
Kinetic Energy and Work 

Chapter 7
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7-1 Kinetic Energy

 Energy is required for any sort of motion.

 Energy:

o Is a scalar quantity assigned to an object or a system of objects

o Can be changed from one form to another

o Is Conserved in a closed system, that is the total amount of energy 

of all types is always the same

 In this chapter we discuss one type of energy (Kinetic Energy)

 We also discuss one method of transferring energy (Work)
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The kinetic energy K associated with the motion of a particle 

of mass m and speed v, where v is well below the speed of 

light, is

Notes: 

1. Kinetic energy is zero for a stationary object

2. Kinetic energy is always positive 𝐾 ≥ 0

3. The unit of kinetic energy is a joule (J)
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7-2 Work and Kinetic Energy

 Account for changes in kinetic energy by saying energy has 

been transferred to or from the object

 In a transfer of energy via a force, Work

 This is not the common meaning of the word “work”

o To do work on an object, energy must be transferred

o Throwing a baseball does work

o Pushing an immovable wall does not do work
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The right side tell us the kinetic energy has been changed by the

force, and the left side tell us the change is equal to 𝐹𝑛𝑒𝑡,𝑥∆𝑥.

Therefore, the work W done on the object by the force (the

energy transfer due to the force) is:

𝑭𝒏𝒆𝒕,𝒙∆𝒙 = 𝑾
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• The work done on a particle by a constant force Ԧ𝐹 during 

displacement Ԧ𝑑 is  

In which ∅ is the constant angle between the direction of Ԧ𝐹 and Ԧ𝑑

Note:

1. Only the component of Ԧ𝐹 that is along the displacement Ԧ𝑑 can
do work on the object (Parallel component). The force
component perpendicular to the displacement do zero work.

2. Work can be zero or positive or negative

3. Work is scalar quantity.

4. Work has the SI unit of joule
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 For two or more forces, the net work is the sum of the 
works done by all the individual forces

 Two methods to calculate net work:

 We can find all the works and sum the individual work 
terms.

 We can take the vector sum of forces (Fnet) and calculate the 
net work once
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Work-Kinetic energy theorem states:

(Change in kinetic energy) = (The net work done on the particle)

we can write it as:

Example If the kinetic energy of a particle is initially 5 J:

o A net transfer of 2 J to the particle (positive work)

• 𝐾𝑓 = 7 J

o A net transfer of 2 J from the particle (negative work)

• 𝐾𝑓 = 3 J
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Answer: (a) Energy decreases   

(b) Energy remains the same

(c) work is negative for (a) and work is zero for (b)
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7-3 Work Done by the Gravitational Force

 For a rising object:

 For a falling object:

The work 𝑊𝑔done by the gravitational force Ԧ𝐹𝑔 on a particle-like 

object of mass m as the objects moves through a displacement Ԧ𝑑 is 

given by 

In which ∅ is the angle between Ԧ𝐹𝑔 and Ԧ𝑑
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 Work done in lifting or lowering an object, applying an 

upwards force:

 For a stationary object:

o Kinetic energies are zero

o We find:

 In other words, for an applied lifting force:

 Applies regardless of path
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7-4 Work Done by a Spring Force

 A spring force is the variable force
from a spring

o A spring force has a particular 
mathematical form

o Many forces in nature have this 
form

 Figure (a) shows the spring in its 
relaxed state: since it is neither 
compressed nor extended, no force 
is applied

 If we stretch or extend the spring it 
resists, and exerts a restoring force
that attempts to return the spring to 
its relaxed state
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 The spring force is given by Hooke's law:

 The negative sign represents that the force always 
opposes the displacement

 The spring constant k is a is a measure of the stiffness 
of the spring

 This is a variable force (function of position) and it 
exhibits a linear relationship between F and d

 For a spring along the x-axis we can write:
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 We can find the work by integrating:

o Can be positive or negative

o Depends on the net energy transfer
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 For an initial position of x = 0:

 For an applied force where the initial and final kinetic 
energies are zero (Stationary block):

Answer: (a)  positive

(b)  negative

(c)  zero Uploaded By: Ahmad K HamdanSTUDENTS-HUB.com
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7-5 Work Done by a General Variable Force

 We take a one-dimensional example

 We need to integrate the work equation (which normally applies only 
for a constant force) over the change in position

 We can show this process by an approximation with rectangles under 
the curve

In three dimensions, we integrate each separately
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The work-kinetic energy 
theorem still applies!
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Work done by a variable force:

𝑊 = න
𝑥𝑖

𝑥𝑓

𝐹𝑥 𝑑𝑥 = 𝐴𝑟𝑒𝑎 𝑢𝑛𝑑𝑒𝑟 𝑡ℎ𝑒 𝑐𝑢𝑟𝑣𝑒

𝑊 = +
1

2
4 + 2 10 + −

1

2
2 5

𝑊 = +30 − 5 = +25 𝐽
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Example: A particle of mass 0.02 kg moves along a curve with velocity

5 Ƹ𝑖 + 18෠𝑘 𝑚/𝑠 . After some time, the velocity changes to 9 Ƹ𝑖 + 22 Ƹ𝑗 𝑚/𝑠

due to action of a single force. Find the work done on the particle during
this interval of time?

Ԧ𝑣𝑖 = 5 Ƹ𝑖 + 18෠𝑘 Τ𝑚 𝑠 → Ԧ𝑣𝑓 = 9 Ƹ𝑖 + 22 Ƹ𝑗 Τ𝑚 𝑠

𝑣𝑖
2 = 5 2 + 18 2 = 349 Τ𝑚 𝑠 2 𝑣𝑓

2 = 9 2 + 22 2 = 565 Τ𝑚 𝑠 2

Work done on the particle  = ∆𝐾 =
1

2
𝑚 𝑣𝑓

2 − 𝑣𝑖
2

𝑊𝑑𝑜𝑛𝑒 = ∆𝐾 =
1

2
0.02 565 − 349 = 2.16 𝐽
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7-6  Power

 Power is the time rate at which a force does work

 A force does W work in a time Δt, the average power due to the 
force is:

 The instantaneous power at a particular time is:

 The SI unit for power is the watt (W):
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 Work can be expressed as power multiplied by time, as in common 
unit kilowatt-hour:  

Answer: Zero 

P = Fv cos ɸ = 0    (ɸ = 90°)
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The negative result tell us that force Ԧ𝐹1
is transferring energy from the box at 
the rate of 6 J/s.

The positive result tell us that force Ԧ𝐹2 is 
transferring energy to the box at the rate 
of 6 J/s.
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