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Chapter two  (week two ,three and four concepts)

In Today section you will Review : 

Chapter one (week five, six and seven concepts)



scope of mechanics 

Mechanics is defined as the science that describes and predicts the 

conditions of rest or motion of bodies under the action of forces [1]. 

It consists of the mechanics of solid bodies, and mechanics of fluids.

Chapter one 



Rigid Bodies and Particles

In dynamics , solid rigid bodies sometimes are treated as a particle and the

difference between them is as follows [1] :



The course chapters

Based on the above concepts and definitions, This course is divided into five chapters 

(including this chapter or introduction).

We begin 

study by 

Then, 
.



Translational motion can be classified as rectilinear and curvilinear

Chapter 2. kinematics particles



The key difference between rectilinear and curvilinear motion of particles is summarized below.

Translation motion categories 

Rectilinear motion Vs Curvilinear motion 
Cont’d…

a. Rectilinear
b. Curvilinear



The equations are applied differently depending on whether the motion is continuous or erratic.

2.1 Rectilinear motion

Figure 5. Continuous Figure 6. Erratic

cont’d…. 
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Continuous

Summery of Important in 

rectilinear motion 

𝑉= 𝑉𝑂 + 𝒂𝒄𝒕

𝑆= 𝑠𝑂 + 𝑣𝑂𝑡 +
1

2
(𝑎𝑐𝑡2)

𝑉2 = (𝑉𝑂)2 + 2𝒂𝒄 (𝑆 − 𝑠𝑂)
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Rectilinear cont’d…. 



2.2 Understand curvilinear motion 

Involves a particle moving along a curved path, resulting in continuous changes  

in direction and magnitude[1]. 

Here, both the magnitude and direction of velocity and acceleration vary, necessitating 

a vectoral analysis to fully describe the motion.

Unlike rectilinear motion where the direction is constant, in curvilinear motion, 

the velocity's direction is constantly changing as the ball follows the curve.

NB: To fully describe this type of motion, we need to use a different method than 

the one we used for rectilinear motion



Cont’d….

Rectangular

Normal and Tangential Coordinates 

Polar Coordinates 

Coordinate systems

Figure 8. Coordinate systems
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V= ሶ𝑟 𝑢𝑟+ 𝑟 ሶ𝜃𝑢𝜃 𝑣𝑟 = ሶ𝑟

𝑣𝜃 = 𝑟 ሶ𝜃v= (𝒗𝒓)𝟐 + (𝒗𝜽)𝟐

where

𝑎 = 𝑎𝑟𝑢𝑟 + 𝑎𝜃 𝑢𝜃

𝑎𝑟= ሷ𝑟 - 𝑟 ሶ𝜃2

𝑎𝜃= 2 ሶ𝑟 ሶ𝜃 -r ሷ𝜃

a= (𝒂𝒓)𝟐 + (𝒂𝜽)𝟐

where

r is radial coordinate 𝜃 is 𝑡𝑟𝑎𝑛𝑠𝑣𝑒𝑟𝑠𝑒 coordinate 

Position 𝒓 =𝒙𝒊 + 𝒚𝒋 + 𝒛𝒌

Velocity 𝑉 = 𝑉𝑋𝒊 + 𝑉𝑦𝑗+ 𝑉𝑧𝑘
𝑣 = (𝒗𝒙)𝟐 + (𝒗𝒚)𝟐+(𝒗𝒛)𝟐

a= 𝑎𝑋𝑖 + 𝑎𝑦𝑗 + 𝑎𝑧𝑘Acceleration 𝒂 = (𝒂𝒙)𝟐 + (𝒂𝒚)𝟐+(𝒂𝒛)𝟐

Motion of a Projectile

𝑉𝑦= (𝑣𝑜)𝑦 − 𝒈𝒕

𝑌= 𝑦𝑂 + (𝑣𝑜)𝑦𝑡 −
1

2
𝑔𝑡2)

𝑉𝑦
2 = (𝑉𝑂)2 − 2𝒈 (𝑌 − 𝑦𝑂)

𝑋= 𝑋𝑂 + (𝑣𝑜)𝑥𝑡

𝑉𝑥 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

Velocity V= 𝒗 𝒖𝒕 

𝒂= 𝒂𝒕 𝒖𝒕+ 𝒂𝒏𝒖𝒏Acceleration

𝒂𝒕 =
d𝑣
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𝒂𝒏 =
𝒗𝟐

𝝆

𝒂 = (𝒂𝒏)𝟐 + (𝒂𝒕)𝟐

If 𝒂𝒕 is varies, 

𝒂𝒕 𝑑s =𝑣 𝑑𝑣

𝑉= 𝑉𝑂 + 𝒂𝒕𝒕

𝑆= 𝑠𝑂 + 𝑣𝑂𝑡 +
1

2
(𝑎𝑡𝑡2)

𝑉2 = (𝑉𝑂)2 + 2𝒂𝒕 (𝑆 − 𝑠𝑂)
𝜌 =

[1 + (
𝑑𝑦
𝑑𝑥

)2]
3
2

𝑑2𝑦
𝑑𝑥2

If 𝒂𝒕 is constant, 

Velocity

Acceleration

Summery on the Important Equations



As shown in Figure 10, the motion of the two planes is independent as they move freely. In contrast, in Figure

11, the movement of block A affects the motion of block B because they are connected by a rope [1].

A

B

𝑠𝐴

𝑠𝐵

Figure 10. Dependent (constrain

ed) motion 

𝜃

Figure 9. Independent motion 

Constraint equations and relative motion principles are key tools for solving probl

ems involving interconnected particles.

2.3 Understand Motion of multiple
Particles 



Chapter 3. Understand the kinetics 
of  particles

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

𝒇𝒇

𝒘

Figure 11. Typical kinetics system

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



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



Curvilinear motion

3.1 Summery 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



3.2 Summery on work energy

𝑇1 + ෍ 𝑈1−2 = 𝑇2

𝑇1 + 𝑉1= 𝑇2+ 𝑉2



scope Cont’d…

𝑚𝑣1 + ෍ න
𝑡1

𝑡2

𝐹𝑑𝑡 = 𝑚𝑣2

=+

Initial momentum Impulse Final momentum 

𝑚𝑣1
𝑚𝑣2

෍ න
𝑡1

𝑡2

𝐹𝑑𝑡

Figure 13.  Impulse and momentum diagrams

These three terms are illustrated graphically on the impulse and momentum diagrams shown in Fig. 5.

3.3 Principle of Linear Impulse and

Momentum



scope Cont’d…

𝑚𝑣(𝑦)1
+ ෍ න

𝑡1
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𝑡1

𝑡2

𝐹𝑧𝑑𝑡 = 𝑚𝑣𝑧(2)



For system of particles

scope Cont’d…

෍ 𝑚𝑣1 + ෍ න
𝑡1

𝑡2

𝐹𝑑𝑡 = ෍ 𝑚𝑣2



A B
𝑉𝐵𝑉𝐴

Line of contact

Plane of contact

A B
𝑉𝐴

Plane of contact

Line of contact

Figure 14. central impact

Figure 15. oblique  impact



𝑚𝐴𝑣(𝐴)1
+ 𝑚𝐵𝑣(𝐵)1

= 𝑚𝐴𝑣(𝐴)2
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Figure 16. Central impact
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contact

x

Plane of impact
y

A B

BA

𝜃

𝜃2 𝛼2

𝛼

After impact

Before  impact

BA

Figure 17.oblique impact

𝑚𝐴𝑣(𝐴1)𝑥
+ 𝑚𝐵 𝑣(𝐵1)𝑥

= 𝑚𝐴𝑣(𝐴2)𝑥
+ 𝑚𝐵𝑣(𝐵2)𝑥

𝑒 =
𝑣(𝐵2)𝑥

− 𝑣(𝐴2)𝑥
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− 𝑣(𝐵1)𝑥

𝑣(𝐴1)𝑦=𝑣(𝐴2)𝑦
𝑣(𝐵1)𝑦=𝑣(𝐵2)𝑦



𝐹𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝐵, 𝑉𝐵2
= (𝑣(𝐵2)𝑥

)2 + (𝑣(𝐵2)𝑦
)2

𝐹𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝐴, 𝑉𝐴2
= (𝑣(𝐴2)𝑥

)2 + (𝑣(𝐴2)𝑦
)2

𝜃2 =
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(𝑣(𝐴2)𝑥
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𝛼2 =
(𝑣(𝐵2)𝑦)

(𝑣(𝐵2)𝑥
)

directions
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B

𝐴 B 𝐴B

Conservation 

of energy

Impact

Conservation of momentum
Conservation       

of  energy

Equation 

of motion

𝐴

B

𝑙

𝑙 𝑙 𝑙 𝑙 𝑙
𝑙

𝑉(𝐴)1
= 0

𝑉(𝐵)1
= 0 𝑉(𝐴)2 𝑉(𝐵)2

= 0

B

𝑙𝜃

𝑉(𝐴)3
𝑉(𝐵)3

𝑉(𝐴)4

𝑉(𝐵)4

Case 1. Initial
state Case 2. before impact Case 3. After impact Case 4. Final state

𝑦4𝑚𝑔

𝑇

System setup:

•Pendulum A (mass 𝑚𝐴, length l) released from rest at position A₁.

•Pendulum B (mass 𝑚𝐵, same length l) initially at rest.

•After impact (coefficient of restitution e), pendulum B swings thro

ugh an angle θ.

Figure 18. Pendulum



Figure 19.  Activity 1

Activity 1



Figure 20.  Activity 2

Activity 2
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