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CHAPTER

LAW OF MOTION &
FRICTION

All that science can achieve is a perfect knowledge and a perfect un-
derstanding of the action of natural and moral forces.

“HERMANNVON HELMHOLTZ”

INTRODUCTION

hen we look around us, we find the planets moving around the sun in orderly manner,
movement of machinery parts in a factory, phases of the moon-all of them are following
certain laws. They all are acted upon by certain forces. In the preceding two chapters,
we described motion in terms of displacement, velocity and acceleration, i.e., we
used kinematic quantities for describing motion without considering what might
cause that motion. In order to understant this beauty, let us take a step forward by
understanging "Force and laws of motion". In this chapter, we shall study about force
and its effects on the objects and various alws related to motion of the objects.




LAW OF MOTION & FRICTION

(@
(i)

(iii)

@iv)

Inertial frame of Reference

The first law requires a frame of reference in which only the forces acting on a body can be responsible for any
acceleration produced in the body and not the acceleration of the frame of reference. These frames of reference are
known as inertial frames

The Second Law of motion

The rate of change in momentum of a body is equal to, and occurs in the direction of the net applied force. A body
of mass m in translational motion with velocity y , if acted upon with a net external force f, the second law
suggests:

= d
F=—(mv
dt (m?)
If mass of the body is constant, the above equation relates the acceleration 3 of the body with the net force
acting on it
d

F= a(m\"f) =ma

The first law provides concept of force and the second law provides the quantitative definition of force, therefore
the second law is also valid only in inertial frames.
ST unit of force in newton. It is abbreviated as N. One newton equals to one kilogram-meter per second square
I N=1kg-m/s’
Dimension of force are [MLT?]

The second law is obviously consistent with the first law as F = 0 Implies a=0
The second law of motion is a vector law it is actually a combination of three equations

d
—d&—m ,F, = Py — ma
o dt Y dt 4
Fzzdﬁzmaz
dt

This means that if a force is not parallel to the velocity of the body, but makes some angles with it, it changes only
the component of velocity along the direction of force. The component of velocity normal to the force remains
unchanged.

The second law of motion given above is strictly applicable to a single point mass the force F in the law stand for
the net external force on the particle and a stands for the acceleration of the particle. Any internal forces in the
system are not to be include in F.

The second law of motion is a local relation what this means is that the force F at a point in space (location of the
particle) at a certain instant of time is related to a at the same point at the same instant that is acceleration here
and now is determined by the force here and now not by any history of the motion of the particle.

J

Newton Third Law of motion

Force is always a two-body interaction. The first law describes qualitatively and the second law describes
quantitatively what happens to a body if a force acts on it, but do not reveal anything about what happens to the
other body participating in the interaction responsible for the force.

The third law accounts for this aspect of the force and states the every action on a body has equal and opposite
reaction on the other body participating in the interaction.
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NEWTON’S LAW OF MOTION

Impulse - Momentum theorem

Impulse of a force is equal to the change of momentum FAt = Ap

Newton's third law of motion :

Whenever a particle A exerts a force on another particle B, B simultaneously exerts a force on A with the same
magnitude in the opposite direction.

Spring Force (According to Hooke's law) : Natural length
In equilibrium F = kx (k is spring constant)

Note : Spring force is non impulsive in nature. x>

Motion of bodies in contact

When two bodies of masses m, and m, are kept on the frictionless surface and a force F is applied on one body,
then the force with which one body presses the other at the point of contact is called force of contact. These two
bodies will move with same acceleration a.

(a) When the force F acts on the body with mass m, as shown in fig (i)
F=(m,+m)a

_4a,

F
* m, m,

IILLSTIIS SIS
Fig. (1) : When the force F acts on mass m,

(b) If the force exerted by m, on m, is f, (force of contact) then for bodym, : (F—f)=ma

a—-

a—
_F.‘ m‘ 1f‘— —f1- m2

Fig. 1(a) : F.B.D. representation of action and reaction forces

. m,F
For body m, : f =m,a => action of m onm,: ——

m, +m,
Pulley system

A single fixed pulley changes the direction of force only and in general, assumed to be massless and frictionless.

SOME CASES OF PULLEY
Casel

Letm >m,

now formassm ,mg-T=ma
formassm,, T-m g=m.

Acceleration =a = (m, —m,) g= net pulling force
( )

m, +m, total mass to be pulled

—
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SOLVED EXAMPLE

Ex.1 With what acceleration ‘a’ shown the elevator

descends so that the block of mass M exerts a force

M
of 1—(;5’ on the weighing machine ? [g =acceleration

due to gravity]

M

weighing machine

(A)03g (B)0.1g
(C)0.9¢ (D)0.6¢g
Sol. FBD ofblock :
. . Mg
Mg—N=Ma ; Now according to question N = To
Mg Mg
Soa=—10 —09 g
M

N

'S

N
B

Ifthe string is pulled down with a force of 120 N as
shown in the figure, then the acceleration of 8 kg
block would

ATERLALRTRRRRR RN R AR AR

Ex.2

(A) 10 m/s?
(C)0m/s?

(B) 5 m/s?
(D)4 m/s?

Sol.

Ex.3

Sol.

Ex.4

Ans
Sol.

etoosindia.com

120-80

FBD of 8 kg block @ = =5m/s’

120
4

| l
l

As shown in figure, the left block rests on a table at
distance ¢ from the edge while the right block is
kept at the same level so that thread is unstretched
and does not sag and then released. What will
happen first ?

I 4

m ) - iE

(A) Left block reach the edge of the table

(B) Right block hit the table

(C) Both (A) and (B) happens at the same time

(D) Can’t say anything

Net force in horizontal direction is more for left block
so it will reach the edge of the table first.

The force exerted by the floor of an elevator on the
foot of a person standing there is less than the
weight of the person if the elevator is

(A ) going up and slowing down
(B) going up and speeding up

(C) going down and slowing down
(D) going down and speeding up
(A,D)

IfN <mgthen N=m(g-a) = elevator is going down
with acceleration or elevator is going up with
retardation.
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Exercise # 1 [

1.

v/ A

A mass of 1kgis suspended by a string A. Another
string C is connected to its lower end (see figure). If
a sudden jerk is given to C, then

1kg| | B

C

(A) The porition AB of the string will break
(B) The porition BC ofthe string will break
(C) None ofthe strings will break

(D) The mass will start rotating

In the above question, if the string C is stretched
slowly then

(A) The portion AB of the string will break

(B) The porition BC of the string will break

(C) None ofthe strings will break

(D) None of the above

A particle is moving with a constant speed along a
staright line path. A force is not required to

(A) Increase its speed

(B) Decrease the momentum

(C) Change the direction

(D) Keep it moving with uniform velocity

A man getting down a running bus falls forward

because

(A) Due to inertia of rest, road is left behind and
man reaches forward

(B) Due to inertia of motion upper part of body
continues to be in motion in forward direction
while feet come to rest as soon as they touch
the road.

(C) He leans forward as a matter of habbit.

(D) Of the combined effect of all the three factors
stated in (A), (B) and (C)

When a bus suddenly takes a turn, the passangers
are thrown outwards because of

(A) Inertia of direction

(B) Acceleration of motion

(C) Speed of motion

(D) Both (B) and (C)

10.

11.

12.

etoosindia.com

If a bullet of mass 5 gm moving with velocity
100 m/ sec. penetrates the wooden block upto 6 cm.
Then the average force imposed by the bullet on

the block is
(A)8300N (B)417N
(C)830N (D) Zero

A body of mass 0.4 kg straight at origin at t = 0 with
a speed of 10m/s in the positive x-axis direction is
subjected to a constant force F = 8N towards
negative x-axis. Calculate the position of the particle
after 25 seconds.

(A)—6000 m
(C)+4000 m

(B)-8000 m
(D)+7000 m

The velocity of a body of mass 20 kg decreases
from 20 m/s to 5 m/s in a distance of 100 m. Force on

the body is
(A)=27.5N (B)—47.5N
(C)-375N (D)-67.5N

The mass of a lift is 2000 kg. When the tension in
the supporting cable is 28000 N, then its acceleration
is

(A) 30 ms? downwards

(C) 4 ms2 downwards

(B) 4 ms? upwards
(D) 14 ms~ upwards

A ball of mass 0.2 kg is thrown vertically upwards
by applying a force by hand. If the hand moves 0.2
m while applying the force and the ball goes upto
2m height further, find the magnitude of the force.
Consider g= 10 m/s?

(A)1I6N (B)20N
(C)22N (D)4N
Formula for true force is
mdv
A)F=ma B) F=——
A) B) o
dmv md?x
C)F=—— D) F=
© dt ®) dt’

A body of mass 4 kg is accelerated upon by a
constant force, travels a distance of 5 m in the first
second and a distance of 2 m in the third second.
The force acting on the body is

(A)6N (B)8N
(©)2N (D)4N

5

India’s No. 1 Online Coaching Institute
IIT-JEE | PRE-MEDICAL | CBSE | FOUNDATION



LAW OF MOTION & FRICTION

Exercise # 2 [

1.

v/ 4

A monkey is descending from the branch of a tree
with constant acceleration. If the breaking strength
of branch is 75% of the weight of the monkey, the
minimum acceleration with which the monkey can
slide down without breaking the branch is

3e
OVF: ®) -,
S g
©5 ®)

A body of mass m, exerts a force on another body
of mass m,. If the magnitude ofacceleration of m,
is a,, then the magnitude of the acceleration of m,
is (considering only two bodies in space)

mZaZ
(A) Zero (B) m
mlaZ
© . (D)2,

A trolley of mass 5 kg on a horizontal smooth
surface is pulled by a load of mass 2 kg by means
of uniform rope ABC of length 2 m and mass
1 kg. As the load falls from BC = 0 to BC = 2m.
its acceleration in m/s’ changes—

20 20 A
(A) 5 o 5 5kg 8

(B) & to 7 c
20 30 2kg

C) — to —

(©) &5 to~

(D) None of the above

Figures I, I, IIT and IV depicts variation of force
with time

FN)} o FNt ()
0-25 0-3 : i
1
t(ms) — t(n:]15) - 2
F(N)¢ ay F(N) W
1 Lo 1... -
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In which situation impulse will be maximum
(A)I&IT (B)II &1
O ar&lv (D) OnlyIV

In the figure, the position—time graph ofa particle
of mass 0-1 kg is shown. The impulse at t=2 second

is 6

(A) 0-2 kgms™ 4

(B) —0-2 kgms™ X(m%

(C)0-1kgms™

(D) —0-4 kgms™! 2 4 6
t(sec)

A pulley is attached to the ceiling of a lift moving
upwards. Two particles are attached to the two
ends of a string passing over the pulley. The
masses of the particles are in the ratio 2 : 1. If the
acceleration of the particles is g/2, then the
acceleration of the lift will be

g

OV B) 3
g S

(©) 3 ®) 3

A monkey is sitting on the pan of a spring balance
which is placed on an elevator. The maximum
reading of the spring balance will be when :

(A) the elevator is stationary

(B) the string of the elevator breaks and it drops
freely towards the earth

(C) the elevator is accelerated downwards

(D) the elevator is accelerated upwards.

A body kept on a smooth inclined plane inclination
1 in x will remain stationary relative to the inclined
planeif'the plane is given a horizontal acceleration
equal to :—

x> -1
(A) VX —Tg (B) g
©) == D) ==
x =1 x =1
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Exercise 73

Following question contains statements given in two columns, which have to be matched. The statements in
Column-I are labelled as A, B, C and D while the statements in Column-II are labelled as p, g, r and s. Any given
statement in Column-I can have correct matching with one or more statement(s) in Column-II.

1. Velocity of three particles A, B and C varies with time t as, v, = Qti+6])m/s V5 = (31+4]j)m/s and

Ve = (6Ai - 4t})m/s. Regarding the pseudo force match the following table :—

Column I Column IT
A) On A as observed by B ® Along positive x—direction
3B) On B as observed by C @ Along negative x—direction
© On A as observed by C (r) Along positive y—direction
D) On C as observed by A (s) Along negative y—direction
®) Zero
2. In the diagram shown in figure (g= 10 m/s?)

Column I Column IT
A) Acceleration of 2kg block ®» 8 ST unit
B) Net force on 3kg block @ 25 ST unit
© Normal reaction between 2kg and 1kg (9] 2 SI unit
D) Normal reaction between 3kg and 2kg (s) 45N
®) None
3. Match the following

Column I Column IT
A) Frictionis a P) 0 AND p, R where R is reaction force
B) Friction force is independent of Q Area of surface in contact
© The value of static friction force lies ®) Non-conservation force

between
D) Magnitude of static friction is S) Kinetic friction

always greater than
pRand u R

Conservative force

CICRC

Rolling friction
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Exercise # 4 /

1.

/-

7

Two masses as shown in the figure are suspended
from a massless pulley. The acceleration of the

system when masses are left free is [2000]
2g g
—_ B _
) 3 B) 5
g g
_ D _
©5 )5 sg
10g

A body of mass 3 kg hits a wall at an angle of 60°
and returns at the same angle. The impact time was

0.2 sec. The force exerted on the wall [2000]
(A) 150\3N

60°
(B) 503N

60°
(C)100N

10 m/s

(D) 753N

A 1 kg stationary bomb is exploded in three parts
having mass 1: 1 : 3 respectively. Parts having same
mass move in perpendicular direction with velocity
30 m/s, then the velocity of bigger part will be

10

(A) 1042 m/sec (B) Em/sec [2001]
© 1542 m/sec (D) 15 m/sec
NG

A cricketer catches a ball of mass 150 gmin 0.1 sec
moving with speed 20 m/s, then he experiences force

of [2001]
(A)300N (B)30N
(©)3N (D)0.3N

On the horizontal surface of a truck a block of mass
1 kg is placed (p = 0.6) and truck is moving with
acceleration 5 m/sec? then the frictional force on the

block will be [2001]
(A)5N (B)6N
(C)5.88N (D)8N

— 0

10.

11.

etoosindia.com

250 N force is required to raise 75 kg mass from a
pulley. Ifrope is pulled 12 m then the load is lifted to
3 m, the efficiency of pulley system will be [2001]

(A)25% (B)333%
(©)75% (D) 90%
A block of mass 10 kg placed on rough horizontal

surface having coefficient of friction p = 0.5, if a
horizontal force of 100 N acting on it then

acceleration of the block will be [2002]
(A) 10 m/s? (B) Sm/s?
(C)15m/s? (D)0.5m/s?

A lift of mass 1000 kg which is moving with
acceleration of 1 m/s? in upward direction, then the
tension developed in string which is connected to

lift is [2002]
(A)9800N (B)10,800N
(C)11,000N (D) 10,000N

A monkey of mass 20 kg is holding a vertical rope.
The rope will not break when a mass of 25 kg is
suspended from it but will break if the mass exceeds
25 kg. What is the maximum acceleration with which
the monkey can climb up along the rope ?

(g=10m/s) [2003]
(A)5m/s? (B) 10 m/s?
(C)25 m/s? (D)2.5m/s?

A man weighs 80 kg. He stands on a weighing scale
in a lift which is moving upwards with a uniform
acceleration of 5 m/s?. What would be the reading

on the scale ? (g =10 m/s?) [2003]
(A) zero (B)400N
(C)800N (D) 1200N

The coefficient of static friction, p, between block
A of mass 2 kg and the table as shown in the figure
is 0.2. What would be the two blocks do not move?
The string and the pulley are assumed to be smooth

and massless. (g =10 m/s?) [2004]
A)2.0k

) g 2kg| A ()

(B)4.0kg

(C)0.2kg E

(D)0.4kg
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— > oo K

STRAIGHT OBJECTIVE TYPE

A light spring is compressed and placed horizontally between a vertical fixed wall
and a block free to slide over a smooth horizontal table top as shown in the figure.
The system is released from rest. The graph which represents the relation between

the magnitude of acceleration ‘a ‘ of the block and the distance mml;lm%

‘x “ travelled by it (as long as the spring is compressed) is:

| { 1 !
a a a a
(A) (B) ©) D)
O X —> (@) X —> [0) X — O K —

In the figure shown the acceleration of A is, éA = 15i+1 5] then the acceleration of B is: (A remains in contact

ST

with B)
o Yy
.
A
(A) 61 B)-151 (©-10i (D)- 5§

Two blocks A and B of masses m & 2m respectively are held at rest such that the spring is in natural length.
Find out the accelerations of both the blocks just after release:

Spring
k

miA| [B|2m

A)gl, gl (B)% ¢,§T (©)0,0 (D)g,0
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