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fg^jz���¦ d W
`��l±3±baVc ; ´qty³|�`acbQn�mo}y�`acb�i;k�~l^`t�¢�~Akl^zn�k�kl^zbQ�§s|~¡konyizp�b¤¶&b�k5¢­b3b�i�kl^`b�$zmo~¡k.n�i&�²³�ny~¡k.~l�`^`b�mobQ~¡kon�¶z¶&b7�
¶J¾ <	s�~�\_^Æ¦ d µHCJs|izp�b�<fn�iz�B<'�.^znÍ´qb
�§s�~¡kon�i&p�b
n�k²actq~¡k_OSt�´yb3m²n�i sui;klb3ml´�ny³Dty¥Q³ub3i`}�ko^ \_^¨¦ d {Tkl^`b3sum
�`sumob3p�kls|tyi+´yb3p�kltqmo~áaxn�Sqb#nyi+nyi`}y³|b#t�¥�fg^9z���¦ d µ

�.b�acaxn+��s|ac�`³|sub7~�kl^zn�k¯n�³|³M³us|i`b#komonyiz~¡´qb�m�~lny³|~¤¥¨tym�nc~lb�k�t�¥¬~l�`^`b�mob3~�nymlb�i`b7n�mo³u¾S�&n�m�n�³|³ub3³9µ
� b	p�tqiqkosuiJ�`b#¢�sukl^Fn�¢ánymla�wý�`�+³ub3a�axn�s|i�k5¢átx�§s|a�b3iz~lsutqiz~�µ
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� �ub�.� h v�� h�� ���uk�.��v � h �vzi�

`��l±3±baVc ��b�kT^[���kn d n�iz� ^Gn��o� d ¶Ab�kl^`bxmos|}y^;klactq~¡k�n�iz� kltq�`actq~¡k#�Atys|i;k�t�¥ e�} f DÆ~lb�b��Ysu}q�`mob+��Frµ
#­tqiz~ls|�§b3mákl^`b�b3³u³|su�&~¡b � �§b�$&i`b3��ny~

^ �� d h � ^ �� d h � z��
� s|i;klb3mo~lb3p�ko~�kl^zb ¶&tq�`iz�`nyml¾ t�¥ e sui�� W ^pn��o� d n�i&��� ��W ^Gn��'P=� d {�n�iz� s�~xkonyi`}yb3i;kxklt sukvs|i
^G���kn d µ ; i�b�³|³us|�z~lbcp3n�i�sui;kob�m�~¡b7prk�n+p�sum�p�³|b�sui*n�k�actq~¡k#¥¨ty�`m#�Atys|iqk�~�n�iz� kl^zb
k�n�i`}qb�izp�¾ p�tq�`i;ko~�ny~
k5¢átFs|iqkob�m�~¡b7prkosutqiz~�{�n�i&� ~¡t�ko^`bvs|i;klb3mo~lb3p�kls|tyiz~	n�k��£nyiz�~� �án�mobx�`moty�Ab�mfnyiz�*ko^`b�mobSs�~	i`tF¥¨�zm¡ko^`b�m
s|i;klb3mo~lb3p�kls|tyif¶Ab�k5¢áb�b3ifko^`b�k5¢át#p��`mo´yb3~3µD]�^zs|~�s|ac�`³us|b3~Yko^zn�k¬ko^`b�¶Aty�`iz�zn�mo¾�t�¥X� s�~¬�§s|´;s��§b7�
s|i;klt�k5¢át
�zsub7p�b3~²¶J¾���nyiz��� � {M¢�sukl^ tqi`bf�zsub7p�b�suiz~ls��§b e n�iz�Ftqi`b�ty�§k�~¡s��§b e µ�C§suizp�b ^jPg���kn d ³|sub7~¯s|iz~ls|�§b e {
ko^`b�mosu}q^qkQ^&n�iz�c~ls|�§b¯t�¥;�=³|s|b3~¬tq�§ko~ls|�`b e µ�CJ¾Ja�acb�klmos|p3n�³|³u¾q{�kl^zb�³ub�¥úk¤^zn�i&��~ls��§b�t�¥;� ³us|b3~¤ty�§k�~¡s��§bgf	{
nyiz�+~¡t e~} f=s�~�p�tqiqk�n�s|i`b3��s|i~�Sµ¬gýk�mlb3acnysui&~¤kotxty¶z~lb�mo´yb²kl^&n�k

� h W z3P�m h � z3P$rVtiu h vyW+uk�.� h v
�
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x

y

(µ, 0)

p = (0, ν)

(−λ, 0) (λ, 0)

S
T

E

p′ = (0,−ν)

�Ysu}q�`mlbc�-N�]�^zb�sui;klb3mo~lb3p�kls|tyi�t�¥Yk5¢­tx�§s�~jS§~�s�~�p�tqiqk�n�s|i`b3��s|i�nyi�b3³u³|s|�z~¡bqµ
~lt��V�suk�F�|vQ{An�iz� �}W z3P�mB�Rz3P�r\tiu!v��Rz3P�r\tiu h vyW+uk�.� h v
�
¢�^zs|p�^+�`mot�´yb3~­ko^`b�³ub3acacnzµ

� b�i`t�¢ ~l^`t�¢ ko^zn�k�n
klm�n�iz~l´yb3mo~on�³z¥¨tym�k5¢át�~l�`^`b3mlb7~�p�n�izi`t�k��znq~l~­kltJt
¥Æn�m�¥¨motya�ko^`b�s|m�p�tqaca�tqi
p�b�i;klb3m	t�¥�}ym�nÍ´Js©k5¾qµT��b3mlbvnyiz��sui*ko^`bc¥¨ty³|³|t�¢�sui`}&{ U ^�� ��� d �§b3i`t�kob3~#ko^`b��Q�zp�³us��§b7n�i �§s�~5k�n�izp�bxt�¥�k5¢át
�Atys|i;ko~3µ
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U ^ �r�b� ^>�H�?� djd �suk�F�|v��
`��l±3±baVc ��b�k���n�i&���#¶Abfko^`b
p�b�i;klb3mo~²t�¥:� n�iz�}� n�i&�F³ub�k���¶Ab	kl^zb��§s|mob3prkosutqiF´yb7prkltqm¯ty¥�<�{&ko^zn�k
s�~3{�<fp3n�i ¶Abf¢�mos©klklb3i ny~
	k� � m��
�!m��*ª��qµ � b $zmo~¡k�nyml}q�`b�ko^zn�k��`mlt�´Js|i`}ckl^zb
³|b�acaxnx¥¨tqm7UVW��
s�~�~l� "Sp�s|b�i;k3µ¬gjiz�`b�b3��{zny~o~¡�za�b_U����cn�iz��p�tqiz~ls|�§b3mákl^`b	d�wý�§s|acb�iz~ls|tyizny³T~l�`¶z~l�znqp�b�� p�tyi;k�n�s|i`suiz}�<�{�A{Tn�iz���Íµ5CJs|izp�b
¢­b
^znÍ´ybHU ^G� �9< d � z
n�iz�}U ^p���9< d � zy{zkl^`b�³|sui`bH<f~5k�n�¶z~�kl^`b�d�wj�§suacb3iz~¡s|tyi&n�³��`izs©k
~l�`^`b3mlb7~
� } ��n�iz�E� } �Qµ ; i&�S~¡s|izp�b�{ ��O/Pxv s|~Qkl^`b�n�i`}q³ub�¶Ab�k5¢áb�b3ick5¢­tf´yb3p�kltqmo~¬s|i��Q{Jiznyacb�³|¾��
nyiz����P��A{ v s|~²n�³�~¡tSkl^`b�n�i`}q³ub	¶Ab�k5¢áb�b3i"<fn�iz�+ko^`b	k5¢át�wj�§s|acb�iz~lsutqizn�³.�`³|nyi`b ��^J����� d } �Qµ�CJtSsu¥
ko^`b�³|b�acaxn
^zty³��`~�sui��¤{§kl^`b3i�s©k¯ny³|~lt
^zty³��`~�s|i+ª¬«Aµ

gji*ko^`bSmob3~¡k	t�¥ákl^`bS�zmltJt�¥á¢­bSp3n�i�kl^zb�mob�¥¨tymobSny~o~l�`acb
ko^zn�k=U W��zµ � bvp�^`tJtq~lbxnFp�tJtym��§s|izn�kob
~l¾§~5kob�a!¢�^`b3mlb�� W ^Gn��on��aP�� d {=��W ^pn��kn���� d ¢�sukl^�� s zq{¯n�i&� � W ^Gr\tiu!v
�on��oub�.�gv d µ$]�^`b3i
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β

ρ

1

1

ρ/ tan β

β

1

1/ sin β

B

x

z

�Ys|}y�`mob	�#N¬]�^`b�s|iqkob�m�~¡b7prkosutqivt�¥Ykl^zb	p�¾J³us|iz�§b3m�¢�s©ko^+kl^`b � � wý�`³�n�i`b#s�~�n�i+b�³|³|su�z~lbyµ���)WM��^J����� d s|~áko^`b �0� wý�`³�n�i`b�n�i&�����)Ws�c^J����� d W ^pn��on��kn d µ�#­tyiz~ls��§b�m�ko^`b	p�¾J³|suiz�`b�m�~gr����>^>� d �)W
	�� � m � �	�����H�Km � ª � nyiz��r
���L^J� d �§b�$&i`b3��nyp3p�tym��§s|i`}y³|¾yµ�C§suizp�b=<
~5k�n�¶z~_�$n�i&� �v{�¢­b�^znÍ´qb���~r����L^J� d } r���� ^>� d } �fµ

]�^`b�s|i;klb3mo~lb3p�kls|tyi"�����)W+r
��� ^>� d } � s|~�kl^`b�b3³u³|su�&~¡bEDÆ~lb�b �Ys|}y�`mob	��F
uk�F� h v:^ � � �


�� �gv d h � � h � z��

nyiz�+~¡¾Jacacb�klmos�p�n�³|³|¾ �5���)WMr���� ^>� d } � s�~
uk�F� h v:^ � P �


�� �gv d h � � h � z��
gý¥�¢áb�³|b�k��+¶Ab#kl^`b�³|suizb3n�m�komonyiz~¡¥¨tymoacn�kls|tyi

��� ^ � � � d��� ^ � ub�.��v
� � d �
ko^`b�i��i^J� � d n�iz���i^>� � d nymlbv�`i`suk¡wýmonq�§su�&~f�§s�~jS§~f¢�s©ko^£p�b3iqkob�m�~T^ ��rVt uQv
�on d nyiz� ^9P���rVt u v
�kn d µyMá¾
�.b�acaxnx�§{Jkl^zb�sui;klb3mo~lb3p�kls|tyi��i^J�7� } ��� d s�~�p�tqiqk�n�s|i`b3�vsui+ko^`b�b�³|³us|�z~lb

� �ub�.� h v � h�� ���uk�.��v � h �vzi�
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Π1

Π2

A

B

C

D

g1

g2

p1

p2

p′

1

p′

2

x2

x1

�Ysu}q�`mlb#d�NQ]�^zb#k5¢­t�^J¾;�Ab�mo�`³�n�i`b7~��§b�$&i`b#¥¨ty�`m �;�znq�§m�n�i;ko~
; �`�`³|¾Jsui`} � `cbS¢­b $ziz� kl^zn�k=�5� } ���ás|~�p�tqi;kon�s|i`b7�*sui£kl^`b+p�s|mop�³ub�¢�s©ko^ monq�§s|�z~ uk�.��v n�moty�`i&���Aµ
C§suizp�b|���"�7� } ���9{§ko^`b�³ub3acacn
¥¨tq³u³|t�¢�~�µ
� b�i`t�¢=�`mlt�´qb²tq�`m�Syb3¾S³ub3acacnzµ
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U ^[� ^>�H��� d �b� ^ � � � d�d y z � fg^jz��Í¦ d �
`��l±3±baVc ��b�k�� b �)W���^>�H��� d {U� h W���^ � � � d {X� b �)WM� ^>�H��� d {Tn�iz��� h �)WM� ^ � � � d µ � b�p�^`tJtq~lb#np�tJtym��§sui&n�klb
~¡¾§~¡klb�a ¢�^`b3mlb � b s|~¯kl^`b�^J¾J�&b3ml�`³�n�izb � b W n`{Tn�iz�Fkl^`b�sui;kob�m�~¡b7prkls|tyi�� b } � h s�~²kl^`b~l�`¶z~l�znqp�b � b W � h W nzµ � b�p3n�i axn�Sqb	ko^`s|~�p�^`tqs|p�b
~l�zp�^Fkl^&n�k¯ko^`b � b wýp�t;tqmo�`suizn�klb	ty¥¬kl^`bcp�b3i;klb�mty¥A��s|~ y nz{&nyiz�+kl^zn�k�kl^`b � h wýp�t;tqmo�`suizn�klb#t�¥�ko^`bfp�b3i;klb�m¯t�¥ � s|~�³|b3~o~�ko^zn�i�ko^`b � h wjp�tJtym��§s|izn�kob�ty¥ko^`b²p�b�i;klb3m­ty¥ � µ � b�p�nyivn�³�~¡t
ny~o~¡�`acb�ko^zn�k­kl^`b � h wýp�tJtym��§sui&n�klb¯t�¥;� b s�~7szn DÆt�ko^`b�mo¢�s|~lb�¢áb²~l¢ány���¢�s©ko^}�S{ � ¢�sukl^ � {An�iz� <#¢�sukl^"<'��Frµ|�Ds|}y�zmlb	dx~l^`t�¢�~�ko^`b	�`mot��5b7prkls|tyi+t�¥�ko^`bf~ls©ko�zn�kosutqi+tqi�kl^`b� b � h wý�`³�n�i`bqµ�.b�k|��
 �)W < } ��
¡{ � �
 � W < � } �

¡{M³ub�k�v�
¤¶Abfko^`bcn�i`}q³ub
¶&b�k5¢­b3b�iB<fnyiz����
¡{Mn�i&�F³ub�k�v �
 ¶&b
kl^`b
nyi`}y³|b�¶&b�k5¢­b3b�i <'��n�i&�7� 
 µ
Má¾ �.b�acaxn��#¢áb�^znÍ´yb�v 
 �bv �
 �}fg^9z���¦ d µ
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� �r���o±��kG�����±��y±�I������
�.b�kf�z~fp�^`tJtq~lbcnyi tymosub3i;kon�kosutqi tqi]<cnyiz� <'�¤~lt�ko^zn�kfkl^`b3¾ s|i;klb�m�~lb3prk � b ¶Ab�¥¨tymob�� h µ"C§suizp�bg<

~¡kony¶z~�� ¶&b�¥¨tymob�� nyiz� � ¶Ab�¥¨tqmlb � {`suk�sui;klb3mo~lb3p�ko~g� b ¥¨motya"¶&tyk¡kltqa kot
koty��{`nyiz��� h ¥¨mltqa ³|b�¥úk�klt
mos|}y^;k3µc]�^`bx~¡b3}yacb�i;kg� b � h kl^zb�mob�¥¨tymob�³us|b3~#s|i�kl^`b�kltq�§wý³ub�¥úk �q�&ny�§m�n�i;k#t�¥��Ys|}y�`mobxd`µT�²i ko^`bxt�ko^`b�m^&n�iz�M{�<'�.~¡kon�¶&~��$¶&b�¥¨tymobH��n�i&� � ¶Ab�¥¨tqmlb � {A~¡txsuk¯s|i;klb�m�~lb3prk�~g� b ¥¨motya"kltq��kltx¶At�k¡kotya�{&nyiz�~� h¥¨motya"mls|}y^;k�kltc³|b�¥úk3{An�iz�vkl^zb	~¡b3}yacb�i;k � � b � �h ³|sub7~�sui+kl^zb�¶&tyk¡kltqa�wKmosu}q^;k �;�znq�§monyi;k�ty¥.ko^`b $z}y�zmlbqµ�.b�k�i`t�¢�� �)W U ^ � b �p� h d nyiz���9� �)W U ^ � � b �G� �h d µ
��b�acaxncdcsuac�`³|s|b3~

U ^ � b � � h d � U ^ � b �G� b d � U ^ � b �p� h d � U ^ � h �b� h d � ub�.�gv b � � � uk�F�gv h ��� � fg^9z���¦ d �
nyiz�+~¡s|acsu³�n�mo³u¾

U ^[� b �b� h d �tU ^ � b �G� � b d � U ^ � � b �G� �h d � U ^ � �h � � h d � uk�F�|v �b � � � � uk�F�gv �h ��� � � fg^jz��Í¦ d �
nyiz�+~¡t

U ^ � b � � h d � fg^9z��Í¦ d ��� �F� 	��%��� � �i�
gýk�mob�axnysuiz~­kotx�`mlt�´qb¯ko^zn�k � �.� 	��%���9� ��� zyµ���b�k�� b D � �b Fá¶&b#ko^`b�tymlkl^`tq}ytqizn�³T�`mot��5b7prkls|tyi�t�¥U� b D � �b Ftqi�� h { � h D � �h F¬kl^`b�tqm¡ko^`ty}qtyizny³J�`mlty�5b3p�kls|tyict�¥!� h D � �h F�tyi�� b µ #­tyi&~¡s��§b�mQkl^`b�mob3p�konyi`}y�`³�n�m�komls�n�iz}y³|b� b � h � h µ � b�^&nÍ´yb
	 � h � b � h W v b {znyiz��~¡t�!ub�.�gv b WvU ^ � h � � h d WvU ^ � h �k� b d � D5��F
C§suacs|³|nyml³|¾y{§¢áb�p�n�i�p�tqiz~ls|�§b3m�kl^`b�mob3p�konyi`}y�`³�n�m­klmos�n�i`}q³ub7~_� h � b � b {�� �b � �h � �h {zn�i&� � �h � � b � � b kotxty¶§k�n�s|i�!ub�.�gv h W U ^ � b � � b d WvU ^ � b �k� h d � D9��F� � ub�.�gv �b W U ^ � �h � � �h d WvU ^ � �h �k� b d � DÆd-F� � ub�.�gv �h W U ^ � � b � � � b d WvU ^ � � b �k� h d � D¨�kF
� b�i`t�¢ �§s|~¡kls|i`}q�`s|~l^�k5¢­txp�nq~¡b7~�µ

]�^`b��:�&��®�I?���'�#t§p�p��zmo~­s©¥5{`nq~ásui�kl^`b $z}q�`mlbq{;kl^`b � b wjp�tJtym��§s|izn�kob¯t�¥l� h s�~_�znzµAMá¾T�.b�acaxn
d
¢­b^&nÍ´yb�U ^ � h � � h d �suk�F�|v h µACJsui&p�b)� h n�iz��� h ³|s|bQtyi#ty�z�&t;~¡suklb¤~ls��§b3~Mty¥Q� b {Í¢áb¬^znÍ´yb
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