
���������
	������������������	�������������� ���!�#"%$'&(�)$*�����+�,�-&(�����

.�/ 01/�243�57686:9<; />=?/)@1A:BDCFE!686#5!G>HJIF/LK1BME!N�5!G
OQPSRUT8V7WLV!XZY\[�]�^�_7TSRUX\]:W)Ra`cbdW>eaf7]gThPheURUYiVkjml�noV7TSeUpq_*`Qrs_!etW ]gPhfuetnano]g`
l
vxw!y{z!|�|

;+/)}�5~3�57Bh5!C�5!G
� _7W��!�>_7T8p���]gP:]M_!Tk�:���hWL����`��!w!y{|��L�DV!R�RaP � _7nano]:Y�[�Theaf7]g`��<O����q��zqz

���d�:���*�>�!��� 2¡ o6M¢J6M¢�A�5!H�£!A~G�6#E!¤¥ �G�¤aBD57BMA~H�68A~¦�A~§M¨gE!©+A~§� �GJ§8©)5!¨gA!9)E�ª>B�«{G>E�¬#¦®
A~H>N!A¯E!¤Q6M¢�A(ª�°) %±�ª> �68E�ª>§F¨:¦oE�ª>HxE!¤²H>ª>§86� �G³6M¢>A¯§8E�¦�57B�§83´§868A~C'9�6M¢>A(µ V�p7eU_q�D_7n
�~n®V!��p 9>¢>5!§� %G>¨gBMA~5!§8A~H�H�BD5!C\576M �¨:5!¦�¦o3!/¥¶1G>5!¦o3´§M �§�E!¤,·¹¸�¶m;\5!G>Hº0�»m¼¾½�H>576M5�¢>5!§
§D¢�E�¬#G¯6M¢>576m6M¢�A:BDC\5!¦�A~C� %§M§M oE�GJ¤tBME�C¿6M¢�AZÀ:E´H> �5!¨:5!¦d¨:¦oE�ª>H-¨gE�Gq6M5! �G)§1§M68BDª>¨g6Mª�BMA
57°+Eu£!A�6M¢�A²§MC�E�E!6M¢'°L5!¨M«{N!BME�ª>G>HÁ/�Â�¢> �§¾¢>5!§�¦�A~H'68E�6M¢�A²H�A:£!A~¦�E!©)CFA~G�6�E!¤dC�E{H´
A~¦%¦� �G�N�68A~¨h¢>G> �±{ª�A~§m6M¢>576:9Á°{3J¦� %G�«{ %G�N�6M¢�AZE!°)§8A:BM£!A~HÃ§M68BDª>¨g6Mª�BMAZ¬# o6M¢¯6M¢�AZE!BD oN� �G
5!G)H�§Mª>°)§8A~±{ª�A~Gq6ZH�3´G>5!C� �¨:5!¦�A:£!E�¦�ª�6M oE�G�E!¤s6M¢�A�©)57BM6M �¨:¦oA~§c �G�6M¢�Ai¨:¦oE�ª)HÁ9¥¢>5~£!A
C\5!G>57N!A~HiG>E!6�E�G>¦o3�68EZAgÄ{©L¦�5! �GF6M¢�A�E!°)§8A:BM£7576M oE�G>§~9�°)ª>6�5!¦�§8Ec68E�N�5! �G�5!G\ �G)§M oN�¢�6
 %Gq68EZ6M¢�Am©)¢�3{§M %¨:§�E!¤�6M¢�AQ¨:¦oE�ª>HÁ/�»mG�A1E!¤�6M¢>A~§8AQ§868BDª>¨g6Mª�BDA~§? %§�6M¢�AQ½�57BM6M¢ÁÅÆ§?BMA~§8E7
G)5!Gq6�Bh �G�N�9q5�68E!BME� �H>5!¦�Bh �G�NQE!¤ÁH>ª>§86�¦�E{¨:5768A~Hi°+A:6Ç¬?A:A~G\È´ÉËÊ7Ì�ÍÎ5!G>HºÏ7ÉËÐ7Ì�Í¡¤aBME�C
6M¢>A�;�ª>GJ6M¢)576m¨gE!BDE!6M5768A~§²¬# o6M¢-6M¢�AF½�57BM6M¢ÒÑU@�A:BhCFE!686QA:6²5!¦�/�Ó*Ô�Õh/�2ÃAFAgÄ´©)¦�5! %G
¢>E�¬Î6M¢>AcCFE´H�A~¦�¦� %G�N�68A~¨D¢>G> %±�ª�A~§#¬�A:BDA�ª>§8A~HJ68E\°)ª> %¦�H�ª�©¯5\©)¢q3´§M �¨:5!¦�CFE{H>A~¦ÁE!¤
6M¢>A²BD �G�NF5!G>Hº© E� %Gq6¾E�ª�6# �6M§¾©>BME�C� �G>A~Gq6s¤aA~576Mª�BMA~§�ÑaÖ)N�§�Ï�×ÙØ�Õh/�2ÃAc5!¦�§8E�§D¢�E�¬
¢>E�¬x;{·k¸
Â�=?ÅÆ§¥ª>G> �±{ª�A�E!BD°) o6:9!°{3�¦oA~5~£´ �G�Nm6M¢�As¨gE�G�ÖLG�A~§
E!¤)6M¢�As½�57BM6M¢Á9q5*Ú+E!BDH>§¥ª>§
5!GÃª)G�BD o£75!¦�¦oA~HJE!©>©+E!BM6Mª>G> o6�3'68EºH�A:68A:BDC� %G�Ac6M¢>A�§M©)576M �5!¦
§868BDª>¨g6Mª>BMA�E!¤�6M¢�A�BD �G>N
ÑaÖ)N�§1Ïg°º×ÛÐ�Õ�5!G>HiH) �§M¨:ª>§M§�6M¢�A1°>BME�5!H�A:B¾ �CF©)¦% �¨:576M oE�G>§¥E!¤
;{·¹¸
Â�=�E!°)§8A:BM£7576M oE�G>§
E�GºE�ª�B�«´G�E�¬#¦�A~H�N!A²E!¤dÀ:E{H> %5!¨:5!¦<¨:¦oE�ª>H'§83´§868A~C�§~/

Ü � Ý�ÞÁßdà´áaáUâUã,ä��uå,àJæm�>�u�uå�ço��èià{�~Þ ã��)ã �iè�âUã,ä

2¡¢> �¦�A?6M¢>A�6M¢�A:E!BMA:6M �¨:5!¦)©+E�§M§M o°) %¦� o6Ç3�E!¤LBMA~§ME�G>5!Gq6�BD �G�N�§¥¢)5!§¥°+A:A~GF«{G>E�¬#G\¤tE!B�§ME�CFA�6M �CFA
ÑaA!/éN�/mK1E�¦�HÃê7ë�Õh9L6M¢�AcÖ>BD§86#©>BME{E!¤dE!¤¥6M¢>A~ oB#AgÄ� �§868A~G>¨gAZ¨:5!CFAZ¬# o6M¢º6M¢>AcH> �§D¨gE�£!A:BM3'E!¤¥6M¢�A
Â1ì*í�5!§83´C�CFA:68BM3� �G�6M¢�Am·¹¸�¶m;�H)576M5cî� o6¾¬?5!§�G>E!6M �¨gA~H�6M¢>576s6M¢�A:BMAm¬¾5!§�5F¨gE�G>§M %§868A~Gq6
 %G>¨gBMA~5!§8AZ �Gºï)ª�Ä�¤aBME�Cð6M¢�Ac68Bh5! �¦� �G�NFEu£!A:Bm6M¢�AZ¦�A~5!H> �G�N�H> �BMA~¨g6M oE�Gº°{3º5i¤a5!¨g68E!BmE!¤�Ðu�Ô�ñ
 �BMBMA~§8©+A~¨g6M o£!AsE!¤Á6M¢�A�¦oE�G�N� o6Mª>H>AsE!¤Á6M¢�A#½�57BD6M¢Á/¥Â�¢> �§� %CF©)¦� oA~HZ6M¢>576�6M¢�A#½�57BM6M¢\¢>5!§?§8E�CFA
¤aA~576Mª�BMA�5!§M§8E´¨: �5768A~H�¬� o6M¢² o6<5!G>H�§Mª�°)§8A~±{ª�A~G�6�CFE´H�A~¦�¦� %G�N?§D¢�E�¬?A~H�¢�Eu¬�6M¢�A�E!°)§8A:BM£7576M oE�G>§
57BDA�¨gE�G>§M �§868A~G�6�¬# �6M¢�6M¢�AsAgÄ´ %§868A~G>¨gAsE!¤Á5!G�5!§83´C�CFA:68BD %¨¾BMA~§8E�G>5!G�6¥BD �G�NQ¨gE!BME!6M576M %G�N²¬# o6M¢
6M¢>A�½�57BM6M¢�ÑU@�A:BhCFE!686#A:6#5!¦�/�Ó*Ô�Õh/

Â�¢�Aº½�57BM6M¢ÁÅÆ§�BDA~§8E�G>5!G�6�BD �G�N� %§F¤tE!BhCFA~H³ �G�6M¢�A¯¤tE�¦�E�¬# �G>NÃ¬?5�3Lò-Â�¢�AJ5!¨g6M oE�GóE!¤
ôdEu3{G�6M �G�N7Ç¸#E!° A:BD6M§8E�GõH�BD57NöÑUô¥Ç¸÷H�BD57N�Õ\E�G¡H>ª>§86�©)57BM6M �¨:¦�A~§� %Gó6M¢�A(À:E´H> �5!¨:5!¦m¨:¦oE�ª>H
¨:5!ª)§8A~§¾6M¢�A~Cø68E�§8©) oBh5!¦) �Gi68E�¬¾57BDH>§s6M¢>AQ;´ª)GÁ/¥¶�§?6M¢�A:3i©)5!§M§?6M¢�AQ½�57BM6M¢<9{N!Bh5~£´ o6M576M oE�G>5!¦
©+A:BM6Mª>BM°)576M oE�G>§�68EZ6M¢>A~ oB�E!BM°L o6M§�¨:5!ª)§8A15c¤aBD5!¨g6M oE�G�E!¤Á6M¢�A1©)57BM6M �¨:¦oA~§�68EZ° A~¨gE�C�A�68BD57©)© A~H

Ï



-1.0 -0.5 0.0 0.5 1.0
AU

-1.0

-0.5

0.0

0.5

1.0

A
U

0.70 0.80 0.90 1.00 1.10 1.20
AU

-0.6

-0.4

-0.2

0.0

A
U

=
 oN�ª�BMA(Ï7/ 5´/�Â�¢�A�½�57BM6M¢<ÅÆ§�BMA~§8E�G>5!G�6FBD �G�N-£´ oA:¬�A~H�¤U5!¨gAg�E�G³ �G�5-¤aBD5!CFA
¨gA~Gq68BDA~H¡E�Gx6M¢>A�;�ª>Gó5!G>H¡¨gE7�BME!6M576M %G�NÒ¬# o6M¢x6M¢�AÃ½�57BM6M¢<ÅÆ§�C�A~5!G4C�E!6M oE�GÁ/
Â�¢�A\½�57BM6M¢ÁÅÆ§�E!BM°) o6� %G�6M¢> �§²¤tBD5!C�Ai �§²5!¦%CFE�§86c§M6M576M oE�G>57BM3�5!G>H� �§�§D¢�E�¬#G�5!§
6M¢�Am§MC�5!¦�¦LA~¦�¦� o©L§8A�Ï:Ì�ÍÎ68E�6M¢�AmBD oN�¢�6�E!¤<6M¢>A²;�ª>GÁ/
Â�¢�A168BD5! �¦� �G>N�¨:¦oE�ª>H� �§�6M¢�A
°>BD oN�¢�6�©)57BD6#E!¤�6M¢�AcBD �G�Ni§8A:A~G��8ª>§M6#°+A~¦oE�¬�6M¢�A�½�57BM6M¢Á/�Â�¢> �§� %§�5i§M �CZª>¦�5768A~H
Ø!ë��<C ¬¾5~£!A:°L5!G>HóE!°L§8A:BM£7576M oE�G³E!¤Q5�C�E{H�A~¦#E!¤Q§8©)¢�A:BD %¨:5!¦²Ï~Ø��<C H> %5!CFA:68A:B
5!§868A:BME� �H)5!¦L©L57BM6M �¨:¦oA~§�E!¤,5!§868BDE�G�E�C� �¨:5!¦+§M �¦% �¨:5768A!/
°</�0¾¦oE�§8AgÇª�©�E!¤�6M¢>A1Bh �G�N�ÑaE!¤
6M¢�As57BMA~5Q �G>H) �¨:5768A~HZ°�3c6M¢�As°+E~ÄZ %GcÖ)N�/´Ï:5qÕd§D¢�E�¬# %G�N�;{·¹¸
Â�=?ÅÆ§dE!BM°) �6d6M¢>BME�ª�N�¢
6M¢�A�68Bh5! �¦� �G�N�¨:¦�E�ª>HÁ/�Â�¢�AcE!BM°) o6� �§#§M¢>E�¬#G¯¤tE!Bm5ië{/ËØ\3!A~57Bm©+A:BD oE´H'¬#¢�A:BMAc6M¢�A
°+A:N� �G>G> �G>N�E!¤
A~5!¨D¢-¨:ª>§8©ºC�57BD«{§�;´·¹¸
Â�=?ÅÆ§�¦oE´¨:576M oE�Gº576#3!A~57BD¦o3' �G�68A:BM£*5!¦%§:/

 %GºAgÄ´68A:BD oE!BmCFA~5!G´ÇCFE!6M oE�G-BMA~§ME�G>5!G>¨gA~§�¬# o6M¢º6M¢>AZ½�57BM6M¢��:/#Â,BD57©>©+A~HJH>ª)§86�BMA~C�5! %G>§#576
6M¢) �§�Bh5!H> �5!¦ ¦oE{¨:576M �E�G�ª)Gq6M �¦LBMA~¦oA~5!§MA~Hi¤aBME�C�6M¢�A1BMA~§8E�G)5!G>¨gAQ5!G>H�6M¢> �§�° E!686M¦�A~G�A~¨M«�¨:5!ª>§8A~§
5m¦oE´¨:5!¦{A~G>¢>5!G>¨gA~C�A~Gq6¥ �Gc6M¢�AsG�ª)C�°+A:B
H�A~G>§M o6�3²E!¤)H>ª)§86:/dÂ#¢�A�BDA~§Mª>¦o6M5!G�6,Bh �G�N�§M68BDª>¨g6Mª�BMA!9
§D¢�E�¬#GJ �G�Ö>N�/<Ï²5!§�5�¤a5!¨gAg�E�G¯£{ �A:¬õE!¤d6M¢>A²§8E�¦�57B#§83´§868A~C'9L �§s§86M576M oE�G>57BD3�¬�¢�A~G�£{ �A:¬�A~H
 %G'5F¤tBh5!CFA²¨gE!BME!6M576M �G�Ni¬# o6M¢�6M¢�A²½�57BM6M¢ÁÅÆ§�CFA~5!GºCFE!6M oE�G</

¸�A~§8E�G)5!Gq6¾BD �G>N�§�57BMAm£!A:BM3\¨gE�C�©)¦� �¨:5768A~H�§83´§868A~C�§?68EFCFE´H�A~¦L5!§?6M¢�A~ �B�AgÄ�5!¨g6�§868BDª>¨S
6Mª>BMA�H�A:©+A~G>H>§�E�GJª>G�«´G�Eu¬#G'¤U5!¨g68E!BD§:9+§Mª>¨D¢-5!§�6M¢>AcH> �§M68BD o°)ª�6M �E�GiE!¤¥©L57BM6M �¨:¦oA²§M �À:A~§�5!G>H
E!BD°) o6M5!¦¥A~¦oA~C�A~Gq6M§Z �G�6M¢>A�°)5!¨M«{N!BME�ª>G)H�¨:¦oE�ª)HÁ/�Â#¢�A\CFE´H�A~¦¥E!¤s6M¢�A�½�57BM6M¢<ÅÆ§²BMA~§8E�G)5!Gq6
Bh �G�N(§M¢�E�¬�GÒ �G Ö>N�/�Ï' �§Z¤tE!Bi§8©)¢�A:BD %¨:5!¦�Ï~Ø��<C H) �5!CFA:68A:B�5!§868A:BME� %H>5!¦¾©)57BM6M �¨:¦�A~§�E!¤�5!§k
68BDE�G�E�C� �¨:5!¦,§M �¦� �¨:5768A!9L6M¢�A�6�3�©+AcE!¤¥©)57BM6M �¨:¦oA�6M¢>576� �§#AgÄ{©+A~¨g68A~H¯68E�H>E�C� �G>5768Ac6M¢�AZØ!ë��<C
¬¾5~£!A:°L5!G>H�E!°)§8A:BM£7576M oE�GÃÑa6M¢�A1¬?5�£!A:°)5!G>H� �G�¬�¢> �¨D¢i6M¢�AmÂ�ì*í(5!§83´C�CFA:68BM3\ %§�CFE�§86?©>BME7
G>E�ª>G>¨gA~HLÕh/#¼?3º§8©+A~¨: o¤a3´ �G�NF6M¢�A�§8E�ª�BD¨gAZ5!G>HJ§D oÀ:AcE!¤¥©L57BM6M �¨:¦oA~§� �GºA~5!¨h¢-C�E{H�A~¦�9)¬?AZ¨:5!G
5!G)5!¦o3{§MA�6M¢�A~ �B
¨gE�C�©)¦oA:68AsH�3´G>5!C� �¨:5!¦�A:£!E�¦�ª�6M oE�G�¤aBME�C §8E�ª�Bh¨gA?68EQ§M %G�«² �GcE!BDH�A:B¥68EQ5!§M¨gA:B8

���
	��������������	���	������������������������� ����!��"���#����%$'&�	)(*����+����-,.������/0�1��2)(�354768�9����:����!��"����;=<���1���8(?>�47�9����@	=����A��1����B8C��� ��������	D��	����7D���E�F	���+��@	����G�H��I'�@���?���=�J�9������	5���EKFLNMPO ��QDR'S TJUWVHXT YPZ�[H\ K�]�B
Ø



70 80 90 100 110
Ecliptic Longitude Relative to Sun

-40

-20

0

20

40

E
cl

ip
ti

c 
L

at
it

ud
e

70 80 90 100 110
Ecliptic Longitude Relative to Sun

-40

-20

0

20

40

 

70 80 90 100 110
Ecliptic Longitude Relative to Sun

-40

-20

0

20

40

 

70 80 90 100 110
Ecliptic Longitude Relative to Sun

-40

-20

0

20

40

 

=
 oN�ª�BMA¾Ø{/ ·kC�57N!A~§
E!¤)6M¢�A?68BD5! �¦% �G�N#¨:¦oE�ª)H�E!¤>6M¢>A¾C�E{H�A~¦�E!¤>6M¢�A¾½�57BD6M¢ÁÅÆ§dBMA~§k
E�G>5!G�6�BD %G�N\§M¢�Eu¬#G- �GJÖ)N¯ÏZ§8A:A~G-¤tBME�C 6M¢�A�½�57BM6M¢-576m¦oE�G�N� o6Mª>H>A~§�E!¤�½�57BM6M¢Á9
����� È����DÓ7È��	�~Ï~Ê7È��	�DØ�ê*È��!/iÂ�¢�A\©)¦�5!G�A�E!¤s§83´C�CFA:68BM3(E!¤¾6M¢> �§QCFE´H�A~¦� %§²H�Ag
§M¨gBD o°+A~H�°{3�
� � Ð � 9���� � ë7È � 9L¨:5!ª>§M �G�N\6M¢�A�¦�576M o6Mª)H> �G>5!¦ E�§M¨: �¦%¦�576M oE�G�E!¤
6M¢�A
68BD5! �¦� %G�NZ¨:¦�E�ª>HÁ/

6M5! %G\6M¢�A~ �B�©>BME!°L57°) �¦� o6�3cE!¤<¨:57©)6Mª�BMA� %Gq68EZ6M¢�A�H) ®Ú A:BDA~Gq6�BMA~§8E�G>5!G>¨gA~§?5!G>Hi68EZª)G>H�A:BD§86M5!G)H
6M¢>A~ oB\§Mª�°L§8A~±�ª>A~Gq6\H>3{G>5!C\ �¨:5!¦sA:£!E�¦�ª�6M �E�G³E�G>¨gA-¨:5!ª�N�¢q6� �GÒBDA~§8E�G>5!G>¨gA!/¡·kG³6M¢> �§�¬?5�3
¬?A�¨:5!G(A~§86M57°)¦% �§M¢-6M¢�AFH> �§868Bh o°)ª�6M oE�GJE!¤�E!BM°L o6M5!¦dA~¦oA~CFA~G�6M§QE!¤�6M¢�A~§MAF68BD57©>©+A~H-©)57BM6M �¨:¦oA~§
¬�¢> �¨D¢� �§Z6M¢�A~GÒ¨gE�G�£!A:BM68A~Hó68EÃ6M¢�AJÐ7@ H> �§868BD �°)ª�6M oE�G�E!¤�§Mª�BD¤a5!¨gAº57BMA~5(E!¤1H>ª>§86F �G 6M¢�A
C�E{H�A~¦¾ÑU �/éA!/1°+A:¤tE!BMA�5!G>H-57¤t68A:BQ6M¢>Ac©)57BD6M �¨:¦oA~§157BMAZ %GJ6M¢�AZBMA~§8E�G)5!G>¨gAc6M¢>A:3J57BMAF¨gE�G>§M �H�
A:BDA~HÃ68Eº°+AF©)57BM6QE!¤¾6M¢�AF°)5!¨D«�N!BDE�ª>G>H�¨:¦oE�ª)HLÕh/�¶ §Dª> o68AFE!¤sCFE´H�A~¦�§mE!¤?©)57BM6M �¨:¦oA~§m¤aBME�C
H) ®Ú A:BDA~Gq6¾§8E�ª�BD¨gA~§s5!G)HiE!¤dH> ®Ú+A:BMA~G�6?§M �À:A~§?¨:5!G�°+AQC�5!H�A!9´A~5!¨h¢'E!¤�¬#¢) �¨D¢�¢>5!§s5�§M¦� oN�¢�6M¦o3
H) ®Ú A:BDA~Gq6�5!§83´C�CFA:68Bh �¨Q5!G>H'E�ª�6k�E!¤t�©)¦�5!G>A²§868BDª>¨g6Mª�BDA!/

Â�¢�A¾5!§83´C�CFA:68BD �¨¾§868Bhª>¨g6Mª�BMA¾§M¢�Eu¬#G� �G�Ö)N�/´Ï¾57BD %§8A~§d° A~¨:5!ª)§8A¾E!¤)6M¢�As5!¨g6M oE�G�E!¤ ô¥Ç¸
H>BD57NmE�G�6M¢�AsN!A:E�CFA:68BM3ZE!¤L6M¢>A?BDA~§8E�G>5!G>¨gA~§:/
·kG�©)57BM6M �¨:ª)¦�57B,6M¢) �§
¦oA~5!H>§
68EQ6M¢�A¾¤aE!BDC�576M oE�G
E!¤Q6M¢>A RUT8_7etn eaW��ó�~n®V7�>p 9�5�¨:¦oE�ª>Hó¬# o6M¢x5�©+A~57«ÒG�ª)C�°+A:BiH>A~G>§M o6�3�� Ï:Èqñ 57°+E�£!A(6M¢�A
°L5!¨M«{N!BME�ª>G>H-¨:¦oE�ª>HJ6M¢>576�68Bh5! �¦�§���È´ÉËØ7Ì�ÍÙ°+A~¢> �G>H�6M¢�A�½�57BD6M¢Á9L5!G>H-5\§DC�5!¦�¦oA:B no]D_�p7eaW��
�~n®V!��p � È´É��7Ì²Í  �GÃ¤aBME�G�6QE!¤¾6M¢�A\½�57BD6M¢Á/\Â�¢> %§Q5!§83{C\CFA:68BM3Ã �§²57©>©L57BMA~Gq6Q68E¯£*57BD3{ �G>N
H>A:N!BMA:A~§m �GJ5!¦�¦�E!¤�6M¢�A�CFE´H�A~¦�§cÑa¤aE!B1AgÄ´5!CF©L¦oAZC�E{H�A~¦%§�E!¤�¦�57BMN!A:Bm©)57BD6M �¨:¦oA~§�AgÄ�¢> o°L o6#¦oA~§M§
E!¤¥5!Gº5!§M3{C�C�A:68BM3�Õs5!G>H' �§s6M¢�A²¨:5!ª)§8A²E!¤
6M¢�A²Â�ì*í 5!§83´C�CFA:68BM3!/

Â�¢�A¾E�ª�6k�E!¤t�©)¦�5!G�A�§M68BDª>¨g6Mª�BMA¾E!¤ 6M¢�AsBD �G>Nm %§
° A~§M6
 %¦�¦�ª>§868Bh5768A~HZª)§M �G�N16M¢�A�§M �CZª>¦�5768A~H
N!A:E´¨gA~G�68BD �¨QE!°)§MA:BM£*576M �E�G>§�§M¢�Eu¬#G' �G�Ö>N�/)Ø{/�Â#¢> �§¾§M¢�Eu¬#§�¢�Eu¬ö6M¢�A²§M¢>57©+AQ5!G>H'¦oE´¨:576M oE�G
E!¤
6M¢�Ac68BD5! �¦� %G�NF¨:¦oE�ª>HJC\ oN�¢q6�57©>©+A~57B# �G'6M¢�AF0�»m¼¾½xE!°)§8A:BM£7576M oE�G>§�576�H> ®Ú+A:BMA~G�6s6M �CFA~§
E!¤�6M¢�A(3!A~57B~9�5!G>H¡¨:5!G4°+AJAgÄ´©)¦�5! �G>A~Hó°{3ó¨gE�G>§M %H�A:BD �G�N�6M¢�A- %G>¨:¦� �G>576M �E�G³E!¤²6M¢�A-BD �G>N
©L57BM6M �¨:¦oA~§:/¥Â�¢>A#©>BME!°L57°) �¦� o6�3cE!¤,¨:57©>6Mª�BMAm �G�68Ec5c©)57BM6M �¨:ª>¦%57B�BMA~§8E�G)5!G>¨gA!9��F9{H>A:© A~G)H>§�E�G
6M¢>AF©)57BM6M �¨:¦oA!ÅÆ§QH>BD57N'BD5768A¯ÑU¦�57BDN!A:B²©)57BM6M �¨:¦�A~§QCFE�£!A�§M¦oE�¬?A:B�5!G>HÃ§MEº¢>5~£!A�¢> oN�¢��cÕm5!G>H
A~¨:¨gA~G�68BD �¨: �6Ç3FE�GFA~G>¨gE�ª)Gq68A:B�¬# o6M¢�6M¢�A�BDA~§8E�G>5!G>¨gAcÑU¢) oN�¢>¦o3²A~¨:¨gA~G�68BD �¨#©)57BM6M �¨:¦�A~§¥¢>5~£!A1¦oE�¬
�ZÕh/ ·¹6� �§F¢�Eu¬�A:£!A:B� �G>H�A:©+A~G>H>A~Gq6ZE!¤�6M¢>A'©)57BM6M �¨:¦oA!ÅÆ§F %G>¨:¦� �G>576M �E�GÁ9¥¬#¢> �¨h¢� �§F5!¦�§8E�G�E!6
5*Ú+A~¨g68A~H¯°�3�6M¢�A�§Mª>°)§8A~±{ª�A~Gq6sH�3´G>5!C� %¨:5!¦+A:£!E�¦�ª�6M oE�Gº %G�6M¢�A²BMA~§8E�G)5!G>¨gA!/

Ð



Â�¢> �§¥C�A~5!G>§¥6M¢>576:9'�8ª)§86�¦� o«!A¾6M¢�A#@mª>§M6�¼¾5!G>H>§#ÑU§8A:AQK1BME!N�5!G�×õ@1A:BDCFE!686?Ó!Ó�Õh9{©)57B8
6M %¨:¦oA~§
 �G�6M¢>A?Bh �G�N#¬� �¦�¦�©)BMA~¨gA~§M§
57°+E�ª�6¥5�©L¦�5!G�A�E!¤ §83´C�CFA:68BM3���¬#¢) �¨D¢� �§dG�E!6¥G�A~¨gA~§M§M57Bh �¦o3
6M¢>A�A~¨:¦� �©>6M �¨�©L¦�5!G�A!/
·¹Gi¤U5!¨g6¾G{ª>CFA:Bh �¨:5!¦L§D �Ccª)¦�576M oE�G>§�©>BMA~H> �¨g6�6M¢>576?¤tE!B¾6M¢�A1©)57BM6M �¨:¦�A~§� �G
6M¢>A�C�E{H�A~¦
§M¢>E�¬#GÃ �G-Ö>N�/¥Ï79<6M¢) �§1©)¦�5!G�A� �§mH�A~¨gBD o°+A~H¯°�3 
 � � Ð �*9 ��� � ë7È��*/�2¡¢�A~G
£´ oA:¬?A~H'¤aBME�C�6M¢�A�½�57BM6M¢�6M¢> �§s �C�© E�§MA~H�©)¦�5!G�AmE!¤
§83{C\CFA:68BM3�CFA~5!G>§s6M¢>576#6M¢�AQ68BD5! �¦� %G�N
¨:¦�E�ª>H�¬# �¦�¦)E�§M¨: �¦�¦�5768Am3!A~57BD¦�3\57°+E�£!A²5!G>H�°+A~¦oEu¬46M¢>A1A~¨:¦% o©>6M �¨ZÑa6M¢�AQE�§M¨: �¦�¦%576M oE�Gi %§���ê	�# �G
Ö)N�/{Ø�Õh/�@m ®Ú+A:BMA~G�6�CFE´H�A~¦�§�¬# �¦�¦�¢>5�£!A1H) ®Ú A:BDA~Gq6�©)¦�5!G�A~§:9{5!G>H\¢>A~G>¨gA#6M¢�Am5!CF©)¦% o6Mª>H�A�5!G>H
©L¢>5!§8AQE!¤
6M¢�A~ oBsE�§M¨: %¦�¦�576M oE�G>§¾¬� �¦�¦ H> ®Ú+A:B~/

Â�¢�A(5!¨g6Mª>5!¦QE�ª�6k�E!¤t�©)¦�5!G>A(§M68BDª>¨g6Mª�BMA!915!G>Hõ¢�A~G>¨gA(6M¢�A(E!°)§MA:BM£!A~Hõ§M¢>57©+A(E!¤�6M¢�A
68Bh5! �¦� �G�N1¨:¦oE�ª>HÁ9!¬� �¦�¦{H�A:©+A~G>H�E�G�6M¢>AsE!BD oN� �GcE!¤L6M¢>A?©L57BM6M �¨:¦oA~§
 �GZ6M¢�As°)5!¨D«�N!BDE�ª>G>HF¨:¦oE�ª>H</
¼?A~¨:5!ª>§MA�¨gE�CFA:6M57BM34©)57BM6M �¨:¦oA~§�¢>5�£!A�5Ò¢> oN�¢xA~¨:¨gA~Gq68Bh �¨: o6Ç3!9m6M¢�A:3457BMA�ª>G>¦% o«!A~¦o3�68EÒ°+A
¨:5!ª>N�¢q6Z �G(BMA~§8E�G>5!G)¨gA~§²¬# o6M¢(6M¢>A\½�57BM6M¢�ª>G>¦oA~§M§m6M¢>A:3-¢>5�£!A\°+A:A~GÃ©>BDE{¨gA~§M§MA~HÃ6M¢�BME�ª�N�¢
}�E�£´ �5!G�BMA~§8E�G)5!G>¨gA~§s6M¢>576sBMA~H)ª>¨gAQ6M¢�A~ oB¾A~¨:¨gA~G�68BD �¨: o6�3!/�Â�¢�A:3i¬# �¦�¦ ¢�Eu¬�A:£!A:B�BMA:6M5! �G�6M¢�A~ oB
¢) oN�¢� �G>¨:¦� �G)576M oE�Gi5!G)H'§8EF6M¢�AmBMA~§Mª>¦�6M �G�NZE�ª�6k�E!¤%�©L¦�5!G�A²§868BDª)¨g6Mª�BMAmE!¤,6M¢>A168Bh5! �¦� �G�N�¨:¦oE�ª>H
¬� �¦�¦ °+A1°)BME�5!H�A:B�6M¢>5!Gº6M¢�A�5!§868A:BME� %H>5!¦<§868BDª)¨g6Mª�BMA²§M¢�Eu¬#Gº �G�Ö)N�/)Ø{/

� � �cå,à��	�,�)��à�
~ã���u�>�*à{ß��?à{áaà{�~��Þ���à����>�qâUáUât��������
:è������

½�§M§8A~G�6M �5!¦�¦o3�E�ª�B\CFE´H�A~¦�§�E!¤1BMA~§8E�G)5!Gq6�68Bh57©>©) �G�NÃ5!G>H�E�ª>B�«{G>E�¬#¦oA~H>N!AJ57°+E�ª�6� o6M§F5!§k
§ME{¨: �5768A~H Ð7@ §868BDª>¨g6Mª>BMA�57BMAF°)5!§8A~H�E�G�6M¢�A:E!BM3(5!G>H�¢)5~£!A\3!A:6�68Eº°+AF©>BME�£!A~G�°�3(¢>57BDH
E!°L§8A:BM£7576M oE�G>5!¦¾¤U5!¨g6M§¯ÑU5!¦o6M¢�E�ª>N�¢Ò6M¢�A'AgÄ� �§868A~G>¨gA'E!¤16M¢�A'BD �G>N(¢)5!§�° A:A~GÒ¨gE�G>Ö>BDCFA~HÒ �G
6M¢>Aº0#»m¼¾½ÛH)576M5´9�¸�A~5!¨h¢�A:6F5!¦�/�Ó!ë�Õh/ 0�»m¼¾½ E!°)§8A:BD£*576M oE�G)§c¬� �¦�¦�¨gA:BM6M5! %G>¦o3�N� o£!A'ª>§
5J¦oE!6QE!¤? %G�¤tE!BhC�576M oE�G(E�GÃ6M¢�A�§M68BDª>¨g6Mª�BMAFE!¤?6M¢�A�Bh �G�N' �G(6M¢�A�¨gE�C� %G�N'3!A~57BD§:9
¢�E�¬?A:£!A:B
 �6M§sN!A:E{¨gA~G�68BD �¨²£{ oA:¬#© E� %Gq6sCFA~5!G>§�6M¢>576# o6sE�G>¦�3�§8A:A~§#E�G�A²5!§8©+A~¨g6�E!¤
6M¢�AQBD %G�N�9>¦� �C� �6M �G�N
6M¢>A�¨gE�G>¨:¦�ª>§M �E�G>§m6M¢>576²¬?A\¨:5!G�H�Bh5~¬ 57°+E�ª�6Q6M¢�A�5!§M3{C�C�A:68BD �¨F§868BDª)¨g6Mª�BMAFE!¤?6M¢�A�BD �G>N�/
;´·¹¸
Â�=õEu£!A:BD¨gE�CFA~§�6M¢> %§²E!°)§86M5!¨:¦�Ai°{3� o6M§�¢>A~¦� oE´¨gA~Gq68BD %¨FE!BM°) o6Z576�� � Ï7ÉÆÈ�Ï:Ì²Íð¬�¢> �¨D¢
C�A~5!G>§Q6M¢>576² o6QH�Bh o¤t6M§m§M¦�E�¬#¦o3-5~¬¾5~3Ã¤aBME�C 6M¢�A�½�57BM6M¢(A~G>H> �G>N�ª>© � È´É��7Ì�Íø¤aBME�C 6M¢�A
½�57BM6M¢�57¤t68A:B�ë�3!A~57BD§:/�=
 oN�/+Ïg°�§M¢>E�¬#§?¢�E�¬Î;{·k¸
Â�=?ÅÆ§�E!BD°) o6�¨:57BDBD oA~§? o6�H> oBDA~¨g6M¦o3F6M¢�BME�ª�N�¢
6M¢>A�¦oE{¨:576M �E�G(E!¤�©+A~57«-G{ª>Cc°+A:BmH>A~G>§M o6�3ºE!¤�6M¢>AFBD �G�N�9+6M¢�AF68BD5! %¦� �G�N�¨:¦oE�ª>HÁ/ZÂ�¢�AF§MC�5!¦�¦
 %G>¨gBMA~5!§8A¾ �G�H>ª>§86,ï)ª´Ä�¤aBME�CÛ6M¢�A¾68BD5! �¦% �G�N#¨:¦oE�ª)Hc©+E�§8A~§
G�Em©)¢�3´§M �¨:5!¦�©>BME!°)¦oA~C�68E�;{·k¸dÂ#=�9
°Lª�6�¨gE�ª�©)¦oA~H�¬# o6M¢�6M¢�A#5!H>£*5!G>¨gA~§� �G� �G>¤tBD57BDA~HFH�A:68A~¨g68E!B�68A~¨h¢>G�E�¦oE!N!3F6M¢)576�¢>5~£!A15!¦�¦oEu¬�A~H
5!G� �G>¨gBMA~5!§MAi �GÃBDA~§8E�¦�ª�6M oE�G�5!G>H�§8A~G)§M o6M o£´ o6Ç3-E7Ú+A:BMA~H�°{3(6M¢�Ai %G>§868BDª>C�A~Gq6M§Q¨:57BMBh oA~H�E�G
;´·¹¸
Â�=?9!E!°)§8A:BD£*576M oE�G)§¥E!¤+6M¢�A�ï)ª´ÄZ£*57Bh �576M oE�GF¬# %¦�¦�5!¦%¦oE�¬óª)§¥68E²©>BME!°+As6M¢�A#Ð7@õ§M68BDª>¨g6Mª�BMA
E!¤)6M¢�A¾BD �G�N1 �Gc51¬¾5~3c6M¢>576¥ �§,ª)G�BD o£75!¦�¦oA~HQ°{3�6M¢>A�N!A:E´¨gA~Gq68Bh �¨¾£{ �A:¬�E!¤L·¹¸�¶m;�5!G>H�0�»m¼¾½�/

Â�EQN� �£!A#5!G� �H�A~51E!¤Á¢�Eu¬óCcª)¨D¢F6M¢�A�§M68BDª>¨g6Mª�BMAsE!¤ 6M¢�AsBD %G�NQ5!§¥E!°)§8A:BM£!A~H�°�3�;{·k¸dÂ#=
¬� �¦�¦�£*57BM3x6M¢�BME�ª�N�¢>E�ª�6' o6M§'C� �§M§D oE�GÁ9#5!G>Hõ¢>E�¬ 6M¢> �§�¨:5!Gõ°+AÃª>§8A~H468EÒN!A:6º6M¢>A-°+A~§86
©+E�§M§D o°)¦oAº �G)§M oN�¢�6i �G�68E�6M¢�A-©)¢�3{§D �¨:§\E!¤�6M¢�A¯À:E´H> �5!¨:5!¦1¨:¦oE�ª>H<9�¨gE�G>§M �H�A:B�Ö>N�/sÐ{/���A:BMA
¬?Aº§M¢�Eu¬�6M¢�A'£*57Bh �576M oE�G E!¤#6M¢�A'5!¦�¦oÇ§8«�3�£{ �A:¬øE!¤�6M¢�A�BD �G�NÒÑaE!¤16M¢�A'CFE{H>A~¦?§D¢�E�¬#G� �G
Ö)N�/)Ï�Õ
5!§�£´ oA:¬?A~HF¤aBME�Cø;{·k¸
Â�=(576�3!A~57BD¦o3F �G�68A:BM£75!¦�§�57¤a68A:B� o6M§�¦�5!ª>G>¨h¢Á/,2ÃA1§8A:A#¢�Eu¬ó6M¢�A
RUT8_7ean eaW��(�:noV7�>p 9< �G) o6M �5!¦�¦o3�§8A:A~G( �G¯6M¢�A�68BD5! �¦� %G�N\H> oBDA~¨g6M oE�GÁ9 N!BME�¬#§Q %G¯§M �À:A�ª)Gq6M �¦
;{·k¸dÂ#=
©L5!§M§8A~§16M¢�BME�ª�N�¢¯6M¢�A�C� �H>H)¦oA²E!¤�6M¢�A�¨:¦oE�ª>H¯°+A:6Ç¬?A:A~G-3!A~57BD§²Ð\5!G)HJÔ�9<57¤a68A:Bm¬#¢> �¨h¢J6M¢�A
RUT8_7ean eaW����:noV7�>p 57©>©+A~57BD§, %G²6M¢�A¾¦oA~5!H> �G>N#H> oBMA~¨g6M �E�G��Mª>§86,68E�6M¢�A¾¦oA:¤a6�E!¤>6M¢>A n�]M_�p7eaW����:noV7�>p 9
¬�¢�E�§8A�§D oÀ:A�5!G>Hi¦oE´¨:576M oE�GiH>EcG�E!6?¨D¢>5!G�N!AQCZª>¨D¢i6M¢�BME�ª>N�¢�E�ª�6�6M¢�AmC� �§D§M oE�GÁ/d¶�§s;{·k¸dÂ#=
57©)©>BME�5!¨D¢>A~§�6M¢�A�68Bh5! �¦� �G�NQ¨:¦oE�ª)HÁ9�6M¢�A#¨:¦�E�ª>HF¬# �¦%¦{57©)© A~57B�68E²E�§M¨: �¦%¦�5768A�57°+E�£!Am5!G>HF°+A~¦oE�¬

Z C���8���1������	7��,�����-���1��&��@���PA��H�J/ ���H�9������	D���=�G�1����&���!���������	��?��,�����-���@��	�� ���?��+��G�������?� ���@��	��8��,�� 2'+�+��1����2� ��� �"!�#%$'&)(+*-,.$"/ *-,10�23*4!�,65?��	����@���D�9�����@�1�@�1�8��	 ���� ������&�I ��D�9�-/��9���@�1� <��"��F�H��I��@����I���� �H��	�����, ����+ �����$ &�	��	DI:������� I��1�G��	DI'� ��	 ���� �D�9�����@�1�@��7 ��I'2'	���+����J���W��@� ������2=B#$'���98%�1��+��������1�E��� B�:<; ,.���%+������)I��1�H�����@��B
Ô



-100 0 100
 

-50

0

50

E
cl

ip
ti

c 
L

at
it

ud
e

-100 0 100
 

-50

0

50

 

-100 0 100
 

-50

0

50

 

-100 0 100
Ecliptic Longitude Relative to Sun

-50

0

50

E
cl

ip
tic

 L
at

itu
de

-100 0 100
Ecliptic Longitude Relative to Sun

-50

0

50

 

-100 0 100
Ecliptic Longitude Relative to Sun

-50

0

50

 

=
 oN�ª�BMAÃÐ{/ ¶1¦�¦®Ç§8«{3³£´ oA:¬ E!¤�6M¢>A(C�E{H�A~¦1E!¤c6M¢�A�½�57BM6M¢<ÅÆ§�BMA~§8E�G>5!G�6�BD �G�N
§M¢�Eu¬#G\ �G�Ö>N�/)Ï#5!§�§8A:A~Gi¤tBME�C�;{·k¸dÂ#=Ã576�¦�5!ª>G)¨D¢�5!G>H\3!A~57BD¦o3F �G�68A:BM£75!¦�§:/¥Â�¢�A
£{ �A:¬ó �§¥§M¢�Eu¬#G� �GF5! �68E7Úº©>BME��8A~¨g6M oE�GF¬# o6M¢�6M¢>A1;´ª>GF576�6M¢>A#¨gA~Gq68BDA!9�¬#¢>A:BMAs6M¢�A
§M5768A~¦�¦� �68A!ÅÆ§�68BD5! �¦% �G�N²5!G>H�¦oA~5!H> �G>N²H> oBMA~¨g6M oE�G)§�57BMA�68E�6M¢�A1BD oN�¢�6�5!G>Hi¦oA:¤t6�E!¤Á6M¢�A
;´ª>G�BMA~§M© A~¨g6M �£!A~¦o3!9>576 ��� � � � �QÓ7È��*/

6M¢>A1A~¨:¦% o©>6M �¨79��Mª>§86¾5!§� �G�6M¢�A�0�»m¼¾½ÒE!°)§MA:BM£*576M �E�G>§QÑaÖ>N�/)Ø�Õh9>°)ª�6?6M¢�AQ5!CF©)¦% o6Mª>H�A�E!¤,6M¢�A
E�§D¨: �¦�¦�576M oE�G)§�¬# �¦%¦< �G>¨gBMA~5!§MAZ5!§²;{·k¸
Â�=³57©>©>BDE�5!¨D¢�A~§m6M¢�A�¨:¦oE�ª>H�Ña6M¢> �§�E�§M¨: �¦%¦�576M oE�GJ %§�G�E!6
§MA:A~GF �GZÖ>N�/�Ð�5!§� o6d %§d5m3!A~57Bh¦o3�E�§M¨: %¦�¦�576M oE�GLÕh/d¶�§
6M¢>A?68Bh5! �¦� �G�Nm¨:¦oE�ª>HZ°+A~¨gE�CFA~§
AgÄ´68A~G>H�A~H
5!G)Hi§8©)BMA~5!H�E�ª�6?E�£!A:Bs6M¢>A#¬#¢�E�¦�A�§8«{3F6M¢> �§�¦oA~5!H>§�68EZ5!G� �G>¨gBMA~5!§MA� �G\ï)ª´Ä�¤aBME�C 6M¢>A#BD �G>N
 %G 5!¦%¦?H) oBMA~¨g6M oE�G>§Z5!G>H 6M¢{ª>§F �G 6M¢�A�68E!6M5!¦sï)ª´Ä�BDA~¨gA~ o£!A~HÁ/�Â#¢�A�68E!6M5!¦sï)ª´Ä�¤aBME�C 6M¢> �§
C�E{H�A~¦1Ña¬#¢�E�§8AiG�ª>Cc°+A:BcH�A~G)§M o6Ç3Ã¢>5!§�°+A:A~G�G�E!BDC\5!¦� �§8A~HÃ°{3Ã6M¢�A\Â1ì*í45!§M3{C�C�A:68BM3ÃE!¤
6M¢>A²·¹¸�¶m;'E!°)§8A:BM£7576M oE�G>§SÕ¾ �G>¨gBMA~5!§MA~§�¤aBME�CðÐ{/ÆÈ�.-}!3J576#¦%5!ª>G>¨D¢<9>68E¯Ï!Ï7/ËØ!.-}!3J576�3!A~57BmØ
5!G)HÃÏgÔ�/ËÊ!.¯}�3º576s3!A~57B#Ô�9)H�A~¨gBDA~5!§M �G�N�6M¢�A:BMA~57¤a68A:B~/?Â�¢> �§?A:£!A~Gº§8©)BMA~5!H'E!¤dï)ª´ÄiEu£!A:B#6M¢�A
§M«�3-¬# �¦�¦dC�57«!A\ �6Q£!A:BM3ÃH> ��\¨:ª>¦�6�68EJH) �§86M �G�N�ª) �§M¢ºïLª´Ä¯¤aBME�C 6M¢�AFBh �G�N�¤tBDE�C ï)ª´Ä¯¤aBME�C
6M¢>A²°)5!¨M«{N!BME�ª>G)Hº¨:¦oE�ª>H'5!G>HJ5FN!E�E´HºCFE´H�A~¦+¤aE!B�6M¢�A²°L5!¨M«{N!BME�ª>G>H'ïLª´Ä� �§#G�A:A~H�A~HÁ/

»mG�AiE!¤�6M¢�A�CFE�§86�H�BD5!C�576M �¨i¨D¢>5!G>N!A~§Z %G�ï)ª�Ä(E´¨:¨:ª�BD§�576Z6M¢�A�© E�¦�A~§:9d %G>¨gBMA~5!§M �G>N
¤aBME�C � È�.-}!3>ì!;{B�68E �ðØ!.¯}�3�ì!;´B~/J·kG�¤U5!¨g6c6M¢>Ai©+E�¦�57Bcï)ª´ÄÃE!°)§8A:BM£7576M oE�G  �§�5¯N!E{E{H
C�A~5!§Mª�BMA�E!¤Á6M¢>A�ï)ª´ÄF¤aBME�CÙ6M¢�A#BD �G�N²5!§? o6� �§�ª>G>¨gE�G�6M5!C� �G>5768A~Hi°�3�ï)ª�ÄZAgÄ´68A:BDG>5!¦L68E�6M¢�A
§ME�¦�57B�§83´§868A~C 5!G)H�6M¢�A�ïLª´ÄZ¤aBME�C 6M¢>A�°)5!¨M«{N!BME�ª>G)H\¨:¦oE�ª>H\¨:5!G�A~5!§M �¦�3c°+A�§Mª�°)68BD5!¨g68A~H\5!§
 �6M§#£757BD �576M oE�G¯¬# o6M¢¯¦oE�G�N� o6Mª)H�Ac5!G>H-¢�A~¦� �E{¨gA~G�68BD �¨²H) �§86M5!G>¨gA�¢>5!§�° A:A~G¯¬?A~¦�¦�A~§M6M57°)¦� �§M¢>A~H
°{3�6M¢�AZ0�»m¼¾½óE!°)§8A:BM£7576M oE�G>§:/

¼?A~¨:5!ª>§8A#;{·k¸dÂ#='68BD5~£!A~¦%§
6M¢�BME�ª�N�¢c6M¢�A?68BD5! �¦� �G>N#¨:¦oE�ª>HÁ97¬#¢>E�§8A�¦oE´¨:576M oE�G�5!G>HZ§868BDª>¨S
6Mª>BMA¾£*57BM3c§M oN�G> oÖL¨:5!Gq6M¦o3Q¤aBME�C CFE´H�A~¦�68E²CFE´H�A~¦�97E!°)§8A:BM£7576M oE�G>§
E!¤ H> ®Ú+A:BMA~G�6dCFE´H�A~¦�§d¬# %¦�¦
°+AZ§M oN�G> oÖL¨:5!Gq6M¦o3�H> ®Ú+A:BMA~G�6:/#=�E!B²§M %CF©)¦� �¨: �6Ç3\¬?A�¢>5~£!AF§M¢�Eu¬#GºE�G)¦o3'E�G�AcC�E{H�A~¦,¤aE!B�6M¢�A
Bh �G�N'¢�A:BMA!9d°)ª�6m6M¢�A\C�E{H�A~¦%¦� �G�N�E!¤s5!¨g6Mª>5!¦�E!°)§MA:BM£*576M �E�G>§:9�6M¢)576�§M5!CF©)¦�AF©)57BM6M �¨:¦oA~§²E!¤¾5
Bh5!G�N!A�E!¤Á§M oÀ:A~§:9{¨gE�CF©+E�§M o6M oE�GF5!G)HFE!BD oN� �G<9�¬# �¦�¦{BMA~±{ª> oBDA?6M¢>A#§Mª�©+A:BM©+E�§M o6M �E�G�E!¤Á5!¦�¦�E!¤+6M¢�A
C�E{H�A~¦%§:/�»mG�A²CFA:6M¢�E´H'68EF©)57BD6M �5!¦�¦o3� �§8E�¦�5768AQE!°)§MA:BM£*576M �E�G>§¾E!¤¥ �G>H> o£´ �H>ª)5!¦>CFE´H�A~¦�§s �§¾68E

ë



¨gE�C�©)57BMA�E!°)§MA:BM£*576M �E�G>§Q �GÃH> ®Ú+A:BMA~G�6Q¬?5�£!A:°)5!G>H>§�5!§²6M¢�A~§8A�§D5!CF©)¦oA�5'H> oÚ A:BMA~G�6QBD5!G�N!A
E!¤
©)57BD6M �¨:¦oAQ§M oÀ:A~§:/

·�6� �§�6M¢> �§Z§8A~G>§M o6M �£{ o6�3(E!¤1;{·k¸dÂ#=�ÅÆ§cE!°)§8A:BD£*576M oE�G)§�68E(6M¢�Aiï)ª´Ä�¤aBME�C÷©L57BM6M �¨:¦oA~§cE!¤
H) ®Ú A:BDA~Gq6F§M oÀ:A~§F5!G)H�E!BD oN� �G>§Z6M¢>576F¬� �¦�¦?5!¦�¦oE�¬ ª)§c68E�H�A:68A:BDC� �G>Ai6M¢�Aº¨gE�Cc°) �G)576M oE�G�E!¤
C�E{H�A~¦%§²G�A~¨gA~§M§M57BD3Ã68E¯AgÄ´©)¦�5! �G(6M¢>A\E!°)§8A:BD£*576M oE�G)§:/'Â�¢> �§²G>E!6�E�G>¦o3(¨D¢)57BD5!¨g68A:BD �§8A~§Z6M¢�A
§M68BDª>¨g6Mª�BMAsE!¤+6M¢�A#BD �G�N�9�°Lª�6�5!¦�§8E²N� �£!A~§�ª>§¥£´ o6M5!¦> %G�¤tE!BhC�576M oE�GF57°+E�ª�6¥6M¢�A#§ME�ª�BD¨gA~§�E!¤+6M¢�A
©L57BM6M �¨:¦oA~§, �G²6M¢�A?°)5!¨D«�N!BME�ª)G>Hc¨:¦�E�ª>H�5!G>Hc6M¢�A~ oB
§Mª�°L§8A~±�ª>A~Gq6�¨gE�¦%¦� �§M oE�G)5!¦!A:£!E�¦�ª�6M oE�G</,Â�¢�A
C�E{H�A~¦%¦� �G�N'©>BDE{¨gA~§M§�5!¦�§ME¯¢�A~¦o©L§�68E-BMA:Ö)G�AiE�ª�BFª>G>H�A:Bh§86M5!G>H> �G>N'E!¤�BMA~§8E�G>5!G�6Z68BD57©>©) �G>N
©L¢�A~G�E�CFA~G>5´9�¬#¢> �¨h¢Ã¢>5!§m¬# �H�Ag�Bh5!G�N� �G�N' �CF©L¦� �¨:576M oE�G>§�¤aE!B²6M¢�AFE!6M¢�A:B²BDA~§8E�G>5!G�6�§868BDª>¨S
6Mª>BMA~§¥ �G�6M¢�A�§8E�¦%57B�§83{§M68A~CÛî 6M¢�As©)ª>6M576M o£!AsBMA~§8E�G>5!G�6¥BD �G>N�§¥57BME�ª>G>H�6M¢�AsE!6M¢>A:B�©)¦�5!G�A:6M§
§Dª>¨D¢�5!§s.J57BD§?5!G>H��¥A~G�ª)§:9{5!G)H\6M¢�A1¢q3{©+E!6M¢�A:6M �¨:5!¦ ¨gE�E�¦LBMA~§8E�G)5!Gq6?BD �G�N�E!¤�I²ª> o©+A:B�¼?A~¦o6
©L57BM6M �¨:¦oA~§s57BME�ª)G>H���A:©>6Mª>G�A1î 5!G)H'°+A:3!E�G>HÁ/

� � �����	��
� ��
���� �

2ÃA�¢>5�£!AZ§M¢>E�¬#G¯¢�E�¬Û·¹¸�E!°)§8A:BD£*576M oE�G)§#¢>5�£!AcN� o£!A~G-ª>§�5!GJ �G>§D oN�¢q6� %Gq68EiE�ª�B#À:E´H> �5!¨:5!¦
¨:¦�E�ª>HÁ9�5!G)H\¢�Eu¬õ;{·k¸
Â�=(¬# �¦%¦�N� o£!A�ª)§�5�ª)G> �±{ª�AsE!©>©+E!BM6Mª>G> �6Ç3Z68Ec°)ª) �¦�H�E�GiE�ª�B�©>BDA~§8A~Gq6
«´G�Eu¬#¦oA~H�N!A!9)G>E!6�E�G>¦o3� �G'E�ª�B�ª>G>H�A:BD§M6M5!G>H> �G�N�E!¤
6M¢�A�½�57BM6M¢ÁÅÆ§sBDA~§8E�G>5!G�6#BD �G>N�5!G>H'BMA~§k
E�G)5!Gq6?68BD57©>©) %G�N²©)¢�A~G>E�CFA~G>5´9{°)ª�6�5!¦%§8Ec �G\E�ª�B¾ª>G>H�A:BD§M6M5!G>H> �G�NQE!¤�6M¢�A�¬�¢�E�¦oA�À:E´H> �5!¨:5!¦
¨:¦�E�ª>H�§83{§M68A~C'/¥Â�¢> �§d �§
©)57BM6M %¨:ª>¦�57BD¦o3Q �C�© E!BD6M5!Gq6¥5!§¥5!GFª>G>H>A:BD§86M5!G>H> %G�N#E!¤L6M¢�A¾©)¢q3´§M �¨:5!¦
©)BME{¨gA~§D§8A~§?BMA~¦oA:£75!Gq6s �GiE�ª�B¾E�¬#G�§83´§868A~C� �§?6M¢�Am§86M57BM6M �G>Nc©+E� �G�6�¤aE!Bsª>G>H�A:Bh§86M5!G>H> �G>NQAgÄ�
E!À:E´H> �5!¨:5!¦�¨:¦oE�ª>Hº§83´§868A~C�§~/�Â�A~¨h¢>G> �¨:5!¦<5!H>£*5!G>¨gA~§� �G�·k¸Î5!§868BME�G>E�C�3'CFA~5!GJ6M¢>576# �G�6M¢�A
¤Uª�6Mª�BDA#¬?A1¨:5!G�AgÄ´© A~¨g6?68EF§8A:AmC�5!Gq3iCFE!BMA1AgÄ{E!À:E´H> �5!¨:5!¦Á¨:¦oE�ª)H\§83´§868A~C�§QÑaA!/éN�/ ��E�¦�¦�5!G>H
A:6F5!¦�/ Ó!Ê�Õc¬#¢�E�§8A�§868BDª>¨g6Mª>BMAi¬� �¦�¦�G>A:A~H�AgÄ{©)¦%5! �G>576M oE�GÁ/ÃÂ�¢>A�§Mª)¨:¨gA~§M§8¤Uª>¦¾57©>©)¦� �¨:576M �E�G
E!¤�E�ª�B²CFE´H�A~¦�¦� %G�N�68A~¨D¢)G> �±{ª�A�68E'6M¢�AFH> �§8«ºE!¤?H>ª>§86Q57BME�ª)G>H���¸#Ô�ê7Ó �7¶ Ña243�57686²A:6²5!¦�/
Ó!Ê�Õs§M¢�E�¬�§s¢�E�¬õ©+E!BM6M57°)¦�AmC�E{H�A~¦%¦� �G�N²68A~¨h¢>G> �±{ª�A~§s§Mª)¨D¢º5!§¾6M¢�AQE�G>A~§�H�A~§M¨gBD �° A~H� �G�6M¢> �§
©L57© A:B�57BMA!9{5!G)H�¢�E�¬x6M¢�A:3F¨:5!G\°+A�ª>§MA~H�G�E!6�E�G)¦o3c68EcAgÄ{©L¦�5! �G�E!°)§8A:BD£*576M oE�G)§�E!¤Á¨: oBD¨:ª>CF
§M68A~¦�¦�57B�H> %§8«{§~9!°)ª�6¥5!¦�§8E²68E�N� o£!A#ª>§¥ �G>¤tE!BDC\576M oE�GF57°+E�ª�6¥6M¢�A�©)¢�3´§M �¨:5!¦�¨gE�G>H> �6M oE�G>§¥ �G�6M¢�A
H) �§8«´§:9+© E�§D§M o°)¦o3'¦oA~5!H) �G�N�68E'6M¢�AFH�A:68A~¨g6M oE�GÃE!¤?CFE{H>A~§86kÇ§M oÀ:A~H(©)¦%5!G�A:6M§1°�3¯6M¢�A~ oBQ§M oN�G>5*
6Mª>BMA²E�G'6M¢�Ac¨:¦oE�ª>H'E!¤¥H>ª>§M6� �G'¬#¢> %¨D¢�6M¢�A:3'57BMAcA~C�°+A~H>H�A~H</�·¹Gº6M¢> �§¾BMA~§8©+A~¨g6#C\ �§M§M oE�G)§
¦% o«!Am;{·k¸
Â�=�57BMAQ �G)§868BDª>CFA~G�6M5!¦�68E�E�ª�B¾ª>G>H�A:Bh§86M5!G>H> �G>NQE!¤<6M¢�A1E!BD oN� �Gi5!G>H\A:£!E�¦%ª�6M oE�G�E!¤
E�ª>B�E�¬#GJ5!G>H'E!6M¢�A:B�©)¦�5!G�A:6M57BM3�§83´§868A~C�§:/

è�à �Çà{�uà´ã��qà��

@1A:BDC�E!686:9Q; /¾=?/¾A:6�5!¦�/øÏ~Ó!Ó!Ø{9m·kG¡0¾¢)57E�§:9�¸#A~§8E�G>5!G>¨gAÃ5!G>Hõ0?E�¦�¦oA~¨g6M �£!A-@13´G>5!C� �¨:5!¦
ô�¢>A~G�E�CFA~G>5F �G�6M¢>AZ;{E�¦�57B�;{3´§868A~C'9 Ð!Ð!Ð

@1A:BDC�E!686:9�; /�=?/o9
}q5~3�57BD5!C\5!GÁ9�; /o9��1ªÁ9���/�í�/o9�Kmª>§M6M57¤a§8E�G<9d¼1/��¶c/
;+/o9
×ðí� oE�ªÁ9
}�/ ¹01/
Ï~Ó!Ó*Ô�9��1576Mª�BMA!9 Ð �!Ó{9+ê{Ï~Ó

KmE�¦�HÁ9>ÂQ/<Ï~Ó�ê7ë{9 ·¹¨:57Bhª>§:9)Ø!ë{9>ÔqÊ!Ó
KmBME!N�5!GÁ9)IF/o9 × @1A:BDCFE!686:9+;+/>=�/,Ï~Ó!Ó!Ó{9)6M¢> �§s¨gE�G>¤tA:BMA~G)¨gA
��E�¦�¦�5!G)HÁ9´2�/ ;+/�A:6#5!¦�/#Ï~Ó!Ó!Ê{9���576Mª�BDA!9LÐ!Ó!Ø{9+ê7Ê!Ê
¸#A~5!¨D¢Á9L2�/LÂQ/�A:6#5!¦�/�Ï~Ó!Ó!ë{9���576Mª>BMA!9LÐ�êuÔ�9 ë!Ø´Ï
243�57686:9{.�/�01/o9�@1A:BDCFE!686:9�; /7=�/o9�Â�A~¦oA~§D¨gE�9´01/!.�/o9�=d %§M¢�A:B~9�; /7=?/o9{K1BME!N�5!G<9qIF/o9 ��E�¦�CFA~§:9

½�/o9>ô� ��G>5´9>¸�/)IF/<Ï~Ó!Ó!Ê{9L¶1ô�}>9>§Mª�°)C\ o6868A~H

�


