


9A� D#8�

 9A� 6%/)G�-
 2I �3��(



2J��<@J")H"�@$ �3��(
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• 62 gv7ẁ uh 7Ml 62 3Q� \v 62 �6 !]7- � 7F�- b�- 62 I0 \v 2�3#h�gwZ#=h .!]7- 
 u@ \v !wQYoh 62 fn�3h 7wwR" 7al�v�il !<�



 +
B?
�3��:

2&�#�+�
 b�%h :!<� !]7- b�- 62 p�7̀69� 62 cw�ho"�.

2����
 b�%h:!<� j� 6o.h 62 kwh8 ?07* 8� t� qloil .

2+��.+��3�2���&
b�%h:!<� _ln� \v oe( n �ZP !]7- b�%h \v.



 �64 b3h
 �h27] gwr�o0 p2�V#<�  �64 b3h 8� . p64!<� qKZl 3ml�h �u@ \v .*o] 6�w=� p8�3l� n f7( t�6�2\

	

!wQYoh
• !wQYoh �u@  \v k#U7̀ 7Ml62 �� ��1#l� O(7h!<� p3@
•!<�  �D#1h p�a#<2 �3�h xoiQh O(7h kv�.

•p64 \v j�omP q� kw@�h �gwZ#=h p2�( \v 62 cw�ho"� !]7-.



p64 \v ?v�il t�r >n6
t7voD" ?v�il
t6�2oil ?v�il
!]7-  �PyJ� bn3(
uF�v6 ?v�il

3m] uh ul�n�7U \i] qe�=h gsU t�7� Te#1h t�s@n6 8� p2�V#<� xoiQh.



 ?v�ilt7voD"



 6�2oilj�̂h-j�h8
 6�2oilj�̂h- 6�2oil j�h8  �64 !]7- 3r2 uh j�Al)kw@�h .( t9w* q* q] !<� :3- S�C um.mh

2�#U� W�V"� p2�2 H�Zl kw� !<�.
	

�r p2�2 bn3(
 kw- 62 p3@ t6n� Oi( 3r2 uh j�Al �6 uQY�n t�r p2�2 bn3(

 g=()kw@�h .(@ uh Tv7Q" j2o� !<�6 t�mQh q� !�%h2o.



�3�� H4J��<@J" G�E��;
���

*�$(

23���/���

	 ��

����



 =�4;)Position(
• 8� qM.d 7r 62 g=( !wQYohj�h8
•j�̂h 6�27� : g=( j�̂h q� �6 �3�h qM.d 7r 62 q] t6�27�

3v�il uh cD#h
• 7#h 3-�nm

x

y

z
 zyxr ,,



)(

)(

)(

tzz

tyy

txx

r







x = x(t)



*�$(�������'.0"(
umQv foeQh j�̂h 6�27� :

2o@ uh B1Ah  �D#1h p�a#<2 62 g=( j�̂h qM.d 7r 62
!]7- 7w=h Te#1h  �M.d 62 q] !<� uJ�Zl u<3mr j�̂h �j�̂h 6�27� t�s#l�  �6

28�< uh B1Ah

r
 z

y

x

r




HI��
��  
�h8 p8�� uJ 62 !wQYoh 7wwR" j�omP q� uv�)��( ul

2o@ uh Tv7Q" B1Ah.
] uh cCn qvol�$ j�̂h q� �6 qwdn� j�̂h q] t6�27�3m

 62 3-�nSI  : 7#hm
 3@�� uVmh �v !�%h 3l�o" uh

<� t7w=h boJ !U�=h �v p3@ p2oiw� !U�=h �� q] !
!<�  n�V#h 3mm] uh b��l2 �6 j�  �64

12 rrr




2r


1r


12

12

12

zzz

yyy

xxx







X1=5O
Δx= 14-5 = +9

X2= 14

Δx

X1=5O
Δx= -14-5 = -19

X2= -14

Δx

X2=5O
Δx= 5-14 = -9

X1= 14

Δx



23�����-��	!��(
 uv�( q��(t6�27� !<� u#wi]

 !U�=h !<� u#wi]t� p27l
- p3@ uJ !U�=h = n2 kwh8 boJ 7��7�

 !<� !�%h qAwir qeC�U

- uv�)��( =7VC

q#̂l :� !s( \v62 n !<�6 I0 tn6 !]7- q] 3l� j�=̂v ul�h8 uv�)��( n p3@ uJ !U�=h3@�.



2r


1r




'"B�; �,�"
 �I<o#h !P7< /7l 62 j�̂h 7wwR" �v j�̂h 7wwR"�=l 7av2  6��P q� �v !<� ul�h8 p8�� \v q� uv�)��( !

 j�h8

x j�̂h 7al�Al 2�3#h� 62 g=( 6o.hx !<�.

 2�Q�� boJ / j�h8]L / T[
 p�a#<2 62 3-�nSI  t�rm/s

 �w@ !P7< 6�2oil 62 I0 j�̂h–!<� j�h8

12

12

12

12

tt

xx

t

x
V

tt

rr

t

r
V

x 


















t

x

Δx

Δt

t

x




tan



!<� uv�)��( 6�27� !s( j�ir I<o#h !P7< !s(.
 !P7<!<� p3@ p2oiw� 7w=h8� cZ#=h I<o#h �!<� 7w=h 8� cZ#=h uv�)��( q]�7*.

t

r
V









�	 ��–�1�,

26�2 �#<�6 n !s( n !<� t6�27� !wi] \v !P7<
 ;� 26�3l �#<�6 n !s( n !<� !P7< p8�3l� t3m"@ uh j�w� !�%h 23P \v j�omP q� qAwir2o.

 t�7�3<6 uh j�v�� q� 2o0 Nn7@ qKZl 62 p3ln2 \v � b�%h)u#À7� n !U6 !d�- (uv�)��(  7VC n�
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