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U 6847R5I:;MV1U8�7�%X{+e2x6^2[ZL;=2E9H68ZoAg;JMl47;?>YFqK7;J9�ZLFqcG03I/MDZL.1;�I:6^4T.[Z�S~I:FT>�Z:68>Y;lP 2yZLFrZL6^>Y;lP p U)�`Fqc�;=KT;JIJnqMlR1;ZLF�ZL.5;�\^6^>_68ZL;QMm9H6^�=;gFTSWZL.5;�21;=6^4T.NCEF7IL.1F[FlM�n1FTIx»�k5½=¾\b�
l¾:½<nER19H;QMpS~FTI`>@0qZ/,/.56^2541n1ZL.5;�\^Fl,=03ZL6^FT2�F3SWZL.1;Ml6O9Hk1\^07,<;JMskEF7682[Z � ,=FTR5\OM�Cb;  �FTI � FTId9HF7>Y;�FTZL.5;JI�kbFT6^2[Z`03\^FT254fZL.5;g;QMl4T;D9H;J4T>Y;=2[ZdMl;<Z:;=I:>Y6825;QMCNA@ZL.1;=>�U
,<R1ILK7;JM_6^9LFTC1IL6^4T.[ZL21;J9:9y,<F727Z:FTR5I/9JU � .5;�;JMl47;J9y9L.5Fqcd2@6^2YZL.5;�k56^,<ZLR5I:;ec�FTR1\^M_Cb;`ZL.1;`Z:0T254T;J2[Z:9WZ:F�ZL.1;,<F72[ZLFTR1I?Z:.10qZe0Tk5k5I:FBjl68>@0qZ:;eZ:.5;�,<F72[ZLFTR1I�\^Fl,=0T\8\^ATU
¸ ;�,=032�6^27Z:;=I:k5I:;<Z U 6847R5IL;HV1U8�7�Y079rS~FT\^\8Fqc`9JU@+�,/.103214T;Y6^9DF7C19L;=I:KT;JM�0qZgkbFT6^2[Z � 0T21Mw,J032 Cb;>Y;J079HR5I:;JM_CNA�"����

� . �1PvU � .56O9X,/.10T254T;d;QP7RE03\O9hZL.1;eMlF3Z?k5ILFlMlRE,vZ?FTS�ZL.5;e9Lk103ZL6O03\147I:07Ml6^;=2[Z �"�p0T21M_ZL.1;�1Fqc KT;J,<ZLF7I � U ! � !1,=0T2pCb;�0T9d9L>@03\^\{0T9�Z:.5;gkE;JILkb;=2EMl6^,=R5\O03I`Ml6O9oZ/0321,=;DZLFYZ:.5;g25;=c ;JMl47;g\8Fl,J0qZL6^FT2{nFTIg68Zx,J032�CE;�>xR1,/. \^0TIL47;=ID6^2 ,J0T9L;YZL.5;Y�EFqc�KT;Q,vZ:FTIg6O9g682�0�Ml6^I:;J,vZ:68F72 >fR1,/.�Ml6_mb;JIL;J2[ZgS~ILF7>�ZL.1;9Lk10qZ:6^0T\�4TI/0TMl6^;=2[ZJU � .1;g\^03ZHZL;JIe,=079H;Dc�FTR5\OMpIL;Q9HR5\8Z`cd.5;J2�0YI:FTkb;DCE;J68214@k5R5\^\8;QM�KT;=I:AYS 0T9HZ`KT;JIHZ:6^,J03\^\8AKN68C1I:03ZL;J9d9L\^6847.7Z:\8As.5FTI:68�JFT2[Z:0T\8\^A@I:;J9LR5\aZ:68214_6^2�9H>@03\^\{,/.10T254T;Q9�F3S�6^>@0347;r;QMl4T;DkbF79L6aZ:68F72�FqKT;=I�Z:68>Y;TU
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� .5;�6^>@0347;D�1Fqc�;JP[R10qZ:68F72�k5ILFqKN6OMl;J9e0�,<F7219oZ:I:0T682[ZdZ:.10qZ�,J032mCb;f03k1k5\86^;JMm03Ze;=K7;=I:Ask568jl;=\�kEF[9H68ZL6^FT2�U
, A�079L9LR5>Y68214�,<FT.1;=I:;=21,=;Tn�25;=6^4T.NCbFTI:68254 k568jl;=\O9s0TIL;m,<F7219HZLI/036^25;JM�ZLF�.E0BKT;	9L68>Y6^\^0TI@�1Fqc�KT;J,<ZLF7I:9JU
U 6847R5I:;�V5U^�J�Y9H.1Fqc`9G.5Fqc 21;=6^4T.NCEF7IL6^254@,<F7219HZLI/036^27Z/9d,=0T2iCb;�R19L;JMpZ:F�IL;QMlR1,=;DZL.5;�0T>fC56^4TR568ZoAs6^2�ZL.1;Ml6^IL;Q,vZ:68F72pFTS�>YF3Z:68F72�U U 6^4TR1IL; V5U^�J�;Y~C;[�9L.5Fqc`9G0fC1\8FqcdR5kiF3S�ZL.5;g21;=6^4T.NCEF7IL.1F[FlMsF3S],=FTI:25;=Id+�FTS{ZL.1;>YFqKN68254x9LP[R10TIL;r9H.5Fqcd2@6^2AY 0$[<U � .1;�6^>@034T;e�1Fqc�;JP[R103ZL6^FT2s,=FT219HZLI/036^219yZL.5;rMl68I:;J,<ZL6^FT2�� � F3S�>YF3Z:68F720qZGkbFT6^27Z�� ZLF_CE;r682sZL.5;r6^27Z:;=I:Kq03\�CE;=Zoc?;J;=2pÄ���� ) 0321M���� ) U � .5;DMl6^IL;Q,vZ:68F72�� � F3S{>YFTZL6^FT2s03Z�kbFT6^2[Z
� 6^9G,=FT219HZLI/036^25;JM@ZLFxZL.5;r682[Z:;=I:KB0T\�CE;=Zoc?;J;=2 "���� ) 0T21Ms����� ) UW��S{kbFT6^2[Z:9���0321M � 0TIL;D0T9:9LR5>Y;JMYZ:FCb;xF72mZL.5;Y9:03>Y;�I:68476^MmF7Clzo;J,<ZJnbZL.1;=2	Z:.5;x�1Fqc�KT;J,<ZLF7I:9�0qZ���032EM � 0TIL;f25Fqc ,<F7219oZ:I:0T6821;JMiZLFpZL.1;6^27Z:;=I/9H;Q,vZ:68F72pFTS{ZL.1;J9L;�,<FT2E9oZ:I:0T682[Z:9JnNcd.56O,/.i6O9�ZL.1;g682[ZL;JILKq0T\ "���� ) 0321M���� ) U

U 6847R5I:;J9pV1U8�B�g032EM V5U^�J�g;J>Yk5.10T9L6^�=;`Zoc�F�kbFT6^2[Z:9JU U 6^I:9HZJnNF725\8AY0qZ?ZL.5;r6^27Z:;=I:;J9HZL6^254f,=FTI:25;=I?kEF7682[Z:9,=0T2	6^>Y0T4T;f�1Fqc�CE;Y9L03S~;=\^Am,<FT>Yk5R5ZL;JMuR19L68254i9H>@0T\8\W03kb;=ILZLR5I:;J9JU � ;J,<F721M�n�,<F7219HZLI/036^27Z/9`F72mZL.5;x�1FqcKT;Q,vZ:FTI/9y0qZ?ZL.5;D,<F7IL25;JI:9X,=032@Cb;rk5ILF7k1034[0qZ:;JMYMlFqcd2YZL.1;�;QMl4T;Q9��[.5Fqc�;=KT;JIJn70T9 U 6^4TR1IL;!V1U8�Q��Y ,G[h9L.5Fqc`9Jn68Z�>Y6^4T.[Z?Z/03t7;e>@032NAY6aZ:;=I/0qZ:68F7219yZ:FfI:;J07,/.s032�6^2[ZL;JILk5I:;<Z/0qZ:68F72@S~FTI�;JMl47;ekbFT6^2[Z:9JnN9LR1,/.i0T9 � nTZ:.10qZd03I:;Ml6O9oZ/032[ZWS~ILF7> 032NA�,<F7IL21;=IQU � F7>_;�;<jlkb;=I:68>Y;J27Z/9W682x�1Fqc·,=FT>Yk5RlZ/0qZ:68F7219].10BKT;�CE;J;=2_kE;JIHS~F7IL>Y;QM�R19L68214I/0321MlF7>�k568jl;=\y6^>@034T;Q9=UpV�R1I�Ml;=K7;=\^FTk5>Y;=2[Z�9L.5Fqc`9rZL.103Zf9HRE,/.�6^>@0347;J9g03I:;Yk5I:FTC10TC5\8Am;Q0T9L68;JIDZL.10T2.56^4T.5\^Am9oZ:ILRE,vZLR1IL;QM	6^>Y0T4T;Q9`Cb;J,=0TR19L;x25;J6847.NCEF7IL.5FNFlM59�03I:;�>YFTI:;f\^68t7;=\^ApZ:FpCb;_R5256OP7R1;TU ]d;=\O0qj503ZL6^FT2>Y;<Z:.5FlM59r682��3��03I:;x9HZLREMl68;QM	6^2 |?.10TklZL;JIY�T�TU � 9H;_F3S?M56 m�;=I:;=2[ZL6O03\W;QP7RE0qZL6^FT2E9`Z:Fi9LFT\^KT;gS~F7ID68>@0347;
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U 6847R5I:; V5U^�Q�3X]+ 9:P7RE03I:;`FTClzo;Q,vZG6^9�>YFqKN68214gZLFqcG03I/M_ZL.5;DI:6847.[ZJUW�mF3Z:68F72sKT;Q,vZ:FTI/9ycd68ZL.�Z:.5;=6^I�Z:0T68\O9XF72ZL.1;e;JM54T;e03ZyZL6^>Y;HP 2 0TIL;`,=FT219HZLI/036^25;QMxCNAY0g\^6825;Q03I?IL;J\^03ZL6^FT219L.56^kYZL.103ZXk5RlZ/9yZ:.5;=6^IX.5;Q0TM59XFT2�0T2�;JMl47;0qZhZ:68>Y; P�p3Uy|?FT>Y>YFT2@,<F7219oZ:I:0T682[Z/9y0qZhZ:.5;e,<F7IL21;=I/9h+�n , n |�n ��S~FTI/,<;GZ:.5;�¼@¿qÂq½r¾��=�,lOb16^2[ZL;=I:k5I:;<Z/0qZL6^FT2{ncd.56O,/.u,=0T2mZL.1;=2uCb;_k5ILF7k1034[0qZ:;JMiZLFi03\^\�;QMl4T;xkEF7682[Z/9eCNA�;=2lS~F7I:,=68214p,<F7219L6^9HZL;J21,<Am03\^FT214@ZL.5;_;=2[Z:68I:;CbFTR521M103I:ATU
�1Fqc ,=032iCb;DS~FTR521Mi6^2iZL.5;gk10TkE;JIdCNA �`F7IL2�0321M � ,/.NR52E,/t�Yo�,V � ��[X,=6aZ:;JMi6^2pZ:.5;gI:;<S~;=I:;=2E,<;J9JU
�@  � ��£x¬ ²'$p¤h¥=¦  ¤W©�«�§ ®r¤W©�¶�£�� ¢ £��p¥J¦  § £x¥=¦Y¤]¶
� .5;dk5I:;=KN6^FTR19W9L;J,<ZL6^FT219hMl6O9:,<R19:9H;QMf>Y;=ZL.5FlM59WS~F7Ih6^M5;=2[ZL68S~AN68254g6^2[ZL;JIL;Q9oZ:68254DkbFT6^2[Z:9WF3S�0�S~I:0T>Y;G03ZhZL6^>Y;
P 2f0321M�S~F7I�\^Fl,=03ZL6^254�Z:.10qZD9L0T>_;xFTClzo;Q,vZrkEF7682[ZD682�0@S~FT\^\^Fqcd68254�S~I:0T>_;_0qZ�ZL6^>_;�P p ,<\^F79L;f6^2mZL6^>Y;fZ:F
P 2BUh��S{ZL.5;r682[Z:;=219L6aZoA@21;=6^4T.NCEF7IL.1F[FlMYFTS{;J07,/.�kEF7682[ZG6^9�R5216^P[R5;J\8AYZ:;<jNZLR5I:;JM�n7Z:.5;=2pc?;D9L.5FTR5\OM@Cb;r0TC5\^;ZLF	ZLI/0T,/tmZ:.5;�kbFT6^27ZxFqKT;=IDZ:68>Y;�RE9H6^254m25F7IL>@03\^6^�=;JM ,=ILF[9L9g,=FTI:IL;J\^03ZL6^FT2�Us+e\^9LF1nWMlF7>Y0T682 tN25Fqcd\^;JMl47;>Y6847.[Zr>@03t7;f68Zr;Q0T9LAiZLF�Z:I:07,/tm032	F7Clzo;J,<Zr6^2w0T2	68>@0T4T;x9L;JP[R5;J21,<;7n�0T9�682uZL.5;@,=079H;fF3SyZ:I:07,/t[6^254s0T2FTI/03214T;�ZL;=21256^9`C103\^\�682m0xZL;J25256O9d>@0qZ/,/.�nlFTI`0_k56^25t�S 07,<;g\^FNFTtN68214_03Ze0xc�FTI:tl9oZ/0qZ:68F72�U
¸ ;m25Fqc�,=FT219L6^M5;=I@0 >YFTI:;p47;=25;JI:0T\`9H68ZLR103ZL6^FT2-cd.5;=I:;�>YFqK[6^254 kbFT6^27Z/9�03I:;i25F3Z@Z/034T47;JM�cd6aZ:.R5256OP[R5;�Z:;<jNZLR1IL;pFTIx,=FT\^FTI�6^2lS~F7IL>@0qZ:68F72�Uu��2�ZL.56O9x,J0T9L;Tn]ZL.1;p,/.10TI:07,vZL;JIL6O9HZL6O,=9gFTSdZL.5;p>_FTZL6^FT2�68Z:9L;=\8S>fRE9oZ�CE;�R19H;QM_ZLF_,<FT\^\^;J,vZ?kEF7682[Z:9?6^27Z:FgZLI/0qzo;Q,vZ:FTI:68;Q9=U ¸ ;�>Y;=2[ZL6^FT2YZ:.5IL;J;�,=FT21,=IL;=ZL;dk5I:FTC5\^;=>@9XCE;=S~FTI:;,<F7219L6^Ml;JIL6^254rZL.1;�03CE9oZ:I:07,vZh4T;J25;=I/03\1,J0T9L;TU U F7IyFT25;`9L68ZLR103ZL6^FT2�nN,<F7219H6OMl;JIX0DCEFBj_F3S�>@032NA�Z:;=25216^9XC103\^\^9MlR5>Ykb;JMuFTRlZeF72�ZL.5;x4TI:FTR52EM8XXZ:.5;fk1ILF7C5\8;J>�6O9eZLFs,=FT>Yk5RlZ:;�ZL.1;fk103ZL.mF3Sy;Q0T,/.mC10T\8\{S~ILF7>�0sKN6^Ml;JF9L;JP[R5;=2E,<;TU?��2	0@9H;Q,<F721M�9H68ZLR103ZL6^FT2�n1c?;�cG032[ZdZ:F�9oZ:R1MlAp�1R56OMi�1Fqc Z:.5I:FTR547.i0@,/.10T>fCb;=I`CNAp>_68jl68214�1R5F7IL;Q9L,=;=2[Zek10TIHZ:6^,=\8;Q9`cd68ZL.uZL.5;f�1R56OMu032EMmFTC19L;=I:KN68214@ZL.5;J68Ir>YF3Z:68F72	FqKT;JIdZL6^>Y;TU ¸ ;_0T9:9HR5>Y;fZL.103Z6^21Ml6^K[6OMlR10T\1k10TIHZ:6^,=\8;Q9y03k1kE;Q03IhZ:FgCE;dZ:.5;�9:03>Y;d6^2�032Y6^>Y0T4T;7U���2�0rZ:.568I/M@,=079H;7nTc�;dc�0T2[ZhZLFf,=FT>Yk5RlZ:;ZL.1;�kE0qZL.E9�FTSEkb;=F7k5\8;�cG03\^t[6^254�682Y0e>@0T\8\�Uh|?\^F3Z:.56^254�>@0BAg>@03t7;XZ:.5;�68>@0347;J9]F3Sb9HF7>_;�kb;=FTk1\8;GR5256OP[R5;TnC5RlZg9LR5IL;J\8AiZ:.5;=I:;fc�FTR5\OMmCb;_0s.56^4T.	k5I:FTCE03C56^\868ZoAiZL.103ZD9LFT>Y;f9L;<Z/9rF3Sy6^21Ml6^K[6OMlR10T\^9�c�FTR5\OMm.10BK7;�ZL.1;9L68>Y6^\^0TI`03k5kb;J0TI:0T21,<;Q9?6^2iZL.5;g6^>@0347;J9JU
¸ ;Y,J032�;<jlk5\^FT68ZDZL.5;_S~FT\^\^Fqcd68254i4T;J25;=I/03\h079L9LR5>YklZL6^FT2E9eZ:.10qZg.5F7\^MuS~FTIgk1.[Al9L6^,J03\WFTC5zo;J,vZ/9D682 �T�9Lk10T,=;TU
�7U � .5;D\8Fl,=03ZL6^FT2iF3Sh0_k5.NAN9L6O,=03\�F7Clzo;J,<Z`,/.1032547;J9G9L>_FNFTZL.5\^A�FqKT;JI�ZL6^>_;7U
�5U � .5;xK7;=\^Fl,<68ZoAiFTS?0pk5.NAN9L6O,=03\]FTC5zo;J,vZg,/.10T254T;Q9�9L>YF[FTZL.5\^AmFqKT;JI`Z:68>Y;%X�ZL.16^9r6^21,<\^R1Ml;Q9�CbF3Z:.w68Z:99Hkb;=;QMp0T21M�Ml68I:;J,<ZL6^FT2�U
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( a )  square object
         moving  right

( b )  blowup  of
         corner  A

( c )  aperture  problem  is
         critical  for  elongated
         object

.
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R
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U 6847R5I:;=V1U8�Q�3XAY 0$[_+ 9LP[R10TIL;iFTC5zo;J,vZ@>YFqKT;Q9fI:6^4T.[Z(� Y~CE[x0�C5\^FqcdR5k�F3Sr,=FTI:25;=I@+ 9L.5Fqc`9f.1Fqc ZL.1;,<F7219HZLI/036^27Z/9�S~I:FT>�Zoc�Fr25;=6^4T.NCbFTI:68254�68>@0T4T;y�EFqc�;JP[R103ZL6^FT219W,=0T2fI:;JMlRE,<;?ZL.5;d03>xC56^4TR568ZoADF3SbM568I:;J,<ZL6^FT2ZLF ���3�5U`Y ,G[?+`2i;<jNZ:IL;J>_;r03kb;=ILZLR5I:;ek1ILF7C5\8;J> XW0T2s;J\8F7254703ZL;JM�FTClzo;Q,vZ?>YFqK7;J9?682sZL.5;DMl6^IL;Q,vZL6^FT2pF3S{68Z:9\^;=254TZL. �lS~I:FT> ZL.5;�0TkE;JIHZ:R5IL;g0TILF7R521MpkEF7682[Z � 0321Mp68Z:9d25;J6847.NCEF7I:9JnNZL.5;�0T>fC56^4TR16aZoA�6^2pZL.5;fM568I:;J,<ZL6^FT2F3SW>YF3Z:68F72p6O9��hU
�1U`+`2�FTClzo;Q,vZ`,=0T2pCb;�0qZ`F725\^A�FT25;D\^Fl,=0qZ:68F72p6^2m9HkE0T,<;g03Zd0_4768K7;=2pZL6^>_;7U
) U � c?F_FTClzo;Q,vZ/9d,=032125F3Z`Fl,=,=R5kNA@ZL.1;�9L0T>_;D\^Fl,=0qZ:68F72i03ZGZL.5;�9:03>Y;rZL6^>Y;TU
� .5; ^EI:9HZeZ:.5IL;J;f0T9:9LR5>YklZL6^FT219�03CbFqKT;g.5F7\^MmS~FTI`Z:.5;_�T� k5I:F3zo;Q,vZ:68F7219`FTSh�7�ª9Lk107,<;���9L>_FNFTZL.	�T�>YF3Z:68F72i,=IL;Q0qZL;Q9G9H>YFNF3Z:.i�3� Z:I:03zo;J,<ZLFTI:6^;J9JU � .5;rS~F7R5IHZ:.i079L9LR5>YklZ:68F72s>@0BA�Cb;rKN6^FT\O0qZ:;JM�R121Ml;=Idk1ILFT}zo;J,<ZL6^FT2�n�9H6^21,<;_FT21;xF7Clzo;J,<ZD>Y6^4T.[ZDFN,J,<\^R1Ml;Y0325FTZL.5;JIJn�0T21MmZ:.56O9Dcd68\^\y,<I:;J03ZL;_k5ILF7C5\^;=>@9`S~F7Ig0i9L6^254T\^;FTCE9H;JILK7;=IQU �hjlkE;JIL6^>Y;=2[Z:9xcd68ZL.·.NR5>@0T219�.10BK7;s9L.5Fqcd2�ZL.E0qZx.NR5>@0T219x,J032�I:;J,=FT472568�J;�FTC5zo;J,vZ/9f0T21M032E03\^A[�J;@ZL.1;=6^Ix>YF3Z:68F72�cd.5;J2·k5I:;J9L;=2[ZL;QM�cd68ZL.�>@032NA�S~I/03>Y;J9xF3SdZ:.5;p>YFqKN6^254	FTC5zo;J,vZ_kEF7682[Z/9=U���20wc?;J\8\�tN25Fqcd2·;=jNkb;=I:6^>_;J2[Z_CNA �TF7.1032E9L9LFT2 YH�GVNÃ � [<nh\86^4T.[Z/9fc�;=I:;p03�_jl;QM�ZLF�Kq03I:68F7R19xkEF7682[Z:9xF3Sr0.NR5>@032mCbFlMlATUeV�C19L;=I:KT;JI:9GFTSWF725\^AsZ:.5;�\^6847.7Z/9`F72	0@9oZ:68\^\�kb;=I/9LFT2m,<F7R5\^M�21F3ZeI:;J,=FT4T2168�J;�Z:.10qZr6aZ�c�0790�kb;=I/9LFT2 ��.5Fqc�;=K7;=IQn1cd.5;J2mZL.5;_kb;=I/9HF72	>YFqKT;JM�n1Z:.5;fF7C19H;JILK7;=I/9`,<F7R5\OMm;J079H6^\8A�I:;J,=FT4T2168�J;DZL.103Z�Z:.5;=Ac�;=I:;D9L;=;J68214Y0_kb;=I/9HF72�U
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