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Notes CH.(7): Kinetic Energy and Work )و ا���  ��ا��
آا����� (   

 

 

Kinetic energy (K.E) = ½ m v
2
 

 

If body is stationary ���� v=0 ����K.E=0 

 

 

 

 

 

 
Exp.(1): Which of the following bodies has the smallest kinetic energy? 

a)  Body A             b) Body B            c) Body C           d) Body D 

Body Mass (kg) Velocity (m/s) kinetic energy= ½ m v
2 

 

A 2 m 3 V ½ (2 m ) (3 V)
2
 = (9) m V

2
  The largest kinetic energy 

B 1 m 4 V ½ (1 m ) (4 V)
2
 = (8) m V

2
  

C 3 m 1 V ½ (3 m ) (1 V)
2
 = (1.5) m V

2
 The smallest kinetic energy 

D 3 m 2 V ½ (3 m ) (2 V)
2
 = (6) m V

2
  

  

kinetic energy, work and power are scalar quantities The unit of energy (K.E-W) is the joule (J).  

1 J = 1 kg m
2
/s

2
   ����  from   K.E=(1/2) m v

2
 

1 J = 1 N . m        ����  from  W  =F.d 

1 J = 1 Watt.s     ����  from   W=P.t 
1 J = 1 Watt.s (or kiloWatt.hour)   ����  from   W=P.t 
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Work (W)
�� ا

 
 � � ∆ �  � � ����. 
���  �� � �  � ��� � ��� 

     

Work-kinetic energy theorem  Work done by a constant force  Work done by a spring force 

� � �� � ��   � � � 
 ��� ���   

�: final 

�: Initial 

 Where F is Force (ة�� (ا
d is displacement (ا�زا��) 

θ is the angle between the force and displacement 

 ا�او�� ��� ا��ة وا�زا��

 

Note: �� � � � � 

� � �  � �� - 
�
  � �� 

 Note: � · 
 � ��
� � ��
� � ��
�  
(Hooke’s Law) 

 

 

W ���� (+ve)  W ���� (-ve)     

Energy transfers 

to object 

 Energy transfers 

from object 

 W= No.  W=0 
     

  ����� )'&�ى ا�زا��  )'&�ى ا�زا��  ن$# إذا آ�ن� ا��ة � إذا آ�ن� ا��ة �*�د�� 

K.E increase  K.E decrease  W= F . d = F d cos (θ)  � � �  (� �  !!) 

W increase  W decrease                   =��
� � ��
� � ��
�  W= F . d = 0 
    

 
  

       
       

 W ���� (+ve)  W ���� (-ve)  
     

 1-F is in  the same direction of d  1-F is in the opposite direction of d  

 
 إذا آ�ن� ا��ة �/ ن$# ات-�, ا+زا��

2-  ! " � # 90 
 

 إذا آ�ن� ا��ة �0# ات-�, ا+زا��
2-     ! # & " 180 
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Exp. (2): a) A constant force of F=(5N) in the positive x-direction acts on 4kg mass as it moves from r1 = 3i+4j to r2 =5i, what 

is the work done by force? 

d= ∆r = r2 – r1 = (5i) - (3i+4j) = (5-3)i + (0-4)j= 2i - 4j 

F= 5 i 

W=F.d = 5 x 2 + 0 x - 4 = 10 J  

 
b) If a force F = 210 i - 150j (N) is applied on a box, the displacement of the box due to the force is d = 15i -12j +3k 

(m). Find the work done? 

W= ) · * � )+*+ � ),*, � )-*-  

W= 210x15 + (-150x-12)+ (0x3) = 4950 J 

 
Exp.(3): If the kinetic energy of a particle is initially 5 J and there is a net energy transfer of 2 J to the particle, what is the 

final kinetic energy? 

W = ∆K = Kf – Ki ( net energy transfer )  

Kf = ∆K + Ki   

∆K =W= +2 J (to)  ���� Kf = + 2+ 5 ���� Kf = 7 J 

Note:  If a net energy 2 J transfers from the particle: W = ∆k = -2 J (from)  ���� Kf = -2 + 5 = 3 J 

 

Exp.(4): Which of the following particles that moves along the x-axis has a negative work done on it? 

Particle Ki (initial K.E) Kf (final K.E) W= kf -  ki  

A 4 J 4 J 4-4=0 J W���� remains constant 

B 9 J 4 J 4-9=-5 J W���� negative value 

C Zero 5 J 5-0=+5 J W���� positive value 

D 8 J 3 J 3-8=-5 J W���� negative value 
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Work net 

 
 

Wnet =W1 + W2 + W3   Wnet= Fnet . d 
    

Wnet = ��. 
 � �. 
 � �.. 
   Wnet =Fnet d cos (θ) 

 

Exp.(5):Two forces act on a box shown in figure. The box moves 8.5m to right. What is the total work done by these 

forces? 

 

 

  

Wnet =W1 + W2   Wnet= Fnet . d  

Wnet = ��. 
 � �. 
 

W1= �� 
 ��� ���� 
      = 12 x 8.5x cos (30)= 88.3 J 

W2 = � 
��� ��� 
       = 10x8.5 x cos(40)= 65.11J 

Wnet =W1 + W2 

   = 88.33 + 65.11 = 153 J 

 Wnet =Fnet d cos (θ)  

 Fnet,x=ΣFx= F1x + F2x 

ΣFx= F1cos30 + F2 cos40=18 

Fnet,y=ΣFy= F1y + F2y 

 ΣFy= F1sin30 + F2 sin40= 12.4 

Fnet = /�� � �� = 21.86 

�012 � 3456� ����= 35
0
 

� � �012 
Wnet= 21.86x 8.5xcos35= 153J 

 

 
Fnet is in part I 

���� �012 with +x-axis 

d is in +x-axis 

���� � � �012 
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Exp.(6):There are two forces on the 2 kg box shown in the figure. If the box moves to right 6m. Find the work done 

by F1 (W1) and F2 (W2)? 

W1= ��. 
 ��� ���� 
      = 20 x 6 x cos (0)= 120 J 

W2 = �. 
 ��� ��� 
       =  �. 
 ��� ��7!� 
       = 30x6 x cos(150)= -155.88J  

 
 

Exp.(7): Two men sliding a box of mass m a displacement d along x-axis, if the work done by the first man was W1 
=70 J, and the net work done on the box was W=120 J. What is the work W2 done by the second man? 

 

W1 =70 J,          Wnet =120 J,      W2 = ??     
Wnet = W1 + W2 

W2 = Wnet - W1= 120-70=50 J 

 
Exp. (8): A car of mass 1000 kg accelerates at 2 m/s

2
 for 10 s from an initial speed of 5 m/s. a) What is the final 

kinetic energy? b)Determine the work done by the car. 

 

To find vf : 

vf = vi + a t �  vf = 5 + 2 (10)=25 m/s 

Kf = ½ m (vf)
2
 = ½ (1000) (25)

2
 = 312500 J 

b) Ki = ½ m (vi)
2
 = ½ (1000) (5)

2
 = 12500 J 

W= Kf – Ki = 312500-12500= 3 x 10
5
 J  
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����� 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

 
  

��8 � ! 
  ح
آ� أ����

 ���� ! �د–

(rising- moving up- 

above-ascent) 
 ��8 � � �8 
 

��8 �  �8 
 

 "#� '&ول - 

(falling- moving 

down-descent ) 

��9 � ! 

3 (   ��ة ا� +�دی�ا�ش�

�� � � � 
 

4 (  ��ة ا1ح0/�كش�

  

�� � �
 ������ 
           � ��
� � ��
� � ��
� 

1(    ��ة ا�3�4ش�

�� � �  � ������� 
5 (   ��ة ا�&'5
كش�

�� � ��� 

  ��ة ا�&'5
ك ا�+�0�
ة�� ا��9ت7 �6 ا�

(Hooke’s Law) 

Where k is spring constant 

(N/m) 

 

� � ���� ·  
���  
  ��ة >�ب0:ا��� ا��9ت7 �6 

  

2 (   ) Weightا��زن( ب�?<ا��ة ش�
Fg= m g 

  رأ#�: ح
آ�


�� أن�اع ا
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أن�اع ا��  

  

  �3ة �3F is variable(                           4&��5ة )&���ة
      

 

  
  

   ��ة ا1ح0/�كش�
(Friction)  

   ا���ة ا� +�دی�ش�
(Normal force)  

   ) Weightا��زن( با�?<��ة ش�
 (gravitational force) 

 6�7 �3ة ا

 

     

Fg= m g 

,: � ; �9  NF  *"#� �+Eدا �Fات?�ه  

��   ات?�ه�F �+�دی� ��� ا�J�K ات?�هI/� �F ات?�H ا��
آ� � � 
 ��� ��� 

    

    

  ح
آ� �+�دی:
    

  ح
آ� أ����
  

  '&ول
falling 

  

  ! �د
rising 

  

  

  

  

�� � � 
 ��� ��� ��9 � �9 
 ��� ��� ��8 � �8 
 ��� ��� ��8 � �8 
 ��� ���  ��8 � �8 
 ��� ���  

� � �<!! � �  !! � � !! � � �<!!  � �  !!  

�� � � � 
 ��9 � ! ��8 �  �8 
 ��8 � � �8 
  ��8 � !  

  ��8 �   �8 
 ��8 � � �8 
    

  

� � � 
 ��� ��� 
�� ��  � ������� 

    )Spring (ش� ��ة ش4 ا�&'5
ك
� � ���   (Hooke’s Law) 

d 
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Exp. (9): A 5.0-kg box is raised a distance of 2.5 m from rest by a vertical applied force of 90 N. Find (a) the work done on 

the box by the applied force, and (b) the work done on the box by gravity? (c) What is the final velocity for box at the end 

of 2.5 m? 
a) WF = F d =90 x 2.5 = 225 J                                               b) For rising object: WFg = - mg d = - 5 x 9.8 x 2.5= -122.5 J 

c)  vi = 0 (raised from rest) � Ki = 0 

Wnet = WF + WFg =225 – 122.5 = 102.5 J 

Wnet = Kf – Ki = ½ m (vf)
2
 - ½ m (vi)

2
 

102.5 = ½ (5) (vf)
2
   �  (vf)

2
 = (2*102.5)/5 = 41  �  vf = 6.4 m/s 

Exp. (10): A 40 kg box is pulled 30 m on a horizontal floor by applying a force (F) of magnitude 100 N directed by an 

angle of 60º above the horizontal. If the floor exerts a friction force (�) of magnitude 20 N, calculate the work done by each 

one of these forces. Calculate the work done by the weight (�8) and the normal force(�9). Calculate also the total work 

done on the box. 

 

WF = F d cos θ= 100 x 30 cos (60)= 1500J 

�� � � 
 �����<!� �  �� 
= -20x 30= -600 J 

��8 � �8 
 ���� !�=0  

��9 � �9 
 ���� !�=0 

Wnet= WF + Wf + WFg + WFN = 1500 – 600 + 0 + 0 = 900J  

Exp. (11): A 1-kg box slides along an +x-axis on the rough floor. The box is moving from 6 m/s to 2 m/s. Find 

the work done by friction 
 

Wnet = Wf = Kf – Ki = ½ m (vf)
2
 - ½ m (vi)

2
= ½ (1) [ 2

2
 – 6

2
] =  - 16 J  

�9L0#ب� M'�Lا� N�
11م�Lل ر�Q  ءب��� ا�مM� ��L ا�+  
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Power (P): the rate of work 

 ا�7رة
 

average power  Instantaneous power 
   

= � �
2  

 = � 
�

2  

  = � ����. ���� � � � ������ 
  Where F is Force (ة�ا��) 

v is velocity (��
Kا�) 
θ is the angle between the force and velocity  ( ����ا�او�� ��� ا�'ة وا ) 

 

 

 

 

 

 

Exp.(12): There are two forces on the 2 kg box shown in the figure. If the box moves to right with constant velocity 

4m/s. What is the power due to F1) and F2 then find the net power? 
 

P1= ��. � ��� ����=  20 x 4 x cos (0)= 80 J 

P2 = �. � ��� ��� = �. 
 ��� ��7!�= 30x4 x cos(150)= -103.9J 

Pnet = P1+ P2 = 80 -103.9 =-23.9 J 

 

                      

 

  

The unit of power is the Watt (W) 

1 Watt= J/s    ���� from  P= w/t 

1 Watt= kg.m
2
/s

3
 (where J = kg m

2
/s

2
) 

Pnet = P1 + P2 + P3 
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Exp.(13): A person lifts a 100 N weight 2 m above the ground during 2 s. What is the power required? 

Rising �   W=-mgd= -100x2= -200 J 

P=-200/2= - 100 W 

 

Exp. (14): In which of the following situation the net power = 5 W? 

Situation P1  P2 P3 Pnet = P1 + P2 + P3 

A 12 5 -7 12 + 5 -7 =10 Watt 

B -13 3 -2 -13 + 3 – 2= -12 Watt 

C 15 -12 -3 15 – 12 -3 = 0 

D 10 2 -7 10 + 2 -7 = 5 Watt 

 

Exp. (15): A man uses a force of 200 N, which is 20
0
 above the horizontal, ( as in the diagram) to push a box a distance of 8m. 

What is the power if the man takes 12 s to push the box? 

 

F= 200 N,      θ=200 ,    d=8m,       t= 12 s 

> � ?
@ �  A B CDE�F�@ � �GHH��I�CDE �GH�JG = 125 Watt 
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     Problems:  
 

1- 

 

2- 

 

3- 

 

4- 

 

 

 

 

 

    


