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¨N©6¼�� % ÐS5q±�©ïñ�µ�¦�¾È°�¦�®�¶�²�¸<¬�¾W­�®x¼ï¬�Ó�¦d¾@¦L­`¶t®`¼

� % =
∆ e K %

e é α E + K E5 α5
V

��Ø �

g+h�i θ =
e � (e é α % + K %5 α5 )

Î��
(β % e 5 + β 5 K %é )( e 5 α % + P E5 α 5 ) + ∆

é G é P %5 Ì
Ð

�2³�®N©��
=
ëOÃ_µ�¦
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ësV

Î � ¬�³�®O©
∆ < � ÃNµ�¦ ψ = π| Îd°O±�© θ � å′ ± θ % å′ >

ëB©
ψ = − π� ÎB°�_�© θ � å′ ± θ % å′ <

ëÒÐ
î8µ�³<ÔR­�¸z³�®N¬�­�¶�¬�µxÃT²tµ3¦ °O±�©Ý®¯Ô~º�¦L¾¹¨N¸<°O±�¸<«1®N¬<¨�©O©

«L±�¸6Æf¬C¨`©�¼¿©
∆ > � «<¬<ª�µ�¦t± 1 % «1³�¬�Ó�­N¸Z¦�°�¬<±�¬�Å8¸�¬�µ«<¬<ª�µ�¦�± -�Ð �_³�®7©

∆ < � Ãïµ�¦Ä«<¬<ª�µ�¦t± -ò¦�°�¬<±�¬�Å8¸�¬�µ
«<¬<ª�µ�¦�±�1 % Ð~5T¦�³<ª�¦L®7Õ<ª�¶K¶�Ó�®NÇìø.É�®�¬<±�¸ θ % © θ � ©`§�¾@¬CÀ¨�¼NÔ�µ�³3¼ «z°O±�¦�¾_¬�Å8¶�µCª�¬\¦Lµpë ­�¦

π
Ã�°�¦�®N¨NÇ�ÉÝ°�¬C±`©�¦6­

¦x°`©�³<Ç�«L¸�¬�¾@¦tÉd¨x¬�³�¦�±�¸�§�¾@¬<±�¨`¦tÉ=³�µ�±`¶�ª�µ�¶N±�ÇI°�±O©�´O¦L­N©xµCÀ
³�¼��6³Cªx®�¬C©O«L¸�µ<Õ��z©�§d²�¬�µC«1¬C±xµ�¬<ÉVÐ�¥^³�®�¶`²t¸<¬

∆ < � °�±O©¨N¸�´�¦�Åf­�¬<¨N©`© - «�� � ���½ª�«L¸1­x±O¸<¨�µ<¸�´W©�¾@¬�¬�¾
θ % + θ� =

= π| ÎÒÃ θ � − θ % = − π| ÎÒÃ θ % + θ � =
×

π| ÎÒÃ θ � − θ % =
= π| Î ³�¦6¦�µ�«<¬�µ�³�µ<«<¬<¨�¨�¦ÒÐ`�@³�®N© ∆ >

ë7ÃOµ�¦K©�¾@¬CÔ~µ8¾@¬�³�µ�¦
³�®O¬�­�¶NÔRÆ8©`¬ ³�¦t¦6µC¨`¦tÞ ¬C¨O©6¼S,

θ � − θ % = − π| ÎOÃ θ� +
+ θ % = π| Î Ã θ � − θ % = π| ÎÒÃ θ % + θ � =

×
π | ÎB³�¦6¦tµ�«<¬�µCÀ
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³�µC«1¬C¨O¨�¦VÐ7ú�Ó�®NÇ
θ % © θ � ¦�µ�³�²t©`µ<Ç�«L¸<ÔRµ�³3¼F¦LµY¦L³<©Fëb?fÃ¯©°`¬C±`«LÇ(¾¹ª�«L¸�­O±�¸<¨�µ3¦t¾ ¼N«<®`¼x¬�µ�³3¼o®�¬C«6¸�¼o«<¬<±�´¯¨t¼t¼o²�¬�µ�À

«1¬C±`µ�ÕOÃN¸f¦6³�µ<¸�®7Õ<¨NÇ(¬f¦Lµ�³�²x©xµCÇ�«6¸LÔ�µ�³3¼F°�±�¦�µC©`«8²�¸�³�¦t«<¦�É
³�µC±x¬�®7ª�©VÐ �_¬<Þf¬C¨O©6¼[³<©�³�µ�¬�¾ÚÇ{��Ë�ë � ¼`«1®�¼NÔ~µ�³3¼[³C«1¦L¬�¦tº�À
±O¸�§C¨`Ç(¾Ú© �6­�¦�¾_¬<¨N¨�Ç~¾2©��Z³�µ�±�¶�ª�µ�¶O±�¸�¾�©VÃd³�¦6³�µ<¸<«<®O¬<¨�À
¨OÇ(¾�©l©�§·Ë � Ø °x¦t®O¨�¦6Ó�¦õ°`¬C±�©`¦L­O¸W³<«<¬<±`´�³�µ<±�¶�ª�µ�¶�±�ÇAÐ
5f¦L­ �L­�¦�¾V¬C¨`¦L¾F� §�­`¬�³<Õ¹°`¦L­N±�¸1§�¶�¾V¬C«6¸<¬�µ�³�¼Ä¦�º6®¯¸�³�µCÕ
ª�±`©�³�µC¸�®`®¯¸`Ã�«Fªx¦Lµ�¦x±x¦tÉz°O±�¦�©�³�´O¦L­O©�µd°�¦�«<¦�±�¦�µd¨�¬<°N±`©�À
«1¦t­O©�¾�Ç(´F«<¬<ª6µ�¦�±�¦�«8¨O¸T¶�Ó�¦6®

π| ÎÒÐ���³<¨`¦7Ãt²�µ�¦+«<¦�§�¾_¦�Å8À¨`¦ �L³<ª�®�¬<©O«L¸<¨�©`¬c�Íµ<¸<ª�©�´¹±�¬<Þ8¬<¨�©OÉVÃ8¶ôª�¦6µ�¦�±NÇ(´¹¨�¸
Ó�±`¸<¨N©�Á`¬I¾@¬�Åf­�¶ �6­�¦L¾@¬<¨�¸<¾@©`�^öR¸<§�Çó«1¬Cªxµ�¦�±�¦�« - ©
1 % ¨�¬=³�¦t«6°N¸�­N¸<Ô~µ�Ã_µ`Ðr¬�Ð_°N±x¦x©x³�´O¦L­N©xµ=³Cª�¸�²�ª�¦6¦�ºt±�¸1§�¨�¦6¬©`§�¾V¬C¨`¬<¨�©�¬]¶�Ó�®�¦�«

θ % © θ� Ð©58±�©Iñ�µ�¦�¾ô¨`¬�¦Lº�´�¦�­N©�¾@¦
³�®N¬�­N©�µ<ÕÖ§C¸à«6Ç�°�¦6®¯¨�¬<¨O©�¬�¾ ¶�³�®O¦t«6©NÉò¦�°�¬<±�¬�Å8¬<¨�©�¼@Ð

�|¦�¾Vºx©`¨N©�±`¶6¼ �6­�¦L¾@¬<¨�Ç ��«p±O¸�§�®O©�²�¨NÇ(´I³�¦t²�¬�µ�¸L¨`©�¼�´@Ã
¾2¦6Å+¨�¦K°�¦6®N¶�²�©�µ<Õ=±6¼�­[¾2¸1ÓQ¨O©�µ<¨�Ç�´\³�µ�±`¶�ª�µ�¶N±~,
¸ � �L³<ª�®�¬<©N«6¸<ÔRµ�³�¼`�\­N«L¸6�L­�¦�¾V¬C¨O¸��7Ã@¦Lº�¬�³C°�¬�²�©�«L¸6ÔTÀ

Æ8©�¬K°�¦�«<¦�±�¦�µd­�®7©�¨O¨�¦�°�¬C±O©�¦�­�©�²�¬�³Cª6¦�Éz³�µ�±`¶�ª�µ�¶N±�ÇZ¨O¸
¶tÓ3¦L®

π
Ã&°`¦L³�®N¬Zñ�µ�¦�Ó�¦Ä«<¬<ª�µ�¦t±OÇ - © 1 % ³Cª`¸�²xªx¦L¾«<¦�§�«L±O¸<Æ8¸<ÔRµ�³�¼õ«�³C«1¦L¬z°�¬<±�«1¦x¨`¸�²x¸�®7Õ<¨`¦L¬W°�¦�®�¦�Åf¬C¨O©�¬

��±�©�³`Ð�Ë�Ã � � Vº � �L³<ª�®�¬<©N«6¸<Ô�µ�³�¼`�·­N«L¸ �L­�¦�¾@¬C¨`¸��7ÃFª�¸<Åf­NÇ�É ©�§
ª�¦Lµ�¦�±�Ç(´ ¦6º�¬�³<°�¬�²x©O«L¸�¬�µð°�¦�«<¦t±`¦Lµð¨`¬C°�±`©N«1¦L­N©`¾2Ç~´
«<¬<ª�µ�¦�±�¦�«z¨�¸

π| ÎW«]±O¸�§C¨�Ç(¬\³�µ�¦t±`¦t¨OÇYÃ|°�±�© ñ�µ�¦�¾l¨O¸Ó�±�¸<¨O©�Á�¬Yñ�µ<©�´��6­�¦�¾_¬<¨�¦�«��K°�±�¦�©�³�´N¦6­N©`µ8³Cª�¸1²L¦�ªB¦L­N¨`¦tÀ
Ó�¦F©�§A«<¬<ª�µ�¦�±�¦�«�-I©�®7©;1 % ¨�¸A¶�Ó�¦6® π

��±�©�³`Ð�Ë�Ã�� � Ð
5 ±`©ô«6ª�®NÔR²�¬C¨`©N©·°�¦6®�¼ ��°�¦�À�°�±`¬�Å8¨`¬�¾V¶

β % = β 5 =
=
ë � ­�®�¼W¨N¸�´`¦tÅf­�¬<¨O©6¼ ±`¬<Þf¬C¨`©�¼W©�³<°�¦6®¯Õ�§�¶�ÔTµ�³3¼&³�¦tÀ

¦tµ�¨�¦�Þ8¬<¨�©x¼
θ � =

� =
+ ψ � Ã θ � ± θ % = πÎ + � π ± ψ % ÃÓ�­�¬

ψ % ∼ � ©
ψ � ∼ �zÐJ5f±�©]ñ�µ3¦t¾o«1¬�®7©�²�©�¨OÇ

θ % © θ �©�¾V¬CÔRµ+«6©�­���«L±`¸<Æf¬C¨O©�¬=°�±`¦Lµ<©�«=²�¸�³�¦t«<¦�ÉK³�µ<±�¬�®Oª�© �
θ � = � % ( � = ) − � E iLknm (

� =
)
Ã

θ % = � 5 ( � = ) − � E iwkNm (
� =

)
Ã

��ËtË �Ó�­�¬

� % =

�
(
�
α 5 K % − ∆e )Î � é Ê

α % α 5 K % e � − ∆( e 5 α % + K E5 α 5 ) Ì
V

� 5 =
∆
� eÎ � 5 Ê

α % α 5 e K % � − ∆(α 5 K %5 + α % e 5 ) Ì
Ð

5 ±�©\¨�¸<´�¦�Åf­�¬<¨�©O©;-I« � � ���Zª�«L¸�­N±`¸<¨�µ�¸1´p©�¾@¬�¬�¾

��Ð
�,�3Ð
	
	�	
�
� �ïÐ

� % ( � = ) =
� =��

� E ( � = ) =
� =�V

� % ( � = ) =
Î
π −

� =sV
� % ( � = ) =

Î
π −

� = �

� 5 ( � = ) = π| Î −
� =sV

� 5 ( � = ) = − π| Î + � � V
� 5 ( � = ) = − π| Î +

� =�V
� 5 ( � = ) = � π � � −

� = �
� 5 → − � é Ã
� % → − � % Ã � 5 → − � 5 V
� % → − � % Ð

��Ë3Î �

¥2¬�®7©�²�©N¨�¸ � =&«8��Ë6Ë � ©���Ë�Î � ©`§�¾@¬C¨x¼�¬�µ3³�¼p«=°�±`¬�­�¬<À
®7¸�´o¦Lµ]ëz­�¦ÈÎ

π
ÐTî8µ�¾2¬�µ�©`¾RÃ.²Lµ�¦È°�±`©o¨�¸�®O¦LÅ8¬<¨�©O©��

«1¬Cª�µ�¦t±OÇ - © 1 % ¦�±�µ�¦�Ó�¦�¨�¸�®7Õ<¨NÇ�µ�¦L®7Õ<ª�¦+°O±�©A§C¨`¸<²L¬<¨O©�À¼�´�=nÃì³�¦L¦�µ�«1¬�µ�³�µC«1¶xÔfÆ8©x´ ilkNm ( �
� ) =
ëÒÐ¹á+§ ��Ë�Î �

«6©�­N¨x¦_ÃA²tµ�¦l³�µ�¬C°�¬<¨OÕÍ¾Ú¸�®`¦t³�µ<©�� ¦�°�±`¬�­t¬�®`¼x¬�µ�³�¼¹©�§
³�¦�¦Lµ<¨�¦�Þf¬C¨O©�É � � E � ��� ËLÃ � � é � ��� ËtÐ!5�_O©^ñ�µ�¦L¾ß¬<Æf¬
³<°N±`¸<«<¬�­�®¯©`«<¦p°O±�©�º�®N©`Åf¬C¨O©�¬ e = g%hcm
i'� Ã K = g%h�m�io� Ã2©Ó�¦6­�¦�Ó�±�¸LöRÇ - Ã 1 % ¼N«<®`¼NÔ�µ�³�¼[¦tª`±�¶�Å+¨�¦�³�µ3¼�¾2©ÚÐ���®N¸�Ó�¦�À­N¸<±x¼ï¨`¸�®¯©�²�©OÔ^«8��ËLË � °�±�¦�°�¦�±�ÁO©�¦�¨�¸<®NÕ6¨�Ç(´­�ß³�®O¸<Ó�¸<À
¬�¾�Ç(´�ÃZ¦Lº�¶�³�®�¦�«1®N©N«6¸<ÔfÆ8©�´Â°`¦<¼N«<®O¬C¨`©�¬ Ó�¸<±x¾2¦�¨�©OªÒÃ
«1¬Cª�µ�¦t±OÇ - © 1 % ¶�Åf¬o¨`¬ «6±�¸<Æ8¸6Ô�µ�³�¼ô±�¸<«6¨�¦6¾@¬C±�¨`¦°O±�©Kë

≤
� =

≤
Î
π
Ð¯á8§ ��Ë�Ë � ³�®O¬�­�¶�¬�µ�Ã�²�µ�¦=ª�¦�¾2°`¦t¨`¬<¨�µCÇ

«1¬Cª�µ�¦t±`¦t« e M Ã e � Ã K % M Ã K % � °O±�© �
≠
ëß©�¾@¬CÔRµ

³<«<¦�¬�¦Lº�±�¸�§<¨�¶�Ô °O±�¦�³�µ�±N¸<¨�³�µ<«<¬<¨N¨�¶�Ô ¾@¦L­�¶�®`¼`Á`©NÔíÃ «
°O±�¦�Á�¬�³�³�¬&ªx¦tµ3¦j_x¦xÉÝ«<¦�§�¨O©�ª�¸<ÔRµpÓ�¸<±`¾_¦�¨�©Oª�©VÐf¥¹³�¦6¦�µ�À

«<¬�µ�³�µC«1¶�ÔTÆA©�´F±�¸1§�®O¦LÅ8¬<¨�©x¼x´B¶�²tµ3¬C¨OÇI«<³�¬qÓ�¸<±`¾_¦�¨�©Oª�©VÃ
¨�¦[µ�¦L®7Õ<ª�¦ e M © K % � ³�¦�­�¬<±�Å8¸<µd¨`¬=§C¸<«6©�³3¼NÆ8©`¬=¦tµ � =
³�®7¸�Ó�¸<¬�¾2Ç�¬`ÃT¦Lº�¶�³�®N¦�«<®7©�«L¸<ÔfÆ8©`¬W°�¦�³�µ3¦L¼N¨�¨OÇ�ÉÍ³�­x«6©�Ó6Ð
ø.µ�¦ °O±�©O«<¦L­O©�µ ª ©x³Cª�¸�ÅY¬C¨�©OÔ ±�¸<«6¨�¦6¾2¬<±�¨`¦LÓ�¦
±�¸<³<°�±�¬�­�¬�®N¬<¨�©x¼ï«<¬<ª�µ�¦�±�¸!-I°�¦B¦tª�±x¶�Å8¨�¦6³�µ<©VÐ`}2¸<«6©�³<©�À
¾2¦6³�µ<© e M ( � = )

© eS� (
� =

)
°`±�© � % >

ëÒÃt²Lµ�¦+«6Ç�°�¦6®¯¨6¼�¬�µ�³3¼
°N±�© ­�¦L³�µ<¸�µ�¦6²x¨`¦AºL¦�®NÕLÞY©�´d§<¨N¸�²�¬<¨�©x¼x´ �

∆
� Ãx°O±�©O«<¬�­�¬C¨OÇ

¨N¸=±�©`³`ÐÒÎÒÃ £7Ð@¥.©�­N¨x¦_Ã7²�µ�¦B¾�©N¨�©`¾_¶`¾ e M ( � = )
« ¦tª�±�¬�³�µCÀ

¨�¦6³�µ<©ßµ�¦L²�ª�© � =
= π

³�µ�¸L¨�¦�«6©�µ�³3¼ßºt¦6®N¬�¬l¦6³�µ<±�¦�«<¬<±�À
Þ8©N¨`¨NÇ(¾RÃÚ¸ï¾2¸Lª6³<©�¾@¶�¾^°�±N©6=

=
ë < ºL¦�®�¬�¬F°`®�¦�³<ª�¦tÀ
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¥ µ�¦ÄÅf¬½«6±�¬�¾7¼óñ<ªL³�µ<±�¬�¾@¶�¾�Ç eS� (

� =
)
³�µ<¸<¨�¦�«�¼�µ�³3¼

ºt¦6®N¬�¬[¦�³�µ�±NÇ(¾�©o© ³�¾V¬CÆA¸<Ô�µ�³�¼õª�µ�¦�²�ª6¬ � =
= π
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®N¬<¨�©O© � =

=
Î
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«1¬Cª�µ�¦t±O¸ 1 E µ�¦LÅY¬W©�³Cª`¸�Å+¸�¬�µ�³3¼2Ð©58±�© � é <
ëIöR¦t±x¾Ú¸

ª�±`©N«1¦tÉ K E � ( � = )
³�¦x«6°�¸�­N¸�¬�µW³ e I Ãq¸ K ENM < ³ e�� Ð�(®N¬�­�¦x«6¸�µ�¬�®NÕ6¨�¦VÃx«<¬<ª�µ�¦t± 1 E ³C©`¨�´N±x¦x¨`¨�¦A³ - �L§�¸1®N©O°�¸<À

¬�µc�[« º�¸�§C©�³<¨`¦tÉ]°�®�¦�³<ª6¦t³�µ<©p«B¨N¸<°�±O¸<«<®`¬C¨O©�©ÚÃ¯¦�°�±`¬�­�¬<À
®`¼�¬�¾@¦L¾ò¶�³�®O¦t«6©�¬�¾ò¦t°`¬C±�¬�Å8¬<¨�©x¼2Ð��_³�®¯© �+é >

ëÒÃFµ�¦
�©7�9ó«<¬<ª6µ�¦�±=°�¦�À�°�±�¬�Å8¨�¬�¾_¶=º6¶�­�¬�µf©�¾@¬�µ<Õf°�±`¬C©�¾@¶�Æf¬<À
³�µC«1¬C¨O¨�¦�¬È¨O¸<°O±�¸<«<®O¬C¨`©�¬I«oº�¸<§�©`³C¨x¦xÉ·°�®O¦L³<ª�¦�³�µ�©ÚÃ ¨`¦
¶�Åf¬K°�±N© � =

= π
Ð�ø|ª6³�µC±x¬�¾@¶�¾�Ç K ENM ³�¾@¬<Æf¬C¨`Çôª\µ�¦t²�Àª�¸�¾ � =
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Î
π � Ð�5R¦tñ�µ�¦L¾@¶d«8ñ�µ�¦L¾z³�®�¶�²x¸�¬8¨O¸<°�±O¸<«<®�¬<¨N©t¼�6§C¸�®7©�°O¸<¨N©t¼[�]¾@¬�Å8­�¶È«<¬<ª�µ�¦�±�¸�¾�© - © 1 ¨�¬K³<©N¨x´¯±�¦�À

¨O©�§<©N±�¦�«L¸6¨�ÇYÐ
@�®�¼o«<¬<ªLµ�¦�±�¸]±�¸�³C°O±�¦�³�µ�±N¸<¨x¬C¨O©6¼ °x¦t®`¶�²t¸1¬�µ�³3¼È³�®�¬<À
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−
Ë
Ë�Û (� % + � 5 ) 5 −

×
â � % � 5 



Ã ��Ë�× �
Ó�­`¬ � % ¦t°O±�¬�­`¬�®�¼�¬�µ�³3¼È«LÇ�±`¸�Å8¬C¨`©�¬�¾ ��Ù � Ð�5q¦6³Cª�¦6®¯Õ<ªx¶
� % © � 5 ®O©N¨�¬<ÉO¨�¦^§C¸<«6©�³3¼�µI¦Lµo°�¦6®�¼@Ã8³o±�¦�³�µ�¦L¾ �
¾@¦�­�¶�®NÕW«1¦�®N¨�¦�«<¦�Ó�¦õ«<¬<ª6µ�¦�±�¸ ¶�¾2¬<¨�Õ6Þ8¸�¬�µ�³3¼2Ð8î8­�¨O¸<ª�¦
©`§C«1¬�³�µ�¬<¨[°O±�©�¾@¬C±\«<¦L§<±�¸�³�µC¸<¨O©6¼p«<¬<ª6µ�¦�±�¸A±O¸�³C°�±`¦L³�µ<±�¸<À
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