
Lecture-6
Rotational Motion



Introduction



Angular displacement

Angular displacement of a body is the angle in (radians, degrees, revolutions) through which a
point or line has been rotated in a specified sense about a specified axis. If a body rotating about
the rotation axis changes the angular position of the reference line from θ1to θ2 , the body
undergoes an angular displacement ∆θgiven by,

∆θ = θ2 - θ1

body isAngular displacement can be either positive or negative, depending on whether the
rotating in the direction of increasing θ or decreasing θ.



Angular Velocity

▶ It is defined as the rate of change of angular displacement. Let a rotating
body is at angular position θ1 at time t1 and at angular position θ2 at time t2.
Then the average angular velocity of the body may be defined as

▶ Where ∆ θ is the angular displacement that occurs during the time interval
∆t. When ∆t approach to zero, average angular velocity is called
instantaneous angular velocity and is given by,



Angular acceleration

▶ It is the rate of change of angular velocity with time. If the angular velocity of
rotating body is not constant, then the body has an angular acceleration. Let ω1

and ω2 be the angular velocities at time t1 and t2 respectively. Then the average
angular acceleration of the body is defined as

▶ where ∆ ω is the angular velocity that occurs during the time interval ∆t. When
∆t approach to zero, average angular acceleration is called instantaneous
angular acceleration and is given by,



Torque or moment of a force

Torque is the turning or twisting action on a body about a rotation axis due to a
force F. If a force F acts on a single particle at a point P whose position with respect
to the origin O of the inertial reference frame is given by the displacement vector r,
the torque τ acting on the particle with respect to the origin O is defined as,

τ = r× F

Torque is a vector quantity. Its magnitude is given by

τ = r F sin θ

where θ is the angle between r and F. Its direction is normal to the plane formed by
r and F. The SI unit of torque is Newton-meter. A torque is positive if it tends to
rotate a body at rest counterclockwise and negative if it tends to rotate the body in
the clockwise direction.





Moment of inertia

Moment of inertia is a property of rotating bodies that defines its resistance to a change
in angular velocity about an axis of rotation. It is the inertia of a rotating body with
respect to its rotation. . Moment of inertia applies to an extended body in which the
mass is constrained to rotate around an axis.

The moment of inertia of a body about an axis can be defined as the sum of the product
of the mass of each particle and the square of its distance from the axis of rotation. It is
given by

I = ∑ mr2



▶ Example: Let A be a rigid body which is rotating around a fixed axis YY/ with a uniform
angular velocity as shown in fig. Let the body be composed of particles of masses m1, m2,
m3, ……….mn and the particles are respectively at distances r1, r2, r3,………….rn.. Now,
according to the definition,

Moment of inertia

In case of a body having a continuous and homogeneous distribution of matter,
I= ∫ r2dm

Where dm is the mass of infinitesimally small element of the body at distance r from the axis.



Examples



Radius of gyration

It is a distance of a point from an axis of rotation inside the body such that if the 
whole mass of a body is concentrated in a particle at that point,

its moment of inertia of the particle is equal to the moment of inertia of the 
original body about the same axis.



Radius of gyration



Radius of gyration



Relation between angular momentum and angular velocity



Problems



Kinetic energy of a rotating body

Let a rigid body rotate about a fixed axis at uniform angular velocity ω .
In order to make the body rotational at this velocity from rest, work is to
be done on the body which remains stored in the body as kinetic energy.
This kinetic energy is the rotational kinetic energy.

Since the body is moving at uniform angular velocity ω, so every particle
of the body rotates with the same angular velocity ω. But since the
distance of each particle from the axis of rotation is different, so linear
velocities will be different as well.



Kinetic energy of a rotating body
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Relation between linear velocity and angular velocity:

If a point P move round a circle of radius r with constant linear velocity v , then the
angular velocity will be

ω= θ……………..(1)
𝑡

Where t is the time to move from Q to P along the arc QP of the curve. However, arc 
length QP is 𝑟 𝜃 when q is measured in radians. Hence linear speed v is

Substituting Equation (1) into Equation (2) leads to 
the relationship for circular motion
V= ωr
Linear velocity = radius × Angular velocity



Centripetal Acceleration



Centripetal Acceleration

Centripetal acceleration is the rate of change of tangential velocity.

The direction of the centripetal acceleration is always inwards along the 
radius vector of the circular motion.

It can be denoted by 𝐚𝐜 and mathematically

An object moving in a circular path of radius r with a constant speed v has an 
acceleration called centripetal acceleration. The acceleration directed towards the 
center of the circle.





Centripetal force is defined as the force which acts towards the
center along the radius of a circular path on which the body is
moving with a uniform velocity.



Centrifugal Force

If an object moving in a circle and experiences an outward force than this
force is called the centrifugal force. However, the force also depends on the
mass of the object, the distance from the centre of the circle and also the
speed of rotation.

Centrifugal Force Examples in Daily Life:

Some examples of Centrifugal Force are given below.
•Weight of an object at the poles and on the equator
•A bike making a turn.
•Vehicle driving around a curve
•Equatorial railway



Relation between Centripetal Force and Acceleration
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Problems



Problems



End of Lecture


