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Force and Motion, Newton’s Laws of Motion, Action and Reaction forces,
Inertia of a body, Inertia and mass, Momentum, Force and Acceleration. TOPIC - 2
Elementary idea of Conservation of Momentum.
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TOPIC-1

Force, Inertia and Laws of Motion

Force : Itis a push or pull acting upon an object. It can change the shape of an object. It can put the

object in motion, can change the direction of the object in motion or it can bring the object in mo-

tion to rest. For example, while riding a bicycle, you can set the bicycle in motion due to the force

applied by peddling, you can change the direction of movement of the bicycle or you can bring it

to rest by applying force in the form of brakes.

There are mainly two types of forces : balanced forces and unbalanced forces.

Balanced forces : These are the two forces that act on an object in opposite directions. They are equal in magnitude.
They cancel each other. So, they do not change the state of rest or of motion of an object.

Unbalanced forces : These forces are not equal in magnitude. So, they can change the state of or of motion of an
object on which they are acting.

By observing the motion of objects on an inclined plane, scientist Galileo concluded that objects move with a
constant speed when no force is acting on them.

Newton further studied Galileo’s ideas on force and motion. Then he put forth three
fundamental laws which govern the motion of objects. These three laws are known as
Newton’s laws of motion.

Newton’s First Law of Motion : It states that a body at rest will remain at rest and a body in
motion will remain in uniform motion unless acted upon by an unbalanced force.

It means all objects resist a change in their state of motion. Or They have a tendency to
continue the state in which they are.

Newton

Inertia : The tendency of undisturbed objects to stay at rest or in uniform motion is called inertia.

Heavier the object, larger is the inertia. So, the inertia of an object is measured by its mass.

The first law of motion indicates that when an unbalanced external force acts on an object, its velocity changes, that
is, the object gets an acceleration.

If an object is to be accelerated, we have to apply force. We know that a greater force is required to give a greater
velocity.

There must be some properties which combine the object’s mass and its velocity. One such property called
momentum was introduced by Newton.

The momentum of an object is the product of its mass and velocity and has the same direction as that of the
velocity. Its SI unit is kg m-s™.

Applying an unbalanced force brings a change in the velocity of the object. It means that the applied force produces
a change of momentum.
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» The force necessary to change the momentum of an object depends on the time rate at which the momentum is
changed.

NMEWTON'S

» Newton’s second law of motion : It states that the rate of change of momentum of a body is directly proportional
to the force and takes place in the same direction as the force.

» Mathematical Formulation of Newton’s Second Law of Motion :
Suppose an object of mass m is moving along a straight line with an initial velocity u. It is uniformly accelerated to
velocity v in time ¢ by the application of a constant force F, throughout the time f. The initial and final momentum
of the object will be, p; = mu and p, = mv respectively .

The change in momentum = PP
= mv-mu
mxX@w-—u
The rate of change of momentum #
Or, the applied force, according to second law
F m X (v—u)
t
» —_
F = w , where k is the proportionality constant.
= kma , and setting k = 1 in the 5I unit system, we get,
F = ma

where, a [ = (v—u)/t ] is the acceleration, that is the rate of change of velocity.
> Force can also be defined as the product of mass and acceleration. The SI unit of force is kg ms™. This is also known

as newton and represented by the symbol N.

2

»  Unit for force is newton, and abbreviation is N or kg m s™. Actlon

> A force of one newton produces an acceleration of 1 m s on an object of

mass 1 kg. O
» When there is a force of friction between two objects, it always opposes

motion of objects.

» Two forces resulting from the interaction between two objects are called ’ Ronc Ground
action and reaction forces respectively. Eaction

» Action and reaction forces act on two different bodies but they are equal in magnitude and opposite in direction to
each other. (In the above figure, they are the vertical components.)

¥  The first two laws of motion tell us how an applied force changes the motion. They help us to find out he method
of determining the force.

» Newton’s third law of motion : For every action there is an equal and opposite reaction; but action and reaction
forces act on different bodies. For example, when a gun is fired, it exerts a forward force on the bullet. The bullet
exerts an equal and opposite force on the gun. This results in the recoil of the gun.

(COYSELFJASSESS o4

I. OBJECTIVE TYPE QUESTIONS [1 mark each]

A. Multiple Choice Questions (b) To increase the rate of change of momentum
and decrease the force.

® Q. 1. What is recoil velocity of a gun?
(@) The velocity with which a gun moves forward
after firing a bullet.
(b) The wvelocity with which a gun moves back-
ward after firing a bullet.
() The velocity with which the bullet travels.

(c) To reduce the rate of change of momentum and
hence the force.

(d) To reduce the rate of change of momentum and
to increase the force.

B. Diagram Based Question

(d) The velocity with which the bullet strikes. @® Q. 1. In the figure below the card is flicked with a
& Q.2. Why are the athletes in a high jump event push.
made to fall either on a cushioned bed or on a A
sand bed?
(a) To increase the rate of change of momentum

and hence the force.
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(@) What do you observe in the above case and
why?

(b) State the law involved in this case.

(c) What will be your observation if the above coin
is replaced by a heavy five rupee coin. Justify
your answer.

(d) State the law that provides the formula for mea-
suring force and the law which provides the
definition of force.

C. RAssertion and Reason type questions
Directions : In the following questions, a statement
of assertion (A) is followed by a statement of reason
(R). Mark the correct choice as :

(a) Both assertion (A) and reason (R) are true and
reason (R) is the correct explanation of asser-
tion (A).

(b) Both assertion (A) and reason (R) are true but
reason (R) is not the correct explanation of as-
sertion (A).

(c) Assertion (A) is true but reason (R) is false.

(d) Assertion (A) is false but reason (R) is true.

& Q.1. Assertion : If a spring is stretched from one side,
the size and shape of the spring changes.
Reason : Unbalanced force acting on the spring
changes the size and shape of the spring in the di-
rection of application.

® Q. 2. Assertion : When we stop pedalling a bicycle it
slows down.
Reason: Force of friction always acts in the direction
of motion.

D. Uery Short Answer Type Questions

@ Q. 1.Give one point of difference between balanced
and unbalanced forces.

& Q. 2. Find the acceleration produced by a force of 12N
exerted on an object of mass 3 kg.

Il. SHORT ANSLWUER TYPE QUESTIONS-I

[2 marks each]

Q. 1. Two boys dropped sheets of paper from the
top of the tower. One by dropped his sheet of
paper as such, while the other boy dropped it by
changing it in the shape of a ball. Which sheet of
paper willreach the ground first? Explain why?
(Assume air-resistance negligible).

@) (Board Term-1, 2014)

Q. 2. What are the effects of the following on inertia of
a body?

CBSE-PHYSICS
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(i) If force is doubled
(ii) If density is halved
(iii) If volume is reduced to one third.

@ (Board Term-I, 2016)
lll. SHORT ANSLUER TYPE QUESTIONS-II

[3 marks each]

@) Q. 1. What type of force is acting in the cases given
below?

t—b

@) (i)

t —_—
(iii)
@©+@) (Board Term-I, 2016)

@Q. 2. Read the passage carefully and answer the
following questions :

When we are travelling by a motor car, we tend
to remain at rest with respect to the seat until the
driver applies a braking force to stop the motorcar.
With the application of brakes, the car slows down
but our body tends to continue in the same state of
motion because of its inertia. A sudden application
of brakes may thus cause injury to us by impact or
collision with the panels in front. Safety belts are
worn to prevent such accidents. Safety belts exert
a force on our body to make the forward motion
slower.

(@) Why does our body continue in the same state
of motion though brakes are applied to a mov-
ing motorcar?

(b) Why are safety belts worn?

(c) How do safety belts help?

IU. LONG ANSLVUER TYPE QUESTIONS [5 marks each]

@® Q.1. (i) State Newton's second Law of Motion. Ex-
press it mathematically and find SI unit of
force from it.

(ii) In the diagram given, if the
card is flicked away with a
jerk, what will you observe?
Explain the reason for this
observation.

®)+@) (Board Term-I, 2015)

(A1 ® Q. 2. Using second law of motion, derive the rela-
tion between force and acceleration.
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Conservation of Momentum

Revision Notes

» Momentum is a property that combines the mass and velocity of the object together. It is the
product of mass and velocity of an object.

» Law of conservation of momentum : The sum of momenta of the two objects before collision is
equal to the sum of momenta after the collision, provided there is no external unbalanced force
acting on them. Or, the total momentum of the two objects is unchanged or conserved by the
collision.

» Suppose two objects (two balls A and B, say) of masses m, and my are travelling in the same
direction along a straight line at different velocities 1, and ug, respectively [Flg
(a)]. And there are no other external unbalanced forces acting on them. Let . NI . a7

up > g and the two balls collide with each other as shown in Fig. (b). During (o101 collision

collision which lasts for a time ¢, the ball A exerts a force Fyy on ball B and the FBA
ball B exerts a force Fy, on ball A. Suppose v, and vy are the velocities of the two ®
balls A and B after the collision, respectively [Fig.(c )]. . VA VB
Momentum of ball A before and after the collision are m, u, and myv,,

. . after colhslon
respectively. The rate of change of its (©

momentum (or Fsp) during the collision will be m, w

Similarly, the rate of change of momentum of ball B (= Fp,) during the collision will be mj (g ; )

According to the third law of motion, the force F,p exerted by ball A on ball B and the force Fy, exerted by the ball
B on ball A must be equal and opposite to each other.

Therefore,

Fap = —Fga

or My (UA ; uA) = —mp (vB ; HB)
This gives,

mAuA + mBMB = mA 'UA + vaB
Thus, we can generalize this equation, by law of conservation of momentum, as, ity + oty = MUy + My0,

where m; , m, are the masses of the colliding bodies, 1, u, are their initial velocities while v;, v, are there final
velocities respectively.

(A0 FARSEFEER = 8

I. OBJECTIVE TYPE QUESTIONS [1 mark each]
A. Multiple Choice Questions (a) Tkgms™ as v=1 (b) Zeroasv =0

- -1 _
® Q. 1. Which of the following accidents will be most () W0kgmstasv=0 (d) 100kgms"aso=10
damaging ? B. Passage Based Questions

(a) Collision between two cars moving with a @ Q.1. Read the given passage and answer the
speed of 50 km/hr. following questions.

(b) Collision between two bicycles.

(c) Collision between two scooters moving with a
speed of 50 km/hr.

(d) Collision between two trucks moving with a
speed of 50 km/hr.

@ Q. 2. A ball is thrown vertically upwards. What will
be its momentum at the highest point ?

CBSE-PHYSICS

Akhtar, Kiran and Rahul were riding in a motorcar
that was moving with a high velocity on an express-
way when an insect hit the windshield and got
stuck on the windscreen. Akhtar and Kiran started
pondering over the situation. Kiran suggested that
the insect suffered a greater change in momentum
as compared to the change in momentum of the
motorcar (because the change in the velocity of the
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insect was much more than that of the motorcar).

Akhtar said that since the motorcar was moving

with a larger velocity, it exerted a larger force on the

insect. And as a result the insect died. Rahul while

putting an entirely new explanation said that both

the motorcar and the insect experienced the same

force and a change in their momentum.

(a) Whose suggestion is correct?

(b) Define momentum.

(¢) What is the SI unit of momentum?

(d) Find the momentum of a man of mass 75 kg
when he walks with a velocity of 2 m/s.

C. ARssertion and Reason type questions

Directions : In the following questions, a statement
of assertion (A) is followed by a statement of rea-
son (R). Mark the correct choice as:

(a) Both assertion (A) and reason (R) are true
and reason (R) is the correct explanation of
assertion (A).

(b) Both assertion (A} and reason (R) are true but
reason (R) is not the correct explanation of
assertion (A).

LAV Or NI

Q. 2. (i) Which one has more inertia

: a five rupee

coin or a one rupee coin? Why?

(ii) Two objects P and QQ of masses 'm' and '4m’
move with velovitles 'v' and '4v' respectively.
Calculate the ratio of their llnear momenta.

@ (Board Term-I, 2012)

lll. SHORT ANSLUER TYPE QUESTIONS-II

® Q.1 (i)

[3 marks each]

A ball is allowed to roll down from an
inclined plane. It reaches the foot
of the plane and continues to roll
on the ground. It stops after trav-
elling some distance. Is this the
violation of law of inertia? Give reasons
for your answer. (DDE 2014)

(ii) A player lowers his hand while catching a

® Q.2.

ball. Explain reason behind his action.

A body of mass 4 kg is dropped from a
height of 20 m. Calculate the initial mo-
mentum and the momentum just before it
strikes the ground. (g = 10 m/s?)

(c) Assertion (A) is true but reason (R} is false.
(d) Assertion (A) is false but reason (R) is true.
® Q. 1. Assertion : Momentum of an object which is the
product of mass and velocity is a vector quantity.
Reason : Momentum has both direction as well
as magnitude.

IUV. LONG ANSLVER TYPE QUESTIONS [5 marks each]

®+@ Q. 1. (a) State the law of conservation of momen-
tum.
(b) Observe the following diagram and
answer the questions given below :

® Q. 2. Assertion : If a balanced force is applied on a Straw
wooden block it will move.
Reason : Unbalanced force changes the state of
Thread Balloon

motion or rest while balanced force does not.
(i) Which direction does the balloon move

when the thread tied to its neck is
removed and why ?
(ii) State the conclusion drawn from this
activity.
Two objects of masses 100 g and 200 g are
moving along the same line and direction
with velocities of 2 m/s and 1 m/s respec-
tively. They collide and after the collision,
the first object moves at a velocity of 1.67
m/s. Determine the wvelocity of second
object.
(ii) If a man jumps out from a boat, the boat
moves backwards. Why ?

D. UVery Short Answer type questions

® Q. 1. Name the physical quantity which is measured
by rate of change of momentum.

BT @ Q. 2. Which has more inertia, a cricket ball or a rub-
ber ball of the same size? Give reason for your
answer.

Il. SHORT ANSLUER TYPE QUESTIONS-I

® Q. 2.(1)

[2 marks eachl

Q. 1. Which accident will be more damaging, collision
between two trucks moving with a speed of 50
km/hr or collision between two cars moving with
a speed of 50 km/hr? Explain.

@ (Board Term-I, 2014)
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