�w �7�v�x�B�F �S���m�H �.�`�m�/�2 �T�`�€�+�B �x���#�w�p���D�Q�+�Q �b�2 �2�H�2�F�i�`�B�+�F�Q�m �p�Q�/�B�p�Q�b�i�Q
�F�Q�p�i �(�d�-�3�)�X �E�Q�p �D�2 �x�/�2 �T�Q�p���ˆ�Q�p�€�M �x�� �T�H���x�K���- �i�2�/�v �x�� �T�`�Q�b�i�ü�2�/�Q�- �F�i�2�`�û �K�€ �+�2�H�F�Q�p�w �M�€�#�Q�D
�`�Q�p�M�w �M�m�H�2�- �� �D�2 �p �M�ÿ�K �b�i�2�D�M�w �T�Q�Í�2�i �F�H���/�M�w�+�? �� �x�€�T�Q�`�M�w�+�? �M�Q�b�B�Í�i �M�€�#�Q�D�2�X ���H�2�b�T�Q�š �D�2�/�2�M �i�v�T
�i�ÿ�+�?�i�Q �M�Q�b�B�Í�i �D�2 �T�Q�?�v�#�H�B�p�w�X �o �F�Q�p�m �D�b�Q�m �p�Q�H�M�w�K�B �M�Q�b�B�Í�B �M�€�#�Q�D�2 �x�€�T�Q�`�M�ÿ �M���#�B�i�û �2�H�2�F�i�`�Q�M�v�-
�F�i�2�`�û �D�b�Q�m �F�Q�K�T�2�M�x�Q�p�€�M�v �F�H���/�M�ÿ �M���#�B�i�w�K�B �B�Q�M�i�Q�p�w�K�B �x�#�v�i�F�v�X �.�`�m�/�2�?�Q �K�Q�/�2�H �#�v�H �/�Q�T�H�M�ÿ�M
�>�2�M�/�`�B�F�2�K ���M�i�Q�Q�M�2�K �G�Q�`�2�M�i�x�2�K �p �`�Q�+�2 �R�N�y�8�- ���#�v �b�2 �D�Q�K �/���H�v �T�Q�T�b���i �B �B�x�Q�H�m�D�Q�+�Q �K���i�2�`�B�€�H�v�-
�F�/�2 �M�2�D�b�Q�m �2�H�2�F�i�`�Q�M�v �p�Q�H�M�û�X

�o�ÿ�M�m�D�K�2 �b�2 �M�v�M�Q �G�Q�`�2�M�i�x�Q�p�ÿ�@�.�`�m�/�2�?�Q �K�Q�/�2�H�m�X �h�2�M�i�Q �K�Q�/�2�H �p�v�m�ˆ�Q�p�€ �`�Q�x�/�ÿ�H�2�M�Q ���i�Q�K�i
�M�� �F�H���/�M�ÿ �M���#�B�i�û �B�Q�M�i�v �� �x�€�T�Q�`�M�ÿ �M���#�B�i�û �2�H�2�F�i�`�Q�M�v�X �L���p�Q�+ �m�p���ˆ�m�D�2�K�2�- �ˆ�2 �b�2 �B�Q�M�i�v �/���D�Q
�T�Q�p���ˆ�Q�p���i �x�� �M�2�T�Q�?�v�#�H�B�p�û�- �D�2�H�B�F�Q�ˆ �D�2 �D�2�D�B�+�? �?�K�Q�i�M�Q�b�i �ü�€�/�Q�p�ÿ �K�M�Q�?�2�K �p�ÿ�i���Q �M�2�ˆ �?�K�Q�i�M�Q�b�i
�2�H�2�F�i�`�Q�M�i�- �� �D�2�D�B�+�? �T�Q�?�v�# �i���F �H�x�2 �x���M�2�/�#���i�X

�l�p���ˆ�m�D�K�2 �2�H�2�F�i�`�Q�M �b �T�Q�H�Q�?�Q�p�w�K �p�2�F�i�Q�`�2�K� �̀U�i�V �b�T�Q�D�2�M�w �2�H�2�F�i�`�Q�b�i���i�B�+�F�Q�m �p���x�#�Q�m �b �i�ÿ�ˆ�@
�F�w�K �F�H���/�M�w�K �B�Q�M�i�2�K�X �S�`�i�#�ÿ�? �2�M�2�`�;�B�Q�p�û�?�Q �T�Q�i�2�M�+�B�€�H�m �p���x�#�v �H�x�2 �T�`�Q �K���H�û �p�w�+�?�v�H�F�v �2�H�2�F�@
�i�`�Q�M�m �M���?�`���/�B�i �T���`���#�Q�H�Q�m�- �+�Q�ˆ �p�2�/�2 �M�� �ü�2���2�M�Q �T�`�Q�#�H�û�K�m �?���`�K�Q�M�B�+�F�û�?�Q �Q�b�+�B�H�€�i�Q�`�m�X �h���i�Q
���T�`�Q�t�B�K���+�2 �m�p���ˆ�m�D�2 �p���x�#�m �D���F�Q �T�`�m�ˆ�B�M�m�- �F�i�2�`�€ �T�i�b�Q�#�Q �M�� �2�H�2�F�i�`�Q�M �p�`���i�M�Q�m �b�B�H�Q�m�X �>���`�K�Q�@
�M�B�+�F�w �Q�b�+�B�H�€�i�Q�` �K�i�ˆ�2 �#�w�i �i�H�m�K�2�M �U�M���T�ü�Q�F�H���/ �2�H�2�F�i�`�Q�M�@�2�H�2�F�i�`�Q�M�Q�p�Q�m �B�M�i�2�`���F�+�Q �� �b�`�€�ˆ�F���K�B�V�-
���H�2 �i���F�û �#�m�x�2�M �p�M�ÿ�D���Q�K �T�Q�H�2�K�X �L���T�B���K�2 �i�2�/�v �T�Q�?�v�#�Q�p�Q�m �`�Q�p�M�B�+�B �T�`�Q �2�H�2�F�i�`�Q�M �p�2 �i�p���`�m

m�2•�`= � k�`� m�2
 _�`� e�1; �U�R�X�9�y�V

�F�/�2m�2= 9; 109� 10� �j�R�F�; �D�2 �F�H�B�/�Q�p�€ �?�K�Q�i�M�Q�b�i �2�H�2�F�i�`�Q�M�m�-k �D�2 �i�m�?�Q�b�i �T�`�m�ˆ�B�M�v�-
 �T���`���K�2�i�`
�i�H�m�K�2�M�Q �Q�b�+�B�H�€�i�Q�`�m�-e = 1; 602� 10� �R�N�* �D�2 �2�H�2�K�2�M�i�€�`�M�Q �M�€�#�Q�D ���1�p�2�F�i�Q�` �2�H�2�F�i�`�B�+�F�û �B�M�i�2�M�x�B�i�v
�p�M�ÿ�D���Q�?�Q �T�Q�H�2 �#�m�/�Q�+�Q �p�w�+�?�v�H�F�v �Q�b�+�B�H�€�i�Q�`�m�X �o�v�m�ˆ�B�i�Q�K �p�x�i���?�m �T�`�Q �9�?�H�Q�p�Q�m �7�`�2�F�p�2�M�+�B �p�Q�H�M�w�+�?
�F�K�B�i�i �U�p �i�Q�K�i�Q �T�ü�Q�T���/�ÿ �b �i�H�m�K�2�M�Q�K �� �#�m�x�2�M�Q�K �p�M�ÿ�D���Q�K �T�Q�H�2�K �b�2 �D�2�/�M�€ �Q �i�x�p�X �`�2�x�Q�M���M�Í�M�Q
�7�`�2�F�p�2�M�+�B�V

! �k
�y =

k
m�2

; �U�R�X�9�R�V

�� �T�Q �T�ü�2�m�b�T�Q�ü�€�/�€�M�Q �H�x�2 �T�b�€�i

m�2•�`+ m�2
 _�`+ m�2! �k
�y�`= � e�1: �U�R�X�9�k�V

�l�p���ˆ�m�D�K�2 �p�M�ÿ�D���Q �2�H�2�F�i�`�B�+�F�û �T�Q�H�2�- �F�i�2�`�û �b�2 �p �Í���b�2 �K�ÿ�M�Q �?���`�K�Q�M�B�+�F�v �b �9�?�H�Q�p�Q�m �7�`�2�F�p�2�M�+�Q
!

�1(t) = �1�y�2� �B!t : �U�R�X�9�j�V

�S�Q �b�i���/�B�m �T�ü�2�+�?�Q�/�Q�p�w�+�? �D�2�p�i �T�ü�2�+�?�€�x�Q �b�v�b�i�û�K �/�Q �m�b�i�€�H�2�M�û�?�Q �b�i���p�m�- �F�K�B�i���D�Q�+�Q�?�Q �b�2 �b�i�2�D�M�Q�m
�7�`�2�F�p�2�M�+�Q �D���F�Q �#�m�/�Q�+�Q �b�Q�H���- �p�w�+�?�v�H�F�m �H�x�2 �i�2�/�v �Q�#�2�+�M�ÿ �M���T�b���i �D���F�Q

� (̀t) = � �̀y�2� �B!t : �U�R�X�9�9�V

�S�Q �/�Q�b���x�2�M�Q �/�Q �T�Q�?�v�#�Q�p�û �`�Q�p�M�B�+�2 �/�Q�b�i���M�2�K�2 �p�x�i���? �K�2�x�B �p�w�+�?�v�H�F�Q�m �2�H�2�F�i�`�Q�M�m �� �2�H�2�F�@
�i�`�B�+�F�Q�m �B�M�i�2�M�x�B�i�Q�m �p�M�ÿ�D���Q�?�Q �T�Q�H�2

� (̀t) =
� e

m�2(! �k
�y � ! �k � �B
! )

�1(t): �U�R�X�9�8�V

�3



�S�ü�B �i�Q�K�i�Q �p�v�+�?�w�H�2�M�Q �2�H�2�F�i�`�Q�M�i �b�2 ���i�Q�K�v �T�Q�H���`�B�x�m�D�Q �� �B�M�/�m�F�m�D�Q �b�2 �2�H�2�F�i�`�B�+�F�û �/�B�T�¦�H�v �b �/�B�T�¦�@
�H�Q�p�w�K�B �K�Q�K�2�M�i�v

�T(t) = � e� (̀t): �U�R�X�9�e�V

�P�/�T�Q�p�Q�/���D�Q�+�Q �p�2�F�i�Q�` �T�Q�H���`�B�x���+�2�S�D�2 �/�H�2 �p�x�i���?�m �U�R�X�d�V

�S(t) = n�T(t) =
ne�k

m�2(! �k
�y � ! �k � �B
! )

�1(t); �U�R�X�9�d�V

�F�/�2n �D�2 �p �i�Q�K�i�Q �T�ü�Q�T���/�ÿ �F�Q�M�+�2�M�i�`���+�2 �2�H�2�F�i�`�Q�M�i�X
�S�Q �/�Q�b���x�2�M�Q �/�Q �p�x�i���?�m �T�`�Q �2�H�2�F�i�`�B�+�F�Q�m �b�m�b�+�2�T�i�B�#�B�H�B�i�m �U�R�X�R�8�V �H�x�2 �T�b�€�i

� �2(! ) =
ne�k

� �ym�2(! �k
�y � ! �k � �B
! )

=
! �k

�T

! �k
�y � ! �k � �B
!

; �U�R�X�9�3�V

�F�/�2 �#�v�H�� �/�2�}�M�Q�p�€�M�� �i�x�p�X �T�H���x�K�Q�p�€ �7�`�2�F�p�2�M�+�2

! �T =

s
ne�k

m�2� �y
: �U�R�X�9�N�V

�S�H���x�K�Q�p�€ �7�`�2�F�p�2�M�+�2 �Q�/�T�Q�p�Q�/�€ �7�`�2�F�p�2�M�+�B �T�Q�/�û�H�M�w�+�? �F�Q�H�2�F�i�B�p�M�Q�+�? �F�K�B�i�i �p�Q�H�M�w�+�? �2�H�2�F�i�`�Q�M�i
�p �+�2�H�û�K �Q�#�D�2�K�m �K���i�2�`�B�€�H�m�X �E�p���M�i�m�K �i�ÿ�+�?�i�Q �F�Q�H�2�F�i�B�p�M�Q�+�? �Q�b�+�B�H���+�Q �b�2 �M���x�w�p�€ �Q�#�D�2�K�Q�p�w�K
�T�H���x�K�Q�M�2�K�X �P �Q�#�D�2�K�Q�p�w�+�? �T�H���x�K�Q�M�2�+�? �#�m�/�2 �T�Q�/�`�Q�#�M�ÿ�D�B �T�Q�D�2�/�M�€�p���i �Í�€�b�i�k�X�R�X�R�X

�S�Q�F�m�/ �p�v�D�€�/�ü�Q�K�2 �/�B�2�H�2�F�i�`�B�+�F�Q�m �7�m�M�F�+�B �T�Q�K�Q�+�Q �p�x�i���?�m �U�R�X�R�d�V �� �/�Q�b���/�Q�K�2 �M�v�M�Q �Q�/�p�Q�@
�x�2�M�Q�m �2�H�2�F�i�`�B�+�F�Q�m �b�m�b�+�2�T�i�B�#�B�H�B�i�m�- �/�Q�b�i�€�p�€�K�2 �i�x�p�X �G�Q�`�2�M�i�x�i�p�@�.�`�m�/�2�?�Q �K�Q�/�2�H �/�B�2�H�2�F�i�`�B�+�F�û
�7�m�M�F�+�2

� � (̀! ) = 1 +
! �k

�T

! �k
�y � ! �k � �B
!

: �U�R�X�8�y�V

�A�K���;�B�M�€�`�M�Q �Í�€�b�i �/�B�2�H�2�F�i�`�B�+�F�û �7�m�M�F�+�2 �D�2 �b�T�D���i�� �b ���#�b�Q�`�T�+�Q �� �K�€ �T�Q�F�- �F�i�2�`�w �K�€ �K���t�B�K�m�K
�p! �y�- �F�/�2 �/�Q�+�?�€�x�Q �F �`�2�x�Q�M���M�+�B �U�x�2�b�Q�H�2�M�Q ���#�b�Q�`�T�+�2�V �p �Q�F�Q�H�Q �`�2�x�Q�M���M�Í�M�Q �7�`�2�F�p�2�M�+�2! �y�X �_�2�€�H�M�€
�Í�€�b�i �/�B�2�H�2�F�i�`�B�+�F�û �7�m�M�F�+�2 �b�2 �T�`�Q! � ! �y �#�H�Q�ˆ�Q �?�Q�/�M�Q�i�ÿ1 + ! �k

�T�f!
�k
�y�- �2�H�2�F�i�`�B�+�F�û �T�Q�H�2 �x�/�2 �F�K�B�i�€

�b �i���F �K���H�Q�m �7�`�2�F�p�2�M�+�Q�- �ˆ�2 �M�� �M�ÿ �2�H�2�F�i�`�Q�M�v �b�i���Í�Q �`�2���;�Q�p���i�X �S�`�Q! � ! �y �b�2 �`�2�€�H�M�€ �Í�€�b�i
�/�B�2�H�2�F�i�`�B�+�F�û �7�m�M�F�+�2 �#�H�Q�ˆ�Q �?�Q�/�M�Q�i�ÿ �R�- �D�2�H�B�F�Q�ˆ �D�b�Q�m �Q�b�+�B�H���+�2 �p�M�ÿ�D���Q�?�Q �T�Q�H�2 �i���F �`�v�+�?�H�û�- �ˆ�2 �M��
�M�ÿ �2�H�2�F�i�`�Q�M�Q�p�w �T�H�v�M �M�2�b�i���Í�Q �`�2���;�Q�p���i�X �o�v�F�`�2�b�H�2�M�Q �i�Q�?�Q�i�Q �K�Q�/�2�H�m �H�x�2 �p�B�/�ÿ�i �M�� �P�#�`�X�R�X�R���V�X
�S�`�Q�D�/�ÿ�K�2 �M�v�M�Q �b�T�2�+�B�€�H�M�Q �T�ü�Q�T���/ �G�Q�`�2�M�i�x�Q�p���@�.�`�m�/�2�?�Q �K�Q�/�2�H�m�- �p�2 �F�i�2�`�û�K �#�m�/�2�K�2 �m�p���ˆ�Q�p���i
�F�Q�p�Q�p�û �K���i�2�`�B�€�H�v�X �o �F�Q�p�2�+�? �H�x�2 �p�Q�/�B�p�Q�b�i�M�Q �2�H�2�F�i�`�Q�M�v �p �2�H�2�F�i�`�Q�M�Q�p�û�K �T�H�v�M�m �T�Q�p���ˆ�Q�p���i �x��
�p�Q�H�M�û�- �K�i�ˆ�2�K�2 �i���F �m�p���ˆ�Q�p���i �K�Q�/�2�H �#�2�x �p�`���i�M�w�+�? �b�B�H�- �� �i�2�/�v! �y �! 0�X �S�Q�i�Q�K �H�x�2 �T�b�€�i

� � (̀! ) = 1 �
! �k

�T

! �k + �B
!
: �U�R�X�8�R�V

�S�Q�F�m�/ �x���T�Q�Í�i�2�K�2 �T�ü�Q�b�T�ÿ�p�2�F �Q�/ �T�Q�H���`�B�x���+�2 �/���M�û �F�H���/�M�w�K �B�Q�M�i�Q�p�w�K �T�Q�x���/�Q�K�- �F�i�2�`�w
�Q�x�M���Í�Q�K�2� 1 �- �� �/�2�}�M�m�D�2�K�2 �?�Q �D���F�Q� 1 � � � (̀! �! 1 )�- �H�x�2 �T�b�€�i

� � (̀! ) = � 1 �
! 2

�T

! 2 + �B
!
: �U�R�X�8�k�V

�N



�P�#�`�€�x�2�F �R�X�R�, �o�v�F�`�2�b�H�2�M�Q �/�B�2�H�2�F�i�`�B�+�F�w�+�? �7�m�M�F�+�Q �o�P�k �b�T�Q�H�m �b �}�i�Q�p���M�w�K�B �F�ü�B�p�F���K�B �T�Q�K�Q�+�Q
�`�i�x�M�w�+�? �K�Q�/�2�H�i�X �U���V �.�B�2�H�2�F�i�`�B�+�F�€ �7�m�M�F�+�2 �o�P�k �p �B�x�Q�H�m�D�Q�+�Q �7�€�x�B �� �D�2�D�Q �}�i �G�Q�`�2�M�i�x�Q�p�w�K�@�.�`�m�@
�/�2�?�Q �K�Q�/�2�H�2�K �/�H�2 �p�x�i���?�m �U�R�X�8�y�V�X �6�B�i �x�/�2 �M�� �M���K�ÿ�ü�2�M�€ �/���i�� �M�2�b�2�/�Q �x�+�2�H�� �T�ü�2�b�M�ÿ�- �+�Q�ˆ �M���@
�b�i�€�p�€ �F�p�i�H�B �/���H���Q�K �T�ü�Q�b�T�ÿ�p�F�i�K �F �/�B�2�H�2�F�i�`�B�+�F�û �7�m�M�F�+�B �Q�/ �`�2�x�Q�M���M�+�Q �M�� �D�B�M�w�+�? �2�M�2�`�;�B�Q�+�?�X �G�x�2
�b�B �p���B�K�M�Q�m�i �K���t�B�K��� � ;̀�k�- �� �i�2�/�v �p�2�H�F�û ���#�b�Q�`�T�+�2 �T�`�Q �2�M�2�`�;�B�B�X �L���K�ÿ�ü�2�M�€ �/���i�� �#�v �x�/�2 �K�ÿ�H��
�Q�/�T�Q�p�Q�/���i �2�t�+�B�i���+�B �i�`���M�b�p�2�`�x�€�H�M�Q�?�Q �Q�T�i�B�+�F�û�?�Q �7�Q�M�Q�M�m �p �B�x�Q�H�m�D�Q�+�Q �7�€�x�B �o�P�k �p �Q�F�Q�H�Q �2�M�2�`�;�B�2
�y�-�y�d�9 �2�o�- �F�i�2�`�w �#�m�/�2 �/�€�H�2 �/�B�b�F�m�i�Q�p�€�M �p �Í�€�b�i�B�9�X�k�X �U�#�V �.�B�2�H�2�F�i�`�B�+�F�€ �7�m�M�F�+�2 �o�P�k �p �F�Q�p�Q�p�û
�7�€�x�B �� �D�2�D�Q �}�i �.�`�m�/�2�?�Q �K�Q�/�2�H�2�K �/�H�2 �p�x�i���?�m �U�R�X�8�k�V�X �h�2�M�i�Q �K�Q�/�2�H �+�?���`���F�i�2�`�B�x�m�D�2 �Q�T�i�B�+�F�Q�m
�Q�/�2�x�p�m �o�P�k �p �F�Q�p�Q�p�û �7�€�x�B �p�2�H�K�B �T�ü�2�b�M�ÿ�X

�.�B�2�H�2�F�i�`�B�+�F�€ �7�m�M�F�+�2 �H�x�2 �T�Q�/�H�2 �p�x�i���?�m �U�R�X�j�e�V �`�Q�x�2�T�b���i �M�� �`�2�€�H�M�Q�m �� �B�K���;�B�M�€�`�M�Q �Í�€�b�i

� � ;̀1 = � 1 �
! 2

�T

! 2 + 
 2
; �U�R�X�8�j�V

��

� � ;̀2 =
! 2

�T


! (! 2 + 
 2)
: �U�R�X�8�9�V

�S�`�Q �x���M�2�/�#���i�2�H�M�û �i�H�m�K�2�M�Q �Q�b�+�B�H�€�i�Q�`�m
 �! 0 �/�Q�b�i�€�p�€�K�2 �x�2 �p�x�i���?�m �U�R�X�8�R�V

� � (̀! ) = 1 �
! �k

�T

! �k
: �U�R�X�8�8�V

�w �i�Q�?�Q�i�Q �p�x�i���?�m �H�x�2 �p�B�/�ÿ�i�- �ˆ�2 �T�`�Q! < ! �T �D�2� �` < 0 �U�T�`�Q �Q�#�2�+�M�ÿ�D���Q �T�ü�Q�T���/ �p�x�i���?�m �U�R�X�8�k�V
�T�H���i�Q �i���i�Q �M�2�`�Q�p�M�Q�b�i �T�Q�m�x�2 ���T�`�Q�t�B�K���i�B�p�M�ÿ�V�X �S�Q�/ �i�Q�m�i�Q �7�`�2�F�p�2�M�+�Q �2�H�2�F�i�`�Q�M�v �F�K�B�i���D�Q �p �T�`�Q�@
�i�B�7�€�x�B �T�`�Q�i�B �p�M�ÿ�D���Q�K�m �2�H�2�F�i�`�B�+�F�û�K�m �T�Q�H�B �� �Q�/�`�€�ˆ�Q �?�Q�X �h�2�M�i�Q �T�Q�x�M���i�2�F �p�v�b�p�ÿ�i�H�m�D�2 �Q�/�`���x�B�p�Q�b�i
�F�Q�p�i �T�`�Q �K�2�M���Q �2�M�2�`�;�B�2 �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�û�?�Q �x�€�ü�2�M�Q �U�i�2�/�v �p�ÿ�i���Q �p�H�M�Q�p�û �/�û�H�F�v�V �� �M�€�b�H�2�/�M�Q�m
�T�`�Q�T�m�b�i�M�Q�b�i �M���T�ü�X �T�`�Q �l�o �Í�€�b�i �b�T�2�F�i�`���X

�C���F�Q �x�Q�#�2�+�M�ÿ�M�Q �G�Q�`�2�M�i�x�Q�p���@�.�`�m�/�2�?�Q �K�Q�/�2�H�m �m�p���ˆ�m�D�K�2 �K�Q�/�2�H �b �p�Q�+�2 �`�2�x�Q�M���M�+�2�K�B�X �h�v�i�Q
�`�2�x�Q�M���M�+�2 �T�Q�i�Q�K �T�i�D�/�Q�m �x���T�b���i �D���F�Q �b�m�K�� �T�ü�Q�b�T�ÿ�p�F�i �Q�/ �D�2�/�M�Q�i�H�B�p�w�+�? �U�i�x�p�X �G�Q�`�2�M�i�x�Q�p�w�+�?�V
�Q�b�+�B�H�€�i�Q�`�i�X �S�ü�Q�b�T�ÿ�p�F�v �/���H���Q�+�? �Q�b�+�B�H�€�i�Q�`�i �K�Q�?�Q�m �#�w�i �/�€�M�v �M���T�ü�X �K�2�x�B�T�€�b�Q�p�w�K�B �T�ü�2�+�?�Q�/�v
�2�H�2�F�i�`�Q�M�i �M�2�#�Q �2�t�+�B�i���+�2�K�B �7�Q�M�Q�M�i�X �o�v�m�ˆ�B�D�K�2 �i�2�/�v �p�x�i���?�m �U�R�X�8�y�V �� �T�ü�B�/�2�D�K�2 �b�m�K�m �T�ü�2�b
�D�2�/�M�Q�i�H�B�p�û �Q�b�+�B�H�€�i�Q�`�v �/���M�û �B�M�/�2�t�2�Kl

� � (̀! ) = 1 +
X

l

! �k
�Tf l

! �k
�y;l � ! �k � �B
 l !

; �U�R�X�8�e�V

�R�y



�F�/�2! �y;�H�D�b�Q�m �p�H���b�i�M�Q �7�`�2�F�p�2�M�+�2 �D�2�/�M�Q�i�H�B�p�w�+�? �Q�b�+�B�H�€�i�Q�`�i�-
 l �i�H�m�K�2�M�Q �Q�b�+�B�H���+�Q ��f l �b�Q�H�v �Q�b�+�B�H�€�@
�i�Q�`�i�- �F�i�2�`�û �D�b�Q�m �/�€�M�v �`�i�x�M�w�K�B �B�M�i�2�M�x�B�i���K�B �`�2�x�Q�M���M�+�Q�X

�S�Q�F�m�/ �#�m�/�2�K�2 �T�`�Q �T�`�p�M�Q �Í�H�2�M �ü���/�v �m�p���ˆ�Q�p���i! �y;�y �! 0 �H�x�2 �ü���/�m �`�Q�x�/�ÿ�H�B�i �M��

� � (̀! ) = 1 �
! �k

�Tf �y

! �k + �B
 �y!
+

X

j

! �k
�Tf j

! �k
�y;j � ! �k � �B
 j !

: �U�R�X�8�d�V

�h�2�M�i�Q �K�Q�/�2�H �x���?�`�M�m�D�2 �D���F �Q�/�2�x�p�m �Q�/ �p�Q�H�M�w�+�? �2�H�2�F�i�`�Q�M�i�- �p�v�D�€�/�ü�2�M�Q�m �T�`�p�M�Q�K �.�`�m�/�2�?�Q �Í�H�2�@
�M�2�K�- �i���F �T�ü�Q�b�T�ÿ�p�F�v �Q�/ �p�€�x���M�w�+�? �2�H�2�F�i�`�Q�M�i�X �o�P�k �D�2 �T�ü�Q�F�H���/�2�K �K���i�2�`�B�€�H�m�- �T�`�Q �F�i�2�`�w �H�x�2
�Q�T�i�B�+�F�Q�m �Q�/�2�x�p�m �p �Q�#�Q�m �7�€�x�Q�+�? �p�v�D�€�/�ü�B�i �T�`�€�p�ÿ �i�Q�K�i�Q �x�T�i�b�Q�#�2�K�X

�R�R



�k�X �P�T�i�B�+�F�û �K�¦�/�v �p �M���M�Q�b�i�`�m�F�i�m�`�€�+�?
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�D�b�Q�m �F�p���x�B�Í�€�b�i�B�+�2�- �F�i�2�`�w�K�B �H�x�2 �Q�#�2�+�M�ÿ �T�Q�T�b���i �F�p���M�i�� �7�Q�i�Q�M�Q�p�û �B�M�i�2�`���F�+�2 �b �D�B�M�w�K�B �F�p���x�B�@
�Í�€�b�i�B�+�2�K�B�- �M���T�ü�Q�F�H���/ �b �T�H���x�K�Q�M�v �� �7�Q�M�Q�M�v�X �o�ÿ�M�m�D�K�2 �b�2 �M�v�M�Q �T�H���x�K�Q�M�Q�p�w�K �T�Q�H���`�B�i�Q�M�i�K�-
���Q�ü�Q�+�Q�K �b�2 �M�� �`�Q�x�?�`���M�Q �F�Q�p�m �� �/�B�2�H�2�F�i�`�B�F���- �i�x�p�X �T�Q�p�`�+�?�Q�p�w�K �T�H���x�K�Q�M�Q�p�w�K �T�Q�H���`�B�i�Q�M�i�K
�U�a�S�S�- �x ���M�;�H�X�a�m�`�7���+�2 �S�H���b�K�Q�M �S�Q�H���`�B�i�Q�M�V�X �h�v�i�Q �F�p���x�B�Í�€�b�i�B�+�2 �D�b�Q�m �b�H�Q�ˆ�2�M�v �x �2�H�2�F�i�`�Q�K���;�@
�M�2�i�B�+�F�w�+�? �p�H�M�- ���Q�ü�Q�+�Q�+�? �b�2 �T�Q �T�Q�p�`�+�?�m �F�Q�p�m�- �b�T�ü���ˆ�2�M�w�+�? �b �p�w�+�?�v�H�F���K�B �2�H�2�F�i�`�Q�M�Q�p�û�?�Q �T�H�v�M�m
�p �F�Q�p�m�- �i�2�/�v �b �T�H���x�K�Q�M�v�X �o �Í�€�b�i�B�k�X�R�X�R�#�v�H�Q �p�v�b�p�ÿ�i�H�2�M�Q�- �ˆ�2 �T�`�Q �7�`�2�F�p�2�M�+�2 �T�`�Q �F�i�2�`�û �T�H���i�Q�-
�ˆ�2 �_�2f (� (! )g < 0 �/�Q�+�?�€�x�Q �m �F�Q�p�m �F �Q�/�`���x�m �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�û �p�H�M�v�- �� �i�� �b�2 �i���F �p �K���@
�i�2�`�B�€�H�m �M�2���Q�ü�Q�X �L�v�M�Q �m�F�€�ˆ�2�K�2�- �ˆ�2 �x�� �m�`�Í�B�i�w�+�? �T�Q�/�K�Q�M�2�F �b�2 �T�Q �T�Q�p�`�+�?�m �F�Q�p�m �K�i�ˆ�2 ���Q�ü�B�i
�2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�€ �p�H�M�� �T�`�€�p�ÿ �x �`�Q�x�b���?�m �7�`�2�F�p�2�M�+�Q�- �T�`�Q �F�i�2�`�û �D�2 �_�2f � (! )g �x�€�T�Q�`�M�€�X

�l�p���ˆ�m�D�K�2 �M�v�M�Q �T�ü�Q�T���/ �`�Q�x�?�`���M�Q �`�Q�x�H�2�?�H�û�?�Q �F�Q�p�m �b �/�B�2�H�2�F�i�`�B�+�F�Q�m �7�m�M�F�+�Q �x�M���Í�2�M�Q�m� �`�k

�U�� �`�Q�x�b���? �2�M�2�`�;�B�Q�- �T�`�Q �F�i�2�`�û �T�H���i�Q� �`�k < 0�V �� �`�Q�x�H�2�?�H�û�?�Q �/�B�2�H�2�F�i�`�B�F�� �b �/�B�2�H�2�F�i�`�B�+�F�Q�m �7�m�M�F�+�Q
�x�M���Í�2�M�Q�m� �`�R �U� �`�R> 0�V�- �D���F �D�2 �b�+�?�2�K���i�B�+�F�v �x�M�€�x�Q�`�M�ÿ�M�Q �M�� �P�#�`�X�k�X�k�- �F�/�2 �/�B�2�H�2�F�i�`�B�+�F�w�K
�T�`�Q�b�i�ü�2�/�Q�K �T�Q�b�i�m�T�m�D�2 �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�€ �p�H�M�� �b �p�H�M�Q�p�w�K �p�2�F�i�Q�`�2�K�F= ( k�t; 0; k�R;�x)�X �S�`�Q
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�P�#�`�€�x�2�F �k�X�k�, �a�+�?�2�K���i�B�+�F�û �x�M�€�x�Q�`�M�ÿ�M�Q ���Q�ü�2�M�Q �a�S�S �M�� �`�Q�x�?�`���M�Q �F�Q�p�m �b �/�B�2�H�2�F�i�`�B�+�F�Q�m �7�m�M�F�+�Q� �`�k

�� �/�B�2�H�2�F�i�`�B�+�F�û�?�Q �T�`�Q�b�i�ü�2�/�Q �b� �`�R�X �.�€�H�2 �D�b�Q�m �x�/�2 �p�v�x�M���Í�2�M�v �b�K�ÿ�`�v �2�H�2�F�i�`�B�+�F�û�?�Q �� �K���;�M�2�i�B�+�F�û�?�Q
�T�Q�H�2�X �Ì�2�`�p�2�M�Q�m �F�ü�B�p�F�Q�m �D�2 �x�M�€�x�Q�`�M�ÿ�M�� �b�H�Q�ˆ�F�� �2�H�2�F�i�`�B�+�F�û�?�Q �T�Q�H�2 �p�2 �b�K�ÿ�`�mx�X �h�K���p�ÿ ���2�/�Q�m
�Í�€�`�Q�m �D�2 �/�€�H�2 �x�p�w�`���x�M�ÿ�M�Q �`�Q�x�?�`���M�Qz = 0�X �S�ü�2�p�x���i�Q �x �(�j�)�X

�D�2�/�M�Q�/�m�+�?�Q�b�i �m�p���ˆ�m�D�K�2 �T�Q�m�x�2 �`�2�€�H�M�û �b�H�Q�ˆ�F�v �/�B�2�H�2�F�i�`�B�+�F�w�+�? �7�m�M�F�+�Q�- �p�v�D���/�ü�m�D�Q�+�Q �T�ü�Q�T���/ �#�2�x
���#�b�Q�`�T�+�2�X �S�Q�/�K�Q�M�F�v �T�`�Q �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�û �T�Q�H�2 �M�� �`�Q�x�?�`���M�Q �/�p�Q�m �T�`�Q�b�i�ü�2�/�Q �T�H�v�M�Q�m�+�Q �x �J���@
�t�r�2�H�H�Q�p�w�+�? �`�Q�p�M�B�+ �p�2�/�Q�m �M�� �b�T�Q�D�B�i�Q�b�i �i�2�Í�M�w�+�? �b�H�Q�ˆ�2�F �p�H�M�Q�p�w�+�? �p�2�F�i�Q�`�i�-kx �b�2 �i�2�/�v �M�2�K�ÿ�M�Q�X
�a�H�Q�ˆ�F�� �p�H�M�Q�p�û�?�Q �p�2�F�i�Q�`�m �p �T�`�Q�b�i�ü�2�/�Q �k �p�2 �b�K�ÿ�`�mz �H�x�2 �p�v�D�€�/�ü�B�i �x �/�B�b�T�2�`�x�M�Q �`�2�H���+�2 �U�R�X�j�k�V�-
�F�/�2 �Q�T�ÿ�i �m�p���ˆ�m�D�2�K�2 �M�2�K���;�M�2�i�B�+�F�û �T�`�Q�b�i�ü�2�/�Q

k2
x + k2

2;z = � �y� �`�k� �y! 2: �U�k�X�R�y�V

�C�2�H�B�F�Q�ˆ �D�2 �/�`�m�?�û �T�`�Q�b�i�ü�2�/�Q �F�Q�p�- �D�2 �x�/�2� �`�k < 0�- ��k�k
2;z �i�2�/�v �i���F�û �K�m�b�Q �#�w�i �x�€�T�Q�`�M�û�X �w �i�û�i�Q

�T�Q�/�K�Q�M�F�v �T�H�v�M�2�- �ˆ�2k2;z �K�m�b�Q �#�w�i �B�K���;�B�M�€�`�M�Q�- �T�Q�i�Q�K �H�x�2 �T�b�€�i

k2;z = �B� 2;z; �U�k�X�R�R�V

�F�/�2� 2;z �D�2 �`�2�€�H�M�û �Í�Q�b�H�Q�X �S�Q�/�Q�#�M�ÿ �m�p���ˆ�m�D�K�2 �B �B�K���;�B�M�€�`�M�Q �b�H�Q�ˆ�F�mk1;z �p �T�`�p�M�Q�K �T�`�Q�b�i�ü�2�/�Q�-
�F�i�2�`�Q�m �H�x�2 �p�v�D�€�/�ü�B�i �Q�#�/�Q�#�M�ÿ�- �M�2�#�Q�# �+�?�+�2�K�2 �ü�2���B�i �T�Q�m�x�2 �p�H�M�v ���Q�ü�Q�+�Q �b�2 �T�Q�/�û�H �`�Q�x�?�`���M�Q �Q�#�Q�m
�T�`�Q�b�i�ü�2�/�Q�X �1�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�û �p�H�M�v �D�b�Q�m �i�2�/�v �p�2 �b�K�ÿ�`�mz �2�p���M�2�b�+�2�M�i�M�Q �� �D�2�D�B�+�? ���K�T�H�B�i�m�/�v
�p �i�Q�K�i�Q �b�K�ÿ�`�m �F�H�2�b���D�Q �2�t�T�Q�M�2�M�+�B�€�H�M�ÿ�X

�1�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�€ �p�H�M�� �K�i�ˆ�2 �#�w�i �Q�#�2�+�M�ÿ �T�Q�H���`�B�x�Q�p�€�M���- �T�Q�H���`�B�x���+�2 �p�v�D���/�ü�m�D�2 �b�K�ÿ�`
�2�H�2�F�i�`�B�+�F�û �� �K���;�M�2�i�B�+�F�û �b�H�Q�ˆ�F�v �p�H�M�v�X �w���K�ÿ�ü�K�2 �b�2 �M�v�M�Q �T�Q�m�x�2 �M�� �T�ü�Q�T���/ �H�B�M�2�€�`�M�ÿ �T�Q�H���`�B�@
�x�Q�p���M�û �p�H�M�v�X �1�t�B�b�i�m�D�Q �/�p�� �i�v�T�v �H�B�M�2�€�`�M�Q �T�Q�H���`�B�x���+�2�X �S�`�p�M�Q�K �D�2 �T�ü�Q�Í�M�€ �K���;�M�2�i�B�+�F�€ �U�h�J�-
�x ���M�;�H�X�h� �̀��M�b�p�2�`�b�2 �J���;�M�2�i�B�+�V �T�Q�H���`�B�x���+�2�- �F�/�v �D�2 �K���;�M�2�i�B�+�F�€ �b�H�Q�ˆ�F�� �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�û �p�H�M�v
�`�Q�p�M�Q�#�ÿ�ˆ�M�€ �b �`�Q�x�?�`���M�Q�K�X �.�`�m�?�w�K �T�ü�Q�T���/�2�K �D�2 �T�ü�Q�Í�M�€ �2�H�2�F�i�`�B�+�F�€ �U�h�1�- �x ���M�;�H�X�h� �̀��M�b�p�2�`�b�2
�1�H�2�+�i�`�B�+�V �T�Q�H���`�B�x���+�2�- �m �F�i�2�`�û �D�2 �b �`�Q�x�?�`���M�Q�K �`�Q�p�M�Q�#�ÿ�ˆ�M�€ �2�H�2�F�i�`�B�+�F�€ �b�H�Q�ˆ�F���X �l �a�S�S �H�x�2 �/�Q�F�v
�/�p�ÿ�K�� �`�i�x�M�w�K �H�B�M�2�€�`�M�Q�K �T�Q�H���`�B�x���+�Q�K �x���p�û�b�i �/�p�� �i�v�T�v �p�H�M�X �S�`�p�M�Q�- �F�/�v �D�2 �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�€
�p�H�M�� ���Q�ü�Q�+�Q �b�2 �M�� �`�Q�x�?�`���M�Q �T�Q�H���`�B�x�Q�p�€�M�� �h�J �� �i�v�T�- �F�/�v �D�2 �D�2�D�Q �T�Q�H���`�B�x���+�2 �h�1�X �.�B�b�F�m�i�m�D�K�2
�M�v�M�Q �T�Q�m�x�2 �h�J �T�Q�H���`�B�x���+�B �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�w�+�? �p�H�M�- �D�2�H�B�F�Q�ˆ �H�x�2 �m�F�€�x���i�- �ˆ�2 �ˆ�€�/�M�û �K�¦�/�v
�b �h�1 �T�Q�H���`�B�x���+�Q �M�� �`�Q�x�?�`���M�Q �F�Q�p�m �� �/�B�2�H�2�F�i�`�B�F�� �M�2�H�x�2 �2�t�+�B�i�Q�p���i �(�9�)�X

�o�2�F�i�Q�`�v �K���;�M�2�i�B�+�F�û �B�M�i�2�M�x�B�i�v �D�b�Q�m �i�2�/�v �F�Q�H�K�û �F �`�Q�p�B�M�ÿxz �� �H�x�2 �D�2 �T�b�€�i �p�2 �i�p���`�2�+�?
�>1 = (0 ; H1;y ; 0) �� �>�k = (0 ; H2;y ; 0)�- �F�/�2

H1;y = h1;y �2�Bkx x �2� � 1;z z; �U�k�X�R�k�V

H2;y = h2;y �2�Bkx x �2� 2;z z: �U�k�X�R�j�V

�Ì�H�2�M�vh1;y ; h2;y �Q�#�b���?�m�D�Q �D���F ���K�T�H�B�i�m�/�m �K���;�M�2�i�B�+�F�w�+�? �B�M�i�2�M�x�B�i �i���F �D�2�D�B�+�? �Í���b�Q�p�Q�m �Í�€�b�i �2� �B!t �X
�w�M���K�û�M�F�� �m �7���F�i�Q�`�i �Q�#�b���?�m�D�Q�+�Q �b�H�Q�ˆ�F�mz �#�v�H�� �x�p�Q�H�2�M�� �i���F�- ���#�v �p�v�D���/�ü�Q�p���H�� �2�t�T�Q�M�2�M�+�B�€�H�M�Q
�T�Q�F�H�2�b �T�Q�H�2 �p �Q�#�Q�m �T�`�Q�b�i�ü�2�/�Q�+�?�X
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�o�2�F�i�Q�`�v �2�H�2�F�i�`�B�+�F�û �B�M�i�2�M�x�B�i�v �p �Q�#�Q�m �T�`�Q�b�i�ü�2�/�Q�+�? �D�b�Q�m �i���F�û �9�K�ÿ�`�M�û �7���F�i�Q�`�m �2� �B!t �X �.�Q�b���@
�x�2�M�Q�K �/�Q �U�R�X�R�k�V �b �m�p�€�ˆ�2�M�Q�K�C�6 = 0 �� �T�Q ���T�H�B�F�Q�p�€�M�Q �Q�T�2�`�€�i�Q�`�i �i�2�/�v �/�Q�b�i�€�p�€�K�2

�B�F1 � �>1 = � �B!� �y� �`�R�1�R; �U�k�X�R�9�V

�B�F�k � �>�k = � �B!� �y� �`�k�1�k; �U�k�X�R�8�V

�F�/�2 �p�H�M�Q�p�û �p�2�F�i�Q�`�v �D�b�Q�m �p�2 �i�p���`�2�+�?

�F�R= ( kx ; 0; �B� 1;z); �U�k�X�R�e�V

�F�k = ( kx ; 0; � �B� 2;z): �U�k�X�R�d�V

�S�Q �p�v�D�€�/�ü�2�M�Q�1�R; �1�k �� �T�`�Q�p�2�/�2�M�Q �p�2�F�i�Q�`�Q�p�û�?�Q �b�Q�m�Í�B�M�m

�1�R=
H1;y

� �y� �`�R!
(�B� 1;z; 0; � kx ); �U�k�X�R�3�V

�1�k =
H2;y

� �y� �`�k!
(� �B� 2;z; 0; � k�t): �U�k�X�R�N�V

�L���T�B���K�2 �M�v�M�Q �Q�F�`���D�Q�p�û �T�Q�/�K�Q�M�F�v�- �T�Q�ˆ���/�m�D�Q�+�Q �b�T�Q�D�B�i�Q�b�i�B �i�2�Í�M�w�+�? �b�H�Q�ˆ�2�F�1 �� �> �M�� �`�Q�x�@
�?�`���M�Q�-

H1;y

�
�
�
z=0

= H2;y

�
�
�
z=0

; �U�k�X�k�y�V

E1;x

�
�
�
z=0

= E2;x

�
�
�
z=0

: �U�k�X�k�R�V

�S�Q�/�`�Q�#�M�ÿ�D���Q �B�M�7�Q�`�K���+�2 �Q �Q�F�`���D�Q�p�w�+�? �T�Q�/�K�Q�M�F�€�+�? �H�x�2 �M���D�Q�i �M���T�ü�X �p �(�k�)�X
���T�H�B�F���+�Q �Q�F�`���D�Q�p�w�+�? �T�Q�/�K�Q�M�2�F �M�� �U�k�X�R�k�@�k�X�R�j�V �� �U�k�X�R�3�@�k�X�R�N�V �/�Q�b�i�€�p�€�K�2 �p�x�i���?�v

h�R= h�k; �U�k�X�k�k�V

h�R
� 1;z

� �`�R
= � h�k

� 2;z

� �`�k
; �U�k�X�k�j�V

�F�i�2�`�û �H�x�2 �M�€�b�H�2�/�M�ÿ �b�T�Q�D�B�i �p �D�2�/�M�m �`�Q�p�M�B�+�B

� 1;z

� 2;z
= �

� �`�R

� �`�k
: �U�k�X�k�9�V

�w �T�Q�ˆ���/���p�F�i �`�2�€�H�M�w�+�? �� �F�H���/�M�w�+�? �?�Q�/�M�Q�i� �R;�x �� � �k;�x �i�2�/�v �/�Q�b�i�€�p�€�K�2 �T�`�p�M�Q �T�Q�/�K�Q�M�F�m
�T�`�Q �p�x�M�B�F �a�S�S�X

� �`�R(! )� �`�k(! ) < 0: �U�k�X�k�8�V

�S�`�Q �D�2�/�2�M �K���i�2�`�B�€�H �M�� �`�Q�x�?�`���M�Q �i�2�/�v �K�m�b�Q �T�H���i�B� �` < 0 �� �T�`�Q �/�`�m�?�w� �` > 0�- �T�`�Q �m�p���ˆ�Q�p���M�û
�`�Q�x�?�`���M�Q �F�Q�p�@�/�B�2�H�2�F�i�`�B�F�m�K �#�v�H�� �i���i�Q �T�Q�/�K�Q�M�F�� ���m�i�Q�K���i�B�+�F�v �b�T�H�M�ÿ�M���X

�S�Q�F�m�/ �M�v�M�Q �p�v�D�€�/�ü�Q�K�2� �B;�x �T�`�Q �Q�#�ÿ �T�`�Q�b�i�ü�2�/�Q �x�2 �p�x�i���?�m �U�k�X�R�y�V �� �/�Q�b���/�Q�K�2 �/�Q �U�k�X�k�j�V
�/�Q�b�i���M�2�K�2 �p�x�i���?

k�k
x � � �y� �`�R� �y! �k

k�k
x � � �y� �`�k� �y! �k

= �
� �k

�`�R

� �k
�`�k

: �U�k�X�k�e�V

�R�e



�P�#�`�€�x�2�F �k�X�j�, �o�v�F�`�2�b�H�2�M�Q �/�B�b�T�2�`�x�M�Q �x�€�p�B�b�H�Q�b�i�B �a�S�S �/���M�û �p�x�i���?�2�K �U�k�X�k�d�V �T�`�Q �p�`�b�i�p�m �j
�x �h���#�X�"�X�R�p �F�Q�p�Q�p�û �7�€�x�B�- �/�`�m�?�û �T�`�Q�b�i�ü�2�/�Q �D�2 �p���F�m�m�K �U� �`�R= 1�V�X �.�€�H�2 �D�2 �x�/�2 �p�v�F�`�2�b�H�2�M��
�/�B�b�T�2�`�x�M�Q �x�€�p�B�b�H�Q�b�i �T�`�Q �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�Q�m �p�H�M�m! = ck�X �G�x�2 �p�B�/�ÿ�i�- �ˆ�2 �T�`�Q �M�Q�x�F�û �p�H�M�Q�p�û
�p�2�F�i�Q�`�v �b�2 �/�B�b�T�2�`�x�2 �a�S�S �T�ü�B�K�v�F�€ �/�B�b�T�2�`�x�B �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�û �p�H�M�v�- �T�`�Q �p�v�b�Q�F�€k �b�2 �#�H�Q�ˆ�Q
���b�v�K�T�i�Q�i�B�+�F�û �?�Q�/�M�Q�i�ÿ �2�M�2�`�;�B�2 �‰h! �b�T= 1:098 �2�o�X

�S�Q �p�v�D�€�/�ü�2�M�Qkx �/�Q�b�i�€�p�€�K�2 �/�B�b�T�2�`�x�M�Q �`�2�H���+�B �T�`�Q �a�S�S �M�� �`�Q�x�?�`���M�Q �F�Q�p�m �� �/�B�2�H�2�F�i�`�B�F��

kx =
r

� �`�R� �`�k

� �`�R+ � �`�k
k�y; �U�k�X�k�d�V

�F�/�2k�y �D�2 �p�H�M�Q�p�w �p�2�F�i�Q�` �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�û�?�Q �x�€�ü�2�M�Q �p�2 �p���F�m�m �/���M�w �p�x�i���?�2�K �U�R�X�j�8�V�X �h�2�M�i�Q
�p�x�i���? �D�2 �p�v�F�`�2�b�H�2�M �M�� �P�#�`�X�k�X�j�X �C�2�H�B�F�Q�ˆ �T�Q�ˆ���/�m�D�2�K�2 �`�2�€�H�M�ûk�t�- ���#�v �b�2 �p�2 �b�K�ÿ�`�m �Q�b�vx ���Q�ü�B�H��
�p�H�M�� �Q�/�T�Q�p�Q�/���D�Q�+�Q �a�S�S�- �K�m�b�Q �T�H���i�B�i �M�€�b�H�2�/�m�D�Q�+�Q �M�2�`�Q�p�M�Q�b�i

� � �`�k(! ) > � �`�R(! ); �U�k�X�k�3�V

�F�i�2�`�€ �p�v�D���/�ü�m�D�2 �/�`�m�?�Q�m �T�Q�/�K�Q�M�F�m �T�`�Q �p�x�M�B�F �a�S�S�X
�.�B�b�T�2�`�x�M�Q �F�ü�B�p�F�� �T�`�Q �a�S�S �b�2 ���b�v�K�T�i�Q�i�B�+�F�v �#�H�Q�ˆ�Q �?�Q�/�M�Q�i�ÿ �7�`�2�F�p�2�M�+�2�- �F�i�2�`�Q�m �M���x�p�2�K�2

! �b�T�X �o�H�M�Q�p�w �p�2�F�i�Q�`kx �M�� �i�û�i�Q �7�`�2�F�p�2�M�+�B �`�Q�b�i�2 �M���/�2 �p���2�+�?�M�v �K�2�x�2 �� �;�`�m�T�Q�p�€ �`�v�+�?�H�Q�b�i
�/! / �/k �b�2 �i�2�/�v �#�H�Q�ˆ�Q �F �y�X �a�B�i�m���+�2 �p �i�Q�K�i�Q �T�ü�Q�T���/�ÿ �T�ü�2�+�?�€�x�Q �p �2�H�2�F�i�`�Q�b�i���i�B�+�F�w �T�ü�Q�T���/�- �� �K�¦�/
�b�2 �M���x�w�p�€ �T�Q�p�`�+�?�Q�p�w�K �T�H���x�K�Q�M�2�K �U�a�S�- �x ���M�;�H�X�a�m�`�7���+�2 �S�H���b�K�Q�M�V�- �� �H�x�2 �?�Q �i�2�/�v �Q�/�p�Q�/�B�i
�ü�2���2�M�Q�K �2�H�2�F�i�`�Q�b�i���i�B�+�F�û�?�Q �T�`�Q�#�H�û�K�m�X �.�Q�b���x�2�M�Q�K �;�`���/�B�2�M�i�m �2�H�2�F�i�`�B�+�F�û�?�Q �T�Q�i�2�M�+�B�€�H�m�r �
�x���1 �p �`�Q�p�M�B�+�B �U�R�X�R�V �/�Q�b�i���M�2�K�2 �T�`�Q �2�H�2�F�i�`�B�+�F�w �T�Q�i�2�M�+�B�€�H �p �T�`�Q�b�i�ü�2�/�Q �/�B�7�2�`�2�M�+�B�€�H�M�Q �`�Q�p�M�B�+�B�-
�F�i�2�`�€ �b�2 �D�K�2�M�m�D�2 �S�Q�B�b�b�Q�M�Q�p�� �`�Q�p�M�B�+�2

r �k� = �
�
� �y

: �U�k�X�k�N�V

�S�Q�F�m�/ �M�2�#�m�/�2 �p �T�`�Q�b�i�ü�2�/�Q �ˆ�€�/�M�€ �?�m�b�i�Q�i�� �M�€�#�Q�D�2�- �T�ü�2�+�?�€�x�Q �S�Q�B�b�b�Q�M�Q�p�� �`�Q�p�M�B�+�2 �p �G���T�H���+�2�Q�p�m
�`�Q�p�M�B�+�B �p�2 �i�p���`�m

r �k� = 0: �U�k�X�j�y�V

�R�d



�w�M�€�K�€ �ü�2���2�M�Q �G���T�H���+�2�Q�p�v �`�Q�p�M�B�+�2 �T�`�Q �T�ü�Q�T���/ �`�Q�x�?�`���M�Q �F�Q�p�m �� �/�B�2�H�2�F�i�`�B�F���- �x�M�€�x�Q�`�M�ÿ�M�û�?�Q
�M�� �P�#�`�X�k�X�k�- �D�b�Q�m �Q�b�+�B�H�m�D�Q�+�Q �p�2 �b�K�ÿ�`�mx �� �2�t�T�Q�M�2�M�+�B�€�H�M�ÿ �F�H�2�b���D�Q�+�Q �p�2 �b�K�ÿ�`�mz�X

� �R(x; z) = A�2�Bkx x �2� kz ; �U�k�X�j�R�V

� �k(x; z) = A�2�Bkx x �2kz : �U�k�X�j�k�V

�w �Q�F�`���D�Q�p�w�+�? �T�Q�/�K�Q�M�2�F �T�`�Q �J���t�r�2�H�H�Q�p�v �`�Q�p�M�B�+�2 �M�� �`�Q�x�?�`���M�Q �p�v�T�H�w�p�€ �b�T�Q�D�B�i�Q�b�i �M�Q�`�K�€�@
�H�Q�p�w�+�? �b�H�Q�ˆ�2�F �2�H�2�F�i�`�B�+�F�û �B�M�/�m�F�+�2�. 1(x; 0) = �. 2(x; 0)�- �i�2�/�v

� �`�R(! )
@��R
@z

�
�
�
z=0

= � �`�k(! )
@��k
@z

�
�
�
z=0

; �U�k�X�j�j�V

�x �M�B�+�?�ˆ �T�Q �/�2�`�B�p���+�B� �R(x; z); � �k(x; z) �� �p�v�Í�Q�b�H�2�M�Q �p �#�Q�/�ÿz = 0 �/�Q�b�i�€�p�€�K�2� �`�k(! �b�T) = � � �`�R(! �b�T)�X
�S�`�Q �T�`�Q�b�i�ü�2�/�Q �b� �`�k= 1 �i�2�/�v �i�2�M�i�Q �p�x�i���? �T�ü�2�+�?�€�x�Q �p

� �`�k(! �b�T) = � 1: �U�k�X�j�9�V

�S�Q�F�m�/ �#�m�/�2�K�2 �m�p���ˆ�Q�p���i �/�B�2�H�2�F�i�`�B�+�F�Q�m �7�m�M�F�+�B�- �F�i�2�`�€ �D�2 �T�Q�m�ˆ�B�i�� �T�`�Q �p�v�F�`�2�b�H�2�M�Q �/�B�b�T�2�`�x�@
�M�Q�?�Q �p�x�i���?�m �M�� �P�#�`�X�k�X�j�- �� �M���D�/�2�K�2�- �F�/�v �b�2 �D�2�D�Q �`�2�€�H�M�€ �Í�€�b�i �`�Q�p�M�€ �?�Q�/�M�Q�i�ÿ� 1�- �x�Q�b�F�€�K�2
�?�Q�/�M�Q�i�m �F�i�2�`�€ �D�2 �p�v�F�`�2�b�H�2�M�� �K�Q�/�`�Q�m �T�ü�2�`�m���Q�p���M�Q�m �Í���`�Q�m�X �C�2�/�M�€ �b�2 �i�2�/�v �Q�T�`���p�/�m �Q �H�B�K�B�i�m
�/�B�b�T�2�`�x�2 �a�S�S�X

�S�Q �/�Q�b���x�2�M�Q �/�Q �.�`�m�/�2�?�Q �K�Q�/�2�H�m �U�R�X�8�8�V �/�Q�b�i�€�p�€�K�2 �p�x�i���?

! �b�T=
! �Tp

2
; �U�k�X�j�8�V

�M���x�w�p���M�w �a�i�2�`�M�i�p�@�6�2�`�`�2�H�H�i�p �p�x�i���? �(�R�y�)�X
�E �T�Q�/�Q�#�M�û�K�m �b�T�ü���ˆ�2�M�Q �b �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�Q�m �p�H�M�Q�m �K�i�ˆ�2 �/�Q�D�Q�i �B �b �F�K�B�i�v �K�ü�Q�ˆ�F�v�X �h�2�M�i�Q

�T�ü�Q�T���/ �D�2 �K�Q�ˆ�M�w �/�Q�F�v �T�Q�H���`�B�x���+�B �T�Q�H�€�`�M�Q �K�ü�Q�ˆ�F�v�- �p�x�M�B�F�H�û �p�w�+�?�v�H�F���K�B ���i�Q�K�i�X �o�ÿ�M�m�D�K�2 �b�2
�/�€�H�2 �Í�€�b�i�B �/�B�b�T�2�`�x�M�Q �`�2�H���+�2 �7�Q�M�Q�M�i �T�`�Q �p�2�H�B�+�2 �K���H�û �p�H�M�Q�p�û �p�2�F�i�Q�`�v�X �h���i�Q �Í�€�b�i �D�2 �x���D�Q�K���p�€�-
�T�`�Q�i�Q�ˆ�2 �T�Q�F�m�/ �m�p���ˆ�m�D�2�K�2 �/�B�b�T�2�`�x�M�Q �`�2�H���+�B �T�`�Q �b�p�ÿ�i�H�Q�- �/�Q�D�/�2 �p �i�Q�K�i�Q �K�Q�b�i�ÿ �F �T�`�Q�i�M�m�i�Q
�/�B�b�T�2�`�x�2 �b�p�ÿ�i�H�� �� �p�ÿ�i�p�2 �b �i�`���M�b�p�2�`�x�€�H�M�Q�K�B �Q�T�i�B�+�F�w�K�B �7�Q�M�Q�M�v�X �J�Q�b�i�Q �T�`�Q�i�M�m�i�Q �b�2 �M���x�w�p�€ �Q�#�H���b�i
�`�2�x�Q�M���M�+�2�X �S�Q�F�m�/ �b�2 �7�Q�i�Q�M �U�T�ü�Q�Í�M�€ �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�€ �p�H�M���V �M���+�?�€�x�Q �b�T�Q�H�m �b �i�`���M�b�p�2�`�x�€�H�M�Q�K
�Q�T�i�B�+�F�w�K �7�Q�M�Q�M�2�K �p �Q�#�H���b�i�B �`�2�x�Q�M���M�+�2�- �/�Q�D�/�2 �F�2 �b�T�ü���ˆ�2�M�Q �Q�#�Q�m �p�H�M �� �p�x�M�B�F�m �i�x�p�X �7�Q�M�Q�M�Q�@
�p�û�?�Q �T�Q�H���`�B�i�Q�M�m�X �6�Q�M�Q�M�Q�p�w �T�Q�H���`�B�i�Q�M �D�2 ���M���H�Q�;�B�+�F�w �T�H���x�K�Q�M�Q�p�û�K�m �T�Q�H���`�B�i�Q�M�m�- �m �F�i�2�`�û�?�Q
�p�����F �/�Q�+�?�€�x�Q �F�2 �b�T�ü���ˆ�2�M�Q �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�û �p�H�M�v �b �F�K�B�i�v �p�Q�H�M�w�+�? �2�H�2�F�i�`�Q�M�i �p �F�Q�p�m�X �S�Q�@
�F�m�/ �m�p���ˆ�m�D�2�K�2 �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�Q�m �p�H�M�m ���Q�ü�Q�+�Q �b�2 �T�Q �`�Q�x�?�`���M�Q �K���i�2�`�B�€�H�m �� �T�`�Q�b�i�ü�2�/�Q�- �/�Q�D�/�2
�F�2 �b�T�ü���ˆ�2�M�Q �T�Q�p�`�+�?�Q�p�w�+�? �7�Q�M�Q�M�i�- �� �i�2�M�i�Q �K�¦�/ �T�Q�i�û �M���x�w�p�€�K�2 �T�Q�p�`�+�?�Q�p�w �7�Q�M�Q�M�Q�p�w �T�Q�@
�H���`�B�i�Q�M �U�a�S�?�S�- �x ���M�;�H�X�a�m�`�7���+�2 �S�?�Q�M�Q�M �S�Q�H���`�B�i�Q�M�V�X �.�B�b�T�2�`�x�2 �/���M�€ �p�x�i���?�2�K �U�k�X�k�d�V�- �T�H���i�Q
�T�`�Q �Q�#�2�+�M�û �T�Q�p�`�+�?�Q�p�û �T�Q�H���`�B�i�Q�M�v�- �i�2�/�v �B �T�`�Q �T�Q�p�`�+�?�Q�p�û �7�Q�M�Q�M�Q�p�û �T�Q�H���`�B�i�Q�M�v�X �S�Q�/�Q�#�M�ÿ �D���F�Q
�m �a�S�S�- �2�t�B�b�i�m�D�Q �a�S�?�S �T�`�Q �i���F�Q�p�û �7�`�2�F�p�2�M�+�2�- �T�`�Q �F�i�2�`�û �D�2 �/�B�2�H�2�F�i�`�B�+�F�€ �7�m�M�F�+�2 �/�€�M�� �G�Q�`�2�M�i�@
�x�Q�p�w�K�@�.�`�m�/�2�?�Q �K�Q�/�2�H�2�K �x�€�T�Q�`�M�€ �U�T�ü�2�b�M�ÿ�D�B�- �x �T�Q�/�K�Q�M�2�F �T�`�Q �p�x�M�B�F �T�Q�H���`�B�i�Q�M�i�- �p�B�/�Q�K�2�- �ˆ�2
�K�2�M���Q �M�2�ˆ �@�R�- �i�2�/�v �T�`�Q �x���F�€�x���M�w �T�€�b �/�2�}�M�Q�p���M�w �p �Í�€�b�i�B�k�X�R�X�R�V�X

�k�X�R�X�j�X �J�¦�/�v �M�� �i�2�M�F�û �p�`�b�i�p�ÿ

�o �Í�€�b�i�B�k�X�R�X�k�D�b�K�2 �b�2 �p�ÿ�M�Q�p���H�B �T�ü�Q�T���/�i�K �T�H���x�K�Q�M�Q�p�w�+�? �� �7�Q�M�Q�M�Q�p�w�+�? �T�Q�H���`�B�i�Q�M�i ���Q�ü�Q�+�Q�+�? �b�2
�M�� �`�Q�x�?�`���M�Q �`�Q�x�H�2�?�H�w�+�? �T�`�Q�b�i�ü�2�/�Q�X �w���K�ÿ�ü�K�2 �b�2 �M�v�M�Q �M�� �T�ü�Q�T���/�- �F�/�v �D�2 �i�H�Q�m���#�F�� �K���i�2�`�B�€�H�m�-
�p�2 �F�i�2�`�û�K �i�v�i�Q �Q�T�i�B�+�F�û �K�¦�/�v �b�H�2�/�m�D�2�K�2�- �x�`�2�/�m�F�Q�p�€�M�� �M�� �i�2�M�F�Q�m �p�`�b�i�p�m�X �o �i�û�i�Q �F���T�B�i�Q�H�2
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�D�2�D�B�+�? �T�`�Q�T���;���Í�M�Q �/�û�H�F���X

�k�X�R�X�9�X �G�Q�F���H�B�x�Q�p���M�û �K�¦�/�v

�E �T�Q�T�b�€�M�Q �M�€�b�H�2�/�m�D�Q�+�Q�+�? �Q�T�i�B�+�F�w�+�? �K�¦�/�i �#�v�H�� �T�Q�m�ˆ�B�i�� �H�B�i�2�`���i�m�`�� �(�j�-�9�-�R�R�)�X �.�Q�T�Q�b�m�/ �D�b�K�2
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�C�2�H�B�F�Q�ˆ �D�b�Q�m �p�Q�H�M�û �2�H�2�F�i�`�Q�M�v �p �;�2�Q�K�2�i�`�B�B �M���M�Q�Í�€�b�i�B�+�2 �Q�K�2�x�2�M�v �U�H�Q�F���H�B�x�Q�p�€�M�v�V�- �M�2�K�Q�?�Q�m
�b�2 �T�Q�p�`�+�?�Q�p�û �T�H���x�K�Q�M�v ���Q�ü�B�i �/�€�H�2 �x�� �`�Q�x�?�`���M�Q�X �o ���M���H�Q�;�B�B �b �F�H���b�B�+�F�w�K�B �p�H�M���K�B �b�B �H�x�2 �i�v�i�Q
�K�¦�/�v �T�ü�2�/�b�i���p�B�i �D���F�Q �b�i�Q�D���i�û �p�H�M�v�- �Q�T�`�Q�i�B �a�S�S�- �F�i�2�`�û �Q�/�T�Q�p�Q�/���D�Q �p�Q�H�M�ÿ ���Q�ü�Q�+�Q�K �b�2 �p�H�M�€�K�X

�S�Q�/�Q�#�M�ÿ �D���F �#�v�H�Q �T�Q�T�b�€�M�Q �p �T�ü�2�/�+�?�Q�x�Q �Í�€�b�i�B�- �p �F�Q�p�Q�p�û �M���M�Q�Í�€�b�i�B�+�B �K�i�ˆ�2�K�2 �p�v�#�m�/�B�i
�2�t�+�B�i���+�2 �p�2 �7�Q�`�K�ÿ �T�Q�p�`�+�?�Q�p�w�+�? �T�H���x�K�Q�M�i �p�M�ÿ�D���Q�K �2�H�2�F�i�`�B�+�F�w�K �T�Q�H�2�K�X �l�p���ˆ�m�D�K�2 �M�v�M�Q �b�K�ÿ�`
�Q�b�vx �b�i�2�D�M�w �D���F�Q �M�� �Q�#�`�€�x�F�m�k�X�k�X �l�p���ˆ�m�D�K�2 �M���M�Q�b�i�`�m�F�i�m�`�m�- �F�i�2�`�€ �D�2 �Q�K�2�x�2�M�€ �p �Q�b�2x
�`�Q�p�B�M���K�Bx = 0 �� x = L�X �C�2�H�B�F�Q�ˆ �D�2 �;�2�Q�K�2�i�`�B�2 �Q�?�`���M�B�Í�2�M�€�- �/�Q�D�/�2 �F�2 �F�p���M�i�Q�p�€�M�Q �p�H�M�Q�p�w�+�?
�/�û�H�2�F �T�Q�p�`�+�?�Q�p�w�+�? �T�H���x�K�Q�M�i�- �F�/�v �K�Q�?�Q�m �K�Q�i �T�Q�m�x�2 �m�`�Í�B�i�û �p�H�M�Q�p�û �/�û�H�F�v�X

�S�Q�F�m�b�K�2 �b�2 �M�v�M�Q �Q�/�p�Q�/�B�i �p�x�i���? �T�`�Q �p�H�M�Q�p�û �/�û�H�F�v �D�2�/�M�Q�i�H�B�p�w�+�? �K�¦�/�i �H�Q�F���H�B�x�Q�p���M�w�+�?
�T�Q�p�`�+�?�Q�p�w�+�? �T�H���x�K�Q�M�i�X �l�p���ˆ�m�D�K�2 �b�H�Q�ˆ�F�m �p�H�M�v �p�2 �b�K�ÿ�`�mx�- �i�2�/�v �b�F���H�€�`�M�Q �p�H�M�m�- �F�i�2�`�€ �K�€
�M�� �Q�F�`���D�Q�+�? �M���M�Q�Í�€�b�i�B�+�2 �F�K�B�i�M�v�X �o�H�M�� �#�m�/�2 �i�2�/�v �p�2 �i�p���`�m

f (x; t ) = A�+�Q�b(k�tx); �U�k�X�9�y�V

�F�/�2A �D�2 ���K�T�H�B�i�m�/�� �p�H�M�v ��k�t �D�2 �p�H�M�Q�p�û �Í�Q�b�H�Q �p�H�M�v�X
�L�� �T�`���p�û�K �F�Q�M�+�B �M���M�Q�Í�€�b�i�B�+�2�- �i�2�/�v �p�2 �p�x�/�€�H�2�M�Q�b�i�BL�- �K�m�b�Q �T�H���i�B�i �Q�F�`���D�Q�p�€ �T�Q�/�K�Q�M�F��

A�+�Q�b(k�tL) = � A; �U�k�X�9�R�V

���#�v �M�� �Q�F�`���D�B �#�v�H�� �F�K�B�i�M�� �b�i�Q�D���i�û �p�H�M�v�X �S�`�Q �b�T�H�M�ÿ�M�Q �i�û�i�Q �Q�F�`���D�Q�p�û �T�Q�/�K�Q�M�F�v �K�m�b�Q �T�H���i�B�i
�`�Q�p�M�Q�b�i

k�t;�ML = k�y;�Mn�2�7L = n�; �U�k�X�9�k�V

�F�/�2 �D�b�K�2 �p�v�m�ˆ�B�H�B �`�Q�x�2�T�b�€�M�Q �b �T�Q�K�Q�+�Q �p�x�i���?�m �U�k�X�k�d�V�- �T�ü�2�T�b���H�B �p�H�M�Q�p�w �p�2�F�i�Q�` �M��k�t;�M�- ���#�v�+�?�Q�K
�x�/�i�`���x�M�B�H�B �F�p���M�i�Q�p�€�M�Q �D�2�/�M�Q�i�H�B�p�w�+�? �K�¦�/�i �x�M���Í�2�M�w�+�? �B�M�/�2�t�2�Kn�X �.�€�H�2 �D�b�K�2 �x�/�2 �x���p�2�/�H�B �2�7�2�F�@
�i�B�p�M�Q �B�M�/�2�t �H�Q�K�mn�2�7�- �F�i�2�`�w �+�?���`���F�i�2�`�B�x�m�D�2 �x�K�ÿ�M�m �p�H�M�Q�p�û�?�Q �p�2�F�i�Q�`�m �p�i�Í�B �p�H�M�Q�p�û�K�m �p�2�F�i�Q�`�m
�p�2 �p���F�m�m�X �1�7�2�F�i�B�p�M�Q �B�M�/�2�t �H�Q�K�m �T�`�Q �i�2�M�F�Q�m �p�`�b�i�p�m �H�x�2 �x�Q�b�F���i �x �/�B�b�T�2�`�x�M�Q�+�? �`�2�H���+�Q �U�k�X�j�e�@�k�X�j�d�V�X

�S�Q�F�m�/ �M�v�M�Q �p�v�D�€�/�ü�Q�K�2 �p�H�M�Q�p�w �p�2�F�i�Q�`k0;n �D���F�Q2� / � n �� �p�v�D�€�/�ü�Q�K�2 �p�H�M�Q�p�Q�m �/�û�H�F�m �M�@�i�û�?�Q
�K�¦�/�m

� �M=
2L
n

n�2�7: �U�k�X�9�j�V

�L�� �P�#�`�X�k�X�e�D�b�Q�m �p�v�F�`�2�b�H�2�M�v �p�B�x�m���H�B�x���+�2 �K�¦�/�i �b�i�Q�D���i�w�+�? �p�H�M �T�`�Qn = 1; 2; 10�X �L�2�D�D�2�/�M�Q�@
�/�m�����Q�K �K�¦�/�2�K�-n = 1�- �D�2 �/�B�T�¦�H�Q�p�w �K�¦�/�- �F�/�v �D�2 �M�� �D�2�/�M�û �b�i�`���M�ÿ �F�H���/�M�w �T�¦�H �� �M�� �/�`�m�?�û
�x�€�T�Q�`�M�w �T�¦�H�X �.�`�m�?�w�K �K�¦�/�2�K�- �F�i�2�`�w �K�€ �/�p�ÿ �F�K�B�i�M�v �M�� �F�`���D�Q�+�? �� �D�2�/�M�m �m�T�`�Q�b�i�ü�2�/�- �D�2 �T�Q�@
�/�û�H�M�w �F�p���/�`�m�T�¦�H�Q�p�w �K�¦�/�X �h�2�M�i�Q �K�¦�/ �b�B �H�x�2 �T�ü�2�/�b�i���p�B�i �D���F�Q �/�p�� �/�B�T�¦�H�Q�p�û �K�¦�/�v �p�2�/�H�2 �b�2�#�2�X
�S�`�Q �H�Q�F���H�B�x�Q�p���M�û �T�Q�p�`�+�?�Q�p�û �7�Q�M�Q�M�v �T�H���i�Q �b�i�2�D�M�û �p�x�i���?�v�- �F�i�2�`�û �#�v�H�v �p�w���2 �Q�/�p�Q�x�2�M�v �T�`�Q �H�Q�@
�F���H�B�x�Q�p���M�û �T�Q�p�`�+�?�Q�p�û �T�H���x�K�Q�M�v�X �o ���M���H�Q�;�B�B �F�2 �F�H���b�B�+�F�û �7�v�x�B�+�2 �T�`�Q �M�ÿ �Q�p���2�K �M�2�/�Q�+�?�€�x�Q �F�2
�p�x�M�B�F�m �b�i�Q�D���i�w�+�? �p�H�M �2�H�2�F�i�`�Q�M�Q�p�û�?�Q �T�H�v�M�m�- ���H�2 �F�2 �p�x�M�B�F�m �b�i�Q�D���i�w�+�? �p�H�M �F�`�v�b�i���H�Q�p�û �K�ü�Q�ˆ�F�v�X

�k�R



�P�#�`�€�x�2�F �k�X�e�, �a�+�?�2�K���i�B�+�F�û �p�v�F�`�2�b�H�2�M�Q �M�ÿ�F�Q�H�B�F�� �K�¦�/�i �b�i�Q�D���i�w�+�? �p�H�M �2�H�2�F�i�`�Q�M�Q�p�û�?�Q �T�H�v�M�m
�p �M���M�Q�b�i�`�m�F�i�m�ü�2�- �T�`�Qn = 1; 2; 10�- �/�H�2 �p�x�i���?�m �U�k�X�9�j�V�X �J�Q�/�`�û �F�ü�B�p�F�v �x�M�€�x�Q�`�š�m�D�Q �p�2�H�B�F�Q�b�i
�2�H�2�F�i�`�B�+�F�û�?�Q �M�€�#�Q�D�2 �p �x�€�p�B�b�H�Q�b�i�B �M�� �T�Q�H�Q�x�2 �p �M���M�Q�Í�€�b�i�B�+�B�X

�k�X�k�X �J�B�2�?�Q �`�2�x�Q�M���M�+�2

�.���H���Q�K�B �Q�T�i�B�+�F�w�K�B �K�¦�/�v�- �F�i�2�`�û �D�2 �K�Q�ˆ�M�û �T�Q�x�Q�`�Q�p���i �p �M���M�Q�b�i�`�m�F�i�m�`�€�+�? �D�b�Q�m �i�x�p�X �J�B�2�?�Q
�`�2�x�Q�M���M�+�2�X �S�Q�D�K�2�M�Q�p�€�M�Q �`�2�x�Q�M���M�+�Q �p�v�+�?�€�x�Q �x �ü�2���2�M�Q �`�Q�x�T�i�v�H�m �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�û�?�Q �x�€�ü�2�M�Q
�M�� �F�Q�m�H�B�- �D�2�ˆ �#�v�H�Q �T�m�#�H�B�F�Q�p�€�M�Q �:�m�b�i���p�2�K �J�B�2�K �p �`�Q�+�2 �R�N�y�3 �(�R�j�)�X �o �/�B�2�H�2�F�i�`�B�+�F�w�+�? �M���M�Q�@
�Í�€�b�i�B�+�Q�+�? �`�i�x�M�w�+�? �i�p���`�i �b�2 �K�Q�?�Q�m �Q�#�D�2�p�Q�p���i �`�2�x�Q�M���M�+�2 ���M���H�Q�;�B�+�F�û �F �J�B�2�?�Q �K�¦�/�i�K �F�Q�m�H�2�X

�P�T�`�Q�i�B �`�2�x�Q�M���M�+�Q�K �x�T�i�b�Q�#�2�M�w�K �H�Q�F���H�B�x�Q�p���M�w�K�B �T�H���x�K�Q�M�Q�p�w�K�B �T�Q�H���`�B�i�Q�M�v �D�b�Q�m �J�B�2�?�Q
�`�2�x�Q�M���M�+�2 �T�`�Q �M�ÿ�F�i�2�`�û ���T�H�B�F���+�2 �p�?�Q�/�M�ÿ�D���Q�X �o �M�ÿ�F�i�2�`�w�+�? �T�ü�Q�T���/�2�+�? �D�2 �T�ü�2�/�K�ÿ�i�2�K �x�€�D�K�m
�T�Q�m�x�2 �`�Q�x�T�i�v�H �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�û�?�Q �x�€�ü�2�M�Q �M�� �M���M�Q�Í�€�b�i�B�+�B�X �o�2 �p�B�/�B�i�2�H�M�û �� �B�M�7�`���Í�2�`�p�2�M�û �Í�€�b�i�B
�b�T�2�F�i�`�� �/�Q�+�?�€�x�Q �m �F�Q�p�i �F �p�2�H�F�w�K �x�i�`�€�i�€�K �F�p�i�H�B ���#�b�Q�`�T�+�B�X �_�Q�x�T�i�v�H �#�2�x�2 �x�i�`�€�i �x�/�2 �i���F
�M�2�M�Q �K�Q�ˆ�M�w�X �h�2�M�i�Q �T�`�Q�#�H�û�K �b�2 �/�€ �p�v�ü�2���B�i �T�Q�m�ˆ�B�i�Q�K �M���M�Q���M�i�û�M �x �/�B�2�H�2�F�i�`�B�+�F�û�?�Q �K���i�2�`�B�€�H�m�-
�F�/�2 �K�Q�?�Q�m �p�x�M�B�F���i �J�B�2�?�Q �`�2�x�Q�M���M�+�2�- �p�2 �F�i�2�`�w�+�? �D�2 ���#�b�Q�`�T�+�2 �T�Q�i�H���Í�2�M���- �� �/�Q�+�?�€�x�Q �T�Q�m�x�2
�F �`�Q�x�T�i�v�H�m �(�R�9�)�X

�o�2 �o�P�k �U�D�2�?�Q�ˆ �p�H���b�i�M�Q�b�i�B �#�m�/�Q�m �T�Q�/�`�Q�#�M�ÿ�D�B �T�Q�T�b�€�M�v �p �F���T�B�i�Q�H�2�9�V �b�2 �K�Q�?�Q�m �Q�#�D�2�p�Q�p���i
�D���F �T�H���x�K�Q�M�B�+�F�û �K�¦�/�v �p �F�Q�p�Q�p�û �7�€�x�B�- �i���F �B �J�B�2�?�Q �`�2�x�Q�M���M�+�2 �p �/�B�2�H�2�F�i�`�B�+�F�û �7�€�x�B �(�R�8�)�X �S�`�€�p�ÿ
�x�F�Q�m�K�€�M�Q �i�ÿ�+�?�i�Q �/�p�Q�m �`�Q�x�/�Q�H�M�w�+�? �i�v�T�i �`�2�x�Q�M���M�+�Q �p �x�€�p�B�b�H�Q�b�i�B �M�� �i�2�T�H�Q�i�ÿ�- �;�2�Q�K�2�i�`�B�B �� �F�p���H�B�i�ÿ
�M���M�Q�b�i�`�m�F�i�m�`�v �D�2 �+�Q�H�2�K �i�û�i�Q �T�`�€�+�2�X

�S�ü�2�D�/�ÿ�K�2 �M�v�M�Q �F �7�v�x�B�F�€�H�M�Q �T�Q�/�b�i���i�ÿ �J�B�2�?�Q �`�2�x�Q�M���M�+�Q�X �w �`�Q�p�M�B�+�2 �U�R�X�R�k�V �p�B�/�Q�K�2�- �ˆ�2 �p�2�H�B�@
�Í�B�M��@�. / @t�K�m�b�Q �K�Q�i �`�Q�x�K�ÿ�` �?�m�b�i�Q�i�v �T�`�Q�m�/�m�X �.�€ �b�2 �b �M�Q �T�`�Q�i�Q �x���+�?�€�x�2�i �D���F�Q �b �T�Q�K�v�b�H�M�Q�m
�?�m�b�i�Q�i�Q�m �T�`�Q�m�/�m �� �M���x�w�p�€ �b�2 �?�m�b�i�Q�i�� �J���t�r�2�H�H�Q�p�� �T�`�Q�m�/�m�C�J �(�R�e�)�X �J���t�r�2�H�H�i�p �T�`�Q�m�/ �b�2
�p �H�B�i�2�`���i�m�ü�2 �Q�#�D�2�p�m�D�2 �i���F�û �D���F�Q �i�x�p�X �T�Q�b�m�p�M�w �T�`�Q�m�/ �U���M�;�H�X�/�B�b�T�H���+�2�K�2�M�i �+�m�`� �̀2�M�i�V�- �i�2�M�i�Q �M�€�@
�x�2�p �D�2 �Q�/�p�Q�x�2�M �Q�/ �p�v�+�?�w�H�2�M�Q �M�€�#�Q�D�2 �p �/�B�2�H�2�F�i�`�B�F�m �p�H�B�p�2�K �p�M�ÿ�D���Q�?�Q �T�Q�H�2�X �J���t�r�2�H�H�i�p �T�`�Q�m�/
�i�2�/�v �M�2�M�Q �T�`�Q�m�/�2�K �M���#�B�i�w�+�? �Í�€�b�i�B�+�- �D���F�Q �b�i���M�/���`�/�M�Q �2�H�2�F�i�`�B�+�F�w �T�`�Q�m�/�- ���H�2 �D�2 �/�€�M �T�Q�m�x�2
�Í���b�Q�p�ÿ �K�ÿ�M�Q�+�Q�K �b�2 �2�H�2�F�i�`�B�+�F�w�K �T�Q�H�2�K�X �a�i�2�D�M�ÿ �D���F�Q �2�H�2�F�i�`�B�+�F�w �T�`�Q�m�/ �D�2 �/�H�2 �`�Q�p�M�B�+�2 �U�R�X�R�k�V
�B �J���t�r�2�H�H�i�p �T�`�Q�m�/ �x�/�`�Q�D�2�K �K���;�M�2�i�B�+�F�û�?�Q �T�Q�H�2�X

�E�2 �p�x�M�B�F�m �J���t�r�2�H�H�Q�p�� �T�`�Q�m�/�m �D�2 �T�Q�i�ü�2�#�M�û �Í���b�Q�p�ÿ �T�`�Q�K�ÿ�M�M�û �2�H�2�F�i�`�B�+�F�û �T�Q�H�2�X �S�Q�F�m�/
�B�M�i�2�`���;�m�D�2 �2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�û �x�€�ü�2�M�Q �M�2�#�Q �b�p���x�2�F �2�H�2�F�i�`�Q�M�i �b �/�B�2�H�2�F�i�`�B�+�F�w�K �K���i�2�`�B�€�H�2�K�-
�2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�û �T�Q�H�2 �x�T�i�b�Q�#�Q �p�v�+�?�w�H�2�M�Q �2�H�2�F�i�`�Q�M�i �p �D�2�/�M�Q�i�H�B�p�w�+�? ���i�Q�K�Q�p�w�+�? �Q�#���H�2�+�?�X
�h�Q�K�i�Q �p�v�+�?�w�H�2�M�Q�K�- �F�/�v �D�2 �D�2�/�M�� �Í�€�b�i ���i�Q�K�i �F�H���/�M�ÿ�D�B �M���#�B�i�€ �� �/�`�m�?�€ �x�€�T�Q�`�M�ÿ�D�B �M���#�B�i�€�-
�/�Q�+�?�€�x�Q �F �T�Q�H���`�B�x���+�B �K���i�2�`�B�€�H�m �� �B�M�/�m�F�m�D�2 �b�2 �2�H�2�F�i�`�B�+�F�w �/�B�T�¦�H�X �1�H�2�F�i�`�B�+�F�w�K �T�Q�H�2�K �i�ÿ�+�?�i�Q
�2�H�2�F�i�`�B�+�F�w�+�? �/�B�T�¦�H�i �T�Q�i�û �p�x�M�B�F���D�Q �J���t�r�2�H�H�Q�p�v �T�`�Q�m�/�v�- �F�i�2�`�û �K�Q�?�Q�m �B�M�/�m�F�Q�p���i �2�H�2�F�i�`�Q�K���;�@
�M�2�i�B�+�F�Q�m �`�2�x�Q�M���M�+�B �m�p�M�B�i�ü �K���i�2�`�B�€�H�m �(�R�d�)�X �h�v�i�Q �2�t�+�B�i���+�2�- �x�T�i�b�Q�#�2�M�û �T�Q�H���`�B�x���+�Q ���i�Q�K�i�- �b�2
�M���x�w�p���D�Q �J�B�2�?�Q �`�2�x�Q�M���M�+�2�- �M�ÿ�F�/�v �i���F�û �p�H���b�i�M�Q �K�¦�/�v �U���M�;�H�X�2�B�;�2�M�K�Q�/�2�b�V�X

�k�k



�P�#�`�€�x�2�F �k�X�d�, �a�B�K�m�H���+�2 �J�B�2�?�Q �`�2�x�Q�M���M�+�Q �p �M���M�Q�Í�€�b�i�B�+�B �x ���K�Q�`�7�M�Q�?�Q �F�ü�2�K�Q�F�m�X �L���M�Q�Í�€�b�i�B�+�2
�b �i�H�Q�m���#�F�Q�m �R�y�y �M�K �K�€ �`�Q�x�K�ÿ�`�v �j�y�y� �9�8�y �M�K2 �� �D�2 �m�K�Q�b�i�ÿ�M�� �M�� �j�8 �M�K �i�H�m�b�i�û �a�B�j �L�9 �K�2�K�@
�#�`�€�M�ÿ�X �L�� �Q�#�`�€�x�+�Q�+�? �D�b�Q�m �M���?�Q�ü�2 �T�Q�?�H�2�/�v �M�� �M���M�Q�Í�€�b�i�B�+�B �b�2�b�?�Q�`���- �� �T�Q�/ �M�B�K�B �D�b�Q�m �ü�2�x�v
�M���M�Q�Í�€�b�i�B�+�Q �p �`�Q�p�B�M�€�+�? �p�v�x�M���Í�2�M�w�+�? �Í�2�`�M�w�K�B ���B�T�F���K�B�X �"���`�2�p�M�w�K�B ���B�T�F���K�B �D�2 �p�v�x�M���Í�2�M
�b�K�ÿ�` �� �p�2�H�B�F�Q�b�i �2�H�2�F�i�`�B�+�F�û �B�M�i�2�M�x�B�i�v �/���M�û �T�Q�H���`�B�x���+�Q�X �U���V �1�H�2�F�i�`�B�+�F�û �T�Q�H�2 �Q�/�T�Q�p�Q�/�€ �2�H�2�F�@
�i�`�B�+�F�û�K�m �/�B�T�¦�H�m�- �F�/�2 �D�2 �D�2�/�M�� �b�i�`���M�� �Í�€�b�i�B�+�2 �F�H���/�M�€ �� �/�`�m�?�€ �x�€�T�Q�`�M�€ �U�p�2 �b�K�ÿ�`�m �/�2�H���Q�?�Q
�`�Q�x�K�ÿ�`�m �Í�€�b�i�B�+�2�X �U�#�V �1�H�2�F�i�`�B�+�F�û �T�Q�H�2 �i�p�Q�ü�Q �m�x���p�ü�2�M�Q�m �b�K�v�Í�F�m�- �� �i�� �/�€�p�€ �x�� �p�x�M�B�F �K���;�M�2�i�B�+�@
�F�û�K�m �/�B�T�¦�H�m �U�p�2 �b�K�ÿ�`�m �/�2�H���Q�?�Q �`�Q�x�K�ÿ�`�m �Í�€�b�i�B�+�2�V�X �L�� �Q�#�Q�m �Q�#�`�€�x�+�Q�+�? �b�B �H�x�2 �p���B�K�M�Q�m�i �B �p�H�B�p�m
�b�m�#�b�i�`�€�i�m�- �M�� �F�i�2�`�û�K �D�2 �M���M�Q�Í�€�b�i�B�+�2�X �h���F�û �p �M�ÿ�K �/�Q�+�?�€�x�Q �F �T�Q�H���`�B�x���+�B�X ���/���T�i�Q�p�€�M�Q �x �(�R�d�)�X

�E �2�t�+�B�i�Q�p�€�M�Q �J�B�2�?�Q �`�2�x�Q�M���M�+�2 �D�2 �T�Q�i�ü�2�#���- ���#�v �#�v�H�� �/�B�2�H�2�F�i�`�B�+�F�€ �7�m�M�F�+�2 �K���i�2�`�B�€�H�m
�F�H���/�M�€ �(�R�8�)�- ���#�v �#�v�H �K���i�2�`�B�€�H �/�Q�#�ü�2 �T�Q�H���`�B�x�Q�p���i�2�H�M�w �� �b�M���/�M�ÿ�D�B �i���F �p�x�M�B�F���H�v �J���t�r�2�H�H�Q�p�v
�T�`�Q�m�/�v�X �A�K���;�B�M�€�`�M�Q �Í�€�b�i �/�B�2�H�2�F�i�`�B�+�F�û �7�m�M�F�+�2 �#�v �K�ÿ�H�� �#�w�i �B�/�2�€�H�M�ÿ �+�Q �M�2�D�K�2�M���Q�- ���#�v �p �K���i�2�@
�`�B�€�H�m �M�2�/�Q�+�?�€�x�2�H�Q �F ���#�b�Q�`�T�+�B�X

�C�2�/�M�Q�i�H�B�p�û �J�B�2�?�Q �`�2�x�Q�M���M�+�2 �b�2 �Q�#�2�+�M�ÿ �/���D�Q �p�v�D�€�/�ü�B�i �D���F�Q �F�Q�K�#�B�M���+�2 �2�H�2�F�i�`�B�+�F�w�+�? �� �K���;�@
�M�2�i�B�+�F�w�+�? �K�m�H�i�B�T�¦�H�i�X �L�2�D�D�2�/�M�Q�/�m�����Q�K �K�¦�/�2�K �D�2 �2�H�2�F�i�`�B�+�F�w �/�B�T�¦�H�X �S�Q�H���`�B�x�Q�p���M�û ���i�Q�K�v �D�b�Q�m
�m�b�T�Q�ü�€�/�€�M�v �i���F�- �ˆ�2 �2�H�2�F�i�`�B�+�F�€ �B�M�i�2�M�x�B�i�� �K�Q�ü�Q �Q�/ �D�2�/�M�Q�?�Q �F�Q�M�+�2 �M���M�Q�b�i�`�m�F�i�m�`�v �F �/�`�m�?�û�K�m�X
�w �T�Q�?�H�2�/�m �x �p�ÿ�i���Q �/�€�H�F�v �Q�/ �M���M�Q�Í�€�b�i�B�+�2 �T�Q�H�2 �Q�/�T�Q�p�Q�/�€ �#�Q�/�Q�p�û�K�m �2�H�2�F�i�`�B�+�F�û�K�m �/�B�T�¦�H�m�X
�.���H���Q�K �D�2�/�M�Q�/�m�+�?�w�K �K�¦�/�2�K �D�2 �K���;�M�2�i�B�+�F�w �/�B�T�¦�H�X �J���;�M�2�i�B�+�F�w �/�B�T�¦�H �p�x�M�B�F�€ �T�Q�F�m�/ �D�b�Q�m
�T�Q�H���`�B�x�Q�p���M�û ���i�Q�K�v �M���i�Q�Í�2�M�v �i���F�- �ˆ�2 �J���t�r�2�H�H�Q�p�v �T�`�Q�m�/�v �i�p�Q�ü�Q �m�x���p�ü�2�M�Q�m �b�K�v�Í�F�m�X �w �6���@
�`���/���v�Q�p�� �x�€�F�Q�M�� �U�R�X�j�V �H�x�2 �p�B�/�ÿ�i�- �ˆ�2 �x�/�2 �T�Q�i�û �/�Q�+�?�€�x�Q �F �B�M�/�m�F�Q�p�€�M�Q �K���;�M�2�i�B�+�F�û�?�Q �T�Q�H�2
�� �p�v�i�p�Q�ü�2�M�Q �K���;�M�2�i�B�+�F�û�?�Q �/�B�T�¦�H�m�X �o�v�F�`�2�b�H�2�M�Q �2�H�2�F�i�`�B�+�F�w�+�? �T�Q�H�Q �2�H�2�F�i�`�B�+�F�û�?�Q �� �K���;�M�2�i�B�+�@
�F�û�?�Q �/�B�T�¦�H�m �p �M���M�Q�Í�€�b�i�B�+�B �H�x�2 �p�B�/�ÿ�i �M�� �P�#�`�X�k�X�d�X ���M���H�Q�;�B�+�F�w�K �m�b�T�Q�ü�€�/�€�M�Q�K �J���t�r�2�H�H�Q�p�w�+�?
�T�`�Q�m�/�i �H�x�2 �b�2�b�i���p�B�i �/���H���Q �b�i�m�T�M�ÿ �2�H�2�F�i�`�B�+�F�w�+�? �� �K���;�M�2�i�B�+�F�w�+�? �K�m�H�i�B�T�¦�H�i�X �h�v�T�v �� �2�M�2�`�;�B�2
�K�¦�/�i�- �F�i�2�`�û �b�2 �2�t�+�B�i�m�D�Q �T���F �i���F�û �x�€�H�2�ˆ�Q �M�� �;�2�Q�K�2�i�`�B�B �M���M�Q�b�i�`�m�F�i�m�`�v�X

�.���H���Q �p�w�?�Q�/�Q�m �J�B�2�?�Q �`�2�x�Q�M���M�+�Q �D�2 �K�Q�ˆ�M�Q�b�i �2�t�+�B�i���+�2 �D���F �2�H�2�F�i�`�B�+�F�w�+�?�- �i���F �K���;�M�2�i�B�+�@
�F�w�+�? �K�¦�/�i �p �D�2�/�M�û �M���M�Q�Í�€�b�i�B�+�B�X �o �T�ü�Q�T���/�ÿ �`�2�x�Q�M���M�+�Q �x�T�i�b�Q�#�2�M�w�K�B �H�Q�F���H�B�x�Q�p���M�w�K�B �T�H���x�K�Q�@
�M�Q�p�w�K�B �T�Q�H���`�B�i�Q�M�v �/�Q�K�B�M�m�D�Q �b�p�Q�m �B�M�i�2�M�x�B�i�Q�m �2�H�2�F�i�`�B�+�F�û �K�m�H�i�B�T�¦�H�v�- �K���;�M�2�i�B�+�F�û �`�2�x�Q�M���M�+�2
�D�b�Q�m �x���M�2�/�#���i�2�H�M�û �F�p�i�H�B �F�H�2�b���D�Q�+�Q�K�m �T�Q�H�B �m�p�M�B�i�ü �M���M�Q�Í�€�b�i�B�+�2 �(�R�3�)�X �1�t�B�b�i�m�D�Q �p�����F �D�B�b�i�û �b�T�2�+�B�@
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�€�H�M�Q �;�2�Q�K�2�i�`�B�2 �F�Q�p�Q�p�w�+�? �M���M�Q�b�i�`�m�F�i�m�`�- �F�i�2�`�û �K�Q�?�Q�m �p�v�i�p�€�ü�2�i �K���;�M�2�i�B�+�F�û �K�¦�/�v�- �M���T�ü�Q�F�H���/
�i�x�p�X �b�T�H�B�i�@�`�B�M�; �`�2�x�Q�M�€�i�Q�`�v �(�R�N�)�X �o �/�B�2�H�2�F�i�`�B�+�F�w�+�? �M���M�Q�Í�€�b�i�B�+�Q�+�? �D�b�Q�m �M���T�`�Q�i�B �i�Q�K�m �K���;�M�2�@
�i�B�+�F�û �K�¦�/�v �#�ÿ�ˆ�M�û �B �p �D�2�/�M�Q�/�m�+�?�w�+�? �;�2�Q�K�2�i�`�B�Q�+�?�- �M���T�ü�Q�F�H���/ �p �F�Q�m�H�B�- �p�€�H�+�B �Í�B �F�p�€�/�`�m�X �h�v�i�Q
�K���;�M�2�i�B�+�F�û �`�2�x�Q�M���M�+�2 �T���F �K�Q�?�Q�m �#�w�i �b�i�2�D�M�ÿ �b�B�H�M�û �D���F�Q �2�H�2�F�i�`�B�+�F�û �`�2�x�Q�M���M�+�2 �(�R�9�)�X

�o �/�B�2�H�2�F�i�`�B�+�F�w�+�? �M���M�Q�b�i�`�m�F�i�m�`�€�+�? �D�2 �i���F�û �K�Q�ˆ�M�€ �b�Q�m�Í���b�M�€ �2�t�+�B�i���+�2 �p�Q�+�2 �K�¦�/�i �x�€�`�Q�p�2�š�-
�+�Q�ˆ �K�€ �x�� �M�€�b�H�2�/�2�F �D�2�D�B�+�? �B�M�i�2�`�7�2�`�2�M�+�B�X �L���T�ü�Q�F�H���/ �b�Q�m�Í���b�M�€ �2�t�+�B�i���+�2 �2�H�2�F�i�`�B�+�F�û�?�Q �/�B�T�¦�H�m
�� �K���;�M�2�i�B�+�F�û�?�Q �/�B�T�¦�H�m �m�K�Q�ˆ�š�m�D�2 �`�Q�x�T�i�v�H �b�p�ÿ�i�H�� �M�� �M���M�Q�b�i�`�m�F�i�m�ü�2 �b �K�Q�ˆ�M�Q�b�i�Q �K�Q�/�m�H���+�2
�x�T�ÿ�i�M�û�?�Q �Q�/�`���x�m �/�Q�F�v �i�x�p�X �E�2�`�F�2�`�Q�p�m �2�7�2�F�i�m �(�k�y�)�X �S�Q�F�m�/ �D�2 �b�Q�m�Í���b�M�ÿ �2�t�+�B�i�Q�p�€�M �2�H�2�F�i�`�B�+�F�w
�/�B�T�¦�H �� �i�Q�`�Q�B�/�€�H�M�Q �2�H�2�F�i�`�B�+�F�w �/�B�T�¦�H�- �D�2 �K�Q�ˆ�M�û �/�Q�F�v �B�M�i�2�`�7�2�`�2�M�+�B �x�Q�b�F���i �i�x�p�X ���M���T�¦�H�- �p�2 �F�i�2�@
�`�û�K �/�Q�+�?�€�x�Q �p�2 �p�x�/�€�H�2�M�û�K �T�Q�H�B �F �p�v�`�m���2�M�Q �T�Q�H�Q �Q�#�Q�m �K�¦�/�i �� �2�t�+�B�i���+�2 �T�Q�i�Q�K �M�2�p�v�x���ü�m�D�2
�2�H�2�F�i�`�Q�K���;�M�2�i�B�+�F�û �x�€�ü�2�M�Q�X �(�k�R�)�X
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�j�X �a�T�2�F�i�`�Q�b�F�Q�T�B�2 �2�M�2�`�;�B�Q�p�w�+�? �x�i�`�€�i
�2�H�2�F�i�`�Q�M�i

�j�X�R�X �S�`�B�M�+�B�T �K�2�i�Q�/�v

�a�T�2�F�i�`�Q�b�F�Q�T�B�2 �2�M�2�`�;�B�Q�p�w�+�? �x�i�`�€�i �2�H�2�F�i�`�Q�M�i �U�1�1�G�a�- �x ���M�;�H�X�1�H�2�+�i� �̀Q�M �1�M�2� �̀;�v �G�Q�b�b �a�T�2�+�i� �̀Q�b�+�Q�T�v�V
�D�2 �b�T�2�F�i�`�Q�b�F�Q�T�B�+�F�€ �K�2�i�Q�/���X �E �D�2�D�Q�K�m �T�Q�T�B�b�m �#�v�H�v �T�Q�m�ˆ�B�i�v �x�/�`�Q�D�2 �(�j�-�k�k�-�k�j�)�X �1�t�T�2�`�B�K�2�M�i�€�H�M�ÿ
�H�x�2 �K�ÿ�ü�2�M�Q �i�Q�m�i�Q �K�2�i�Q�/�Q�m �T�`�Q�p�û�b�i �M���T�ü�X �p �`���b�i�`�Q�p���+�Q�K �T�`�Q�x���ü�Q�p���+�Q�K �2�H�2�F�i�`�Q�M�Q�p�û�K �K�B�F�`�Q�@
�b�F�Q�T�m �U�a�h�1�J�- �x ���M�;�H�X�a�+���M�M�B�M�; �h� �̀��M�b�K�B�b�b�B�Q�M �1�H�2�+�i� �̀Q�M �J�B�+� �̀Q�b�+�Q�T�2�V�X �1�1�G�a �D�2 �/�i�H�2�ˆ�B�i�Q�m
�K�2�i�Q�/�Q�m �p �Q�#�Q�`�2�+�? �T�H���x�K�Q�M�B�F�v �� �M���M�Q�7�Q�i�Q�M�B�F�v�- �M���T�ü�Q�F�H���/ �T�`�p�M�Q �T�Q�x�Q�`�Q�p�€�M�Q �T�Q�p�`�+�?�Q�p�w�+�?
�T�H���x�K�Q�M�i �#�v�H�Q �K�Q�ˆ�M�û �T�`�€�p�ÿ �/�Q�F�v �i�2�+�?�M�B�+�2 �1�1�G�a �(�k�9�)�X

�w�€�F�H���/�M�Q �T�`�B�M�+�B�T �K�ÿ�ü�2�M�Q �1�1�G�a �b�T�Q�Í�Q�p�€ �p �M�2�2�H���b�i�B�+�F�û �B�M�i�2�`���F�+�B �p�v�b�Q�F�Q�2�M�2�`�;�B�Q�p�û�?�Q �2�H�2�F�@
�i�`�Q�M�Q�p�û�?�Q �b�p���x�F�m �b �2�t�+�B�i���+�2�K�B �p�2 �p�x�Q�`�F�m�X �1�M�2�`�;�B�2 �2�H�2�F�i�`�Q�M�i �b�2 �M�2�D�Í���b�i�ÿ�D�B �T�Q�?�v�#�m�D�Q �p �`�Q�x�@
�b���?�m �Q�/ �8�y �F�2�o �/�Q �j�y�y �F�2�o�- �Q�/�T�Q�p�Q�/���D�Q�+�Q �`�v�+�?�H�Q�b�i�B �2�H�2�F�i�`�Q�M�i �D�b�Q�m �9�R�-�j �W �`�v�+�?�H�Q�b�i�B �b�p�ÿ�i�H���-
�`�2�b�T�X �d�d�-�d �W �`�v�+�?�H�Q�b�i�B �b�p�ÿ�i�H���- �D�B�ˆ �b�2 �i�2�/�v �T�`�Q�D�2�p�m�D�Q �`�2�H���i�B�p�B�b�i�B�+�F�û �2�7�2�F�i�v�X �a�p���x�2�F �K�i�ˆ�2 �p�x�Q�`�@
�F�2�K �T�`�Q�+�?�€�x�2�i �M�2�#�Q �K�i�ˆ�2 �#�w�i �m�K�Q�b�i�ÿ�M �p�2�/�H�2 �M�ÿ�D�X �a �m�`�Í�B�i�Q�m �T�`���p�/�ÿ�T�Q�/�Q�#�M�Q�b�i�Q �2�H�2�F�i�`�Q�M
�p�v�2�t�+�B�i�m�D�2 �Q�T�i�B�+�F�w �K�¦�/ �� �x�i�`���i�Q �K���H�Q�m �Í�€�b�i �b�p�û �F�B�M�2�i�B�+�F�û �2�M�2�`�;�B�2�X �a�+�?�2�K���i�B�+�F�û �x�M�€�x�Q�`�M�ÿ�M�Q
�1�1�G�a �2�t�T�2�`�B�K�2�M�i�m �D�2 �M�� �P�#�`�X�j�X�R�X

�J�ÿ�ü�2�M�Q�K �2�M�2�`�;�B�Q �D�2�/�M�Q�i�H�B�p�w�+�? �2�H�2�F�i�`�Q�M�i �H�x�2 �x�Q�b�F���i �2�M�2�`�;�B�Q�p�û �b�T�2�F�i�`�m�K�- �� �x �M�ÿ�?�Q �m�`�Í�B�i�-
�M�� �D���F�w�+�? �2�M�2�`�;�B�Q�+�? �� �b �D���F�Q�m �T�`���p�/�ÿ�T�Q�/�Q�#�M�Q�b�i�Q �#�v�H�v �p�v�#�m�x�2�M�v �2�t�+�B�i���+�2 �p�2 �p�x�Q�`�F�m�X �S�`�Q
�F���ˆ�/�Q�m �2�t�+�B�i���+�B �b�2 �p�2 �b�T�2�F�i�`�m �Q�#�D�2�p�Q �+�?���`���F�i�2�`�B�b�i�B�+�F�w �T�Q�F�- �F�i�2�`�w �H�x�2 �T�Q�T�b���i �G�Q�`�2�M�i�x�Q�p�Q�m
�F�ü�B�p�F�Q�m�X �S�`�€�p�ÿ �x�€�p�B�b�H�Q�b�i�B �T�Q�Í�i�m �2�H�2�F�i�`�Q�M�i �M�� �2�M�2�`�;�B�Q�p�û �x�i�`�€�i�ÿ �b�2 �ü�Q�F�€ �b�T�2�F�i�`�m�K �x�i�`�€�i�Q�p�û
�T�`���p�/�ÿ�T�Q�/�Q�#�M�Q�b�i�B �U�1�1�G �b�T�2�F�i�`�m�K�V�X

�h�v�T�B�+�F�û �1�1�G �b�T�2�F�i�`�m�K �H�x�2 �p�B�/�ÿ�i �M�� �P�#�`�X�j�X�k�X �1�1�G �b�T�2�F�i�`�m�K �H�x�2 �`�Q�x�/�ÿ�H�B�i �M�� �i�ü�B �?�H���p�M�Q
�Í�€�b�i�B�X

�S�`�p�M�Q �Í�€�b�i�Q �D�2 �Q�#�H���b�i �i�x�p�X �x�2�`�Q�@�H�Q�b�b �T�Q�F�m �U�w�G�S�V �p �Q�F�Q�H�QE = 0 �2�o�- �F�i�2�`�w �Q�/�T�Q�p�Q�/�€
�2�H�2�F�i�`�Q�M�i�K�- �F�i�2�`�û �M�2�x�i�`���i�B�H�v �ˆ�€�/�M�Q�m �2�M�2�`�;�B�B�X �h�2�M�i�Q �T�Q�F �D�2 �Q�#�2�+�M�ÿ �M�2�D�p�ÿ�i���Q�- �D�2�H�B�F�Q�ˆ �b�2 �T�Q�m�x�2
�K���H�û �K�M�Q�ˆ�b�i�p�Q �`�Q�x�T�i�w�H�Q �M�2�2�H���b�i�B�+�F�v�X �C�2�?�Q ���Q�ü�F�� �p �T�Q�H�Q�p�B�M�ÿ �K���t�B�K�� �m�/�€�p�€ �2�M�2�`�;�B�Q�p�û �`�Q�x�H�B���2�M�Q
�K�2�i�Q�/�v �1�1�G�a�X

�.�`�m�?�€ �Í�€�b�i �b�T�2�F�i�`�� �p �Q�#�H���b�i�B �2�M�2�`�;�B�QE < 50 �2�o �b�2 �Q�x�M���Í�m�D�2 �D���F�Q �Q�#�H���b�i �K���H�w�+�? �x�i�`�€�i
�U���M�;�H�X�H�Q�r�@�H�Q�b�b � �̀2�;�B�Q�M�V�X �o �i�û�i�Q �Q�#�H���b�i�B �b�2 �Q�#�D�2�p�m�D�Q �Q�T�i�B�+�F�û �K�¦�/�v �T�Q�T�b���M�û �p �F���T�B�i�Q�H�2�k�-
�� �i���F�û �x�i�`�€�i�v �/���M�û �K�2�x�B�T�€�b�Q�p�w�K�B �T�ü�2�+�?�Q�/�v �2�H�2�F�i�`�Q�M�i �p�2 �p�x�Q�`�F�m�X

�S�Q�b�H�2�/�M�Q �Í�€�b�i �b�T�2�F�i�`�� �p �2�M�2�`�;�B�Q�p�û �Q�#�H���b�i�BE > 50�2�o�- �D�2 �Q�#�H���b�i �p�v�b�Q�F�w�+�? �x�i�`�€�i �U���M�;�H�X�+�Q� �̀2�@
�@�H�Q�b�b � �̀2�;�B�Q�M�V�X �w�/�2 �b�2 �Q�#�D�2�p�m�D�Q �x�i�`�€�i�v �/���M�û �T�ü�2�+�?�Q�/�v �2�H�2�F�i�`�Q�M�i �p�x�Q�`�F�m �x �p�M�B�i�ü�M�Q�+�? �b�H�m�T�2�F
�M���/ �6�2�`�K�B�?�Q �?�H���/�B�M�m�X �o �i�û�i�Q �T�`�€�+�B �b�2 �#�m�/�2�K�2 �x���#�w�p���i �T�Q�m�x�2 �Q�#�H���b�i�Q �K���H�w�+�? �x�i�`�€�i�- �D�2�H�B�F�Q�ˆ
�M�€�b �#�m�/�Q�m �x���D�Q�K���i �?�H���p�M�ÿ �2�t�+�B�i���+�2 �Q�T�i�B�+�F�w�+�? �K�¦�/�i�X

�.�Q�T�Q�b�m�/ �D�b�K�2 �b�2 �p�ÿ�M�Q�p���H�B �Q�#�2�+�M�û�K�m �T�Q�T�B�b�m �K�Q�ˆ�M�w�+�? �2�M�2�`�;�B�Q�p�w�+�? �x�i�`�€�i �2�H�2�F�i�`�Q�M�i �T�`�Q
�D�2�/�M�m �T�Q�H�Q�?�m �2�H�2�F�i�`�Q�M�Q�p�û�?�Q �b�p���x�F�m �T�`�Q �b�T�2�F�i�`�m�K �2�M�2�`�;�B�Q�X �_���b�i�`�Q�p�€�M�Q�K �p�x�Q�`�F�m �2�H�2�F�i�`�Q�M�Q�@
�p�w�K �b�p���x�F�2�K�- �H�x�2 �x�Q�b�F���i �B�M�7�Q�`�K���+�B �Q �T�`���p�/�ÿ�T�Q�/�Q�#�M�Q�b�i�B �x�i�`�€�i�v �F�Q�M�F�`�û�i�M�Q �2�M�2�`�;�B�2 �2�H�2�F�i�`�Q�M�m�-
�p �x�€�p�B�b�H�Q�b�i�B �M�� �T�Q�H�Q�x�2 �b�p���x�F�m�X �G�Q�F���H�B�x�Q�p���M�û �Q�T�i�B�+�F�û �K�¦�/�v �K�Q�?�Q�m �p�v�F���x�Q�p���i �;�2�Q�K�2�i�`�B�+�F�û
�b�v�K�2�i�`�B�2�X �w �T�`�Q�b�i�Q�`�Q�p�û �B�M�7�Q�`�K���+�2 �Q �x�i�`�€�i�ÿ �2�M�2�`�;�B�2 �2�H�2�F�i�`�Q�M�m �T�Q�i�û �H�x�2 �m�`�Í�B�i�- �Q �D���F�w �K�¦�/
�#�v �b�2 �K�Q�?�H�Q �D�2�/�M���i�X �o�v�F�`�2�b�H�2�M�Q �i�û�i�Q �T�`�Q�b�i�Q�`�Q�p�û �x�€�p�B�b�H�Q�b�i�B �b�2 �T�Q�i�û �ü�Q�F�€ �i�x�p�X �1�1�G�a �K���T���X
�S�Q�K�Q�+�Q �i�2�+�?�M�B�F�v �1�1�G�a �i�2�/�v �H�x�2 �x�Q�b�F���i �D���F �2�M�2�`�;�B�Q�p�Q�m �x�€�p�B�b�H�Q�b�i �T�`�Q �D�2�/�M�Q �m�K�Q�b�i�ÿ�M�Q �b�p���x�F�m�-
�i���F �T�`�Q�b�i�Q�`�Q�p�Q�m �x�€�p�B�b�H�Q�b�i �2�M�2�`�;�B�Q�p�û �x�i�`�€�i�v �T�`�Q �D�2�/�M�m �2�M�2�`�;�B�B�X
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�P�#�`�€�x�2�F �j�X�R�, ���V �a�+�?�û�K�� �1�1�G�a �2�t�T�2�`�B�K�2�M�i�m�X �a�p���x�2�F �2�H�2�F�i�`�Q�M�m �H�2�i�Q �x�2 �x�/�`�Q�D�2 �T�ü�2�b �K�Q�M�Q�+�?�`�Q�@
�K�€�i�Q�`�- �/�Q�F�v �F�i�2�`�û�K�m �#�m�/�Q�m �K�Q�i �2�H�2�F�i�`�Q�M�v �p�2 �b�p���x�F�m �b�i�2�D�M�Q�m �2�M�2�`�;�B�B�- �� �/�€�H�2 �T�ü�2�b �F�Q�`�2�F�i�Q�`
�p���/�X �1�H�2�F�i�`�Q�M�Q�p�w �b�p���x�2�F �/�€�H�2 �B�M�i�2�`���;�m�D�2 �b�2 �p�x�Q�`�F�2�K �M�� �b�m�#�b�i�`�€�i�m�- �D�2 �K�Q�ˆ�M�û �D�Q�K �T�`�Q�x�€�ü�B�i
�p�x�Q�`�2�F�- �M�2�#�Q �D�2�D �7�Q�F�m�b�Q�p���i �p�2�/�H�2 �p�x�Q�`�F�m�X �S�Q �B�M�i�2�`���F�+�B �b�p���x�F�m �b�2 �p�x�Q�`�F�2�K �2�H�2�F�i�`�Q�M�v �b �m�`�Í�B�@
�i�Q�m �T�`���p�/�ÿ�T�Q�/�Q�#�M�Q�b�i�Q �x�i�`���i�Q �2�M�2�`�;�B�B�X �1�H�2�F�i�`�Q�M�v �H�x�2 �T�Q�/�H�2 �D�2�D�B�+�? �2�M�2�`�;�B�2 �b�T�2�F�i�`�€�H�M�ÿ �`�Q�x�/�ÿ�H�B�i
�p �K���;�M�2�i�B�+�F�û�K �T�Q�H�B�- �� �/�€�H�2 �D�2 �x���x�M���K�2�M���i �M�� �/�2�i�2�F�i�Q�`�m�- �F�/�2 �/�Q�b�i���M�2�K�2 �+�?���`���F�i�2�`�B�b�i�B�+�F�û
�1�1�G �b�T�2�F�i�`�m�K�X �S�`�Q �D�2�/�M�Q�i�H�B�p�û �T�Q�F�v �p�2 �b�T�2�F�i�`�m �D�b�Q�m �b�+�?�2�K���i�B�+�F�v �x�M�€�x�Q�`�M�ÿ�M�v �Q�T�i�B�+�F�û �K�¦�/�v
�p�2 �p�x�Q�`�F�m�- �F�/�2 �b�2 �b�2 �x�p�v���m�D�Q�+�Q �2�M�2�`�;�B�Q �x�p�v���m�D�2 �B�M�/�2�t �K�¦�/�m �B �D�2�?�Q �F�Q�K�T�H�2�t�M�Q�b�i�X �S�Q �B�M�i�2�`�@
���F�+�B �2�H�2�F�i�`�Q�M�i �b�2 �p�x�Q�`�F�2�K �H�x�2 �b�H�2�/�Q�p���i �B �2�H�2�F�i�`�Q�M�v �`�Q�x�T�i�w�H�2�M�û �/�Q �p�2�H�F�w�+�? �9�?�H�i �M�� �>�����.�6
�/�2�i�2�F�i�Q�`�m�- �� �F�`�Q�K�ÿ �b�T�2�F�i�2�` �x�Q�b�F���i �B �Q�#�`���x�X �#�V �a�+�?�2�K���i�B�+�F�û �x�M�€�x�Q�`�M�ÿ�M�Q �2�H�2�F�i�`�B�+�F�û�?�Q �T�Q�H�2
�p�v�b�Q�F�Q�2�M�2�`�;�B�Q�p�û�?�Q �2�H�2�F�i�`�Q�M�m �p �#�H�Q�x�F�Q�b�i�B �M���M�Q�Í�€�b�i�B�+�2�X ���/���T�i�Q�p�€�M�Q �x �(�k�j�)�X

�L�ÿ�F�i�2�`�û �2�H�2�F�i�`�Q�M�v �K�Q�?�Q�m �i���F�û �#�w�i �`�Q�x�T�i�w�H�2�M�v �M�� ���i�Q�K�Q�p�w�+�? �D�€�/�`�2�+�? �p�x�Q�`�F�m �/�Q �p�2�H�F�w�+�?
�9�?�H�i�X �h�v �K�Q�?�Q�m �T�Q�i�û �#�w�i �x���+�?�v�+�2�M�v �M�� �/�2�i�2�F�i�Q�`�m �>�����.�6 �U�x ���M�;�H�X�>�B�;�?�@���M�;�H�2 ���M�M�m�H���`
�.���`�F �6�B�2�H�/�V �� �T�Q�m�ˆ�B�i�v �F �p�v�i�p�Q�ü�2�M�Q �Q�#�`���x�m �p�x�Q�`�F�m�X

�o �i�û�i�Q �T�`�€�+�B �#�m�/�Q�m �T�`�Q�p�€�/�ÿ�M�v �M�m�K�2�`�B�+�F�û �b�B�K�m�H���+�2 �T�`�Q�b�i�Q�`�Q�p�ÿ �x�€�p�B�b�H�w�+�? �1�1�G �b�T�2�F�@
�i�2�` �p �T�`�Q�b�i�ü�2�/�Q�*�P�J�a�P�G �J�m�H�i�B�T�?�v�b�B�+�b�- �T�Q�/�`�Q�#�M�ÿ�D���Q �T�Q�T�B�b �i�Q�?�Q�i�Q �T�Q�b�i�m�T�m �D�2 �m�p�2�/�2�M
�p �/�Q�/���i�F�m�� �X

�j�X�k�X �w�i�`�€�i�Q�p�€ �T�`���p�/�ÿ�T�Q�/�Q�#�M�Q�b�i

�E �T�ü�2�b�M�û�K�m �i�2�Q�`�2�i�B�+�F�û�K�m �T�Q�T�B�b�m �1�1�G �b�T�2�F�i�2�` �D�2 �x���T�Q�i�ü�2�#�Q �F�p���M�i�Q�p�ÿ�@�K�2�+�?���M�B�+�F�w �T�ü�Q�b�i�m�T�X
�S�ü�B �B�M�i�2�`���F�+�B �/�Q�#�ü�2 �x�7�Q�F�m�b�Q�p���M�û�?�Q �2�H�2�F�i�`�Q�M�Q�p�û�?�Q �b�p���x�F�m �b �M�Q�x�F�Q�2�M�2�`�;�B�Q�p�w�K�B �2�t�+�B�i���+�2�K�B
�� �p �T�ü�Q�T���/�ÿ�- �ˆ�2 �T�Q �B�M�i�2�`���F�+�B �#�m�/�2�K�2 �/�2�i�2�F�Q�p���i �p���2�+�?�M�v �2�H�2�F�i�`�Q�M�v�- ���H�2 �H�x�2 �/�Q�F�€�x���i�- �ˆ�2
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�H�Q�b�i �T�Q�Í�i�m �2�H�2�F�i�`�Q�M�i �/�Q�T���/�H�w�+�? �M�� �/�2�i�2�F�i�Q�`�X �L�2�D�B�M�2�M�i�x�B�p�M�ÿ�D���Q �D�2 �x�2�`�Q�@�H�Q�b�b �T�Q�F�- �Q�/�T�Q�p�Q�/���D�Q�+�Q
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�_�i�x�M�w�K�B �x�T�i�b�Q�#�v �x���?�ü�Q�p�€�M�Q �b�2 �i���F�û �/�€ �K�ÿ�M�B�i �`�v�+�?�H�Q�b�i �7�€�x�Q�p�û �T�ü�2�K�ÿ�M�v�- �Q�/ �T�Q�x�p�Q�H�M�û
�U�i�2�T�2�H�M�û �x���?�ü�Q�p�€�M�Q �i�Q�T�M�w�K �i�ÿ�H�Q�b�F�2�K�V�- ���ˆ �T�Q �p �T�Q�/�b�i���i�ÿ �b�F�Q�F�Q�p�w �T�ü�2�+�?�Q�/ �U�7�2�K�i�Q�b�2�F�m�M�/�Q�p�w
�H���b�2�`�V�X �h���i�Q �`�v�+�?�H�Q�b�i �T���F �i���F�û �x�€�p�B�b�Q �M�� �F�p���H�B�i�ÿ �T�Q�m�ˆ�B�i�û�?�Q �p�x�Q�`�F�m �Q�t�B�/�m �p���M���/�B�Í�B�i�û�?�Q�X �.�H�2
���T�H�B�F���+�2 �D�/�Q�m �T���F �`�i�x�M�û �`�v�+�?�H�Q�b�i�B �T�ü�2�+�?�Q�/�m �p�v�m�ˆ�Q�i�- �M���T�ü�Q�F�H���/ �`�v�+�?�H�w �T�ü�2�+�?�Q�/ �T�`�Q �T�ü�2�T�Q�M�€�M�Q
�K���i�2�`�B�€�H�m �(�9�k�) �M�2�#�Q �T�Q�K���H�w �T�ü�2�+�?�Q�/ �T�`�Q �D�2�K�M�û �H���/�ÿ�M�Q �Q�T�i�B�+�F�w�+�? �`�2�x�Q�M���M�+�Q �(�9�j�)�X

�o�2�H�B�+�2 �x���D�Q�K���p�û �p�H���b�i�M�Q�b�i�B �Q�t�B�/�m �p���M���/�B�Í�B�i�û�?�Q �M���#�Q�x�Q �K�M�Q�?�Q �T�Q�i�2�M�+�B�€�H�M�Q�+�? ���T�H�B�F���+�Q �p ���B�@
�`�Q�F�û�K �`�Q�x�K�2�x�Q�X �J�2�x�B �x���D�Q�K���p�€ �p�v�m�ˆ�B�i�Q �T���i�ü�Q �Q�T�i�B�+�F�€ �B�x�Q�H���+�2�- �i�2�/�v �B�M�i�2�M�x�B�i�M�Q �x�€�p�B�b�H�Q�b�i �T�`�Q�@
�T�m�b�i�M�Q�b�i�B�- �F�i�2�`�€ �b�2 �p�v�m�ˆ�Q�p�€ �M���T�ü�Q�F�H���/ �p�2 �o�P�k �M���M�Q�i�`�m�#�B�Í�F�€�+�? �(�9�9�)�- �� �p �M�2�H�B�M�2�€�`�M�Q�+�? �B�x�Q�H���M�@
�i�2�+�? �(�9�8�)�X �.�€�H�2 �T�`�Q�#�Q�?�€ �p�w�x�F�m�K �p �Q�#�Q�`�m �i�2�`�K�€�H�M�Q �2�K�B�b�2 �(�9�e�) �M�2�#�Q �b�2 �x�F�Q�m�K�€ �T�Q�i�2�M�+�B�€�H�M�Q
�p�v�m�ˆ�B�i�Q �F �p�w�`�Q�#�ÿ �T�H���x�K�Q�M�B�+�F�w�+�? ���M�i�û�M �b �i�2�T�H�Q�i�M�ÿ �T�ü�2�T�Q�M���i�2�H�M�Q�m �7�€�x�Q�- �� �i�2�/�v �B �Q�T�i�B�+�F�Q�m
�Q�/�2�x�p�Q�m�- �+�Q�ˆ �#�m�/�2�K�2 �b�i�m�/�Q�p���i �B �p �i�û�i�Q �T�`�€�+�B�X �.�€�H�2 �b�2 �Q�t�B�/ �p���M���/�B�Í�B�i�w �?�Q�/�Q �F ���T�H�B�F���+�Q�K �T�`�Q
�`�v�+�?�H�û �Q�T�i�B�+�F�û �T�ü�2�T�Q�M�€�M�Q�- �M���T�ü�Q�F�H���/ �T�ü�2�T�Q�M�€�M�Q �B�M�i�2�;�`�Q�p���M�w�+�? �T�`�p�F�i �(�k�N�)�- �b�T�Q�H�m �b �;�`���7�û�M�2�K
�M�� �p�w�`�Q�#�m �2�H�2�F�i�`�Q�/�- �F�i�2�`�û �K�Q�?�Q�m �#�w�i �T�Q�m�ˆ�B�i�v �F �m�+�?�Q�p�€�M�Q �2�M�2�`�;�B�2 �(�9�d�) �M�2�#�Q �M�� �p�w�`�Q�#�m
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�T�Q�K�Q�+�Q �T�Q�H���`�B�x�Q�p���M�û�?�Q �b�p�ÿ�i�H���- �m �F�i�2�`�û�?�Q �D�2 �T�Q �/�Q�T���/�m �� �M�€�b�H�2�/�M�û�K �Q�/�`���x�m �Q�/ �T�Q�p�`�+�?�m
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�2�H�B�T�b�Q�K�2�i�`�B�2 �T�`�Q�#�Q�?���H�Q �T�`�Q �Í�i�v�ü�B �`�i�x�M�û �p�`�b�i�p�v �o�P�k�X ���#�v �#�v�H�Q �K�Q�ˆ�M�û �x�F�Q�m�K���i �p�H�B�p �D�2�/�@
�M�Q�i�H�B�p�w�+�? �T���`���K�2�i�`�i �T�ü�Q�T�`���p�v �� �F�p���H�B�i�v �i�2�M�F�û �p�`�b�i�p�v�- �H�B���B�H�v �b�2 �p�`�b�i�p�v �i�H�Q�m���#�F�Q�m�- �K�2�i�Q�/�Q�m
�T�ü�Q�T�`���p�v �� �b�m�#�b�i�`�€�i�2�K�- �M�� �F�i�2�`�û�K �#�v�H�v �T�ü�B�T�`���p�Q�p�€�M�v�- �D���F �D�2 �m�p�2�/�2�M�Q �p �h���#�X�"�X�R�X �J�ÿ�ü�2�M�Q
�#�v�H�Q �T�`�Q�p�2�/�2�M�Q �T�`�Q �/�p�ÿ �`�i�x�M�û �i�2�T�H�Q�i�v �o�P�k�- �T�`�Q �j�y� �*�- �F�/�v �#�v�H �p�x�Q�`�2�F �p �B�x�Q�H�m�D�Q�+�Q �7�€�x�B �� �T�`�Q
�R�y�y� �*�- �F�/�v �#�v�H �p�x�Q�`�2�F �p �F�Q�p�Q�p�û �7�€�x�B�X �h�ÿ�+�?�i�Q �i�2�T�H�Q�i�- �F�i�2�`�û �#�v�H�v �Q �M�ÿ�F�Q�H�B�F �/�2�b�Q�i�2�F� �* �p�x�/�€�@
�H�2�M�û �Q�/ �i�2�T�H�Q�i�v �T�ü�2�+�?�Q�/�m �e�d� �* �#�v�H�Q �p�v�m�ˆ�B�i�Q�- ���#�v �#�v�H�Q �K�Q�ˆ�M�û �T�ü�2�/�T�Q�F�H�€�/���i�- �ˆ�2 �K���i�2�`�B�€�H
�T�`�Q�/�ÿ�H���H �7�€�x�Q�p�Q�m �T�ü�2�K�ÿ�M�m �p �+�2�H�û�K �b�p�û�K �Q�#�D�2�K�m�X
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�P�#�`�€�x�2�F �9�X�j�, �.�2�i���B�H�v �;�`���7�i �x�€�p�B�b�H�Q�b�i�Q �/�B�2�H�2�F�i�`�B�+�F�w�+�? �7�m�M�F�+�Q �M�� �2�M�2�`�;�B�B�X �o �?�Q�`�M�Q �ü���/�ÿ �`�2�€�H�M�€
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�1�H�B�T�b�Q�K�2�i�`�B�2 �#�v�H�� �K�ÿ�ü�2�M�� �T�`�Q �p�H�M�Q�p�û �/�û�H�F�v �Q�/ �j�y�y �M�K �T�Q �j�y� �K�- �i�2�/�v �Q�/ �p�B�/�B�i�2�H�M�û�?�Q
�b�p�ÿ�i�H�� ���ˆ �T�Q �B�M�7�`���Í�2�`�p�2�M�û�X �S���`���K�2�i�`�v �#�v�H�v �K�ÿ�M�ÿ�M�v �T�Q �/�p�Q�D�B�+�Q�+�? �p�`�b�i�2�p�- �i���F�ˆ�2 �M���T�ü�Q�F�H���/
�D���F�Q �D�2�/�B�M�w �T���`���K�2�i�` �b�2 �m �p�`�b�i�2�p �R �� �k �H�B���B�H�� �i�H�Q�m���#�F���- �b�m�#�b�i�`�€�i�- �M�� �F�i�2�`�û�K �#�v�H�v �p�`�b�i�p�v
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�o �B�x�Q�H�m�D�Q�+�Q �7�€�x�B �p�v�F���x�m�D�Q �p���2�+�?�M�v �Í�i�v�ü�B �p�`�b�i�p�v �p�2�H�F�û �x�i�`�€�i�v �M�� �2�M�2�`�;�B�Q�+�? �T�Q�/ �R�y�y �K�2�o�-
�F�i�2�`�û �Q�/�T�Q�p�Q�/���D�Q �2�t�+�B�i���+�B �7�Q�M�Q�M�i �� �T�Q�p�`�+�?�Q�p�w�+�? �7�Q�M�Q�M�Q�p�w�+�? �T�Q�H���`�B�i�Q�M�i�- �F�i�2�`�û �#�v�H�v �x�K�Q�M�ÿ�M�v
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�x �h���#�X�"�X�R�X �o�Q�/�Q�`�Q�p�M�€ �Q�b�� �D�2 �p�v�M�€�b�Q�#�2�M�� �i�H�Q�m���#�F�Q�m �p�`�b�i�p�v�- �p �i�Q�K�i�Q �T�ü�Q�T���/�ÿt �4 �R�y�y �M�K�X
�_�v�+�?�H�Q�b�i �2�H�2�F�i�`�Q�M�Q�p�û�?�Q �b�p���x�F�m �#�v�H�� �m�p���ˆ�Q�p�€�M�� �D���F�Q �d�d�W �`�v�+�?�H�Q�b�i�B �b�p�ÿ�i�H���X �J�Q�/�`�Q�m �Í�€�`�@
�F�Q�p���M�Q�m �Í���`�Q�m �D�2 �x�/�2 �p�v�F�`�2�b�H�2�M�� �/�B�b�T�2�`�x�2 �b�p�ÿ�i�H��! = ck�X ���V �S�`�Q �B�x�Q�H�m�D�Q�+�Q �7�€�x�B �o�P�k�X �L��
�2�M�2�`�;�B�Q�+�? �T�Q�/ �R�y�y �K�2�o �D�b�Q�m �x�/�2 �`�Q�x�b�€�?�H�û �x�i�`�€�i�v �b�Q�m�p�B�b�2�D�Q�+�Q �b �2�t�+�B�i���+�Q �T�Q�p�`�+�?�Q�p�w�+�? �7�Q�@
�M�Q�M�Q�p�w�+�? �T�Q�H���`�B�i�Q�M�i�X �#�V �a�i�2�D�M�ÿ �D���F�Q ���V�- ���H�2 �p�v�?�Q�/�M�Q�+�2�M�Q �T�`�Q �F�Q�p�Q�p�Q�m �7�€�x�B �o�P�k�X �G�x�2 �b�B
�p���B�K�M�Q�m�i �p�2�H�F�û �x�i�`�€�i�v �p �Q�F�Q�H�Q �R�-�k �2�o�- �Q�/�T�Q�p�Q�/���D�Q�+�Q �2�t�+�B�i���+�B �T�Q�p�`�+�?�Q�p�û�?�Q �T�H���x�K�Q�M�Q�p�û�?�Q
�T�Q�H���`�B�i�Q�M�m �U�h���#�X�"�X�k�V�- �D�2�?�Q�ˆ �2�M�2�`�;�B�2 �D�2 �p�v�x�M���Í�2�M�� �Í�€�`�F�Q�p���M�Q�m �p�Q�/�Q�`�Q�p�M�Q�m �Í�€�`�Q�m�X �L���p�Q�+
�D�b�Q�m �x�/�2 �T�H�M�w�K�B �Í���`���K�B �p�v�M�2�b�2�M�v �F�ü�B�p�F�v �T�`�Q �b�v�K�2�i�`�B�+�F�w �� ���M�i�B�b�v�K�2�i�`�B�+�F�w �K�¦�/ �b�T�ü���ˆ�2�M�w�+�?
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�p �Ì�€�b�i�B�9�X�k�X �l �p�`�b�i�p�v �j �b�B �H�x�2 �p���B�K�M�Q�m�i �Q�F�Q�H�Q �R�-�3 �2�o �T�Q�F�m�- �F�i�2�`�w �b�2 �p�v�b�F�v�i�H �B �p�2 �x�i�`�€�i�Q�p�û
�7�m�M�F�+�B�j�X�j�- �� �Q�/�T�Q�p�Q�/�€ �x�p�w���2�M�û ���#�b�Q�`�T�+�B�X

�l �F�Q�p�Q�p�û �7�€�x�2 �b�2 �m �p���2�+�? �Í�i�v�ü �p�`�b�i�2�p �Q�#�D�2�p�m�D�Q �T�Q�F�v �Q�/�T�Q�p�Q�/���D�Q�+�Q �T�Q�p�`�+�?�Q�p�w�K �T�H���x�K�Q�@
�M�Q�p�w�K �T�Q�H���`�B�i�Q�M�i�K�- �T�ü�2�F�`�w�p���D�Q�+�Q�K�B �b�2 �b �Q�#�D�2�K�Q�p�w�K�B �T�H���x�K�Q�M�v�- �F�i�2�`�û �K���D�Q �K���t�B�K�� ���b�B �M��
�R�-�k �2�o �U�h���#�X�"�X�k�V�X �h�2�M�i�Q �T�Q�F �#�m�/�2�K�2 �/�€�H�2 �M���x�w�p���i �a�@�" �T�Q�F�2�K �U�x ���M�;�H�X �a�m�`�7���+�2�@�"�m�H�F�V�X �.�€�H�2
�b�2 �p�2 �b�T�2�F�i�`�2�+�? �p�v�b�F�v�i�m�D�Q �M�� �p�v�����Q�+�? �2�M�2�`�;�B�Q�+�? �/���H���Q ���#�b�Q�`�T�Í�M�Q �T�Q�F�v�- �m �p�`�b�i�p�v �R �M�� �R�-�3 �2�o
�� �m �p�`�b�i�p�v �j �M�� �k �2�o�X �l �p�`�b�i�p�v �9 �M�2�D�b�T�Q���2 �/�Q�+�?�€�x�Q �F�2 �b�T�Q�D�2�M�Q �i�Q�?�Q�i�Q ���#�b�Q�`�T�Í�M�Q�?�Q �T�Q�F�m �M��
���b�B �R�-�8 �2�o �b �T�H���x�K�Q�M�Q�p�w�K �T�Q�F�2�K�X �*�2�H�F�Q�p�€ �x�i�`�€�i�Q�p�€ �T�`���p�/�ÿ�T�Q�/�Q�#�M�Q�b�i �D�2 �x�/�2 �i���F�û �K�2�M���Q
�M�2�ˆ �m �Q�b�i���i�M�Q�+�? �p�`�b�i�2�p�X �l �p�`�b�i�2�p �R�- �k �� �9 �b�2 �M�� ���b�B �R�k�8 �K�2�o �Q�#�D�2�p�m�D�Q �T�Q�F�v �Q�/�T�Q�p�Q�/���D�Q�+�Q
�`�2�x�Q�M���M�+�Q�K �p�2 �o�k�P�8�- �T�Q�T�b���M�w�K �p �Ì�€�b�i�B�9�X�k�X

�L�� �P�#�`�X�8�X�k�D�b�Q�m �/�2�i���B�H�v �x�i�`�€�i�Q�p�w�+�? �b�T�2�F�i�2�` �T�`�Q �`�i�x�M�û �p�`�b�i�p�v �T�`�Q �2�M�2�`�;�B�2 �/�Q �y�-�k �2�o�X
�o �B�x�Q�H�m�D�Q�+�Q �7�€�x�B �b�B �H�x�2 �p���B�K�M�Q�m�i�- �ˆ�2 �M�2�D�p�ÿ�i���Q �x�i�`�€�i�v �D�b�Q�m �p�v�F���x�Q�p�€�M�v �T�`�Q �2�M�2�`�;�B�2 �H�Q�M�;�B�i�m�@
�/�B�M�€�H�M�Q�+�? �7�Q�M�Q�M�Q�p�w�+�? �T�Q�H���`�B�i�Q�M�i�- �F�/�v �D�2� �` = 0 �U�P�#�`�X�9�X�j�V�X �S�`�Q �p�`�b�i�p�m �j �D�b�Q�m �p�2�H�B�F�Q�b�i�B
�x�i�`�€�i�Q�p�w�+�? �T�Q�F�i �M�2�D�p�ÿ�i���Q�X �S�`�Q �F�Q�p�Q�p�Q�m �7�€�x�B �b�2 �T�`�Q �p�`�b�i�p�v �R �� �k �Q�#�D�2�p�m�D�Q �M�� �2�M�2�`�;�B�Q�+�? �Q�F�Q�H�Q
�R�k�8 �K�2�o �T�Q�F�v �Q�/�T�Q�p�Q�/���D�Q�+�Q �2�t�+�B�i���+�B �7�Q�M�Q�M�Q�p�w�+�? �`�2�x�Q�M���M�+�Q �p�2 �o2�P5�X �o�2 �p�`�b�i�p�ÿ �j �b�2 �i�2�M�i�Q
�T�Q�F �M�2�Q�#�D�2�p�m�D�2�- �m �p�`�b�i�p�v �9 �D�b�Q�m �T�Q�F�v �/�p���- �D�2 �i�2�/�v �K�Q�ˆ�M�û�- �ˆ�2 �b�2 �x�/�2 �p�v�b�F�v�i�m�D�2 �B �D�B�M�€ �b�i�Q�@
�+�?�B�Q�K�2�i�`�B�2 �Q�t�B�/�m �p���M���/�m�- �D���F �#�v�H�Q �T�Q�T�b�€�M�Q �p �Í�€�b�i�B�9�X�k�X �w�� �T�Q�K�Q�+�Q �i�2�+�?�M�B�F�v �1�1�G�a �D�2 �i�2�/�v
�i�2�Q�`�2�i�B�+�F�v �K�Q�ˆ�M�û �x�F�Q�m�K���i �Í�B�b�i�Q�i�m �o�P�k �p�x�Q�`�F�m�X �J�2�M���Q �x�i�`�€�i�Q�p�€ �T�`���p�/�ÿ�T�Q�/�Q�#�M�Q�b�i �i�ÿ�+�?�i�Q
�K�¦�/�i �Q�T�`�Q�i�B �T�Q�F�i�K �7�Q�M�Q�M�Q�p�w�+�? �T�Q�H���`�B�i�Q�M�i �p �B�x�Q�H�m�D�Q�+�Q �7�€�x�Q �D�2 �x���D�Q�K���p�€�- �D�2�H�B�F�Q�ˆ �T�ü�Q�b�T�ÿ�p�2�F
�i�û�i�Q �7�Q�M�Q�M�Q�p�û �2�t�+�B�i���+�2 �F �/�B�2�H�2�F�i�`�B�+�F�û �7�m�M�F�+�B �D�2 �p�w�x�M���K�M�w�X �h�Q �K�i�ˆ�2 �#�w�i �x�T�i�b�Q�#�2�M�Q �i�Q�K�-
�ˆ�2 �p �(�k�e�) �D�2 �x�K�Q�M�ÿ�M�Q�- �ˆ�2 �b�2 �p�2 �p�`�b�i�p�€�+�? �p�v�b�F�v�i�m�D�2 �o2�P5 �T�Q�m�x�2 �p �K���H�û�K �K�M�Q�ˆ�b�i�p�Q�X �S�Q�F�m�/
�#�v �#�v�H�Q �K�M�Q�ˆ�b�i�p�Q �p�2 �p�`�b�i�p�ÿ �p�ÿ�i���Q�- �#�v�H �#�v �T�ü�Q�b�T�ÿ�p�2�F �i�û�i�Q �7�Q�M�Q�M�Q�p�û �2�t�+�B�i���+�2 �F �/�B�2�H�2�F�i�`�B�+�F�û
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�P�#�`�€�x�2�F �8�X�k�, �o�v�F�`�2�b�H�2�M�Q �i�2�T�H�Q�i�M�ÿ �x�€�p�B�b�H�w�+�? �b�T�2�F�i�2�` �T�`�Q �i�2�M�F�û �p�`�b�i�p�v �x �h���#�X�"�X�R�X �_�v�+�?�H�Q�b�i
�2�H�2�F�i�`�Q�M�Q�p�û�?�Q �b�p���x�F�m �D�2 �y�-�d�d�d�+�- �i�H�Q�m���#�F�� �i�2�M�F�û �p�`�b�i�p�v �D�2 �R�y�y �M�K�X

�P�#�`�€�x�2�F �8�X�j�, �o�v�F�`�2�b�H�2�M�Q �/�2�i���B�H�m �i�2�T�H�Q�i�M�ÿ �x�€�p�B�b�H�w�+�? �b�T�2�F�i�2�` �T�`�Q �i�2�M�F�û �p�`�b�i�p�v �x �h���#�X�"�X�R�X
�_�v�+�?�H�Q�b�i �2�H�2�F�i�`�Q�M�Q�p�û�?�Q �b�p���x�F�m �D�2 �y�-�d�d�d�+�- �i�H�Q�m���#�F�� �i�2�M�F�û �p�`�b�i�p�v �D�2 �R�y�y �M�K�X

�7�m�M�F�+�B �K�M�Q�?�2�K �p�ÿ�i���Q�- �� �x�i�`�€�i�Q�p�w �T�Q�F �#�v �i���F �#�v�H �p�w�`���x�M�ÿ�D���Q�X �h���i�Q �b�F�m�i�2�Í�M�Q�b�i �D�2 �T�ü�Q�x�M�B�p�€�-
�T�`�Q�i�Q�ˆ�2 �m�F���x�m�D�2�- �ˆ�2 �T�Q�F�m�/ �#�v �#�v�H�v �i�v�i�Q �p�`�b�i�p�v �p�v�m�ˆ�B�i�v �M�� �p�w�`�Q�#�m �M���M�Q�b�i�`�m�F�i�m�`�- �� �/�Q���H�Q
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�C���F �#�v�H�Q �T�Q�T�b�€�M�Q �p �Í�€�b�i�B�9�X�k�- �p�`�b�i�p�� �j �K�€ �M�2�D�B�/�2�€�H�M�ÿ�D���Q �p�H���b�i�M�Q�b�i�B �� �T�`�Q�i�Q �b�2 �p �/���H���Q�+�?
�b�B�K�m�H���+�Q�+�? �#�m�/�2�K�2 �p�ÿ�M�Q�p���i �D�Q�X �L�� �P�#�`�X�8�X�9�D�b�Q�m �p�v�F�`�2�b�H�2�M�� �x�i�`�€�i�Q�p�€ �b�T�2�F�i�`�� �T�`�Q �p�`�b�i�p�m
�j�- �F�/�2 �#�v�H�� �K�ÿ�M�ÿ�M�� �i�H�Q�m���#�F�� �i�2�M�F�û �p�`�b�i�p�v�X �_�v�+�?�H�Q�b�i �b�p���x�F�m �#�v�H�� �F�Q�M�b�i���M�i�M�Q �� �#�v�H�� �d�d�W
�`�v�+�?�H�Q�b�i�B �b�p�ÿ�i�H���X �o�2�H�B�F�Q�b�i �x�i�`�€�i�Q�p�û �T�`���p�/�ÿ�T�Q�/�Q�#�M�Q�b�i�B �b�2 �b �`�Q�b�i�Q�m�+�Q �i�H�Q�m���#�F�Q�m �Q�#�2�+�M�ÿ �x�p�ÿ�i�@
���m�D�2�- �+�Q�ˆ �K�i�ˆ�2 �#�w�i �x�T�i�b�Q�#�2�M�Q �i�Q�K�- �ˆ�2 �/�Q�+�?�€�x�Q �F �2�7�2�F�i�B�p�M�ÿ�D���Q�K�m �p�v�#�m�x�2�M�Q �Q�T�i�B�+�F�w�+�? �K�¦�/�i
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�i�H�Q�m���#�F�Q�m �p�w�`���x�M�ÿ�D���Q�X �_�Q�b�i�Q�m�+�Q�?�Q �i�`�2�M�/�m �x�i�`�€�i�Q�p�û �T�`���p�/�ÿ�T�Q�/�Q�#�M�Q�b�i�B �b�2 �x�p�ÿ�i���m�D�Q�+�Q �b�2 �i�H�Q�m���#�@
�F�Q�m �b�B �H�x�2 �p���B�K�M�Q�m�i �B �m �7�Q�M�Q�M�Q�p�w�+�? �T�Q�H���`�B�i�Q�M�i �M�� �2�M�2�`�;�B�Q�+�? �T�Q�/ �R�y�y �K�2�o�X

�o �F�Q�p�Q�p�û �7�€�x�B �b�B �H�x�2 �p���B�K�M�Q�m�i �T�Q�b�m�M�m�i�Q �a�@�" �T�Q�F�m �T�`�Q �i�H�Q�m���#�F�m �p�`�b�i�p�v �k�8 �M�K �M�� �M�B�ˆ���Q
�2�M�2�`�;�B�2�- �+�Q�ˆ �D�2 �x�T�i�b�Q�#�2�M�Q �2�7�2�F�i�B�p�M�ÿ�D���Q �2�t�+�B�i���+�Q �a�S�S �b �M�B�ˆ���Q�KQ �� �i�2�/�v �M�B�ˆ���Q �2�M�2�`�;�B�Q�- �� �x�€�@
�`�Q�p�2�š �i�Q�i�Q �T�Q�b�m�M�m�i�Q �Q�/�T�Q�p�Q�/�€ �b�M�Q�ˆ�2�M�Q �T�`���p�/�ÿ�T�Q�/�Q�#�M�Q�b�i�B �2�t�+�B�i���+�2 �Q�#�D�2�K�Q�p�û�?�Q �T�H���x�K�Q�M�m�-
�F�/�v �D�2 �p�`�b�i�p�� �D�B�ˆ �T�ü�Q�H�B�� �i�2�M�F�€ �� �/�Q�+�?�€�x�Q �F �T�ü�2�p�H�€�/���D�Q�+�Q �2�t�+�B�i���+�B �a�S�S�X �S�`�Q �p�ÿ�i���Q �i�H�Q�m���#�F�v �D�2
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