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M�NOVWUqNq �Y«IL¿LU�_ac`NRU~PR�/I?P °LM�cVlML]*I P �`I�ÐLU�IQ]�°%§¨M�gTVlUqV6�/U,IQ¿W_�Sb]°�MLclNsgTST_aPq 
y  sY�MWVWSb§¨°(PR�lU*]/IQ¥3Uq_=§¨M�N�Sb]`�lcWP�IL]`V�MLcWPO�lcWPGÏ`gTUq_JSÈ§W]lUqUqV�I?PGPO�lU*Uq]`V~MQ§�PR�lU*Ï`gbU��/IQN¡IQ¥Ö �(i`�s}~Y y   �`IQN, 
i�U�PsPR�lUjh�U�]lUqNOILgB�`IQN¡IQ¥3U�POU�N¡_�£ÌÏ`UqgTV o _aSThL]MQ§8§¨MLgªVWUqV6�=UqIQ¿W_ ¤ IQ]`V-�?�~i`�s}~Y\. y  

v   i�U�P�Xdr:Ös] o X �(Ös]7IQ]`V7X Z:Ös][£½Sb]r u�Kk]Y. nLo y o v�¤ I�����M�NOVlSb]lh�POM�°�MLclN�]lU�U,VG �Md_Rc`IQgTgb° o PO�lUq_RUdÐ?ILgbclU,_
�qIQ]�K=U(ÉkclSbPRU�_a�`MLNRPq  vLx £ìr ¤ PWnQ� £½Z ¤ P�nO� £Ñ� ¤ r u~IQNOU c`_Rc`IQgTgb°%_Rc%]���STU�]kPDPOM�_RU��`ILNOIQPRUsPO�lUd¥%IQ��ST¥�c`¥
ML§fPO�lU7��NRMk_R_a®Ñ�=UqIL¿W_(ST]ÍPR�`U[£ m ® v�Å~¤ U����=U�NOST¥�Uq]kPq ���lU%gbST]lUqtsSTV�PO��MQ§sIPRSTgbPRUqVî��NOM�_O_©®Ú�/U,IQ¿W_~tsSbgTgDK=U
�qIQgª��clgªI?POUqVÍIL_

$RN ∗ cos2(α) + $RC ∗ sin2(α)
 �efU���ILNRU�§¨clg o PO�lU�KlSThLh�Uq_aP�X r tsSTgbg�K/U�c/_aU,V[POM

VWU�Ï`]lUPR�`U]�cl¥�K/UqN3MQ§~��ML]kPOI��ÀP�NRU,_aSªVWclU,_� î�(_%IÎ��ML]`_RUqÉkclUq]`��U o PR�`UgªIQNOhLUqN�SbP%ST_ o PO�lU�_agTM?t�UqN�PO�lU
��ML¥3�lcWP¡I?PRSTML]Sª_� 

m   i�U�P�PR�`U*�`IQN¡IQ¥3U�PRU�N¡_/§¨MLNGPO�lU*h�NRSªVl_RUqIQN¡�¡�dM�]~PR�lU#POSbgbPRU,V:IQ]lh�gbUs£(��¥3Sb]JÖ IQgT�l�`IlÖ VlU�h o ��¥%I?�GÖ IQgT�l�`I`Ö VWU�h o
IL]`V^��ST]`��N,Ö IQgT�l�`I`Ö VWU�h ¤ IQ]`V^�?hLNOSTVl_RUqILNO�¡�JÖ IQgT�l�`I�. n IQ]`V^�?hLNOSTV`_aU,IQN¡�¡��Ödi+'5. x  �i�U�PIQgª_aM�PO�lU
POSbgbPRU,V�_a�=Uq��PRN¡IQg*tsSªV�PR��IQP:¥%I?�WSb¥�cl¥ 7�d_�Sb]/VWST�qI?POSbM�] o PO�lU�¥3Sb]`Sb¥�cl¥ _R�/U,�ÀPONOILg*tsSTVWPR�ÍPRM��`NRUqÐLU�]kP
§¨M�gTVWST]lh3§¨M�N IQ]�°

α
Sª_stsNRSbPaPOU�]ST]6PO�lU~PRUqNR¥3ST]`IQg o PRM�hLU�PR�lUqNftsSbPR�PO�lU:IL_O_aMW��STIQPRUqV6�lNOMQÊ©U,�ÀPRSTML]IQ]lh�gbU� 

�   ikP¡IQNRP�PO�lU { NOSTV`_aU,IQN¡�¡�ÍY«M�VlU7ML]
α
IQ]/V�NRc`]� Ø×Q�(i`�s}~Y y �`IQN¡IQ¥Ö �(i/�s}~Y y   �`IQN, �rdI�Ð�U�I«gTMkM�¿

POM�PR�lU«PRU�NO¥3Sb]/IQgÑ��PR�lU[NRU,_aclgbPO_�MQ§�PR�lUÎIQ]`ILgb°W_RST_3ML§~PO�lU«_R�/U,�ÀPRN¡I�IQNOU�hLSTÐLUq]¦tsSÈPO�¦PR�lU«]�cl¥�K/UqN�MQ§
ST¥3�/M�NaP¡IQ]kP��=UqIL¿W_�PO�`I?P�ILNRUNRU,_aM�gbÐ�UqVÍ§¨M�N3UqIL�¡��_a�lUqgbgÑ ����`ST_3�`I�_�PRMÂK/U���M�¥3�`IQNOU7tsSbPR��PR�lUPOMQPOILg
]�cl¥�K/UqNsMQ§#Sb¥3�=MLNRPOIQ]kPs�=UqIQ¿W_q 

m



�  s�d]`IQgT°�u�UfPR�lUdMLcWPO�lcWP�íR_R��MLNOUL  VlI?Pa±*PR�`IQP*¥�Mk_©POgb°���ML]kP¡IQST]`_8PR�lU _OIQ¥3U�ST]W§¨MLNO¥%I?PRSTML]3IL_�VlST_R�lgªI�°LUqV�ST]�PO�lU
POU�NO¥�ST]`ILgì ����lU(§¨MLNO¥%I?P�ST_q�
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IQ]/V

13CO
�qIQNONRSTU�ND§¨NRU,ÉkclU�]`��SbU,_ o POSbgbPRU,V6_R�/U,�ÀPONOILg/tsSªV�PR� o

α
o IL]`V%§¨M�N

U,IL�¡�%_a�`U�gTgì�8]�cl¥�K=U�N*ML§G�/U,IQ¿W_�NOUq_RMLgTÐLUqV�ST]%K/MLPR�7_RclK`_R�/U,�ÀPONOI o ]�cl¥�K=U�N�MQ§G�/U,IQ¿W_�NOUq_RMLgTÐLU,V�ST]%U��lIL��PRgT°
M�]lU�_RclK`_R�/U,�ÀPRNOcl¥ o ]�cl¥�K/UqN MQ§��=UqIL¿�_ ]lU�Ð�U�N NOUq_RMLgTÐLU,V o ]�cl¥�K=U�NdMQ§��/U,IQ¿W_sNOUq_RMLgTÐLU,V7ST]«I?PdgTUqI�_©P M�]lU
_RclK`_R�/U,�ÀPONRcl¥  �DgbMLPdPR�`U�]�cl¥�K=U�N~MQ§�NOUq_RMLgTÐLU,V6�=UqIL¿W_�£ÌPO�lU�ML]lU:°�MLc��lNOU�§¨UqN ¤ ÐLU�N¡_Rc`_�PR�`U��lNOMQÊ©U,�ÀPRSTML]
IL]lhLgTUjIQ]`V_aUqgbU,�ÀPsPO�lUjML�WPOSb¥3STu�U,V6IL]lhLgTUL 

z   i�U�P��QIQgT�l�`IlÖ VlU�h`Ö�Ï/](POMsPR�`Uf_RU�gTUq��PRUqV�Ð?ILgbclU� 8i�U�P��?hLNOSTVl_RUqILNO�¡�JÖ IQgT�l�`I�. x IQ]`VN��hLNOSªVl_aU,IQN¡�¡��Ödi+'5. n  
w   ikP¡IQNRPGPR�lU { NRSªVl_RUqIQN¡�¡��Y�MWVWU#§¨MLNGPO�lU�POSbgbPRU,Vj_a�=Uq��PRN¡IQg?tsSªV�PR�:IL]`V~NRcl]%  ×?�~i`�s}~Y y �`ILNOIL¥Ö �~i`�s}~Y y   �`ILNq 
r(I�ÐLUsI~gbM�ML¿:PRM~PR�lU�POU�NO¥3Sb]`ILgì�JPR�lUsNOUq_RclgbPO_#ML§/PO�lU IQ]`ILgb°W_RST_8ML§/PO�lU _a�=Uq��PRN¡I�IQNOU�h�SbÐ�U�]�tsSÈPO��PO�lUs]�cl¥�®
K=U�N ML§�ST¥3�/M�NaP¡IQ]kPs�/U,IQ¿W_fPR�`IQPdIQNOU�NRU,_aM�gbÐ�UqVG �§¨MLN VWU,��NOUqI�_aST]lh�Ð�ILgbc`Uq_�MQ§

SWtilt

 
�  sXsc`]�PR�lU�i�POI?POST�DY�MWVWUd£2�?hLNOSTV`_aU,IQN¡�¡�L. x�¤ PRMs�`I�Ð�U*I�gbM�ML¿dPRM�PO�lU*¥3Uq_O_RILhLU#ST]�PR�lU�POU�NO¥3Sb]`ILgì 8�JtfMs_a�=Uq��®
PONOI�tsSTgbg/K/UdhLU�]`U�N¡I?PRU,V�tsSÈPO����NOM�_O_©®Ú�/U,IQ¿W_8gbMW�qI?PRU,V3I?P

cos(α)∗ωN +sin(α)∗ωCO

£bíR_a�=Uq��PRN,Ös��  VlI?Pa± ¤
IL]`V«I?P

cos(α) ∗ ωN − sin(α) ∗ ωCO

£Tía_R�/U,�ÀPONqÖs¥  VlI?Pa± ¤  ~�(_dM�cWPR�lclP o °LM�c«tsSbgTg#IQgª_aM�h�U�P(PR�lU�]lU�t
�¡�lUq¥3ST�qIQg#_a�lSb§ÌPO_�£ª±^]lUqtjÖ IL_O_aSThL]l¥3Uq]�P,  V`I?P©± ¤ ST]«PR�`U�_RclK`_R�/U,�ÀPRN¡Il (���lST_(¥%I�°K/U�c`_aU,VPRM6UqI�_aSTgb°¥%IQ�
PO�lU:IL_O_aSThL]`¥�Uq]kP�ML§JPO�lU:IL�qÉ�c`SbNOUqV_a�=Uq��PRNOcl¥ 

n x  �i�UqgbU,�ÀPsPO�lUjML�WPOSb¥3STu�U,V_R�=Uq�ÀPONOILgGtsSTVWPR�PRM3NOcl]PR�lUjU����=U�NOST¥�Uq]kP�M�]7PO�lU:_R�/U,�ÀPRNOML¥3U�PRU�N, 
�d_IQ]�ILgÈPOU�NO]`I?POSbÐ�U o M�]lU[¥%I�°�IQgª_aMîNRcl]ÁPR�lUÎ§¨clgTg~h�NRSªVl_RUqILNO�¡�¦ML]�K/MLPR�

α
IQ]/V1i+' K�°�_aU�PaPOSb]lh_��h�NRSªV�®

_aU,IQN¡�¡��Ö IQgT�l�`I+. n IQ]/V0�?hLNOSTVl_RUqILNO�¡�JÖdi+'5. n  
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I v�Å ®^rdZ��s}ÃK/U�§¨MLNOU�h�MLST]lh%POM7PO�lU m Å ®^rdZ��s}j�f�d�fe<U��W�/UqNRST¥3U�]kP o I�_dSTgTgbc`_aPRN¡I?POUqV�ST]«PO�lU3IQNRPRSª��gTUL ~Ó*MLc
¥%I�°%c`_aU�PO�lU�§¨MLgTgTM?tsSb]lhk_�_©POU��`_q 
n   { UqNRUq]`I?POU�PO�lU�Ï`gTU���ML]kP¡IQST]lSb]`h7PO�lU��¡�lU�¥3Sª��ILg#_R�lSb§ÌP:Sb]l§¨MLNO¥3IQPRSTML]¦£ÌÏ`Ð�U%��MLgTcl¥3]`_q���/U,IQ¿«]`IL¥3U o
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o

15N
IL]`V

13CO
�¡�lU�¥3Sª��ILgD_a�`SÈ§ÌP¡_7£¨ST]��l�`¥ ¤ o IQ]`VÂPO�lU6�/ILh ¤  ����lU6VWSb¥3Uq]`_aSTML]/_:_a�`MLclgªVÍK/U6Sb]ÍPO�lSª_

M�NOVWUqNq �Y«IL¿LU�_ac`NRU~PR�/I?P °LM�cVlML]*I P �`I�ÐLU�IQ]�°%§¨M�gTVlUqV6�/U,IQ¿W_�Sb]°�MLclNsgTST_aPq 
y  sY�MWVWSb§¨°(PR�lU*]/IQ¥3Uq_=§¨M�N�Sb]`�lcWP�IL]`V�MLcWPO�lcWPGÏ`gTUq_JSÈ§W]lUqUqV�I?PGPO�lU*Uq]`V~MQ§�PR�lU*Ï`gbU��/IQN¡IQ¥Ö �(i`�s}~Y y   �`IQN, 
i�U�PsPR�lUjh�U�]lUqNOILgB�`IQN¡IQ¥3U�POU�N¡_�£ÌÏ`UqgTV o _aSThL]MQ§8§¨MLgªVWUqV6�=UqIQ¿W_ ¤ IQ]`V-�?�~i`�s}~Y\. v  

v   i�U�P�Xdr:Ös] o X �(Ös]�IQ]`V7X Z:Ös][£½Sb]r u o ]Y. nLo y o v�¤ I�����M�NOVlSb]lh�POM�°�MLclN�]lU�U,VG �Md_Rc`IQgTgb° o PO�lUq_RUdÐ?ILgbclU,_
�qIQ]�K=U(ÉkclSbPRU�_a�`MLNRPq  vLx £ìr ¤ PWnQ� £½Z ¤ P�nO� £Ñ� ¤ r u~IQNOU c`_Rc`IQgTgb°%_Rc%]���STU�]kPDPOM�_RU��`ILNOIQPRUsPO�lUd¥%IQ��ST¥�c`¥
ML§DPR�`U3��NRMk_R_a®Ú�/U,IQ¿W_s§¨M�N�I m Å _R�=Uq�ÀPONRc`¥ 3���lSª_~ST_�U,IL_RSbgT°�Uq_aPRST¥%I?PRU,V«§¨NOML¥ PO�lU3NRU�§¨U�NOU�]`��U£½Sì  UL �§¨clgTg
_R�/U,�ÀPONOILg�tsSªV�PR� ¤ _R�=Uq�ÀPONRc`¥ :efU3��ILNRU�§¨clg o PO�lU�K`Sbh�hLUq_aP~XdrAtsSTgbg#K=U3c`_aU,V�POM6VWU�Ï`]lU�PR�lU3]�cl¥�K=U�N~MQ§
��ML]kPOI��ÀPsNRU,_aSªVWclU,_� ��(_ I3��ML]/_aU,É�c`U�]`��U o PR�lUjgªIQNOhLUqN�SÈP Sª_ o PR�lUj_RgbM?tfU�NfPR�`U:��ML¥3�lclPOI?POSbM�]6Sª_q 

m   i�U�P#PR�lUf�`IQN¡IQ¥3U�PRU�N¡_G§¨M�N8PR�lUfhLNOSTV`_aU,IQN¡�¡�jML]
15N

IQ]`V
13C

_R�/U,�ÀPONOILg�tsSªV�PR�/_f£(��¥3ST]/i+'�Ä o �?¥%I?�`i+'�Ä
IL]`V$��ST]`��N,Ödi+' ¤  

�   ikP¡IQNRPGPR�lU { NRSªVl_RUqIQN¡�¡��Y�MWVWU�K�°(_RU�PaPOSb]`hZ��hLNOSªVl_aU,IQN¡�¡�L. n IL]`V~NRc`]�  ×?�~i`�s}~Y y �`ILNOIL¥Ö �(i`�s}~Y y   �/IQN, 
r(I�ÐLUsI~gbM�ML¿:PRM~PR�lU�POU�NO¥3Sb]`ILgì�JPR�lUsNOUq_RclgbPO_#ML§/PO�lU IQ]`ILgb°W_RST_8ML§/PO�lU _a�=Uq��PRN¡I�IQNOU�h�SbÐ�U�]�tsSÈPO��PO�lUs]�cl¥�®
K=U�N�MQ§sSb¥3�=MLNRPOIL]�P:�=UqIL¿W_�PR�`IQP�IQNOU%NOUq_RMLgTÐLUqV[§¨MLN�UqIL�¡��_R�lU�gTgÑ ���lSª_:�/IL_�POM«K/U6��ML¥3�`ILNRU3tsSbPR��PO�lU
POMQPOILgG]�cl¥�K=U�N ML§�ST¥3�/M�NaP¡IQ]kPs�/U,IQ¿W_� 

�  s�d]`IQgT°�u�U%PO�lU7M�cWPR�lclP~ía_O��M�NRU�  V`I?P©±�PR�`IQP�¥3M�_aPRgT°Í��ML]kP¡IQST]`_�PR�`U7_RIL¥3U�Sb]l§¨MLNO¥3IQPRSTML]�IL_�VWSª_a�lgªI�°LU,VÂSb]
PO�lU7POU�NO¥3Sb]`ILg~£ì��ILNRNOSbUqNj§¨NOUqÉkclU�]/��STUq_0RJ_R�/U,�ÀPONOILg�tsSªV�PR�/_�R�]�cl¥�K=U�N�MQ§ NOUq_RMLgTÐLU,VÂSb¥3�=MLNRPOIQ]kP��/U,IQ¿W_ ¤  
}(]lUjt�I�°�Sª_sPOM%U���PRN¡IL��PsPR�lU���ML¥�KlSb]/I?PRSTML]MQ§�_R�/U,�ÀPRN¡IQgJtsSTV�PO�`_ ST]�K=MQPR�«VlSb¥3U�]/_aSTML]`_ gbU,ILVWST]lh�PRM%PO�lU
¥%I?�WST¥�cl¥þMQ§8NRU,_aM�gbÐ�UqV7��NRMk_R_a®Ú�/U,IQ¿W_�IL]`V7PRM%�lgTMQP�PR�`UjNRU,_aclgbPO_�M�]�I yLÅ hLN¡IQ�l�IL_�ST]PR�lU:ILNaPOST��gbU� 

z   { M3POM3PR�lU:_R�/U,�ÀPONRM�¥�U�PRUqN IQ]`VIL�qÉkclSbNOU~PR�lU m Å _R�/U,�ÀPRNOcl¥þtsSÈPO�PR�lUjM��WPRST¥3SbuqUqV�`ILNOIL¥�U�PRUqNO_q *i�Sb]/��U
ILgbSªIL_RSb]`hQ®ÚSb]`Vlc`��U,VÍM?ÐLU�NOgªIQ�l�lST]lh«Sª_���IQNONOSbUqNa®Ñ§¨NRU,ÉkclU�]`��°[ST]`VWUq�/Uq]`VWU�]kP�§¨MLN3��M�¥��`gbU���I���ÉkclSª_aSbPRSTML] o °LMLc
VWM�]*I P �`I�ÐLU(PRM%tfMLNONR°%ILK/M�cWPsPR�lU:�qIQNONRSTU�N�§¨NOUqÉkclU�]/��°L 

�
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Ï`N¡_©P r(i/Æj��ML§JPR�`U m Å nO� Zs®^r(i/Æj�¦Z~}(|�i�ÓAr(i`Æj��_a�=Uq��PRNOcl¥ #Ó*MLc¥%I�°�c`_RU�PR�lU�§¨M�gbgTM?tsSb]`h�_�_©POU��`_q 
n   { UqNRUq]`I?POU�PO�lU3Ï`gTU%��ML]kP¡IQST]lSb]`h6PO�lU%�¡�lU�¥3Sª��ILg*_a�lSb§ÌP:ST]W§¨MLNO¥%I?PRSTML]¦£Ì§¨M�clN:��M�gbc`¥�]/_����=UqIQ¿Î]`IQ¥3U o

1HIL]`V
15N

�¡�lU�¥3Sª��ILgJ_a�`SÈ§ÌP¡_�£¨ST]«�l�`¥ ¤ o IL]`VPR�lU4�/IQh ¤  �Y«IQ¿�U:_aclNOU�PR�/I?Pd°�MLc�VWML]JI Pd�/I�ÐLU:IQ]�°7§¨MLgªVWUqV
�=UqIL¿�_�ST]°LM�clN�gbSª_©P, 

y  sY�MWVWSb§¨°(PR�lU*]/IQ¥3Uq_=§¨M�N�Sb]`�lcWP�IL]`V�MLcWPO�lcWPGÏ`gTUq_JSÈ§W]lUqUqV�I?PGPO�lU*Uq]`V~MQ§�PR�lU*Ï`gbU��/IQN¡IQ¥Ö �(i`�s}~Y v   �`IQN, 
i�U�PsPR�lUjh�U�]lUqNOILgB�`IQN¡IQ¥3U�POU�N¡_�£ÌÏ`UqgTV o _aSThL]MQ§8§¨MLgªVWUqV6�=UqIQ¿W_ ¤  

v   i�U�P:X r:Ös]ÍIQ]`VÎX Z:Ös]¦£�Sb]Ír u�KJ]L. n�o y o vk¤ IL�q��M�NOVWST]lh7PRM°LMLc`N(]lUqUqVG NMd_Rc`IQgTgT° o PR�`Uq_RU�Ð?IQgTclU,_~�qIQ]
N¡IQ]lh�U�§¨NOML¥ nQ��PWnQ� r u#PRM n xLx P�n xLx rduL ����lSª_J�qIQ]:K=UDU,_©POSb¥%IQPRUqVj§¨NRM�¥�PO�lU�NOU�§¨UqNRUq]`��U £½Sì  UL �§¨clgTgW_a�=Uq��PRN¡IQg
tsSªV�PR� ¤ _a�=Uq��PRNOcl¥ 

m   i�U�P%PR�lU��/IQN¡IQ¥3U�POU�N¡_�§¨M�N3PR�lU�h�NRSªVl_RUqILNO�¡��ML]
15N

×
1H

_R�=Uq�ÀPONOILgstsSTVWPR�`_«£(��¥3ST]/i+' o �?¥%I?�`i+' o
�?Sb]`��NqÖdi%'1×c�?¥�ST]/i+'Ár o �?¥3IQ�`i+'Ár�IQ]`V-��ST]`��N,Ödi+'Ár ¤  

�   ikP¡IQNRP�PO�lU { NRSªVl_RUqIQN¡�¡��Y�MWVWU~K�°�_aU�PaPRST]lh6��hLNOSªVl_aU,IQN¡�¡�L. n IQ]`V[ Ø×Q�(i`�s}~Y v �`ILNOIL¥Ö �~i`�s}~Y v   �`ILNq 
r(I�ÐLU7I�gTM�ML¿ÎPRM[PR�lU7PRU�NO¥3Sb]/IQgÑ��PO�lU7NOUq_RclgbPO_:ML§sPR�lUIQ]`ILgb°W_RST_:MQ§sPR�`U6_R�/U,�ÀPRN¡I«ILNRU�h�SbÐ�U�]�tsSbPR��PO�lU
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