Dynamics

STUDENT'S LEARNING OUTCOMES

After studying this unit, the students will be able to:

s

define momentum, force, inertia, friction and
centripetal force.

solve problems using the equation
Force = change in momentum / change in time.

explain the concept of force by practical
exarmples of daily life.

state Mewton's laws of motion.

distinguish between mass and weight and solve
problems using F= ma, and w= mg.

calculate tension and acceleration in a string
during motion of bodies connected by the string
and passing over frictionless pulley using
second lawof motion.

gtate the law of conversation of momentum.

use the principle of conservation of momentum in
the collision of two objects.

determine the velocity after collision of two
objects using the law of conservation of
momentum.

explain the effect of friction on the motion of a
vehicle in the context of tyre surface, road
conditions including skidding, braking force.

demonstrate that rolling friction is much lesser
than sliding friction.

list warious methods to reduce friction.

Unit 3

This unit is built on
Force and Motion
- Sclance- Y

This unit is leads to:
Motion and Force
- Physics-XI

Physics IX 58 Unit 3: Dynamics
explain that motion in a curved path is due to a
Major Concepts perpendicular force on a body that changes

3.1 Momentum

3.2 Newton's laws of
motion

3.3 Friction

3.4 Uniform circular
motion

directionof motion butnot speed.
calculate centripetal force ona body moving ina
circle using mv* .
state what will happen to you while you are
sitting inside a bus when the bus

(i) starts moving suddenly

(i} stops moving suddenly

(iii) turns a cormer to the left suddenly
write a story about what may happen to you
when you dream that all frictions suddenly
disappeared. Why did your dream turn into a
nightmare?

INVESTIGATION SKILLS
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» explain that motion in a curved path is due to a
Major Concepts perpendicular force on a bedy that changes
3.1 Momentum direction of motion butnot speed.
3.9 MNewton's laws of » calculate centripetal force ona body moving ina
motion circle using mv’ fr.
9.3 Friction » state what will happen to you while you are
. ) sitting inside a bus when the bus
3.4 Uniform circular
motion (i) starts moving suddenly

(i) stops moving suddenly
(i) turns acorner to the left suddenly

» write a story about what may happen to you
when you dream that all frictions suddenly
disappeared. Why did your dream turn into a
nightmare?

INVESTIGATION SKILLS

The students will be ableto:

» identify the relationship between load and
friction by sliding a trolley carrying different
loads with the help of a spring balance on
different surfaces.

SCIENCE, TECHNOLOGY AND SOCIETY
CONNECTION
The students will be ableto:

» identify the principle of dynamics with reference
to the motion of human beings, objects, and
vehicles (e.g. analyse the throwing of a ball,
swimming, boating and rocket motion).

» identify the safety devices (such as packaging
of fragile objects, the action of crumple zones
and seatbelts) utilized to reduce the effects of
changing momentum.

» describe advantages and disadvantages of

’ friction in real - world situations, as well as

Figure 3.1: The fecd vender methods used to increase or reduce friction in

on move these situations (e.g. advantages of friction
onthe surface of car tyres (tyre tread), cycling
parachute, knots in string; disadvantages of
friction, and methods for reducing friction
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between moving parts of industrial machines and

on wheels spinning on axles).

» identify the use of centripetal force in (i) safe
driving by banking roads (i) washing machine
dryer (iiijcream separator.

In kinematics, we have studied the changes in
motion only. Our understanding about the changes in
motion is of little value without knowing its causes. The
branch of mechanics that deals with the study of motion
of an object and the cause of its motion is called

dynamics. In this unit, we shall study momentum and
investigate what causes achange inthe motionof a body |
and what rolethe massof a body plays inits motion. This ;L?;::nfj:j;ﬂ: :;ri? ?: inte

inquiry leads us to the concept of force. We shall also  Pushed by the batsman.

study the laws of motion and theirapplications.

3.1 FORCE, INERTIAAND MOMENTUM
Newton's laws of motion are of fundamental
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between moving parts of industrial machines and
on wheels spinning on axles).

» identify the use of centripetal force in (i) safe
driving by banking roads (il) washing machine
dryer (liiycream separator,

In kinematics, we have studied the changes in
motion only. Our understanding about the changes in
motion is of little value without knowing its causes. The
branch of mechanics that deals with the study of motion
of an object and the cause of itls motion is called
dynamies. In this unit, we shall study momentum and
investigate what causes achange inthe metion of a body
and what rolethe massof a body plays inits motion. This
inquiry leads us to the concept of force. We shall also
study the laws of motion and their applications.

31 FORCE, INERTIAAND MOMENTUM

Newton's laws of motien are of fundamental
importance in understanding the causes of mation of a
body. Before we discuss these laws, it is appropriate to
understand various terms such as force, inertia and
mamentum.

FORCE

We can open a door either by pushing or pulling it
Figure 3.1 shows a man pushing a cart. The push may
move the cart or change the direction of its motion ormay
gop the moving cart. A batsman in figure 3.2 is changing
the direction of amoving ball by pushing it with his bat.

Aforce may not always cause a body to move,
Look at the picture shown in figure 3.3. Aboyis pushing a
walland isthus trying to move it. Could he move the wall?
A Goalkeeper needs a force to stop a ball coming to him
as showninfigure 3.4. Thus, we understand that
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Figure 3.2: Ball is Wrned inlo
differant direction as it is
pushad by the batsman,

Figure 3.3: A boy is pushing
the wall,

Figure 3.4: Goalkaapar is
slopping the ball.

Unit 3: Dynamics

A force moves or tends to move, stops or tends to stop
the motion of a body. The force can also change the
direction of motion of a body.

What happens when you press a balloon?

You can cut an apple with a knife by pushing its
sharp edge into the apple. Thus a force can also change
the shape orsize of a body on which itacts.

INERTIA

Galileo observed that it is easy to move or to stop
light objects than heavier ones. Heavier objects are
difficult to move or if moving then difficult to stop, Newton
concluded that everybody resists to the change in its
state of rest or of uniform motion in a straight line. He
called this property of matter as inertia. He related the
inertia of a body with its mass; greater is the mass of a
body greateris its inaertia.

Inertia of a body is its property due to which it resists ‘
any chanage in its state of restor motion.
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Figure 3.5. The coin fails
o the glass as the card

flicks away.

2

Figure 3.6 Coins stacked ower

Aforce moves or tends to move, stops or tends to stop
the motion of a body. The force can also change the
direction of motion of a body.

What happens when you press a balloon?

You can cut an apple with a knife by pushing its
sharp edge into the apple. Thus a force can also change
the shape orsize ofa body on which itacts.

INERTIA

Galileo observed thatit is easy to move or to stop
light objects than heavier ones. Heavier objects are
difficult to mowve or if moving then difficult to stop. Newton
concluded that everybody resists to the change in its
state of rest or of uniform metion in a straight line. He
called this property of matter as inertia. He related the
inertia of a body with its mass; greater is the mass of a
bodygreateris its inertia.

Inertia of a body is its property due to which it resists
any change in its state of restor motion.

Let us perform an experiment to understand inertia.

EXPERIMENT 3.1

Take a glass and cover it with a piece of cardboard.
Place acoinon the cardboard as shown infigure 3.5. Now
flickthe card horizontally with a jerk of your finger.

Does the coin move with the cardboard?

The coin does not move with the cardboard due to
inertia.

Where does the coin go as the cardboard flies away?

Consider another example of inertia. Cut a strip of
paper. Place it on the table. Stack a few coins at its one
end as shown in figure 3.6. Pull out the paper strip under
the coins with a jerk.

Do you succeed in pulling out the paper strip under

the stacked coins withoutletting them tofall?
Why dothe coins remain stacked on pulling out the paper

mmain undisturbed on pulling.  strip quickly under the stack?

the paper strip quickly
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MOMENTUM

A bullet has a very small inertia due to its small
mass. Butwhy does its impact is so strongwhenitis fired

fromthegun?

On the other hand, the impact of a loaded truck
on a body coming its way is very large even if the truck is
moving slowly. To explain such situation, we define a
new physical quantity called momentum.

Momentum of a body is the quantity of motion it
possesses dueto its mass and velocity.

The momenturn P of a body is given by the
product of its mass m and velocity v. Thus

P=mv

(3.1)

Momentum is a vector gquantity. Its Sl unit is

kgms ™.

3.2 NEWTON'S LAWS OF MOTION

Mewtnn was the first to formulate the laws of
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MOMENTUM

A bullet has a very small inertia due to its small
mass. But why does its impact is so strongwhenitis fired

fromthegun?

On the other hand, the impact of a loaded truck
on a body coming its way is very large even if the truck is
moving slowly. To explain such situation, we define a
new physical quantity called momentum.

Momentum of a body is the quantity of motion it
possesses due to its mass and velocity.

The momentum P of a body is given by the
product of its mass m and velocity v. Thus

P=mv

(3.1)

Momentum is a vector quantity. Its SI unit is

1

kgms ™.

3.2 NEWTON'S LAWS OF MOTION

Newton was the first to formulate the laws of
motion known as Newton's laws of motion.
NEWTON'S FIRST LAW OF MOTION

First law of motion deals with bodies which are
either at rest or moving with uniform speed in a straight
line. According to Newton's first law of motion, a body at

restremains at rest provided no netforce acts on it. This

part of the law is true as we observe that objects do not Nat forca is the resultant of

all the forces acting on a

move by themselves unless someone moves them. For bady

example. a book lying on a table remains at rest as long

as no net force acts on it.

Similarly, a moving object does not stop moving by
itself. A ball rolled on a rough ground stops earlier than
that rolled on a smooth ground. It is because rough
surfaces offer greater friction. If there would be no force
to oppose the motion of a body then the moving body
would never stop. Thus Newton's first law of motion

statesthat:

A body continues its state of rest or of uniform
motion in a straight line provided no net force acts

onit.
Physics I1X 60 Unit 3: Dynamics
Since Newton's first law of motion deals with the
DO YOU KNOW? inertial property of matter, therefore, Newton's first law of
e motion is also known as lawof inertia.

When a bus takes a sharp tum,
passengers fall in the outward
direction. It is due to inerlia that
ey want to continue their motion
in a siraight Sine and thus fan
outwands.

We have observed that the passengers standing
in a bus fall forward when its driver applies brakes
suddenly. It is because the upper parts of their bodies
tend to continue their motion, while lower parts of their
hodies in contact with the hus stopwith it Hence, thay fall
forward.

NEWTON'S SECOND LAW OF MOTION

Newton's second law of motion deals with
situations when a net force is acting on a body. It states
that:

When a net force acts on a body, it produces
acceleration in the body in the direction of the net
force. The magnitude of this acceleration is
directlv proportional to the net force actina on the
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to oppose the motion of a body then the moving body
would never stop. Thus Newton's first law of motion

statesthat:

onit.

A body continues its state of rest or of uniform
motion in a straight line provided no net force acts
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DO YOU KNOW?

—~

When a bus takes a sharp tum,
passengers fall in the outward
direction. It is due to inertia that
ey want to continue their motion
in & straight line and thus fall
outwands,

Since Mewton's first law of motion deals with the
inertial property of matter, therefore, Newton's first law of
motion is also known as law of inertia.

We have observed that the passengers standing
in a bus fall forward when its driver applies brakes
suddenly. It is because the upper parts of their bodies
tend to continue their motion, while lower parts of their
hodies in contact with the hus stopwith it Hence, thay fall
forward.

NEWTON'S SECOND LAW OF MOTION
Mewton's second law of motion deals with

situations when a net force is acting on a body. It states
that:

When a net force acts on a body, it produces
acceleration in the body in the direction of the net
force. The magnitude of this acceleration is
directly proportional to the net force acting on the

body and inversely proportional to its mass.

If a force produces an acceleration a in a body of
mass m, thenwe can state mathematically that

a o« F

1

and a =
or - £
m
or F e ma

Putting kas proportionality constant, we get

F = kma (3.2)

In Sl units, the value of k comes out to be 1. Thus
Eq. 3.2 becomes
F =

ma ... (3.3)

Sl unit of force is newton (N). According to Newton's
second lawof motion:

One newton (1 N) is the force that produces an
acceleration of 1 ms™ in a body of mass of 1 kg.

Thus, a force of one newton can be expressed as
-2
1IN = 1kgx1ms

or 1IN = 1kg ms~ (3.4)
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EXAMPLE 3.1

Find the acceleration that is produced by a

20N forcein amass of Bkg.

SOLUTION
Here m = Bkg
F = 20N
a =7
using the formula F= ma
20N =8kaxa



N =1kgxims™

or 1IN = 1kgms_2

D I

(3.4)
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EXAMPLE 3.1

Find the acceleration that is produced by a
20N force in amass of Bkg.

SOLUTION
Here m = Bkg
F = 20N
a =7

using the formula F= ma
20N =Bkg=xa

20N
ar d = Bkg
kgms™
a =25 L L
kg
= 25ms”

Thus acceleration produced by the force is 2.5 ms® .

EXAMPLE 3.2

A force acting on a body of mass 5 kg produces
an acceleration of 10 ms™ What acceleration the same
force will produce inabody ofmass Bkg?

SOLUTION
Here my = 5kg
mz = 8kg
a=10ms™
8:=17

Applying Newton's second law of motion, we get
F=rma;
F=mza:
Comparing the equations, we get
May = Madz
{5kg) (10ms™)= (8kg) a:

or a =6.25ms
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Hence, the acceleration produced is 6.25 ms™®.

EXAMPLE 3.3

Acyclist of mass 40 kg exerts a force of 200 N to move
his bicycle with an acceleration of 3 ms*. Howmuch is the force

offrictionbetween the road and the tyres?

SOLUTION
Here m = 40 kg
a=3ms’
F, = 200N

Net Force F =7
Force of frictionf = ?

AsnetForce F = ma

1l O
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Figure 3.7: Spring balance is
used 1o maeasure the force or
waight of a body.

Hence, the acceleration produced is 6.25 ms™.

EXAMPLE 3.3

Acyclist of mass 40 kg exerts a force of 200 N to move
his bicycle with an acceleration of 3 ms?*. Howmuch is the force
offrictionbetween the road and the tyres?

SOLUTION
Here m = 40 kg
a=3ams”
F; = 200N

Net Force F =7

Force of frictionf = 7

Asnet Force F = ma
= 40kgx3ms "
= 120N

Net force = Applied Force - Force of friction
120N = 200N —f
Hence I =80N

Thus, the force of friction between the road and the
tyresis BON.

MASS ANDWEIGHT

Generally, mass and weight are considered similar
quantities, but it is not correct. They are two different
quantities. Mass of a body is the quantity of matter
possessed by the body. Itis ascalar quantity and does not
change with change of place. It is measured by
comparison with standard masses using a beam
balance.

On the other hand, weight of a body is the force
equal to the force with which Earth attracts it. It varies
depending upon the value of g, acceleration due to
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gravity. Weight woi a body of mass m is related by the

cquation
w = mg

(3.5)

Weight is a force and thus it is a vector quantity.
Its SI unit is newton (N); the same as force. Weight is

measured by a spring balance.
NEWTON'S THIRD LAW OF MOTION

Mewton's third law of motion deals with the

reaction of a body when a force acts on it. Let a body
Aexerts a force on another body B, the body B reacts
against thisforce and exerts aforce on body A. Theforce
exerted by body A on B is the action force whereas the
force exerted by body B on Ais called the reaction force.
Newton's third law of motion states that:
‘ To every action there is always an equal but |
opposite reaction.
According to this law, action is always

1l O

Figure 3.8: Action of the book
and reaction on it.
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gravity. Weight woi a body of mass m is related by the
cquation
W= Mg e (3.5)
Weight is a force and thus it is a vector quantity.
Its SI unit is newten (N); the same as force. Weight is
measured bya spring balance.

NEWTON'S THIRD LAW OF MOTION

Newton's third law of motion deals with the
reaction of a body when a force acts on it. Let a body
Aexerts a force on another body B, the body B reacts
against thisforce and exerts aforce on body A. Theforce
exerted by body A on B is the action force whereas the
force exerted by body B on Ais called the reaction force.
Newten'sthird law of motion statesthat:

To every action there ie alwaye an equal but
opposite reaction.

According te this law, action is always
accompanied by a reaction force and the two forces
must always be equal and opposite. Note that action and
reaction forces act on different bodies.

Consider a book lying on a table as shown in
figure 3.8. The weight of the book is acting on the table in the
downward direction. This is the action. The reaction of the
table acts on the book in the upward direction. Consider
another example. Take an airfilled ballbon as shown in
figure 3.9. When the balloon is setfree, the airinside itrushes
outand the balloon moves forward. In this example, the action
& by the balloon that pushes the air outofitwhen setfree. The
reaction of the air which escapes out from the balloon acts on
the balloon. It is due to this reaction of the escaping air that
moves theballoon forward.

Arocket such as shown in figure 3.10 mowves on
the same principle. When its fuel bums, hot gases
escape out from its tail with a very high speed. The

Figure 3.8: Action of the book
and reaction on it.

s

Fgure 3.%: Reaction of the air
pushed out of the balloon moves it.

Figure 3.10: ARocket taking off.
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reaction of these gases on the rocket causes it to move
opposite to the gases rushing out of its tail.

2. Which is action?

Cuick Quiz
Stretch out your palm and hold a book on it.
1. How much force you need to prevent the book from falling?

3. Is there any reaction? If yes, than what is ils direction?

TENSION AND ACCELERATION IN A STRING

Consider a block supported bya string. The upper
TT end of the string is fixed on a stand as shown in
figure 3.11. Let w be the weight of the block. The block

1l O
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RAgure 3.11: Weight of the block

pullls the string downwards.

mg

Figure 3.12: Bodies attached o
the ends of a string that passes
over a frictionless pulley.

reaction of these gases on the rocket causes it to move
opposite to the gases rushing out of its tail.

Quick Quiz
Stretch out your palm and hold a book on it.
1. How much force you need 1o prevent the book fram falling?
2. Which is action?

3. Is there any reaction? If yes, then what is its direction?

TENSION AND ACCELERATION IN A STRING

Consider a block supported by a string. The upper
end of the string is fixed on a stand as shown in
figure 3.11. Let w be the weight of the block. The block
pulls the string downwards by its weight. This causes a
tension Tinthestring. Thetension Tinthe stringis acting
upwards at the block. As the block is at rest, therefore, the
weight of the block acting downwards must be balanced
by the upwards tension Tin the string. Thus the tension T
inthe string must be equal and opposite tothe weight w of
the block.

VERTICAL MOTION OF TWO BODIES ATTACHED TO
THE ENDS OF A STRING THAT PASSES OVER A
FRICTIONLESS PULLEY

Considertwo bodies Aand B of masses m, and m,
respectively. Let my, is greater than m,. The bodies are
attached to the opposite ends of an inextensible string.
The string passes over a frictionless pulley as shown in
figure 3.12. The body A being heavier must be moving
downwards with some acceleration. Let this acceleration
be a. At the same time, the body B attached to the other
end of the string moves up with the same acceleration a.
As the pulley is frictionless, hence tension wil be the
same throughout the string. Let the tension in the string
beT.

Since the body A moves downwards, hence its
weight m,gis greaterthan the tension Tinthe string.

Net force acting on body A=m,g- T

Physies 1X
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According to Mewton s second law of motion;

r'l"hg—T = ma

(3.8)

As body B moves upwards, hence its weight m,g
islessthanthetension Tinthestring.

Net force acting onbody B = T-m, g

According to Newton's second law of motion;

T—mz:g = m:a (3.7)
Adding Eq. 3.6 and Eq.3.7, we get acceleration a.
a =%g e (38)
Divide Eq. 3.7 by Eq. 3.6, tofind tension Tinthe string.
T o= 2mms (3.9)
m, + im,

The above arrangement is also known as Atwood
machine. It can be used to find the acceleration gdue to

gravity using Eq 3.8,

g =

2m.+m.
1 2 a

=
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According to Mewton s second law of motion;
mg—T = ma (3.6)
As body B moves upwards, hence its weight m,g
islessthanthetension Tinthestring.

Net force acting onbody B = T-m, g

According to Newton's second law of motion;

T—m:g = mqa (3.7)
Adding Eq. 3.6 and Eq.3.7, we get acceleration a.
a :%g . (38)
Divide Eq. 3.7 by Eq. 3.6, tofind tension Tinthe string.
T o 2mm (3.9)
my +.m,

The above arrangement is also known as Atwood
machine. It can be used to find the acceleration gdue to
gravity using Eq 3.8,

o 2mtm
Ty = iy
EXAMPLE 3.4

Twomasses 5.2 kgand4.8 kg are attachedtothe
ends of an inextensible string which passes over a
frictionless pulley. Find the acceleration in the system
and the tension in the string when both the masses are
maving vertically.

SOLUTION
m; = 5.2kg
ms: =4.8kg
m =,
as a = —|—=g
m +im,

_ 5.2kg-4.8kg x 10 ms™
5.2kg+4.8kg

DO YOU KNOW?

An Atwood machine is an
arrangemant of two objacts
of unequal masses such as
shown in figure 3.12. Both
the abjects are attached to
the ends of a string. The
string passas over a

0.4ms™
_2mym,
my + m,

frictionless pullay. This
arrangement is sometime
usad to find the acceleration
due o gravity.
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R

b .
a4

Figure 3.13: Motion of masses
attached 1o a string that passes
ovar a frictionlass pulley.

 2x5.2kgx4.8Kkg
~ 5.2kg+4.8kg
50 N

x10ms™

-~
"

Thus the acceleration in the system is 0.4 ms*®
andtensioninthe stringis 50 N.

MOTION OF TWO BODIES ATTACHED TO THE ENDS
OF ASTRING THAT PASSES OVER AFRICTIONLESS
PULLEY SUCH THAT ONE BODY MOVES
VERTICALLY AND THE OTHER MOWVES ON A
SMOOTHHORIZONTAL SURFACE

Consider two bodies A and B of masses m, and
m, respectively attached to the ends of an inextensible
string as shown in figure 3.13. Let the body A moves
downwards with an acceleration a. Since the string is
inextensible, therefore, body B also moves over the
horizontal surface with the same acceleration a. As the
pulley is frictionless, hence tension T will be the same
throughout the string .

Since body A moves downwards, therefore, its
weight m.g is greaterthanthetension T inthe string.
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Figure 3.13: Motion of masses
altached to a string thal passes

avar a frictionlass pulley.

 2x5.2kgx4.8kg
~ 5.2kg+4.8kg
50 N

x10ms™

-
]

Thus the acceleration in the system is 0.4 ms*
andtensioninthe stringis 50 N.

MOTION OF TWO BODIES ATTACHED TO THE ENDS
OF ASTRING THAT PASSES OVER AFRICTIONLESS
PULLEY SUCH THAT ONE BODY MOVES
VERTICALLY AND THE OTHER MOVES ON A
SMOOTHHORIZONTAL SURFACE

Consider two bodies A and B of masses m, and

Tm respectively attached to the ends of an inextensible

string as shown in figure 3.13. Let the body A moves
downwards with an acceleration a. Since the string is
inextensible, therefore, body B also moves over the
horizontal surface with the same acceleration a. As the
pulley is frictionless, hence tension T will be the same
throughout the string.

Since body A moves downwards, therefore, its
weight m.g is greaterthanthetension T inthe string.

Met force acting on body A=m,g- T

According to Newton's second law of
motion;

mg—T =ma .. .. ..(310)
The forces acting on body B are:
i.  Weight m,g of the body B acting downward.

i. Reaction R of the horizontal surface acting
on body B in the upwards direction.

Tension T in the string pulling the body B
horizontally over the smooth surface.

As body B has no vertical metion, hence resultant
of vertical forces(m,gand R)must be zero.

Thus, the net force acting on body Bis T.
According to Newton's second law of motion;

T = ma e e e 1371)
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Adding Eqgs. 3.10and 3.11, we get acceleration a as

a

Mg L (342)

my + 1,
Putting the value of a in equations 3.11togettension Tas

T o= T e e (313)
m, +m,

EXAMPLE 3.5

Two masses 4 kg and 6 kg are attached to the ends
of an inextensible string which passes over a frictionless
pulley such that mass & kg is moving over a frictionless
horizontal surface and the mass 4 kg is moving vertically
downwards. Find the acceleration in the system and the
tensionin the string.

SOLUTION 1 _ 44g
Mz = Gkg
m
as a = —_—
My + 1y
4 k
=7g x 10 mS_E
4 ka+6 ka
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Adding Egs. 3.10and 3.11, we get acceleration a as

a =

m‘ (3.12)

my + My

Futting the value of a in equat

T =

1y My

ions 3.11togettension Tas

g o .. (313)

m, +m,

EXAMPLE 3.5

Two masses 4 kg and 6 kg are attached to the ends

of an inextensible string whi
pulley such that mass 6 kg

ch passes over a frictionless
is moving over a frictionless

horizontal surface and the mass 4 kg is moving vertically
downwards. Find the acceleration in the system and the

tensionin the string.
SOLUTION

my = 4kg
mz = 6 kg
my
as a = —
my + my
4 ki
=7gx10 ms "
4 kg+6 kg
a =4ms™
as T = Iy g
m, +m,
- 4 kgx86 kg x10ms -
4 kg+6 kg
T = 24N

Thus the acceleration in the system is 4 ms™ and

tension in the string is 24N.

FORCE AND THE MOMENTUM

Consider a body of

mass m moving with initial

velocity v, Let a force F acts on the body which

preduces an acceleration
velocity of the body. Let

a in it. This changes the
its final velocity after time

becomes w. If P, and F, be the initial momentum and
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USEFUL INFORMATION | final momentum of the body related to initial and final
Fa ; velocities respectively, then
paced withe: P = my
as shymioan rings, balls, payhens
shaslswitgirsack s e, and P = mw
N Change in = final — initial
F- momentum mamentum momentum
- ; or P—PF  =mvy—my
- " Thus the rate of change in momentum is given
’ - | by
- F=F _ My, = mv;
Mir endosed in he caviles of hese f t
rrabedals makes §en lexible and ol vy =V
Duritg any mishap, hey inreass he = m—-

ingact §me on Fagik objeck. An
ncrea s inimpact Smelowers e rae ol
change of momenium and hence
lessens fie impac of farce. This lowers
heposshle damagedus oanaccident.

t
. V=V .
since ——__ isthe rateof change of velocity

equal tothe acceleration a produced by the force F.

P =P
— =ma

N !
According to Mewton's second law of motion,

USEFUL INFORMATION

b an accident al hih speed, fie npac

(3.14)
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USEFUL INFORMATION | final momentum of the body related to initial and final
Fa " velocities respectively, then
packed with P = my
as shymboam rings, balls, pdyhens
sheatswitair sacks ek, and Py = mw
- Change in = final — initial
F- momentum momentum momentum
i or  P—P  =mv—my
- 1 Thus the rate of change in momentum is given
s - | by
h T P -P mv, - mv,
#ir endosed in fie cnifies of hese i t
rabedals makes fen lexble and sofl. l.r; -\,
During any mishap, fley inoease fe =m .
inpacl Gme on kagik objecs. An t
inarease inimpad @melowers ferateal v v
change of mamenlum and hence : [ : :
e o e e e ey since f‘ isthe rate of change of velocity
equal tothe acceleration a produced by the force F.
P -F

USEFUL INFORMATION

b an acident al hih speed, fie inpac
Bres i very large due to e exvemely
shari stapping fme . Far salely purposes,
wehicles have rigl cages for passengers
i crumpk zones al har fioni and rear

Duing an accident, cumgle zones
cilapss. This increasss e impac fme
by preniding exira tine for erumging . The
impact aof fams is Highy reduced and
saves lhe passengers from Severs
Rjuries.

L =ma
!
According to Newton's second law of motion,

or <t =F e e e e (314)

Equation 3.14 also defines force and states
Mewton's second law of motion as

When a force acts on a body, it produces an
acceleration in the body and will be equal to the
rate of change of momentum ofthe body.

Sl unit of momentum defined by equation 3.14 is
newton-second (Ns)which is the same as kgms™.

EXAMPLE 3.6

Abody of mass 5 kg is moving with a velocity of
10ms”. Find the force required to stop it in 2 seconds.

SOLUTION m = 5kg
1

1l O

v, = 10ms~
v = 0ms"
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t =2s USEFUL INFORMATION
F=7 - In case of an accident, a
Fi = 5kg=x10ms person not wearing seatbelt will
= B0 Ns continue moving until stopped
P, =5kgx0 ms' suddanty by somathing bafore
= 0 NMNs him. This somathing may ba a
P P windscreen, another passenger
since F =107 or back of the seat in frent of
him/her. Seatbelts are usaful in
_ 50Ns = DNs Wwo ways:
- oy * They provide an external force
= 25N 0 a parsonwearing seatbeit.
* The additienal time is required
Thus 25 N force is required to stop the body. for stretching seat belts. This
LAW OF CONSERVATION OF MOMENTUM prolongs the stopping time for
X momentun to change and
Momentum of a system depends onits mass and reducasthe affact of collision.
welocity. A system is a group of bodies within certain
boundaries. An isolated system isa group of interacting
bodies on which no external force is acting. If no
unbalanced or net force acts on a system, then according - A ..
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t 2s

F =7
P =5kgx10ms’
= 50 Ns
S5kgx0ms
= 0ONs

P-F

P

fi

f
50 Ns = 0 Ms
2s

25N

Thus 25 N force is required to stop the body.
LAW OF CONSERVATION OF MOMENTUM

since F =

Momentumn of a system depends on its mass and
velocity. A system is a group of bodies within certain
boundaries. An isolated system is a group of interacting
bodies on which no external force is acting. If no
unbalanced or net force acts on a system, then according
o equation 3.14 its momentum remains constant. Thus
the momentum of an isclated system is always
conserved. Thisisthe Law of Conservation of Momentum.
It statesthat:

USEFUL INFORMATION

In case of an accident, a
parson nol wearing seatbalt will
continue mawving until stopped
suddenly by somathing before
him. This somathing may be a
windscreen, another passenger
or back of the seat in front of
him/her. Seatbelts are usaful in
o ways:

* They provide an external force
o a parsonwearing seatbelt.

* The additional time is required
for stretching seat beits. This
pralongs the stopping time for
mamentum 1o change and
reducesthe effect of coliision.

The momentum of an isolated system of two or
more than two interacting bodies remains
eonstant.

Consider the example of an air-filled balloon as described
under the third law of motion. In this case, balloon and the
air inside it form a system. Before releasing the balloon,
the system was at rest and hence the initial momentum of
the system was zero. As soon as the balloon is set free, air
escapes out of it with some velocity. The air coming out of
it possesses momentum. To conserve momentum, the
balloon moves in a direction opposite tothat of air rushing
out.

Consider an isolated system of two spheres of
masses m, and m; as shown in figure 3.14. They are
maoving in a straight line with initial velocities w, and u,

Ly
(a) Belore collison

{bJ Al Collesson
‘ Wl e“_.
:c= After collizion

Figure 3.14: Collision of two
bodies of spherical shapes.
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respectively, such that u, is greater than u,. Sphere of mass
m, approachesthe sphere of mass m,asthey move.

Initial momentum of mass m, = m.u, Initial momentum

of mass m, = m.u,Total initial momentum of

the system before collision = m,w,+m,u, .. (3.15)

After sometime mass m, hits m, with some force.
According to Mewton's third law of motion, m, exerts an
equal and opposite reaction force on m,. Let their velocities
become v,and v, respectively after collision. Then

Final momentumn of mass m, = m,v, Final

momentum of mass m.= my\,

Total final momentum of

= my,HmVy.. ... (3.16)
the system after collision
According to the law of conservation of momentum
final momentum

Total initial momentum af] =[T0ta|
the system before collision the system after collision

O <
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respectively, such that u, is greater than u,. Sphere of mass
m, approachesthe sphere of mass m,asthey move.

Initial momentum of mass m, = m,u, Initial momentum

of mass m, = myu, Total initial momentum of
the system before collision = myu+myty ... (3.15)

After sometime mass m, hits m, with some force.
According to Newton's third law of motion, m, exerts an
equal and opposite reaction force on m,. Let their velocities
become v,and v, respectively after collision. Then

Final momentum of mass m, = m,w, Final

momentum of mass m,= m,,

Total final momentum of  _ MY+ MV (3.16)

the system after collision

According tethe law of conservetion of momentum

Total initial momenturn of] =[Tota| final momentum
the system before collision) \the system after collision

Myl + Malp = MV + MV ... (3.17)

Equation 3.17 shows that the momentum of an
isolated system before and after collisions remaing the
same which isthe law of conservation of momentum. Law of
conservation of momentum is animportant law and has vast
applications.

Consider a system of gun and a bullet. Before firing
the gun, both the gun and bullet are at rest, so the total
momentum of the system is zero. As the gun is fired, bullet
shoots out of the gun and acquires momentum. To conserve
momentum of the system, the gun recoils. According to the
law of conservation of momentum, the total momentum of
the: gun and the bullet will also be zero after the gun is fired.
Let m be the mass of the bullet and v be its velocity on firing
the gun; M be the mass of the gun and V be the velocity

Physics 1X 71 Unit 3: Dynamics

with which it recoils. Thus the total mementum of the gun
and the bullet after the gun is fired will be;
( Total momentum of the

qun and the bulletafter (= p V4 mv
the gun is fired

According to the law of conservation of momentum

( Total momentum of the

gun and the bullet before

( Total momentum of the
qun and the bullet after

the gun is fired the gun is fired
MV+mv =0
or MV =—mv
m
Hence V=——v .. ... ... (319
M

Equation 3.19 gives the velocity \V of the gun.
Negative sign indicates that velocity of the gun is opposite to
the velocity of the bullet, i.e., the gun recoils. Since mass of
the gunis much larger than the bullet, therefore, the recoil is
much smallerthanthe velocity of the bullet.

Rockets and jet engines also work on the same
principle. In these machines, hot gases produced by
burning of fuel rueh out with large momentum. The
machines gain an equal and opposite momentum. This
enables them to mowve with very high velocities.

1l O <



MV+my =0

or MV =—mv
Hence v=—Tly . . .. (319
M

Equation 3.19 gives the velocity \/ of the gun.
Negative sign indicates that velocity of the gun is opposite to
the velocity of the bullet, i.e., the gun receils. Since mass of
the gunis much larger than the bullet, therefore, the recoil is
much smallerthan the velocity of the bullet.

Rockets and jet engines also work on the same
principle. In these machines, hot gases produced by
burning of fuel rush out with large momentum. The
machines gain an equal and opposite momentum. This

enables them to mowve with very high velocities.

EXAMPLE 3.7

A bullet of mass 20 g is fired from a gun with a
muzzle velocity 100 ms™. Find the recoil of the gun if its

massis 5kg.
SOLUTION m =20g =002kg
v = 100ms’
M = 5kg
vV =7
Physics IX 72 Unit 3: Dynamics

According tothe law of conservation of momentum:
MV+my =0

Putting the values, we get
- 5 kg %V + (0.02 kg)x(100ms ™) = 0

of Skgx V = —(0.02 kg)x(100 ms )
(0.2 kg)x(100 ms™)

5 kg
= -04ms’

The negative sign indicates that the gun recoils i.e..

moves in the backward direction opposite to the motion of
the bullet with a velocity of 0.4 ms™ .

or V=

3.3 FRICTION
Have you noticed why a moving ball stops? Why
bicycle stops when the cycliststops pedalling?

w Maturally there must be some force that stops
Flgure 3.18: Asyclist keups moving objects. Since a force not only moves an object

on padalling to overcoma but also stops moving object.
friction.

The force that opposes the motion of moving
objects is called friction.

Friction is a force that comes into action as soonas
abody is pushed or pulled over asurface. In case of solids,
the force of friction between two bodies depends upon
many factors such as nature of the two surfaces in contact
and the pressing force between them. Rub your palm over
different surfaces such as table, carpet, polished marble
surface, brick, etc. You will find smoother is the surface,
Eigure 3.16: T walk or o run easier itis to move over the surface. Moreover, harder you

friction is needed to push the press your palm over the surface, mere difficult would it be
ground backward to move.

Why friction opposes motion? Mo surface is
perfectly smooth. A surface that appears smooth has pits
and bumps that can be seen under a microscope. Figure
3.17 shows two wooden blocks with their polished
surfaces in contact. A magnified view of two smooth
surfaces in contact shows the gapsand

1l O <



Figure 3.16: Towakorto run  B8SIEr itis to move over the surface. Moreover, harder you

friction is needed to push the press your palm over the surface, more difficult would it be
ground backward to move.

Why friction opposes motion? No surface is
perfectly smooth. A surface that appears smooth has pits
and bumps that can be seen under a microscope. Figure
3.17 shows two wooden blocks with their polished
surfaces in contact. A magnified view of two smooth
surfaces in contact shows the gapsand
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TIDBITS

V3

Figure 3.17: Amagnified view of the two surfaces in contacl,

Coldwelds

contacts between them. The contact points between the Pushi :
shing the opposite

two surfaces form a sort of coldwelds. These cold welds | 55 by palms and feet

resist the surfaces from sliding over each other. Adding | jnereases frictinn This

weight over the upper block increases the force pressing | enables the boy to move up

the surfaces together and hence, increases the |onthewalis.

resistance. Thus, greater isthe pressing force greater will

be the friction between the sliding surfaces.

Friction is equal to the applied force that tends to
move a body at rest. It increases with the applied force.
Friction can be increased to certain maximum value. It
does not increase beyond this. The maximum value of
friction is known as the force of limiting friction (F ). It
depends onthe normal reaction (pressing force) between  Coefficient of friction between
the two surfaces in contact. The ratio between the force of S0 SHMETGn mWaterils

limiting friction F, and the normal reaction R is constant. _

This constant is called the coefficient of friction and is | Glass and Glass 0.9
represented by H. Glass and Metal 0.5-0.7

Th Fe 3.20 lee and Wieod 005

us Ho= ? (3.20) Iron and Iran 1.0

ar F. =pAR (3.21) Rubber and Concrete 0.6

s = 3
If mbe the mass of the block, then for horizontal SEEE R Ea
surface: Tyre and Road, dry 1

R = mg (3.22) Tyre and Road, wet 0.2
""" R Woad and Waod | 0.25- 0.6
Hene Fo = pmg e o (323 Wood and Metal 0.2 - 0.6

Friction is needed to walk on the ground. It is
risky to run on wet floor with shoes that have smooth
soles. Athletes use special shoes that have
extraordinary ground grip. Such shoes prevent them
from slipping while running fast. What will we do to stop
our bicycle? We will apply brakes. The rubber pads

Wood and Concrate 0,62
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pressed against the rims provide friction. It is the friction that
stops the bicycle.

:'} QUICK QUIZ
P 1. Which shoa offer less friction?

2. Which shoe is better for walking on
drv trank?

1l O <
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Figure 3.18: Friction may cause
fhe body 1o roll,

Figure 3.19:4 bal bearing

Figure 3.20: Threading on
tyrid provides good rond gip.

Physics 1X

pressed against the rims provide friction. It is the friction that
stops the bicycle,

QUICK QUIZ
’@ . Which sho offer lass friction?
2. Which shoa is batter for walking on
dry track?
. Which shoa is battar for jogging?
Nas” . Which sole will waar out early?

Wheel is one of the most important inventions in
the history of mankind. The first thing about a wheel is that
itrolls asit moves ratherthanto slide. This greatly reduces
friction. Why?

When the axle of a wheel is pushed, the force of
friction between the wheel and the ground at the point of
contact provides the reaction force. The reaction force
acts at the contact points of the wheel in a direction
opposite to the applied force. The wheel rolls without
rupturing the celd welds. That is why the rolling friction is
extremely small than sliding friction. The fact that rolling
friction is less than sliding friction is applied in ball
bearings or roller bearings to reduce losses dueto friction.

=

= oW

The wheel would not roll on pushing it if there
would be no friction between the wheel and the ground.
Thus, friction is desirable for wheels to roll over a surface.
It is dangerous to drive on a wet road because the friction
between the road and the tyres is very smal. This
increases the chance of slipping the tyres from the road.
The threading on tyres is designed to increase friction.
Thus, threading improves road grip and make it safer to
drive even onwet road.

Acyclist applies brakes to stop histher bicycle. As
soon as brakes are applied, the wheels stop rolling and
bagin to slide over the road. Since sliding friction is

75 Unit 3: Dynamics

much greater than roling friction. Themefore, the cycle slops very

quickly.

sheat than to slide it?

fromaour notabook?

QUICK Quiz
1. Why is it easy to roll a eylindrical ermser on a papar

2. Dowarollor slide the eraser to remove the pancilwark

BRAKING AND SKIDDING
The wheels of a moving vehicle have two velocity

components:

(i) motion of wheels along the road.

(il) rotatien of wheels about their axis.

To move a vehicle on the road as well as to stop a
moving vehicle requires friction between its tyres and the
road. For example, if the road is slippery or the tyres are
worn out then the tyres instead of rolling, slip over the

1l O
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much greater than rolling friction. Therefore, the cycle stops very
quickly.

QUICK QUIZ
1. ‘Why is it eagy to roll a cylindrical eraser on a paper
sheet than to slide it?
2 Do we rodl or slide the erasar to remove the pencilwaork
framour notebook?

BRAKING AND SKIDDING

The wheels of a moving vehicle have two velocity
components:

(i) motion of wheels along the road.

{ii) rotation of wheels about their axis.

To move a vehicle on the road as well asto stop a
moving vehicle requires friction between its tyres and the
road. For example, if the road is slippery or the tyres are
worn out then the tyres instead of rolling, slip over the
road. Thevehicle will not move if the wheels start slipping
at the same point on the slippery road. Thus for the
wheels to roll, the force of friction (gripping force)
between the tyres and the road must be enough that
prevents them from slipping.

Similarly, to stop a car guickly, a large force of friction
between the tyres and the road is needed. Butthere is alimit to
this force of friction that tyres can provide. If the brakes are
applied too strongly, the wheels of the car will lock up (stop
wming) and the car will skid due to its large momentum. It will
bse its directional control that may result in an accident. In
order to reduce the chance of skidding, it is advisable not to
apply brakes too hard that lock up their rolling motion
especially at high speeds. Moreover, it is unsafe to drive a
vehicle with worn outtyres.

ADVANTAGES AND DISADVANTAGES OF
FRICTION

Friction has the advantages as well as
disadvantages. Friction is undesirable when moving at
high speeds because it opposes the motion and thus

Figure 3.21: Acar skidding.

Mini Exercise
1. In which case do you need
smaller force and why 7
{ijrofling () skding
2 In which case itis easy for
the tyre to roll over?

i) rough ground
{m) smooth ground
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DO YOU KNOW?

Friction is highly desirable
when climbing up a hill.

—

Figure 3.22: Smocth air flow at

high speads reduces air resislance.

limits the speed of moving objects. Most of our useful
energy is lost as heat and sound due to the friction
between warious moving parts of machines. In
machines, friction also causes wear and tear of their
moving parts.

However, sometimes friction is most desirable.
We cannot write if there would be no friction between
paper and the pencil. Friction enables us to walk on the
ground. We cannot run on a slippery ground. A slippery
ground offers very little friction. Hence, anybody who
tries to run on a slippery ground may meet an accident.
Similarly, it is dangerous to apply brakes with full force to
stop afast moving vehicle on a slippery road. Birds could
not fly, if there is no air resistance. The reaction of
pushed air enables the birds to fly. Thus in many
situations, we need friction while in other situations we
need to reduce it as much as possible.

Write a dream during which you are driving a car
and suddenly the friction disappears. What happened
next..?

METHODS OF REDUCING FRICTION
Thefriction can be reduced by:

O <



Friction is highly desirabie
when climbing up a hill.

We cannot write if there would be no friction between
paper and the pencil. Friction enables us to walk on the
ground. We cannot run on a slippery ground. A slippery
ground offers very little friction. Hence, anybody who
tries to run on a slippery ground may meet an accident.
Similarly, it is dangerous to apply brakes with full force to
stop afast moving vehicle on a slippery road. Birds could
not fly, if there is no air resistance. The reaction of
pushed air enables the birds to fly. Thus in many
situations, we need friction while in other situations we
need to reduce it as much as possible.

Write a dream during which you are driving a car
and suddenly the friction disappears. What happened

next..7

Figure 3.22: Smaoaoth air flow at
high speads reduces air resislance.

METHODS OF REDUCING FRICTION
Thefriction can be reduced by:

(i) making the sliding surfaces smooth.

(i) making the fast moving objects a streamline
shape (fish shape) such as cars, aero planes,

friction.

Figure 3.23: Streamiining the bullet
‘irain reduces air resistance at high

etc. This causesthe smooth flow of airand thus
minimizes airresistance at high speeds.

(iily Lubricating the sliding surfaces.

(iv) Usingball bearings orrollerbearings .Because
the rolling friction is lesser than the sliding

34 UNIFORMCIRCULARMOTION

2peed. We come across many things in our daily life that
are moving aleng circular path. Take a small stone. Tie it
atone end of a string and keep the otherend of the string
inyourhand as showninfigure 3.24.
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T T —— e The maon
e ” S iy
/' . e The Earth ~
hY I \I
[\ /' :| /
. s
"\1_‘_‘ # . \"-u._‘ _-/
e = Fiqurel‘l-’;:_f:ﬁii_rﬁa;imofasm
Figure 3.24: Circular motion of a stone altached with a string. attachedwith a string.

Now rotate the stone holding the string. The
stone will move in a circular path. The motion of stone
will be called as circular motion. Similarly, motion of the
maoon around the Earthis circular motion.

The motion of an objectin acircular path is known

as circularmotion.

CENTRIPETALFORCE

Considera bodytied at the end of a string moving
with uniferm speed in a circular path. A body has the
tendency to move in a straight line due to inertia. Then
why does the body move in a circle? The string to which
the body is tied keeps it to move in a circle by pulling the
body towards the centre of the circle. The string pulls the
body perpendicular to its motion as shown in figure 3.26.
This pulling force continuously changes the direction of
motion and remains towards the centre of the circle. This
centre seeking force is called the centripetal force. It
keeps the body to move in a circle. Centripetal force
always acts perpendicular to the motion of the body.

Centripetal force is a force that keeps a body to
move in acircle.

Let us study the centripetal forces in the
following examples:

(i) Figure 3.27 shows a stone tied to one end of a
string rotating in a circle. The tension in the string
provides the necessary centripetal force. It
keeps the stone to remain in the circle. If the
strina is not strona enocuah to oprovide the

1l O

Figure 3.26: Centripetal force is
dways directed fowards the centre
and has no component in the direction
of maotion,

(b}

Figure 3.27 (a) A string provides
nmecessany centripetal fonce .
(b} A string is unable to provide the

e el rrbierib nd B
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why does the body move in a circle? The string to which
the body is tied keeps it to move in a circle by pulling the
body towards the centre of the circle. The string pulls the
body perpendicular to its motion as shown in figure 3.26.
This pulling force continuously changes the direction of
motion and remains towards the centre of the circle. This
centre seeking force is called the centripetal force. It
keeps the body to move in a circle. Centripetal force
always acts perpendicular to the motion of the body.

Centripetal force is a force that keeps a body to
move in acircle.

Let us study the centripetal forces in the
following examples:

{iy Figure 3.27 shows a stone tied to one end of a
string rotating in a circle. The tension in the string
provides the necessary centripetal force. It
keeps the stone to remain in the circle. If the
string is not strong enough to provide the
necessary tension, it breaks and the stone

R RLLEL S LR

/
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Figure 3.27 (a) A string provides
nmecessany centripetal fonce .

{b) A string is unable to provide the
required centripetal force.
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moves away along a tangent to the circle as shown

infigure 3.27(b).

L Fy centripetal force F, is given

i centripetal acceleration

Figure 3.2B: centripelal force . 3
acting on the slone and the According to Newton's

centrifugal force acting on the  wniripetal force F. isgiven by
string

(i) The moon revolves around the Earth. The
gravitational force of the Earth provides the
necessary centripetal force.

Let a body of mass m moves with uniform speed vin
¢ adircle of radius . The acceleration a,produced by the

by .
v

a4 = — .. ..(3.24)
r

second law of motion, the

F. = ma. ... .. .. (3.25)
2
F = % e o (3.26)

Equation (3.26) shows that the centripetal force
needed by a body moving in a circle depends on the
mass m of the body, square of its velocity v and
reciprocal tothe radius rof the circle.

DO YOU KNOW? CENTRIFUGAL FORCE

there exists a reaction
Centripetal reaction that

EXAMPLE 3.8

around the loop, the track

provides centripetal force
preventing them fo move SOLUTION

away from the circle. m = 100g

5ms

=
]

Consider a stone shown in figure 3.28 tied to a
string maoving in acircle. The necessary centripetal force
acts onthe stone through the string that keeps itto move
in a circle. According to Newton's third law of motion,

to this centripetal force.
pulls the string outward is

sometimes called the centrifugal force.

A stone of mass 100 g is attached to a string 1m
Whils the coaster cars move | |ong. The stone is rotating in a circle with a speed of
5ms”". Find thetensionin the string.

=0.1 kg

1l O



prevanting tham 1o move
away from the circle. m

100 g

=0.1 kg

-1
v = 5ms
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ro=1m
T =FR =7

Tension T in the string provides the necessary
centripetal force given by

F, _ mv
r
; _ 0. kgx(s ms")’
im
T = 25N

Thus, tensioninthe string will be equalto 2.5 N.
BANKING OF THE ROADS

When a car takes a turn, centripetal force is
needed to keep it in its curved track. The friction between
the tyres and the road provides the necessary centripetal
force. The car would skid if the force of friction between
the tyres and the road is not sufficient encugh particularly
when the roads are wet. This problem is solved by
banking of curved roads. Banking of a road means that
the outer edge of a road is raised. Imagine a vehicle on a
curved road such as shown in figure 3.29. Banking
causes a component of vehicle's weight to provide the
necessary centripetal force while taking a turm. Thus
banking of roads prevents skidding of vehicle and thus
makes the driving safe.

WASHING MACHINE DRYER

The dryer of a washing machine is basket
spinners. They have a perforated wall having large
numbers of fine holes in the cylindrical rotor as shown in
figure 3.30. The lid of the cylindrical container is closed
after putting wet clothesin it. When it spins at high speed,
the water from wet clothes is forced out through these
holesduetolack of centripetal force.

CREAM SEPARATOR

Most modern plants use a separator to control
the fat contents of various products. A separator is a
high-speed spinner. It acts on the same principle
of centrifuge machines. The bowl spins at very high

Figure 3.29: Outer adge of the
curved road is elevated to
pravent skidding.

Agure 3.30: Dryer of washing
machines hasperforated wall,
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Figure 3.31:A Cream

speed causing the heavier contents of milk to move
outward in the bowl pushing the lighter contents inward
towards the spinning axis. Cream or butterfat is lighter
than other components in milk. Therefore, skimmed milk,
which is denser than cream is collected at the outer wall
of the bowl. The lighter part {cream) is pushed towards
the centre from where it is collected through a pipe.

separator
¥ Aforce is a push or pull. It moves or » Mass of a body is the quantity of
tends to move, stops or tends to stop matter possessed by it. It is a scalar

O <



Physics 1X 80 Unit 3: Dynamics

r-_\ speed causing the heavier contents of milk to move
outward in the bow! pushing the lighter contents inward
towards the spinning axis. Cream or butterfat is lighter
than other components in milk. Therefore, skimmed milk,

r which is denser than cream is collected at the outer wall

~

of the bowl. The lighter part (cream) is pushed towards

the centre from where it is collected through a pipe.

Figure 3.31:A Cream
separator

SUMMAR

» Aforce is a push or pull. It moves or
tends to move, stops or tends to stop
the motion of a body.

# Inertia of a body is its property due to
which itresists any change in its state
of rest or uniform motion in a straight
ine.

» Momentum of a body is the quantity
of motion possessed by the body.
Momentum of & body is egual to the
product ofitsmass andvelocity

# The force that opposes the maotion of
abody is called friction.

» MNewton's first law of motion states
that a body continues its state of rest
or of uniform motion in a straight line
provided no net force acts onit.

» Mewton's second law of motion
statesthatwhen a netforce actsona
body, it produces acceleration in the
tody in the direction of the net force.
The magnitude of this acceleration is
drectly proportional to the net force
acting onitand inversely proportional
its mass. Mathematically, F= ma.

# 8l unit of force is newton (N). It is
defined as the force which produces
an acceleration of 1 ms™in a body of
mass 1 kg,

» Mass of a body is the quantity of
matter possessed by it. It is a scalar
quantity. S| unit of mass is
kilbgramme (kg).

» Weight of a body is the force of
gravity acting on it. It is a vector
quantity. 51 unit of weight is newton
(N).

#  Newton's third law of motion states
thatto every action there is always an
equal and opposite reaction.

» The acceleration and tension in a
system of two bodies attached to the
ends of a string that passes over a
frictionless pulley such that both
movevertically are given by:

g My o o 2m, m;

My + iy m, +m,

» The acceleration and tension in a
system of two bodies attached to the
ends of a string that passes over a
frictionless pulley such that one
moves vertically and the other
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moves on a smooth horizontal surface
aregiven by:

£, my, m
a= 1 g T = 17772
my+m, m,+m,

Law of conservation of momentum states
thatthe momentum of an isolated system
of two or more than two interacting bodies
remainsconstant.

Aforce between the sliding objects which
opposes the relative motion between
them is called friction.

Roliing friction is the force of friction
between a rolling body and a surface over
which itrolls. Rolling frictionis lesser than
the sliding friction.

Thoos  Alodloce oo wvceen beewn af ceesmises S

1l O

parts of the machine. The friction can be
reduced by:
i) Smoacthing the sliding
surfaces in contact.
it} Using lubricants between
sliding surfaces.
fiii) Using ball bearings or
roller bearings.

# The maotion of a body moving along a

circular path iscalled circular motion.

The force which keeps the body to move
in a circular path is called the centripetal
forceand is given.

mv?

by F.=
P

According to Newton's third law of
motion, there exists a reaction to the
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moves on a smooth horizontal surface
aregiven by:

__M .T_m1m2

my+m, my+m,

Law of conservation of momentum states
thatthe momentum of an isolated system
of two or more than two interacting bodies
remainsconstant.

Aforce between the sliding objects which
opposas the relative maotion betwean
them is called friction,

Raolling friction is the force of friction
betwaan a rolling body and a surface ovar
which itrolls. Rolling friction is lesser than
the sliding friction.

The friction causes loss of energy in
machines and much work has to be done
in overcoming it. Moreover, friction leads
to much wear and tear on the maoving

parts of the machine. The friction can be
reduced by:

i) Smoaothing the sliding

surfaces in contact.
Using lubricants between
sliding surfaces.

i)
fiii) Using ball bearings or
moller bearings.

The motion of a body moving along a
circular path iscalledcircular motion.

The force which keeps the body to move
in a circular path is called the centripetal
force and is given,

2

mv

by F.

According to Newton's third law of
motion, there exists a reaction to the
centripetal force. Centripetal reaction that
pulls the string outward is sometimes
called the centrifugal force.

QUESTIONS

3.1 Encircle the correct answer from (b} away from the bus
the given cholces: {6} iIn the direction of motion

I. Newton's first law of motion is valid (d) opposite Lo the direction of
onlyin the absence of: mation
(a)force  {b) netdoroe . Astring is stretched by two equal
(c) friction  (d) mamentum and opposite forces 10 N each. The

" . lension in the string is

ii.  Ineria depends upon
(a)force (b} net force (a)zerc  {B)SN
(cymass  (d) velocity (€)10N  (d)20N

iil. A boy jumps oul of a moving bus. v  The mass of a body:

There isadanger for himtofall: () decreases when accelerated
(@) towards the moving bus (b) increases when acceleraled
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(c) decreases when moving with 34 What isthe law of Inertia?
high velocity 3.5 Why is it dangerous to travel on
(d) none of the above. the roof of a bus?

vi. Two bodies of masses m, and m, 3.6 Why does a passenger move
Tattacheq to .the E”‘_js of an outward when a bus takes aturn?
inextensible string passing over a 37 H iate a f ih
frictionless pulling such that both : DI Gan_you Feale. 3 foroa,
move vertically. The acceleration of the change of momentum of a
the bodies is: body?

(@ m, x i, oy M 3.8 What will be the tensien in a rope
m, +m, g m, + m, that is pulled from its ends by two
© my+ m, @ 2m, m opposite forces 100 Neach?
my —m, g m, +m, g 39 Action and reaction are always

vil.  Which of the following is the unit of equal and opposite. Then how
momentum? does abodymove?

{a) Nm (b) kgms’ 3.10 Ahorse pulls the cart. If the action
(c) Ns (d) Ns” and reaction are equal and
vill. When horse pullsa cart, the action is opposite then how does the cart

O
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(c) decreases when moving with
high velocity
(d) none of the above.

vi. Two bedies of masses m, and m,
attached to the ends of an
inextensible string passing over a
frictionless pulling such that both
move vertically. The acceleration of

the bodies is:
my % m I )

(a) —=g b)——2g4
m, +m, 7, 4
my+ m

c) = = (d) 2m, m,
=M, Ay & Ty

vii.  Which of the following is the unit of

momenturn?
{a) Nm (b} kgms*
(c) Ns (d) Ns”
viii. When horse pulls a cart, the action is
onthe:
(a) cart (b) Earth
© horse (d) Earth and cart

ix. Which of the following material
lowers friction when pushed
between metal plates?

(a) water (b) fine marble
powder
(c) air (d) oil

3.2 Define the following terms:
(i) Inertia (i) Momentum
(iii) Force  (iv) Force of friction
(v) Centripetal force

3.3 What is the difference between:
(i) Mass and weight
(i) Acticn and reaction
(iii) Sliding friction and rolling

friction

34 What is the law of Inertia?

3.5 Why is it dangerous to travel on
the roof of abus?

36 Why does a passenger move
cutward when abus takesaturn?

3.7 How can you relate a force with
the change of momentum of a
body?

3.8  What will be the tension in a rope
that is pulled from its ends by two
opposite forces 100 Neach?

3.9 Action and reaction are always
equal and opposite. Then how
does abodymove?

3.10 Ahorse pulls the cart. If the action
and reaction are equal and
opposite then how does the cart
move?

3.11 What is the law of conservation
of momentum?

3.12 Why is the law of conservation of
momenturn important?

3.13 When a gun is fired, it recoils.
Why?

3.14 Describe two situations in which
force of friction is needed.

3.15 How does oiling the moving
parts of a machine lowers
friction?

3.16 Describe waysto reducefriction.

3.17 Why rolling friction is less than
sliding friction?

Physics 1X 83

Unit 3: Dynamics

3.18 What you know about the following:

(i} Tension in a string

(i) Limiting force of friction
{ii} Braking force

(iv) Skidding of vehicles
(v) Seatbelts

{vi} Banking of roads
(vii) Cream separator

319 What would happen if all friction
suddenly disappears?

320 Why the spinner of a washing
machine is made to spin at a very
high speed?

3.1 Aforce of 20 Nmoves abody with
an acceleration of 2 ms™. What is
(10kg)
3.2 The weight of a body is 147 N.
What is its mass? (Take the value
of gas 10 ms*) {(14.7 kg)
3.3 How much force is needed to
prevent a body of mass 10 kg
(100 N)

its mass?

from falling?

3.4 Find the acceleration produced 3.8

by aforce of 100 Nin amass of

BN L 2

i3 e

1l O

3.7 Two masses 26 kg and 24 kg are
attached to the ends of a string
which passes over a frictionless
pulley. 26 kg is lying over a
smooth horizontal table. 24 N
mass is moving vertically
downward. Find the tension in
the string and the acceleration in
the bodies. (125 N, 4.8 ms™)

How much time is required to

change 22 Ns momentum by a

force of 20 N7 (1.18})

<
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3.18 What you know about the following:

(i) Tension in a string

(i) Limiting force of friction
(i} Braking force

(iv) Skidding of vehicles
(v} Seatbelts

319

320

(vi) Banking of roads
(vii) Cream separator

What would happen if all friction
suddenly disappears?

Why the spinner of a washing
machine is made to spin at a very
high speed?

3.1

3.2

33

34

35

3.6

Aforce of 20 Nmoves abody with
an acceleration of 2 ms™. What is
(10kg)

The weight of a body is 147 N.
What is its mass? (Take the value
(14.7 ka)

How much force is needed to

its mass?

of gas 10ms™)

prevent a body of mass 10 kg
from falling? {100N)
Find the acceleration produced
byaforceof 100 Ninamass of

50 kg. (2 ms®)
A body has weight 20 N. How
much force is required to move
it wvertically upward with an
accelerationof 2ms™7 (24N}
Two masses 52 kg and 48 kg are
attached to the ends of a string
that passes over a frictionless
pulley. Find the tension in the
string and acceleration in the
bodies when both the massesare
moving vertically. (S00N,0.4 ms™)

37

38

39

3.10

Two masses 26 kg and 24 kg are
attached to the ends of a string
which passes over a frictionless
pulley. 26 kg is lying over a
smooth horizontal table. 24 N
mass is moving vertically
downward. Find the tension in
the string and the acceleration in
the bodies. (125 N, 4.8 ms™)
How much time is required to
change 22 Ns momentum by a
force of 20 N? (1.1s)
How much is the force of friction
between a wooden block of mass
5 kg and the horizontal marble
floor? The coefficient of friction
between wood and the marble is
0.6. (30 N)
How much centripetal force is
needed to make a body of mass
0.5 kg to move in a circle of
radius 50 cm with aspeed 3ms™?
(9N)

Unit 4

Turning Effect of Forces

After studying this unit, the students will be able to:

» define like and unlike parallel foroes.

» state head to tail rule of vector addition of
forces/vectors.

» describe how a force is resolved into its
perpendicularcomponents.

» determine the magnitude and direction of a
force from its perpendicularcomponents.

» define moment of force or torque as moment =
force x perpendicular distance from pivot to the

livsi mf mrbimm nf Fremm
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