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1

2 

3 Define and explain Kinetic energy

Explain work-energy equation 

Understand potential energy and conservation of energy

By the end of this lecture, you are able to: 

5

Understand the work energy principle 

Understand the work done by different forces



Understand the work energy
principle 

There are two general classes of problems in which the cumulative effects of unbalanced forces acting

on a particle are of interest to us [1].

These cases involve (1) integration of the forces with respect to the displacement of the particle and

(2) integration of the forces with respect to the time they are applied.

Integration with respect to displacement leads to the equations of work and energy,

In today topic, we will analyze motion of a particle using the concepts of work and energy.[1].

The resulting equation will be useful for solving problems that involve force, velocity, and displacement.

Before we do this, however, we must first define the work of a force.



scope Cont’d…

To develop the quantitative meaning of the term “work, Consider a particle that moves on path s from a

point A to a neighboring point 𝐴′ due to Force F . If r denotes the position vector corresponding to point

A, we can denote the small vector joining A and 𝐴′ by the differential dr which is the displacement [1].

Figure 1. Work

The magnitude of this dot product can also be written as : 𝑑𝑢 = 𝐹𝑐𝑜𝑠𝜃 𝑑𝑠

where ds is the magnitude of dr

Definition of Work
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• If the angle between the tails of dr and F is 𝜃 , Fig. 1,

The work done by the force F during the displacement

dr is defined as : 𝑑𝑢 = 𝐹. 𝑑𝑟



In general from 𝑑𝑢 = 𝐹. 𝑑𝑟 or 𝑑𝑢 = 𝐹𝑐𝑜𝑠𝜃 𝑑𝑠 , Three particular case are drawn [2]:

Work is a scalar quantity, so it has a magnitude and a sign but no direction

Note that work is expressed in units obtained by multiplying units of length by units 

of force.

work Cont’d…



We can use the general 𝑑𝑢 = 𝐹. 𝑑𝑟 equations to derive formulas for the work done by a force in

several common and important situations, as we now show.

Work of a constant Applied Force

Common Types of Work
Work Cont’d…
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Figure 2. Work of applied force



Work of Force of Gravity

Common Types of Work
work Cont’d…
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Figure 3. Work of force of gravity



Work of a Spring Force 

Common Types of Work
scope Cont’d…
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Figure 4. Work of force of spring
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Work of a friction Force

Common Types of Work
Work Cont’d…
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Figure 5. Work of Friction force
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Kinetic energy

It is the energy that an object possesses because of its motion [3].

It depends on the mass of the object and the square of its velocity.

Mathematically, The kinetic energy  of the particle is defined as:

T =
1

2
𝑚𝑉2

Where: T= kinetic energy (in joules, J)

𝑚= mass of the object (in kilograms, kg)

𝑣= velocity of the object (in meters per second, m/s)

The faster an object moves or the heavier it is, the more kinetic energy it has.



Principle of Work and Energy

Consider a particle of mass m acted upon by a force F and moving along a path that is either rectilinear

or curved . Expressing Newton’s second law in terms of the tangential components of the force and of th

e acceleration , we have [4] :
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Principle of Work and Energy

This equation states that when a particle moves from Point 1 to 2 under the action of a force F, the work

of the force F is equal to the change in kinetic energy of the particle. This is known as the principle of wo

rk and energy [2].
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Applications of of Work and Energy

The principle of work and energy greatly simplifies the solution of many problems involving forces, displ

acements, and velocities [2].

Consider, for example, the pendulum OA consisting of a bob A of weight W attached to a cord of length l

The pendulum is released with no initial velocity from a horizontal position OA1 and allowed to swing in

a vertical plane. We wish to determine the speed of the bob as it passes through A2, directly under O.

Figure 6. Pendulum

(a) A bob swings from an initial position 

𝐴1 to a final position 𝐴2
(b) FBD of the bob at position A

t



Applications Cont’d…..

This example illustrates the following advantages of the method of work and energy:

Its disadvantage : can’t find acceleration and normal forces, i.e. we need Newton’s law.

Figure 7. Determining the force on a pendulum



Summary of work energy equation

it is

first necessary to specify the particle A that is the origin for the

translating x’, y’, z’ axes. Usually this point has a known velocity or

acceleration

.

𝑇1 + σ𝑈1 2= 𝑇2



1Understanding & Solving problem

it is

first necessary to specify the particle A that is the origin for the

translating x’, y’, z’ axes. Usually this point has a known velocity or

acceleration

.



CONSERVATION OF ENERGY

The principle of work and energy is useful for solving many different types of engineering problems [3].

However, in many engineering applications, the total mechanical energy remains constant, although it 

may be transformed from one form into another.

This is known as the principle of conservation of energy.

To formulate this principle, we must first define a quantity known as potential energy.



Potential energy
scope Cont’d…
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Figure 8. Force of gravity
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potential Cont’d…
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Figure 9. potential of gravity

Gravitational  Potential Energy

𝑣𝑔= 𝑤𝑦



Elastic Potential Energy (Spring Energy (𝑽𝒆)

Potential Cont’d…
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𝑣𝑒 ​ = elastic potential energy

k= spring stiffness (N/m)

s = elongation or compression (m)
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Figure 10. spring potential
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Potential Function

In the general case, if a particle is subjected to both gravitational and elastic forces, the particle's potenti

al energy can be expressed as a potential function, which is the algebraic sum.

The work done by a conservative force in moving the particle from one point to another point is measure

d by the difference of this function [2]., i.e

𝑈1 2

NB. Measurement of V depends on the location of the particle with respect to a datum.

Where : 𝑉 Potential energy function

: 𝑣𝑔 gravitational potential energy

:𝑣𝑒 spring (elastic) potential energy

𝑉 = 𝑣𝑔 + 𝑣𝑒

= 𝑉1 − 𝑉2



CONSERVATION OF ENERGY

When a particle is acted upon by a system of both conservative and nonconservative forces, the portion

of the work done by the conservative forces can be written in terms of the difference in their potential en

ergies using i.e. 𝑈(1 2) 𝑐𝑜𝑛𝑠 = 𝑉1 − 𝑉2

As a result, the principle of work and energy can be written as

𝑇1 + σ𝑈(1 2)𝑐𝑜𝑛𝑠+ 𝑈(1 2)𝑛𝑜𝑛 𝑐𝑜𝑛𝑠 = 𝑇2

𝑇1 + 𝑉1= 𝑇2+ 𝑉2

Here σ𝑼 𝟏 𝟐 𝒏𝒐𝒏−𝒄𝒐𝒏𝒔 , represents the work of the nonconservative forces acting on the particle.

If only conservative forces do work then we have:

This equation is referred to as the conservation of mechanical energy or simply

the conservation of energy.



Summary on conservation of energy 

it is

first necessary to specify the particle A that is the origin for the

translating x’, y’, z’ axes. Usually this point has a known velocity or

acceleration

.
𝑇1 + 𝑉1= 𝑇2 + 𝑉2



1Understanding & Solving problem

it is

first necessary to specify the particle A that is the origin for the

translating x’, y’, z’ axes. Usually this point has a known velocity or

acceleration

.

If some of the forces are not conservative, for example, if

friction is involve, you must use the general equation



system of particles 

Figure 11. dependent motion

• The principle of work and energy can be extended to include a system of particles isolated within an

enclosed region of space as shown in Fig 8 [1].

• if we apply the principle of work and energy to this and each of the other particles in the system, then s

ince work and energy are scalar quantities, the equations can be summed algebraically, which gives

෍𝑇1 +෍𝑈1−2 =෍𝑇2

෍𝑇1 +෍𝑉1 =෍𝑇2 +෍𝑉2

• If a system of particles is subjected only to conservative forces, then a

n equation similar to the equation, this can be written for the particles. 



Summary on continuous motion 

𝑇1 +෍𝑈1−2 = 𝑇2

𝑇1 + 𝑉1= 𝑇2+ 𝑉2



Given
• M=20kg
• P=𝑇= 300N  m/s

• ∆𝑆 = 10𝑚
• 𝑉1 = 0 𝑟𝑒𝑠𝑡
• 𝜗 = 300

• 𝜇𝑘 = 0.3

Required
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2
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𝑇1=
1

2
𝑚 𝑣1

2 = 0

= 𝑈𝑃−𝑈𝑔−𝑈𝑓𝑓

𝑈𝑃= T∆𝑆 = 3000𝐽

𝑈𝑔= mgsinθ ∆𝑆 = 981𝐽

𝑈𝑓𝑓= 𝐹𝑁. 𝜇𝑘∆𝑆 = mgcosθ)(𝜇𝑘 ∆𝑆 = 509.7𝐽

0 + 3000𝐽 − 981𝐽 − 509.7𝐽= 10𝑣2
2

𝑣2 = 12.3 𝑚/𝑠

𝑇1 + σ𝑈1 2= 𝑇2

Figure 12. problem 1

Figure 13. FBD



Figure 14. Problem



Figure 15. Problem 2

Source: Engineering Mechanics: Dynamics, Hibbeler, Rusel M.,Prentice Hall,

10th ed., 2003,page 300 



Engineering Mechanics II - Dynamics

4

Introduction to Kinetics of Particles→ work energy method
1

2 

3

Work and its types 

Kinetic energy

Work energy equation

conservation of energy 5

In This Lecture We Covered:
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