Hlustrate that mass is a raeas

Explain that the fan\oby
Describe g@'ﬁ@mwtatlon and gravity. State Newton's Law of gravitation. (Include
problems related to gravitation.)

Define and calculate weight [Weight is the force exerted on an object having mass by a
planet's gravity, and use w = mg]

Define and calculate gravitational field strength [This mc!udes being able to state that a
gravitational field is a region in which a mass experiences a force due to gravitational
attraction. Students should be able to define gravitational field strength (g) as force per
unit mass use the equation gravitational field strength = weight/mass g = w/m (and know
that this is equivalent to the acceleration of free fall)]

Justify and illustrate the use of mechanical and electronic balances to measure mass
- [understanding the internal workings of the electronic balance is not required; just how to
practically use the instrument in appropriate situations]

Justify and illustrate the use of a force meter (spring balance) to measure welght
: leferennate between contact and noncontact forces
. é ta

grawtational force),
tic force, magnetic force,

State that there are fo amenta
strengths [Th 16 i ational, electromagnetlc strong and weak nuclear forces.
Students W that Paklstanl Scientist won the Nobel Prize for helping prove that
the weak force and the electromagnetic force are actually unified]

Represent the forces acting on a body using free body diagrams

State and apply Newton's first law

Identify the effect of force on velocity [It may change the velocity of an object by changing
its direction of motion or its speed]

Determine the resultant of two or more forces acting in the same plane.
State and apply Newton's second law in terms of acceleration ; |
State and apply Newton's third law |

Explain with examples how Newton's third law describes pairs of forces of the same type |
acting on different objects ‘

State the limitations of Newton's laws of motion ; |

Analyse the dissipative effect of friction :
Alceli

Analyse the dynamics of an object reaching termlnal velog
Differentiate qualitatively between roII @ i

(%

Justify methods to reduce friction!
Define and calculate m

Define and calcula quatlon Impulse= FAt=mA4V]
Apply th ‘% e conservation of momentum to solve simple problems in one
dimensio

Define resultant force in terms of momentum.




In kinematics, we studied the motion of objects. If the position, velocity
and acceleration were known at any time, then the position and velocity of the
moving body at another time could be completely described. %Fane of the

things left out of this discussion was the cause ced in the

body. If a stone is dropped from V“.‘d erated downward It is
because the Earth exerts a forcg afgrad

we drive a caWr ycte the engine exerts a force which produces
acceleration. Wewill'observe that whenever there is acceleration, there is always
a force present to cause that acceleration. Dynamics is concerned with the forces
that produce change in the motions of bodies.

3.1 Concept of Force

A common concept of a force is a push or a
pull that starts, stops or changes the magnitude and
direction of velocity of a body. We come across many _ &
forces in our daily life. Some of them we apply on s
other bodies and some are acting on us. For
example, when we open a door, we pusla)oru |

applying force. When we are ;ttm ay d ush-#ig" -~ MR i

against the seat asthecart

Force tra ergy to an object. Take the example of a man who moves
a wheelbarrow with its load. The man first applies force to lift it and then applies
force to push it (Fig.3.1). He applies a different amount of force on each handle
when turning the wheelbarrow around the corner in order to keep it from tipping
over. The examples of forces acting on us are the force of gravity acting downward,
the force of friction which helps us to walk on the ground and many others.

§ e el

R h SRR
There are two major types of forces:
1. Contact Forces 2. Non-contact Forces

1. Contact Forces

other examples of contact f

(i) Friction N i
It is the force that resists motion when the surface of one object comes in
contact with the surface of another.
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(ii) Drag

The drag force is the resistant force caus w@@of a body
through a fluid. It acts opposite to tl}g s\@ ect moving with
respect to surrounding fluid.

(iii) Thrust @)

Itis an upw by a |IQUId on an objectimmersed in it. When
we try tow ject in water, we feel an upward force exerted on the
object. This'force increases as we push the object deeper into the water. A ship
can floatin the sea due to this force which balances the weight of the ship.

(iv) Normal Force

It is the force of reaction exerted by the surface on an object lying on it.
This force acts outward and perpendicular to the surface. It is also called the
support force upon the object.
(v) AirResistance

It is the resistance (opposition) offered by air when an object falls through it.

(vi) Tension Force

It is the force experienced by a rope when a person orload pullsiit.
(vii) Elastic Force

It is a force that brings certain materials back to their origi hape after
being deformed. Examples are rubber bands, spring va @@

2. Non-contact Forces Q @
aisdef rc

e between two objects which are

anon-contact force. Due to this property, non-contact forces are also
called field forces. A few examples of non-contact forces are described below:

(i) Gravitational Force

An apple falling down from a tree is one of the best examples of
gravitational force (Fig. 3.2). When we throw an object upward it is the
gravitational force of the Earth that brings it back to the
Earth. In fact, the gravitational force is an attractive force
that exists among all bodies which have mass. It is a
long-range force given by Newton's law of gravitation:

F=GIM:  where m, and m, are two

masses distant r apart and Gis constant of grawtatlon I

Earth and all other planets of o

Similarly, the gravitatio ‘i e\Earth
keeps the atmos r@@@ ns fixed to the surface of the Earth. Even an
object rew_h@d\{giﬁ ace exerts a downward force called its weight due to
attractive force of the Earth also known as gravity.
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(ii) Electrostatic Force

An electrostatic force acts between two charged
objects. The opposite charges attract each other and
similar charges repel each other as shown in Fig. 3.3. 2

@m | orce
Like gravitational force, electrostatis f@rfé\@@ = |
long-range force. ® m\{@@ §*

(iii) Magnetic Force &“ /TN

. TR
It is a foiﬁwgg a magnet exerts on other Fig. 3.3

magnets and magnetic materials like iron, nickel and
cobalt. You might have observed that iron pins
attracted in the presence of a magnet without any
physical contact (Fig. 3.4). Magnetic force between the
ooles of two magnets can be either attractive or
repulsive. This can be observed very easily by bringing
different poles of two magnets close to each other. Like \

ooles repel and unlike poles attract each other. Fig. 3.4

(iv) Strong and Weak Nuclear Forces @@ﬁ@
Egﬁaﬁ een the subatomic
ction.

These are also non-conta

There are four fundamental forces in nature. These are:
1. Gravitational force 2. Electromagnetic force
3. Strong nuclear force 4. Weak nuclear force
=very force comes under any of these forces.

B A

The gravitational force has been discussed in the previous section. We
often talk about this force. It is the weakest one among all four forces. Being a
ong range force, it extends to infinite distance although it becomes weaker and

%@@E“W

It is the force that causes
oetween electrically charg
¥ 2nd magnetic forces is category. These
re long-range f . The areas in which these forces
O Yact are called electromagnetic fields. Electromagnetic Fig. 3.5

PR A moving magnet
orces are stronger than gravitational and weak poduces electric current
55
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molecules and crystals etc. At macrascopi
0_

nuclear forces. This force causes all chemical reactions. It gether atoms,
e cause of friction

between different surfaces i

AN

It holds‘the atomic nuclel together by binding the
protons and neutrons in the nucleus over coming
repulsive electromagnetic force between positively
charged protons. It is also a short-range force with
the order of 10"*m. If the distance between
nucleons increases beyond this range, this force

ceases to act. _ Fig. 3.6

The binding force of
protons and neutrons
in the nucleus

Weak nuclear force is responsible for the
disintegration of a nucleus. For example,
weak nuclear force execute th

decay) of a neyt '
transforms into @@ .Inthe process,
aB-p and an uncharged particle

called antineutrino are emitted. In other words,
we can say that due to weak nuclear force
radioactive decay of atoms occurs. However, g

Neutron

Neutrino

weak nuclear force is stronger than the gravitational force but weaker than the
electromagnetic force. Itis a short-range force of the order 10" m.

A Pakistani scientist Dr. Abdus Salam along with Sheldon Glashow and
Steven Weinberg were awarded in 1979 Nobel Prize in Physics for their
contributions to the unification of the weak nuclear force and electromagnetl
force as electroweak force. Although these tw e different i
everyday phenomena, but the t
the same force. Its e ects ar
high energy




3.3 Forces in a Free- Body Diagram

External forces acting on an epje ﬂ@ @@@
App

include friction, gravity, norms
tension in a string OW
pUShingWO

Su a book is pushed over the
surface of a table top as shown in Fig.3.8(a).
Then how can we represent the forces acting
on the body using free-body diagram? e

Free-body diagrams are used to show Fig. 3.8 (a)
the relative magnitudes and directions of all
the forces acting on an object in a given

d force

situation. In other words, a free-body diagram Normal force
is a special example of the vector diagrams. ] ‘
Usually, the object is represented by a ¥ ion Applied force

box and the force arrows are drawn outward @ (
from the centre of the box in the dt5ec © W o)

forces as shown in F 8(b

force arrow (line) refl wedh
force and ad mdlcates the Fig. 3.8 (b)
direction lCh the force acts. Each force is
labelled to indicate the exact type of force.
3.4 Newton's Laws of Motion
R | ; Sir Isaac Newton was born
It is our common observation that a force in Lincolnshire on January

is required to move or to stop a body. A book 4, 1643. The name of his
placed on a table remains there unless a force is TGt DECC IS ETIGRS
applied to move it (Fig.3.9). A ball rolling on floor st

should continue to move with the same velocity
in the absence of an applied force. But practic

all
we see that it is not true. The bm@

covering some dlst'-
ations in his flrst law of

force (friction) ca %é :
expressﬁﬁ@&ﬁﬂe
motion which states that:




A body continues its state of rest or of uniform motion in a

straight line unless acted upon by 50@%{?@@
o \o

When a fast-moving bus stops sudde rs tend to bend forward. It
is because they want “-“n\ﬁ"}. motion. On the other hand, when the bus

starts moving quickl st, the passengers are pushed back against the seat.
This timw& of passengers is to retain their state of rest.

According to first law of motion, a bus moving on the road should
continue its motion without any force exerted by the engine. But practically, we
see that if the engine stops working, the bus comes to rest after covering some
distance. Itis because of the friction between the tyres of the bus and the road. All
the bodies moving on the Earth are stopped by the force of friction. If you were in
outer space and throw an object away where no force is acted upon it, the object
would continue to move forever with constant velocity.

The first law of motion also provides us another definition of force whichiis
stated as follows:

Force is an agency which changes or t a@m
the state of rest or o@m ody.
Insimple word%ﬁ@@ﬁi a8 causes acceleration.

A Demonstration of
Property of Inertia

A net force is required to change the velocity of
objects. For instance, a net force may cause a
bicycle to pick up speed quickly. But when the same
force is applied to a truck, any change in the motion
may not be observed. We say that the truck has
more inertia than a bicycle. The mass of an objectis
a measure of its inertia. The greater the mass of an
object, the greater s its inertia.

The property of a body to maintain its state of rest or
of uniform motion in a straight line is called inertia. <

As a result of the role of inertiai @@
first law, this law is s ﬁﬁ%ﬂ of

hen the table cloth is pulled
abruptly, the objects remain in

EfW
W ch their original position on the
W% i ' table.

inertia.




Newton's first law indicates that if no net fo (@@then the
velocity of the object remains n m@ ndfaw deals with the

acceleration produced@% ¢e acts upon it. Newton's second

law can be stated as:
O
If a net @i[{ernal force acts upon a body, it accelerates the body in the

direction of force. The magnitude of acceleration is directly proportional to
the magnitude of force and is inversely proportional to the mass of the body.

If a net force of magnitude F acts on a body of mass m and produces an
acceleration of magnitude a, then the second law can be written mathematically
as:

and a

8

Q
8
| =3 |- =

oC

a @
= ONST ' O@©
or %) @ ‘ »
PR
According to ' ,O% g, a=1ms? F=1N, then the value of the
constan .Yherefore, the above equation can be written as:

a.& 1)<_F;.

m
o R 1 A e e (3.1)

3

First law of motion provides the definition of force, i.e., a force produces
an acceleration in a body. By the second law of motion (F = ma), we can calculate
mathematically, the amount of force required to produce a certain amount of
accelerationin a body of known mass. The Sl unit of force is newton (N).

One newton is the force which produces an

acceleration of 1 ms2inabody of mass 1 kg.
el
From Eq 3.1 BN =1 2@@@
T




2.

change the velocity of a

Newton S second Ia aI
body by produc’% eration in it. As velocity is a vector
(@]

quantity, sothec In Its magnitude, direction or in both of them.

Whenever there is an interaction between two
bodies A and B, such that the body A exerts a force on
body B, the force is known as action of A on B. In
response to this action, the body B exerts a force on
the body A. This force is known as reaction of B on A.
For example, when we press a spring, the force exerted
by our hand on the spring is action. Our hand also
experiences a force exerted by the spring. This is the
force of reaction (Fig.3.10). Newton resse d \SX=2
action and reaction forces m @@m

is stated as:

Fig. 3.10
Do You Know?

re is always
and 0pp05|te reaction.

Since, action and reaction do not act
on the same body but they act on two
different bodies, so they can never balance
each other. Thus, Newton's third law can also
be expressed as follows:

If one body exerts a force on a second 006 | 1 Shace. "3 BSHOTIT throws 5
the second body also exerts an equal and | wrench, as a reaction he moves in
opposite force on the first body. opposite direction. _

We have studied that forcg a Jects interact, i.e.,
action and reaction forces. W - rce that seems to make

something happen® ot notice the other force involved. Here

are some exa
law of

O




(i) Considerablocklying on atable as shownin Flg R
The force acting downward on th ﬁ@lock exerts a

he table also exerts a
“8s on the block balance each other

Fig. 3.11

(ii) When a bullet is fired from a gun, the bullet moves in the forward direction
with a force F. This is the force of action. The gun recoils in the backward direction
with a reaction force R (Fig. 3.12).

3.5 Limitations of Newton’ s Laws © "\.‘lotic\n

naving velocities close to that of light. For that purpose, relativistic mechanics
developed by Albert Einstein is applicable.

After all this discussion, we can say that Newton's laws of motion are not
exact for all types of motion, but provide a good approximation, unless an object
s small enough or moving close to the speed of light. -

Look at the photographs below. Identify the pairs of forces acting in each
photograph.




3.6 Mass and Weight

Commonly, we consider mass and weight as the same quantities but

scientifically, mass and weight are two dlfferent u e e say that the
weight of this objectis 5 kg, iti | € mass of the object. The
simplest definition of) sure of the quantlty of matter in a

body. SOW ody can be deflned as:

The characteristic of a body which determines the magnitude of acceleration
produced when a certain force acts upon it is known as mass of the body.

Mass is a scalar quantity. It remains the same everywhere. Practically, mass
is measured by an ordinary balance. The Sl unit of mass is kilogram (kg).

Weight is a gravitational force acting on the object. It is a vector quantity
directed downward, towards the centre of the Earth.

The weight of an object is equal to
which the Earth @ ﬁrs its centre.

The gravitational field is a space around a mass in which another mass
experiences a force due to gravitational attraction. The gravitational field

strength is defined as the gravitational force acting on unit mass. Thus, mass m
on the surface of the Earth exerts a force known as its weight w given byw = m g,
where g is the gravitational field strength. Its valueis 10 N kg™

As the value of g varies from place to place and also with altitude,
therefore the value of weight does not remain the same everywhere.

It varies from place to place according to variation in g. Though an

object's weight may vary from one place to ano @ﬁ%ny particular
location, its weight is proportror@I r e can conveniently
compare the masses- n ocation by comparing their

weights. The wei measured by an ordinary balance. A spring
balance c to measure the weight. The Sl unit of weight is newton (N).
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Example 3.1

A 10 kg block moves on a
nT

s

acceleration of 2ms™

s

Solution

Mass of a bl&&quRU 10kg
Acceleration = g = 2ms”
Force = F =7

By Newton's second law of motion,
Putting the values,

Example 3.2

F =10kgx2ms™

@@ace with an

F=ma

20kgms® = 20N

A force of 7500 N is applied to move a truck of mass 3000 kg. Find the
acceleration produced in the truck. How long will it take to accelerate the truck

from36kmh™ to 72 km h™ speed?

Solution
Mass of truck @
Force appli °F" = 7500N
Acceleration =aq =7
Initial speed =y = 36kmh’
2 36 x 1000 m
60 x 60s
Final speed . = v, =72kmh™
Time Eatl= 7

By Newton'’s second law,

F

20ms =f0ms.

oy 5)

=10ms”

_72x1000m

=20ms”

60 x 60s

ma

Putting the values, t =

25ms”

=4




3.7 Mechanical and E'le'ctro-nic-_fBalanc"eS'

Balance scales are commonly used to co @@mbjects or to
weigh objects by balancing them v@tW

s

: A mechani a alz ﬁ
rigid hgrj am that oscillates on a
central e edge as a fulcrum. It has two

end knife edges equidistant from the centre. <
Two pans are hung from bearings on the end
knife edges (Fig.3.16). The material to be
weighed is put in one pan. Standard weights
aré put on the other pan. The deflection of
the balance may be indicated by a pointer
attaches to the beam. The weights on the
Pan are adjusted to bring the beam in
equilibrium.

There is another type of mechanical
balances which are used to weigh heavy

items like flour bags, cement_bags, “
bars, etc. These are_called @

platform balances ndard
weights are not Au le-USe this balance.
Its reasowﬁm ulcrum of the beam of
such a batance is kept very near to its one
end. Therefore, much smaller weights have
to be put at the other end of beam to bring it
to equilibrium. These smaller weights have

already been calibrated to the standard
weights.

: i SIS e e S R 3 et
i JLEr: L L S e SR

No standard weights are required to
use in an electronic balance (Fig.3.18). Only
it has to be connected to a power supply.
There are some models which can operate
by using dry cell batteries. An electro
balance is more precise than
balance. When an obj

mass is displaye ' MW—a—days,
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electronic balances also display the total price of the matenal if the ra \\ kg is

fed to the balance @ ®W

A force meter is ii& ment that measures
force. It is aw ewton meter or a spring balance
(Fig.3.19). Now-a-days digital force meters are also available.

You have already learnt about mechanical and electronic
balances. They measure mass of the objects in kilograms or its
multiples. On the other hand, force meter measures force
directly in newtons (N).

An ordinary force meter has a spring inside it. Upper
end of the spring is attached to a handle. A hook is attached to
the lower end the spring that holds the object. A pointer is also
attached to the spring at its upper end. A scale in newtons is
orovided along the spring such that the pointer coincides with

zero of the scale when nothing is hung W|th W
The object to be we h@m

with the hook. The masﬂ G Al

causes the W press. The

pointer indi¢ates the weight of the

object. However, some force meters are

also based on the stretching of the

spring when a load is hung. In this case,

the pointer is attached at the lower end S 10U Bhow®

of the spring. ‘ f o
In some spring balances, the

scale measures the mass which can be

readily converted into newtons by Q The weight

multiplying the mass in kg with the value 5 eting

of g =10ms™.
A digital force meter meas resD

directly the weight of 4
newtons (Flg 3.20).
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When a cricket ball is hit by the bat, it moves on the ground with a
reasonably large velocity. According to Newton's flrst aw of motion, it should
continue to move with constant velocity. B @)@e observe that it
eventually stops after covering s . any force act on the ball in

opposite direction t I 2Yes, it is the force of friction between the
t ses the motion of the ball.

ball and tg&wo

Friction is a dissipative force due to which the energy is wasted in doing
work to overcome against friction. The lost energy appears in the form of heat.

A very common example of energy dissipation is
the rubbing of hands (Fig.3.21). When we rub our hands,
heat is produced due to friction and our hands become
warm. Similarly, the temperature of machines rises due
to friction between its moving parts that can cause many
problems. The tyres of vehlcles also w &)
becoming too hot due to fri es and

Fig. 3.21 Rubbing hands

road. @

seen in the sky at night also happen due to friction of air.
These are’actually asteroids that enter the Earth's atmosphere. As they are
moving, air resistance causes generation of heat. Their temperature becomes so
high that they start burning and ultimately disintegrate.
Do You Know?

On a wet road, the water does not form
wet layer between the tyre surface and the road
surface due to the spaces in the tread pattern on
the tyre. This reduces the chances of skidding of
vechicles on wet roads.

n two solid surfaces is called sliding friction which can |
be divided/into two categories. |
1. Static friction 2. Kinetic friction




Static Friction
Let us consider ‘rB

on a horizontal surface t IS
shown in F| weight is put in
the pan, a =T equal to the sum of this
weight and welght of the pan acts on the
block. This force tends to pull the block. At
the same time an opposing force appears
that does not let the block move. This
opposing force is the static friction F..

Kinetic Friction

If we go on adding more weights in
the pan one by one in small steps, a stage will
come when the block starts sliding on the

When a shuttle re-
g
LT

When an object falls freely, it is accelerated by an amount g = 10 m s, But
oractically the acceleration may be different. Air resistance plays an important
role in determining how fast an object accelerates when it falls.

If we drop a cricket ball and a piece of Styrofoam of the same weight from
a certain height, they will hit the ground at the same time only if there were no air

norizontal surface. This is the limit of static frlctlon that is equal total
weights including pan. When the block is sliding, fri own as
kinetic friction. ﬂﬂ 2 (\Y\

kéka\}ﬂ}\ S atmosphere the friction caused by the
e surface temperature of the shuttle to over 950°C.

resistance. Both would fall with the same acceleration
g =10 m s™. Practically, the ball in air, would drop faster.
The Styrofoam having larger surface would face greater
opposing force of the air and thus moves slowly.
Experiments have been made in this respect and
t was found that the faster an object faII
resistance will be exerted on it. A spe
zt which the upward f0(§ |

downward force of ‘ I‘ : :
‘“b_ject st t keeps fallmg at a constant A paratrooper fallmg with -
67 terminal velocity




velocity. This constant velocity achieved by an object is called its terminal
velocity. Even a heavy object like a meteorite does not gain an infinite velocity as
it falls to the Earth.

This principle applies to Ba@m@% e acting against the
e

Iargelsurface area oé aj pa?raa/g\lﬂ'gpzﬂ at a safer velocity (Fig.3.23).
AU O W Po You Know? ;
AR .

FW% joints is very low because
0 odies contain a natural lubricating

system. Consequently, though our bones Bones");%—— Lubricating

rub against each other at the points as we Fluid
move, yet bones do not normally wear out,
even after many years of use. Knee joint

Rolling Friction

The static and kinetic friction which we have studied so far is the sliding
friction. There is another type of friction which is called rolling friction. When an
object rolls over a surface, the friction produced is called rolli

r{%@iction. The idea

associated with the Practgal
concept of wheel. In our -‘, )
everyday life, we Ghsé ahon
that a bod [ ;
faces riction as Wheel has the tendency to slide
compared to a body of the against the surface and does
same size without wheels, Produceafrictional force.

Ball bearings also play the same role as is played by the wheels. Many machines
in industry are designed with ball bearings so that the moving parts roll on the
ball bearing and friction is greatly reduced. The rolling friction is about one
hundred times smaller than the sliding friction.
The reason for the rm

rolling friction to be less A hovercraft is a kind of ship L A
than the sliding frictionis 2t can move over thi
that there is no relative gyrface of water and ground [ 008
motion between the poth. Air is ejectedi—y ’ J@ 1
wheel and the surface . arf .2
over which it rolls. The
wheel touches <
surface only awi

: o

does no

offers very small resistance.




(i)

(iii)

3.9 Momentum and Impulse

Y

, : rehlghlypohshed
Since, the fr {itluids s less than that of solid
surf re, oil or grease is applied between
the moving parts of the machinery. 2
As rolling friction is much less than the sliding ==

friction, so sliding friction is converted into rolling Fig. 3.24
friction by the use of ball bearings (Fig. 3.24) in the machines and wheels
under the heavy objects. '

Frictional force does not act only among solids, high speed vehicles,
aeroplanes and ships also face friction
while moving through air or water. |f the ST
front of a vehicle is flat, it faces more =

r""

streamlined to minimize air or water BE<AS3 :am‘v,m Vg " :
friction. in this case the @‘K\ treamhne air flow over

smoothly over t a speedy car

vehicle. Thi 2 alr is known as streamline flow. A streamline
flo is shown in Fig. 3.25. The vehicles designed pointed from
the front are said to be streamlined.

Suppose that a bicycle rider and a heavy truck are moving with the same

<peed, which one can be stopped easily, depends on the quantity of motion of
‘he moving body. It is our common observation that quantity of motion in a
moving body depends on its mass and velocity. Greater is the mass, the greater
will be the quantity of motion. Similarly, greater is the velocity, the greater will be
quantity of motion. This quantity of motion is called momentum and denoted by
0. Itis defined as:

The momentum of a moving body is the product of |ts mass and velocity.

Therefore, P m .....
Like velocity momentum is alsoma@“ unt momentum is

kgms).ltcanalso bw




When a ball is hit by a bat, the force is exerted on the ball for a very short
interval of time. In such cases, it is very difficult to calculate the exact magnitude

of the force. However, initial velocity v. of the ball and @@@@Dcity v, after
collision can be found easily. %30

. T Q : B
During a time interval A%m tionais given by
7
6% At

(3.3)

r— Vi
At

According to Newton's second law of motion, the value of average force
acting during the interval A t will be:

F=—ma= m(é\i)
At

or Fx At = m(av) = m (v,—v) (3.4)

Equation (3.4) shows that F and A t cannot be exactly known but their
product which is equal to the change of momentum (mv, — mv) can be
calculated. For such cases, the product F x A tis called as Impulse of the force.

i -~ é@@me impulse

entum of the object.

When a Ilarge force F acts on an object for a sho

of the force is defined as é@ﬂ
\ We

Dividing both sides o ave
(0]

................ (3.5)

where m(Av) is the change in momentum Ap. Equation (3.5) gives the value of
force in terms of momentum i.e,, force acting on an object is equal to the change
in momentum of the object per unit time.

praall e (3.6)
At

Equation (3.6) suggests to define Newton's second law of motion in terms of
momentumi.e., '

The rate of change of momentum of a

| body is equal to the force act. @@@
O
The direction of change in mom % ce.
s
WN[\\U o“ i 3
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Do you know?

A cricketer draws his /e
hands back to {

reduce the impact
of the ball by

increasing .N-\'

Fragile objects such as glassware may break easily due to
jerks or by the direct impact with hard objects during
their transportation. -~
To protect them soft, packing materials are used for§

these objects. These materials reduce the effect of quick :
change in momentum. Consequently, the force acting on the fragile objects
is greatly reduced. Special materials like Styrofoam, corrugated cardboard
sheets, bubble wrap are used for the packing of such objects.

Crumplé Zones

feature designed npress. s
during a a -
deformation energy from the

impact. Typically, crumple :
zones are located in front and -V
behind of the main body of '
the vehicle.

Crumple zones work by managing crash energy absorbing within the outer
parts of the vehicle, rather than being directly transmitted to the occupants.
This is achieved by controlied weakling of outer parts (plastic bumpers, etc.)
of tha vehicle, while strengthening of the passenger cabin.

Example 3.3

A bullet of mass 15 g is fired by a gun. If the velocity of the btw@ ms”,
what is its momentum? O @@ j o

Solution

o \
Mass of bullet = =0.015kg
O




Velocityofbullet = v = 150ms"
Momentum = p = ?
Usingtheformula, p = mv

Putting the value, p = 0.015kg x 150 ms’”’

mple 5.4
A crlcket b I@h g is hit by a bat. The ball leaves the bat with a
velocaty he ball strikes the bat with a velocity of -28 m s™ (opposite
direction) before hitting, find the average force exerted on the ball by the bat.
The ball remains in contact with the bat for4 x 10~ s,

Solution
Mass of ball m =160g =0.16kg
Initial velocity v, =-28ms’"
Final velocity Vv, = 52ms’’
Time of contact t=4x103s
Average force F=?

From Eq. (3.6), we have ﬁg@ @
m(Vf i& Eg @Qﬁx@
Putting tw _g_[52 ms” — (-28ms™)]

X107 %

or F = 3200 N

The collect:on of objects is known as a ‘system’. If no L
external force acts on any object of the system, it is 0
known as isolated system. Consider a system of two ™
balls of masses m; and m.. Suppose that the balls

are moving with velocities v,and v, along a straight
line in the same direction. If vV, > v,, the balls m@ @©
collide as shown in Fig. 3.26. If their A

become v, , and v, respecti
- Totalmomentum of the's stern\before collision = MVi + MV>  Fig. 3.26

Totalmonwww'?esystem aftercollision = m;v, + myy,

The principle of conservation of momentum states that:

7




If no external force acts on an isolated system, the final total momentum
of the system is equal to the initial total momentum of the system.

This means that:

Total momentum of the n'g f the
system before collisi @ er collision
or mv, + m m1V1 + m2V2

To explain thi us consider the collision of two identical balls

inwhich the second'ball is at rest. = _
When there is collision of two balls, there is @/ va=0

a transfer of momentum from one ball to another. B A

The ball at rest gains momentum and starts .

moving whereas the striking ball slows down. If s
the balls are identical, we will observe that there is 0 iR

a total transfer of momentum. The striking ball g3t

comes to rest and the other ball starts moving with the same sp s \(Fig.3.27). It
means that second ball gains momentur&e mt one. If the
first ball stops after colllsmn es with the momentum of the
first ball. This suggests momentum of the two balls after collision
remains the same M{Jmentum before collision.

The principle of conservation [ Seatbelts . _

of momentum is applicable When a moving carswpssuddenly,
not only to macro-objects | the _passengers move forward l\
but also for micro-objects toward the windshield. Seatbelts g

_ _.prevent the passengers from
like atoms and molecules.

‘moving. T fﬁs'*:chanoes ofhlttang the
passengers against the windshield
. ' ﬂr_staaanngwheeiare reduced T
Example 3.5 ' -
mpie . ©m
A bullet of mass m, is flred b he velocity of the
gun in terms of velocity of b

Solution WW

Before firing, the velocity of bullet as well as that of gun was zero.
Therefore, total momentum of bullet and gun was also zero. After firing, the

oullet moves forward with velocity v; whereas the gun moves with velocity v..
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According to law of conservation of momentum,
Total momentum before firing = Totalmomentum afterfiring

Putting the values, “ @ @ @@ya@

ThM sign in this equation, |nd|cates that the gun moves

backward, i.e. opposite to the bullet. It is because of the backward motion of the
gun that the shooter gets a jerk on his shoulder.

Example 3.6
A ball of mass 3 kg moving with a velocity of 5 ms™ collides with a
stationary ball of mass 2 kg and then both of them move together. If the friction is
negligible, find out the velocity with which both the balls will move after collision.

Solution fc® o
Mass of first ball @]@
Velocity offirst ball befg ﬁ@@ ms
Mass of second ball =m, 2 kg
Velocity oWVbefere collision =v,=
Velocity of both the balls after collision =v= ?
Total mass of balls after collision =m,+m,

By law of conversion of momentum,
Total momentum before collision = Total momentum after collision
or mvi+m,v, = (m+m,v
Putting the values,
| 3kgx5ms'+0 = (3kg+2kg)v
15kgms™ = 5kgxv
v =3ms"

D C
e
grors .




KEY POINTS

« Aforceis a push or a pull that starts, stops and changes the magni udﬁé@@@tion
of velocity of a body.

« Acontactforceis aforce that acts at the\pe

« Non-contact force is a forceheat

« Gravitational force, _
forceareth eon'gal forces in nature.

« Every object in the universe attracts every other object with a force that is directly
proportional to the product of their masses and inversely proportional to the square
of the distance between them. This is known as Newton's law of gravitation.

- Newton's first law of motion states that a body continues its state of rest or of uniform
motion with the same constant velocity, unless acted upon by some net external
force.

+ The property of a body to maintain its state of rest or of uniform motion is called
inertia.

« The second law of motion states that when a net force acts upon a body, it produces
an acceleration in the direction of force and the magnitude of acceleration is directly

proportional to the force and is inversely proportional to the m @“@

» The third law of motion states that to eveyy 2 @@Wut opposite
reaction. ‘é _

» Action and reactiondo no k«m hebody but act on two different bodies.

« Mass of a body i n\. -‘ ity of matter in it. It determines the magnitude of

scalar quantity and its unit s kilogram (kg).

+ The weight of an object is equal to the force with which the Earth attracts a body
towards its centre. '

« Force meteris a scientific instrument that measures force in newtons (N).

» Frictionis the force that tends to prevent the bodies from sliding over each other.

« The resisting force between the two surfaces before the motion starts is called the
static friction. The maximum value of the static friction is called limiting friction.

+ The friction during motion is called kinetic friction.

» When a body moves with the help of wheels, the friction in this case is known as
rolling friction. Rolling friction is much less as compared to the sliding friction.

- Energyis wasted in doing work against friction that appears in the form of m
«  When upward air resistance balances the dognwar alling

O
gen two objects.
in physical contact.

object, it falls down with constant (safe)v

inal velocity.
called momentum.
um states that if no external force acts on an

+ The product of mass and vej
ti
total momentum of the system is equal to the initial total

« The principle of conse
isolated SYWM
momentum e system.

Impulse is defined as the product of F x At = m x Av = total change in momentum.
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3L

A Multiple Choice Questions

Tick (v') the correct answr. | @%@o@@l)m

(a) inertia slule ‘ prmomentum (d) reaction
€ its motion with constant acceleration until:

3.2. Anobje ‘ |
Mﬁtant force on it begins to decrease,
b) the resultant force on it is zero.

3.3.

3.4.

3.5,

3.6.

3.7,

3.8.

3.9.

() the resultant force on it begins to increase.

(d) the resultant force is at right angle to its tangential velocity.

Which of the following is a non-contact force?

(a) Friction (b) Air resistance

(c) Electrostatic force (d) Tension inthe string

A ball with initial momentum p hits a solid wall and bounces back with the
same velocity. Its momentum pafter collision will be:

@p'=p (b} =-p (©p'=2p ORNDR =-2p
A particle of mass m moving with i ik with another particle
of the same mass atr éém first particle after collision is:
(a)v Cim (d)-1/2
Cons €armomentum is equivalent to:

on'sfirstlaw of motion  (b) Newton's second law of motion
(c) Newton's third law of motion (d) None of these
An object with a mass of 5 kg moves at constant velocity of 10 ms™. A
constant force then acts for 5 seconds on the object and gives it a velocity
of 2ms™ in the opposite direction. The force acting on the object is:
(@)5N (b)-10N (©-12N (d)-15N
A large force acts on an object for a very short interval of time. In this case,
itis easy to determine: :
(a) magnitude of force (b) time interval
(c) product of force and time (d) none of these

A lubricant is usually introd%ced W@ aces to decrease

friction. The lubricant:, O
(a) decrease (b) acts as ball bearings

W tact of the surfaces (d) provides rolling friction
o
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B ' Short Answer Questions

3.1. Whatkind of changes in motion may be produced by a forcﬁ?@

3.2. Give 5 examples of contact forces. Y@o@@

3.3. An object moves witg onsta ag {\}Sj@ space. How long will the
object continue to mo \m S5 '

3.4. Define ‘\i\"if\a‘] e,

3.5. Why has not Newton's first law been proved on the Earth?

3.6. When sitting in a car which suddenly accelerates from rest, you are pushed
back into the seat, why? -

3.7. Theforce expressed in Newton's second lawis a net force. Why isitso?

3.8. How can you show that rolling frictionis lesser than the sliding friction?

3.9. Define terminal velocity of an object.

3.10. An astronaut walking in space wants to return to his spaceship by firing a
hand rocket. In what direction does he fire the rocket? |

@‘mﬁn\

2™
sush off against each other on a

3.1 Two ice skaters weig K‘a
frictionlessicetr ﬁlﬁ kater gains a velocity of4 m s'. Considering

o 5 . .
all the re Alculations involved, explain how Newton's third law .

applies to this situation.

3.2 Inflatable airbags are installed in the vehicles as safety equipment. In terms
of momentum, what is the advantage of airbags over seatbelts?

3.3 A horse refuses to pull a cart. The horse argues, “according to Newton's
third law, whatever force | exert on the cart, the cart will exert an equal and
opposite force on me. Since the net force will be zero, therefore, | have no
chance of accelerating (pulling) the cart.” What is wrong with this
reasoning?

3.4. When a cricket ball hits high, a fielder tries to i?%t@@@olding the ball
o

'C “Constructed Response Questions

he/she draws hands backward. Wh)
3.5. When someone ju w‘ .ﬁ\\i all-boa
jumper often falki ‘,u“ ater? Explain.
3.6. Imaginet iction vanishes suddenly from everything, then what could
be the scenario of daily life activities?

nto the river bank, why does the




D Comprehensive Questions i

3.1. Explainthe concept of force by practical examp % 0@9‘@

3.2. Describe Newton's laws " “

3.3. Define momen%@@ on's 2nd law of motion in terms of

‘changeinm |
3.4. StaMﬁl the principle of conservation of momentum.
3.5. Describe the motion of a block on a table taking into account the friction

between the two surfaces. What is the static friction and kinetic friction?
3.6. Explain the effect of friction on the motion of vehicles in context of tyre
surface and braking force.

E Numerical Problems

3.1. A10kgblockis placed on a smooth horizontal surface. A horizontal force of

5Nisapplied to the block. Find:
(a) the acceleration produced in the block.
(b) the velocity of block after 5 sec C@m ms™)

3.2. The mass of a person is 8 s ght on the Earth? What
will be his weight; o the afue of acceleration due to gravity of
Moonis 1.6 ﬂ (BOON, 128 N)

3.3. Wh Isrequired to increase the velocity of 800 kg car from 10ms™ to

30m's™ in 10 seconds? , (1600 N)
3.4. A5gbulletisfired by a gun. The bullet moves with a velocity of 300 m s™. If

the mass of the gun is 10 kg, find the recoil speed ofthe gun. (~0.15m $Y 5

3.5. Anastronaut weighs 70 kg. He throws a wrench of mass 300 g at a speed of
3.5ms™". Determine:
(a) the speed of astronaut as he recoils away from the wrench.
(b) the distance covered by the astronaut in 30 minutes. .
: -1.5x10%ms™, 27 m)
3.6. A6.5x 10° kg bogie of a goods train is moving with a velocity of 0.8 m s™,
Another bogie of mass 9.2x10” kg coming from behind with a velocity of
1.2 m s™ collides with the first one and coupl i @Eﬁe common
\“‘\ 4 (1.03ms™)
ass 5 kg. He starts from rest and
nds. Then he continues at a constant speed
5. Calculate the total distance travelled by the cyclist.
(144 m)

velocity of the two bogies afterthey k
3.7. Acyclist weighing kg Fi b

appliesaforceo

foran o)
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3.8. Aballofmass0.4kg is_dropped on the floorfrom a hetght of 1.8m.The L
rebounds straight upward to a henght of 0.8 m. mtude and
direction of the impulse applledd

(4 N s, upwarr
3.9. Two balls of mass g are mowng towards each other w
velocm m s respectlvely After collision, the velocity

0.2 kg | becomes 6 ms . What will be the velocity of 0.4 kg ball?
@ms)



