Laws of Motion

Kinds of Forces

Force is a physical cause which changes (or tends to change) either the size or shape or the state of
rest or motion of the body.

The forces which act on bodies when they are in physical contact are called contact forces.

When a body moves over a rough surface, a force acts on the body in a direction opposite to the
motion of the body along the surface of contact. This is called the frictional force or the force of friction.

When a person moves towards the right on a road, the force of friction acts on him towards the left.
This force resists his motion on the road.

When a body is placed on a surface, the body exerts a force equal to its weight in the downward
direction on the surface. However, the body does not move (or fall) because the surface exerts an
equal and opposite force on it, which is called the normal reaction force.

When a body is suspended by a string, the body pulls the string vertically downwards due to its weight.
In its stretched condition, the string pulls the body upwards by a force which balances the weight of the
body. This force developed in the string is called the tension force T.
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The spring has a tendency to return to its original form. Similarly, when one end of a spring is kept
fixed, the spring is found to exert a force at its other end which is directly proportional to the
displacement, and the force exerted is in a direction opposite to the direction of displacement. This
force is called the restoring force.

When two bodies collide, they push each other. As a result, equal and opposite forces act on each
body.
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a) Two bodies moving towards each other.
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(b) Force exerted during collision.
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(c) Bodies moving away from each other after collision.

The forces experienced by bodies even without being physically touched are called non-contact forces
or forces at a distance.

In the Universe, each particle attracts another particle because of its mass. This force of attraction
between the particles is called the gravitational force.

The force on a body due to the Earth’s attraction is called the force of gravity. It causes the movement
of the body towards the Earth, i.e. downwards, if the body is free to move. The body also attracts the
Earth by an equal amount of force, but no motion is caused in the Earth because of its huge mass.

Two like charges repel, while two unlike charges attract each other. The force between the charges is
called the electrostatic force.

Two like magnetic poles repel each other, while two unlike magnetic poles attract each other. The force
between the magnetic poles is called the magnetic force.

General Character of Non-contact Forces

1. The gravitational force is always of an attractive nature, while the electrostatic force and the
magnetic force can be either attractive or repulsive.

2. The magnitude of non-contact forces on the two bodies varies inversely as the square of the
distance of separation between them. It decreases with an increase in separation and increases as
the separation decreases.



Newton’s First Law of Motion

o Newton’s first law: If a body is in a state of rest, then it will remain in that state, and if the body is in a
state of motion, then it will continue moving with the same velocity in the same direction unless an
external force is applied on it.

e The property of an object by virtue of which it neither changes its state nor tends to change the state is
called inertia.

o A force is that external cause which tends to change the state of rest or the state of motion of an
object.

Mass and inertia
e Mass is a measure of inertia of the body. Greater the mass, greater is the inertia, and thus, more is
the resistance to the change in the state of rest or motion.

Kinds of inertia
¢ Inertia is of two kinds:
a) Inertia of rest: If a body is at rest, then it will continue to remain at rest unless an external force is
applied.
b) Inertia of motion: If a body is in a state of motion, then it will continue to move at the same speed
in the same direction unless an external force is applied to change its state.

Linear momentum
e The force required to stop a moving body is directly proportional to the mass and velocity of the body.
e The momentum ‘p’ of a body is defined as the product of mass ‘m’ and velocity ‘v’ of the body.
p=mv
e If abody is at rest, then its momentum will be zero.
e Momentum is a vector quantity.
e The Sl unit of momentum is kg.m/s.

Change in momentum
e Change in momentum is
Ap = mAv
e The rate of change of momentum is
Change in momentum m(v—u)
Time t
e Thus, the rate of change of momentum is the product of mass and acceleration.

Rate of change of momentum = =ma




Newton’s Second Law of Motion

The acceleration produced in a body of a given mass is directly proportional to the force applied on it.
acF

¢ The force needed to produce a given acceleration in a body is directly proportional to the mass of the
body.
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e Thus,
F=ma

e The Sl unit of force is newton (N).

e One newton is the force which when acts on a body of mass 1 kg produces an acceleration of 1 m s™.
1newton=1kgx1ms=

e The CGS unit of force is dyne where 1 newton =10° dyne .

Newton’s second law in terms of rate of change of momentum
e The rate of change of momentum is a product of mass and acceleration.

% =ma
e However, force is a product of mass and acceleration.
e Thus,
_Ap_ A(mv)
At At

¢ Newton’s second law: The rate of change of momentum of a body is directly proportional to the
applied force and takes place in the direction in which the force acts.

Newton’s third law of motion

o Newton’s third law: To every action, there is an equal and opposite reaction.
¢ In an interaction of two bodies, there are action and reaction forces present. The action and reaction
forces act on two different bodies.

Universal law of gravitation

e This law was given by Newton.

¢ Universal law of gravitation: Every object in the universe attracts every other object with a force
which is proportional to the product of their masses and inversely proportional to the square of the
distance between them.

G is the proportionality constant and is known as the universal gravitational constant.



e The universal gravitational constant G is independent of
= The medium between the two bodies
= The masses of the two bodies
= The distance of separation between the two bodies

Universal gravitational constant G
GMm
r2
_Fr* _ newtonxmetre?
Mm  kilogram x kilogram
e The Sl unit of G is N m% kg?.
e Thevalue of Gis G=6.67x10"" N m*/kg>.

e The gravitational constant is defined as the force of attraction acting between two masses each of
mass 1 kg placed at a distance of 1 m from each other.

F=

Force due to Gravity

e The force with which the Earth attracts an object is called the force due to gravity.
¢ If we consider a body of mass m = 1 kg, then the force due to gravity is

 GMm (6.67x107"")(5.96x10*)

2

F 2
r (6.37><106)

=98N

e Thus, we can say that the Earth attracts a body of mass 1 kg with a force of 9.8 N.

Acceleration due to Gravity
o Whenever objects fall towards the Earth under the influence of gravitational force alone, we say that
the objects are in free fall.

e The motion of an object under free fall is an accelerated one. This acceleration is known as
acceleration due to gravity ‘g’.

e This acceleration is the same for all bodies.
e Itis a vector quantity directed vertically downwards towards the centre of the Earth.
_GM
TR
e Here, R is the radius of the Earth.
e By substituting the values of G, M and R in the above equation, we get
GM (6.67x107")(6x10*)
TR 6.4x10°

g =9.8 m/s?



Free fall
e The motion of a freely falling body or a body thrown vertically upwards is a one dimensional motion
under gravity.
o If abody is freely falling, then a = g. If it is thrown upwards, then a = —g.
e The equations for a freely falling body with initial velocity u = 0 in terms of g are
v =gt
1
S = Egt
v =2gs
e Similarly, for a body thrown vertically upwards with initial velocity u, these equations are
v=u-gt

1
s=ut-—qgt
29

vZ=u®-2gs

Mass and weight
A) Mass
= The amount of matter contained in a body at rest is its mass.
» |tis a scalar quantity. Its Sl unit is kilogram (kg).
= |t does not change with change of place of the body. However, when the speed of the body

approaches the speed of light, its mass changes.

B) Weight
= The force with which an object is attracted towards the Earth is the weight of that object.
» |tis written as W =mg. Its unit is newton (N).

Mass Weight
It is a measure of the amount of matter | It is the force with which the Earth
contained in a body at rest. attracts a body.
Its Sl unit is kg. Its Sl unit is newton (N).
It is a scalar quantity. It is a vector quantity.
It is constant for a body and does not It varies from place to place due to
change with change in place. variation in the value of g.

Gravitational Units of Force
¢ One kilogram force is the force due to gravity on a mass of 1 kilogram.
1 kgf =1 kg x acceleration due to gravity g in m s
=g N
=9.8N
e Similarly, one gram force is the force due to gravity on a mass of 1 gram.
1 gf =1 gxacceleration due to gravity g in cm s
=g dyne
=980 dyne



