Laws of Motion
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Inertia:-

The property of an object by virtue of which it
cannot change its state of rest or of uniform
motion along a straight line on its own, is

Normal Reaction(N):-

N

called inertia. Greater the mass of a body
greater will be its inertia and vice-versa.
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Force:-

Force is a push or pull which changes or
tries to change the state of rest, the state
of uniform motion, size or shape of a body.
Its Sl unit is Newton (N) and its dimensional
formula is [MLT-2.

Forces can be categorised into two types:

(i) Contact Forces-Frictional force, tensional
force, spring force, normal force etc are the
contact forces.

(ii) Distant Forces (Field Forces) - Electro-
static force, gravitational force, magnetic force
etc
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Common Forces in Mechanics:-

Weight (w):-

It is a field force. It is the force with which a
body is pulled towards the centre of the earth
due to gravity. It has the magnitude w = mg,
where m is the mass of the body and g is
the acceleration due to gravity.

mg

It is a contact force. It is the force between
two surfaces in contact, which is always per-
pendicular to the surfaces in contact.

Tension(T):-

T=F
m:::zjﬂ

The force exerted by the end of a taut string,
rope or chain against pulling force is called
the tension. The direction of tension is so as
to pull the body.

Spring force:-
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Every spring resists any attempt to change
its length. This resistive force increases with
change in length. Spring force is given by
F=—kx ; where X is the change in length
and K is the spring constant (unit N/m).
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Linear Momentum :-

Linear momentum of a body is equal to the
product of its mass and velocity. It is denoted
by P. Linear momentum, P = mv. Its S.I.
unit is kg-m/s and the dimensional formula is
[MLT. It is a vector quantity and its direction

is in the direction of velocity of the body.
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Impulsive Force:-

A force which acts on a body for a short
interval of time and produces a large change
in momentum is called an impulsive force.
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Impulse:-

The product of impulsive force and time for
which it acts is called impulse.

Impulse = Force x Time = Change in momentum

Its S.I. unit is newton-second (N-s) or kg-m/s
and its dimensional formula is [MLT"]. Im-
pulse is also equal to change in momentum
of the object. It is a vector quantity and its
direction is in the direction of force.
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Newton’s Laws of Motion:-

1. Newton's First Law of Motion:- A body
continues to be in its state of rest or in uni-
form motion along a straight line unless an
external force is applied on it. This law is
also called the law of inertia.

2. Newton’s Second Law of Motion:- The rate
of change of linear momentum is proportional
to the applied force and change in momen-
tum takes place in the direction of applied
force

: o . d

e, Fccdt=>F—kdt(mv)

where, k is a constant of proportionality and
its value is one in S.I. and C.G.S. system

_ mdv _
F= dt = ma




3. Newton’s Third Law of Motion: For every
action there is an equal and opposite reac-
tion.
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Equilibrium of a Particle :-

When the vector sum of the forces acting on
a body is zero, then the body is said to be
in equilibrium.
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Apparent Weight in a Lift:-

(i) When a lift is at rest or moving with a
constant speed, then N = mg The weighing
machine will read the actual weight.
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(i) When a lift is accelerating upward, the
apparent weight N1 = m(g + a) The weighing
machine will read the apparent weight, which

is more than the actual weight.
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(iii) When a lift is accelerating downward, then
apparent weight N2 = m (g - a) The weighing
machine will read the apparent weight, which
is less than the actual weight.
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(iv) When lift is falling freely under gravity,
then N2 = m (g - g) = 0 The apparent weight
of the body becomes zero.

(v) If the lift is accelerating downward with an
acceleration greater than g, then the body will
be lifted from floor to ceiling of the lift.
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Law of Conservation of Linear Momentum:-

If no external forces acts on a system, then
its total linear momentum remains conserved.

Application of Conservation of Linear Mo-
mentum:-

i) Recoil of gun - when bullet is fired in the
forward direction gun recoils in the backward
direction.

ii) When a person jumps on the boat from
the shore of a river, the boat along with the
person on it moves in the forward direction.

iii) When a person on the boat jumps towards
the shore of the river, the boat starts moving
in the backward direction.

iv) In rocket propulsion gases ejected out due
to which the rocket is propelled up in upward
direction.
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Friction:-

A force acting on the point of contact of the
objects, which opposes the relative motion is
called friction. It acts parallel to the contact
surfaces. Frictional forces are produced due
to intermolecular interactions acting between
the molecules of the bodies in contact. Fric-
tion is of three types:

1. Static Friction
3. Kinetic Friction
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1. Static Friction:-

It is an opposing force which comes into
play when one body tends to move over the
surface of the other body but actual motion
is not taking place. Static friction is a self-ad-
justing force which increases as the applied
force is increased.

2. Limiting Friction:-

It is the maximum value of static friction when

the body is at the verge of starting motion.
Limiting friction- fsmax) = psN

where, Us= coefficient of limiting friction and

N = normal reaction.

Limiting friction do not depend on area of
contact surfaces but depends on their nature,
i.e. smoothness or roughness
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3. Kinetic Friction:-

It is an opposing force that comes into ex-
istence when one object is actually moving
over the surface of another object.

Kinetic friction (fx) = pN

where, p, = coefficient of kinetic friction and
N = normal reaction.

Kinetic friction is of two types:-
(a) Sliding friction
(b) Rolling friction
As, rolling friction < sliding friction, there-
fore it is easier to roll a body than to slide
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Angle of Friction(0):-

Angle of friction may be defined as the angle
which the resultant (S) of limiting friction (F)
and normal reaction (N) makes with the nor-
mal reaction(N).
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The coefficient of static friction is equal to the
tangent of the angle of friction.

i.e. Us = tand
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Angle of Repose(a):-

It is the minimum angle of inclination of a
plane with the horizontal, such that a body
placed on it, just begins to slide down. If an-
gle of repose is o and coefficient of limiting
friction is ps, then ps= tano
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The coefficient of limiting friction is equal to
the tangent of angle of repose.i.e, ps =tana

As well as:-
angle of repose(a) = angle of friction(0)
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Graph between Applied Force and Force of
Friction:-
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(0] Applied force i’

(1) Part OA = static friction (Fs).

(2) At point A = limiting friction (F).

(3) Beyond A, the force of friction is seen to
decrease slightly.

(4) The portion BC = kinetic friction (Fk).

(5) As the portion BC of the curve is parallel
to the x-axis therefore kinetic friction does
not change with the applied force.
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Advantages of friction:-

(i) Walking is possible due to friction.

(i) Two bodies stick together due to friction.
(iii) Brake works on the basis of friction.

(iv) Writing is not possible without friction.
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Disadvantages of friction:-

(i) Friction always opposes the relative mo-
tion between any two bodies in contact.
Therefore extra energy has to be spent
in overcoming friction. This reduces the
efficiency of the machine.

(i) Friction causes wear and tear of the parts
of machinery in contact. Thus their lifetime
is reduced.

(iii) Kinetic friction wastes energy in the form
of heat, light and sound.

(iv) A part of fuel energy is consumed in
overcoming the friction acting within the
various parts of machinery.
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Methods to Reduce Friction :-

i) By polishing - Polishing makes the surface
smooth and reduces friction.

ii) By proper selection of material - Since fric-
tion depends upon the nature of material
used hence it can be largely reduced by
proper selection of materials.

iii) By lubricating - When oil or grease is
placed between the two surfaces in con-
tact, it prevents the surface from coming
in actual contact with each other. This
converts solid friction into liquid friction
which is very small.

iv) By using ball bearings.
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Reference Frame:-

A frame in which an observer is situated and
makes his observations is known as his ‘Ref-
erence Frame’.The reference frame is asso-
ciated with a coordinate system and a clock
to measure the position and time of events
happening in space. We can describe all the
physical quantities like position, velocity, ac-
celeration etc. of an object in this Reference
Frame.
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Frame of reference are of two types:-

(i) Inertial frame of reference:- A frame of ref-
erence which is at rest or which is moving
with a uniform velocity along a straight line
is called an inertial frame of reference.ln
inertial frame of reference Newton’s laws
of motion holds good.

(i) Non inertial frame of reference :- Acceler-
ated frames of reference are called non-in-
ertial frames of reference.Newton's laws
of motion are not applicable in non-inertial
frames of reference.
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Pseudo Force:-

The pseudo force is an imaginary force that
is applied to objects in a non-inertial frame of
reference to satisfy Newton’s laws of motion.It
is not a real force caused by physical interac-
tions but is introduced to explain the object's

motion as if it were in an inertial frame.

Fpseudo =— Mygys Anon Inertial frame

Negative sign implies that the direction of
pseudo force is opposite to acceleration of
the non inertial frame.
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Circular Motion:-

Circular motion is the movement of an object
in a circular path.

1. Uniform Circular Motion:- Any body that
moves in the circular path with a constant
speed is said to be in uniform circular mo-
tion.

2. Non-uniform Circular Motion:-Any body that
moves in the circular path with a variable
speed is said to be in non-uniform circular
motion.
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Centripetal Acceleration:-

In circular motion, an acceleration acts on
the body, whose direction is always towards
the centre of the path. This acceleration is
called centripetal acceleration. Centripetal ac-
celeration is also called radial acceleration as
it acts along the radius of a circle. Its unit is
m/s? and it is a vector quantity.

Centripetal acceleration-
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Centripetal force:-

The force required to keep the object in a
circular path is known as centripetal force.
Centripetal force acts towards the centre of
the circular path.

Centripetal force - F =

where, m = mass of the body, v = linear ve-
locity, ® = angular velocity and r = radius.

Work done by the centripetal force is zero
because the centripetal force and displace-
ment are at right angles to each other.
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Centrifugal Force:-

It is defined as the radially directed outward
force acting on a body in circular motion
as observed by the person moving with the
body. It is equal in magnitude but opposite in
direction to centripetal force. Centrifugal force
does not act on the body in an inertial frame
but arises as pseudo forces in non-inertial
frames

Centrifugal
force on body
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Motion of a vehicle on a level circular road:-

Three forces act on the car:

(i) The weight of the car w= mg
(i) Normal reaction, N

(iii) Frictional force, f

As there is no acceleration in the vertical
direction

N-mg=0=N=mg

The centripetal force required for circular mo-
tion is along the surface of the road, and
is provided by the frictional force between
road and the car tyres along the surface.
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This gives the maximum possible speed of
the car in circular motion which is indepen-
dent of the mass of the car.
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Motion of a car on a banked road:-

The raising of the outer edge of a curved
road above the inner edge is called banking
of road.

We can reduce the contribution of friction to
the circular motion of the car if the road is
banked.
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Since there is no acceleration along the verti-
cal direction, the net force along this direction
must be zero.Hence,

Ncos6= mg + fsin@ ... (i)

The centripetal force is provided by the hori-
zontal components of N and f

So,
Nsin® + fcos® =mvZ/R ...ee. (i)
Also, f < usN

Thus to obtain vmax we put f = psN in above
equation (i) and (i), Then above equation
becomes

Ncosf = mg + ¢,Nsind .......... (iii)
2
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On solving eq (iii) we get
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Substituting the value of N in equation (iv) we
get
mg(sind + pscosf) MV
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= Vi = Rg

= Vmax —

Special cases

(i) If there is no friction then ps = 0, then-
Vmx = ¥ Rg tand

(i) If 0= 0, then-
Vimax = @
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N  sNcosod

Nsin0_~~

y Jsin 0

r Mg

s FeaTeR far o HI$ cror ¢ 7, I 59
feem & oI a7 T g ARV
g

Ncosd = mg + fsind ... (i)
T s N 3R f & &ifas gest g@rr
ver foham Sirar §
gafer,

Nsin + fcosé =mvZR ... (ii)
3R, f < usN
$H YHR Vmax I A & o0 g1 39T
Ffteor (i) 3T (i) F f = psN @ Fha g
& SR TR0 &l foveet &7 F foram o
T § |
Ncosf = mg + y;Nsinf .......... (iii)

2
Nsind + psNcosf = % ........... (iv)

FHRIOT  (jii) T §oT P W §H I § -
mg

N cosf — psind )
gﬂmw (iv) & N T AT @l W §H 91 &



mg(sind + ££:c0s8) _ myye
(cos + ﬂssmﬁ) R
v =Rg s T tand
1— ustand

HMs + tanﬁ
1 — pstand

= Vmax — 4/ Rg

e fefaar
(i) Ffe g aor 71 &Y ar ps = 0 & |

S Vmax = Y Rg tand
(i) Ifg 0= 0" g ar-

Motion of a Cyclist on a curved Path:-

When a cyclist takes a turn at the road, he
inclines himself from the vertical, slows down
his speed and moves on a circular path of
larger radius. The angle by which a cyclist
bends while negotiating a curved path path is
given by -

NSin6 =

-r

Since there is no acceleration along the verti-
cal direction, the net force along this direction
must be zero.Hence,

Ncost -mg=0=>NcosH= Mg.....crmmesrernnes ()

Component of N in horizontal direction pro-
vides centripetal force so,

NSing =mv?r ... (i)
Dividing eq (ii) by eq(i) we get-
tand = v¥rg
=>  0=tan'(v¥rg)
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4 FtdtR Rer & @y A R®or A
saﬁvgaﬁarrﬁwaaawmzn%m
3d:,

Ncost -mg=0=>Ncost= Mg....currruueeen ()

&ifasr fer & N & g 3PP g TSt
T 8, AT,
NSind =mv?r ... (i)
FAOT (ji) S FHROT (i) T [AIEad = |
§H uTed g &-
tand = v¥rg
=  0=tan (v¥rg)

MULTIPLE CHOICE QUESTIONS:
agﬁawchq Y

Newton's first law of motion is also known
as -

a. Gravity

b. Vertical motion

c. The law of inertia

d. The law of conservation of momentum
e & afa F 9uH AwE Y sw O\ q ol
ST ST § -

TRcaTehyoT
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cERIRCONE T

d. TII H EIET &1 fga

If a person sitting in an open car moving

with constant velocity throws a ball vertically
up in the air, then where will the ball fall ?

a. Outside the car

b. In the car ahead of the person

c. In the car to the side of the person

d. Exactly in the hand which threw it up
I A7 § Tl §F Gl FR # dor v fFa
T dg B TR T A SR gar & Feber § A
g gl e ?

a. &R & Y

b. R # afdad & 3mr

c. @R # cgfad & F9rel
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