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Work and Kinetic Energy
4S all d8Ual) g Janl)

Work and kinetic energy are fundamental concepts in physics, specifically in mechanics. They are
closely related through the Work-Energy Theorem, which states that the net work done on an object
is equal to its change in kinetic energy.
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Work Done by a Force
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Work (W) is defined as the product of force, displacement, and the cosine of the angle between
them:
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W = Fdcos @
Where:
W = Work done (Joules, ])
F = Force applied (Newtons, N)
d = Displacement of the object (meters, m)
0 = Angle between force and displacement
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Special Cases:
:L.al& Nl

1. Force parallel to displacement (6 = 0°)
da) U 45 3) gal) 3 681

W =Fd
(Maximum work done)

2. Force perpendicular to displacement (6 = 90°)
dal ) e A gant) 5 681

W=0
(No work is done, as in circular motion)
(B ol A ) 8 Jlall s LS (Jae sl alil) 25 V)

3. Force opposite to displacement (6 = 180°)
da) 3] dslaall 5 681

W = —-Fd
(Negative work, reducing energy)
(AU Sl g Ll Janll)
Kinetic Energy (KE)
(KE)&sS al) 4dUal)
Kinetic Energy is the energy possessed by a moving object due to its motion:
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KE—1 2
=S mv

Where:
KE = Kinetic energy (Joules, ])

m = Mass of the object (kg)

v =Velocity of the object (m/s)
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Work-Energy Theorem
d3Ual) g Jand) 4y las

The Work-Energy Theorem states that the net work done on an object is equal to its change in
kinetic energy:
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Whet = AKE = KEfinal — KEiitiar

1 1
Whetr = Emvzf - Emvzi
Where:
vr = Final velocity
v; = Initial velocity
This theorem explains how work changes an object's speed.
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Example 1: A 10 N force pushes an object for 5 m in the direction of the force. Find the work
done.
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Solution:
W = Fdcos @
W = (10)(5)(cos 0)

W =50]
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Example 2: A 2 kg object moves at 3 m/s and is accelerated to 6 m/s by a force. Find the work
done.
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Solution:

1 2 1 2
szmvf—zmvi

W= l(2)(62) 2 (2)(3%)
) 2

W=36-9=27]

Example 3: A person pushes a box with a force of 20 N for 4 m along a flat surface. The force is
applied at an angle of 30° to the displacement. Find the work done by the force.
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Solution:
W = Fdcos @
W = (20)(4) cos 30°
W =80 x 0.866

W = 69.28]
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Example 4: A 5 kg object is moving at 2 m/s. A force is applied, increasing its speed to 5 m/s.
Calculate the work done on the object.
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Solution:
1 1
W= Emvzf - Emvzi
1 2 1 2
W =25 (G)2)
1 1
W =2 (5)25) -5 (5)(4)
B 125 20
2 2
W =62.5-10
W =525]
H.W/

a. A 3 kg object is moving at 8 m/s with when friction brings it to a stop over 10 m. How much
work did friction do on object?

b. A 10 kg object is at rest. A force accelerates it until it reaches 4 m/s over a distance of 5 m.
Find the work done on the object and the force applied.
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