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3.LAWS OF MOTION

3 MARK QUESTIONS AND ANSWERS

1. What is inertia? Explain inertia of motion, inertia of rest and inertia of direction.
Inertia:
The inability of objects to move on its own or change its state 0 motion is called
inertia.
(1) Inertia of rest:
The inability of an object to change its state of rest is called inertia of rest.
(2) Inertia of motion:
The inability of an object to change its state of motion is called inertia of motion.
(3) Inertia of direction:
The inability of an object to change its state of direction is called inertia of
direction.

. Prove that the impulse is the change in momentum.
If a very large force acts on an object for a very short duration, then the force is
called impulsive force or impulse.

J is impulse.
This is equal to the change in momentum of the object.

. Which one is easier to move an object? whether push or pull?

Free body diagram
An object pushed at an angle 0 :

o Npusn = mg + F cos @
o nax = p.(mg + F cos0)
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An object pulled at an angle 0 : Free body diagram

° —
F N
¢ Npull < Npush

o It is easier to pull an object than to push to make it move

. What are the steps to be followed for developing the free body diagram?
o Identify the forces acting on the object.
o Represent the object as a point.
o Draw the vectors representing the forces acting on the object.

. What are concurrent and coplanar forces?
Concurrent forces:
A collection of forces is said to be concurrent, if the lines of forces act at a common
point.
Coplanar forces:
If the concurrent forces lie on the same plane, they are called as coplanar forces.

. What is the meaning of law of conservation of momentum?
e Law of conservation of momentum is a vector law.
e [t implies that the magnitude and dirction of total linear momentum is constant.
¢ In some cases, the total linear momentum may acquire zero magnitude.

. When a cricket player catches the ball, he pulls his hands gradually in the direction of the
ball’s motion. Why?
If he stops his hands soon after catchin the ball, the ball comes to rest very quickly.
It means that momentum of the ball is brought to rest very quickly.
So, the average force acting on the body will be very large.
Due to this large average force, the hands will get hurt.
To avoid getting hurt, the player brings the ball to rest slowly.

. Cars are designed with air bags. Why?
* When a car meets with an accident, its momentum reduces drastically in a very
short time.
* This is very dangerous for the passengers inside the car since they will experience
a large force.
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* To prevent this fatal shock, cars are designed with air bags in such a way that when
car meets with an accident, the momentum of the passengers will reduce slowly so
that the average force acting on them will be smaller.

9. Shock absorbers are used in two wheelers. Why?
When there is a bump on the road, a sudden force is transferred to the vehicle.
The shock absorber prolongs the period of transfer of force on to the body of the
rider.
Vehicles without shock absorbers will harm the body due to this reason.

10.Jumping on a concrete cemented floor is more dangerous than on the sand. Why?
* Jumping on a concrete cemented floor is more dangerous than on the sand.
Because,
*  Sand brings the body to rest slowly than the concrete floor.
* S0 that the average force experienced by the body will be lesser.

11.Compare static friction and kinetic friction.

Static friction Kinetic friction
It opposes the starting of motion It opposes the relative motion of the object
with respect to the surface.
Independent of surface of contact Independent of surface of contact
U, depends on the nature of materials in | y;, depends on nature of materials and
mutual contact temperature of the surface
Depends on the magnitude of the applied | Independent of magnitude of applied
force force.
It can take values from zero to u,N It can never be zero and always equals to
N
f;max > fk fk < f;max
Hs > Mg Hie < Ug

12.0Obtain an expression for angle of friction.
e The angle between the normal force and the
resultant of normal force and friction force is
called angle of friction.

R =N + fimax
R = J(7"™)? + N2

max
S

tan0 =
ﬁ = resultant force
max

sN = U R=N+f,

U, = tano
The coefficient of static friction is equal to the tangent of the angle of friction.
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13.What are the methods of reducing friction?
In big machines used in industries, relative motion between different parts of the
machine produces unwanted heat which reduces its efficiency.
Lubricants are used to reduce this kinetic friction.
Ball bearings provide another effective way to reduce kinetic friction in machines.
If ball bearings are fixed between two surfaces, during the relative motion only
friction comes to effect and not kinetic friction.
Rolling friction is much smaller than the kinetic friction.
Hence machines are protected from the wear and tear over the years.

14.What are the ways of changing the velocity of the body by the force acting on it?
. Magnitude of the velocity can be changed without changing its direction.
. The direction of motion alone can be changed without changing the magnitude of
velocity.
. Both magnitude and direction of the velocity can be changed.
Example: simple pendulum.

15.0btain an expression for centripetal acceleration.
e |f a particle is in uniform circular motion, there must be a centripetal acceleration
towards the centre of the circle.
If there is acceleration then there must some force acting on it with respect to an
inertial frame.
This force is called cenritpetal force.

mwr

Fcpzr
Fep =

16.Give three examples of origin of the centripetal force.
* |n the case of a whirling motion a stone tied to a string, the centripetal force on the
particle is provided by the tensional force on the string.
* In motion of satellites around the Earth, the centripetal force is given by the Earth’s
gravitational force on the satellites.
* When a car is moving on a circular track, the centripetal force is given by the
frictional force between the road and the tyres.
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17.Centrifugal force due to the rotation of the Earth.
Earth spins about its own axis with angular velocity w.
Any object on the surgace of the Earth experience the centrifugal force.
Centrifugal force appears to act exactly in opposite direction from the axis of
rotation.
Centrifugal force on the man standing on the Earth is F ., = mw?r

r = Rcos6
R radius of the Earth.

5 MARK QUESTIONS AND ANSWERS

1. Obtain the expressions for acceleration of the object on the inclined plane and the speed
of the object when it reaches the ground.

/'Y

Free body
diagram

<
by
N3 x

N

e When an object of mass m slides on a frictionless surface inclined at angle 6, the forces
acting on it decides the
o acceleration of the object
o speed of the object when it reaches the bottom
e The force acting on the object is
o Downward gravitational force (mg)
o Normal force perpendicular to the inclined surface (N)

Motion along y direction Motion along x direction

Nj—mgcosf8j=0 mg sin 6 1 = mal

N =mgcos6 mgsinf = ma

a=gsin6

v =,/2sgsin6f
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2. Explain the motion of two bodies in contact on a horizontal surface.

my +m2

Force on m; Force on m,

" N
"f nh% % f2q
12
ng m.g

Ft— fa1
f21

f21

f21

- -
f12 = —f21

3. Explain the motion of blocks connected by a string in vertical motion and horizontal

motion
Vertical motion Horizontal motion

Free body diagram

A
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For mass m;y:

Tj—mygj = —myaj

For mass m;y:

Tj—mygj = —myaj

For mass my:
Tj—maygj = myaj

T =myg + mya

For mass my:
Tt = myaj

From (1)and (2), (m; —my)g = (my + my)a

_ [ml —mz]
N my +m2

From (1) and (2) m;g = (my + my)a

- (e
= m; +m, g

2m1m2
(2,
my + m,

2m1m2
- (2,
my + m,

4. What are concurrent forces? State Lami’s theorem.

Concurrent forces:

A collection of forces is said to be concurrent, if the lines of forces act at a common

point.

Lami’s theorem:

If a system of three concurrent and coplanar forces is in equilibrium, then Lami’s
theorem states that the magnitude of each force of the system is proportional to sine of

the angle between the other two forces.

—

F

—

Fa

Let us consider three coplanar and concurrent forces F;, F, and F; which act at a common
point O as shown in figure.
AL _ IR _ 1)

"~ sin B -
Lami’s theorem is useful to analyse the forces acting on objects which are in static
equilibrium.

sin a sin y
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5. Prove the law of conservation of total linear momentum. Use it to find the recoil of a gun
when a bullet is fired from it.

Fip

d , > >
— (1 +p2) =0

® Diot =P1 T D2
Law of conservation of total linear momentum:

If there are no external forces acting on the system, then the total linear momentum of
the system is always a constant vector.

Recoil momentum of a gun:

Consider the firing of a gun.

p1 — momentum of the bullet

Do - momentum of the gun

Initially the gun and the bullet are at rest.

Total momentum before firing the gunis p; + p, = 0

According to the law of conservation of linear momentum, total linear momentum has
to be zero after the firing also.

When the gun is fired, the momentum of the bullet changes to p;
Momentum of the gun changes to P,

151' + P, =0
p1 = —D2

The momentum of the gun is exactly equal and opposite direction to the momentum of
the bullet.

This is the reason after firing, the gun suddenly moves backward with the momentum
—P2

It is called ‘recoil momentum’.
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6. What is friction? What are its types? Suggest a few methods to reduce friction.
Friction:

If a very gentle force in the horizontal direction is given to an object at rest on the
table, an opposing force called the frictional force which always opposes the relative
motion between an object and the surface where it is placed.

Types of friction:

1. Static friction:

e Static friction is the force which opposes the initiation of motion of an object on

the surface.
When the object is at rest on the surface, only two forces act on it.
They are the downward gravitational force and upward normal force.
The resultant of these two forces on the object is zero.
As a result the object is at rest.
If some external force is applied on the object parallel to the surface on which the
object is at rest, the surface exerts exactly an equal and opposite force on the object
to resists its motion and tries to keep the object at rest.
It implies that the external force and frictional force are equal and opposite.
If the external force is increased, after a particular limit, the surface cannot provide
sufficient opposing frictional force to balance the external force on the object.
Then the object starts to slide.
This is the maximum static friction that can be exerted by the surface.
The empirical formula for static friction: 0 < f, < u,N
U is the coefficient of static friction.

It depends on the nature of the surfaces in contact.
If the object is at rest and no external force is applied on the object, the static
friction acting on the object is zero.
If the object is at rest and there is an external force applied parallel to the surface,
then the force of static friction acting on the object is exactly equal to the external
force applied on the object.

. Kinetic friction

o If the external force acting on the object is greater than the maximum static
friction, the object begins to slide.
When an object slides, the surface exerts a frictional force called kinetic friction.
It is also called sliding friction.

fi = meN
Uy 1S the coefficient of kinetic friction.

Ui < Us
Methods of reducing friction:
In big machines used in industries, relative motion between different parts of the
machine produces unwanted heat which reduces its efficiency.
Lubricants are used to reduce this Kinetic friction.
Ball bearings provide another effective way to reduce Kkinetic friction in machines.
If ball bearings are fixed between two surfaces, during the relative motion only
friction comes to effect and not kinetic friction.
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¢ Rolling friction is much smaller than the kinetic friction.
e Hence machines are protected from the wear and tear over the years.

7. Prove that the angle of repose is equal to the angle of friction.

Angle of repose is the angle of inclined plane with the horizontal such that an object
placed on it begins to slide.

The gravitational force mg is resolved into two components.

mg sin 6 Parallel to the inclined plane.

mg cos 6 Perpendicular to the inclined plane.

mg sin & Component parallel to the inclined plane tries to move the object down.
Maximum static frictionis fJ"* = u,N

max
S

f"Y* = mgsin6

@I)> =

U, = tan @

The above equation is also suitable for angle of friction.
Hence, angle of repose is same as the angle of friction.
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8. Explain about rolling friction.

e When an object moves on a surface, essentially it is sliding on it with the help of
wheels.

But wheels move on the surfacr through rolling motion.

In rolling motion when wheels move on a surface, the point of contact with the
surface is always at rest.

Hence the frictional force is very less.
At the same time if the object moves without wheels, frictional force is larger.
This makes it difficult to move the object.

Ideally in pure rolling, motion of the point of contact with the surface should be at
rest, but in practice it is not so.

Due to the elastic nature of the surface at the point of contact there will be some
deformation on the object at this point on the wheel.

Due to this deformation, there will be minimal friction between wheel and surface.

It is called rolling friction.

Rolling friction is much smaller than kinetic friction.

. Obtain the conditions for safe turn and skidding of a vehicle on a leveled circular road.
Stvaigtt Rosd Curved rz,oaa’

N TN
%C‘W r<=—®can

When a vehicle travels in a curved path, there must be centripetal force acting on it.
This centripetal force is provided by the frictional force between the tyre and surface
of the road.

Consider a vehicle of mass ‘m’ moving at a speed ‘v’ in the circular track of radius ‘r’.
There are three forces acting on the vehicle when it moves.

Gravitational force acting downwards

Normal force acting upwards

Frictional force acting horizontally inwards along the road.

Codintion for safe turn:

Condition for skidding:

2
« ——>pusmg

2

° .US<E

* JuUsTg <V
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10.Explain the need for banking of trakcs.
In a leveled circular road, skidding mainly depends on the coefficient of static friction.
The coefficient of static friction depends on the nature of the surface which has a
maximum limiting value.
To avoid this problem, usually the outer edge of the road is slightly raised compared
to the inner edge.
This is called banking of tracks.
This introduces an inclination and the angle is called banking angle.
When the car takes a turn, there are two forces acting on the car
Gravitational force mg acting downwards
Normal force N acting perpendicular to surface N/\
N cos8 = mg

NS

muv?

Nsinf = —
r

2

tan g = r
rg

v=,/rgtané

The banking angle and the radius of curvature of the road determines the safe speed of
the car at the turning.

If the speed of the car exceeds this safe speed, then it starts to skid outward but
frictional force comes into effect and provides an additional centripetal force to
prevent the outward skidding.

At the same time, if the speed of the car is little lesser than safe speed, it starts to skid
inward and frictional force comes into effect, which reduces centripetal force to
prevent inward skidding.

However if the speed of the vehicle is sufficiently greater than the correct speed, then
firctional force cannot sotp the car from skidding.

11.Explain centrifugal force with example.
e Centrifugal force is a psudo force.

Its magnitude is equal and opposite to the centripetal force.
It exists in rotating frames only.
Consider the case of a whirling motion of a stone tied to string.
Assume that the stone hs angular velocity o in the inertial frame.
If the motion of the stone is observed from frame which is also rotating along with the
stone with same angular velocity @ then, the stone appears to be at rest.
This implies that in addition to the inward centripetal force —mw? there must be an
equal and opposite force that acts on the stone outward with value +mw?r.
So the total force acting on the stone in a rotating frame is equal to zero.
The outward force +mw?r is called the centrifugal force.
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AN

Ceantripetal force
{(-mm’r)
E m - . I
Centripetal force | M
(-ma’r) | Centrifugal force
(+me’ 1)

¥ g

In inertial frame In rotating frame

12.Explain the effects of centrifugal force.
When a car takes a turn in curved road, person inside the car feels an outward force
which pushes the person away.
This outward force is also called centrifugal force.
If there is sufficient friction between the person and the seat, it will prevent the person
from moving outwards.
When a car moving in a straight line suddenly takes a turn, the objects not fixed to the
car try to continue in linear motion due to their inertia of direction.
While observing this motion from an inertial frame, it appears as a straight line.
But, when it is observed from the rotating frame it appears to move outwards.
A person standing on a rotating platform feels an outward centrifugal force and is
likely to be pushed away from the platform.
Many a time the frictional force between the platform and the person is not sufficient
to overcome outward push.
To avoid this, usually the outer edge of the platform is little inclined upwards which
exerts a normal force on the person which prevents the person from falling.

13.Calculate the centripetal acceleration of the Moon towards the Earth.
e The Moon orbits the Earth once in 27.3 days in an almost circular orbit.
Centripetal acceleration of the Moon due to Earth’s gravity is a,, = w?R,,
R,, is the distance between Earth and the Moon.
It is 60 times the radius of the Earth.
R, = 60R
R = 6.4x10°m

R,, = 384x10°m

m = wZRm =
a,, = 0.00272m s?
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14.Compare centripetal force and centrifugal force.
Centripetal force Centrifugal force

It is a real force It is a psudo force

It arises from gravitational force, tension in | It is not arises from gravitational force,
the string, normal force tension in the string, normal force

Acts in both inertial and non — inertial | Acts only in rotating frames

frames
It acts towards the axis of rotation It acts outwards from the axis of rotation

Real force and has real effects Psudo force but has real effects

Origin of centripetal force is interaction | Origin of centrifugal force is inertia.
between two objects

4. WORK, ENERGY AND POWER
3 MARK QUESTIONS
. Explain how the definition of work in physics is different from general perception.
e The term work is used in diverse contexts in daily life.
It refers to both physical as well as mental work.
In fact, any activity can generally be called as work.
But in physics, the term work is treated as a physical quantity with a precise
definition.
Work is said to be done by the force when the force applied on a body displaces it.
To do work, energy is required.
e Insimple words, energy is defined as the ability to do work.
. Write the mathematical expression for workdone and also mention the cases when
workdone becomes zero.
o W =Fdrcosf
e Work done is zero in the following cases
o When the force is zero
o When the displacement is zero
o When the force and displacement are perpendicular to each other.
. Obtain the expression for work done by the constant force.

o dW = (Fcos@)dr A

o W= frr,f dW = (F cos 0) frr.f dr

e W= (FcosO)(rf—r;)
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4. Obtain the expression for work done by the variable force.

o dW = (Fcos@)dr A

e W=/[TdW

e W=["Fcosfdr

I

5. Derive a relation between kinetic energy and momentum.

6. What is potential energy? Mention its types.
e The energy possessed by the body by virtue of its position is called poetential energy.
e Types of potential energy
o Gravitational potential energy
o Elastic potential energy
o Electrostatic potential energy.

7. Obtain the expression for the potential energy near the surface of the Earth.

Let us consider a body of mass m being moved from ground to the height h against the
gravitational force.
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U=[F,.dF

U =th E, drcos
F, =mg,cos0° =1
U =mgf0h dr

U =mgh

. Derive an expression for the elastic potential energy stored in a spring.
When a spring is elongated, it develops a restoring force.
The potential energy possessed by a spring due to a deforming force which stretches
the spring is termed as elastic potential energy.

F o= —k %
— -
=+kx
[E,.d

C C Judmem
I

fox F, dx cos6

o

kx,cos0° =1 -

c—

U=k [ xdx AN —
) <«—F.

DI

U =%ch2

If the initial position is not zero, U == k(x;? — x;2)

. Draw the force — displacement graph for a sprig.
e Area= %kx2

Force (-kx)

Displacement (x)
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10.Draw and explain the graph between potential energy and displacement for a spring mass
system.
e A compressed or extended spring will transfer its stored potential energy into kinetic
energy of the mass attached to the spring.
e In frictionless environment, the energy gets transferred from Kinetic energy to
potential energy and vise versa such that the total energy of the systan reamis
constant.

e At the mean position, AKE = AU
Total energy

1

energy

Potential|energy

O
<€— Displacement —>»

11.Compare conservative and non conservative forces.

Conservative forces Non conservative forces

Work done is independent of path Work done depends upon the path
Work done in round trip is zero Work done in a round trip is not zero
Total energy remains constant Energy is dissipated as heat energy
Work done is completely recoverable Work done is not recoverable

No such relation exists

Examples: Electrostatic force, | Frictional forces, viscous forces
Gravitational force

12.Prove that the total linear momentum is conserved in all collision processes.
Aﬁl == ﬁlet
AP, = Fy At

A(py +p2) = (ﬁ12 + ﬁ21)At

F, =—Fy

APy +P,) =0
d(p1+p2)
p1TD2 — O
dt
Hence total linear momentum is conserved in all collision processes.

If At - 0 then
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13.0Obtain an expression for velocity in completely inelastic collision.
In a perfectly inelastic collision, the objects stick together permenantly after collision
such that they move with common velocity.
Momentum before collision = myu; + myu,
Momentum after collision = (m; + my)v
Momentum before collision = Momentum after collision
miuy + myuy, = (my + my)v

. miuitmouy

(mq+m3)

14.0btain an expression for loss of kinetic energy in perfect inelastic collision.
e In perfect inelastic collision, the loss in kinetic energy is transformed into another
form of energy like sound, heat, thermal, light, etc.

1 1
KE; = Emluf +Em2u§

KEf = l(7711 + mz)vz
2
AQ = KE; — KE

1 1 1
AQ = Emlu:f + Emzuﬁ - (my + m,)v?

AQ =5 (2422 (ug — up)?

mi+my

15.What is coefficient of restitution?
o Coefficient of restitution is defined as the ratio of velocity of separation after collision
and velocity of approach before collision.
_ w-v1)
Up—up
e For perfect elastic collision, e = 1
e O0<ex1
16.Compare elastic and inelastic collisons
Elastic collision Inelastic collision
Total momentum is conserved Total momentum is conserved
Total kinetic energy is conserved Total kinetic energy is not conserved

Forces involved are conservative forces Forces involved are non-conservative
forces

Mechanical energy is not dissipated Mechanical energy is dissipated into heat,
sound, light etc.

e ¢
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5 MARK QUESTIONS
1. State and prove work — energy theorem and give its importance.
Work — Energy Theorem:
Work done by the forces on a body is equal to the change in kinetic energy.

Kinetic energy of the body is always positive.
2

AKE = %mv2 — %mu
e W =AKE
The work — kinetic energy theorem implies the following:

o |f the work done is positive, then the kinetic energy increases.

o If the work done is negative, then the Kkinetic energy decreases.

o If there is no work done on the body, the there is no change in kinetic energy.
. Obtain a relation between power and velocity.

° W_fF_)d?
W= [dw = f—dt

[E.df = [(F.9)dt (=2
—dt = [(F.?)dt

f(cil—lil—ﬁ v)dt=0
aw

=F.9
dt
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3. Obtain the expression for velocities of bodies in one dimensional collision and also
explain the sepecial cases.

Uj—» Up—» Vi—» Vo —

my Mo my Mo

Before collision After collision

Initial momentum before collison = myu; + myu,

Final momentum after collison = (m; + my)v

Initial momentum before collison = Final momentum after collision
muuy + myu, = myv; + myv,

my(uy — v1) = my(v, — uy)

e . . . 1 1
Initial kinetic energy before collison = Emlu% + Emzu%

. . . . 1 1
Final kinetic energy after collison = 5m1v12 + Emzvzz

In an elastic collision,
Initial kinetic energy before collison = Final kinetic energy after collison

1 1 1 1
Emluf +Em2u§ = Em1v12 +Em2v22

my(ug + v) (W —vp) = my(vy +uy) (v, — uy)
u —uy = —(vy — V)
V1 =7y + U, —uUq

Uy, = Uy + Vi — U
mi—my 2m2
= (Z2) g 4 (=)
mqi+mo mqi+my

2m1 my—mq
= o) w (i)
mi+my mi+my
Case 1: If m =m, then Vi = Uy, V) = Uq
Case 2: If m =my and U, = 0 then V1= 0, Uy = Uq
Case 3: If my K my and Uy = 0 then V= —u1> Uy = 0
Case 4: If mo K mq and Uy = 0 then V= u1> Uy, = 2u1
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. Explain in detail the motion along the vertical circle.
Imagine that a body of mass m attached to one
end of a massless and inextensible string.

That executes circular motion in vertical plane.
The other end of the string is fixed.
There are two forces acting on the string

o Gravitational force

o Tension along the string

mgsing = —m (Z—Z)

2
T—mgcost9=%

The four important facts to be understood from the above two equations as follows
. The mass is having tangential acceleration for all values of 0. It is clear that this
vertical circular motion is not a uniform circular motion.
. The magnitude of velocity is not constant in the course of motion, the tension in
the string is also not constant.
. Insections A and D, tension cannot vanish even when the velocity vanishes.
. In sections B and C, velocity cannot vanish even when the tension vanishes.

Motion in vertical circle for lowest and highest points:

/\:3;17'»_)_\‘\\

,2
At the lowest point, T} = mTvl +mg % fro| (T
Ts

2

At the highest point, T, = mTvz —mg

Ty =T, =7 (i —v) +2mg

Atpointsland 2, E; = E),

E, = %mv%

E, = 2mgr + %mvzz

vi —v? =4gr

T, — T, =6mg

Minimum speed at the highest point (2), v, = \/ﬁ
Minimum speed at the lowest point (1), v; = /5gr

It is clear that the minimum speed at the lowest point should be v/5 times more than
the minimum speed at the highest point.
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