
���������
	�����
��
������� ������������� ��������� �"!�#$��%�&'�(#*)+��,-%

���������
	��.�/��0��213�.4��.57698;:<�/:7=�6�>.:@?�?BAC0/:7>B��D(E�F�GHE�I�F�F�IJ
 1K��L�>
�NM*��=��/�.	��PO
Q�R�S+T UWVYX+V�Z\[�]^UWV_T7`�a<b`cX+V�aPaPS+UPUWVYde`3R�f@X+V�Z\[�R�UPS+a7gJhN`�aPS$ij`3Zk`�TPT ]-Zk`_`�UPUPS+f�l+]-V�fmSnf�S+]mXH`�i^X+V�i^]o[oS+a�i^S$aP]^TP[oVpTPUPSnfHR�Z\S+aP]^X�qmSHr�i'`cUPV�i-i^S+a7`�f�lH`c[�aPS+sH]-T Ut`ubS
vuw g x�x�y\reaP]^TPR�i^U7`�UP]oz.R�V�a ]�UPV�i-i^S+a7`�f�lH`$T V�f�V{X+V�f�TP]^d�S+a7`�UP]�S+aPa7`�UW]jgJ|N[�R�fHUPS+}�}�]odm]oX+]'`�T X+R�fe`cd�V�Zk`�f�de`cTPV�fmVY]^f�d�]^XH`�UP]�UPa7`c[e`�aPS+fHUPS+TP]oUPV�f�dmS{~P�PrK]-i�[�aP]-Z\V
fHR�Z\S+aPV�bS{]^iN[�R�fHUPS+}�}�]^V�]^fkXH`�TPV�d�]ea ]-TP[�V�TPU7`Y}�]^R�TPU7`���]^ieTPS+X+V�f�d�V�]^fkXH`�TPV�d�]eaP]^TP[�V�TPU7`YS+aPa7`�U7`�gn�Bf�fHR�Z\S+aPV�fmS+}�`�UP]-s�V�[�a S+s�]^TPUPV�[oS+a;R�fe`uaP]-T [oV�T U7`
S+aPa7`�Ut`\qe`{i^V�T X+V�[oV�d�]�TPX+V�a7`�}�}�]j`�aPS�aP]-T [oVpTPUPS�XH`�TPRN`�i-]jr�bS�Z@S+}�i^]^V�f�V�f�aP]-T [oV�fmd�S+aPS�X�q�S�aP]^TP[�V�f�d�S+aPS�`@XH`�TPV���|'f�X�`�TPV�dm]�aP]^TP[�V�TPUPS�f�RmZ@S+aP]^X�q�SH��i-S
aP]^TP[�V�TPUPS�`�i^UPS+aPfe`�UP]-spS_z.V�aPfm]-UPS{f�V�fkTPV�f�V�f�S+X+S+TPT<`�aP]j`�Z@S+fHUPS@}�S+f�S+a7`�UPS�`uXH`�T V�g{��R�a7`�fHUPSYij`�[�aPV7s�`uTPX+aP]^UPUt`�bSYX+V�f�T S+fHUW]^UPV�R�T7`�aPS{TPV�i^V�i-]^��aP]Ndm]JUPS+V�aP]'`��
T UPaPR�Z\S+f�UP]odm]md�]-T S+}�f�V_SnT X+aP]-UPUPR�a7`��pXH`�i-X+V�ij`�UPaP]-X+SHrNf�V�f�bSB[�V�TPTP]^��]^i-S;R�UP]^i-]^l+lH`�aPS;S+TPS+aPX+]^l+]'`�aP]/V�`�[�[�R�fHUP]'gJ|'imXH`�f�d�]^de`�UPV_d�VtsHa7b`�aPS+T UW]^UPR�]^aPSBUPR�UPU7`3i'`cXH`�aPU7`
z�V�aPf�]-U7`�de`�}�i^]eS+T7`�Z@]^fe`�UPV�aP]jr�f�V�f�bS_X�Vpf�TPS+fHUP]-UPV�R�UP]-i^]-l+lH`�aPS{z.V�}�i^]ed�]JXH`�aPU7`u[�aPV�[�aP]J[�S+anT s�V�i^}�S+aPSYij� S+ij`���V�a7`�UPV�gY�$`�f�d�]^de`�UP]JTPX+V�[�S+aPUP]e]^f�sH]-V�ij`�l+]^V�f�S@d�]
� R�S+T UWSYf�V�aPZ\Sus�S+aPa7`�f�f�V�`�i-i^V�fHU7`�fe`�UP]Jde`�i^i'`u[�aPV7sm`�g
���2���/������������Y�p���< $�J�<�7��¡Y¢ :7>�576�4���4��.6k4���>
���/=�:74�:7�o	�:\£��/6�4�5<6H	���>.6�0/��=��.4��J�H4�	�6J¤/�
>�576��/0��
0�6H	��k0/:7¥�:�4�57=��.¥�:7=�:���:7>
>.6k4�576�	���>
6�4�	�:74�4�6�>.6
M*��=���£�>
6�6��/6�>
�.	��
5<6�=��.4���>.£/	��
¥p6�£�	��.>.�
¦<¦76��/0/����4��
��§J�H>.�2��=�:74�:<�o	����/:7>�	�:<4�	��J¤��/:<>
>.6�M*��=���6��/��¨£94�:7����>
�.57:��J��4�4��.§/�.>.:m
 ¢ :7>�576�4���4��
6��/=�:<4�:7�o	�:
£��/6�4�576�	��H>.6�0/��=��
4��J�H4�	�6�:\0��
¥�:7=�4�:@=��
4��K��4�	�:\�o£/��:<=��
5(©�:m¤m�.>2576��/0��
0�6H	���0�:7¥�:\4�57=��.¥�:<=�:{�/:<>
>.6�4�576�	��H>.6�0/��=��
4��K��4�	�6��
>2=��
4�£�>.	�6�	����o£/��:<=��
5<�
��	�	�:7�o£/	��J¤o:\§/6�=�=�6�=�:{>.6�>.:7	�	�:7=�6�0/:<>
>.6�=��.4��J��4�	�6��o£/��:<=��
5<6��/��¨£�¥o�.57�
��6�6�>N�/=����/=��.��=��.4�£�>
	�6�	��J

ª �K���7��«N�7�u ���¬m�<¬o«N�7�u«�¬o­K���n¬m�<¬o�p®���¯���¡u° �26�4�4�£/��6J¤��p¥�:@�/=�:74�:7�o	�:m¤m5(©/:�>P± �.�o	�:7�/4��
	p¨6�0/:7>�576����J��L�=�6p¥o�
	�6�¦7�.���/6�>
:Y²k¥p6�>
L�69�(F���E�4/³m


´ �<¬m��®���¯����¶µK¡"° �B57���/4��
0�:7=��$�.>n4��
4�	�:<��69�.��·/L�£�=�6K
�¸{�/6¹4�§/6�=�=�:<	�	�6�������L�:7��:76�=��.L��
0�6
0���>.£/��L�©/:7¦<¦76º��
 »�F��¼:���6�4�4�6�GJ
 »�F�½oL�¨:�¥m�.�/5<�H>.6�	�6�6k4�57��=�=�:<=�:@4�:7�/¦76k6�	�	�=��.	���4�£9£/��6
L�£��
0�6"�H=��.¦7¦<�H�o	�6�>.:�:�£��/6"¥�:<=�	��.576�>.:m
@A{>.>W± �.4�	�6H�o	�:��
���
¦<�
6�>.:�>.6"4�§�6H=�=�:<	�	�69¨:��.�¾�J��4��.¦7�.���/:
��=��.¦7¦7���o	�6�>
:o¤��p¥o¥�:7=����.>2¥�:7=�	��.57:�¿C57���
��57�.0/:\57����>W± ��=��
L��.�/:�ÀÁ0/:<LH>.�N6�4�4��JÂº:@Ã�


A

B

O
x

y

θ

?P��£����
4�	�6��o	�:\4�£/575<:74�4��
¥��J¤��.��57£/��>W± 6��/L���>
�"Ä\	�=�6�>.6�4�§�6�=�=�:7	�	�6�:�>P± 6H4�4�:YÂÅ¨:@0��2FJ
 »�»�F�ÆY6�0�¤m576�>
5<�H>.6�=�:mO
��
n?P>����m0/£�>
��0/:7>2=�6����K��=�	���	�=�6�>.:�¥�:7>.�m57�.	p¨6�0/:<�2�/£��o	��nÇÈ:�¿�
�É*IJ¤ Ê(�HË

Ì Í�ÎNÏ{Ì�Ð ��
 Ñ�I A ��
 FHF�F Ò I�FJ
 Ñ � ÓJ
 Ñ�I Ô ��
 Ñ�I Õ ��
 FHF�F
IJ
n?P>����m0�£/>.��0/:7>�=�6��/�J��=�	���	�=�6�>.6�¥�:7>.�m57�.	p¨6k0/��	�=�6�4�>
6�¦7�.���/:�0/:<>�5<:7�o	�=���0�����6�4�4�6�:�>
6k¥�:7>.�m5<�
	p¨6k6��/L���>
6�=�:�0/��=���	�6�¦7�
����:��
�o	���=��/�k6H>

57:<�o	�=���0��N��6�4�4�6J
uÉ*ÓJ¤ Ê+��Ë
Ì Í�ÌKÖ ��× Ð FJ
 »HÑ�F A FJ
 »�Ñ�F Ò ��
 »�F � FJ
.D+»�G Ô FK
 Ó�F�I Õ FJ
.�(ÓHØ

ÓJ
n?P>����m0/£�>
��0/:7>.>.6�¥�:7>.�m57�.	p¨6�6���LH��>.6�=�:{0��N=��H	�6�¦7�.���/:@�
�o	���=��/��6�>N5<:7�o	�=���0/�2��6�4�4�6J
BÉ*ÓJ¤ Ê(�HË
Ì�ÙÄ(ÚPÛ Ì�Ö ÆY6�0/E�4�× Ð ÓJ
 ØHÓ A D�
 IJD Ò ÓJ
 Ø�Ó � IJ
 Ø�» Ô FK
 IJ�(Ó Õ FJ
.D(G�I I

GJ
n?P>����m0/£�>
��0/:7>.>P± 6�575<:7>.:7=�6�¦7�.�H��:{6��/L���>.6�=�:_0/�2=���	�6�¦7�.���/:{�.�o	���=��/��6�>257:<�o	�=���0��2��6�4�4�6J
uÉ*ÓJ¤ Ê(�HË
Ì ÜÄ(ÚPÛ Ì�Ö ÆY6�0/E�4 ³ × Ð GJ
 Ó�Ó A ÝJ

��D Ò ��D�
 Ó � IJ
 F�Ñ Ô GJ
 Ó�Ó Õ IJ
.D+»

ÑJ
 ° £/���K���/�.6����¾��=�6º5+©�:"	�=�6¾>P± 6�4�4�:"��=��.¦7¦7���o	�6�>
:k:�>.6¾4�§/6�=�=�:<	�	�6º57�u4��.6¾6�	�	�=��.	��J¤34�5(©/:<��6H	��.¦7¦76�§��
>.:"5<���Þ£/�ß57�o:7à�57�.:7�o	�:"0�± 6�	�	�=��
	��
4�	�6�	��
5<��á3â Ð FJ
 I�Ñ�FK
���6�>.57��>
6�=�:�ão£/6�>B¨:�>W± 6��/L���>
�k���.�/�.���"5(©/:�>.6�4�§/6�=�=�:7	�	�6��/£�¨��Mä��=���6�=�:�57���º>
6�L�£/�.0/6���=��.¦7¦7���o	�6H>.:��/=��
��6�0/�
�.�/�.¦7�.6H=�:\6�4�57�.¥���>
6�=�:m
;É*IJ¤ Ê(�HË
ÄtÛ Ö ÆY6�0/× Ð ��

��� A ��
 ÑKD Ò FJ
 Ó�IHF � FJ
 I�FKD Ô FJ
 F�F�F Õ �H
.���



´ �<¬m��®���¯����ÅåJ¡�° �357����4��
0�:7=����
>34��
4�	�:<��6k�.�¾·/L�£/=�6J
{Ô@£/:��/6�>.>
�.�/:�0/�3��6�4�4�6�æèç Ð GJ
 G�F
½oL":�æ ³ Ð ��
 ØHF�½oL�£/=�	�6��/��=��
4��K:<	�	��.¥�6���:<�m	�:�0/6�4��.�/�.4�	�=�6�:�0�6"0/:74�	�=�6�£/��± 6�4�	�6�������Ê
L�:7��:76�0/�24��J:74�4���=�:@	�=�6H4�57£/=�6�§/�.>.:m¤�>
£��/L�©/:<¦7¦76�GJ
 Ó�F��é:\��6H4�4�6���
 Ý�F�½oLK
3?$���m0/£�>
��0/:7>.>.:
¥�:7>.�m57�.	�¨6�0/:7>.>.:{��6H>.>.�.�/:{4�£/§/�.	����/=��.��6�0/:7>.>P± £�=�	���4����/��ê�ç Ð GK
 G�F���E�4;:_ê ³ Ð ��
 ÝHF���E�4p

ë ± 6�4�	�6�¨:�6��/�J��L�L��
6�	�6�¥�:<=�	��
576�>.��:7�o	�:�4�£�£��ì�/�.6��/�¹��=��
¦<¦7���o	�6�>.:�>.�.4�57�.�¹57����:k�.�/0/�.576�	��
�.�Å·/L�£/=�6J
 ¨Õí�/=�:<4�:7�o	�:k£/�Þ576����J�9L�=�6p¥o�.	�6�¦7�.���/6�>.:�0��;�
�o	�:7��4��
	p¨6�²�
 ë ± £/=�	���¨:k�J:7=�M*:7	�Ê
	�6���:7�o	�:�6��/:7>.6�4�	��
5<�J
 ° �$4�£/�/�J���/L�6�5(©/:�>.:��/6�>.>
�.�/:�£�=�	��.�/�9>W± 6�4�	�6�6�>.>
��4�	�:74�4����
4�	�6��o	�:m

Ô\:7	�:7=����.�/6�=�:mO

îîïï

ððññ

x

y

z

m2
v2

m1
v1

��
n?P>����m0/£�>
��0/:7>.>.6�ãm£�6H�o	��.	p¨6�0��N����	���	��H	�6�>.:@0�:7>24��.4�	�:7��6�6�4�	�6Kò;�/6�>.>
�.�/:o¤�4�£/§��
	�����=��
��6�0�:7>.>W± £/=�	��J
�É*IJ¤ Ê(�HË
Ì
ó�ÌKÖ ½oL���E�4�× Ð �(ØJ
 Ñ A �(ØJ
 Ñ Ò Ø�ÝJ
 Ø � ÓK
 Ý�Ý Ô I�IJ
 I Õ Ó�FJ
 »

IJ
n?P>����m0/£�>
��0/:7>.>.6�¥�:7>.�m57�.	p¨6�0�:7>25<:7�o	�=���0/�N��6�4�4�6�0/:7>�4��.4�	�:7��6J¤m4�£�§/�.	���0/���K��>P± £�=�	��J
uÉ*IJ¤ Ê+��Ë
Ì ê ÚWÛ Ì�Ö ��E�4�× Ð IJ
.�H� A IJ
.D(Ñ Ò ��D�
 Ó � �H
 GJD Ô ÑJ
 G�I Õ IK
.���

ÓJ
 ë 6�0/�.4�	�6��/¦76�	�=�6��
>�57:7�o	�=���0/����6H4�4�6�0/:<>N4��.4�	�:7��6�:�>P± :74�	�=�:7��������¨£�§/6�4�4���0/:7>.>P± 6�4�	�6J¤m4�£�§/�.	����/=��.��6�0/:<>
>P± £/=�	��J
uÉäÓJ¤ Ê+��Ë
ô Ö ��× Ð ��
 ÓHÝ A FJ
 G�ÝHÑ Ò IJ
 ÝHÝ � �H
 Ó�Ý Ô IJ
 ÑHG Õ IJ
 Ó�G

GJ
n?P�ì£/�ì4��
4�	�:<��690��n=��.Mä:7=��.��:7�o	��¹4���>.�
0�6H>.:�6�>n57:<�o	�=��¹0/�B��6�4�4�690/:7>;4��.4�	�:7��6J¤�>.6957�����J���/:7�o	�:¹õ�0/:<>n������:7�o	��¹6��/L��H>.6�=�:�	���	�6�>
:o¤
4�£�§/�.	����/=��.��6�0/:<>
>P± £/=�	��J
uÉäGJ¤ Ê+��Ë
ö�÷ Ö ½oL�� ³ E�4�× Ð Ó�ÑK
.� A IJ
 GHG Ò �(ÝJ
 » � Ó�ÑJ
.� Ô �(FJ
 Ñ Õ I�»J
 Ó

ÑJ
n?P>����m0/£�>
��0/:7>.>.6�¥�:7>.�m57�.	p¨6�6���LH��>.6�=�:{0��N=��H	�6�¦7�.���/:@�
�o	���=��/��6�>N5<:7�o	�=���0/�2��6�4�4�6J¤�4�£/§/�.	���0��H�J��>P± £/=�	��J
uÉäGJ¤ Ê+��Ë
Ì ÙÄ(ÚPÛ Ì�Ö ÆY6�0/E�4�× Ð ��
 ÓHØ A ÓJ
 Ó�Ý Ò D�
 Ø�I � �(»J
 F Ô ÓHIJ
 F Õ �H
 Ó�Ø

ØJ
 ë ± :<�/:7=�L��.6���:7575<6��/�.576�0/�.4�4��
��6H	�6���:7>.>W± £/=�	��J
uÉ*ÓK¤ Ê+��Ë
øBù(ú.û Ö ü × Ð ÓJ
 »�Ø A ��
 F�» Ò FK
.�(Ø�G � FK
 F�F�F Ô ��
 ØHÓ Õ ÓJ
 »HØ

���������
	�����
��


