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Newton’s Laws of Motion

Encyclopaedia Britannica in its foreword on Newton’s Laws of Motion states,

Sir Isaac Newton’s three laws of motion were first published in 1687 and continue to
give a pretty accurate account of nature (with a few exceptions, like the behavior of
things in distant space or inside of atoms).
They represent some of humankind’s first great successes at using simple mathematical
formulas to describe the natural world and form an elegant and intuitive physical theory
that paved the way for later advances in physics.
These laws apply to objects in the real world and have allowed us to do things like
simulate car collisions, navigate spacecraft, and play billiards really well. Whether we
are aware of them or not, Newton’s laws of motion are at play in nearly every physical
action of our daily lives.

Newton’s laws first appeared in his masterpiece, Philosophiae Naturalis Principia Mathe-
matica in the year 1687. The book is commonly known as the Principia. The book and the laws
are one of the greatest human creations of all time.

Newton’s First Law of Motion

The first law can be stated as,

In the absence of external forces, a body at rest remains at rest and a body in
motion continues to be in motion with a constant velocity (i.e. with a constant
speed in a straight line).

In other words, when no force acts on a body, the acceleration of the body is zero. If nothing acts
to change the motion of the body, then its velocity does not change.
We get that any isolated body (one that does not interact with its environment) is either at rest
or moving with constant velocity.
The tendency of a body to resist any attempt to change its state of rest or of uniform motion is
called the inertia of the body. Newton’s first law, is also called the law of inertia. The law
of inertia was first formulated by Galileo Galilei for horizontal motion on earth and was later
generalized by René Descartes. Before Galileo it had been thought that all horizontal motion
required a direct cause, but Galileo deduced from his experiments that a body in motion would
remain in motion unless a force (such as friction) caused it to come to rest.
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Law of inertia defines a set of reference frames called inertial frames. An inertial frame of
reference is one that is not accelerating. As Newton’s first law deals only with bodies that are not
accelerating, it holds true only in inertial frames.
Any reference frame that moves with constant velocity relative to an inertial frame is itself an
inertial frame. According to the first law, a body at rest and one moving with constant velocity
are equivalent.
A passenger in a car moving along a straight road at a constant speed of 100 km/h can easily pour
coffee into a cup. But if the driver accelerates or turns the steering wheel while the coffee is being
poured, the car accelerates and it is no longer an inertial frame. The laws of motion do not work
as expected, and the coffee ends up in the passenger’s lap!

Newton’s Second Law of Motion

The second law can be stated as,

The acceleration of an body as measured from an inertial frame is directly proportional
to the net force acting on it and inversely proportional to its mass.

Hence, we can write

a ∝ F (1)

a ∝ 1

m
(2)

where, a is the acceleration of the body,
m is the mass of the body and
F is the total force acting on the body given as,

F =
n∑
1

Fi = F1 + F2 + ... + Fn

.
From equations (1) and (2), we get

F = ma (3)

The law is a quantitative description of the changes that a force can produce on the motion of a
body. It exhibits that when an external force acts on a body, it produces an acceleration of the
body in the direction of the force.
The law can also be stated as “the rate of change of linear momentum (p) is proportional to the
impressed force and takes place in the direction of the applied force”.
The momentum of a body is equal to the product of its mass and its velocity. Momentum is a
vector quantity having both magnitude and direction. A force applied to a body can change the
magnitude of the momentum, or its direction, or both. It can be mathematically represented as,

F =
dp

dt
=

d

dt
(mv) = m

dv

dt
F = ma

The SI unit of force is the newton, which is defined as the force that, when acting on a 1 kg
mass, produces an acceleration of 1 m/s2. From this definition and Newton’s second law, the
newton can be expressed as, 1 N = 1 kgm/s2 and its dimension is

[
MLT−2

]
.
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Newton’s Third Law of Motion

The third law can be stated as,

When two bodies interact, they apply forces to one another that are equal in magnitude
and opposite in direction.

If two bodies (say 1 and 2) interact, the force F12 exerted by body 1 on body 2 is equal in
magnitude and opposite in direction to the force F21 exerted by body 2 on body 1. This can be
expressed as,

F12 = F21

Hence, this law states that a force that affects the motion of a body must come from a second,
external , body. The external body, in turn, is subject to an equal-magnitude but oppositely
directed force exerted on it.
The force that body 1 exerts on body 2 is sometimes called the action force, while the force
body 2 exerts on body 1 is called the reaction force. (In reality, either force can be labeled the
action or the reaction force.)
The action force is equal in magnitude to the reaction force and opposite in direction. In all cases,
the action and reaction forces act on different objects.
As a result, the Newton’s third law is often commonly referred to as the law of action and
reaction and is famously stated as “every action has an equal and opposite reaction”.
This idea is clearly seen in the recoil of a gun: the explosion of the bullet leaving the barrel causes
the gun to quickly move in the opposite direction.
A little less intuitive, but just as true, is the fact that a book resting on a table applies a downward
force equal to its weight on the table, and the table applies an equal and opposite force to the
book. This force occurs because the weight of the book causes the table to deform slightly so that
it pushes back on the book like a coiled spring. If the table were unable to do so, the weight of
the book would break it. (https://www.britannica.com/science/Newtons-laws-of-motion)
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