
���������
	������������
�������������� �!�
	#"$�%�
	#&('$)*	��
+,��	-�.&0/2134'�5�
	-�3�6�#7(&(�8	��
+�"

9;:=<?>A@=BDCFE G�@8:=HIBJBLKNMPO�>A<?:8QSR�>�TUBLVWM�B
X%YSZ\[^]`_ba�Y?cd_4e^f5g4eha�Zdid_`YS]kjDlnmoYScLl#Yqp
r�stiduwvdi�xycDu`_`mz_`iD_bY{e^f}|�Y-lwvdcDe�~oeh�hs

���n��|�eh�L[^_�[-���Fi
pWr�mo_�[?�br�stidu`vDi�pW�h�^���b���h�h���\iD�FiDe��h[(�t[^ZL[^c
��vDehcdYq�5�{�d�����h�?�b���^�^���h�d�?�WpL�\[?���}�0�d�����h�-���h�d�w�b���h�h�

YSa;[^mo~�� mo�Feha;[h�{lneha�Z�� �Fstid_`Y-lwv�� [hl�� �wZ

�0� jW|%� � g4|(� � c�[h d[^Zd_`mo¡FY�a�YS_`vdeW �_`e�YSuw_bmoa;[^_`Y¢_`mza�Y#��¡h[�]`stmocd��Z\Y-[^�tu�e�f£Z\e�¤5YS]�u`Z\Y-ln_`]`ida*¤kmz_`vJ[�m¥ ¦e^f5�hYScDYS_`m§l{[^~o�he��
]`mo_bvDa6mzu{ZD]`e�Z\ehu`Y- 8�{|kvdY�a�eW WYS~}iduwY- ¨vdYS]`Y�mou0�\[^u`Y- ©ehcJ_`mza�Y#��¡F[^]`stmzcD�¦l#eFYnª¦lnmoYScD_%[^id_`eh]`YS�h]`YSu`uwmz¡tY¢a�ed tYS~}cDe�cD~zmocdY�[^]`~zs
ZL[^]�[^a�YS_`]`mo«SY- ¨�ds¬lnvL[^]�[hln_`YS]`mou`_`m¥l¢]`ete�_`u¢e^f{lneha�Zd~oYn�lnehc?�wiD�F[�_`Y;Z\[�mo]-�¨jWmzc\lnY¦_`vDY¦lnvL[^]�[hln_`YS]`mou`_`m¥l¢]`edeh_� WYScdeh_`YSu®[¯Z\Y-[^�
f°]`Y�±hiDYScLl#s��ds©mo_bu{Yn�dZ\ehcdYScD_bm¥[^~
Z\[^]`_?p=_`vDY®a�eW WYS~5lS[^c¬ tmo]`Y-l#_b~os¯YSuw_bmoa;[^_`Y¢_`mza�Y#��¡F[^]`sFmocd��u`Z\Y-l#_`]�[�~}Z\Y-[^�tu{�ds� WehmzcD��u`_�[^_bY
YSuwmz_`a;[^_`mzehc®idu`mocd��cDehct��²{[^iDu`u`m¥[^c®³L~o_`YS]`mzcD�L� � u5_`vdY�cdehct�b²{[^idu`uwm§[^c®³\~z_`YS]`mocd�(a�YS_`vdeL !ph¤kY4Y?a�Zd~oe�sµ´©ehct_`Y�gk[�]`~oe0³L~o_`YS]`mocd�
_`vL[^_4idu`Y?u4Z\[�]`_`m¥ln~oYSu�u�[^a�Zd~oY- �f°]`eha¶_`vDY0cDehct��²{[^iduwu`m¥[^c� tmou`_`]`mo�diD_bmoehc��}xy_4mou��FcDeh¤kcµ_bv\[^_4_bvDY{Zd]`eWlnY� tid]`Y{e^f}´©ehcd_`Y�gk[^]`~ze
³L~o_`YS]�mou�u`moa�mo~§[^]{_be©_bvDY¢Zd]`eWl#Y- tiD]`Y®e^f·�hYScDYS_`m§l�[�~o�heh]`mz_`vda�p8[^c\ �l#e�~o~¥[^�Leh]�[^_`mzehcJ�\YS_`¤NYSYSc¨_`vdYSa�mzu�ZLehu`uwmz�D~zYF�{|kvdY�a�eW WYS~
iduwY- JvdY?]`Y¨[�~ou`e�v\[^uµ_`moa�Yn��¡h[^]`stmzcD��e�]� WYS]®e^f{[^id_`e�]`Y?�h]`YSu`u`mo¡tYqp}¤4Y©[^ZdZD~zs¬�hYScDYS_`m§l�ehZ!YS]�[^_`mzehc¸f°eh]®_`vdY�YSuw_bmoa;[^_`mzehc¹e^f�mo_-�
jtmoa�id~¥[�_`moehcL[^~=]`YSu`iD~z_�u`vdeh¤ku5_`vdY{Ynª¦l#mzY?cLlns�e^f}_`vdY{a�ed tYS~��

r0º�»0¼¾½0�%X�j!�W²�Y?cdYS_`m¥l{[�~o�heh]`mz_`vda�pFuwZ!Y-ln_`]�[^~8[^cL[^~zstu`mou-pL[� D[�ZD_`mz¡tY�Y?u`_`mza;[^_`moe�c

Gn9�¿;À�Á©Â©Ã¯Ä�¿;G?Á�9

jtZDY-ln_`]�[^~�[^c\[�~ostu`mou�mzu�¤km§ WYS~zs¦idu`Y� ©moc©a;[�cDsµ³LY?~§ ¦e^f5]`Y?u`Y-[^]�lnvDYSuk[^c\ ¯ tY?u`mo��cDu-�£|kvdY¢[^cL[^~osFu`mou�e^f}uw_w[^_`mzehc\[�]`s¯lS[^u`Y{mou�¤kY?~z~
YSuw_w[^�d~omou`vdY� !p?vdeh¤£Y?¡hYS]-p?cdehcduw_w[^_`moe�c\[^]`s{[^cL[^st~zuwmzu8mou
uw_bmo~o~D[k_behZdm¥l}_`e�moct¡hYSuw_bmo�F[^_`Yq�
jWYS¡hYS]�[^~Fa�YS_`vdeW {_`e�Y?u`_`mza;[^_`Y·cdehcdu`_�[^_`mzehcW�
[^]`s�uwZLY�ln_`]`idaÅ�ts(iduwmzcD��_bmoa�Y� teha;[^moc�a�eW WYS~Wv\[�¡qY5�\YSYScµ]`Y?u`Y-[^]�lwvdY- ¢Yq� �L�op�_bmoa�Yn�y¡F[^]`sFmocd��lnetYnª¦lnmoYScd_�[^id_`eh]`YS�h]`YSuwu`mo¡FY�Æ � ��Ç
a�eF tYS~�Zd]`ehZ\ehu`Y- ¦�Ds�r�mo_�[^�q[^¤k[�[^cL ¯²�Y?]`u�lwv!Æ��?�h���hÇS� � ~oa�ehu`_�[�~o~�_bvDY¢[^cL[^~zstu`mou�iDu`Y- ¦_`mza�Y� teha;[^mzc©a�eL tY?~�pd_bvDY¢eh]� tYS]�e^f
[^id_`eh]`YS�h]`YSu`uwmzehc¦mzu�[^u`u`iDa�Y- ¦_`e��LY¢l#e�cDu`_�[^cd_N_`vDe�iD�hv�_`vDY�_`mza�Y{uwYS]`moYSuk D[^_w[d�5È�eh¤NYS¡qYS]-pFmz_4mou�cdeh_k[^~z¤%[-sFu·u�[^_`mzubf�[hln_`eh]`s®f°eh]
_`vdY�[^cL[^st~zuwmzu5¤kvDYSc©_`vdY{ d[^_w[�l#ehcd_�[�mocµuwe�a�Y�u`_`]`iLl#_biD]�[�~�lwvL[^cd�hYSu·eh]k[^]`]`mz¡F[^~ou5e^f
uwmz�hc\[�~��}�\eh]5u`iLl#vµu`mo_`iL[^_`mzehc�pF¤kY�ZD]`e�Z8e�uwY
[(cdY?¤Pa�eW WYS~8_`vL[^_�lS[^c�_`]`Y-[^_k_`vdY¢l#vL[^cd�hYSu·e^f5[�iD_beh]`Y?��]`Y?u`u`mo¡tY�e�]� WYS]�¤kmz_`vdmoc©_`vdY{_`mza�Y{uwYS]`moYSu� d[^_�[W�
¼ÉY£³L]`uw_b~os�Y#�W_`YSc\ µ_`vdY�_`moa�Yn��¡F[^]`stmzcD�{lneFY#ª¦lnmoYScd_5[�iD_beh]`Y?��]`Y?u`u`mo¡FY·a�eW WYS~=_`e{v\[�¡qY4_`moa�Yn��¡F[^]`stmzcD��eh]� tYS]5e^f}[^id_`e�]`Y?�h]`YSu`u`moehc�p
[^cL {mz_�mou5[^~zu`e([�uwu`ida�Y� (_`v\[�_
_`vdY�[^id_`eh]`YS�h]`YSu`uwmz¡tY4lnetYnª¦lnmoYScd_`u}[�]`Y·ZL[^]�[^a�YS_`]`mo«SY- ¢�ts0_bvDY4]`ete�_`u}e^f!l#vL[^]�[hln_`YS]`mou`_`m§lNY-±qiL[^_bmoehc
moc¯eh]� tYS]{_`e�a;[^�hY®[� Wmz]`Y�ln_0YSuw_bmoa;[^_`mzehcJe^f5Z!Y�[��tu�e^f·Z\e�¤4YS]�uwZLY�ln_`]`ida��{|kvDYScJ¤kY¢mocd_`]`eq WiLlnY;[µÊh�hYScdYSÊ©_be©Yn�WZD]`YSu`u{_`vdY
lwvdehm¥lnY{e^f5Z\Y-[^�tu�f°]`eha6_`vdY¢uw_�[�_`Y¢¡tY-ln_`eh]�e�f£_`vdY¢a�ed tYS~}[^cL ¯[^ZdZD~zs©�hYScDYS_`m§l�ehZLY?]�[^_bmoehcdu�_`e�_`vdY¢�hYScDY¢_`e�e��D_�[�moc¯ehZD_bmoa;[^~
u`Y?~zY�ln_`mzehc®e^f
Z\Y-[^�tu4[^cL µ[^id_`eh]`YS�h]`YSu`uwmz¡tY·e�]n tYS]-� � cdeh_`vdYS]4Z\[^]�[�aµYS_`YS]`u5mocµu`_�[^_bY�¡tY-l#_beh]-phu`iLl#v�[^u5Z\[�]�[^a�YS_`YS]`u£_bv\[�_4uwZLY�lnmËf°s
_`vdY�u`Z\Y-ln_`]�[^~�Z!Y-[^�tu-p·[^]`Y�YSu`_`mza�[�_`Y- ¹�Ds¸[Ju`_�[^_bY�Y?u`_`mza;[^_`moe�c�a�Y?_bvDeD ¸fAe�];cdehcW��²{[^idu`uwm§[^c�a�eW WYS~�uwmzc\lnY�ehid];a�eW tYS~�mou
cdehcD~zmocdY-[^]`~os(fAeh]`a¢iD~§[^_`Y- !� � uk[0a�YS_`vdeL ¢f°eh]5cdehct�b²{[^idu`uwm§[^c¦u`_�[�_`Y�Y?u`_`mza;[^_`moe�c
pF¤kY4iDu`Y0´�e�cD_`Ykgk[^]`~oe(³L~o_b]`Y?]5Zd]`ehZLehuwY- µ�Ds
r�mo_�[^�F[?¤·[tÆ��?�h���hÇS��|·vDY¢´©ehct_`Y0gk[^]`~ze(³\~z_`YS]�vL[^u·u`moa�mz~¥[^]4Zd]`eLlnY� tid]`Y�_`e���Y?cdYS_`m¥l{[�~o�heh]`mz_`vDa¶Yn�LlnYSZd_�_`vdYS]`Y�mzu·cde�ln]`ehu`u`eh¡hY?]
ehZdYS]�[^_`moe�c
�5jte�[�lneh~o~§[^�!eh]�[^_`mzehc¦�!YS_y¤4YSY?c�´©ehcD_bY{gk[^]`~ze®³L~o_bY?]k[^cL ¦�hYScdY?_`m§l{[^~o��eh]`mo_`vda6lS[^c©Y-[^u`mo~zs¦�LY¢ tehcDYq�
xycJ_bvDY;fAeh~z~oe�¤kmocd�hu-p�¤4Y�³L]`uw_b~os�uwida�a;[^]`mo«SY;_`vdY;�L[^uwm§l�e�f%_bmoa�Y;uwYS]`mzY?u¢a�eW tY?~£f°eh]¢_bvDY;cdehcduw_w[^_`moe�c\[^]`s�u`Z!Y�ln_`]�[^~4[^cL[^~osFuwmzu
�d]`moYnÌ\sFpD[^cL �cdYn�d_�¤£Y¢ WYn³LcDY¢ehid]�a�eW WYS~8fAeh]�_`vdY®[^cL[^~osFuwmzu�mzc¨_bvDY¢u`mo_`iL[^_`mzehc©a�YScD_bmoehcdY� �[^�\eh¡hYq��jWY-lnehcL W~zstpW_`vdY¢aµYS_`vdeW 
f°eh]�u`_�[^_bY{Y?u`_`mza;[^_`moe�c¨mzu�Yn�dZd~¥[�mocdY� !�£|kvdY¢ZD]`eWlnY- Wid]`Y¢e^f5´�e�cD_bY¢gk[^]`~oe�³\~z_`YS]`mocd��mou�u`iDa�a;[^]`mz«?Y- ©[^cL ©_`vdY{iDu`Y¢e^f5�hY?cdYS_`m¥l
[^~z�heh]`mo_`vda¶moc�ehid]�a�eW WYS~=mouka�Y?cd_`mzehcDY- ®vdY?]`Yq�}�
mocL[^~z~osdpW[(u`moa�Zd~oY{u`moa¢iD~§[^_`mzehc\[�~=Y#�WZ\YS]`moa�YScD_Nu`vDeh¤·u·_`vdY�Ynª¦lnmoYScLl#s�e^f
ehid]
a�eF tYS~�_beµYSu`_`moa;[^_bY{cDe�cDu`_�[^_bmoehcL[^]`s�uwZLY�ln_`]�[�~�ZLY�[^�Fu�¤kmo_bv©lnv\[�cD�hYSu4e^f}_`vdY{cdiDa¢�DYS]4e^f}Z\Y-[^�tu-�



Í-Î Ï

� �0Æ��hÇ

�
Æw�kÐ2ÑÒ-ÓwÔ Î�Õ#Ö�×ØnÙAÚ Û�Ü Ç�ÆyÇ`Ý Ï

� �0Æ��hÇ

�
Æw�4Ð2ÑÒ�Þ#Ô Î�Õ-Ö`×Øyß�Ú Û`Ü Ç�ÆyÇ`Ý ÏáàSà?à Ï

� �0Æ��hÇ

�
Æ��£Ð2ÑÒnâ Û Ô Î Õ Ö�×Ønã Û Ú Û Ü Ç�ÆyÇ Ý

Ï¢ä Î

ÆyÇ Ý  WYScdeh_`YSu�lnehc-�wid�F[^_`Y{ZL[^mz]�e^f
ZD]`Y-lnY� tmocd�;l#eha�Zd~oYn�

åNæAçWè8é#ê¯ëdì�íDêhîDè!ê�ï!ð�æ�ñqòNó�ô!ó�ð#ê^õ÷öFø%ùµú�ûwüLý�þ-ödï�ó`æ�ó�ðSó0ötø�ó�ê�ò°êhþ�ðnêqÿ��
êqñ��!ó
T Á©Â����
�
½	��
�X � |kxb½	
�!Y?_£iDu�lnehcdu`m¥ tY?]k_`moa�Yn��¡h[^]`sFmocD��lneFYnª¦l#mzY?cd_k[^id_`eh]`YS�h]`YSu`uwmz¡tY�a�eW WYS~8e^f}_`vdY%f°eh~o~z¤kmocd�®f°eh]`a�p
ä Î� Þ â Û���� Ó�� � Ô Î ä Î�� � � Í Î Æ��?Ç

¤kvdY?]`Y Í Î mou�m�� m��  !��]�[^cL teha*¡h[�]`m¥[^�d~oY�e^f�cdeh]`a;[^~
 Wmzu`_`]`mo�diD_bmoehc�¤kmo_`v©«SYS]`eµa�Y-[^c�[^c\ �_`moa�Yn��¡h[^]`stmzcD��¡�[^]`m¥[^cLlnY�� Þ �}¼¬Y0[^~ou`e
[^u`u`iDa�Y�_`vdY{eh]� tY?]ke^f5[^id_`eh]`YS�h]`YSuwu`moe�c¯ WYScdeh_`Y- ©�ts�� Î mzu�¡F[^]`stmzcD��¤kmz_`v©_`moa�Yq� � s�idu`mocD����e�Z\YS]�[^_`eh]-pW¤kvdm¥lnv¦u`vDm fA_bu�_`moa�Y
[^u�� ä Î  ä Î�� Ó pW_`vdY¢[^�Leh¡hY�a�eL tY?~8lS[^c©�LY{¤k]`mo_`_bY?c¯[�u·fAeh~z~oeh¤ku-p��

�£Ð
Þ â Û�� � Ó�� � Ô Î � �"!# ä Î� Í Î Æy�hÇ

� u`u`iDa�Y�_`vL[^_%[^~o~8_`vdY�]`eWeh_`u4e^f5l#vL[^]�[hln_`YS]`mou`_`m§l%Y-±qiL[^_bmoehc

�NÐ
Þ â Û�� � Ó � � Ô Î � �  � Æy�hÇ

[^]`Y0l#e�a�ZD~zY#�=Æylnehc?��id�F[^_`Y�ZL[^mo]�Çk WYScdeh_`Y- ;�ds¯ÑÒ%$�Ô Î�Õ"& Ö ×Ø('�Ú Û p*)  �,+w�-+ à?àSà +.� Î ��|kvdY{_`moa�Yn��¡F[^]`stmzcD�¢[^iD_beh]`YS�h]`Y?u`u`mo¡FY�a�eL tY?~�Æw�?Ç
lS[^c¦�LY{]`Y?¤k]`mz_`_`YSc©�ds®idu`mocd��lnehc?��id�F[^_bY{Z\[�mo]�e�f5l#vL[^]�[hln_`YS]`mou`_`m§l%]`eFeh_`u�[�u£f°eh~o~oe�¤ku�p
â Û/$ � Ó10 �£ÐUÑÒ $^Ô Î Õ Ö ×Ø '#Ú Û �"2 0 �£Ð ÑÒ $�Ô Î Õ � Ö ×Ø '�Ú Û �"2 ä Î� Í Î Æ��FÇ

� s;l#e�cDu`m¥ tYS]`mocd��Y�±hi\[�_`moehcJÆA�FÇ4[^u� d[^_�[(�hYScdYS]�[^_`moehc�ZD]`eWlnY?u`u4moc©¤kvdm¥lnvµ¤kvDmz_`Y{cdehmou`Y Í Î mzu£f°Y- ¦mocd_`e(_`vdY{Zd]`eWl#YSu`u-pdmz_kl?[�c©�\Y
¤k]`mo_b_`YSc¦moc©u`Y-±qidYScD_bm¥[^~DuwsFuw_bY?a e^f}u`Y�lnehcL ¦eh]� tYS] � �Pa�eW tY?~zu�[^u�u`vDe�¤kc�moc¯�
mo�hid]`Y;�h�
�eh_bY�_`vL[^_��ts;l#e�a�Z\[^]`mzcD��Y-±hi\[^_bmoehc¯Æy�hÇ4[^cL ¨Æ��FÇ#pF_`moa�Yn��¡F[^]`stmzcD�¢l#eFYnª¦lnmoYScD_bu·lS[^c©�LY�m§ WYScd_`mË³LY- ��ds�l#vL[^]�[hln_`YS]`mou`_`m§l·]`ete�_`u-p
[^cL ¦¤kY�idu`Y¢_`vDmzu·f�[�l#_kfAeh]k_`vdY� tYn³\cdmo_bmoehc©e^f5ehid]�a�eW WYS~��5|kvDmzu�_bstZdY�e�f}aµeW tYS~omocd��moukZD]`ehZ!ehu`Y- ¦�ds¦xy�heha;[FÆ��?�h�h��Ç·Yn�LlnYSZd_
_`vdY�e�]� WYS]�e�f}_`vDY�a�eL tYS~=mou�¡F[^]`sFmocd��¤kmo_`v©_bmoa�Yq�



Æ Ò^ÓwÔ Î +43 ÓwÔ Î Ç Æ Ò?Þ#Ô Î +.3 Þ#Ô Î Ç ànàSà Æ Ò $?Ô Î +.3 $^Ô Î Ç àSà?à Æ Ò65�Ô Î +43 5�Ô Î Ç
7tÓwÔ Î 7hÞ#Ô Î ànàSà 78$-Ô Î àSà?à 7"5�Ô Î
� � � � � �9 9 9 9 9 9 9 94:

; ; ; ; ; ; ; ; <
======== >

Æ#ÑÒ�Ó`Ô Î + Ñ3 ÓwÔ Î Ç ÆSÑÒ�Þ#Ô Î + Ñ3 ÞnÔ Î Ç à?àSà ÆSÑÒ â Û Ô Î + Ñ3 â Û Ô Î Ç � Î1 5���� Ó 7 � Ô Î
åNæ°çdè!é#ê�ü!ì�íDê-òAêhþ�ðwæ°ödï¸öFø?�}êhñ@�=ó	A=ô�çdê^ï8ê

gk½0º5���
xbg4xbºB
�|%j
�Deh]
_bvDY5Yn�dZd~om¥lnmo_�cdeh_�[�_`moehc�e^f8[^id_`eh]`YS�h]`YSu`uwmz¡tY4l#eFYnª¦lnmoYScD_bu�pS¤kYN³L]`u`_`~os� tYScDe�_`Y�lnvL[^]�[hln_`YS]`mou`_`m¥l}]`eFeh_`u}�dsDC � Ô Î pFE  �8+ à?àSà +.� Î p
[^u4Y�±hi\[�_`moehc�Æ��FÇ4�\Y-l#eha�YSu
Þ â Û/��� Ó Æ��£ÐGC � Ô Î �^Ç ä Î  Í Î Æy�hÇ

¤kvdY?]`Y	C � Ô Î�H u�[�]`Y¢ WYn³LcDY- C � Ô Î JI ÑÒ6$-Ô Î�Õ Ö ×Ø.'#Ú Û E®mzu�ed d !p
ÑÒ6$-Ô Î�Õ � Ö ×Ø('#Ú Û E®mzu�Y?¡FY?c�p Æy�hÇ

f°eh]�) LK ÆME%�2�?Ç(Nh�PO�pWvdY?]`Y K à O
mou�²{[^idu`u H u·u`sta��deh~��N|kvdYSc©¤4Y0l?[�c©Y#�WZd~om¥lnmo_`~zs� WYScdeh_`Y¢[^id_`e�]wYS�h]`YSu`u`mo¡tY0lnetYnª¦lnmoYScD_bu
� � Ô Î  Æ`Ð(�?Ç � �Q.R Ù(STS S Q4R U C Ö Ó ànàSà C Ö � Æy�hÇ

¤kvdY?]`Y�u`iDa�a;[^_bmoehc©mzu�_�[^�hYSc�V`�8+ à?àSà +.VWEdpFf°eh]�[�~o~
l#eha��dmocL[^_bmoehcµe^f}Y-[hlnv© tmYX!YS]`Y?cd_4¡h[�~oidYF�
´¯½{X�ºB��X�º5�
x(
�xy|kxb½	

g4ehcdu`m¥ tY?][Z lnehc-�wid�F[^_`Y®Z\[^mz]`u¢lnv\[�]�[hl#_bY?]`mzuw_bm¥l�]`eFeh_bu{¤kvdY?]`Y;_y¤km¥lnY�e^f�Z mou¢iDZdZ\YS]0~omoa�mz_¢e^f�[�iD_beh]`Y?��]`Y?u`u`mo¡tY¢eh]� tYS]-��¼ÉY
 tY#³LcdY¦[©u`_�[^_`Y¦u`Z\[hlnY;a�eW tY?~·¤kmz_`v¬eh�duwYS]`¡F[^_`mzehcJY-±qiL[^_`mzehc¹mzu¢�\[^u`m¥lS[^~z~os tYn³\cdY- J�Ds¯_`vdY¦Y�±hi\[�_`moehc�Æ��SÇ¢¤kmo_`v¬Y-±qiL[^_`mzehcdu
Æy�hÇ#pËÆy�hÇ#pW[^cL ¦uwsFu`_`YSa*Y-±qiL[^_`mzehc©lnehcduwmzuw_bu�e^f}~omzcDY-[^]kZ\[^]`_
Ñ\ Î  Ñ\ Î�� Ó �^] Î Æy�hÇ

[^cL ;cdehcd~omocdY-[^]�ZL[^]`__ Î a` Æ _ Î�� Ó +b]dc Ô Î Ç Æ��hÇ



� s�cDeh_bmocd�µ_bvDY{u`_�[�_`Y�¡FY�ln_`e�]\ Î fe Ñ\hg Î + _ Îji g Æ��?��Ç

u`stu`_`YSa¶Y�±hi\[�_`moehc©mzu�¤k]`mo_`_bY?c�[^u·f°eh~o~zeh¤kmocd���hYScDYS]�[^~=f°eh]`a\ Î1 _ Æ \ Î�� Ó +(] Î Ç Æ��h�?Ç

jt_�[^_`Y�¡tY-ln_`eh]4e^f
~omocdY-[^]�ZL[^]`_%l#e�cDu`mou`_`u�e^f}ZL[^]�[^a�YS_`YS]`u�e^f5lwvL[^]�[hln_`YS]`mou`_`m§l%]`eFeh_`u%[^c\ ¦¡F[�]wm§[^cLl#Yqp

Ñ\ Î  eYk g Î +43 Î +.� ÞÎ i g Æ��?��Ç
[^cL ;¡FY�ln_`e�]·e�f�u`stu`_`YSa*cdehmou`Y] Î le ] gm Ô Î +(] g Ø Ô Î +.npo Ô Î i g Æ��?��Ç

¤kvdY?]`Y K à O g  tYScDe�_`YSu�_`]�[^cduwZLehu`Y{e^f�¡FY�ln_`e�]-pW[^cL ¦_`vdY�fAeh~z~oeh¤kmzcD�hu4[�]`Y{_`vdY¢ WYn³LcDmz_`moehc�e^f}_`vdY{¡hY�ln_`eh]`u4iduwY- ©[^�\e�¡qYqpk ÎqrK Ò ÓwÔ Î + à?àSà + Ò 5�Ô Î O g Æ��#�qÇ3 Î LK 3 Ó`Ô Î + à?ànà +43 5�Ô Î O g Æ��?��Ç] m Ô ÎsrK n m Ô ÓwÔ Î + ànà?à +4n m Ô 5�Ô Î O g Æ��?��Ç

[^cL  ] Ø Ô ÎtrK n Ø Ô ÓwÔ Î + àSà?à +4n Ø Ô 5�Ô Î O g Æ��?��Ç
� ~z_`vdehiD]`v(¤4Y5vL[^¡hY}u`Y?¡FYS]�[^~Wlwvdehm¥lnY5e^fD_`vDYk Wmzuw_b]`mo�diD_bmoehc(e^f=u`stu`_`YSaUcdehmou`Y·u`mocLl#Y5¤kY5¤kmo~z~FiduwY4cDehct��²{[^iduwu`m¥[�c¢u`_�[^_bY·YSuwmza;[^_`moe�c
a�YS_`vdeF 8pqvDeh¤NYS¡hYS]}fAeh]N_`vdY%Zd]�[hln_`m§l?[�~L]`Y-[^u`ehc
pq¤4Y�[^u`u`iDa�Y�²{[^idu`uwm§[^c� Wmzuw_b]wmz�Did_`mzehc®fAe�]5Y�[�l#v�mo_`YSa�u·e�f�u`stu`_`YSaÅcdehmou`Y�¡FY�ln_`eh]
¤kmo_bv©lneha�a�ehc©¡F[^]`m§[^c\lnY�moc�] m Ô Î pu] Ø Ô Î [�c\ v]wo Ô Î �}|kvdY{¡h[^]`m¥[�c\lnY�Z\[^]�[�a�Y?_bY?]`u�[�]`Y¢ WYScdeh_`Y- ¦�dswx Þm pux ÞØ [^c\ �x Þo �
�ehcd~omzcDY-[^]4ZL[^]`_ke^f}uwsFu`_`YSa Y-±qiL[^_bmoehc©vL[^u�u`_�[^_`Y0¡tY-l#_beh] _ Î e^f}�dmo_4u`Y-±qidYSc\lnY{¤kmo_bv©~oYScD��_`vyZ p_ Î rK 7qÓwÔ Î + à?àSà + 7P5�Ô Î O g Æ��?��Ç

[^cL ;¤kY0lS[^~o~ _ Î Êh�hYScdY?Ê�e^f}�hYScdY?_bm¥l{[^~z�heh]`mo_bvDa moc¯²�eh~¥ t�\YS]`�dÆ��S�h�h�hÇS�}|kvdY�f°iDcLln_`moehc ` Æ à + à Çk WYScdeh_`YSu�_`vdY{]`YSuwid~o_ke^f}�hYScdYS_`m¥l
ehZdYS]�[^_`moe�cDu�u`i\lnv©[�u�a�id_�[^_bmoehc�[^c\ ¯ln]`ehu`uwe�¡qYS]-�£|kvdY{�hYScdY¢¤keh]`�tuk[^u�_`v\[�_�m f?)h��_`v¯�Dmz_�mou�Y-±qiL[^~
_`e¯��pL_`vdY®l#e�]`]`Y?u`Z\ehcL tmocd�
ZL[^mo]5e�f�lnvL[^]�[hln_`YS]`mou`_`m¥l5]`edeh_£ WYScdeh_`Y- ;�ts Ò6$^Ô Î�Õ & Ö Ø.'�Ú Û mou5iDu`Y- ;mzcµeh�Du`YS]`¡F[^_`moe�c®Y-±qiL[^_`moe�c
pFe�_`vDYS]`¤kmzuwYqpFm�� YF��[^cDe�_`vdY?]z)@{z��_`vµ�Dmz_
mou4Y-±qiL[^~8_`e��WpF_`vdY¢l#e�]`]`Y?u`Z\ehcL tmocd�µZL[^mz]�mou�cdeh_kiDu`Y- !��|kvDmzu�mou�mz~o~oidu`_`]�[^_`Y- ¦moc¯�
mz�hid]`Y{�d�
|kvdY%f°iDcLln_`moe�c©e^f}�hYScDY�mou�¤k]`mz_`_`YSc¯[^u�_bvDY¢[^id_`e�]`Y?�h]`YSu`u`mo¡tY�cDe�_�[^_`mzehc©[�u·fAeh~z~oeh¤ku-p5/$ � Ó}| �£Ð 78$^ÒP$^Ô Î�Õ Ö Ø '�Ú Û �,~ | �£Ð 7F$qÒ $-Ô Î�Õ � Ö Ø '#Ú Û �"~ ä Î  Í Î Æ��?��Ç


�eh_bY£_bv\[�_
moc®e��Du`YS]`¡t[�_`moehc0Y-±hi\[^_bmoehcµ tYn³LcDY- ¢�ds%_`vdY·Y-±qiL[^_`moe�c;Æw�?ÇSpdÆ��hÇ
[^cL ;Æ��hÇSp�moc®Y-±hi\[^_bmoehc¦Æ��hÇSp�ehcd~os(_bvDY4lnv\[�]n[�l#_bY?]`mzuw_bm¥l
]`eheh_bu�_`vL[^_�vL[^¡hY�¡F[^~oidY®�0e^f5lneh]`]`YSu`Z\ehcL WmzcD���dmo_ke^f��hYScdY¢[^]`Y{iduwY- ©[^u�C � Ô Î �
�d��¿µG#T��{¿;G?Á�9
´¯½�
�|�º¹g � �p�
½ �
x(�d|%º5�
jtmocLl#Y{_bvDY¢a�eW tY?~� WYn³LcDY- ©moc¯_`vdY�Zd]`YS¡tmoe�iDu�u`Y�ln_`mzehc¨mzu�cDehcd~omzcDY-[^]-p=¤kY{vL[?¡qY{_be�iduwY¢cdehct�b²{[^idu`uwm§[^c©³\~z_`YS]wmzcD�;a�Y?_bvDeD �f°eh]
_`vdY{u`_�[^_`Y¢YSu`_`moa;[^_bmoehc�� � u�_bvDY¢u`_�[^_`Y¢YSuw_bmoa;[^_`mzehc¯a�Y?_bvDeW !p=¤kY{iDu`Y®´©ehcD_bY¢gk[^]`~oe�³\~o_bY?]�Zd]`ehZLehuwY- ©�Ds�r�mo_�[��F[^¤£[tÆ��?���h�hÇSp
[^cL ;¤kY�¤kmo~z~=�D]`mzY#ÌLs�u`iDa�a;[^]`mz«?Y0_`vDY0a�Y?_bvDeW ©[^u·f°eh~o~zeh¤ku-�



�!Y?_£iDu·³L]`u`_� tYScDeh_bY�_bvDY{eh�du`YS]`¡t[�_`moehc��Ds�-� rK ä Ó + à#àSà + ä ��O g Æy�h��Ç

|kvdY;[^mza÷e�fk³L~o_bY?]`mzcD��mou¢_`e¯YSu`_`moa;[�_`Y�_bvDY¦lnehcL Wmz_`moe�c\[^~4 tmou`_`]`mo�diD_bmoehc¬e^f�u`_�[^_`Y¦¡tY-ln_`eh]0�hmo¡FYScJeh�duwYS]`¡h[^_bmoehc¬u`i\lnv¬[�u�e�cDYn�
u`_`YSZW��[^vdY-[h ®ZD]`Y- tm¥ln_`moe�c© tmou`_`]`mo�did_`moehc[�!Æ \ ÎP� � Î�� Ó Ç5[^cL �³L~o_bY?]`mzcD�� tmou`_`]`mz�Did_`moe�c��!Æ \ Î6� � Î ÇS��xycµ_bvDY0´�e�cD_`Y�gk[�]`~oe0³L~o_bY?]-pF_bvDYSu`Y
cdehcW�5²{[^iduwu`m¥[�c© tmou`_`]`mo�did_`moehcdu�[^]`Y([^ZDZd]`e?�dmoa;[^_bY?~zsµ]`YSZD]`YSu`Y?cd_`Y- µ�tsµZL[^]`_`m¥ln~oYSu�_`vL[^_k[^]`Y0un[^a�Zd~oY- ;f°]`eha¶_`vdY¢ Wmzuw_b]`mo�diD_bmoehcdu
[^u5fAeh~z~oeh¤ku-p�6� ÓwÔ Î + àSà?à + �t� Ô Î%� mou·u�[^a�Zd~oY- ;f°]`eha��!Æ \ Î � � Î�� Ó Ç Æy�d�?Ç��� Ó`Ô Î + àSà?à + � � Ô Î � mou�u�[^a�Zd~oY- �f°]`ehar�8Æ \ ÎP� � Î Ç Æy�h�hÇ

¤kvdY?]`Y5Y-[hlnv � � Ô Î [^cL  � � Ô Î _w[^�tYSu
[%¡F[^~oidY5e^f=u`_�[^_`Y4¡tY-ln_`eh] \ Î � � s(uw_w[^]`_`mocd�%fA]`e�aÅ[^ZdZd]`ehZd]`m¥[^_`Y4mocdmo_`m§[^~D Wmzuw_b]`mo�diD_`mzehc	�!Æ \}� � � � Ç
[^cL ©[^~o_bY?]`cL[^_`mz¡hY?~zs©lS[^~§l#id~¥[�_`mocd�µ_bvDY® tmou`_`]`mo�did_`moehcdu�e^f5ehcdY#��u`_`YSZt�b[�vDY-[h ¦Zd]`Y- Wm§l#_bmoehc�[^cL ;³\~z_`YS]`mocD�DpL¤kY0l?[^c�Y?u`_`mza;[^_`Y¢uw_w[^_`Y
f°eh]�[^~z~�_`mza�Y[�  �8+ à?àSà +.�É��|kvDY®lS[^~¥lnid~¥[^_`mzehcJe^f5Y-[hlwv¯ tmou`_`]`mo�did_`moehc¯mou([^u�fAeh~z~oe�¤ku���½�cDYn��u`_`YSZW��[^vdY-[h �Zd]`Y- tm¥ln_`moehc¯mou( WehcdY
�tsµu`moa�Zd~os�[^ZdZd~ostmzcD��Y-[hlnv¦ZL[^]`_`m§ln~oY{_`e�u`stu`_`YSa*Y-±qiL[^_`mzehcJÆ��h�?Ç#p� � Ô Ît _ Æ � � Ô Î�� Ó +(] � Ô Î Ç Æy�h�hÇ

�ts(�hYScdY?]�[�_`mocd�(]�[^cL tehaÅ¡tY-ln_`eh]q] � Ô Î [�l?lneh]� tmocd�(_`e{_`vdY{ tmou`_`]`mz�Did_`moe�c;e�f�u`sFuw_bY?aÅcdehmzuwYp] Î �}�\eh]
³\~z_`YS]`mocd�Lp^³L]`u`_`~os�lS[^~¥lniD~§[^_`Y
_`vdY�~zmo�FY?~zmovdeheW ¦e^f}Y�[�l#vµZL[^]`_`m§l#~zY{�Ds� � Ô Î  �!Æ ä Î6� � � Ô Î Ç Æy�^�FÇ

cdeh_`Y·_bv\[�_5_`vdmou4lS[^cµY-[^uwmz~os�l?[�~¥lniD~§[^_`Y- ®�Ds(Z��  !� f`��e�f�²{[^idu`uwm§[^c� Wmzu`_`]`mo�diD_bmoehc®f°]`ehaÅZd]`Y� tm¥ln_`mzehcµY?]`]`eh]Ne^f ä Î [^cL �e��Du`YS]`¡F[^_`moe�c
¡h[^]`m§[^cLl#Y�� Þ ��|kvDYSc�[hlSl#eh]� tmocd��_`e;_`vdY�¡�[^~oidY{e^f5~omo�FY?~zmovdeheW  � � Ô Î pD¤kY¢l?[�c¨eh�d_�[�moc©_`vdY{³\~z_`YS]`mocD�;Z\[�]w_bm¥ln~oYSu��Ds�]`YSun[�a�ZD~zmocd�[^u5fAeh~z~oeh¤ku-p

� � Ô Î ���� ��
� ÓwÔ Î ¤kmo_`v©Zd]`eh�L[^�dmo~omz_`s � ÓwÔ Î N1� ���� ���� � Ô Î ¤kmo_`v©Zd]`eh�L[^�dmo~omz_`s � � Ô Î N � � Æy�h��Ç

¤kvdY?]`Y	� �  ��� � Ó � � Ô Î �B�8eh���y~zmo�FY?~zmovdeheW ¦e^f}_`vdY{a�eW WYS~
l?[�c¦�!Y{lS[^~§l#id~¥[^_bY� µfA]`eha _`vdY{]`Y?u`id~o_ke^f�³\~z_`YS]`mocd��[^u·f°eh~o~oe�¤ku�p
� Æj�=Ç  ��

Î � Ó ~oe����8Æ ä Î � � Î�� Ó Ç�� ��
Î � Ó ~zeh� �� �� ��� � Ó � � Ô Î !# Æy�h��Ç

²{ºB
�º�|kxbg2½0�5º5� � |kxb½	

|kvdY?]`Y4mou4[%]`Y?u`Y-[^]�lnv®e^f
[%uwmza�mo~¥[�]`mo_`s(e^f
´©ehcd_`Y4gk[^]`~oe�³\~z_`YS]4[^cL ���Y?cdYS_`m¥l4[^~o�heh]`mz_`vdaÅ�ds�È�mo�hiLlnvDm°Æ��?�h���hÇS�=xycµ_`vdmou5]`YSuwY-[^]�lnv�p
ZL[^]`_`m¥ln~oYSu0[^ZdZ\Y-[^]�moc¬´©ehcd_`Y¢gk[�]`~oe�³\~z_`YS]0[^]`Y®l#ehcdu`m¥ tY?]`Y- J[�u�mzc\ tmo¡Fm¥ ti\[�~%p [^cL �ehcdYn��uw_bY?Zt��[^vdY�[� ¨ZD]`Y- tm¥ln_`moe�cJlneh]`]`YSu`Z\ehcL Wu
_`e�a�id_�[^_bmoehc�ph³L~o_`YS]`mocd��lneh]`]`Y?u`Z!ehcL Wu4_`e�uwYS~zY�ln_`mzehc
�}|kvdmou�]`YS~¥[^_bmoehcdu`vDmzZDuk[^]`Y{u`iDa�a;[�]`mo«SY� ¦mzc©|N[^�d~oY®�h�
|kvtidu}´©ehcd_`Y4gk[^]`~ze0³L~o_`YS]}mzu}Y-±qidmo¡F[^~zY?ct_�_`e{[�u`Z!Y-l#m§[^~DlS[^uwY4e^f=�hYScdY?_bm¥l�[^~o��eh]`mo_`vda ¤kmo_`v®«SYS]`e{l#]`e�uwu`eh¡hYS]
]�[^_`Yq��|kvdY·]`YSuwY-[^]�lnv
Zd]`ehZDe�uwY- J_`e¨[^ZDZd]`eF[hlnvJ�Leh_`v¬fA]`eha ´©ehct_bY¦gk[^~o]`e�³\~o_bY?](_`e¯�hYScdYS_`m¥l;[^~z�heh]`mo_bvDa [�c\ J¡tm§lnY�¡FYS]`un[d�;xyc¬ehid]¢]`YSuwY-[^]�lnv�p�¤kY
mocLlneh]`Zdeh]�[^_`Y- ¨�hYScdY?_bm¥l�ehZLY?]�[�_`moehc�mocd_`e�´©ehcd_`Y®gk[^]`~ze¦³L~o_bY?]0�ds© tYn³\cdmocd��_`vdY�u`_�[^_`Y®¡tY-ln_`eh]�e�f·ehid]{a�eW tY?~5[^u0ZD]`YS¡Fmoehiduw~zs
 tY#³LcdY� !� � s�_`vdmou® WYn³LcDmz_`moe�c
p8_`vdY;�hY?cdY _ Î e^f�u`_�[^_bY�¡FY-l#_beh]{u`YS~oY-ln_`u{u`Z!Y�ln_`]�[�~NZ!Y-[^�Fu{fA]`eha ~omzcDY-[^]¢ZL[^]`_(e^f�uw_�[�_`Y;¡tY-ln_`eh]
 tY?cdeh_`Y- ¬�Ds Ñ\ Î �Ixyc¹_bvDY¨[��\eh¡hY;cDe�_�[^_`mzehc�e^f{´©ehcd_`Y©gk[^]`~oe�³L~o_`YS]¢fAeh]µehid]�a�eW tYS~�p£Y-±qiL[^_`mzehc Æy�h��Ç®l#e�cD_w[^mocdu�Y-±qiL[^_`mzehc
Æy�hÇkmou{_bvDY®�hY?cdYS_`m¥l�e�Z\YS]�[^_`moehc�mocLl#~zi\ tmocd��a�iD_w[^_`moe�cJ[�c\ Jln]`ehu`u`eh¡hY?]-� � ~z_`vdehid�hvJu`Y?¡FYS]�[^~�ZL[^]�[^a�YS_`YS]`u{u`i\lnv�[^u{a�id_�[^_bmoehc
[^cL Jln]`ehu`uwe�¡hYS]{]�[^_bY�fAe�]¢�hYScDYS_`m§l�ehZ\YS]�[^_bmoehc�p�_`vdY?s¨l?[^c¬�LY; tY?_`YS]`a�mocdY- J�Ds�a;[-�dmza�mo«Smocd��_`vDY;~zmo�tYS~omzvDe�ed ¨f°iDcLln_`moe�c¬[^u¢moc
� ��[^mo�hY�Æ��?�h�h��ÇS�



�kñ�A=ò°ê©ëdì�ú{ê�ò�ñtðwæ°ödï�ó��\æM�^A�ê�ð4��ê�ê^ïJçdê�ï!ê�ðwæ�þ;ñhòAçWödéwæAð��8õ ñtï�ÿ^�öWï=ðnê¡ �ñté�ò°ö£¢8ò°ð#ê^é�æ°ï8ç
�hYScDYS_`m¥l0[^~o�heh]`mz_`vda ´©ehcd_`Y0gk[^]`~oe�³\~z_`YS]`mocd�
Z\e�ZDid~¥[^_bmoehc  tmou`_`]`mo�did_`moehc
mzc\ tmo¡Fm¥ ti\[�~ ZL[^]`_`m§l#~zY
a¢iD_�[�_`moehc ehcdYn�yu`_`YSZt��[^vDY-[h ¦Zd]`Y- Wm§l#_bmoehc
ln]`ehu`u`eh¡hY?] �
³L_`cdY?u`u ~omz�tYS~omzvDeheW 
u`YS~oY-l#_bmoehc ]`YSun[^a�Zd~omzcD�

0 100 200 300
 t-10.0 

  0.0 

 10.0 
y(t)

å5æ°çWè8é#ê�¤!ì�íWæ°õ¯è=ò�ñFð�æ°ödï¬ÿ!ñtðSñ
��GnT Ãv���{¿µG-Á�9
� u`mzaµZd~oY�u`moa�id~¥[�_`moehcL[^~DY#�WZ\YS]`moa�YScD_NvL[^u·�LY?YSc© tehcdYq��¼ÉY·³\]`u`_`~os��hYScDYS]�[^_`Y0[^c�[^]`_`m ³!lnm¥[�~=_`moa�Y�uwYS]`mzY?u4�ts®u`moa�id~¥[�_`moehcµ¤kmz_`v
_`mza�Y�¡�[^]`stmzcD�¨l#eFYnª¦lnmoYScD_(¤kmo_`v_`vd]`Y?Y¦ tmYX!YS]`YScD_(eh]� tY?](e^f{[^id_`eh]`YS�h]`YSu`uwmzehc���|kvdY�~oYScd�h_`v¬e^f0 D[^_w[¯mou®�h�h��[^cL ¬_`vdY?sÉ[^]`Y
 tmo¡tm§ WY- ¦mocF_`eµ_bvD]`YSY{ZL[^]`_0lneh]`]`YSuwZLehcL WmzcD��_beµ_bvDY¢_`vd]`YSY¢ Wm¥X8YS]`YScd_�[^id_`e�]`Y?�h]`YSu`u`mo¡hY{eh]� tY?]-pD_`vdY�³\]`u`_�ZL[^]`_kv\[�u�eh]� tYS]��dpD_`vdY
u`Y�lnehcL ;e�]� WYS]��LpD[^cL ¦_`vdY{~¥[^u`_�ZL[^]`_kv\[�u�_`vdY{eh]� tY?]ke^f·�W�N|kvdidu·_`vdY{cdida��dY?]�e^f}ZLY�[��©[�]`Y;�hp �dp\[^cL ©�®]`YSu`Z\Y-l#_bmo¡tYS~osF��|kvdY
 d[^_�[([�]`Y�u`vdeh¤kcµmoc©�
mz�hid]`Y��W�N|kvdY�_`moa�Y�lnv\[�cD�hYSu5e^f
_`vdY%f°]`Y�±hiDYScLlnsµe^f�_bvDY�Z\Y-[^�tuk[^]`Y�ZD~oe�_`_`Y- ;mzc��
mo�hid]`Y{�d��¼¸Y�[^u`uwida�Y
mocµ_`vdmou5Yn�dZLY?]`mza�Y?cd_N_`v\[�_5ehcd~os�_`vDY�fA]`Y-±hiDYScLl#s�lnv\[�cD�hYSu-phm�� Yq�opW[^cdeh_`vdYS]5ZL[^]`_4e^f8u`_�[^_`Y�¡tY-ln_`eh]�uwiLlnvµ_`vL[^_ k Î [^cL v� ÞÎ [^]`Y�cDe�_lwvL[^cd�hmocd�(¤kmz_`v¦_bmoa�Yq�N|kvdidu�p�moc�_`vdY%f°eh~o~oe�¤kmocd�(Yn�dZ!YS]`moa�YSct_-pF¤kY�ehcd~os�Y?u`_`mza;[^_`Y�_`vDY�_`mza�Y#��¡F[^]`stmzcD��fA]`Y-±hiDYScLl#s�e^f
uwZLY�ln_`]�[^~
ZdY�[��!�
|�e�_`vdmouN[^]`_`mË³=lnm¥[^~\ D[�_�[dp�¤kY·vL[^¡hY�[^ZdZD~zmoY- ®ehiD]�a�eW WYS~D¤kmo_`vµ_`vdY·f°eh~o~oe�¤kmocd�(lnehcL tmo_`mzehcDu-�8|kvDY�cdida��dY?]Ne^f�ZL[^]`_bm¥ln~oYSu5mou��?�h�h�Wp
a;[-�Wmoa�ida cDida��dYS]5e^f�ZLY�[^�Fu5mou��?�dpt[^c\ ®mzcDmz_`m¥[^~D¡F[^~oidY·e^f8Z!Y-[^�¢f°]`Y-±qidYSc\lns(fAeh]5Y-[hlnv®ZL[^]`_`m§l#~zY�mzu5_�[^�tYSc®idcdmËf°eh]`a�~os�]�[^cL Weha
moc©]�[�cD�hY K �-+.¦hO�� � ~z~
[^cDe�_`vDYS]�¡F[^~ziDYSu·_bv\[�_0[^]`Y®l#e�cDu`_�[^cd_4moc¯_`mza�Y�mzu�[^u`uwida�Y- �_be��\Y{�FcDeh¤·c
�£¼¾mo_bv¨a�id_�[^_bmoehc�]�[^_`Y®�d� �d�
[^cL ¦ln]`ehu`u`eh¡hY?]4]�[^_bY�mou��Wpd¤kY�YSuw_bmoa;[^_`Y0_`vDY�u`_�[^_`Y{¡FY-l#_beh]4�Ds�´©ehct_bY{gk[^]`~ze®³L~o_bY?]%[^c\ ��hY?cdYS_`m¥l0[^~o�heh]`mz_`vda��
|kvdY{YSuw_bmoa;[^_`mzehc¨]`YSu`iD~z_�e�f£_`mza�Yn�y¡F[^]`sFmocd�µeh]� tYS]�e^f4[^id_`eh]`YS�h]`YSu`uwmzehc¨mzu�u`vdeh¤kc¦mzcJ�
mz�hid]`Y��L��jtmocLlnY¢_`vDY¢]`YSu`iD~z_�lnehcduwmzuw_bu�e�f
 tmou`_`]`mo�did_`moehcµe^f8ZL[^]`_`m§l#~zY?u4moc�[^id_`eh]`YS�h]`YSu`uwmz¡tY�eh]� tY?]£�-+?�,+ àSà?à +?�?�WpF¤4Y�iduwY0lnehct_`ehid]5a;[^Z�_`e0³L�hid]`Y�_bvDY� tmou`_`]`mz�Did_`moe�c¦ehcµ_`vdY
ZL[^ZDYS]-�5º}u`_`moa;[�_`Y- ;]`YSuwid~o_ke^f
Z8Y-[^��fA]`Y-±qidYSc\lnmoYSu�[^]`Y�u`vDeh¤kc�moc��
mo�hid]`Y¢��¤kmo_`v�_`]`idY�fA]`Y-±qidYSc\lnmoYSu4¤kmo_`v¯ teh_`_bY� ¦_bvD]`YSY�~omocdYSu
[^u4a�Y?cd_`mzehcDY- �[^�\eh¡hYq��º�uw_bmoa;[^_`Y- ¦Z\Y-[^�Fu�[^]`Y¢ tY?cdeh_`Y- µ�Ds�ZD~zeh_`u�moc©_bvDY�³L�hid]`Y%f°eh]kY�[�l#v�_`moa�Yq�
� s¯~zeFeh�tmzcD��_`vdY�]`YSu`iD~z_¢e^f·YSu`_`moa;[�_`Y- Ée�]� WYS]-p�_bvDY®_`]`idY�eh]� tY?]�l?[�cJ�\Y;YSuw_bmoa;[^_`Y- ¨mzcJa�ehu`_¢e^f4_`vdY�u`YS]`moYSu-� � ~ou`e�~oeFeh�tmzcD�
_`vdY�]`YSu`iD~z_®e^f�Z\Y-[^�JYSu`_`moa;[�_`moehc�p�YSu`_`moa;[^_bY� JZd~oeh_bu(f°eh~z~oeh¤ _`vdY�_`]`idY;Z\Y-[^�É[^cL ÉcdYS¤ Z\Y-[^�¬[�ZDZLY�[^]`u¢¤kvdYSc¬_`vdY�eh]� tYS]¢e^f
[^id_`eh]`YS�h]`YSu`uwmzehc¦mzu�l#vL[^cd�hY- 8�



0 50 100 150 200 250
0

5

10

t

m(t)

å5æ°çWè8é#êw§�ìp¨%ó�ð�æ°õ�ñtðnêhÿÉödéSÿ=ê^é(ötø�ñtè8ðnödénê�çWé#êqó#ó`æM©dê

0 100 200 300
 t0 

PI/2 

PI 

theta(t)

åNæAçWè8énêvª=ì�¨%ó�ðwæAõ�ñFð#êhÿ«��êqñ��!ó



Ä;Á�9¯Ä¬��Ãy��G?Á�9
� cdY?¤ a�eW tY?~}fAe�]¢cDe�cDu`_�[^_bmoehcL[^]`s�uwZ!Y-ln_`]�[^~4[^c\[�~ostu`mou¢¤kmz_`v¬_`moa�Yn��¡F[^]`stmzcD��eh]� tYS]¢e^f{[^id_`e�]`Y?�h]`YSu`u`moehc¬mou¢Zd]`ehZ\ehu`Y- 8��|kvdY
a�eF tYS~�mzu�[^c�Y#�W_`YScduwmzehc©e^f�_bmoa�Yn�y¡F[^]`sFmocd��lneFY#ª¦lnmoYScd_4[^id_`e�]`Y?�h]`YSu`u`mo¡tY�a�eD WYS~=_`e�vL[^¡hY�_`mza�Y#��¡F[^]`stmzcD�{eh]� tY?]ke^f}[^id_`e�]`Y?�h]`YSu��
u`moehc��}�\eh]4_`vdY{uw_w[^_`Y{YSu`_`moa;[^_bmoehc©e^f}_bvDY{a�eW tY{mou� tehcdY{�ds�´©ehcD_bY{gk[^]`~ze®³L~o_bY?]%[^cL ¦�hYScDYS_`m¥l�ehZ\YS]�[^_`mzehc
�4�Deh]klnehcD_bmoctidehidu
ZL[^]�[^a�YS_`YS]`u5mocµuw_w[^_`YqpFu`i\lnv�[^u5u`Z\Y-l#_b]�[^~=Z\Y-[^�µZL[^]�[^a�YS_`YS]`u-pWlS[^cµ�\Y�YSu`_`moa;[�_`Y- ;�ts�´�e�cD_`Ykgk[^]`~oe(³L~o_bY?]-pW[�c\ µlneha��dmocL[^_`moe�c
e^f=ZLY�[��tu4[^a�ehcd��uw_w[^_`Y�¡tY-ln_`eh]NlS[^cµ�\Y·YSu`_`moa;[^_bY� ®�ds(�hYScDYS_`m§l£ehZ!YS]�[^_`mzehcDu-�8|kvD]`e�iD�hvµ_`vdY��hYScdY?_bm¥l·ehZ\YS]�[^_`mzehc�ph_`vdY�ehZd_`moa;[�~
eh]� tYS]�e^f4[^id_`eh]`YS�h]`YSuwu`moehc�lS[^c©�!Y{eh�d_�[^mzcDY- ©moc¯_`vdY�u�[^a�Y¢_`mzaµYq� � s¯[µu`moa�Zd~oY{u`moa�id~¥[^_bmoehcL[^~8Yn�dZ\YS]`moa�YScd_-pW_`vDY¢YSu`moa;[^_`mzehc
]`YSuwid~o_4e�f}uwZLY�ln_`]�[^~8Z\Y-[^�Fu�[^cL ©[^id_`eh]`YS�h]`YSuwu`mo¡hY�eh]� tY?]4fAeh]%[^]`_`mË³=lnm¥[^~z~os��hYScDYS]�[^_bY� © d[^_�[(vL[^u��LY?YSc¯ tYSaµe�cDu`_`]�[^mz_`Y- 8�

�©Ä¬¯9¯Á¬®¯�p�¢Â±°£�¢T��¢9�¿
|kvdmou\]`Y?u`Y-[^]�lnv0¤k[^u8u`idZDZLeh]`_`Y- ��Ds·_`vdY·²�]�[^ct_y�ymzcW� � m§ �fAe�]
º}cLlnehiD]�[��hY?a�YScd_\e^fW»4ehidcd�·jDlnmoYScd_`mou`_`u8�ts%_`vdY}�t[^ZL[^cdY?u`Y5´©mocdmou`_`]`s
e^f�º5 WiLlS[^_`mzehc
pDjdl#mzYSc\lnYqpLjtZ\eh]`_bu�[^cL ¦g4id~o_`id]`Yq�

À���²D�¢À��¢9¯Ä¬�d�
� ��[^mo�hYqp=È�mo]`e�_`id�hi
p5�?�h���dp=Ê��!mo�tYS~omzvDe�ed �[^c\  � [^shYSu�ZD]`eWlnY� tid]`Y?ÊDp=moc � [^shY?u`m¥[^c�jt_�[^_`mzu`_`m¥lnu-p}�kcDmz¡tYS]`u`mo_ys¯�}]`YSu`u�ps³4[^~zY?cLlnm¥[dp
jtZ\[^mzcJpWZdZ
�·�n�F�¢���?�h�d�
²�eh~¥ t�dY?]`�DpWX�[^¡tm¥ µºN W¤%[^]� !pD�?�h�h�dpFÊq²0YScdYS_`m¥l�[^~o�he�]`mo_`vda�u·mzc¦u`Y�[�]�l#v�p�ehZD_bmoa�mo«-[^_`mzehc�pL[�c\ µa;[hlwvdmocdY%~zY-[^]`cDmzcD��ÊLpL´ �	´ ��j � �
È�mz�hi\l`vDm�p�|Neha�e^sFiD�Fm�p·�?���h�dp}ÊF´©ehcD_bY�gk[^]`~ze¯³\~z_`YS]�idu`mocd��_`vdY¨²�Y?cdYS_`m¥l¦[^~o��eh]`mo_`vda ehZ\YS]�[^_`e�]`uwÊLp5�qehiD]`cL[^~·e�f{jt_�[^_`mzuw_bm¥lS[^~
g4eha�Zdid_�[^_`mzehc©[^cL ©jtmoa�id~¥[^_`mzehc�p8³4eh~�� �h�dp@
�eL�o��pdZdZ��·���4�h�d�
xy�heha;[dp�
�eh]`mz�F[^«?i�p8�?�h�h�WpLÊFº}u`_`mza;[^_`moe�c¨e^f}_bmoa�Y¢¡t[�]`stmocd��Z\Y-[^�©e^f}Z!e�¤4YS]�u`Z\Y-ln_`]`ida6�\[^u`Y- �e�c¨cdehct��²([�iDu`u`m¥[^c©cdehcd~omocdY-[^]
u`_�[^_`Y�u`Z\[hlnY{a�eW tY?~zmocd�hÊLpW�qehid]wcL[^~8e^f�jWmz�hc\[�~���]`edlnYSuwu`mocd�Lpu³4eh~�� �F�dpu
keL� �dpWZdZ��}�h�¢�4�h�d�
r�mo_�[^�F[?¤·[dpW²�Y?cdu`vDmz]`eLp8�?�h�h�(ÊF´©ehcd_`Y0gk[^]`~oe;�
mo~o_bY?]%[^cL ©jWa�eFeh_bvDYS]·f°eh]�
kehct�b²{[^idu`uwm§[^cy
�ehcd~omzcDY-[^]kjt_�[^_`Y(jWZL[hlnY¢´©ed tYS~oÊLp
�qehid]`c\[^~\e^f5g4eha�ZdiD_w[^_`moehcL[^~
[^cL ¦²�]�[^Zdvdm¥lS[^~
jW_w[^_`mou`_`m§l#u-pu³4eh~�� �dpFZdZ
�z�����h�d�
r�mo_�[^�F[?¤·[dpW²�Y?cdu`vDmz]`eLp8�?�h�h�dpWÊ � jtY?~ f ��½�]w�q[^cdmo«Smocd��jt_�[^_`Yn��jtZ\[�l#Y¢´©eW WYS~zÊLpd�qehid]`cL[^~8e^f}_`vdY � a�YS]`m¥lS[^c¯jt_�[^_`mzuw_bm¥lS[^~ � u`uweWlnmË�
[^_`mzehc�p�³4eh~�� �h�dpµ
�eL� ���F�dpWZDZ����?�h�h�0���S�d�?�d�
r�mo_�[^�F[?¤·[dp ²�YScDu`vdmo]`e*¶=²�YS]`u�lwv
pD¼ mz~o~�p
�?�h�h�dp=Ê � u`aµeFeh_bvDcdYSuwu0�}]`mzeh]`u�|kmoa�Yn�j³k[�]`stmocd� � � g4etYnª¦lnmoYScd_�´©eW WYS~omzcD�;e^f?
kehcW�
u`_�[^_`mzehcL[^]`s�g4eh¡h[�]`m¥[^cLl#Y�|kmza�Y¢jtY?]`mzY?u`ÊLpWxbº5º5º¹|�]�[^cdu�[hln_`moehc�ehc � id_`eha;[�_`m¥l{g4e�cD_`]`e�~�p�³Neh~�� � g5���h�dp 
�eL�o��pFZDZ�� �q�-���h�d�


