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Understand the kinetics of  particles and its scope 1

2 

3

Define and explain (Newton’s 2nd law ) equations of motion

Define force and its type  

Equations of motion for rectilinear motion

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

Equations of motion for Curvilinear motion 5



Understand the kinetics of  
particles  and its scope

Kinetics is a branch of dynamics that deals with the relationship between the change in motion of a body

and the forces that cause this change [1].

It basis on is Newton's second law, which states that when an unbalanced force acts on a particle, the

particle will accelerate in the direction of the force with a magnitude that is proportional to the force.[1].

Recall that we can consider an actual body—including bodies as large as a car, rocket, or airplane—as

a particle for the purpose of analyzing its motion, as long as the effect of a rotation of the body about its

center of mass can be ignored .

kinetics of particle is defined as the study of translational motion of rigid bodies with the causing force

𝒇𝒇

𝒘

Figure 1. Typical kinetics system



scope Cont’d…

This chapter requires our combined knowledge of the properties of forces, which we developed

in statics, and the kinematics of particle motion just covered in Chapter 2 [1].

The three general approaches to the solution of kinetics problems are:

(A) direct application of Newton’s second law (called the force- mass-acceleration method),

(B) use of work and energy principles, and

(C) solution by impulse and momentum methods

Each approach has its special characteristics and advantages.



Chapter 3 is subdivided into Sections A, B, and C, according to these three methods of solution

scope Cont’d…

Kinetics of

particles 

Impulse and  MomentumNewton’s second law 

(The Equation of Motion)

)

work and

energy principles

෍ 𝐹 = 𝑚𝑎
෍ 𝐹𝑑𝑠 =

1

2
𝑚(∆𝑣2)

෍ 𝐹𝑑𝑡 = 𝑚(∆𝑣)

Rectilinear
σ 𝐹𝑋 = 𝑚𝑎𝑥

Curvilinear

෍ 𝐹𝑋 = 𝑚𝑎𝑥

σ 𝐹𝑦 = 𝑚𝑎𝑦

Conservation of energy

𝐾𝑒1 + 𝑃𝑒1 = 𝐾𝑒2 + 𝑃𝑒2
Conservation of momentum

Impact



Forces in Particle Kinetics

scope Cont’d…

F=20N X

+

Forces are vectors that have a magnitude and direction. The Common forces include gravitatio

nal force(weight), normal force, friction, Applied Force , tension, and spring force [1] .

vectors



Force categories 

Forces in Particle Kinetics
scope Cont’d…

E.g: 𝐹𝐴 is considered as applied force .

𝝑

𝐹𝑔

x

y

Figure 3. Inclined plane

𝐹𝐴

A 10 kg box on the ground 

W=10×9.8=98 N downward.

Gravitational Force (Weight)



Force categories 

Forces in Particle Kinetics

scope Cont’d…

Frictional Force

𝝑

𝐹𝑔

𝐹𝑁

x

y

𝐹𝐴 Direction of motion

𝑓𝑓
𝑧

, 𝐹𝑁 = 
𝐹𝐺

𝐶𝑂𝑆 𝜃
=

9.81(10)

𝐶𝑂𝑆 𝜃

to direction of motion condition

෍ 𝐹𝑍 = 0

Figure 4. Inclined plane



Force categories 

Forces in Particle Kinetics
scope Cont’d…

E.g: Tesion T shown in the diagram

𝝑

𝐹𝑔

𝐹𝑁

𝐹𝐴

Direction of motion

𝑓𝑓 T

𝛽

unstarched length

𝑙𝑜 𝑙𝑓

𝐹𝑠

Figure 5. Inclined plane



Newton’s second law 

If the resultant force acting on a particle is not zero, the particle has an acceleration proportion

al to the magnitude of the resultant and in the direction of this resultant force [3].

When a particle P of mass m is acted upon by a force F, the force F and the acceleration a of the partic

le must therefore satisfy the relation [2].

When a particle of mass m is subjected to the action of concurrent forces F1 , F2 , F3 , . . . whose vect

or sum is ΣF, the above become:

mF m𝒂=

M
𝑭𝟐 = m𝒂 ෍ 𝑭 = 𝒎𝒂

𝑭 = 𝒎𝒂

N.B: forces as concurrent through the 

mass center. 

Figure 6. Single force 

Figure 7.  Force system 



We now apply the concept equation of motion to particle motion, starting with rectilinear motion with

single and multiple particle and then curvilinear motion.

Figure 6. Continuous vs erratic Motion

Equation of motion  cont’d……. 

In general, The equation of motion states that the unbalanced force on a particle causes it to accelerate.



σ 𝐹𝑋 = ma

The equation of motions Using Cartesian coordinate 

Alternatively, if consider normal tangent coordinate and we call the direction of motion tangential direction

M
X

Y
Direction of motion or unbalanced force

σ 𝐹𝑦 = 0 σ 𝐹𝑧 = 0

σ 𝐹𝑡 = m𝑎𝑡 σ 𝐹𝑛 = 0

General, here first determine the direction in which the motion occurring then. The equation is written as:

In all other perpendicular directions, since there is no motion, the conditions 

of equilibrium must hold.

The unbalanced force = the mass of the particle × its acceleration in the       

direction of that unbalanced force. 

Figure 8.  Block  



Rectilinear cont’d…. 

Case 2. Determine the acceleratio

n of the 10kg block when s = 0.4

m. The contact surface is smooth.

Figure 10.  Block with force  

Case 1 .The ball has a mass of 30 kg and as 
speed v = 4 m/s when 𝜃 = 0°. Determine the 
tension in the cord and the when 𝜃 = 20°

Figure 9.  Ball  



Rectilinear cont’d…. 

Figure 11. dependent Motion



curvilinear cont’d…. 

σ 𝐹𝑡 = m𝑎𝑡

m

𝑡𝑛

σ 𝐹𝑛 = m𝑎𝑛
𝑢𝑟

m

𝑟

σ 𝐹𝜃 = m𝑎𝜃

𝜃

𝑢𝜃

σ 𝐹𝑟 = m𝑎𝑟

Figure 12. Normal-tangent Figure 13. Polar



σ 𝐹𝑡 = m𝑎𝑡 σ 𝐹𝑛 = m𝑎𝑛 σ 𝐹𝑏𝑛 = 0

෍ 𝐹𝑡

m

𝑡𝑛

σ 𝐹𝑛 m𝑎𝑡

m

𝑡𝑛

m𝑎𝑛

=

Figure 14. FBD Figure 15. kinetic diagram

curvilinear cont’d…. 



tan(𝜃)= 
𝒅𝒚

𝒅𝒙

m

𝑡𝑛

y

x

𝐹𝑔

𝜃

𝑦 = f(x)

Figure 16. Force Resolution 

curvilinear cont’d…. 



σ 𝐹𝜃 = m𝑎𝜃 σ 𝐹𝑟 = m𝑎𝑟 σ 𝐹𝑏𝑛 = 0

m

𝑟

σ 𝐹𝜃

𝜃

𝑢𝜃

σ 𝐹𝑟

m

𝑟

𝜃

𝑢𝜃

m𝑎𝜃
m𝑎𝑟

𝑎𝜃 = 𝑟 ሷ𝜃 − 2 ሶ𝑟 ሶ𝜃Substituting 

we have:

and 𝑎𝑟 = ሷ𝑟 − ሶ𝑟𝜃2

σ 𝐹𝜃 = m(𝑟 ሷ𝜃 − 2 ሶ𝑟 ሶ𝜃)

σ 𝐹𝑟 = m ( ሷ𝑟 − ሶ𝑟𝜃2)

=

FBD Kinetic diagram

Figure 17. Polar coordinate 

curvilinear cont’d…. 



tan(𝜑)= 
𝒓

ൗ𝒅𝒓
𝒅𝜽

m

𝑟

𝑟 = 𝑓(𝜃)

𝜃

𝑢𝜃 𝑢𝑟

𝐹𝑓

𝐹𝑁

Tangent

m

𝑟

𝑟 = 𝑓(𝜃)

𝜃

𝑢𝜃 𝑢𝑟

Tangent

𝜑

Figure 18. Force Resolution Figure 19. Angle  Resolution 

curvilinear cont’d…. 



ma

Procedure for problem solving

.

y

x

𝐹𝐴

𝐹𝑁

𝐹𝐹

𝜃

dimension

a. Free body Diagram 

= m=20kg
ma

Inertia term

b. Kinetic Diagram 

ma෍ 𝐹𝑥
=

Figure 20. FBD and kinetic diagram



steps cont’d…. 

S-Path

𝜃

m

o

m
𝑢𝑡

𝑢𝑛

𝑢𝑡

𝑢𝑛

𝑇

y

x

𝐹𝑔

𝜃

m

Figure 21. system Figure 22. free body 



steps cont’d…. 

m

𝑢𝑡

𝑢𝑛

𝑇

y

x

𝜃

m

𝑢𝑡

𝑢𝑛

=

𝑚𝑎𝑛

𝑚𝑎𝑡

Figure 23. free body Figure 24. Kinetic diagram

෍ 𝐹𝑛 = 𝑚𝑎𝑛

෍ 𝐹𝑡 = 𝑚𝑎𝑡

Equation of motion for the

conditions shown 



Curvilinear motion

Summary on equation of motion 

Rectilinear motion 

෍ 𝐹𝑥 = 𝑚𝑎𝑥 ෍ 𝐹𝑦 = 0 ෍ 𝐹𝑧 = 0

σ 𝐹𝜃 = m𝑎𝜃

σ 𝐹𝑟 = m𝑎𝑟

σ 𝐹𝑏𝑛 = 0

𝑎𝜃= (𝑟 ሷ𝜃 − 2 ሶ𝑟 ሶ𝜃)

𝑎𝑟 = ( ሷ𝑟 − ሶ𝑟𝜃2) σ 𝐹𝑡 = m𝑎𝑡

σ 𝐹𝑛 = m𝑎𝑛

σ 𝐹𝑏𝑛 = 0



Given

𝒂 =?

Solution

𝐾 = 200𝑁/𝑚
m= 25𝑘𝑔

𝑠 = −0.4𝑚
𝑓𝑓 = 0 𝑠𝑚𝑜𝑜𝑡ℎ 𝑠𝑢𝑟𝑓𝑎𝑐𝑒

𝐹𝐴 = 100𝑁

Required

ans

x

y

𝐹𝑁

𝐹𝑆

𝐹𝑔 = 𝑤

𝐹𝐴

𝜃

𝑚𝑎𝑥
x

y

FBD KD

=

Force  magnitude
𝐹𝑠 = 𝑘∆𝑠 = 𝐾(𝑙𝑓 − 𝑙𝑜)

𝜃

0.4

𝑙𝑓
𝑙𝑜 = 0.3

From geometry:
𝑙𝑓=0.5

𝜃 = 360෍ 𝐹𝑋 = 𝑚𝑎𝑥

𝐹𝐴 − 𝐹𝑠𝑐𝑜𝑠𝜃 = 𝑚𝑎𝑥

𝑎𝑥 = 2.7 ൗ𝑚
𝑠2

Figure 25. Problem 1

, 𝐹𝑠 = 200 0.5 − 0.2 = 40𝑁



Given

𝑭𝑶𝑨 =?

Solution

• M=1.5kg
• 𝑟(𝜃) = (0.6 sin 𝜃)m

• 𝜃0 = 300 𝑎𝑛𝑑 𝜃1 = 600

• ሶ𝜃 = 3 rad/s 

• ሷ𝜃 = 0 (𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡)
• 𝑘 = 100 𝑁/𝑚
Required

𝑢𝑟
𝑢𝜃

x

y

𝐹𝑠

Direction of motion

𝐹𝑁

𝐹𝑔 = 𝑤

𝜃1 = 600

𝑤ℎ𝑒𝑟𝑒: 𝑡𝑎𝑛(𝜑) =
൘

𝑟
𝑑𝑟
𝑑𝜃

𝑡𝑎𝑛 𝜑 =
0.6 sin 60

0.6 cos 60

𝜑 = 600

𝑢𝑟
𝑢𝜃

σ 𝐹𝑟 = m𝑎𝑟

m𝑎𝑟
m𝑎𝜃

σ 𝐹𝜃 = m𝑎𝜃 𝑎𝜃= (𝑟 ሷ𝜃 − 2 ሶ𝑟 ሶ𝜃)

𝑎𝑟 = ( ሷ𝑟 − ሶ𝑟𝜃2)

Where from kinematics

=

Figure 26. Problem 2



Given

𝑭𝑶𝑨 =?

Solution cont’d……..

• M=1.5kg
• 𝑟 = (0.6 sin 𝜃)m

• 𝜃0 = 300 𝑎𝑛𝑑 𝜃1 = 600

• ሶ𝜃 = 3 rad/s 

• ሷ𝜃 = 0 (𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡)
• 𝑘 = 100 𝑁/𝑚
Required

𝑢𝑟
𝑢𝜃

x

y

𝐹𝑠

𝐹𝑁

𝐹𝑔

𝜃1 = 600

𝑤ℎ𝑒𝑟𝑒: 𝑡𝑎𝑛(𝜑) =
൘

𝑟
𝑑𝑟
𝑑𝜃

𝑡𝑎𝑛 𝜑 =
(0.6 sin 60

0.6 cos 60
𝜑 = 600

𝑢𝑟
𝑢𝜃

σ 𝐹𝜃 = 𝑚(𝑟 ሷ𝜃 − 2 ሶ𝑟 ሶ𝜃)

σ 𝐹𝑟 =m( ሷ𝑟 − ሶ𝑟𝜃2)

m𝑎𝑟

m𝑎𝜃

ሶ𝑟 = 0.6 𝑐𝑜𝑠𝜃 ሶ𝜃 = 0.9 𝑚/𝑠 ሷ𝑟 = 0.6( −𝑠𝑖𝑛𝜃 ሶ𝜃2+ (cos 𝜃) ሷ𝜃)r= 0.6 𝑠𝑖𝑛𝜃 = 0.519 𝑚

𝐹𝑜𝐴 −𝐹𝑔 cos 𝜃1 − 𝐹𝑁 sin 𝜑 = 𝑚 (𝑟 ሷ𝜃 − 2 ሶ𝑟 ሶ𝜃 … 𝑒𝑞 2

−𝐹𝑠 −𝐹𝑔 sin 𝜃1 + 𝐹𝑁 cos 𝜑 = 𝑚( ሷ𝑟 − ሶ𝑟𝜃2) … … 𝑒𝑞 1

=

= (−4.65 𝑚/𝑠2)

𝐹𝑠 = 𝑘∆𝑥 = 100 𝑟@600 − 𝑟@300 = 21.9𝑁 𝐹𝑔 = 𝑚𝑔 =1.5(9.81)=14.7 NWhere: , and

•With two equations(eq 1 and 2) and two unknowns (𝐹𝑜𝐴𝑎𝑛𝑑 𝐹𝑁 ), the system of equations can be solved.



Figure 27. Problem 3

Figure 28. Problem 4



Figure 29. Problem 5

Figure 30. Problem 6



Engineering Mechanics II - Dynamics

4

Introduction to Kinetics of Particles→ Scope and definition of kinetics
1

2 

3

Equation of  Motion of Particles→ Force and its types

Equation of  Motion for  Rectilinear Motion 

Equation of  Motion  for curvilinear motion graphs –Normal tangent and polar coordinate

Steps to Solve kinematics of particle Problems→ description 

Solved Problems 

5

6

In This Lecture We Covered:
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