
No�����������
	������

�� Spacecraft
����������������� ����!��#"$�

%'&)(+*�,-&/. 02143+*658793+:;:=<?>-3+@$&BA :DC ,-7�E=. &)F9E;&)*
G�H F9E;58I)C;:D:;&�J+KL:D32M+32N�3

��O��
PRQ !�S�!�O�TU� PRVXW�Q�Y

. (2NZ> H E;&)*[<9@$CD&)F�@)&)5[. (2*�>-(+*63+EDCD(+F
Hunt

58I)C;:D:;&�J+KL:D32M+32N�3

APPROVAL:

\ � W�]=W O9��� PRW�] O�!��_^a`

PRQ !�b Y !�O�c���de!
f ������b_g�!����

� O�S W ����O V !�O Q d f ������b

� O ]=W O�!2!�� W O ]ih�W �j!�k Q ����� Q !
l�� Q�W ��O����nm�!�����O9��� Q�W k�d/��O�� P b���k�!Lm�� VXW O W d Q ��� Q�W ��O � O ]=W O�!2!�� W O ]iP `od Q ! V d h !2b���� Q�V !�O Q
pq����d Y ����� P b���k�!srt� Wu]=Y�Q ��!�O Q !��#v�����O Q deS W ����!�w�m�����x�� V �Ly�z�{#|�} � O�S W ����O V !�O Q d f ������b

~�� �����������
	������



�R� ] !
1
���#}��

���	�
�	�����������������
���������! #"$����%&���
�"('�����)�"*�+� �-, ��.	����
��� �
��'/��01����� � ������ � %&� � �
���2 #'
'
����" �� ��01���������'��

Introduction3 Y ! V � W O�de������k2!�d/���#��O�k2!�� Q � W O Q ` W O�deb���k�!2k��j�4� Q ����x W�Q ���n� W ��! Q�W�V !Lb���!�� W k Q�W ��O����j!L!�d Q�W�V � Q !��(��� Q ���j!
so
�����#����� W �(������5_��O�� ] !�� V � ] O9! Q�W kL��k Q�W S W�Q `ow V ����!��u!���� Q�V ��deb Y !�� W kL�9!�O�d W�Q `ow9�2O�� Q�Y !Lx������ W d Q�W k6����k Q ���)�

3 Y ! V �878���#de������k2!L���#��O9k�!2� Q � W O Q ` W O V ����!���d/!�d Q�W�V � Q�W O ] ��� Q ���j!L� Q�V ��deb Y !�� W kL��!2O�d W�Q ` � Q ����x W�Q ���
��� Q�W�Q ����! W d Q�Y !Lde�������#!45 Q ��! V !L��� Q ����S W ����! QnY !�� QnW O�b�� Q S�������!�d �93 Y !L��x�de!2��S�!���|9�#� :

-
k V de�������#�j��� W �(������5

; O�� Q ���978��d Q !�� Q ��|�m=<=> W dZ��de!�����d/�Lb�����5 `?����� Q�Y�W d V ��d Q d W�] O W � W k���O QnW O�b�� Q w�@ Y�W k Y�W d/O�� Q � Q�Y !���@ W de!
available.

A-BDC=EGFHA-I�JDK4L
^'!2k�����de!LO�� ] !�O�!��j�����u`i��k2k2!�b Q !���b Y `od W k����nde������� V ���9!�� W d/��S�� W ����x���! Q ���2k�k����j� Q !2�u` b��j!�� W k Q ��� Q ����!Lde�����2�
activ

W�Q `ow Q�Y !Ll m P m pq����d Y ����� P b���k�!Lrt� Wu]=Y�Q ��!�O Q !�� ; p P rt�M>#��!�S�!�����b�!��_�
|�y
-
V ��O Q�Y(N ��� W k Y

d V ��� Q�Y !���de�������#����� W �(������5 ; r OQP9R ST>#��O�� ] !�� V � ] O�! Q�W k ; U
p
> W O���!45 W O Q !�� V !�� W � Q ! ;�V ��O Q�Y d
>#��O�������O ]

-����O ] ! ; `o!2�2��d
>#d Q � Q�W d Q�W k����n!2d Q�W�V � Q�W ��O Q !�k Y O WWV ��!YXDl W ! Y ��ded1Z4[]\�^W_;w#|9`�`�a�b*c���� ]=Y �2O(Z4[]\�^W_;w#|9`�`�`�d��93 Y !
Q !�k Y O WWV ��! W d/����de����b�b�� W k��2x���! Q � Q�Y !
|�y

-
V ��O Q�Y d V ��� Q�Y !���de��O�deb�� Q O�� V x�!�� ;

R
>)�93 Y !
|�y

-
V ��O Q�Y

N ��� W k Y d V ��� Q�Y�W O ]iQ !2k Y O WWV ��! W d/�L����O�O W O ] ��S�!2��� ] !e@ W�Q�Y �
|�y
-
V ��O Q�Y(f !���O����nd WWg !L��O�� Q�Y !6� W ��d Q ��O��

thirte
!�O Q�Y�V ��O Q�Y d ]=W S�!�O Y ���W� Q�Y !6@�! Wu]=Y�Q ��� Q�Y !L� Q�Y !���d �93 Y�W d Q !�k Y O WWV ��!6@ ��d/�9!�S�!�����b�!���x ` Q�Y ! P @ W ded

rt!���!2����� \ x�de!2��S�� Q ���6`ow N �9� W k Y w P @ W�QWg !�������O��hXDT ����� V ! W !���w#|9`�a#|9d��

3 Y !Lb�� W�V ���6` �j!���de��O(���9�#�9!�S�!�����b W O ]iQ�Y !Lp P rt� P �������#m�k Q�W S W�Q ` rt� Q ���j!L� d Q�W�V � Q�W ��O ; p P m�rt�i> V ����!���w
��O��(����� W dede� W O ]iW O Q !2� V !�� W � Q !L��O�������O ]

-
�j��O ] !Lde�����2�#�j��� W �(������5_��O�� ] !�� V � ] O9! Q�W k W O���!45/��� Q ����!

!�d Q�W�V � Q !�dew W d Q�Y !LO�!�!��(���9�[��b���� Q !�� W O�b�� Q d Q � Q�Y !L��b�b�!��#� Q�V ��deb Y !��j! ;�Q�Y !2� V ��deb Y !���!4>#�9!�O�d W�Q ` V ���9!���d
��de!��(�����#deb��2k�!�k2���4� Q �9��x W�Q �2�n� W ��! Q�W�V !Lb���!�� W k Q�W ��O�d/��O��_b�!�������� V ��O�k�!s��! V � W �j! V !�O Q ��O����u`od$!�d=X h ��! Y !2�
��O��_g `o�9O�dew#|9`�`���d���p W ded W ��O���O���� `od W d/��O���b�����O�O W O ] ��������� Q ����!Ldeb9��k2!�k��j�4� Q ������O9k Y !�d/��O�����O

-
�9��x W�Q

��b�!���� Q�W ��O�d/��! V � W �j!L!�d Q�W�V � Q !�d/���#����x W�Q ���n� W ��! Q�W�V !�dew���� Q�W�Q ����!�dew W O�k�� W O�� Q�W ��O�dew���O���!�k�k2!�O Q � W k W�Q�W !�d/��d1@ !����
��d/S���� W ����d/deb���k2!L!�O�S W ����O V !�O Q b������ V ! Q !���d W�V b���� Q �2O QnQ ��de!���!�k Q�W ��O���� V � Q !�� W ���ud/��O���b���� Q d/��O��
! V � W b V !�O Q ��!�d W�] O#�

3 Y !Lp P rt� P �������#m�k Q�W S W�Q `irR� Q ����!L� d Q�W�V � Q�W ��O ; p P m�rt�i>#� W O�!2���#�j! ] ��!�ded W ��O�b��j� ] �j� VUW d/� V ��� W � W !��
McNish-

g W O9k�����O V ����!��iXDpqk�l W d Y ��O��_g W O�k�����O�w#|9`�j�`�b2^'� ` f�W O���O���c W k Y ������dew[|9`�a�a�d[x���de!�����O Q�Y !
g�� ] ����O ]=W ��O��u!���d Q

-s
V ���2��!�dZd Q � Q�W d Q�W k���� Q !�k Y O WWV ��!L���#� ��������O�����O��(c���� ]=Y ��OhXj|9`�{�j�d���m ��! Q � W ��!��

!459b�����O�� Q�W ��O���� Q�Y !Lp P m�rt� V ����!���w W�Q d/k�� V b�� Q !��#b��j� ] �j� V w���O�� V ��� W � W k�� Q�W ��O9d Q�Y � QnQ ��� f b�����k�! W O
|9`�`�z���O���|9`�`�a W d ]=W S�!�O�x9`il W ! Y ��dedZ! Q ���8��Xj|9`�`�a�djw�k���b W !�d/����@ Y�W k Y �2��!L��S9� W ���2x���!L��O���! V ��!�d Q �93 Y�W d
V ����!�� W d/x�� W � QnQ ��b�����S W ��! Q�Y !Lk���b���x W � W�Q ` Q ��b�����S W ��! V ��O Q�Y �u`���b��9� Q !�d/������� Q ���j! r OQP9R S-w

R
w���O�� U

p

estimates.

k#lDm K4n4o�K4J�p=q�r�q
f !�O�!��j� Q�W ��O���� Q�Y ! W O������ V � Q�W ��O�b�����S W ��!�� W O Q�Y�W d/��!�b9��� Q x�! ]=W O�d/!���k Y�V ��O Q�Y @ WuQ�Y�Q�Y !L��k V � W d W�Q�W ��O����
��!�k2!�O Q �u` ��x�de!2��S�!����9� Q � �93 ��x���!
| ; b�� ] !Lz�>#k���O Q � W O�d/�j!�k�!�O QnV ��O Q�Y �u` V !���O���x�de!2��S�!���|9�#� :�k V de�������
����� W �(������59w�de��O�deb�� Q O�� V x=!���w���O���b�����O9! Q ���6` ] !�� V � ] O�! Q�W k W O���!45_S�������!�d �93 Y ! W O������ V � Q�W ��O W O Q�Y�W d
Q ��x���! W d/x���de!�����b���O���� Q �e�j��� VUQ�Y !Ll�� Q�W ��O����nc�!�de!2����k Y ������O�k W �n���#����O������6���9� Q�Y ! P !�� W !�d/� |9�#� :

-
k V

de�������#����� W �(������5 ; r
10.7
>#��� Q ��w Q�Y ! P ��O�deb�� QTs O��9!45 h � Q �L��!�O Q !��[^'����dede!���dew9^'!�� ]=W � V ����� Q�Y ! V ��O Q�Y �u`

V !���O���!��u� Q�W S�!Lde��O�deb�� Q O�� V x�!�� ; cM>�w���O�� Q�Y ! s O�d Q�W�Q � Q !6����� f !���b Y `od W k�d W O f � Q�Q�W O ] !�O�w f !�� V ��O `t�����



�R� ] !
2
���#}��

Q�Y ! V ��O Q�Y �u` V !���O ] !�� V � ] O�! Q�W k W O��9!45 ; m
p
>#��� Q �L��dZ��!�k2! W S�!��(����� VUQ�Y !e< � P � h !�b���� Q�V !�O Q ���

��� VXV !���k�!�w�l�� Q�W ��O���� \ k�!2��O W kL��O���m Q�V ��deb Y !�� W kLm � VXW O W d Q ��� Q�W ��O ; l \ m�m=>#S W � Q�Y ! W �#l�� Q�W ��O����
f !���b Y `od W k���� h � Q �L��!�O Q !�� ; l f h �M>[r 3i� d W�Q ! ��T Y !�O Q�Y !���! W d W O�de����� W k W !�O Q �9� Q �L� QnQ�Y !Ll f h � d W�Q ! Q �
b�����S W ��! W O������ V � Q�W ��O Q�Y ���9� ]=Y�Q�Y ! V ��d Q ��!2k�!�O Q � ` k�� V b���! Q !�� V ��O Q�Y w�b���!�� W�VXW O����6` S�������!�dZ����!
k�����k������ Q !�����d W O ] �9� W �u` S9������!�d1����� VUQ�Y !Ll \ m�m P b��2k�!L� O�S W ����O V !�O Q ��!�O Q !2� ;jP � �M> ] ��b Y !��#d W�Q !s��O��
Q�Y ! P ��O�deb�� QTs O���!45 h � Q �s��!�O Q !��#d W�Q ! �

3 Y !Lk�� V b�� Q !��#b9��� ] ��� V d W O�b�� Q d/��de!���x9` Q�Y !Lp P m rR� b���� ] ��� V �2��!L��� Q ��x���de!�dZk�� V b�� W d W O ]
g�� ] ����O ]=W ��O W O Q !2��b������ Q !�� r O P9R S ; k2`ok���!�d�| Q�Y ����� ]=Y }�}_k2��O�S�!�� Q !�����O�����x�d$!���S�!���>�w

R
; k+`ok���!�d�|

Q�Y ����� ]=Y }�}���x�de!2��S�!���>�w9��O9� U
p
; k2`ok��u!�d�|�y Q�Y ����� ]=Y }�}_k���O�S�!�� Q !��_��O�����x�de!���S9!���>[��O�� Q�Y !Ld V ��� Q�Y !��

S�������!�d1�����[k+`ok���!L}�y#� 3 ��x���!L} ; b�� ] !6a�>#b��j!�de!�O Q d�|�y
-
V ��O Q�Y(N ��� W k Y d V ��� Q�Y !��_S�������!�d1�����#�L`ok���!L}�}

��O���}�y���� Q�Y !L��x�de!2��S�!���| �#� :�k V de�������#����� W �(������59w�de��O�deb�� Q O�� V x�!���w���O���b�����O9! Q ���6` ] !�� V � ] O�! Q�W k
W O���!45_S�������!�d/��ded W�] O�!��_� QnQ�Y ! VXW ��b�� W O Q k�����k������ Q !��(�j�j� VUV ��O Q�Y �u`�S9������!�d W O(3 �2x���!
| ; b�� ] !Lz�>)�

E � r � n4K6F m r���� q�r�K m
<�d W O ]iQ�Y !�de!Ld V ��� Q�Y !���S9�2����!�d/��d W O�b�� Q dew Q�Y !Lb���� ] ��� V !�d Q�W�V � Q !�d Q�Y ! W O Q !�� V !�� W � Q !

-
Q !�� V ;�V ��O Q�Y d
>

��O�������O ]
-
Q !�� V ; `o!2����d
>#x9! Y ��S W ���#��� Q�Y !�de!Lb9����� V ! Q !��jd1�����#��b Q ��|�y�} V ��O Q�Y d W O Q � Q�Y !6��� Q ����!�w

W O W�Q�W ��� WWg !��(����� VUQ�Y !Lk2`ok��u!s}�y VXW O W�V � V �93 Y !Lk2`ok��u!s}�y VXW O W�V � VUY ��d/x�!�!�O�k��9O�� W � V !�����d/pq�+` |9`�`�a
�����#x�� Q�Y�Q�Y ! r

10.7
��O��

R
�93 Y !Lk2`ok2��!L}�y VXW O W�V � V U

p
��k�k�������!�� W O�m�� ] ��d Q |9`�`�:#� \ O�k�! Q�Y !Lk+`ok2��!

}�y V �45 W�V � VUY ��d/x�!�!�O�!�d Q ��x�� W d Y !��(����� V ��x�de!���S9!�� r
10.7
w

R ,
��O�� U

p
��� Q ��w Q�Y !Lp P m�rt� b���� ] ��� V

@ W ���nx�!L��!
-
W O W�Q�W ��� WWg !���� QnQ�Y ! V �45 W�V � V �����#k2`ok��u!L}�y#� 3 Y !L��!�de��� Q d/��� Q�Y !Lp P m�rR� V ����!��nk�����k������ Q�W ��O�d

;�W � ! � Q�Y !L��� Q b�� Q ��� Q �4>[����!s�j!�b���� Q !�� W O(3 ��x���!�d/y_��O��(j[�93 ��x���!Ly ; b�� ] !
|�|9>[k���O Q � W O�d Q�Y !Ld Q � Q�W d Q�W k����
!�d Q�W�V � Q !�d/��� r

10.7
��O�� U

p
S���� ��!�d1����� Q�Y !Lx9������O�k2!L���#k+`=k���!L}�y���O���k+`ok2��!L}�j#�93 ��x���!6j ; b�� ] ! |�z�>

k���O Q � W O�d Q�Y !Ld Q � Q�W d Q�W k����n!�d Q�W�V � Q !L���
R
��O�� U

p
S�������!�d1����� Q�Y !Lx�������O�k2!L���#k+`ok2��!L}�y��2O���k2`ok2��!L}�j#�

s O������ V � Q�W ��O���O Q�Y !Lk Y �����2k Q !�� W d Q�W k�d/���#k+`ok��u!L}�j W d W O�k�������!�� Q ��b�!�� VXW�Q ��de!L��� QuY ! W O������ V � Q�W ��O W O�����O ]
����O ] !Ldeb��2k�!2k����*� Q b���� ] ��� V d/b�����O�O W O ] ��O��_��O���� `od W d �

3 Y !Lk�� V b�� Q !��#b9��� ] ��� V�� d W O�b�� Q ��O������ Q b�� Q ��� Q �L����!s����de����!�b W k Q !�� W O ] ����b Y�W k��2�]����� V ��r Wu] ����!�d�|a��O��
} ; b�� ] !
|9`�> W ������d Q ��� Q ! Q�Y !s��b�b�� W k�� Q�W ��O���� Q�Y !Lp P m�rR� V ����!�� Q � Q�Y !
|9�#� :

-
k V d$�������#����� W �(������5[��r Wu] ����!

| W d/�Lb���� Q ��� V ��O Q�Y �u` V !2��O���O���|�y
-
V ��O Q�Y/N ��� W k Y d V ��� Q�Y !�����x�de!���S�!���|9�#� :

-
k V de�������#����� W �(������5

�����#de�������#k+`ok2��!�d/}�}���O���}9y#��r W�] �9��!L} W d/�Lb���� Q ��� Q�Y !Ld Q � Q�W d Q�W k����n!�d Q�W�V � Q !�d/����|�y
-
V ��O Q�Y(N ��� W k Y

d V ��� Q�Y !���|9�#� :
-
k V de�������#�j��� W �(������5/�����#de�������#k+`ok���!�dZ}�y���O���}�j#� PRW�VXW �������u`ow�r Wu] ����!�d/y���O��(j ; b9� ] !

}���>#��! V ��O�d Q ��� Q !s��b�b�� W k�� Q�W ��O���� Q�Y !L��� ] ��� W�Q�Y�VUQ ��de��O�deb�� Q O�� V x�!��)��r Wu] ����!Ly W d/�Lb���� Q ��� Q�Y ! V ��O Q�Y �u`
V !���O���O��

13-
V ��O Q�Y/N ��� W k Y d V ��� Q�Y !�����x�de!���S�!���de�9O�deb�� Q O�� V x�!��������#de�������[k2`ok2�u!�d/}�}���O���}�y#�

r W�] �9��!6j W d/�Lb���� Q ��� Q�Y !Ld Q � Q�W d Q�W k����n!�d Q�W�V � Q !�d/���'|�y
-
V ��O Q�Y(N ��� W k Y d V ��� Q�Y !����j!���� Q�W S�!Lde��O�deb�� Q

O�� V x�!��������#de�����2�#k+`ok��u!�d/}�y���O���}�j#�

s Q d Y ��������x�!LO�� Q !�� Q�Y � QnQ�Y !Lk+`ok���!L}�j�S9������!�d/�2��! Q�Y !sd Q � Q�W d Q�W k����n!�S�������� Q�W ��O���� QuY !Lb���d Q }�}�k+`ok��u!�d/��O��
����!LO�� QnW O�������!�O9k�!���x ` Q�Y !sp P m�rt� V ����!�� � d/b�!�� ����� V ��O�k�! ���L`ok���!L}�j�S9������!�d/�2��!L!�d Q�W�V � Q !�����d W O ]
d Q � Q�W d Q�W k�d1�����#k+`ok���!�d�| Q�Y ���9� ]=Y }�}(���9� r

10.7
��O��

R ,
��O���d Q � Q�W d Q�W k�d1�����#k+`ok���!�d�|�y Q�Y �j��� ]=Y }�}��2��!L��de!��

����� U
p
�93 Y !Lz���b�!���k�!�O Q�W ��!LS9������!�d W O(3 ��x���!�d/y���O��(j_�2O�� W O�r W�] �9��!�d/y���O��(j�w9� Q ��O���x�!+`o��O��

VXW O W�V � V ���#k2`ok���!L}�j�w9���j!Lk�� V b�� Q !����2� W�Q�Y�V ! Q�W k V !���O�d/��O��_����! ]=W S�!�O/@ W�Q�Y `�z�b�!���k2!�O Q�W ��!L��O���z
b�!���k2!�O Q�W ��!LS�������!�d � PRW O�k�! QuY !Lb�����O�! Q �2�6` ] !�� V � ] O9! Q�W kL��� Q �L�2��!L��O�� ` ��S9� W ����x���!e�����#de�������#k+`ok2��!�d�|�y
Q�Y ����� ]=Y }�} Q ��b��������9k�! Q�Y !Ld Q � Q�W d Q�W k�dew Q�Y !Ld V �����nde� V b���!Ld WWg !L��! V � W ��!�d Q�Y � QnQ�Y !e`�z�b�!���k2!�O Q�W ��!L��O���z
b�!���k2!�O Q�W ��!LS�������!�d1����� Q�Y ! U

p
����!L��O�� ` ��b�b9����5 W�V � Q�W ��O�d � 3 Y ! V !���O_k+`ok���!Lb9!�� W �������'|�|a`o!2����d ; |�y�}

V ��O Q�Y d
> W d/��dede� V !��(�����#k2`ok2�u!L}�j#�



�R� ] !
3
���#}��

Applications
General

�93 Y !Lde�������[��k Q�W S W�Q ` W O������ V � Q�W ��O�b���!�de!�O Q !�� W O Q�Y�W d/��!�b���� QnW d/b�����S W ��!��_��d W O�b�� Q ��� Q �6�����
� Q�V ��deb Y !�� W kL��O���deb9��k�!s!2O�S W ����O V !�O QnV ����!���d Q ��!�O�de����!Lk�� V b�� Q�W x W � W�Q ` x�! Q @ !2!�O�k�����k����u� Q�W ��O�d V ����!
�����#b���!�� W k Q�W ��O����#!�O�S W ����O V !�O Q ���n!4���j!�k Q d/��O�deb���k2!�k2�j�4� Q w�! � ] ��� V x W !�O Q �9!�O�d W�Q `ow W ��O���deb Y !�� W kLb�����d V �
��!�O�d W�Q `ow�k���d VXW ks���+`t������59w�! Q k �93 Y !Lpq�2��d Y �����n� O ]=W O�!2!�� W O ] 3 Y !�� V ��deb Y !2��!Lpq���9!��iXD� W k f !2`ow#|9`�{�{9��w
|9`�{�{�x�djw���d1@�!����n��d Q�Y !Ll m P m � p P rt� f ����x����nc�!4��!2��!�O�k2!Lm Q�V ��deb Y !�� W kLpq����!2�

-
|9`�`�z(c�!���d W ��OhXD"$��d Q ��d

! Q ���8� w#|9`�`�z�djw�@�!���!L��!�S9!����9b�!�����O Q�Y !Lx���d W d/��� W O�b�� Q d/��� Q�Y !L��� W � ` |9�#� :
-
k V de�����2�#����� W �(������5 ; r

10.7
>

��O�� Q�Y !Ly
-
Y ������� ` b�����O9! Q ���j` ] !�� V � ] O�! Q�W k W O���!45 ; �

p
> Q ��k�� V b�� Q !L� Q�V ��deb Y !�� W ks��!�O�d W�Q `R� P � V !

W ��O���deb Y !���! V ����!���dew�de��k Y ��d Q�Y ! s O Q !���O9� Q�W ��O����nc�!4��!2�j!�O�k�! s ��O���deb Y !��j! ; s c s > XD^ W � W�QWg �L! Q ���8� w#|9`�`�y�d[��O��
Q�Y !Lrt�����u`im�O���� ` Q�W k���� s ��O��9deb Y !�� W kLpq����!�� ; rtm s p > XDm�O���!���de��O�! Q ���8� w#|9`�{�`�djw��2O���O�!4@��u`i! V !�� ]=W O ]
k���d VXW kL���+` V ����!���d=XDl ` V VXWWf ! Q ���8� w#|9`�`�a�d[� Q�W � W g !Ld ��O�deb�� Q O�� V x�!�� ; cM> W O�b�� Q d ������@�!�S�!���w Q�Y !
d Q � Q�W d Q�W k����n!�d Q�W�V � Q !�d/b���������k�!���x ` Q�Y !Lp P m�rt� V ���9!��nb�����S W ��!6��� Q ���j!
|�y

-
V ��O Q�Y d V ��� Q�Y !���S�������!�d/���

Q�Y !�de!Lb����j� V ! Q !���dZ��� Q�Y !�� QuY ��O Q�Y !L��� W � ` ��O���y
-
Y ���9����`iS������9!�d/��de!�� W O���!�S�!�����b V !�O Q ��� Q�Y ! V ����!���d �

� Y ��O ] !�d/��� Q�Y !�� V ��deb Y !2� W kL��O�� W ��O���deb Y !�� W kL�9!�O�d W�Q `i��dede��k W � Q !��(@ W�Q�Y d Y ��� Q
-
Q !2� V ; ���+` d >#S���� W � Q�W ��O�d

W O�r
10.7
w�c�w���O����

p
w���! V � W ��!�����d W O�b�� Q d Q � Q�Y ! Q�Y !�� V ��deb Y !�� W kL��O�� W ��O���deb Y !2� W k V ����!���dew�����!LO�� Q

��!�b���!�d$!�O Q !���x ` Q�Y !
|�y
-
V �9O Q�Y(N ��� W k Y d V ��� Q�Y !���d Q � QuW d Q�W k����n!�d Q�W�V � Q !�d/��� Q�Y !�de!sb������ V ! Q !���d/��d

b�����S W ��!���x ` Q�Y !Lp P m�rt� V ����!��n��O�����!�b���� Q !�� W O Q�Y�W d/����k�� V !�O Q ��rt� Q ����!s!�d Q�W�V � Q !�d/��� Q�Y�W d/�9`oO9� VXW k
k�� V b���O�!�O Q ��� Q�Y !Lde�������[�2k Q�W S W�Q ` k���O�O�� Q x9! V ����!6@ W�Q�Y ��O9` �2k�k2!�b Q ��x���!L��! ] ��!2!s���#d Q � Q�W d Q�W k����
k���O�� W ��!�O�k2!L��d W O ] !45 W d Q�W O ]iQ !�k Y O WWV ��!�dew�de��!�d Q�W�V � Q !�d	����� VUQ�Y !Lp P m�rt� V ����!��-��!�b���!�d$!�O QnQ�Y !Lx�!�d Q
W O������ V � Q�W ��O���S�� W ����x���!e�����[k�� V b�� Q�W O ] ��� Q ���j!Ldeb���k2!s!�O�S W ����O V !�O Q b����j� V ! Q !���d �?c�!�b���!�de!�O Q � Q�W S�!L�9� Q �
de! Q dew�x���de!�����O�b���d Q r

10.7
w=c�w���O����

p
S�������!�dew V �+` x�!s� Q�W � WWg !�� Q ��k�� V b�� Q ! Q�Y !L!4����!�k Q d/��� Q�Y !L� `oO9� VXW k

k�� V b���O�!�O Q ��O Q�Y !L� V x W !2O Q ��!�O�d W�Q�W !�d/� Q ����x W�Q ���n��� Q�W�Q ����!�d �

h !�d W�] O�c�! V � W ��! V !�O Q d � h !�d W�] O��j! V � W ��! V !�O Q d1�����#de�9�����#��k Q�W S W�Q ` ��O�����dede�9k W � Q !2��S�������!�d/���
� Q�V ��deb Y !�� W kLdeb��2k�!L!�O�S W ���9O V !�O Q b������ V ! Q !���d/���j!Ldeb�!2k W � W !�� W O Q�Y !L��b�b�����b9� W � Q !Ld$b���k�!2k����*� Q ��O���deb��2k�!
S�! Y�W k���!Lb����978!2k Q ��!�d Wu] O���! V � W ��! V !�O Q d/����k�� V !�O Q � Q�W �9O#�93 Y !�de!L����k�� V !�O Q d/d Y ���9����x�!Lk���O�de��� Q !��(�����
Q�Y�W d W O������ V � Q�W ��O#��rt���#deb��2k�!�k2���4� Q b����97 !�k Q d/��! V � W � W O ]�VXW O W�V � V � W d f ��!�d W�] O(�����[� W ��! Q�W�V !L����x W�Q ���
��� Q�W�Q ����! ; d
>�w���!

-
x�����d Q ��k Q�W S W�Q�W !�dew���O���k���O Q �����nk���b9��x W � W�Q `ow Q�Y !6`�z�b�!2��k2!�O Q�W ��!L!�d Q�W�V � Q !�d/������� Q ����!

d V ��� Q�Y !���de�������#����� W �(������5_��O�� ] !�� V � ] O�! Q�W k W O��9!45_����!L�j!�k�� VXV !�O��9!��#�93 Y !�d$!L!�d Q�W�V � Q !�d/b�!�� VXW�Q
d Q � Q�W d Q�W k������u` k���O�de!2��S�� Q�W S�!sdeb���k�!2k����*� Q ��!�d W�] O_��O�� VXW ded W ��O�b�����O�O W O ] ����� W�Q�W k����nk2��O�d W ��!���� Q�W ��O�d/de��k Y ��d
����x W�Q ���n� W ��! Q�W�V !Lb���!�� W k Q�W �9O�d/d Y ��������x�!Lx���de!�����O Q�Y ! V ��d Q k�������!�O QnW O Q !�� V !�� W � Q !L��O�������O ]

-
�j��O ] !

d Q � Q�W d Q�W k����n!�d Q�W�V � Q !�d/������� Q ����!Lde�������[��O�� ] !���b Y `od W k����-��� Q �Lk���O�d W d Q !�O Q @ W�Q�Y�Q�Y !sk�� W�Q�W k����nb����978!2k Q
develop

V !�O Q ��!�k W d W ��O Q�WuV !Lb�� W O Q d/b�� W ��� Q ��b�����O�O�!2��������O�k Y ��� Q�Y !Ldeb��2k�!2k����*� Q �

C=JDJ �Wr��WI��Dq�L������ I�n � q�r��WI��
� ��!�d Q�W ��O�d/��O Q�Y !Lk���O Q !�O Q d/��� Q�Y�W d/��!�b���� QnV �+` x�!s���9����!�dede!�� Q �����2��������� ����!��#� Q
; }�z�a�>#z�j�j

-
}�}�{�}����#S W �s!

-
V � W � Q � Y ���������#� !�����!��
	 V d ��k � O���de� � ] ��S#�

� � m r�I �hK4neEiK4K4J l q���
Marsha

��� P b���k�!srt� W�]=Y�Q ��!2O Q !�� � d s P \ `�������b����9k�!�dedZde��� W k W�Q d/k���d Q � V !�����!�!���x��2k f ��O������n���#�����
b���������k Q d �9�R��!���de!Lde!�O��_��O_! V � W � Q � h �)��c���x P � ]�] d ;

Rob.Suggs@msfc.nasa.gov)
��! ] �2��� W O ]iQ�Y !

k������ W�Q `i��O�����b�!2��� Q�W ��O����n��d$!4������O�!�ded/��� Q�Y�W d
estimate.



�R� ] !
4
���#}��

References

m�O���!���de��O�w h � l � w "o� p �=rt�9��x�!�dew ��O���p �=�������j!�dek���w#m rt����� ` m�O���� ` Q�W k�����w#g���@
-
��O���p W ������!

-
g�� Q�W�Q ����!

s ��O���deb Y !���!Lpq���9!���w � _��=Z�������	�

_��iZ

_;w
94
w#|�z�}���w#|9`9{�`#�

^ W � W�QWg ��w h � w�� ��c��4@ !���wLga� ^'��d)`owL��O�� 3L� f ��� `o�2!2S���w s O Q !���O9� Q�W ��O���� c�!4�j!���!2O�k�! s ��O���deb Y !���!
-
�R��d Q w

�R��!�de!�O Q w�rt� Q ���j!�w������4_�����\��4Z��iZ

_;w
13
w ;

3)3-
; y�>�}�y�w#| `�`�y#�

^'� ` f�W O�w9�L� �/����O��/3L�?"o�?c W k Y ������dew9m�b�b�� W k2� Q�W ��O_��� QuY ! g W O�k�����O_pqk2l W d Y 3 !2k Y O WWV ��! Q � Q�Y !e�R��!�� W k Q�W ��O
��� Q�Y ! c�! V � W O���!�� ��� Q�Y ! 3i@�!2O Q�W ! Q�YUP ��O�deb�� Q ��`ok2�u!�w#3 !�k Y O W k2��� pq! V ���j��O���� V z�j � y��

-
{�`�w

g��9k f�Y !�!���p W ded W ��!�d/��O�� P b���k�!L��� V b���O `ow�����O Q deS W ����!�w�m�����x�� V ��w#|9`�a�a
.

h ��! Y !2��w]�/�2�L�+��O�� m �*3L� g `o�9O�dewtg���O ]
-
3 !2� V \ ��x W�Q ��� g W ��! Q�W�V !t�R��!�� W k Q�W ��O�dew-l�m P m 3 !2k Y O W k����D�R��b9!��

y���z�{�w�l�m P m pq����d Y ����� P b���k�!srt� W�]=Y�Q ��!�O Q !���w�����O Q deS W ����!�w�m�����x�� V � ; |9`�`���>)�

� W k f !+`ow�p �9�/� w�3 Y !Ll�m P m pq����d Y �����n� O ]=W O�!�!2� W O ] 3 Y !�� V ��deb Y !��j!Lpq����!���w�l m P m ��c
-
|9:�`�y�z�`�w

1988a.

H
W k f !+`ow�p �9�/� w�m�O s V b����9S�! V !�O QnW O Q�Y ! s O Q ! ] �j� Q�W ��O(�R����k�!�������!e<�de!�� W O Q�Y !Ll m P m pq����d Y �����
� O ]=W O�!2!�� W O ] 3 Y !2� V ��deb Y !2��!Lpq����!���w�l�m P m ��c

-
|9:�`�y�{�`�w#|9`�{�{�x#�

����������O���w�c��?g�����O���TU��TU�9c���� ]=Y ��O�w9g�� ] ����O ]=W ��O
g !���d Q
-
PDV �����j!�d1�R��!�� W k Q�W ��O���� P �������#����� W �(������5

(F10.7
>�w � _��=Z������	�

_��iZ

_

, 89
w#|�|

-
|9a�w#|9`�{�j#�

"$��d Q ��dew=��� f � w�TU��c��)"$!4����� W !�d s�s�s w P �9�/������O ] ��O�� h ��g���"$� Y O�de��O�w��43 Y !Ll�m P m � p P rt� f ����x����
c�!4��!��j!�O�k�!sm Q�V ��deb Y !���!spq����!��

–
|9`�`�z(c�!���d W ��O ; f c�m�p

-̀
�z�>�� ��l�m P m 3 p j�:#|�z�w�m�� ] ��d Q |9`�`�z#�

pqk�l W d Y w m � f �=��O�� "o� c �=g W O�k�����O�w��R��!�� W k Q�W ��O4��� P ��O�deb�� Q l�� V x�!���dew
Trans

_����=_��=Z������	�

_��! �"#�� �w
30
w�a�:�y�w#|9`�j�`#�

l W ! Y ��dedew�� � \ � w�� � ����� ����!2��w���O���TU� TU�9c���� ]=Y ��O�w PRQ � Q�W d Q�W k����]3 !�k Y O WWV ��!e����� s O Q !�� V !�� W � Q !s��O��_g���O ]
-c���O ] !L� d Q�W�V � Q�W ��O����'|�y

-
pq��O Q�Y�PRV ��� Q�Y !�� P �������#����� W �(������5_��O�� f !�� V � ] O�! QuW k s O���!459w�l�m P m

TM-
j�:�z�`�w#|9`�`�a#�

l ` VXVXWWf w�c�� m � w�p � s �9�R��O9��d$`o� f w9��O���m � m � P ��de����S�w f ������k Q�W kL����d VXW kLc��+`irt����5 PtW�V ����� Q�W ��O���O��
�R��!�� W k Q�W ��O�w������4_�����\��4Z$�2Z

_;w

17
w ; }�>)|9`

-
; }�>�y���w#|9`�`�a#�

c���� ]=Y ��O�w�TU� TU� w�"o� � � \ @�!�O�dew�� � \ ��l W ! Y ��dedew9��O��_p � m � PRY !���w�3 Y !Ll�m P m pq����d Y ����� P �������#m�k Q�W S W�Q `
pq����!��]������<�de! W O(�R��!�� W k Q�W O ]iP � Q !���� W�Q !sg W ��! Q�W�V !�w������4_�����\��4Z��2Z

_;w

23
w ; j�>�:#|�z

-
; j�>�:#|9`�w#|9`�`�`#�

T ����� V ! W !���w-p � w&%'��Z(��)� �
*����[+���4[#"#�"W[ 	,"# [#��Z,- Z4\�./
�0�1�0�2
-1960

� N �9� W k Y P k Y ��� Q�Y !�deda��O�� ��� V b���O `ow
P @ W�QWg !�������O���w#|9`�a#|��



���������
	����������������������	���� 4 ����� ���! #"%$�&�'���'(����' ����� �)�! #'�*����������+� -26 ,.- -2 /!0 -1 1 ����2�$���2���&�3
465��%'7��� - �������%8�9:���;� - ����'��

5���<�'
5
��	>=��

?MCA@!BMF6C�D)E=F � F!FA?HA k FA?!GHB!I A-FMCAF B k B CAE C � ? �KJ �K?!ILJ=CAB!MtFMB

Year Month
BDI�LWq�n6EGL �:N

(F10.7 O BDK4n �WK m �APQP
E=K4LWq�r��Wo�K B � � mKR I�rF � � l K*n m O E P

Geomagnetic� �DJDK N O C�S )

1999 January 142.6 62.0 10
February 142.0 66.3 12
March 126.3 68.8 14
April 117.2 63.7 12
May 148.6 106.4 8
June 169.8 137.7 7
July 165.6 113.5 10

August 170.8 93.7 15
September 135.7 71.5 19
October 164.8 116.4 19

November 191.5 132.7 14
December 169.8 86.4 10

2000 January 158.1 90.1 13
February 173.2 112.9 15
March 208.2 138.5

`
April 184.2 125.5 15
May 184.5 121.6 15
June 179.8 124.9 15
July 204.7 170.1

}#|
August 163.1 130.5

|9a
September 182.1 109.7

|�{
October 167.7 99.4

|�{
November 178.8 106.8

|9:
December 173.6 104.4

:

2001 January 166.6 95.6
{

February 146.7 80.6
:

March 177.7 113.5
}��

April 178.1 107.7
}�}

May 147.9 96.6
|9�

June 173.7 134.0
|9�

July 131.3* 82.2*
`

August 163.2* 106.8*
|�|

September 233.3* 150.7*
|�}�T

October 208.2* 125.6*
|�{�T

November
December
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?MCA@!BMF � D)C��
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A k FA?!G���MAE � � G BDA k#k ?!G#FMpLJ=CAB!M=FMB

Year Month +10.7-
� � BDI�LWq�n

EGL �:N O r 10.7)

��� B � � m+R I�rF � � l K*n m O R )
+++Geomagnetic� �DJDK N O U p )

1987 January 76.3 17.6 10.0
February 77.8 19.6 10.2
March 79.4 22.1 10.4
April 80.8 24.4 10.7
May 82.4 26.5 10.9
June 84.3 28.4 11.0
July 86.7 31.2 11.2

August 89.6 34.8 11.6
September 92.7 39.0 12.0
October 96.0 43.5 12.5

November 98.7 46.7 13.1
December 102.4 51.3 13.4

1988 January 107.8 58.2 13.5
February 113.3 64.6 13.3
March 118.8 71.3 12.9
April 124.5 77.5 12.5
May 129.8 83.8 12.3
June 136.5 93.7 12.4
July 146.2 104.3 12.8

August 156.4 113.7 13.1
September 165.0 121.2 14.2
October 171.6 125.3 15.6

November 177.5 130.4 16.1
December 184.8 137.6 16.5

1989 January 190.2 142.0 16.7
February 194.0 145.0 17.0
March 199.7 149.7 17.6
April 204.4 153.5 18.2
May 209.3 156.9 18.8
June 213.1 158.4 19.2
July 212.6 158.5 19.1

August 209.7 157.7 19.2
September 207.2 156.6 18.8
October 206.3 157.4 18.2

November 206.1 157.5 18.4
December 203.3 153.5 18.4
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Year Month +10.7-
� � BDI�LWq�n

EGL �:N O r 10.7)

��� B � � m+R I�rF � � l K*n m O R )
+++Geomagnetic� �DJDK N O U p )

1990 January 200.3 150.6 18.6
February 200.5 152.9 18.8
March 198.7 152.0 18.6
April 195.6 149.3 18.2
May 192.4 147.0 17.6
June 189.9 143.8 16.8
July 190.4 140.6 16.2

August 193.9 140.5 15.4
September 198.3 142.1 15.0
October 200.6 142.1 14.8

November 201.2 141.7 14.4
December 202.7 143.9 15.7

1991 January 205.5 147.6 17.4
February 206.3 147.6 18.4
March 205.9 146.6 19.1
April 206.8 146.5 20.0
May 207.1 145.5 21.7
June 207.4 145.2 23.0
July 207.7 146.3 23.6

August 206.8 146.6 24.7
September 203.9 144.9 25.0
October 199.7 141.7 24.2

November 195.4 138.1 24.1
December 188.9 131.7 23.0

1992 January 181.8 123.7 21.1
February 174.8 115.4 19.8
March 168.5 108.2 19.4
April 162.9 103.3 18.9
May 158.9 100.3 17.5
June 154.3 97.1 16.6
July 146.7 90.7 16.6

August 138.9 84.0 16.1
September 133.8 79.5 15.9
October 130.5 76.4 16.7

November 128.2 74.4 16.6
December 127.4 73.2 16.1
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Year Month +10.7-
� � BDI�LWq�n

EGL �:N O r 10.7)

��� B � � m+R I�r
Number

m O R )
+++Geomagnetic� �DJDK N O U p )

1993 January 125.7 71.4 16.0
February 123.1 69.3 15.9
March 120.7 66.6 15.3
April 118.1 63.6 14.9
May 114.8 59.9 14.9
June 111.3 56.1 15.0
July 109.6 54.7 14.9

August 107.6 52.3 15.4
September 103.9 48.4 16.0
October 100.4 44.9 16.4

November 97.5 41.2 17.4
December 94.8 38.4 18.1

1994 January 92.7 36.6 18.2
February 91.2 34.8 18.1
March 90.2 34.1 17.8
April 89.3 33.7 18.0
May 88.1 32.5 18.3
June 86.7 30.8 18.2
July 84.5 28.5 18.1

August 82.5 26.8 17.5
September 81.7 26.6 16.5
October 81.4 26.5 15.5

November 81.2 26.2 14.7
December 81.0 25.6 14.3

1995 January 80.6 24.2 14.0
February 80.2 23.0 14.0
March 79.9 22.1 14.0
April 79.2 20.6 13.8
May 78.5 19.2 13.4
June 77.7 18.2 13.0
July 76.9 17.0 12.6

August 76.0 15.4 12.2
September 74.8 13.4 11.8
October 73.8 12.1 11.5

November 73.2 11.4 10.8
December 72.8 10.8 10.0
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Year Month +10.7-
� � BDI�LWq�n

EGL �:N O r 10.7)

��� B � � m+R I�rF � � l K*n m O R )
+++Geomagnetic� �DJDK N O U p )

1996 January 72.4 10.4 9.7
February 72.2 10.1 9.7
March 72.1 9.7 9.8
April 71.6 8.4 9.7
May 71.4 8.0 9.5
June 71.8 8.5 9.4
July 72.0 8.4 9.3

August 72.1 8.3 9.4
September 72.3 8.4 9.3
October 72.6 8.8 9.1

November 73.0 9.8 9.1
December 73.3 10.4 9.2

1997 January 73.4 10.5 9.3
February 73.7 11.0 9.2
March 75.1 13.5 8.9
April 76.8 16.5 8.6
May 78.4 18.3 8.6
June 80.1 20.3 8.6
July 81.8 22.6 8.5

August 83.4 25.0 8.3
September 85.7 28.3 8.4
October 88.6 31.8 8.6

November 91.3 35.0 9.0
December 94.2 39.0 9.5

1998 January 97.5 43.7 9.9
February 101.7 48.9 10.5
March 105.8 53.4 11.1
April 108.9 56.5 11.3
May 112.0 59.4 11.6
June 115.8 62.5 12.0
July 120.0 65.5 12.2

August 124.1 67.8 12.5
September 126.8 69.5 12.7
October 127.9 70.5 12.8

November 130.0 73.0 12.5
December 134.3 77.9 12.0
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FA?!G���MAE � � G BDA k#k ?!G#FMpLJ=CAB!M=FMB
Year Month +10.7-

� � BDI�LWq�n
EGL �:N O r 10.7)

��� B � � m+R I�rF � � l K*n m O R )
+++Geomagnetic� �DJDK N O U p )

1999 January 139.0 82.6 11.8
February 142.6 84.6 11.6
March 144.0 83.8 11.8
April 145.8 85.5 12.2
May 149.9 90.5 12.4
June 152.9 93.1 12.4
July 154.4 94.3 12.6

August 156.3 97.5 12.9
September 161.0 102.3 12.8
October 167.2 107.8 12.7

November 171.5 111.0 13.1
December 173.4 111.1 13.8

2000 January 175.5 112.9 14.5
February 176.8 116.8 15.1
March 178.4* 119.9 15.0*
April 180.5* 120.8 14.9*
May 180.1* 119.0 15.0*
June 179.7* 118.7 15.0*
July 180.2* 119.8 14.7*

August 179.5* 118.6 14.2*
September 177.1* 116.3 14.2*
October 175.6* 114.5 15.0*

November 173.8* 112.7 15.1*
December 172.1* 112.0 14.7*

2001 January 168.7* 108.7* 14.0*
February 165.6* 104.1* 13.3*
March 167.8* 104.8* 12.8*
April 171.6* 107.6* 12.5*
May
June
July

August
September
October

November
December

NOTES:
���������
	�������������������������������� �������� -����� �����  !�"�#�����$���� ���"����%�&������� !���(')��	�������%�����')����������*
+�� ���-,.�/�����
0 ���� ���������213� 4����5'6��7���� !8���9�:����� ��% ;28��-% 	�-�<���= !������8���>�  !�"�?� ���$���� ��������%�@A�������;��B������%!C������/')������ /� � �(��� ��
�D���������
	�������������������������������� �������� -����� ���<�  !�"�#����/1E	�����������F4�����GHC������/')I����� �J9 4	�����-% ��*"J>�% �K� 	��L��7���� !8���
�(�"������% ;28���% 	�-�<���= !������8�����  !�"�?� ���$��I� ��������%�@A�������;��B������%!CM�����/')������ /� � �(��� ��
�D�D���������
	�������������������������������� �������� -����� ���<�  !�"�#F4����� � ��	���.�4�� N@A�������;��������=���2@A��� � ������I��*�@O� ��(����;2��7���� !8���
�(�"������% ;28���% 	�-�<���= !������8�����  !�"�?� ���$��I� ��������%�@A�������;��B������%!CM�����/')������ /� � �(��� ��
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10.7 " # ������ # �������������������  $
p)%������������������ %������������������&�' ����( ' ��( ' ����( &�' ����( ' ��( ' ����(

4 �R��� ] ��� V s O W�Q�W ��� WWg !��(����� V !�d Q ��x�� W d Y !����a`ok��u!L}�y�d V ��� Q�Y !���|9�#� :
-
k V de�����������u��5 VXW O W�V � V

�R� ] !
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���#}��

)+*�*�,.-0/�/�12* 35476 ,58�9:-01 ,582,.-0/ ,+;<8:-�= ,5/:->) ,?)@-�; ,?)@-A*)+*�*�,.-012,58�/ BDC5E ,58�8:-01 ,582*.-01 ,+;</:->) ,5/:-�; ,?)@-�; ,�,.-01)+*�*�,.-092*�*58 BDC+F ,58G=�-08 ,+;?H.-�= ,592H.-09 ,5/:-�; ,?)@-�; ,�,.->))+*�*�,.-092H512* 4GC+I ,�H�*.-0/ ,+;<8:-A, ,59G;�-A* ,5/:-AH ,?)@-�; ,�*.-�=)+*�*�,.-�;�;<8�/ JDK�L ,58G=�-AH ,+;<9:->) ,592,.-08 ,51:->) ,?)@-AH ,�*.-09)+*�*�,.-08�92*58 M2N2O ,58G=�-01 ,+;</:-AH ,51�8:-�= ,51:-�= ,5/:->) ,�*.-01)+*�*�,.-AH5/�12* E+M<P ,�H�*.-A* ,+;D)@-01 ,51�1:-�= ,59:-AH ,5/:-01 ,�*.->))+*�*�,.-�=?,58�/ Q�K+N ,�H�,.-A* ,+;?*.-08 ,512,.-01 ,+;�-�; ,5/:-0/ =�-08)+*�*?)@-A*�*�*58 BR4+E ,�H�*.-AH ,592H.-01 ,5/G=�-A, ,58:-09 ,5/:-01 ,�*.-A,)+*�*?)@-A*�H512* S�K�T ,582H.-�; ,59�9:-�; ,5/G;�-A, ,�H.-�= ,5/:-08 ,�*.-08)+*�*?)@-A,+;<8�/ 354GU ,58G;�-09 ,59�/:->) ,5/�/:-0/ )+*.-A, ,5/:-�= ,�*.-AH)+*�*?)@->)292*58 4GL�U ,58G;�-09 ,592,.->) ,5/5)@-A, )+*.-AH ,51:-A, ,�*.-AH)+*�*?)@-0/�/�12* 35476 ,58G;�-01 ,51G=�-A* ,?)7=�-�; )+,.-AH ,51:-0/ ,�*.-�=)+*�*?)@-012,58�/ BDC5E ,58G;�-01 ,51G;�-0/ ,?)29:-0/ )�)@-A, ,51:-09 ,�,.-A,)+*�*?)@-092*�*58 BDC+F ,58�1:-A, ,51�/:-08 ,?)+,.-A, )+,.-01 ,51:-09 ,�,.-01)+*�*?)@-092H512* 4GC+I ,582*.-08 ,512,.-AH ,�,+=�-A* )+,.-09 ,51:-�; ,�,.-AH)+*�*?)@-�;�;<8�/ JDK�L ,+;<8:->) ,512*.-A* ,�,�H.-0/ )+,.-A, ,51:-08 ,�,.-08)+*�*?)@-08�92*58 M2N2O ,+;<1:-0/ ,5/2H.-0/ ,�,58:-09 ,+=�-08 ,51:-08 ,�,.-08)+*�*?)@-AH5/�12* E+M<P ,+;?,.-A* ,5/G;�-�; ,�,+;�-01 ,+=�-AH ,51:-08 ,�,.-�=)+*�*?)@-�=?,58�/ Q�K+N ,59�8:->) ,5/�1:-A* ,�,51:-0/ ,+=�-09 ,51:-AH ,�,.-08)+*�*5/:-A*�*�*58 BR4+E ,592,.-09 ,5/2*.-AH ,�,�,.-�; ,+=�-�; ,51:-AH ,�*.-�=)+*�*5/:-A*�H512* S�K�T ,512H.-�; ,?)+H.-A* ,�*+=�-A, )+*.-A* ,51:-�= ,�*.-�;)+*�*5/:-A,+;<8�/ 354GU ,51�8:->) ,?)29:-09 ,�*+;�-09 )+*.-09 ,51:-�= ,�*.-�;)+*�*5/:->)292*58 4GL�U ,51�9:-0/ ,?)2/:-A* ,�*5/:-0/ )+,.-0/ ,51:-�= ,�*.-�;)+*�*5/:-0/�/�12* 35476 ,515)@-0/ ,?)+*.-�= ,�*�*.-�= )�)@->) ,59:-A, ,�*.-�;)+*�*5/:-012,58�/ BDC5E ,5/G=�->) ,�,+=�-A, =�=�-AH )�)@-�; ,59:->) ,�*.-�;)+*�*5/:-092*�*58 BDC+F ,5/�8:-A* ,�,+;�-�= =<8:-�= )�)@-�= ,59:-01 ,�*
.6)+*�*5/:-092H512* 4GC+I ,5/G;�-0/ ,�,51:-08 =<9:-�; )2/:-09 ,59:-�; ,�*.-09)+*�*5/:-�;�;<8�/ JDK�L ,5/G;�-A* ,�,?)@-08 =D)@-AH )21:-A* ,59:-AH ,�*.-01)+*�*5/:-08�92*58 M2N2O ,5/�9:-AH ,�,�*.-08 H+=�-A, )2/:-�= ,59:-�= ,�*.-A,)+*�*5/:-AH5/�12* E+M<P ,5/�1:-�; ,�*�H.-01 H+;�-01 )2/:-�; ,+;�-A, ,�*.->))+*�*5/:-�=?,58�/ Q�K+N ,5/5)@->) ,�*+;�->) H51:-�; )2/:-09 ,+;�-0/ ,�*.-09)+*�*51:-A*�*�*58 BR4+E ,5/2*.-�= ,�*51:-�; H5/:->) )2/:-09 ,+;�-�; ,�,.->))+*�*51:-A*�H512* S�K�T ,?)7=�-08 ,�*5/:-09 H?)@-0/ )2/:-09 ,+;�-�= ,�,.-08)+*�*51:-A,+;<8�/ 354GU ,?)28:->) ,�*?)@-09 H�,.-�= )�)@-AH ,58:-A, ,�,.-�=)+*�*51:->)292*58 4GL�U ,?)29:-A* ,�*�,.-�; H�,.-AH )+,.-08 ,58:->) ,?)@-A,)+*�*51:-0/�/�12* 35476 ,?)2/:-08 ,�*�*.-�; H�,.->) )+,.-0/ ,58:->) ,?)@->))+*�*51:-012,58�/ BDC5E ,?)2/:-A* =�=�-A, H�*.-A, )+,.-AH ,58:-A, ,?)@-01)+*�*51:-092*�*58 BDC+F ,?)+,.-08 =<8:-09 82H.-�= )�)@-0/ ,58:->) ,5/:->))+*�*51:-092H512* 4GC+I ,�,+=�-A, =<9:-�= 8�8:-�= )2/:-A, ,58:-01 ,5/:-�;)+*�*51:-�;�;<8�/ JDK�L ,�,59:-�= =<1:-01 8�8:-01 )2/:-�; ,58:-�; ,5/:-�;)+*�*51:-08�92*58 M2N2O ,�,?)@-�; =D)@-AH 8�8:-A, )2/:-0/ ,58:-01 ,5/:-0/)+*�*51:-AH5/�12* E+M<P ,�*+=�-09 =?,.-09 8�8:-A* )2/:->) ,58:->) ,5/:-01)+*�*51:-�=?,58�/ Q�K+N ,�*�H.-�= =?*.-�; 8G;�-08 )2/:-01 ,+;�-�= ,5/:-�;)+*�*59:-A*�*�*58 BR4+E ,�*58:-01 H+=�-�; 8G;�-0/ )2/:-09 ,+;�-01 ,5/:-�;)+*�*59:-A*�H512* S�K�T ,�*59:-08 H�H.->) 8G;�-A* )21:-A, ,+;�->) ,5/:-A*)+*�*59:-A,+;<8�/ 354GU ,�*5/:-�= H58:->) 8�9:-09 )21:-AH ,+;�-A* ,?)@-A,)+*�*59:->)292*58 4GL�U ,�*?)@-A, H+;�->) 8�9:-A* )29:-0/ ,59:-AH ,�,.-08)+*�*59:-0/�/�12* 35476 ,�*�*.-0/ H59:->) 8�1:-09 )29:-08 ,59:-08 ,�,.-09)+*�*59:-012,58�/ BDC5E =?H.-�; H51:->) 8�1:-A* )7;�-A* ,59:-08 ,�,.-01)+*�*59:-092*�*58 BDC+F =�;�-AH H5/:->) 8�/:-�; )29:-�= ,59:-�; ,�,.-01)+*�*59:-092H512* 4GC+I =<9:-A, H?)@->) 8�/:-A, )29:-09 ,59:-�; ,�,.-0/)+*�*59:-�;�;<8�/ JDK�L =</:-01 H�,.->) 85)@-�; )21:-08 ,59:-09 ,�,.->))+*�*59:-08�92*58 M2N2O =?,.-08 H�*.-0/ 85)@-A, )2/:-�= ,59:-01 ,�,.->))+*�*59:-AH5/�12* E+M<P =?*.-A, 8G=�-0/ 82,.-08 )2/:-�; ,59:-�; ,�,.-A,)+*�*59:-�=?,58�/ Q�K+N H�H.-09 82H.-01 82,.->) )2/:-0/ ,59:-AH ,�*.-AH)+*�*+;�-A*�*�*58 BR4+E H58:-A* 8�8:-�; 82*.-AH )2/:-A, ,+;�-A, ,�,.-A*)+*�*+;�-A*�H512* S�K�T H59:-09 8G;�-08 82*.-01 )�)@-�; ,+;�-0/ ,�,.-0/
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)+*�*+;�-A,+;<8�/ 354GU H51:-A, 8�9:-�= 82*.-A* )�)@-A* ,+;�->) ,�,.-AH)+*�*+;�->)292*58 4GL�U H?)@-08 8�9:->) ;�=�-�; )+,.-A, ,+;�-A* ,�,.-AH)+*�*+;�-0/�/�12* 35476 H�,.-01 8�1:-01 ;�=�-0/ )+*.-A, ,59:-AH ,?)@-A,)+*�*+;�-012,58�/ BDC5E H�*.->) 8�/:-AH ;?H.-�= )+*.->) ,59:-�; ,?)@-0/)+*�*+;�-092*�*58 BDC+F 8G=�-A, 8�/:-A, ;?H.-�; ,+=�-�= ,59:-01 ,?)@->))+*�*+;�-092H512* 4GC+I 82H.-A, 85)@-09 ;?H.-0/ ,+=�-09 ,59:->) ,?)@->))+*�*+;�-�;�;<8�/ JDK�L 8�8:-A, 85)@-A* ;?H.-A, ,+=�-A* ,59:->) ,?)@->))+*�*+;�-08�92*58 M2N2O 8G;�->) 82,.-09 ;<8:-AH ,�H.-0/ ,59:-A, ,�,.-�;)+*�*+;�-AH5/�12* E+M<P 8�9:-09 82,.-A, ;<8:-�; ,58:-AH ,59:-A* ,�*.-08)+*�*+;�-�=?,58�/ Q�K+N 8�1:-AH 82*.-08 ;<8:-01 ,58:-01 ,51:-AH ,�*.->))+*�*58:-A*�*�*58 BR4+E 8�1:-0/ 82*.-01 ;<8:-0/ ,58:-09 ,51:-�; ,�*.-A,)+*�*58:-A*�H512* S�K�T 8�/:-AH 82*.-A, ;<8:->) ,58:-A* ,51:->) =�-AH)+*�*58:-A,+;<8�/ 354GU 8�/:-09 ;�=�-�= ;<8:-A, ,+;�-09 ,5/:-08 =�-�;)+*�*58:->)292*58 4GL�U 8�/:-0/ ;�=�-AH ;<8:-A* ,+;�-A* ,5/:-0/ =�-0/)+*�*58:-0/�/�12* 35476 8�/:->) ;�=�-AH ;<8:-A* ,59:-09 ,?)@-�= =�-A,)+*�*58:-012,58�/ BDC5E 8�/:-01 ;�=�-�= ;<8:-A, ,59:-A* ,?)@-09 H.-AH)+*�*58:-092*�*58 BDC+F 8�1:-A* 82*.-0/ ;<8:-0/ ,51:-�; ,?)@-A, H.-�;)+*�*58:-092H512* 4GC+I 8�1:-AH 82*.-08 ;<8:-01 ,51:-A, ,�,.-08 H.-01)+*�*58:-�;�;<8�/ JDK�L 8�9:-08 82,.-A* ;<8:-09 ,5/:-08 ,�,.-0/ H.->))+*�*58:-08�92*58 M2N2O 8G;�-08 82,.-09 ;<8:-�; ,5/:-0/ ,�*.-�= H.-A*)+*�*58:-AH5/�12* E+M<P 82H.-0/ 85)@-A* ;<8:-�= ,?)@-�= ,�*.-�; 8:-AH)+*�*58:-�=?,58�/ Q�K+N 8G=�-�; 85)@-08 ;?H.-A, ,?)@-�; ,�*.-0/ 8:-�;)+*�*�H.-A*�*�*58 BR4+E H�,.-A, 8�/:-0/ ;?H.->) ,?)@->) ,�*.-A* 8:-09)+*�*�H.-A*�H512* S�K�T H5/:-01 8�1:->) ;?H.->) ,�,.-�= =�-08 8:-0/)+*�*�H.-A,+;<8�/ 354GU H+;�-09 8�9:-A, ;?H.-0/ ,�,.-08 =�-09 8:->))+*�*�H.->)292*58 4GL�U =?,.-0/ 8G;�-0/ ;?H.-0/ ,�,.-09 =�-0/ 8:-A,)+*�*�H.-0/�/�12* 35476 =<9:-AH 8�8:-08 ;?H.-0/ ,�,.-0/ =�->) 8:-A*)+*�*�H.-012,58�/ BDC5E =�=�-0/ 8G=�-A, ;?H.-�; ,�,.->) =�-A, 8:-A*)+*�*�H.-092*�*58 BDC+F ,�*51:-�; H�*.-AH ;?H.-�; ,�,.-A, =�-A* ;�-�=)+*�*�H.-092H512* 4GC+I ,�,�*.-08 H?)@-AH ;?H.-08 ,�,.-A, =�-A* ;�-�=)+*�*�H.-�;�;<8�/ JDK�L ,�,+;�-�; H51:-�= ;?H.-�= ,�,.-0/ =�-A, ;�-�=)+*�*�H.-08�92*58 M2N2O ,?)21:-A* H58:->) ;?H.-�= ,�,.-�; =�-0/ 8:-A,)+*�*�H.-AH5/�12* E+M<P ,5/5)@-09 H+=�-�; ;�=�-A* ,�,.-08 =�-01 8
.4)+*�*�H.-�=?,58�/ Q�K+N ,5/G=�-A* =D)@->) ;�=�-01 ,�,.-�= =�-09 8:-09)+*�*+=�-A*�*�*58 BR4+E ,51�/:-�; =<9:-A* ;�=�-AH ,?)@-A* =�-�; 8:-09)+*�*+=�-A*�H512* S�K�T ,51�8:-�= =<8:-AH 82*.-A, ,?)@-A, =�-�; 8:-0/)+*�*+=�-A,+;<8�/ 354GU ,595)@->) ,�*�*.-�; 82*.-AH ,?)@->) =�-08 8:->))+*�*+=�->)292*58 4GL�U ,59�8:-A* ,�*5/:-0/ 82,.->) ,?)@-�; =�-AH 8:-A*)+*�*+=�-0/�/�12* 35476 ,+;D)@-A, ,�*+;�-0/ 82,.-01 ,?)@-�= ,�*.-A, ;�-�=)+*�*+=�-012,58�/ BDC5E ,+;<8:->) ,�*+=�-09 85)@-A, ,5/:-0/ ,�*.-09 8:-A,)+*�*+=�-092*�*58 BDC+F ,582,.-09 ,�,?)@-AH 85)@-08 ,5/:-AH ,�*.-AH 8:-09)+*�*+=�-092H512* 4GC+I ,58�8:-0/ ,�,59:-�= 8�/:-0/ ,51:-�; ,�,.-A, 8:-AH)+*�*+=�-�;�;<8�/ JDK�L ,�H59:->) ,�,+=�-A* 8�1:-A* ,59:-AH ,�,.-01 8:-�;)+*�*+=�-08�92*58 M2N2O ,+=?*.->) ,?)�)@->) 8�1:-0/ ,+;�->) ,�,.-�; 8:-�;)+*�*+=�-AH5/�12* E+M<P ,+=D)@-AH ,?)29:-A, 8�1:-�; ,+;�-01 ,�,.-08 8:-09)+*�*+=�-�=?,58�/ Q�K+N ,+=<9:-01 ,?)28:-09 8�9:-A* ,+;�-�= ,�,.-�= 8:-09)+*�,�*.-A*�*�*58 BR4+E ,+=?H.-0/ ,?)7=�-08 8�9:-0/ ,�H.-A, ,?)@->) 8:-09)+*�,�*.-A*�H512* S�K�T )+*?)@-�= ,5/2,.-�= 8�9:-09 ,+=�-A* ,?)@-�; 8:-�;)+*�,�*.-A,+;<8�/ 354GU )+*+=�-A, ,5/�1:-0/ 8�9:-09 ,+=�->) ,?)@-AH 8:-�;)+*�,�*.->)292*58 4GL�U )+,5/:->) ,5/G;�-AH 8�9:-A, ,+=�-0/ ,5/:-A* 8:-08)+*�,�*.-0/�/�12* 35476 )+,59:-�= ,5/G=�-A, 8�1:-�= ,+=�-A, ,5/:->) 8:-�;)+*�,�*.-012,58�/ BDC5E )�)+*.-01 ,512,.->) 8�9:->) ,�H.-08 ,5/:-0/ 8:-�;)+*�,�*.-092*�*58 BDC+F )�)29:-A* ,51�/:-A, 8�9:-09 ,�H.-�; ,5/:-0/ 8:-08)+*�,�*.-092H512* 4GC+I )�)28:-0/ ,51�1:-�= 8G;�-0/ ,+=�-A* ,5/:-09 8:-�=)+*�,�*.-�;�;<8�/ JDK�L )�)+H.-01 ,51G;�-09 8�8:-09 ,�H.-�= ,5/:-�; H.-A,)+*�,�*.-08�92*58 M2N2O )2/2*.-0/ ,51�8:-�= 82H.->) ,58:-�= ,5/:-�; H.-09)+*�,�*.-AH5/�12* E+M<P )2/5)@-01 ,512H.-AH 8G=�-A, ,�H.-A* ,5/:-AH H.-�;)+*�,�*.-�=?,58�/ Q�K+N )2/�9:-01 ,51G=�-08 H�*.-08 ,�H.-�; ,51:-A, H.-�;
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)+*�,�,.-A*�*�*58 BR4+E )2/2H.-08 ,592*.-A, H?)@-�; ,+=�->) ,51:-0/ H.-�=)+*�,�,.-A*�H512* S�K�T )212*.-0/ ,592*.-09 H51:-08 ,+=�-08 ,51:-AH =�-0/)+*�,�,.-A,+;<8�/ 354GU )2/2H.-08 ,592*.-AH H59:-�= )+*.-01 ,59:-A, =�-09)+*�,�,.->)292*58 4GL�U )2/G;�-�= ,592,.-A* H+;�-�= )+*.-01 ,59:->) =�-09)+*�,�,.-0/�/�12* 35476 )2/2H.-A, ,592,.->) H�H.-AH )+*.-01 ,59:->) =�-08)+*�,�,.-012,58�/ BDC5E )2/2H.-08 ,592*.-�; =?*.->) )+*.-�; ,59:->) =�-�=)+*�,�,.-092*�*58 BDC+F )2/G;�-0/ ,51G=�->) =D)@->) )+*.-�= ,59:-01 ,�*.-01)+*�,�,.-092H512* 4GC+I )2/5)@-�= ,512H.-A, =</:-09 )+,.-0/ ,59:-01 ,�,.-A*)+*�,�,.-�;�;<8�/ JDK�L )�)7=�->) ,51�8:-09 =<1:-A* )+,.-0/ ,59:-0/ ,�,.-�;)+*�,�,.-08�92*58 M2N2O )�)28:-01 ,51�8:-01 =<9:-0/ )+,.-09 ,59:-A, ,�,.->))+*�,�,.-AH5/�12* E+M<P )�)28:-AH ,51�8:-01 =<9:-�; )+,.-08 ,59:-A, ,�,.-A,)+*�,�,.-�=?,58�/ Q�K+N )�)28:-�= ,51�8:-A, =<9:->) )�)@-A, ,59:-A, ,�*.-�;)+*�,?)@-A*�*�*58 BR4+E )�)7;�-09 ,51G;�-08 =<9:-0/ )�)@-�= ,59:-A* ,�*.-A,)+*�,?)@-A*�H512* S�K�T )�)21:-AH ,51G;�-0/ =�;�-AH )�)@-�; ,51:-08 =�-AH)+*�,?)@-A,+;<8�/ 354GU )�)21:-0/ ,51�9:-08 =<8:-09 )+,.-01 ,51:-01 ,�*.-A*)+*�,?)@->)292*58 4GL�U )�)21:->) ,51�9:->) =<8:-A, )+*.-08 ,51:-0/ ,�*.-A*)+*�,?)@-0/�/�12* 35476 )�)2/:-�; ,51�1:-AH =�;�-0/ )+*.-A, ,51:->) ,�*.->))+*�,?)@-012,58�/ BDC5E )�)�)@-�; ,51�1:-A* =�;�-0/ ,+=�-08 ,51:-A, ,�*.-09)+*�,?)@-092*�*58 BDC+F )�)+*.-0/ ,51�/:-A* =�;�-AH ,+=�-�; ,51:-A, ,�*.-09)+*�,?)@-092H512* 4GC+I )+,+;�-AH ,512,.-01 =<9:-�= ,+=�-01 ,51:-A, ,�*.-01)+*�,?)@-�;�;<8�/ JDK�L )+,5/:-�= ,5/G=�-AH =<9:-01 ,+=�->) ,51:-01 ,�*.-01)+*�,?)@-08�92*58 M2N2O )+,�,.-A, ,5/2H.-�; =�;�->) ,+=�-A* ,51:-08 ,�*.-01)+*�,?)@-AH5/�12* E+M<P )+*58:-�; ,5/�8:-�; =<8:->) ,+=�-A* ,51:-�= ,�*.->))+*�,?)@-�=?,58�/ Q�K+N )+*+;�-�; ,5/G;�-0/ =�;�->) ,+=�-09 ,51:-AH =�-AH)+*�,5/:-A*�*�*58 BR4+E )+*51:-09 ,5/�1:-�; =<1:-�; )+*.-09 ,51:-�= ,�*.-A,)+*�,5/:-A*�H512* S�K�T )+*�,.-A, ,5/5)@-AH =</:-�= )�)@-A, ,59:-0/ ,�*.-�;)+*�,5/:-A,+;<8�/ 354GU ,+=<8:-09 ,5/2,.-01 =</:-�; )2/:-09 ,59:-�; ,�*.-�;)+*�,5/:->)292*58 4GL�U ,+=<9:->) ,5/2*.-0/ =?,.-�= )21:-A, ,59:-AH ,�*.-AH)+*�,5/:-0/�/�12* 35476 ,+=</:-01 ,?)+H.-�= H�H.-09 )29:-0/ ,+;�-A, ,�*.-�=)+*�,5/:-012,58�/ BDC5E ,�H+=�-�; ,?)28:-A, H58:-08 )29:-AH ,+;�-0/ ,�,.-A,)+*�,5/:-092*�*58 BDC+F ,�H59:-A, ,?)29:-09 H�H.-AH )29:-A* ,+;�-0/ ,�,.-01)+*�,5/:-092H512* 4GC+I ,�H�*.-08 ,?)21:->) H�H.-0/ )21:-�= ,+;�->) ,�,.-�;)+*�,5/:-�;�;<8�/ JDK�L ,58G;�-AH ,?)2/:-A, H58:-A* )21:-A, ,+;�->) ,�,.-08)+*�,5/:-08�92*58 M2N2O ,58�1:-�; ,?)�)@-A* H+;�-A* )�)@->) ,+;�-A, ,�,.-08)+*�,5/:-AH5/�12* E+M<P ,585)@-08 ,?)+*.-AH H59:-08 )�)@-09 ,+;�->) ,�,.-�=)+*�,5/:-�=?,58�/ Q�K+N ,+;?H.-�; ,�,+=�->) H51:-AH )2/:->) ,+;�-0/ ,�,.-08)+*�,51:-A*�*�*58 BR4+E ,+;D)@-A* ,�,58:->) H5/:-09 )2/:-0/ ,+;�-0/ ,�*.-�=)+*�,51:-A*�H512* S�K�T ,59G;�-A, ,�,59:-01 H?)@-09 )�)@-AH ,+;�-A, ,�*.-�;)+*�,51:-A,+;<8�/ 354GU ,595)@-09 ,�,5/:-09 H�,.-�= )�)@-A, ,59:-�= ,�*
.7)+*�,51:->)292*58 4GL�U ,592*.-0/ ,�,�,.-09 H�,.-�= )�)@-A* ,59:-�= ,�*.-08)+*�,51:-0/�/�12* 35476 ,512H.-A* ,�*+=�-AH H�,.-�; )�)@-�= ,+;�-A, ,�*.-�;)+*�,51:-012,58�/ BDC5E ,51�9:-A, ,�*�H.-0/ H�*.-01 )2/:-AH ,+;�-01 ,�*.-08)+*�,51:-092*�*58 BDC+F ,515)@-A* ,�*+;�-�= H�*.-09 )21:-A* ,+;�-�; ,�*.-08)+*�,51:-092H512* 4GC+I ,5/2H.-01 ,�*59:-01 H�*.->) )21:-A* ,+;�-AH ,�*.-�;)+*�,51:-�;�;<8�/ JDK�L ,5/�1:-09 ,�*5/:-�= 8G=�-09 )21:-A* ,+;�-�= ,�*.-09)+*�,51:-08�92*58 M2N2O ,5/2*.-A, ,�*?)@-01 8G=�-A* )2/:-�; ,+;�-�= ,�*.->))+*�,51:-AH5/�12* E+M<P ,?)21:-A, ,�*�*.-AH 82H.->) )�)@-08 ,+;�-�= ,�*.-0/)+*�,51:-�=?,58�/ Q�K+N ,�,+=�-A, =�=�-0/ 8�8:-A, )�)@-�= ,+;�-AH ,�*.-09)+*�,59:-A*�*�*58 BR4+E ,�,�H.->) =?H.-A* 8�9:-01 )2/:-A, ,+;�-�= ,�,.-0/)+*�,59:-A*�H512* S�K�T ,�,�H.-08 =�;�-�= 8�1:-0/ )2/:->) ,58:->) ,�,.-AH)+*�,59:-A,+;<8�/ 354GU ,�,+=�-0/ =<9:-�= 8�/:-�; )�)@-�; ,58:-0/ ,�,.-�=)+*�,59:->)292*58 4GL�U ,�,+=�-�; =<9:-A* 85)@-AH )+,.-�; ,58:->) ,?)@-A,)+*�,59:-0/�/�12* 35476 ,�,�H.-AH =<1:-A* 82,.-AH )+,.-0/ ,58:-A, ,?)@->))+*�,59:-012,58�/ BDC5E ,�,58:-01 =D)@-�= 82,.-0/ )+,.-AH ,+;�-�= ,?)@-01)+*�,59:-092*�*58 BDC+F ,�,+;�-A* =?,.-AH 82*.-AH )+,.-AH ,+;�-08 ,5/:->))+*�,59:-092H512* 4GC+I ,�,5/:-�= =?*.-08 82*.-01 )�)@->) ,+;�-AH ,5/:-A*)+*�,59:-�;�;<8�/ JDK�L ,�,�*.->) H+=�-09 82*.-0/ )�)@-�; ,+;�-�= ,?)@-08)+*�,59:-08�92*58 M2N2O ,�*59:-A, H�H.->) 82*.-01 )�)@-01 ,+;�-�= ,5/:-A*
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)+*�,59:-AH5/�12* E+M<P ,�*?)@-08 H58:-0/ 82*.->) )�)@-01 ,+;�-08 ,?)@-08)+*�,59:-�=?,58�/ Q�K+N ,�*�,.-08 H+;�-�; 82*.-A, )�)@-AH ,+;�-09 ,?)@-01)+*�,+;�-A*�*�*58 BR4+E ,�*�*.->) H59:-AH 82*.->) )2/:-A* ,+;�-A, ,?)@-A*)+*�,+;�-A*�H512* S�K�T =?H.-A, H51:-08 82*.-A, )2/:-�; ,59:-AH ,�,.-A,)+*�,+;�-A,+;<8�/ 354GU =�;�-0/ H5/:-�; 82*.-0/ )21:->) ,59:-�; ,�*.-01)+*�,+;�->)292*58 4GL�U =<1:-09 H?)@-09 ;�=�-AH )29:-A* ,59:-09 ,�*.-09)+*�,+;�-0/�/�12* 35476 =</:-01 H�,.-AH ;�=�-�; )29:-09 ,59:-09 ,�*.-�;)+*�,+;�-012,58�/ BDC5E =D)@-A, H�,.-A* ;�=�-01 )29:-08 ,59:-09 ,�*.-09)+*�,+;�-092*�*58 BDC+F =?,.-08 H�*.-0/ ;�=�-0/ )29:-�; ,59:-01 ,�*.-�;)+*�,+;�-092H512* 4GC+I =?,.-A, 8G=�-09 ;�=�-A* )29:-A* ,59:-0/ ,�*.-�=)+*�,+;�-�;�;<8�/ JDK�L =?*.-09 82H.-AH ;?H.-08 )21:-A, ,59:-A, ,�,.-A*)+*�,+;�-08�92*58 M2N2O H+=�-AH 82H.-A, ;?H.-01 )2/:-A, ,51:-�= ,�,.->))+*�,+;�-AH5/�12* E+M<P H�H.-�= 8�8:-09 ;?H.-0/ )�)@-�; ,59:-A* ,�,.-A,)+*�,+;�-�=?,58�/ Q�K+N H�H.-A* 8�8:-A* ;?H.-0/ )�)@->) ,59:->) ,�,.-A*)+*�,58:-A*�*�*58 BR4+E H58:-A, 8G;�-01 ;?H.->) )+,.-�= ,59:-01 ,�,.-A,)+*�,58:-A*�H512* S�K�T H59:-AH 8�9:-�= ;?H.-A* )+,.-09 ,59:-09 ,�,.-0/)+*�,58:-A,+;<8�/ 354GU H51:-01 8�9:-01 ;<8:-08 )+*.-AH ,59:-09 ,�,.-01)+*�,58:->)292*58 4GL�U H?)@-0/ 8�1:-AH ;<8:-09 )+*.-A* ,59:-0/ ,�,.-01)+*�,58:-0/�/�12* 35476 8G=�-�= 8�1:->) ;<8:-�; )+*.-A, ,59:-A, ,�,.-08)+*�,58:-012,58�/ BDC5E 82H.-01 8�/:-09 ;<8:-01 )+*.->) ,51:-�= ,�,.-�=)+*�,58:-092*�*58 BDC+F 8�8:-09 85)@-�= ;<8:-0/ ,+=�-�= ,51:-08 ,�,.-�;)+*�,58:-092H512* 4GC+I 8�8:-A* 85)@-01 ;<8:->) ,+=�-09 ,51:-�; ,�,.-09)+*�,58:-�;�;<8�/ JDK�L 8G;�-�= 85)@-A* ;<8:->) ,+=�-A* ,51:-�; ,�,.-A,)+*�,58:-08�92*58 M2N2O 8G;�-08 82,.-�; ;<8:->) ,�H.->) ,51:-�; ,�*.-�;)+*�,58:-AH5/�12* E+M<P 8G;�-09 82,.-0/ ;<8:-A, ,58:-0/ ,51:-09 =�-AH)+*�,58:-�=?,58�/ Q�K+N 8G;�->) 82,.-A* ;<8:-A, ,58:-01 ,51:-01 =�-01)+*�,�H.-A*�*�*58 BR4+E 8�9:->) 82*.-08 ;<8:-A* ,58:-09 ,51:-0/ =�-0/)+*�,�H.-A*�H512* S�K�T 8�1:->) 82*.-01 ;<8:-A* ,58:-�; ,51:->) =�-0/)+*�,�H.-A,+;<8�/ 354GU 8�1:-A* 82*.-A, ;<8:-A* ,58:-�; ,51:-A, =�-0/
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)+*�*�,.-0/�/�12* 35476 ,�,�,.-0/ ,�*+;�-�; ,�*5/:-08 ,5/:->) ,?)@-�; ,?)@-A*)+*�*�,.-012,58�/ BDC5E ,�,�,.-�= ,�*59:-01 =?H.-08 ,5/:-�; ,?)@-�; ,�,.-01)+*�*�,.-092*�*58 BDC+F ,�,�,.-09 ,�*5/:-�= =</:-AH ,5/:-�; ,?)@-�; ,�,.->))+*�*�,.-092H512* 4GC+I ,�*+=�->) ,�*?)@-A* =?,.-01 ,5/:-AH ,?)@-�; ,�*.-�=)+*�*�,.-�;�;<8�/ JDK�L ,�*�H.-AH ,�*�*.-A, H58:-09 ,51:->) ,?)@-AH ,�*.-09)+*�*�,.-08�92*58 M2N2O ,�*+=�->) =?H.-�; H5/:-08 ,51:-�= ,5/:->) ,�*.-01)+*�*�,.-AH5/�12* E+M<P ,�,�*.-�; =<8:-0/ H�*.-AH ,59:-AH ,5/:-01 ,�*.->))+*�*�,.-�=?,58�/ Q�K+N ,�,�,.-09 =<9:-08 8�8:-0/ ,+;�-�; ,5/:-0/ =�-08)+*�*?)@-A*�*�*58 BR4+E ,�,�,.-09 =</:-AH 8�9:-0/ ,58:-09 ,5/:-01 ,�*.-A,)+*�*?)@-A*�H512* S�K�T ,�,?)@-09 =D)@-A* 85)@-08 ,�H.-�= ,5/:-08 ,�*.-08)+*�*?)@-A,+;<8�/ 354GU ,�,5/:->) =?*.-09 82*.-01 )+*.-A, ,5/:-�= ,�*.-AH)+*�*?)@->)292*58 4GL�U ,�,5/:-08 H�H.-AH ;�=�-08 )+*.-AH ,51:-A, ,�*.-AH)+*�*?)@-0/�/�12* 35476 ,�,59:-09 H58:-A* ;<8:->) )+,.-AH ,51:-0/ ,�*.-�=)+*�*?)@-012,58�/ BDC5E ,�,+;�-08 H59:-A* ;</:-A, )�)@-A, ,51:-09 ,�,.-A,)+*�*?)@-092*�*58 BDC+F ,�,59:->) H?)@-�= 92H.-�= )+,.-01 ,51:-09 ,�,.-01)+*�*?)@-092H512* 4GC+I ,�,?)@-01 H�,.-0/ 9�8:->) )+,.-09 ,51:-�; ,�,.-AH)+*�*?)@-�;�;<8�/ JDK�L ,�*+=�->) 8G=�-�= 9G;�-09 )+,.-A, ,51:-08 ,�,.-08)+*�*?)@-08�92*58 M2N2O ,�*+;�-A, 82H.-09 9�9:-�= ,+=�-08 ,51:-08 ,�,.-08)+*�*?)@-AH5/�12* E+M<P ,�*?)@-AH 8G;�-�= 9�9:-A* ,+=�-AH ,51:-08 ,�,.-�=)+*�*?)@-�=?,58�/ Q�K+N =?H.-�; 8�1:-�= 9�/:-01 ,+=�-09 ,51:-AH ,�,.-08)+*�*5/:-A*�*�*58 BR4+E =<1:-08 85)@-�; 92,.-0/ ,+=�-�; ,51:-AH ,�*.-�=)+*�*5/:-A*�H512* S�K�T =</:-01 82*.->) 12H.-09 )+*.-A* ,51:-�= ,�*.-�;)+*�*5/:-A,+;<8�/ 354GU =?,.-�= ;<8:-�; 1G;�-09 )+*.-09 ,51:-�= ,�*.-�;)+*�*5/:->)292*58 4GL�U H+=�-�= ;<9:->) 1�/:->) )+,.-0/ ,51:-�= ,�*.-�;)+*�*5/:-0/�/�12* 35476 H58:-A, ;</:-01 12*.-�; )�)@->) ,59:-A, ,�*.-�;)+*�*5/:-012,58�/ BDC5E H51:-09 ;?,.-AH /G=�-08 )�)@-�; ,59:->) ,�*.-�;)+*�*5/:-092*�*58 BDC+F H5/:->) ;?*.-A* /2H.-A, )�)@-�= ,59:-01 ,�*
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.4)+*�*�H.-�=?,58�/ Q�K+N =?*.-�= /G;�->) 9:-�; ,�,.-�= =�-09 8:-09)+*�*+=�-A*�*�*58 BR4+E =�;�-A* /G=�-�= ;�-�; ,?)@-A* =�-�; 8:-09)+*�*+=�-A*�H512* S�K�T ,�*�*.-AH 1�/:-09 8:-0/ ,?)@-A, =�-�; 8:-0/)+*�*+=�-A,+;<8�/ 354GU ,�*59:-09 1G;�-�= H.-�; ,?)@->) =�-08 8:->))+*�*+=�->)292*58 4GL�U ,�,�*.-08 92*.-0/ =�-09 ,?)@-�; =�-AH 8:-A*)+*�*+=�-0/�/�12* 35476 ,�,+;�-01 9�/:-08 =�-�; ,?)@-�= ,�*.-A, ;�-�=)+*�*+=�-012,58�/ BDC5E ,?)+,.-AH 9�8:-01 ,�,.-A, ,5/:-0/ ,�*.-09 8:-A,)+*�*+=�-092*�*58 BDC+F ,?)7;�->) ;?,.-A* ,?)@->) ,5/:-AH ,�*.-AH 8:-09)+*�*+=�-092H512* 4GC+I ,5/�1:->) ;<1:-09 ,5/:->) ,51:-�; ,�,.-A, 8:-AH)+*�*+=�-�;�;<8�/ JDK�L ,512,.-�= ;<8:-08 ,51:-01 ,59:-AH ,�,.-01 8:-�;)+*�*+=�-08�92*58 M2N2O ,51G;�-�; 82,.->) ,51:-�= ,+;�->) ,�,.-�; 8:-�;)+*�*+=�-AH5/�12* E+M<P ,512H.-�; 8�1:-�; ,59:-01 ,+;�-01 ,�,.-08 8:-09)+*�*+=�-�=?,58�/ Q�K+N ,592,.-AH 8�8:-01 ,+;�-A* ,+;�-�= ,�,.-�= 8:-09)+*�,�*.-A*�*�*58 BR4+E ,59�9:-09 8G=�-AH ,+;�-01 ,�H.-A, ,?)@->) 8:-09)+*�,�*.-A*�H512* S�K�T ,59G=�-0/ H�,.-�= ,+;�-08 ,+=�-A* ,?)@-�; 8:-�;)+*�,�*.-A,+;<8�/ 354GU ,+;<1:-AH H51:->) ,+;�-�; ,+=�->) ,?)@-AH 8:-�;)+*�,�*.->)292*58 4GL�U ,+;?H.->) H+;�-09 ,+;�-A, ,+=�-0/ ,5/:-A* 8:-08)+*�,�*.-0/�/�12* 35476 ,+;�=�-�= H�H.-�= ,59:-08 ,+=�-A, ,5/:->) 8:-�;)+*�,�*.-012,58�/ BDC5E ,58�/:-�= =?,.-A, ,+;�-A, ,�H.-08 ,5/:-0/ 8:-�;)+*�,�*.-092*�*58 BDC+F ,582H.-AH =</:->) ,+;�-�; ,�H.-�; ,5/:-0/ 8:-08)+*�,�*.-092H512* 4GC+I ,�H�,.-AH =<9:->) ,58:-08 ,+=�-A* ,5/:-09 8:-�=)+*�,�*.-�;�;<8�/ JDK�L ,�H5/:-�= =<8:-01 ,+=�-09 ,�H.-�= ,5/:-�; H.-A,)+*�,�*.-08�92*58 M2N2O ,�H+;�-08 =�=�-01 )+*.-08 ,58:-�= ,5/:-�; H.-09)+*�,�*.-AH5/�12* E+M<P ,�H+=�->) ,�*�*.-08 )�)@-A* ,�H.-A* ,5/:-AH H.-�;)+*�,�*.-�=?,58�/ Q�K+N ,+=?,.-09 ,�*�,.-�; )21:-0/ ,�H.-�; ,51:-A, H.-�;
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)+*�,�,.-A*�*�*58 BR4+E ,+=D)@-�= ,�*�,.-AH )28:-A* ,+=�->) ,51:-0/ H.-�=)+*�,�,.-A*�H512* S�K�T ,+=<1:-0/ ,�*?)@->) )7=�-AH ,+=�-08 ,51:-AH =�-0/)+*�,�,.-A,+;<8�/ 354GU ,+=<1:-01 ,�*5/:-A* /2,.-09 )+*.-01 ,59:-A, =�-09)+*�,�,.->)292*58 4GL�U ,+=</:-AH ,�*5/:-�; /5)@-AH )+*.-01 ,59:->) =�-09)+*�,�,.-0/�/�12* 35476 ,+=<9:->) ,�*51:->) /�9:-0/ )+*.-01 ,59:->) =�-08)+*�,�,.-012,58�/ BDC5E ,+=<9:-AH ,�*5/:-08 /�8:-A, )+*.-�; ,59:->) =�-�=)+*�,�,.-092*�*58 BDC+F ,+=D)@-�; ,�*?)@-0/ /G=�-09 )+*.-�= ,59:-01 ,�*.-01)+*�,�,.-092H512* 4GC+I ,�H�H.-A* ,�*�,.-A* 12,.->) )+,.-0/ ,59:-01 ,�,.-A*)+*�,�,.-�;�;<8�/ JDK�L ,�H5/:-01 ,�*�*.->) 12,.-�= )+,.-0/ ,59:-0/ ,�,.-�;)+*�,�,.-08�92*58 M2N2O ,�H�,.->) ,�*�*.-A* 1�/:-01 )+,.-09 ,59:-A, ,�,.->))+*�,�,.-AH5/�12* E+M<P ,�H�*.-09 =�=�-AH 1�/:-08 )+,.-08 ,59:-A, ,�,.-A,)+*�,�,.-�=?,58�/ Q�K+N ,58G=�-01 =�=�-A, 1�/:->) )�)@-A, ,59:-A, ,�*.-�;)+*�,?)@-A*�*�*58 BR4+E ,582H.->) =?H.-09 1�/:-0/ )�)@-�= ,59:-A* ,�*.-A,)+*�,?)@-A*�H512* S�K�T ,58G;�-AH =?H.-A* 1�9:-A, )�)@-�; ,51:-08 =�-AH)+*�,?)@-A,+;<8�/ 354GU ,58G;�-A, =<8:-01 1G;�-A* )+,.-01 ,51:-01 ,�*.-A*)+*�,?)@->)292*58 4GL�U ,58�9:-A* =�;�-AH 1�9:-01 )+*.-08 ,51:-0/ ,�*.-A*)+*�,?)@-0/�/�12* 35476 ,58�/:-AH =<9:-�= 1�1:-�; )+*.-A, ,51:->) ,�*.->))+*�,?)@-012,58�/ BDC5E ,585)@-A, =<1:-�= 1�1:-09 ,+=�-08 ,51:-A, ,�*.-09)+*�,?)@-092*�*58 BDC+F ,+;�=�-09 =</:-08 1�9:-A, ,+=�-�; ,51:-A, ,�*.-09)+*�,?)@-092H512* 4GC+I ,+;<9:-0/ =D)@-A* 1�1:-A, ,+=�-01 ,51:-A, ,�*.-01)+*�,?)@-�;�;<8�/ JDK�L ,+;D)@-A* =?*.->) 1�/:-01 ,+=�->) ,51:-01 ,�*.-01)+*�,?)@-08�92*58 M2N2O ,592H.-08 H�H.-AH 1�1:-01 ,+=�-A* ,51:-08 ,�*.-01)+*�,?)@-AH5/�12* E+M<P ,59�1:-01 H58:-08 1�9:-09 ,+=�-A* ,51:-�= ,�*.->))+*�,?)@-�=?,58�/ Q�K+N ,592*.-AH H+;�-0/ 1�1:-09 ,+=�-09 ,51:-AH =�-AH)+*�,5/:-A*�*�*58 BR4+E ,51G;�-09 H51:-�; 15)@-09 )+*.-09 ,51:-�= ,�*.-A,)+*�,5/:-A*�H512* S�K�T ,515)@-�= H5/:-A, 12,.-�; )�)@-A, ,59:-0/ ,�*.-�;)+*�,5/:-A,+;<8�/ 354GU ,515)@->) H�,.-�= 12,.-0/ )2/:-09 ,59:-�; ,�*.-�;)+*�,5/:->)292*58 4GL�U ,5/2H.-�= H�*.-�; /G=�->) )21:-A, ,59:-AH ,�*.-AH)+*�,5/:-0/�/�12* 35476 ,5/G;�-AH 8G=�-A, /�1:-�= )29:-0/ ,+;�-A, ,�*.-�=)+*�,5/:-012,58�/ BDC5E ,5/�9:-�= 8�8:-0/ /�/:-�= )29:-AH ,+;�-0/ ,�,.-A,)+*�,5/:-092*�*58 BDC+F ,5/5)@-�= 8�9:-�; /�9:-01 )29:-A* ,+;�-0/ ,�,.-01)+*�,5/:-092H512* 4GC+I ,?)7=�-0/ 8�1:->) /�1:-AH )21:-�= ,+;�->) ,�,.-�;)+*�,5/:-�;�;<8�/ JDK�L ,?)29:-0/ 8�/:-A, /�/:-A, )21:-A, ,+;�->) ,�,.-08)+*�,5/:-08�92*58 M2N2O ,?)+,.-A* 82,.-�= /2,.-�= )�)@->) ,+;�-A, ,�,.-08)+*�,5/:-AH5/�12* E+M<P ,�,58:-09 82*.-09 /2,.-0/ )�)@-09 ,+;�->) ,�,.-�=)+*�,5/:-�=?,58�/ Q�K+N ,�,59:-0/ ;?H.-AH /2*.->) )2/:->) ,+;�-0/ ,�,.-08)+*�,51:-A*�*�*58 BR4+E ,�,�,.-01 ;�;�-�= )+H.-01 )2/:-0/ ,+;�-0/ ,�*.-�=)+*�,51:-A*�H512* S�K�T ,�*51:-�= ;<1:-�= )28:-A* )�)@-AH ,+;�-A, ,�*.-�;)+*�,51:-A,+;<8�/ 354GU =?H.-A* ;D)@-�; )7;�->) )�)@-A, ,59:-�= ,�*
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