
When we want to open a door, we have to push the door handle. And when we want to close the
door, we have to pull the door handle with our hand. This means that to move a body (or an
object), it has either to be pushed or pulled. A push or pull on a body is called force. The

direction in which a body is pushed or pulled is called the direction of force. We open or close a door by
applying force. Now, when we push the door to open it, we apply a force on the door in a direction away
from us. And when we pull the door to close it, then we exert a force on the door in a direction towards us.

Forces are used in our everyday actions like pushing, pulling, lifting, stretching, twisting and pressing.
For example, a force is used when we push (kick) a football; a force is used when we pull the drawer of a
table ; a force is used when we lift a box from the floor ; a force is used when we stretch a rubber band ; a
force is used when we twist a wet cloth to squeeze out water ; and a force is used when we press the brake
pedal of a car. The fallen leaves of trees fly away with wind because the force of wind pushes them away.
Even the roofs of some huts fly away during a storm because the force of strong winds pushes them away.
And when we fly a kite, we can actually feel the force (or push) of the wind on it. We will now describe the
effects of force.

FORCE  AND  LAWS
OF  MOTION

Figure 1. A push or pull on an object is called force.
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Effects of Force
A force cannot be seen. A force can be judged only by the effects which it can produce in various

bodies (or objects) around us. A force can produce the following effects :

1. A force can move a stationary body.

2. A force can stop a moving body.

3. A force can change the speed of a moving body.

4. A force can change the direction of a moving body.

5. A force can change the shape (and size) of a body.

We will now give examples of all these effects produced by a force when it acts on a body (or an
object).

If we kick a football kept on the ground with our foot, then the
football starts moving (see Figure 3). In this case, the force of our
foot moves a stationary football. Similarly, the force of engine can
move a stationary car. From these examples we conclude that a
force can make a stationary body move. It is a common observation
that a football moving on the ground stops after some time. In this
case, the force of friction of ground stops the moving football.
Similarly, the force of brakes can stop a moving car. From these
examples we conclude that a force can make a moving body stop.

Suppose we are moving on a bicycle at a certain speed. Now, if
someone pushes the moving bicycle from behind, then the speed
of bicycle increases and it will move faster. On the other hand, if
someone pulls the moving bicycle from behind, then the speed of
bicycle decreases and it will move slower. Thus, a push or pull can
change the speed of a moving bicycle. But a push or pull is called force. So, we can say that a force can
change the speed of a moving bicycle (or any other moving body). If the force is applied in the direction
of motion of a body, its speed increases. On the other hand, if the force is applied in the direction opposite

(a) Weightlifter pulling the weights (b) Weightlifter pushing the weights

Figure 2. This weightlifter first exerts a ‘pull’ on the weights and then a ‘push’ on the weights (so as to lift
them up). A push or pull on a body is called force. So, this weightlifter is exerting force on the weights.

Figure 3. When a player kicks the football,
his foot exerts a force on the football. This
force causes the football to move.© S
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to the direction of motion of a body, then its speed decreases. Let us take another example. When a ball is
dropped from a height, its speed goes on increasing. The speed of a falling ball (or any other falling
body) increases because the earth applies a pulling force on it which is called the force of gravity. It is
the force of gravity of the earth which pulls a falling ball towards its centre and increases its speed. On the
other hand, when a ball is thrown upwards, then its speed goes on decreasing. This is because the earth
applies a pulling force of gravity on the ball in the downward direction (opposite to the motion of the ball).

In a tennis match, when a moving tennis ball is hit by a
racket, then the direction of tennis ball changes and it goes
in a different direction (see Figure 4). In this case, the force
exerted by the tennis player’s  racket changes the direction
of a moving tennis ball. Similarly, in a cricket match, when
a moving cricket ball is hit by a bat, then the direction of
cricket ball changes and it goes in another direction. In this
case, the force exerted by the cricket player’s bat changes
the direction of a moving cricket ball. In the game of carrom,
when we take a rebound, then the direction of striker
changes. This is because the edge of the carrom board exerts
a force on the striker. If we blow air from our mouth on the
smoke rising up from a burning incense stick (agarbatti), then
the direction of motion of smoke changes. In this case, the force exerted by the blowing air changes the
direction of moving smoke. From these examples we conclude that a force can change the direction of
motion of a moving body.

If we take a light spring and pull it at both the ends with our hands, then the shape and size of the
spring changes (see Figure 5). The turns of the spring become farther apart and its length increases. In this
case, the force of our hands changes the shape and size
of the spring. Here are some more examples in which
a force changes the shape (and size) of an object. The
shape of dough (kneaded flour) changes on pressing
with a rolling pin (belan) to make chapatis. When we
press the dough with a rolling pin, we apply force. So,
we can say that the shape of dough changes on
applying force. The shape of kneaded wet clay (geeli
mitti) changes when a potter converts it into pots of
different shapes and sizes. This happens because the
potter applies force on the kneaded wet clay. The shape
of a tooth paste tube (or an ointment tube) changes when we squeeze it because we apply force while
squeezing it. Similarly, the shape of a sponge, tomato, balloon, rubber ball or tennis ball changes on pressing.
And the shape and size of a rubber band changes on stretching. From all these examples we conclude that
a force can change the shape and size of a body (or object).

We can now define force as follows : A force is an influence which tends to set a stationary body in
motion or stop a moving body ; or which tends to change the speed and direction of a moving body ; or
which tends to change the shape (and size) of a body. We will now discuss the various types of forces.

BALANCED AND UNBALANCED FORCES
Forces are of two types : Balanced forces and Unbalanced forces. We will now discuss balanced and

unbalanced forces in detail, one by one. Let us start with balanced forces.

Figure 4. The force from a tennis player’s racket can
change the direction of motion of the tennis ball.

(a) Original shape and size of spring

(b) Force (of pulling) changes the shape and size of the
spring

Figure 5.
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Balanced Forces
If the resultant of all the forces acting on a body is zero, the

forces are called balanced forces. A body under the action of
balanced forces does not change its position of rest (or of uniform
motion) and it appears as if no force is acting on it. This point will
become more clear from the following example.

Suppose a heavy box is lying on the ground (Figure 6). Let us
push this box with our hands. We find that the box does not move
(and remains in its state of rest) though as many as four forces are
acting on it. The four forces acting on the box are :

(i) Force of our push

(ii) Force of friction (which opposes  the push and does not allow
the box to move)

(iii) Force of gravity (which pulls the box downwards)

(iv) Force of reaction (exerted by the ground on the box upwards which balances the force of gravity)

Now, though the box is at rest, four forces are acting on it. Since the box does not move at all, we
conclude that the resultant of all the forces acting on it is zero. The box, therefore, behaves as if no force is
acting on it. The forces acting on this stationary box are an example of balanced forces. Please note that the
force of our push on the box is balanced by the force of friction, and the force of gravity is balanced by the
force of reaction of the ground. Similarly, when we hold a suitcase steady at some height from the ground,
the resultant force acting on the suitcase is zero and it does not change its position. Again, in a tug of war,
that is, in rope pulling between two teams, if the resultant of forces applied by the two teams is zero, the
rope does not move in either direction. The forces  exerted  by  the  two  teams are balanced. From this
discussion we conclude that if a number of balanced forces act on a stationary body, the body continues
to remain in its stationary position. Similarly, if a number of balanced forces act on a body in uniform
motion, the body continues to be in its state of uniform motion.

Though balanced forces cannot produce motion in a stationary body or stop a moving body, they
can, however, change the shape of the body. An example of the balanced forces changing the shape of a
body is in the squeezing of a rubber ball or balloon. When we press a rubber ball or a balloon between our
two hands, the shape of rubber ball or balloon changes from spherical to oblong. In this case we apply two

Force of
friction

Heavy
box

does not move

Force of reaction
(Exerted by ground)

Force of gravity
(Weight of box)

Force of
our push

Figure 6. When balanced forces act on a
body (here a heavy box), they do not
produce any motion in it.

Figure 7. In a tug of war (or rope pulling), when the
forces exerted by the two teams on the rope are balanced
(equal and opposite), then the rope does not move in
either direction.

Figure 8. When a balloon is pressed between hands, then
balanced forces (equal and opposite forces) act on balloon
due to which the shape of balloon changes.© S
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equal and opposite forces (balanced forces) with our hands. Though the ball or balloon does not move, its
shape changes. We will now discuss the case of unbalanced forces.

Unbalanced Forces

If the resultant of all the forces acting on a body is not zero, the forces are called unbalanced forces.
When unbalanced forces act on a body, they produce a change in its state of rest or of uniform motion. That
is, unbalanced forces can move a stationary body or they can stop a moving body. In other words,
unbalanced forces acting on a body can change its speed or direction of motion. This point will become
more clear from the following example.

Suppose a toy car is lying on the ground (see Figure 9). Let us
push this car with our hand. We find that the toy car starts moving.
Now, in this case also four forces are acting on the toy car. These are :

(i) Force of our push

(ii) Force of friction

(iii) Force of gravity

(iv) Force of reaction of ground

In this case also, the force of gravity on the car acting downwards
and the force of reaction  of ground acting upwards are equal and
opposite, so they balance each other. Now, due to the wheels of the
toy car, the opposing ‘force of friction’ is much less here. The force of our push is, therefore, greater than
the force of friction in this case, so they cannot balance each other. Thus, the resultant of all the forces
acting on the toy car is not zero. There is a net unbalanced force acting on the toy car which makes the car
move from its position of rest. The toy car moves in the direction of greater force (which is the direction of
our push). Thus, to move a stationary object, we have to push it with a force greater than the opposing
force of friction.

Please note that even the heavy box shown in Figure 6 can be moved if pushed with a very strong force
(by more than one person). This is because in that case the force of push will become greater than the
opposing force of friction. An unbalanced force will then act on the heavy box and make it move.

When we are holding a suitcase above the ground, then the force of gravity acting on the suitcase is
balanced by the upward force of our hands. Now, if we release the suitcase from our hand, then the
unbalanced force of gravity acts on it and the suitcase falls to the ground. In this case the force of gravity

Force of reaction
(Exerted by ground)

Force of gravity
(Weight of toy car)

Force of
friction

Force of
our pushToy car moves

Figure 9.  An unbalanced force of our
push produces motion in the toy car.

Figure 10. In a tug of war (or rope pulling), if one
of the teams suddenly releases the rope, then an
unbalanced force acts on the other team due to
which it falls backwards.

Figure 11. If there were no unbalanced force of friction
and air resistance, then a moving bicycle would go on
moving for ever (without stopping).
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produces motion in the suitcase. Again, in a tug of war, if one of the teams suddenly releases the rope, an
unbalanced force acts on the other team due to which it falls backwards. So, in this case, an unbalanced
force results in the motion of the weaker team alongwith the rope they are holding. From the above examples,
it is clear that when an unbalanced force acts on a body, it produces motion in the body. Another point
to be noted is that an unbalanced force can also stop a moving body. For example, when a ball is rolling
on the ground, an unbalanced force of friction acts on it which brings the ball to a stop after some time.

We have just said that an unbalanced force acting on a body changes its speed or direction of motion.
The reverse of this is also true. That is, if the speed or direction of motion of a body changes, then some
unbalanced force is acting on it. For example, when we stop pedalling a moving bicycle, then it slows
down and finally comes to a stop. The slowing down of the moving bicycle is due to the unbalanced force
of friction acting on it. The force of friction opposes the motion of the bicycle. If there were no unbalanced
force of friction and no air resistance, a moving bicycle would go on moving for ever. Similarly, a cart
has also to be constantly pushed to keep it in motion. This is because an unbalanced force of friction
opposes its motion all the time. From this discussion we conclude that a body will continue to move with
uniform speed unless acted upon by an unbalanced force. It was Galileo who said that objects move with
constant speed when no forces act on them. Please note that when we talk of a force acting on a body, it
usually means an unbalanced force. We will not use the word ‘unbalanced’ with ‘force’ again and again
for the sake of convenience. We will use only the term ‘force’ in writing the definitions of Newton’s laws of
motion. You are, however, free to use the term ‘unbalanced force’ if you so desire.

NEWTON’S LAWS OF MOTION
Newton has given three laws to describe the motion of bodies. These

laws are known as Newton’s laws of motion. The Newton’s laws of motion
give a precise definition of force and establish a relationship between the force
applied on a body and the state of motion acquired by it. We will now discuss
these laws of motion and consider some of their important applications. Let us
start with the first law of motion.

NEWTON’S FIRST LAW OF MOTION
Some of the bodies (or objects) around us are at rest, that is, they are

stationary, whereas others are in motion. Newton’s first law describes the
behaviour of such bodies which are in a state of rest or of uniform motion in a
straight line. According to Newton’s first law of motion : A body at rest will
remain at rest, and a body in motion will continue in motion in a straight
line with a uniform speed, unless it is compelled by an external force to
change its state of rest or of uniform motion. It should be noted that by saying
an external force, we mean a force from outside the body. Let us take some examples to make the first law
of motion more clear. Suppose a book is lying on the table. It is at rest. The book will not move by itself,
that is, it cannot change its position of rest by itself. It can change its state of rest only when compelled by
the force of our hands, that is, when we lift the book from the table. Thus, the position of rest of the book
has been changed by the external force of our hands. And this observation supports the first part of the
first law of motion.

The tendency of a body to remain at rest (stationary) or, if moving, to continue moving in a straight
line, is called inertia. Newton’s first law recognizes that every body has some inertia. Inertia is that property
of a body due to which it resists a change in its state of rest or of uniform motion. Greater the inertia of
a body, greater will be the force required to bring a change in its state of rest or of uniform motion. In fact,
mass is a measure of the inertia of a body. If a body has more mass, it has more inertia. That is, heavier
objects have more inertia than lighter objects. For example, a stone has greater inertia than a football. If
we kick a stone, it will not move because of its high inertia but if we kick a football, it will move a long

Figure 12. Isaac Newton : The
scientist who gave the laws of
motion and law of gravitation.
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way. Thus, a stone resists a change in its state better than a football does. So, a stone has more inertia than
a football. Similarly, a cricket ball has more inertia than a rubber ball of the same size. A cricket ball has
more inertia because it has more mass (it is quite heavy). On the other hand, a rubber ball has less inertia
because it has less mass (it is quite light). Thus, the inertia of a body depends on its mass. For example, if
a body has mass of 1 kilogram and another body has a mass of 20 kilograms, then the body having 20
kilogram mass will have more inertia. It is easier to move a body of mass 1 kilogram by pushing it (because
of its small inertia) but it is much more difficult to move a body of mass 20 kilograms by pushing it
(because of its very high inertia).

From the above discussion we conclude that to overcome the inertia and make  a body move from
rest, we must apply an external force. It should be noted that Newton’s first law of motion is also some
times called Galileo’s law of inertia. We can illustrate the Newton’s first law of motion or the property of
inertia of a body with a simple experiment described below.

We take a glass tumbler and place a thick square card on its mouth as shown in Figure 14(a). A coin is
then placed above this card in the middle. Let us flick the card hard with our fingers. On flicking, the card
moves away but the coin drops into the glass tumbler [see Figure 14(b)]. We will now explain how it
happens.

Initially, both, the card and the coin, are in the state of rest. Now, when we hit the card with our
fingers, a force acts on the card and changes its state of rest to that of motion. Due to this, the card moves
away from the mouth of the glass tumbler. The force of our flick, however, does not act on the coin, so the
coin continues to be in its state of rest due to its inertia. And when the card (on which the coin had been
placed) moves away, the coin falls into the glass tumbler because it prefers to maintain its state of rest due
to inertia.

We will now consider the second part of the first law of motion which says that a body in uniform
motion will continue to move unless a force compels it to change its state of uniform motion in a straight
line. At first sight it would appear to be wrong that a body moving at uniform speed in a straight line will
continue to move for ever without coming to rest. Because, if we stop pedalling a bicycle, which is moving
at a uniform speed, the bicycle does not go on moving for ever, it comes to rest after some time. The
moving bicycle has been compelled to change its state of uniform motion by the external force of air resistance

(a) A toy car has a small mass, so it has small
inertia, and hence can be moved easily by pushing

(b) A real car has a large mass, so it has a large inertia, and
hence quite difficult to move by pushing

Figure 13. Inertia of a body (or object) depends on its mass.

Coin

Card

Glass
tumber

Force acts
on card
only

Card
moves away

Coin falls
into glass

Figure 14. Experiment to illustrate Newton’s first law of motion.
(a) (b)
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and friction. If there were no air resistance and no friction to oppose the motion of a bicycle, then
according to the first law of motion, a moving bicycle would go on moving for ever. It would not stop
by itself.

We will now describe some everyday observations which are based on the property of inertia of a
body (due to which it resists a change in its state of rest or of motion). When a hanging carpet is beaten
with a stick, the dust particles start coming out of it. This is because the force of stick makes the carpet
move to-and-fro slightly but the dust particles tend to remain at rest (or stationary) due to their inertia and
hence separate from the carpet. When a tree (having flexible stem) is shaken vigorously, its fruits and
leaves fall down. This is due to the fact that when the tree is shaken, it moves to-and-fro slightly but its
fruits and leaves tend to remain at rest (or stationary) due to their inertia and hence detach from the tree
and fall down.

We have seen that when a car or bus starts suddenly, the passengers fall backward. This is due to the
fact that because of their inertia, the passengers tend to remain in their state of rest (or stationary state)
even when the car or bus has started moving. When a running car or bus stops suddenly, the passengers
are jerked forward because due to inertia the passengers tend to remain in their state of motion (which
they possessed in a moving car or bus) even though the car or bus has come to rest. The seat belts are

provided in cars so that if a fast running car stops suddenly due to some emergency (or an accident), then
the passengers are not thrown forward violently, and injury can be prevented. When  a car or bus turns a
corner sharply, we tend to fall sideways because of our inertia or tendency to continue moving in a straight
line. It is dangerous to jump out of a moving bus because the jumping man, who is moving with the high
speed of the bus, would tend to remain in motion (due to inertia) even on falling to the ground and get
hurt due to the resistance offered by ground.

From the above discussion, it is clear that Newton’s first law of motion gives us a definition of force.
It says that a force is something which changes or tends to change the state of rest or of uniform motion
of a body. In other words, a force is an influence which can produce an acceleration or retardation in a
body. Force is a vector quantity having magnitude as well as direction.

Figure 15. This photograph shows a person sitting
in a car wearing a ‘seat belt’. Seat belts are provided
in cars so that if the car stops suddenly due to an
emergency braking (or an accident), then the driver
and passengers are not thrown forward violently so
as to hit steering wheel or wind screen, and injury
can be prevented.

Figure 16. This photograph shows a ‘head restrain’ at the
back of person’s neck sitting in a car. Head restrains are
provided in cars to reduce neck injury in case of an accident.
They are particularly effective in rear-impact accidents (when
a vehicle hits from behind). Can you describe how ?
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MOMENTUM
In order to understand Newton’s second law of motion, we should first know the meaning of the term

‘momentum’ of a moving body (or moving object). This is discussed below.

We know that a cricket ball is much more heavy than a tennis ball. Suppose we throw a cricket ball and
a tennis ball, both with the same speed or velocity. It will be found that more force is required to stop the
cricket ball (which has more mass) and less force is required to stop the tennis ball (which has less mass).

We conclude that the force required to stop a moving body is directly proportional to its mass. Now, if
we throw two cricket balls of the same mass at different speeds or velocities, it will be found that more
force is required to stop that cricket ball which is moving with higher velocity and less force is required to
stop the cricket ball moving with lower velocity. So, we conclude that the force required to stop a moving
body is also directly proportional to its velocity. Thus, the quantity of motion in a body depends on the
mass and velocity of the body. This gives us another term known as “momentum”. The momentum of a
body is defined as the product of its mass and velocity.

Thus, Momentum = mass × velocity
or, p = m × v

where p = momentum
m = mass of the body

and v = velocity (or speed) of the body

It is clear that if a body is at rest, its velocity is zero and hence its momentum is also zero. Thus, the
total momentum of the gun and bullet before firing is zero because their velocity is zero. Momentum is a
vector quantity and takes place in the direction of velocity. We have just seen that, momentum = mass ×
velocity. Now, mass is measured in kilograms (kg) and velocity is measured in metres per second (m/s), so
the SI unit of momentum is kilogram metres per second which is written as kg.m/s or kg.m s–1.

Every moving body possesses momentum. Since momentum depends on the mass and velocity of a
body, so a body will have a large momentum : (a) if its mass is large, or (b) if its velocity (speed) is large, or
(c) if both its mass and velocity (speed) are large. We will now discuss some everyday situations which
involve large momentum. A karate player can break a pile of tiles or a slab of ice with a single blow of
his hand. This is because a karate player strikes the pile of tiles or the slab of ice with his hand very, very

Figure 17. If a cricket ball and a tennis ball, both are moving at the same speed (or same velocity), then more force
is required to stop a cricket ball (than a tennis ball). This is because, due to its greater mass, a moving cricket ball has
more momentum. Because of its large momentum, a fast moving cricket ball can sometimes cause injuries to a cricketer
but a moving tennis ball cannot do so to a tennis player.

(a) A cricket ball hit by a bat (b) A tennis ball hit by a racket (c) A cricketer injured by a fast moving
cricket ball
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fast. In doing so, the large momentum of the fast moving hand is reduced to zero in a very, very short time.
This exerts a very large force on the pile of tiles or the ice slab which is sufficient to break them apart.

Though a cricket ball is not very heavy but when it is thrown with a high speed (or high velocity), it
acquires a very large momentum and sometimes hurts the batsman. This is why a batsman often ducks to
a bouncer. On the other hand, a car or bus may not be running at a high speed (or high velocity) but
because of its high mass, it has a very high momentum which may hurt the person coming in its way. It
is a common observation that road accidents at high speeds are very much worse than accidents at low
speeds. This is because the momentum of vehicles running at high speeds is very high and causes a lot of
damage to the vehicles and injuries to passengers during the collision. Thus, we are afraid of a moving
cricket ball or a running vehicle because of the combined effect of their mass and velocity which is called
momentum. From this discussion we conclude that the combined effect of mass and velocity of a body is
taken into account by a physical quantity called momentum. In fact, momentum is considered to be a
measure of the quantity of motion of a moving body. We can feel what momentum is if we happen to
collide with a person running at top speed ! We will now solve a problem based on momentum.

Sample Problem. What is the momentum of a man of mass 75 kg when he walks with a uniform
velocity of 2 m/s ?

Solution. We know that :
Momentum = mass × velocity

= m × v
Here, Mass, m = 75 kg
And, Velocity, v = 2 m/s

Putting these values in the above formula, we get :
Momentum = 75 × 2 kg.m/s

= 150 kg.m/s
Before we go further and discuss newton’s second law of motion, please answer the following

questions :

Figure 18. The karate player is able to break so many tiles because he strikes the tiles with his hand
very, very fast, producing an extremely large momentum.

(a) A pile of tiles (b) The karate player hits the pile
of tiles with a mighty blow of hand

(c) All the tiles are broken into
pieces
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 Very Short Answer Type Questions
1. What name is given to the product of mass and velocity of a body ?
2. Name the physical quantity which is considered to be a measure of the quantity of motion of a body.
3. What is the SI unit of momentum ?
4. State whether momentum is scalar or vector.
5. What is the total momentum of the bullet and the gun before firing ?
6. Name the physical quantity whose unit is kg.m/s.
7. What will be the momentum of a body of mass ‘m’ which is moving with a velocity ‘v’ ?
8. What is the usual name of the forces which cannot produce motion in a body but only change its shape ?
9. Name the unbalanced force which slows down a moving bicycle when we stop pedalling it.

10. State whether the following statement is true or false :
Unbalanced forces acting on a body change its shape.

11. When a ball is dropped from a height, its speed increases gradually. Name the force which causes this
change in speed.

12. Name the property of bodies (or objects) to resist a change in their state of rest or of motion.
13. What is the other name of Newton’s first law of motion ?
14. The mass of object A is 6 kg whereas that of another object B is 34 kg. Which of the two objects, A or B, has

more inertia ?
15. Name the scientist who gave the laws of motion.
16. State whether force is a scalar or a vector quantity.
17. With which physical quantity should the speed of a running bull be multiplied so as to obtain its

momentum ?
18. Fill in the following blanks with suitable words :

(a)  .................... is a measure of the inertia of a body.
(b)  When a running car stops suddenly, the passengers are jerked ............
(c)  When a stationary car starts suddenly, the passengers are jerked ..............
(d) Newton’s first law of motion is also called Galileo’s law of .....................
(e)  If there were no unbalanced force of ............... and no .............. resistance, a moving bicycle would go on

moving for ever.

 Short Answer Type Questions

19. Explain why, it is easier to stop a tennis ball than a cricket ball moving with the same speed.
20. Explain the meaning of the following equation :

p = m × v
where symbols have their usual meanings.

21. Explain how, a karate player can break a pile of tiles with a single blow of his hand.
22. Calculate the momentum of a toy car of mass 200 g moving with a speed of 5 m/s.
23. What is the change in momentum of a car weighing 1500 kg when its speed increases from 36 km/h to

72 km/h uniformly ?
24. A body of mass 25 kg has a momentum of 125 kg.m/s. Calculate the velocity of the body.
25. Calculate the momentum of the following :

(a) an elephant of mass 2000 kg moving at 5 m/s
(b) a bullet of mass 0.02 kg moving at 400 m/s

An elephant of mass 2000 kg A bullet of mass 0.02 kg moving at a
moving at a speed of 5 m/s speed of 400 m/s

© S
. C

ha
nd

 A
nd

 C
om

pa
ny

 Li
mite

d



SCIENCE FOR NINTH CLASS : PHYSICS56

26. Which of the two, balanced forces or unbalanced forces, can change the shape of an object ? Give an example
to illustrate your answer.

27. Describe the term ‘inertia’ with respect to motion.
28. State Newton’s first law of motion. Give two examples to illustrate Newton’s first law of motion.
29. On what factor does the inertia of a body depend ? Which has more inertia, a cricket ball or a rubber ball of

the same size ?
30. Why do the passengers in a bus tend to fall backward when it starts suddenly ?
31. Explain why, a person travelling in a bus falls forward when the bus stops suddenly.
32. Give reason for the following :

When a hanging carpet is beaten with a stick, the dust particles start coming out of it.
33. When a tree is shaken, its fruits and leaves fall down. Why ?
34. Explain why, it is dangerous to jump out of a moving bus.
35. What is the momentum in kg.m/s of a 10 kg car travelling at (a) 5 m/s  (b) 20 cm/s, and (c) 36 km/h ?

  Long Answer Type Questions

36. (a) Define momentum of a body. On what factors does the momentum of a body depend ?
(b) Calculate the change in momentum of a body weighing 5 kg when its velocity decreases from 20 m/s to

0.20 m/s.
37. (a) Define the term ‘force’.

(b) State the various effects of force.
38. Give one example each where :

(a) a force moves a stationary body.
(b) a force stops a moving body.
(c) a force changes the speed of a moving body.
(d) a force changes the direction of a moving body.
(e) a force changes the shape (and size) of a body.

39. (a) What do you understand by the terms “balanced forces” and “unbalanced forces” ? Explain with examples.
(b) What type of forces – balanced or unbalanced – act on a rubber ball when we press it between our

hands ? What effect is produced in the ball ?
40. (a) What happens to the passengers travelling in a bus when the bus takes a sharp turn ? Give reasons for

your answer.
(b) Why are road accidents at high speeds very much worse than road accidents at low speeds ?

A road accident at high speeds of vehicles A road accident at low speeds of vehicles

 Multiple Choice Questions (MCQs)
41. When a toothpaste tube is squeezed, its shape changes. The force responsible for this is an example of :

(a) balanced forces (b) centripetal forces (c)  unbalanced forces (d) centrifugal forces
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FORCE AND LAWS OF MOTION 57

42. The inertia of an object tends to cause an object :
(a) to increase its speed (b) to decrease its speed  
(c) to resist a change in its state of motion (d) to decelerate due to friction

43. When we talk of a force acting on a body, it usually means :
(a) electrical force (b) balanced force (c) unbalanced force (d) nuclear force

44. A passenger in a moving train tosses a coin which falls behind him. This shows that the motion of train is :
(a) accelerated (b) uniform (c) retarded (d) along circular track

45. ‘When a hanging carpet is beaten with a stick, the dust particles start coming out of it’. This phenomenon
can be best explained by making use of :
(a)  Newton’s third law of motion (b) Newton’s law of gravitation
(c)  Newton’s first law of motion (d) Newton’s second law of motion

46. A water tanker filled up to two-thirds of its tank with water is running with a uniform speed. When the
brakes are suddenly applied, the water in its tank would :
(a) move backward (b) move forward (c) rise upwards (d) remain unaffected

47. If we release a magnet held in our hand, it falls to the ground. The force which makes the magnet fall
down is an example of :
(a) balanced force (b) unbalanced force (c) magnetic force (d) muscular force

48. The inertia of a moving object depends on :
(a) momentum of the object (b) speed of the object
(c) mass of the object (d) shape of the object

49. When a rubber balloon held between the hands is pressed, its shape changes. This happens because :
(a) balanced forces act on the balloon (b) unbalanced forces act on the balloon
(c) frictional forces act on the balloon (d) gravitational forces act on the balloon

50. Which of the following effect cannot be produced by an unbalanced force acting on a body ?
(a) change in speed of the body (b) change in shape of the body
(c) change in direction of motion of the body (d) change in state of rest of the body

 Questions Based on High Order Thinking Skills (HOTS)
51. A plastic ball and a clay ball of equal masses, travelling in the same direction with equal speeds, strike

against a vertical wall. From which ball does the wall receive a greater amount of momentum ?
52. A moving bicycle comes to rest after sometime if we stop pedalling it. But Newton’s first law of motion says

that a moving body should continue to move for ever, unless some external force acts on it. How do you
explain the bicycle case ?

53. A man throws a ball weighing 500 g vertically upwards with a speed of 10 m/s.
(i) What will be its initial momentum ?

(ii) What would be its momentum at the highest point of its flight ?

54. A  car is moving on a level road. If the driver turns off the engine of the car, the car’s speed decreases
gradually and ultimately it comes to a stop. A student says that two forces act on the car which bring it to
a stop. What could these forces be ? Which of these two forces contributes more to slow down and stop the
car ?

55. There are two types of forces X and Y. The forces belonging to type X can produce motion in a stationary
object but cannot change the shape of the object. On the other hand, forces belonging to type Y cannot
produce motion in a stationary object but can change the shape of the object. What is the general name of
the forces such as (a) X, and (b) Y ?

ANSWERS
1.  Momentum 2. Momentum 4. Vector   5. Zero 6. Momentum 8. Balanced forces 9. Force of
friction 10.  False 11. Force of gravity 12. Inertia   13. Galileo’s law of inertia 14. B  16. Vector
17. Mass (of bull)  18. (a) Mass   (b) forward  (c) backward    (d) inertia    (e)  friction ; air    22. 1 kg.m/s
23.  15000 kg.m/s   24. 5 m/s  25. (a) 10000 kg.m/s   (b) 8 kg.m/s  35. (a) 50 kg.m/s   (b) 2 kg.m/s
(c) 100 kg.m/s    36. (b) 99 kg.m/s decrease     41. (a)   42. (c)   43. (c)    44. (a)  45. (c)
46. (b)   47. (b)    48. (c)    49. (a)   50. (b) 51. The wall will receive equal momentum from both the balls
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SCIENCE FOR NINTH CLASS : PHYSICS58

(because both the balls have equal mass and equal velocity)  53. (i) 5 kg.m/s  (ii) Zero 54. Force of
friction and Air resistance ; Force of friction 55. (a) Unbalanced forces  (b) Balanced forces

NEWTON’S SECOND LAW OF MOTION
When two bodies, a heavy one and a light one, are acted upon by the same force for the same time, the

light body attains a higher velocity (or higher speed) than the heavy one. But the momentum gained by
both the bodies is the same. The link between force and momentum is expressed in Newton’s second law
of motion.

According to Newton’s second law of motion : 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. The rate of
change of momentum of a body can be obtained by dividing the ‘Change in momentum’ by ‘Time taken’
for change. So, Newton’s second law of motion can be expressed as :

Change in momentum
Force

Time taken

Consider a body of mass m having an initial velocity u. The initial momentum of this body will be mu.
Suppose a force F acts on this body for time t and causes the final velocity to become v. The final momentum
of this body will be mv. Now, the change in momentum of this body is mv – mu and the time taken for this
change is t. So, according to Newton’s second law of motion :

m -muF t
v

or
m( -u)F

t
v

But -u
t

v  represents change in velocity with time which is known as acceleration ‘a’. So, by writing ‘a’ in

place of 
-u
t

v
 in the above relation, we get :

F  m × a

Thus, the force acting on a body is directly proportional to the product of ‘mass’ of the body and
‘acceleration’ produced in the body by the action of the force, and it acts in the direction of acceleration.
This is another definition of  Newton’s second law of motion.

The relation F  m × a can be turned into an equation by putting in a constant k.
Thus, F = k × m × a                (where k is a constant)

The value of constant k in SI units is 1, so the above equation becomes :
F = m × a

or Force = mass × acceleration

Thus, Newton’s second law of motion gives us a relationship between ‘force’ and ‘acceleration’. When
a force acts on a body, it produces acceleration in the body, the acceleration produced may be positive or
negative. Newton’s second law of motion also gives us a method of measuring the force in terms of mass
and acceleration. The force acting on a body can be calculated by using the formula : F = m × a.

We can also write the equation F =  m × a   as :
Fa = —m

It is obvious from the above relation that : The acceleration produced in a body is directly proportional
to the force acting on it and inversely proportional to the mass of the body. Since the acceleration produced
is inversely proportional to the mass of a body, therefore, if the mass of a body is doubled, its acceleration
will be halved. And if the mass is halved then acceleration will get doubled (provided the force remains the
same). Moreover, since the acceleration produced is inversely proportional to the mass of the body, it
means that it will be easier to move light bodies (having less mass) than heavy bodies (having large mass).

© S
. C

ha
nd

 A
nd

 C
om

pa
ny

 Li
mite

d



FORCE AND LAWS OF MOTION 59

The SI unit of force is newton which is denoted by N. A newton is that force which
when acting on a body of mass 1 kg produces an acceleration of 1 m/s2 in it. We have just
seen that :

    F = m × a
Putting m = 1 kg and a = 1 m/s2, F becomes 1 newton.
So, 1 newton = 1 kg × 1 m/s2

In order to get an idea of 1 newton force, we should hold a weight of 100 grams on our outstretched
palm. The force exerted by 100 gram weight on our palm is approximately equal to 1 newton.

The first law of motion discussed earlier is, in fact, a special case of the second law, because when the
applied force F is zero, then the acceleration ‘a’ is also  zero and the body remains in its state of rest or of
uniform motion. It is obvious that Newton’s second law gives us a relationship between the force applied
to a body and the acceleration produced in the body. The formula F = m × a  should be memorized
because it will be used to solve numerical problems.

It should be noted that just as a minus sign for acceleration shows that the acceleration is acting in a
direction opposite to the motion of the body, in the same way, if a minus sign comes with the force, it will
indicate that the force is acting in a direction opposite to that in which the body is moving (just as the
force of friction acts in a direction opposite to that of the moving body).

Applications of Newton’s Second Law of Motion
Some of the observations of our daily life can be explained on the basis of Newton’s second law of

motion. In all these cases some technique or arrangement is used to reduce the momentum of a fast moving
body more gently (by allowing more time to stop it), so that injury can be prevented or reduced. Here are
some examples.

1. Catching a Cricket Ball
A cricket player (or fielder) moves his hands backwards on catching a fast cricket ball. This is done to

prevent injury to the hands. We can explain it as follows : A fast moving cricket ball has a large momentum. In
stopping (or catching) this cricket ball, its momentum has to be reduced to zero. Now, when a cricket player
moves back his hands on catching the fast ball, then the time taken to reduce the momentum of ball to zero is
increased (see Figure 20). Due to more time taken to stop the ball, the rate of change of momentum of ball is
decreased and hence a small force is exerted on the hands of player. So, the hands of player do not get hurt.

If, however, a cricket player stops a fast moving ball suddenly (keeping his hands stationary), then the
large momentum of the ball will be reduced to zero in a very short time. Due to this, the rate of change of
momentum of cricket ball will be very large and hence it will exert a large force on player’s hands. The
player’s hands will get hurt.

F

Mass, m = 600 kg Mass, m = 2600 kg

F

Figure 19. Since the acceleration produced is inversely proportional to the mass of car, it
is easier to move (or accelerate) a small car (having less mass) than a big car (having large
mass) by the force of our push.

(a) A small car (b) A big car
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2. The Case of a High  Jumper
During athletics meet, a high jumping athlete is provided either a cushion or a heap of sand on the

ground to fall upon. This is done to prevent injury to the athlete when he falls down after making a high
jump. We can explain it as follows : When the high jumper falls on a soft landing site (such as a cushion or
a heap of sand), then the jumper takes a longer time to come to a stop. The rate of change of momentum of
athlete is less due to which a smaller stopping force acts on the athlete. And the athlete does not get hurt.
Thus, the cushion or sand, being soft, reduces the athlete’s momentum more gently. If, however, a high
jumping athlete falls from a height on to hard ground, then his momentum will be reduced to zero in a
very short time. The rate of change of momentum will be large due to which a large opposing force will act
on the athlete. This can cause serious injuries to the athlete.

3. The Use of Seat Belts in Cars

These days all the cars are provided with seat belts for passengers to prevent injuries in case of an
accident. In a car accident, a fast running car stops suddenly. Due to this the car’s large momentum is

(a) A fast moving cricket ball (b) The fielder moves back
coming towards a fielder his hands gradually on

catching the fast cricket
ball to reduce its
momentum more gently

Figure 20.

Figure 21. This photograph shows a cricketer (or
fielder) drawing back his hands on catching the ball.
This action helps reduce the fast moving ball’s
momentum more gently, exerts less force on the
hands, and hence prevents injury to the hands.

Figure 22. A heap of sand (being soft and fluid like) reduces
the large momentum of a falling ‘high jumping athlete’
more gently. Due to this, less opposing force acts on the
athlete’s body and injuries are prevented.

Figure 23. This is what can happen if passengers do not wear
seat belts while travelling in a car and the car stops suddenly
due to an accident. The large force on the body of passengers
produced by rapid decrease in momentum can throw the
passengers forward violently causing serious injuries.
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reduced to zero in a very short time. The slightly stretchable seat belts worn by the passengers of the car
increase the time taken by the passengers to fall forward. Due to longer time, the rate of change of momentum
of passengers is reduced and hence less stopping force acts on them. So, the passengers may either not get
injured at all or may get less injuries. It is obvious that seat belts reduce the passengers’ momentum more
gently and hence prevent injuries.

We will now solve some problems based on Newton’s second law of motion.

Sample Problem 1. What force would be needed to produce an acceleration of 4 m/s2 in a ball of mass
6 kg ?

Solution. The force needed is to be calculated by using the relation :
Force = mass × acceleration

or F = m × a
Here, Force, F = ? (To be calculated)

Mass, m = 6 kg
And, Acceleration, a = 4 m/s2

Now, putting these values of m and a in the above equation, we get :
F = 6 × 4

or Force,  F = 24 N
Thus, the force needed is of 24 newtons.

Sample Problem 2. What is the acceleration produced by a force of 12 newtons exerted on an object of
mass 3 kg ?

Solution. Here, Force, F = 12 N
Mass, m = 3 kg

And, Acceleration, a = ? (To be calculated)
We know that : F = m × a

So, 12 = 3 × a
3 a = 12

12
a = —– m/s2

3
or Acceleration, a = 4 m/s2

Sample Problem 3. Calculate the force required to impart to a car a velocity of 30 m/s in 10 seconds
starting from rest. The mass of the car is 1500 kg.

Solution. Here, Mass, m = 1500 kg
Let us calculate the value of acceleration by using the first equation of motion.

Now, Initial velocity, u = 0 (Car starts from rest)
Final velocity, v = 30 m/s

And, Time taken, t = 10 s
Now, putting these values in the equation :

v = u + at
We get, 30 = 0 + a × 10

10 a = 30
30

a = —– m/s2

10
or Acceleration, a = 3 m/s2

Now, putting m = 1500 kg and a = 3 m/s2 in equation :
F = m × a

We get, F = 1500 × 3 N
= 4500 N

Thus, the force required in this case is of 4500 newtons.
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Sample Problem 4. The speed-time graph of a car is given alongside.
The car weighs 1000 kg.

(i) What is the distance travelled by the car in the first two seconds ?

(ii) What is the braking force applied at the end of 5 seconds to bring
the car to a stop within one second ?

Solution (i) We will first calculate the distance travelled in the first two
seconds. From the given graph we find that :

Distance travelled in first two seconds = Area under line AB and the time axis
= Area of triangle AB2

= 1
2 × Base × Height

= 1
2 × 2 × 15

= 15 m
Thus, the distance travelled by the car in the first two seconds is 15 metres.
(ii) The braking force is to be calculated by using the formula :

Force = mass × acceleration
or F = m × a ... (1)

Here, the mass of the car is given as 1000 kg but the acceleration in the last one second (from point C to
point D) is to be obtained from the graph shown above. Now, we know that the acceleration is given by the
slope of speed-time graph. So,

Acceleration in last one second = Slope of line CD

=
Perpendicular

Base

=
15
1

= 15 m/s2

If we look at the above given graph, we will find that the speed of the car is decreasing from point C to
point D. That is, the acceleration from C to D is negative and hence it should be written with a minus sign.
Thus,

Acceleration, a = –15 m/s2

Now,  putting m = 1000 kg and a = – 15 m/s2 in formula (1), we get :
Force,  F = 1000 × (– 15)

= – 15000 N

Thus, the force applied by the brakes to stop the car is 15000 newtons. The negative sign of force here
shows that the force is being applied in a direction opposite to the motion of the car.  That is, it is a
retarding force.

Sample Problem 5. A truck starts from rest and rolls down a
hill with constant acceleration. It travels a distance of 400 m in
20 s. Find its acceleration. Find the force acting on it if its mass is
7 metric tonnes.

Solution. First of all we will find its acceleration by using the
relation :

Distance travelled, s = ut  + 1
2 at2

Time (s)

S
pe

ed
(m

/s
)

A

B C

D

1 2 3 4 5 6

20

15

10

5

Figure 24. Graph for sample
problem 4.

Figure 25. A truck rolling down the hill
with constant acceleration.
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Here,Distance travelled, s = 400 m
Initial speed, u = 0 (It starts from rest)

Time, t = 20 s
And, Acceleration, a = ? (To be calculated)

Putting these values in the above formula, we get :

400 = 0 × 20 + 1
2  × a × (20)2

400 = 200 a

a = 400
200

Acceleration, a = 2 m/s2 ... (1)
We will now calculate the force by using the relation :

F = m × a
Here, Mass, m = 7 metric tonnes

= 7 × 1000 kg
= 7000 kg ... (2)

And, Acceleration, a = 2 m/s2 (Calculated above)
So, Force, F = 7000 × 2

F = 14000 N

Thus, the force acting on the truck is 14000 newtons.

Sample Problem 6. A force of 5 newtons gives a mass m1 an acceleration of 8 m/s2, and a mass m2 an
acceleration of 24 m/s2. What acceleration would it give if both the masses are tied together ?

Solution. (i) In the first case :
Force, F = 5 N
Mass, m = m1 (To be calculated)

And, Acceleration, a = 8 m/s2

Now, F = m × a
So, 5 = m1 × 8

And, m1 =  5
8 kg

m1 = 0.625 kg
Thus, the mass m1 is 0.625 kg.
(ii) In the second case :

Force, F = 5 N
Mass, m = m2 (To be calculated)

And, Acceleration, a = 24 m/s2

Now, F = m × a
So, 5 = m2 × 24

And, m2 =
5
24 kg

m2 = 0.208 kg
Thus, the mass m2 is 0.208 kg.
(iii) In the third case :

Force, F = 5 N
Total mass, m = m1 + m2

= 0.625 + 0.208
= 0.833 kg

And, Acceleration, a = ? (To be calculated)
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Now, putting these values in the relation :
F = m × a

We get : 5 = 0.833 × a

a =
5

0.833
a = 6 m/s2

Thus, if both the masses are tied together, then the acceleration would be 6 m/s2.

Sample Problem 7. Which would require a greater force – accelerating a 10 g mass at 5 m/s2 or a 20 g
mass at 2 m/s2 ?

Solution.
(i) In first case : Force,  F = m × a

=
10

1000
kg × 5 m/s2

= 0.05 N ... (1)

(ii) In second case : Force, F =
20

1000
 kg × 2 m/s2

= 0.04 N ... (2)

Thus, a greater force of 0.05 N is required for accelerating a 10 g mass.

NEWTON’S THIRD LAW OF MOTION
If a boy wearing roller skates stands facing a wall and pushes the wall with his hands, the boy finds

himself moving backwards, away from the wall (see Figure 26). It appears as if the wall also pushes the
boy away. Actually, when the boy exerts a force on the wall  by pushing it with his hands, then the wall
exerts an equal force on the boy in the opposite direction. Since the boy is wearing roller skates, the opposite

(a) When the boy exerts a force on the (b) The opposite force exerted by the
wall, the wall exerts an equal force wall makes the boy on roller skates
on the boy in the opposite direction move backwards

Figure 26.

force exerted by the wall makes him move backwards. In Figure 26(a), the boy on roller skates is exerting
force on the wall towards left side. The wall exerts an equal force on the boy towards right side. Due to
this, the boy moves backwards to the right side [see Figure 26(b)]. From this discussion we conclude that
when a boy exerts a force on the wall, the wall exerts an equal and opposite force on the boy. This is just
an illustration of Newton’s third law of motion.

Force
 on

wall

Force
 on

boy
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When one body influences another body by applying
force, we say that the first body is interacting with the second
body. In any interaction between two bodies, there are always
two forces that come into play. And Newton’s third law of
motion describes the relationship between the forces that come
into play when the two bodies interact with one another.

According to Newton’s third law of motion : Whenever
one body exerts a force on another body, the second body
exerts an equal and opposite force on the first body. The
force exerted by the first body on the second body is known
as “action” and the force exerted by the second body on the
first body is known as “reaction”. It should be noted that
“action” and “reaction” are just forces. We can now write
another definition of Newton’s third law of motion : To every action there is an equal and opposite reaction.
Action (force) and reaction (force) act on two different bodies, but they act simultaneously. We will now
describe a simple experiment to prove the Newton’s third law of motion, that is, to prove that action (force)
and reaction (force) are always equal and opposite.

We take two similar spring balances A and B and join them hook to hook as shown in Figure 28. The
other end of spring balance B is attached to a hook H fixed in a wall. Let us pull the free end of the spring

Spring
balance

B A

Wall

H

4 N

ActionReaction

4 N
0 1 2 3 4 5 6 7 8 9 10 10 9 8 7 6 5 4 3 2 1 0

Figure 28. Experiment to demonstrate Newton’s third law of motion.

balance A to the right side by our hand. We find that both the spring balances show the same reading. For
example, in Figure 28, both the spring balances show the same force of 4 N. This can be explained as
follows.

When we pull the balance A, it exerts a force of 4 N on the balance B. The balance B pulls the
balance A with an equal force of 4 N, but in the opposite direction. In other words, when balance A exerts
a force of action on balance B, then balance B exerts an equal and opposite force of reaction on balance A.
Since both the spring balances show the same reading (of 4 N), we conclude that the action and reaction
forces are equal in magnitude. In Figure 28 we find that the action force is acting towards east and the
reaction force is acting towards west. Thus, action and reaction forces act in opposite directions.

Action and Reaction Act on Two Different Bodies
Suppose a box is resting on the ground (Figure 29). The box is

exerting a downward force of its weight on the ground. The downward
weight of the box is balanced by an equal, upward force supplied by
the ground. Now, the force exerted by the weight of the box is “action”
and it acts on the ground whereas the force exerted by the ground on
the box is “reaction” and it acts on the box. Since the box is in
equilibrium under the action of two forces, it neither goes up nor goes
down, the “action” of the box must be equal and opposite to the
“reaction” of the ground. It is obvious that the “action” of the box acts
on the ground and “reaction” of the ground acts on the box. Thus,
action and reaction act on two different bodies.

Figure 27. The man is exerting force on the cow
but the cow is exerting an equal force back on the
man. This situation illustrates Newton’s third law
of motion.

Ground

Reaction

Box

Weight
(Action)

Figure 29. The box exerts “action” on
the ground and the ground exerts an

equal and opposite “reaction” on the box.
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Some Examples to Illustrate Newton’s Third Law of Motion

We will now give some examples from our everyday life which will illustrate Newton’s third law of
motion.

1. How do We Walk

When we walk on the ground, then our foot pushes the ground backward and, in return, the ground
pushes our foot forward (Figure 30). The forward reaction exerted by the ground on our foot makes us

walk forward. If, however, the ground is slippery or if there is all ice, it becomes very difficult to walk. This
is due to the fact that on the slippery ground or ice, the friction is much less, and we cannot exert a
backward action force on slippery ground or ice which would produce a forward reaction force on us.

Let us discuss the case of a swimmer now. A swimmer pushes the water backwards (or applies force on
the water backwards) with his hands and feet to move in the forward direction in water. It is the equal and
opposite reaction to this force which pushes the swimmer forward.

Please note that though action and reaction forces are equal in magnitude but they do not produce
equal acceleration in the two bodies on which they act. This is because the two bodies on which action
and reaction forces act usually have different masses. So, the acceleration produced will be more in the
body having less mass whereas the acceleration produced will be less in the body having more mass.
This point will become more clear from the following example of the recoil of a gun on firing. ‘Recoil’ of
gun means ‘sudden backward movement’ or ‘jerk’ of gun when a bullet is fired from it.

2. Why the Gun Recoils

When a bullet is fired from a gun, the force sending the bullet forward is equal to the force sending the
gun backward (Figure 33). But due to high mass of the gun, it moves only a little distance backward and

Figure 33. Diagram to show action and reaction when a bullet is fired from the gun.
gives a backward jerk or kick to the shoulder of the gunman. The gun is said to have recoiled.

Figure 30. Diagram to show
action and reaction when we

walk on the ground.

Figure 31. It is difficult to walk on
slippery ground (or ice). So, we have to
walk very carefully (as shown in this
photograph).

Figure 32. The swimmer pushes the water
backwards, and the water pushes the swimmer
forwards (and makes the swimmer move
forwards).

Push of
swimmer
on water

Push of
water on
swimmer
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3. The Flying of Jet Aeroplanes and Rockets
Jet aeroplanes utilise the principle of action and reaction. In the modern jet aircraft, the hot gases

obtained by the rapid burning of fuel rush out of a jet (a nozzle) at the rear end (back end) of the aircraft at
a great speed. The equal and opposite reaction of the backward going gases pushes the aircraft forward at
a great speed.

We can demonstrate the principle of working of a jet engine by using a balloon filled with compressed
air as follows : If a balloon filled with compressed air and its mouth untied is released with its mouth on
the left side, the balloon moves very fast towards the right side (see Figure 34). This means that the balloon
flies off in the opposite direction to that of the escaping air. Here the compressed air present in balloon
rushes to the left side with a high speed. The equal and opposite reaction of the left going air pushes the
balloon to the right side.

Please note that if the inflated balloon is released with its mouth in the downward direction, then it will
move upwards (like a rocket) (see Figure 36). In this case, the air rushes out of balloon in the downward
direction. The equal and opposite reaction of
downward going air pushes the balloon
upwards. We will now discuss the case of
rockets. The rockets also work on the
principle of action and reaction. In a rocket,
the hot gases produced by the rapid burning
of fuel rush out of a jet at the bottom of the
rocket at a very high speed (Figure 37). The
equal and opposite reaction force of the
downward going gases pushes the rocket
upward with a great speed. Please note that a
rocket can propel itself even in vacuum (or
outer space) because it does not require air
for obtaining uplift or for burning its fuel. This
is not so in the case of a jet aircraft. A jet
aircraft cannot fly in outer space (where there
is no air) because it needs air to provide an
uplift and also to burn its fuel.

4. The Case of a Boat and the Ship
During the rowing of a boat, the boatman pushes the water backwards with the oars. The water exerts

an equal and opposite push on the boat which makes the boat move forward. In fact, harder the boatman

Figure 34. A deflating balloon demonstrates the
principle of working of a jet engine.

Figure 35. The jet aeroplane’s engines exert a backward force
on the exhaust gases (produced by the burning of fuel) ; the
backward rushing exhaust gases exert a forward force on the
engines (which makes the aeroplane move forward).

Figure 37. Diagram to show
“action” and “reaction” in the
case of a rocket.

Figure 36. A deflating balloon
also demonstrates the principle of
working of a rocket.

Air Balloon

Push of the
gases on
the engine

Push of the
engine on
the gases
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pushes back the water with oars, greater is the reaction force exerted by water and faster the boat moves
forward.

It is a common experience that when a man jumps out of a boat to the bank of the river (or lake), the
boat moves backwards, away from him. This is due to the fact that to step out of the boat, the man presses
the boat with his foot in the backward direction (Figure 39). The push of the man on the boat is the action
(force). The boat exerts an equal force on the man in the forward direction which enables him to move
forward. This force exerted by the boat on the man is reaction (force). Since the boat is floating on water
and not fixed, it moves backward due to the action force exerted by man.

Another point to be noted is that when a boatman wants to take the boat away from the bank of the
river, he sits in the boat and pushes the river bank with his oar. When the boatman exerts a force of
action on the bank (with his oar), the bank exerts an equal and opposite force of reaction on the boat. So,
the boat moves away from the bank.

The propellers of a ship are at its back end. When these propellers work, they exert a backward force on
water in the sea. The equal and opposite reaction (force) exerted by water on the ship, moves the ship
forward.

5. The Case of Hose Pipe

When firemen are directing a powerful stream of water on fire from a hose pipe, they have to hold the
hose pipe strongly because of its tendency to go backward. The backward movement of the hose pipe is
due to the backward reaction of water rushing through
it in the forward direction at a great speed.

6. The Case of Horse Pulling a Cart
Let us apply the third law of action and reaction to

the situation of a horse pulling a cart. According to the
third law of motion, the horse exerts some force on the
cart, and the cart exerts an equal and opposite force on
the horse. So, at first glance it seems that the forces being
equal and opposite cancel out and hence the cart would
not move. But it should be noted that it is only the force
on the cart which determines whether the cart will move
or not, and that the force exerted by the cart on the horse
affects the horse alone. Thus, if the horse is able to apply
enough force to overcome the frictional forces present, the
cart will move. So, to make the cart move, the horse bends

Figure 39. Diagram to show “action” and
“reaction” when a man steps out of a boat.

Figure 38. The woman pushes the water backwards with the
oars. The backward going water exerts an equal and opposite
push on the boat (which makes the boat move forward).

Figure 40. To make the cart move, the horse bends
forward and presses the ground with its feet. When the
forward reaction to the backward push of the horse is
greater than the opposing frictional forces of the wheels,
the cart moves.
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forward and pushes the ground with its feet. When the forward reaction to the backward push of the
horse is greater than the opposing frictional forces of the wheels, the cart moves.

In all the above examples, the two interacting bodies are in direct contact with each other. It is not
always necessary that two bodies can exert force on one another only when they are in contact. In some
cases the two bodies can also exert force on each other even when they are not in contact with each
other. That is, the interaction can also take place even when the two bodies are not in contact. In all such
cases the forces of action and reaction are equal and opposite. For example, a magnet can interact with a
piece of iron and exert a force on it even when they are separated by a distance. The magnet exerts a force
on iron piece, and the iron piece exerts an equal and opposite force on the magnet. The interaction between
an electrically charged comb and a piece of paper also takes place from a distance. The electrically charged
comb and the piece of paper exert equal and opposite forces on each other. The interaction between a
falling stone and the earth also takes place though they are not in contact with each other and two forces
come into play. While the earth pulls the stone downwards by the force of gravity, the stone also pulls the
earth towards itself with an equal force. It should be clear by now that we cannot think of a single isolated
force – for every force there is an equal and opposite force. In other words, the forces always occur in
pairs, and Newton’s third law of motion concerns these pairs of forces.

CONSERVATION OF MOMENTUM
In the second law of motion we have studied that the moving bodies possess momentum which is

equal to the product of mass and velocity. That is,

 Momentum = mass × velocity

We will now take one example to understand the meaning of the term ‘conservation of momentum’.

Suppose a speeding truck (fast moving truck) hits a stationary car due to which the car also starts
moving. Now, in this collision, the velocity of truck decreases but the velocity of car increases. Due to this
the momentum of the truck decreases, and the momentum of car increases. It has been found that the
increase in the momentum of car is equal to the decrease in the momentum of truck, so that there is no loss
of momentum in the collision. The momentum lost by the truck has been gained by the car. This is an
illustration of the law of conservation of momentum.

According to the law of conservation of momentum : When two (or more) bodies act upon one another,
their total momentum remains constant (or conserved) provided no external forces are acting. The law of
conservation of momentum means that whenever one body gains momentum, then some other body must
lose an equal amount of momentum. This law can also be stated as : Momentum is never created or
destroyed. The law of conservation of momentum is also known as the principle of conservation of
momentum. The principle of conservation of momentum is in accord with Newton’s third law of motion
which says that action and reaction (forces) are equal and opposite. We will now take an example to prove
the law of conservation of momentum.

Suppose two bodies, a truck and a car, are moving in the same direction (towards east) but with different
speeds or velocities [see Figure 41(a)]. Let the mass of the truck be m1 and its velocity be u1 so that its initial
momentum is m1u1. Let the mass of the car be m2 and its velocity be u2

 so that the initial momentum of the
car is m2u2. Thus, the total momentum of the truck and the car before collision is m1u1

 + m2u2.

m1 m1
m2

v1 v2

m2

u1

m1

u2

m2

(a) Momentum before (b) Collision (c) Momentum after
    collision : m1u1 + m2u2     collision : m1v1 + m2v2

Figure 41. Conservation of momentum : m1u1 + m2u2 = m1v1 + m2v2
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Suppose the truck and the car collide for a short time t [see Figure 41(b)]. Due to collision, the velocities
of the truck and the car will change. Let the velocity of the truck after the collision be v1, and the velocity of
the car after the collision be v2 [see Figure 41(c)]. So the momentum of the truck after the collision will be
m1v1, and the momentum of the car after the collision will be m2v2. In this way, the total momentum of the
truck and the car after the collision will be m1v1 + m2v2.

Suppose that during collision, the truck exerts a force F1 on the car and, in turn, the car exerts a force F2

on the truck. We will now find out the values of the forces F1 and F2. This can be done as follows :

(i) When the force F1 of the truck acts on the car for a time t, then the velocity of car changes from u2 to
v2. So,

             Acceleration of car, 2 2
2

( )v ua t
−=

But, force = mass × acceleration, so the force F1 exerted by the truck on the car is given by :

2 2
1 2

( )v uF m t
−= × ... (1)

(ii) When the force F2 of the car reacts on the truck for a time t, then the velocity of the truck changes
from u1 to v1 . So,

          Acceleration of truck, 1 1
1

( )v ua t
−=

But, force = mass × acceleration, so the force F2
 exerted by car on the truck is given by :

1 1
2 1

( )v uF m t
−= × ... (2)

Now, the force F1
 exerted by the truck is the ‘action’ and the force F2

 exerted by the car is the ‘reaction’.
But according to the third law of motion, the action and reaction are equal and opposite. That is,

F1 = – F2

Now, putting the values of F1 and F2
 from equations (1) and (2), we get :

2 2 2 1 1 1( ) ( )m v u m v u
t t

− −= −

Cancelling t from both sides, we get :

1 1( ( )2 2 2 1) =m u m u− − −v v
or 2 2 2 2 1 1 1 1m v m u m v m u− = − +
or  2 2 1 1 2 2 1 1m v m v m u m u+ = +
or 1 1 2 2 1 1 2 2m u m u m v m v+ = +
Now, m1u1 + m2u2 represents total momentum of the truck and car before collision whereas  m1v1 + m2v2

represents the total momentum of the truck and car after collision. This means that :
Total momentum   

=
  Total momentum

  before collision          after collision
It is obvious that the total momentum of the two bodies before and after the collision is the same. This

means that the momentum of the two bodies remains constant (or conserved). And this result proves the
law of conservation of momentum. We will now describe some of the important applications of the law of
conservation of momentum.

Applications of the Law of Conservation of Momentum

We have already studied that the rockets and jet aeroplanes work on the principle of action and reaction.
We will now describe the working of rockets and jet aeroplanes according to the law of conservation of
momentum.

The chemicals inside the rocket burn and produce high velocity blast of hot gases. These gases pass out
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FORCE AND LAWS OF MOTION 71

through the tail nozzle of the rocket in the downward direction with tremendous speed or velocity, and the
rocket moves up to balance the momentum of the gases. Although the mass of  gases emitted is comparatively
small, but they have a very high velocity and hence a very large momentum. An equal momentum is
imparted to the rocket in the opposite direction, so that, inspite of its large mass, the rocket goes up with a
high velocity.

In jet aeroplanes, a large volume of gases produced by the combustion of fuel is allowed to escape
through a jet in the backward direction. Due to the very high speed or velocity, the backward rushing
gases have a large momentum. They impart an equal and opposite momentum to the jet aeroplane due to
which the jet aeroplane moves forward with a great speed. Thus, we can also say that the rockets and jet
aeroplanes work on the principle of conservation of momentum.

We will now describe how the momentum is conserved when a bullet is fired from a gun. Initially,
before a bullet is fired from a gun, both, the bullet and the gun, are at rest. So, before a bullet is fired, the
initial momentum of the bullet and the gun is zero (because their velocities are zero).

Now, when a bullet is fired from a gun, then the bullet  has the momentum given by : mass of bullet ×
velocity of bullet. The bullet imparts an equal and opposite momentum to the gun due to which the gun
jerks backwards. The gun is said to recoil. The backward velocity of the gun is called recoil velocity. The
momentum acquired by the gun is : mass of gun × recoil velocity of gun. Now, according to the law of
conservation of momentum :

Momentum of bullet = Momentum of gun
or

              
Mass of Velocity of×
bullet bullet

=
 

Mass of Recoil velocity×
gun nof gu

We should remember this relation because it will be used to solve the numerical
problems. Let us solve some problems now.

Sample Problem 1. A bullet of mass 10 g is fired from a gun of mass 6 kg with a velocity of 300 m/s.
Calculate the recoil velocity of the gun.

Figure 43. A jet aeroplane also works on the principle
of conservation of momentum.

Figure 42. A rocket works on the principle of
conservation of momentum.

Figure 44. For sample problem 1.

?
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Solution. Here, Mass of bullet = 10 g

= 
10

kg
1000

= 0.01 kg

Velocity of bullet = 300 m/s

Mass of gun = 6 kg

And, Recoil velocity of gun = ?            (To be calculated)

Now, putting these values in the relation :

 
Mass of Velocity of×

bulletbullet
= Mass of Recoil velocity×

gun of gun

We get : 0.01 × 300 = 6 × Recoil velocity of gun

So, Recoil velocity of gun = 
0.01 ×300

6

= 0.5 m/s

Note. The above problem can also be solved by calculating the momentum of bullet and the gun
separately as follows :

Momentum of bullet = Mass of Velocity of×
bulletbullet

= 0.01 × 300

= 3 kg.m/s

Now, suppose the recoil velocity of gun is v m/s.
So, Momentum of gun = Mass of Recoil velocity×

gun of gun
= 6 × v kg.m/s

According to the law of conservation of momentum :

Momentum of bullet = Momentum of gun

So, 3 = 6 × v

And, v = 
3
6  m/s

Recoil velocity of gun, v = 0.5 m/s

Sample Problem 2. The car A of mass 1500 kg, travelling at 25 m/s collides with another car B of mass
1000 kg travelling at 15 m/s in the same direction. After collision the velocity of car A becomes 20 m/s.
Calculate the velocity of car B after the collision.

Solution. In order to solve this problem, we will calculate the total momentum of both the cars, before
and after the collision.

(a) Momentum of car A = Mass of Velocityof×
car carA A(before collision)

= 1500 × 25

Figure 45.  For sample problem 2.© S
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= 37500 kg.m/s
Momentum of car B = Mass of Velocity of

car carB B(before collision)
= 1000 × 15
= 15000 kg.m/s

Total momentum of car A and car B = 37500 + 15000
(before collision)  = 52500 kg.m/s ...(1)

(b) After collision, the velocity of car A of mass 1500 kg becomes 20 m/s.

 So,  Momentum of car A = 1500 × 20
(after collision) = 30000 kg.m/s

After collision, suppose the velocity of car B of mass 1000 kg becomes v m/s.

So, Momentum of car B = 1000  × v
(after collision) = 1000 v kg.m/s

Total momentum of car A and car B = 30000 + 1000 v ...(2)
 (after collision)

Now, according to the law of conservation of momentum :

Total momentum = Total momentum
  before collision     after collision

That is, 52500 = 30000 + 1000 v
1000 v = 52500 – 30000

1000 v = 22500

v = 
22500
1000

v = 22.5 m/s

Thus, the velocity of car B after the collision will be 22.5 m/s.

Sample Problem 3.  A bullet of mass 10 g moving with a velocity of
400 m/s gets embedded in a freely suspended wooden block of mass
900 g. What is the velocity acquired by the block ?

Solution. Here, Mass of the bullet, m1 = 10 g

= 10 kg
1000

= 0.01 kg

And, Velocity of the bullet, v1 = 400 m/s

So, Momentum of the bullet = m1 × v1

= 0.01 × 400 kg.m/s   ... (1)

Now, this bullet of mass 10 g gets embedded into a wooden block
of mass 900 g. So, the mass of wooden block alongwith the embedded
bullet will become 900 + 10 = 910 g. Thus,

Mass of wooden block + Bullet, m2 = 900 + 10

= 910 g

= 
910 kg

1000
= 0.91 kg

Figure 46.  For sample problem 3.© S
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And, Velocity of wooden block + bullet, v2 = ? (To be calculated)

So, Momentum of wooden block + bullet = m2 × v2

= 0.91 × v2 kg.m/s ... (2)

Now, according to the law of conservation of momentum, the two momenta as given by equations (1)
and (2) should be equal.

So, m1 × v1 = m2 × v2

or 0.01 × 400 = 0.91 × v2

And, v2 = 
0.01 × 400

0.91

= 4.4 m/s

Thus, the velocity acquired by the wooden block (having the bullet embedded in it) is 4.4 metres per
second.

We are now in a position to answer the following questions :

 Very Short Answer Type Questions

1. Which physical quantity corresponds to the rate of change of momentum ?
2. State the relation between the momentum of a body and the force acting on it.
3. What is the unit of force ?
4. Define one newton force.
5. What is the relationship between force and acceleration ?
6. If the mass of a body and the force acting on it are both doubled, what happens to the acceleration ?
7. Name the physical quantity whose unit is ‘newton’.
8. Which physical principle is involved in the working of a jet aeroplane ?
9. Name the principle on which a rocket works.

10. Is the following statement true or false :
A rocket can propel itself in a vacuum.

11. What is the force which produces an acceleration of 1 m/s2 in a body of mass 1 kg ?
12. Find the acceleration produced by a force of 5 N acting on a mass of 10 kg.
13. A girl weighing 25 kg stands on the floor. She exerts a downward force of 250 N on the floor. What force

does the floor exert on her ?
14. Name the physical quantity which makes it easier to accelerate a small car than a large car.
15. Fill in the following blanks with suitable words :

(a) To every action, there is an .................... and ..................... reaction
(b) Momentum is a ...............quantity. Its unit is ....................
(c) Newton’s second law of motion can be written as Force = mass × .................... or Force = .................. of

change of ..................
(d) Forces in a Newton’s third law pair have equal ............. but act in opposite................
(e) In collisions and explosions, the total  ............... remains constant, provided that no external.................acts.

 Short Answer Type Questions

16. Explain the meaning of the following equation :
               F = m × a
where symbols have their usual meanings.

17. To take the boat away from the bank of a river, the boatman
pushes the bank with an oar. Why ?

18. Why does a gunman get a jerk on firing a bullet ?
19. If action is always equal to reaction, explain why a cart pulled

by a horse can be moved.
A gunman gets a jerk on firing a bullet.
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20. Explain how a rocket works.
21. Do action and reaction act on the same body or different bodies ? How are they related in magnitude and

direction ? Are they simultaneous or not ?
22. If a man jumps out from a boat, the boat moves backwards. Why ?
23. Why is it difficult to walk on a slippery road ?
24. Explain why, a runner presses the ground with his feet before he starts his run.
25. A 60 g bullet fired from a 5 kg gun leaves with a speed of 500 m/s. Find the speed (velocity) with which the

gun recoils (jerks backwards).
26. A 10 g bullet travelling at 200 m/s strikes and remains embedded in a 2 kg target which is originally at rest

but free to move. At what speed does the target move off ?
27. A body of mass 2 kg is at rest. What should be the magnitude of force which will make the body move with

a speed of 30 m/s at the end of 1 s ?
28. A body of mass 5 kg is moving with a velocity of 10 m/s. A force is applied to it so that in 25 seconds, it

attains a velocity of 35 m/s. Calculate the value of the force applied.
29. A car of mass 2400 kg moving with a velocity of 20 m s–1 is stopped in 10 seconds on applying brakes.

Calculate the retardation and the retarding force.
30. For how long should a force of 100 N act on a body of 20 kg so that it acquires a velocity of 100 m/s ?
31. How long will it take a force of 10 N to stop a mass of 2.5 kg which is moving at 20 m/s ?
32. The velocity of a body of mass 10 kg increases from 4 m/s to 8 m/s when a force acts on it for 2 s.

(a) What is the momentum before the force acts ?
(b) What is the momentum after the force acts ?
(c) What is the gain in momentum per second ?
(d) What is the value of the force ?

33. A gun of mass 3 kg fires a bullet of mass 30 g. The bullet takes 0.003 s to move through the barrel of the gun
and acquires a velocity of 100 m/s. Calculate :
 (i) the velocity with which the gun recoils.
(ii) the force exerted on gunman due to recoil of the gun

34. Draw a diagram to show how a rocket engine provides a force to move the rocket upwards. Label the
diagram appropriately.

35. Name the laws involved in the following situations :
(a) the sum of products of masses and velocities of two moving bodies before and after their collision remains

the same.
(b) a body of mass 5 kg can be accelerated more easily by a force than another body of mass 50 kg under

similar conditions
(c) when person A standing on roller skates pushes another person B (also standing on roller skates) and

makes him move to the right side, then the person A himself gets moved to the left side by an equal
distance.

(d) if there were no friction and no air resistance, then a moving bicycle would go on moving for ever.

 Long Answer Type Questions
36. (a) State and explain Newton’s second law of motion.

(b) A 1000 kg vehicle moving with a speed of 20 m/s is
brought to rest in a distance of 50 metres :
 (i) Find the acceleration.
(ii) Calculate the unbalanced force acting on the vehicle.

37. (a) Explain why, a cricket player moves his hands
backwards while catching a fast cricket ball.

(b) A 150 g ball, travelling at 30 m/s, strikes the palm of a
player’s hand and is stopped in 0.05 second. Find the
force exerted by the ball on the hand.

38. (a) State Newton’s third law of motion and give two
examples to illustrate the law.

(b) Explain why, when a fireman directs a powerful stream
of water on a fire from a hose pipe, the hose  pipe tends
to go backward.

A fireman directing a powerful stream of water
on a fire from a hose pipe.
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39. (a) State the law of conservation of momentum.
(b) Discuss the conservation of momentum in each of the following cases :

 (i) a rocket taking off from ground.
(ii) flying of a jet aeroplane.

40. (a) If a balloon filled with air and its mouth untied, is released with its mouth in the downward direction, it
moves upwards. Why ?

(b) An unloaded truck weighing 2000 kg has a maximum acceleration of 0.5 m/s2. What is the maximum
acceleration when it is carrying a load of 2000 kg ?

 Multiple Choice Questions (MCQs)
41. The rockets work on the principle of conservation of :

(a) mass (b) energy (c) momentum (d) velocity
42. An object of mass 2 kg is sliding with a constant velocity of 4 m/s on a frictionless horizontal table. The

force required to keep this object moving with the same velocity is :
(a) 32 N (b) 0 N (c) 2 N (d) 8 N

43. The physical quantity which makes it easier to accelerate a small car than a large car is measured in the
unit of :
(a) m/s (b) kg (c) kg.m/s (d) kg.m/s2

44. According to the third law of motion, action and reaction :
(a)  always act on the same body but in opposite directions
(b)  always act on different bodies in opposite directions
(c)  have same magnitudes and directions
(d)  act on either body at normal to each other

45. The unit of measuring momentum of a moving body is :
(a) m s–1 (b) kg.m s–1 (c)  kg.m s–2 (d) Nm2 kg–2

46. A  boy of mass 50 kg standing on ground exerts a force of 500 N on the ground. The force exerted by the
ground on the boy will be :
(a)  50 N (b)  25000 N (c)  10 N (d)  500 N

47. A Honda City car, a Maruti Alto car, a Tata Nano car and a Mahindra Scorpio car, all are running at the
same speed of 50 m/s  under identical conditions. If all these cars are hit from behind with the same force
and they continue to move forward, the maximum acceleration will be produced in :
(a) Honda City (b) Maruti Alto   (c) Tata Nano (d) Mahindra Scorpio

         1150 kg 720 kg 600 kg 2510 kg
48. The acceleration produced by a force of 5 N acting on a mass of 20 kg in m/s2 is :

(a) 4 (b) 100 (c) 0.25 (d) 2.5
49. Which of the following situations involves the Newton’s second law of motion ?

(a) a force can stop a lighter vehicle as well as a heavier vehicle which are moving
(b) a force can accelerate a lighter vehicle more easily than a heavier vehicle which are moving
(c) a force exerted by a lighter vehicle on collision with a heavier vehicle results in both the vehicles coming

to a standstill
(d) a force exerted by the escaping air from a balloon in the downward direction makes the balloon to go

upwards
50. A fielder pulls his hands backwards after catching the cricket ball. This enables the fielder to :

(a)  exert larger force on the ball (b)  reduce the force exerted by the ball
(c)  increase the rate of change of momentum (d)  keep the ball in hands firmly
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 Questions Based on High Order Thinking Skills (HOTS)
51. Why are car seat-belts designed to stretch somewhat in a collision ?
52. The troops (soldiers) equipped to be dropped by

parachutes from an aircraft are called paratroopers.
Why do paratroopers roll on landing ?

53. Why would an aircraft be unable to fly on the moon ?
54. Explain why it is possible for a small animal to fall

from a considerable height without any injury being
caused when it reaches the ground.

55. A boy of mass 50 kg running at 5 m/s jumps on to a
20 kg trolley travelling in the same direction at 1.5
m/s. What is their common velocity ?

56. A girl of mass 50 kg jumps out of a rowing boat of
mass 300 kg on to the bank, with a horizontal velocity
of 3 m/s. With what velocity does the boat begin to
move backwards ?

57. A truck of mass 500 kg moving at 4 m/s collides with another truck of mass 1500 kg moving in the same
direction at 2 m/s. What is their common velocity just after the collision if they move off together ?

58. A ball X of mass 1 kg travelling at 2 m/s has a head-on collision with an identical ball Y at rest. X stops and
Y moves off. Calculate the velocity of Y after the collision.

59. A heavy car A of mass 2000 kg travelling at 10 m/s has a head-on collision with a sports car B of mass 500
kg. If both cars stop dead on colliding, what was the velocity of car B ?

60. A man wearing a bullet-proof vest stands still on roller skates. The total mass is 80 kg. A bullet of mass 20
grams is fired at  400 m/s. It is stopped by the vest and falls to the ground. What is then the velocity of the
man ?

ANSWERS
1. Force 6. Acceleration remains the same 7. Force 8. Principle of conservation of momentum
10. True 11. 1 newton (1 N)  12. 0.5 m/s2 13. 250 N   14.  Mass (of the car)   15. (a) equal ; opposite
(b) vector ; kg.m/s   (c) acceleration ; rate ; momentum  (d) magnitude ; directions  (e)  momentum ; force
25. 6 m/s 26. 0.99 m/s        27.  60 N 28.  5 N 29.  – 2 m/s2 ; – 4800 N 30. 20 s 31.  5 s  32. (a)
40 kg.m/s (b) 80 kg.m/s (c) 20 kg.m/s2 (d) 20 N 33. (i) 1 m/s  (ii)  1000 N  35. (a) Law of conservation
of momentum  (b)  Newton’s second law of motion  (c) Newton’s third law of motion  (d) Newton’s first
law of motion      36. (b) (i) – 4 m/s2   (ii) – 4000 N  37. (b) 90 N 40. (b) 0.25 m/s2  41.  (c)   42. (b)
43. (b) 44. (b)  45. (b)  46. (d)   47. (c)   48. (c)  49. (b) 50.  (b)  51. So that by stretching somewhat the seat-
belts allow the large momentum of a passenger to reduce gently, the passenger is prevented from being
thrown forward violently, and injury is prevented (or reduced) during a collision 53. An aircraft needs
air because (i) air moving under the wings of aircraft is strong enough to hold it up, and  (ii) air burns the
fuel in aircraft engines. Since there is no air on moon, an aircraft cannot fly on the moon.  54. This is
because a small animal has small mass, so the momentum produced is less. When the small animal falls to
the ground with less momentum, less opposing  force of ground (less force of reaction) acts on the small
animal and hence no injury is caused   55. 4 m/s 56.  0.5 m/s 57. 2.5 m/s  58.  2 m/s 59. 40 m/s
60.  0.1 m/s

Paratroopers being dropped from an aircraft.
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