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Understand the scope of mechanics 1

2 

3 Define and explain fundamental concepts and principles

Understand and differentiate between kinematics and kinetics

Classify different types of motion of solid bodies  

Recognize when a Rigid body can be treated as a particle 

Understand how the course chapters are constructed and 

what to expect in each chapter
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By the end of this lecture, you are able to: 



1.1 Understand the 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.



Mechanics of Fluids (often called Fluid Mechanics) studies the behavior of 

fluids (liquids and gases) and how they interact with forces and with their 

surroundings [2].

Mechanics of Fluids 



Mechanics of Solids is the study of the behavior of solid materials and structur

es under external forces [3].

Mechanics of Solids



Example on both assumptions

Figure 2. Rigid body Vs Deformable  

Url : https://www.aakash.ac.in/important-concepts/Maths/dyn

amics-of-rigid-bodies-formulas

https://www.aakash.ac.in/important-concepts/Maths/dynamics-of-rigid-bodies-formulas


Solid Rigid bodies mechanics

The mechanics of solid rigid bodies is further subdivided into statics and dynamics



cont’d….



1.2) Dynamics of solid rigid bodies

Focuses on analyzing the motion of bodies and the forces causing that motion.

It is broadly classified into two branches: kinematics and kinetics [4].



Classification of dynamics cont’d… 



1.2.2) Fundamental Concepts and Principles

The basic concepts used in mechanics are space, time, mass, and force [4]. 

Space

Time .

🌐

⏰
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Fundamental principles 

Resultant, 𝑅 = 𝐹𝑎 + 𝐹𝑏 + 2𝐹𝑎 𝐹𝑏𝑐𝑜𝑠𝜃

tan𝛂 =
𝐹𝑎 𝑠𝑖𝑛𝜃

𝐹𝑏 + 𝐹𝑎 𝑐𝑜𝑠𝜃
Direction of 𝑅 ,

Figure 3. Parallelogram Law 



Principles Cont’d

Figure 4. Principle of Transmissibility



3.Newton’s Three Laws of Motion 

⚖️

🚗

Principles cont’d…



𝐹 = 𝐺
𝑚1𝑚2

𝑟2

Gravitation or Gravity is the force of attraction between any two bodies

Figure 5. attraction between two bodies

Principles cont’d…



1.2.3) Motion of solid rigid bodies

The various types of rigid-body motion can be conveniently grouped as follows [5].

▪ any straight line inside the body maintains the same orientation during the motion.

▪ If the paths are straight lines, the motion is called rectilinear translation ; if the paths are curved 

lines, the motion is called curvilinear translation

Translation

Figure 6. Translation 
Source: Vector Mechanics for Engineers: Dynamics, Johnston, E. R., & Clause

n, W. E., McGraw-Hill,  11th ed., 2015,page 979 



Motion cont’d…

▪ The particles forming the rigid body move in parallel planes along circles centered on the 

same fixed axis 

▪ The particles located on the axis of rotation have zero velocity and zero acceleration.

▪ Particles or points on the body have the same angular motion  and different linear motion

Rotation About a Fixed Axis

Source: Vector Mechanics for Engineers: Dynamics, Johnston, E. R., & Clausen, W. 

E., McGraw-Hill,  11th ed., 2015,page 979 

Figure 7. Fixed axis rotation 



Motion cont’d…

Be careful not to confuse rotation with certain types of curvilinear translation [4]

In curvilinear translation , particles move in parallel circles and any line on the body keeps the remains 

parallel. In rotation, particles move in concentric circles and lines on the body change orientation.

Figure 8. Curvilinear translation Vs  rotation 

Source: Vector Mechanics for Engineers: Dynamics, Johnston, E. R., & Clausen, W. E., 

McGraw-Hill,  11th ed., 2015,page 979



▪ Motions in which all the particles of the body move in a single plane

▪ Any plane motion that is neither a rotation nor a translation is referred to as general plane motion.

▪ It combined translational and rotational motion

General Plane Motion

Source : Vector Mechanics for Engineers: Dynamics, Johnston, E. R., & Clausen, 

W. E., McGraw-Hill,  11th ed., 2015,page 979 

Figure 9 . General plane motion 

Motion cont’d…



Figure 10. Motion types separately

Motion cont’d…

Url:https://commons.wikimedia.org/wiki/File:Rolling_animation.gif

https://commons.wikimedia.org/wiki/File:Rolling_animation.gif


Example Motion of  motion types on Mechanisms

Source: The moving GIF. (2014, J

uly 23). Frame animation of a pisto

n’s 4-stroke cycle. https://themovin

g-gif.tumblr.com/post/9267811122

5/frame-animation-of-a-pistons-4-s

troke-cycle

Figure 11: Piston-cylinder 

Source: GrabCAD. (n.d.). Simple Bea

m engine. GrabCAD. https://grabcad.c

om/library/simple-beam-engine-1

Figure 12 : Beam engine 

Motion cont’d…

https://themoving-gif.tumblr.com/post/92678111225/frame-animation-of-a-pistons-4-stroke-cycle
https://grabcad.com/library/simple-beam-engine-1


1.2.4) Rigid Bodies and Particles

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

difference between them is as follows [1] :



⚫ we sometimes treat a solid rigid body as a particle when we are only interested in its

overall movement from one place to another, known as translational motion.

⚫ In pure translation, every point on the rigid body has the same velocity and acceleration, so

its motion is identical to that of a particle.

⚫ For example, Imagine a car moving straight down a road at constant speed. Every poi

nt on the car (roof, wheels, doors, etc.) moves forward at the same speed and in the same

direction.

Motion cont’d…



⚫ Since all parts of the car move the same way, we can simplify by treating the whole car as a particle

at its center of mass (i.e, the translational motion of the entire car is equivalent to the translational mo

tion of a ball) [5].

Source: car Animation free [Animation template]. Dribbble .Zourob, M. (2016, 

November 22). https://dribbble.com/shots/3111670-car-Animation-free

Figure 13. Pure translation of car

Figure 14 .Particle approximation 

of the car

cont’d…

https://dribbble.com/shots/3111670-car-Animation-free


⚫ On another hand , If the car were also rotating (like skidding and spinning), then we couldn’t t
reat it as a particle anymore, we would have to study it as a rigid body in rotation + translation, 
see spinning car the example  below 

Source: “car Animation free.” Dribbble . Zourob, Mohammed., 22 Nov. 2016,    

https://dribbble.com/shots/3111670-car-Animation-free. Accessed 7 Sept. 2025

Figure 15. Pure Rotation of car

cont’d…

https://dribbble.com/shots/3111670-car-Animation-free


1.3 Understand 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, 
.



To understand the chapters and their applications more, see at a classic slider-crank or four-bar 

linkage type mechanism, which is composed of: Slider/Piston ,Connecting Rod, Crank ,Rocker 

Arm

Source: Engineering Mechanics: Dynamics, Hibbeler, Rusel M.,Prentice Hall,1

0th ed., 2003,page 328 

Figure 16. slider-crank

Examples
cont’d…



DYNAMICS COURSE CHAPTER MAPPING

Now, let’s place each link into the right chapter of a Dynamics course

Link Type of Motion Relevant Chapter

1. Piston (Slider) Rectilinear Translation Kinematics and Kinetics  

of Particles 
2. Rocker Arm Curvilinear Translation

3. Cranks Rotation about Fixed Axis Plane Kinematics and     

Kinetics of Rigid4. Connecting Rod General Plane Motion)



Activity 1  

Classify Motions of Power Hacksaw parts shown below. Identify the motion of each link in the

mechanism when the flywheel or crank rotates ?

❑Crank OB (radius 100 mm) , Coupler/Link AB (length 450 mm) and Saw slider (moves along the horizo

ntal guide)

Source: Engineering Mechanics - Dynamics, Meriam J.L.,John Wiley & Sons

, 9th ed., 2020., page 383

Figure 17. Power Hacksaw 



Activity 2

Based on what we have learned Identify the type of motion for each link of beam engine when crank O

A rotates . Then, think about how to treat them(particle or rigid body) when analyzing and also identify

which chapter of the Dynamics course will cover the analysis of these motions?

Source : (Vector Mechanics for Engineers: Dynamics, Johnston, E. R., & Clause

n, W. E., McGraw-Hill,  11th ed., 2015,page 1045. 

Figure 16. beam engine 



Engineering Mechanics II - Dynamics
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Mechanics and its branches → Statics (rest) & Dynamics (motion)
1

2 

3 Key concepts → Space, Time, Mass, Force, Newton’s Laws, and principles 

Dynamics and Differentiate between kinematics and kinetics

Solid Rigid Body Motion → Translation, Rotation, General Plane Motion

Rigid body vs particles → description 

Course Roadmap → from particles → rigid bodies 

5
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In This Lecture We Covered:
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