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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.

LAWS OF MOTION

| TOPIC 1|
Newton’s Laws of Motion

Motion is the common and most important phcnumcnnn in nature. In case of
Macroscopic bodies (narural system), it is casily observable. Burt 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 to study the forces which generate
motion.

FORCE

Force may be defined as an external agency (a push ora pu"} which chang::s or
tends to change the state of rest or of uniform motion or the direction of
maotion of a hnd}'.
. . - - -2 . e ..
The dimensions of force are [MLT 7] and its 51 unit is Newton.
A force applied on an object can produce four types of effects such as
(i) Force can start or stop a motion,

(i1) 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.

{1v) Force can changc the shapr: of an nbjcct.
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v Some Important Points about Force

« A 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.

Whar happens if a body is moving in uniform morion along a
straight line, (e.g. if a box is moving with a constant \rclocity
on an ice slab)? Is an external force required to keep a body in
uniform morion? For this, we will understand Aristotle’s
Fallacy and Galileo’s law of inertia.

ARISTOTLE’S FALLACY AND
GALILEO GALILEI

The Greek philosopher, Aristotle (384 BC-322 BC) gave the
view that if a body is moving, some external force is required
to keep it moving,
e.g. When an arrow shot from a bow keeps flying since the air
behind the arrow Icr:cps pushing it. Thus, according to
Aristorelian’s law, an external force is necessary to keep a
body in uniform motion.
Aristotle’s statement is based on the fact that ever presenting
resistive forces will always stop the mortion. So, to keep a body
in motion, an external force is needed (i.e. the force to counter
the resistive force). An cxa.mplc of n:illing ball that stops due to
friction could be considered.

Fast to slow

Moving ball

—

w
Friction

Maotion 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 prnv:d Wrong
b)-' Galileo about two thousand years later on. It was observed
thart the external forces were necessary to counter the opposing
forces of friction to kccp bodies in uniform motion.

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

Galileo pmpu.scd his law of inertia.

LAW OF INERTIA

Galileo first asserted that ohicct.s move with constant spccd
when no external forces act on them. He arrived at this
rcvalutiunar}r conclusion on the basis of Fo”owing simplc
CXpEriments

(a) Galileo’s Experiments with

Single Inclined Plane
Galileo first studied the motion of Dhj:ct.s on an inclined

plane.
He observed that

(i) When an ahj:ct moves down on inclined p|anc, its
spccd INcreascs.,

Downward slope
miotion downwards

Downward motion of the object
(i) When the ohjcct is moved up on the inclined
plane, its speed decreases, i.e. retards.
Upward slope mation

upwards decreasing spead
M
[

Upward motion of the object

(iii) When an object is moving on a horizontal plane,
there should be no acceleration nor retardation,
i.e. constant speed.

Mo slope horizontal
— molion 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 oscillating
pendulum, the bob always reaches the same height on either
side of the mean posidon. Galileo conducted another
experiment by using a double inclined plane. In this
experiment, two inclined planes are arranged as facing each
other.

(i) When an object rolls down one of the inclined
p|anc.s, it climbs up the other. It almost reaches
the same height butr nor 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
paosition

Both planes are inclined at same angle



(ii) When the slope of the second inclined plane is
decreased, the object still reaches the same final
height but the object has to travel a longer distance
to artain the same height.

it
position

, =

| P ——

Inclination of second plane is reduced

(iii) When the slope of the second inclined plane is made
zero (Le. the second plane is made horizontal) the
object travels an infinite disance in the ideal
situation. This is possible only if the object moves
forever with uniform velocity on the horizontal

SIJ.I'.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 motion with
constant w:locit}r are l:quivnlcnt in the absence of external forces.

INERTIA

The term inertia means resistance nf'an}-r physical ubj:ct. Itis
defined as the inherent property of a material body by virtue
of which it remains in its state of rest or of uniform motion in
:;stmight line. This term was first used hy Galileo.

Various Types of Inertia

The various types of inertia are as below

(i) Inertia of Rest
It is defined as the tendency of a body to remain in its

position of rest.

e.g. A person standing in a train falls backward when the
train suddcnhr SEATES Moving forward. It dcpicts, when train
maoves, the lower part of his hod}r h:gins to move a|ungwit|1
the train while the upper part of his body continues to
remain at rest due to inertia.

(ii) Inertia of Motion

It is defined as the n:ndcm:y of a bndy to remain in its state
of uniform motion in a straight line.

e.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 I}Dd}-' continues to remain in motion due
to inertia and falls forward.

(iii) Inertia of Direction
It is defined as inabiﬁt}r of a hndy to changc h:-,r itself 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 study 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 hnd}r continues in its state of rest
or of uniform motion in a straight line unless it is
compelled by some external force to change that state.

The state of rest or uniform linear motion both impl}r ZET0
acceleration. The first law of motion can therefore be simply
expressed as:

If the net external force on a body is zero, its acceleration
is zero. Acceleration can be non-zero, only if there is a net

m:mal IFGI‘CE on tlfll! bﬂd}' NE‘\'-"I.'EI'I’S First ].ﬂ.\'-" EI.CH]'IES FDTCC

qualirarively.

The Newton's first law is c:lrcgoris:d in three parts

(i) First part If a body ar rest Upward
continues in its state of rest. force (A)
An external force has to be 1
applied on it to make it @? \
move, —
c.g. A book on the table will _\
continue to remain there Downward
unless we displace it means a force tl'-".l_
Body in a rest

book at rest on a horizontal
surface of wable, it is sul:ljci:t:d to two external forces,
the force due to gravity (due to its weight 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 net external force on it
must be zero, i.e. w = R as shown in figure.

(i) Second part Ifa hody 15 In motion It continues
moving in a straight path with a uniform speed
unless an external force is applied.

This part to  be @
Floor

contrary to our cvery d.'ly
Rolling ball on the floor

sccms

experience. A n:i“ing ball

Comes o rest on oa TDUEI.'!.

ground. This is because of



force of friction. The ball moves through a larger

distance on a smooth floor.

If the friction was zcro, 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 motion, 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 along a
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=mv

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

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

Variation of Momentum

Case | Let two objects each of mass m are moving with
different velocities »; and v, with »; >v,, then

Py =my,
and P2 =mw,
't B L TR B
Py MUy ¥y
v
=4 —l=_l
P2 U2
A
| &
Q 0
6\
VY
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 Il Let a heavier object of mass 7, and lighter object of

mass 7,.
Suppose both the objects are moving with the same
velocity ».

Then, pr=mpw and p,=myuw



0 _mr my

Pa M my
m
= L™
P2 My
As a resule "y >y
So, P =P

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

Case III Ler two Dhjccts haw'ng cqual linear momenta.

Thus,

o = constant

Y ——

M=

PL=pa=p = mup =y,

v m
= ==L
vy M

Asaresult  m, >m,

S0, vy <v,y

It s gmphica”}r rcprcscnn:d hy ﬁgur:. Thus, the
velocities of bodies having equal linear
momenta are inversely proportional to their
masses.

Some Everyday Phenomena

Based on Momentum

The Foﬂowing commaon :x.'lmpll:s are

(i} Consider a light-weight vehicle, i.e. car and a heavy
w:ight vehicle e, truck parkcd on a 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 tuck
than the car ar the same time if th:y are moving with

tl'lt samc SPCCd.

(ii) Speed is another important parameter to consider. A
buller fired h:,r a gun can :asily pierce human rissue
before it stops, resulting in casuality. The same buller
fired with moderare sp:cd will not cause much
damage.

Thus, for a given mass, the greater the speed, the
greater is the opposing force needed to stop the body
in a certain time. Taken together, the product of
mass and velocity, that is momentum eventually is

(iii)

(iv)

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

force that needs to be .'1p|:||itd,

If two stones, one light and other heavy are dropped
from the top of a huiHing, a person on the ground
will find it easier to catch the light stone than the
heavy stone. This is due to the mass of a body is thus
an important parameter that determines the effect of
force on its motion.

Suppose a stone is rotated ’___-_,--———--"."::‘_':-_..
with uniform speed ina 7 _ )
horizontal plane by means  “-.__ { L
of a string, the magnitude — e

of momentum is fixed.
But its direction ch.'mg:s,
This is due to a force
needed to cause this changc In MOmMentum vector.

This force is provided by our hand through the
string. Experience suggests that our hand needs o
exert a greater force if the stone is rotated ar greater
speed 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 appli:d.

A fastened stone with
the string is rotating

Newton’s Second Law of Motion

This law states that the rate of cha.nge of momentum of a
hod}r is direl:tl}r pmportional to the external force applir_d
on the bnd}r and the change takes plax:e in the direction of
the applied force. Let F be external force applied on the

body

in the direction of motion of the body for time

interval Az, then the velocity of a body of mass m changes

from

viov+Av, Le ch.'mg: in momentum Ap = mAv.

According to Newton's second law,

A A
F-I—P or FZJE—P
Ay At

where, k is a constant of proportionality.

If limit At =0, then the term o 4 becomes the

derivative —P
dl

Thus,

At
t
dp
F=k—
dr
FCII a bﬂd)" O:F F]Il:d. IMass M, WC haw:
Fopdom)_ 4
dt
F = kma ( %=a]



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 /s
In CGS system, absolute unit of force is dyne. One dyne is
that much force which produces an acceleration of 1 cm/s*
in a body of mass 1 g.
ldyne=1g X lem/s®
ldyne=lgem/s®
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 of 980 cm/s* in a body of mass 1 g.

lg-wt=1gf =980 gcm/s’

Relation between Newton and Dyne
1 N=1kgx 1m/s® =1000 g X 100 cm /s*

=10° gem/s? [1dyne=1gem/s?)

1N= 10’ dyne

Note

* A gravitational unit is g times the comresponding 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 1072* 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 kg.

Sol. The acceleration of the electron
Fow™ 1 mys?
—_—=—= m/s
m 107"

The time taken by the electron (1) to cover the distance
(5) of 0.2 m can be given by

s=ut +—at’
2

0.2=0+2x 10° x ¢*
t*=04x 107 =4x 10" s*
t=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=Fx3+ Fy}+ F‘IZ
P=p.itp,jtpk

~

and a=a.ita,jtak
From the formula of force in vector form, for constant m,
dp
F=—=ma

A 3 > N A P
Fi+Fj+ F,k=z(pxi +p,jt+ p.k)
=m(ax;+aj}+a‘lz)

Equating the components along the three coordinate axes,
we get

dP: dp!
F, = 7 =ma,, y=7=ma,
and ,=d5:=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.

Y F2-8N

—($—

Fy=5N

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 =7 The resultant force in the x-direction exerted on

the puck,
IF, =F,, + F,, =F, cos 2(° + F, cos 60°
= (5 N) (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) = 522N

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

form to find the x and y-components of acceleration

a, = &— M= 290m/s*
m  03kg
IF
and a, =—2'-=522N =174 m/s?
m  03kg
Magnitude, a= J( 290)° + (174) m/s?
= 338 mss*
and its direction is

6 = 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?

(-)) 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 = ma to each object.

Fi=ma
and F, = mya,

FF=F,=F
or m,a, = m,a,

m 8

8
m, =—=067 k
=15 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=0.6m, u=9m/s

The retardation a of the bullet is given by
2

i ¥ —9%0x%0
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. Weknow, y=ut + l;gtz

Now, by differentiating the above equation w.r.t. t, we get
v= - 1 u+ gt
dt

. dv
and acceleration, g = d_ =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

I=Idl=[.2Fd:



IfF,, is the average force, then

I=F, [ di=F,[¢]?
4

leav [tl -’l]
Impulse, I =F,, At

According to Newton’s second law of motion,

d|

F=22

dt

= Fdt = dp

Integrating both sides with limits, we get
t P2
Fdt=|"" d
fy =], dp
= FxXt=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 arc 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 time duration are
difficult to ascertain scpa.rarcl_v.

However, the product of force (F) and time (¢)
which is the change in momentum of the body
remains measurable quantity.

(i1) An athelete is advised to stop slowly after finishing a
fast race, so that time of stop increases and hence

force ap:ri:nn:d h}r him decreases.

(1ii) Boggies of a train are pmvi:l::l with buffers to avoid
severe jerks during shunting of the train. Due to
presence of buffers, time of impact increases. Thus,
force during jerks decreases.

In all the examples described above, the formula for
impu|sc that 15 mlv=n)=F x¢ is urtilised. Iy
achieve the same change in momentum, when 7 is
increased, F required decreases. It results into less
injury to body.

(iv) A cricket player lowers his hands while catching a
ball. This is due w the pla}r:r has to appl}r a
retarding force to stop the moving ball (e to
change the momentum of the moving ball).

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

momentum CIF 133". o Zero, 15 Sl'.l'lﬂ“..

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

the momentum of the moving ball [ F= %E]

3
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.

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.

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=015kg, v=12m/s,u =—-12 m/s
Change in momentum = p, — p, = m[v —u]
=0.15[12— (- 12)] =0.15x 24
p: — py = 3.60 kg-m/s

Impulse, I=p:—p = I=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 O is v.
Given s = 2 m, then
TP




v2=u2+20£
Vi=0+2X98%x2=4%x98

v=1392 m/s = 626 m/fs

Letu” be the velocity of rebound of the ball.
Given, 5° = 0.5 m, the final velocity at R is zero

v? =u'? + 2as
0=u+2x(—9.8)x 05
W=—+98mfs=-313m/s

Now, Impulse = Change in momentum
=mv—(—mu)=miv+u’)

= L.l (6.26 + 3.13)
1000
=0.06% 9.39=0563 N-5
Impulse _ 0.563
Time 0.2

~ Average force = = 281TN

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 it. Also, the carth pulls a stone
downwards due o gravity. Bur an:urding to Mewton, the
stone exerts an equal and opposite force on the earth. We do
not notice it since the earth is very massive and the effect of a
small force on its motion is negligible.

Thus, forces ah-.r:l}-'s occur in pairs as a result of murual
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 4 on B
and F,z is the force exerted by B on A, then according to
MNewton's third law,

F g =—Fpy,
Force on A IJ}I'B=—FDIECD]'IBIJ}"A

The condition is shown in ngr:.

Fas Fas
Forces acting on bodies 4 and &
(A4 colliding with 5]

Some important implications about the third law of motion

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

(ii) Action and reaction always act on two different
bodies If t|'||::,r acted on the same bnd}r, the
resultant force would be zero and there could
never be accelerared motion.

(i11) 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 cannor cancel each other.

(iv) No action can occur in the absence of a reaction
In a rug 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 force of action because the
other team provides the force of reaction.

Some Important Concepts about

Newton's Third Law of Motion

(1) While wa|king wWe press the gn:runcl {action) with
our feer slightly 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 weight and the horizontal
component enables us to move forward as shown

in ﬁgun:.
g’ -]
% 2
o
2 :
Q
—
——— ———,

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

(ii) Rotatory lawn sprinkler The action of rotarory
lawn sprinldcr is based on third law of moton.
As warter forces way its of the nozzle, it exerts an
equal and opposite force in the backward
direction, causing the sprinkler to rotare in the
opposite direction. Thus, warter is scattered 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

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

imparted to the balls by the wall?

xy- axes as shown in figure.

+y
u u o
+x
(@)
(i) Case (a) In Fig. (a),
oo, = MU
P rinies on x-axis

On yaxisp, . =0p, =0
and we know that impulse

I = change in momentum (p; — p, )
. x-component of impulse

(i1} The ratio of the magnitude of the impulse imparted to
the balls in casesaand b is

— 2mu

— 2mu cos 30°

R S S U
cos 307 3/2 ;"; ’

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.

v,
— Firuex =
X0 MO MAC)

t Sand coming out
The value of this force could be found out with the

=p =Py = — mu—mu=—2Imu
el Ehebid formula of Newton's second law, when v is constant (at
y-component of impulse . . .
an instant) but mass is varying.
= Pyis " Prig=0-0=0 F Idm
Since, impulse and force are in the same direction, IF i =| v dr

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 tr1:||:|: in the ba:kmd 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
u sin 307
uecos 30
UCos
wsin 30°

u

On x-axis, Pr, .., =mu cos 30°

Prgy =— mu cos 30°
On y-axis Py, = musin an®
Pypy = — musin 30°

x-component of impulse=p _ —p
= — mu cos 30° — mu cos 30F
= — 2Zmu cos 30°
y-component of impulse=p,. , —p,
= — mu sin 307 + 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 (constant)
—_—

Fo — | — Finuck
o B =)
Sand coming out
dm
F&t = Ftnu:k =v e

F., =20 m/s [20x107" 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 acrual weight mg of
the man acts on the wcighing machine and offers a reaction

R given h}r the r:ading of the wtighing machine.

This reaction R exerted b}r the surface of contact on the man
is the apparent weight of the man. Now, we consider how R
is related to myg in the different conditions.



(1) When the lifft moves upwards with acceleration a as
shown in Egun:, the netr u|::rw:-1n:l force on the man is

R

mg

R=mg=ma = R=ma+mg

[Apparcnt wcight, R=mlg+ a}]

So, when a lift accelerates ul:rwa.rds, the apparent

wcight of the man inside it increases.

(i1) When the lift moves downwards with acceleration a as

shown in figure, net downward force on the man is

R

G

mg

mg — R=ma

[ﬂpparcnr weight, R=m(g - d]]

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
velocity v downward or upward as shown in figure.

A

mg

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

R=mg=mx0 = R=myg

or [ﬁppar:nt wcight = actual w:ight ]

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 freely under gravity 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 acceleration ¢ and so there are no forces of action
and reaction exists between the man and lift. Hence, a
person develops a feeling of weightlessness when the lift falls
freely under graviy.

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]

-3 When a man is standing on a weighing scale, it will read
% the normal reaction A as apparent weight.

Sol. Given, mass of man (m)=T0 kg
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 accelerationa =10
. Normal reactionw = R=mg=T0 <10 N=T00N
w acts vertically downwards and R acts vertically

upwards.
_ 700

*. Reading on weighing scale = — =70 kg
10
(ii) Acceleration of the lift, a = Sm/s 2I';J,Jl
- Normal reaction, R=m(g—a) =70(10 - 5) N
=T0x5N=350N

350 N

~. Reading on weighing scale = - =35kg

10 m/s
(1ii) Acceleration of the lift, a =5 m.n'szl{ T )
- Normal reaction, R = m(g + a)
= 70{10 + 5)= 1050 N

~. Reading on weighing scale = b Nﬂ = 105kg

10 m/fs

(iv) Acceleration of the lift when it is falling freely under
gravity
a=g()
s Normal reaction, R=m(g—a)=m{g—g)=0
Reading on weighing scale =0

Mote

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 still there.



CONSERVATION
OF MOMENTUM

This princip|c Is a4 consequence of Newton's second and
third law of motion.

According to this principle

“In the absence of an external force the total momentum
of a system remains constant or conserved and does not
l:han.ge with time”

If F_ =0

Or in an isolated system (L.e. a system l'uwing no external
force) murual forces (called internal forces) berween pairs of
particles in the system causes momentum change in
individual particle. But as the murual forces for cach pair
are equal and DPFDSIIL‘,, the linear momentum of individual
particle cancel in pairs and the toral momentum remains
unchanged. This fact is known as the law of conservation
of momentum.

The total momentum of an isolated system of interacring
partic|c is conserved. Now, we will show that the toral
momentum of a system remains constant in the absence of
external force. Internal 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
masscs m, and m, are p, and p, respectively, then the net
momentum of the whole system

P=P1t P2 wel1)
Suppose F, and F, arc two forces acting on particles of
masses m, and m,. Let in a small time interval Ar the
change produced by the forces F, and F, arec Ap, and Ap,.

Thus, net change in momentum

Ap=Ap, + Ap,
Ap _Ap, Ap,
or —_— =t
At Ar A
dp ) ]
or —P:i+ﬂ [as At — 0]
dt  dt dt
or %=F]+F_; ...(1)
where, Fy =F o +Fy i
and F,=F, ., +F..,
dp
.L'!: [Flest lmt}+ (FZ ext Zlnt}
or %—[F] ext +F2ﬂ|:l+ [F] int + F’mt:} '{i"]

From Newton's third law, the internal forces always occur
in pair so
(Fy i +Fyp ) =0

o (Fy i =—

lint
F2 int}
From Eq. (iii), we get

Thus, %zE'F_Hm"'inm}"":'Flm"'Fzm:'
or $=(}+F]m+l=}m‘t or isz
dr - At
where, F=F _, +F,_..F_ =0
Then, @ =0
dr
or Momentum, p = constant

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

Conservation of momentum theorem is app“cﬂblc for
F.. =0, it does not depend on internal forces.
e.g.
(i) Let us consider a bullet fired from a gun. Then, force
on the bullet by the gun is F and according to third
law of motion, the force on the gun b}r buller will be

= F. The two forces act for a common interval of
time Af.

According to sccond law, F Ar is the change in
momentum of the buller and = F Ar is the change in
momentum of the gun. Because buller and gun are
initially at rest and then change in momentum of the
system is 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 Pe =—Ppsorp,tp, =0

(ii) Let a bomb be ar rest, then its momenmum 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 toral momentum is
still zero. Here no external force is applied on the
system of particles (bomb). Forces creared are

internal only.

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 B:mdddﬂ
i

be the resulting change of the momentum of B.



Let F 5 be the force (reaction) exerted by B on A and
ifi be the resulting change of momentum of A.
1

According to Newton's second law, F = ?
t
dps dpa
Then, Fg, = and F,; =
dt dt
d d d
Fgy + F =_H+_PA=_{ +pa) i)
BT dt dt o P

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

d
ie. —(p, +p,)=0

dt Pa T Pa
So, Fpq + Fag=0 or 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 1077 kq and 3.34 x 107" kg, respectively.

Sol.  Given, for neutron,
Mass, m, =167 x 107" kg

Speed, u, =10° m/s

For deuteron,

Mass, m, =334 x 107 kg

Speed, u, =0 [ the deuteron is at
rest]

From principle of conservation of momentum,
Myt + mgtis ={m; + my) v
167 x 1077 x 10° +334 x 1077 x0
=(33 +167) %1077 x v
Lo 167 x 1077 % 10"

T =3333 x 10" m/s
k4

Equilibrium of a Particle

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

equilibrium when their resultant is zero.

Fa Fy

Representation of concurrent forces

(i1) Three concurrent forces F,.F,

and F, will be in l:quilibrium
when the resulrant of two forces

F, and F, is r:qua| and opposite B
to the third force F;.

Given, figure shows that three
concurrent forces F|, F, and F,
are acting at a point O and
represented by OA, OF and OC,
n:spl:l:tivdy_ Let us complctc the
parallelogram OAC’B.

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

Equilibrium under
concurrent forces

IfOC” is equal and opposite to OC, then

F,+F;==-F, or F+F, +F =0
i.e. three concurrent forces are in cquilibrium when
the resultant of any two of them is equal and
opposite to the third.
A partic|c under the action of forces
F,,F,,F,,...,F, will be in :qui|ibrium if these
forces can be represented by the sides of a closed »
sided pulygun in the same sense, 1.e.

F +F, +F+...... +F, =

This equarion impli:s thar

F,+F, +F_+... +F, =

F, +F, +F +... +F, =
F,+F, +F_+...4F_=0

where, Fi,. FI; and F,, are the rcctanguhlr
components of F) along x, y and z-directions.

LAMI'S THEOREM

r’tccurding to this theorem, when three concurrent forces
F,.F, and Fj acting on a bndy are in cqui|ibr1um, then

F1 F2

Fi

Three concurrent forces acting at some angles

F, F, F,

sinl‘:t.:sin['.'i:sin'}’

where, o = angle between F; and F;
B = angle between Fy and F,

(i) If two forces F, and F, act on a Pal’l‘il:l:,, then tl'lq.r
will be in l:quilil:rium if F, =—F, Le. two forces on

the particle must be equal and opposite.

¥ = angh: berween 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 Fy can be

represented by sides of AABC, taken in the same order. (b) fly up
Applying law of sines to AABC, we ger (c) sink into earth
{d) Either (b) or {c)
F, F, Fy

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

[osin (m—0)=sin 0] state of rest. Person will remain standing.

sin (T—0) sin(m—P) sin(n—7Y)
F] _ Fz Fi

sin _sinﬁ :sin'\"

ar

2. An astronaut accidentally gets separated out of
EXAMPLE |14| Lami’s Theorem his small spaceship accelerating in interstellar

. . . space at a constant rate of 100 ms™, What is the
The below figure is the part of a horizontal stretched net. P . .
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) O
ib) 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
is ZErO.

Sol. By drawing the free body diagram of point B. 3. Aballis travelling with uniform translatory
Let the force in the section BC and BF are F, and F, motion. This means that INCERT Exemplar|

respectively. (a) it is at rest

(b) the path can be a straight line or circular 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

¥
v

F, _ F, _ F y
sin120°  sin120°  sinl20®
From Lami’s theorem F;, = F, = F =10 N

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, = j—f

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 force 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 + qt* + re® where,q = 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*

dx=p+ 2qt +3rt”

YE
dt

dv
u—;—ﬂ+2q+6r:
att =25 a=20+6x2xr
= 2g +12r
=2x4+12%5
=8+ 60 = 68 m/s

Force = F= ma
=2x68=136N

7. In equilibrium of particle when net external force
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 ie. greater force will be required to put a larger
mass in motion.

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

Sol. Given, F=1N, m =1g=1ﬂ_3lr_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"=1N

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

Sol When § e t, s0 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

F_,__=Fmsﬁﬂ“=36><l=13d}rnf
2

But F_=

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?
(ii) 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) =500g = 0.5 kg

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

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

(ii) Velocity of the object after rebounding = — L m/s
2

Vv'=-125m/s
2. 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 =98m/s !

Scale reading = apparent weight = R=7
(i) While descending with constant velocity, a=10

R=mg
R=722x98
=% R=70756 N

(ii) While ascending witha=32m/ g?
R=mig+a)
R=722(%.8+3.2)=9386 N
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.-"sz, what would

be the reading of the weighing scale?
(g =10 m/s%)

'.'r";"-: When a lift descends with a downward acceleration g,
W the apparent weight of a bodly 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=mig—a) =50(10-9)=50N

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 1 Questions

22,

Sol

Sol.

A pebble 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?
lgna re air resistance. [NCERT]
When an object is thrown vertically upward or it falls
vertically downward under gravity, then an acceleration
E=10m Is” 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=005x% 10N
=0.50 N (vertically dowmnward)
(iii) At the highest point
Net force acting on pebble
(Fl=ma=005% 10N
=050 N (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.

A stream of water flowing horizontally with a
speed of 15 m/s gushes out of a tube of
cross-sectional area 10~ 2m? 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]

Given, speed of the stream of water, v =15 m/s
Area of cross-section of the tube, A =10~ m?
Volume of water coming out per second from the tube
V=Av=10"" %x15=15%10" *m”
Density of water = 10° l(g.n’m1

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

m=Vp [ Density = A ]
volume

=15%10"* x10°kg
= 150 kg /s
Force exerted on the wall by the impact of water
= change in momentum per second
=mv=150x15N
= 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
Mumber of total coins =10
(i) Force acting on 7th coin (counted from the bottom)
= Weight of the coins above it
= Weight of 3 coins
=3 mg N (downward)
(ii} Force acting on Tth coin by the 8th coin = weight of
the 8 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. Ahelicopter 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”.
Mass of the helicopter, m, = 1000 kg
Mass of the crew and the passengers, m, = 300 kg
Acceleration of the helicopter, a =15 m/s*

[NCERT]
Sol -

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



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

Mzg

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

(iii) 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 so?

[NCERT Exemplar|

Sol Total mass of girl, bicycle and stone,

m, = (50 +0.5) kg =505 kg

Velocity of bicycle, u;, =5 m/fs
Mass of stone, m, =05 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 v m/s.
According to the law of conservation of linear
momentum,

myll; = Mylly + mv

50.5% 5=0.5% 15+ 50 X v
245.0

g J il

a0

2525—75=50v or
v=49m/fs

Change in speed=5-49=0.1m/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 a
high speed el in space far fr 1
gravitational (material) objects and free of
electric and magnetic fields. [NCERT]

-7 Force F = ma, therefore force acting on a particle in
Y unaccelerated (& = 0)motion is zero.
Sol (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 ondrop F = ma=10

(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) As car is moving with a constant velocity, therefore,
its acceleration is zero iLe. 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]

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



Sol -

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 =0.1x 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.

(iii) The train accelerates horizontally by 1 m;’sz, but as
the stone is left it moves under gravity only so the net
force on it will be due to gravity only.

(iv) 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.

F= "X =0.1x%1 =0.1N

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

X ¥
(m)
4._ ........
al
2m+
2..
1m4 1+
——t ——t
15 2s 3s t 15 25 3s I
(a) (b}

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) =500 g =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=0,u=0

Along y-axis, att = 25, y =4m

1
Using equation of motion, y = u,t+ _arrz
2

1
4=i:|:s-::2+E>-<aJ,>-<{2:|2

—_ F4
or a, =2m/s

.. Force acting along y-axis(f, )= ma,
=05x%x 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 < 0,1 > 45,0 <t < 457 (ii) impulse at
t =0andt =4s? (Consider one-dimensional

motion only).

x (m)

o 0 4 tis)

[NCERT]

-y~ 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
is at rest at the origin. Hence, acceleration and force
acting on particle will also be zero.

(b) Fort = 4s, the position-time graph A A’ is parallel to
time axis. Therefore, for ¢ > 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.

(c) For 0<t <4s, the position-time graph OA 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
=20 _o75mk
435

o Impulse = change in momentum
=4(075-0)=3kg-m/s
(b) Impulse at t = 45
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{0-0.75)
=-3kg-mfs



31.

Sol. -

32.

Sol

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) (D)

Mass of block, m = 25kg
Mass of the man, M =50kg
Force required to lift the block ( F) = weight of the block
F=mg=25x10=250N
Weight of the man, w = Mg=50x10=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]

(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 0 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 ¢t
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?
[NCERT]
x (cm)
A
AN
T ¥ T ¥ T ¥ t t t(s)




Sol Mass of the body, m = 0.04 kg

The position-time graph OA from ¢t =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/s

=107 *mfs [-1cm=10"*m]

Part AB of position-time graph is also a straight line,

therefore, velocity of the body

= E: —1emifs
0-2

#

v =—10"*cm/s

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 = miv—-v')
=0.04 107 = (-107 %))
=8x10" *kg-m/fs

Senl 3 YOUR TOPICAL UNDERSTANDING

OBJECTIVE Type Questions

1.

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
u=(3i+4j)ms™ and a final welocity
v=- (fi + 4]] ms ", after being hit. The change
in momentum (final momentum-initial
momentum) is (in kg-ms™' [NCERT Exemplar]

(a) zero

(b) — (0450 + 05j)
(c) - (09 +1.2])
(d) =51 + )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) 1.5 kg-m s~ (d) 14 kg-m s~

. 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 =(6i =12j)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, =13i —4] and 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.

(a) 5i+7] (b) =5i=7]
(c) =5i+7] (d) 5i-7j
Answer
1. g 2 (g ‘ 3 (9 ‘ a (b 5. (b
6. (d) 7. (g

VERY SHORT ANSWER Type Questions

8.

10.

i1.

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? [Ans. 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.

13.

14.

15.

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]

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 % 10™° kg-m /s]

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]
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.

17.

18.

19.

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 6 N force)

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

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

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

21.

20 m/s strikes the head of a nail driving it 20 cm
into a wall. Neglecting the mass of the nail,
calculate
(i) 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]

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. a =02 m/s®, dy=.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 N?

[Ans.a, = 262 mfs*, a,, = 2m/s”]



| TOPIC 2 |

Common Forces in Mechanics
and Circular Motion

COMMON FORCES IN MECHANICS

In mechanics, we encounter several kinds of forces.

(i) The gravitational force is all pervasive. Every object on

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

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

forces. A contact force on an nhj:ct arises due to
contact with some other abjccr solid or fluid.

When bodies are in contact (e.g. a book resting on a
table, a system of rigid bodies connected by rods),
there are murtual contact forces (for each pair of bodies)
satisfying the third law of motion.

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

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

(iv)

fluids.

e.g. For a solid immersed in a fluid, there is an upward
force exerted h}r the fluid on the solid which is known

as buoyant force and it is equal to the weight of the
fluid disphc:d.

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

Buoyant force
Two other common contact forces are tension in the
string and force due to spring.
i.e. When a spring is compressed or extended by an
external force, a restoring force is gcncratcd. This

restoring force (F) is usua“}«' pmpurrinnal to the
compression and elongation (for small displacements).

It is expressed as F = kx, where £ is a 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 hn-d)r acts
downwards while a force acts just
opposite to the downwards force for
balancing the downwards force, this
force is called tension.

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

T = tension in the string,

T

mg
Tension force

MNote

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

= [f the rope s 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 E:nﬂc pu_sh. The block slides rhn:l-ugh a
small distance and comes to rest, then according to
Newton's second law, a retarding force must be acting
on the block. This retarding force or opposing force is
called friction or friction force. As shown in ﬁgun:, the
force of friction .'ﬂw:l}rs aces r.'lng:nri.'ﬂ to the surface in
contact and in a direction oppaosite to the direction of
(relative) morion of the body.

Direction of

Friction in different directions



TYPES OF FRICTION

There are mainly two types of friction such as

1. Internal Friction

It arises on account of relative motion between two layers of
a liquid. Internal fricdon 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 berween the two
bodies. This external friction 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. ﬁpph-' a small force F on it as shown in ﬁgurt. The

block does not move. The force of friction f:_ COmes Into

action which balances the applied force F.

Static friction

Thus, force of friction which comes into pla}r between two
bodies before one body acrually starts moving over the other

is called static friction and it is denoted by f.

Therefore, static friction opposes the impending motion
i.c. the motion that would rake place under the applied
force, if friction were absent. The statc fricdon does not
exist by itself. When there is no applied force, there is no
static friction. It is a self adjusting force.

(ii) Limiting Friction
As we increase the applied force on the block, static friction
fi also increases to balance the applied force and the block

Static friction

ElCICS not move.

Once the appﬁcd force is increased hc}rnnd a certain limit,
the block just begins to move. At this stage, static friction is

maximum,
i/ et

Maximum limiting friction acting on a body

Hence, maximum force of static friction which comes

nto pl:-l:-,r when a b-nd}r just starts moving over the surface of

another body is called limiting friction. Thus, f, = fr{mn:]- .

F

There are four laws of limiting friction such as

(a) The value of the |imiring friction dcpcnds upon the
nature of the two surfaces in contact and their state
of roughness.

(b) The force of limiting friction is tangential (parallel)
to the two surfaces in conract and acts opposite to
the direction in which the body would start moving
on applying the force.

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

reacrion remains the same.

(d) The value of limiting friction (f,__.,) between two
given surfaces is ::lirccﬂy pmpurtianal to the normal
reaction ( X) berween the two surfaces

i.e. Frimamy =R o0 fl o =nR
R

i = Eee—

fs

W

whcn:, R=w= mg, M= mass of the block
_ fumao _ Limiting friction

R

or =
Normal reaction

The proportionality constant p,is called coefficient of
static friction. It 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 kgf over a flat surface. Calculate the
coefficient of friction.

Sol Given, f‘ =980 N, R= Mg =1200 k.gf =1200 =98 N
Mow, coefficient of static friction

=f_== i:ﬂ_ﬂﬂ
R 1200 x 9.8

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 between
the block and the floor.

= 1

Le. U,



Sol. Here m = 2kg,u, =04, g=98m/s
The value of limiting friction

Fomag =HR=p, mg=04 x2x98=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 =25 N

Angle of Friction
The ang|c of friction may be defined as the ang|: which the

resultant of the limiting friction and the normal reaction
makes with the normal reaction.

C iczg=m=n- A

i R

| Qe

%

P, Applied force
B — P

Fafrma) o

w=mg

In the above ngrl:, 0A represents the normal reaction R
which balances the weight of the body. OB represents the
limiring friction. P is the appli:d force and OC is the
resultant of limiting friction and normal reaction. The
angle B berween the normal reaction R and the resultantOC
is the ang|c of friction.

The value of angle of friciion depends on the nature of
materials of the surfaces in contact and the nature of the
surfaces (smooth or rough).

Relation berween anglc of fricion (8) and coefficient of

fricrion (W, ).
AC OB fiiu

In AAOC, tanb=—
04 04 R
f-‘{mu! _ _ . . e .
Bur 7 = L, = coethicient of static friction
o tanB=p, or ﬂ=ran_l[].l‘}

Hence, coefficient of static friction is Equal to 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

Angle of Repose

Angle of repose is defined as the minimum angle of
inclination of a p|anc with the horizontal, such thac a hndy
placed on the plane just begins to slide down the incline. It
is n:pn:scnt:d b}-’ o and its value d:p:nds on material and
nature of the surfaces in contact.

Consider a bnd}r of mass m plac-:d on an inclined planc.
The angle of inclination o of the inclined plane is so
adjusted that a body placed on it just begins to slide
down. Thus, o is the angh: of repose the various forces
acting on the body are

A 3
&
_{\Cr Mg Cos o
WA,

(1) The wcight mg of the bcl-d)-' acting vcrticaﬂy
downwards.

(ii) The limiring friction f;{m: acting along the inclined
plane in the upward direction. It balances the
component mg sin O of the wcight mg p:rp:ndicular
to the inclined plane. Thus,

f‘{ms} = myg sin O L1
(ii1) The normal reaction R acting at right angl: to the
inclined planc in the upward direction. It balances
the weight myg costt of the weight mg perpendicular
to the inclined p|:-1nc. Thus
R = mygcosdt L)
Dividing the Eq. (i) by Eq. (ii), we get

I+ (oax) _ mgsin0L

R myg costl

or I, =rtan
Thus, the cocfficient of static friction is equal to the
tangent of the angle of repose.
As W, =tanB =tanct
B=a

Thus, the angle of friction is equal to the angle of
repose.

weighing 10 kg on a rough horizontal surface, so calculate
the coefficient of friction and angle of friction.
Sol Here, F = applied force=49 N

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

mg  10x98
AstanB = =05
B = tan~'(05) = 26°34"

(iii) Kinetic Friction

When we increase the applied force slightly beyond limiting
friction, the actual motion starts and force of fricton
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 acrually a lirtle bit less than the value of |imiting
friction.



Hence, kinetic friction or dynamic friction is the opposing
force thar comes into play when one body is acrually
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 is independent of the
E P
arca of contact so long as the normal reaction
remains the same.

{€) The kinetic friction does not depend on velocity.
(d) The wvalue of kineric friction f, is directly

PrﬂpD]’l‘iﬂl‘l:ll to the normal reaction B between the
two surfaces.

i.C. f‘ o< R
of fu=m,R
1 _ Kinetic friction

ET T -
R Normal reaction

The proportionality constant [t is called coefficient of
kinetic friction and it is defined as the ratio of kinetic
friction to the normal reaction.
Note
= This can be shown as f, < fymay OTLR <p A
[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.
e After the puck is given an initial velocity, the external forces
%¥ acting on it are the weight myg, the normal 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

Motion

o 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

vi=u" + Zax [third equation of motion]
0= (20 m/s)° + 2a (120 m)

a=-167mfs’

Thus, fe =W R=p mg
EF, == fp, =ma
= W mg = m(—1.67 m/s?)
2
= 15Tl b
9.80 m/s*

EXAMPLE |5| Force on the Block

A block P of mass 4 kg is placed on another block Q of mass
5 kg, and the block Q 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 (] so that both P and (] move together? Also, find out
acceleration produced by this force.

p

Fee| mz |OQ

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

Force applied on block P=12N
This force must be equal to the kinetic friction applied on
Pby Q.
N 12=F = R=u mg

or 12=; ®4g or U, = 12

3
i £

12
acceleration of P= —=3m/s
4

F.»_‘_IILI__F.
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 (.

Considering forces on (J, we have

F — F, (net force)=m, xa=m, %3
Since, F, = F, =, m g
F-pmeg=m,x3

3
F=mp+m, x3==x4x g+5x3=12+415=2TN
g

As this force moves both the blocks together on a smooth

table, so the acceleration produced is

F 27
g=s————=——=3m/s
m, + m;

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.

ZFy=R—w=U = 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?



)

the frictional force is constant, the acceleration is also
constant.

Sol - Mass of the disc, m = 050 kg
Initial velocity, u = 6 m/s
Displacement, x =10m
Coefficient of kinetic friction, p, =7
Draw a FBD for the disc after it leaves the cue.

¥
N
e )
oo

Apply EF:_, = ma,, to the disc and solve for normal
reaction N.

XF, =ma
N-mg=0
N=mg=05x98=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 a_.
~fi =ma, or —pmg=ma,
e = —He g
Now, use the third equation of motion.

v =u® + 2ax 0=6" + 2(—p,g)10

¥

=" =7 0184
2x98%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 acting on it is known as
sliding friction.

Laws of sliding friction are

{a) The sliding friction opposes the applied force and
has a constant value, depending upon the nature of
the two surfaces in relative motion.

(b) The force of sliding friction is directly proportional
to the normal reacrion R.

{c) The sliding frictional force is independent of the area
of the contact between the two surfaces so long as
the normal reactions remain the same.

(d) The sliding friction does not depend upon the veloary.

When the disc is separated from the cue, the force of kinetic
friction is the only horizontal force acting on the disc. Since,

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.

[NCERT]

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

Va3 kg block and the 20 kg trolley both have same
magnitude of acceleration.

Sol Applying the second law of motion to the block.

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

[, =004 x20x10=8N

i)

Thus, the equation for the motion of the trolley is

T-8=20a
On adding Eqs.(i) and (ii), we get
22 = 23a
or Q=E=ﬂ.96 m/s?
23
From Eq. (i),
30-T =3x096

T =30-288=2712N

(ii) Rolling Friction

The force of friction that comes into play when a bndy rolls
over the surface of another bndy is called m].l.ing friction.
c.g. When a wheel, circular disc or a ring or a sphere or a
l:ylind:r roll over a surface, the force that opposes it is the
m“ing friction.

When a wheel rolls without slipping over a horizontal
plane, the surfaces at conract do not rub each other. The
relative w:lacity of the point of contact of the wheel with
respect to the plane is zero, if there is no slipping. There is
no sliding or static friction in such an ideal situation.

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. It conversly
sliding into rolling friction thus lowers friction.

..{ii)



Cause of Ruﬂing Friction Let us consider a wheel n:l“ing
along a road. As the wheel rolls, it exerts a large pressure due
to its small area.

This causes a depression in the surface below and a mount
or hump in front of it is shown in ﬁgurc. In addition o this,
the rolling wheel has a continuously detach iself from the
surface on which it rolls. This is opposed by the adhesive
force berween the two surfaces in contacr.

On account of these factors, a force originates which retards
the rolling motion. This retarding force is known as rolling
friction.

Depression
Cause of rolling friction

Ways for Reducing Friction

The various ways of r-:ducing friction are

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

(ii) Polishing They arc used to make the surface

sm DD[’hEI.

(ii1) Ball Bearing The ball bcaring arrangement consists
of two co-axial cylindcrs P and R berween 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.

(v) Strﬂm]ining Friction due to air is mnsidcrahly
reduced b)«' str:amlining the sl‘lap: of the bﬂdy

moving through air.

DYNAMICS OF CIRCULAR
MOTION

Earlier, we have studied that acceleration of a hud]r moving

in a circle of radius r with uniform spccd vis L directed
r

towards the centre. From second law of motion, the force
F_ is given b}r

2
muy

Centripetal force, F, =
r

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

v, 5 3 P P
Bur—1s c:ntnp:ta] H.CCCIETJIIDI!I. or radlal ECCCI.CTEHDII.
r

Centriperal foree, F, = mro” [~ v=ar]

For a stone rotated in a circle by a string, the centripetal
force is provided by the tension in the string,

The ccntripctal force for motion of a planct around the sun
is the gravitation force on the |:||anct due to the sun.

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

EXAMPLE |8| 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" %1000 m =10"m,
m = 2500 kg,

v=4kms™ = 4% 10* ms™
2

mv
Now, centripetal force is F =
r
P 2500 (4 x 10°)* 2500 x 16 10°
10" 10°
7
250 % 16 x 10
F=e—— —a000N

107

Interesting Applications
of Laws of Motion

The circular motion of a car on a flat and banked road are

cxplain:d 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 rounding 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

required to keep the car in motion around the curve.
There are three forces acting on the car such as

(1) The weight of the car mg , acting vertically downwards.
(ii) Normal reaction R of the road on the car, acting

vertically upwards.

(iii) Frictional force F, along the surface of the road, i.c.

towards the centre of the turn.

- -

S
-

Motion of a car on a circular level road

Let us consider a car of weight mg going around a circular

level road of radius » with velocity v as shown in figure.

While taking the turn, the tyres of the car tend to leave the

road and go away from the centre of the curve.

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

normal reaction of the ground.

As there is no acceleration in the vertical direction, then

R-mg=0 = R=mg

For circular motion, the centripetal force is along the

surface of the road towards the centre of the turn. The static

friction opposes the impending 2motion of the car moving
my

away from the circle. Thus, <F

r

where v is the velocity of car while turning and 7 is the
radius of the circular track.

As, F=u R=W mg

F is limiting friction here to get maximum velocity possible
of car

where, | is the coefficient of static friction between the
tyres and the road.
2
my
= SUomg = vS,}u,rg

or [Maximum velocity of the vehicle, v =

3

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

v=qll,rg.

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 tuming this bend may have
without skidding, if the coefficient of friction between the
tyres and road is 0.8.

Sol. The maximum speed which the car can have without
skidding is given by
2
=X = v= wrg
g

Here, r=100m,u=08 g=98ms™
=0.8% 100X 9.8= /4 X 2% 2X 49

v=2x2x7=28m/s

EXAMPLE |10] Cyclist Slip on Turn
A cyclist speeding at 18 km/h on a level road takes a
sharp circular turn of radius 3m without reducing the
speed. The coefficient of static friction between the
tyres and the road is 0.1. Will the cyclist slip while

taking the turn?
18 X 1000
Sol. Here,v=18km/h= =5m/s
X 60
r=3mu, =01
On a level road, frictional force alone can provide the
centripetal force.

Therefore, condition for the cyclist not to slip is that
2
mv
—SF (=pR=p, mghv' Sprg
As vi= (5)2 =25m’s~?

and M, rg=01x3x10=3m’"
. The condition is not satisfied. Hence, the cyclist will slip.

(ii) Motion of a Car on a Banked Road

The large amount of friction between the tyres and the road
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
of the tyres because the horizontal component of normal
reaction provides the necessary centripetal force.

The system of raising the outer edge of a curved road above
its inner edge is called banking of the curved road. So, the
angle through which the outer edge of the curved road is
raised above the inner edge is called angle of banking.

Let us consider a car of weight mg going along a curved path

of radius 7 with speed v on a road banked at an angle 0, as
shown in figure.

2

Circular motion of a car on a banked road

[NCERT]



The forces acting on the car are

(i) Weight mg acting verrically downwards.

{i1) Normal reaction R acring upwards in a direction
perpendicular to inclined plane making angle 6 with
the horizontal plane.

(iii) Force of fricion F acting downwards along the
inclined plane because car tends to slip ourwards.
Reacrion R can be resolved into two rectangular components
(i) RcosB, alnng ‘l-'l:rtiu:all}-r upwarr.l direction.
(i) RsinB, HJDI'IE the horizontal towards the centre of the
curved road .
Force of friction F, can also be resolved into two

rectangular components.
(i) FcosB, alang the horizontal, towards the centre of

curved road.
(i1) Fsin 8, along vertically downward direction.
Since, there is no motion along vertical, so
Rcost =mg + Fsinf L1
Let » is velocity of the car. The centriperal force is now

provided by the components Rsin® and F cosB, i.c.

2
my

RsinB+ FcosB =

11

r

We know F =1 R, then we can write Eqgs. (1) and (ii) as

RecosO =mg+ 1, Rsin® ... (iii)
2
and Rsinﬁ+u’RcusH:my ... 1v)
r
From Eq. (iii), we get
or ReosB=p R-sin® =myg
or R (cosB =, sinB) = mg
mg
o R_cusﬂ—u:sinﬂ -+v)
From Eq. (iv), we get
2
R(sin+ 1 cosf) = ¥

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

mg (sinB + L, cosB) _ mo?

cosB =, sinB r
P 4 (sin @ + ., cosf)
v (cosf =, sinB)

i o
g cos [smﬁ N LL, cos ]

cusﬂ' L‘DSB

[cos@ sinﬂ]
cost -, —
cosB

vl=

cos@

3 _rgcusﬂl:ta.nﬁ+j.l,}
"~ cosB (1=p, tan 8)

uzzrx{mnﬁ+u’}
(1-=p, ran®)

Maximum w:lu-cit)-' of e (W, + tan ) B
vehicle on banked n:rad, v= m LT

Special case When there is no friction between the road
and the tyres, then the safe limir for maximum w:lu-cir)r is

W, =0,
Suhstituting the value qu.l.‘ in Eq. (vii), we ger

: rg (0+ tan )
"TAT= (0% an0)
v =.,||3:gt.=lnB

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

Jre tan 8, vehicle will move down so that r gets decreased

and if sp::d is more than this vehicle will move up.

<o viid)

The anglc of bankingﬂ for minimum wear and tear of tyres
is given by Eq. (viil), we get

2 2
tanf = Z or |Angle of banking, 8 = tan = [y—]]
%

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]

-3~ On a banked road, the horizontal component of the normal
U‘J force and the frictional force contribute to provide

ceniripetal force to keep the car moving on a circular turm
without slipping. At the optimum speed, the normal
reaction's component is enough to provide the needed
centripetal 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 eguation

v, =(R gtan8)'”

Here, R=300m,0 =15 g=98ms™ 1, =02

We have

v, =281 ms™’



The maximum permissible speed v, is given by equation.

W, +tan® 112
v 8| R St
i ( gl-p‘tzme)

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

09464
=(1453535)"* =38.1 ms ™’

( 2940 % (04679) )‘ "
Vi = | ——m@m@™™

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]
Sol. Here,r=625m, v=72kmh™
v=72X i m/s
18
v=20m/s, g=98m/s’ I=15m

Now, angle of elevation of outer rail
2

ie .tanf = L
g
NGO X, o 00653
625x 9.8
0 tan™" =(0.00653)
0 =374°
Also, elevation of outer rail h = Isinf
h=15sin 3.74°

h=0.0978 m =9.78 cm

EXAMPLE |13| Banked Curve
If a car having speed 50 km/h can round the curve
banked at an angle 0. Find out the value of 0, if radius
of the curve is 40 m and consider the friction is
negligible. [tan™" (0.5) = 26.5]

‘- Inthe given case, only two forces act on the car i.e. gravity

¥ and the normal force. Since, the car is travelling in a circle
at constant speed, the acceleration is in the centripetal

direction. The vector sum of the two forces is in the
direction of the acceleration.

Sol. Write the given quantity and the quantity to be known.
v =50km/h=$0x%mls=l&88 m/s

r=40m, 60="?

Draw the FBD of the car.

Now, apply ¥ F, = may to the car
mg

cosB

RcosB@-mg=0 = R=

R Rcosé

Rsin® A Outer

ec;ge
F raised

o o B\

Similarly, apply ¥ F_ = ma_ to the car

sz

Rsinf =
r

Put the value of R and then solve for .

Put the all given values to get 6.
(13.88)*

0 =tan™
40x98

] = tan'(0.4917)

0 = 2618°

Solving Problems in Mechanics

A typical problem in mechanics usually does not merely involve
a single body under the action of given forces. More often, we
will need to consider an assembly of different bodies exerting
forces on each other. Besides, each body in the assembly
experiences the force of gravity. To solve a typical problem in
mechanics, we use the following steps

* Draw a diagram showing schematically the various parts of the

assembly of bodies, the links, supports, etc.
* Choose a convenient part of the assembly as one system.
Draw a separate diagram which shows this system and all
the forces on the system by the remaining part of the
assembly. Also include the forces on the system by other
agencies. A diagram of this type is known as free body
diagram.
In free body diagram, mark the magnitude and direction of

the forces that are either given or you are sure of and the rest

should be treated as unknowns to be determined using laws
of motion.

If necessary, we can follow the same procedure for any other

part of the system. The equations of laws of motion obtain for

different parts of the system can be solved to obtain the
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

m™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=10ms*

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

2kg "
/.
20N

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

R

270N

Force of gravity due to the earth, ie.
w=mg=(25+2)%x10= 270N
270 - R =27 x 01
= R =270-27= 2673N

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.
_aasegeesee=——Rigid 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 dynamics of block m,

ma

mg

m,g—T=m,a
FBD of pulley

T T

R-2T =0 .{1if)
where, R is reaction on the axle of pulley. Since, pulley
is fixed, therefore, a = 0 for it.

From the solution of simultaneous Egs. (i), (ii) and (iii)
we get, the value of acceleration a, tension T and
pressure R on the axle of pulley.

Thus, from adding Eqgs. (i) and (ii). we get acceleration a
T-mg=ma
and myg— T = mya
or T —mg+mg—T=ma+ma
myg—mg=alm +m,)
a= (mz —m)g
(m;, + m)

Av)

or

On substituting a in Eqgs. (i) or (ii), we get
T= M W)
m, +m,
and pressure on pulley from Eq. (iii), we get
R=2T

2mymy g _ 4 mymag

R=2x -Awi)

my +my my +my

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 kg 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

(1)

-.(i1)



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 me

- T

F my Mz
T

- Mass of body A(m,)=10kg

Mass of body B(m,)=20kg
Force applied (F) =600 N

S0l When the nail fixed on the table is removed, system of )
two bodies moves with an acceleration a in the forward Forbody A, F - T = mya [1]
direction. The acceleration can be found by using Forbody B, T = m,a - ii)
Newton's second law. Adding Eqs. (i) and (ii), we get

Draw the FED for each body as shown in the figure F=(m, +m,)a

or as= La - 20 m/s*
R T m, +m, (10 + 20)
Substituting value of a in Eq. (ii), we get
— T T=mua=20x20N=400N
my 5 |a ) . .
|:_| —a E] (ii) When force is applied on B, then
A " B
i m2g T T
my Ma —F
For mass m,,

T=ma A1)
—_— m, a —_— l'i".lza

For mass m,, .
m,g—T =mua 1L} my — F
T

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

s For body A, T = mya (1)
g= a8 For body B, F-T=ma Aiv)
m, +m, Adding Egs. (iii) and (iv), we get
10 %10 _ 100 F=(m, +m,)a
= =— ={m, H
20+10 30 F
, or a=—
=333 m/fs my, + i,
Tension, T =ma=10x333=333N __600 _ 20 m/fs*
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=10x 20 =200 N
1
T=m.g
jll';’ﬂ’;” EXAMPLE |18| Tension in the Strings

Consider the body of mass m is suspended by two strings

. making angles ot and [ with the hornizontal 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 strinas
smooth, horizontal surface are tied to the ends of a light gs-

string. A horizontal force F = 600 N is applied to (i) 4, p . o
(ii) B along the direction of string. What is the tension in Ta !
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

TWT‘

T2 cosp Ty cosa

mg

As the body is in equilibrium, the various forces must
add to zero. Taking horizontal components of forces.
T,coso=T, cos
cos o

= T, =T,
P cos P
Now, taking the vertical components of forces.
Tysinct + T, sinf = mg
cos

T, sino + T, sin f§ = mg

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

sin B

mg cos
T sina cos B+ cos asin B
_ mgcos
" sin (o +PB)
[+ sin(A + B) = sin A cos B+ cos Asin B|
Now, find out the value of T, by using above equation.

cosax mgcosfP  cosa
T,=T, gt
cosp  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 kg-wt

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, (i)
Solving Eq. (i), we get
4 %98
L= 7 =4526N
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]

N §
im o
Py

im |T2 50N PT 50N
T2 T2
w
60N 60N=w
(a) (b) (c)
Sol. Fig. (b) is the free body diagram of wand 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, cos8=T,=60N

and T, sin@ =50N
Which gives that tan 6 =§

-1 5
or 0 = tan = =40°



TOPIC PRACTICE 2 |

OBJECTIVE Type Questions

L

Sol.

2

Sol

Sol.

Which force is dissipative force?

(a) Electrostatic force (b) Magnetic force

(c) Gravitational force (d) Frictional force

(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.

A trolley 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.

(@) 2 ms™ (b) 3 ms™
(c) 4 ms™ (d) 5 ms™
(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 = ug=03x10=3 ms™

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<Jp, Rg (b) vs\/u, Rg

(c) v< .Jp.k Rg (d) None of these

(b) For car moving in circle of radius R, with velocity v,
mass = m,
centripetal force required = Frictional force <u N

mv < ,mg (-N= mg)

R
v<Ju,Re

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)

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

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

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.

lkg@ o

Assuming that both the masses start from rest,
the distance travelled by 2 kg massin 2 s is

(a) -292m (b) iqgm
(c) Em (d) lm
3 3

2

. m, —m
Acceleration, a= [g)

[ s =ur+%al2 andu=0 ms"]

¢ 1
Distance, s=;><a>(lz

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

Sol. When a body is moving along a circular path, speed

always remains constant and a centripetal force is acting

on the body.

9. What is the acceleration of a train travelling at

50 ms™' as it goes round a curve of 250 m
radius?
Sol. Given, velocity, v=50ms ™"
Radius, r = 250 m
2
Centripetal acceleration, a= .
r

50 % 50
as= =

=10ms™*
250

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

980 ems™ 2?7

Sol Here, radius r = 20 cm

-

Centripetal acceleration, = 980 cms ™

We know that centripetal acceleration, a = rif

a ’930
= |J==_]=—
r 20
W= +/49 =7 rad/s

1l. Carts with rubber tyres are easier to ply than
those with iron tyres. Explain.

Sol. 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.

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

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

S0l 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 eurved

path.

SHORT ANSWER Type Questions

14. 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
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
£
C A
Ji5
Ww=tan@ [here, B is angle of repose]
AB AB

'_l=_=

AC  [BC* - AB®
__ 11
:341 -1t :]16—1
1
s

1 =0.258

15. Ablock of mass mis held against a rough
vertical wall by pressing it with a finger. If the
coefficient of friction between the block and the
wall is p 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]
Sol 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
force of friction acting upward be f.

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

f=mg A1)
and F=N ...{i)
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But force of friction () =uN
= WF [using Eq. (ii)] ...(1ii)
From Eqgs. (i) and (ii1), we get

WF =mg or F=%g-

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™ pu=02

17.

Sol.

Force of friction, F =uR
F =umg il
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=-—
7 42

R=mg]

H =187 cal

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.

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 z

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 beltp =0.2
Let a’ be the acceleration of the belt upto which the man
can continue to be stationary relative to the belt.

ln this conq,m
ma’ = maximum static friction

0 phm Limiting friction
) Normal reaction
or @’ =pg=02x 9.8=1.96m/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)

0o When a stone tied to one end of a string is whirled in a

\ 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 = % rev/s = ; rev/s

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

. Tension in the string = centripetal force
T = mrot®
= mr( 21'[‘\?}2
= mran’v*

z
T=025x 15)-(4)([22) K(E] = 66N
7 3

[ow= 2nv)
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Maximum tension which can be withstand by the string

"NZ
Tpue = 200N = ——
g =\IT xr _ [200x15
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,
(iiymg + T, mg-T,
(iiiy mg + T, - (mv))/R  mg-T,+(mv})/R
(iv)mg - T, - (mvj)/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]

(-}) If wings of the aircraft are inclined at an angle @ at
\ 2

L tumn, then tan 6 = Y_wherevis the speed of the
g

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

=720xim/s ['.'lkm/h=im/s]
18 18
= 200 m/s

Angle of banking, 8 =15

Sol.

Sol.

Acceleration due to gravity, g = 98 m/s”

V2
At turn, tanf = —
g

& s vi (2000 40000
gtan® 98X tan15® 9.8 0.2679

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

[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 > mls [1 km/h = im/s]
18 18

prevent wearing out of the rail?

=15m/s
Mass of the train, m =10°kg
Let 9 be the angle of banking required to prevent
wearing out the rails, then

2 2
me:L:&
rg 30x98

225

30x938
0 = tan™' (0.7653) = 37.4°

=0.7653

A rocket with a lift-off mass 20000 kg is blasted
upwards with an initial acceleration of 5.0 m/s2
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

=2x10* x148N

=206 %10 N=206 x10° N



24. You may have seen in a circus a motorcyclist
driving in vertical loops inside a death well (a
hollow spherical chamber with holes, so the
spectators can watch from outside). Explain
clearly, why the motorcyclist does not drop
down when he is at the uppermost point, with
no support from below. What is the minimum
speed required at the uppermost position to
perform a vertical loop if the radius of the

chamber is 25 m?

death well, then weight of the cyclist as well as the
normal reaction R of the ceiling of the chamber is in

downward direction. These forces are balanced by the

outward centrifugal force acting on the motorcyclist.

|
mwv

R+mg=

where, v = speed of the motorcyclist
m = mass of (motorcycle + driver)
r = radius of the death well.

As the forces acting on the motorcyclist are balanced,

therefore, motorcyclist does not fall down.

The minimum speed required to perform a vertical loop

is given by
mv i,

mg=

[ In the case weight of the object = centripetal force]

or Voia = g =A[25% 9.8

= 15.65 m/fs

LONG ANSWER Type II Questions

25. Ablock 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
observer on the ground (ii) an observer moving

[NCERT]

with the trolley.
Sol. Mass of the block, m =15 kg

Coefficient of friction between the block and the trolley

=018
Acceleration of the trolley, a =05 m/s*
Time, t = 205

(i) As block is placed on the trolley, therefore, friction

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

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

[NCERT]
Sol When the motorcyclist is at the uppermost point of the

26.

Sol -

For the stationary observer on the ground, the block
will appear to move with acceleration initially and
then with uniform velocity as given in the question.

(ii) For an observer on the trolley, the block is always at
rest either initially or finally. Trolley always becomes
inertial frame with respect to block because both have
the same acceleration initially and same wvelocity
finally.

The rear side of a truck is open and a box of 40kg
mass is placed 5 m away from the open end as
shown. The coefficient of friction between the
box and the surface below it, is 0.15. On a straight
road, the truck starts from rest and accelerates

with 2 m/s”.

At what distance from the starting point does
the box fall off the truck? (ignore the size of the
box). [NCERT]

.5_’“,

Mass of the box, m = 40kg

Coefficient of friction between the box and the surface,
n=015
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

=uR =pmg
f=015x% 40x 98N
=588N [in forward direction]

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

=212N
Acceleration produced in the box in backward direction
P S B
a'= —=——ms
m 40

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

off the truck,

1 s
s=ut +—at
2



1
5=ﬂxr+5xn.53x:1

or = w: @:4_345
'JG.SS 453

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

1 1
s =ut + Emz =01t + X 2 % (4.34)°
=({434/ =1884m

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 A 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 p,. [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
(1) = 015
Force applied horizontally at A, F = 200 N
(i) Reaction of partition

Limiting friction acting to the left

f=pR =p(m, +m,)g
=0.15(5+ 10)x 9.8 =2205 N
- Net force acting on the partition towards the right
Fr=F-f
=200 — 22.05= 17795 N
According to the Newton's third law of motion,
Reaction of partition = Net force acting on the partition
=177.95 N [towards the left]

{11) Action-reaction forces between A and B

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

F a |Fs

2

fi =uR,
=g
=0.15% 5x 9.8
=7.35 N (towards the left)

[ R =mg]

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

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

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

4 ¢m and 14 cm 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) =33 =12 ey /min =
3 3

5
revfs = = rev fs
3 x 60 q

Angular velocity (w) = 2iv= 2 % » £= % rad /s
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.

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

or g = mro’
or g = ru’

For first coin A

ot o4 [220) _ax20x220
100 | 63 100 % 63 X 63
=0488 m/s”
and pg=0.15x 9.8= 147 m/s*

Here, j.lg:-rm!. therefore, this coin will revolve with the

record,

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

and Hg =147 m/fs

r =1.707 m/s
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Here, pug < ro’, 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’ i)
The frictional force F, acting upwards balances his
weight
Le. F=mg ..(11)

The man will remain stuck to the wall without slipping,
if
HRZ2F or F<uR

mgSp,lxmrqu or 2L

pr
w2 f-g—
MR
For minimum angular speed of rotation,

w, = £ - o =467 rad /s
uR Vo153

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 pis some number greater than L.
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, 6 =45°

30.

Sol.

. 14
a= psind5s® =
£ 52
Let the travelled distance be s.

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

31.

\

2

1 £ 42 gT .
s=0t+— T® or s= (1)
2 % 2 32
On rough inclined plane
Acceleration of the body,

a=g(sinh —pcosB)
= g(sin45° — cos 45°)
_ gl—-p)

e

% . 4 : 1
Again using equation of motion, s =ut + —at’, we get
2

%gu ZP)(pT)z
c= 80w p?T?
242
From Egs. (i) and (ii), we get
g1 _ g-wp’1?
242 - 24/2

s=0(pT)+

-(i1)

or

or (l—p)pz=l or l—p=-l—

2
1
or U= l——]
[ »’

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/s%.

(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]
- Tension in the rope will be equal to the apparent weight of the
monkey (AL

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

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

mg

(i) When monkey climbs up with an acceleration
a=6m/s’, then

T—-mg=ma. T=mg+ma



T=m(g+a)=4010+6)=640N
In this condition, T > T, therefore, the

rope will break.
(1) When monkey climbs down with an acceleration
a=4m/s°, then
-
w fin
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.
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 person is 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=mvi/r A1)
and f.,=mg ...(11)
For the minimum speed, when the floor may be
removed, the friction is limiting one and, so equals
U,N.
This gives n,N mg

or L A mg [using Eq. (i))
2m X 10 m/s®
or 1’
™ 0.2
=10m/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.



LAV 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) 400 N

(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=

i‘il'l‘--"2 H‘H’z

(b)

=f<p N

2 2
mv mv

(© f=p,N= (@) 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; + m,

F F
(d)

(c)

my + My my +my + my

Answer

1.

@ | 2@ | 3@ 4 () 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
describe a circle of radius 10 cm in the vertical plane
on reaching the bottom. What is the minimum

[Ans. 25 cm]

9. For uniform circular motion, does the direction of
the centripetal force depend on the sense of
rotation, i.e. clockwise or anti-clockwise rotation?

height of the inclined plane?

SHORT ANSWER Type Questions

10. Distinguish between sliding friction and rolling

friction.

11. A block slides down a rough incline of angle 30°
with an acceleration g/4. Find the coefficient of
[Ans.1/243]

kinetic friction.
12. State two advantages of friction in daily life.

13. How sliding friction is converted into tolling

friction?

14. State the laws of kinetic friction. Define coefficient

of kinetic friction.
LONG ANSWER Type [ Questions

15. A body of mass 10 kg is placed on an inclined plane

of angle 30°. If the coefficient of static friction

is % Find the force required to just push the body
3
up the inclined surface. [Ans. 100 N]

16. 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]



17. A small body tied to one end of the string is whirled on the addict from the seat when both go

in a vertical circle.
(i) Represent the forces on a diagram when the

through (ii) the highest point of the circular path
and (iii) lowest point?

string makes an angle 6 with initial position. [Ans. (i) 105, (ii) 49 10° N and (i) 1.1 x 10° N]

(ii) Find the tension and velocity at the highest and ~ 20. A curve of radius 120 m is banked at an angle of

lowest point, respectively. 18°. At what speed can it be negotiated under icy
conditions where friction is negligible?
LONG ANSWER Type Il Questions [Ans. 2 % 10' m/s]
18. A trolley of mass 20 kg rests on a horizontal surface. 21. A stone of mass 0.20 kg is tied to one end of a
A massless string tied to the trolley passes over a string of length 80 cm, holding the other end, the
frictionless pulley E'I'ﬂ a load of 5 L_:g Is 5“51;_'9“':1_9'1 stone is whirled into a vertical circle. What is the
from other end of string. If coefficient of kinetic minimum speed of the stone at the lowest point so
friction between trolley and surface be 0.1, find the that it just completes the circle. What is the
acceleration of t_tznlley and tension in the string. tension in string at lowest point of the circular
(take g =10 ms™). [Ans. 44 N] path? (g =10 m/s?)
19. A circular motion addict of mass 80 kg sides a ferris [Ans. 632m/s, 12 N]
wheel around in a vertical circle of radius 10 m at a 22. Derive an expression for acceleration of a body
constant speed of 6.1 m/s. (i) What is the period of down a rough inclined plane.

motion? What is the magnitude of the normal force

SUMMARY

Force is an external agency (a pull or a push) which changes or tends to change the state of rest or of uniform mation or the
direction of motion of a body. lis Sl units is Newton and dimensional formula is [IMLT ™).

Sir Issac Newton made a systematic study of motion and proposed three laws of motion.

Mewton's first law of motion states that every body continues in its state of rest or of uniform motion 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=.icd£=ma
at

Newton's third law of motion states that for every action there is always an equal and opposite reaction Fg = —Fg,.

Momentum is quantity of motion possessed by the body. It is the product of its mass and velocity.
p=my
Sl units is kg-mys and dimensional formula is [MLT™').
Impulse is the product of the average force and the time interval for which the force acts on the body
I=FxAf =p,—p,.
Its 5 unit N-s and dimensional formula is (MLT™'].
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 [in lift going upwards]
R=mg-ma [in lift going downwards]
R=0 [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=p+p
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 concurrent forces £, £ and £, acting on a body are in equilibriurm, then
R _E _RK
sine  sinf  siny

Some common forces in mechanics are
Gravitational force £y, = mg
Weightw =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 1o 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 force which comes into play between two bodies before one body actually starts moving over
the other. It is 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

Hs = 5= Normal reaction

Kinetic friction The opposing force that comes into existence when one object is actually moving over the surface of the other

object. it iz also known as dynamic friction.

_ g _ Kinetic friction
Hs =7 = Normal reaction

Angle of friction (8) 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
2

Centripetal force £, = mrw? = 22

and Vg = W

r
) rglugtand)
For motion of a car on banked road vy, = |[—————
T—(u,tan@)

2
Angle of banking, 8 = 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
forece, if frictional force is zero?

(a) Aristotle (b) Newton
(c) Galileo (d) Einstein

. A hockey player is moving northward and
suddenly turns westward with the same speed to
avoid an opponent. The force that acts on the
player is [NCERT Exemplar]
(a) frictional force along westward

{b) muscle force along southward

(c) frictional force along south-West

(d) muscle force along south-West

. A car of mass m starts from rest and acquires a
velocity along east, v = vi (v > 0)in two seconds.

Assuming the car moves with uniform

acceleration, the force exerted on the car is
[NCERT Exemplar]

(a) % eastward and is exerted by the car engine

ib) % eastward and is due to the friction on the tyres

exerted by the road
{c) more than ? eastward exerted due to the engine

and overcomes the friction of the road

(d) MY exerted by the engine
2

. If F is the force applied (as F = f,), then

acceleration of the body of mass M when body is

on horizontal surface [NCERT Exemplar]
fi F-F

(a) — )
M ® M
F

ic) {d) None of these

M

5. If 3 forces F1, F2 and Fs act on a particle, then in
equilibrium ...
(a)F, +F, + F, =0 (b)F, +F, +F; =0
(c) Foy +F, +Fy {d) Mone of these

traffic police for cars to cross a circular turn of
radius 10 m to prevent accident.
(a) V10 ms™ (b) +/20 ms ™

(c) 5ms™" {d) 9 ms™

7. A particle is moving on a circular path of 10 m
radius. At any instant of time, its speed is Sms™

and the speed is increasing at a rate of 2ms™.

The magnitude of net acceleration at this
instant is
(a)5ms™ (b)2ms™® (c)3.2ms™ (d)43ms™

ASSERTION AND REASON

Direction (QQ. Nos. 8-17) In the following questions, two
statements are given- one labelled Assertion (A) and the other
labelled Reason (R). Select the correct answer to these
quem'an:ﬁ'am the codes (a), (b), (c) and (d) as given below
{a) Both Assertion and Reason are true and Reason is
the correct explanation of Assertion.
{b) Both Assertion and Reason are true but Reason is
not the correct explanation of Assertion.
{c) Assertion is true but Reason is false.
{d) Assertion is false but Reason is true.

8. Assertion A body is momentarily at rest still
some force is acting on it at that time.
Reason When a force acts on a body, it may
not have some acceleration.

9. Assertion During the action of an impulsive
force, change in the momentum is very high
even though force acts for a very short period.

Reason The amount of force is very high.

10. Assertion Action and Reaction forces do not
cancel out each other.
Reason It is because both do not act on the
same body.

11. Assertion Angle of repose is equal to angle of
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 It 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, etc.

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, i.e 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
(ie. 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 MNewton's third law applies to all types
of forces, e.g., gravitational, electric or
magnetic forces, ete.

CASE BASED QUESTIONS

Direction (. Nos. 18-19) These questions are case study based
questions. Attempt any 4 IH&—F&J’H 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 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 force is acting between pulley and rope?
{a) Gravitational force (b) Tension force
(c) Frictional force

(ii) The normal reaction acting on the system is

{d) Buoyant force

(a)8g (b)o6g (€)2g (d) 14 g
(iii} The tension is more on side having mass of

(a) 8 kg (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) 40N (d) 50N

{v) Coefficient of friction of the pulley is

1 1 1 1

- b) = - d) —

(a) p (b) . (c) . (d) I

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 isp.

(i) What is the expression for the acceleration of
body?
(a)a= g(sinB—pcos B)
(b)a= g(cos B —pusinB)
(c)a= gsinb
(d)a=pgcos O



(ii) Expression for time taken by body to slide
down the plane is

2s

@ f————
g(sin® - cos B)

b I 2s
( )Vg(sin9+uc059)

2s
g(tan B -p)
(d) None of the above
(iii) When friction is absent, time taken to slide

down the plane
2s 2
(e) dgsinﬁ ®) dgcose
2s 2s
d
(C)Jgtane @ chot()

(iv) Which of the following relation is correct?
(a)3cos O =4usin®  (b)3sinO =4 cos O
(c)4cos B =3usin®  (d)4sin® =3ucosO

(c)

(v) Coefficient of frictionp is

(a)0.5 (b)0.75 (c) 0.25 (d) 0.35
Answer

1. (© 2. (© 3. () 4 ® | 5 ®
6. (a) 7. (0 8. (¢ 9. (a) 10. (a)
11. (@) 12. (a) 13. (b) 14. (b) 15. (a)
16. (@ 17. (@

18 () @ @) (@ i) @ (W @ W ©
190 ) @ ()@ @) @ M O W ©

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?

e =02 [20kg|—Finau=?

[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 p, between tyres and
track is 0.327? [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
OO M

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®]

33. Two blocks are placed over a horizontal smooth
plane as shown in the figure. Find the minimum
value of u,, so that block could move together.

b=
4kg F=18N
wy=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 roadis 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 m/s]

[Ans.0 = tan_](%]=15°32']

36. Discuss the equilibrium of concurrent forces
acting on a rigid body.

LONG ANSWER Type I1 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 cm from the axis of rotation. What
is the coefficient of friction between the coin
and the dise? (g =10m/ s7) [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
= g T,=—pgTo=—pa==
g b2=geh=gga gg]





