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FORCE

Consider a ball kept on a table, we can move it by pulling or pushing. We can increase its speed by pushing
it in the direction of motion. If we push it opposite to the direction of motion its speed will decrease. If the
ball is in motion towards east, we push it towards north, the direction of will change.
Take a soft rubber ball between your palms and push the ball from both sides, the shape of the ball is
distorted. In all the above cases we have applied the force on the ball.
So force in a push or pull which can move the object. It can change the speed of the object, it can change the
direction of motion, it can change the shape of the object. In all the above cases we have applied the force
on the ball and the ball is accelerated so we can define force as follows :
“Force is the cause which can produce acceleration in the body on which is acts”.
(a) Effects of Force :
The force or a set of forces acting on a body, can do three things :
(i) A force or a set of forces can change the speed of the body.
(ii) A force or a set of forces can change the direction of motion.
(iii) A force can change the shape of the body.

GALILEO’S EXPERIMENTS
Experiment1 :
It was observed by Galileo that when a ball is rolled down on an inclined plane it speed increases, whereas
if it is rolled up an inclined plane its speed decreases. If it is rolled on a horizontal plane the result must be

between the cases describe above i.e. the speed should remain constant. If can be explain as -

moving down : speed increase moving up : speed decreases moving horizontal : speed remains constant
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Experiments 2 :
When a ball sin released on the inner surface of a smooth hemisphere, it will move to the other side and
reach the same height before coming to rest momentarily. If the hemisphere is replaced by a surface shown

in figure (b) in order to reach the same height ht ball will have to move a larger distance.

(@) (b) (©)

if the other side is made horizontal, the ball will never stop because it will never be able to reach the same
height, it means its speeds will not decrease. It will have uniform velocity on the horizontal surface. Thus, if
unbalances forced do not act on a body, the body will either remain at rest or will move with a uniform
velocity. It will remain uncelebrated.

(a) Conclusion of Galileo’s Experiments :

(i) A body is at rest and no unbalanced forced acts on it, remains at rest.

(ii) A body is moving and no unbalance force acts on it, it will continue to move at constant speed in a
fixed direction.

(iii) If unbalance forces act on a body the body will accelerated. The idea was suggested by Galileo and was

later formulated into laws by Newton.

NOWTON'’S FIRST LAW OF MOTION

We have learnt so far that :

(i) If a body is at rest and no unbalanced force acts on it, it remains at rest.

(i) If a body is moving and no unbalanced force acts on it, it will continue to move at constant speed in a
fixed direction.

(iii) If an unbalanced force acts on a body, the body will accelerated.

These facts are taken together from Galileo’s law of inertia on Newton’s’ first law of motion. The idea was
suggested by Galileo and was later formulated into a law by Newton. We can state Newton’s first law
motion as follows :

(a) Statement of Newton's First law of Motion :

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.

This law also be stated as follows :

A body remain uncelebrated if and only if, the resultant force on it is zero.

In such a case the body is said to be in equilibrium.
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INERTIA
Description :
If follows from first law of motion that is absence of any eternal force, a body continues to be in its state of
rest or of uniform motion along a straight line. In other words, the body cannot change by itself its position
of rest or of uniform motion.
The inability of the body to change by itself its states of rest or uniform motion is a straight line is called
inertia. Newton’s’ first law of motion is also called law of inertia.
(a) Inertia Depends upon Mass :L
We know that it is difficult to move a heavier body than the lighter one. Similarly it is difficult to stop a
moving heavier body that a lighter body moving with the same velocity. Thus, we conclude that mass of

the body is the measure of inertia, more the mass, more the inertia.

TYPES OF INERTIA
Inertia is of the three types:
(a) Inertia of Rest:
The tendency of the body to continue is state of rest even when some external unbalance force is applied on
it, is called the inertia of rest.
Description :
(i) A person sitting in a bus falls backwards when the bus suddenly starts. The reason is the lower part of
his body begins to move along with the bus but the upper part of his body tends to remain at due to inertia

of rest.

(iii) We beat a carpet with a stick to remove dust particles. When the carpet is beaten, it is suddenly set into
motion. The dust particles tend to remain at rest due to inertia of rest and hence fall off.

(iv) When a branch of tree is shaken the fruits get separated from the tree due to inertia of rest.

(b) Inertia of Motion :

The tendency of the body to continue in its state of motion even when some unbalance forces are applied
on it, is called in the inertia of motion.

Description :

(i) A man carelessly getting down a moving bus falls forward, the reason being that his feet come to rest

suddenly, whereas the upper part of his body retains the forward motion.
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Man jumping carelessly from a
moving bus falls forward.

(if) An athlete runs a certain distance before taking a leap so that the inertia of motion of his body at the
time of leaping may help him in his muscular efforts.

(iii) We remove snow or mud from our shoes by striking them against wall. On striking the wall, the feet
comes to rest whereas the snow which is still in motion separates from the shoes.

(c) Inertia of Direction :

The tendency of a body to oppose any change in its direction of motion is known as inertia of direction.

(i) If a car takes a turn along a curved track, the passengers experience a force acting away from the centre
of the curved track. This is the result of tendency of the passenger to continue moving along a straight path.
(i) Tie a stone to one end of a string and holding other end of the string in hand. rotate the stone in a
horizontal circle. if during rotation, the string breaks at certain stage, the stone is found to fly off
tangentially at that point of the circle.

GRINDING
WHEEL

String
Breaks

String breaks, stone goes away

tangentially R
Sparks produced during sharpen-
ing of knife go tangential.

(iii) The water drops sticking to cycles tyre are found to fly off tangentially.

(iv) The sparks produced during sharpening of a knife or a razor against a grinding wheel, leave the rim of
the wheel tangentially.

DEFINITION OF FORCE FROM FIRST LAW OF MOTION

Description :

A according to first law of motion, if there is no force, there is no change in state of rest or of uniform
motion. In other words, if a force is applied, it may change the state of rest or of uniform motion. If the force
is not sufficient, it may not produce a change but only try to do so.

Hence force is that which changes or tries to change the state of rest or of uniform motion of a body in
straight line.
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EXERCISE

OBJECTIVE DPP - 6.1

1. If A and B two objects with masses 10 kg and 30 kg respectively then :
(A) A has more inertia than B (B) B has more inertia than A
(C) A and B have the same inertia (D) none of the two have inertia
2. First law of motion defines :
(A) inertia (B) force
(C) both inertia and force (D) neither inertia nor force
3. Newton’s first law of motion is:
(A) qualitative (B) quantitative
(C) both qualitative and quantitative (D) neither qualitative nor quantitative
4. Inertia depends upon :
(A) acceleration of the body (B) velocity of the body
(C) shape of the body (D) mass of the body
5. Which of the following has largest inertia ?
(A) A pin (B) An in pot
(C) Your physics book (D) Your body
6. When a bus starts suddenly the passengers standing on it, lean backwards in the bus. This is an example of
(A) Newton'’s first law (B) Newton's second law
(C) Nekton's third law (D) none of Newton's law
7. The law which defines force is :
(A) Newton's third law (B) Newton’s first law
(C) Newton's second law (D) none of these
8. Inertia of rest is the property by virtue of which the body is unable to change by itself :

(A) the state of rest only
(B) the state of uniform linear motion
(C) the direction of motion only
(D) the steady state of rest
9, An iron ball and aluminium ball has same mass :
(A) inertia of iron is greater than aluminium (B) both the ball have same inertia

(C) inertia of iron is less than that on Aluminium(D) none of these

10. Mass measure amount of in a body :
(A) inertia (B) motion (C) velocity (D) acceleration
AL P s II CBSE -PHYSICS
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SUBEJCTIVE DPPT - 6.2

: Name the property of the bodies to resist the change in their velocities.

2; With which law of motion, the same of Galileo is associated ?

3. A ball is moving on a frictionless horizontal surface and no force is applied on it. Will its speed decrease,
increase or remain same.

What causes motion ?

Define force.

Define inertia and name its three types.

State Newton'’s first law of motion.

el A S

Which of the following has more inertia ? Explain :

(a) A rubber ball and stone of the same size.

(b) A bicycle and a train.

(c) A five rupee coin and a one rupee coin.

Why do you fall in forward direction when a moving bus brakes to stop and fall backward when it

acceleration from rest ?
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&3 MOMENTUM
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Description :

It is the combined effect of mass and velocity of the body. Mathematically, momentum of the body is
defined as the product of mass and the velocity of the body. If m is the mass of the body and v is its velocity
then momentum, p = mv

Momentum is a vector quantity and its direction is in the direction of velocity.

Unit of momentum :

(InC.G.S. system) —p=mv — gram X cm/s=dyne x s

(InM.K.S. system) — p=mv — kg x m/s=Newton x s

NEWTON’S SECOND LAW OF MOTION

The rate of change of momentum of a body is directly proportional to the applied unbalanced forces i.e.
Rate of change of momentum o Force applied

Let a body is moving with initial velocity u and after applying a force F on it, its velocity becomes v in time
t.

Initial momentum of the body p, = mu
Final momentum of the body p, = mv

Change in momentum in time t is mv - mu

mv-mu
t

So rate of change of momentum =

mv-mu

But according to Newton’s second law, o F

Or Fo e

-u ,
Here, VT =a (acceleration)

So F o ma

or F=kma Hereis proportionality constant.

if 1N force is applied on a body of mass 1 kg and the acceleration produced in the body is 1 ms/? then 1=k
x1xlork=1.

So the magnitude of the resultant force acting on body is equal to the product of mass of the body and the

acceleration produced. Direction of the force is same as that of the acceleration.
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UNITS OF FORCE
(a) In C.G.S. System :
~F=ma — gm x cm/s’ = Dyne
Definition of one dyne :
Ifm=1gm,a=1cm/s?thenF =1 dyne.
When a force is applied on a body of mass 1 gram and the acceleration produced in the body in 1 cm/s?
then the force acting on the body will be one dyne.
(b) In S.I. System :
F=ma — kg x m/s’=Newton
Definition of one Newton :
If m=1kganda=1m/s’then by, F=ma
F=1x1=1kgm/s*=1N.
If a force is applied on a body of a mass 1 kg and acceleration produced in the body in 1 m/s? then the
force acting on the body will be one Newton.
Other units :
There are two other units of force called gravitational units.
(c) Kilogram Force (kgf) :
Kilogram force (kf) or Kilogram weight (kg. wt.) is force with which a mass of 1 kg is attracted by the earth
towards its centre.
1kgf =98N
(d) Gram Force (gf) :
Gram force or gram weight is the force with which a mass of 1 gram is attracted by the earth towards its
centre.
1 gf =981 dyne
Relation between Newton and dyne.
We know :
1N =1kg =1 ms?
or 1 N =1000 g x 100 cms —
or1 N =10°gcms — =10° dyne
s 1N =10°dyne
FIRST LAW OF MOTION BY SECOND LAW OF MOTION
Description :
According to first law of motion, if there is no force, there is no change in state of rest or of uniform motion.
In other words, if a force is applied, it may change the state of rest or of uniform motion. If the force is not
sufficient, if may not produce a change but only try to do so. Hence force is that which changes o tries to

change the state of rest or of uniform motion of a body in straight line.
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Hence we get the definition of force from Newton’s first law of motion.
Newton'’s first law of motion can be deduced from Newton's’ second law of motion.

According to second law of motion,

F=ma

if F=0,thena=0
Sincem # 0
So a=—2=0

t
or mv = mu
or v-u=0orv=u
or v=u [after more time]

Which means that the velocity of the body cannot change in absence of external force. If the body is initially
atrestie., ifu=0,v=0and if u=5ms!, v=>5msl
Thus, it follows that a body will continue to be in the state of rest or of uniform motion along a straight line

if no external force acts on it and this is the first law. thus, first law can be deduced from second law of

motion.
ILLUSTRATIONS
1. A force F, acting on a body of 2 kg produces an acceleration of 2.5 ms>. An other force F, acting on the
F
another body of mass 5 kg produces an acceleration of 2 m/sec” Find the ratio F—Z .
1
Sol.  For fist body F = ma
F,=2x25=5N
For second body F, =5 x 2 =10N
So i} " 2,
F, 5
-8 A force of 20N acting on amass m, produces an acceleration of 4 ms?. The same force is applied on mass m,
then the acceleration produced is 0.5 ms2 What acceleration would the same force produce, when both
masses are tied together ?
Sol. Formassm, :F=20N,a=4ms?

F 20

th =—=—=5k
en m, = g
For mass mZ:F =20N, a = 0.5 ms?
F 20
th =—=—=40k
en Il’12 " 05 g

When m, and m, are tied together :
Total mass = m, + m, =45 kg. F = 20N

then a:L:E:O.Mms_2

(m;+m,) 45
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IMPULSES OF FORCE
(a) Introduction :
In previous article, we leant that a moving body has momentum and that on effect (a force) is needed to
stop it. It is our common experience that a smaller force takes more time to stop the body whereas a bigger
force does the same in lesser time. This observation gives concept of a new quantity, force x time, which is
named a impulse.
(b) Definition :
The product of the magnitude of a force applied on a body and the time for which it is applied, is called
impulse of the force. It is represented by the symbol (I).
i.e., Impulse = Force x Time
orI=F.t
The S.I. unit of impulse is Newton-second (N-s) and the C.G.S unit is dyne - second (dyne -s)
(c) Impulse and Momentum :
From Newton’s second law of motion

F=p2—p]
t

Force, or Ft=p,-p;

i.e., Impulse = Change in momentum
This relation is called impulse equation or momentum-impulse theorem. It has an important application in

our everyday life.

APPLICATIONS OF IMPULSE EQUATION IN DAILY LIFE
(i) Catching the ball by a cricketer :
While catching a fast moving cricket ball, the player moves his hands backward after catching the ball. By
moving his hands, the cricketer increases the time. As a result he has to apply a small force on the ball. In

reaction, the ball also applies lesser force and the hands of the player are not injured.

(ii) Jumping on heap of sand:
If someone jumps from a height on a heap of sand below, his feet move inside the sand very slowly. His

momentum changes slowly requiring a lesser force of action from the sand. The man is not injured.
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(iii) Jumping down of a passenger from a moving train or bus:

A passenger sitting in a moving train or bus has momentum, When the jumps down and stands on
platform or road, his momentum becomes zero.

If he jumps down suddenly from the moving train or bus and tries to stand on his feet, his body will fall
forward due to inertia of motion. He will be injured.

He is advised to run over some distance on the platform or road along with (in direction f) the train or bus.
This will slow down his rate of change of momentum and lesser force will be involved.

(vi) Springs in vehicles :

The vehicles are fitted with springs to reduce the hardness of the shock. When vehicles more over an
uneven road, they experience impulses exerted by the road. The springs increase the duration of impulse
and hence reduce the force.

(v) Springs in seats :

The seats are also fitted with springs to reduce their hardness. When we sit on them all of a sudden, the
seats are compressed. The compression increases duration of our coming to rest of the seat. They reaction
force of seats become negligible.

(vi) Soft material packing :

China and glass wares are packed with soft material when transported. They collide during transportation
but soft packing material slows down their rate of change of momentum. The force of impact is reduced
and the items are not broken.

(vii) Atheists :

Athletes are advised to come to stop slowly after finishing a fast race. In general, all changes of momentum

must be brought slowly to involve lesser force of action and reaction to avoid injury.

IMPULSE DURING AN IMPACT OR COLLISION
The impulsive force acting on the body produces a change in momentum of the body on which it acts. We
know, Ft = mv - mu, therefore maximum force needed to produce a given impulse depends upon time. If

time is short, the force required in a given impulse or the change in momentum is large and vice - versa.

EXERCISE

OBJECTIVE DPP -7.1

17791311717112111393111133%"

1. Newton'’s second law of motion :
(A) defines force (B) defines inertia
(C) gives measure of force (D) none of these
2, Newton’s second law of motion is :
(A) qualitative (B) quantitative
(C) both qualitative and quantitative (D) neither qualitative nor quantitative
I-\ !;:U!?IIEBSE -PHYSICS
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10.

11.

12,

13.

14.

15.

16.

Momentum measures amountof _ inabody :

(A) inertia (B) motion (C) velocity (D) acceleration
Force measures rate of change of ____ of a body :

(A) mass (B) inertia (C) velocity (C) momentum

C.G.S. unit of force is :

(A)m/s (B)s/ m (C) dyne (D) Newton

Momentum has same unit as :

(A) impulse (B) torque (C) moment of force (D) couple

When force of 1IN acts on mass of 1kg. which is able to move freely, the object moves with a /an:

(A) speed of 1 ms! (B) speed of 1 kms'!

(C) acceleration of 10 ms? (D) acceleration of 1ms

The net force acting on a body of mass of 1 kg moving with a uniform velocity of 5 ms*is:

(A) 5N (B)02N (C)0ON (D) None of these

A body of mass 20 kg moves with an acceleration of 2ms2. The rate of change of momentum is S.I. unit s :
(A) 40 (B) 10 (€)4 (D)1

A body of mass M strikes against wall with a velocity v and rebounds with the same velocity. Its change in
momentum is :

(A) zero (B) Mv (C) -Mv (D) -2 Mv

Gram weight is a unit of :

(A) mass (B) weight (C) A and B both (D) neither A nor B
98 Nisequalto:
(A) 1 kgf (B) 1 kgwt (C) A and B both (D) Neither A nor B

A body of mass 5 kg undergoes a change in speed from 20 m/s to 0.20 m/s. The momentum :
(A) increases by 99 kgm/'s (B) decreases by 99 kgm/s

(C) increases by 101 kgm/s (D) decreases by 101 kgm/s

The combined effect of mass and velocity is taken into account by a physical quantity called :
A) torque (B) moment of force  (C) momentum (D) all of them
How many dynes are equal to 1IN ?

(A) 10° (B) 10* (C)10° (D) 10°

Choose correct relation :

(A) a=— (B)aF =m (C)m=Fxa (D) none of these
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SUBJECTIVE DPP - 7.2

Name of quantities on which momentum of a body depends.
What is S.I. unit of momentum ?

Is momentum vector or scalar ?

S

Two similar trucks are moving with same velocities on a road. One of them is loaded while another one is

empty. Which of the two ill require a larger force to stop it in same time ?

5. Explain meaning of the following equation F = ma. Symbol have their usual meaning.

6. Explain how Newton’s second law of motion can be explained to define the unit of force and also name the
unit.

75 A 1000 kg vehicle moving with a speed of 20 ms- is brought to rest in a distance of 50 metre by applying
brakes :

(i) Find the acceleration.

(ii) Calculate the unbalanced force acting on the vehicle.

(iii) The actual force applied by the brakes will be slightly less than that calculated in, why ? Give reasons.
Write the expression for impulse.

9. Name a quantity which has same unit as that of impulse.

10. Derive relation between impulse and momentum.

i A 5 quintal car is moving with a velocity of 54 kmh-1. What is its impulse if it is stopped within 0.5s by

application of backward force ? Also determine the force applied.
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NEWTON'S THIRD LAW
(a) Introduction :
When a force is applied to stop a moving body, we ourselves experience some force from the body being
stopped. When a cricketer used his hands to stop a moving ball, his hands also experience some force from
the ball and sometimes the force is unbearable. When we jump on a cemented road from some height, our
feet get injured by the impact of the road.
From above examples we find that 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 called “action” and the force exerted by the second body on the first body is called ‘reaction’/
(b) Statement :
The law states the “To every action there is an equal and opposite reaction”. Moreover, action and reaction
act on different bodies.
(c) Demonstration :
Two similar spring balances A and B joined by hook as shown in the figure, The other of the spring balance

B is attached to a hook rigidly fixed in a rigid wall.

Demonstration - Newton's third law of motion.

The other end of the spring balance A is pulled out to the left. Both the balances show the same reading (20
N) for the force.

The pulled balance A exerts a force of 20N on the balance B. It acts as action, B pulls the balance A in
opposite direction with a force of 20 N. This force is known as reaction.

We conclude that action-reaction forces are equal and opposite and act on two different bodies.

(b) Explanation :

If may be noted that action and reaction occur simultaneously. Action and reaction never act on same body.
Had this been the case, there would have been no (accelerated) motion, Since action and reaction occur in
pairs and act on two different bodies, it is impossible to have single isolated force.
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