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Engineering Mechanics II - Dynamics

Comprehensive revision of the chapters1

In Today section you will Review : 



Basic Concepts

Dynamics: Study of bodies in motion under the action of forces [1]. 

Chapter one 



•Kinematics: Geometry of motion (without considering forces).

•Kinetics: Relation between motion and forces causing it.

Branches

•Particle: Mass concentrated at a point, no rotation.

•Rigid Body: Size and shape do not change during motion.

Particle vs. Rigid Body

Motion described w.r.t. fixed (inertial) or moving frames.

Reference Frames



The course chapters

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

(including this chapter or introduction).

We begin 

chapter 2 by  

Then chapter 3, .



Translational motion can be classified as rectilinear and curvilinear

Chapter 2. kinematics particles



Continuous

Summary of Important in 

rectilinear motion 

𝑉= 𝑉𝑂 + 𝒂𝒄𝒕

𝑆= 𝑠𝑂 + 𝑣𝑂𝑡 +
1

2
(𝑎𝑐𝑡2)

𝑉2 = (𝑉𝑂)2 + 2𝒂𝒄 (𝑆 − 𝑠𝑂)

𝒗=
𝒅𝒔

𝒅𝒕

𝑎 =
𝒅𝒗

𝒅𝒕

Or 𝑎 𝑑s =𝑣 𝑑𝑣𝑎 =𝑣
𝑑𝑣

𝑑𝑠

Erratic motion 

S-t 

Given Graph Required  Graph

V-t

a-t

a-s

V-s

Rectilinear cont’d…. 



Cont’d….

Rectangular

Normal and Tangential Coordinates 

Polar Coordinates 

Understand curvilinear motion

Coordinate systems

Figure 3. Coordinate systems

1

2

𝑥1𝑖
𝑥2𝑖

𝑦2𝑗

𝑦1𝑗

s

O

y

x

s

1

𝜌

2

O

s

1𝑟1

𝑢𝑟

𝑟2 𝜗2



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

𝑑𝑡

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

Summary 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 5. Dependent (constraine

d) motion 

𝜃

Figure 4. Independent motion 

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

ems involving interconnected particles.

Understand Motion of multiple
Particles 



System of particles motion analysis 

𝑉𝐵 = 𝑉𝐴 + 𝑉𝐵/𝐴

𝑎𝐵 = 𝑎𝐴 + 𝑎𝐵/𝐴



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 6. 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

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



Summary on work energy

𝑇1 + ෍ 𝑈1−2 = 𝑇2

𝑇1 + 𝑉1= 𝑇2+ 𝑉2
𝑃𝑐𝑜𝑠 𝜃 (𝑥2 − 𝑥1)𝑈1 2 =work of a constant force:

work of a weight: 𝑈1 2 = −𝑤(𝑦2 − 𝑦1)

work of an elastic spring: 1

2
(−𝑘)(𝑥2

2- 𝑥1
2)𝑈1 2 =

Initial kinetic energy: 𝑇1=
1

2
𝑚 𝑣1

2

𝐅𝐢𝐧𝐚𝐥 𝐤𝐞𝐧𝐞𝐭𝐢𝐜 𝐞𝐧𝐞𝐫𝐠𝐲: T2 =
1

2
𝑚𝑣2

2



Impact

Summary on Impulse momentum

𝑚𝑣1 + ෍ න
𝑡1

𝑡2

𝐹𝑑𝑡 = 𝑚𝑣2 𝑚𝐴𝑣(𝐴)1
+ 𝑚𝐵𝑣(𝐵)1

= 𝑚𝐴𝑣(𝐴)2
+ 𝑚𝐵𝑣(𝐵)2

𝑒 =
𝑣(𝐵)2

− 𝑣(𝐴)2

𝑣(𝐴)1−𝑣(𝐵)1

෍ 𝑚𝑣1 + ෍ න
𝑡1

𝑡2

𝐹𝑑𝑡 = ෍ 𝑚𝑣2

A B
𝑉𝐵𝑉𝐴

Line of contact

Plane of contact

A B

Plc

Loc
𝜃 𝛼

x

y

𝜃2 𝛼2

𝑚𝐴𝑣(𝐴)1
+ 𝑚𝐵𝑣(𝐵)1

= 𝑚𝐴𝑣(𝐴)2
+ 𝑚𝐵𝑣(𝐵)2

𝑒 =
𝑣(𝐵)2

− 𝑣(𝐴)2

𝑣(𝐴)1−𝑣(𝐵)1

𝑚𝐴𝑣(𝐴1)𝑥
+ 𝑚𝐵 𝑣(𝐵1)𝑥

= 𝑚𝐴𝑣(𝐴2)𝑥
+ 𝑚𝐵𝑣(𝐵2)𝑥

𝑒 =
𝑣(𝐵2)𝑥

− 𝑣(𝐴2)𝑥

𝑣(𝐴1)𝑥
− 𝑣(𝐵1)𝑥

𝑣(𝐴1)𝑦=𝑣(𝐴2)𝑦
𝑣(𝐵1)𝑦=𝑣(𝐵2)𝑦





Chapter 4. Understand the 
Kinematics of Rigid Bodies 

Kinematics of 
rigid body study

Instantaneous center of 

rotation

Relative motion using Rotating  

axis

Rotation 

about a 

Fixed Axis

General plane motion 

Motion Analysis
Translational motion 

Relative motion using 

translating axis

Absolute Motion Analysis



Consider a rigid body which is subjected to either rectilinear or curvilinear translation in the x-y plane

A

B

𝑟𝐵/𝐴
y

x

o

𝑟𝐵

𝑟𝐴

Fixed coordinate system

y’

x’

Translating coordinate system

Summary on  Translational Motion 

of rigid bodies

These concepts have already been covered in our study of kinematics of particles 

in Chapters 2 and 3.

𝑟𝐵 = 𝑟𝐴+ 𝑟𝐵/𝐴



Summary on Rotational motion 

𝜔= 𝜔𝑂 + 𝜶𝒄𝑡

𝜃= 𝜃𝑂 + 𝜔𝑂𝑡 +
1

2
(𝜶𝑐𝑡2)

𝜔2 = (𝜔𝑂)2 + 2𝜶𝒄 (𝜃 − 𝜃𝑂)
time dependent 

𝛼 =
𝑑𝜔

𝑑𝑡
𝜔 =

𝑑𝜃

𝑑𝑡 𝛼𝑑𝜃 = 𝜔𝑑𝜔

𝑎𝑛 = 𝒗𝟐/𝒓 = 𝛚𝟐𝒓 𝑎𝑡 = 𝛂 𝒓

𝑣 = 𝛚𝒓

If the geometry of the problem is difficult to visualize, the following vector equations should be used:

𝑣 = 𝛚 × 𝒓 𝑎𝑛 = 𝜔 × 𝜔 × 𝑟 = −𝑤2𝑟𝑎𝑡 = 𝛼 × 𝑟

A

A

B

B

𝑠𝐴

𝑎𝑛
𝛚,𝜶

𝑎𝑛



General plane motion of rigid body  



Summary on Relative motion 

𝒂𝑩 = 𝒂𝑨 + 𝒂(𝑩/𝑨)𝒕 + 𝒂 𝑩/𝑨 𝒏 ( Τ𝑚
𝑠2)

𝑽𝑩= 𝑽𝑨 + 𝝎𝒂𝒃𝒌 × 𝒓𝑩/𝑨

𝑎𝐵 = 𝑎𝐴+ ሶΩ × 𝑟𝐵/𝐴 + (Ω × 𝑟𝐵/𝐴) +2Ω × 𝑉(𝐵/𝐴)𝑥,𝑦,𝑧
+ 𝑎(𝐵/𝐴)𝑥,𝑦,𝑧

𝑉𝐵 = 𝑉𝐴 + + 𝑉(𝐵/𝐴)𝑥,𝑦,𝑧
Ω × 𝑟𝐵/𝐴



Understand the kinetics of rigid 
bodies 

The kinetics of rigid bodies deals with the relationships between external forces and moments acting on

a body and the translational and rotational motions produced by these forces[1].

While the kinematics of rigid bodies (studied earlier) was only concerned with describing motion ,such as

velocity, acceleration, and angular velocity — kinetics focuses on why that motion occurs.[1].

Previously, in the kinetics of particles, we treated the entire mass as concentrated at a single point. Here,

however, the shape, size, and mass distribution of the body become important.

For a rigid body:

• Forces may act at different points

• The body can both translate and rotate.

• The mass moment of inertia plays a key role in rotational motion.



scope Cont’d…

Therefore, in rigid-body kinetics, we require three equations of motion:

Kinetics of rigid bodies is analyzed using three major methods:

Each method is applied to three types of motion:

•Two force equations (for translation in x and y directions), and

•One moment equation (for rotation about a point or the mass center).

▪Force and Acceleration Method

▪Work and Energy Method

▪Impulse and Momentum Method

1.Pure Translation,

2.Rotation about a Fixed Axis, and

3.General Plane Motion (a combination of both).



✓ Before applying the equations of motion, always draw afree-body diagram in order to identify 

all the forces acting on the body

✓ A kinetic diagram may also be drawn in order to represent 𝑚𝑎𝐺 and 𝐼𝐺𝛼 graphically.



Rotation about Fixed Axis:

෍ 𝑀𝑜 = 𝐼𝑂𝛼

෍ 𝐹𝑛 = 𝑚𝑎(𝐺)𝑛
= 𝑚(

𝑉𝐺
2

𝑟𝐺
) = 𝜔2 𝑟𝐺σ 𝐹𝑡 = 𝑚𝑎(𝐺)𝑡

= 𝑚(𝑟𝐺 𝛼)

෍ 𝐹𝑥 = 𝑚𝑎(𝐺)𝑥
Pure Translation:

Curvilinear

෍ 𝑀𝐺 = 𝐼𝛼𝐺 = 0

෍ 𝐹𝑛 = 𝑚𝑎(𝐺)𝑛

Rectilinear

෍ 𝐹𝑡 = 𝑚𝑎(𝐺)𝑡



Summary

𝑇1 + ෍ 𝑈1−2 = 𝑇2

𝑇1 + 𝑉1= 𝑇2+ 𝑉2

𝑇 =
1

2
𝑚 𝑉𝐺

2+
1

2
𝐼𝐺𝜔2

𝑈1 2 1׬=

2
( 𝐹𝑐𝑜𝑠 𝜃 )𝑑𝑠

𝑈 = 𝑀(𝜃2 − 𝜃1)

V= mgℎ𝑔 +
1

2
k 𝑆2



Summary on Impulse momentum

𝑚𝑣(𝐺𝑦)1
+ ෍ න

𝑡1

𝑡2

𝐹𝑦𝑑𝑡 = 𝑚𝑣𝐺𝑦(2)
𝑚𝑣(𝐺𝑥)1

+ ෍ න
𝑡1

𝑡2

𝐹𝑥𝑑𝑡 = 𝑚𝑣𝐺𝑥(2) = 𝐼𝐺𝜔2+ ෍ න
𝑡1

𝑡2

𝑀𝐺𝑑𝑡𝐼𝐺𝜔1

Conservation of Momentum

෍ 𝑚𝑣(𝐺)1
= ෍ 𝑚𝑣(𝐺)2 𝐻 𝐺 1 = 𝐻 𝐺 2



[1] Dynamics, Hibbeler, Rusel M.,Prentice Hall,10th ed., 2003

[2 ] Engineering Mechanics - Dynamics, Meriam J.L.,John Wiley & Sons, 9th ed., 2020.,

[3] Vector Mechanics for Engineers: Dynamics, Johnston, E. R., & Clausen, W. E., McGraw-Hill, 11th e

d., 2015

[4 ] Cengel, Yunus, and John Cimbala. Ebook: mechanics fundamentals and applications (si units). Mc

Graw Hill, 2013.
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