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A � k xHu}x k p�qOm �V� q {��Vk x �N� x � p k p��Hu+s):�l�� {��C�

A−1 = V D−1UT � i ¥
t3uwvxt3y"z|{Gud}�~xud{N�3{Gu�� ; �r���9��� �j�a����� �3{Gu�}�~xu�{r��{Gu�� � thuwvxt�y



� ����� 	�� �	� 	
��� � ��� � � ºË¹v½Ç´
�HºC®v²³µ�� À³¶�°�À³µ

V�� k � ���}� w�x?q { �\m)pruBo { z � m?q { �rm � mvwVzVph2 D {C� �3� k p���q {Ïk mR� k�� �\mRz I m � ��p k mRu}q}x
�rm � zZx � p { qOmRq�q { �\m ��� mvw�zZp kC{�� q}prmR¢HxHu}mR� {���� xHz��\mN� �}{ �rmNp�uco { z � mÉq {�� uOm � mvw�zZph2
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U k�� �Hx�u � ��{ zZx�q { o {Ck wVxHz {�� q}p�z {Ck w�xHz {C��k xRpru k prq {"k xRu { �7zVmRu}¢Hx�q { �\m � mvwVzVp32 A �B�{�� w {�{C�Z� m k p�xÏq {HG u { �rm � mRzZw { u}x �F� p�u}¢ � �rmRz'q { �\m � mvwVzVp32R�t� � u {��V� m k prxNxHzZwVxH¢HxHu}mR�{ u V k�� �Hx u � ��{ zZx q { o {�k w�xRz {C� qtprz {�k wVxHz {��Nk xHpru k prq {?k xRu=�\m�q}p ��{ u � pr�Ru q { �\m� mvw�zZph2 A �N{ u}x �n�Z� z�mRu}¢Rx �F{�� q {Ck przC� { � u � ��{ zZx.q {�k�{ zVx ��{ uØ�\mÏqtp\mR¢HxRuOmR�	q { �\m� mvw�zZph2 D � ��� {C� w {�{��V� m k prx�q {HG u { �\m � mRz�w {�� pru}¢ � �\mRz^q { �rm � mvwVzVp32R|
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0Ym �"� zVx � p { qOmRq {���� � � p �N� xHzZw�mRuBw {�� q { �\m�s):nl � xHu �
s { m A = UDV T � u}m)q {C�Vk x ��� x � p k pr�Hu�s :�l�� σ1

{ � � m*�HxRz { � {C��{ uBw�x.q}prm �
¢RxHuOmR�7q { D � σn

{ � �N{ u}xHz { � {C��{ uBw�x�qtp\mR¢HxRuOmR�Oq { D |'0¯�\m � m � x �����
	���
����
����� ������	�� � ��	�� mR� k x k p { ucw { σ1

σn

I � � p��rm�pruBo { z � m�q { �¯¢HzVmRq}x�q {�� pru}¢ � �\mRzZprqOmvq {C�
q { �9xRzVq { uÉq {n� mR¢Hu}p�w � qN� �}{ �\m � z {�k p � pr�RuÏq { �rm � �R� � pru}mt�cq { u}x � p�uOm � x � m
�rm � m�w�zVp32�� 	�����
 � � � � � 
 � 	���	 �c�.�\m � x�q {C� x �'k xHu � prq { z�mvz � prut¢ � �\mvzC|
s { m A = UDV T � uOm)q {C�Zk x ��� x � p k pr�Huis):nl��¯� A � uOm � mvwVzVp32 kC� mRqtz�mRqOm
utx � pru}¢ � �\mRz�|T0Ym�pruBo { z � mNq { A �V{ z�� �

A−1 = V D−1UT �-WB¥
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s { m A = UDV T � uOm)q {C�Zk x ��� x � p k pr�Huis):nl��¯� A � uOm � mvwVzVp32 kC� mRqtz�mRqOm� pru}¢ � �\mRz�|T0Ym �}�V{�� q}xHp�uBo { z � m�q { A �Z{ zV� �
A+ = V D−1

0 UT ���B¥
qtxHu}q { D0

{���� u}m � mvw�zZph2 { u��\m�� �}{��V�}� w�p�w � p � x � ��x �"{ � {C��{ uBw�x � q { �\m�q}prm �
¢RxHuOmR�"� �}{ ovmR��¢BmRu kC{ zVx � xHz ∞ I ��x � �}{+{C� ��x � p �Z� x�� �}{ q {�k p�zN� �}{ �rx �{ � {��N{ ucwVx � q { D−1

0 � �}{ oRmv�r¢BmRu ∞ �rx ���V�}� w�p�w � prz {C� x �'� xHz kC{ zVx}|
0¯x � m � w�x;ovmR�rxHz {C� u}x+u � �rx � q { AT A ��q { AAT � xHu �rx �bk�� mRq}zVmRq}x � q { �rx �
ovmR��xHz {��'� p�u}¢ � �rmRz {�� u}x�u � �rx � q { A |
s { m A = UDV T � uOmÉq {C�Vk x ��� x � p k pr�Hu�s :�l��T�\m ��k xH� �}� u}m � q { U � xRuØ�rx �
m � w�x;o {�k wVxHz {�� q { AAT ���rm � k xH� �}� uOm � q { V � xRu���x � m � w�x;o {�k w�xRz {C� q { AT A |
s { m A = UDV T � u}m�q {��Vk x �N� x � p k p��Hu�s):�l���wVx�q}x { � {C��{ uBwVx�q { �\m'q}prmR¢HxHu}mR�
σk

k��}��� � { � �}{v�
Auk = σkvk � Ù(Z ¥

�É� �t{R�
AT vk = σkuk � ÙHÙ ¥

� p { u}q}x �
• uk �rm k xH� �}� uOm�q { U k xHzZz {��V� xHu}q}p { uBw { m σk

• vk �\m k xH� �t� uOm�q { V k xHzVz {C�V� xHu}qtp { uBw { m σk
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V�� � x0q { �rx.q {�k � � mRzVm � pru �J� xH� {�{C��� u}x?q { �rx ��� � �b�V{ u k p��r��x � � �}{�� x0q {C� x �� �rmRuBw { mRzVu}x � � �T{ zVxØ� �}{É{�� q {É���}k�� x�pruBw { z 7�� �Ã�Hm�� �t{É� x0q { �\m+zVm 2CxRuOmR�}� {C��{ uBw {
�}p { u � uOm k � � mRzVm k x � � u k xHu � uOm��£xHz ��� �\m k pr�Hu � mvw {C� �vw�p k m ��� � � p �N� � { |

V�� � x0q { ��xNq {�k � � mRzVm � p�u �F� xH� {b�V�t� xHu { � �}{�� mvz�mNwVx�q}x �}� uBw�xÏ� �t{ p ��� m k w�m{ u �rm �L{ � �rkC� �\mt� { �'z�m*�Rx q { � � 2.� �}{+� mR� { z { �TxRw�mRq}x q {?� u k��}{ z � x �g�r� { ¢BmØm��\mk � � mvz�mt��m�w�z�m*o0p {�� m � u}p k x �t� uBw�x}��prutq {C�L{ u}qtp { uBw {C��{ uBw { q { � �}� uBwVx q { xHzVp�¢ { ug�
q { � �}� uBwVx.q { p ��� m k w�x { u��\m �L{ � �rkC� �\mt|�V � wVx � m kC{�{ � � x�q { �rx � mvw {C� �vw�p k xNq { �\mk � � mvz�m ��� � � p �N� � { �c�Bm�� �}{ q {�� uOm�m � ��p k m k pr�RuÏq}p�z {Ck w�m�q { �9w { xHz {�� m�q { ~ � mv� {C�
q { [+p�� { w�x}� � x0q {C� x �'� m k mRz"�rm �'{Ck�� m k p�xHu {��C�











Zx = −fX

Zy = −fY

� Ù 5H¥
�V�t� xHutp { utq}xN� �}{v�
0Ym �Yk xHzVq { uOmRqOm � q { � �}� uBw�x { u { � {��V� m k prx�� �}{ �Z{ � zVx;� {�k w�m �V{ z��Ru (X, Y, Z)T �
qtxHu}q {'{ � {! Z{ q { �rm k x0xHzVq { uOmRq}m#" {�� �\mn� � u { m�� �t{�� m � m � xHz { � kC{ uBwVzVx�� � w�p k x
� {����L{ z �L{ utq}p k�� �\mRz�mR� � �rmRu}x�q {Ï� zZx�� {Ck�k pr�Ru�� � �\m ��k x�xHzZq { u}mRqOm � (0, 0, 0){�� w��Ru � p�w � mRqOm �'{ u { � kC{ ucwVzVx�� � wVp k xt|
0Ym �'k x�xRzVq { uOmRqOm � q { � �}� uBw�x � zZx�� {Ck w�mRq}x �V{ z��Ru (x, y)T |
f {C� �rm � � �%$ 	 � � � 	�& 
 � 	��v�F{�� q {�k p�zC�0�\m�qtp � w�mRu k p\mb� �t{n�V{�� mRz�m { � k�{ uBw�zZx�� � wVp k x
q { � � �rmRu}x�q {b� zZx�� {Ck�k pr�Ru � |
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s�p"� �}{ z {C� x � x �T{ z�mRz k xHu=�R��¢ { �tz�m � m�w�zVp k prmR� � �rx�� �}{+{��Ï� � ��k � � x0q}x � mRz�m
wVz�mR�Om  mRz k xHu+xHzVq { uOmRqtxHz {���� � x0q {�� x � z { �£xHz ��� �rmRz'�\m {Ck�� m k pr�Hu+mRuBw { zVprxRz { u k x�xRz �
q { uOmRqOm ��� x � xR¢ { u { m �"k x � x �
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l»xHutq { λ {C��� uOm�mRzZ¢ �}k p\m � mvw {C� �vw�p k mt��q { u}x � pru}mRqOm.�3m k wVxHz�q {N{C�Zk mR�rmRq}x}�¯�
� �}{bk xRpru k prq {�k xHu+�rm k x0xHzVq { uOmRq}m Z q { � �}� uBw�x M |( � u}� �}{ m � p ��� � { o0p � w�mØu}x���x � mRz { 2 k m�� �}{C� x � ¢BmRu}mRq}x��Om � w�mRuBw {)k xHu {�� w�m
z { �£xHz ��� �\m k pr�Ru � m �T{�� mRz�q { �\m�u}x ��{ u k �\mvw � z�m � mvw�zZp k p\mR�Ö� { � �t{Ck�� xNq { x �T{ z�mRz k xRuk x�xHzZq { u}mRqOm ��� x � xH¢ { u { m ���Z�}� xRu { � �}{ w�zVmvw�m � x ��� p {C��� z {�k xHu � u � p � w {C� m���pru { mR�
q {�{Ck�� m k prxHu {�� � � xHz"�rx�� �}{ qtp �V� xHu}qtz {C� x � q { ¢Hz�mvu k mRuBw�prq}mRq+q { w 7Ck utp k m � u �}� 7��
zZp k m ���V{ u k p��r�rm � �cz�� � prqOm � � � z {�k p � m �^� mRz�m�z {C� xH��o { z { � � zZxH�}� {C� m { u � u.xHzVq { uOmRq}xRzC|

0Ymb�£xRz ��� �rm � mvw {C� �vw�p k mnq { �\m � mvw�zZph2'q {�� zVx;� {CkCk pr�Hu P �}�}{ q {»�V{ z � � ��k x ���� ��p k mRqOmt� { u k m � xÉ� �}{ u}x {C��� � {�{C� x �"{ � � x0q { �rx � pru � xH� { mR� � x�q { �\mvz^�\m�p � mR¢ { u�|
~ m � �}p 7 u �}�}{ q { pruBoRxH� �}k z�mRz � � � � mRz�� ��{ wVzVx � � �}{ m �T{ uOm � �\m"q}p � w�mRu k p\m'�£x k mR� f | ( �� zZx k�{C� xÉq {�k �R� k�� �rxNq {�{�� wVx �n� mRzV� ��{ w�zZx � �7� �}{ utx �»�L{ z � p�w { u+q { q �}k p�z»�\m � mvw�zZph2
q {b� zZx;� {Ck�k p��Hu��O�rx�q { u}x � pruOm � x � � 	�� ��� � 	�� ��� � ��� ��	 ��� � 	��
	 |

V�� {C� w � q}p�x+q { w�mR���\mRqtx.q { � k �v� kC� �rx)q { P { u k m � x ��� � �bk x �N� ��p k mRq}x �n{�� mv�r¢Hx
� �}{ � �}{ qOm�� �}{ zVm�q { �¯xH�  Z{ w�p�oHx�q { u �}{�� wVzVxNwVz�mR�}m  x}�t�)z {Ck x �N{ u}qOm � x � �\m�� {Ck w � z�m
q { �\m?�}pr�}��prxH¢Rz�mv� � m � mRz�m)w { u { z � � � prut�£xHz � m k pr�Ru � xH�}z {Ék �R� kC� ��x+q {É� m�w�zVp kC{�� q {� zZx;� {Ck�k p��Hu P � mRz�m � x�q { �rx �^� � �'k x ��� � {  x � q {bk � � mRzVmt|
� *�� * ��� ��� > �9A @	= � � =?B 2547A
	 : 2F6�� A
( o {Ck�{C� u}x�w { utq}z {�� x � �\m ��k x0xHzVq { uOmRq}m �»{��V� m k p\mR� {C� q { � kC{ uBw�zVx.� � w�p k x}� �L{ zVx� � � mvq { �rmRuBw { �rm � u {�kC{�� p�w�mRz {�� x � |�=	xHz { ���rx}�cu {�kC{�� p�w�m � x �^� mv� { z k x � x k mv� kC� �\mRz { �k�{ uBw�zZxN� � w�p k x C m � mRzZwVprz'q { �rm � mvwVzVp32nq {b� zVx;� {CkCk pr�Hu P |
=Ãmvz�m k mv� kC� �\mRzZ�rx}� {��N� � { mRz {C� x ��� uOm � zZx � prq { qOmRq k�� zVp�x � m ��{ � kC{ ucwVzVx�� � w�p k x {C�{ � � u}p k x �t� uBw�x�q { � {C�Z� m k p�x�� �}{ u}x �}�}{ q {»�V{ z � zVx;� {�k w�mvq}x { u { � � �rmRu}x}|.0	m��£xHz � m

q {�� m k�{ z {C� w�x � mvw {C� �vw�p k m ��{ uBw {�{C��k x ��� zVxR�OmRu}q}x?� �}{ �rm � ��wVp � m k x0xHzVq { uOmRqOm
q {��V�É� zVx;� {�kCk p��Hu �V{ m 0 � � xHz��rx�� �}{ u}x � � mR��q}z�� { � �}� uBw�x { uÉ�\mbz {�k w�m�q { �Lpru G u}p�wVx}|
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0Ym k � � mRzVm X]X^l�� k�� mRzZ¢ {��Jk x �t� � { q � q { o0p kC{ � {C��� u�wVp � xÏq {�k � � mRz�m ��� � k x �� � u { u�m � ��p k m k prxRu {C� prut�£xHz � ��w�p k m � |jpFuBw { zVuOm �N{ ucw {'{C� w��n�£xHz � mRqOm � xHz � uOm � mvw�zZph2
q {b�Z{C� pru k xHu}q �}k w�xHz {C� �£xRwVx �V{ u � p��}� {�� |

V�uBw�z {��V�}��k mRz�m k w { z �r� w�p k m � �vq {�� w�m k m � x � � �t{ �\m�p � mv¢ { u��Bm {�� w�� {��V� m k p\mv� ��{ uBw {
q}p �Vk z { wVph2CmRqOmt�;��� �}{^� xRu k � � mRzVm � � �}{ w�p { u { u � uOm�z {C� xH� �}k pr�Hu ��� ��� �}{ uOmt�vx �T{ z�mRu{ u k xHu}qtp k p�xHu {�� q {�� x k mÏ� � 2R�7� � z {C�Z{ uBw�mvu � x k m � mv� { zVz�m k prxRu {C� ¢ { x � 7 wVzVp k m � � { u
z { �\m k pr�Ru k xHu��rm � xRw�zVm � w {�k u}xH��xH¢ � m ��{�¦ p � w { ucw {C� | =Ãmvz�miu �}{�� wVzVx k m � x m k w � mR�'u}x �
p�ucw { z {C� mvu � xRzV� �}{ ��x ��k m � x � q {+{C� w � q}p�x �rx ���t{C� x � z { mR��ph2*mvq}x k xHu � u}mqX^mRu}xRu
p ¦��}� q}pr¢Rp�w�mv�Ô� k xHu � unX]X^l�|

V � w�m �^k � � mRzVm � w�p { u { u { u �V�Ï� mvwVzVp32�q {n�T{ z �Z�T{�k w�p�ovm kC� m�w�zVx�m �V�L{Ck w�x � p ��� xHz �
w�mRuBw {C� � �}{ q { � {C� x �'� x�q { �\mvz �

� �
	 � � ��	�� ��� � � V�� �t� uBw�x (0, 0) q { u �t{C� wVz�mgp � mR¢ { u k m � w � zVmRqOm �}�}{ q { u}xk xHpru k prqtprz k xRu { � kC{ uBw�zVx�q {�k x�xRzVq { uOmRqOm � q { u �t{C� wVzVx � p � w {C� mt|)0¯�\m � mRz {C� x �
m��rx ��� mRz�� ��{ wVzVx � q { w�zVmRu � �\m k pr�Hu x0 � y0 �O� k xHzZz {C�Z� xRu}q {�k xHu��rm � x � p k pr�Hu
q { � �}� uBwVx (0, 0) q { �\m�p � mR¢ { u.q { �\m k � � mvz�m�z {��V�L{Ck wVxÏmv� � p � w {�� m�¢H��xH�OmR�Ö|
� � � 	���	���
���� u �t� uBw�xbq {^� u}mnp � mR¢ { u�u}xnw�p { u { � xRzÃ� �}{'k xRpru k prq}p�z u {�kC{�� �RzZp\m ���{ uBw {»k xRuÏ�\m � u}p�qOmRq { uÉ�\m�� �}{»{�� w�m � x � � p�q}p { u}q}x}| V��7�3m k wVxHz�q {»{��Vk mv�\mRq}x
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q { w { z � pruOm��\m � zZx � xHz k pr�Hu { uBw�z { �rm � u}p�qOmRq�q { � ��� utq}x�z { mR�}� �}{'{C��� � { m � x �
� { � �}� uBwVx { u+�rm k � � mRz�m����.��x�q { u}xRw�mRz {�� x �'� xHz s |

� 
 $ 	�� ��� � � � u}m�p � mv¢ { u �}�t{ q {�{C� w�mRz"zVxvw�mRqOm�z {C�V�L{Ck w�xNmR� � p � w {C� m�q {�k x�xRz �
q { uOmRq}m � | V � w�x �Z�}� xRu { w�z {C�n� mRz�� ��{ wVzVx � � α � β � γ � �}{�k xRzVz {��V� xHu}q { u��9z {C�³��L{Ck w�p�oRm �N{ ucw { ��mv�'�Ru}¢ � �rxØq { � {! Z{ q { �\m k � � mRz�m k xHug�rx ��{  Z{C� X � Y � Z

q { � � p � w {�� mt|IV �nk x � � u � xRu { z�mRzV�tp�w�zVmRzVprm ��{ uBw {�{ � {  Z{ Z �L{ z �T{ u}q}p kC� �rmRz»m
�rm�p � mv¢ { u+q { �rm k � � mRzVmt�O�BmÏ� �}{�� p ��� ��p GOk m���x ��k �R� k�� �rx �"�J{ � mRu}¢ � ��xNq { �\mk � � mRz�mÉz {C�V�L{Ck w�x�mR� � p � w {�� m)q {�k x0xHzZq { uOmvqOm �b{C� pr¢ � mR��mR���Rut¢ � �rx)q { ¢Hp�zVx{ u+�rm�p � mR¢ { u � |

� � & 
 � � 	�� ��� � � �rx � X]X^l ���}�}{ q { u � zVx;oRx k mRz � uOm)q { �£xHz � m k pr�Ru { ui�rm.p � m �
¢ { u�|�V � w�mÏq { �£xRz � m k p��Hu �V�}{ � {��Z{ z��rpru { mR�Ö��� k xHzZz {��V� xHu}q { mN� �}{ ��x ��� p ¦�{ � {C�
q { �eX]X^l � �}{�k m � w � z�m��\m�p � mR¢ { u �}�}{ q { u �Z{ z»z {Ck w�mRu}¢ � �\mRz {C�^�F{ u�� � ¢BmRz'q {k�� mRq}zVmRq}x �³� � � xRz��rx�� �}{ w { u}q}z {�� x ��� uOm�q { �£xHz � m k pr�Hu � x � xH¢ 7 u { mb�Ï��pru { mR�
q {Ï{ u � mRu k�� m � p { uBw�x � x {�� w�p�z�m � p { uBw�x � q { �\m)p � mR¢ { u9|eV����3m k wVxHz�q { q { �£xHz �� m k pr�Hu��0�r�rm � mRq}x d � {C� �rm�z�m 2��Hu { uBw�z { �\m�mR��w � zVm��É�rm�mRu k��c� zVm�q {�� u � p ¦�{ �
q { � X]X^l q { �rm k � � mRzVmt�	� �}�}{ q {.�V{ z k mR��pr�}zVmRq}x k xHu �3m k p��rp�qOmRq � m k p { u}q}x
�rmÏx �L{ zVm k p��HuØm � mRu}x � xH�}z {�� uOmÉ�£xRw�xÏq {�� u kC� mRq}z�mvq}x}|¯yn� �Z{ z�oRm � x � � �}{� x0q {C� x � w { u { z � uOm�oRmvzVp\mv�}� { q {�{��Vk mv�\mRq}xN��xRwVz�m�q { q { �£xHz � m k p��Hu��7x � uOm
ovmRzZp\mR�t� { q {�{C�Zk mR�rmRq}x � xHzZph2CxRucw�mR� ��xRwVz�m.oRmvzVp\mv�}� { q {N{��Vk mv�\mRq}x)o { zZwVp k mv�Ô���
utx �Z{ z � m�u {Ck�{C� mRzVp�x { ���3m k wVxHz'q { q {C� x � w�z�m k pr�Ru�|

0Ym {Ck�� m k p��Hu � mvw�zZp k p\mR�"q { � � x�q { �rxiq {�k � � mRzVm q {�� uOm k � � mRzVm1X]X^l � pru
q { �£xHz � m k pr�Hu {��C�
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{C� q {�k p�zC� �}{�� x �'� z {C�Zk p�u}q}prqtxNq { �rm��rxHu}¢Rp�w � qÉ�£x k mR�Ô|
V�u��\m � z�� k w�p k mt� � pr¢Hu}p GOk m�� �}{�� x�q {C� x � wVz�mR�}m  mRz k xHu � uOmÏ��xHu}¢Hp�w � q)�£x k mR� Ù �

� k x ���T{ u � mRzZ�rx�mR�9z { mv�rph2CmRz^�rm k mR�rp��}z�m k pr�RuÉq { �\m k � � mvz�mt|
� � � � '���� ! � !�� ��� " � $�� ����� �C� � � ! � " ��� � �C� !

V�� �}{Ck�� x q { qtp �V� xHu { zNq { q}x � p � �R¢ { u {C� q { � � p �V� x { uBw�xHzZu}x u}x �N�L{ z � p�w {
q {��Vk�� �}zVp�z"u �t{ ovm � prut�£xHz � m k prxRu {C� � xH�}z { q}p k�� x { uBwVxHzVu}xt|

s �}� xHu}¢Hm � x � � �t{ w { u {�� x �'� u �t� uBw�x M q { � {C�Z� m k prx}�O� �}{b�V{b� zZx;� {Ck w�m { u { ��}� ucwVx m1 q { �rm � zZp ��{ zVm)p � mv¢ { u��T� { � �}� uBw�x m2 q { �\m �V{ ¢ � u}qOm+p � mR¢ { u9|�= xHz
m � �rp k m k p��Hu�qtprz {�k w�mÏq { �\m {CkC� m k p��Hu Ùji m {C� w {�{��VkC{ uOmRzZprx}�9w { u {�� x �n{ � � p � w {C� mÏq {{�kC� m k prxHu {C�"� m�w�zVp k prmR� {��C�











λ1m1 = P1M

λ2m2 = P2M

�-5.;H¥
l»xHutq {R�

P1
{C� �\m � mvw�zZph2nq {b� zZx;� {Ck�k p��Hu�q { �rm � zVp �N{ z�m�p � mR¢ { u�|

P2
{C� �\m � mvw�zZph2nq {b� zZx;� {Ck�k p��Hu�q { �rm �V{ ¢ � u}qOm�p � mR¢ { u�|

M � xRu+�rm �'k x0xHzVq { uOmRq}m �"� x � xH¢ 7 u { m � q { � �}� uBw�x { u { � {��V� m k prxt|
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λ1
{C�"{ ���3m k w�xHz'q {�{��Vk mR�\mRqtx � mRz�m��\m � zZp ��{ zVm�p � mR¢ { u9|

λ2
{C�"{ ���3m k w�xHz'q {�{��Vk mR�\mRqtx � mRz�m��\m �Z{ ¢ � utqOm�p � mv¢ { u�|

m1
� xHu �rm ��k x�xHzZq { u}mRqOm ��� x � xH¢ 7 u { m ��{ u { � � �\mRu}xØq {.� zVx;� {�kCk pr�Hu q { �\m� zVp ��{ zVm�p � mR¢ { u.q { �\m � zZp ��{ z�m � zVx;� {�kCk p��Hu�q { � �}� uBwVx}|

m2
� xHu �rm ��k x�xHzZq { u}mRqOm ��� x � xH¢ 7 u { m ��{ u { � � �\mRu}xØq {.� zVx;� {�kCk pr�Hu q { �\m�Z{ ¢ � u}qOm�p � mR¢ { u.q { �rm �V{ ¢ � u}qOm � zVx;� {CkCk pr�Hu?q { � �}� uBw�x}|

�&*,)
* ��69<56 	+B =?<�2 �D47=?A����+=?A
01= 2F4��9.1=D:�6�: A��9. 4

l {HG u}p � x � o0p � pr�Ru {C� w 7 z { x k x � x.mv� �t{ �r�rm { u �rmN� �}{�{��N� � { m � x ��� � � q {�� uOm
p � mR¢ { u � mRzVmixH�tw { u { z � uOmip�q { m�q { wVzVp�q}p ��{ u � prxHu}mR�rp�qOmRq�| s { ¢ � u { ��u � ��{ zZx q {
p � �R¢ { u {�� � �}{�{C��� � {C{C� x � � � mR�}�rmRz {�� x � q { o0p � pr�Hu � � & 
 � 	���� q}x � p � �R¢ { u {C�³� � $ � � & 
 � 	��� w�z {�� p � �R¢ { u {C�³� ��� � 	���� � & 
 � 	��B�JkC� m�w�zVx�p � �R¢ { u {���� x	��
 & 
 � 	��B�
� p � �v¢ { u {���� |

=Ãmvz�mbu �t{C� wVzVx k m � x}� {C� w � qtp\mRz {C� x � �rx ��k xHu k�{C� wVx � q {"� u � p � w {C� m��}p��£x k mv� I m � u �
� �}{ �rx {�� w � q}p\mRqtx {��"{�¦ w�zVm � xR�\mR�}� { m kC� mR��� � p { z � p � w {�� m �'� �£x k mR�Ö|

V�� � zVp �N{ z k xHu kC{C� w�x�� �t{ u {�kC{�� p�w�mRz {�� x ��{���{ �¯q { ����
 � � $ ��� 	 ��� � � 
 ��	�� |}l { u}x �� pruOm � x � ����
 � � $ ��� 	 ��� � � 
 ��	��bk x � xØm��rm�¢ { x �N{ w�z � m�¢ { u { zVmRqOm � xHz�q}x � o�p � w�m � I
� �V{ �Om � m { ugq}x ��k xHu k�{C� wVx � � � u}qOm �N{ ucw�mR� {�� � � �t�}{)� xHu �rm�� � u { m {�� p � xH�rmRz�� { �{�� p � xH�rxt|

lnmRqtx � u � p � w {�� mØ�}p��£x k mR�Ô� q { G u}p � x ��k x � x {�� p � xH��x ei q {?� uOm�q { �\m � q}x �
p � �R¢ { u {�� q { � � p � w {C� m�m��\m � zVx;� {�kCk p��Hu.q { � kC{ uBw�zVx�� � w�p k x�q { �\m�xRw�zVm�p � mR¢ { u�| � u� p � w {C� m��}p��£x k mv��wVp { u {.{�¦ m k w�m ��{ uBw { q}x ��{C� p � xH��x � � � u}x � xHz k mvqOm�p � �R¢ { u�| 0¯x �
q}x ��{�� p � xH��x ���}�t{ q { u+w { u { z"�rm �'� p �V� m �^k x�xHzZq { u}mRqOm � �}x k x0xHzVq { uOmRqOm � qtp � wVpruBw�m � |

l {HG u}p � x ��k x � xb� � u { m {C� p � xH�rmRz li
� mRz�m � u}x�q { �rx � q}x ��� �\mvu}x � q {"� zZx�� {Ck�k pr�Ru

m �\mi��pru { m � �}{�� m � m � xRz { � {C� p � xH�rx ei
k xHuBw { utprq}x { u { � � �rmRu}x q {�� zZx�� {Ck�k pr�Ru
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���\m � zZx  Z{Ck�k pr�Ru mi |"yn� �V{ zZovm � x � � �}{ �\m ��pru { m {C� p � xR�\mRz eimi
{C� w�m � �}p 7 u �\m� zZx;� {Ck�k p��Hu q { �rm?� � u { m?� �}{Ï� m � m � xHz { � kC{ uBw�zVxØ� � w�p k x Ci � �\m � zVx;� {CkCk pr�Hu mi� xH�}z {+{ � � �\mRutx q {+� zVx;� {�kCk pr�Hu�| ~ { u {C� x �É{Ë¦ m k w�m �N{ uBw { q}x � �rp�u { m �N{�� p � xH�\mvz {C� �� u}m � xHz k mRqOm p � mv¢ { u�| 0Ym � q}x � �rp�u { m �N{C� p � xR�\mRz {C�Ï�t�}{ q { u w { u { z.�\m �N� p �V� m �k x�xHzZq { u}mRqOm � �Ox k x�xRzVq { uOmRqOm � q}p � wVpruBw�m � |
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l {HG u}p � x ��k x � x � �\mRu}x {C� p � xH�rmRznmv� � �\mvu}x.q { G u}prq}x � xHzn��x �nkC{ uBw�zVx � � � w�p k x �
q { �rm � q}x � p � �R¢ { u {C� ��� { � �}� uBwVx M q { � {C�Z� m k p�x�wVzVp�q}p ��{ u � prxHu}mR�Ô|c~ mRuBw�xÏ�rm � q}x �� zZx;� {Ck�k p�xHu {C� m1 � m2 q { � �}� uBw�x M k x � x �Z�}�Ã{�� p � xH��x � e1 � e2

{C� w��Ru k xHuBw { utprq}x �{ u { � � �rmRu}x {C� p � xH�\mRz�| � p M {C� w��?� �}{ z�m?q { ��x � q}x ��� �\mvu}x � q {�� zVx;� {�kCk pr�Hu ���rx �
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� �rmRu}x � q {�� zVx;� {�kCk p��Hu?u}x � xHu � mRz�mv� { ��x � � {�¦ p � w {b� u � u}p k x � �\mvu}x {C� p � xR�\mRz�|
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=Ãmvz�m'q { q �}k p�z	�rm �£xHz ��� �\m k pr�Runq { �\m � mvwVzVph2 � � u}qOm ��{ uBw�mR�Rw�x � mRz {C� x � �rm ��{�kC� m �k prxHu {�� 5.;��O� �}{b� xRu �










λ1m1 = P1M

λ2m2 = P2M

�-5 >B¥
V�� � zVp ��{ z � m � x�� �}{ w�x � mRz {�� x ���Z{ zV��� �}�Zk mRz^�rmb�£xRz ��� �rm k p��Hu � m�w {C� �vwVp k m�q {

�rm��rp�u { m {C� p � xH�rmRz � mRz�m��\m �Z{ ¢ � utqOm � zVx;� {�kCk pr�Hu P2 �t� �}{��V{ z�� l2
I u}x � p�uBw { z {C� m�� �}{�Z{ m»� � u k pr�Hu�q { m1 � P1 � P2 |9= x0q}z � m � x �Ã�t� mRz k x � x �}� uBw�x�[ � p}�rx k xHu}x k p { z�m � x � ��L{ zZx � mRzZwVp � x � q { � �}{ M {�� q {C�Vk xHu}x k p�q}x}|

=Ãmvz�m { u k xHuBw�z�mvz { � � zVp �N{ z �}� uBw�x �}� mvz {C� x �b� u �}� uBw�x+mRzV�tp�w�zVmRzVp�x Ma � kC� �Hm
�£xHz ��� �rm k p��Hu {C���

Ma = P+

1 m1 �-5 i ¥
V � q {�k p�zC�cu �}{C� w�x �}� ucwVx �Z{ z�� { � � zZx�q �tk w�x�q { �rm �}�V{�� q}xHp�uco { z � m�q { �\m � zVp �N{ z�m� mvw�zZph2nq {�� zVx;� {�kCk p��Hu � xHz"�rm � zVp �N{ z�m � zZx�� {Ck�k pr�Ru�q { � �}� uBw�x}|Ls0p { utq}x P1 q { 8 ¦ 4{ � {C��{ uBwVx � � P+

1

�Z{ zV� �£xHzx2�x � m ��{ uBw { q { 4 ¦ 8 { � {C��{ uBw�x �Ï�V{ ¢ � ue�\miq { G utp k p��Hu=q {�}�Z{C� qtxHpruBo { z � m � xRz �rmbq { z {�k�� m {�� w � q}p\mRq}m { uN�\m � zZp ��{ z�m �Z{CkCk pr�HuNq {»{�� w { p�ut�£xHz ��{
w 7Ck utp k xt|�l»mRq}x�� �}{ �\m � mvwVzVp32 m1

{C� q { 4 ¦ Ù { � {��N{ ucwVx � �0�\m � mvw�zZph2"z {��V� ��w�mRuBw { Ma{�� q { 8 ¦ Ù { � {��N{ ucwVx � �Y��x+� �}{N� pr¢Ru}p GOk m.� �t{ Ma �£xHz ��� �\m � mvw {�� ��w�p k m ��{ uBw {�� u�}� ucwVx}|
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V � w {��}� uBwVx kC� �Bm {�kC� m k pr�Hu �}{C� x � q { G u}prq}x�w�p { u {�� uOm � zVx � p { q}mRq�p �N� xHz�w�mRuBw { |
s�p¯��x�m � ��p k m � x � m��\m � zVp �N{ z�m�q { �rm �'{Ck�� m k p�xHu {�� 5 ;��tw { u}q}z {C� x �C�

λ1m1(Ma)
= P1Ma �-5 WB¥

s �}� w�p�w � � { u}q}x { ��ovmR��xHz^q { Ma �OxH�tw { u {�� x ���

λ1m1(Ma)
= P1P

+

1 m1 �-5 �B¥
( � �rp k mRu}q}x��rm�q { G u}p k p��Hu+q {��}�Z{C� qtxHpruBo { z � mt�Lw { u {�� x � � �}{ P1P

+

1 = I � � xHz"�rx
� �}{ w { u {C� x � � �}{R�

λ1m1(Ma)
= Im1 �F4 Z ¥

V � wVxn� � p { z { q {Ck prz	� �t{ �\m � zVx;� {CkCk pr�Hu ma q {�{C� w { �}� uBw�x Ma
{�� p�¢ � mR�cm m1 � � xHz

��x�� �}{�{ � �}� uBwVx {C� w�� { u��rm�� � u { m { uBw�z {�{ � k�{ uBw�zZxÏ� � wVp k x C1 �)�\m � zVx;� {CkCk pr�Hu m1{ u P1 q { � �}� uBw�x M |�� m»w { u {�� x �Ã� u}xbq { �rx � q}x � �t� uBw�x � � �}{'{C� w�m � x � � �}�Vk mRu}q}x �
Ma |�=	xHz"�rx�w�mRuBwVx}� � m k�{C� x �C�

m2(Ma)
= P2Ma �F4 Ù ¥

( � �rp k mRu}q}x��rm�q { G utp k p��Hu)q { Ma q { 5 i �

m2(Ma)
= P2P

+

1 m1 �F4L5H¥
=Ãmvz�m { � �Z{ ¢ � utq}x �}� uBwVx}�vovm � x � m»m � ��p k mRz	m��\m �V{ ¢ � u}q}m {CkC� m k p�xHu\5.;�� { � k�{ uBw�zZx

� � w�p k x C1 q { �\m � zZp ��{ zVmÉp � mR¢ { u9� k xHu xH�  Z{ w�x+q { xH�tw { u { z { � �Z{ ¢ � u}q}x {�� p � xH��x}|
w { u}q}z {C� x �C�
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e2 = m2(C1)
= P2C1 �F4.4B¥

X�xHu}x k p�q}x �'{�� w�x � q}x ���t� uBw�x � � { � k �v� kC� �rx�q { �\m�� � u { m {C� p � xH�rmRz {�� wVzVp�o�prmR� �

l2 = e2 × m2(Ma)
�F4 8c¥

s �}� w�p�w � � { u}q}x { � k �R� k�� �rx�q { e2 q { 4.4��.q { m2(Ma)
q { 4L5���w { u {C� x �C�

l2 = P2C1 × P2P
+

1 m1 �F4L;H¥
= x0q {�� x � m � u � p ��� ��p GOk mRz � � � �rm �£xHz ��� �rm k p��Hu q { �rm � � u { m {�� p � xH�rmRz l2 q {

�rm �V{ ¢ � u}qOm � zVx;� {�kCk p��Hu P2 � �V�}� w�p�w � � { u}q}x)�\m � mvwVzVp32�z {C�V� ��w�mvq}x.q { � � zVx0q �}k w�x.q {
P2C1

� xHz �Z� mRuBwVp � p �
7 w�zZp k m I ��m �V� w { u {C� x � � �}{ �\mnu �}{ ovmb�£xHz ��� �\m k pr�Hu�q { �rmn�rp�u { m{�� p � xH�\mvz l2
{C���

l2 = [P2C1]
×P2P

+

1 m1 �F4.>B¥
l {HG uOm � x � �\m � mvw�zZph2 F

k x � x �

F = [P2C1]
×P2P

+

1 �F4 i ¥
0Ym�� � u { m {C� p � xH�\mRz l2

� m � m�m �V{ z �

l2 = Fm1 �F4.WB¥
� �rm �r�rm � mvz {C� x � � 	 $ � ��� & � � ��	 � � � $ 	�� |�0	m � mvwVzVph2)� � u}q}m �N{ uBw�mR��q {C�L{ u}q {{Ë¦tk � �}�Z� ovm ��{ uBw { q { �rm�¢ { x �N{ w�z � m��}p��£x k mv�Ô�c� {C� prutq {C�L{ u}qtp { uBw { q { ��x �'�}� uBwVx � q { �� p � w {C� mÉ��q {N�Z�}��� zVx;� {�kCk p�xHu {����F{�� q {Ck przC�Yu}x?q {��T{ u}q { q { M �Yu}p�q { m1 �Yu}p�q {

m2
� |
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0Ymb�£xRz � mnq {��t� mRz {C� w�m � mvwVzVp32 {C��� mRzVm�z { �\m k prxRuOmRz �rm � q}x ��� zVx;� {CkCk prxHu {C� m1 �
m2 q {�� u �t� uBw�x { u { � {C�Z� m k p�x}| =Ãmvz�mbq { q �tk prz��rm {Ë¦�� z {�� pr�RuN� �}{ z { �\m k prxHuOmn�rm � q}x �� zZx;� {Ck�k p�xHu {C��� mRuOmR��ph2*mvz {C� x � �rm��rpru { m {C� p � xR�\mRz l2 q { u �}{ oRx}|'X�x � x m2

�L{ z�w { u {Ck�{
m��\m�� � u { m {C� p � xR�\mRz l2 �}w { u}q}z {�� x � � �}{v�

mT
2 l2 = 0 �-4 �B¥

�L{ zVxt�7m � �rp k mRutq}x��\m�u �}{ oRm�q {HG u}p k pr�Hu)q { � � u { m {C� p � xH�rmRz^q { 4.W��tw { u {C� x � � �}{R�

mT
2 Fm1 = 0 �F8 Z ¥

= xRz»�rx�� �}{�� x�qtz {C� x �"�}� mRz»�rm � mvw�zZph2n� � u}q}m �N{ uBw�mR� � mRzVmNz { �\m k prxHu}mRz'�\m � q}x �� zZx;� {Ck�k p�xHu {C� q {b� u �}� uBw�x { u { � {��V� m k prxt|
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0Ym � mvw�zZph2'� � u}q}m �N{ uBw�mR� F w�p { u { mR�r¢ � uOm ��� zVx � p { q}mRq {C� p ��� xRzZw�mvucw {C� �0� �}{ u {��k�{C� p�w�mRz {C� x �"� mRzVm k mv� kC� �\mRzZ�\m�� �}� mRzV�rmt| � x�oRm � x � m�q {C� x � wVz�mRz"�rm �"� zVx � p { q}mRq {C�� mvw {�� ��w�p k m ��{ uBw {��J�V{Ï�t�}{ q {Ï{ u k xHuBw�z�mvz { u k�� mR��� � p { z��rp��}zVx)q}xRu}q { q {��Vk zVpr�}m��\m� mvw�zZph2'� � u}q}m �N{ uBw�mR� � � �L{ zVx � p7oRm � x � m {��V�L{Ck p GOk mvz^�\m ��� zZx � p { qOmRq {���� � � p ��� xHz �
w�mRuBw {C� �O� �}{�� xHu �

0Ym � mvw�zZph2�� � u}q}m �N{ uBw�mR� F
{��b� x � xH¢ 7 u { mt|DV�u �\m � z�� k w�p k mt� � pr¢Hutp GOk m)� �}{

∀k � p k 6= 0 �\m � m�w�zVp32 kF
� p�¢ �}{�� p { u}qtx � mvw�zZph2»� � u}qOm ��{ uBw�mv�Ô|

V��¯q { w { z � pruOmRuBw { q { �\m � mvw�zZph2»� � utqOm ��{ uBw�mR� F
{C�"kC{ zVx}|

0Ym � mvwVzVph2�� � u}q}m �N{ uBw�mR� F � �H�rx»wVp { u {�� p { w { ¢HzVmRq}x � q { �rpr� { z�w�mRq9� {�� q {�k prz��Rq {
��x � u �}{ o {�k x ��� xRu { uBw {�� q { �\m � m�w�zVp32R�Bq}x ���}�}{ q { u �V{ z k mR� kC� �rmRq}x � m � mRzZwVprz
q { ��x � xRwVzVx �'� p { w { |
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V��¯zVmRu}¢Hx�q { �\m � mvwVzVph2�� � u}qOm ��{ uBw�mR� F {�� 50|
( q {�� � � q {�{C� w�m ��� zVx � p { q}mRq {C� mR�r¢ { �}zVmRp k m � �}� �}{�� xHu � w�p�� {���� mRz�m k mR� kC� �rmRz"�\m� mvw�zZph2�� � u}qOm ��{ uBw�mv�Ô�9w { u {�� x �b� u k xRu  Z� uBw�x?q {�� zVx � p { q}mRq {C� ¢ { x � 7 w�zZp k m � ��� �}{�}� mRz {�� x �'� mRz�m�x �L{ zVmRz k xHu?�\m � mvwVzVph2�� � u}qOm ��{ uBw�mR�Ô|'V � w�m ��� zZx � p { qOmRq {��"� xHu �
l»mRqOm � uOm�¢ { x �N{ w�zZp\mb�}p��£x k mR�Ö�H�\m � m�w�zVp32^� � u}qOm �N{ ucw�mR� F {C� � � u k pr�Ru {�¦�k � ���� p�ovm.q { q}p k�� m?¢ { x �N{ w�z � mt|@V � w�x � pr¢Hutp GOk m)� �}{N{C� pru}q {C�L{ u}q}p { uBw { q { w�x0q}x �
��x ���}� uBw�x � M q { �\m {C�Vk�{ uOm���q { �rm ��� zVx;� {�kCk p�xHu {�� m1 � m2 q { �rx � �}� uBw�x �
q { �rm {C�ZkC{ u}mt|
0Ym � mvw�zZph2�� � utqOm ��{ uBw�mR� F q { G u { �rm � �rp�u { m ��{C� p � xH�rmRz {�� | = x0q {C� x ��k mR� kC� �rmRz
�rm � ��pru { m ��{�� p � xH�rmRz {�� m � mvzZw�p�z�q { �\m � mvw�zZph2"� � u}qOm �N{ ucw�mR� k xHu.�\m ��{Ck�� m k prx �
u {C�C�

l2 = Fm1 �o8 Ù ¥
l1 = FT m2 �o8 5H¥

0Ym � mvwVzVp32"� � u}qOm ��{ uBw�mv� F q {HG u { ��x � {�� p � xH��x � | =	x�q {�� x ��k mv� kC� �\mRz��rx ��{C� p �� xH��x � m � mRz�w�prz'q { �rm � m�w�ph2�� � u}qOm ��{ uBw�mR� k xHu)�rm �'{Ck�� m k p�xHu {��C�
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0Ym � mvwVzVph2�� � utqOm ��{ uBw�mR� F z { q { G u { �rm+z {C� wVzVp kCk p��Hu {�� p � xH�rmRz �J{C� q {Ck przC� �\m
z { �rm k p��Hu { uBw�z { �\m � q}x ��� zVx;� {�kCk p�xHu {�����k x � x �

mT
2 Fm1 = 0 �F8 ;H¥
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V ¦ p � w { ueq}x �.{ ut�£x0� �t{C�.� x � p��}� {�� mR� k �R� kC� ��x q { �\m � mvwVzVp32?� � utqOm ��{ uBw�mR�Ö|�V��� zZp ��{ z { ut�£x0� �t{�{���{��N� � { mvz^�\m��£�Hz ��� �rm 4 i �

F = [P2C1]
×P2P

+

1 �o8L>B¥
V � w {�� �\mvucw { m � p { uBw�x {C� zV� � prqtxN� ��� � { G}k p { uBw { �TpruBoHxR� �}k z�mRu}qtx.m �L{ uOm ��� uOm �� x k m � x �L{ z�m k prxRu {C� mR��¢ { �}zVmRp k m ���F� zVpru k p � mR� ��{ uBw { � �Z�}� m � � � zVx0q �}k wVx ��� |Ls�pru {C���

�OmvzV¢Hx}�Ou {CkC{�� p�w�m { � k xHutx k p � p { uBwVx�q { �rm �'� m�w�zVp kC{�� q {�� zZx;� {Ck�k p��Hu P1 � P2 �}�)q { �k�{ uBw�zZxÏ� � wVp k x C1 |�V�� kC{ uBwVzVxÉ� � w�p k x � x0q {C� x �"k mR� kC� �rmRzV��x�q}prz {Ck w�m ��{ uBw { m � mRzZwVprz
q { P1

k x � x��Hm �}{�� x � o0p � w�x I7� p�u {�� �OmRzZ¢Hx}� P1 � P2
� xHu � mvw�zZp k�{C�"k x ��� ��p k mvqOm �

q { q {��Vk�� �}zVp�zC�H� {C� wVx �Z{ zV� � x � p��}� { m �T{ uOm ��{ u { uBwVxHzVu}x � � �t{ zZw {C��{ uBw {"k xHuBw�zVxR�\mRq}x � |
V�� k m � x � � ��k x � � u {C� � �}{ u}x k xHu}x.2 k m � x � �rm ��� m�w�zVp kC{�� P1 � P2 � � xHz���x�� �}{{�� w {»� �\mRuBw { m � p { ucwVx�utx�u}x � ovmR� { |�s�p�u {C� �}mRzV¢Hxt� k xHu}x k prq}m � �rm ��k xHzVz {C�Z� xHutq { u k p\m �{ ucwVz { n �}� ucwVx � q { �\m � zZp ��{ z�m � zZx�� {Ck�k pr�Ru m1i

k xHu n �}� ucwVx � q { �\m �V{ ¢ � u}q}m� zZx;� {Ck�k p��Hu m2i
� � x�q {C� x �'�}� mvz��rm {Ck�� m k p��Hu �

mT
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Fm1i
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, m2i
|

s�pYq {�� mRzZzVxH���\m � x � �\m ��{�kC� m k prxRu {C� z {��V� ��w�mRuBw {��»� mvz�m n �}� ucwVx � �7w { u}q}z {C� x ��� u� p � w {C� m�q { n {CkC� m k p�xHu {C� �rp�u { mR� {C�¯k xHu�u �}{ o { p�u k xH¢Ru}p�w�m � |;~	x ��{C� x � � � xHz {! Z{C��� ��x}�� u � mRz»q {��}� uBwVx � mRzZ�}p�wVz�mRzZprx � m1i
, m2i

IT{ � q {C� mvzVzVxR�r�rx k x ��� � { w�x�q { �rm {�kC� m k pr�Hu
5.; � mvz�m {C� w�x � q}x �"�}� ucwVx ���V{ zV� �

0 =xm2i
xm1i

F00 + xm2i
ym1i

F01 + xm2i
F02+

+ym2i
xm1i

F10 + ym2i
ym1i

F11 + ym2i
F12+

+xm1i
F20 + ym1i

F21 + F22

�o8LWB¥

q}xHutq {�� xHu k xHu � w�mRuBw {�� xm1i
� ym1i

� xm2i

{ ym2i

I � � xHuØ�\m � oRmvzVp\mv�}� {�� �rm � q}p ���
wVpruBw�m � Fij |

V � wVx �n� p � w {C� m � � { u � zVpru k p � prx}�twVp { u { u � uOmÏ�Om �Z{�� mvw {�� �vwVp k m ��� � � p ��� � { �}��}�t{ q { u �V{ z�z {��V�}{ ��wVx ��k xHu �rm � w 7Ck u}p k m � q { z {C� xR� �}k pr�Huiq {Nk�� mR��� � p { z � p � w {C� m?q {{�kC� m k prxHu {C� ��w�mRuBw�x�mv�r¢ { �}z��Rp k m ��� � �}{�k�� mR�r� � p { z'mv� �}� u}x�q { �}m k�� pr��� { z�mvwVx�q}x � pru}m �k x � x�u �}� 7 zVp k m �'� � �}{��V{ m � z { u}q { u { u k�� mR��� � p { z k�� z � xÉq { p�u}p k p\m k pr�Hu)m��rx ��� 7��
wVx�q}x � u �t�
7 zVp k x � q {�� uOm k mvzVz { z�m � |

s�p�u {�� �OmRzZ¢Hx}�^�rm �É� zZx � p { qOmRq {C� q { �\m � mvw�zZph2�� � u}qOm ��{ uBw�mv��mRuBw { zVprxRz ��{ uBw {k x �N{ uBw�mRqOm ���T{ z � p�w { u�� �}{ u}x �V{ mRu�u {Ck�{C� mvzVprx � w�mRuBw�x ��� mRz {�� q {��}� uBw�x � ����� �}{� x�qtz�m � x � p�u k � � prz�z {�� wVzVp k�k p�xHu {C� mRq}p k prxHu}mR� {�� �Om � mRqOm �'{ u {C� w�m �'� zZx � p { qOmRq {C� |'= xHz{ �r�rxt��ovm � x � m�o { z"��x � q}p � w�p�ucwVx �'k m � x � q { z {�� xH� �}k p��Hu)� �}{ w { u {�� x � |
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= x0q {�� x �"k mR� k�� �\mRz��\m � mvw�zZph2»� � utqOm ��{ uBw�mR� k xHu?x k�� x � mRz {�� q {��t� uBw�x � |f= mRz�m{ �r�rxt�Oq {C� mRzVzZxH�r�rm � x � �rm {Ck�� m k pr�Hu$8.Wt|@X�xRu {C� w�xÉw { u}q}z {C� x � x k�� x {Ck�� m k prxHu {��nk xRu
u �}{ o { p�u k �H¢Ru}p�w�m � | 0Ym�utx�o { uOm {�kC� m k pr�RuÏ�\mbxH�tw { u {�� x ��� mv�}p { u}q}x�� �}{»{ �7z�mRut¢Hx�q {
�rm � mvw�zZph2n� � utqOm ��{ uBw�mR� {�� q}x � |f= xHz { ���rx}� � uOmNq { �\m � G �rm � q { � {��Z{ z��rpru { mR� �N{ ucw {
q {��T{ u}q}p { uBw { q { xRw�zVmt|
V �Vk xH¢ {�� x ��� uOm G �rm�mR� m 2*mRz�� �iq {Ck p � x � � �}{.{�� pr¢ � mR��m
xRwVz�m G �\mÉmR�Ãm 2*mvz ��� ��w�p � �rp k mRqOm � xHzn�rm k xHu � w�mvucw { � �}{ � �}{ zVm � x ���F� mR��oRx Z � |fV � wVx
u}x � q}mRz�� � uOm {�kC� m k pr�Hu � � � |

V � wVx � p�¢Hu}p GOk m)� �}{Ïk xHu x k�� x �t� uBw�x � w { utq}z {�� x ��{�¦ m k w�m ��{ uBw { u �}{ o {Ï{�kC� m �k prxHu {��'k xHu?u �}{ o { p�u k xH¢Ru}p�w�m � |
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s�ptw { u {�� x � x k�� x �}� ucwVx � x � � � � � p {��N� z {'� x0q {�� x �Ã{C��� � { mRzÃ�rm � z {�� wVzVp k�k p�xHu {C�
q { �¯mR��¢HxHzVp�w � x�q { x k�� x �}� uBwVx � �O� �}{ w�p { u {»k x � x k mRzVm k w { z �r� wVp k m�� �t{ utx � m �V{ ¢ � zVm
� �}{ �\m � m�w�zVp32n� � u}qOm �N{ ucw�mR�¯ovmNm kC�}��� ��prz'�\m ��� zVx � p { qOmvq {C��� m�w {C� �vwVp k m � q { w�mR�� mvw�zZph2 I �?m � ��p k m � x ��� u � zZx k�{ q}p � p { uBw�x�q { x � wVp � ph2Cm k p��Hu.q}xHu}q { �rm �"{CkC� m k p�xHu {C�� xHu��\m � q { �}mR��¢HxHzZp�w � x'q { �rx � x k�� x �}� uBw�x � IR� xH�rx�� �}{ m � xRz�m �Z{ z��vu��\m � z {�� wVzVp k�k p�xHu {C�
q { ��mR��¢HxHzZp�w � xbq { x � w�p � p32*m k pr�Hu��BqtxHu}q { x � w�p � p32*m � x ��{ � { zZzVxHz kC� mRqtz��vwVp k x �N{ q}prx
q { x k�� x ovmRzZp\mR�t� {C� z {C�Z�T{�k w�x=m �rm � z {�� w�zZp k�k prxRu {C� q { zZp�ovmRqOm � q { �rm �){CkC� m k p�xHu {C�
mRuBw { zVp�xHz ��{ uBw {�k p�w�mRqOm � |

l { ucwVzVx q {Ø{C� w�x �)� 7 wVx�q}x � q {Ø� pru}p � p32*m k pr�Hugq { � { zZzVxHz k�� mRq}zV�vw�p k x ��{ q}p�x}�� x�q {C� x ���}� mRz � uOm�� � u k pr�Ru q {É�}�Z{C� q}xR¢Hz�mRqtp { uBw {.�Jk x � x � m kC{.{ ��mR�r¢RxHzVp�w � x+q {
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( � u �V{N�}�}{ q { x � wVp � ph2*mvz � � ��{ � k �v� kC� �rx?q { �rm � mvw�zZph2�� � u}q}m �N{ uBw�mR�Ö|e= mRz�m{ �r�rxt� �V�}� xHu {�� x � � �}{�{ � z {C�Z� ��w�mRq}xÏq { ��x � mv�r¢HxHzZp�w � x � mRuBw { zZprxHz {C� qOmRzV�N�\m � mvw�zZph2
� � utqOm ��{ uBw�mR� {C� wVp � mRqOmt� { u?� � ¢Bmvz^q { �\m � mvw�zZph2»� � u}qOm ��{ uBw�mv�Ô|

� m kC{C� x ���
l { w { z � pruOm � x � �\m�s):nl q { �\m � mvwVzVph2�� � u}qOm ��{ uBw�mR� {C� w�p � mRq}m F |
s { m F = UDV T �rm q {C�Zk x ��� x � p k pr�Hu s :�l
q { �rm � mvwVzVp32�� � u}qOm �N{ ucw�mR�{�� wVp � mRqOm F �}�\m � mvw�zZph2 D q { � { w { u { z"�rm��£xRz � m �

D =










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0 0 0










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� pB�\m � mvw�zZph2	� � u}qOm ��{ uBw�mR� {C� w�p � mRqOm F � �}{C�Z{�{Ë¦ m k w�m �N{ uBw { �\m � mvw�zZph2Ã� � u}qOm ���{ uBw�mR� F IH�L{ zVx � zZxH�OmR�t� {C��{ uBw { �Hq { �}prqtx�m { zVzVxRz {C� u �}� 7 zZp k x ��{ u { � k mR� k�� �rx
�.m { zVzZxHz {���{ u+�rm {�¦ m k wVp�w � q)q { �rx �'�}� ucwVx � �Ow { u}q}zV���rm��£xHz � m �
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=	xHz { ���rx}�0q { G u}p � x � D′ k x � x �
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V � w�p � m � x � �rm � mvwVzVp32»� � u}qOm �N{ ucw�mR��q {HG u}p�w�p�ovm F
k x � x �

F = UD′V T �-;.5H¥
V � w { mR��¢HxHzVp�w � x�u}x {�� u {�kC{�� mRzZprx � pLw { u {�� x � {Ë¦ m k w�m �N{ ucw { x k�� x �}� ucwVx � I0�L{ zVx� p �}{C� x � z {C�V�t{ ��wVx { � � zZxH�}� {C� m k xHu � � � q { x k�� x �}� uBw�x � � { u�u �}{C� w�zVx�mR��¢HxHzVp�w � x�}{�� x � w { u}prqtx { u kC�t{ uBw�mnu �}{ o { pru k �H¢Hu}p�w�m �¯�F{�� q {�k prz�� �Z{^� mnz { �\m  mvq}x»�rm k xHutq}p k pr�Hu

q { q {C�L{ u}q { u k prm ��pru { mR�»q { � uOm q { �\m � G �\m �³� � {�� p ��� xHz�w�mRuBw { � �}{ m � �rp�� �}{C� x �{�� w { mv�r¢HxHzZp�w � x � mRzVm ��{! xHzVmRz { ��z {��V� ��w�mRqtx}� �i� �}{ �\m � mvwVzVp32�� � utqOm ��{ uBw�mR� �V{ m
z { mR� �N{ ucw { �\m � mvw�zZph2»� � u}qOm ��{ uBw�mv�Ô|
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V�u 5 Z �}{C� x � o�p � wVxÉ�\m �"{�kC� m k prxHu {C� q { �rx ���}� ucwVx � q { �\m�p � mR¢ { u+q {��V�}�'7C� q {� mv� { z k mv�rpr�tz�mRq}x��\m k � � mRzVmt|fX�xHu}x k p�qOmN�rm � mvw�zZph2bq {�k mR�rp��}z�m k pr�Ru?q { �\m � zVp �N{ z�mk � � mvz�m K1 �+q { �\m �V{ ¢ � u}qOm k � � mRz�m K2 � � x0q {C� x � m � ��p k mvzV�\m � xH�}z { �rx ���}� uBw�x �
m1 � m2 �}xH��w { utp { utq}x �
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mk2 = K2m2
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mT
k1
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q}xHutq {R�

T {C�"{ ��o {Ck w�xHz�q { w�zVmRu � �rm k p��Hu { uBwVz { �\m � qtx � p � �R¢ { u {C� |
R {C� �\m � mvwVzVph2»q { zVxRw�m k p��Hu { uBw�z { �rm � q}x � p � �v¢ { u {�� |

= x0q {�� x � q {HG u}p�z'�\m � m�w�zVp32 {��V{ u k p\mv� E
k x � x �

E = T×R+ �-;.;H¥
� xHz'�rx�� �}{ w { u}q}z {�� x � �rm {�¦�� z {C� p��Hu �

mT
k1
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l»p k�� x�q {N� uOm+�£xHz � m.o { zV�Omv�Ô� mR� z { mR��ph2CmRz��\m)w�z�mvu � �£xHz � m k pr�Ruiq {Nk mR��pr�}zVm k p��Hu� mvz�m k mRq}m � utx q { ��x � q}x �)�}� uBw�x � �"�rxg� �}{ z { �\m k prxHuOm { � �}� uBw�x k mR��pr�}zVmRq}x q {� u}m?p � mR¢ { u k xHu { � �}� uBwVx k mv�rpr�tz�mRq}x)q { �\m.xRwVz�m)p � mR¢ { u {�� �rm k x ��� x � p k pr�HuØq {

�rmÏw�z�mvu � �rm k p��Hu����rmÉzVxRw�m k p��HuØq { �\m � o�p � w�m � |D=	xHz { ���rx}� � x0q {C� x ��k xHu � p�q { zVmRzbm.�\m� mvw�zZph2Ã� � u}qOm ��{ uBw�mv� F k x � x"�\m � m�w�zVp32 � �}{ z { �rm k p�xHuOm^q}x �	� zZx�� {Ck�k prxRu {C� � {�� q {�k p�zC�
� �}{ z { �\m k prxRuOm��rm � q}x � p � �R¢ { u {C� q {n� uOm � p �Z� m {C�Vk�{ uOm I}� p { uBw�zVm � � �}{ �rm � mvw�zZph2{��V{ u k p\mv� E z { �rm k p�xHuOm { � � x;o�p � p { uBw�x�z { �\mvwVp�oHx � mRzVm��r� { ¢BmRz�q {n� u}m�o�p � w�m�m��\m�xvw�z�m
o0p � w�mt|
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X�x � x+x kC� zVz � m { u �rm � mvwVzVp32�� � u}qOm �N{ ucw�mR�Ô�¯�rm � mvwVzVp32 {C�V{ u k prmR� E w�p { u { u � uk xHu  Z� uBw�x�q {b� zZx � p { qOmRq {�� �O� �}{b� xRu �
V��¯zVmRu}¢Hx�q { �\m � mvwVzVph2 {C�V{ u k prmR� E

{�� 50|
s0p { utq}x T { ��o {Ck w�xHz�q { w�zVmRu � �rm k p��Hu { uBwVz { �\m � qtx � o�p � w�m � �}w { u {�� x � � �}{v�

T T E = 0 � ; i ¥
s0p { utq}x T { �To {Ck w�xHz'q { w�z�mvu � �rm k p��Hu { uBwVz { �\m � q}x � o�p � w�m � �0� R �rm � m�w�zVp32�q {
zZxRw�m k pr�Ru���w { u {�� x � � �}{v�

E(RT ) = 0 � ; WH¥
s0p { utq}x��\m�q {��Vk x �N� x � p k p��Hu+s):�l q { �\m � mvw�zZph2 {��V{ u k prmR� �
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V�� k �R� kC� ��x�q { �\m � mvw�zZph2 {��V{ u k prmR� � pr¢ �}{ �rx �'� pr¢ � p { uBw {C�'� m � x �C�
X^mv� kC� �\m � x � �rm � mvwVzVp32»� � u}qOm �N{ ucw�mR� F |
X^mv� kC� �\m � x � �rm � mvwVzVp32nq {bk mR��pr�}zVm k p��HuÉq { �rm � zVp �N{ z�m k � � mRzVm K1 |
X^mv� kC� �\m � x � �rm � mvwVzVp32nq {bk mR��pr�}zVm k p��HuÉq { �rm �V{ ¢ � u}qOm k � � mRzVm K2 |
0Ym � mvw�zZph2 {��V{ u k p\mv� E �\m�xH��w { utq}z {�� x �"k xHu)�\m {�¦�� z {C� p��Hu �

E = KT
1 FK2 �F>L;H¥

� � ��� ����� � ��� ���C� !

V ¦ p � w { u ���}k�� m � m � ��p k m k p�xHu {C� q { �rm �»� mvwVzVp k�{C� � � u}qOm ��{ uBw�mR� {�� � {C�V{ u k prmR� {�� |
:�m � x � m � m kC{ z � uOmØz { o0p � pr�Ru q { �\m � m � �rp k m k prxHu {���� � ��k x ��� u {�� q {.{C� w�x � q}x �
wVp � x � q {b� mvw�zZp kC{�� |
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V ��� x � pr�t� {^{��N� � { mRz �\m � mvwVzVph2�� � u}qOm �N{ ucw�mR� � mvz�m k mv�rpr�tz�mRz � uOm k � � mRzVmt|.= mRz�m{ �r�rx {��N� � { m � x � �\m � q { u}x � pru}mRqOm � ����� 	�� � 
 � � � ����� � � � � 	 �c� �t{ w�x � mRu k x � x � m �
zV� �N{ w�zZx��\m � mvw�zZph2�� � utqOm ��{ uBw�mR�Ö�H�rx ��{C� p � xH��x � ��qtp k�� m ��� mvwVzVp k�{C� q {"k mR�rp��}z�m k pr�Hu9|

0Ym ��{Ck�� m k p�xHu {�� q { � z �}�t� m � xHuÏ�rmn�£xHz ��� �\m k pr�Hu � mvw {�� ��w�p k mnq {"� u k xHu k�{C� wVx� mvw {�� ��w�p k x.q { utx � p�uOmRq}x � � � � � 	 	 ��� 
 � � $ 	 |D0Ym k �Hu}p k m?mR� � xR� � w�m {���� uOm k xHutp k m
� �}{ w�p { u {�k x � x k mRzVm k w { z �r� wVp k m?� �}{N{C� w�� k xHuBw { utprqOm { u { � � �\mvu}x+q { ��pru G u}p�wVx I �
u}x � p�ucw { z {C� m � xRzV� �}{»�Z�Ï� zZx;� {Ck�k p��HuÉq {��T{ u}q {n{Ë¦tk � �}�Z� ovm ��{ uBw { q { �rx ��� mvz�� ��{ wVzVx �
p�ucwVz � u �V{�k x � q { �rm k � � mRz�mt|

0Ym �"{Ck�� m k p�xHu {�� q { � z �}�}� m �V{ q {�� mRzZzVxH���\mRu)m � mRz�w�p�z'q { �\m {Ck�� m k pr�Hu �

FKF
T = βe × K(e×)T �F>.>B¥

q}xHutq { β {C�^� u {C�Vk mR�\mvz�q {��Vk xRu}x k prq}xt�tq}p � w�p�uBw�x�q { 0 |aV � w�m {�kC� m k pr�Ru � m�w�zVp k prmR��Z{��}�}{ q { q {C� mRzVzZxH�r�rmRz � xHz k mRqOm { � {C��{ uBwVx�q { �\m � mvwVzVph2�q {�k�� mR�r� � p { zVm�q { �rx � q}x �
�rmRq}x � �vqOmvu}q}xb� � ¢HmRz mn�rm��£xHz ��� �\m k pr�Hu � m�w {C� �vwVp k m"q { �rm � {Ck�� m k prxHu {�� q { � z �t�}� m �

α =
FK(FT )00

(e × K(e×)T )00

α =
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(e × K(e×)T )01

α =
FK(FT )02
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α =
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α =
FK(FT )12
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l»xHutq {R�
α {�� �rmnoRmvzVp\mv�}� {'�}� mRqOm � mRzVm � p ��� �rp GOk mRz �\mn�£xHz ��� �\m k pr�Ru�q { �\m ��{Ck�� m k prxHu {�� ��L{ zZx�q { u}pru}¢ � u.oRmv�rxHz^p�uBw�z � u �V{�k x � mRzVm�u �}{�� wVzVx � zVxH�t� {C� mt|
F
{C� �\m � mvw�zZph2»� � u}qOm ��{ uBw�mv��q { �\m � qtx � p � �R¢ { u {C� |

(FT )ij
{��^{ � { � {C��{ uBw�x i, j q { �\m�w�zVmRu �V�t�}{C� w�m�q { �\m � mvwVzVp32"� � u}qOm ��{ uBw�mv� F |

K {C� �\m � mvwVzVph2»q {bk mR��pr�}zVm k p��Hu�|
e {�� �\m � zVx;� {�kCk p��Hu { u.�rm �V{ ¢ � u}qOm�p � mR¢ { uÏq { � {�� p � xH�rx�q { �rm � zVp �N{ z�m�p � m �
¢ { u�|
(e × K(e×)T )ij

{��n{ � { � {C��{ uBw�x i, j q { �\m � mvwVzVph2bz {C�V� ��w�mvq}xÏq { z { mv�rph2CmRz"�\m
x �T{ z�m k pr�Hu (e × K(e×)T ) |

V � w�m �^{Ck�� m k prxHu {���� m kC{ uÏ� �t{ K {C� w 7n� xH�}z { q { w { z � p�uOmRq}x { u � u}x ��� xH��pru}x � prx �
q {��V{ ¢ � u}q}x�xHzVq { u��c��� �t{ � � xHz��rxbw�mRuBwVx}�cu}x �}�t{ qOm �Z{ z z {C�Z�}{ ��w�x�q { �£xHz � m � p �N� � {��{ q}prmRuBw { �rm � z { ¢R�\m � q { � p � w {C� m � �rpru { mR� {C� |^s�pru {C� �OmRzV¢Rx}� �}�}{ q { �Z{ z?z {��V�}{ ��w�x
u �}� 7 zZp k m �N{ ucw {�k x � x kC� mR��� � p { z»xRwVzVx � p � w {C� mÏu}x.��pru { mR� � xH�}z { q}p �N{ u � p�xHuOmRqtx I x�}�t{ q {��Z{ znz {C�Z�}{ ��w�x � xHznmv�r¢ � u}m � q { �\m � w 7�k u}p k m � q {C� mRzVzZxH�r�rmRqOm ��{C�Z�T{�kC� G}k m ��{ uBw {� mvz�m��\m �'{�kC� m k prxRu {C� q { � z �}�t� mt|
�&*�� * � �+A 01A32F69A+B

l { u}x � pruOm � x ��� u)mR��¢HxHzVp�w � xbq { � ��
 � 
 $ � 
 � m�mR� �}{ �9mR�r¢HxRzVp�w � xb� �}{ u}x �^�T{ z �� p�w { q {C�Zk zZpr�}p�z { � � x;o0p � p { uBw�xnq {"� u �V{ u � xHz �F{ u {C� w {�k m � xt� � uOm k � � mRz�m � m � mRzZwVprz
q { �rm�p � mR¢ { u.¢ { u { z�mRqOm � xHz'q}p k�� x �Z{ u � xHzC|
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0Ym � m�w�zVp32 {��V{ u k prmR� �}�}{ q {.�V{ z {C��� � { mRqOm�qtprz {�k w�m �N{ uBw {É� mvz�m { � k �R� kC� ��x�q {{ ¢Hx � xRw�p�xHu IH� mvz�m � m kC{ z {�� w�xt��z {Ck xRzVqOm � x � � �}{n{ ucwVz { �\m ��� zZx � p { qOmRq {�� q { �\m�s):nl{�� w�mv�Om { u � �}{ m � mRzZwVprz�q { �\m ��� m�w�zVp kC{�� q { �rm+q {��Vk x �N� x � p k p��Hu � x�q � m � x � xH� �
w { u { z��rmÉw�z�mvu � �rm k p��Hu��Ø�\mÉzZxRw�m k pr�Ru { uBw�z {�� u}m?p � mR¢ { u��Ø�rm)xvw�z�m�|¯l { G u}prqOm � uOm
wVz�mRu � �£xHz � m k pr�HuNs):nl k xHuÏ�\m {CkC� m k p��Hu E = UDV T � � mR� {C� x � � �t{ �\m�zVxRw�m k p��Hu R

o0p { u { �£xHz ��� �\mRq}m � xRz'�\m {Ck�� m k p��Hu �
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s�p�u {�� �OmRzZ¢Hx}� � p � m k�{C� x �	{C� wVx�w�mR�H� k x � x �}{C� x �	k x ��{ uBw�mvq}x}��u}x�� � u k p�xHuOmRzV�t�
�Hm � �t{�{ � { zVzZxHzÉm kC�}��� �\mRq}x mR� {C�Vk xH¢ { z.�rx ��� mRz {C� q {��}� uBw�x � � { � { zZzVxHz � xHzN�\mk xHzVz {C�V� xHu}q { u k p\mnq { �}� uBw�x � � { � { zZzVxHzÃmR� k mR� k�� �\mvz �rm � mvw�zZph2�� � u}qOm ��{ uBw�mR�Ô� { � { zZzVxHz{ uÉ�\m � m�w�zVp32"q {»k mR�rp��}z�m k pr�Hu9� { � { zVzZxHz mR� k mR� k�� �\mvz��rm � mvwVzVph2 {��V{ u k p\mv�Ô� { � { zVzZxHz�q { �� 7 wVx�q}x u �t�
7 zVp k x q {Øk �v� kC� �rx q { �rmgs):�l ���rx �É{ zVzZxHz {��.� xHz �}� mRz)mvzVp�w �
7 w�p k m
G utp�w�m { uØw�x0q}x � ��x �nk mR� k�� �rx � pruBoHxH� �}k zVmRq}x � � � mvz��RuØ� �}{��Z{�� mRz { 2 k m ��� � � x k x { �
z {C�V� ��w�mvq}x�mv�Lq {C�V� �\m 2Cm � p { uBw�xb���\mbzVxvw�m k pr�Hu�z { mR�7q { �rm �Z{ ¢ � u}qOm k � � mvz�mbz {C�Z�T{�k wVx
m��\m � zVp ��{ zVmt|

= { zVx � m*� � u}m � xH� �}k p��Hu � mÉ�rm � xHzVmÉq {�k mR� kC� �rmRz»�rm.s):nl�� � mR� {C� x � � �}{�{Ë¦ p ���
w { u � u q}x ��� zVx � p { qOmvq {C� p �N� xHzZw�mRuBw {�� � �}{ w�p { u { �rm � mvw�zZph2 {��V{ u k prmR�Ô�	� � �}{)�V{
q { � { u�q {�kC�}��� ��prz �t{ �Yz�mRut¢HxNq { �rm � mvw�zZph2 {��V{ u k p\mv� q { � {��V{ z»q}x � �O� �V�}� q}x � m ���
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wVx�ovmR��xHz {�� q}p � w�p�ucwVx � q {bkC{ zVx�q { � { u �V{ z�p�¢ � mR� {C� |TV�u+�rm � z�� k w�p k mt� � pr¢Hutp GOk m�� �t{�{ u
�rmÏq {C�Zk x ��� x � p k pr�Ru�s):�l q { � {C� x � w { u { z�qtx ��{ � {C��{ uBw�x ��{ u��\m � mvwVzVp32�q}prmR¢HxHu}mR�
q}p � wVpruBw�x � q {�kC{ zVx}�7�?�rx � q}x ��{ u��rm � mvwVzVph2�qtp\mR¢HxRuOmR�Ô|T= xHz { �r��x}�}p�¢ � mR�rmRu}q}x�m k�{ zZx{ �9w { z kC{ z { � {C��{ uBw�x�q { �rm�q}prmR¢HxHuOmv�L� k mR� kC� �rmRu}q}x��rm ��{ q}prm�q { �rx �^{ � {C��{ uBw�x � � �}{{ u k xHuBwVz�m � x ��{ u �\m � m�w�zVp32�q}p\mR¢RxHuOmR��u}x ��{ u k xHuBw�zVm � x ��k xHu � uOm+u �t{ ovm � mvw�zZph2
q}prmR¢HxHu}mR�Ô��m��\m�� �}{�� p {C��� � { m � x �^� mvz�m � xRucw�mRz'q { u �}{ oRxÏ�rm � mvwVzVp32 � z { mR��ph2*mvu}q}x{ � � zVx0q �}k w�x k xHu U � xHz��\m�ph2�� � p { zVqOmn� { � � zVx0q �}k w�x k xHu��\mnw�zVmRu �Z�}�}{C� w�m�q { V � xHz
�rmNq { z {Ck�� m � ��xR�tw { u}q}z {�� x �n� uOm ��{! xHz»m � zZx ¦ p � m k pr�Hu+q { �\m � m�w�zVp32 {��V{ u k prmR�Ô| 0	m
wVz�mRu � �£xHz � mRqOmÏs):�l q { �\mÏu �}{ ovm � mvwVzVp32 {��V{ u k p\mv�Ô� � p �}p { u � pr¢ �t{�� p�u �V{ z {�¦ m k w�mt�
wVp { u {�� uOm � z {�k p � pr�Hu�zVm 2CxHu}mR�}� { � � xHz��rx)� �}{�� x0q {�� x � m � zVx ¦ p � mRzV�rmÏm)�\m � mvw�zZph2{��V{ u k p\mv� E | V�� � zVx kC{�� x��rx � x0q {�� x � z {��T{ w�p�zÃp�w { zVmvwVwVp�ovm ��{ uBw { � �T{ zVx�u}xn��x � mvz {C� x �� xHzV� �}{ �\m � m*�HxHz � mRzZw { q { �rm � o {�kC{���{�� wVx�u}x �V{ z��nu {�kC{C� mRzVp�x}�R���Om � w�mRzV� k xHu � m kC{ z
�rm k xHzZz {Ck�k p��Hu � uOm � u}p k m�o { 2v|

= xRz�w�mRuBw�x}� { � mv�r¢HxHzZp�w � xÉq {N{ ¢Hx � xRw�p�xHu k xHui�\m � m�w�zVp32 {C�Z{ u k p\mR��w�p { u {�k x � x� m � x ���
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