Motion is an integral part of most of the natural phenomena. Galaxies, Stars, Planets,
Satellites all are in continuous motion. Motion of these bodies is governed and
regulated by certain laws. Laws hidden behind these motions in nature were discovered
first by [ssac Newton. Therefore, these laws are known as Newton's laws of motion.
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LAWS OF MOTION

| TOPIC 1|
Newton’s Laws of Motion

Motion is the common and most important phcm:-m::nnn in narure, In case of
macroscopic bodies (natural system), it is casily observable. But if we go down
to atomic or even nuclear level, motion is not observable but motion is very
much there. Motion may be as simple as throwing a ball high up into air.
Whatever is the type of motion, we have o slud:..r the forces which generate
maotion.

FORCE

Force may be defined as an external ageney (a push or a pull) which changes or
tends to change the state of rest or of uniform motion or the direction of
motion of a body.
The dimensions of force are [MLT =21 and its SI unir is Newton.
A force applied on an object can produce four types of effects such as

(i) Force can start or stop a motion,

(i) Force can change speed of an object, making it to move slower or
faster.

(iii) Force can change the direction of motion of an object.

(iv) Force can change the shape of an object.
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Some Important Points about Force

«

« & bar magnet can attract an iron nail from a distance. This
shows that external agencies of force (gravitational and
magnetic forces) can exert force on a body even from a
distance.

+ Force is a polar vector as it has a point of application.

« The vector sum of the forces acting on an object is called the
net force.

What happcns ifa hud}' is moving in uniform motion a]ong a
straight line, (e.g. if a box is moving with a constant velocity
on an ice slab)? Is an external force I:quirod to kccp a hody in
uniform motion? For this, we will understand Aristotle’s
Fallacy and Galileo’s law of inertia.

ARISTOTLFE’S FALLACY AND
GALILEO GALILEI

The Greek philosopher, Aristotle (384 BC-322 BC) gave the
view thar if a body is moving, some external foree is required
to keep it moving,

c.g When an arrow shot from a bow lu:cps ﬂying since the air
behind the arrow keeps pushing it. Thus, according to
Aristorelian’s law, an external force is necessary to keep a
bndy in uniform meotion.

Aristotle’s statement is based on the fact that ever presenting
resistive forces will always stop the motion. So, to keep a body
in motion, an external force is needed (i.e. the force o counter
the resistive force). An example of rolling ball that stops due to
friction could be considered.

Fast to slow

Moving ball

— s

w
Friction

Motion of a ball on a horizontal plane

The opposing force such as friction (in case of solids) and
viscous forces (in case of fluids) are always present in the
natural world. However, Aristotle’s views were proved wrong
b)-' Galileo about two thousand years later on. It was observed
that the external forces were necessary to counter the opposing
forces of friction to keep bodies in uniform motion.

If there were no friction, no external force would be needed wo
maintain the state of uniform motion of a body. Hence,

Galileo proposed his law of inertia.

LAW OF INERTIA

Galileo first asserted thar nhiocts move with constant sp::d
when no exrernal forces act on them. He arrived ar this
revolutionary conclusion on the basis of following simple
cxperiments

(a) Galileo’s Experiments with
Single Inclined Plane

Galileo first studied the motion of ohjcct.s on an inclined
plane.
He observed thar

(i) When an object moves down on inclined plane, its
.spcccl Increascs.,
Downward slope

motion downwards
increasing spead

"1-..,_‘_‘_‘_“-
JIR)
Downward motion of the object

(i) When the object is moved up on the inclined
plane, its speed decreases, i.e. retards.

Upward slope motion

upwards decreasing speed
M
R

Upward maotion of the object

(iti) When an object is moving on a horizontal plane,
there should be no acceleration nor retardarion,
1.c. constant spcc::l.

No slope horizontal
= maolion constant speed

Horizontal motion of the object

(b) Galileo’s Experiments on Two
Inclined Planes Combined
Together

Galileo also observed that in the case of an ascﬂlarlng
pendulum, the bob always reaches the same height on either
side of the mean position. Galileo conducted another
experiment b}r using a double inclined pl.lnt, In this

experiment, two indined planes are arranged as facing each
other.

(i) When an abicct rolls down one of the inclined
planes, it climbs up the other. It almost reaches
the same height but not completely because of
friction. In ideal case, when there is no friction,
the final height of the object is same as the initial
height as shown in figure.

Initial
position

Both planes are inclined at same angle



(ii) When the slope of the second inclined plane is
decreased, the ubjcct still reaches the same final
hcight but the Dhj:ct has to travel a langcr distance
to attain the same heighe.

it
position

i -~

| T —

Inclination of second plane is reduced

(111) When the s|ap-: of the second inclined p|an: is made
zero (Le. the second plane is made horizonmal) the
object travels an infinite distance in the ideal
situation. This is possible only if the object moves
forever with uniform velocity on the horizontal

SIJI'.EI.CC.

Inclination of second plane reduced to zero

From his experiments, Galileo concluded the law of inerta
and states that the state of rest and the state of moton with
constant velocity are equivalent in the absence of external forces.

INERTIA

The term inertia means resistance of any physical object. It is
defined as the inherent property of a matenial body by virtue
of which it remains in its state of rest or of uniform motion in
astraight line. This term was first used by Galileo.

Various Types of Inertia

The various types of inertia are as below

(i) Inertia of Rest
It is defined as the ttnd:m::-,r of a bndy to remain in Ies

position of rest.

e.g. A person standing in a rrain falls backward when the
train suddcnhr SIArts moving forward. It dcpicts. when train
maoves, the lower part of his body begins to move alongwith
the train while the upper part of his hndy continues to
remain at rest due to inerta.

(i) Inertia of Motion

It is defined as the n:ndcm:y afa bnd)r to remain In its state
of uniform mortion in a smlight line.

c.g. When a moving bus suddenly stops or apply the brake,
a person standing in it falls forward. As the bus stops, the
lower part of his body comes to rest alongwith the bus while
upper part of his body continues to remain in motion due
to inerria and falls forward.

(iii) Inertia of Direction

It is defined as inability of a body to change by ieself its
direction of motion.

c.g. An umbrella protects us from rain.

The rain drops falling vertically downwards cannot change
their direction of motion and wet us, with the umbrella on.

NEWTON’S LAWS OF MOTION

Sir Isaac Newton (1642-1727) made a systematic smdy of
motion and extended the views of Galileo. He arrived at
three laws of motion which are called Newton's law of
motion. These laws are as follows

Newton’s First Law of Motion

This law states that every body continues in its state of rest
or of uniform motion in a straighl line unless it is
compelled by some external force to change that state.

The state of rest or uniform linear motion both imply zero
acceleration. The firse law of motion can therefore be simpl}'
expressed as:

If the net external force on a bﬂd}' is zero, its acceleration
is zero. Acceleration can be non-zero, on]}r if there is a net

mt_mal fujrce on the body. Newton's first law defines force

qualitatively.

The Newton's first law is categorised in three parts

(i) First part If a b-nd}r ar rest Upward
continues in its state of rest. torce (R)
An external force has to be 1
applicd on it to make it Cij? \
maove. —
eg A book on the rable will _\
continue to remain there Downward

. i force (w
unless we dlsplacc It means a (w)

book at rest on a horizontal
surface of table, it is subjected to two external forces,
the force due to gravity (due to its wcight w) acting
downward and the upward force on the book by the
table, ie. the normal force R. Since, the book is
observed to be ar rest, the ner external force on it
must be zero, Le. w= R as shown in ﬁgun:.

Body in a rest

(i) Second part If a body is in motion it continues
moving in a straighr path with a uniform spccd
unless an external force is applied.

This part seems 1w be @
Fioor

contrary to our every IEL'I.}-"
Rolling ball on the floor

experience. A m“ing ball
comes to rest on a rough

gruund. This is because of



force of friction. The ball moves through a larger
distance on a smooth floor.

If the friction was zero, the ball would continue its
motion forever.

This part also depicts that to increase or decrease the
speed of a body moving in a straight line, a force has
to be applied on it in the direction of motion or
opposite to the direction of motion.

(iii) Third part says that a body moving with a uniform
speed in a straight line cannot change tself its
direction of motion.

Moon changes its direction
continuously

To change its direction of motion, a force has to be
applied normal to this direction of motion.
Consider the motion of the moon continuously
changes. The force needed to change the direction
is provided by the gravitational attraction of the
carth on the moon.

Newton’s First Law
Defines the Inertia

According to Newton’s first law of mortion, everybody
continues in its state of rest or uniform motion unless an
external force acts upon it. This depicts that a body by itself
cannot change its state of rest or of uniform motion alonga
straight line.

Thus, first law defines inertia and so it is rightly-inspired by
the law of inertia.

EXAMPLE |1] A Spaceship
An astronaut accidentally gets separated out of his small
spaceship accelerating in interstellar space at a constant
rate of 100 m/s?. What is the acceleration of the astronaut
the instant after he is outside the spaceship? (Assume that
there are no nearby stars to exert gravitational force on
him). [NCERT]
Sol. Since, there are no nearby stars to exert gravitational
force on him and the small spaceship exerts negligible
gravitational attraction on him. The net force acting on
the astronaut, once he is out of the spaceship, is zero. By
the first law of motion, the acceleration of the astronaut
is zero.

MOMENTUM

Momentum of a body is the quantity of motion possessed
by the body. It is defined to be the product of its mass m
and velocity v and is denoted by p.

Momentum, p=myv

Unit and Dimensional Formula
SI unit of momentum = kgm/s or kgms™
CGS unit of momentum =gcm/s or gems™

The dimensional formula of momentum is [MLT ™ ],
It is a vector quantity.

Variation of Momentum

Case I Let two objects each of mass m are moving with
different velocities v, and v, with 2, >,, then

P =my,
and pz =mv,
b W ¥
Py mu, v,
v
¥ p_b
Pz Vs
oY
(4
Q s
<
V—
As vy >vy, SO Py >py

Result It is graphically represented in figure. Thus,
the momenta of bodies having equal masses are
proportional to their velocities.

Case II Let a heavier object of mass 7, and lighter object of

mass 1.
Suppose both the objects are moving with the same
velocity v.

Then, pr=mup and p,=m,w



P _mp _my

Pa Mt My

. o
P2 My

As a result my >,
So, P1>p

It 1s gmphica”y rcprcscnn:d in ﬁgurc. Thus, the
momentum of bodies having equal velocities
are pmpurtional to their masses.

Case III Ler rwo obj:cts having cqu:-ll linear momenra.

Thus,

I —

p = constant

T —

PL=pa=p = mp =mp,

vy My
— —
vy Wiy
As a resule My >,
So, v, <v,

It is graphically represented by figure. Thus, the
velocities of bodies having equal linear
momenta are inversely proportional to their
masses.

Some Everyday Phenomena

Based on Momentum

The following common examples are
(i) Consider a light-weight vehicle, i.¢. car and a heavy
weight vehicle i.e. truck parked on 2 horizontal road.
We require a greater force to-push the truck than the
car to bring at the same speed in same time. Also, a
greater opposing force is required to stop the truck
than the car at the same time if they are moving with

EI'IL‘ samc SPC\Cd.

(1) Sp:cd is another important parameter to consider. A
bullet fired by a gun can casily pierce human tissue
before it stops, resulting in casuality. The same bullet
fired with moderate speed will not cause much
damage.

Thus, for a given mass, the greater the sptcd, the
greater is the opposing force needed to stop the body
in a certain time. Taken together, the product of
mass and vc||:|-c'1ty, that is momentum l.'vr:ntua"y is

(1i1)

(iv)

relevant variable of motion. The greater the changc
in the momentum in a given time, the greater is the

force that needs to be app“cd,

If two stones, one light and other hcavy are druppcd
from the top of a building, a person on the ground
will find it easier to catch the |ight stone than the
hl::-u-'}r stone. This is due to the mass of a b-ndy is thus
an important parameter that determines the effect of
force on its motion.

Suppose a stone is rotated IS -::_::‘
with uniform spccd ina g . N
horizontal planc by means ‘-‘_.‘1 .I" -
of a string, the magnitudc et o

of momentum is fixed.
But its direction chang:s.
This is due to a force
needed to cause this changc IN Momentum vector.

This force is pravidl:d by our hand through the
string, Experience suggests that our hand needs to
exert a greater force if the stone is rotared ar greater
sp::d or in a circle of smaller radius or both. This
corresponds to greater acceleration or greater rate of
change in momentum vector. That means the greater
rate of changc in momentum vector, the greater is

the force applied.

A fastened stone with
the string is rotating

Newton’s Second Law of Motion

This law states that the rate of cha.ngc of momentum of a
bod}' is dircctly pmportiﬂnal to the external force applied
on the bﬂd}r and the I:ha.n.ge takes plw:e in the direction of
the applied force. Let F be external force appli-:d on the

body

in the direction of motion of the body for time

interval A, then the v:lacir}r of a bndy of mass m changcs

fl'DlTl

viov+tAv, Le changc in momentum Ap=mAv.

Accurding to Newton's second law,

A A
FI—P or ]'-':,ﬁ-—P
At At

where, & is a constant of prupurtianality.

If limit Ar = 0, then the term ﬁ—P becomes the

derivative —.
dl

Thus,

t
dp
t
dp
F=k—
dr
FOT a bﬂd)" Df F]Il:d IMass w1, WC l'la\:’f
F=b d(mv) :g.,,,ﬂ
dt
F = kma ( %=ﬂ]



Let, k=1
So, Force, F =ma
In scalar form, this equation can be written as
F =ma

.. 1 unit force = 1 unit mass X 1 unit acceleration
A unit force may be defined as the force which produces
unit acceleration in a body of unit mass.
The force is a vector quantity and its SI unit is Newton.
One newton is defined as that much force which produces
an acceleration of 1 m/s® in a body of mass 1 kg.

IN =1kg x 1m/s*

IN=1kgm Is?
In CGS system, absolute unit of force is dyne. One dync is
that much force which produces an acceleration of 1 cm/s?
in a body of mass 1 g.

Idyne=1g x lem/s®

ldyne = lgcm/s2
In SI unit, gravitational unit of force is kilogram weight
(kg-wt). It is defined as that much force which produces an
acceleration of 9.80 m/s” in a body of mass 1 kg.

1 kg-wt=1kgf =9.8 N
In CGS system, gravitational unit of force is gram weight
(g-wt) or gram force (gf). It is defined as that force which
produces an acceleration 0f 980 cm/s* in a body of mass 1 g.
lg-we=1gf =980 gcm/s2

Relation between Newton and Dyne
1 N =1kg x Im/s* =1000 g x 100 cm/s*

=10° gem/s? [1dyne=1gcm/s?)

1 N= 10" dyne

Note

* A gravitational unit is g times the corresponding absolute unit.

« A gravitational unit of force is used to express the weight of a body.
e.g. The weight of a body of mass 10 kg is 10 kg-wt or 10 kgf. For this
reason, the gravitational units are also called practical units.

EXAMPLE |2| Playing with the X-ray

If an electron is subjected to a force of 107** N in an
X-ray machine, then find out the time taken by the
electron to cover a distance of 0.2 m. Take mass of the
electron = 107 kq.

Sol  The acceleration of the electron
Fow™® 5
gd=—=—mp= l[:le m/fs

m 10
The time taken by the electron (t) to cover the distance
(s)of 0.2 m can be given by

s=ut +—at”
2

0.2=0 +-;-x 10° %t
' =04x 10" =4x 107 s*
1=2x10"s
Newton's Second Law in Component

Form and its Significance

In terms of their rectangular components, the force,
momentum and acceleration vectors can be expressed as

F=F,i+Fj+Fk
P=p.itp,jtpk
and a=a.ita,jtak
From the formula of force in vector form, for constant m,

. 2
=—=ma
8. 4 R R 2 A
Fx|+F_']+ ka=;;(pxl+ Pyt p.k)
=m(ax}+a]}+a,l‘<)

Equating the components along the three coordinate axes,
we get

dp: dp!
&)= 7 =ma,, F,=—;=ma,
and F,=% =ma,

The above three equations represent the component form
of Newton's second law.

EXAMPLE |3] Acceleration of the Puck

A hockey puck with a mass of 0.3 kg slides on the
horizontal frictionless surface of an ice rink. Two forces
act on the puck as shown in figure. The force F, has a
magnitude of 5 Nand F, has a magnitude of 8 N. Determine
the acceleration of the puck.

r'?.' Using trigonometry, find the x-component and
¥ y-component of both the forces exerted on the puck. Add
x-components together to get the x-component of the
resultant force and then do the same with the
y-components. Divide by the mass of the puck to get the
accelerations in the x and y-directions.



Sol. Given, F, =5N, F, =8N, m = 0.3 kg and acceleration
a =? The resultant force in the x-direction exerted on

the puck,

IF, =F,, +F, =F cos 20° + F, cos 60°
=(5N)(0940) + (8 N) (0500)
=870N

The resultant force in the y-direction exerted on the

puck,

IF, = F,, + F,, =— F sin 20° + F, sin 60°
=—(5N)(0342) + (8 N)(08666) =5.22N

Now, we can use Newton's second law in component

form to find the x and y-components of acceleration

a, —&_M_Zgﬂm/sz
m  03kg
ZF
and a4 =—2= 322N =174 l!l/s2

Magnitude, a= \/(29.0)2 +(174) m/s?
= 338 mi*
and its direction is
0 = tan™'(a, /a,) = tan™" (17.4/290) = 310°

relative to the positive x-axis.

EXAMPLE |4| Magnitude of the Force
A force applied on an object of mass 1 kg produces an
acceleration of 8 m/s2. When a force of the same

magnitude is applied to a carton of ice cream of massm,,
it produces an acceleration of 12 m /s .What is the mass

of the carton of ice cream and the magnitude of the
force?

(7) Apply £F = ma to each object and solve for the mass of
% the ice cream carton and the magnitude of the force.

Sol. Given, a, =12m/s* and Force F =?
Apply ¥ F = m a to each object.

Fy=ma
and F, = mya,

FF=F,=F
or mya, = mya,
= &zﬁ.—.i

m,=—=067k
=5 4

F=ma =1x8=8N

EXAMPLE |5| Dangerous Bullet

A bullet of mass 0.04 kg moving with a speed of 90 m/s
enters a heavy wooden block and is stopped after a
distance of 60 cm. What is the average resistive force

exerted by the block on the bullet? [NCERT)

Sol. Given, s=60cm=06m, u=9%m/s
The retardation a of the bullet is given by

2

ge ot _90x9%
2s 2x06
= a=-6750 m/s*

The retarding force by the second law of motion is

F=ma
where, F =0.04x 6750
F=270N

Actual resistive force and retardation of the bullet may
not be uniform. It indicates only average force.

EXAMPLE |6| Force Acting on a Particle
The motion of a particle of mass mis described by

y=ut+ L gt?. Find the force acting on the particle.
2 [NCERT)]

Sol. We know, y=ut + l;gtz

Now, by differentiating the above equation w.r.t. t, we get
dy
v=—==u+gt
dt ¥

. d
and acceleration, g = d_v =g
t

Then, the force is given by
F=ma=mg
Thus, the given equation describes the motion of a

particle under acceleration due to gravity and y is the
position coordinate in the direction of g.

IMPULSE

The measure of the action of a large force acting for a
duration of time to produce a finite change in momentum is
called an impulse. Impulse is defined as the product of the
average force and the time interval for which the force acts on
the body. It is denoted by L.

Thus, Impulse = Average force X time

Impulse is a vector quantity. The direction of impulse is same
as that of the force.

Its SI unit is newton-second (N-s).

Its dimensional formula is [MLT ™"}

Expression for an Impulse

Consider a constant force F which acts on a body for
time dt. The impulse is given by

d1=Fdt
If the force acts on the body for a time interval from ¢, to ¢,,
the impulse is given by

l=j'dl=f:l=d:



IfF_, is the average force, then

I=F,, [ di=F,[¢]?
4

[=F, [t =4]
Impulse,  =F_, At

According to Newton’s second law of motion,
_a
T odr

= Fdt =dp

Integrating both sides with limits, we get
"Fdr=[" d
'[0 '[ Pl P
= Ext=p,-p
= Impulse,I=p, = p,
Thus, the impulse of a force is equal to the total change

in momentum produced by the force.
(Following are some of the practical aspects of impulse.
(i) When a ball hits a wall and bounces back, the force on

the ball by the wall acts for a very short time. When
the two are in contact, the force is large enough to
reverse the momentum of the ball. Often, in these
situations, the force and the dme duration are
difficult to ascertain scpa.rnn:l_v.

However, the pruduct of force (F) and tme (#)
which is the changc in momentum of the budy
remains measurable quantity.

(i1) An athelete is advised to stop slowly after finishing a
fast race, so that time of stop increases and henece
force experienced by him decreases.

(iii) Boggics of a train are provided with buffers to avoid
severe jerks during shuntdng of the train. Due to
presence of buffers, ime of impact increases. Thus,
force during jcrlcs decreases.

In all the examples described above, the formula for
impu|s: that is mlpr=u)=F x¢ is urtlised. I,
achieve the same change in momentum, when ¢ is
increased, F required decreases. It results into less
injury to body.

(iv) A cricket player lowers his hands while carching a
ball. This is due to the player has to apply a
rctarding force stop the moving ball (ie. to
change the momentum of the moving ball).

If the playcr does not lower his hands while
catching the ball, the to reduce the

momentum of ball to zero, is small.

time

So, a large retarding force has to be applied to change

_4p
T dr

Hence, his hands are injured. On the other hand,
when the player lowers his hands while catching the
ball, the time to stop the ball is increased.

the momentum of the moving ball (

Hence, less retarding force has to be applied to cause
the same change in the momentum of the moving
ball. Therefore, the hands of the player are not
injured as shown in given figure.

P

Change in momentum of the ball

EXAMPLE |7| A Straight Drive
A batsman hits back a ball straight in the direction of the
bowler without changing its initial speed of 12 m/s. If the
mass of the ball is 0.15 kg, determine the impulse imparted
to the ball. (Consider a ball in linear motion). [NCERT]
Sol Given, m=0.15kg, v =12m/s,u = —12m/s
Change in momentum = p, — p, = m[v —u
=0.15 [12— (- 12)] =0.15x 24
P2 — py =360 kg-m/fs

Impulse, I=p:—p1 = [=36N-5

EXAMPLE |8| Fall of a Ball

Consider a ball falling from a height of 2 m and rebounding
to a height of 0.5 m. If the mass of the ball is 60 g, find the
impulse and the average force between the ball and the
ground. The time for which the ball and the ground
remained in contact was 0.2 s.

Sol The initial velocity of the ball at P is zero. Let the final
velocity of the ball at { is v.

Given s = 2 m, then
TIP

—




vi=u® + 2as
vi=0+2x08x2=4x98
v=+392m/s =626 m/s
Letu” be the velocity of rebound of the ball.
Given, s = 0.5 m, the final velocity at R is zero
v =u? + Zas
O=u" +2x(—98)x 0.5
w=-98ml=—313m/s
Now, Impulse = Change in momentum
=mv—(—mu’)=miv+u’)
60
=——(6.26 + 3.13)
1000

=006 9.39=0563N-5
Impulse _ 0.563
Time 0.2

Newton’s Third Law of Motion
When we press a coiled spring, the spring is compressed by the

force of our hand. In turn, the compressed spring exerts a force
on our hand, and we can feel ir. Also, the carth pulls a stone
downwards due to gravity. Bur according to Newron, the
stone exerts an equal and opposite force on the earth. We do
not notice it since the carth is very massive and the effect of a
small force on its morion is negligible.

~ Average force = = 281TN

Thus, forces a|wa)-'s occur in pairs as a result of mutual
interaction between two bodies. Thus, Newton's third law
states that for every action, there is always an equal and
opposite reaction.

In simple terms, the third law can be stated as follows

Force in nature always occurs in pairs. Force on body A by
body B is equal and opposite to the force on the body

B by A.

As shown in figure if Fg, is the force exerted by body A on B
and F 5 is the force exerted by B on A, then according o
Mewton's third law,

F, .z ==Fg,
Force on A h}rBZ—Forccoth)«'A

The condition is shown in ﬁgurc.

—(O—

"AB Fas
Forces acting on bodies 4 and 5
LA colliding with &)

Some important implicatians abour the third law of motion

(i) Newton's third law of motion is app]icablc
irrespective of the nature of the forces The forces of
action and reaction may be mechanical, gravirational,
electric or of anv other nature.

(ii) Action and reaction always act on two different
bodies If thcy acted on the same bndy, the
resultant force would be zero and there could
never be accelerated motion.

(iii) The force of action and reaction cannot cancel
each other This is because action and reaction,
though equal and opposite forces always act on

different bodies and so cannot cancel each other.

{iv) No action can occur in the absence of a reaction
In a tug of war, one team can pull the rope only if
the other team is pulling the other end of the
rope, no force can be exerted if the other end is
free.

One team can exert the foree of action because the
other team pmvidcs the force of reaction.

Some Important Concepts about

Newton's Third Law of Motion

(1) While wa|king we press the gn:nund (action) with
our feet slighrly slanted in the backward direction.
The ground exerts an equal and opposite force on
us. The vertical component of the force of
reaction balances our wcight and the horizonral
component enables us to move forward as shown

in figure.

=Rs&ing

o vV

—_— =

Applied force by the feet and its reaction
force along with its components

(i1} Rotatory lawn .sprin]dcr The acton of rotatory
lawn sprinldl:r is based on third law of moton.
As warer forces way its of the nozzle, it exerts an
equal and opposite force in the backward
direction, causing the sprinkler to rotate in the
opposite direction. Thus, warer is scartered in all
directions as shown in figure.

Water rotatory lawn sprinkler



EXAMPLE |9]| Play with Billiard Ball
Two identical billiard balls strike a rigid wall with the same
speed but at different angles and get reflected without any
change in a speed as shown in figure.
(i) What is the direction of the force on the wall due to
each ball?
{ii) What is the ratio of the magnitudes of impulses

(it} The ratio of the magnitude of the impulse imparted to
the balls in casesaand b is

—2mu

— 2mu cos 30°F
1

1 2
= = =—=12
cos 307 33 /2 :“;

mparted to the balks by the wall? INCERT] X AMPLE |10| Change in Momentum

Sol Let m be the mass of the ball and u be the speed of each
ball before and after collision with the ball. Choosing

xy- axes as shown in figure.

Y
u u
+
(a)

(o)
(i) Case (a) In Fig. (a),
Prigia = MU on xX-axis
Prr_‘ =-—mu

On y-axis Pricd =0 Pypy =0
and we know that impulse
I = change in momentum (p; — p; )
. x-component of impulse

= P " Prpy = MU — mu =— 2mu
y-component of impulse

= Pyt~ Priiga=0—0=0

Since, impulse and force are in the same direction,

A truck is moving with a speed of 20 m/s along a straight
line. Suddenly, some sand starts falling from the back side
of the truck at the rate of 20 g/s. Find the value of
external force required to make the truck move with the
constant velocity of 20 m/s.

Sol Since, truck is losing weight or mass without any
change in velocity, its momentum changes. When there
is a change in momentum, there is creation of force
(according to Newton's second law applied in reverse).
Since, truck is becoming lighter, it will be accelerated in
forward direction. That means force in it will be created
in forward direction.

—hFhﬂl =
X0 IO M

1 Sand coming out

The value of this force could be found out with the
formula of Newton's second law, when v is constant (at
an instant) but mass is varying.

dm
F =|v |—

therefore, force on the ball due to the wall is along

negative x-axis.

That much amount of force have to be applied on the

By Newton’s third law of motion, the force on the mf'tk in the hackmd direction to keep the truck moving
wall due to the ball is normal to wall along the with constant velocity

positive x-direction.
Case (b) In Fig. (b),

u
usin3g®
ucos 30
UCOS
wsin 30°
u
On x-axis, Pr,,,, =mucos 30°
Prgey = — Mu cos 30°
On y-axis p, = —musin30°
Py y = — mu sin 30°

x-component of impulse = e
= — mu cos 30° — mu cos 30°
= — 2Zmu cos 30°
y-component of impulse=p . —p,
= — mu sin 30° + mu sin 30° =0
The direction of force on the wall is same as in case
(a) i.e. normal to wall along positive x-direction.

v{consiant)
—_—

E
B e | — Finuex
G o 2]
Sand coming out
dm
Fe&t :Ftnl:k =v
dt

F., =20 m/s [20%107° kg /s] = 04 N (backward)

Apparent Weight of a Man in a Lift

Let us consider a man of mass m is standing on a weighing
machine placed in an elevator/lift. The actual weight mg of
the man acts on the weighing machine and offers a reaction

R given hy the r:ading of the w:ighing machine.

This reaction R exerted by the surface of contact on the man
is the apparent w:ighr of the man. Now, we consider how R
is related to mg in the different conditions.



(i) When the lifi moves upwards with acceleration a as
shown in figure, the ner upward force on the man is

R

G

mg

R=-mg=ma = R=ma+mg

[ﬁppar:nt weight, R=m (g + a}]

S0, when a lift accelerates upwards, the apparent

w:ight of the man inside it increases.

(i) When the lift moves downwards with acceleration 4 as

shown in ﬁgurc, net downward force on the man is

R

Glg

mg

mg — R = ma

[ﬁpparcnt weight, R=mlg - .::']]

So, when a lift accelerates downwards, the apparent
weight of the man inside it decreases.

(iii) When the lift is at rest or moving with uniform

vclu-cil}r v downward or upward as shown in ﬁgurc.

R

mg

Then, acceleration @ = 0. So, net foree on the man is

R=mg=mx0 = R=myg

or [J\pparcnt wcight = actual wcight ]

So, when the lift at rest and the apparent we'ight of
the man is the actual weight of him.

(iv) When the lift falls frccl]r under graviry if the
supporting cable of the lift breaks. Then, a = g.

The net downward force on the man is

R=m(g-g) =

Thus, the apparent weight of the man becomes zero.

This is because both the lifts are moving downwards with
the same accelerarion g and so there are no forces of action
and reaction exists between the man and life. Hence, a
person develops a fecling of weightlessness when the lift falls
ﬂ'n:n:l}.-r under graviry.

EXAMPLE |11| Feeling Weightlessness
A man of mass 70 kg stands on a weighing scale in a lift
which is moving

(i) upwards with uniform speed of 10 m/s?

(ii) downwards with a uniform acceleration of 5 m/s"?

(iii) upwards with uniform acceleration of 5 m/s’.
What would be the readings on the scale in each case?
(iv) What would be the reading if the lift mechanism failed
and it hurtled down freely under gravity? [NCERT)

-5~ When a man is standing on a weighing scale, it will read
% the normal reaction R as apparent weight.

Sol Given, mass of man (m) =70kg

In each case the weighing scale will read the reaction R,
i.e. the apparent weight.

(i) As lift is moving upward with a uniform speed,
therefore, its acceleration a = 0
. Normal reaction w = R=mg=T0x 10N =700 N
w acts vertically downwards and R acts vertically
upwards.

*. Reading on weighing scale = . To kg
10

(11) Acceleration of the lift, a = 5m/s 2[\1-}
- Normal reaction, R = m{g — a) = T0{10 — 5) N

=T0x5N=350N
350 N

10 m/s*
(1ii) Acceleration of the lift, a =5 m.n’szli T )]
.~ Normal reaction, R = m{g + a)

=T0(10 + 5)= 1050 N
1050 N

10 m/s”
(iv) Acceleration of the lift when it is falling freely under
gravity

~ Reading on weighing scale = =35kg

~ Reading on weighing scale =

= 105kg

a=g()
*. Normal reaction, R=mig—a)=mig—g)=0
Reading on weighing scale =0

MNote

There will be feeling of weightlessness. We feel our weight because
of reaction force. When reaction is zero, we feel weightlessness,
though our weight is sfill there.



CONSERVATION
OF MOMENTUM

This princip|c is a consequence of Newton's second and
third law of moton.

According ro this principle

“In the absence of an external force the total momentum
of a system remains constant or conserved and does not
change with time”

If F, =0

Or in an isolated system (i.e. a system having no exrernal
force) mutual forces (called internal forces) between pairs of
particles in the system causes momentum change in
individual particle. But as the mutual forces for cach pair
are equal and opposite, the linear momentum of individual
particle cancel in pairs and the total momentum remains
unchanged. This fact is known as the law of conservation
of momenmm.

The toral momentum of an isolated system of interacting
partidc is conserved. Mow, we will show that the total
momentum of a system remains constant in the absence of
external force. Inrernal forces acting among constituent
particles of a system do not affect momentum of system as a
whole.

Explanation of Conservation of Momentum
Let us consider the momenta of two particles system of

IMAsscs My .'ll'll:l I, arc py :;md P2 IC.SPI:C[']'\’CI}", ['hl:]'l ['ht ner
momentum Df tI.'lC WI'IEIC S}PSTCI'H

P=P1+P:2 (1)
Suppose F, and F, are two forces acring on particles of
masses m,; and m,. Let in a small rime interval Ar the
change produced by the forces F) and F, are Ap, and Ap,.

Thus, net change in momentum

Ap=Ap, + Ap,
Ap Ap, Ap,
or — =t —
At Ar Ar
dp d |
or —Plzl+ﬂ [as Ar — 0]
dr  dr dt
or %ZF]'FF_} ... (i)
where, Fi =F o + Fin
and Fy=F) o +Fpiy
dp
—=(F  +F )+, +F,)
dt
or %:(F, et ¥ Fae )+ (Fyie + Fap ) o)

From Newton's third law, the internal forces always occur
in pair so
(Fy,. tFy,..)=0
(Fyine == Fayj)
From Eq. (iii), we get

or

Thus. %:(-F_}mt+ngm}+{-Fln:+F2u|l
or ﬁ=l}+F1ﬂl+F}ﬂt or ﬂ=:F=m
dr - dt
where, F=F ., +F, . F,=0
Then, i =0
dr
or Momentum, p = constant

This equation shows that the law of conservadon of linear
momentum holds true, i.e. linear momentum of the system
remains conserved.

Conservation of momentum theorem is app|ic:-1|:|l: for
F.. =0, it does not depend on internal forces.
C.g.

(i) Let us consider a bullet fired from a gun. Then, force
on the bullet h}r the gun is F and Jccnrding to third
law of motion, the force on the gun h}r bullet will be
= F. The two forces act for a common interval of
time Ar.

Accurding to second law, F Ar is the clung: in
momentum of the bullet and — F At is the changc in
momentum of the gun. Because buller and gun are
initiall}' at rest and then changc in momentum of the
system s zero, so the sum of their final momenta
must be zero.

Thus, if p, is the momentum of the bullet after
ﬁring and Pe is the recoil momentum of the gun,
then Pg=—PpPsorp;+p, =0

Let a2 bomb be ar rest, then its momentum will be
zero. If the bomb explodes into two equal parts,
then the parts fly off in exactly opposite directions
with the same speed so that the roral momentum is
still zero. Here no external force is applied on the
system of particlcs (bomb). Forces created are

(ii)

internal onl}r.

EXAMPLE |12| Newton's Third Law from Newton's
Second Law

Show that Newton's third law of motion is contained in the
second law.

Sol. Let Fy, be the force (action) exerted by A on Band r‘:iﬂ
t

be the resulting change of the momentum of B.



Let F,; be the force (reaction) exerted by Bon A and
EF be the resulting change of momentum of A.
T

According to Newton’s second law, F = ﬂ

dt
Then, Fm=djli and FM=EPi
dt dt
d d d
Fy + Fog=dB8  9Pa _d . o ) i)
o A dr dt dt Pa ™ Fa

Without any external force, the rate of change of
momentum of the whole system must be zero.

d
ie —ipy, +p,)=0

dr Ps T Pa
So, Fyo +Fyg=0o0r Fg, =—Fy
or Action = — reaction

and it is a Newton’s third law of motion. Hence,
Mewton’'s third law of motion is contained in the second
law of motion.

So, Newton's second law of motion is the real law of motion.

EXAMPLE |13| Conservation of Momentum

A moving neutron with speed 10® m/s collides with a
deuteron at rest and sticks to it. Find the speed of the
combination if masses of the neutron and deuteron are
1.67 x 107" kg and 3.34 x 10™?" kg, respectively.

Sol. Given, for neutron,
Mass, m, =167 x 107 kg
Speed, u, =10° m/s
For deuteron,
Mass, m, =334 x 1077 kg

Speed, u, =0 [ the deuteron is at
rest]
From principle of conservation of momentum,
myu, + mgl, =(m; +m, v
167 x 1077 % 10° + 334 x 1077 %0
=(334 +167) x 1077 x v
—r7 +h
167 x 10 * 10
v =33133x 10" m/s
501 %10

Equilibrium of a Particle

Forces which are acting at the same point or on a particle
are called concurrent forces. These forces are said to be in

:quilibrium when their resultant is zero,

Fa F

Representation of concurrent forces

(i) If two forces F, and F, act on a parril:l:, then thcy
will be in l:quilihrium if F, =—F, i.e. two forces on

the particl: must be cqua] and opposite.

(ii) Three concurrent forces F|,F,

and F; will be in equilibrium
when the resultant of two forces

F, and F, s cqual and opposite 8
to the third force l:_,‘.

Given, figure shows thatr three
concurrent forces F|,F, and F,
are acring at a point O and
represented by OA, OB and OC,
n:spn:tivd}r. Let us cnmplctc the
parallelogram OAC” B.

The diagunal OC" of the pam”clogmm represents
F+F,, the resultant of F, and F, from law of
parallelogram of forces.

Equilibrium under
concurrent forces

IF0OC" is cqual and opposite to OC, then
F,+F,==-F or FF+F +F =0
i.e. three concurrent forces are in equilibrium when
the resultant of any two of them is equal and
opposite to the third.
A particle under the action of forces
F,,F,,F,,...,F, will be in equilibrium if these
forces can be represented by the sides of a closed »
sided polygon in the same sense, i.c.
F +F+F+...... +F, =
This equation implies that
E +F, +E +... +F_ =
F|y+F1J+F”+ ...... +Fq=
EF,+F, +F +... +F, =0
where, F,_, Fl; and F,, are the rectangular
components of F; along x, y and z-directions.

LAMI'S THEOREM

ﬁccurding to this theorem, when three concurrent forces
F,.F, and F; acting on a body are in equilibrium, then

Fy Fa

Fa

Three concurrent forces acting at some angles

F, F, F

sinl‘:t.zsin['.'izsin-"f

where, 0 = angle between F; and Fy
P = angle between Fy and F,
Y= ang|c between F, and F,



Proof

TOPIC PRACTICE1 |

OBJECTIVE Type Questions

1. Suppose the earth suddenly stops attracting
objects placed near surface. A person standing on
the surface of the earth will
{a) remain standing

As shown in above figure, the forces Fy,F; and F; can be
rcpr:s:ntcd hy sides of AABC, taken in the same order.

(b) fly up
Applying law of sines to AABC, we get (¢) sink into earth
F F, F, (d) Either (b) or (c)

Sol. (a) If downward force on the earth stops, so upward self
adjusting force also stop. In vertical direction, there is
no force. Due to inertia person resists any change to its

in(m—-0) sn(m—P) sin(m-7)
F, F, Fy

or - == B == [-sin (m —8) =sin B) state of rest. Person will remain standing.
sl sn sin Y
2. An astronaut accidentally gets separated out of
g
. his small spaceship accelerating in interstellar
EXﬁMPLE | 14.' Lamis Th“mm_ space at a fonslan]:rate of 100 ng-s‘z, What is the
The below figure is the part of a horizontal stretched net. . .
Section AB is stretched with a force of 10 N. then acceleration of the astronaut at the instant after
determine the forces in the sections BC and BF ' he is outside the spaceship? (Assume that there
. are no nearby starts to exert gravitational force
on him)
(a) 0
b) 1
(c) ==

(d) Data insufficient

Sol (a) Since, there are no near by stars to exert
gravitational force on him and the small spaceship exert
negligible gravitational attraction on him, the net force

acting on the astronaut, once he is out of the spaceship
15 Zero.

Sol By drawing the free body diagram of point B. 3. Aball is travelling with uniform translatory
Let the force in the section BC and BF are F, and F, motion. This means that [NCERT Exemplar]
respectively. (a) it is at rest
(b) the path can be a straight line or eircular and the
ball travels with uniform speed
(c) all parts of the ball have the same velocity
(magnitude and direction) and the velocity is
constant
(d) the centre of the ball moves with constant velocity
and the ball spins about its centre uniformly
Sol. (c) In a uniform translatory motion, all parts of the ball

Three concurrent have the same velocity in magnitude and direction and

forces acting at this velocity is constant.
some angles

C F

LA

F _ F, _ F
sin120°F  sin120°  sinl20F
From Lami’s theorem F, = F, = F =10N

The situation is shown in adjacent diagram, where a
body A is in uniform translatory motion.



4.

Sol

Sol.

Sol

A metre scale is moving with uniform velocity.

This implies [NCERT Exemplar]

{a) the force acting on the scale is zero, but a torque
about the centre of mass can act on the scale

{b) the force acting on the scale is zero and the

torque acting about centre of mass of the scale is
also zero

(c) the total force acting on it need not be zero but the
torque on it is zero

{d) neither the force nor the torque need to be zero

(b) To solve this question we have to apply Newton's

second law of motion, in terms of force and change in
momentum,

We known that, = d—P
dt
given that meter scale is moving with uniform velocity,
hence, dp =0
Force, F =0

As all part of the scale is moving with uniform velocity
and total foree is zero, hence, torque will also be zero.

Conservation of momentum in a collision
between particles can be understood from

) [NCERT Exemplar]|
(a) conservation of energy

(b) Newton's first law only
({c) Newton's second law only
(d) Both Newton's second and third law

{d) In case of collision between particles equal and

opposite forces will act on individual. (by Newton's
third law)

From second law of motion, if external force is zero, then
momentum is consered.

A body of mass 2kg travels according to the law

x(t) = pt + gt* + rt* where, g = 4ms™, p = 3ms™ and

r = 5ms™. The force acting on the body att = 2sis
[NCERT Exemplar]

(a) 136 N (b) 134 N

{c) 158 N (d)68 N

(a) Given, mass = 2 kg

x(t)= pt +qt* +rt’

v=—=p+ 2qt +3rt"

dt
dv

as—=0+2q +6art
dt A

att=25a=2g+6x2xr

=2g +12r

=2x4+12%5

=8+ 60=68m/s

Force = F= ma
=2x68=136N

7. In equilibrium of particle when net external farce

of the particle is zero. Then, the particle is
(a) at rest
(b) moving with uniform velocity
(c) moving with uniform acceleration
{d) Both (a) and (b)

Sol (d) In equilibrium, net force is zero, there force,
acceleration is zero, hence particle is either at rest or in
motion with uniform velocity.

VERY SHORT ANSWER Type Questions

8. Bodies of larger mass need greater initial effort
to put them in motion. Why?

Sol. According to the Newton's second law of motion,
F = ma, for given acceleration a, if m is large, F should
be more iLe. greater force will be required to put a larger
mass in motion.

9. Aforce of I N acts on a body of mass 1 g.
Calculate the acceleration produced in the body.

Sol. Given, F=1N, m=1g=lﬂ_3|«.g

Now, F = ma

=10 m/s

10. Calculate the force acting on a body which
changes the momentum of the body at the rate
of 1kgm/s%

Sol. We know that, F = rate of change of momentum

F=1kg-m/s'=1IN

11. The distance travelled by a moving body is
directly proportional to time. Is any external
force acting on it?

Sol. When S = t, so acceleration = 0, Therefore, no external
force is acting on the body.
12. A force of 36 dyne is inclined to the horizontal at

an angle of 60°. Find the acceleration in a mass
of 18 g that moves in a horizontal direction.

Sol. Given, F = 36 dyne at an angle of 60°.
s Component of force along x-direction

FI=Fm360“=36><l=13dyn£
2

But F, =ma,_,
F 18
i, = Y =—=1 |_-|r|_|fs2
m 18

13. Abody is acted upon by a number of external
forces. Can it remain at rest?

Sol. Yes, if the external forces acting on the body can be

represented in magnitude and direction by the sides of a
closed polygon taken in the same order.



14.

Sol.

15.

Sol

If force is acting on a moving body
perpendicular to the direction of motion, then
what will be its effect on the speed and direction
of the body?

No change in speed, but change in direction is possible.
Forces acting on a body in circular motion is an example.

An impulse is applied to a moving object with a
force at an angle of 20° w.r.t. velocity vector,
what is the angle between the impulse vector
and change in momentum vector?

Impulse and change in momentum are along the same

direction. Therefore, angle between these two vectors is
zero degree.

SHORT ANSWER Type Questions

16.

Sol

17.

Sol.

18.

Why are porcelain objects wrapped in paper or
straw before packing for transportation? [NCERT)
Porcelain objects are wrapped in paper or straw before
packing to reduce the chances of damage during
transportation. During transportation sudden jerks or
even fall can take place. Forces are created at the point
of collision and the force takes longer time to reach the
porcelain objects through paper or straw for same
change in momentum as F = Ap /At and therefore a
lesser force acts on object.

A woman throws an object of mass 500 g with a
speed of 25 m/s.
(i) What is the impulse imparted to the object?
(if) If the object hits a wall and rebounds with

half the original speed, what is the change in
momentum of the object? [NCERT]

Given, Mass of the object(m) =500¢g = 0.5 kg

Speed of the object (v) = 25 m /s

(i) Impulse imparted to the object
= change in the momentum
=mv—mu=m(v—u)
=05(25—0) =12.5N-s

(ii) Velocity of the object after rebounding = — % m/s

v =-—125m/fs
. Change in momentum = m (v’ — v)
=05(— 12.5— 25)=—18.75 N-s

A passenger of mass 72.2 kg is riding in an
elevator while standing on a platform scale.
What does the scale read when the elevator
cab is (i) descending with constant velocity
(ii) ascending with constant acceleration,
3.5m/s"?

Sol. Given, mass, m=722kg

19.

Gravity acceleration, g =98 m/s :

Scale reading = apparent weight = R =7

(i) While descending with constant velocity, a =0
R=mg
R=722x 9%

= R=70756 N

(ii) While ascending witha=32m/ g?
R=mig+a)
R=722(98+32)=9386N

A person of mass 50 kg stands on a weighing

scale on a lift. If the lift is descending with a

downwards acceleration of 9 m/s”, what would

be the reading of the weighing scale?

(g=10 m/s?)

'.'rl;f-: When a lift descends with a downward acceleration g,
W the apparent weight of a body of mass mis given by
w'=R=mig-a) [NCERT Exemplar]|

Sol. Given, Mass of the person, m = 50 kg

20,

Sol.

21.

Sol.

Descending acceleration, a =9 m/s”

Acceleration due to gravity, g =10 m/s*

Apparent weight of the person,
R=m(g—a) =50(10-9)=50N

2 Reading of the weighing scale = 2., Skg
£

A person driving a car suddenly applies the
brakes on seeing a child on the road ahead. If he
is not wearing seat belt, he falls forward and hits
his head against the steering wheel. Why?

[NCERT]
When a person driving a car suddenly applies the
brakes, the lower part of the body slower down with the
car while upper part of the body continues to move
forward due to inertia of motion. If driver is not wearing
seat belt, then he falls forward and his head hit against
the steering wheel

Why does a child feel more pain when she falls

down on a hard cement floor, than when she

falls on the soft muddy ground in the garden?
[NCERT]

When a child falls on a cement floor, her body comes to

rest instantly.

But F x At = change in momentum = constant.

As time of stopping At decreases, therefore. F increases and
hence child feel more pain. When she falls on a soft muddy
ground in the garden, the time of stopping increases and
hence F decreases and she feels lesser pain.



LONG ANSWER Type I Questions

22. Apebble of mass 0.05 kg is thrown vertically
upwards. Give the direction and magnitude of
the net force on the pebble

(i) during its upward motion.
(ii) during its downward motion.
(iii) at the highest point where it is momentarily
at rest.
Do your answer change if the pebble was thrown
at an angle of 45" with the horizontal direction?
lgnare air resistance. [NCERT]
Sol. When an object is thrown vertically upward or it falls
vertically downward under gravity, then an acceleration
E=10m 1s* acts downward due to the earth’s
gravitational pull.
Mass of pebble (m) = 0.05 kg
(i) During upward motion
Net force acting on pebble (F)= ma=0.05x 10 N
=050 N (vertically downward)
(ii) During downward motion
Net force acting on pebble (F) = ma=005% 10N
=050 N (vertically downward)
(1ii) At the highest point
Net force acting on pebble
(Fy=ma=005x 10 N
=050N (vertically downward)
If pebble was thrown at an angle of 45° with the
horizontal direction, then acceleration acting on it and
therefore force acting on it will remain unchanged, i.e.
0.50 N {vertically downward). In case (c), at the highest
point the vertical component of velocity will be zero but
horizontal component of velocity will not be zero.

23. Astream of water flowing horizontally with a
speed of 15 m/s gushes out of a tube of
cross-sectional area 10~ ?m? and hits a vertical
wall nearby. What is the force exerted on the
wall by the impact of water, assuming it does not
rebound? [NCERT]

Sol Given, speed of the stream of water, v =15 m/s
Area of cross-section of the tube, 4 =10 ‘m?

Volume of water coming out per second from the tube

VeAv=10"* x15=15%10" ‘m’
Density of water = 10" kg/m*

. Mass of the water coming out of the tube per second

m =V
P volume

[ Density = ! ]
=15%10"% x 10°kg
= 150 kg /s

Force exerted on the wall by the impact of water

= change in momentum per second

=mv=150=15N
= 2250 N

24. Ten one-rupee coins are put on top of each
other on a table. Each coin has mass m. Give the
magnitude and direction of

(i) the force on the Tth coin (counted from the
bottom) due to all the coins on its top,

(ii) the force on the Tth coin by the 8 coin,
{counted from the bottom)

(iii) the reaction of the 6th coin on the Tth coin.
(counted from the bottom) [NCERT]
Sol .- Mass of each coin = m
MNumber of total coins =10
(i) Force acting on Tth coin (counted from the bottom)
= Weight of the coins above it
= Weight of 3 coins
= 3 mg N (downward)
(ii) Foree acting on 7th coin by the 8th coin = weight of
the & coins + weight of two coins supported by 8 coins
= mg+ Zmg
=3 mg N (downward)
(iii) Reaction of the 6th coin on the 7th coin
= — (force exerted on 6th coin)
= — (weight of 4 coins)
=—4 mg N (vertically upward)

25

A helicopter of mass 1000 kg rises with a
vertical acceleration of 15 m/s%. The crew and

the passengers weigh 300 kg. Give the
magnitude and direction of the
(i) force on floor by the crew and passengers.
(ii) action of the rotor of the helicopter on the
surrounding air
(iii) force on the helicopter due to the
surrounding air, take g =10 m/s”.
Sol - Mass of the helicopter, m, = 1000 kg
Mass of the crew and the passengers, m, = 300 kg
Acceleration of the helicopter, a =15 mjs?

[NCERT)

Acceleration due to gravity, g =10 m/s*



(i) Let R, be the reaction applied by the floor on the crew
and the passengers.

mzg

R, —m,g=m,a
or R =m,g+mua=m,/g+a)=300(10+15)
= 7500 N (upward direction)
(ii) Action of the rotor of the helicopter on the surrounding
air
={m +m)g+(m +mya
=(m; + my) (g + a)
= (1000 + 300) = (10 + 15)
=1300 = 25 =732500 N
Force (action) of the rotor of the helicopter on the
surrounding air = 32500 N (downward)

(iil) According to Newton's third law of motion, for every
action there is an equal and opposite reaction.

~. Force on the helicopter due to the surrounding air

=32500 N (upward direction)

26. Agirl riding a bicycle along a straight road with a
speed of 5 m/s throws a stone of mass 0.5 kg
which has a speed of 15 m/s with respect to the
ground along her direction of motion. The mass
of the girl and bicycle is 50 kg. Does the speed of
the bicycle change after the stone is thrown?
What is the change in speed, if s07

[NCERT Exemplar]

Sol Total mass of girl, bicycle and stone,

m, =(50 +0.5) kg =505 kg
Velocity of bicyele, u; =5 m/fs
Mass of stone, m, =0.5 kg
Velocity of stone, u, =15m /s
Mass of girl and bicycle, m = 50 kg
Yes, the speed of the bicycle changes after the stone is
thrown.
Let, after throwing the stone the speed of bicycle be vm/s.

According to the law of conservation of linear
momentun,

Myl = Myliy, + mv
505% 5=05x% 15+ 50 = v
2450
2525-75=5 or

| il
50
v=49m/fs

Change in speed =5—4.9=0.1 m/s

LONG ANSWER Type II Questions

27. Give the magnitude and direction of the net
force acting on

(i) a drop of rain falling down with a constant
speed.
(ii) a cork of mass 10 g floating on water.
(iii) a kite skillfully held stationary in the sky.

(iv) a car moving with a constant velocity of
30 km/h on a rough road.

v) a high speed electron in space far from al
high speed el in space far fr 1l
gravitational (material) objects and free of
electric and magnetic fields. [NCERT]

-7~ Force F = ma, therefore force acting on a particle in
¥ unaccelerated (a = 0) motion is zero.
Sel (i) As drop of rain is falling downward with a constant
speed, therefore its acceleration is zero.
According to Newton's second law of motion, net
force acting on drop F =ma=0

(ii) In floating condition, the weight of the body is
balanced by the upthrust. Therefore, net force acting
on a cork floating on water = 0.

(iii) As kite is held stationary in the sky, therefore
acceleration of the kite is zero. Therefore, net force
acting on the kite F = ma =0

(iv) Az car is moving with a constant velocity, therefore,
its acceleration is zero ie. a =0 therefore, net force
acting on the car F = ma = 0.

(v) As electron is in a space where there is no electric
field, magnetic field and gravitational (material)
objects, therefore, no electric, magnetic and
gravitational force is acting on it. Hence, net force
acting on electron is zero.

28. Give the magnitude and direction of the net
force acting on a stone of mass 0.1 kg.

(i) Just after it is dropped from the window of a
stationary train.
(ii) Just after it is dropped from the window of a
train running at a constant velocity of
36 km/h.
(iii) Just after it is dropped from the window of a
train accelerating with 1 m/s%

(iv) Lying on the floor of a train which is
accelerating with 1 m/s’, the stone being at
rest relative to the train. Neglect air resistance
throughout. [NCERT]

- When any object is thrown from a train, the influence
% of train on the object becomes zero at the same
moment, i.e. there is no effect of acceleration of train
on the object.



Sel -

29

Sol

Mass of stone (m) = 0.1 kg

(i) When stone is dropped from the window of a
stationary train, it falls freely under gravity.
~. Net force acting on stone ( F)
=mg =0.1% 10
=1.0 N{vertical downward)
(ii) Just after the stone is dropped from the window of a
train running at a constant velocity, i.e. acceleration
of the train is zero. So, no force acts on the stone due
to motion it falls freely under gravity.
The force acts on it is due to its weight only, ie
acceleration of the train is zero, so no force acts, on
the stone due to this motion.
The train accelerates horizontally by 1 m/s*, but as
the stone is left it moves under gravity only so the net
force on it will be due to gravity only.
As the stone is accelerating with the train, so there
must be a net horizontal force on it. Its weight also
acts but is balanced by reaction force of the floor.

=01x1 =01N

(iii)

(iv)

F=m X iy

Figure shows (x, t}, (y, t) diagram of a particle
moving in 2-dimensions.
X

18 25 38 t
(a) (b)

18 2?5 3s t

If the particle has a mass of 500 g, find the force

(direction and magnitude) acting on the particle.
[NCERT Exemplar]

Given, mass of the particle (m) = 500g = 05 kg

x-t graph of the particle is a straight line.

Hence, particle is moving with a uniform velocity along
x-axis, i.e. its acceleration along x-axis is zero and
hence, force acting along x-axis is zero.
y-t graph of particle is a parabola. Therefore, particle is
in accelerated motion along y-axis.
Att=0u=0

Along y-axis, at t = 25, y =4m

) . ) 1 2
Using equation of motion, y =u t + ani‘

1 2
4=U)‘(2+3Xﬂy>€{2}

- F4
or d, =2m/s

.. Force acting along y-axis(f, )= ma,
=05x% 2=10N (along y-axis)

30. Figure below shows the position-time graph of a
particle of mass 4 kg. What is the (i) force on the
particle fort <0, t > 45,0 <t < 457 (ii) impulse at
t =0andt =45? (Consider one-dimensional

motion only).

x(m)

t(s)
[NCERT]

e Velocity = slope of position-time graph

¥ and impulse = change in momentum = mv — mu.

Sol (i) (a) For t <0, the position-time graph is 00", for which
displacement of the particle is zero, therefore, particle
iz at rest at the origin. Hence, acceleration and force
acting on particle will also be zero.

ib) For t > 4s, the position-time graph A A’ is parallel to
time axis. Therefore, for t > 4s particle remains at a
fixed distance of 3m from the origin. It means
particle is at rest. Therefore, acceleration and force
acting on particle will be zero.

(cy For 0 <t <4s, the position-time graph O0A is a
straight line inclined at an angle from time axis,
which is representing uniform motion of the
particle, i.e. the particle is moving with a constant
velocity. Therefore, acceleration and force acting on
the particle will be zero.

(ii) Impulse at t =0
(a) Impulse = change in momentum
=mv—mu=miv—u)
Before t =0, particle is at rest, hence y =0
After t =0, particle is moving with a constant

velocity.
Velocity of the particle = slope of position-time graph
=3® 07smss
4s

- Impulse = change in momentum
=4(075-0)=3 kg-m/s
(b) Impulse at t = 4s
Before t = 4s , particle is moving with a constant
speed,u =0.75m /s
After t = 45, particle is again at rest

v=0
Impulse = Change in momentum = m (v —u)
=4(0-10.75)
=-3kg-m/s



31

Sol -

32.

Ablock of mass 25 kg is raised by a 50 kg man in
two different ways as shown in figure. What is
the action on the floor by the man in the two
cases? If the floor yields a normal force of

700 N, which mode should the man adopt to lift
the block without the floor yielding? [NCERT)

25 kg 25 kg
(a) ()]

Mass of block, m = 25kg
Mass of the man, M =50 kg
Force required to lift the block ( F) = weight of the block
F=mg=25x10= 250N
Weight of the man, w = Mg=50 x10=500N
Case (a)
If the block is raised by the man as shown in Fig. (a),
then, force is applied by the man in the upward
direction due to which apparent weight of the man
increases. When man applies force on block in upward
direction, block applies force on man in downward
direction, according to 3rd law of motion. Therefore,
action on the floor by the man=F + w
=250 +500=750N
Case (b)
If the block is raised by the man as shown in Fig. (b),
then, force is applied by the man in the downward
direction due to which apparent weight of the man
decreases. Therefore, action on the floor by the man
=mg—-F
=500 - 250= 250N
The floor yields a normal force of 700 N. Action on the
floor in case (a) exceeds 700 N, and less than 700 N in
case (b). Therefore, mode (b) has to be adopted by the
man to lift the block.

Explain why?
(i) Ahorse cannot pull a cart and run in empty
space.
(ii) Passengers are thrown forward from their
seats when a speeding bus stops suddenly.

(iii) It is easier to pull a lawn mower than to push it.
(iv) A cricketer moves his hands backwards while
holding a catch. [NCERT]

Sol (i) When a horse is trying to pull a cart, he pushes the

ground backward at an angle from the horizontal
According to Newton's third law of motion, the

ground also apply equal reaction force on the feet of
the horse in opposite direction. The vertical
component of reaction balances the weight of the
horse and horizontal component is responsible for
motion of the cart. In empty space, there is no
reaction force, therefore, a horse cannot pull a cart.

(ii) When bus is moving, the passengers sitting in it are
also in motion and moving with the speed of the bus.
When bus stops suddenly then lower part of the body
of passengers which is in contact with the bus slow
down with the bus but upper part of the bodies of the
passengers continue to remain in motion in initial
direction due to its inertia of motion and hence are
thrown forward.

(iii) In pulling a lawn mower, a force F is applied in
upward direction, making an angle 6 with the
horizontal [Fig. (a)]. Its vertical component in upward
direction decreasing the effective weight of the
mower.

mg (a) mg (b)

In pushing a lawn mower, a force F is applied in
downward direction, making an angle 6 with the
horizontal [Fig. (b)]. Its vertical component is in
downward direction increasing the effective weight
of the mower. Therefore, it is easier to pull a lawn
mower than to push it.

(iv) In holding a catch, the impulse imparted to the hands
= F x At = change in momentum of the ball when a
cricketer lowers his hands to take a catch, he
increases the time taken to stop the ball. As time ¢
increases the force F applied on the hands of the
cricketer by the ball decreases and his hands feel less
hurt.

Figure below shows the position-time graph of a
body of mass 0.04 kg. Suggest a suitable
physical context for this motion. What is the
time between two consecutive impulses

received by the body?
What is the magnitude of each impulse?
INCERT]
X {cm)
A
AN
+ ¥ + t + f + t fis)




Sol Mass of the body, m = 0.04 kg

The position-time graph OA fromt =0tot = 2sis a
straight line, therefore body is moving with a
constant velocity.

Velocity of the body, v = Slope of x - t graph

2-0
=——=1cm/fs
2-0

=107 *m/fs [ 1em=10"*m]

Part AB of position-time graph is also a straight line,
therefore, velocity of the body
=12, —-lemfs =-10"*cm/s

0-2

v

Negative sign shows that the direction of velocity is
reversed after 2s and it is being repeated.

A suitable physical context for this motion is a ball moving

with a constant velocity of 107 *m/s between two walls

located at x = Dand at x = 2m and rebounded repeatedly

on striking each wall.

Magnitude of the impulse imparted to the ball after every

two seconds
= change in momentum of the ball
=mv—mv =m(v —v’)
=004 107 % = (=107 %))
=8x10 ‘kg-m/s

Len ] YOUR TOPICAL UNDERSTANDING

OBJECTIVE Type Questions

L.

If the running bus stop suddenly our feet stop due
to friction which does not allow relative motion
between the feet and floor of the bus. But the rest
of the body continues to move forward due to

{a) momentum (b) force

(c) inertia (d) impulse

. A cricket ball of mass 150 g has an initial velocity

1

u= [31 + 4:i}|ms' and a final wvelocity
V== (33 4 4}] ms ™", after being hit. The change
in momentum (final momentum-initial
momentum) is (in kg-ms™')  [NCERT Exemplar]
(a) zero )

(b} - (0.45i + 05])

(c) = (09 +1.2j)

(=5 +i

. In the previous problem (2), the magnitude of the

momentum transferred during the hit is

[NCERT Exemplar]
(a) zero (b) 0.75.kg-m s
(c) 1.5kg-ms™ (d) 14 kg-ms™

. A body with mass 5 kg is acted upon by a force

F = (=3i + 4]) N. If its initial velocity at t =0 is
v= [Eni - 12])ms" , the time at which it will just
have a velocity along the y-axis is

(a) never {b)10s c)2s {d)15s

Which of the following statements is not true

regarding the Newton's third law of motion?

(a) To every action there is always an equal and
opposite reaction

({b) Action and reaction act on the same body

(c) There is no cause-effect relation between action and
reaction

{d) Action and reaction forces are simultaneous

6. Abookis lying on the table. What is the angle between
the action of the book on the table and reaction of the
table on the book?

(a) 0° (b) 30°
(c) 45* (d) 180°

7. Two forces F, =3i-4jand F, =2i-3] are acting
upon a body of mass 2 kg. Find the force F; which
when acting on the body will make it stable.

(). 51+7] (b) =5i=7]
(&) -5i+7j (d) 5i-7j
Answer
1@ 2 (0 ‘ 3 (0 ‘ aw | s om
6. (d) 7. g

VERY SHORT ANSWER Type Questions

8.

10.

According to Newton's third law, every force is
accompanied by an equal and opposite force. How can
a movement ever take place?

A man suspends a fish from the spring balance held in
his hand and the balance reads 9.8 N. While shifting
the balance to his other hand, the balance slips and
falls down. What will be the reading of the balance

during the fall? [Amns. zero)

Action and reaction are equal and opposite. Why
cannot they cancel each other?

Calculate the impulse necessary to step 1500 kg car
travelling at 90 km/h. [Ans. 37500 kg-m/s)



SHORT ANSWER Type Questions
12. A force of 128 If acts on a mass of 490 g for 10 s.

What velocity will it give to the mass?
[Ans. 25.6 m/s]

13. A force of 16 N acts on a ball of mass 80 g for 1pus.
Calculate the acceleration and the impulse.

[Ans. 200 m/s?, 1.6 x 10™° kg-m /5]

14. Two billiard balls each of mass 0.5 kg moving in
opposite directions with speed 6 m/s collide and
rebound with the same speed. What is the impulse
imparted to each ball due to the other?

[Ans. 3 kg-m/s]

15. A body of mass 25 kg is moving with a constant
velocity of 5 m/s on a horizontal frictionless surface
in vacuum. What is the force acting on the body?

[Ans. zero)

LONG ANSWER Type I Questions

16. A body of mass 5 kg is acted upon by two
perpendicular forces 8 N and 6 N. Find the
magnitude and direction of the
acceleration. [Ans. 2 m/s?, Making an

angle tan™ (4/3) from & N force]

17. A batsman deflects a ball by an angle of 45° without
changing its initial speed, which is equal to
54 km/h. What is the impulse imparted to the ball?
Mass of the ball is 0.15 kg. [Ans. 4.16 kg-m/s]

18. Earth is rotating frame of reference, even then it is
considered as inertial frame of reference for all
practical purposes. Explain why?

19. Given the action force, describe the reaction force
for each situation.

(i) You push forward on a book with 5.2 N.
[Ans. 5.2 N backward]
(ii) A boat exerts a force of 450 N on the water.
[Ans. 450 N on the boat)
(iii) A hockey player hits the boards with a force of
180 N toward the boards.
[Ans. 180 N on the hockey stick]

LONG ANSWER Type 11 Questions

20. A hammer weighing 1 kg moving with the speed of
20 m/s strikes the head of a nail driving it 20 cm
into a wall. Neglecting the mass of the nail,
calculate

(1) the acceleration during the impact
[Ans. —2000 m/s”]

(ii) the time interval during the impact and
[Ans. 001s]

(iii) the impulse [Ans. —20 N|

21. A male astronaut 82 kg and a female astronaut 64 kg
are floating side by side in space.

(i) Determine the acceleration of each astronaut if

the woman pushes on the man with a force of

16 N (left).

[Ans. ay= 0.2 m/s*, ay, = .25m]

(ii) How will your answers change if the man pushes
with 16 N (Right) on the woman instead?
[Ans. No change]
(iii) How will your answers change if they both
reach out and push on each other's shoulders
with a force of 16 N7
[Ans. ay = 262 m/s”, g, = 2 mfs”]



|TOPIC 2 |

Common Forces in Mechanics
and Circular Motion

COMMON FORCES IN MECHANICS

In mechanics, we encounter several kinds of forces.

(1) The gmvitatinna| force is all pervasive. Every ahjccr on

the carth expericnces the force of gravity due to earth. It
is a non-contact force.

(i1) All the other forces common in mechanics are contact

forces. A contact force on an DIJjL‘Ct arises due o
contact with some other object solid or fluid.

When bodies are in contact (eg. a book resting on a
table, a system of rigid bodics connected by rods),
there are murtual conract forces (for cach pair of bodies)
satisfying the third law of mortion.

The component of contact force normal to the surfaces
in contact is called normal reaction. The component
parallel to the surfaces in contact is called friction.

(iii) Contact forces arise also when solids are in contact with

(iv)

Huids.

c.g. For a solid immersed in a fluid, there is an upward
force exerted hy the fluid on the solid which is known

as bun}'nnt force and it is cqual to the wcight of the
fluid displac:d.

The viscous force, (i.e. force opposing the motion of
the fluid), air resistance are examples of contact foree.

ey
Buoyant force

Two other common contact forces are tension in the
string and force due to spring.

Le. When a spring is compressed or extended by an
external force, a restoring force is gcncratcd. This
restoring force (F) is usually proportional to the
compression and elongation (for small displacements).

It 1s :xprcsscd as F = bx, where £isa spring constant and x
is the displacement.

Tension force When a body of mass
m is fastened with the string, then
the wcight of the bud].-' acts
downwards while a force acts just
opposite to the downwards force for
balancing the downwards force, this

force is called tension. e

T= myg Spring force
where,
g = acceleration due to gravity,

T = tension in the string,

T

mg
Tension force

Mote

« Gravitational force is the only non-contact force that we use in
mechanics.

= [f the rope is not light, we will consider its weight as well.

FRICTION

Whenever a body moves or tends to move over the
surface of another body, a force comes into play which
acts parallel to the surface of contact and opposes the
relative motion. This opposing force is called Friction.

Consider a wooden block placed on a horizontal surface
and give it a gentle push. The block slides through a
small distance and comes to rest, then according to
Newton's second law, a retarding force must be acting
on the block. This rcr:-l.rding force or opposing force is
called friction or friction force. As shown in figure, the
force of friction always acts tangential to the surface in
contact and in a direction opposite to the direction of
(relative) motion of the body.

D'IBCti_Dn[:If

mation

Direction of

Contact of
surface

surface
Friction in different directions



TYPES OF FRICTION

There are mainl}r two types of friction such as

1. Internal Friction

It arises on account of relative motion between two la}rcrs of
a liquid. Internal friction is also referred as viscosity of

liquid.

2. External Friction

It arises when two bodies in contact with each other try to
move or there is an actual relative motion between the two
bodies. This external fricrion is also called contact friction.
Further, external friction is of three types as given below
(i) Static Friction

Let us consider a wooden block placed over a horizontal
table. Apply a small force F on it as shown in figure. The

block does not move. The force of friction f, comes into

action which balances the appli:d force F.

Fﬂ—%—ﬂ

Static friction

Thus, force of friction which comes into play between two
bodies before one body actually starts moving over the other

is called static friction and it is denoted by f;

Therefore, static fricdon opposes the impending motion
Le. the motion that would take place under the applied
force, if friction were absent. The static friction does not
CXIST hy itself. When there is no appli:d force, there is no
static friction. It is a self adjusting force,

{ii) Limiting Friction
As we increase the applied force on the block, staric friction
ﬁ also increases to balance the appli:d force and the block

Static friction

EI.EICS not move.

Once the app“cd force is increased hc}rond a certain limir,
the block just begins to move. At this stage, staric friction is

maximum.
F— Ot

Maximum limicing friction acting on a body

Hence, maximum force of statc friction which comes

nto pla}r when a h-ndy just starts moving over the surface of
another hod}r is called limiting friction. Thus, f = f,{mn}.

¥

There are four laws of limiting friction such as

(a) The value of the |imiting friction dcpcnds upon the
narure of the rtwo surfaces in contacr and their stare
of roughness.

(b) The force of limiting friction is tangential (parallel)
to the two surfaces in contact and acts opposite to
the direction in which the hndy would start moving
on appl}ring the force.

(c) The value of limiting fricrion is independent of the
area of the surface in contact so long as the normal

reaction remains the same.

(d) The value of |imiting friction {fl‘m,} between two
given surfaces is ::lin:ct|:-,r pmpurtianal to the normal
reaction () berween the two surfaces

ie. fotman =R 08 [y =W, R
R

RN iy = EE—

g

w
where, K=w= mg, W= mass of the block

_ fumay _ Limiting friction

or 1

R MNormal reaction

The proportionality constant [ ,is called coefficient of
static friction. [t is defined as the ratio of limiting friction
to the normal reaction,

EXAMPLE |1| A Force Applied on a Sledge

A horizontal force of 980 N is required to slide a sledge
weighing 1200 kqgf over a flat surface. Calculate the
coefficient of friction.

Sol. Given, f, =980 N, R= Mg =1200kgf =1200% 9.8 N

MNow, coefficient of static friction

= f_== i:ﬂ_ﬂﬁ

Le. W
* R 1200x98

EXAMPLE |2| A Force of Friction

A block of mass 2 kg is placed on the floor, the coefficient of
static friction is 0.4. A force of 2.5 N is applied on the block
as shown in figure. Calculate the force of friction hetween
the block and the floor.

=1



Sol Herem=2kg p, =04, g=98m/s®
The value of limiting friction
Folmag =W R=p, mg=04x2x98=T84 N

As the applied force of 2.5 N is less than the limiting
friction (7.84 N), so the block does not move.

In this situation, Force of friction = Applied force = 25N

Angle of Friction
The angh: of friction may be defined as the .'1ng|c which the

resultant of the limiring friction and the normal reacrion
makes with the normal reaction.

[ A
i R
10N
iﬁ,“ﬁ’
P, Applied force
[ T
B P
Fafrmax) 0
w=mg

In the above ﬁgurl:, 0A represents the normal reaction &
which balances the wcight of the bod}r, ()8 represents the
limiting friction. P is the applicd force and OC is the
resultant of limiting fricion and normal reaction. The
anglc B berween the normal reaction R and the resultant OC
is the angh: of friction.

The value of angh: of friction dl:p:nds on the nature of
materials of the surfaces in contact and the nature of the
surfaces (smooth or mugh}_

Relation between angle of friction (B) and coefficient of

friction (1, ).
AC OB [

In AAOC, tanB=—=
04 0OA R
fowa _ o\ ¢
But I i, = coefficient of static friction
o tanf =W, or 'H'=ran_L[j.l‘}

Hence, coefficient of static friction is Equal o tangent of

the angle of friction.

EXAMPLE |3| Angle of Friction
A force of 49 N is just sufficient to pull a block of wood
weighing 10 kg on a rough horizontal surface, so calculate

Angle of Repose

Angle of repose is defined as the minimum angle of
inclination of a plane with the horizontal, such thar a body
plau:d on the p|anc just b-cgins to slide down the incline, It
is n:pn:stntcd b)-' « and irs value dcp:nd.s on marterial and
nature of the surfaces in contact.

Consider a b-nd)r of mass m placcd on an inclined planl:.
The angh: of inclination o of the inclined plant is 50
adjusted thar a body placed on it just begins to slide
down. Thus, o is the angle of repose the various forces
acting on the hnd}r are

R P
@&‘r
iy 1T COS o
ﬁg‘a{‘u"‘g _

(i) The weight myg of the body acting vertically
downwards.

(ii) The limiting friction f;{m! acting along the inclined
plane in the upward direction. It balances the
component g sin o of the wcight mg p:rp:ndicul.'lr
to the inclined p|anc_ Thus,

f‘{m‘} = mg sin O L1
(iii) The normal recaction R acting ar right angle to the
inclined planc in the upw:lrd direction. It balances
the wcight myg cos of the w:ight mg p:rp:ndicul.'lr
to the inclined plane. Thus
R = myg cost L)
Dividing the Eq. (i) by Eq. (ii), we get

P _ mg sin o

R mg coso

or W, =tan
Thus, the coefficient of static friction is :qu.'ll to the
tangent of the angle of repose.
As W, =tanb =tano
6=u

Thus, the angh: of friction is tqual to the anglc of
repose.

(iii) Kinetic Friction

the coefficient of friction and angle of friction.
Sol. Here, F = applied force=49 N

m=10kg, g =98 m/s*

mg  10x98
Astan = =05
A = tan~"(05) = 26°34"

When we increase the applied force slightly beyond limiting
friction, the actual motion starts and force of friction
decreases. This means that the applied force is now greater
than the force of limiting friction. The force of friction at
this stage is called kinetic friction or dynamic friction
which is actually a little bit less than the value of limiting
friction.



Hence, kinetic friction or dynamic friction is the opposing
force that comes into play when one body is actually
moving over the surface of another body. Thus, kinetic
friction opposes the relative motion.

There are four laws of kinetic friction such as

(a) The kinetic friction opposes the relative motion and
has a constant value which depends on the nature of
two surfaces in contact.

(b) The value of kinetic friction ff is indcptndtnt of the
arca of contact so long as the normal reaction
remains the same.

{c) The kinetic friction does not depend on velocity.

(d) The walue of kinetic friction f
pn:iporriunal to the normal reaction R between the
two surfaces,

i.e, f‘,D:R
or fe=1,R

fi  Kinetic friction

15 dircctly

I Sl R
R Normal reaction

The proportionality constant p is called coefficient of
kinetic friction and ir is defined as the ratio of kinerc
friction to the normal reaction.
Note
= This can be shown as f < ., Orp AR <p A
TR T
* Thus, the coefficient of kinetic friction is less than the coefficient of
static friction.

EXAMPLE |4] Coefficient of
Kinetic Friction
A hockey puck is given an initial
speed of 20 m/s on a frozen pond
as shown in figure. The puck
remains on the ice and slides mg
120 m before coming to rest. Determine the coefficient
of kinetic friction between the puck and the ice.
- After the puck is given an initial velogity, the external forces
¥ acting on it are the weight mg, the narmal force A and the
force of kinetic friction £ - The acceleration of the puck can
be found from v® =u® + 2ax, with the final speed v equal

Mation

b t-F

to zero because after 120 m the puck comes to rest.
Sol Given,
The initial speed, u = 20 m/s
Distance travelled, x =120 m

v =u + 2ax [third equation of motion]
0= (20 m/s)* + 2a (120 m)

a=-167mfs"

Thus, fe = R=p.mg
EF, == f, = ma
= W mg=m(—-167 m/s®)
2
 =L8Tms o170
9.80 m/s®

EXAMPLE |5| Force on the Block

A block P of mass 4 kq is placed on another block Q of mass
5 kg, and the block @ rests on a smooth horizontal table.
For sliding block P on @, horizontal force of 12 N is required
to be applied on P. How much maximum force can applied
on 0 so that both P and @ move together? Also, find out
acceleration produced by this force.

P
Fee| mz |OQ

Sol. Here.m, =4kg. m, =5kg

Force applied on block P=12N
This force must be equal to the kinetic friction applied on
Phby Q.

12=F, ;“tR=“*m|§1

or 12=; ®x4g or u, =

vs | L

2
ig

acceleration of P = 2 Im/s
4

Fz_‘_IILI__ﬁ
Q F

When force Fis applied on Q to create common motion
in P& Q, the forces created (friction) is shown in the
diagram above. F, force will be created on P and F, force
will be created on Q.

Considering forces on (), we have

F - F, (net force)=m, xa=m, x3
Since, F, =F, =umg
F-pmg=m,x3

3
F=pmpg+m, x3==x4xg+5x3=12+15=2TN
g

As this force moves both the blocks together on a smooth
table, so the acceleration produced is

F 27
g=———=——=3m/s
m, +m; 4+3

EXAMPLE |6| Kinetic Friction Between Deck and the
Disc

Consider a shuffleboard cue which is being used by a
cruiseship passenger. To push the shuffleboard disc of
mass 0.50 kg horizontally along the deck so that the disc

leaves the cue with a speed of 6 m/s, what will be the

The negative sign shows that the acceleration is towards
left, i.e. opposite the direction of the velocity.

IF,=R-w=0 = R=w=mg

coefficient of kinetic friction between the deck and the disc
if the disc slides a distance of 10 m before coming to rest?



Sol. -

When the disc is separated from the cue, the force of kinetic
friction is the only horizontal force acting on the disc. Since,
the frictional force is constant, the acceleration is also
constant.
Mass of the disc, m = 050 kg

Initial velocity, u = é m/s

Displacement, x =10m
Coefficient of kinetic friction, pu, =7
Draw a FBD for the disc after it leaves the cue.

¥
N
h )
o

Apply EF]‘, = ma, to the disc and solve for normal
reaction N.

EF! = ma

N-mg=0

N=mg=05%98=49N
The kinetic friction f, can be found out by using the
equation given below f, =, mg
Now, apply ¥ F_ = ma, to the disc and solve for q_.

—fi =ma, or —jymg=ma,

ay = -l g
MNow, use the third equation of motion.
v =u® +Zax 0=6" + 2(—p, g)10
36 36

2 == 0184
M= o8 =10 196

¥

Types of Kinetic Friction

{i) Sliding Friction

The force of friction that comes into play when a body
slides over the surface of another body is called sliding
friction.

c.g. When a flar block is moved over the flat surface of a
table, then the opposing force acring on it is known as
sliding friction.

Laws of sliding friction are

(a) The sliding friction opposes the applic\d force and
has a constant value, depending upon the nature of
the two surfaces in relative motion.

(b) The force of sliding fricon is dircctly pmpclrtinnal

to the normal reaction R.
(c) The sliding frictional force is ind:pcndcnt of the area

of the contact berween the two surfaces so long as
the normal reactions remain the same.

{d) The slicling friction does not dcpcnl:l upon the w:lar_ity_

EXAMPLE |7| Enjoy the Ride of a Trolley

What is the acceleration of the block and trolley system
shown in a figure. If the coefficient of kinetic friction
between the trolley and the surface is 0.04, what is the

tension in the string? (take g = 10 ms™). Neglect the mass

of the string.

20 a,
kg T
T

.
kg ja

30N

[NCERT]

-r+- As the string is inextensible and the pulley is smooth, the

W 3 kg block and the 20 kg trolley both have same
magnitude of acceleration.

Sol  Applying the second law of motion to the block.

3-T=3a
Apply the second law of motion to the trolley.
T-f, =20a
Now, fe = R=y, mg
Here, W, =004

[ =004x20x10=8N
Thus, the equation for the motion of the trolley is

T—-8=20a
On adding Eqs.(i) and (ii), we get
22 =23
or ﬂ=£=ﬂ.‘}6 m/s®
23

From Eq. (i),
FJ0-T =3Ix096
T =30-288=2712ZN

(ii) Rolling Friction

The force of friction that comes into play when a body rolls
over the surface of another body is called rolling friction.
c.g. When a wheel, circular disc or a ring or a sphere or a
cylinder roll over a surface, the force that opposes it is the
rolling fricrion.

When a wheel rolls without slipping over a horizontal
plane, the surfaces ar contact do not rub cach other. The
relative velocity of the point of contact of the wheel with
respect o the planc is zero, if there is no slipping. There is
no sliding or static friction in such an ideal sitwation.

We need to overcome rolling friction only which is much
smaller than sliding friction. For this reason, wheel has been
considered as one of the greatest inventions. [t conversly
sliding into rolling friction thus lowers friction.

A1)

.1t}



Cause of Rolling Friction Let us consider a wheel rolling
along a road. As the wheel rolls, it exerts a large pressure due
to its small area.

This causes a dcprcssiﬂn in the surface below and a mount
or bump in front of it is shown in figure. In addition to this,
the rolling wheel has a continuously detach itself from the
surface on which it rolls. This is opposcd by the adhesive
force berween the two surfaces in contact.

On account of these factors, a force originates which retards

the rolling motion. This retarding force is known as rolling
friction.

Deprassion
Cause of rolling friction

Ways for Reducing Friction

The various ways of reducing friction are

(i) Lubrication They are used to reduce kineric friction
in a machine. Lubricants like oil, grease, etc. fill the
irrcgularirics of the surface to make them smoothers.
Thus, friction decreases.

(i) Polishing They are used to make the surface
smoother.

(iii) Ball Bearing The ball bearing arrangement consists
of two co-axial cylinders P and R between which
suitable number of hard steel balls are arranged.
When the wheel rotates the ball B rotates in the
direction as shown.

The wheel thus rolls on the balls instead of sliding
on the axle. Thus, power dissipation is reduced.

Ball bearing arrangement

(iv) A thin cushion of air maintained between solid
surfaces in relative motion.

(2) Stream]ining Friction due to air is mnsidcrabl}'
reduced by streamlining the shape of the body

moving through air.

DYNAMICS OF CIRCULAR
MOTION

Earlicr, we have studied that aceeleration of a body moving

. - - . - . v .
mn a L'IFCIC DF l'ﬂ'CIIL'lS r WIth uanurm SPC@CI 1S — d]]‘tcl'td
r

towards the centre. From second law of motion, the force
F_is given by

2
my

Centripetal foree, F, =
r

where, m is the mass of the body. This force directed
forward the centre is called centripetal force.
2

v, . . . .
But — is centripetal acceleration or radial acceleration.
r

Centripetal force, F, = mro’ [ v=ww]

For a stone rotated in a circle by a string, the centripetal
force is pravidcd b)-' the tension in the string,

The ccntrip:tal force for motion of a plam:t around the sun
is the gravitation force on the planct due to the sun.

For a car taking a circular turn on a horizontal road, the
centripetal is the force of friction.

EXAMPLE |&| Check out the Revolving Satellite
An artificial satellite of mass 2500 kg is orbiting around the
earth with a speed of 4 kms™' at a distance of 10* km from
the earth. Calculate the centripetal force acting on it.
Sol Given, r=10"km= 10* x 1000 m =10"m,
m = 2500 kg,
v=4kms™ = 4% 10* ms™
2

mv
Now, centripetal force is F =
r
F o 2500 % (4 x10%)" _ 2500 x16x 10°
10° 10’
T
250 % 16 % 10
F=e———— 400N
10"

Interesting Applications
of Laws of Motion

The circular motion of a car on a flar and banked road are
cxplain:cl below

(i) Circular Motion of a Car on Level Road

When a vehicle goes round a curved road, it requires some
i:cnrripl:tal force. While Icunding the curve, the wheels of
the vehicle have a tendency to leave the curved path and
regain the straight line path. The force of friction between



the road and the tyres provided the centripetal force Sol. The maximum speed which the car can have without

required to keep the car in motion around the curve. skidding is given by

2

There are three forces acting on the car such as w= LA wrg
g

(1) The weight of the car mg , acting vertically downwards.

(ii) Normal reaction R of the road on the car, acting Here, r=100m,p=08 g=98ms™
vertically upwards. v=408% 100X 9.8= /4 X 2X 2x 49
(iii) Frictional force F, along the surface of the road, i.c. v=2x2x7=28m/s
towards the centre of the turn.
R EXAMPLE |10| Cyclist Slip on Turn

A cyclist speeding at 18 km/h on a level road takes a

g s‘.l sharp circular turn of radius 3m without reducing the
pg i speed. The coefficient of static friction between the
o i tyres and the road is 0.1. Will the cyclist slip while
e — ; :
/ ! taking the turn? [NCERT]
: : O 18 X 1000
Motion of a car on a circular level road Sol. Here,v=18km/h = vy aie 5m/s
Let us consider a car of weight mg going around a circular r=3m,p, =01
level road of radius » with velocity v as shown in figure. A )
. . On a level road, frictional force alone can provide the
While taking the turn, the tyres of the car tend to leave the contaipetil Sowcs:

road and go away from the centre of the curve.

The force of friction F is acting on the tyre and R is the 5 .

normal reaction of the ground. —<F (=pR=p mg)v- <urg

As there is no acceleration in the vertical direction, then g
R-mg=0 = R=mg

Therefore, condition for the cyelist not to slip is that

As v? =(S)2 =25m%s~?
and W, rg=01x3x10=3m’"

For circular motion, the centripetal force is along the . The condition is not satisfied. Hence, the cyclist will slip.
surface of the road towards the centre of the turn. The static

friction opposes the impending motion of the car moving (i) Motion of a Car on a Banked Road
2

2

m_ g The large amount of friction between the tyres and the road

e produces considerable wear and tear of the tyres. To avoid
this, the curved road is given an inclined sloping upwards
towards the outer circumference. This reduces wearing out

away from the circle. Thus,

where v is the velocity of car while turning and 7 is the

radls of che circular eack, of the tyres because the horizontal component of normal
As, F=u,R=nmg reaction provides the necessary centripetal force.
F is limiting friction here to get maximum velocity possible  The system of raising the outer edge of a curved road above

of car ; ’ o s its inner edge is called banking of the curved road. So, the
where, i, is the coefficient of static friction between the  angle through which the outer edge of the curved road is

tyres and the “;“d raised above the inner edge is called angle of banking.
my L ider a car of weight mg going along a curved path
< o G ( et us consi g going g p
r H,me e Lac: 5 of radius  with speed v on a road banked at an angle 6, as

or [Maximum velocity of the vehicle, v, =\t ,rg ] R S

Hence, the maximum velocity with which a vehicle can go
round a level curve without skidding is

v=4J1,7g.

EXAMPLE |9| Rounding off a Flat Curve

A bend in a level road has a radius of 100 m. Find the
maximum speed which a car tumning this bend may have
without skidding, if the coefficient of friction between the
tyres and road is 0.8.

Circular motion of a car on a banked road



The forces acting on the car are

(1) Wcight myg acting vcrtica“}r downwards.

(i) Normal reaction R acting upwards in a direction
pcrpcndil:ula: to inclined plam: making angh: B with
the horizontal plane,

(iii) Force of friction F acring downwards a]ang the
inclined plane because car tends to slip ourwards.
Reacrion R can be resolved into two rcct.angular components

(i) RcosB, along vertically upward direction.

(ii) RsinB, alung the horizontal towards the centre of the
curved road .

Force of friction F, can also be resolved into two
rectangular components.
(1) F cost, along the horizontal, towards the centre of
curved road.
(i) Fsin®, alnng vcrtically downward direction.

Since, there is no motion along vertical, so
Reos =mg + Fsinb veul1)
Let ¢ is velocity of the car. The centripetal force is now

provided by the components Rsinf) and Fcosb, iLe.
2

Rsin0 + F cos® = ... (i)
r
We know F = un R, then we can write Egs. (i) and (ii) as
Reos =mg+ W Rsinf ... (1)
2
and z'i:‘sinE'+[.,I.f§1':‘::r|:~sl'5|=Wﬂlr L)
r
From Eq. (iii), we get
or ReosB— R-sinB =myg
or R(cosD =i, sin B}=mg

mg

R=—m——————
o cosB =1, sinB )
From Eq. (iv), we get
ml-'z
R{sinﬂ+|.ls cosB) = vl

r

From Eq. (v) and (vi), we get

mg{sinﬁ+j.l] cosB) _ —

cosf = sinB e

l_rg[sinﬁ+y.,cose]
v {cosﬂ—j.l,sinﬂ]
i 5]
Ix'__ﬂsﬂ[smﬁ_irl.vl.,c:cns ]
2 _

cusﬁ' L'DSH
pt=

msa[cnsﬁ' —!_,L smﬂ]

CDS& ! COSB

}__rgcusH{tanH+j.l,}
" cosb (1=, tanB)

u2=r:g{ranﬂ+[..l.,]
(1-p, ranB)

Maximum velocity of e (W, + tanB) .
vehicle on banked n:rad’ r= m AT

Spev:i:l case When there is no friction between the road
and the tyres, then the safe limit for maximum vclu-cir_',r 15

I"l 5 = ﬂ’
Suhstituring the value DF”; in Eq. (vii}, we get

B rg (0+ tant)
"TA1-(0xan0)
v =..’|.l:g tan B L)

This is the speed at which car does not slide down even if,
track is smooth. If track is smooth and speed is less than

+fre tan B, vehicle will move down so that r gers decreased
and if speed is more than this vehicle will move up.

The angl: of bankingﬁ for minimum wear and tear of tyres
is given b)«' Eq. (viii), we get

2

2
anf = - or )’tngl: of ha.nking, 0=rn" [F—]]
e

EXAMPLE |11| Formula One Racing Track

A circular race track of radius 300 m is banked at angle of
15°. If the coefficient of friction between the wheels of a
race car and the road is 0.2, what is the (i) optimum speed
of the race car to avoid wear and tear on its tyres and (ii)
maximum permissible speed to avoid slipping?

[tan 15° = 0.2679] [NCERT]

e On a banked road, the horizontal component of the normal

UJ force and the frictional force contribute to provide
cenfripetal force to keep the car moving on a circular turn
without slipping. At the optimum speed, the normal
reaction’s component is enough to provide the needed
cenfripetal force and the frictional force is not needed.
Friction force increases the slope of increasing the velocity
on banked surface.

Sol. The optimum speed v, is given by equation
v, =(R gtanﬂ}m
Here, R=300m,0 =15, g=98ms ™, u, =02,
We have

v, =281 ms™



The maximum permissible speed v__, is given by equation. Draw the FBD of the car.

(R W, + tan® ]m Now, apply ¥ F, = may to the car

v, =|Rg—=—

1-u, tanB Rcos@-mg=0 = R= mge
cos

_ (300 x 98 x (0.2 + tan15°) os
o 1-(0.2 X tan15°)

09464
=(1453535)'"* =38.1 ms ™’

( 2940 X (0.4679))" ’
Vi = | ——mm

EXAMPLE |12| Train goes over Circular Path

The radius of curvature of a railway track at a place, where
the train is moving at a speed of 72 kmh ™ is 625 m. The
distance between the rails is 1.5 m. Find the angle and the
elevation of the out rail so that there may be no side
pressure on the rails. Take, g = 9.8 m/s’

[tan™ (0.00653) = 3.74°, sin3.74° = 0.06522]

Put the value of R and then solve for 6.

B Mg in® = mv*
Sol. Here,r=625n;. v =72kmh Py =
s Rt 2 2
v-72x18m/s =% tan6=L;6=tan"[v—J
v=20m/s, g=98m/s’ I=15m g "
Now, angle of elevation of outer rail Put the all given values to get 6.
) v 1| (13.88)° -
ie .tanf = — 0 =tan” | —— | = tan™ (0.4917)
rg 40x938
0=20%20 _ 10653 0 = 2618°
625 x 9.8
-t - - - -
6 tan™ = (000653) $ Solving Problems in Mechanics
= o
. =374 ) ) A typical problem in mechanics usually does not merely involve
Also, elevation ofouler-raxl h=lIsin® a single body under the action of given forces. More often, we
h=15sin 3.74° will need to consider an assembly of different bodies exerting
h=0.0978 m =9.78 cm forces on each other. Besides, each body in the assembly
experiences the force of gravity. To solve a typical problem in
EXAMPLE |13| Banked Curve echionics, e s e Slomion sieoy ,
. * Draw a diagram showing schematically the various parts of the,
If a car having speed 50 km/h can round the curve assembly of bodies, the links, supports, ele.
banked at an: angle 0. Find 0“.t the valu? o.f 0, lf radius * Choose a convenient part of the assembly as one system.
of the curve is 4? m and consider the friction is * Draw a separate diagram which shows this system and all
negligible. [tan™ (0.5) = 26.5] the forces on the system by the remaining part of the
assembly. Also include the forces on the system by other
¥ ‘,: In the given case, only two forces act on the car i.e. gravity agencies. A diagram of this type is known as free body
Q and the normal force. Since, the car is travelling in a circle diagram.
at constant speed, the acceleration is in the centripetal « In free body diagram, mark the magnitude and direction of
direction. The vector sum of the two forces is in the the forces that are either given or you are sure of and the rest
direction of the acceleration. should be treated as unknowns to be determined using laws
Sol. Write the given quantity and the quantity to be known. of motion.
5 * If necessary, we can follow the same procedure for any other
v =50 km/h =50 X —m/s = 1388 m/s part of the system. The equations of laws of motion obtain for,
18 different parts of the system can be solved to obtain the
r=40m, 6=" desired results.




EXAMPLE |14| Action-reaction Pairs

A wooden block of mass 2 kg rests on a soft horizontal
floor. When an iron cylinder of mass 25 kg is placed on top
of the block, the floor yields steadily and the block and
the cylinder together go down with an acceleration of
0.1 m/s’. What is the action of the block on the floor
(i) before and (ii) after the floor yields? Take g = 10m/s?.

Identify the action-reaction pairs in the problem. [NCERT]

ma

mg
T-mg=ma
FBD and dynamics of block m,,
T

Sol. -- Mass of the block = 2kg
Mass of the cylinder = 25kg
Acceleration of the system = 0.1 m/s*
g=10m/s*

The force of gravitational attraction of the earth, ie.
weight of the block is equal to mg.

2kg .
W
20N

w=mg = w=2x10 = w=20N
According to Newton's first law, net force on the block is
zero, i.e. R=20N

270N

Force of gravity due to the earth, i.e.
w=mg=(25+2)x10= 270N
270 - R =27 x01
=3 R =270-27= 2673 N

EXAMPLE |15| Pulley-block System

Consider two masses m, and m, connected by a light and

inextensible string passing over a smooth light pulley which

is fixed by a rigid cord, from a rigid support as shown in

figure. This device is also known as Atwood's machine. Find

the tension in the rope and acceleration of each block.
_assgeeser—— Rligid support

—Main cord

Sol. To study the motion of the blocks, let us draw the free
body diagram (FBD) of various parts of the system, by
assuming m, > m,. FBD and dynamies of block m,

maa

mxg

m,g—T=m,a
FBD of pulley

T T

R—2T =0 (i)
where, R is reaction on the axle of pulley. Since, pulley
is fixed, therefore, a = 0 for it.

From the solution of simultaneous Eqs. (i), (ii) and (iii)

we get, the value of acceleration a, tension T and

pressure R on the axle of pulley.

Thus, from adding Eqs. (i) and (ii), we get acceleration a

T—rmg=ma

and myg—T =ma

ofr T—mg+mg—T=ma+ m,a

myg—mg=aim +m,)
L (m=m)g

(my +m,)

or Aiv)

On substituting a in Egs. (i) or (i), we get
T =(w] )

m, +m,
and pressure on pulley from Eq. (iii), we get

R=2T

2mymy g _ 4 mm,g

R=2x -Avi)

my +my By + L
EXAMPLE |16| Motion of Two Bodies

A body of mass m, equal to 20 kg is placed on a smooth
horizontal table. This body is connected to a string which
passes over a frictionless pulley. The string also carries
another body of mass m, equal to 10 kq at the other end.
Find out the acceleration which will be produced when the
nail fixed on the table is removed, also find out the tension

i)

-.(ii)



in the string during the motion of the bodies. What is the A
result, when the bodies stop? Take g = 10 N/kg. T T "
F M 2
20kg e a
m, — My — Mo
L~ -
F m Ma
T
1 a = Mass of body A{m, )=10kg

Mass of body B(m,)=20kg
Force applied (F)= 600N
Forbody A, F — T = ma A1)
For body B, T = m,a iy
Adding Eqs. (i) and (ii), we get
F=(m +m,a
F 00 R
or g=———=——-—=20m/s
R T m, +m, (10 + 20)
Substituting value of a in Eq. (ii). we get
T=ma=20x20N=400N

IEZITTE IHTE—‘ la (i) When force is applied on B, then

Sol. When the nail fixed on the table is removed, system of
two bodies moves with an acceleration a in the forward
direction. The acceleration can be found by using
Newton's second law.

Draw the FBD for each body as shown in the figure

A b 2]
mg M9 T /T
iy L] —F
For mass m,,
T=ma A1) m .
—_— [ — Mag

For mass m,, .
m,g—T = mya (1) my f— F
J .

Adding Egs. (i) and (ii), we get

e+ Mgl = myg For body A, T=ma (i)
a=—ThE For body B, F-T=ma Aiv)
my + my Adding Egs. (iii) and (iv), we get
10x10 100 F=(m +m)a
= = — = z
20+10 30 F
; or a= —
=333m/s* my + my
Tension, T =mua=10x333=333N — = 20 m/s?
When the bodies stop, acceleration, a will be zero. 10+ 20
Suppose, the tension becomes T. As the net force on Substituting the value of a in Eq. (iii), we get
each body is zero, so for body m, T=ma=10% 20 = 200 N
1
T =myg
jll';’:N“’ EXAMPLE |18| Tension in the Strings

Consider the body of mass m is suspended by two strings

i making angles o and § with the horizontal as shown in
EXAM,PLE |17] Connected Bodies . figure. If the body is in equilibrium, then find out the
Two bodies of masses 10 kg and 20 kg respectively kept on a tension in the strings
smooth, horizontal surface are tied to the ends of a light )
string. A horizontal force F = 600 N is applied to (i) A,
(i) B along the direction of string. What is the tension in
the string in each case? [NCERT]

Sol. (i) When force is applied on A, then




Sol. Draw the free body diagram firstly as shown in figure.
Mention all the horizontal and vertical components of
tensions T) and T,.

Tysina

rw T

T>cosp I T, cos

mg

As the body is in equilibrium, the various forces must

add to zero. Taking horizontal components of forces.
T,cosa=T, cos f

cos o

cos B

= T,=T,

Now, taking the vertical components of forces.
Tysina + T, sinff = mg

N cos
T, sina +T,
cos

sin f = mg

Now, solve the equations for T, to find out the value of T,.
mg

mg cos B
Csina cos f} + cos & sin
_ mgcosfP
"~ sin (ot +PB)
[+ sin(A + B) = sin Acos B+ cos Asin B
Now, find out the value of T, by using above equation.

cosax  mgceosfP cosa
L,=T, e
cosPp  sin(a+p) cosP
_ mgcos o
sin (& +B)

EXAMPLE |19| Tension in the Strings
Determine the tensions T, and T, in the strings as shown in
the figure.

4 kgt

Sol. We redraw the above figure

4 kg-wt

While resolving the tension T, along horizontal and
vertical directions. As, in equilibrium,

T, sin60° = 4kg-wt = 4 X 98N (1)
T, cos60°=T, (1)
Solving Eq. (i), we get
4 %98

T, = — =4526N
sin60°

Solving Eq. (ii), we get
T, =T, cos 60°
=4526%0.5
= 22.63N

EXAMPLE |20| Horizontal Force Applied on Rope
Hanging Vertically

See in figure a mass of 6 kg is suspended by a rope of length 2
m from the ceiling. A force of 50 N in the horizontal direction
is applied at the mid-point P of the rope as shown. What is
the angle, the rope makes with the vertical in equilibrium?
(Take g = 10 ms™). Neglect the mass of the rope. |NCERT]

1
Gl

PT 50N

T2 Tz

60N=w

(o) (c)
Sol. Fig. (b) is the free body diagram of w and Fig. (c) is the
free body diagram of point P.

Consider the equilibrium of the weight w. Clearly,
T,=6x10=60N

Consider the equilibrium of the point P under the action

of three forces, the tensions T, and T, and the horizontal

force 50 N. The horizontal and vertical components of

the resultant force must vanish separately.

T, cos80=T,=60N

and T, sin@ = 50N

Which gives that tan6=§
o5

or 0 = tan > =40°



TOPIC PRACTICE 2 |

OBJECTIVE Type Questions

1. Which force is dissipative force?
(a) Electrostatic force (b) Magnetic force
(c) Gravitational force (d) Frictional force
Sol. (d) Frictional force is a non-conservative force because
work done by it is dissipated (wasted) as heat energy.
This is not the case with other forces.

2. Atrolley is carrying a box on its surface having
coefficient of static friction equal to 0.3. Now the
trolley starts moving with increasing
acceleration. Find the maximum acceleration of
the trolley so that the box does not slide back on

the trolley.
(a) 2 ms™ (b) 3 ms™
(c) 4 ms™ (d) 5 ms™

Sol. (b) As trolley accelerates forward, a pseudo force acts on
the box in reverse. It prevents its slippage in backward
direction, as friction starts acting on it. But as friction
can be increased to a maximum value of pmg. So
maximum acceleration that is possible for block before it

starts slipping = g =03x10=3 ms™

3. If a car is moving in uniform circular motion,
then what should be the value of velocity of a car,
so that car will not moving away from the circle,

(a) v<\fp‘ Rg (b) vSJp, Rg

(c) v< Juk Rg (d) None of these

Sol. (b) For car moving in circle of radius R, with velocity v,

mass = m,
centripetal force required = Frictional force <y N
2
mv
o <pu,mg (N =mg)
v 41, Rg

4. A particle of man 2 kg is moving on a circular
path of radius 10 m with a speed of 5 ms™ and its
speed is increasing at rate of 3 ms™. Find the
force acting on the particle.

(a) 5N (b) 10N
(c) 12N (d) 14N

Sol. (a) Radial acceleration (centripetal acceleration)
v 5% 5 -3
=—= =25ms

Force acting = mass ¥ acceleration
=2x25=5N

5. Two masses m, =1kg and m, =2 kg are connected

by a light inextensible string and suspended by
means of a weightless pulley as shown in figure.

1kg [m]
[m2]2kg
Assuming that both the masses start from rest,
the distance travelled by 2 kg mass in 2 s is

(a) %m (b) %m
© Zm @ im
3 3

Sol. (c) Given, m, =1kg, m, = 2kg and g =10ms™

Acceleration, a=|—2 "1 g
m +m,

[ =ut+l;at2 and u =0ms"]

Distance, s=%><a><tz

6. If a box is lying in the compartment of an
accelerating train and box is stationary relative
to the train. What force cause the acceleration of
the box?

(a) Frictional force in the direction of train
(b) Frictional force in the opposite direction of train
(c) Force applied by air
(d) None of the above
Sol. (a) Frictional force in the direction of train causes the
acceleration of the box lying in the compartment of an
accelerating train.

VERY SHORT ANSWER Type Questions

7. Why is static friction called a self-adjusting
force?

Sol. As the applied force increases, the static friction also
increases and becomes equal to the applied force to
make the object stationary. That is why static friction is
called a self-adjusting force.



8.

Sol

Sol.

10.

Sol

1.

Sol.

12.

Sol.

13.

Sol

A body is moving in a circular path such that its
speed always remains constant. Should there be
a force acting on the body?

When a body is moving along a cireular path, speed

always remains constant and a centripetal force is acting

on the body.

What is the acceleration of a train travelling at
50 ms™ ' as it goes round a curve of 250 m
radius?
Given, velocity, v = 50 ms -t
Radius, r = 250 m
2
Centripetal acceleration, a= v_
r

50 % 50
as= =

=10ms™*
250

A heavy point mass tied to the end of string is
whirled in a horizontal circle of radius 20 em
with a constant angular speed. What is angular
speed if the centripetal acceleration is

980 cms™ *?

Here, radius r = 20 cm
2

Centripetal acceleration, = 980 cms™

We know that centripetal acceleration, a = ro’

JE {930
m= |==_ |-
r 20
w= 19 =7 rad/s

Carts with rubber tyres are easier to ply than
those with iron tyres. Explain.

The carts with rubber tyres are easier to ply than those
with iron types because the coefficient of friction

between rubber and concrete is less than that between
iron and the road.

The mountain road is generally made winding
upwards rather than going straight up. Why?
When we go up a mountain, the opposing force of
friction F = uR = pmgcos 0.

where 8 is angle of slope with horizontal. To avoid
skidding, F should be large.

socos B should be large and hence, 8 must be small.
Therefore, mountain roads are generally made winding
upwards. The road straight up would have large slope.

The outer rail of a curved railway track is
generally raised over the inner. Why?

When the outer rail of a curved railway track is raised
over the inner, the horizontal component of the normal
reaction of the rails, provides the necessary centripetal
force for the train to enable it moving along the curved
path.

14.

SHORT ANSWER Type Questions

A body placed on a rough inclined plane just
begins to slide, when the slope of the plane equal
to 1in 4. Calculate the coefficient of friction.

Sol. The slope of the plane equal to 1 in 4 implies that if

15.

Sol.

BC=4 and AB=1 Suppose that the plane is inclined at
angle 8 with the horizontal AC. From the relation
between the coefficient of friction and angle of repose,
we have

B
4 1
A
c A
Jis
W= tan® [here, B is angle of repose]
o AB_ B
AC  [Bc? - aF°

1 1
- :;41 -1 _:]16—1
_ 1
g

jL=0.258

A block of mass m is held against a rough
vertical wall by pressing it with a finger. If the
coefficient of friction between the block and the
wall is u and the acceleration due to gravity is g,
calculate the minimum force required to be
applied by finger to hold the block against the

wall? [NCERT Exemplar]
Given, mass of the block = m

Coefficient of friction between the block

and the wall = p

Let a force F be applied on the block to hold the block
against the wall. The normal reaction of mass be N and
foree of friction acting upward be f.

In equilibrium, vertical and horizontal forces should be
balanced separately.

f=mg i)

and .. i)



But force of friction ( f) = uN
= WF [using Eq. (ii)]
From Egs. (i) and (iii), we get

...{i)

wF =mg or F=%

16. Abody of mass 2 kg is being dragged with a
uniform velocity of 2 ms™ on a rough horizontal
plane. The coefficient of friction between the
body and the surface is 0.2. Calculate the
amount of heat generated per second. Take

g=98ms?andJ =42 Jcal™.
Sol Given,m=2kg,u=2ms™, u=02
Force of friction, F =uR
F =pmg ks
F=02x2x98
F=392N
Distance moved per second s = ut
s=2x1=2
Work done by friction per second, W = Fs
W=392x2=784]
w 7.84

Heat produced, H=— = H=-—
] 42

R = mg]

H =1.87 cal

17. If the speed of stone is increased beyond the
maximum permissible value and the string
breaks suddenly, which of the following
correctly describes the trajectory of the stone
after the string breaks

(i) the stone moves radially outwards,

(ii) the stone flies off tangentially from the

instant the string breaks,

(iii) the stone flies off at an angle with the tangent
whose magnitude depends on the speed of
the particle? [NCERT]

The second part correctly describes the trajectory of the
stone after the spring breaks because when a stone tied
to one end of a string is whirled round in a circle then
velocity of the stone at any point is along the tangent at
that point. If the string breaks suddenly, then stone flies
off tangentially, along the direction of its velocity.

Sol.

LONG ANSWER Type I Questions

18. Figure below shows a man standing stationary
with respect to a horizontal conveyor belt that is
accelerating with 1 m/s®,

What is the net force on the man? If the
coefficient of static friction between the man's
shoes and the belt is 0.2, up to what acceleration

of the belt can the man continue to be stationary
relative to the belt? (Mass of the man = 65kg).
[NCERT]

Sol. Acceleration of the conveyor belt, g =1 m/s*
As man is standing stationary with respect to the
horizontal conveyor belt therefore, acceleration of the
man = acceleration of the belt
=1m/s*

Mass of the man, m = 65 kg

. Net force acting on the man F = ma=65x1=65N
This force is actually the force of friction (static) between
man and the belt. Force of friction is actually supporting
motion of man.
The direction of this force is in the direction of motion
of the belt. Coefficient of friction between the man’s
shoes and the belt =02
Let a’ be the acceleration of the belt upto which the man
can continue to be stationary relative to the belt.

In this condition
ma = maximum static friction

Y SR = jimg i Limiting friction
' Normal reaction
or a’ =pg=02x98=196m/s’

A stone of mass 0.25 kg tied to the end of a string
is whirled round in a circle of radius 1.5 m with
speed 40 rev/min in a horizontal plane. What is
the tension in the string? What is the maximum
speed with which the stone can be whirled
around if the string can withstand a maximum
tension of 200 N? [NCERT]

O When a stone tied to one end of a string is whirled in a
v circle, then required centripetal force is provided by the
tension in the string.

Sol. Mass of stone, m = 0.25 kg, Radius of the string, r =1.5m

Frequency, v =40 rev/min = 2 rev/s = 2 rev/s
60 3

Centripetal force required for circular motion is
obtained from the tension in the string.

. Tension in the string = centripetal force
T = mrat®
= mr(m‘f
= mram*v?

2
T=025% 15)(43([22) K(E] =6a6N
7 3

[ow= 2mv]



20.

Maximum tension which can be withstand by the string

mv
Tpp =200N=——
T Xr 200x15
sz i
m 0.25
=346m/s

A stone of mass m tied to the end of a string
revolves in a vertical circle of radius R. The net
forces at the lowest and highest points of the
circle directed vertically downwards are (choose
the correct alternative).

Lowest point Highest point
(iymg - T, mg +T,
(ii) mg + T, mg-T,
(iiiy mg + T, = (mvi)/ R mg -T, +(mv;)/R
(iv)mg - T, - (mv{)/R  mg + T, +(mv3)/R

Here, T}, T, and (v,, v,) denote the tension in the
string (and the speed of the stone) at the lowest
and the highest point respectively. [NCERT]

Sol. Let tension in the string be T, and T, at lowest and

21.

Sol.

highest points of the vertical circle.

At lowest point T, acts towards the H
centre of the circle

("~ at the lowest point string will be

stretched downward due to weight of

the stone) and mg acts vertically

downward (weight of an object

always acts downward)

. Net force acting on the stone in

downward direction (F, ) =mg - T, mg

At highest point Both T, and mg act vertically
downward (- at the highest point string is stretched
away from the centre) towards the centre of the vertical
circle. Net force acting on the stone in downward
direction(Fy)=mg+ T,

*. Correct option is (i).
An aircraft executes a horizontal loop at a speed
of 720 km/h with its wings banked at 15°. What is
the radius of the loop? [NCERT]
A (-» If wings of the aircraft are inclined at an angle 6 at

/i 2
" tum, then tan 8 = L where v is the speed of the
L)

aircraft and ris the radius of the circular turn.
Speed of the aircraft, v = 720 km/h

=720xim/s ['.'1km/h=im/s]
18 18 J
= 200 m/s

Angle of banking, 8 =157

22.

Sol.

Sol.

Acceleration due to gravity, g = 98 m/s”
v2
At turn, tanf = —
g
pe ¥l __ (2000 _ 40000
gtanB® 98X tan15® 9.8x 0.2679

or

r=15240m =15.24 x10° m =15.24 km

A train rounds an unbanked circular bend of
radius 30 m at a speed of 54 km/h. The mass of
the train is 10° kg. What provides the centripetal
force required for this purpose, the engine or the
rails? What is the angle of banking required to
prevent wearing out of the rail? [NCERT]

0y The centripetal force required by the train to cross the
¥ circular bend is provided by the lateral thrust exerted
by the outer rails on the wheels. According to
Newton's third law of motion, the train also exerts an
equal and opposite force on the rails causing its wear
and tear.

Radius of circular bend, r =30 m
Speed of the train; v =54 km/h

=54 X 3 ml/s [l km/h =imls]
18 18

=15m/s
Mass of the train, m =10°kg
Let @ be the angle of banking required to prevent
wearing out the rails, then

2 2
PR A ) i
g 30x98

225

30 9.8
0 = tan™' (0.7653) = 374°

=0.7653

A rocket with a lift-off mass 20000 kg is blasted
upwards with an initial acceleration of 5.0 m/s>
Calculate the initial thrust (force) of the blast.

[NCERT)
Initial mass of the rocket, T
m = 20000 kg
Initial acceleration a = 50 m/s” in a
upwards direction Rocket
Let initial thrust of the blast be T.
T —mg=ma

or T =mg+ma

=m(g+a)

= 20000 X (98 + 50)

w=mg

=2x%10* x148N

=296%10" N= 29 % 10° N



24. You may have seen in a circus a motorcyclist For the stationary “b“"l'"‘" on the ground, the block
driving in vertical loops inside a death well (a will appear to move with acceleration initially and
hollow spherical chamber with holes, so the then with uniform velocity as given in the question.
spectators can watch from outside). Explain (ii) For an observer on the trolley, the block is always at
clearly, why the motorcyclist does not drop rest either initially or finally. Trolley always becomes
down when he is at the uppermost point, with inertial frame with respect to block because both have
no support from below. What is the minimum the same acceleration initially and same velocity
speed required at the uppermost position to finally.
perform a vertical loop if the radius of the 26. The rear side of a truck is open and a box of 40kg
chamber is 25 m? [NCERT] mass is placed 5 m away from the open end as

Sol. When the motorcyclist is at the uppermost point of the shown. The coefficient of friction between the
death well, then weight of the cyclist as well as the box and the surface below it, is 0.15. On a straight
normal reaction R of the ceiling of the chamber is in road, the truck starts from rest and accelerates
downward direction. These forces are balanced by the with 2 m!,sz
outward centrifugal force acting on the motorcyclist. :

mv’ At what distance from the starting point does
R+mg= the box fall off the truck? (ignore the size of the
where, v = speed of the motorcyclist box). [NCERT]
m = mass of (motorcycle + driver) Box
r = radius of the death well. P 5m
As the forces acting on the motorcyclist are balanced, % -
therefore, motorcyelist does not fall down.
The minimum speed required to perform a vertical loop
is given by
mv
mg=——0o Sol. . Mass of the box, m = 40kg

[ In the case weight of the object = centripetal force]
or Voan = T8 = 25X 98

= 1565 m/fs

LONG ANSWER Type Il Questions

25.

A block of mass 15 kg is placed on a long trolley.
The coefficient of static friction between the
block and the trolley is 0.18. The trolley
accelerates from rest with 0.5 m /s for 20s and

then moves with uniform velocity. Discuss the
motion of the block as viewed by (i) stationary

Coefficient of friction between the box and the surface,
w=0.1s
Acceleration of the truck, a = 2 m/s”

Truck is a non-inertial frame for the box, so motion of
box can be studied by assuming a pseudo force acting on
it in a direction opposite to the direction of acceleration
of truck ie. in backward direction.

pseudo force applied by the truck on the box due to its
accelerated motion, F = ma =40x 2=80 N

Due to this pseudo force on the box, the box tries to
move in backward direction but limiting friction force
opposes its motion.

Limiting friction force between the box and the surface

observer on the ground (ii) an observer moving =uR =pumg
with the trolley. [NCERT] f=015x 40x 9.8N
Sol =588N [in forward direction]

Mass of the block, m =15 kg
Coefficient of friction between the block and the trolley
=018

Net force acting on box in backward direction
F'=F - f=80-588N

=212N
. _ 2
Acceleration of the trolley, = 0.5 m s Acceleration produced in the box in backward direction
Time, t = 20s , F' 212
(i) As block is placed on the trolley, therefore, friction T ms

force is applied on the block by the trolley
F=ma=15x05 =75N

a =053ms™

Using equation of motion for travelling s =5 m to fall

off the truck,

Force on the block is the friction applied by trolley on
the block, its direction is in the direction of motion of

LI
s=ut +—at
the trolley. 2



1
5=1]><i‘+3>(ﬂ.53>{:1

o ‘e [xz _ ||muu=4_3“
0.53 53

Distance travelled by the truck in time,
t=434s

1 1
s =ut + Eut’ =0xt +3X 2 % (4.34)
={434) = 1884 m

27. Two bodies A and B of masses 5 kg and 10 kg in
contact with each other rest on a table is against
arigid wall as shown in figure. The coefficient of
friction between the bodies and the table 0.15. A
force of 200 N is applied horizontally at A
What are (i) the reaction of the partition or wall
(ii) the action- reaction forces between 4 and B?
What happens when the partition is removed?
Does the answer to (ii) change, when the bodies
are in motion? Ignore difference between
W, and . [NCERT]

Sol. Mass of body A(m, ) =5 kg

Mass of body B(m, ) =10 kg
Coefficient of friction between the bodies and the table
() =015
Force applied horizontally at A, F = 200 N
(i) Reaction of partition

Limiting friction acting to the left

f=uR =p(m +m,)g
=0.15(5+ 10)x 9.8 =2205N
. Net force acting on the partition towards the right
Fr=F-f
= 200 — 22.05=NJF795 N
According to the Newton's third law of motion,
Reaction of partition = Net force acting on the partition
=17795 N [towards the left]

(i) Action-reaction forces between A and B

Let f, be the force of limiting friction acting on body
A and F, be the net force applied by body A on body B.

F A |Fs
fy
fi =uR
= pm g [ R =mg]
=0.15x5x 98

=7.35 N (towards the left)

~ Net force applied by body A on body B,
F,=F— f,=200-735
=19265N [towards the right]
According to Newton's third law of motion, reaction
force applied by body B on body, i.e.
A=F =19265N (towards left)

28. Adisc revolves with a speed of 33% rev/min and

has a radius of 15 cm. Two coins are placed at

4 cm and 14 em away from the centre of the
record. If the coefficient of friction between the
coins and the record is 0.15, which of the coins
will revolve with the record? [NCERT]

Sol. Given, (v) = EIBl - revimin = revfs = 3 rev /s
3 3 9

3= 60

Angular velocity () = 2nv= 2 22 ® £= 20 rad (s
7 9 63

Radius of the disc (r) =15 cm.

Distance of first coin A from the centre (x, ) =4 em

Distance of the second coin B from the centre

(x,)=14 cm

Coefficient of friction between the coins and the record

=015

If force of friction between the coin and the record is
sufficient to provide the centripetal force, then coil will
revolve with the record.

. To prevent slipping (or to revolve the coin alongwith
record) the force of friction f 2 centripetal force ( f_)

or mg = mro

or g = ro

For first coin A

, 4 (220]2_4xzzuxzm

rif =—ux|—| =
100 | 63 100 x 63 X 63
= 0488 m/s”
and pg=015% 9.8= 1.47 m/s°

Here, J.lg:v-rm’, therefore, this coin will revolve with the

record.

For second coin B
_14 (220 ‘14 x 220 x 220
100 63 100 = 63 = 63

and pg =147 m/s

=1.707 m/s



29.

Here, g < rw’, therefore, centripetal force will not be

obtained from the force of friction, hence this coin will
not revolve with the record.

A 70 kg man stands in contact against the inner
wall of a hollow cylindrical drum of radius 3 m
rotating about its vertical axis with 200 rev/min.
The coefficient of friction between the wall and
his clothing is 0.15. What is the minimum
rotational speed of the cylinder to enable the
man to remain stuck to the wall (without falling)
when the floor is suddenly removed? [NCERT]

Sol. Given, Radius of the cylindrical drum(r)=3m

Coefficient of friction between the wall and his clothing
(1) = 0.15. Frequency (v) = 200 rev/min

200 10
= ——rev/s = —rev/s
60 3

The normal reaction of the wall on the man acting
horizontally provides the required centripetal force.

R=mro’ (1)
The frictional force F, acting upwards balances his
weight
iLe. F=mg -.{ii)

The man will remain stuck to the wall without slipping,
if
HRZ2F or FSuR

mgprmrm2 or m’zﬁ
w2 (£
MR

For minimum angular speed of rotation,

W, = £ _ i=4_6‘?radi5
uk  Yo15x3

When a body slides down from rest along a
smooth inclined plane making an angle of 45°
with the horizontal, it takes time T. When the
same body slides down from rest along a rough
inclined plane making the same angle and
through the same distance, it is seen to take time
pT, where p is some number greater than 1.
Calculate the coefficient of friction between the
body and the rough plane. [NCERT Exemplar]
On smooth inclined plane Acceleration of a body
sliding down a smooth inclined plane, a = gsinf

Here, A = 45°

30.

Sol.

. £
a= gsind5® =
£ JZ
Let the travelled distance be 5.

1
Using the equation of motion, s = ut + = at”, we get
2

31

1 g .2 gT2 2
s=0t+-— T or s= ..(1)
2 32 232

On rough inclined plane
Acceleration of the body,
a=g(sind —pucosh)
= g(sin45° — {cos45°)
_£0-p

i [ssnse = ]

Again using equation of motion, s =ut + %alz, we get
18- 0
s=0(pT)+— (pT)
P 2 3z p

(o 80— p'T?
24/2

From Eqgs. (i) and (ii), we get

g _g-wp't?

- ii)

or

242 242
2 1
or (1-wp°=1 or 1-p=—
P
or p=[1—Lz)
P

A monkey of mass 40 kg climbs on a
rope which can stand a maximum
tension of 600 N. In which of the
following cases will the rope break?
The monkey
(i) climbs up with an acceleration of
6 m/s”.

(ii) climbs down with an acceleration of 4 m/s2.
(iii) climbs up with a uniform speed of 5 m/s.
(iv) falls down the rope nearly freely under

gravity. (Ignore the mass of the rope) and take
g =10m/s". [NCERT]

-5- Tension in the rope will be equal to the apparent weight of the
W

monkey (AL

Sol. Given, Mass of the monkey, m = 40 kg

Maximum tension which can be withstood by the rope
(T Jpaye = 600N

mg

(i) When monkey climbs up with an acceleration
a= 6m.|"sz, then

T—-mg=ma; T=mg+ma



T=m(g+a)=40(10+6)=640N
In this condition, T > T therefore, the

rope will break.
(1) When monkey climbs down with an acceleration
a=4m/s®, then
T
n T
mg

mg—T =ma
or T=mg—ma=m(g—a)
=40(10-4)N=240N
In this condition, T < T__,
Therefore, the rope will not break.
(iii) When monkey climbs up with a uniform speed of
5 m/s, then its acceleration a is zero.
X T=mg=40x10=400N
In this condition T < T, therefore, the rope will
not break.
(iv) When monkey falls down freely under gravity, then
its acceleration in downward direction is g
T=m(g-a)=m(g—-g)
=0
In this condition, monkey will be in a state of
weightlessness and tension in the rope is zero.
Therefore, the rope will not break.
In this problem, T actually represents friction force
which is generated, when the monkey pushes the rope
in downward direction with a view to climb up.

[va=g]

32. Inarotor, a hollow vertical cylinder rotates
about its axis and a person rests against the
inner wall. At a particular speed of the rotor, the
floor below the person is removed and the
person hangs resting against the wall without

any floor.
If the radius of the rotor is 2 m and the
coefficient of static friction between the wall and

the personis 0.2.

(i) Find the minimum speed at which the floor
may be removed.

(ii) What type of speciality is associated with this
question? [take, g =10 m/s?]
Sol. The situation is shown in figure below

-

fe

(i) When the floor is removed, the forces on the person
are

(a) weight mg downward.
(b) normal force N due to the wall towards the centre.
(c) frictional force f, parallel to the wall, upwards.

The person is moving in a circle with a uniform speed,
so its acceleration is v¥ /r towards the centre.

Newton's law for the horizontal direction (second law)
and for the vertical direction (first law) give
N=mv'/r (i)
and f,=mg ...(ii)
For the minimum speed, when the floor may be
removed, the friction is limiting one and, so equals
pl N'
This gives pu N =mg
w,mv’

or

[using Eq. (i)

mg
r
s v 1E & ’2m X10 m/s”
u, 0.2

=10 m/s
(ii) Speciality is that without the floor an object a body
may be 0 align with a vertical wall provided, it is set to
be in circular motion (horizontal) with properly
required speed.



LELERT YOUR TOPICAL UNDERSTANDING
OBJECTIVE Type Questions

1.

When a box is in stationary position with respect to

train moving with no acceleration, then relative

motion is opposed by ...... . Which provides the

same velocity to the box as that of the train,

keeping it stationary relative to the train.

(a) static friction

(b) kinetic friction

{c) No friction because there will be no relative
velocity

(d) None of the above

A boy prevents fall of his book on the ground by
pressing it against a vertical wall. If weight of his
book is 10 kg and p, of the wall is 0.2. Find the
minimum force needed by him in his attempt.

(a) 300 N (b) 400N

(c) 500 N (d) 600 N

. When a car is taking a circular turn on a horizontal

road, the centripetal force is the force of
(b) weight of the car
(d) None of these

{a) friction
(c) weight of the tyres

. When a car is moving along a circle on a level road,

then centripetal force is provided by f, where f
denotes as

(a) f=p, N=

k]
mv

2
(b) =—=f<p,N
F

2 ]
mv mv

(€) f=p,N= (d) f=p N=

Three blocks of masses m,, m, and m, kg are placed

in contact with each other on a frictionless table. A
force F is applied on the heaviest mass m,, so the
acceleration of m, will be

(a) (b) —

my my; + my

F
(d)

m; +ms; +my

(c)

My + my

Answer
L | 20| 3ae 4 (b 5. (d)

VERY SHORT ANSWER Type Questions

6.

What type of friction is involved when an axle
rotates in a sleeve?

7. Astoneis tied to one end of a string and rotated in a

vertical circle. What is the difference in tension of

the string at lowest and highest points of the
vertical circle?

8. A ball of 1 g released down an inclined plane

9.

describe a circle of radius 10 cm in the vertical plane
on reaching the bottom. What is the minimum
height of the inclined plane? [Ans. 25 cm]

For uniform circular motion, does the direction of
the centripetal force depend on the sense of
rotation, i.e. clockwise or anti-clockwise rotation?

SHORT ANSWER Type Questions
10. Distinguish between sliding friction and rolling

11.

12
13.

14.

friction.

A block slides down a rough incline of angle 30°
with an acceleration g/4. Find the coefficient of
kinetic friction. [Ans. 1/24f3)

State two advantages of friction in daily life.

How sliding friction is converted into rolling
friction?

State the laws of kinetic friction. Define coefficient
of kinetic friction.

LONG ANSWER Type I Questions

15.

16.

A body of mass 10 kg is placed on an inclined plane
of angle 30°. If the coefficient of static friction

1
V3
up the inclined surface.

A block of mass 2 kg is placed on the floor. The
coefficient of limiting friction is 0.4. If a force of
3.6 N is applied on the block parallel to the floor.
Find the acceleration of the block. What is the force
of friction between the block and floor?

[Ans. zero, 3.6 N]

is —. Find the force required to just push the body

[Ans. 100 N)



17. A small body tied to one end of the string is whirled

in a vertical circle.
(i) Represent the forces on a diagram when the
string makes an angle 6 with initial position.
(ii) Find the tension and velocity at the highest and
lowest point, respectively.

LONG ANSWER Type II Questions
18. A trolley of mass 20 kg rests on a horizontal surface,

A massless string tied to the trolley passes over a
frictionless pulley and a load of 5 kg is suspended
from other end of string. If coefficient of kinetic
friction between trolley and surface be 0.1, find the
acceleration of trolley and tension in the string.

(take g = 10 ms'z]. [Ans. 44 N|

19. A circular motion addict of mass 80 kg sides a ferris

wheel around in a vertical circle of radius 10 m at a
constant speed of 6.1 m/s. (i) What is the period of
motion? What is the magnitude of the normal force

SUMMARY

on the addict from the seat when both go
through (ii) the highest point of the circular path
and (iii) lowest point?

[Ans. (i) 10 s, (ii}4.9% 10* N and (iii) 1.1 % 10* N ]

20. A curve of radius 120 m is banked at an angle of

18°. At what speed can it be negotiated under icy
conditions where friction is negligible?
[Ans. 2% 10" m/s]

21. A stone of mass 0.20 kg is tied to one end of a
string of length 80 cm, holding the other end, the
stone is whirled into a vertical circle. What is the
minimum speed of the stone at the lowest point so
that it just completes the circle. What is the
tension in string at lowest point of the circular
path? (g =10 m/s?)

[Ans. 632 m/s, 12 N]

22. Derive an expression for acceleration of a body
down a rough inclined plane.

* Force is an external agency (a pull or a push) which changes ar tends to change the state of rest or of uniform motion or the
direction of motion of a body. Its Sl units is Newton and dimensional formula is [MLT ™).

= Sir Issac Newton made a systematic study of motion and proposed three laws of motion.

= Newton's first law of motion states that every body continues in its state of rest or of uniform mation in a straight line unless it

is compelled by some external force to change that state.

Newton's second law of motion states that the rate of change of momentum of a body is directly proportional to the external
force applied on the body and the change takes place in the direction of the applied force.

F=.i[d£=m
af

Newton's third law of motion states that for every action there is always an equal and opposite reaction Fg = —Fg,.

p=mv
Sl units is kg-m/s and dimensional formula is [MLT ™).

Momentum is quantity of motion possessed by the body. It is the produet of its mass and velocity.

= Impulse is the product of the average force and the time interval for which the force acts on the body
|=F xAf =p;—py.

Its Slunit N-s and dimensional formulais IMLT ™).

= In alift going upwards or downwards, our feeling of weight (called apparent weight) changes as follows due to different values

of reaction force of ground
R=ma+mg
R =mg—-ma
R=0

[in lift going upwards)]
[in lift going downwards)
[lift falls freely under gravity]



Conservation of momentum, if there are no external forces acting on a system, the total momentum of the system remains
constant .
F., =0, then Ap = constant
P=ptp
Equilibrium of a particle the forces which are acting at the same point or on a particle are called concurrent forces. These
forces are said to be in equilibriurm when their resultant is zero.
Lami's theorm According to this theorem when three concurent forces F, F, and F, acting on a body are in equilibrium, then
h _ kR _HK
sine  sinf siny

Some common forces in mechanics are

Gravitational force F, = mg

Weight w=mg, Tension force, T = mg, Spring force F = k x and Buoyant force friction.

Friction is the opposing force which comes into play when a body maoves or tries to move over the surface of another body.
Internal friction are arises due to relative motion between two layers of liquid.

External friction are arises when two bodies in contact with each other try to move or there is an actual relative motion
between the two bodies.

Static Friction The opposing foree which comes into play between two bodies before one body actually starts moving over
the other. Itis denoted by .

Limiting friction The maximum opposing force which comes into play when a body just starts moving over the surface of
another body. There are four laws of limiting friction.

_ & _ Limiting friction

" R Normal reaction

Kinetic friction The opposing force that comes into existence when one object is actually maoving over the surface of the other
object. it is also known as dynamic friction.

&

fz _ Kinetic friction

AR MNarmal reaction

Hg

Angle of friction (&) may be defined as the angle which the resultant of the limiting friction and the normal reaction makes with
the normal reaction.

Angle of repose is defined as the minimum angle of inclination of a plane with the horizontal such that a body placed on the
plane just begins to slide down the ineline. It is represented by o

Types of kinetic friction sliding friction The force that comes into play when a body slides over the surface of another body.
Rolling Friction The force of friction that comes into play when a body rolls over the surface of another body.
For circular motion of car on level road

Centripetal force £, = mrw” = g and Vg, = |I'p;g

; rgluglans)
For motion of a car on banked road v, =, |—————
T—(u,tant)

2
Angle of banking, 6 = tan“'{ :—g]



CHAPTER
PRACTICE

OBJECTIVE Type Questions

1. Who gave the idea that when a particle is moving

6. The coefficient of friction between tyres and the
road is 0.1. Find the maximum speed allowed by

with uniform velocity, there is no need of any
force, if frictional force is zero?

traffic police for cars to cross a circular turn of
radius 10 m to prevent accident.

(a) V10 ms™ (b)+20 ms ™

(a) Aristotle (b) Newton ;
(c) Galileo (d} Einstein (c)5ms™ (d) 9 ms
2. A hockey player is moving northward and 7. A particle is moving on a circular path of 10 m
suddenly turns westward with the same speed to radius. At any instant of time, its speed is Sms™
avoid an opponent. The force that acts on the and the speed is increasing at a rate of 2ms™.
player is [NCERT Exemplar] The magnitude of net acceleration at this
(a) frictional force along westward instant is
{(b) muscle force along southward (a)s5ms™ (b)2ms™ (c)32ms™? (d)4.3ms™
(c) frictional force along south-West
(d) muscle force along south-West ASSERTION AND REASON
3. A car of mass m starts from rest and acquires a Direction (QQ. Nos. 8-17) In the following questions, nwo
velocity along east, v = vi (v > 0) in two seconds. statements dre given- one labelled Assertion (A) and the other
Assumi_ng [he car moves wnh unifﬂrm L’lbﬂ!‘:&.’d .be’f.fﬂ!‘i' rRJ .‘.'I‘f!t'ff ﬁ{i‘f carrect answer fo ﬁbfﬂ’
acceleration, the force exerted on the car is questions from the codes (), (b), (c) and (d) as given below
[NCERT Exemplar] {a) Both Assertion and Reason are true and Reason is
mv ) _ the correct explanation of Assertion.
(a) < eastward and is exerted by the car engine {b) Both Assertion and Reason are true but Reason is
v not the correct explanation of Assertion.
(b) — eastward and is due to the friction on the tyres {c) Assertion is true but Reason is false.
eierted by the road {d) Assertion is false but Reason is true.
(c) more than - eastward exerted due to the engine 8. Assertion A body is momentarily at rest still
2 some force is acting on it at that time.
and overcomes the friction of the road Reason When a force acts on a body, it may
(d) ? exerted by the engine not have some acceleration.
) ) 9. Assertion During the action of an impulsive
4. If F is the force applied (as F > f,), then force, change in the momentum is very high
acceleration of the body of mass M when body is even though force acts for a very short period.
on horizontal surface [NCERT Exemplar] Reason The amount of force is very high.
(a) fi (b) F-h 10. Assertion Action and Reaction forces do not
M M cancel out each other.
{c) E (d) Mone of these Reason It is because both do not act on the
M same body.
5. If 3 forces F1, F2 and Fs act on a particle, then in 11. Assertion Angle of repose is equal to angle of

equilibrium ...
(a) F3; +F; + F; =0
(c) Fyy +F; +F,

(b)F, +F, + F, =0
(d) None of these

limiting friction.

Reason When a body is just at the point of
motion, the force of friction in this stage is
called as limiting friction.



12.

13.

14.

15.

16.

17.

Assertion [t is always necessary that external
agency of force is in contact with the object
while applying force on object.

Reason A stone released from top of a
building accelerates downward due to
gravitational pull of the earth.

Assertion At the microscopic level, all bodies
are made of charged constituents (nuclei and
electrons) and various contact forces arise.
Reason These forces are due to elasticity of
bodies, molecular collisions and impacts, ete.

Assertion Objects in motion generally
experience friction, viscous drag, etc.

Reason On the earth, if an object is at rest or in
uniform linear motion, it is not because there
are no forces acting on it but because the

various external forces cancel out, Le add upto
zero net external force.

Assertion A seasoned cricketer allows a
longer time for his hands to stop the ball,
while catching the ball. His hand is not hurt.

Reason The novice (new player) keeps his
hand fixed and tries to catch the ball almost
instantly. He needs to provide a much greater
force to stop the ball instantly and this hurts.

Assertion Product of mass and velocity
(Le. momentum) is basic to the effect of force
on motion.

Reason Same force for same time causes the
same change in momentum for different
bodies.

Assertion Newton's third law of motion is
applicable only when bodies are in motion.
Reason Newton's third law applies to all types

of forces, e.g., gravitational, electric or
magnetic forces, ete.

CASE BASED QUESTIONS

Direction (Q). Nos. 18-19) These questions are case study based
questions. Attempt any 4 mil-pam ﬁ'ﬂm each question.

18.

19.

Force of Friction on Connected Bodies

When bodies are in contact, there are mutual
contact forces satisfying the third law of motion.
The component of contact force normal to the
surfaces in contact is called normal reaction. The
component parallel to the surfaces in contact is
called friction.

Bkg B kg

In the figure, 8 kg and 6 kg are hanging stationary
from a rough pulley and are about to move. They
are stationary due to roughness of the pulley.

(i) Which foree is acting between pulley and rope?
{a) Gravitational force (b) Tension force

(e} Frictional force (d) Buoyant force
(ii) The normal reaction acting on the system is
(a)8g (bog ch2g (d)14g
(iii) The tension is more on side having mass of
(a) 8kg (b) 6 kg
{c) Same on both {d) Nothing can be said

(iv) The force of friction acting on the rope is
(a) 20N (b)30N (c)40 N (d) 50N

(v) Coefficient of friction of the pulley is

1 1 1 1
- b) — - d) —
{a]ﬁ {]7 {EJS {14

Friction

Starting from rest, a body slides down a6 = 45
inclined plane of length s in twice the time it takes to
slide down the same distance in the absence of

friction. The coefficient of friction between the body
and the inclined plane is .

(i) What is the expression for the acceleration of
body?
(a)a=g(sinb—pcosB)
(b)a=g(cos B - usinb)
(c)a= gsin®
(d)a=pgcos®



(ii) Expression for time taken by body to slide
down the plane is

(a) L
Jg(sin()—ucos 0)
(b) ’;
g(sinB + pcos0)
2s
. Jx(tanﬁ-u)

(d) None of the above
(iii) When friction is absent, time taken to slide

down the plane
2s 2
@) Jgsin(-) ®) chos()
2s 2s
d
(C)Jgtane ( )qgcotﬁ

(iv) Which of the following relation is correct?
(a)3cos O =4usin®  (b)3sinO =4ucos O
(c)4cosB =3usin  (d)4sinB =3ucosO

(v) Coefficient of friction p is

(a)0.5 (b)0.75 (c) 0.25 (d) 0.35
Answer

1. (© 2. © 3. ®) 4 ® | 5 ®
6. (@ 7. © 8 © 9. (a) 10. (a)
1. (@ 12. (a) 13. (b 14. (b) 15. (a)
16. (0 17. ()

18. () (o) (i) (d) (iii) (a) (iv) (a) (v) . (b)
19. () @ (i) (a) (iii) (a) (iv) (b) (v) _(b)

VERY SHORT ANSWER Type Questions

20.

21.

22

23.

F = ma, this expression represents Newton's
second law. What is the condition behind this
expression?

Write the formula of the speed of the caron a
banked circular road, when friction force acting
on the tyres is zero.

Aboy is standing on the road, having a box on his
head. Find the number of action-reaction pairs.

Abox is lying on a rough floor. What is the
maximum value of F_, so that box do not slip
relative to the floor?

he =02 [2o_kgl-—f=m=?

[Ans. 40 N]

24.

A box is lying on the floor of a lift, which is in
free fall, what is the value of normal reaction?

SHORT ANSWER Type Questions

25.

26.

27.

28.

29.

Forces of 16 N and 12 N are acting on a mass of
200 kg in mutually perpendicular direction. Find
the magnitude of acceleration produced.

[Ans. 0.1 m/s?]

The wheel of a truck has a radius of r =029 m
and is being rotated at 830 revolutions per
minute (rpm) on a tyre balancing machine.
Determine the speed (in m/s) at which the outer
edge of the wheel is moving. [Ans. 0.1 m/s]

What is the smallest radius of an unbanked (flat)
track around which a bicyclist can move if her
speed is 29 km/h and the u, between tyres and
track is 0.32? [Ans. 2.1 m]

A boy is trying to push a truck but not able to
push it. His friend explains the situation with the
help of Newton's third law. His friend says that
according to Newton's third law action-reaction
forces are equal and opposite, so they will cancel
each other and the net force on the truck will
become zero. That’s why the truck will not move.
Analyse the explanation of his friend
and comment that his explanation is right or

wrong.
S
) () HO

Rough road

A shell of mass 0.020 kg is fired by a gun of mass
100 kg. If the muzzle speed of the shell is 80
m/s, what is the recoil speed of the gun?

[Ans. 0.016 m/s]

LONG ANSWER Type I Questions

30.

31.

A bullet of mass 0.04 kg moving with a speed of
30 m/s enters a heavy wooden block and is
stopped after a distance of 60 cm. What is the
average resistive force exerted by the block on
the bullet? [Ans. 270 N]

Briefly explain static friction, limiting friction
and kinetic friction. How do they vary with the
applied force?



32. For the given pulley block system, find the
acceleration of 2 kg block.

Massless and
frictionless pulley

Light rope

4ON=F [Ans. 20 m/s 2]

33. Two blocks are placed over a horizontal smooth
plane as shown in the figure. Find the minimum
value of p,, so that block could move together.

Ho=7
dkg F=18M
=0

[Ans. 0.6]

34. Find the maximum speed at which a car can turn
around a curve of 30 m radius on a level road,
given the coefficient of friction between the tyres
and the road is 0.4. [g =10 m/s’| [Ans. 11 m/s]

35. For traffic moving at 60 km/h, if the radius of a
curve is 0.1 km, then what is the correct angle of
banking of the road? [take g =10 mfsz]

Ans. B = tan™ 5 =15"32'
18

36. Discuss the equilibrium of concurrent forces
acting on a rigid body.

LONG ANSWER Type I Questions

37. Adisc revolves in a horizontal plane at a steady
rate of 3 revolutions per second. A coin of mass
6 g just remains on the disc if kept at a mean
distance of 2 em from the axis of rotation. What
is the coefficient of friction between the coin
and the disc? (g =10 m /s%) [Ans. 0.725]

38. For the system below, find the values of T}, T,
and T. Also, find the acceleration of every
block.

56 56 16 5
[Ans. T, =2 g Ta =T g s =gga=gil





