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Kinetics
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Newton’s laws of motion

● Newton’s 1st law: Every body continues in its state of rest, or of uniform motion in a 
straight line, unless it is compelled to change that state by forces impressed upon it.

(principle of intertia)

● Newton’s 2nd law: The change of motion of an object is proportional to the force 
applied; and is made in the direction of the straight line in which the force is applied.

(Quantification of force and motion)

● Newton’s 3rd law: To every action, there is always an oppsite and equal reaction.
(conservation of momentum)
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Newton’s 2nd law: Force & momentum
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Work & energy (1D)

● Consider  a force F(x) is acting on a particle of mass m that is moving in 1D.
Note the force varies with position. A position dependent vector quantity like force is 
called a ”vector field”. 

● The work done in moving the particle by an infinitesimal amount dx is dW = F(x).dx

● The work done in moving the particle from a to b will be 

Now, 

Therefore, 

In 1D, work done = chang in kinetic energy.    What about in 3D?

● Consider  a force F(r) is acting on a particle of mass m that is moving in 3D.
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Work & energy (3D)

● Consider  a force F(r) is acting on a particle of mass m that is moving in 3D.

Now, 

● Work done is expressed in terms of a line integral, so in principle it must depend on 
tha path connecting points a and b.
For example, for the three paths shown in the figure, 
the line integral, in general, will have three different values

● Do we have forces 𝐹(r) for which this line integral is path independent?
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Conservative force

● For most fundamental forces in nature the work done does not depend on the path 
of displacement.   Examples: gravitational force, electrostatic force

Rather it will depend only on the positions of the end points (a and b in this case) of 
the path

Such forces are called “Conservative Forces”

● For conservative forces, there exists a mathematical function V(r) such that

If for a forece, we can find such a function that work done can be expressed as in 
RHS, then the force is conservative force.
-ve sign at RHS is matter of convention.

● V(r) has dimention if energy and scalar.

● It is obvious that for a conservative force, work done along a closed path is zero.
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Potential energy I

● A consequesnce of the work-energy theorem for conservative force is that sum of 
kinetic and potential energies of a system is conserved.
(..hence the name “conservative” force)

For conservative force, we have 

This suggests, 

● How do we define the potential energy V(r) at a given point r in space?

Potential energy is work done in bringing a point from infinity to the point r against 
the force F .

For 1D conservative force,



EPHY111L, B.Tech. Sem I, 2023
Dr. Poulomi Sadhukhan                                        
EPHY111L, B.Tech. Sem I, 2023
Dr. Poulomi Sadhukhan                                        6262

Potential energy II

● How to find V(r)?

Let’s take                                          where       is an infinitesimal displacement 
vector in 3D.

This leads to

Now, RHS: 

Expanding LHS in Taylor series:

Hence, 

● This is very important result showing that a conservative force can be written as the 
gradient of corresponding potential energy.
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Example

● A conservative force is given by a vector: 
Find V(r).


