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�%Mz X

Mx =







1 0 0
0 cos(α) − sin(α)
0 sin(α) cos(α)






My =







cos(α) 0 sin(α)
0 1 0

− sin(α) 0 cos(α)






Mz =







cos(α) − sin(α) 0
sin(α) cos(α) 0

0 0 1
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L̀��&Q&��(%��M[���O������O = (0, 0, 0)XL�-����"!\]�,�"��(�(�%Zf�N��%�O�O�(�Y�&M�d

−→
V ·

−→
V ′ = (Vx, Vy, Vz) · (V

′

x, V ′

y , V ′

z ) = VxV ′

x + VyV
′

y + VzV
′

z
X��M'%O_−→V ·

−→
V ′ = ‖

−→
V ‖‖

−→
V ′‖ cos(α) ��

α �O�'̀�Q'�h��R�M�'�O(�%Zf�N��%�OXL,�#�����(̀%�f�N��%�‖−→V ‖ �O�√−→
V ·

−→
V X

*�O%MM�O�V%�'��S��M�%���&Q&��'�M�&��S ��M�%�(&��N�&��'�f�N��%�%�&�&��−→D XL������O%&f&M�'��S���O�(����M�−−−−→OR(t) =
−→
OS + t

−→
D M�%�t ≥ 0X

�z{ ��~	��	�~�}���	���#$��
*�O%MM�O�'�M'�(�N�&�M�'(&O��N���'�&f�d ��'�f�N��%�%�&�&�����R'f��O'̀�Z����&�%�−→P X��&−→P ·

−→
D = 0_'(&��N�&���O�M�''['�%M'�_MO(̀&����O�N�&��X��&���_��NU��NU�t

��'V%�−→P ·
−−−−→
OR(t) = −d d'̀&����O�N�&��O�M��(%&�M�%�

ti =
(−d −

−→
P ·

−→
OS)

−→
P ·

−→
D�&

ti ≤ 0_MO(̀&����O�N�&��T'��S��Ò�'�&Q��(%M'�W_O&���&����O�N�&��%M�&��R(ti)
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	~�	��	}�

r

��&−→SC ·
−→
D ≤ 0_'��S��Ò�'�&Q��(�'OMU[���O&���O�&�A '�M�&��(�'����N��&��'�M'%OM�[O(%N�����X*�‖−→SA‖ =

−→
SC ·

−→
D T�����&��_&' h%�V%�−→D O�&�%�&�&��WX�*�N'N%'�‖−→AC‖2 = ‖

−→
SC‖2 − ‖

−→
SA‖2X

��&‖−→AC‖ ≥ r
'��O&'�̀SMO(̀&����O�N�&��X�&���_��N'N%'�‖−−→AB‖ =

√

‖
−−→
BC‖2 − ‖

−→
AC‖2

�$&�'�R���_‖−→SB‖ = ‖
−→
SA‖ − ‖

−−→
AB‖ ��_N�RR�−→D �O�%�&�&��_��ti = ‖

−→
SB‖ �&'S(��N&����O�N�&��%M�&��B ��'V%�−−→OB =

−−−−→
OR(ti)XL�f�N��%����R'%�&�&��P'O%�hN�%M�&��(̀&����O�N�&���O�'��O−−→CB/

−−−→
‖CB‖X




C

�

S

−→
D

�
AB
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}�~	L�M�&�N&M��O�(�N��O&(����O%NN�OO&f�R���'�O���&ON�%M'�OhN��hN��MM�O��X�[OV%̀�����%f�%��&����O�N�&��_��Ò��	��X�N&��M���(M��Z�RM'�'hN�1X��&−→D ·
−→
N 1 > 0_'̀&����O�N�&����M�%�	���V%̀f�N'hN��MM�O��X
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��&−→D ·
−→
N 1 = 0_�S��M�''['�%ZhN�O_MO(̀&����O�N�&����&−→D ·
−→
N 1 < 0_'̀&����O�N�&����M�%�	���V%̀f�N'hN�1X�%MM�O��O_M��Z�RM'�V%�−→D ·

−→
N 1 > 0X*�N'N%'�'��O'̀&����O�N�&��I TO&�''��Z&O��W(%�S��f�N'�M'�N�������'hN��MM�O��T(�N�&�M�'�f�N��%�−−→

N 1
��'(&O��N�do1

WX�&N����&����O�N�&���Z&O��_&'h%���N���f��&Y��V%̀�''�O�M��(%&�b&��O%�'hN�(�'b�e����MOPN���X�&�O&_I �O�%��&����O�N�&��O& ∣∣∣−−−→Co1 I ·
−→
N 2

∣

∣

∣ ≤ l2
��∣∣

∣

−−−→
Co1 I ·

−→
N 3

∣

∣

∣ ≤ l3

�Co1

−→
N 3

−
−→
N 1

−→
N 2

l3

l2

�


