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�? i@U� UL�?|h)c |�i U�|�3i?t U@? @?|�U�T@|i |�i �|�*�|) �4T�|@|�L?t ���U�
@h�ti uhL4 |�i TL*�U�it ti*iU|i_ M) i@U� TLtt�M*i UL�T*i Ewoc wr� Lu TL*�U)�
4@!iht� W? UL�?|h) � uLh �?t|@?Uic @ U�|�3i? & ��** hiUi��i @ �|�*�|) *i�i*
L�
& E|�Ewoc wr�c |2Ewoc wr�c w&� ' T �E woc wrc w&� ���U� _iTi?_t L? �|t L�? i?_L��

4i?| @?_ L? |�i |)Tit Lu |�i _L4it|�U @?_ |�i uLhi�}? TL*�U)�4@!iht� ì
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ì ��** UL4i M@U! |L |��t UL?_�|�L? Mi*L�� wi| �t ?L� _i|ih4�?i i @U|*)
��L @hi |�i U�|�3i?t ��L �L�*_ Thiuih |�i�h L�? i*iU|�L? |L |�i i*iU|�L? Lu
@ wr�|)Ti U�|�3i?� 6�ht| L?i �@t |L _i|ih4�?i |�i |)Ti wW& Lu U�|�3i? ��L �t
�?_�gihi?| Mi|�ii? �ihti*u @?_ |�i |)Ti wr� B��i? |�i *�?i@h�^�@_h@|�U ?@|�hi
Lu |�i �?_�hiU| �|�*�|) u�?U|�L?t T c |�i �@*�i Lu wW& �t _i|ih4�?i_ M) tL*��?}
|�i i^�@|�L? wr� wrE w

W

&c wo� ' wrE w
W

&c wo�� wW&� Nt�?} i^�@|�L? E�e� �i LM|@�?

wW& '
wr�2E2�2 n ����� 2E+���2 ���+�2�� 2wo�2��

E2�2 n����2

E2��

A�ihi @hi ?L� L?*) |�L U@tit |L Mi UL?t�_ihi_G



C�j 7N�iWjt Nu �iN|jW|�NA�t| $i�u| �A -jVijtjA|B|��j $j6NWiBW�jt 48

E�� f 	 wr Efc wo� 	 ew&Ewo�b
� t��U�i?| UL?_�|�L? uLh @ wr�|)Ti U@?_�_@|i |L h�? �?LTTLti_ �t t�4T*)

|�@| wr � wr Efc wo� @?_ wW& � f�fc ��i� wr Efc wo� � wr � 2wr Efc wo� E	 ew&Ewo���
W? �}�hi e *i| � ' wr Efc wo� @?_ � ' 2wr Efc wo� @?_ uLh t�4T*�U�|) U@** @
U@?_�_@|i ��|� @? i?_L�4i?| Lu wr Efc wo� E2wr Efc wo�� U@?_�_@|i �E���

�?) U@?_�_@|i |L |�i *iu| Lu � Ewr 	 wr Efc wo�� �L�*_ Mi _iui@|i_ M)
U@?_�_@|i � t�?Ui |�i 4i_�@? �L|ih E|)Ti wr Efc wo�� @?_ @** �L|iht |L |�i
h�}�| Lu |�i 4i_�@? �L|ih �L�*_ Thiuih �� W? @__�|�L?c � �L�*_ tih�i �ihti*u
h@|�ih |�@? �@�i tL4iL?i |L �ih *iu| Mi i*iU|i_� 6Lh @ U@?_�_@|i |L |�i h�}�|
Lu � Ewr : 2wr Efc wo��c L?i U@? t�L� �t�?} i^�@|�L? E2�� |�@| |�i 4i_�@?
�L|ih �L�*_ Thiuih |L h�? �ihti*u E@?_ �L�*_ U*i@h*) ��?� h@|�ih |�@? �@�i @
U@?_�_@|i |L |�i h�}�| Lu � �? L�Ui�

kθ̂ kθ

sθ

),( rks θθθ

rk θθ =

A B

),0(
rs

A θθ=

),0(2
rs

θθ

),0(2
rs

B θθ=

),0(
rs

θθ

O

6�}�hi e

A�@| *i@�it U@?_�_@|it Mi|�ii? � @?_ � @t TLtt�M*i ��??iht Lu t�?}*i U@?�
_�_@|i i*iU|�L?t� Wu @?) U@?_�_@|i Mi|�ii? � @?_ � U�LLtit |L h�? |�i) ��**
��?�

,�i? |�i i |hi4i U@?_�_@|i � }i|t @** �L|it |L |�i h�}�| Lu |�i 4i_�@?
�L|ih @?_ U@?_�_@|it |L |�i *iu| Lu � _L i�i? Mi||ih� Nt�?} i^�@|�L? E2��

<Qrwh wkdw d vx�flhqw frqglwlrq iru wklv vhw ri lqhtxdolwlhv lv e�n+�u, A 3 vlqfh

�v +3> �u,, @ e�n+�u,
Q4

5Q5.6Q4

=
43Qrwh wkdw doo wkh flwl}hqv orfdwhg dw wkh uljkw ri ��

n
vwulfwo| suhihu d w|sh �v�fdqglgdwh

wr d fdqglgdwh orfdwhg dw ��
n ru dw khu ohiw1 Khqfh li ��n ? 3 wkh w|sh �v�fdqglgdwh lv fkrvhq

e| d pdmrulw| ri yrwhuv1



C�j 7N�iWjt Nu �iN|jW|�NA�t| $i�u| �A -jVijtjA|B|��j $j6NWiBW�jt 49

L?i U@? i@t�*) t�L� |�@| � Thiuiht @?) U@?_�_@|i �? |�i �� h@?}i |L h�??�?}
�ihti*u� W? @__�|�L?c @** �L|iht �? |�i �� h@?}i �@?| @ U@?_�_@|i |L |�i�h
h�}�| |L h�? @?_ �L�*_ Thiuih |L h�? |�i4ti*�it h@|�ih |�@? �@�i tL4iL?i |L
|�i�h *iu| ��?� A�ihiuLhic @?) U@?_�_@|i Mi|�ii? � @?_ � �t @ L?i U@?_�_@|i
i^��*�Mh��4� �@?_�_@|it U*Ltih |L � }i| *@h}ih ��??�?} �L|i t�@hit M�| �L�*_
@*�@)t Thiuih |�@| tL4iL?i |L |�i�h h�}�| @U|�@**) h�?�

A�i _�t|@?Ui �� �? �}�hi e 4i@t�hit |�i _i*i}@|�L? igiU|� A�i 4i_�@?
�L|ih �@?|t |L _i*i}@|i @�|�Lh�|) |L @ �L|ih ��|� �� 4Lhi Lu |�i tTiU��U
u@U|Lh |�@? t�i �@t� A�i _�t|@?Ui uhL4 � |L � 4i@t�hit |�i @Mt|i?|�L?
igiU|� A�i �L|ih @| � @*|�L�}� �? tL4i ti?ti |�i 4Lt| �TLT�*@h� U@?_�_@|i
@U|�@**) Thiuiht tL4iL?i |L �ih h�}�| |L h�?� W? u@U|c t�i Thiuiht @?) �L|ih
Mi|�ii? � @?_ � |L �ihti*u� 5Lc @?) Lu |�Lti �L|iht hiThiti?| TL|i?|�@* L?i
U@?_�_@|i i^��*�Mh�@� �t )L� 4L�i uhL4 � |L � |�i U@?_�_@|it @hi _iUhi@t�?}
�? �TLT�*@h�|)� @?_ �?Uhi@t�?} �? |�i�h �i@}ih?itt� |L h�? uLh i*iU|�L?�

E��� `�i? ew&Ewo� 	 wr Efc wo� 	 f @ t��U�i?| UL?_�|�L? uLh @ wr�|)Ti
U@?_�_@|i |L h�? �?LTTLti_ �t t�4T*) |�@| wr � wr Efc wo� @?_ wW& � fc ��i�
2wr Efc wo� � wr � wr Efc wo�� A�i *L}�U �t |�i t@4i @t U@ti E�� @ML�i tL �i ��**
?L| hiTi@| |�i @h}�4i?|�

A�i t@4i @?@*)t�t U@? Mi @TT*�i_ |L |�i i*iU|Lh@* UL4Ti|�|�L? �? UL�?|h)
�� Nt�?} i^�@|�L?t E���c E�e�c @?_ E2�� �i U@? LM|@�? @ UL4T*i|i U�@h@U|ih�
�3@|�L? Lu |�i ti| Lu L?i�U@?_�_@|i i^��*�Mh�@�

�hLTLt�|�L? 2 B��i? �tt�4T|�L? � @?) T@�h Ewoc wr� t�U� |�@|

�2E�2+�� ���+�2� n 2wr�2��

E��2 n 2�����

� wo �
�E�2+�� ���+�2� n wr�2��

E��2 n 2�����

E�2+�� ���+�2� n wo�2��

E2�2 n �����2
� wr �

2E�2+� ���+2� n 2wo�2��

E2�2 n �����2

�t @ L?i U@?_�_@|i Tih UL�?|h)�i^��*�Mh��4�

�M��L�t*) |�i i^��*�Mh��4 Lu �hLTLt�|�L? � E��ihi |�i t�?}*i U@?_�_@|i �?
i@U� UL�?|h) �t |�i Thiuihhi_ U@?_�_@|i Lu |�i 4i_�@? �L|ih� �t L?i Lu |�iti
i^��*�Mh�@� A�ihi @hi �? @__�|�L? �?�?�|i*) 4@?) L|�ih i^��*�Mh�@ @t t�L�?
�? 6�}�hi D Mi*L�G @?) TL�?| Mi*L?}�?} |L |�i @hi@ ���# ULhhitTL?_t |L @
TLtt�M*i i^��*�Mh��4� �| |�i 4Lhi �i |hi4�t|� Lu |�i t)44i|h�U i^��*�Mh�@
ETL�?| � �? 6�}�hi D� L?i LM|@�?t



C�j 7N�iWjt Nu �iN|jW|�NA�t| $i�u| �A -jVijtjA|B|��j $j6NWiBW�jt 4:

wWWo ' �
2

�

E�2+�� ���+�2�E�� n 2�2�

E����2 n 2�2
2 n 2� 2

� ���
E2e�

wWWr '
2

�

E�2+�� ���+�2�E�2 n 2���

�2 E����2 n 2�2
2 n 2�2

� �
E2D�

sθ

rθ
*
sθ

*
rθ

**
sθ

**
rθ

A

B

),0( sr θθ

),0( rs θθ

)),,0(( rrss θθθθ

)),,0(( ssrr θθθθ

D

C

6�}�hi D

Wu |�iti 4Lt| �i |hi4�t|� U@?_�_@|it @hi U�Lti? |�i hit�*|�?} |@h�g @?_
i TLh| |@ �t Et�Mt|�|�|�?} i^�@|�L?t E2e� @?_ E2D� �?|L i^�@|�L?t Eb� @?_
E�f��

|� '
E2�2 n��� E2�2

� n D���2 n e�2
2 � E�2+�� ���+�2�

S�� E2�2
2 n ����2 n 2�2

� ��2 E�� n�2�
E2S�

|2 '
E�2 n 2��� Ee�

2
� n D���2 n 2�2

2 � E�2+�� ���+�2�

S�� E2�2
2 n ����2 n 2�2

� ��2 E�� n�2�
E2.�

�L|i |�@| |�i i |i?| Lu |�i �ThL|iU|�L?�t| _h�u|� _iTi?_t ?L| L?*) L?
|�i i |i?| Lu |�i _i*i}@|�L? @?_ @Mt|i?|�L? igiU|t �? ML|� UL�?|h�it M�|



C�j 7N�iWjt Nu �iN|jW|�NA�t| $i�u| �A -jVijtjA|B|��j $j6NWiBW�jt 4;

@*tL L? |�i t|h@|i}�U �?|ih@U|�L? Mi|�ii? |�i |�L UL�?|h�it� W? u@U|c |�i
t|h@|i}�U UL4T*i4i?|@h�|) Mi|�ii? |�i TL*�U) 4@!iht *�4�|t |�i �4T@U| Lu
|�i _i*i}@|�L? @?_ @Mt|i?|�L? igiU|t @t U@? Mi tii? M) ?L|�?} |�@| |�i �@*�i
Lu wWr @ML�i �t *itt |�@? |��Ui |�i �@*�i Lu wWWr � OL�i�ihc �| �t t|�** |�i U@ti
|�@| �u |�i UL�?|h) t�3it @hi ?L| |LL _�tt�4�*@h |�i? ML|� |�i i TLh| |@ 
@?_ |�i |@h�g @hi ��}�ih |�@? ��i? L?*) |�i _i*i}@|�L? igiU| �t UL?t�_ihi_
E�hLTLt�|�L? ��� A��tc ML|� |�i _i*i}@|�L? @?_ @Mt|i?|�L? igiU|t |i?_ |L
hit�*| �? ��}�ih ThL|iU|�L? *i�i*t�
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