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Rotational Dynamics 
It is the branch of physics that deals with the study of rotational motion along with the cause of motion.  

Rigid body: A perfectly rigid body is defined as that body which does not undergo any change in shape and 

volume when external forces are applied on it. When external forces are applied on a rigid body the distance 

between any two particles of the body will remain unchanged. e.g.- solid body. 

Centre of mass: 

A single point where whole of the mass of the body or systems of particles is supposed to be 

concentrated is called centre of mass. If all the external forces are assumed to act on this point, then its 

motion is similar to that of the system upon which the same external forces is acting.  

 

Conservation of linear Momentum: 

 The linear momentum of a particle of mass „m‟ and velocity „v‟ is define as 

    mvp   

Therefore the net linear momentum for a system of n-particles is 
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From Newton‟s 2
nd

 we have, 

dt

dp
Fext   

i.e. the rate of change of linear momentum of a system of particle is equal to the net external force acting on 

the system. 

 If Fext =0 then 0
dt

dp
 and integrating we gate,  P = constant. 

Thus if the net external force acting on a system of particles is zero, the net linear momentum of the 

system remains constant. This is the principle of conservation of linear momentum.  

 

Angular Momentum: The moment of linear momentum of a rotating particle about a fixed point is called 

the angular momentum. It is equal to the cross product of linear momentum of the particle and the 

perpendicular distance from the reference point. 

 If a particle of mass m rotates about an axis in a circular orbit of radius r with velocity v then angular 

momentum of the particle is  
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Angular momentum is a vector quantity and is perpendicular to both 


r and  


v . The SI unit of angular 

momentum is 12. smKg or SecJoule.  and its dimensions are  12 TML . 

For a system of particles is 


,,, 321 LLL etc are the angular momentums of different particles about the 

reference point, the total angular momentum of the system is given by 
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Therefore the angular momentum of the whole system about the reference point is the vector sum of the linear 

moment of all the particles of the system about that reference point. 

  

Angular Momentum of a system of particles about centre of mass: 

 The total angular momentum of a system of particle can be expressed in terms of velocity of the 

particles with respect to centre of mass and the velocity of centre of mass. 

 Let 


cmR and 


cmV are the position vector and the velocity vector of the centre of mass of a system of particles 

relatives to a reference point. If 


cmr and 


cmv are the position vector and the velocity vector of a particle of mass ‘m’ 

relative to centre of mass then position vector 
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r  and the velocity vector 
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Hence the total angular momentum for a system of N particles is 
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From the property of centre of mass, 
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Hence from equation (1), we have  
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The total angular momentum of the system is equal to sum of the angular momentum of centre of mass about the 

reference point and the angular momentum of the system about the centre of mass. 

 

Torque: 

 The cause of linear motion is force. The corresponding quantity which is responsible for rotational 

motion is called torque. 

 Torque due to a force about the axis of rotation is defined as the moment of the force i.e. the product 

of magnitude of force and perpendicular distance of force from the axis of rotation. 

 If a particle of mass m rotates about an axis in a circular orbit of radius r with velocity v then angular 

momentum of the particle is  
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Differentiating with respect to time, we get 
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The quantity 


Fr is called torque and represented by the symbol


 . 
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Thus, torque is equal to vector product of 


r & 


F and is equal to time rate of changed of angular momentum of a 

particle about a reference point.  

 For a system of particles, 
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Work done by a Torque: 

 Let us consider two particles A and B on the circumference of a disc at diametrically opposite points. 

Let 


F  and 


 F be the two forces acting on the particles A and B respectively. If the particles are displaced 

through d , then displacement rddS  in each case. 

Therefore,  

work done by each force FrdFdS   

Total work done  ddrFFrd  )2(2       )2( rF  

If the particles get displaced through an angle  under the action of  

external torque  then total work done is 

  W  

When a torque  acts for a time dt and displaces the particles through d the rate of work done is  

  


 
dt

d

dt

dW
= Torque  x  Angular velocity. 

  

Conservation of Angular Momentum: 

 The moment of linear momentum of a rotating particle is called the angular momentum. The angular 

momentum of a particle of linear momentum 


 vmp  and having position vector 


r  relative to and arbitrary 

origin is defined as 
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For a system of n-particles, we have 
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Differentiating above equation we get,  
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i  = net force acting on i
th

 particle. 
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As internal force occurs is equal and opposite pair hence the net internal force acting on the system of 

particle is zero. Thus from equation (3) we have, 


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Where  
i

ext

iiext Fr  is the torque arising due to external force only. 

 If 0ext  then 0



dt

Ld
 

  or      


L  = constant. 

Thus in the absence of an external torque the angular momentum of a system remains constant. 

 

Conservation of Angular Momentum under central force: 

 For a pair of interacting particles if the lines of action of the forces, which exert each other, lie along the 

straight line are called central force. 

 OR, Central force is the forces which act along the line of action between the pair of interacting particle. As 

for example, the force of Gravity, Coulomb force, the electrostatic force between the electron revolving around the 

nucleus and the force of spring are the central force. 

 Let us consider a particle subjected to a central force depending upon the distance from the fixed 

point. Such a force can be represented as rrfF ˆ)(


 where, )(rf is some scalar function of the distance and 

r̂  is a unit vector along 


r  given by 
r

r
r



ˆ  . 

Therefore, the torque acting on a particle under the action of central force is given by 
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Thus, torque acting on a particle under the action of central force = 0 

  0
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Ld
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  
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L a constant. 

Hence the angular momentum of a particle under the influence of a central force always remains constant. 
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Moment of Inertia:  

Inertia (in case of linear motion) is property of inability of a body to change its state of rest or of 

uniform motion in a straight line without the help of an external force. A corresponding property of the 

body, in rotational motional, is known as moment of inertia. 

“Moment of inertia of a body, about a given axis is defined as the property of body by virtue of 

which it is unable to change its state of rest or of uniform rotational motion without the help of an external 

torque.” 

While inertia depends only upon the mass of body, moment of inertia depends upon two factors: 

Mass of body and Distribution of mass about the axis of rotation. Moment of inertia (MI) plays the same role 

in rotational motion as is played by mass in linear motion. It is a scalar quantity.  

Let us consider a body of mass M rotating about the axis YY with an angular velocity  (Fig:1). Let 

,,, 321 mmm  be the masses of various particles situated at distances ,,, 321 rrr respectively from the 

axis of rotation. If ,,, 321 vvv respectively be their linear velocity then  

 ,,, 332211  rvrvrv   

Therefore, total kinetic energy of the body is given by 
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IE      (This is the expression of Kinetic energy of rotation) 

Here,  2mrI is called the moment of inertia of the body. 

2

2



E
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If 1 then EI 2 i.e. moment of inertia of a body is equal of twice the kinetic energy of rotation of a body whose 

angular velocity is 1 radian/s. 

Suppose the body consist of n particles each of mass ‘m’. 
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Here K is called the radius of gyration and is equal to the root mean square distance of the particles from the axis of 

rotation. 

Relation between Torque and Moment of Inertia:  

Let us consider a particle of mass „m‟ moving about an axis in a circular path of radius „r‟. let an external 

force F act on the particle along the tangent to the circular path. Now the moment of force i.e. torque acting 

on the particle is  

 090sinrFFr 


  
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( i.e. a thin plate or scale or thin plane sheet) 
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Motion involving both translation and rotation: 

Translational motion: When force acts on a stationary rigid body which is free to move, the body starts 

moving in a straight path in the direction of force is called translational motion.  

Rotational motion: If a body is fixed (pivoted/Hinge) at a point and the force is applied on the body at 

suitable point, it rotates the body about the axis of rotation is called rotational motion. 

 

     *************************** 


