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Introduction 

 We have investigated work and identified it as a 

mechanism for transferring energy into a system.  

 We have stated that work is an influence on a system 

from the environment, but we have not yet discussed the 

result of this influence on the system. 

 One possible result of doing work on a system is that the 

system changes its speed. 

 In this Lecture, we investigate this situation and 

introduce our first type of energy that a system can 

possess, called kinetic energy. 
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Energy: the ability to do work.  

Kinetic Energy  The energy of motion. 

   “Kinetic”  Greek word for motion. 
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Work And Kinetic Energy 

An object in motion has the 

ability to do work. 
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Work 

Newton’s 

Second Law 

Equations of 

Kinematics 

Work-Energy 

Theorem 

Consider an object moving in straight line. Starts at speed v1. Due to 

the presence of a net force Fnet, it accelerates (uniformly) to speed 

v2, over distance d. 

 

 

 

 

  

At Constant acceleration  
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Work and Kinetic Energy 

𝐹𝑛𝑒𝑡 = 𝑚𝑎      (1) 

𝑣2
2 = 𝑣1

2 + 2𝑎𝑑 

𝑎 =
𝑣2

2−𝑣1
2

2𝑑
      (2) 

𝑣2
2 − 𝑣1

2 = 2𝑎𝑑 
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Work done: 

Combine (1), (2), (3): 
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𝑊𝑛𝑒𝑡 = 𝐹𝑛𝑒𝑡𝑑    (3) 

𝐹𝑛𝑒𝑡 = 𝑚𝑎      (1) 𝑎 =
𝑣2

2−𝑣1
2

2𝑑
      (2) 𝑊𝑛𝑒𝑡 = 𝐹𝑛𝑒𝑡𝑑    (3) 

𝑊𝑛𝑒𝑡 = 𝑚𝑎𝑑 

𝑊𝑛𝑒𝑡 =
1

2
𝑚𝑣2

2 −
1

2
𝑚𝑣1

2

 

The product of one half the mass and the square of the speed is 

defined as the kinetic energy of the particle and has a unit of J 

𝒌 =
𝟏

𝟐
𝒎𝒗𝟐 The SI Units are Joules 

𝑊𝑛𝑒𝑡 = 𝑚𝑑
𝑣2

2 − 𝑣1
2

2𝑑
 

The net work done by a constant force in accelerating an object of 

mass m from v1 to v2 is:  

 

 

 

 

This means that the work is the change of the kinetic energy of a 

particle. 
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𝑾𝒏𝒆𝒕 =
𝟏

𝟐
𝒎𝒗𝟐

𝟐 −
𝟏

𝟐
𝒎𝒗𝟏

𝟐 

𝑾𝒏𝒆𝒕 = 𝑲𝒇 −𝑲𝒊 

 أو سالبا   يكون أن يمكن الحركة طاقة في التغير ولكن موجبة دائما  Kالحركة طاقة أن الحظ

 .صفرا   أو موجبا  

The net work on an object = The change in kinetic energy  

𝑾𝒏𝒆𝒕 = ∆𝑲 The Work-Energy Theorem 

If the net work is positive, the kinetic energy increases. If the net work is 

negative, the kinetic energy decreases.  
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When work is done on a system and the only change in 

the system is in its speed, the net work done on the 

system equals the change in kinetic energy of the 

system. 

 
 

NOTE!  

This is Newton’s 2nd Law in 

Work & Energy Language!  
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𝑾𝒏𝒆𝒕 = ∆𝑲 

22

2

1

2

1
ifif mvmvKEKEW 

Example 1 

Find Wnet to accelerate the 1000 kg car. 

Wnet = K = K2 – K1  = ½m v2
2 – ½m v1

2 

Wnet = ½(103kg)(30m/s)2  – ½(103kg)(20m/s)2 

Wnet = 450,000J – 200,000J = 2.50x105J 

How much net work is required to accelerate a 1000-kg car 

from 20 m/s to 30 m/s? 
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Example 2 

A fighter-jet of mass 5×104kg is travelling at a speed of 

vi=1.1×104m/s.  The engine exerts a constant force of 4×105N 

for a displacement of 2.5×106m.  Determine the final speed of 

the jet. 
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Solution 

According to equation of work, the work done on the engine is 

 W = (Fcos ) s = 4×105 cos 0o × 2.5×106 = 1×1012J  

The work is positive, because the force and displacement are in the 

same direction.   

Since W = Kf - Ki the final kinetic energy of the fighter jet is 

 Kf = W + Ki 

     = (1×1012J) + ½ (5×104kg) (1×104m/s)2 = 4.031×1012J 

The final kinetic energy is Kf = ½ mvf
2, so the final speed is 
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 .حيث أن المحرك يبذل شغال  موجبا  لذا كانت السرعة النهائية أكبر من السرعة االبتدائية
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A block of mass m = 6 kg, is pulled 

from rest (v0 = 0) to the right by a 

constant horizontal force F = 12 N. After 

it has been pulled for Δx = 3 m, find it’s 

final speed v.  

  

Solution 

Wnet = K   (½)[m(v)2 - m(v0)
2]    (1) 

If F = 12 N is the only horizontal force, 

then               Wnet = FΔx    (2)  

Combine (1) & (2): 

            FΔx    = (½)[m(v)2 - 0]  

Solve for v:    (v)2   = [2FΔx/m] 

v  =  [2FΔx/m]½  = 3.5 m/s 

Example 3 
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Example 4 

A car traveling at speed v1 = 60 km/h can brake to a 

stop within a distance d = 20 m. If the car is going twice 

as fast, 120 km/h, what is its stopping distance? Assume 

that the maximum braking force is approximately 

independent of speed. 
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Wnet = Fd cos (180º) = -Fd  (from the definition of work) 

Wnet = K =  (½)m(v2)
2 –  (½)m(v1)

2 (Work-Energy Principle) 

but, (v2)
2 = 0 (the car has stopped)  so  -Fd = K =  0 -  (½)m(v1)

2   

or    d  (v1)
2  

So the stopping distance is proportional to the square of the initial speed! If 

the initial speed is doubled, the stopping distance quadruples! 

Then: d = 80 m 
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A 58 kg skier is coasting down a 250 slope. A kinetic frictional 

force of magnitude fk=70N opposes her motion. Near the top 

of the slope, the skier’s speed is v0=3.6m/s. Ignoring air 

resistance, determine the speed vf at a point that is displaced 

57m downhill.  

Example 5 
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NsmkgfmgF k 7025sin)/80.9)(58(25sin 2 

F =+170 N 
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Solution 

KEf  = W + KE0 

KEf  = 9700J + (1/2)(58kg)(3.6m/s)2 

KEf  = 10100J 

m

KE
v

f

f

)(2
 sm

kg

J
/19

58

)10100(2


  JmNsFW 9700)57(0cos)170()cos( 
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Solution 
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Power 
The power is defined as the time rate of 

energy transfer.  If an external force is 

applied to an object, and if the work done 

by this force is ∆𝑾 in the time interval ∆𝒕, 
then the average power is: 

 
 

The instantaneous power is given by 
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The unit of the power is J/s which is called watt (W). 

Example 6  

A 65-kg athlete runs at constant speed a distance of 600 m up a 

mountain inclined at 20o to the horizontal.  He performs this feat in 

80s. Assuming that air resistance is negligible, 

(a) how much work does he perform and  

(b) what is his power output during the run? 
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Solution 

Since the athlete runs at constant speed, we have 

 WA + Wg = 0 

where WA is the work done by the athlete and Wg is the work done 

by gravity.  In this case, 

 Wg = -mgs(sin) 

So 

 WA = -Wg  = + mgs(sin) 

       = (65kg)(9.80m/s2)(600m) sin20o 

(b) His power output is given by 
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Problems to be solved by yourself 
1. A 200kg cart is pulled along a level surface by an engine.  The 

coefficient of friction between the carte and surface is 0.4.  (a) How 

much power must the engine deliver to move the carte at constant 

speed of 5m/s?  (b) How much work is done by the engine in 3min? 

2. A 1500-kg car accelerates uniformly from rest to a speed of 10 m/s in 3s. 

Find (a) the work done on the car in this time, (b) the average power 

delivered the engine in the first 3s, and (c) the instantaneous power 

delivered by the engine at t = 2s. 

3. A woman raises a 10-kg flag front the ground to the top of a 10-m 

flagpole at constant velocity, 0.25 m/s.  (a)Find the work done by the 

woman while raising the flag. (b) Find the work done by gravity. (c) What 

is the power output of the woman while raising the flag? 

4. A 700-N marine in basic training climbs a 10-m vertical rope at uniform 

speed in 8 s. What is his power output? 

5. A mechanic pushes a 2500kg car from rest to a speed v doing 5000J of 

work in the process.  During this time, the car moves 25m. Neglecting 

friction between the car and the road, (a) What is the final speed, v, of 

the car? (b) What is the horizontal force exerted on the car? 
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 المحاضرة القادمة 

Work and Potential Energy 


