
���������	��

������� 

�������������
�
�
����� �"!$#�%�& '(�)#*!�+-,/.�+�0(12'304�5�76989:<;<=?>@6A;4B�!DCFEHGJI	K	K�ELNMAO	MQP�RTSVUXW�YHY�Z
[�\^] _(`badc
e�f5gh`HiDjlk(m Sln f5m U k�m2fok�m2m2k(g�p(frqtsui(g U f5suvba Slw f5jyx{z S a2|

`HiDjlk(m Sln k�a S i(g}k�g*p(jlf U i�~����D�3�5�5���������D���"_D�D�3�5�u�5�)�"�D�D��m"f U `�f5s)�
a Slw fujlx(���Ag�`�i(jVk�m Syn f5q�j S pD|DaFz S a2| S g�a2fug U"S a�x^�����������3�����5�D�
�h�$� � SVU/S g*s S qbfug�a4i(g�a"|*fFk�m2m�k$x(�<�^|*k3a SlU a"|�f S g�a"f5g U"S a�x�  S g
�h�$� �5¡Ni�~�a"|*f�j S p(|�a¢jyfrk w�S g�p4a2|�f�jlk U a¢`�i(jVk�m Syn fum¤£
¥ ¦J§¤¨ ©)ª¬«­§d®)¯ °±¦J§¤¨ ª¤ª�«4§d®)¯ ²±¦A³r¨ ®¤®N«´§d®)¯ µ ¦¶³r¨ ³¤·¬«­§d®)¯¸ ¦X³r¨ ©¤©N«­§d® ¯ ¹ ¦X³r¨ º¤º
«´§d® ¯ » ¦A¼r¨ ³¤·¬«4§d® ¯ ½ ¦¶¼r¨ ·¤º¬«­§d® ¯
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¾±\A] _�`ba"c M jlk U f5m�¿�f5k(ÀÁf5gDa2fum U k­�r���ÃÂ­ÄuÅ�a"| S s�Æ/pDjlk U"U z S g*qbi3z
k3a9k(g S gHs S qbfug�a�k�g�pDjyf/i(~ Ç$È��JÂ(� � �Ae
|�f S g*qbfuÉ-i�~�m2f)~Êm�k(s¤a S iDg-i�~
a"|�fFp(jVk U2U/SVU �(�ÃÂ��*�Ë�^|*k�a SVU a2|�fFk(g�p(jlfoi�~Xm2f)~Êm�k(s)a S i(g�Ç3Ì5£�  S g
qbfupDm"f5f U ¡
¥ ¦X³r¨ ª�¼N«­§d®rÍ °±¦X¼r¨ ®¤º¬«4§d®rÍ ²±¦A¼r¨ Î)ÏN«´§d®rÍ µ ¦¶¼r¨ Ï�ÎN«­§d®rÍ¸ ¦¢Î$¨ Î)©N«­§d® Í ¹ ¦X©r¨ ®¤¼
«´§d® Í » ¦A©r¨ ·¤º¬«4§d® Í ½ ¦¶·r¨ Î)³¬«­§d® Í
Ð�\9] _�`�adcÒÑAi3z�jli(g�pÓqbi�f U
S a¢a2k(Æ(f9a"|*f�¿Hfrk�À}a2iÔ`*k U2U a"|�m2i(v*p(|

a"|�f�`�jVk3a2fo  S g�Õ�Ö3Õ�×$ØuÙ�Ä�×3Õ�Ú3Ød¡d£

¥ ¦X³r¨Ã§d®
«´§d®rÛ Í °±¦¶³r¨ ·¤³¬«´§d®rÛ Í ²±¦¶¼r¨ ³¤º¬«´§d®rÛ Í µ ¦XÎ$¨ ®¤Ï¬«­§d®rÛ Í¸ ¦¶©r¨Ã§d³¬«´§d® Û Í ¹ ¦A·r¨ Î)®¬«´§d® Û Í » ¦Aºr¨ ®¤®N«­§d® Û Í ½ ¦J§¤¨ ®¤®
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unknown optical element

light from distant object
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W \Ü] _�`ba"c9Ý S pD|Da7~Êm"iDÀÞkhq SVU a2k�g�a7iD¿bß�f5s)a SlU7S gHs S qbfug�a7iDg�k�g
v�g�Æ�g�i3z¢g7iD`ba S suk(j�fujlfuÀÔfug�a5à�k U
U |�i3z¢g<k�¿�i w fD�N âá�i(m
frk(s�| U a2k�a"fu�
À4f5g�a U f5jyfrs¤aXeãeÒm2v�fJi(mXá�áHk�j U f$¡¤�
M ¡ P ~ba"|*fum2f SlU k¢ä P�å e¢� M Ý P�æ�MXçJè k3aêéÒa"|�f¬i(`ba S s5k�j�f5jyf5À4f5g�a
SVU k L¢ë9ì ä è�å¢ç9P�ì¶ç Ý è�ì9í �
î ¡ P ~�a"|�f5m"f SlU k åXè¬M Ý P�æËMXçJè k�a
ï­a"|*fAi(`�a S suk�j�fujlfuÀÔf5gDa SVU
k L¢ë9ì9LNM ä è�æ-P�åAå¢ë9å �
L ¡ P ~±a"|*fum2f SVU k åXè¬M Ý P�æËMXçJè k�a
é¢a"|�f9i(`ba S s5k�j�fujlfuÀÔf5gDa SVU
k L¢ë9ì ä è�å¢ç9P�ì¶ç Ý è¬ì¶í �
ð±\�] _(`badc ç m�k�g*qbÀÓk-|Hk U kñ~òk�m2`Hi S g�a4i�~A�b� ��� � � M¶U"U v�À S g�p

|�fumXf5x(f U k�m2f/�b� �Óó � ~Êm2i(Àô|*fumXpDjlk U"U f U àbz¢|*k3a SlU a2|�f/m2f)~Êm�k(s)a Slw f
`Hi3zNfumX  S goq S i(`�a"fum U ¡ U |�fAg�fufrq U S gÓ|�fum�jlfug U f U a"i U fuf¢iD¿bß�f5s)a U ~òk(m
k$zNk$xD�

¥ ¦X³r¨ ª¤ªN«´§d® Û Í °±¦¶¼r¨ Î)·¬«´§d® Û Í ²±¦AÎ$¨ ¼¤¼¬«´§d® Û Í µ ¦¶©r¨ Î$§ê«´§d® Û Í¸ ¦¶·r¨ ª�·¬«´§d® Û Í ¹ ¦Aºr¨ Î)©¬«´§d® Û Í » ¦�§¤¨ ®¤· ½ ¦/§¤¨ ¼¤³

õ�\¶] _�`�adc M gÓi(¿bß�frs¤a�a2|*k3a SlU¬ö ó � | S pD| SlU `�jlkDs)frq4_D��ó � ~Êm2i(À
a"|�fFjyf5g U �{e
|�f S ÀÓk�pDf SVU´S g w fum"a"frq@k�g*q SlU Âb� �Ëó � | S p(|±�te
|�f
ÀÓk�p(g S a2v*qbfJi�~�a"|�fJ~Êibs5k�j	jlfug�p(a"|ñi�~Òa"|�f�jlfug U   S gñó � ¡ SVU
¥ ¦XÏr¨ Î)® °±¦�§¤¨ ¼¤·N«´§d® Í ²±¦/§¤¨ Ï¤º¬«´§d® Í µ ¦X³r¨ º)ª¬«­§d® Í¸ ¦¢Î$¨Ã§d·¬«­§d®rÍ ¹ ¦A·r¨ ®¤¼¬«´§d®rÍ » ¦¶ºr¨ ª2ÎN«­§d®rÍ ½ ¦J§¤¨ ³)ª�«4§d® ¯

÷ \X] _�`ba"cbÝ S pD|�aÒi�~HzNk w fujlfug�p(a"| ö�ø � ù � SVUÒS g*s S q�fug�a�iDg´k UdS g�p(jlf
U j S a�i�~�z S qba"|7�*� �Jú � � M g S gDa2fum"~Êfum2fug*suf¢`*k3a"a"f5m"g SVU i(¿ U f5m w f5q­i(g
k U s)m2fufug����Ã� � k$zNk$xo~Êm"iDÀÜa2|�f U j S ar�AÑXi3zû~òk�m4  S g�ó � ¡ SVU a2|�f
ü m U a¢À S g S À­v�À U fu`*k(m2k�a"frqÓ~Êm2i(À}a2|�f/s)f5g�a"m�k�j�ÀÓk3É S À­v�Ào£
¥ ¦A·r¨ Î$§ °±¦Aª5¨ ©¤® ²±¦¶ºr¨ ª�º µ ¦J§¤¨ ®¤¼¬«­§d® Í¸ ¦�§¤¨ ³¤®N«­§d®rÍ ¹ ¦J§¤¨ Î$§�«´§d®rÍ » ¦�§¤¨ ·¤©N«­§d®rÍ ½ ¦�§¤¨ Ï¤³¬«­§d®rÍ

Y \J] _(`badc� âá�i(mAf5k(s�| U a�k3a2fuÀÔfug�a U fujlf5s¤aAeãe�m2v�fJi(mXá�á*k(j U fr¡)�
M ¡ P ~
k-sujyibs�ÆËpDi�f U i(g@k<jli(g�p U `*k(suf w i3xDk(p(f4k3a/m2fujVk3a Slw�SlU a S s
U `�fuf5q U à S a9z S jlj�m"frk(q<a"|*f U k�ÀÔf�a S ÀÔf­k U kFs)jli�s�ÆFa"|Hk3a U a2k$xDf5q
iDg�f5k�m"a"| S ~
a"|�fÓa S ÀÔf SVU m2f5kDq�k3~ýa"f5m�a"|*f7s)jlibs�Æ�|*k U s)iDÀ4fÔa2i
m2f U aXk�p�k S g7i(g<f5k(mda2|±�
î ¡ M gñk U a"m2i(g*k(vba�ÀÔi w�S g�p4k3aNm"f5jlk�a Slw�SVU a S s U `Hf5f5q U zNi(v�jVqÓ`�fum"�
suf Slw fAa"|*k�a
iDv�m
pDk(jlk�É�x SVU
U ÀÓk�jljlfumNa"|*k(gFz¢|Hk3a
z¬f9z¬iDv�jVqo`�fum"�
suf Slw fD�
L ¡ í�S g*s)fJk/`*|�i�a2i(go|*k U g�i´ÀÓk U2U¬S a¢suk(g7|*k w fXfug�f5m"pDxÔ¿�vba
g�i
ÀÔiDÀ4f5g�a"v�Àñ�
þ�\¶] _�`�adc MãU v�`�fum2g�i w k�f)Éb`�jli U"S iDgÓm"f5jyfrk U f U _*� Â±�¢�5�(ÿ���� ��ÑXi3z

À´v*s�|-ÀÓk U"U   S gËf5k(mda2|-ÀÔk U"U f U ¡N|*k U a"|*f U a2k�m9s)iDg w fum"a"frq7a2iofug��
fum2p(x�£ RXM e M �����N�ãÂb� �	�4�t�5�(�"ÿ�
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¥ ¦¶¼r¨ ®¤Ï¬«´§d®�� °±¦XÎ$¨ Î)ºN«­§d®�� ²±¦A·r¨ ©¤®N«­§d®�� µê¦¶Ïr¨ Î)¼¬«´§d®��¸ ¦/§¤¨ ¼)ª�«­§d®�� ¹ ¦/§¤¨ Ï¤º¬«­§d®�� » ¦A³r¨ º)ªN«´§d®�� ½ ¦AÎ$¨Ã§"ª�«´§d®��

[ Z \X] _(`badc M `�i3zNfum"~Êv�jDjVk U fum�suk(g/fuÀ S a��D��ÂÒß�i(v*jyf UÒS g/iDg�f�`�v*j U f
i�~�j S p(|�a5� e
|�fJz
k w fujlfug*p�a"|7i�~±a2|�fJj S p(|�a SlU
ö ��Â�ù � ��ÑXi3z�ÀÔk(g�x
`�|�i(a"i(g U k�m2f S gñi(g�fJ`�v�j U fr£

¥ê¦A³r¨ ·¤¼¬«­§d® ¯ Í °±¦¶¼r¨ ©¤®¬«´§d® ¯ Í ²±¦AÎ$¨ ·¤©¬«­§d® ¯ Í µ ¦A·r¨Ã§dÏ¬«4§d® ¯ Í¸ ¦Aºr¨ ³¤¼¬«­§d® ¯ Í ¹ ¦/§¤¨ ®¤Ï¬«´§d® ¯ ¯ » ¦´§¤¨ Î)·¬«´§d® ¯ ¯ ½ ¦/§¤¨ Ï�ÎN«­§d® ¯ ¯
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