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; ³|suizb/<s|~�n=()��� ��®>�?�����%$����&�'��(`¥¨tym¬n�~¡b�kA@�ty¥z�zn�s|mo¢�s|~lbá�`s|~Æ�5tys|i;k¬p�tyiJ´yb���¶&t§�§s|b3~Ys|i�ª¬«�su¥&suk¬sui;kob�m�~¡b7prko~
b3´yb3ml¾+b�³|b�acb�i;k�t�¥@¯µ ; ³us|i`bfklm�n�iz~l´yb3mo~on�³.�`b�$zi`b7~²k5¢tS³|s|i`b3nym²tqmo�§b3mo~¯tyiB@²{Mizn�acb�³|¾+kl^`b�tym��§b3m¯s|i
¢�^zs|p�^"<	s|i;klb�m�~lb3prk�~�ko^`bf¶At§�§sub7~�{A¢�^`b3mlb	¢ábp3n�i p�^`tJt;~¡b#kotvtymos|b�i;k�<�sui k5¢tv�`sumob3p�kls|tyiz~3µ7CJs|izp�bfkl^`b
k5¢átctym��§b�m�~�n�mob#b3~o~¡b3i;kls�n�³|³u¾vkl^`bf~on�acbED¨tqi`b	s�~�kl^zb	mlb3´yb3mo~lb²ty¥Dko^`b	tykl^`b3m&F�{`¢b	p�tyiz~ls��§b�m�ko^`b�a ny~�n
~ls|i`}y³|bHG-��±��E��®>�%�JI3���'�%�=K§®L��®>�Æ±��zµ

Máty�ziz�`~�tqi ko^`bSaxn �§s|af�`a�iJ�`a¶&b3m	t�¥�}yb3tyacb�komls�p��&b3mla�§kon�kls|tyiz~#¢áb�mobcb3~¡kony¶`³us�~l^`b3�*n�¶Aty�`k�n
�`b3p�nq�§b ny}yt�N n*kls|}y^;k�¶Aty�ziz� t�¥�O�¦QPRO*s�~TSJi`t�¢�i ¥¨tymVURWXOZYÐ��[ý{�¥¨tym�^`s|}y^`b3mv�§s|a�b3iz~lsutqi kl^`b
iJ�`a¶&b3m²s�~�sui]\_^¨¦ «a`cb'd Y e�[¬n�i&� s|i]fg^¨¦ih «a` h d Y|�3��[Kµ�]�^`b�}qny� ¢ánq~¯p�³ut;~¡b7��¥¨tym²kl^`bc~l�&b7p�s�n�³�p�ny~lbfty¥
~l�`^`b3mlb7~.¶J¾HCJactymot§�§s|iz~jSJ¾#b�k¬n�³KµkY l�[K{�¢�^`t�~¡^zt�¢b7�#kl^zn�kY¦S~l�`^`b3mlb7~.s|iª¬«�nq�§acs©k:m=^¨¦.«a`ib d }yb�tqacb�klmos�p
�Ab�moaf�`kon�kosutqiz~3µ�]�^zs|~�mob3~l�`³uk¯p�n�i+¶Ab�}yb�izb�m�n�³|son3b3�xkotHpj¥Æn�k9q#p�tyiJ´yb��vty¶`�5b3prk�~_Y ��[Kµ

]�^`b b�´yb3i actqmlb ~l�&b7p�s�n�³|son3b3� p�nq~¡b�ty¥#p�tyi`}qml�`b3i;kx~l�`^`b3mlb7~x¢�ny~�klmob3n�klb7� ¶J¾ZCJactymotJ�`suiz~�SJ¾ b�k
ny³9µrY l�[Yn�i&��s|iz�§b3�&b3iz�§b3iqko³u¾�¶J¾ ; ~¡s|i`t�¢�~�SJsYu�'[Kµ�]�^`b3¾v�`mot�´yb7��kl^zn�k¯¦ �zi`s©k#p�s|mop�³ub7~�s|i ª h ny�§acsuk²n�k
act;~5k�k5¢átx}yb�tqacb�klmos�p¯�Ab�moaf�§k�n�kosutqiz~�s©¥¬¦�s|~�³�n�mo}yb#b3i`ty�`}q^]D¨kl^`bf�`mltJty¥D¶J¾ ; ~¡s|i`t�¢�~�S;sT^`tq³|�z~�¥¨tym�ny³u³
¦tsvuwFrµHxA^`ty� n�iz�yC§�`mls�b7~5k�n�¶`³|s|~l^`b7�Fn�i �z�`�&b3m²¶Aty�ziz� ty¥�za{c¥¨tqm�ny³u³AU�n�iz�F¦ ~l� "Sp�s|b�i;ko³u¾�³�n�mo}yby{
nvmlb7~¡�z³©k �;�`s|p&SJ³|¾Fsuac�`mot�´yb7��¶J¾}|�n�kop�^&n�³�~jSJsK{cC§�`mlsK{Mn�iz�~xA^`tq�QY)��[Qn�iz� sui&�§b��Ab�iz�`b�i;kl³|¾ ¶J¾B���znyi`}z{
�²��{Jn�iz��#^zb�i}YÐ��[AkltHu&µ � ^zb�ixko^`b²~l�`^`b3mlb7~Qn�mob�i`tykp�tqi`}ymo�`b�i;k7{y¶`�§kkl^`b²mon�kls|t	t�¥Tko^`b¯m�ny�§s|szty¥Mkl^`b
³�n�mo}yb7~5k�n�iz�+~lacny³u³|b3~¡k�~¡�z^`b�mob²s�~�¶Aty�`iz�`b3�+¶J¾g�Y{Jko^`b�i+kl^zb�iJ�`a¶&b3m�t�¥Y}yb�tqacb�klmos�p¯�Ab�moaf�§k�n�kosutqiz~ás|~
¶Aty�ziz�§b3�+¶J¾Vfg^�� � �?��� d Y|�7��[ýµ

|�n�kop�^zny³|~�SJsMb�k²ny³9µA~¡^`t�¢ kl^zn�k�¥¨tym¯¦�³�n�mo}yb#b3i`ty�`}q^�{`k5¢átx³|sui`b#komonyiz~l´yb�m�~on�³�~áp3n�iFaxn�Sqb�n�i n�iz}y³|b
ty¥n�k#actq~¡k�fg^jz���¦ d ¢�sukl^�b3nqp�^ t�ko^`b�m7{�~lt�n�³|³�³us|i`b�klm�n�i&~¡´qb�m�~lny³|~�nymlb�p¡b3~o~¡b3iqkos|ny³u³|¾-q	�zn�m�n�³|³ub3³9µ	]�^zb�¾
�`b�$zi`b²n=��°��ú®�I&���&���������²kot	¶Ab¯n#�zn�s|mQty¥M~l�`^`b3mlb7~�^J����� d ~¡�&p�^ckl^zn�kQkl^`b3mlb�nymlb�k5¢át�³|sui`b�klm�n�iz~l´yb3mo~on�³�~
<�n�iz�T<'��Dú¥¨tym�ny³u³T¦ ~l�`^`b3mlb7~?FQ¢�^`b�mob7<¯´Js|~ls©k�~3� ¶&b�¥¨tymob��v{§¢�^`su³|b7<'�T´;s�~ls©k�~�� ¶Ab�¥¨tqmlb_�	µ|�n�kop�^zny³|~�SJs
b�k¯n�³Kµ§�`mot�´yb²kl^zn�k¯n�iJ¾v~l�`^`b�mob�p�nyi+�&n�mlkls�p�s|�zn�kob�s|iFn�k�actq~¡k�tyi`b�~l¢�s©k�p�^`b3�+�znysum7{`n�i&�vko^zn�k�ko^`b#k5¢át
~l�`^`b3mlb7~¬¥¨tqmlacs|i`}fnf~l¢�sukop�^`b7�x�zn�s|m¤a�z~¡kán��z�&b7n�mp�tyiz~lb3p��§kls|´yb3³u¾�s|ivn�iJ¾c}yb3tyacb�komls�p��&b3mla�§kon�kls|tyiSty¥
ko^`b~lb�k7µ�gýk�¥¨ty³|³ut�¢�~�ko^zn�k#n�iJ¾�k5¢tS}qb�tqa�b�klmos|p	�&b3mla�§kon�kls|tyiz~²�§s��Tb�m�tyiz³u¾+sui kl^zn�k¯kl^zbfb�³|b�acb3iqk�~¯ty¥
~ltyacb	~l¢�s©k�p�^`b3���&n�s|m�axnÍ¾v^znÍ´qb�¶&b3b�i b��§p�^&n�i`}qb3�Mµ�|�n�kop�^&n�³�~jSJs�b�k²n�³Kµo� ~�axn�s|iFmob3~l�`³©k²s|~�kl^zn�k�kl^`b3mlb
nymlb�n�k¤actq~¡k¬k5¢t	~l¢�s©k�p�^`b3���znysum�~¬s|iSn�~¡b�kQt�¥M¦��§s|~Æ�5tys|i;k¤�`i`suk~l�`^`b3mlb7~�{qsuac�`³|¾Jsui`}#ko^`b�¶Aty�`i&�ct�¥A¥¨ty�`m
}qb�tqa�b�klmos|p²�Ab�moaf�§k�n�kls|tyi&~�µ

� b�~¡^zt�¢ kl^&n�kQs|i¥Ænqprk¬ko^`b�mob�p�nyi`i`t�k¬¶Ab�actymobko^zn�ictqi`b�~¡¢�sukop�^`b7�f�&n�s|m3µ�]�^`s�~¬suac�`³|s|b3~Ykl^&n�k3{y¥¨tym
¦F³�n�mo}yb¯b�i`tq�`}y^�{Jnf~lb�k�t�¥�¦ �§s|~Æ�5tys|i;k�`izs©k�~¡�z^`b�mob3~ány�§acsuko~án�káa�t;~5kák5¢át	}yb3tyacb�komls�p��Ab�moaf�§k�n�kosutqiz~�{
¢�^zs|p�^S�§so�Tb�m¤tqi`³|¾¶J¾kl^`b¯~l¢�n��`�`s|i`}�ty¥Ak5¢átfnq�Í�¡nyp�b�i;kQb�³|b�acb�i;k�~�µCJs|izp�b�kl^`b3mlb¯nymlb�nyml¶zs©komonymls|³u¾f³|nyml}qb
~lb�k�~�t�¥��`i`suk¯~¡�z^`b�mob3~�s|i+ª « ¢�s©ko^�tyi`b�~l¢�s©k�p�^`b3���zn�s|m7{Jkl^`s�~�¶Aty�`iz�+s�~�ty�§kosuaxny³9µ

CJ�zml´qb�¾§~#t�¥�}yb3tyacb�komls�p	komonyiz~l´yb�m�~on�³Dkl^`b3tymo¾ n�mobT��t;t§�§axnyi�b�kfn�³Kµ�Y d�[n�i&� � b�i`}qb�mEY|�y�%[ýµv]�^`b
³�n�klklb3m�ny³|~ltv�§s�~lp��z~o~¡b7~5��b3³u³|¾;w9k5¾J�Ab	ko^`b�tqmlb3ac~¯¥¨tym�³|sui`bfklm�n�iz~l´yb3mo~on�³�~3µ ; mob3p�b�i;k¯mob3~l�`³©k�sui kl^zn�k�nymlb7n
¶J¾��¯ty³|ac~lb�i b�kSn�³Kµ�Y ��[��`mlt�´qb3~	kl^`b�b��§s�~5k�n�izp�bvty¥�n iJ�`a¶&b3mc¦c����u-{�~l�zp�^ ko^zn�k�kl^`b+¥¨tq³u³|t�¢�suiz}
^zty³��`~'N��.b�k�@=¶Abn�~¡b�k�ty¥¤�§s|~Æ�5tys|i;k��zi`s©k�~l�`^`b�mob3~¯sui�ªA�zµ#gý¥Qb�´qb�mo¾�¦c�facb�a¶&b3mo~²t�¥�@ ^znÍ´ybnS³|sui`b
komonyiz~l´yb�m�~on�³K{yko^`b�i"@ ^znq~�nc³us|i`b#komonyiz~¡´qb�m�~lny³9µ�²�`m��zmlb7~¡b3iqk�mob3~l�`³uko~�~l³us|}y^;kl³|¾�~ls|a��z³usu¥¨¾Sko^`b	�`motJt�¥Dty¥
ko^`s�~�mlb7~¡�z³©k7µ
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; K#���ú®�� ���������+s�~�n ~¡�z^`b�mobSt�¥�m�ny�`su�z~ zyµ � b+~lnÍ¾ kl^zn�kfk5¢át �`i`suk�~l�`^`b3mlb7~fnymlb ��������±����z®�su¥�kl^`b3sum
s|i;klb3mls|tym�~fnymlbyDÆsui t�ko^`b�m�¢tqmo�z~�{�¢áb+ny³u³|t�¢ kl^`b�~¡�z^`b�mob3~	klt klty�&p�^ Frµ ; ³|s|i`by�r®������+n ~¡�`^zb�mobSs©¥�s©k
s|i;klb3mo~lb3p�ko~kl^`b�p�³ut;~¡b7�v~l�`^`b�mobEDÆnyiz��~ltcn	k�n�i`}qb�i;k�kltxn~l�`^`b3mlb#~¡kon�¶&~�s©k%Frµ ; ()��� �f® �������&$��'�&����(�¥¨tqm�n
~lb�k�ty¥��§s�~Æ�5tys|iqk��`izs©k¯~l�`^`b3mlb7~�s|~�n�³|sui`b�ko^zn�k¯~¡kony¶z~�n�³|³Tkl^`b	~l�`^`b3mlb7~�{§¢�sukl^�kl^zb�mlb7~5komls�prkosutqivko^zn�k�suk�s|~
izt�k�n�³|³ut�¢áb3�xkltc¶&b�k�n�i`}qb�i;k�klt�k5¢tc~l�`^`b�mob3~ás|i+ncp�tyacactyiv�Atys|i;kHDÆny~�~l�zp�^+n³|s|i`b��§tJb3~�i`tyk��`b�$zi`b
n�}qb�tyacb�klmos|p²�&b3mla�§kon�kls|tyi F�µ

��s|´yb3i k5¢át �§s�~¨�5tqsui;kS�`izs©k�~l�`^`b3mlb7~T��nyiz�Z�S{�³ub�k��c^J�H�?� d ¶Ab�kl^zb�s|m�p�b3i;klb�mvt�¥#}ym�nÍ´;suk5¾ n�i&���^J����� d ¶&b#ko^`b�s|m�¶`s�~¡b7prkosui`}c^J¾J�&b3ml�z³|nyi`byµ�gý¥�kl^`b	p�b�i;klb3mo~áty¥A� nyiz�"��n�mob���n�iz���Í{Jko^`b�i��c^J�H�?� d
s�~¯kl^`b�acs|�Jwý�Atys|iqk#t�¥��Fnyiz���Í{Mnyiz����^>�H�?� d s|~²ko^`bf^J¾J�&b3ml�z³|nyi`b	ko^`mltq�`}y^�� ^>�H��� d tqm¡ko^`ty}qtyizny³Mklt
ko^`b�³|sui`b �!�Íµ

� b $zm�~5k�mob��Ab3n�k�n�¶znq~¡s�p�³ub3acacn�¶J¾V|�n�kop�^zny³|~�SJs&b�k¯n�³Kµ
"¸ � � �$#�%'&)( "¤¸ � � �+*),.-0/�13254 <7698;:y<'�=< 2�4?>�@ :�A.B 2DCD2 8 4=E AF8 2�4GC 6980HJI 2DC HK6 E H @5L 6�H 294 @ @9L
¦M:�A'H.N @ AF8 4PO 8QA 4 HSRUT 2KCV2 H�AF8 ª¬«XW�Y3T 2 8 4 T 2 6�8!Z E[2 < 254?>�2\2 8 4 T 2 :�A CD25]J4 A @ 8^I 25]J4?@5C H @9L <�6�8;: <'�_A.H
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�bn�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

"¸ � � ��*d13294;e 698;:�fd< 2g4?>�@ O 8QA 4ShGC 6!:�A O H�:iA.Hkj!HlA.8�ª h > A 4 T ]D2 8 4?2KC H�^jP=mi�on d 698;:g^pmr�kn dKq > T 2KCV2mBssr\tiu!v Lp@5C H @5wx2 698QZ E[2 v > A 4 T�n�yzv~�s{ ��O0W|Y3T 2 8 e~} f�A'H ]D@ 8 4 69A.8 2 :�AF8 4 T 2�2KE.E A�R;H 2
� �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^zbk�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�nklm�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
"¸ � � ��-�� ApI 2 8 4?>�@ :iA.H'N @ A.8 4lO 8QA 4 HSRUT 2KCV2 Hr�s698;:��MA.8fª¬«�698;:P6 E AF8 2 <�H 4 6Q<Q<�AF8!Z�< @!4 T H RUT 2DCD2 H qE[254 � < 274 T 2 R @ A.8 4�@5L A.8 4 2DC H 2 ] 4 A @ 8 @5L <�698;:���^J�H�?� dDq 6�8;: E[254 v�< 274 T 2 6�8!Z E[2 < 294?> 2J2 8 <�698):��^J����� d W=Y3T 2 8

U ^ �r�b� ^>�H�?� djd �suk�F�|v��
`��l±3±baVc ��b�k���n�i&���#¶Abfko^`bp�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^zb³|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 � zn�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�`acbko^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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e �r���o±��kG�����±��y±�I������

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�~¡tny~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 �
 ¶&bkl^`b
nyi`}y³|b�¶&b�k5¢b3b�i <'��n�i&�7� 
 µMá¾ �.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 kotkoty��{`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�acaxnd¢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´ybU ^ � h �o� b d �suk�F�gv h µC§suacs|³|nyml³|¾y{Y¢bx^&nÍ´ybTU ^ � b � � b d � uk�.��v b {�n�i&�~� b nyiz��� b ³us|bStqi�tq�`�Atq~ls©kobv~¡s��§b7~�t�¥�� h {�suac�`³|¾Jsui`}U ^ � b �o� h d �suk�F�|v b µ¬�Q³|�`}q}ys|i`}csui;klt � �AµrD¡��F�nyiz� DK��F�{`¢b#tq¶§konysui

�/� � �.�� uk�F�gv huk�F�gv b �
ub�.�|v bub�.�|v h�� � z��

¢�^zs|p�^+�`mot�´yb3~ko^`b�³ub3acacn¥¨tqm�kl^`s�~�p�nq~¡bqµ
]�^`b}���&I�±�� �yI&���'�vt§p�p��zmo~#su¥�kl^`b � b wjp�tJtym��§s|izn�kobct�¥�� h s|~ � n`µ � bS³|b�k�� b �)W U ^ � b �k� h d {�n�i&�� h �)W U ^ � h �k� b d µ ; �`�`³|¾Jsuiz}g�.b�acaxnxd+{`¢b�ko^`b�i�^znÍ´qb

U ^ � h �o� b d � U ^ � h � � h d � � h �sub�.�gv h � � h � D9��F
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