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� ���� ��	
� � ���
 ��� �� ������� ���� ���� �� ��� �� ����� ���  �!�
 �" #$%�&'�� (�) �" �*	
� �" +*,
� �" -,.
� �" /�0
� (��
� �1�� �� �
�234� ���
 -5,� 6�*4 ���7 ��38 9�,: ;< =>? ��*@ A" �" BC>D$
�� E�,C AF
� (�G
�

 H �,I" �" A1�'� H�J� �" -C�7 ��34� �F� ��� K��%H L3�� )N�O�*
� P��*
G.8 �Q�6
�� 6R,
� �" (E�3T!� UFT L$C V�@ H ���7 �W@*8 >0� X*Y" �*8  �!� ;<

  �!� UFT X�� �D�'3Q �" ;< ���>C �8 �F�� H  �!� Z[% \�]� �.UF�� ����
 ) (FG�_�!� -�`0$
� � L3�� �W$� U*_ �8 (3: .

FG = m g
9R�� >�� *N�
� Z[% X�$38 � ��W'0
� \F� �'�� ��	� �"9.80 E/b2-5	
1
�W$	
� �8 L�� .

������� ��� c'3�� )(FGd5$W$� AF
� L3�� �e�� )m(�5�@�&
� �58� H
�6C L3�� �F� f�,Q �" �[Y g$0C ��h�C6�R
�100 H �W$	
� �� g0C ��>,4� �FDI H L�� 

����� �e�
� �< V�@ �1�8 �8 L3�� �C�$i�8 ��>,8 U*_ -
�@ ��(m )-�`0$
� �
�_�!� )g(.d$W$� AF
� L3�� �e� ��I �F
)100 L�� (�WC �'� ��	C:

FG = 100 kg × 9.8 m/s2 = 981 N     
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��<� H L35�� #5
� -,� 6�*8 fGY �8 ������ *Dl� ��� m0C L3�� �e� �" 
�'� ��,
� \F� P*�" \F5� �"� H UF5�� ���� �: ��	� �n�I -R%!� �o \�]��� �C1

 �3��04� ��,W
 dC��38 ��	� ��,
� ) �!� -0I 1� (�6$8� ���% L3�� c,�C �F�� H.
�Q�� �4� H  �!� UF�� ��� -.p �&� �e�
� ��I �F
 5�/
� =789:� !9��� ×

<�=%�
� ���>� � -.p �&� �e�
� ��I �F
 H-R5%!� �5o �D`$8� ��>,8 ��� �'h�1 ��
 c5W� q�5C1�'� L35�� �e� 6�*8 r,38 -.p AF
� A1�'0
� rs� ��� ��<� H �'h�1

 tWT*
� )e�	��)� �>��� (u5
� �@�354� cW� r�_ ��� rW3C �F� L3�� �e� ��I
 tWT*
� �@�38 P*�
 �'W� ��,
� \F� 1�16�� H tWT*
� �DW�v� )cW� =���
�� -T� 

G.8 w�v8!� cW� �� �>@�� (�< ���$��� ?@�
� =78:� AB")!9
��*C 5�9/� /(
!0�8D� L3�� �e� ��IH BWs� �" E�8x
 �G�y =���
� ��� ��< �8" H)A1�'0
� rs�

  �!� cW� A1�'� L3�� -,� 6�*8 �8 ��4� �z�
�(e�	��)� �@�38 �� >0$�C =�%
 )t8>,
� (>0�
� �F�� He�5	��)� �[,Q f�@ L3�� ����1 (�3C =�% )t8>5,
� (

H ����>5
� �F� � (�3C =�% �e�
� E6� ��W� 9W[C ����1 E6� {�&� �< m0C \F��
 �< f�,C AF
� HE�60
� E�lQ 9I� �F��EF%
� �� ����� 5�$ × %G)AB�
� �� �&� 5�/
� 

�,��% �Q*�� �'�(� �'D8 �>�T ��	� �
�|� \F� �< H>&� �W
�|� E�60
� *C1�,8 �%��1
 K�,��)�� 6R,
� P��C�>� )U�0
!� O0� � K�,��)�� ��Y!� ��[s�(O0� ��}� >&��

 U�0
!� O0�
 �C�~N$
� ��_�!�)G.8 ����J4�� (�1�Ce �< HAB�
� EFC dQ�J,Q �� 
*C1�,y r��*C " H���
�" H����
� �
�"B" 1I 
�" J���$#� �
�"B 789:� <9�� �
�"B

<�� � �5�*|� K�1!� Z�NJ5� f�� � �C��6
� \F� �%��1 ��z" ;< �Q1�,� u
�� H
U*~4� U�0
�� ����J4�� U�0
!� O0� � ��%�%!� P��*|�� -	� 6R,
� P��*@

..��.
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>0� FG FG

�e�
� E6� =*R
 )t$D�� G	
 A��3$8 (�e�
� E6� =�'�� 

K��$%)� rY �RI H H  �!� 6�*8 �� �W$	
� >0� cW� ��_�!� ������� >'$0�� 
t�[,
� �8 A" >&� �D&� ������� \F� -,� >5&� d5&� ��*R
� � q�~C" -,� �n< �'� H

� ��5,
�� ��*35
� U�50
� � E���!� =G$Y� *3RC �8 �F�� H *N�
� Z[% X�$38
 *.��� *N�
� Z[% �� �D��R���� �
�Y ��I�*�T �0��[� 6�'$� �>8 � E�,� u
� P)�[�
�

 ������� ��� �< V�@ H ��	�3	8 �&C>8 G.8 FY�&
� H*$8 cR
" �8 -�� {�&� ��3&�3%
�0��[
� �_�
� � d&�)d$W$� AF
� -,.
� G.8)Kg7.260(#�3	4� � �6C :

FG = m× g =7.260kg × 9.81 m/s2 = 71.22 N    �0��[
� �_�
� �
FG = m ×g =7.260kg × 9.78 m/s2 = 70 N                 #�3	4� �


� ��e�" ;� ��3&
�� f�|� #
F�� ��>� �	
 P�0R�*4� � ��e�!� \F� -,� V�@ t��G
��,
� � ��J,Q.

�5n�� �5� *l&
� O�� ���[
� P���38 ��� � ��_�!� ������� ���� ��z" *Dl�� 
-	v
� Z_�C� H �RW$�4� P��1x
 ���7 P���38 �� -	� L3`W
 ���7 P���38)1(

�Q�� ��< H G.8 -,.W
 ���[
� P���38$�d$W(m) ��*35� 95W[&C� (v) �5C��6�� 
�G[Q�(�)
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�5o d5`$�� ���38 F�$� V�@ H �[Y \�]� � ���[
� � *'$3� �" �	p) �n�I 
��358 c5W� UF5�� �F� \�]�� ��>,8 P��� �8 H ��_�!� ������� ���� �:  �!�

 ��&N&8 ���38 F�$C AF
� H ���[
�.

��R��)� H�

�8*
� �I�38 D

<�K 1</L
� ���G M�N� OP-D� <L& 
mN&4� ��R��� U�3@ �	p )�',
� �(��
�$
� ��G0
� �8 

H = V2/ 2 g × sin � 2

/�$
� ��Q�,
� 9C*7 �� ���3@ �	'�I �8*
� �I�38 �8" 
D = V2/ g × sin 2�
�'��3@ � �3�h� ��$'� ������� -Y>� tQ�Q�,
� G� �" �@GQ 

�$
� ��Q�,
� fGY �8 9,N$4� ��R��)� U�3@ �	'�I �C1�'0
� P���R��)� � �8" /
H = V2/ 2 g

X�5,
� U�50
�� =�F,4� �D,,i u
� ��,I!� �I�34� ���,
 /�$
� ��Q�,
� >C>: � >,
�
)+*�–-,� –Z8� –��*[8 –-C�7 (�� (�) (�G5[Q� ��*5% fG5Y �8

��
�$
� ��G0
�� Z_�8 �'�� �_�!� UF�� ���� =�F,4� 
D = V2/ g

V�@VE/Q� �G[Q)� ��*% g�_�!� -�`0$
� )9.8 E/Q2(�8 -	

 �
�s� tQ��,
� Ll08 � -Y>� ������� ��� �< �@GC V�@ H \G�" � tQ��� �8 1��
 =�F5,4� �D,,i u
� P�I�34� cW� ���$
� � �'D4� ��C�,4� >@" g$0� u
�� P�I�F,4��

��,I" �" �C1�'� K��%.
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R!�GS�:�G T�$'C" !��8-
� 5�/
� �K)� )78:� AB"(
�F�� H *N�
� Z[% X�$38 ��� 1>� ��	8 � ��� �4�7 �$��� �'�� L3�� �e� 
\F� X�J,
� ��,
� ��I H tWT*
� �" t���F
�� X1�� >� u
�� ��,
� P��*� E��,
� >&0I

 K�6T!� )t���F
� tWT*
� �" (�5W.'$4� �5������ cW� (W�$
� � �3�h*
� ��>
� (0W�
 95W|� � �5��.
� (�WJ
� ��*� G.8 E��,
� >&0I H L3�� �e�� )P�5�*@ >5@"

#$%�&'�� (�8�~
� t���F
� PG~� cW� �,C g�!� K(0
� ��I )�C�>J
� (#
F5��
 �>0�4� tR$	
� PG~� cW� )��
�>
� (�.
� ��IH 9W|� � P�)��J5@ �" Ae��5$4� �"

O��,4� (L3�� �e� H A��3� d��� ��Q���1 �86� >
�C =�% ×6�*8 t� ��,I!� �I�34�
 � -
�|� ����>
� E60
� ��	C �" -T� �8� H e�D�� cW� e�	��)� �[,Q� L3�� -,�

 �� ��	� �Q< (� H (�GW
 �e�
� E6� cW� (W�$
� cW� q��1�� ���F
� g�� t���F
� �
�e�� L35�� K65� X�J,
� X�,
� t� ��G0
� (0W� V�@ H L3�� �W$� �8 �D$'�,�

 L3�� �e� �86� cW� (W�$W
 K�1!� � q���1 L3�� )��_�!� ������� E6� (#5
�� H
���3&
� ��,
� �D�W� 9W[C u
�� d'3T �e� �8 ��%�&$4�� ���W[4� ��,
� fF�C (�G
� �)

�@ ���3&
� ��,
� �< V:
!��8-
� 5�/
� =HC��U�
 V�W/
� 5�/
� /78:� AB" )f�>�� �@)(

>@�� �8 g�� ��	� �'W� ���3&
� ��,
� �'�� �< �,�,|��� )Z�N
 1>� (#
� f1 �'W�
 �'3T �e� ;< q��3Q ������ ��� ��� P��*|� \F� � �>�T dh�1" ��	C (�G
� �< cW�

 � cW� ��1�� �5� �'�,
� \F� ��J,Q� HL3�� cW� �*��4�  �!� UFT ��� cW� (W�$

 P�5�*|� �58 ��5&
� �F� � �W8�0
� PG~0
� � B0_ {�&� �" ;< �vC >@��
�
 �8�*� fGY �8 PG~0
� \F� *C�[� cW� -'0
� #
� ��*$3C �� H ���v4� P��*|��

�
�s� ��,
� (C�>� ) .� -	v
�� f�>�� �@)\�Q1"(
H	��X H�C'
 HC��U�
 !��8-
� 5�/
� HG !���/� H�
 Y" Z 

[C'
� �7�
 V�W/
� 5�/
�
HC��U
� )\]���(

[C'
� AB" 
)\]���(

5�$ HG .�	
�
HC��U
�" AB�
� 

!��8-
� 5�/
� 

1872.2 725.2 147 1.20 
2678.16 686 7.84 0.98 
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 %�
�
78:� </^ F���

78:� </^ F���

_B���D� ` �	�N� B��]�#� !��0 a�b� ` [��W
� !��0 

������� ��� cW� (W�$W
 tWT*
� �" t���FW
 ���3&
� ��,
� P�8�>�$%� �� �8 �8" 
��e�" -.� P�8��,4 )G.8 f�,�!� �I� ��0W� (G~0
� ��>� ��I ��*35
�� ��G� �� P

-,.
� ��*@ � ��$
� b�>@< � ���W[4�� �W
�|� )dW�`0� (>5|� K�1" >5&� V5�@
 fGY ��� fF� cW� �?�>� �8 EK��$� u
� -,.
� P��W[$8 ���� �: �W~0
� ��	� cJ�!�

)B��$
� �,[&8 (� � �8>�$34� �W�%�
� �" �F
 H -C�[$
��  ��,Q)� �W@*8 K�&�" (5W�$

 �< cW� �W�%�
� \F� >'$0��H �~C�0$
� -�`0$
�� =*0� B��� �,[&8 1�T� �W	v8 cW�
 >'$0� �D&	
� d�W� (W�$
� 1�*4� -,.
� ��>,8 cW� >'$0� ) K�1!� � �]�&
� ��W~0
� ��,
�

 �" H V�@ d$�*@ � L3�� -�`0� �T�1 cW� �~C":
F= ma + mg 

 �" �'W�F'�� �� H ��,
� �mH d�W� (W�$
� 1�*4� -,.
� �W$� aH-5,.
� -�`0�g
��_�!� ������� -�`0�.

fG5Y -5,.
� �� {*N$C u
� -�`0$
� �1�Ce ;< �W�%�
� \F� � (�G
� K�1" �`WC 
��� �8 �W~0
� d
F�� �� -�� \���� �'�� Z�J$I B��$
� �,[&8.

m� �C*� K�1" K�&��I ���5�  �5R�� �8� H�CF�R
� X�$38 �8 -,.
� �I*
 t���F
�
 cW�) ��*|� K>� >&� -'|�)fGY �8 ��,
� E6�� �8��,4� E6� �8 -� ��J,Q (�3�

 �8��,4�� ��,
� �8 -� ���� ��J,Q(-�`0� �1�C6
 g�� ��� ��$Q< � ">�C (�G
� ��I H
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��_�!� ������� >_ ��	8�� �>� -,.
� );�95I*4� �5C��e d�I ��	� AF
� >|� 90�
��,
�� �8��,'W
 E6� g�� �_�
� �F� � ��	C V�@ H q��C*,� (E60
 ���� g�� m0C �F��

 �_�
� �F� � -,.
� �e� )������� .( ��*5% �1�Ce �
��� cW� �W�%�
� \F� >'$0� �'�
 ��*|� X>8 1�>@ � {*N$4� -,.
� )�� �'W� dQ� ���$��� �5'W� ��� �8��,4� ���� �

��*|� X>8� ��*3
� � �1�Ce {�&� ��� (P��C�>5$
� K�&�" K�*T!� �F� 9�,: �	p� H
X>4� �F� �C�D&
 ��3&
�� �8" H ��*|� X>4� �C�>� � ">�4� �F� �8 �1�R$%)� �	p V��

 �F� E�>�$%� ��I /�$
��� -,.
� ��*@ =�,C< (�G
� cW� (� dQ�I �5W@*4� � ">5�4�
��N$34� �� ��8!� �8 X>4� �8 ��Y!� .

RJU:� 5�$ c^d] )!�GS�:� (1I 
�" F	/
� 5�$ `
-Y>�� e�>� JUZ 5�$ �I>5
� >5&� L35�� -,� 6�*4 ��R��)� >C>: �

���� ��	
� >&� �*h�[
� ��) P��*@ � �'� H �C1�'� �G[Q)�� >&�� 9@�3
� f�%
 ���� �	p V�@ H 6R,
� �8 E>,
� �*� Z[Q P��*@� �W3
� �*	� 6R,
�� BC>D$
� K�1"

f�	]�#� P���$8 �8 ���[
� fGY L3�� -,� 6�*8 d0[,C AF
� e�>� JU9Z 5�$
 A�cg
� \�B"�WC �'�� r,I:

h = g × t2 / 8
V�@ h=� -,� 6�*8 ��R���L3� 
�g=9.81 E/b2

�t=L3�� -,� 6�*8 ���7 �8e 
�5������ �5D�I -Y>� u
�� �RW$�4� P�6R,
� �< ;< �vQ �" �	p ��Q�,
� �F�� 

�,�08 X�,� )=�~8 �e�� �" L3�� �e�� (�0C*35
� ��5,
� ��[�� �3: �" �	p
 � E�>�$%��� �W8�0
� PG~0W
 L3�� �e )r,I  �!� UFT ��� (�" m50C AF
��

 ��5R��)� c[0C AF
�� H �8��,4� X�,
� \F� cW� (W�$
� � ��W~0
� ��8��� \F� ��W���
 H�	p�8 �*%�� �W,$W
 �?K�R� cW� �* �8 L3�� -,� 6�*4 9,N$4� )(5�G
� G.'I

 \�>� dW,� 6�*4 ���7 �8e 9,i AF
�0.55 ,C dQ�I b���>� �C1�'� �I�34 6R0.37 
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��>� ���7 �8e 9,i AF
�� H ��Q�,
� �F� (3@ *$80.80 65R,C =�% ��I b
���>� �C1�'� �I�380.78 *$8 (�5	� (5�G
� -,� 6�*8 ���7 �8e f�7 �'W��

 ������� >_ -'0
� cW� �W8�0
� PG~0W
 ��
�0
� ��>,
� #
� )UF5T ��� cW� (W�$
�
 �!� (u
�� PG~50
� \F� ��>� �8 L`3&C AF
� (%�&4� ��R��)� 9�,: ;< �v� 
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