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ENGINEERING MECHANICS 

CHAPTER 8: MOTION 

Lecture 4: 

Laws of motion: Following are the three laws of motion, which were enunciated by Newton, 

who is regarded as father of the Science. 

 1. Newton’s First Law of Motion states, “Everybody continues in its state of rest or of uniform 

motion, in a straight line, unless it is acted upon by some external force.” It is also called Law of 

Inertia. 

2. Newton’s Second Law of Motion states, “The rate of change of momentum is directly 

proportional to the impressed force, and takes place in the same direction, in which the force 

acts.” This law enables us to measure a force, and establishes the fundamental equation of 

dynamics. It is also called the Law of dynamics. 

 3. Newton’s Third Law of Motion states, “To every action, there is always an equal and 

opposite reaction.” 

Note: 1. A body at rest has a tendency to remain at rest. It is called inertia of rest.  

2. A body in uniform motion in a straight line has a tendency to preserve its motion. It is called 

inertia of motion. 

 

Force relation derived from Newton’s Second law of motion: 

 We consider a body moving in a straight line. Let its velocity be changed while moving. 

 

 

 
 

 



 
 

 

 



 

 
 

Circular motion or motion around a circular path as curvilinear motion: 

Circular motion is a movement of an object along the circumference of a circle or rotation along 

a circular path. In circular motion, the distance between the body and a fixed point on the surface 

remains the same. 

Examples of circular motion includes an artificial satellite orbiting the earth at a constant height, 

a stone which is tied to a rope and is being swung in circles, a car turning through a curve in race 

track. 

                  Motion of an object moving in a curved path is called curvilinear motion. An object is 

said to be in a curvilinear motion if the direction of the velocity of its movement is variable and 

the path of the object is a curved  line. Therefore motion along a circular path is a type of 

curvilinear motion. 



Centripetal acceleration: The acceleration of a body traversing a circular path is called 

centripetal acceleration. Because velocity is a vector quantity (i.e, it has both  magnitude and 

direction), when a body travels on a circular path, its direction constantly changes and thus its 

velocity changes, producing an acceleration. The acceleration is directed radially toward the 

centre of the circular path. The centripetal acceleration ac has a magnitude equal to the square of 

the body’s speed v along the curve divided by the distance r from the centre of the circle to the 

moving body. Mathematically, ac = v2/r. 

 
We know v = ɷr, so putting this value in the above equation,  

we have ac = ɷ2 𝑟2/r=ɷ2 𝑟 

The formula is same for centrifugal acceleration also. 

Centripetal acceleration has units of metre per second square (
𝑚

𝑠2). Centripetal means “towards 

the center” or “center seeking.” 

 

Centripetal force: 

The force causing centripetal acceleration is called centripetal force and is always directed 

towards the centre of the circle.  It acts along the radius of the circle at every point. It is the net  

force that acts on an object to keep it moving along a circular path. 

Centrifugal force: 

According to Newton’s Third Law of Motion, the force, which acts opposite to the centripetal 

force, is known as centrifugal force. It may be noted that the centrifugal force always acts away 

from the centre of the path, or in other words, the centrifugal force always tends to throw the 

body away from the centre of circular path. 

 

The centripetal or centrifugal force is written mathematically as  

F= m ac = mɷ2 𝑟 (when ɷ is given) 

                     =
𝑚𝑣2

𝑟
  (when v is given) 

 

 

https://www.britannica.com/science/velocity
https://www.britannica.com/science/vector-mathematics
https://www.britannica.com/science/force-physics


 

 

 

 

 


