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f�g k=��|cq4k'�­q h mop���x%|���prk��#|wx%x3k'y3��|w��� h ��vCq4| %omc�'n�n�� �'|w��� h q h |w��y h y£mcpry3|Cy g |¸��� |c�X� h vwn�x3k=� e@f�g k
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y%���S� kjq4x�� eµf | y%q3n���� q g k h �
 �n�k#���'k |c �q g k mcy%���S� kjq4x h �Xk#� h y3y h |w��s y h �Cn�p�moq h |w��y g m %wk l�k'k#�
��k#x% *|cx3�Sk#� � h q g � h � ��� 3�( |w�¤m�y3� g k#x h �LmopU�#k'�­q4x4mop;l�|���� h prp�n�� h ��moq4k'�X *x%|w� |w��kC� h x3k'�'q h |w�  *|cx
q g k9��mcx4mo� kjq4k#x%y�v h %wk#� h � f mol�p�kS� h � q g k9�#mcy3k9|o  � ��� � � �He f�g k9�#|cx3x3k'y3��|w��� h ��v ��|cq4k'�!q h mcp
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� h q g m�y3n�x% ªmc�'kak�"!n�mcp�q4|�q g ka|w��k�|c �q g k��j��p h ����k#xJmc��� g k#���#k�� h q g m�x4mc� h n�yI|c T� e &����Sk'q3k#x eUf�g k
� g mcx3mc�'q3k#x h y%q h �'y�|c Tq g k}�S|���k'p�n�y3k'�\mcx%k}v h %wk'� h � f mcl�prk & e£� qa�Cn�y%q�l�kV��|oq4k#� q g m qaq g k}l�mcx3x h k'x
� g mcx3mc�'q3k#x h y%q h �'yImcx3k£v h %wk'�C *|wx@m�y%��mc�#k'�#x3mo ¡qJ��|cq3k#�­q h mcp�mcy@p�|¸� mcy@� � mcp q g |cn�v g q g�h y;pr|¸� k'x;l�|cn����
h y@p h �ok#pr�}q4|�l�k�l�kj�w|w��� q g ka�#mc��mcl h p h q$�}|c �q g k h |w�9k'� h q3q3k#x h �Cq g�h y;q$����k�|c ���p�mcy%��m�k'��% h x3|w���Sk#�­q e
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f�g k���pr|cq�|c  q g k���x%k#� h �'q3k#� %cmop�n�k'y�|c Tq g k=��|cq4k'�!q h mcp�l�mcx3x h k'x�mc���Xq g k=pr|��#moq h |w�>|c  h q3y�� h � h �Hn��
h y y g |¸���X|w� � h vcn�x3k'y +Cmc��� $9mcy�mH *n����'q h |w�>|o  q g k=y3��mc�#k'�#x4m  ¡q���|cq3k#�­q h mcp eU� q��Lmc�Xl�k�y3k'k#�Xq g m q
q g k %omcp�n�kV|c @q g kC��|oq4k#�­q h mcp l�mcx%x h k#x��#mc�\l�kCmcy�pr|¸� mcy ¦ � � � g k'�Nq g kCy%��mc�'k#�#x3mo ¡q=��|cq4k'�­q h mop h y
�!n�p�p mc��� h yV��k#�'x3k#mcy h ��v¤x4moq g k#x9x3mc� h ��pr�¤q4|¸� mcx3� . k#x3|\ *|wx h ���'x3kLmoy h ��v %omcp�n�k�|c �q g k y%��mc�#k'�#x3mo ¡q
��|cq4k'�!q h mcp e�� q h y���x3k#� h �'q3k#�Nq g moq���| � |wx%kV��|cq3k#�­q h mcpTl�mcx3x h k#x%y�k�! h y%q� *|cx�m�y%��mc�#k'�#x3mo ¡q=��|cq4k'�!q h mcp
mcl�|�%wk + � n�����k#xUq g k y h �Cn�p�moq h |w� g ����|cq g k#y%k#y e t�p�y%| h qT�Lmo�Cl�k¢��|cq3k#�Cq g moqTq g k ��|cq3k#�­q h mcp!l�mcx3x h k'x
� h � h �Cn�� p�|��Lmoq h |w� %cmox h k'y %wk#x��X�Cn�� g  *|wx�m9y3� mcp�p�%cmox h m q h |c�>|c  q g k�y3��mc�#k'�#x4m  ¡q���|cq3k#�­q h mcp e
f | h ��%ck#y�q h vwmoq4k�q g k h �  �n�k#���#k}|c Uq g k}mc�Cl h k#�­qa��p�mcy%��m9k'p�k#�jq4x%|w� q3k#�S��k'x4moq3n�x3k}�#|c� ��n�q�moq h |w��y

�¢k#x3k\��k#x� *|wx3�Sk#� n�y h ��v m q3k#�S��k'x4moq3n�x3k |c  �Nk �Ce f�g kN�#|wx%x3k'y3��|w��� h ��v§�#n�x %wk'yXmcx3k � h y%��p�mL�ck#�
h �µ� h vwn�x%k # mc�����L� e f�g k l�k g m�% h |wn�x h y %wk'x%�Ey h � h p�mox moy>q g k\|w��k h � g�h v g k#x q4k#�S��k#x4m q4n�x%k
k#��% h x%|w���Sk#�­q l�n�q�� h q g %omcp�n�k#y�|o =q g k g k h v g q�|c �q g kNl�mcx%x h k#x�|o =��|oq4k#�­q h mcp�q$��� h �#mcp�p �µ� � |wprq
p�|¸�¢k#x e
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f�g k "!n�mc�­q h q�m q h %ckCk#y�q h ��moq3k#y�mcl�|�%ck9��x3k'� h �jq�q g m q h �N� mcvw��k'q4|cy3� g k'x h �Cx3k'v h |w��y�� h q g ��k#��y h q$�
mcx%|wn����µ�X�#� � 4 mc��� q4k#�S��k#x4m q4n�x%kXmcx3|wn����µ�¸�w�\k � m\y3��mo�#k#�'x4mo ¡q � h q g mNq$��� h �Lmop£� h �Sk#��y h |c�
|c aq g kX|wx%��k#x |c V�X� kjq4k'xS� mL�§l�kXy3n�x%x3|wn�����k#� l!� m ��|cq4k'�­q h mop£l�mcx%x h k'xC|c aq g kX|wx%��k#x |c V� �

��n�k�q4|S� g |oq4| ¦ k#� h q3q3k#�Xk#prk#�jq4x3|c��y h  Tq g k}y3��mc�'k#�'x4mo ¡q���|oq4k#�­q h mcp h y�p�|¸� k'x3k'� ��|¸��� q3|�m  *k'� � |wprq3y
l­�ws k e v e s�mo�¤mc�'q h %wk h |w�Nk'� h q3q3k#x e�f�g k#x%k9k�! h y�q4y�m ��� h q3k %omcp�n�kV|c @q g kC��|oq4k#�­q h mcp l�kj�w|w���¤� g�h � g

��|N�S|wx%k l�mox3x h k#xVmc����kLmcx%y e f�g k %omcprn�k |o �q g�h yVp h � h q h � q g k h ��k#mcp h y3k'� l�n�qC��|w� ¦ x3k#mcp h y%q h � �Lmcy%k
|c Iy%� g k#x h �#mcpUy����S�Sk'q4x�� g mcy�l�k#k'�¤ *|cn���� q3|>l�kCmoq=mcl�|wn�q � + � h �\m q$��� h �#mcpU� mcvw��k'q4|cy3� g k'x h �
p�|cl�k9k'��% h x3|w���Sk#�­q e ��n�x�q g k'x3�S|wx3kos h q g mcy}l�k'k#� y g |¸��� q g moq�q g kS��|cq3k#�­q h mcp@l�mcx%x h k'x=� h � h �Hn��
p�|��Lm q h |c���S|�%ck#y� *x3|c� %wk'x%� �'p�|wy%k�q4|Cq g k=y3��mo�#k#�'x4mo ¡q� *|wx %wk#x��Xp�|¸�Èy3��mo�#k#�'x4mo ¡qa��|cq4k'�­q h mop�q4| %ck#x��
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p�mox3vwk+%omcp�n�k'y © � |wx%kaq g mc� -o�Hy4moq3k#prp h q3k�x4mc� hrh ®U *|wx g�h v g k#x %cmop�n�k�|c  q g k���|oq4k#�­q h mcp © l�n�q�mcpry3|Vp�|¸� k'x
%omcp�n�k=|c Tq g k���|oq4k#�­q h mcp l�mcx3x h k#x g k h v g q�® e
¥ �#�'n�x3x%k#���'k�|c ���|oq4k#�­q h mcp�l�mcx3x h k#x%y@|c �q g k�|wx%��k#xI|c T� � � mL�Cl�k�m=y%|wn�x3�'k�|o  h �!q3k#x� *k#x3k'���#k�� h q g

|w�!l�|­mcx3� ��p�mcy%��m � k#mcy3n�x%k#�Sk#�­q4y h �§y%k�%wk'x4mcp x3k#y%��k'�'q3y e � h x%y%qLs h qV��x3k�%wk#�­q3y q g k>pr| �¢k#y�q k#��k'x3vc�
k#prk#�jq4x3|c��yJq3|Vx%kLmc� g ��k'q3k#�'q3|wx3yJp�|��Lm q4k#�S|w� q g kay3��mc�#k'�#x4m  ¡q eJ{ k'�#|w����s h qI�'|w�­q4x h l�n�q3k#yJq4|�q4n�x%��l�mc���
�S|wx3k � g |cq4| ¦ k#prk#�'q3x3|w��yCq4|\q g k y%��mc�'k#�#x3mo ¡qS�£mcprp�y g k#x3k'l­� � |�� h  ¡� h ��v q g k k�!���k'�'q4k'� y%��mc�#k'�#x3mo ¡q
��|cq4k'�!q h mcp mc���Nk#� g mc��� h ��v��'|w�­q�mc� h ��moq h |w� |o @��k'q3k#�jq4|wx%y�l­� q g k#y%kCk#prk#�jq4x3|c��y eaf�g�h x%� s h qa�#x%kLmoq3k#y
mc� h y3|cq3x3|w� h ����|oq4k#�­q h mcp � h y%q4n�x3l�mc���#k#y�� g�h � g �#mc�Nl�kV *k'prq�n�� q4|�m  *k'��q3k#��y�|c @�Sk'q4k'x3ya *x3|w� q g k
y3��mc�#k'�#x4m  ¡q g n�lXmc��� �Lmo�>q g k'x3k' *|cx3k h ����n��'k�mcx%q3k' ªmc�jq4y£|w� q g k�k'p�k'�'q4x%|wy%q4moq h ����x%|wl�k#y��S|wn��­q4k'� |w�
� h x%kCl�|�|w�Sy�n�y3k#�\ *|wx�k#p�k'�'q3x h � ��k#pr�\� k#mcy3n�x3k#�Sk#�­q3y e t�prq g |wn�v g s�q g k9� |���k'pT��x%k#y%k#�­q4k'� h � q g�h y
��mc��k#x ��mL� n�y3kj *n�p�p � �'|w�­q4x h l�n�q3k�q4|9x3m h y%k�mL� mcx3k'��k#y%ya|o  q g k#y%k=��|oq4k#�­q h mcp���x3|cl�p�k'� y mc��� ��x%|�% h ��k
h ��� h �#moq h |w��y£|c T� g k#� q g kj� mcx3k�p h �ck'pr��q3| |��#�'n�x#s�q g k#x%k h yay�q h p�p�m �#k'x%q�m h �X�!n��Cl�k#xa|c ;p h � h q�m q h |c��y
� g�h � g g m�%ck}q3|9l�k�mo����x3k'y3y%k#� l�k' *|cx3k�mc� mc�'�#n�x3moq4k "!n�mc�­q h q�m q h %ck=� |���k'p�p h ��v�� |wn�p��Xl�k=��|wy%y h l�p�k e
f�g k'y3k}p h � h q4moq h |w��y¢mcx3k=� h y3�'n�y3y%k#� h �>q g k= *|wprp�|¸� h ��v e
f�g k ��x3y%q>p h � h q4moq h |w� h ySq g k g ����|cq g k#y h y |c �y3� g k#x h �Lmop�y%���S� kjq4x�� n�����k#x�� g�h � g q g k\mcl�|�%ck

x3k'y3n�p q4yHmcx3k %cmop h � e � q h y}|wl�% h |wn�y'sUq g moqCk�%wk#� h � q g k��#mcy3k>|o am x3|cn�v g p �¤y3� g k'x h �Lmcp¢y3��mc�'k#�'x4mo ¡q#s
q g k y3|wn�x%�#k |c a� g |cq4| ¦ k#prk#�'q3x3|w��y h q4y%k#p   h yCy�q4x3|c��vwpr� ��|w� ¦ y%���S� kjq4x h � e u | �¢k�%ck#x's¢q g mc���!yCq4|Nq g k
�#|c� ��mox h y%|w� � h q g m9 *n�p�p � 3 ( � |���k#p m %om h p�mcl�prk� *|wx�p�|¸�¢k#x+%cmop�n�k'ya|o Uq g k (�k'l!�ckCp�k'��vcq g q g k#x%k h y
vw|�|��9�'|w�
����k#���'k�q g moqJmoqIp�k#mcy%q@q g k�|wx3��k#xI|c ���mcvc� h q3n���k£|c �q g k#y3kak#y�q h ��moq3k#yImcx%k�x3k#prk�%omc�­q@q4|=q g k
%omcp�n�k�|c  ��|cq4k'�!q h mcp�l�mcx%x h k#x3y mcp�|c��vC� h x3k#�jq h |w��y ��k#x%��k'��� h �#n�p�mcx¢q3|Cq g k�y%n��X� h x%k#�jq h |c� m ! h y e � n�� g
g�h v g k#x © x3k'y3��k#�jq h %ck#p �§y3p h v g q3pr� p�|¸�¢k#x�®}��|cq3k#�­q h mcpJl�mcx3x h k'x g k h v g q h yHk�!���k'�'q3k#� h � q g k � h x%k#�jq h |c�
© x%k#y%��k'�'q h %wk'pr�§|c����|cy h q3k¸®V|o aq g k y3n�� e f�g k y3� g k'x h �Lmcp£y���� �Sk'q3x%� h yCmcpry3|\y�q4x3|c��vwpr� l�x%|w�ck'�  *|cx
y3��mc�#k'�#x4m  ¡q¢k�"!n h ����k#� � h q g p�|w��v�� h x3k�mo�!q3k#����mcyIk e v e  *|wxUq g k�� k#mcy3n�x3k#�Sk#�­q3y@|c �� mcvw��k'q4|cy3� g k'x h �
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k#prk#�jq4x h � ��k#pr� e¢¥ ��kV�#mc� k�!���k'�'q�q g moqay3n�� g mc�­q4k'����mcyan�y%n�mcp�p � vwx%|wn�����k'� q3|Sq g k g n�l � h prp m #�k#�jq
q g k9y g k#moq g l­� q g k9� h x%k#�'q���k#x�q4n�x%l�moq h |w�\|c J��|cq4k'�­q h mopTq g moq=q g kj� h �!q3x3|���n��'k9l�n�q}mcpry3| l­� q g k h x
h �  �n�k#���#ka|w�Sq g ka� g |cq3| ¦ k'p�k#�jq4x%|w� ��x3|w��mcv­moq h |w� eT� �Sq g ka�Lmcy%k�|c  � p�n�y�q4k'x#s h q h yJ��|cqJ�#p�k#mcx@�wkjq g |¸�
�Cn�� g q g k#y3k}k�#�k#�jq4y�� h prp h �  �n�k#���#k�q g k}mcl�|�%wk���x3k'� h �jq h |w��y e

tÈy3k#�'|w��� p h � h q4moq h |w� h y@q g k� ªmc�'qJq g moqIq g ka��k�% h �#kan�y3k'�� *|wxIp�|¸�¢k#x h ��v�q g ka��|oq4k#�­q h mcp�� mL� h q3y3k#p  
y%q3x3|w��vwpr��m #�k#�'q�q g k�y g kLmoq g � g mcx4mc�jq4k'x h y�q h �#y e@� q£�Lmc�Xl�k=k�!���k'�'q3k#�Xq g moq q g k � prn�y3k'x�mc��� �=k#|cq4m h p
��prn�� k¢ *x3|w� q g k h |c�9k#� h q3q3k#x;�#mc� � |�� h  ¡�Vq g k���|oq4k#�­q h mcp�mo��� ��mcx%q h �'p�k£��k'��y h q$� h �Cq g k�y g k#moq g�e@� q
�#|cn�p��V|w�H|w��k g mo��� h ����n��#k m�y�q4x3|c��v���|wy h q h %wkIy3��mo�#k£� g mox3vwkJ� g�h � g ��mL��x4m h y3kIq g k ��|cq4k'�!q h mcp!|�%wk'x
mV� h y%q4mc���'k�� g�h � g>g mcyJq4|Cl�k���k'q4k'x3� h ��k'� mc��� |w��q g k�|cq g k#x g mc����moq3q3x4mc�jq�m}�#k#x�q�m h �>mc�S|wn��­q¢|c 
� g |oq4| ¦ k#p�k'�'q3x3|w��y e@f�g k���k'q�x%k#y%n�prq3y h y£p h �ck'pr�Sq4|9l�k�m9x3k#��n��'q h |w� |c  q g k=��|cq3k#�­q h mcp�l�mcx3x h k#x g k h v g q
© m q�p�kLmoy%qamoqap�|c��v9k#��|cn�v g � h y�q�mc���'k= *x3|w� q g k�y3��mc�#k'�#x4m  ¡qÄ® e

��n�x%q g k#x%� |cx3kcs h qS�#mc� l�k ��|cq4k'� q g moq mc�'q3n�mcp�k'y%q h ��m q4kX|c aq g k mc�S|wn��­qS|c �� g |cq4| ¦ k#prk#�'q3x3|w��y
q4n�x3��k'�>l�mc���9q4|VmV��k'q4k'�'q3|wx �S|wx3k��'x h q h �#mcp�p �C��k'��k'����y |o �vwk#|c� kjq4x h �� ªmc�'q3|wxJmc����|o ���k'q4m h pryI|c �q g k
� g |oq4| ¦ k#p�k'�'q3x3|w� k#� h y3y h |w�¤ *n����jq h |w� � g�h � g mcx%k���|oq h ���#prn���k#� h �¤q g k � |���k'pJ��x3k#y%k#�­q4k'� h � q g�h y
y%q3n���� e

� � ������� 	�� �2
���� �

� � q g�h yI��mo��k'x#s���x3k�% h |wn�y%pr� k#y�q�mcl�p h y g k#� q g k#|wx%k'q h �Lmcp�mc��� �!n��Sk#x h �Lmop��Sk'q g |���y g m %wk�l�k#k'��n�y%k#�
q4| ��k�%ck#p�|c� mN�#|���k � g�h � g ��x3|�% h ��k'y9m �'|w� ��n�q4k'xC� |���k'pJ|o �q g k>k'p�k'�'q4x%|wy%q4moq h ��y g kLmoq g mcx3|wn����
m �'k#�­q4x3mcp k'p�k'�'q4x%|w� k'� h q3q h ��vXl�|���� h � y3� g k#x h �Lmop¢y����S�Sk'q4x�� eXf�g k y%q4n���� g mcyH�'|w�
��x%� k'� q g m q
��|w� ¦ �S|w��|cq3|w� h �V��|oq4k#�­q h mcpT��x3|���p�kH� h q g ��k#vwmoq h %wk9��|cq4k'�!q h mcpTl�mcx%x h k'x�� m¸� l�kC *|wn���� h �¤m p�mcx3vwk
x4mo��vwk¤|c V��p�mcy%��m mc���²l�|����E��mcx3mc� kjq4k'x3y h ���#p�n�� h ��v m x3k'v h �Sk\x3k'p�k�%cmo�!q q3| � mcvw��k'q4|cy3� g k'x h �
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Laframboise [1966]
Turning point formulation method

Vacuum case
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PicUp3D with a hemispheric emission (sunlit side)
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Zhao et al. [1996]
Turning point method
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Turning point method
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