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z huÄ�x � ^�_�\�bÍlni�Ä�x � ^�_�\�bÍ¸ { k�`�^�b z�r \ r bV\ r � � _ r k�h r k���b { \ r k��äk�_�xy\�b r ^�\ { _�b �&� _�tB^�\ r i�°�xy\
r�z Ë£_�x � h�� ����r _ { x � ^�_�\�b�g z�� \ r
��r ��`u` � b:t�k���_�xy\���k�b:����k�h�\ � h>��k���_ �<z hy\ r _�x�\ r�{ k�^�\
�k�b��.��_���b2\Gb2\ r \ � b { x z hs_�x z�r~Ü \ � ��i
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° � a � \ßc�i � ²�} \�_ �&z���r k��y_�xy\6l�µ r � {&{ \ r�r �� � \ � \�h�_ r i

[£b�i�j�k9i [yk���b { \ }s� _�\ Ê � \�h�_�_�tB^�\ b â § � x ��r \
c�i [ q ¶ºd�l���l�¸ c&d�d�¸
í � h�c&� } ½�i ¸nm É�iÃm�m c&µni µ�l
µni � f Ä�Å.µnm&�nÉ&d c&d�d�¸ ³ \�a�µ�l f c&µni®m�m µni µn½ µ�lni®c&¸
�ni � f Ä�Åc�m&�nm�c c&d�d�¸
Ô � b�µnm f É�i µnm c�i ¸n½ c&oni µ�o
lni � f Ä�Åc�m&�nm&¸ c&d�d�¸
Ô � b�µnm f É�i ¸nm µni �nÉ c&oni l�¸
¸ni � f Ä�Å.µnm&lnÉ�m c&d�d�¸
Ô � b�µ�l f Å µni �n½ µ�µni l�o
½�i � f Ä�Å.µnm&lnÉ&l c&d�d�¸
Ô � b�µ�l f É�i ¸nm µni l�l µ�µni ¸�µ
É�i � f Ä�ñ�µnm�c&µ�¸ c&d�d�¸ q ^�bCm�½ } oni®É�m µniÃÉ�É ½�i ¸��
oni � f Ä�Å.µnm&l�dnÉ c&d�d�¸
Ô � t�c�É f É�i µnm m�iÃÉ&µ c&oni®m&�
dni � f Ä�Å.µnm&¸nm&µ c&d�d�¸
Ô � t�c�É f É�i®c�m µni d�µ c&oni®m�É
c�m�i [ q ¶ c&¸�o�o��n½ c&d�d�¸
Ô � t�c�É } ¸ni � lni ��d c&µni ��µ
c'c�i � f Ä�Å.µnm&µnÉ�c c&d�d�¸6í.��hJc�m } µni dnm µni lnc c&µni ���
c&µni � f Ä�Å.µnm&µ�d�d c&d�d�¸
í.��h�c'c } dni®m&o µniÃc&� c&�ni ��o
c&�ni � f Ä�Å.µnm&l�¸�� c&d�d�¸
¶ { _yµ�o } Å µni ��o lni ��d
c&lni � f Ä�ñ�c�m�m&��µ c&d�d�¸ } \ { m&l } É�i ¸�o µniÃ½&l c'c�i d�l
c&¸ni � f Ä�ñ�c�m�m&��l c&d�d�¸ } \ { m&l } oni®É�c c�i µ�o c&µni®m&µ
c�½�i � f Ä�Å.µnm&l�µ�d c&d�dn½ ³ \�a�c&l f Å µni on½ µ�¸ni ¸
c�É�i � f Ä�ñ�µnm�m&dnm c&d�dn½ ³ \�a�µn½ } � c'c µniÃÉ&d É�i®É
c&oni � f Ä�ñ�µnm�c'c'c c&d�dn½ ³ \�a�µnÉ } oni lnm c�i ��¸ oni ¸�o
c&dni � f Ä�ñ�µnm�c'c&µ c&d�dn½ ³ \�a�µnÉ } lni®É�m Åc�i®m&� oni®½&µ
µnm�i � f Ä�ñ�µnm�m�É�½ c&d�dn½ÍÔ � b�µ�l } �ni dnm c�i ¸nÉ ¸ni®c&d
µnc�i � f Ä�Å.µnm&¸n½&� c&d�dn½ q ^�bCc�m f c'c�iÃc�m m�iÃÉ&o µ�µni l��
µ�µni � f Ä�Å.µnm&l�l�l c&d�dn½ÍÔ � t�m�½ f Å c�iÃ½&d c&oni dn½
µ��ni � f Ä�ñ�c�m�c&d�l c&d�dn½ÍÔ � t�µ�� } ½�i onm c�i onÉ ½�i®c�m
µ�lni � f Ä�Å.µnm&¸n½&� c&d�dn½Íj�k � c&¸ } c'c�iÃc�m m�iÃÉ&o lni l�l
µ�¸ni � f Ä�Åc�m&¸�onm c&d�dn½Íj�k � c&o } oni ¸�µ m�i lnÉ É�i ¸
µn½�i � f Ä�ñ�µnm�c�½�½ c&d�dn½ } \ { µ�¸ f ¸ni d�l m�iÃÉ&d c&¸ni®m&l
µnÉ�i � f Ä�ñ�µnm�c&dnc c&d�dn½ } \ { µn½ f ½�i®m�m µni dnm c�½�i®c�É
µ�oni � f Ä�ñ�c�m�m&��o c&d�dnÉÍí � h�c�É } dni®m�m µni �nÉ É�i �n½
µ�dni � f Ä�Å.µnm&��µ�¸ c&d�dnÉ ³ \�a�m&µ f ¸ni®m�m µni ��¸ µ�lni®É�É
�nm�i � f Ä�Å.µnm&��o�µ c&d�dnÉ ³ \�a�m&l f oni®½�m µniÃm&¸ µ�¸ni onÉ
�nc�i � f Ä�ñ�µnm�m�½�É c&d�dnÉ ³ \�a�c&l } dni®c�m µniÃÉ&¸ É�i®m&o
��µni � f Ä�ñ�µnm�c&dnc c&d�dnÉÍÔ � bCc&o } ½�i®m�m µni dnm dni®½&µ
���ni � f Ä�ñ�c�m&µnm�½ c&d�dnÉÍÔ � b�µnm } ¸ni®c�m µniÃ½&l c'c�i ¸�¸
��lni � f Ä�ñ�c�m&µ���µ c&d�dnÉÍÔ � t�c&¸ } ¸ni µnm µni dnm É�i®É�É
��¸ni � f Ä�Å.µnm&�n½&µ c&d�dnÉÍÔ � t�µ�� f Å µni o�� c�É�i®m&o
�n½�i � f Ä�Å.µnm&¸�¸nÉ c&d�dnÉÍÔ � t�µ�¸ f Å µniÃÉ�m c&oni d�¸
�nÉ�i � f Ä�Åc�m&�nm�m c&d�dnÉ�í.��hJc�½ } lni �nm c�iÃm�c c'c�i �n½
��oni � f Ä�Å.µnm&�nm�c c&d�dnÉ�í.��hJc&o } ½�i onm c�iÃ½&¸ c&�ni ��l
��dni � f Ä�ñ�c�m&µnc&¸ c&d�dnÉ } \ { c&d f lni lnm�ßc'c�i �nm Åµni®½�
Å.µni � c&oni o�¸
lnm�i � f Ä�Åc�m&�nm&o c&d�d�o
í � hLµ�µ f É�i®c�m m�iÃc&¸ µ��ni �
lnc�i � f Ä�Åc�m&�nm&o c&d�d�o q ^�bCc&� f É�i®c�m m�iÃc&¸ c�½�i d
l�µni � f Ä�Å.µnm&�n½&µ c&d�d�o q ^�bCc�½ f Å µni o�� c&dni d�¸¨�©~ªB«Q¬F®ªBS¯Aw¯AS°@S¯V¬ ±@²�³_«�´�¬$«Q°@±@S¯�µBS¶[·W²�²�µ¹¸

µ�µ



°�x z�r6{ x � ^�_�\�bwg z<� \ rX� _�\ { xyh z�{|�&� k � \�b �Bz \�� k��D_�x�\ z h r _�b:��`�\�h�_�� r \9�¼�k�bsk�a r \�b ��� _ z k�h
� z _�xs_�xy\D\�`u^�x ��r�z�r k�hX_�xy\ { x>k�^�^�\�bC��\ r�z g�h�\�� � _�x�\���\�_ �&z<��r k���_�x�\ß� � _ �6� h �&� t r�z�r ^�b'k { \�Å
����bV\ � h>�5_�xy\
\�Ë]^�\�b z `u\�hy_ r ^�\�b:�k�b:`�\���_�k {|�&�<z aBb � _�\G_�xy\ r t r _�\�`�i

°�xy\+^�x�k�_Vk�`�\�_�\�bG� r \��u�:k�b�_�x�\���k�b:��^�bV\ r \�hy_�\��wxy\�bV\�x ��r aB\�\�hÎ��\ � \ � k�^�\��uaBt�_�xy\ � f
g�bFk���^Îk�� � f �ã^�b z k�bD_Vk�_�x z.r _�x�\ r�z�r ��k�b:�0i q ��\�_ �&z�� \9� ��\ r�{ b z ^�_ z k�hìk���_�xy\ r t r _�\�` {�� h
aB\
�k���h�� z h qwr x>k��X\�_ �&� i e c&d�d�lnp � h�� f � g ��� h�� e c&d�dn½�p.i�°0x z�r�z h r _�b:��`�\�hy_�x ��r an\�\�hs\�Ë]Å
_�\�h r�z�� \ � t�� r \9���:k�b � ��h � bQk {'{ � � _ � _ z k�hìk�a r \�b �0� _ z k�h r�� ^�x>k�_Vk�`�\�_�b:t�k���\ {&��z ^ r�z h�gLa z h � b:t
r t r _�\�` r��0r _���� z \ r k�� {&����r�r�z<{|�&� h�k �0� \ � h��ZbV\ �.� _�\9��k�a � \ { _ r�� ^�x>k�_Vk�`�\�_�b:t�k�� { k�`�\�_ r \�_ { i
qwr"� ^ � b:_�k���_�x z.r _�xy\ r�z�r ��k�b:� �>� h � h>g�� �.� b { x>k�^�^�\�b
� ��r ��\ r�z g�hy\9� � h�����\ � \ � k�^�\9��i
°�x z�r b2\�^ ���&{ \���_�x�\ �<z h�\ � b@_�\�b:_ z.� b:t�` z b:bFk�b z hX_�xy\6\�Ë z�r _ z h>g { x�k�^�^�\�bVi q aBb z \��0��\ r�{ b z ^�_ z k�h
k���_�xy\�^�x�k�_Vk�`�\�_�\�b � h�����\�_ �&z<��r k��@_�x�\ � h�g�� �.� b { x>k�^�^�\�b r \�_���^ê� z��<� aB\s� z�r�{ � r¤r \�� z h
_�xy\
�k ��� k�� z h�g r \ { _ z k�h r i

º�»@¼ »@¼ ½�¾ ��¿8ÀÂÁI|~�Q�gÃ ¾ �"�8�~ÄG�Q�8�Q�
°�xy\�k�^�_ z<{|�&�G� h>�J`�\ { x � h z�{|�&�@�.� t�k���_Qk��Í_�x�\s^�x>k�_Vk�`u\�_�\�b z�r5r x�k��sh z h ³Bz gBi�µni®c�iL°�xy\
` �&z hs^ � b:_ r k��y_�xy\
^�x�k�_�k�`�\�_�\�b � b2\
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A

M1

M2

M3

F L

D

C

E1

E2

TEFLON

TELESCOPE BEAM

PREAMP

LIQUID

NITROGEN

M1,M2,M3...........Mirrors

E1......................Field Eyepiece

E2......................Dewar Eyepiece

C........................Angular Chopper

A........................Aperture

F........................Filter

L........................Fabry Lens

D........................Detector

f/13

³nz g���bV\Dµni®c ² °0x�\ r�{ xy\�` � _ z�{ � z.� g�b � ` k��y_�xy\ ³0��r _ � f � x>k�_Vk�`u\�_�\�bVi
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c�iä°�xy\+��j �>{ k9k � \�� ��\�� � b��Zx z�{ xêx>k�� r \ r _�xy\ � hy[£a � f ��\�_�\ { _Vk�bViD°�x z�r�z�r
� _�_ �&{ xy\��
z h���\�^�\�h>��\�h�_ � t�_�kQ_�x�\+Ä ��r�r \9g�b �&z h�^ ��� _�\�iéÄ � bV\ z.r _ � �B\�h�_�kQ\ � \ { _�b z�{��&��� t z�r k ��� _�\ z _
�.b'k�`õ_�x�\+_�\ � \ r�{ k�^�\�a0k9��ts� r�z h>gß_�\���k�h r ��^�^�k�b:_ r i>°�x z�r>z�r ��k�h�\�_�k �&� k z ��¸nm6¯Ló
{ k�h�_ � ` z h � _ z k�h��.bFk�`´_�xy\D` �&z h r ^�k��Z\�b �<z hy\�����\
_�k6\ � b:_�x z h�g6^�bFk�a � \�` r i

µniä°�xy\+b2\ { _ � h>g�� �.� b
`�\�_ �&�<��z�{ a0k�ËZ�sx z<{ xêx ��r _�xy\ Ü \ � �J\�tB\�^ z \ { \ � h��u_�x�\ { x>k�^�^�\�b
`=k���hy_�\�� z h r�z ��\ z _�i�°�x z.r a0k�Ë z�r b z g z � � t { k���^ � \��ß_�k6_�xy\DÄ ��r�r \9g�b �&z hs^ ��� _�\�i

�niä°�xy\���\�� � b�\�tB\�^ z \ { \D�sx z�{ x z.r�� _�_ �&{ xy\���_Vk6_�x�\ ± � � b:_�ó6� z h���k�� k���_�xy\+��\�� � b�i

°9��k r�z ��\�Å � k�k�� z h>g5��\�� � b r h � `�\ � t"_�x�\�� ��r _n��\�� � b e } c�p � h��D_�xy\�Ä�¹ ³ ��\�� � b e } µnp&x �&� \
aB\�\�h�� r \��ß�k�b �&��� _�xy\sk�a r \�b �0� _ z k�h r b2\�^�k�b:_�\�� z h�_�x z.r _�xy\ r�z.r ��k�b:�0i�°�xy\ � h�[]a���\�_�\ { _�k�b
e } p z�r"� _�_ �&{ x�\��J_Vk�_�xy\ { k � �Ja�k�_�_Vk�`Æ^ ��� _�\Jk��@_�xy\���\�� � bVi � _ z.r"r ��� Ü�{'z \�hy_ � têa � �Å��\��u_Vk
bV\9��� { \Da �&{ ��g�b'k���h>�5b � � z.� _ z k�hs� �&�<��z h>gLk�h z _�i|°0x�\ � ^�\�b:_���b2\��sxy\�\ � e q p � _�xy\ Ü�� _�\�b��sx�\�\ �
e ³ p � h>��_�x�\ ³0� aBb:t � \�h r e ³ p � bV\ �&��r kw`=k���h�_�\9�Ok�h�_�x z�r ^ ��� _�\�i�°0x�\sÄ�¹ ³ ��\�� � b"x ��r
� � z ���.\�bV\�hy_Ck�^�_ z�{��&�Cr \�_@��^�i � hã_�x z�r _�xy\�bV\ z�r"� �k {��&� b � _ z k { x � h�g�\�b � �_�\�bG_�xy\ � ^�\�b:_���bV\
�sx�\�\ � �sx z�{ x�k�^�\�b � _�\ r�z h�_�x�\+�÷�c&�vÆÆ�÷�µnmC`=k9��\ � h>�Z_�xy\ ³0� anb:t � \�h r@z.r b2\�^ ���&{ \��ZaBt
� h�k����Å � Ë z.ré³�� aBb:t5` z b:b'k�bVi

°�xy\��:÷�c&��aB\ � ` �.bFk�` _�x�\�_�\ � \ r�{ k�^�\�� �&�<��r k�h5_�x�\ { x>k�^�^�\�b�` z b:bFk�b e Ô�µnp `�k���hy_�\��
� _�l�¸ 7 _�kQ_�xy\ { \�h�_�b �&�0� Ë z�r k���_�xy\"_�\ � \ r�{ k�^�\�i q �._�\�b � b z g�x�_ � h>g � \9�LbV\���\ { _ z k�h � _�Ô�µ5_�x�\
aB\ � ` z�r � z bV\ { _�\9� z hy_Vk�_�x�\���\�� � b�x�k�� r�z h>gBiD°�xy\ Ü \ � �u\�tB\�^ z \ { \5Ê�c z.r � r \9��_Vk { \�h�_�b2\
_�xy\ r k���b { \+� z _�xu_�x�\+x�\ � ^Îk��0_�xy\�� z ^ã` z b:b'k�b�ÔOc6�sx z<{ x {|� huaB\�^ �.�&{ \�� z hê_�x�\"^ � _�x�k��
_�xy\saB\ � `�i�°0x�\X` z b:bFk�b�Ô¼����\���\ { _ r _�xy\ ��z g�x�_ z h�_�kw_�xy\���\�� � b
\�tB\�^ z \ { \XÊ�µniZ°�x z.r�z.r
� r \��5_Vk Ü h�\G_���hy\D_�x�\�k�^�_ z�{|�&�~�&�<z g�hy`u\�h�_>k��B_�xy\ r t r _�\�`=i 	�z _�xL_�x�\G` z b:bFk�b r Ô c � h��5Ô��
bV\�`=k � \9�6�.bFk�`þ_�xy\Í^ � _�x � _�xy\Í��h>��\���\ { _�\��6aB\ � `ÝgBk�\ r _�xyb'k���g�x+_�xy\ � ^�\�b:_���bV\@�sx�\�\ �<� _�x�\
Ü�� _�\�bD�sx�\�\ ��� h���� �&����r k�hê_�xy\ ³0� aBb:t � \�h r ÷�` z b:bFk�b6�sx z<{ xê�k { � r \ r6�&��� _�xy\ ��z g�x�_�� �&���<z h�g
k�hs_�xy\D�k {��&� ^ ��� h�\ � ^�\�b:_���bV\���h z �k�b:` � t�k�hs_�xy\+��\�_�\ { _Vk�bVi

»�k�_�xX_�xy\+��\�� � b r x>k�� r \D^�x>k�_Vk � k � _ �&z�{ � hy[£aw��\�_�\ { _�k�b r k��0m�i ¸�`�`Â� z�� `u\�_�\�b�� z _�x
�"r ^�\ { _�b �&� b � h>g�\+k��>c&Å.¸Cô]`=i£°�xy\ r ^�\ {'z�Ü�{|� _ z k�h r k���_�xy\
_���k5��\�� � b rÍ� bV\+g z<� \�h z hs° � a � \
µni®c�i>°0x�\ Ü�� _�\�b { x � b �&{ _�\�b z.r _ z�{�r k���_�xy\5_���k���\�� � b r�� bV\sg z<� \�h z hê° � a � \+µni µni } \�� � b } c
x ��r�� h � ��� z _ z k�h �&� k�^�_ z k�hJk��n_���k r � z _ { x � a � \G�.\�\���a �&{ �"bV\ r�z.r _Vk�b r e<f Û'p.i�Ê�Ë]^�\�b z `�\�hy_ �&��� t
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° � a � \Dµni®c ² Ê � \ { _�b z�{��&� Ä�x � b �&{ _�\�b z�r _ z�{|r k���_�x�\G_���k���\�� � b r i

Ä�k�`u^�k�hy\�hy_ r [£^�\ {'z<Ü�{|� _ z k�h r } \�� � bäc } \�� � b�µ
e ³�q [£°äp e Ä�¹ ³ p

c�i } \�_�\ { _Vk�b � `u^�\�� � h { \�xßÉ�É�� e<fcÇ p c�i µHq�rS/�ÈpÉ µÊq�rS/QÈpÉ
jLÊ � ¸ni®½uq�rS/�Ë~Ì;sPÍGÎ�Ï á�Ð lÊq�r�/6Ë~Ì;sPÍGÎ�Ï á�Ð

e lnm>¯Xó � �+p e µnmÍ¯Ló � �+p
µni � bV\ q `u^�i ³ \�\9��a �&{ ��bV\ r�z�r _Vk�b e<f Û'p c�i onÉuq�r�/�ÑpÉ µni ¸Hq�r�/�ÑpÉxßÉ�Éw� µni®c&µHq�rS/�Ì N É

¹�k � _ � g�\ f \ r ^�k�h r�z<�nz _�t Å µni µÊq�rS/ Ì N ¹+÷ 	
Ä���b:bV\�hy_ f \ r ^�k�h r�z��Bz _�t m�i ¸�l q ÷ 	 Å
� bV\ q `u^�i�h>k z.r \ m�i �nc q�r�/6Ë�ÒSbIÎ�Ï á�Ð dÊq�r�/6ËBÓSbIÎ�Ï áuÐ
� z _�xs�\�\���a �&{ �5bV\ r�z.r _Vk�b x
lnmä¯Xó x6µnmÍ¯Xó

° � a � \
µni µ ²�³Bz�� _�\�b@Ä�x � b �&{ _�\�b z�r _ z<{|r k���_�x�\G_���k } \�� � b r i

} \�� � b�c e ³0��r _Vp } \�� � b0µ e Ä�¹ ³ p
» � h>� ] � ú ] ý ] � ú ] ý

e ô]`=p e ô�`�p e ô]`=p e ô�`=p

í c�i µ�¸ m�i �nc c�i µn½ m�i ��µ
¯ c�i®½&¸ m�i µ�d c�i®½&¸ m�i ��l� µni µnm m�i �n½ µni µnm m�i lnm
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³Bz g���bV\Dµni µ ² °�xy\Da � k { ��� z�� g�b � `Âk��y_�xy\
_�\ � \ r�{ k�^�\�Å z h r _�b:��`�\�hy_ r \�_���^�i

z _@x ��r aB\�\�hÎ��\�_�\�b:` z hy\���_�x � _�_�xy\�_ z `u\ { k�h r _ � h�_ r e z i \�i6_�xy\�_ z `�\L_ � �n\�hê�k�bD_�x�\ r�z g�h �&�
_Vk�b2\ �&{ x�rQÎ�Ø"k�� z _ rÍz h z _ z��&���0�&� ��\�pn�k�b�_�xy\�_���k5`�k9��\ rD� bV\vÙÛÚ8Ô � É&` rD� h>�ÜÙÛÝÞ7jßëm�i®c&` r i
°�xy\Xg �&z h�aB\ z h>g � � �&{ _Vk�b�k��Cc�m�mCan\�_�_�\�b z hê_�xy\5x z g�x f Û { k�h Ü g���b � _ z k�h � _�xy\ r t r _�\�`Âx ��r
aB\�\�h�� r \�� z hã_�x z�r `�k9��\X�:k�b�aB\�_�_�\�b r \�h r�z _ z��Bz _�t|i qð{|� b2\��.� ��{ k�h r�z ��\�b � _ z k�h k��@_�xy\5_ z `�\
bV\ r ^�k�h r \�k���_�xy\+��\�� � b r � r \���x ��r aB\�\�h � hs\ r�r \�hy_ z��&� ^ � b:_0k���_�xy\+� � _ ��� h �&� t r�z�r i

³Bz gBi�µni µßg z�� \ r�� a � k { �J� z.� g�b � ` k���_�x�\
\�h�_ z bV\ r \�_y��^�i ³ k�b � ��h � bCk {&{ � � _ � _ z k�h=k�anÅ
r \�b �0� _ z k�h r _�xy\�^�b2\ � `�^ �<z�Ü \�b e � q pBk���_�^���_ z�r � z b2\ { _ � t�b2\ � �Qant5_�x�\�� � _ �D�&{|± � z�r�z _ z k�h r t r Å
_�\�`=i~»���_ z h {|��r \Xk�� { k�h � \�h�_ z k�h �&� ^�x�k�_�k�`�\�_�b:t �0� h z h�_�\�b:`�\�� z.� _�\ r _ � g�\wk���_�xy\ � k { �nÅ z h
� `�^ �<z�Ü \�b e � � q pF\�Ë z�r _ r i���k { �BÅ z h � `�^ ��z<Ü \�b r � r \ � _�\ { x�h z.± ��\Í�Bh>k��sh ��r ^�x ��r \�Å r \�h r�z _ z�� \
��\�_�\ { _ z k�hX_Vk r�z h>g � \�k���_9_�x�\ { k�`u^�k�hy\�hy_~k���_�x�\ r�z g�h �&�y� _ �Dr ^�\ {'z<Ü�{ b2\��.\�bV\�h { \@�.b2\ ± ��\�h { t
� h>�ß^�x ��r \�i�jJk z�r \ r�z g�h �&�.rG� _��.bV\ ± ��\�h {'z \ r k�_�xy\�b@_�x � h�_�xy\"b2\��.\�bV\�h { \D�.bV\ ± ��\�h { t � bV\6bV\�Å� \ { _�\9� � h>� ��k�h�k�_ � ���.\ { _@_�x�\s`�\ ��r ��b2\�`�\�hy_Vi q b2\��.\�bV\�h { \ r�z g�h �&� �.b'k�`Æ_�x�\ { x>k�^�^�\�b
{ k�h�_�b'k � ��h z _ e Ä�Ä��sp � _�_�xy\+�bV\ ± ��\�h { t�k�� { x>k�^�^ z h>g z�r �\��Z_Vk�_�xy\ � k { �nÅ z h � `�^ �<z�Ü \�bG_Vk
�sx z�{ xã_�x�\�_�x�\X^�b2\ � `u^ ��z�Ü \�b�k���_�^���_ z�r ^�x ��r \�Å � k { �B\���i6°�x z.r \�h r ��bV\ r _�x � _@_�x�\ � k { �nÅ z h
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k���_�^���_ z�r"� � {wr�z g�h �&� i q �_�\�bG_�x z.r ^�x ��r \ r \�h r�z _ z<� \���\�_�\ { _ z k�h�_�x�\Jk���_�^���_GgBk�\ r _�kß_�x�\
� � _ �+�&{|± � z�r�z _ z k�h r t r _�\�`=i q �D\ z _�x � \�t r t r _�\�`ö¸nÉ&¸ z.r � r \9���k�bG� � _ �"�&{|± � z.r�z _ z k�h>i � _yx ��r
� c�½äa z _ q ÷ }ë{ k�h � \�b:_�\�b � h>� {�� hsaB\G\ ��r�z<� t z hy_�\�b:� �&{ \��5� z _�x � »�Ô�Å �<z �B\ � Ä r i

º�»@¼ »4º yH}¹���I�A|~�nà ¾ �~á á �Q�
qwr � z<��� aB\�� z�r�{ � r�r \9� ��� _�\�b � _�xy\ Ü h z _�\ r�z ó�\êk���_�xy\ r k���b { \ r `u\ � b r _�xy\s�.b z h>g�\�^ � _�_�\�b:h
k��D_�x�\ � ��h � bwk {&{ � � _ � _ z k�h ��z g�xy_ { ��b � \�iu°�x z.r�r `u\ � b z h�g�\����\ { _ z�r ^�bFk�^�k�b:_ z k�h �&� _Vkw_�x�\
r�z ó�\Xk���_�xy\ r k���b { \ � xy\�h { \
_�xy\"h���`�aB\�bCk��0�.b z h>g�\ r~�Bz�r�z a � \ z h { bV\ ��r \ r � z _�x�_�x�\X��\ { b2\ ��r \
z hê_�xy\ r�z ó�\9iä°0x�\ � h>g�� �.� b�bV\ r k � ��_ z k�hÈk�� � ��h � b�k {&{ � � _ � _ z k�h z.r _�x�� r � � _ z ` � _�\ � têb2\ ��� _�\��
_Vk�_�xy\�h���`�aB\�b
k��@�.b z h�g�\ r _�x � _ {|� h�aB\s��\�_�\ { _�\�� � a0k � \5_�x�\�h>k z.r \�_�xyb2\ r x>k � � ��z i \9i ��z _ z.r
��z ` z _�\9�ãaBt�_�x�\ Ü h z _�\X[y÷�jÂb � _ z kuk��@_�x�\ �<z g�xy_ { ��b � \�i � h �&��� k���b+k {'{ � � _ � _ z k�hèk�a r \�b ��� Å
_ z k�h r �s\Gx �&� \
aB\�\�hLbV\ r _�b z�{ _�\9�L_Vk r k���b { \ r � z _�x¼âî` � g�h z _�����\ r aBb z g�xy_�\�b�_�x � hs�"_�k�g�\�_
r ��� Ü�{'z \�h�_G[y÷�j b � _ z ku_Vk��.� �<� t�\�Ë]^ � k z _D_�xy\�_�\ { xyh z�± ��\���k��sh _VkubV\ r k � ��_ z k�h r k��Dµ�` ��r i
»���_@_�x�\�b2\ � bV\ � a�k���hy_ z �.� � k�� z h�_�\�bV\ r _ z h>g r k���b { \ r �Zx z�{ x � b2\+� �&z hy_�\�bD_�x � h�_�x z.r aB��_ � _
^�bV\ r \�hy_�aB\�t�k�h>�w_�x�\ ��z ` z _
k��Qk���b r t r _�\�` r \�h r�z _ z��Bz _�t|i�¶+_�xy\�bD_�x � h �5�.� bFg�\�b�_�\ � \ r�{ k�^�\
e �sx z�{ x z.r@�@�<z ` z _ � _ z k�h�� z _�x�� r p ��{ x>k�^�^ z h>g z�r _�xy\�k�h � t�� � tXk��0gBk z h�g6_�kä� �&z hy_�\�b�` � g�h z Å
_�����\ r � z _�x�_�xy\"bV\ ± � z bV\9�L[y÷�jðb � _ z k r � z _�x�_�x z�rDr�z h>g � \"\ � \�`u\�h�_���\�_�\ { _Vk�b r t r _�\�`�i�°�x z�r
� z�r�{ b z ` z h � _�\ r@� g �&z h r _ �Dr _�bFk�h�g r �Bt"a �&{ �0g�b'k���h>�6�Zx z�{ x z�r k�� { k�h { \�b:h z h z hy�.b � b2\��6^�x�k�Å
_Vk�`�\�_�b:t|i � hs_�x z�r _��êk6hy\ z g�xya0k���b z h�g"^�k�b:_ z k�h r k���_�xy\ r �Bt � k�hy\ { k�hy_ �&z h z h�g5_�x�\ r _ � b � h>�
_�xy\ r �Bt � h>�Z_�xy\Xk�_�xy\�b { k�h�_ �&z h z h�g�k�h � t�_�xy\ r �Bt � b2\"^�bV\ r \�h�_�\9� �&� _�\�b:h � _�\ � t�_�kQ_�xy\w��\�Å
_�\ { _Vk�b � h��ê_�xy\ z bß� z ���\�bV\�h { \ z.r _ � �B\�hê\ � \ { _�bFk�h z�{��&��� t¼antu^�x ��r \�Å r \�h r�z _ z<� \sbV\ { _ z<Ü�{|� _ z k�h�i
°�x z�r bV\�`=k � \ r _�xy\ r �Bt�a �&{ �0g�b'k���h>��\ � \ { _�bFk�h z�{|�&�<� t|i�°�xy\ { x>k�^�^�\���k���_�^���_y�s\D`�\ ��r ��b2\
z�r ú�â�üäã2åj=æâ#ç~è�ýwiþú�â#ç~è9ý�iQ[ z `=k�h�\�_ �&� i e c&d�o�¸np �yz h�_�xy\ z b � ��h � bßk {'{ � � _ � _ z k�hèk�a r \�b ��� Å
_ z k�h r k���_�xy\sk�a r�{ ��b2\�� r _ � b��:k�b:` z h>g�bV\9g z k�h�Ô¼o�Ê�Å � f � _0�ni o6ô�` � h>�êc�m�ô�` x �&� \+� r \��
^�x ��r \�Å r \�h r�z _ z�� \ß��\�_�\ { _ z k�hs� z _�xL_�x�\ r �Bt { x�k�^�^�\�b � _BonmÍ¯Ló
_�kCbV\9��� { \G_�xy\ r _�b'k�h>g � ��h � b
a �&{ �0g�bFk���h���i °�x z.r ^�b'k�`�^�_�\��6� r _�k z h � \ r _ z g � _�\�_�x�\�^�k r¤r�z a z��<z _�t�k��£� r�z h>gä_�x z�r _�\ { xyh z.± ��\
� z _�xs_�xy\ �&z ` k��>gBk z h>gQ� �&z h�_�\�b�i

	�z _�x�_�xy\Z\�Ë z�r _ z h>g ��z hy\ � b { x>k�^�^�\�b ��r ��� Ü�{'z \�hy_ r �Btê_�xyb'k��Â� ��r"�sr \�_�a �&{ �ê\ � \�h
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³Bz g���bV\Lµni � ² °0x�\ r �Btê_�x�bFk�� � \�b r � r _�x�\ { x�k�^�^ z h�g��.b2\ ± ��\�h { t��:k�b"_�x�\ � h�g�� �.� b e r k ��z �
��z hy\9p � h���_�xy\ �<z h�\ � b e � ��r x�\�� ��z hy\�p { x�k�^�^ z h�gZ`=k9��\ r iä°�xy\ ��z h�\ r x>k�� r _�xy\�k�^�_ z `���`
r �nt�_�xyb'k��Þb2\ ± � z b2\���i

�k�b�_�xy\ { k�h � \�h�_ z k�h �&�~r�� k��Þ^�x>k�_�k�`u\�_�b:t|i£°�x z.r bV\ ± � z bV\�� � \�b:t+x z g�xX^�k��s\�b�_VkD_�xy\ { x�k�^�Å
^�\�bÍ`=k�_Vk�b � h��Z_�x�� r bV\ r � � _�\�� z hu^�bFk9��� {&z h>g�x z g�x � t¼� z.r _Vk�b:_�\��waB\ � `õ^�bFk Ü�� \ r i�¯L\�h { \ �
� h>g�� �.� b { x>k�^�^ z h>gß� ��r@{ k�h r�z ��\�bV\�� ��r
� aB\�_�_�\�b �&� _�\�b:h � _ z<� \�_�k�_�x z�r iÍ°yk�bV\ { k�bF�êk {&{ � � Å
_ � _ z k�h�\ � \�h�_ réz hZ_�x�\ { x>k�^�^ z h>gQ`=k���\
bV\ ± � z bV\ r � ��r _ { x>k�^�^ z h>g � _B_�x�\
b � _�\+k���_�xy\ r�z g�h �&�
r�� `�^ ��z h>g �Bz i \9i �>� _�c��D¯Lóni�°0x z�rD��r ^�\ { _äk��äk�a r \�b �Bz h�g { k�� � ��h�k�_�an\ Ü b:` � t�\ r _ � a �<z�r xy\��
����\+_Vks� z � Ü�{ � � _�t z h=g�\�_�_ z h>g�^�bFk�^�\�b�_�xyb'k�� � _ � \�b:tsx z g�x��.b2\ ± ��\�h {'z \ r i ³Bz gBiéµni � r x>k�� r
_�xy\D�.bV\ ± ��\�h { t�b2\ r ^�k�h r \ z hs_�\�b:` r k��y_�xy\ r �Bt�_�x�bFk�� �&{ x z \ �0� a � \ z h {|��r \ßk���_�x�\ � h�g�� ��� b
� h>��_�x�\ �<z hy\ � b { x�k�^�^�\�bVi�°0x�\�k�^�_ z `���` r �Bt5_�x�bFk�� ��z h�\ r x>k��sh { k�b:bV\ r ^�k�h�� r _�kCµn½ � b { Å
r \ { k�h�� r�� �sx z<{ xê_ � �n\ r _�xy\�aB\ � `ïk���_Ck���_�x�\w��\�_�\ { _�k�b�i ³ bFk�` ��� a0k�b � _Vk�b:t�\�Ë£^�\�b z `�\�h�_ r
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��\ r�{ b z an\9� ��� _�\�b �0z _ � ^�^�\ � b r _�x � _Í_�x�\X^�b2\ r \�hy_ { k�h Ü g���b � _ z k�h k���_�xy\ � h>g�� �.� b { x>k�^�^�\�b
z�r � r�� a � \+��^�_Vk5��¸nm6¯Ló�� z _�x�_�xy\sk�^�_ z `���` r �Bts_�x�bFk���i 	 \wk�a r \�b � \��Z_�xy\sk {'{ � � _ � _ z k�h
k��C½&l�° � ��b z>� _�c�m�m6¯Ló � aB��_�_�x�\ �<z g�xy_ { ��b � \5bV\ { k�bF��\9��� ��r@� \�b:tZh>k z.r t|i�¯Jk��Z\ � \�b � _�x�\
\�Ë£_�\�h r�z�� \ ��� a0k�b � _Vk�b:tL_�\ r _ z h�gs��k�h�\��:k�b@_�x z�r ^���b:^�k r \6bV\ r � � _�\�� z h � gBk9k��L^�x>k�_�k�`u\�_�b z�{
r t r _�\�`´�sx z<{ xsx ��r aB\�\�h�� r \���_�xy\�bV\ � �_�\�b�i

q h z `�^�k�b:_ � hy_ ��r ^�\ { _�k��@_�x�\X��k�b:� z.r _�kuk�aB_ �&z hê_�x�\Jà�á�â ^�x�k�_Vk�`�\�_�b:t�k��@_�x�\
k {'{ � � _�\�� r k���b { \ z hèk�bF��\�b"_�kêg�\�_ � h �&{'{ ��b � _�\s\ r _ z ` � _�\�k���_�xy\sa0k � k�`�\�_�b z<{ ����Ëyi ³ k�b
`=k r _
k���_�xy\ r k���b { \ rCz h k���b r�� `�^ � \ � _�x�\ r ^�\ { _�b �&� \�h�\�bFg�t�� z�r _�b z an��_ z k�hì^�\ � � räz h¼_�x�\
j � f � h��5xy\�h { \Xà�á�âé����Ë£\ ré{ k � \�b�_�xy\ { b z _ z<{|�&� bV\9g z k�h�k��y_�xy\�����Ëw� z.r _�b z aB��_ z k�h { ��b � \ r
�k�bD_�xy\ r \ r k���b { \ r i qwr
�&� bV\ � ��t r _ � _�\�� � a0k � \ ��{ x>k�^�^ z h>g z�r ��k�hy\L_Vk r ��aB_�b �&{ _�_�x�\ r �Bt
a �&{ �0g�bFk���h���i � h¼_�x�\ � a r \�h { \�k���_�xy\���k�aBa ��z h>g r \ { k�h�� � b:t�` z b:bFk�b z hèk���b"_�\ � \ r�{ k�^�\
{ k�h Ü g���b � _ z k�h � _�x z�rÍz.r
�&{ x z \ � \���antZ_�x�\�_�\�b:_ z.� b:t��:k {|�&� ^ ��� h�\ { x�k�^�^�\�bViÍ°�xy\ { x>k�^�^ z h>g
�.b2\ ± ��\�h { t z.r h>k�b:` �&��� t Ü Ë£\���aB\�_��s\�\�h�c�m&Åc&¸
¯Lóni

°�xy\Qk�b z g z h �&�nr t r _�\�` ��\ r�{ b z an\9� z h qwr x>k��"\�_ �&� i e c&d�d�lnp � h>� f � g ��� h�� e c&d�dn½�p�x � �
_�xy\ ��z hy\ � b { x>k�^�^�\�b r \�_���^�iD°�x z.rÍz�r _�xy\ { k�h � \�hy_ z k�h �&��{ x�k�^�^�\�b { k�h Ü g���b � _ z k�h��Zx z�{ x
{ k�h r�z.r _ r k�� � � � _@` z b:bFk�b � _�_ �&{ xy\9� � _�_�xy\ { \�h�_�b2\�_�kß_�x�\ { \�hy_�b �&��r x � �._Gk��@_�x�\ { x>k�^�^�\�b
`=k�_�k�bVi q ^ � b:_��.b'k�` _�xy\ ���&{ �Îk�� r ��� Ü�{&z \�h�_@_�x�bFk�� � _ � k��ç^�k��s\�bG_VkL_�xy\ { x>k�^�^�\�b � _�x�\
` �&z h+^�b'k�a � \�` � z _�x�_�x z�r�r t r _�\�`Þ� ��r _�xy\ ���&{ �Xk�� r _ � a z<��z _�t|i 	�z _�x�_�xy\�\�h>� r k��9_�xy\Í` z b:b'k�b
aB\ z h>g��.bV\�\ � _�x�\+�k�b { \�aB\ z h>g � ^�^ ��z \��u_Vk�_�x�\ { \�h�_�b2\�� z�r _�k�b:_�\���_�x�\�an\ � `Â^�b'k Ü�� \9iD� �&{ �
k�� r _ � a z<��z _�t � h>�ßbV\�^�\ � _ � a z<��z _�t�k��0_�xy\6an\ � ` ^�bFk Ü�� \ r x�k��s\9����^ z h�_�xy\ �&{'{ ��b �&{ tJk���_�x�\
^�x>k�_�k�`u\�_�b:t��sx z�{ xã� ��r k�� { k�h { \�b:h>i6°�xy\ r \s��b � �sa �&{ � r k��@_�x�\ ��z hy\ � b { x>k�^�^�\�bGx �&� \
aB\�\�hJk � \�b { k�`u\G_Vk � g�bV\ � _�\�Ë£_�\�hy_yaBt�_�xy\ � h>g�� ��� b { x>k�^�^�\�b { k�h Ü g���b � _ z k�h>i

³Bz gBi�µni l r x�k�� r _�x�\ r�{ xy\�` � _ z�{ k��y_�xy\ � h>g�� ��� b { x>k�^�^�\�b���h z _Vi � hL_�x z�r�r \�_B��^�k�h�\
\�h���k���_�xy\L_�\�b:_ z�� b:t�` z b:b'k�b z.r xy\ � � � _@l�¸ 7 _Vk�_�x�\�_�\ � \ r�{ k�^�\ � Ë z�r aBt � � r x � ^�\9� r x � �._
�sx z�{ x z.r�{ k���^ � \��Q_�kä_�xy\ { k�b2\�k��9_�xy\Í� z hy\ � b0¹�k � _ � g�\ }+z ���\�bV\�hy_ z��&� °9b � h r �k�b:`u\�b e ��¹ } °�p.i
°�xy\+k�_�x�\�b@\�h�� z.r b z g z � � t Ü Ë£\���_Vk"_�xy\
a ��r \G^ �.� _�\ e »�pi&°0x�\ { k�bV\ z.r _�x�\�h Ü Ë£\���_Vk6_�x�\ß� z Å
� ^�xyb � g�`×k��B_�xy\ { x>k�^�^�\�bVi�°�xy\���¹ } °�k���_�^���_ z�r~{|�&��z anb � _�\���_�kC_�x�\ �<z hy\ � bG� z�r ^ ���&{ \�`�\�h�_
k���_�xy\ { k�bV\ � h��Lx�\�h { \ z�r � r \9�L_Vk6`=k�h z _Vk�b�_�xy\ { k�bV\X� z�r ^ ���&{ \�`�\�hy_ � h��L_�xy\
aB\ � ` { k�h�Å
_Vk���b�i�°0x z�r6{|� h �&��r kuaB\s� r \�� ��r�� �.\�\���a �&{ �ê_Vku_�x�\ { x>k�^�^�\�b"`=k�_Vk�b { k�hy_�bFk � ��h z _G_Vk
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³Bz g���b2\Gµni l ² °�xy\ r�{ xy\�` � _ z�{ � z�� g�b � ` k��y_�xy\ � h�g�� �.� b { x�k�^�^�\�bVi
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\�h r ��b2\
_�x � _�_�xy\ r�z g�h �&� �.\��ß_�kQ_�xy\ { x�k�^�^�\�b z�r�� ^�\�b:�\ { _ r¤± � � bV\6� �&� \�i�»���_0_�x z.r k�^�_ z k�h
x ��r h>k�_BaB\�\�h�� r \9� z h�k���b�k�a r \�b ��� _ z k�h r i�Ô¼\ { x � h z�{��&��� t � _�x z.r ��¹ } ° r \�_9��^ZbV\ r _�b z�{ _ r _�x�\
�.b2\�\���k�`Ök���`=k � \�`�\�hy_�k���_�xy\ { k�bV\ � h�� � ��� r _Vk"_�xy\ r _ � a z���z _�têk��0_�xy\ r t r _�\�`=i�°�xy\
�.b2\�\
`=k � \�`�\�hy_Ck���a�k�_�xu\�h>� r k���_�xy\�` z b:bFk�b z.r
�&��r k � b:b2\ r _�\9� � xy\�h { \ � �s\Xg�\�_ ��r _ � a � \ � h>�
b z g z � r t r _�\�`�i

� h"_�x z�rn{ k�h Ü g���b � _ z k�h5_�x�\@�k�b { \��bFk�`þ_�xy\ { x>k�^�^�\�by`=k�_�k�b z.r _�b � h r ` z _�_�\��6_�xyb'k���g�x
_�xy\ { k�bV\ � h>��_�x�\
��Å r x � ^�\9� � _�_ �&{ xy`u\�hy_�_�k6_�xy\6x z h�g�\���\�h���k��y_�xy\
` z b:bFk�b�i|°0x z�r ` � �B\ r
_�xy\�`�k�_ z k�h�k��£_�xy\�` z b:b'k�b � h>g�� ��� bVi 	 x�\�h"_�x�\�` z b:bFk�b z�r ^�� r x�\��Qant � h � h�g � \
f � _�x�\�_�\ � \�Å
r�{ k�^�\+aB\ � `òg�\�_ r b2\���\ { _�\9��_�xyb'k���g�x�µ�f�i�°0x z�r g z�� \ rGr ��� Ü�{&z \�h�_�_�xybFk�� z h�_�xy\ r �Bts\ � \�h
� z _�x � \�b:t r ` �&���@��z hy\ � bX� z.r ^ �.�&{ \�`u\�hy_�k���_�x�\ r x � �._ ��z i \�i � � z _�x ��r ` �&��� ^�k��s\�b
_VkZ_�x�\
{ x�k�^�^�\�b@`=k�_�k�bVi � h�k���b { k�h Ü g���b � _ z k�h � _Vk�g�\�_ � ` z h z `���` _�xyb'k��×k�� � µn½ � b {|r \ {|r�� _�x�\
` z b:bFk�b�x ��r _Vk�_ z�� _Bant � h � h>g � \�k�� � c'c�i ¸�ù?i�°�x z.r bV\ ± � z bV\ r0�>� \�b:t r ` �&��� eV� c�m�m�ô�`�p �<z h�\ � b
� z�r ^ ���&{ \�`�\�hy_0k��B_�xy\ r x � �._Vi qîr ` �&���£��z hy\ � b0`�k � \�`�\�hy_ z.r _�b � h r��.� _�\9� z h�_�k �>��� bFg�\ � h�g���Å
��� b�� z�r ^ ���&{ \�`�\�h�_ � h��5_�x z�r~z�r _�xy\D`=k r _ z `u^�k�b:_ � hy_ � � �0� hy_ � g�\+k���_�x�\ � h�g�� �.� b { x�k�^�^�\�bVi
Ê�Ë£_�\�h r�z�� \"_�\ r _ z h�g�k���_�x z�r�r t r _�\�`õ� ��r ��k�hy\ z h�_�xy\ ��� a0k�b � _Vk�b:tLan\��k�b2\ z _�� ��r�� _�_ �&{ xy\��
_Vk6_�x�\G^�x�k�_�k�`�\�_�\�b � h���� r \����k�b�bV\9g�� �.� bCk�a r \�b �0� _ z k�h r i

qÞr�z `�^ � \D\�Ë£^�\�b z `�\�hy_ �&�ér \�_B��^s� ��r � r \9��_Vk { xy\ { �+_�xy\ r t r _�\�` r _ � a z<��z _�t|i � h�_�x z.r
�>����r \�b r k���b { \ z.r xy\ � �5b z g z � � t �&� k�h�gD_�xy\ � Ë z�r k��9_�x�\ { x>k�^�^�\�b � h>�Q_�x�\�aB\ � ` z�ré{ x>k�^�^�\��
aBt �Bz aBb � _ z h>gQ_�x�\ { x>k�^�^�\�b � _y_�xy\
�bV\ ± ��\�h { tsk��>k�^�\�b � _ z k�h>i|°0x�\Gb2\���\ { _�\9��an\ � ` z.r _�xy\�h
�&��� k��s\9�Z_�kQ� �&��� k�h � � z.r _ � hy_�� �&��� i � h {|��r \Xk�� � b z g z � � h�� r _ � a � \ r t r _�\�`õ_�x�\"bV\���\ { _�\��
aB\ � `õ` � �B\ r _���k��s\ �<� ��\ Ü h�\�� r ^�k�_ r k�h�_�xy\5� �&����� h>�Z_�xy\5^�k r�z _ z k�h r"� b2\�b2\�^�\ � _ � a � \9i
q h �&� _�\�b:h � _�\ � ^�^�b'k �&{ xê� ��r6�&��r kZ_�b z \���k���_ViQ¯X\�bV\ � _�xy\�b2\���\ { _�\9� ����r \�b z�r"�&��� k��s\��J_Vk
� �&�<� k�h � ^�x�k�_Vk9� z k9��\5�B\�^�_ � _ r k�`�\+� z�r _ � h { \9i£°�xy\+k���_�^���_�k��y_�xy\
^�x�k�_�k�� z k9��\ z�r �.\���_Vk
�
r ^�\ { _�b:��` � h �&� t r \�b�i � ��_�x�\ r _ � a z��<z _�tJk���_�x�\ r t r _�\�` z.r ` �&z hy_ �&z h�\��ß_�x�\�hs_�xy\ r ^�\ { _�b:��`
r x>k�� rD� ��k�` z h � h�_ { k�`�^�k�hy\�h�_ � _�_�x�\��.bV\ ± ��\�h { têk�� { x�k�^�^ z h�g � h���k�_�x�\�b��.b2\ ± ��\�h { t
{ k�`u^�k�hy\�hy_ r�� bV\
`�k�bV\�k�b � \ r�r�� a r \�h�_�i ³Bz gni�µni ¸ r x>k�� r _�xy\ r ^�\ { _�b:��` � h �&� t r \�bGk���_�^���_
� _ �>{ x>k�^�^�\�b��.bV\ ± ��\�h { t�k��B��¸nm&¯XóD_�b z \��sk���_9�k�b�_�xy\�� ��r _ { x�k�^�^ z h�g6`=k9��\9i qwrnz�ré{'� \ � b � t
r \�\�h z _�x ��r6� ��k�` z h � hy_ { k�`u^�k�hy\�hy_ � _�_�xy\��bV\ ± ��\�h { t�k�� { x�k�^�^ z h�gni q �._�\�b r _�����t z h�g
_�xy\ r _ � a z<��z _�tÎk���_�x�\ r ^�k�_ r k�h�_�xy\5� �&����� h��Z_�x�\wk���_�^���_Ck���_�xy\ r ^�\ { _�b:��` � h �&� t r \�b�_�x�\
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³nz g���bV\Dµni ¸ ² °0x�\ r ^�\ { _�b:��` � h �&� t r \�bCk���_�^���_ � _ �Í{ x�k�^�^ z h�g"�bV\ ± ��\�h { t�k�����¸nmÍ¯Lóni

�s\ z g�xy_Gk��Í_�x�\X^ �.� _�\ � k�hã�sx z�{ xã_�x�\M� � _Í` z b:bFk�b z.räÜ Ë]\9� � � ��r k�^�_ z ` z ó�\9�ê_Vkêg z�� \L_�x�\
bV\ ± � z bV\9� r _ � a z<��z _�t�aB��_�h�k�_ � _�_�xy\ { k r _�k���_�x�\Z� � `u^�\�h z h>g�_�xy\"`=k � \�`�\�hy_�k��0_�xy\ r x � �._
_Vk9k6`�� { x�i

	 xy\�h�_�xy\ r t r _�\�` z�r �s\ ���G�&��z g�h�\�� � _�x z�r�� h>g�� �.� b r \�_���^èg z�� \ r��&� `=k r _ � � z.r Å
_Vk�b:_ z k�hã�.bV\�\+aB\ � `ç^�bFk Ü�� \��sx z<{ xÎg�bV\ � _ � t z h { b2\ ��r \ r _�xy\�^�x�k�_�k�`�\�_�b z�{s�&{'{ ��b �&{'z \ r i 	 \
g�\�_ �&{'{ ��b �&{'z \ r k��G_�xy\�k�b'��\�bsk���êQm�i®m&µ�_VkGê"m�i®m&� z h _�x�\�^�x�k�_�k�`�\�_�b z�{ ` � g�h z _�����\ r k��
� _�tB^ z�{��&� ��b'�u` � g�h z _�����\ r _ � b z h âö� z _�xÈc rÍz hy_�\�g�b � _ z k�h�i q+{'{ ��b �&{&z \ r k��
êQm�i®m�c"x �&� \
�&��r kZaB\�\�hÈk�aB_ �&z h�\��ìk�h r \ � \�b �&� k {'{|��r�z k�h r i q h>k�_�xy\�b z h�_�\�bV\ r _ z h�g � ^�^ �<z�{|� _ z k�hºk���_�x z.r
� h>g�� �.� b { x>k�^�^�\�b z.r _�xy\ ��� bFg�\ r �Btê_�x�bFk�� e�� r \ � \�b �&�C� b { ` z hy��_�\ r p �&{ x z \ �0� a � \ z h¼_�x�\
r�� k��ð^�x�k�_�k�`�\�_�b:tL`=k9��\9i�°0x z�r x�\ � ^ r�z hs^�x�k�_�k�`�\�_�b:t�k���\�Ë£_�\�h>��\9��k�a � \ { _ r��<z �B\ { k�`u\�_ r
e Ä�x � h>��b ��r \��Bx � b�\�_ �&� iBc&d�dn½�p.i
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°�xy\X� � _ �5� h �&� t r�z�r ^�bFk { \�����b2\ � ��k�^�_�\9�Z�k�bQ��\�_ �&z<� \9� � h �&� t r�z.r k��0_�xy\Xk {'{ � � _ � _ z k�h ��z g�x�_
{ ��b � \ r�z.rG�&� k�h>g�_�xy\ ��z h�\ r k�b z g z h �&��� t=k���_ ��z hy\9��aBtsj � _�x�\�b
vOÔ { Ä � hy_ r e c&dnÉ�m�p.in°0x�\ �&� Å
gBk�b z _�xy`öa ��r�z�{��&��� t { k�h r�z�r _ r k���_�x�\ r _ � h>� � b'� z _�\�b � _ z<� \�h�k�hyÅ ��z h�\ � b � \ ��r _ r�± � � bV\ r `=k���\ �
Ü _Gk�� � _�xy\�k�bV\�_ z�{��&����z g�x�_ { ��b � \L_�kß_�x�\Jk�a r \�b � \9��� � _ � i q h�k�_�xy\�b � ^�^�bFk �&{ xêa ��r \���k�h
_�xy\ r�� `�\L^�b z h {&z ^ � \ r x ��r"�&��r kLaB\�\�h�_�b z \9��k���_Vi � h�_�xy\��:k ��� k�� z h�g r \ { _ z k�h r a0k�_�xê_�x�\ r \
`�\�_�x�k9� r � z���� aB\+� z�r�{ � r¤r \�� z h���\�_ �&z<� i

º�»4º�»@¼ ë �~}Iì8�A�A}I�Q|~�j�A�Q|~�Q�®�Qí_�I|~�S�Q��Äî��� ¾ �"z
� hæ_�x z�rL� ^�^�bFk �&{ x � h?ïvð�ñFòôó6ñFò�`=k9��\ � k��G_�xy\�k�hy\�Å� z `u\�h r�z k�h �&� aBb z g�xy_�hy\ r¤r ^�b'k Ü�� \�k��
_�xy\�k {&{ � � _�\�� r k���b { \ z h�_�x�\�� z b2\ { _ z k�hÿk���k {'{ � � _ � _ z k�h z�r5��r¤r ��`�\9��i � h {���r \�k�� r _�\ ����� b
r k���b { \ r �sx z�{ x {|� h�aB\ �&{'{ ��b � _�\ � tw��\ r�{ b z aB\��QaBt �Dr�z `�^ � \G`�k9��\ � k�� �>{'z b { � ��� b�� z�r � � _�x�\
aBb z g�xy_�hy\ r¤r ^�b'k Ü�� \ ��r g z�� \�hLaBt }+z \�b { � r v=¯X��h�g�\�b e c&d�¸�µnp z�r

âÍú d ýI.o5 N �õvö r�iOú�÷ø ý �Fù Ì;ú
� = Ì��û ö r�iOú�÷ø ý �Fùrc= �ü û e µni®c�p

�sx�\�bV\ � µ�É z.r _�xy\ � h>g�� ��� b
� z�� `u\�_�\�b�k���_�x�\ r _ � b � 5 N z�r _�x�\ z hy_�\�h r�z _�t�k���_�x�\���h�k {'{ � � _�\9�
r _ � b � h>� û z.r _�x�\ ��z `�a � � b:�B\�h z h�g { k�\�� Ü�{'z \�hy_Vi�j�k�� � _�x�\�^�b'k�a � \�`ÕbV\9��� { \ r _�kãg�\�hyÅ
\�b � _ z h�g � `=k9��\ ��³ bV\ r h�\ � � z ���b �&{ _ z k�h ^ � _�_�\�b:h `�k9� z�Ü \9�¼� z _�x _�x�\ r k���b { \saBb z g�xy_�hy\ r¤r
� z�r _�b z aB��_ z k�h � h>� �"r \�_�k�� r�{|�&�<z h>g�� �&{ _Vk�b r inÊ r¤r \�h�_ z.�&��� t � k�hy\"x ��r _Vk"b:��h � h z _�\�b � _ z�� \ �&� Å
gBk�b z _�xy`ð� z _�x Ü�� \��bV\�\Í^ � b � `�\�_�\�b r h � `�\ � t � _�x�\ � h>g�� ��� b r�z ó�\+k��9_�xy\ r k���b { \ � _�xy\ r _�\ ����� b
z h�_�\�h r�z _�t � _�xy\�g�\9k�`�\�_�b z<{ _ z `�\êk��Qk {&{ � � _ � _ z k�h � _�x�\ � \ � k {'z _�t { k�`�^�k�h�\�h�_Qk��Í_�x�\ � ��h � b
r x � ��k�� z hu_�x�\Z� z bV\ { _ z k�h=k��äk {&{ � � _ � _ z k�h � h>�Z_�xy\"a �&{ �0g�bFk���h�� ��z g�x�_ � \ � \ � i�°�xy\ �&z ` z.r
_Vk�k�aB_ �&z hsaB\ r _n\ r _ z ` � _�\ r k��y_�xy\ r \6^ � b � `�\�_�\�b r�r�z `�� � _ � hy\9k�� r�� t �Bz��5��ý � ` z h z ` z ó � _ z k�h
_�\ { x�h z�± ��\9i
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q _ � hytìg z�� \�h z h r _ � hy_�k��G_ z `u\	� � _�x�\ ��z g�xy_ { ��b � \�k�� � hyt r _�\ ����� b r k���b { \�k {'{ � � _�\��¼aBt
_�xy\�`=k�k�h z�r _�xy\ ³ bV\ r h�\ � � z ���.b �&{ _ z k�h�^ � _�_�\�b:h { k�h � k ��� \9�ê� z _�xê_�x�\ r k���b { \�aBb z g�xy_�hy\ r¤r
^�bFk Ü�� \ � h��Z_�x�\ z h r _�b:��`u\�hy_ �&�>�&� \�b � g z h>g5\����\ { _ r i~°0x�\"bV\ r � � _ z h�g ��z g�x�_ { ��b � \ {|� h�_�xy\�h
aB\G�Zb z _�_�\�h z hs_�x�\
�k�b:`

5�ú�ü:ý(. J�
�Ë � U djJ�
�� aË � a U�� J�� a
� ` U ]gJ NË���� U�Ù�âÍú d ý��5ú;�>ý��
ú ] ý�Ù�ú;Ùný + ú-,�ýu=G�Íú�ü:ý e µni µnp

�sx�\�bV\ � + ú-,�ý z�r _�xy\�� z ���.b �&{ _ z k�h�^ � _�_�\�b:hã�k�b � `=k�h�k { x�bFk�` � _ z<{ ^�k z h�_ r k���b { \ � âÍú d ý z.r
_�xy\ ��r¤r ��`�\9�u��h z �k�b:` � z�r �êaBb z g�xy_�hy\ r¤r ^�bFk Ü�� \Jk��Í_�x�\ r k���b { \ �&� k�h�gZ_�x�\�� z b2\ { _ z k�hOk��
k {'{ � � _ � _ z k�h � �5úA��ý z.r _�x�\ z hy_�\�g�b � _�\�� � b2\ � k���_�xy\"_�\ � \ r�{ k�^�\"` z b:b'k�b e z h {&� ��� z h�g�_�x�\ { \�h�Å
_�b �&� k�a r _�b:� { _ z k�h>p �&� k�h>g5_�xy\ß� z bV\ { _ z k�hÎk�� � ��h � b�`�k�_ z k�h � �
ú ] ý z.r _�x�\ r ^�\ { _�b �&� bV\ r ^�k�h r \
k���_�x�\ r t r _�\�` � Ù"úAÙný z�r _�x�\
_ z `�\6bV\ r ^�k�h r \ßk��y_�xy\ß��\�_�\ { _�k�b � h>�v�Íú�ü:ý z�r _�x�\
_ z `�\���\�^�\�h�Å
��\�h�_ya �&{ �0g�bFk���h�� ��z g�xy_ � \ � \ � i

+ ú-,äý(.0/2143~9?úA/2143�=D> ú-,�ý2ý � =Oú;/21<3j=DC�ú@,�ýVý ��E e µni �np

�sx�\�bV\v>�ú@,�ý � h>�GC�ú-,äý � bV\�_�xy\ ³ b2\ r hy\ ��z hy_�\�g�b �&�.r�� h��Ê, z�r _�xy\�� z `�\�h r�z k�h � \ r¤rC³ b2\ r hy\ �
hy��`uaB\�bVi�°0x�\ ³ b2\ r hy\ � hy��`uaB\�b z.r g z�� \�hZant

, .·ú T] U ý `a 9��Bú�ü$iãü N ý =ÈúAU����! �ú d ý2ý =D� E e µni lnp

�sx�\�bV\ �#"�z.r _�xy\w� z.r _ � h { \�_�k5_�xy\5`=k9k�h �Z]�z�r _�x�\+� �&� \ � \�h�g�_�x=k��äk�a r \�b �0� _ z k�h � � N z�r _�x�\
_ z `�\sk���g�\9k�`�\�_�b z<{|�&� k {'{ � � _ � _ z k�h �%$Gz.r _�x�\ � \ � k {'z _�t�k���_�x�\ � ��h � b r x � ��k�� � h���� z�r _�x�\
��z hy\ � b6� z.r ^ �.�&{ \�`u\�h�_0_�\�b:` � r \���_Vk �&{'{ k���h�_��k�b�_�xy\ �&� \�b � g z h>gQ\����.\ { _0k���_�x�\
_�\ � \ r�{ k�^�\�i
°�xy\
\����.\ { _ r k��0_�xy\
���h { _ z k�h r âÍú d ý � �5ú;�>ý � �
ú ] ý � h>��Ù"úAÙBý � b2\
_�k r `�\ � b@_�xy\
`�k�h>k { xyb'k�Å
` � _ z�{ ^�k z hy_ r k���b { \s^ � _�_�\�b:h>i�°0x�\X`�k9��\ �<��z h>g � ^�^�bFk �&{ xÈk���\ �&{ xìk���_�x�\ r \ �&� \�b � g z h�g
\����.\ { _ réz.r�z h�� z��Bz ��� �&�<� t���\ r�{ b z aB\���aB\ � k��ßi

& ò('_ò(�*),+äó.-_ñ0/�)1+:ò324)
°�xy\ Ü h z _�\ r�z ó�\�k���_�xy\ r k���b { \ r bV\ r � � _ räz h r `u\ � b z h�gL_�xy\��.b z h>g�\ r iä°0x�\ ��� b'g�\�b�_�x�\ r�z ó�\ �
_�xy\ßg�bV\ � _�\�b z�r _�x�\ r `�\ � b z h>gQ\����.\ { _�i qwr _�x�\ � h>g�� �.� bC� z�� `u\�_�\�bQk��y_�xy\ r k���b { \ z h { bV\ ��r \ r��
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³Bz g���bV\�µni®½ ² °�xy\ r�z `�� �.� _�\9�æ`=k�h>k { x�bFk�` � _ z<{�{ ��b � \ r�� _Dµni µ6ô]` �k�bs� z ���.\�b2\�h�_ r k���b { \
r�z ó�\ r i�°0x�\ � \ � k {'z _�t { k�`�^�k�hy\�h�_>k���_�x�\ � ��h � b r x � ��k��ðx�\�bV\ z�r~Ü Ë]\9� � _>m�i ¸��B`�÷ r i

�Bz�r�z a z��<z _�t=k���_�xy\"�.b z h�g�\ r ��\ { bV\ ��r \ r ��h�_ z<� �k�b � \�b:t ��� b'g�\ r k���b { \ r e�5 lnmC` ��r p �y� ^���bV\ � t
g�\�k�`u\�_�b z�{|�&��{ ��b � \Gb2\ r � � _ r i ³nz gBi�µniÃ½ r x>k�� r _�xy\ r�z `�� �.� _�\9� { ��b � \ r �k�b�`�k�h>k { xyb'k�` � _ z�{
r k���b { \ r � z _�x � z ���.\�bV\�h�_ � h>g�� ��� b r�z ó�\ r i�°�xy\�`u\�_�x>k9�J� r \��Jxy\�bV\L_�kß`=k9��\ � _�x z.r \����.\ { _
� ��rCÜ b r _ r ��gBg�\ r _�\���aBt�Ê �0� h rQz hèc&d�¸�µniu°�xy\Za ��r�z�{ ^�b z h {'z ^ � \ z.r _�x � _ � hyt�\�Ë]_�\�h���\��
r k���b { \ {|� h�aB\X� z��Bz ��\�� z hy_Vk�\ ± � �&��r _�b z ^ r ^ � b �&�<� \ � _�k�_�x�\ � ��h � b ��z `�a0i�°0x�\ � ��h � b �<z `ua
z�rD��r�r ��`u\��Z_Vk5aB\ �<z h�\ � b � _�_�xy\ r�{��&� \wk���_�\�h r k���` z<���<zä� b {|r \ { k�h�� r i ³nz gBi�µni®É r x>k�� r _�x�\
`=k���\ ���<z h�g ��r ^�\ { _�ißÊ �&{ x r _�b z ^ _�xy\�h¼an\�x �&� \ r�� ����b z h>gw_�xy\�k {&{ � � _ � _ z k�h �
��r _�x>k���g�x z _
�s\�bV\ �6{ \�hy_�\�b2\��L^�k z hy_ r k���b { \5�sx>k r \ z h�_�\�h r�z _�t z�r �s\ z g�x�_�\9�LaBts_�xy\"h>k�b:` �&��z ó�\�� � bV\ �
k���_�xy\ { k�b:bV\ r ^�k�h�� z h�g r _�b z ^�iw°�xy\s�.b z h>g�\L^ � _�_�\�b:h r �.b'k�` �&��� _�xy\ r \�^�k z hy_ r k���b { \ r+� b2\
_�xy\�h r ��^�\�b z `�^�k r \�� z h�_�xy\ Ü h �&� _�b �&{'z h>gsk���_�xy\ z hy_�\�h r�z _�t �0� b z�� _ z k�h r ié°�xy\ z hy_�\�g�b � _ z k�h
z hZÊ ± h�i�µni µ z�r ^�\�b:�k�b:`u\��5h���`�\�b z<{|�&��� t|i
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Direction of motion of lunar limb

Equivalent Point Sources

Stellar Disk

Lunar Limb

³Bz g���bV\Dµni®É ² °0x�\G`�k9��\ �<��z h>g � ^�^�b'k �&{ xL�k�b�_�xy\ Ü h z _�\ r k���b { \ r�z ó�\�i
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q `�k�h>g r _0_�xy\�_�xyb2\�\ z h r _�b:��`�\�h�_ �&���&� \�b � g z h>g�\����.\ { _ r�� _�x�\ Ü h z _�\�_ z `u\�bV\ r ^�k�h r \�k���_�x�\
r t r _�\�` z�r@�>{ b:� {'z.�&� � �&{ _�k�bVi qsr x ��r��&� bV\ � ��t+aB\�\�h�\�`�^�x ��r�z ó�\�� z hLÄ�x � ^�_�\�b�c e ° � a � \�c�i µnp �
� ��h � bGk {'{ � � _ � _ z k�h z.r�� � ��r _�\ � \�h�_ e�� µnm�m&Å.�nm�mÍ` r p � h>�ßxy\�h { \
_�xy\6hy\�\9���k�b � � ��r _ r¤� `uÅ
^ ��z h>g5b � _�\X����b z h�gs� � _ �5�&{|± � z�r�z _ z k�h�i�°�xy\ { k�hy_ �&{ _ � h>g � \ �&�.r k�^ ��� t r�� h z `u^�k�b:_ � hy_�bFk � \
z h���\ {&z � z h�g6_�x�\G_ z `u\ r�{��&� \+k��B_�x�\�\ � \�h�_�i�°�xy\�\����\ { _ z�� \�_ z `�\+k��B�.b z h>g�\�^ ��r¤r�� g�\ �]��r�r \�\�h
�.b'k�`õ_�x�\+\ � b:_�x � � z<��� an\ � \�h>g�_�x�\�h�\��ZaBts_�xy\+� �&{ _�k�bCB0D<E�ú �@ý � �waB\ z h>g�_�x�\ { k�h�_ �&{ _ � h>g � \9i
Ç"b � ó z h�gêk {'{ � � _ � _ z k�h r�� bV\�x�\�h { \XaB\ r _ r � z _�\����k�b+k�a r \�b ��� _ z k�h r i ³ k�b�k�a r \�b �0� _ z k�h rDz h
_�xy\��ÿa � h�� ��r¤� `u^ ��z h>g ��r � ��r _ ��r c&Å.µ+` rÍz�r \ r¤r \�h�_ z.�&� _�k�k�aB_ �&z h � ^�bFk�^�\�b ��z g�x�_�_�b �&{ \
� z _�x�k���_ � k r�z h>g � h�t z hy�k�b:` � _ z k�h>i }s� _ �5r¤� `u^ ��z h�g z�r ��k�h�\ � _�cc�G¯Lóni ³ k�bGk {'{ � � _ � _ z k�h
k�a r \�b �0� _ z k�h r k�hy\ r x�k�� � � z ��\ �&��� ts� r \ß��\�_�\ { _Vk�b r �sx z�{ xZx �&� \ � � � _�b2\ r ^�k�h r \
��^�_Vk6_�x�\
{ ��_�k������.bV\ ± ��\�h { t r \�_yaBt�_�xy\+� � _ �"r�� `�^ �<z h>gQb � _�\�i�»���_ z h�k���b {|��r \ � _�xy\+��\�_�\ { _Vk�b r � r \��
��k�h>k�_@x �&� \ � � � _�bV\ r ^�k�h r \���^ã_�k�c
�G¯Lóniä°0x z�r b2\ r � � _ räz h r `�\ � b z h>guk���_�xy\��.b z h>g�\ r i
°�x z�r \����.\ { _@x ��r _VkLaB\ �&{&{ ��b � _�\ � tê_ � �B\�h {|� bV\�k�� z h�_�xy\�� � _ ��� h �&� t r�z�r ^�b'k { \9����bV\ � h>�
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�k�bÍ_�x z�r _�xy\ r x � ^�\wk���_�xy\+_ z `u\+b2\ r ^�k�h r \ { ��b � \5an\ { k�`u\ r�z `u^�k�b:_ � hy_Vi � _�x ��r _Vk5aB\Z��\�Å
_�\�b:` z hy\9�5\�Ë£^�\�b z `�\�h�_ �&�<� t � �._�\�b�\ � \�b:t5\ � \�h�_ � h>�Q_�x z�r \�Ë]^�\�b z `�\�hy_ �&� bV\ r ^�k�h r \ { ��b � \ z.r
{ k�h � k ��� \��ß� z _�xs_�xy\D^�k z h�_ r ^�b2\ � �5���h { _ z k�hZ_�k �&{'{ k���hy_��k�b�_�x z.r�r `�\ � b z h>gQ\����.\ { _�i
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°�xy\ r t r _�\�`Â� �&� \ � \�h�g�_�x�bV\ r ^�k�h r \+x ��r _�xybV\�\ { k�`�^�k�hy\�h�_ r i>°0x�\ Ü�� _�\�b { x � b �&{ _�\�b z�r _ z<{|r
O ú ] ý � _�xy\�� �&� \ � \�h>g�_�xubV\ r ^�k�h r \sk���_�xy\���\�_�\ { _�k�bQP�ú ] ý � h���_�xy\ r ^�\ { _�b �&� \�hy\�bFg�t�� z.r _�b z Å
aB��_ z k�hSR ú ] ýäk���_�xy\L_�x�\ r _ � b�i�°�xy\ Ü�� _�\�b"\����.\ { _ z.r ����\s_VkL_�xy\ Ü h z _�\sa � h���� z ��_�x k��Í_�x�\
aBbFk � ��a � h>� Ü�� _�\�b�� r \�� z h�bV\ { k�b'� z h>gLk {'{ � � _ � _ z k�h�\ � \�hy_ r i�°�xy\ Ü�� _�\�b {|�&��z aBb � _ z k�h { ��b � \
z�r � r \9��_�kQ_ � �B\ {|� bV\+k���_�x z.r i|°0x�\���\�_�\ { _�k�b r \�h r�z _ z<�Bz _�t z.r h�k�_ �<z ` z _�\9�Z_�k �"r�z h�g � \
� �&� \�Å
� \�h>g�_�x>i 	�z _�x z h�_�xy\W�þa � h>� � _�xy\�� �&� \ � \�h�g�_�xêb2\ r ^�k�h r \Jk���_�xy\ � hy[£a=��\�_�\ { _�k�b {|� h�aB\
� ^�^�bFk�Ë z ` � _�\���aBt

P�ú ] ý�T ] e µni ¸np

°�xy\ r ^�\ { _�b �&� \�hy\�bFg�tw� z.r _�b z aB��_ z k�h�k��y_�xy\ r k���b { \ z�r���r�r ��`�\���_Vk6aB\ � a ���&{ �Ba0k9��t�� z.r _�b z Å
aB��_ z k�h>i�°�xy\D_�k�_ �&� � �&� \ � \�h�g�_�xLbV\ r ^�k�h r \+k���_�xy\ r t r _�\�` z�r _�x�\�h�g z<� \�hsaBt

�
ú ] ý�. O ú ] ýUP�ú ] ýUR ú ] ý e µni®½�p

°�xy\ z hy_�\�g�b � _ z k�hèk � \�b
_�x�\sbV\ ± � z bV\9�J� �&� \ � \�h>g�_�x�ónk�hy\ z h¼Ê ± h�iZµni µ z�r bV\�^ �.�&{ \��JaBt �
r ��`�` � _ z k�h � h>� z�r~{|� b:b z \9��k���_yh���`�\�b z<{|�&��� t|i
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q hêk {'{ � � _ � _ z k�h�k�a r \�b �0� _ z k�h z�r _�x�\
bV\ { k�b'��k���_�x�\ß��\�_ �&z��.r k���_�x�\ � ��h � b r x � ��k�� {|��r _yaBt
_�xy\ r _ � b ��r�z _�^ ��r�r \ r@�&{ bFk r¤r _�x�\
_�\ � \ r�{ k�^�\ � ^�\�b:_���bV\9i�°�xy\D_�\ � \ r�{ k�^�\ � ^�\�b:_���bV\ �&� \�b � g�\ r
k���_�_�xy\s� z ���.b �&{ _ z k�hê^ � _�_�\�b:h>i>°�x z�r \����.\ { _ z.rÍ� \�b:t�h>k�` z h �&� e�� m�i µ�` ��r p��k�b � c&` {'����r�r
_�\ � \ r�{ k�^�\�aB��_ �Z��� bFg�\�b � ^�\�b:_���bV\ e�� l�`�p r `�\ � b r _�xy\ ��z g�x�_ { ��b � \u_�k � g�b2\ � _�\�Ë£_�\�hy_
� h>�Jx�\�h { \s_�x z�r5r x�k�� � ��an\ {|� bV\��.� ��� tê_ � �B\�h {|� bV\�k�� z h¼_�x�\�� � _ ��� h �&� t r�z.r ^�bFk { \�����bV\9i
°�xy\s`�k9��\ �<��z h�g � ^�^�bFk �&{ x � ��k�^�_�\���_�k �&{'{ k���hy_D�k�b"_�x z�r \����.\ { _ z.r�r�z ` z<��� b�_Vk�_�xy\�k�h�\
� r \��L�:k�b@_�x�\ Ü h z _�\ r�z ó�\Xk���_�xy\ r k���b { \9iB¯L\�b2\ � _�x�\
_�\ � \ r�{ k�^�\ � ^�\�b:_���bV\ z�r�{ k�h r�z ��\�bV\�� ��r
{ k�h r�z.r _ z h�g�k�� �"r \�b z \ r k�� r��<z�{ \ rG�&�<z g�hy\9� z h�_�xy\X� z b2\ { _ z k�h=k���_�xy\ r x � ��k��ð^ ��r�r¤� g�\9iB°�xy\
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Secondary obscuration

Oi

α i

Direction of Shadow passage

³Bz g���b2\
µni o ² °�xy\D`=k9��\ ����z h>g � ^�^�b'k �&{ x�k��y_�xy\6_�\ � \ r�{ k�^�\ � ^�\�b:_���bV\�i

k {'{ � � _ � _ z k�h�^ � _�_�\�b:hL� z��<� _�xy\�hLaB\ r \�\�hLaBt+\ �&{ x r���z<{ \ � _ �Gr���z g�xy_ � t�� z ���.\�bV\�hy_9_ z `u\ ��r _�x�\
r x � ��k�� r �s\�\�^ r ^ ��r _�_�x�\+_�\ � \ r�{ k�^�\�i � h {|��r \Xk���Ä ��r¤r \�g�b �&z hubV\���\ { _Vk�b r _�xy\ r \ { k�h>� � b:t
k�a r�{ ��b � _ z k�h z.r0�&�.r kä_ � �B\�h z h�_�k �&{&{ k���hy_Vi�°0x�\@`=k9��\ ��z�r�r x�k��sh z h ³nz gBi�µni oni�°�xy\@�.��h { _ z k�h
�5úA��ý�_ � �n\ r _�xy\D�k�b:`

�+ú;�>ý . 9 rgiOú �Ù m ý �FE `a i09 rgiOú �ÙXW ý ��E `a O OQå ���ÈÙ W e µni®É�p

. 9 rgiOú �Ù2m ý �FE `a O OQå Ù W �\�D�OÙ2m
�sx�\�bV\ � Ù m � h��ÎÙ�W � bV\Z_�x�\�b � � z<z k��G_�xy\Z^�b z ` � b:t � h>��_�x�\ r \ { k�h>� � b:tã` z b:bFk�b r k���_�x�\
_�\ � \ r�{ k�^�\�i�� z �B\ z h�_�xy\�k�_�xy\�b �&� \�b � g z h�gZ\����.\ { _ r�� _�x z�r6z hy_�\�g�b � _ z k�h z.r+�&��r kZ^�\�b:�:k�b:`�\9�
hy��`u\�b z<{|�&��� t|i
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� h k {'{ � � _ � _ z k�h ��z g�x�_�_�b �&{ \ r k��_�\�h��s\s\�h { k���h�_�\�b ���0� b:t z h�g�a �&{ �0g�bFk���h>� ��z g�x�_ � \ � \ ���
�sx z�{ xÎ��\�^�\�h>� r k�hê` � h�t�� �&{ _Vk�b r��y�<z �B\�_�x�\ � ��h � bG^�x ��r \ � ^�k r�z _ z k�h � h>g � \sk��Gk�a r \�b ��� Å
_ z k�h � ^�k r�z _ z k�h � h�g � \�k���_�xy\ � ��h � b+_�\�b:` z h � _Vk�b �Q� _�`=k r ^�xy\�b z�{s{ k�h>� z _ z k�h � ^�bV\ r \�h { \êk��
� \�b'k r k ��rÍ� h>�sk�_�xy\�b�^ � b:_ z�{ � �.� _�\
` � _�_�\�b �n�&z b�` ��r�r�� h��5_�xy\
� �&� \ � \�h�g�_�x�k���k�a r \�b �0� _ z k�h>i
¯L\�h { \ ��z _ z.r \ � \�hy_���\�^�\�h���\�h�_�i6Ô k���\ ���<z h�g�_�x z.r ^ � b � `u\�_�\�b z.r h�k�_�_�b z��Bz��&��� h>� {|� h�aB\
aB\ r _ � ^�^�b'k�Ë z ` � _�\��QaBt � ^�k � tnh�k�` z.�&�ér \�b z \ r i�¯�k��s\ � \�b �9��r�� k�� � t �0� b:t z h>gäa �&{ �0g�bFk���h��
{|� h�aB\���\�_�\�b:` z h�\��sk�a r \�b �0� _ z k�h �&��� t��bFk�`ð^�k�b:_ z k�h r k��B_�x�\ ��z g�x�_ { ��b � \�i�°0x�\�`�k9��\ � ^ � Å
b � `�\�_�\�b�x ��r _�xy\
�:k�b:` �Íú�ü:ý$. Õ

\ Ô^] N ã6Ô ) Ô ú�ü:ý e µni onp

°�xy\Î��\�g�b2\�\Îk��"_�xy\ê^�k � tnh�k�` z.�&�
z�r ��\ {'z ��\9�OaBtæ_�x�\êh � _���bV\Îk��"_�xy\ z h>� z<�Bz ��� �&�"��z g�x�_
{ ��b � \ r i�� r � �&�<� t �9��r�z `�^ � \ r�� k�^�\�� z _�x!Xe.ær z�r�r ��� Ü�{'z \�hy_9aB��_�_�xy\�b2\ � b2\ {|��r \ r �sxy\�bV\Gk�h�\
x ��r _�kC� r \�x z g�xy\�b�k�bF��\�b0^�k � tBh>k�` z��&��r _�k �&{'{ k���hy_B�k�b�_�xy\ �0� b z�� _ z k�h z h�_�xy\Da �&{ �0g�bFk���h��
r�z g�h �&� i�jL\ � \�b:_�x�\ � \ r¤r���{|� b2\ z�r _ � �B\�h�_�kC\�h r ��bV\�_�x � _B_�xy\Dh � _���bV\�k��B_�xy\D^�k � tBh�k�` z.�&� ��k�\ r
h>k�_ { x � h>g�\ � aBb:��^�_ � t z hs_�xy\
\ � \�hy_�^�k�b:_ z k�h�i

68/8ò('8�Aò;7(7ÞïL�AòÞó.'_' ó6òV+�)
°�xy\�k {'{ � � _ � _ z k�h ��z g�x�_ { ��b � \ ����r b2\ { k�b'��\�� ��z.r h>k�_�_�xy\ ³ bV\ r h�\ � �.b z h�g�\�^ � _�_�\�b:h � �Zx z�{ x
k�b z g z h � _�\ r�� _]_�xy\ � ��h � b ��z `ua � aB��_ z.r0� ���.\ { _�\9�6ant6_���b:aB� � \�h { \ z h+_�xy\�Ê � b:_�xZ� r0� _�`=k r ^�x�\�bV\9i
°�xy\
_ z `u\ r�{|�&� \ r�z h � k �<� \�� z h�k {'{ � � _ � _ z k�h r
� b2\ r � { x�_�x � _�_�xy\ � _�`=k r ^�xy\�bV\ {|� h�aB\ { k�h�Å
r�z ��\�b2\��ug�\�hy\�b �&��� tL_Vk"aB\D�.bFk�ó�\�h z hZ_�x z�r _ z `�\"�.b � `u\�i|»���_ �9z _yx ��r an\�\�h r \�\�hs_�x � _ z _���k�\ r
� ���.\ { _ r k�`�\�k��Í_�x�\ ��z g�x�_ { ��b � \ r i5°�xy\���� { _�� � _ z k�h r�r \�\�h z h�_�xy\ ��z g�x�_�_�b �&{ \ r"� bV\�����\
_VkZb � ^ z � r�{'z h�_ z<���.� _ z k�hæ\����.\ { _ r�� �sx z<{ x z.r+r \ � \�b2\��k�b
aBb z g�x�_ r _ � b r����0� b z�� _ z k�h rDz h � _�`�k�Å
r ^�xy\�b z<{ _�b � h r ` z.r¤r�z k�h=����\"_�kQ_�x z hu^ ��r¤r�z h�g {'� k���� r \�_ { i � _ z�r�r \�\�h�_�x � _��k�b�aBb z g�x�_ r _ � b r
e ��`j�0/�p£_�xy\ r�{'z h�_ z<���.� _ z k�hê\����.\ { _ r ��k�` z h � _�\�i

�Dh>k�\ { xy\ � v � k�hê��\�b�¯L\ z ��\ e c&dnÉ&onp£x �&� \ �&�.r k r x>k��ZhX�.b'k�`´_�x�\�k�b2\�_ z�{|�&�~r�z `u� ��� Å
_ z k�h r _�x � _B_�xy\�^�b2\ r \�h { \�k�� r�{'z h�_ z<����� _ z k�h�h>k z�r \G_�\�h�� r _�kCa z���r _�xy\ � h�g�� �.� bä� z.� `�\�_�\�b�\ r _ z Å
` � _ z k�h+_Vk �~��� b'g�\Í\�Ë£_�\�hy_Vi � hwk�b'��\�b�_Vk
g�\�_ ��r _ � _ z�r _ z<{|�&��� t { k�b:b2\ { _£\ r _ z ` � _�\Qk���_�x�\ � h�g�� ��� b
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� z�� `u\�_�\�b � _�x z.r \����.\ { _�x ��r _�kßaB\�_ � �B\�h z hy_Vk �&{'{ k���hy_ z hã_�xy\�� � _ �s� h �&� t r�z�r i"°�xy\�`�k9��Å
\ �<��z h>g ��r ^�\ { _@�k�bDa0k�_�xê_�x�\ {|��r \ r ��\ r�{ b z aB\�� z�r _�x�\ r¤� `u\�i6°�xy\���� { _�� � _ z k�h rDz h � k �<� \9�
z hìk {'{ � � _ � _ z k�h ��z g�x�_�_�b �&{ \ r
� bV\�aB\ r _@`=k9��\ ��� \��JaBt �Lr ��` k��Gk�b:_�x>k9gBk�h �&� e ��\9g�\�h>��b2\�Åp
^�k � tnh�k�` z.�&��r iB°�x z.r�z.r aB\ {|� � r \ � k��ð�.bV\ ± ��\�h {&z \ r ��k�` z h � _�\"_�xy\
_�b �&{ \ � h���_�xy\6\ r�r \�hy_ z��&�
^ � b:_Qk���_�tn^ z<{|�&�@� \�h>g�_�xOk�� ��� ��h � bXk {'{ � � _ � _ z k�h ��z g�x�_ { ��b � \ z.r �s\ ��� bV\�^�bV\ r \�hy_�\��uaBt �
��z hy\ � b r�� k�^�\�i q �._�\�bß� z�r�� ^�^�\ � b � h { \�k�b
aB\��k�bV\�bV\ � ^�^�\ � b � h { \�k���_�xy\ r k���b { \L_�xy\ r�{'z h�Å
_ z����.� _ z k�hãh>k z.r \ �0� h z.r x�\ r i@°yk �&{'{ k���hy_��:k�b�_�x z.r�� f z<{ x z<{ x z \�_ �&� i e c&d�d�µnpBx �&� \ r ��gBg�\ r _�\��
_�xy\
� r \ßk�� � � � `�^�\�hy\9� � k��sÅ.�.b2\ ± ��\�h { t�_�\�b:` _Vk6\�h r ��bV\ � `�k�bV\ r _ � a � \ r k � ��_ z k�h>i�»�k�_�x
_�xy\
_�\�b:` r�{ k�`�\ ��r `u� � _ z ^ ��z<{|� _ z�� \+� �&{ _�k�b r~z hs_�xy\DÊ ± h>i|µni µni�°0x�\Gh�k�b:` �&�<z ó�\�����\9g�\�h>��b2\
^�k � tnh�k�` z.�&� x ��r _�x�\
�k�b:`

a ù ú�üýI. � r®= l
\ Ôb] Ì R Ô a Ô ú�ü:ý � e µni dnp

� h>��_�xy\+� � `�^ z h>gQ_�\�b:`Ýx ��r _�xy\D�k�b:`

c ú�ü:ý�. r dfe�Ø�Y ü®�Oü N e µni®c�m�p

. 59ú�üý¹iH�Íú�ü:ý dge�Ø�Y ü 5 ü N
Ä � bV\ z�r _ � �B\�h z hs� r�z h�g6_�x z�r ^�k � tBh>k�` z��&� aB\ {|� � r \DaBt z h { b2\ ��r�z h>g6_�xy\+k�b'��\�bCk���_�x�\G^�k � tBÅ
h>k�` z��&�<� _�x�\ Ü _BaB\ { k�`�\ r aB\�_�_�\�b�aB��_ z _�` � twg z<� \ r k�`�\ r ^���b z k�� r bV\ r � � _ r i£°�xy\�h � _���b2\�k��
_�xy\�^�k � tnh�k�` z.�&�nr x�k�� � ��an\ {|� bV\��.� ��� t r _���� z \��s����b z h>gä_�xy\�\ � \�hy_9_ z `u\ � h>�Q_�x�\�bV\ r x�k�� � �
h>k�_naB\ � h�t � aBb:��^�_ { x � h>g�\ � h�� �&��r k z _ r x>k�� � ��h>k�_ r _ � b:_B_ � � z h�gD_�xy\ r x � ^�\�k��B_�x�\G�b z h>g�\
^ � _�_�\�b:h>i

º�»4º�»4º yH�A�8�Q�Q}I|~�8�n|~á á �S�~|"� ¾ �;�Mz |~�8|�|~}I|~�ih �Q�A�
°�xy\La ��r�z�{ ^�b z h {'z ^ � \ z�r _�xy\ r¤� `u\�iL¯L\�b2\ � �Z\X_ � �B\ {|� b2\�k���_�xy\ r `�\ � b z h�gZ\����.\ { _ rDz h �
� z ���.\�bV\�h�_@� � t|i � h r _�\ � ��k��Qg�\�h�\�b � _ z h>gß_�x�\ ³ b2\ r hy\ � � z ���b �&{ _ z k�h�^ � _�_�\�b:h � h�� {|� b:b:t z h�g
k���_@_�xy\ z hy_�\�g�b � _ z k�hìg z�� \�h z hãÊ ± h>i6µni µ z h � k �<�Bz h>gw_�xy\�� z ���.\�b2\�hy_��.��h { _ z k�h r \�Ë£^ ���&z hy\��
z h _�xy\�^�bV\ �Bz k�� rLr \ { _ z k�h � xy\�bV\s�Z\ { x>k�k r \u_�x�\�^�k z h�_ r k���b { \�^ � _�_�\�b:h��.b'k�` k���bw� � _ �
r�� `�^ � \9i � f Ä�ñ�c�m�m&��µ z.r�� ^�k z hy_ r k���b { \ � h>��_�x�\�aB\ r _ Ü _9_VkD_�x z.r � � _ � � z _�x�_�x�\�h>k�h �<z h�\ � b
� \ ��r _ r¤± � � bV\ rBÜ _ z�r _ � �B\�h ��r _�x�\�^�k z h�_ r k���b { \��.��h { _ z k�h�i�°�x z.r�z�r�r x�k��sh z h ³Bz gBi�µni dni�°�x z�r
z�r5� ^�k z h�_ r k���b { \Z�sx z<{ x z.rDz hyxy\�bV\�hy_ � t { k�h � k �<� \��ã� z _�x�_�x�\s_�\ � \ r�{ k�^�\s�.��h { _ z k�h � _�x�\
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³Bz g���bV\Lµni d ² °�xy\�k�a r \�b � \9�u^�k z h�_ r k���b { \ { ��b � \�ø ù ú�ü:ý � h>�u_�xy\L_ z `�\sb2\ r ^�k�h r \���\ { k�h�Å
� k ��� \9� { ��b � \ßø+ú�ü:ý�i

Ü�� _�\�b�a � h���� z ��_�x { ��b � \ � _�xy\D_ z `�\DbV\ r ^�k�h r \D�k�b�_�x z�r ^ � b:_ z<{ � ��� b�\ � \�hy_ � h��5_�x�\GË£Å � Ë z�r�z.r
r�{|�&� \9��_Vk6_�xy\ � \ � k {'z _�t { k�`�^�k�h�\�h�_�k���_�x�\G\ � \�hy_Vi���\�_y� r ��\�h�k�_�\ z _ ��r ø ù ú�üý�i

°�xy\�_ z `�\êb2\ r ^�k�h r \ { ��b � \�Ù ù úAÙný��k�b5_�x�\=k {'{ � � _ � _ z k�hè\ � \�hy_+k�� � f Ä�ñ�c�m�m&��µ z.r
r x>k��sh z h ³Bz gBi6µni®c�m�iQ°ékßbV\�`=k � \L_�x�\ �&� \�b � g z h>g {�� � r \9������\X_VkL_�xy\ r t r _�\�` _ z `�\ZbV\�Å
r ^�k�h r \
�s\+��\ { k�h � k ��� \ßÙ ù úAÙný��bFk�`Öø ù ú�üý ��z i \9i �

ø ù ú�ü:ýkjæÙ ù úAÙBý(.ºø5ú�ü:ý e µniÃc'c�p

�sx�\�bV\ � jþ��\�h�k�_�\ r ��\ { k�h � k � ��_ z k�h � h���ø+ú�ü:ý z�r h>k��õ_�xy\+a ��r�z�{ ^�k z hy_ r k���b { \+�.��h { _ z k�h
�sx z�{ x z�r � r \�� ��r _�xy\ r _ � b:_ z h>g��.��h { _ z k�hu�k�b�_�xy\ � h �&� t r�z.r k��0_�xy\ ��z g�xy_ { ��b � \ r i ³Bz gBiéµni d
r x>k�� r _�x�\ { ��b � \Zø5ú�ü:ý�i � hêk���b {|��r \ � _�xy\"_�\ � \ r�{ k�^�\ � h��L_�xy\ r t r _�\�`õ� r \�� � b2\ r�� `�\"�k�b
�&��� _�xy\�k {'{ � � _ � _ z k�h k�a r \�b �0� _ z k�h r"� h���x�\�h { \ � _�xy\ �&� \�b � g z h>gß\����.\ { _�����\�_VkL_�xy\ r \�_���k
z h r _�b:��`�\�hy_ �&� � �&{ _Vk�b r � z<��� aB\ z ��\�hy_ z�{��&�0z h �&��� _�xy\ ��z g�x�_ { ��b � \ r i�[yk � k�hy\s��k�\ r hZ� _�hy\�\��
_Vk �&{'{ k���hy_@�k�bD_�x�\ r \ z hã_�x�\J� � _ �L� h �&� t r�z�r i"°�x z.räz�r _�x�\��B\�t�^�k z hy_ z h�_�x z.r `u\�_�x>k9�¼k��
� h �&� t r�z h>gQ_�x�\�� � _ � i

l�µ



³Bz g���b2\Gµni®c�m ² °�xy\D_ z `�\
b2\ r ^�k�h r \ { ��b � \D�k�b � f Ä�Å:c�m�m&��µni

°ykXk�aB_ �&z hu_�x�\Z� z.� `�\�_�\�b z h��k�b:` � _ z k�h=k�� �+r k���b { \ � �Z\
hy\�\��L_�xy\5_ z `�\"bV\ r ^�k�h r \
{ ��b � \�Ù"úAÙný�k��9_�xy\�^ � b:_ z�{ � �.� b�\ � \�h�_�i 	 \ {|� h�g�\�hy\�b � _�\Í_�x�\ r k���b { \�^�b'k Ü�� \ r e â�ú d ý�p�� r�z h>g
Ê ± h>i�µni®c�i�5�ú�ü:ý z.r g z�� \�hsaBt

59ú�ü:ý(.èø5ú�üýkläÙ"úAÙný�l�âÍú d ý e µni®c&µnp

�sx�\�bV\ � lZ��\�h>k�_�\ r6{ k�h � k � ��_ z k�h>iw°ékêg�\�_ � an\ r _ Ü _�_Vk�_�xy\êk�a r \�b � \9� � � _ � k�h�\�x ��r _Vk
{ x � h>g�\�_�xy\ � h>g�� ��� b r�z ó�\ � h�� r�{|�&� \�_�x�\�Ë£Å � Ë z�r _�k �&{'{ k���hy_9�k�by_�xy\ � \ � k {'z _�t|i�°�xy\ �0�&�<z � z _�t
k���_�x z.r"� ^�^�bFk �&{ xux ��r aB\�\�h�\�Ë]_�\�h r�z<� \ � tu_�\ r _�\��ãk�hê_�xy\ �<z g�xy_ { ��b � \wk�� � f Ä�Åµnm&¸n½&� � h>�
_�xy\ �0�&� ��\
k�aB_ �&z hy\����.bFk�` _�x z�r _�\ { xyh z.± ��\�� ��rB{ k�h r�z�r _�\�hy_B� z _�x5_�x � _9\ r _ z ` � _�\��5�bFk�` _�x�\
h>k�h ��z hy\ � b � \ ��r _ r�± � � b2\ r `�\�_�x�k9��i

°�xy\"` �&z h=k�a � \ { _ z<� \Zk���_�x z�r>{|�&��z aBb � _ z k�h z�r _�kZ��\�_�\�b:` z hy\5_�x�\�b2\ r ^�k�h r \Xk���_�xy\X��\�_�\ { _�k�b
_Vk � h z h r _ � hy_ � hy\9k�� r>{ x � h�g�\ z h�_�xy\ �<z g�xy_ � \ � \ � i qÝr�z `u^ � \+aB��_�\����.\ { _ z�� \"\�Ë£^�\�b z `�\�hy_ �&�
r \�_y��^ z�r � r \���i ³Bz gBi�µni®c'c r x>k�� r _�xy\Da � k { ��� z�� g�b � `Âk��y_�xy\ r \�_���^�i
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Dewar Housing

InSb LED

  PA

CRO

DAS

PC-AT
Function
Generator

Detector

³Bz g���bV\Dµni®c'c ² °0x�\Ga � k { ��� z�� g�b � ` �:k�b�_�xy\D\�Ë£^�\�b z `u\�h�_ �&�~r \�_B��^��k�b r t r _�\�` {|�&�<z aBb � _ z k�h�i

q h � f ��z g�x�_�\�` z _�_ z h�g�� z k9��\ e ��Ê } p z.r ^ ���&{ \9� z h��bFk�h�_Ck��@_�x�\J��\�� � bD� z h���k��
z h � � ��r x z k�h r � z _ z h>gu_�xy\L� �&{ _Í_�x � _ z _ z�r5� �.b'k�hy_ � k�k�� z h>g¼k�hy\9i qÂr�± � � b2\X^�� �.r \ z�r �\��
_Vku_�x�\���Ê } �.b'k�` � �.��h { _ z k�h·g�\�h�\�b � _Vk�bVi¼Ä � bV\ z.r _ � �B\�hæ_�k { x>k9k r \ê��Ê }wr � z _�xæ� ��r _
_ z `�\5bV\ r ^�k�h r \9ié°0x z�r � ��r�� \�b z�Ü \9�LaBt�k�^�\�b � _ z h>gs��\�� � b } c z h�_�xy\ � k�� f Û�`=k9��\ � h>�
r�� `�^ ��z h>g � _�m�i®c&` r i�°�xy\"_�b � h r�z _ z k�hÎk�����Ê } k�h>÷�k���� z.r \�Ë]^�\�b z `u\�hy_ �&��� t��k���h>�ß_�k�an\!ß
m�i®c&` r iC°0x z�r \�h r ��bV\ r _�x � _@_�x�\���Ê } bV\ r ^�k�h r \���k�\ r h�k�_ z hy_�\�b:�\�bV\ z hÎ��\�_�\�b:` z h z h�gZ_�x�\
��\�_�\ { _�k�b@b2\ r ^�k�h r \�i

� _B� ��r �k���h���_�x � _y_�xy\�b2\ z.r h�kD��h z.± ��\
bV\ r ^�k�h r \ { ��b � \D�k�b�_�xy\D\�h�_ z bV\ßk�^�\�b � _ z h>g
ónk�h�\�k���_�xy\���\�_�\ { _�k�b � h>�J_�x � _�_�xy\sb2\ r ^�k�h r \ { ��b � \ z.r+r \�h r�z _ z<� \u_�kZ_�xy\Za z.��rD� k � _ � g�\
g z�� \�hZ_�kQ_�x�\
^�bV\ � `�^ �<z�Ü \�bVi�°�xy\D�k ��� k�� z h>g {|�&�<z aBb � _ z k�h r �s\�b2\
^�\�b:�k�b:`�\���_�k r _�����tZ_�x�\
aB\�x �&�nz k���bCk���_�xy\D_ z `�\6bV\ r ^�k�h r \+k � \�b@_�xy\+��tnh � ` z<{ b � h>g�\�k��y_�xy\ß��\�_�\ { _�k�b�i
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º�»nm�»@¼ ½ �AÄG�j�����Qá �~}I�Q����|~�A�io_�Q|~�8�A�"}
� h5_�x�\ � hy[£aX��\�� � b � _�x�\�^�bV\ � `�^ �<z�Ü \�b�k���_�^���_9� ��r�� � � � r _�\9�"_Vkäó�\�bFk�ant6`=k �Bz h�gD_�xy\�a z���r
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