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Dark matter (DM), a major component of our universe whose nature remains un-
known, plays a crucial role in understanding our cosmos. This thesis analyzes a
neutrinophilic dark matter model featuring a proposed Dirac fermion that couples
to standard model neutrinos via a vector portal. Using Feynman diagrams, the decay
widths of the interaction boson and the cross sections of the annihilation processes
were calculated. The model’s parameters were systematically scanned to identify
configurations resulting in the correct relic density and to understand how different
parameters affect the final relic density. It was observed that the final relic density
is proportional to the mass of the DM particle, while it is inverse proportional to
the couplings. Comparison with results from shows that code fails at
resonance but agrees within 20% in other regions. Measured neutrino fluxes from
experiments were used to constrain the parameter space. These constraints indicate
that the correct relic density imposes stricter limits on most of the scanned param-
eter space. Finally, a bisection method was introduced to optimize one parameter
for fixed combinations of others. Grid scans revealed the connections between pa-
rameters necessary to achieve the correct result. Further study needs broader scans
and better methods for the resonance.
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�Q�7 �M�2�m�i�`�B�M�Q�b�X

�k�X�k �*�Q�M�i�2�M�i �Q�7 �i�?�2 �l�M�B�p�2�`�b�2

�6�Q�` �7�m�`�i�?�2�` �`�2���/�B�M�; ���M�/ �� �K�Q�`�2 �/�2�i���B�H�2�/ �p�2�`�b�B�Q�M �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�2�+�i�B�Q�M�- �"���m�K���M�M�ö�b

�H�2�+�i�m�`�2 �M�Q�i�2�b �(�R�) ���`�2 �`�2�+�Q�K�K�2�M�/�2�/�X

�A�i �B�b �r�2�H�H �F�M�Q�r�M �i�?���i �i�?�2 �m�M�B�p�2�`�b�2 �B�b �2�t�T���M�/�B�M�; ���i ���M �B�M�+�`�2���b�B�M�; �`���i�2�X �q�?�B�H�2 �i�?�2 �`�2���b�Q�M

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

�2�t�T���M�b�B�Q�M �Q�7 �i�?�2 �m�M�B�p�2�`�b�2�- �i�?�2 �b�+���H�2 �7���+�i�Q�`a(t) �B�b �2�b�b�2�M�i�B���H�X �a�B�M�+�2a(t) �+���M �#�2 �+�?�Q�b�2�M

�7�`�2�2�H�v�- �B�i �B�b �+�Q�M�p�2�M�i�B�Q�M �i�Q �b�2�ia(t0) = a0 = 1 �U�i�?�2 �B�M�/�B�+�2�b �y ���`�2 �m�b�2�/ �7�Q�` �i�?�2 �T�`�2�b�2�M�i�V�X
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�T�Q�B�M�i�b �B�b �m�M�+�?���M�;�2�/ �Q�p�2�` �i�B�K�2�- �#�m�i �i�?�2 �T�?�v�b�B�+���H �/�B�b�i���M�+�2 �b�+���H�2�b �r�B�i�?a(t) ���M�/ �2�M�H���`�;�2�b
�Q�p�2�` �i�B�K�2�X �U�6�B�;�m�`�2 �i���F�2�M �7�`�Q�K �(�R�)�V
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�+�Q�Q�`�/�B�M���i�2 �b�v�b�i�2�K �i�?���i �2�t�T���M�/�b ���i �i�?�2 �b���K�2 �`���i�2 �i�?���i �i�?�2 �m�M�B�p�2�`�b�2 �/�Q�2�b�X �A�M �+�Q�M�+�H�m�b�B�Q�M�-

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

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

�+�Q�Q�`�/�B�M���i�2�b �`�2�b�m�H�i �B�M

r �T�?�v�b= r a(t); �U�k�X�R�V

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

�/�2�`�B�p���i�B�p�2 �Q�7 �i�?�2 �T�?�v�b�B�+���H �+�Q�Q�`�/�B�M���i�2�,

v�T�?�v�b=
dr �T�?�v�b

dt
= a(t)

dr
dt

+
da(t)

dt
r = a(t) _r + Hr �T�?�v�b: �U�k�X�k�V

H �B�b �i�?�2�>�m�#�#�H�2 �S��� �̀��K�2�i�2�`�R���M�/ �B�b �/�2�}�M�2�/ ���b

H �
_a(t)
a(t)

: �U�k�X�j�V

�h�Q �/�2�b�+�`�B�#�2 �i�?�2 �/�v�M���K�B�+�b �Q�7 �i�?�2 �m�M�B�p�2�`�b�2 �i�?�2 �1�B�M�b�i�2�B�M �2�[�m���i�B�Q�M

G�� = 8 �GT �� �U�k�X�9�V

�7�`�Q�K �?�B�b �;�2�M�2�`���H �`�2�H���i�B�p�B�i�v �B�b �m�b�2�/�- �r�B�i�?G �i�?�2 �:�`���p�B�i���i�B�Q�M���H �*�Q�M�b�i���M�i�X �A�i �?���b �i�?�2 �7�Q�`�K

�Q�7 �� �i�2�M�b�Q�` �2�[�m���i�B�Q�M �r�B�i�?G�� ���b �i�?�2 �1�B�M�b�i�2�B�M �i�2�M�b�Q�` ���M�/T�� ���b �i�?�2 �b�i�`�2�b�b�@�2�M�2�`�;�v �i�2�M�b�Q�`�-

�r�?�B�+�? �7�m�M�+�i�B�Q�M�b ���b �� �K�2���b�m�`�2�K�2�M�i �7�Q�` �i�?�2 �K���i�i�2�` �+�Q�M�i�2�M�i �Q�7 �i�?�2 �m�M�B�p�2�`�b�2�X �"�v �Q�#�b�2�`�p�B�M�;

�R�L�Q�i�2 �i�?���i �i�?�2�`�2 �B�b �� �B�K�T�Q�`�i���M�i �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2�>�m�#�#�H�2 �S��� �̀��K�2�i�2�`H ���M�/ �i�?�2�>�m�#�#�H�2 �*�Q�M�b�i���M�i
H 0 �XH �B�b �i�B�K�2 �/�2�T�2�M�/�2�M�i�- �r�?�2�`�2 ���bH 0 �B�b �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �>�m�#�#�H�2 �S���`���K�2�i�2�` �Q�7 �i�Q�/���v�X �h�?�2 �i�`�m�2 �p���H�m�2
�Q�7 �i�?�2 �H���i�i�2�` �B�b �b�i�B�H�H �/�2�#���i�2�/�- �b�B�M�+�2 �r�B�i�? �/�B�z�2�`�2�M�i ���T�T�`�Q���+�?�2�b �i�?�2 �`�2�b�m�H�i �p���`�B�2�b �#�2�i�r�2�2�M68�F�K �J�T�b� �R�b� �R

���M�/74�F�K �J�T�b� �R�b� �R �(�R�8�)
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���H�K�Q�b�i �?�Q�K�Q�;�2�M�2�Q�m�b ���M�/ �B�b�Q�i�`�Q�T�B�+�X �U�6�B�;�m�`�2 �i���F�2�M �7�`�Q�K �(�R�e�)�V

�i�?�2 �*�J�" �U�}�;�X�k�X�j�V �B�i �B�b �H�2�;�B�i�B�K���i�2 �i�Q ���b�b�m�K�2 �i�?���i �i�?�2 �m�M�B�p�2�`�b�2 �B�b �?�Q�K�Q�;�2�M�2�Q�m�b ���M�/

�B�b�Q�i�`�Q�T�B�+ �Q�M �� �H���`�;�2 �b�+���H�2 �U�*�Q�b�K�Q�H�Q�;�B�+���H �T�`�B�M�+�B�T�H�2�V�k�X �q�B�i�? �i�?�2 �*�Q�b�K�Q�H�Q�;�B�+���H �T�`�B�M�+�B�T�H�2

���M�/ �i�?�2 �b�i�`�2�b�b�@�2�M�2�`�;�v �i�2�M�b�Q�` �i�?�2 �+�Q�M�i�B�M�m�B�i�v �2�[�m���i�B�Q�M

_� + 3
_a(t)
a(t)

(� + P) = 0 �U�k�X�8�V

�+���M �#�2 �/�2�`�B�p�2�/�j �XP �B�M �i�?�B�b �2�[�m���i�B�Q�M �B�b �i�?�2 �T�`�2�b�b�m�`�2 �Q�7 �i�?�2 �ô�~�m�B�/�ô ���M�/ �7�`�Q�K �M�Q�r �Q�Ma(t)

�B�b �r�`�B�i�i�2�M ���ba�X �A�M �i�?�2� �*�.�J �K�Q�/�2�H �i�?�2 �m�M�B�p�2�`�b�2 �+�Q�M�i�2�M�i �/�B�p�B�/�2�b �B�M�i�Q �i�?�`�2�2 �+���i�2�;�Q�`�B�2�b

�/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �+�Q�M�i�`�B�#�m�i�B�Q�M �i�Q �i�?�B�b �T�`�2�b�b�m�`�2�X

�Ç �J���i�i�2�`�,
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�M�2�m�i�`�B�M�Q �6�H�m�t �B�i �B�b �M�2�+�2�b�b���`�v �i�Q �2�t�T���M�/ �i�?�2 �i�?�2�`�K���H�H�v ���p�2�`���;�2�/ �+�`�Q�b�b �b�2�+�i�B�Q�M �B�M �T�Q�r�2�`�b

�Q�7 �i�?�2 �p�2�H�Q�+�B�i�v�,

h�v i = a + bhv2i + O(v4): �U�k�X�d�j�V

�h�?�B�b �+���M �#�2 �m�b�2�/ ���b �� �M�Q�M�@�`�2�H���i�B�p�B�b�i�B�+ ���T�T�`�Q�t�B�K���i�B�Q�M�- �r�?�2�`�2hv2i �B�b �i�?�2 ���p�2�`���;�B�M�; �Q�p�2�`

�i�?�2 �.�J �p�2�H�Q�+�B�i�v ���i �i�?�2 �b�B�;�M���H �b�Q�m�`�+�2�X �h�Q �;�2�i �i�?�2 �7�Q�` �i�?�2 �+�Q�M�b�i�`���B�M�i�b �`�2�H�2�p���M�i�b�@�r���p�2

�Ua�V ���M�/�T�@�r���p�2�Ub�V �+�Q�M�i�`�B�#�m�i�B�Q�M �i�?�2 �J���M�/�2�H�b�i���K �p���`�B���#�H�2s �M�2�2�/�b �i�Q �#�2 �2�t�T���M�/�2�/ ���M�/

���T�T�`�Q�t�B�K���i�2�/ ���b

s = m2
�� + m2

�" +
m2

�� + m2
�"p

1 � v2
� (2m2

�� + 2m2
�" )

�
1 +

v2

4

�
: �U�k�X�d�9�V

�A�7

� �
s � (2m�� + 2m2

�" )
(2m�� + 2m2

�" )
�U�k�X�d�8�V

�B�b �T�H�m�;�;�2�/ �B�M�i�Q �2�[�m���i�B�Q�M�k�X�d�9�i�?�2 �p�2�H�Q�+�B�i�v �+���M �#�2 �+���H�+�m�H���i�2�/ ���b

v =
2
p

� (1 + � )
1 + 2�

�U�k�X�d�e�V

�h�?�2 �2�t�T���M�b�B�Q�M �Q�7 �i�?�2 �i�?�2�`�K���H�H�v ���p�2�`���;�2�/ �+�`�Q�b�b �b�2�+�i�B�Q�M �B�b �;�B�p�2�M �#�v

�v =
1X

�M= �y

a(n)

n!
� n = a(0) + a(1) � +

1
2

a(2) � 2 + : : : ; �U�k�X�d�d�V

�k�j



�r�?�2�`�2a(n) �`�2�T�`�2�b�2�M�i�b �i�?�2n�@�i�? �/�2�`�B�p���i�B�Q�M �r�B�i�? �`�2�b�T�2�+�i �i�Q� �Q�7�v ���i � = 0 �X �q�B�i�? �i�?�2

�/�2�}�M�B�i�B�Q�M �Q�7� �i�?�2 �2�t�T���M�b�B�Q�M �B�b

�v = a(0) + a(1)
�

v2

4

�
+

1
2

a(2)
�

v4
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�
+ � � � : �U�k�X�d�3�V

�h�?�2�b�@�r���p�2�+�Q�M�i�`�B�#�m�i�B�Q�M �B�b �i�?�2 �}�`�b�i �2�t�T���M�b�B�Q�M �7���+�i�Q�` �Ua = a(0) �V ���M�/ �7�Q�` �i�?�2�T�@�r���p�2�+�Q�M�@

�i�`�B�#�m�i�B�Q�M �i�?�2 �b�2�+�Q�M�/ �7���+�i�Q�` �B�b �m�b�2�/ �Ub = a(1) /4 �V�X �a�B�M�+�2 �i�?�2 �+�Q�M�b�i�`���B�M�i�b �7�Q�` �i�?�2 �T���`���K�2�i�2�`

�b�T���+�2 �b�2�i �#�v �i�?�2�T�@�r���p�2�+�Q�M�i�`�B�#�m�i�B�Q�M ���`�2 �M�Q�`�K���H�H�v �H�2�b�b �b�i�`�B�+�i �i�?���M �i�?�2 �+�Q�M�b�i�`���B�M�i�b �b�2�i �#�v

�i�?�2�b�@�r���p�2�+�Q�M�i�`�B�#�m�i�B�Q�M �Q�M�H�v �H���i�i�2�` �r�B�H�H �#�2 �`�2�;���`�/�2�/ �B�M �i�?�B�b �h�?�2�b�B�b �(�R�3�)�X

�k�9



�j ���M���H�v�b�B�b ���M�/ �1�p���H�m���i�B�Q�M

�A�M �i�?�B�b �b�2�+�i�B�Q�M�- �i�?�2 �i�?�2�Q�`�2�i�B�+���H �#���+�F�;�`�Q�m�M�/ �/�B�b�+�m�b�b�2�/ �B�b �m�b�2�/ �i�Q �Q�#�i���B�M �b�Q�K�2 �`�2�b�m�H�i�b�X

�6�B�`�b�i�- �i�?�2 �K�Q�/�2�H �m�b�2�/ �7�Q�` �i�?�2 �.�J �+���M�/�B�/���i�2 �B�b �T�`�2�b�2�M�i�2�/�- ���H�Q�M�; �r�B�i�? �B�i�b �G���;�`���M�;�B���M�-

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

�6�2�v�M�K���M �/�B���;�`���K�b ���M�/ �`�m�H�2�b ���`�2 �i�?�2�M �2�K�T�H�Q�v�2�/ �i�Q �+���H�+�m�H���i�2 �i�?�2 �+�`�Q�b�b �b�2�+�i�B�Q�M�b ���M�/ �/�2�+���v

�`���i�2�b�X ���/�/�B�i�B�Q�M���H�H�v�- �i�?�2 �+���H�+�m�H���i�B�Q�M �7�Q�` �i�?�2 �M�Q�M�@�`�2�H���i�B�p�B�b�i�B�+ ���T�T�`�Q�t�B�K���i�B�Q�M �B�b �T�`�2�b�2�M�i�2�/�X

�h�?�B�b �B�b �/�Q�M�2�- �#�2�+���m�b�2 �M�2�m�i�`�B�M�Q �~�m�t �2�t�T�2�`�B�K�2�M�i�b ���`�Q�m�M�/ �i�?�2 �;�H�Q�#�2 �+���M �b�2�i �m�T�T�2�` �H�B�K�B�i�b �7�Q�`

�i�?�B�b ���T�T�`�Q�t�B�K���i�B�Q�M�- �r�?�B�+�? �+���M �#�2 �i�`���M�b�7�2�`�`�2�/ �i�Q �+�Q�M�b�i�`���B�M�i�b �Q�M �i�?�2 �T���`���K�2�i�2�` �b�T���+�2 �Q�7

�i�?�2 �K�Q�/�2�H �U�b�B�M�+�2 �i�?�2 �i�?�2 �.�J �T���`�i�B�+�H�2 �+�Q�m�T�H�2�b �i�Q �M�2�m�i�`�B�M�Q�b �Q�M�H�v�V�X �6�Q�H�H�Q�r�B�M�; �i�?�2 ���M���H�v�i�B�+���H

�+���H�+�m�H���i�B�Q�M�b�- �i�?�2 �M�m�K�2�`�B�+���H �b�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �"�Q�H�i�x�K���M�M �2�[�m���i�B�Q�M�k�X�9�R�B�b �T�2�`�7�Q�`�K�2�/ �B�M �Q�`�/�2�`

�i�Q �+���H�+�m�H���i�2 �i�?�2 �}�M���H �`�2�H�B�+ �/�2�M�b�B�i�v �7�Q�` �/�B�z�2�`�2�M�i �b�2�i�b �Q�7 �T���`���K�2�i�2�`�b�X �6�B�M���H�H�v�- �� �#�B�b�2�+�i�B�Q�M

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

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

�j�X�R �J�Q�/�2�H �7�Q�` �.���`�F �J���i�i�2�`

�h�?�2 �K�Q�/�2�H �7�Q�` �.���`�F �J���i�i�2�` �B�M �i�?�B�b �i�?�2�b�B�b �+�Q�M�b�B�b�i�b �Q�7 �i�?�2 �a�i���M�/���`�/ �J�Q�/�2�H �U�a�J�V ���b �i�?�2

�p�B�b�B�#�H�2 �b�2�+�i�Q�` ���M�/ �T�`�Q�T�Q�b�2�b �� �?�B�/�/�2�M �b�2�+�i�Q�` �B�M�+�H�m�/�B�M�; �� �.���`�F �J���i�i�2�` �T���`�i�B�+�H�2D ���M�/ �B�i�b

���M�i�B�T���`�i�B�+�H�2�D �- �#�Q�i�? �r�B�i�? �K���b�b�2�bm�. �X �h�?�2�b�2 �T���`�i�B�+�H�2�b ���`�2 �.�B�`���+ �7�2�`�K�B�Q�M�b�- �i�?�m�b �?���p�B�M�;

�b�T�B�M1
2 �X ���/�/�B�i�B�Q�M���H�H�v�- �� �p�2�+�i�Q�` �#�Q�b�Q�MZ 0 �r�B�i�? �K���b�bM �w0 �b�2�`�p�2�b ���b �� �T�Q�`�i���H �#�2�i�r�2�2�M �i�?�2

�?�B�/�/�2�M ���M�/ �p�B�b�B�#�H�2 �b�2�+�i�Q�`�b�X �h�?�2Z 0�@�T�Q�`�i���H �+�Q�m�T�H�2�b �2�t�+�H�m�b�B�p�2�H�v �i�Q �i�?�2 �M�2�m�i�`�B�M�Q�b �Q�7 �i�?�2

�p�B�b�B�#�H�2 �b�2�+�i�Q�`�X �h�?�2 �i�Q�i���H �G���;�`���M�;�B���M �Q�7 �i�?�B�b �K�Q�/�2�H �+���M �#�2 �r�`�B�i�i�2�M ���b

L = L �a�J + L �F�B�M+ L �B�M�i: �U�j�X�R�V

�h�Q �i�?�2 ���H�`�2���/�v �F�M�Q�r�M �G���;�`���M�;�B���M �Q�7 �i�?�2 �a�J�- �i�r�Q ���/�/�B�i�B�Q�M���H �i�2�`�K�b ���`�2 �B�M�+�H�m�/�2�/�, �i�?�2 �7�`�2�2

�G���;�`���M�;�B���M ���M�/ �i�?�2 �B�M�i�2�`���+�i�B�Q�M�b �Q�7 �i�?�2 �?�B�/�/�2�M �b�2�+�i�Q�`�X �h�?�2�b�2 ���`�2 �;�B�p�2�M �#�v

L �F�B�M= �
1
4

Z 0
�� Z 0�� +

1
2

M 2
�w0Z 0

� Z 0� + �D(i
 � @� � m�. )D; �U�j�X�k�V

L �B�M�i= � �� i 
 � (gij � g0
ij 
 5)Z 0

� � j � gX �D
 � (1 � 
 5)Z 0
� D: �U�j�X�j�V

�>�2�`�2�-
 5 �B�b �i�?�2 �}�7�i�? �.�B�`���+ �K���i�`�B�t �U�b�2�2 ���T�T�2�M�/�B�t�� �V�- �r�?�B�+�? �B�b �M�2�2�/�2�/ �7�Q�` �i�?�2 �K���i�?�2�K���i�B�+���H

�/�2�b�+�`�B�T�i�B�Q�M �i�?���i �Q�M�H�v �H�2�7�i�@�+�?�B�`���H �T���`�i�B�+�H�2�b �T���`�i�B�+�B�T���i�2 �B�M �r�2���F �B�M�i�2�`���+�i�B�Q�M�b�Xgij ���M�/g0
ij ���`�2

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

�i�?���i ���`�2 �+�Q�m�T�H�2�/ �i�Q �M�2�m�i�`�B�M�Q�b�X �6�Q�` �b�B�K�T�H�B�+�B�i�v�- �i�?�2�b�2 ���`�2 ���b�b�m�K�2�/ �i�Q �#�2 �/�B���;�Q�M���H�- �b�Q

gij = g� ij ���M�/g0
ij = g0� ij �X ���b �� �`�2�b�m�H�i�- �i�?�2 �i�?�`�2�2 �M�2�m�i�`�B�M�Q �~���p�Q�`�b ���`�2 �i�`�2���i�2�/ �2�[�m���H�H�v �B�M

�i�?�2Z 0 $ � �� �p�2�`�i�2�t�- ���M�/ �M�Q �~���p�Q�` �+�?���M�;�B�M�; �Q�+�+�m�`�b �#�2�i�r�2�2�M �i�?�2 �i�?�`�2�2 �M�2�m�i�`�B�M�Q �i�v�T�2�b�X

�6�`�Q�K �i�?�2 �G���;�`���M�;�B���M�b �B�M �2�[�m���i�B�Q�M�b�j�X�k���M�/�j�X�j�- �i�?�2 �7�Q�H�H�Q�r�B�M�; �T�`�Q�+�2�b�b�2�b �+���M �#�2 �/�2�`�B�p�2�/�,

�Ç �h�?�2 �i�2�`�K� �� i 
 � (gij � g0
ij 
 5)Z 0

� � j �2�M�+�Q�/�2�b �i�?�2 �B�M�i�2�`���+�i�B�Q�M �#�2�i�r�2�2�M �i�?�2 �T�Q�`�i���H ���M�/

�i�?�2 �M�2�m�i�`�B�M�Q�b�X �6�`�Q�K �i�?�B�b�- �i�?�2 �/�2�+���vZ 0 ! � �� �+���M �#�2 �2�t�i�`���+�i�2�/�X

�k�8



�Ç �h�?�2 �i�2�`�KgX �D
 � (1 � 
 5)Z 0
� D �/�2�b�+�`�B�#�2�b �i�?�2 �B�M�i�2�`���+�i�B�Q�M �r�B�i�?�B�M �i�?�2 �/���`�F �b�2�+�i�Q�`�- ���M�/

�i�?�2 �/�2�+���vZ 0 ! D �D �+���M �#�2 �/�2�`�B�p�2�/�X

�Ç �l�b�B�M�; �#�Q�i�? �p�2�`�i�B�+�2�b �/�2�b�+�`�B�#�2�/ �#�v �i�?�2 �G���;�`���M�;�B���M�- �i�r�Q ���M�M�B�?�B�H���i�B�Q�M �T�`�Q�+�2�b�b�2�b ���`�2

�T�Q�b�b�B�#�H�2�,

�R�XD �D ! � ��

�k�XD �D ! Z 0Z 0

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

�i�?�2 �}�M���H �`�2�H�B�+ �/�2�M�b�B�i�v�X

�j�X�k �*���H�+�m�H���i�2�/ �*�`�Q�b�b �a�2�+�i�B�Q�M�b ���M�/ �.�2�+���v �q�B�/�i�?�b

�>�2�`�2�- �i�?�2 �2�t�T�H�B�+�B�i �+���H�+�m�H���i�B�Q�M�b �i�Q �Q�#�i���B�M �i�?�2 �B�M�p���`�B���M�i ���K�T�H�B�i�m�/�2 �Q�7 �i�?�2Z 0 �/�2�+���v�b ���M�/

�i�?�2 ���M�M�B�?�B�H���i�B�Q�M �T�`�Q�+�2�b�b�2�b ���`�2 �b�?�Q�r�M �m�b�B�M�; �6�2�v�M�K���M �/�B���;�`���K�b ���M�/ �`�m�H�2�b �U�� �b�?�Q�`�i �H�B�b�i �Q�7

�i�?�2 �6�2�v�M�K���M �`�m�H�2�b ���`�2 �B�M ���T�T�2�M�/�B�t�" �V�X �h�?�2�b�2 �+���H�+�m�H���i�B�Q�M�b ���`�2 �i�?�2�M �m�b�2�/ �i�Q �/�2�`�B�p�2 �/�2�+���v

�r�B�/�i�? �Q�7 �i�?�2 �T�Q�`�i���H ���M�/ �i�?�2 �+�`�Q�b�b �b�2�+�i�B�Q�M�b �Q�7 �i�?�2 ���M�M�B�?�B�H���i�B�Q�M �T�`�Q�+�2�b�b�2�b�X �L�Q�i�2 �i�?���i �B�M
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�b�i�B�H�H �B�M �2�[�m�B�H�B�#�`�B�m�K�X ���7�i�2�` �b�Q�H�p�B�M�; �i�?�2 �P�.�1 �i�?�2 �}�`�b�i �i�B�K�2�- �i�?�2 �7�`�2�2�x�2�@�Q�m�i �T�Q�B�M�ix �6�P �B�b

�/�2�i�2�`�K�B�M�2�/�- ���b �i�?�2 �T�Q�B�M�i �r�?�2�`�2 �i�?�2 �`���i�B�Q �Q�7 �i�?�2Y (x) ���M�/Y�2�[(x) �B�b �;�`�2���i�2�` �i�?���M �k�X�8�X �h�?�B�b

�o���H�m�2 �B�b �M�Q�r �m�b�2�/ ���b�t�2�M�/�7�Q�` �i�?�2�Q�/�2�R�8�b�X �q�B�i�? �i�?�2 �v�B�2�H�/ ���i �i�?�2 �/�2�+�Q�m�T�H�B�M�;Y�6�P ���M�/

�i�?�2 �7�`�2�2�x�2 �Q�m�i �i�2�K�T�2�`���i�m�`�2�-�A�M�i�2�`�;���i�2�h�B�H�H�h�Q�/���v�m�b�2�b �2�[�m���i�B�Q�M�k�X�9�j�i�Q ���T�T�`�Q�t�B�K���i�2

�i�?�2 �`�2�b�m�H�i�B�M�; �u�B�2�H�/ �7�Q�` �i�Q�/���v�- �r�?�B�+�? �B�b �i�?���M �m�b�2�/ �B�M �2�[�m���i�B�Q�M�k�X�9�9�i�Q �}�M���H�H�v �+���H�+�m�H���i�2 �i�?�2

�`�2�b�m�H�i�B�M�; �`�2�H�B�+ �/�2�M�b�B�i�v�P�?�k�X

�h�?�2 �T���`���K�2�i�2�`�b �i�Q �p���`�v ���`�2m�. �-R�-g�s �-g�- ���M�/g0 �`�2�b�m�H�i�B�M�; �B�M �� �}�p�2 �/�B�K�2�M�b�B�Q�M���H �T���`���K�2�i�2�`

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

�j�d



�+���H�+�m�H���i�B�Q�M�bg0 �B�b �b�2�i �2�[�m���H �i�Qg�- �H�Q�r�2�`�B�M�; �i�?�2 �/�B�K�2�M�b�B�Q�M�b �Q�7 �i�?�2 �T���`���K�2�i�2�` �b�T���+�2 �7�`�Q�K

�}�p�2 �i�Q �7�Q�m�`�X �h�?�2 �`�2�b�m�H�i�b ���`�2 �b�i�Q�`�2�/ �B�M �� �i�2�t�i �}�H�2 �i�Q �T�H�Q�i �i�?�2�K �B�M �S�v�i�?�Q�M�X

�j�X�j�X�R �:�`�B�/ �a�+���M�b

�"�v �+�Q�M�b�i�`�m�+�i�B�M�; �7�Q�`�@�H�Q�Q�T�b ���`�Q�m�M�/�P�?�k�+���H�+�m�H���i�Q�`�B�i �B�b �T�Q�b�b�B�#�H�2 �i�Q �/�Q �;�`�B�/ �b�+���M�b �Q�p�2�` �i�r�Q

�S���`���K�2�i�2�`�b�- �r�?�B�H�2 �i�?�2 �Q�i�?�2�` �i�r�Q ���`�2 �}�t�2�/ ���M�/ �Q�#�b�2�`�p�2 �?�Q�r
 h2 �+�?���M�;�2�b �/�2�T�2�M�/�B�M�; �Q�M

�i�?�2 �i�r�Q �p���`�B���#�H�2�b�X

�6�m�`�i�?�2�`�K�Q�`�2 �i�?�2 �;�`�B�/ �b�+���M�b �B�M �i�?�B�b �b�2�+�i�B�Q�M �r�2�`�2 �K���/�2 �r�B�i�? �� �`�2�b�Q�H�m�i�B�Q�M �Q�7200� 200 =

40000�/���i�� �T�Q�B�M�i�b

�:�`�B�/ �a�+���Mm�. � R

�h�?�2 �}�b�i �;�`�B�/ �b�+���M �B�b �Q�p�2�`R ���M�/m�. �r�B�i�?

0:5 < R < 4; �B�M �H�B�M�2���` �b�i�2�T�b

101 < m �. < 103; �B�M �H�Q�;���`�B�i�?�K�B�+ �b�i�2�T�b

g = 0 :1

g�s = 0 :2

���M�/ �B�b �T�`�2�b�2�M�i�2�/ �B�M �i�?�2 �?�2���i�@�K���T�j�X�R�- �r�?�2�`�2 �i�?�2 �+�Q�H�Q�m�` �`�2�T�`�2�b�2�M�i�b �i�?�2 �`�2�H�B�+ �/�2�M�b�B�i�v �+���H�@

�+�m�H���i�2�/�X �h�?�2 �`�2�;�B�Q�M�b �r�?�2�`�2 �i�?�2 �+�Q�`�`�2�+�i �}�M���H �`�2�H�B�+ �/�2�M�b�B�i�v �U
 h2 = 0 :12� 0:01�V �B�b ���+�?�B�2�p�2�/

���`�2 �K���`�F�2�/ �B�M �T�B�M�F�X �6�Q�` �o���H�m�2�bR ! 2 �i�?�2�`�2 �B�b �� ���M�Q�K���H�v �M�Q�i�B�+�2���#�H�2�X �h�?�2 �+�Q�/�2 �b�i�`�m�;�;�H�2�b

�i�Q �+�Q�K�T�m�i�2 �i�?�2 �+���H�+�m�H���i�B�Q�M �r�B�i�? �i�?�2 �`�2�b�m�H�i�B�M�; �r�?�B�i�2 ���`�2���b �b�?�Q�r�B�M�; �B�M �i�?�2 �}�;�m�`�2�X �h�?�B�b

�r�?�B�i�2 ���`�2���b �?���p�2 �M�Q �T�?�v�b�B�+���H �B�K�T�H�B�+���i�B�Q�M�X

�h�Q �b�i���`�i ���M���H�v�x�B�M�; �i�?�2 �`�2�b�m�H�i ���M�/ �b�2�i �B�i �B�M�i�Q �T�?�v�b�B�+���H �+�Q�M�i�2�t�i �i�?�2 �;�2�M�2�`���H �B�K�T���+�i �Q�7m�.

�Q�M
 h2 �+���M �#�2 �Q�#�b�2�`�p�2�/�X �L�Q �K���i�i�2�` �r�?���iR �B�b�- �i�?�2 �`�2�H�B�+ �/�2�M�b�B�i�v �B�b �T�`�Q�T�Q�`�i�B�Q�M���H �i�Qm�. �X �A�i

�+���M �#�2 �i�`���+�2�/ �i�Q �i�?�2 �+�Q�M�M�2�+�i�B�Q�M �#�2�i�r�2�2�M �+�`�Q�b�b �b�2�+�i�B�Q�M�b ���M�/ �i�?�2 �`�2�H�B�+ �/�2�M�b�B�i�v�X �A�7 �i�?�2 �+�`�Q�b�b

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

�.�J ���i �6�P ���M�/ �?�2�M�+�2 �� �H�Q�r�2�` �}�M���H �`�2�H�B�+ �/�2�M�b�B�i�v�X �A�7m�. �B�M�+�`�2���b�2�b�- �i�?�2 ���M�M�B�?�B�H���i�B�Q�M�b �;�2�i

�F�B�M�2�K���i�B�+���H�H�v �K�Q�`�2 �/�B�{�+�m�H�i�- ���M�/ �i�?�2 �+�`�Q�b�b �b�2�+�i�B�Q�M �/�2�+�`�2���b�2�b �`�2�b�m�H�i�B�M�; �B�M ���M �B�M�+�`�2���b�2 �Q�7

�i�?�2 �}�M���H �`�2�H�B�+ �/�2�M�b�B�i�v�X �a�Q �i�?�2 �+�Q�/�2 �/�2�b�+�`�B�#�2�b �i�?�B�b �#�2�?���p�B�Q�m�` �+�Q�`�`�2�+�i�H�v�X

���H�b�Q �B�M�i�2�`�2�b�i�B�M�; �B�b �i�?�2 �/�2�T�2�M�/�2�M�+�v �Q�MR�X �h�?�2 �i�r�Q �o���H�m�2�bR = 1 ���M�/R = 2 �b�2�2�K �B�K�@

�T�Q�`�i���M�i�- �#�2�+���m�b�2 �i�?�2 �i�2�M�/�2�M�+�v �Q�7
 h2 �+�?���M�;�2�b �?�2�`�2�X �6�Q�`R < 1 �i�?�2 �T�`�Q�+�2�b�bD �D ! Z 0Z 0

�B�b �F�B�M�2�K���i�B�+���H�H�v ���+�+�2�b�b�B�#�H�2 ���M�/ �i�?�2�`�2�7�Q�`�2 �/�Q�K�B�M���M�i ���i �6�P ���M�/ �/�2�i�2�`�K�B�M�2�b �i�?�2 �}�M���H �`�2�H�B�+

�/�2�M�b�B�i�v ���M�/ �7�Q�`R ! 1 �i�?�2 �+�`�Q�b�b �b�2�+�i�B�Q�M �/�2�+�`�2���b�2�b�- �#�2�+���m�b�2 �i�?�2Z 0�@�S�Q�`�i���H �;�2�i�b �?�2���p�B�2�`

�U�`�2�;���`�/�B�M�; �Q�M�2 �}�t�2�/m�. �V�X �h�?�B�b �?���T�T�2�M�b �m�M�i�B�H ���iR = 1 �i�?�2 ���M�M�B�?�B�H���i�B�Q�M �B�M�i�QZ 0 �;�2�i�b

�F�B�M�2�K���i�B�+���H�H�v �2�t�+�H�m�/�2�/�X �a�Q �7�Q�`R > 1 �i�?�2 ���M�M�B�?�B�H���i�B�Q�MD �D ! � �� �b�2�i�b �i�?�2 �}�M���H �`�2�H�B�+

�/�2�M�b�B�i�v�X �A�7 �i�?�2 �`���i�B�Q �B�M�+�`�2���b�2�b �K�Q�`�2�- �i�?�B�b �K�2���M�b �i�?���i �i�?�2Z 0�@�S�Q�`�i���H �;�2�i�b �?�2���p�B�2�` �i�?���M �i�?�2

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

�Q�7 �.�J ���i �6�P�X

�6�Q�R̀ = 2 �� �`�2�b�Q�M���M�+�2 �Q�+�+�m�`�b�- �r�?�B�+�? �H�2���/�b �i�Q �� �/�`���b�i�B�+ �/�`�Q�T �Q�7 �i�?�2 �}�M���H �`�2�H�B�+ �/�2�M�b�B�i�v�X �A�M

�i�?�B�b �+���b�2Z 0 �B�b �2�t���+�i�H�v �i�r�B�+�2 ���b �?�2���p�v ���b �i�?�2 �S�Q�`�i���H �2�M���#�H�B�M�; �i�?�2Z 0 ! D �D �/�2�+���v�X �A�M �i�?�2

�j�3



�6�B�;�m�`�2 �j�X�R�,
 h2 �7�Q�` �i�?�2 �;�`�B�/ �b�+���M �Q�7m�. ���M�/R�X �h�?�2 �`�2�H�B�+ �/�2�M�b�B�i�v �B�b �`�2�T�`�2�b�2�M�i�2�/ �B�M
�i�?�2 �+�Q�H�Q�m�` �B�M �� �H�Q�;���`�B�i�?�K�B�+ �b�+���H�2�X �h�?�2 �T�B�M�F ���`�2�� �`�2�T�`�2�b�2�M�i�b �i�?�Q�b�2 �+�Q�K�#�B�M���i�B�Q�M �i�?���i �;�B�p�2

 h2 = 0 :12 � 0:01�X �h�?�2 �}�t�2�/ �T���`���K�2�i�2�`�b ���`�2g = 0 :1 ���M�/g�s = 0 :2�X �6�Q�`R ! 2 �U�i�?�2
�`�2�b�Q�M���M�+�2�V �i�?�2 �+�Q�/�2 �b�i�`�m�;�;�H�2�b �2�t�T�H���B�M�B�M�; �i�?�2 �r�?�B�i�2 ���`�2���b�X

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

�x�2�`�Q �B�i �`�2�i�m�`�M�b �2�t���+�i�H�v �x�2�`�Q �Q�` �M�2�;���i�B�p�2 �/�2�M�b�B�i�B�2�b �U�K�Q�`�2 �B�M �b�2�+�i�B�Q�M�9�V�X

�P�M�+�2 �i�?�2 �K���b�b �Q�7 �i�?�2 �T�Q�`�i���H �B�b �;�`�2���i�2�` �i�?���M �i�?���M �i�r�B�+�2 �i�?�2 �.�J �K���b�b �i�?�2 �+�`�Q�b�b �b�2�+�i�B�Q�M

�D�m�b�i �;�2�i�b �b�K���H�H�2�` ���M�/ �b�K���H�H�2�` �7�Q�` �?�B�;�?�2�`R�- �H�2���/�B�M�; �i�Q �� �b�i�2���/�v �B�M�+�`�2���b�B�M�; �Q�7
 h2�X �h�?�B�b

�i�2�M�/�2�M�+�v �/�Q�2�b �b�2�2�K �i�Q �~���i�i�2�M �Q�m�i�- �#�m�i �b�?�Q�m�H�/ �+�Q�M�i�B�M�m�2 �7�Q�`R ! 1 �X

�:�`�B�/ �a�+���Mg�s � R

�h�?�B�b �;�`�B�/ �b�+���M �B�b �Q�p�2�` �i�?�2 �T���`���K�2�i�2�`�bg�s ���M�/R �r�B�i�?

0:5 < R < 4; �B�M �H�B�M�2���` �b�i�2�T�b

10� 3 < g �s < 0:3; �B�M �H�Q�;���`�B�i�?�K�B�+ �b�i�2�T�b

g = 0 :1

m�. = 100 �:�2�o

�h�?�2 �`�2�b�m�H�i �B�b �T�`�2�b�2�M�i�2�/ �B�M �}�;�m�`�2�j�X�k�a�B�M�+�2 ���M �B�M�+�`�2�K�2�M�i �Q�7 �i�?�2 �+�Q�m�T�H�B�M�;g�s ���z�2�+�i�b �#�Q�i�?

�S�`�Q�+�2�b�b�2�b ���M�/ �B�M�+�`�2���b�2�b �i�?�2 �+�`�Q�b�b �b�2�+�i�B�Q�M�- �B�i �?���b �i�?�2 �Q�T�T�Q�b�B�i�2 �2�z�2�+�i �i�?���M ���M �B�M�+�`�2�K�2�M�i

�Q�7m�. �`�2�b�m�H�i�B�M�; �B�M �� �K�B�`�`�Q�`�2�/ �#�2�?���p�B�Q�m�` �Q�7 �i�?�2 �}�M���H �`�2�H�B�+ �/�2�M�b�B�i�v ���H�Q�M�; �i�?�2 �t�@���t�B�b�X �h�?�2

�/�2�T�2�M�/�2�M�+�v �Q�7R �/�Q�2�b �M�Q�i �+�?���M�;�2 ���M�/ �B�b ���M���H�Q�;�Q�m�b �i�Q�:�`�B�/ �a�+���Mm�. � R

�j�N



�6�B�;�m�`�2 �j�X�k�,
 h2 �7�Q�` �i�?�2 �;�`�B�/ �b�+���M �Q�7g�s ���M�/R�X �h�?�2 �`�2�H�B�+ �/�2�M�b�B�i�v �B�b �`�2�T�`�2�b�2�M�i�2�/ �B�M �i�?�2
�+�Q�H�Q�m�` �B�M �� �H�Q�;���`�B�i�?�K�B�+ �b�+���H�2�X �h�?�2 �T�B�M�F ���`�2�� �`�2�T�`�2�b�2�M�i�b �i�?�Q�b�2 �+�Q�K�#�B�M���i�B�Q�M �i�?���i �;�B�p�2

 h2 = 0 :12 � 0:01�X �h�?�2 �}�t�2�/ �T���`���K�2�i�2�`�b ���`�2g = 0 :1 ���M�/m�. = 100 �:�2�o�X �6�Q�`R ! 2
�U�i�?�2 �`�2�b�Q�M���M�+�2�V �i�?�2 �+�Q�/�2 �7���B�H�b ���M�/ �`�2�i�m�`�M�b �M�Q�M�T�?�v�b�B�+���H �`�2�b�m�H�i�b�X

�:�`�B�/ �a�+���Mm�. � g�s

���b �i�?�2 �H���b�i �2�t���K�T�H�2 �i�?�2 �;�`�B�/ �b�+���M �Q�p�2�`m�. ���M�/g�s �B�b �b�?�Q�r�M �B�M �}�;�m�`�2�j�X�j�- �r�B�i�? �i�?�2

�T���`���K�2�i�2�`�b

0:5 < m �. < 4; �B�M �H�Q�;���`�B�i�?�K�B�+ �b�i�2�T�b

10� 3 < g �s < 0:3; �B�M �H�Q�;���`�B�i�?�K�B�+ �b�i�2�T�b

R = 1 :5

g = 0 :1
�>�2�`�2 �i�?�2 �`�2�b�Q�M���M�+�2 �B�b �M�Q�i �p�B�b�B�#�H�2�- �#�2�+���m�b�2R �B�b �b�2�i �i�Q �R�X�8 ���M�/ �/�Q�2�b �M�Q�i �+�?���M�;�2�X �h�?�2

�+�Q�M�M�2�+�i�B�Q�M �#�2�i�r�2�2�M �i�?�2 �T���`���K�2�i�2�`�bm�. ���M�/g�t ���M�/ �i�?�2 �}�M���H �`�2�H�B�+ �/�2�M�b�B�i�v �r�2�`�2 �K�2�M�@

�i�B�Q�M�2�/ �2���`�H�B�2�`�X �6�Q�` �?�B�;�?�2�` �K���b�b�2�b �i�?�2 �+�`�Q�b�b �b�2�+�i�B�Q�M �/�2�+�`�2���b�2�b ���M�/ �i�?�2 �`�2�H�B�+ �/�2�M�b�B�i�v ���i �6�P

�B�M�+�`�2���b�2�b�X �6�Q�` �B�M�+�`�2���b�B�M�; �+�Q�m�T�H�B�M�;�b �B�i �B�b �p�B�+�2 �p�2�`�b�� ���M�/ �i�?�2 �}�M���H
 h2 �/�2�+�`�2���b�2�b�X �h�?�B�b

�K���i�+�?�2�b �i�?�2 �/�2�T�B�+�i�B�Q�M �B�M �}�;�m�`�2�j�X�j�X

�h�Q �+�Q�M�i�`�Q�H �i�?�2 ���+�+�m�`���+�v �Q�7 �i�?�2 �`�2�b�m�H�i�b �� �+�Q�K�T���`�B�b�Q�M �i�Q�K�B�+�`�P�J�1�:���b�B�b �K���/�2 �B�M ���T�T�2�M�/�B�t�*�X

�K�B�+�`�P�J�1�:���b�B�b �� �+�Q�/�2 �m�b�2�/ �7�Q�` �i�?�2 �+���H�+�m�H���i�B�Q�M �Q�7 �.�J �T�`�Q�T�2�`�i�B�2�b �B�M�+�H�m�/�B�M�; �i�?�2 �`�2�H�B�+ �/�2�M�@

�b�B�i�v �7�Q�` �;�2�M�2�`�B�+ �K�Q�/�2�H�b�X �h�?�2 �/�2�p�B���i�B�Q�M �i�Q �i�?�2 �`�2�b�m�H�i�b �Q�7�K�B�+�`�P�J�1�:���b���`�2 �;�2�M�2�`���H�H�v �m�M�/�2�`

�R�y�W�- �#�m�i �Q�#�p�B�Q�m�b�H�v �B�i �/�B�p�2�`�;�2�b �7�Q�` �p���H�m�2�b ���T�T�`�Q���+�?�B�M�; �i�?�2 �`�2�b�Q�M���M�+�2 ���iR = 2 �X ���H�b�Q �7�Q�`

�i�?�2 �p���H�m�2 �Q�7R = 1 �� �b�K���H�H �/�B�b�+�`�2�T���M�+�v �+���M �#�2 �Q�#�b�2�`�p�2�/�- �B�M�/�B�+���i�B�M�; �i�?���i �i�?�2 �b�r�B�i�+�? �Q�7

�Q�M�2 �T�`�Q�+�2�b�b �i�Q ���M�Q�i�?�2�` �/�Q�2�b �M�Q�i �+�Q�K�T�m�i�2 �b�K�Q�Q�i�?�H�v�X �L�2�p�2�`�i�?�2�H�2�b�b �7�Q�` �i�?�2m�. � g�s �;�`�B�/
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�6�B�;�m�`�2 �j�X�j�,
 h2 �7�Q�` �i�?�2 �;�`�B�/ �b�+���M �Q�7m�. ���M�/g�s �X �h�?�2 �`�2�H�B�+ �/�2�M�b�B�i�v �B�b �`�2�T�`�2�b�2�M�i�2�/ �B�M
�i�?�2 �+�Q�H�Q�m�` �B�M �� �H�Q�;���`�B�i�?�K�B�+ �b�+���H�2�X �h�?�2 �T�B�M�F ���`�2�� �`�2�T�`�2�b�2�M�i�b �i�?�Q�b�2 �+�Q�K�#�B�M���i�B�Q�M �i�?���i �;�B�p�2

 h2 = 0 :12� 0:01�X �h�?�2 �}�t�2�/ �T���`���K�2�i�2�`�b ���`�2R = 1 :5 ���M�/g = 0 :1�X

�b�+���M �i�?�2 �K���t�B�K���H �T�2�`�+�2�M�i���;�2 �/�2�p�B���i�B�Q�M �B�b �#�2�H�Q�r �9�W�- �b�?�Q�r�B�M�; �i�?���i �i�?�2 �+�Q�/�2 �T�`�Q�/�m�+�2�b

�;�Q�Q�/ �`�2�b�m�H�i�b ���+�`�Q�b�b �i�?�2 �`�2�b�i �Q�7 �i�?�2 �T���`���K�2�i�2�` �b�T���+�2�X

�j�X�j�X�k �A�M�/�B�`�2�+�i �.�2�i�2�+�i�B�Q�M �*�Q�M�b�i�`���B�M�i

�h�?�2 �.�J �T���`�i�B�+�H�2 �B�M �i�?�B�b �K�Q�/�2�H �Q�M�H�v ���M�M�B�?�B�H���i�2�b �B�M�i�Q �M�2�m�i�`�B�M�Q�b�X �a�Q �i�?�2 �2�t�T�2�`�B�K�2�M�i�b

���`�Q�m�M�/ �i�?�2 �r�Q�`�H�/ �i�?���i �K�2���b�m�`�2 �i�?�2 �M�2�m�i�`�B�M�Q �~�m�t �+�Q�M�b�i�`���B�M�b �i�?�2 �T���`���K�2�i�2�` �b�T���+�2 �Q�7

�i�?�B�b �K�Q�/�2�H�X �A�M �(�k�8�) �i�?�2 �`�2�b�i�`�B�+�i�B�Q�M�b �Q�M �i�?�2 �}�`�b�i �7���+�i�Q�` �Q�7 �i�?�2 �2�t�T���M�b�B�Q�M �#�v �2�t�B�b�i�B�M�; ���M�/

�7�m�i�m�`�2 �2�t�T�2�`�B�K�2�M�i�b ���`�2 �2�H���#�Q�`���i�2�/�X �l�b�B�M�; �i�?�2 �/���i�� �Q�7 �i�?���i �T���T�2�` �i�?�2 �`�2�b�i�`�B�+�i�B�Q�M �Q�7 �i�?�2

�}�`�b�i �Q�`�/�2�` �Q�7h�v i �M:�` = a �B�b �b�?�Q�r�M �B�M �}�;�m�`�2�j�X�9�X �P�M�H�v �i�?�2 �2�t�T�2�`�B�K�2�M�i�b �i�?���i �+�Q�p�2�` �i�?�2

�`���M�;�2 �m�b�2�/ �B�M �i�?�B�b �i�?�2�b�B�b ���`�2 �i���F�2�M �B�M�i�Q ���+�+�Q�m�M�i ���M�/ �i�Q �2�t�T�`�2�b�b �i�?�2 �`�2�b�m�H�i�b �B�M �M���i�m�`���H

�m�M�B�i�b �i�?�2 �+�Q�M�p�2�`�b�B�Q�M1�+�K�j �b� �R= �3:�8�d� �R�y�R�e�:�2�o� �k �B�b �m�b�2�/�X �h�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �T���`���K�2�i�2�`

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

�+�Q�M�i�`�B�#�m�i�B�Q�M�b�j�X�d�R���M�/�j�X�d�k�7�`�Q�K �b�2�+�i�B�Q�M�j�X�k�X�9���`�2 �+�Q�K�T���`�2�/ �i�Q �i�?�2 �m�T�T�2�` �H�B�K�B�i �;�B�p�2�M �#�v

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

���b �� �T�Q�b�b�B�#�B�H�B�i�v�X �.�Q�B�M�; �i�?�B�b �7�Q�` �i�?�2m�. � R �;�`�B�/ �b�+���M �i�?�2 �2�t�+�H�m�/�2�/ ���`�2���b �B�M �i�?�2 �T���`���K�2�i�2�`

�b�T���+�2 ���`�2 ���/�/�2�/ �B�M �}�;�m�`�2�j�X�8�X

�9�R



�6�B�;�m�`�2 �j�X�9�, �l�b�B�M�; �i�?�2 �/���i�� �Q�7 �(�k�8�) �i�?�2 �`�2�b�i�`�B�+�i�B�Q�M �Q�M �i�?�2 �}�`�b�i �2�t�T���M�b�B�Q�M �7���+�i�Q�` �/�2�T�2�M�/�B�M�;
�Q�Mm�. ���`�2 �Q�#�i���B�M�2�/�X �q�B�i�? �i�?�2 �2�t�T�`�2�b�b�B�Q�M �7�`�Q�K �b�2�+�i�B�Q�M�j�X�k�i�?�2 �T���`���K�2�i�2�` �b�T���+�2 �Q�7 �i�?�B�b
�K�Q�/�2�H �+���M �#�2 �+�Q�M�b�i�`���B�M�2�/�X

�6�B�;�m�`�2 �j�X�8�, �h�?�2 �+�Q�M�b�i�`���B�M�b �7�`�Q�K �i�?�2 �M�2�m�i�`�B�M�Q �2�t�T�2�`�B�K�2�M�i�b ���`�2 ���/�/�2�/ �i�Q �i�?�2 �;�`�B�/ �b�+���M �Q�7
�j�X�R�X �h�?�2 �+�Q�M�b�i�`���B�M�i�b �B�K�T�Q�b�2�/ �#�v �i�?�2 �`�2�[�m�B�`�2�K�2�M�i �7�Q�` �i�?�2 �+�Q�`�`�2�+�i �`�2�H�B�+ �/�2�M�b�B�i�v ���`�2 �b�i�`�B�+�i�2�`
�i�?���M �i�?�2 �`�2�b�i�`�B�+�i�B�Q�M�b �b�2�i �#�v �2�t�B�b�i�B�M�; �2�t�T�2�`�B�K�2�M�i�b

�9�k



�6�B�;�m�`�2 �j�X�e�, �*�Q�M�b�i�`���B�M�b �7�Q�` �i�?�2g�s � R �;�`�B�/ �b�+���M�X �>�2�`�2 �M�2�B�i�?�2�` �i�?�2 ���H�`�2���/�v �2�t�B�b�i�B�M�; �M�Q�`
�i�?�2 �7�m�i�m�`�2 �2�t�T�2�`�B�K�2�M�i�b �b�2�i �b�B�;�M�B�}�+���M�i �+�Q�M�b�i�`���B�M�b�- �b�Q �i�?���i �i�?�2 �b�i�`�B�+�i�2�b�i �`�2�b�i�`�B�+�i�B�Q�M �+�Q�K�2�b
�7�`�Q�K �i�?�2 �+�Q�`�`�2�+�i �`�2�H�B�+ �/�2�M�b�B�i�v�X

�A�i �+���M �#�2 �Q�#�b�2�`�p�2�/ �i�?���i �i�?�2 �2�t�B�b�i�B�M�; �2�t�T�2�`�B�K�2�M�i�b �/�Q �M�Q�i �+�Q�M�b�i�`���B�M �i�?�2 �K�Q�/�2�H �b�i�`�B�+�i�H�v

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

�T�2�`�B�K�2�M�i�b ���`�2 �2�t�T�2�+�i�2�/ �i�Q �2�t���K�B�M�2 �� �b�K���H�H �b�2�+�i�B�Q�M �Q�7 �i�?�2 �T���`���K�2�i�2�` �b�T���+�2 �i�?���i �`�2�b�m�H�i�b

�B�M �i�?�2 �+�Q�`�`�2�+�i �`�2�H�B�+ �/�2�M�b�B�i�v�X �>���p�B�M�; �� �H�Q�Q�F ���i �}�;�m�`�2�j�X�9�B�i �B�b �Q�#�p�B�Q�m�b �i�?���i �i�?�2 �b�i�`�B�+�i�2�b�i

�+�Q�M�b�i�`���B�M�i�b �7�Q�`m�. �p���H�m�2�b �Q�p�2�`200�:�2�o �B�M �i�?�2 �7�m�i�m�`�2 �r�B�H�H �+�Q�K�2 �7�`�Q�K �i�?�2�E�J�j�L�2�h�2�t�@

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

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

�b�+���M�b �`�2�b�m�H�i�B�M�; �B�M �i�?�2 ���/�/�2�/ �2�t�+�H�m�b�B�Q�M ���`�2���b �B�M �}�;�m�`�2�b�j�X�e���M�/�j�X�d�X �A�M�j�X�e�i�?�2 �2�t�+�H�m�/�2�/

���`�2�� �Q�7 �i�?�2 �2�t�T�2�`�B�K�2�M�i�b �/�Q�2�b �M�Q�i �`�2�b�i�`�B�+�i �i�?�2 �+�Q�K�#�B�M���i�B�Q�M�b �i�?���i �H�2���/ �i�Q �i�?�2 �+�Q�`�`�2�+�i �}�M���H

�`�2�H�B�+ �/�2�M�b�B�i�v ���M�/ �i�?�2 �7�m�i�m�`�2 �2�t�T�2�`�B�K�2�M�i�b �Q�M�H�v �+�Q�M�b�i�`���B�M �� �b�K���H�H �T�Q�`�i�B�Q�M ���i �i�?�2 �`�2�b�Q�M���M�+�2�X

�6�Q�` �i�?�2m�. � g�s �b�+���M �i�?�2 �+�Q�M�b�i�`���B�M�b ���`�2 �M�Q�i �b�i�`�B�+�i �2�M�Q�m�;�? �i�Q �;�B�p�2 ���M �`�2�H�2�p���M�i �H�B�K�B�i���i�B�Q�M

�Q�7 �i�?�2 �T���`���K�2�i�2�` �b�T���+�2 �i�?���i �v�B�2�H�/�b �B�M �i�?�2 �+�Q�`�`�2�+�i �}�M���H �/�2�M�b�B�i�v �U�b�2�2 �}�;�m�`�2�j�X�d�V�X

�h�?�2 �+�Q�M�+�H�m�b�B�Q�M �B�b �i�?���i �2�B�i�?�2�` �i�?�2 �2�t�B�b�i�B�M�; �M�Q�` �i�?�2 �7�m�i�m�`�2 �T�H���M�M�2�/ �2�t�T�2�`�B�K�2�M�i �b�2�i �+�Q�M�@

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

�p���H�m�2 �7�Q�`
 h2�X �P�M�H�v �b�Q�K�2 �b�K���H�H ���`�2���b ���`�2 �2�t�+�H�m�/�2�/ �#�v �i�?�2 �7�m�i�m�`�2 �2�t�T�2�`�B�K�2�M�i�E�J�j�L�2�h�X

�e�E�J�j�L�2�h �B�b �� �7�m�i�m�`�2 �m�M�/�2�`�r���i�2�` �M�2�m�i�`�B�M�Q �i�2�H�2�b�+�Q�T�2 �2�t�T�2�`�B�K�2�M�i �H�Q�+���i�2�/ �B�M �i�?�2 �J�2�/�B�i�2�`�`���M�2���M �a�2���-
�/�2�b�B�;�M�2�/ �i�Q �2�t�T�H�Q�`�2 �/�B�b�i���M�i ���b�i�`�Q�T�?�v�b�B�+���H �b�Q�m�`�+�2�b ���M�/ �b�i�m�/�v �M�2�m�i�`�B�M�Q �T�`�Q�T�2�`�i�B�2�b �m�b�B�M�; �Q�T�i�B�+���H �b�2�M�b�Q�`�b
�(�k�e�)�X
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�6�B�;�m�`�2 �j�X�d�, �*�Q�M�b�i�`���B�M�b �7�Q�` �i�?�2m�. � g�s �;�`�B�/ �b�+���M�X �>�2�`�2 ���;���B�M �i�?�2 �+�Q�`�`�2�+�i �`�2�H�B�+ �/�2�M�b�B�i�v
�b�2�i�b �i�?�2 �b�i�`�B�+�i�2�` �H�B�K�B�i���i�B�Q�M�b �i�Q �i�?�2 �T���`���K�2�i�2�` �b�T���+�2 �i�?���M �i�?�2 �`�2�b�i�`�B�+�i�B�Q�M�b �+�Q�K�B�M�; �7�`�Q�K
�2�B�i�?�2�` �i�?�2 ���H�`�2���/�v �2�t�B�b�i�B�M�; �M�Q�` �i�?�2 �7�m�i�m�`�2 �2�t�T�2�`�B�K�2�M�i�b

�j�X�j�X�j �S���`���K�2�i�2�` �P�T�i�B�K�B�x�B�M�; �r�B�i�? �i�?�2 �"�B�b�2�+�i�B�Q�M �J�2�i�?�Q�/

�_�2�;���`�/�B�M�; �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �i�?�2 �+�Q�K�#�B�M���i�B�Q�M�b �i�?���i �;�B�p�2 �i�?�2 �+�Q�`�`�2�+�i �`�2�H�B�+ �/�2�M�b�B�i�v �U
 h2 =

0:12 � 0:01�V �i�Q �i�?�2 �+�Q�K�#�B�M���i�B�Q�M�b �i�?���i �H�2���/ �i�Q �r�`�Q�M�; �`�2�b�m�H�i�b�- �B�i �B�b �Q�#�p�B�Q�m�b �i�?���i �K�Q�b�i �Q�7

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

�`�2�H�2�p���M�i �+�Q�K�#�B�M���i�B�Q�M�b �� �#�B�b�2�+�i�B�Q�M �K�2�i�?�Q�/ �B�b �m�b�2�/ �i�Q �}�M�/ �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �T���`���K�2�i�2�`

�i�?���i �+�Q�M�+�H�m�/�2�b �B�M �i�?�2 �+�Q�`�`�2�+�i �`�2�H�B�+ �/�2�M�b�B�i�v �7�Q�` �� �}�t�2�/ �+�Q�K�#�B�M���i�B�Q�M �Q�7 �i�?�2 �Q�i�?�2�` �T���`���K�2�@

�i�2�`�b�X �h�?�2 �7�m�M�+�i�B�Q�M�Q�T�i�B�K�B�x�2�S���`���K�2�i�2�`�X�K�/�Q�2�b �2�t���+�i�H�v �i�?�B�b �m�b�B�M�;�P�?�k�+���H�+�m�H���i�Q�`�X�K�i�Q

�+���H�+�m�H���i�2
 h2 �B�M �2���+�? �B�i�2�`���i�B�Q�M�X�Q�T�i�B�K�B�x�2�S���`���K�2�i�2�`�X�K�i���F�2�b �i�?�2 �T���`���K�2�i�2�` �i�Q �Q�T�i�B�K�B�x�2

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

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

�A�M�b�i�2���/ �Q�7 �m�b�B�M�; �� �i�Q�H�2�`���M�+�2 �7�Q�` �i�?�2 �#�B�b�2�+�i�2�/ �T���`���K�2�i�2�`�d �� �i�Q�H�2�`���M�+�2 �7�Q�` �i�?�2 �`�2�b�m�H�i�B�M�;
 h2

�B�b �B�K�T�H�2�K�2�M�i�2�/�X ���H�b�Q �#�2�+���m�b�2 �B�i �B�b �/�B�{�+�m�H�i �i�Q �T�`�2�/�B�+�i �i�?�2 �`���M�;�2 �B�M �r�?�B�+�? �i�?�2 �Q�T�i�B�K���H

�T���`���K�2�i�2�` �H�B�2�b�- �� �b�i�m�+�F �+�Q�m�M�i�2�` �B�b �B�M�B�i�B���H�B�x�2�/ �i�Q �B�M�i�2�`�`�m�T�i �i�?�2 �H�Q�Q�T �B�7 �i�?�2 �#�B�b�2�+�i�B�Q�M �`�2�b�m�H�i�b

�R�8 �+�Q�M�b�2�+�m�i�B�p�2 �i�B�K�2�b �B�M �� �p���H�m�2 �r�B�i�?�B�M �Q�M�2 �T�2�`�+�2�M�i �Q�7 �i�?�2 �H�Q�r�2�` �Q�` �m�T�T�2�` �#�Q�m�M�/�X �h�?�2

�Q�m�i�T�m�i �p���H�m�2 �B�b �i�?�2�M �i�?�2 �H���b�i �b�2�i �p���H�m�2�X

�A�M�P�T�i�B�K�B�x�2�:�`�B�/�a�2���`�+�?�X�K�7�Q�`�@�H�Q�Q�T�b ���`�2 �#�m�B�H�/ ���`�Q�m�M�/ �i�?�2 �Q�T�i�B�K�B�x�2 �7�m�M�+�i�B�Q�M �B�M �� �b�B�K�B�H���`

�r���v ���b �B�M�:�`�B�/�a�2���`�+�?�X�K�X �a�Q �M�Q�r �B�i �B�b �T�Q�b�b�B�#�H�2 �i�Q �}�M�/ �+�Q�K�#�B�M���i�B�Q�M�b �Q�7 �i�?�`�2�2 �T���`���K�2�i�2�`�b

�d�L�Q�`�K���H�H�v �� �i�Q�H�2�`���M�+�2 �B�b �b�2�i �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 ���+�+�m�`���+�v �Q�7 �i�?�2 �#�B�b�2�+�i�2�/ �T���`���K�2�i�2�`�- �B�X�2�X �i�?�2 �K�2�i�?�Q�/
�F�2�2�T�b �r�Q�`�F�B�M�; �r�?�B�H�2 �U�m�T�T�2�`�n�H�B�K�B�i �@ �H�Q�r�2�`�n�H�B�K�B�i �= �i�Q�H�2�`���M�+�2�V�X
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�i�?���i �+�Q�M�+�H�m�/�2 �B�M �i�?�2 �+�Q�`�`�2�+�i �`�2�H�B�+ �/�2�M�b�B�i�v ���M�/ �M�Q�i �D�m�b�i �i�r�Q ���b �B�M �i�?�2 �K�2�i�?�Q�/ �Q�7 �i�?�2 �T�H���B�M

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

�i�?�2 �}�M���H �`�2�H�B�+ �/�2�M�b�B�i�v �B�b
 h2 = 0 :12 � 0:01 �U�2�t�+�2�T�i �i�?�2 �#�B�b�2�+�i�B�Q�M �K�2�i�?�Q�/ �;�2�i�b �b�i�m�+�F �Q�M

�i�?�2 �H�Q�r�2�` �Q�` �m�T�T�2�` �H�B�K�B�i�V�- �b�?�Q�r�B�M�; �?�Q�r �i�?�2 �T���`���K�2�i�2�` �M�2�2�/ �i�Q �+�?���M�;�2 �i�Q �;�2�i �i�?�2 �+�Q�`�`�2�+�i

�`�2�H�B�+ �/�2�M�b�B�i�v�X �h�?�2 �;�`�B�/ �b�+���M�b �?���p�2 �� �i�Q�i���H �/���i�� �T�Q�B�M�i�b �Q�750� 50�- �`�2�/�m�+�B�M�; �i�?�2 �`�2�b�Q�H�m�i�B�Q�M

�7�`�Q�K40000�i�Q2500�X

�P�T�i�B�K�B�x�2m�. �7�Q�g̀�s � R

�A�M �i�?�B�b �b�+���M �i�?�2 �Q�T�i�B�K���H �p���H�m�2 �7�Q�`m�. �B�b �/�2�i�2�`�K�B�M�2�/ �7�Q�` �i�?�B�b �b�2�i �Q�7 �T���`���K�2�i�2�`�b�,

0:5 < R < 4; �B�M �H�B�M�2���` �b�i�2�T�b

10� 3 < g �s < 0:3; �B�M �H�Q�;���`�B�i�?�K�B�+ �b�i�2�T�b

g = 0 :1
�h�?�B�b �B�b �/�2�T�B�+�i�2�/ �B�M �}�;�m�`�2�j�X�3�X

�6�B�;�m�`�2 �j�X�3�, �P�T�i�B�K���Hm�. �7�Q�` �i�?�2 �;�`�B�/ �b�+���M �Q�7g�s ���M�/R�X �6�Q�` �2���+�? �+�Q�K�#�B�M���i�B�Q�M �Q�7 �i�?�2�b�2
�T���`���K�2�i�2�`�b �i�?�2 �+���H�+�m�H���i�2�/ �`�2�H�B�+ �/�2�M�b�B�i�v �B�b
 h2 = 0 :12 � 0:01�X �h�?�2 �}�t�2�/ �T���`���K�2�i�2�` �B�b
g = 0 :1�X

���b �� �}�b�i �b�i�2�T �i�Q �B�M�i�2�`�T�`�2�i �i�?�2 �?�2���i �K���T �i�?�2 �r���vm�. �?���b �i�Q �+�?���M�;�2 �r�?�2�Mg�s �B�M�+�`�2���b�2�b

�i�Q �b�i�B�H�H �?�B�i �i�?�2 �i���`�;�2�i�2�/ �/�2�M�b�B�i�v�X �6�Q�` �2�p�2�`�vR ���M �B�M�+�`�2�K�2�M�i �Q�7g�s �H�2���/�b �i�Q �� �B�M�+�`�2�K�2�M�i �Q�7

�i�?�2 �K���b�b�X �h�?�B�b �K���F�2�b �b�2�M�b�2�- �#�2�+���m�b�2 �� �;�`�2���i�2�`g�s �`�2�b�m�H�i �B�M �� �H�Q�r�2�`
 h2 ���M�/ �i�Q �+�Q�m�M�i�2�`

�i�?�B�b �2�z�2�+�i�- �i�?�2 �K���b�b �?���b �i�Q �B�M�+�`�2���b�2�X ���i �i�?�2 �`�2�b�Q�M���M�+�2m�. �i�?�2�Q�`�2�i�B�+���H�H�v �?���b �i�Q �i�2�M�/ �i�Q

�B�M�}�M�B�i�v�- �i�Q �+�Q�K�T�2�M�b���i�2 �i�?�2 �`�2�H�B�+ �/�2�M�b�B�i�v�- �r�?�B�+�? �i�2�M�/�b �i�Q �x�2�`�Q�X
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�P�T�i�B�K�B�x�2m�. �7�Q�g̀�s � g

���b ���M�Q�i�?�2�` �2�t���K�T�H�2 �7�Q�` �Q�T�i�B�K�B�x���i�B�Q�M �Q�7 �� �T���`���K�2�i�2�` �#�v �i�?�2 �#�B�b�2�+�i�B�Q�M �K�2�i�?�Q�/m�. �B�b

�Q�T�i�B�K�B�x�2�/ �7�Q�` �/�B�z�2�`�2�M�i �+�Q�m�T�H�B�M�;�bg�s ���M�/g�X �h�?�2 �+�?�Q�b�2�M �T���`���K�2�i�2�`�b ���`�2�,

10� 3 < g �s < 0:3; �B�M �H�Q�;���`�B�i�?�K�B�+ �b�i�2�T�b

10� 3 < g < 0:3; �B�M �H�Q�;���`�B�i�?�K�B�+ �b�i�2�T�b

R = 1 :5
�h�?�2 �`�2�b�m�H�i �B�b �b�?�Q�r�M �B�M �}�;�m�`�2�j�X�N�X

�6�B�;�m�`�2 �j�X�N�, �P�T�i�B�K���Hm�. �7�Q�` �i�?�2 �;�`�B�/ �b�+���M �Q�7g�s ���M�/g�X �6�Q�` �2���+�? �+�Q�K�#�B�M���i�B�Q�M �Q�7 �i�?�2�b�2
�T���`���K�2�i�2�`�b �i�?�2 �+���H�+�m�H���i�2�/ �`�2�H�B�+ �/�2�M�b�B�i�v �B�b
 h2 = 0 :12 � 0:01�X �h�?�2 �}�t�2�/ �T���`���K�2�i�2�` �B�b
R = 1 :5�X

�h�?�2 �B�M�~�m�2�M�+�2 �Q�7 �i�?�2 �+�Q�m�T�H�B�M�;�b �Q�M �i�?�2 �+�`�Q�b�b �b�2�+�i�B�Q�M �B�b �F�M�Q�r�M�X �A�M �;�2�M�2�`���H �i�?�2 �B�M�+�`�2�K�2�M�i

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

�6�Q�g̀ �i�?�B�b �B�b �Q�M�H�v �i�?�2 �+���b�2 �7�Q�` �`���i�B�Q�b �Q�p�2�` �Q�M�2�- �#�2�+���m�b�2 �2�H�b�2 �i�?�2 �T�`�Q�+�2�b�b �/�2�i�2�`�K�B�M�B�M�;
 h2

�B�bD �D ! � �� �- �r�?�B�+�? �/�Q�2�b �M�Q�i �/�2�T�2�M�/ �Q�Mg�X �h�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�2 �;�`�B�/ �b�+���M �B�M�/�B�+���i�2 �i�?���i

�2�B�i�?�2�` �7�Q�` �?�B�;�?�2�`g �Q�g̀�s �i�?�2 �`�2�H�B�+ �/�2�M�b�B�i�v �/�`�Q�T�b�- �r�?�B�+�? �H�2���/�b �i�Q �� �M�2�+�2�b�b���`�v �B�M�+�`�2�K�2�M�i

�Q�7 �i�?�2 �.�J �K���b�b�- �i�Q �2�M�+�Q�m�M�i�2�` �i�?�B�b �2�z�2�+�i�X �"�2�b�B�/�2�b �B�i �B�b �M�Q�i�B�+�2���#�H�2 �i�?���i �7�Q�` �?�B�;�?g ���M�/

�H�Q�rg�s �Ug > 7 � 10� 2 ���M�/g�s < 5 � 10� 3�V �� �+�?���M�;�2 �Q�7 �i�?�2 �+�Q�m�T�H�B�M�; �i�Q �i�?�2 �/���`�F �b�2�+�i�Q�`

�/�Q�2�b �M�Q�i �?���p�2 ���M�v �B�K�T���+�i �Q�Mm�. �- �K�2���M�B�M�; �i�?���i �B�b �/�Q�2�b �M�Q�i �?���p�2 �� �B�K�T���+�i �Q�M �i�?�2 �}�M���H

�`�2�H�B�+ �/�2�M�b�B�i�v�X �h�?�B�b �K���F�2�b �b�2�M�b�2�- �#�2�+���m�b�2 �B�M �i�?�2 �/�Q�K�B�M���M�i �T�`�Q�+�2�b�bg�s ���M�/g ���T�T�2���` �Q�M�+�2

�U�B�M �i�?�2 �}�`�b�i �Q�`�/�2�` �Q�7 �i�?�2 �6�2�v�M�K���M �/�B���;�`���K�V ���M�/ �� �B�M�+�`�2�K�2�M�i �Q�7 �Q�M�2 �r�Q�m�H�/ �+���M�+�2�H �Q�m�i

�� �/�2�+�`�2���b�2 �Q�7 �i�?�2 �Q�i�?�2�`�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/ �i�?�B�b �r�Q�m�H�/ �K�2���M �i�?���i �7�Q�` �?�B�;�?g�s ���M�/ �H�Q�r
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g �i�?�2 �b���K�2 �i�2�M�/�2�M�+�v �b�?�Q�m�H�/ �#�2 �Q�#�b�2�`�p���#�H�2�- �r�?�B�+�? �B�b �M�Q�i �i�?�2 �+���b�2 �B�M �i�?�B�b �;�`�B�/ �b�+���M�X ��

�T�Q�b�b�B�#�H�2 �`�2���b�Q�M �7�Q�` �i�?�2 ���b�v�K�K�2�i�`�B�+ ���T�T�2���`���M�+�2 �B�b �i�?���i �i�?�2 �+�Q�m�T�H�B�M�;�b �B�M�~�m�2�M�+�2 �i�?�2 �`�2�H�B�+
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�i�?�2�b�2 �B�b �K���/�2 �m�b�B�M�; �(�k�d�)�X �h�Q �m�M�/�2�`�b�i���M�/ �i�?�2 �.�B�`���+ �K���i�`�B�+�2�b ���i �}�`�b�i �i�?�2 �S���m�H�B �K���i�`�B�+�2�b

� 1 =

 
0 1

1 0

!

; � 2 =

 
0 � i

i 0

!

���M�/ � �j =

 
1 0

0 � 1

!

�U���X�R�V

�M�2�2�/ �i�Q �#�2 ���/�/�`�2�b�b�2�/�X �h�?�2�b�2 ���`�2 �m�b�2�/ �i�Q �`�2�T�`�2�b�2�M�i �b�T�B�M �Q�T�2�`���i�Q�`�b �7�Q�` �b�T�B�M �R�f�k �T���`�i�B�+�H�2�b

�B�M �[�m���M�i�m�K �K�2�+�?���M�B�+ ���M�/ �7�m�H�}�H�H �i�?�2 �S���m�H�B ���H�;�2�#�`��

[� i ; � j ] = 2 i" ijk � k ; �U���X�k�V

�r�B�i�?" ijk �B�b �i�?�2�G�2�p�B�@�*�B�p�B�i���@�i�2�M�b�Q�`�X �l�b�B�M�; �i�?�2 �S���m�H�B �K���i�`�B�+�2�b �i�?�2 �.�B�`���+ �K���i�`�B�+�2�b �+���M �#�2

�+�Q�M�b�i�`�m�+�i�2�/ �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �r���v�,


 0 =

 
1 0

0 � 1

!

; 
 i =

 
0 � i

� � i 0

!

�U���X�j�V

�a�Q�K�2 �7�m�M�/���K�2�M�i���H �`�2�H���i�B�Q�M�b �Q�7 �i�?�2
 �@�K���i�`�B�+�2�b ���`�2�,

(
 0)2 = 1 �U���X�9�V

(
 i )2 = � 1 �U���X�8�V

(
 � )y = 
 0
 � 
 0 �U���X�e�V

f 
 i ; 
 j g = 2gij �U���X�d�V

f 
 0; 
 i g = 0 �U���X�3�V


 � 
 � = 4 �U���X�N�V


 � 
 � 
 � = � 2
 � �U���X�R�y�V

�r�B�i�?g �#�2�B�M�; �i�?�2 �J�B�M�F�Q�r�b�F�B �K�2�i�`�B�+�- ���M�/f a; bg = ab+ ba �#�2�B�M�; �i�?�2 ���M�i�B �+�Q�K�K�m�i���i�Q�`�X

�P�7�i�2�M ���M ���/�/�B�i�B�Q�M���H �}�7�i�? �K���i�`�B�t


 5 = 
 0
 1
 2
 3 �U���X�R�R�V

�B�b �/�2�}�M�2�/�- �r�B�i�? �i�?�2 �T�`�Q�T�2�`�i�B�2�b�,

(
 5)y = 
 5 �U���X�R�k�V

(
 5)2 = 1 �U���X�R�j�V

f 
 5; 
 � g = 0 : �U���X�R�9�V
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�h�?�2�b�2 �K���i�`�B�+�2�b �7�m�H�}�H�H �i�?�2 �7�Q�H�H�Q�r�B�M�; �i�`���+�2 �B�/�2�M�i�B�i�B�2�b

�R�X�h�?�2 �i�`���+�2 �Q�7 ���M �Q�/�/ �M�m�K�#�2�` �Q�7
 �@�K���i�`�B�+�2�b �p���M�B�b�?�2�b�,

�h�(̀
 � �R
 � �k : : : 
 � �k�M+ �R) = �h�(̀
 � �R
 � �k : : : 
 � �k�M+ �R
 �8
 �8)

�U�K�Q�p�B�M�;
 5 �Q�p�2�` �2���+�?
 � �B�V = � �h�(̀
 �8
 � �R
 � �k : : : 
 � �k�M+ �R
 �8)

�U�+�v�+�H�B�+ �T�`�Q�T�2�`�i�v �Q�7 �i�`���+�2�V= � �h�(̀
 � �R
 � �k
 �8
 �8)

= 0 �U���X�R�8�V

�k�X�h�?�2 �i�`���+�2 �Q�7 �i�?�2 �B�/�2�M�i�B�i�v �K���i�`�B�t �B�b �2�[�m���H �i�Q �Q�M�2�,

�h�(̀�R) = �9 �U���X�R�e�V

�j�X�i�?�2 �i�`���+�2 �Q�7 �i�r�Q
 �@ �K���i�`�B�+�2�b �B�b �9 �i�B�K�2�b �i�?�2 �J�B�M�F�Q�r�b�F�B �K�2�i�`�B�+�,

�h�(̀
 � 
 � ) = �h�(̀�k�;�� � 
 � 
 � )
(�k:)
= �3�;�� � �h�(̀
 � 
 � ) = �3�;�� � �h�(̀
 � 
 � )

) 2�h�(̀
 � 
 � ) = �3�;�� ) �h�(̀
 � 
 � ) = �9�;�� �U���X�R�d�V

�h�?�B�b ���H�b�Q �`�2�b�m�H�i�b �B�M�,

�h�(̀/a/b) = 4 ���# �U���X�R�3�V

�9�X�h�?�2 �i�`���+�2 �Q�7 �i�?�2 �}�7�i�? �.�B�`���+ �K���i�`�B�t �B�b �x�2�`�Q�,

�h�(̀
 �8) = �h�(̀
 �y
 �8
 �y) = � �h�(̀
 �8)

) �h�(̀
 �8) = 0 �U���X�R�N�V

�8�X�h�?�2 �i�`���+�2 �Q�7 �7�Q�m�` �.�B�`���+ �K���i�`�B�+�2�b �7�Q�H�H�Q�r �i�?�2 �`�2�H���i�B�Q�M�,

�h�(̀
 � 
 � 
 � 
 � ) = 4( g�� g�� � g�� g�� + g�� g�� ) �U���X�k�y�V

�e�X���M�/ �i�?�2 �i�`���+�2 �Q�7 �7�Q�m�`
 �@�K���i�`�B�+�2�b �r�B�i�? ��
 5�@�K���i�`�B�t �B�b�,

�h�(̀
 �8
 � 
 � 
 � 
 � ) = � �9�B" ���� ; �U���X�k�R�V

�r�?�B�+�? ���`�2 �M�2�+�2�b�b���`�v �7�Q�` �i�?�2 �+���H�+�m�H���i�B�Q�M �Q�7 �i�?�2 �B�M�p���`�B���M�i ���K�T�H�B�i�m�/�2�X
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�" �6�2�v�M�K���M �`�m�H�2�b

�>�2�`�2 �i�?�2 �6�2�v�M�K���M �`�m�H�2�b ���M�/ �?�Q�r �i�Q �/�2�`�B�p�2 �i�?�2 �K���i�`�B�t �2�H�2�K�2�M�i �7�`�Q�K �i�?�2 �6�2�v�M�K���M �/�B���;�`���K

�#�v �m�b�B�M�; �i�?�Q�b�2 �B�b �2�t�T�H���B�M�2�/ �B�M �K�Q�`�2 �/�2�i���B�H �K���F�B�M�; �m�b�2 �Q�7 �(�k�d�)�X

�h�?�2 �.�B�`���+ �2�[�m���i�B�Q�M

(i
 � @� � m)	 = 0 �U�"�X�R�V

�B�b �m�b�2�/ �i�Q �/�2�b�+�`�B�#�2 �?�Q�r �7�2�`�K�B�Q�M�b �#�2�?���p�2 �p�B�� �� �r���p�2 �7�m�M�+�i�B�Q�M �i�?���i �7�m�H�}�H�H�b �i�?�2 �2�[�m���i�B�Q�M�X

	 �B�b �i�?�2 �.�B�`���+ �b�T�B�M�Q�` ���M�/ �+���M �#�2 �b�2�T���`���i�2�/ �B�M�i�Q �i�r�Q �i�r�Q�@�+�Q�K�T�Q�M�2�M�i �b�T�B�M�Q�`�b ���b

	 =

 
 1

 2

!

; �U�"�X�k�V

�r�?�2�`�2 1 ���M�/ 2 ���`�2 �i�?�2�K�b�2�H�p�2�b �i�r�Q�@�+�Q�K�T�Q�M�2�M�i �b�T�B�M�Q�`�b�X �6�Q�` �7�`�2�2 �T���`�i�B�+�H�2 �b�Q�H�m�i�B�Q�M�b�-

�i�?�2�b�2 �+���M �#�2 �B�M�i�2�`�T�`�2�i�2�/ ���b �7�Q�H�H�Q�r�b�,

	 =

 
u(p)

v(p)

!

; �U�"�X�j�V

�r�?�2�`�2u(p) �B�b �i�?�2 �b�T�B�M�Q�` �7�Q�` �7�2�`�K�B�Q�M�b�- �r�?�B�+�? ���`�2 �T���`�i�B�+�H�2�b �r�B�i�? �?���H�7�@�B�M�i�2�;�2�` �b�T�B�M�- �T�Q�b�B�i�B�p�2

�2�M�2�`�;�v�- ���M�/ �K�Q�p�B�M�; �7�Q�`�r���`�/ �B�M �i�B�K�2�- ���M�/v(p) �/�2�b�+�`�B�#�2�b ���M�i�B�7�2�`�K�B�Q�M�b�- �r�?�B�+�? �+���M �#�2 �b�2�2�M

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

�i�?�2 �/�B���;�`���K�b �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �2�t�i�2�`�M���H ���M�/ �B�M�i�2�`�M���H �H�B�M�2�b �B�b �K���/�2�X �1�t�i�2�`�M���H �H�B�M�2�b

���`�2 �`�2�T�`�2�b�2�M�i�2�/ �#�v �i�?�2 �T�Q�H���`�B�x���i�B�Q�M �p�2�+�i�Q�` �U�B�M �i�?�B�b �i�?�2�b�B�b �m�b�2�/ �7�Q�` �i�?�2 �/�2�+���v�b �Q�7 �i�?�2Z 0

�K���b�b�B�p�2 �p�2�+�i�Q�` �#�Q�b�Q�M�V �Q�` �#�v �i�?�2 �b�T�B�M�Q�` �U�?�2�`�2 �i�?�2 �B�M�;�Q�B�M�; ���M�/ �Q�m�i�;�Q�B�M�; �7�2�`�K�B�Q�M�b�V�X �h�?�2

�M�Q�i���i�B�Q�M �B�b �p�B�b�B�#�H�2 �B�M �i���#�H�2�"�X�R�X

�h���#�H�2 �"�X�R�, �2�t�T�`�2�b�b�B�Q�M�b �7�Q�` �i�?�2 �/�B�z�2�`�2�M�i �T���`�i�b �B�M �� �6�2�v�M�K���M �/�B���;�`���K �i�Q �+�Q�M�b�i�`�m�+�i �i�?�2
�+�?���B�M �U�K���i�`�B�t �2�H�2�K�2�M�i�V�X�(�k�d�)

�T���`�i�B�+�H�2 �6�2�v�M�K���M �_�m�H�2�.�2�T�B�+�i�B�Q�M

�B�M�;�Q�B�M�; �7�2�`�K�B�Q�M u�U�T�V �

�Q�m�i�;�Q�B�M�; �7�2�`�K�B�Q�M�u(p) = uy(p)
 0 �

�B�M�;�Q�B�M�; ���M�i�B�7�2�`�K�B�Q�M�v(p) = vy(p)
 0 �

�Q�m�i�;�Q�B�M�; ���M�i�B�7�2�`�K�B�Q�Mv(p) �

�B�M�;�Q�B�M�; �p�2�+�i�Q�` �#�Q�b�Q�M" � (p) �

�Q�m�i�;�Q�B�M�; �p�2�+�i�Q�` �#�Q�b�Q�M" � � (p) �

�B�M�;�Q�B�M�; �b�+���H���` �#�Q�b�Q�M1 �

�Q�m�i�;�Q�B�M�; �b�+���H���` �#�Q�b�Q�M1 �

�>�2�`�2 �B�i �;�2�i�b �p�B�b�B�#�H�2 �i�?���i ���M�i�B�7�2�`�K�B�Q�M�b ���`�2 �i�`�2���i�2�/ ���b �7�2�`�K�B�Q�M�b �K�Q�p�B�M�; �#���+�F �B�M �i�B�K�2 �b�B�M�+�2

�B�M �i�?�2 �6�2�v�M�K���M �/�B���;�`���K�b �i�?�2 �i�B�K�2 �B�b �`�2�T�`�2�b�2�M�i�2�/ �Q�M �i�?�2 ���#�b�+�B�b�b���X �L�Q�r �7�Q�` �i�?�2 �T���`�i�B�+�H�2�b

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

q

m� �
= �

i
�

g�� � q� q�

m 2

�

q2 � m2 �7�Q�` �K���b�b�B�p�2 �#�Q�b�Q�M�b �U�"�X�9�V

q

� � = �
ig ��

q2 �7�Q�` �K���b�b�H�2�b�b �#�Q�b�Q�M�b �U�"�X�8�V

�L�Q�r �B�7 �� �7�2�`�K�B�Q�M ���+�i�b ���b �T�`�T���;���i�Q�`

qf

�

� =
i (/q + m)

q2 � m2 �U�"�X�e�V

�B�b �i�?�2 ���+�+�Q�`�/�B�M�; �i�2�`�K �i�Q �m�b�2 �B�M �i�?�2 �+�?���B�M�X ���H�b�Q �i�?�2 �b�T�B�M �b�m�K�b �U�Q�` �+�Q�K�T�H�2�i�2�M�2�b�b �`�2�H���i�B�Q�M�b�V

X

�

" �
� (p�� )" � �

� (p�" ) = � g�� +
p�

�� p�
�"

m
: �U�"�X�d�V

X

�b

u(s) (p) �� �u(s) (p) �# = ( /p + m) ���# �U�"�X�3�V

X

�b

v(s) (p) �� �v(s) (p) �# = ( /p � m) ���#: �U�"�X�N�V

�m�b�2�/ �B�M �i�?�2 �+���H�+�m�H���i�B�Q�M�b ���`�2 �/�2�`�B�p�2�/ �B�M �(�k�k�)

�* �*�Q�K�T���`�B�b�Q�M �i�Q�K�B�+�`�P�J�1�:���b

�h�?�2 �+�Q�K�T���`�B�b�Q�M �i�Q �i�?�2 �`�2�b�m�H�i�b �Q�7�K�B�+�`�Q�J�1�:���b�B�b �T�`�2�b�2�M�i�2�/ �B�M �i�?�B�b ���T�T�2�M�/�B�t�X

�K�B�+�`�P�J�1�:���b�B�b �� �+�Q�/�2 �m�b�2�/ �7�Q�` �i�?�2 �+���H�+�m�H���i�B�Q�M �Q�7 �.�J �T�`�Q�T�2�`�i�B�2�b �B�M�+�H�m�/�B�M�; �i�?�2 �`�2�H�B�+ �/�2�M�b�B�i�v

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

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

�/�2�p�B���i�B�Q�M �+���M �#�2 ���M���H�v�x�2�/ �i�Q �}�M�/ �i�?�2 ���`�2���b �r�?�2�`�2 �/�B�z�2�`�2�M�+�2�b �Q�+�+�m�`�X �6�Q�` �i�?�2m�. � R �;�`�B�/

�b�+���M �i�?�2 �/�2�p�B���i�B�Q�M �B�b �/�2�T�B�+�i�2�/ �B�M �}�;�m�`�2�*�X�R�X �h�?�2 �+�Q�H�Q�` �b�+���H�2 �B�b �H�B�K�B�i�2�/ �i�Q �� �K���t�B�K�m�K

�p���H�m�2 �Q�7100�W�- �#�2�+���m�b�2 ���i �i�?�2 �`�2�b�Q�M���M�+�2 �i�?�2 �/�B�b�+�`�2�T���M�+�v �i�2�M�/�b �i�Q �B�M�}�M�B�i�v�- �r�?�B�+�? �K���F�2�b

�B�i �/�B�{�+�m�H�i �i�Q �Q�#�b�2�`�p�2 �i�?�2 �/�2�p�B���i�B�Q�M �B�M �i�?�2 �Q�i�?�2�` �`�2�;�B�Q�M�b�X
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���V�S�`�2�p�B�Q�m�b �`�2�b�m�H�i�X �#�V�K�B�+�`�P�J�1�:���b�`�2�b�m�H�i�X

�+�V�S�2�`�+�2�M�i���;�2 �/�2�p�B���i�B�Q�M �Q�7 �i�?�2 �`�2�H�B�+ �/�2�M�b�B�i�v �7�Q�`m�. �p�b�XR�X
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