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= MATRIX I Class—9 [Physics] -
INTRODUCTION

If we look around us, we find that there are number of objects which are in motion like people and vehicles move

on roads, trains move on railway track, aeroplanes and birds fly, our teeth go up and down while we eat, the blades
of a fan move when the fanis switched on (through the fan remains at the same place), raindrops fall, the sun moves
from east to west as seen from the earth, and so on.

In this chapter we shall learn to describe the motion of a small object in mathematical terms. But first let us

understand the meaning of motion more precisely.

REST AND MOTION

Motion is a combined property of the object and the observer. There is no meaning of rest or motion without the
observer. Nothing is in absolute rest or in absolute motion.
An object is said to be in motion with respect to an observer, if its position changes with respect to that observer.

It may happen by both ways either observer moves or object moves.

Rest u

An object is said to be at rest if it does not change its position w.r.t. its surroundings with the passage of time.

Eg :  The chair, black board, table in the class room are at rest w.r.t. the students.

Motion u

Abody s said to be in motion ifits position changes continuously w.r.t. the surroundings (or with respect to an

observer) with the passage of time.

Eg:  Acarmoving on the road will be in motion w.r.t. to the person standing on the road.

Note : Rest and motion are relative terms, there is nothing like absolute motion or rest.

Eg: Atrainis moving onthe track, the passengers are seated, will be stationary with respect to each other but
in moving condition with respect to station.
Therefore, all the motions are relative. There is nothing like absolute motion.

CONCEPT OF A POINT OBJECT

In mechanics while studying the motion of an object, sometimes its dimensions are not important and the object

may be treated as a point object without much error. When the size of the object is much less in comparison to the
distance covered by the object then the object is considered as a point object.

So we can say, A point object (or particle) is one, which has no linear dimensions but possesses mass.

Eg. : Earth can be considered as a point object for studying its motion around the sun. Because length of the path,
covered by the earth in one revolution is very large in comparision to the size of earth, so earth can be considered

as a point object
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TYPES OF MOTION

(i) Linear motion (or translatory motion) : When an object moves in straight line than motionis called as linear motion.
Ex. : The motion of a car moving on straight road, a running person, a stone being dropped, motion of a trainon a
straight track

(ii) Rotational motion : Motion of a body around a fixed axis is called rotational motion.

Ex. : The motion of an electric fan, motion of earth about its own axis.

(iii) Oscillatory motion : The to and fro motion of a body around fixed point is called oscillatory motion.

Ex. : The motion of a simple pendulum, a body suspended from a spring,

SCALAR AND VECTOR QUANTITIES

Physical quantities (i.e. quantities of physics) can be divided into two types :

(i) Scalar quantities

Any physical quantity, which can be completely specified by its magnitude, is known as scalar quantity.

Ex. : Charge, distance, speed, time, temperature, density, volume, work, power, energy, pressure and potential etc.
(ii) Vector quantities

The quantity which can be determined by its magnitude and the direction-and also can be added or subracted by
vector algebra, is called a vector quantity.

Ex. : Displacement, velocity, acceleration, force, momentum, weight and electric field etc.

Y DISTANCE AND DISPLACEMENT

Distance u

The length of the actual path between the initial and the final position of a moving object in the given time interval is

known as the distance travelled by the object.

e Distance is a scalar quantity. It is always taken positive.

e Distance is measured by odometer in vehicles.

Unit

In SI system : metre (m).

In CGS system : centimetre (cm).

Displacementu

The shortest distance between the initial position and the final position of a moving object in the given interval of
time is known as the displacement of'the object.

Displacement of an object may also be defined as the change in position of the object in a particular direction.
That s,

Displacement of an object = Final position —Initial position of the object =x —x..

= Displacement is a vector quantity.

= Displacement can be postive, negative or zero.
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Units

In SI system : metre (m)

In CGS system : centimetre (cm)

Ex. : Consider a body moving from a point A to a point B along the path shown in figure. Then total length path
covered is called distance (path 1). While the length of straight line AB in the direction from A to B is called

displacement (path 2).
/\[ Path 1
. 1 \_/B
Path 2
> Figure : Distance and displacement

object.

Focus Point

e [fa body travels in such a way that it comes back to its starting position, then the displacement is zero.
However, distance travelled is never zero in case of moving body.

o In the motion, displacement of an object may be zero but the distance travelled by the object is never zero.

e Distance travelled by an object is either equal to or greater than the magnitude of displacement of the

COMPARISON BETWEEN DISTANCE AND DISPLACEMENT

S.No.

DISTANCE

DISPLACEMENT

It is defined as the length of the actual
path travelled by a body

It is the shortest distance between two
point which the body moves.

Itis a scalar quantity

It is a vector quantity

It is always positive

It can be negative, positive or zero.

Distance can be equal to or greater than
displaceent

Displacement can be equal to or less
than distance.

Distance travelled is not a unique path
between two points.

Displacement is a unique path between
two points.

The distance between two points gives
full information of'the type of path
followed by the body.

Displacement between two points does
not give full information of the type of
path followed by the body.

Distance never decreases with time. For
a moving body, it is never zero.

Displacement can decrease with time.
For a moving body, it can be zero.

Chapter-1
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S MATRIX I Class—9 [Physics] .

MEASURING THE RATE OF MOTION

SPEED
Speed of abody is the distance travelled by the body per unit time. The rate of change of distance is called speed.

Distance travelled

Speed = Time taken

Ifabody covers a distance s in time t then speed,
S

v=—

t

Unit

In SI system : m/s or ms™

In CGS system : cm/s or cms™

A commonly used unit of speed is km/h or kmh'™

Speed is a scalar quantity, because it has magnitude but no direction. Speed is always taken positive.

Average speed u
The average speed of the body in a given time interval is defined as the total distance travelled, divided by total

time taken.

Total distance travelled

Average speed = Total time taken

Instantaneous Speedu

The speed of a body at any particular instant of time during its motion is called the instantaneous speed of the body.
It is measured by speedometer-in vehicles.

Uniform of Constant Speed u

When a body covers equal distancesin equal intervals of time, the body is to be moving with a uniform speed or
constant speed.

Ex. : (i) A train running with a speed of 120 km/h.

(1) An aeroplane flying with a speed of 600 km/h.

Non Uniform or Variable Speed u

When a body covers unequal distances in equal intervals of time, the body is said to be moving with non-uniform
speed or variable speed

Ex. : (1) A car running on a busy road.

(i) An aeroplane landing on a runway.
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VELOCITY

The velocity of a body is the displacement covered by a body per unit time. The rate of change of displacement is

: y-axis (vertical direction)
called velocity. i
X-axis
- + (Horizontal direction)
Figure : Sign convention for velocity
) Displacement
Velocity = —Ispracement

Time
Velocity is a vector quantity and its direction is in the direction of the displacement of vector.
It can be positive, negative or zero (see fig.)
Unit
In SI system : m/s or ms™

In CGS system : cm/s or cms™
Average Velocityu

Total displacement of a particle divided by total time taken is called average velocity.

Total displacement CE X

Average velocity = "1 1N taken "t

x, = Final position of particle ; x, = Initial position of particle

t—t = Time interval

Focus Point

(a) Average speed is always greater than or equal to magnitude of average velocity.
(b) Average speed is equal to average velocity when particle moves in a straight line without change in

direction.

Instantaneous Velocity n

The velocity ofa body at any particular instant of time during its motion is called the instantaneous velocity of the body.
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Uniform or Constant Velocityu
(iii) Uniform or Constant Velocity
When a body covers equal displacements in equal intervals of time in a particular direction. The body is said to be

moving with a uniform velocity (see fig.)

A B C D .
—————¢—e——e—>motion
& 5m —>%— 5m —>i<— 5Sm—>}

e 1s k- 15 Sie— 15 i

Figure : Body moving with uniform velocity
Conditions for Uniform Velocity

(1) The body must cover equal displacements in equal intervals of time.
(11) The direction of motion of the body should not change.

Non Uniform or Variable Velocity n
(iv) Non Uniform or Variable Velocity

(a) When a body covers unequal dispacements in equal intervals of time, the body is said to be moving with
A B C D

variable velocity (see fig.) & % & —>
<— Sm " 3m: ‘;’ Tm > motion
<— 1s \ 1s \ 1s \

Figure : Body moving with non-uniform velocity
(b) When a body covers equal distances in equal intervals of time, but its direction changes, then the body is said
to be moving with variable velocity.
Ex : (1) In circular motion, a particle may have constant speed but its direction changes continuously thus, its
velocity is non-uniform (see fig:)

Sm Sm

C
Figure : Body moving with variable velocity

(i1) A car running towards north on a busy road has a variable velocity as the displacement covered by it per unit
time changes with change in the road condition.

(1i1) The blades of a rotating ceiling fan, a person running around a circular track with constant speed etc. are the
examples of variable velocity.

Conditions for Variable Velocity
(1) It should cover unequal displacement in equal intervals of time.

(1) It should cover equal distances in equal intervals of time but its direction must change.
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COMPARISON BETWEEN SPEED AND VELOCITY

S.No.[SPEED VELOCITY
. . It is defined as the rate of ch f
1 [Itis defined as the rate of change of distance .IS chined as fietafe of change o
displacement
2 |Itis a scalar quantity It is a vector quantity
3 |Itis always positive It can be negative, positive or zero.
4 |Speed is velocity without direction Veloctty is directed speed.
5 |Speed in SI unit is measured in ms—1 Velocity in SI unit is measured in ms "
. . . It is rate of ch fposition of
6 |Itis rate of change of position of an object o Sy enee ot POSLIGCERED
object in a specific direction.
distance travelled . displacement
7 |[Speed= , Velocity = P :
time time
8 |For moving body, it will never be zero It may be zero.
[ ACCELERATION

Mostly the velocity of a moving object changes either in magnitude or in direction or in both when the object

moves. The body is then said to have acceleration. So it is the rate of change of velocity i.e. change in velocity in

unit time is said to be acceleration.

Acceleration=

Change in velocity

Time taken for change

But change in velocity = final veloeity —initial velocity.

Final velocity(v)— Inifial. velocity(u)

Acceleration = Time taken for change

v—u

a=
t

Acceleration is a vector quantity and its direction is in the direction of change in velocity.

It can be negative, positive or zero

Unit :

In SI system : m/sec” or ms

In CGS system : cm/sec” or cms

Chapter-1
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S MATRIX I Class—9 [Physics] .

When a body moves in a straight line without reversing its direction, then using above equation

(1) If v > u, a is positive.

= If final velocity is greater than initial velocity, 1.e. if the velocity increases with time, the value of acceleration is
positive.

(i) If v < u, a is negative.

= Iffinal velocity is less than initial velocity, i.e. if the velocity decreases with time, the value of acceleration is
negative. Negative acceleration is called retardation or deceleration.

(i) Ifv=u,a=0,

= If'the final velocity is equal to initial velocity 1.e. the body moves with uniform velocity, the value of acceleration

is zero.

Focus Point

s A y -
40kmh  80kmh  Okmh WO g §

\ ______
Change in speed Change in direction Change in both speed and direction
but not direction but not speed

Figure : Three ways to accelerate

UNIFORM OR CONSTANT ACCELERATION

Ifabody travels in a straight line and its velocity increases in equal amounts in equal intervals of time. Its motion is
known as uniformly accelerated motion.
E.g. : ~When a body moving in a straight line undergoes equal changes of velocity in equal intervals of time, the
body is said to be moving with a uniform acceleration. Also, uniform acceleration means an acceleration having a
constant magnitude and a constant direction (see fig.)

A B C D

! motion
< 1s D& Is >i¢ 1s —> otio

Z;n/s 4I:II/S 6I:II/S 811:1/5

Figure : Uniformly accelerating body
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(1) Motion of a ball rolling down on an inclined plane.
(1)) Motion of a freely falling body.

NON-UNIFORM OR VARIABLE ACCELERATION

If during motion of a body its velocity increases by unequal amounts in equal intervals of time, then its motion is

known as non uniform accelerated motion.

E.g. : — When a body undergoes unequal changes of velocity in equal intervals of time, the body is said to be

moving with non-uniform acceleration (see fig)

A B C D

. 8- & B- N,
v v v -

<—ls—><— Is —>§<—ls — gotion

2 ;n/s 5 r:n/s 11 :m/s 13 :m/s
Figure : Non-uniformly accelerating body
(1) The motion of a bus leaving or entering the bus stop.

(11) A car moving on a busy road has non-uniform acceleration

UNIFORM AND NON-UNIFORM MOTION

Type of Motion

{

Uniform motion Non-Uniform motion

l

Uniformly acceleration Non-Uniformly acceleration

Figure : Type of motion

UNIFORM MOTION

In uniform motion, the velocity remains constant with time. Thus, the change in velocity for any time interval is zero.

When a body covers equal distances in equal intervals of time, however small may be the time intervals, in a

particular direction, the body is said to describe a uniform motion.

Uniform Motion
Time (in second) 0 1 2 3 4 5 6
Distance covered (in metre) 0 10 20 30 40 50 60

= Uniform motion always takes place in a straight line.

Chapter-1 Motion Matrix : www.matrixedu.in
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Examples of uniform motion

(1) An aeroplane flying at a speed of 600 km/h along north.
(11) A train running at a speed of 120 km/h along east.

(iii) Light energy travelling at a speed of 3x10® m/s in vacuum.

NON-UNIFORM MOTION

In non-uniform motion, velocity changes with time. Thus, the change in velocity for any time interval has a non zero
value. When a body covers unequal distances in equal intervals of time, the body is said to be moving with a

non-uniform motion.

Non-Uniform Motion

Time (in second) 0 1 2 3 4

Distance covered (in metre) 0 1 4 9 16

= Any motion along a curved path is always non-uniform motiofi:Also, any motion in which particle changes its
direction is also non-uniform motion.

Examples of non-uniform motion :

(1) An aeroplane running on a runway before taking off.

(11) A freely falling stone under the action of gravity.

(iil) When the brakes are applied to a moving car.

(iv) A fan rotating with constant speed is also a non-uniform motion.

In non-uniform motion, a new physical quantity called ‘acceleration’ is used. The rate of change of velocity of a
moving body with time is called acceleration. So there are two type of non-uniform motion :

(1) Uniformly accelerated motion (i) Non-uniformly accelerated motion

FN GRAPHICAL REPRESENTATION OF MOTION

DISTANCE TIME GRAPH

A moving body changes its position continuously with time. The simplest way to describe the motion of a moving
body is to draw its distance-time graph.

The distance-time graphs of a body under the following three conditions are described below :

(A) Distance-time graph for a body at rest

(B) Distance-time graph for a body moving with a uniform speed

(C) Distance-time graph for a body moving with a non-uniform speed

Chapter-1 Motion Matrix: www.matrixedu.in | 14 |
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(A) Distance-time graph for a body at rest

304 Thebody isata
distance of 15m from
% 20 _;the reference point
2
2 10
A

Time(s) ——>

Figure : Distance time graph for a body at rest

The distance-time graph for abody at rest is a straight line parallel to the time axis.

(B) Distance-time graph for a body moving with a uniform speed :

When a body covers equal distances in equal intervals of time, it is said to have uniform speed.

S

P L e R
el Une Rty

Q i N
£ 20

B 10-emenes

10 2030 40 5
Time(s) —>

Figure : Distance-time graph for a body moving with a uniform speed

Graph shows that the distance travelled by a body moving with uniform speed is directly proportional to time.
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Focus Point

Speed from distance-time graph

Consider an object moving with a uniform speed. The distance-time graph is represented by a straight line as
shown in figure. We can calculate the speed of the object from the distance-time graph. As shown in figure,
we find that the distance covered till time t is d and till time t,itis d,. Thus, the object covers a distance of

d,—d, inthe time interval t ~t . The speed of the object is, therefore,

_ B z
t,—t, AC L2
_BC. . i ¥
The ratio AC S called the slope of the line. /
Thus, ifthe distance-time graph of an object is a straight line, t, t time
the speed of the object is equal to the slope of the straight line. Figure : Distance time graph

The slope of a line show us how steeply it is inclined to the horizontal axis (drawn from left to right). Ifthe line
is parallel to the horizontal axis, the slope is zero. As the line gets more and more inclined to this axis, its slope

increases. Thus, a more steeply inclined distance-time graph indicated greater speed.

(C) Distance-time graph for a body moving with a non-uniform speed :
A body moving with a non-uniform speed covers unequal distances in equal intervals of time. Therefore, the
distance-time graph of a body moving with a non-uniform speed is a curve.
The shape of'the distance-time graph for a body moving with non-uniform speed depends upon the way speed of
the body changes with time. Two typical cases are described below :
(i) When the speed increases with time : When the speed of a body increases with time, the distance
covered by it in one unit of time also increases with time. Therefore, the distance-time graph for a body

moving with an increasing non-uniform speed is a curve whose slope increases with time (figure).

D,
150f===nmmmmmnmmmmmmnnnnnn- e
T CJix" .
.................... #" Slope of D is greater
2100 7
E i 1 than that of B
L 60 prmmmememeceneaes FA
3 B/t
P 1) F—— A
8 V4
210 frmamm-s A i
2 RN
: I II 1 1

10 20 30 40 50
Time(s) —>
Figure : Distance time graph when speed increases with time
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(b) When the speed decreases with time : When the speed of abody decreases with time, the distance
covered by it in one unit of time also decreases with time. Therefore, the distance-time graph for a body

moving with a decreasing non-uniform speed is a curve whose slope decreases with time (figure).

_.
9 0
oS 8

W
W

Slope of A is greater
than that of B

Distance(m) —>
(O8]
<

T T T 1
10 20 30 40 50

Time(sec) —>

Figure : Distance time graph when speed decreases with time

DISPLACEMENT-TIME GRAPH

(A) Displacement-time graph for a body at rest :
The position of a body at rest remains unchanged with time. Let us.consider a body at a distance ‘d’ from a

reference point in a particular direction. Then from figure.

T d A B

|5

5

E d d

o

2

0 A’ B'
t . b
Time —>

Figure : Displacement-time graph for a body at rest
Graph shows that position of the body does not change w.r.t. time, so that body is said to be in rest.
Thus the velocity of a body at rest is zero.
(B) Displacement-time graph for a bedy moving with uniform velocity :
The displacement-time graph of a body moving with uniform (constant) velocity is a straight line inclined to the

time-axis at certain angle. T

0 1020304030
Time (s) —>
Figure : Displacement-time graph for a body moving with uniform velocity
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Focus Point

Velocity from displacement-time graph :

Consider an object moving with a uniform velocity. The displacement-time graph is represented by a straight
line as shown in figure. We can calculate the velocity of the object from the displacement-time graph. From
the graph shown in figure, we find that the displacement covered till time t is x and till time t, itis x,. Thus,

the object covers a displacement of x, — x, in the time interval t —t,. The velocity of the object is, therefore,

v=22TR BC g
t,—t, AC é
A
The ratio BC is called the slope of the line. 2 1
AC X A e
Thus, ifthe displacement -time graph of an object is a straight line, /
the velocity of the object is equal to the slope of the straight line.  t, fime

Figure : Displacement time graph

(C) Displacement-time graph for a body moving with increasing non uniform velocity :
(i) When the velocity increases with time : The displacement-time graph of a body moving with an increasing

non-uniform velocity is a curve (figure). Here the slope of'the curve increases with time. So, i.e.,

velocity at B> velocity at A

velocity at B > velocity at A

Displacement —>

Time —>
Figure : Displacement time graph when velocity increasing with time

Displacement-time graph for a body moving with decreasing non-uniform velocity.
(ii) When the velocity decreases with time : The displacemen-time graph of a body moving with a decreasing

non-uniform velocity is a curve (figure). Here, the slope of the curve decreases with time. So, the velocity of the
body decreases with time.

ie, velocity at B <velocity at A
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velocity at B < velocity at A

Displacement —>

0a

Time —>
Figure : Displacement time graph when velocity decreasing with time

Note : The slope of'a line show us how steeply it is inclined to the horizontal axis (drawn from left to right). Ifthe
line is parallel to the horizontal axis, the slope is zero. As the line gets more and more inclined to this axis, its slope

increases. Thus, a more steeply inclined displacement -time graph indicated greater velocity.

SPEED-TIME GRAPH

(A) Speed-time graph for a body moving with constant speed :

] ] ] ]
I I I r -

6 8 10
Time in s

2 4

Figure : Speed time graph for constant speed
Figure shows that for any time, the speed has the same value (10 cm/s). Thus it represents an object moving with
a constant speed. Whenever an object moves with a constant speed, its speed-time graph is a straight line, parallel

to the time-axis.
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Focus Point

Distance from speed-time graph : g

Suppose an object is moving with auniform speed v. v D C

The distance covered by this object during a time interval

ttotiss=v(t,—t).

Figure shows the speed-time graph. tf tzB .
We have AD=BC=vandAB=t -t Figure : Speed time graph

Thus the distance coverediss=v (t,—t ) =AD . AB

= area of the rectangle ABCD.

The method for finding the distance covered in a time interval t, to t, using a speed-time graph is as follows.
Draw perpendicular lines to be the time-axis at the points A and B corresponding to t, to t,. The area
enclosed by these perpendicular lines, the time-axis and the speed-time graph is equal to the distance

covered in the time interval ttot,

(B) Speed-time graph for a body moving with non uniform speed

(i) Speed-time graph for a body moving with increases speed at constant rate :

|
|
|
!
5 10
Time in sec
Figure : Speed-time graph with increasing speed at constant rate
Figure shows that the speed continuously increases with time. At time t = 0, the speed is zero. Att=10s, it

becomes 10 m/s. The straight-line nature of the graph indicates that the speed increases at a constant rate.
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(ii) Speed-time graph for a body moving with decrease speed at constant rate :
4

—
()

speed in m/s
7

5 0
Time in sec
Figure : Speed-time graph with decreasing speed at constant rate
Figure shows that the speed is 10 m/s at t = 0 and gradually decreases as time passes. Thus it represents a
decelerating object. Here also the speed changes at constant rate. Att = 10s, the speed become zero.
Note : The method to calculate distance from speed-time graph for object moves with uniform speed is
equally applicable for object moves with nonuniform speed. so wecan say the distance covered by the body

is shown by the area under speed-time graph

Example

Find the distance covered by a particle during the time interval t = 0 to t = 20s for which the speed-time

graph is shown in figure. .
520
g
151
B
(oY
N 10+
5 b
| | | |
| I | I
5 10 15 20 25
Time in seconds
Figure : Speed time graph
Solution :

The distance covered in the time interval O to 20 s is equal to the area of the shaded triangle. It is
1 :
5 x base x height

= %X(ZOS)X(ZOm/ s) =200m
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¥ VELOCITY-TIME GRAPH

Suppose an object moves along a straight line in a fixed direction. That means the object does not turn around
during its motion. Taking the direction of motion as the positive direction, the velocity of the object is given by the

same value as its speed. Thus the speed - time graph for such an object is also its velocity - time graph.

(A) Velocity time graph for a body moving with constant velocity : %‘
Q
If a graph s plotted taking the velocity of an object moving along E
a straight line on the vertical axis and time on the horizontal axis, v A B
we get a velocity-time graph.
If'the particle moves with a constant velocity v, the velocity-time graph E
will be stratight line parallel to the time-axis, as shown in figure. 0 tC Hime
The displacements in time t is given by Figure : Velocity time graph for constant velocity

s=vt=0A.0C
= area of the rectangle OABC, which is the area under the graph

So, the area under the velocity-time graph of an object gives its displacement.

(B) Velocity-time graph for body moving with nonuniform velocity :

(i) Velocity-time graph for a body moving with increases velocity at constant rate

Aballis dropped from a height is example of body moving with increasing velocity at constant rate. We take the
downward direction as positive. As the ball falls, its velocity increases. The velocity of the ball at different instants
are given in Table - 1. The velocity versus time graph is shown in figure.

Table 1 : Velocity of the falling ball at different instants :

Time in s Velocity in m/s g A
6T
0 0 > T
251
0.1 1 =T
24t
0.2 2 T
34
0.3 3 T
2__
0.4 4 T
1__
0.5 S oL L 1 1 1 ¢B
0.6 p 00 01 02 03 04 05 0.6 Time(s)

Figure : Velocity-time graph for increasing velocity at constant rate
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What is the displacement of'the ball in the time interval 0 to 0.6s ? It is equal to the area under the velocity - times

graph fromt=0tot=0.6s. This area is in the shape of a triangle. The area is

1 1
2% base x height = > (OB) x (AB)

1
=5 (0.6s) x (6 m/s)=1.8 m

The ball has fallen through 1.8 min 0.6 s.

(ii) Velocity-time graph for a body moving with decreases velocity at constant rate

Aballis thrown upwards is example of body moving with decreasing velocity at constant rate. We take the upward
direction as the positive direction. The velocity decreases as the ball goes up. Table 2 gives the velocity of the ball
at different instants.

Table 2 : Velocity of the rising ball at different instants :

Time in s Velocity in m/s :;/
0 10 ?
=
0.2 8 =
0.4 6
0.6 4
0.8 2
1.0 0 O[0 02 04 06 08 10 12 Time(s)

Figure : Velocity-time graph for decreasing velocity at constant rate
Figure shows the velocity - time graph. The plotted points fall on a straight line, AB . Att= 1.0 s, the velocity
becomes zero. This means that the ball reaches the highest pointatt=1.0s.
The displacement of the ball in the time interval O to 1sec. is area under the velocity time graph fromt =0 to

t=1 sec. The area under the graph is

1 1
=7 base x height = 5 (OB) x (OA)

1
=5 (1s) x (10m/s) =5 m

The ball has fallen through 5 min 1s.
NOTE : The area under the speed - time graph gives the distance covered. But for a particle moving in a fixed
direction, the distance covered in a time interval has the same value of its displacement in that time interval. So, the

area under the velocity-time graph of an object gives its displacement.
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Acceleration from velocity-time graphu

Suppose a particle moves with a uniform acceleration of 2 m/s* along a straight line. This means that the velocity
increases by 2 m/s in one second. Also suppose its speed at t =01s 10 m/s.

Let us plot the velocity-time graph for this situation, We first find the values of the velocity at certain instants. At
t =0, the velocity is 10 m/s, at t = 1s it will become 10 m/s + 2 m/s= 12 m/s, at t = 2s, it will become 12 m/s + 2

m/s =14 m/s, at t =3s, it will become 16 m/s and so on. These value are given in Table 3 and the velocity-time

graph is shown in figure.
Table - 3 :
Time in s Velocity in m/s ~20-
0 10 E 5.
Iy
1 12 2 10-
2 14 >
3 16
1 ] ] ] |
4 e 2 3 4 5
5 20 Time (s)

Figure : Velocity time graph
We see that the graph is a straight line. Whenever the acceleration is uniform the velocity-time graph is a straight
line. We will now show that the slope of the velocity-time graph of a particle moving along a straight line is as shown
in figure. The graph is a straight line. At time t , the velocity is v,, and at time t , it is v,. These values are represented
by the points A and B on the gtaph.
The acceleration of the object is
v,—v;, OE-OD DE BC

= = = = tan'®
t,—-t, OG-OF FG AC

were @ is the angle made by the graph with the time-axis.

E
Vz"‘ ____________ IB
I
& :
'3 D A N0
TO) Vlu- —————— [y e -:C
2 o
I I
| |
ol \F G
151 ' Time

Figure : Velocity time graph
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BC
As defined earlier, the ratio AC = tan O is called the slope of the line. Thus, we have the following :

The slope of the velocity-time graphs gives the acceleration for an object moving along a straight line.

n EQUATIONS FOR UNIFORMLY ACCELERATED MOTION BY GRAPHICAL METHOD

VELOCITY-TIME EQUATION

First Equation : For uniformly accelerated motion considered velocity-time graph.
v=u+at

It can be derived from v-t graph, as shown in figure

A%
From line PQ, the slope of the line = acceleration
2
_QR _SP 2
RP SQ D
S SP=v-u u
and RP=t :
v-u O t time
So a= < Figure : Velocity time graph
orv=utat
DISPLACEMENT-TIME EQUATION
Second Equation :
S — + l 2
=ut 5 at
It can also be derived from v-t graph as shown in figure.
From relation,
Distance covered = Area under v - t graph velocity
s =Area of trapezium OPQS v Q
= Area of rectangle OPRS + Area of triangle PQR
RQxPR -
=O0P x PR + 5 Putting values,
P T R
1 u t
s=uxt+5(v—u)xt (-+RQ=v-u&PR=0S =t) U il
O<—t—> Time
1
=uxt+ ) atxt ( v-u= at) Figure : Velocity time graph

1
or s=ut + — at?
2
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VELOCITY-DISPLACEMENT EQUATION

Third Equation :
vi=u’+2aS
From above graph
OP=u, SQ=v,0P+SQ=u+v velgeity
A\
PR
Or PR = Q_R = v—u
a a
S = Area of trapezium Pu¢ T R
ut
OP +SQ v L S
OPQS = T><PR O¢—t——> Time
On putting the values, Figure : Velocity time graph
_ 2 2
g_utv v-u_v'-u

2 a 2a
or v2 =y? +2as

¥ DISPLACEMENT OF PARTICLE IN NTH SECOND

Displacement travelled in n second = Displacement travelled in n sec. — Displacement travelled in (n—1) sec.

SO,  Sw=S,-S. ., i ()

:(un+%an2]—{u(n—l)+%a(n—l)2}

[Putting t =n and t = (n — 1) respectively in equation (1)]

1 1
=un+ Eanz—unJru— Ea(n2—2n+l)

a
We have, Sm=ut E(ZH_ 1)
| | R I I 1
=lun+—an” |-|un-u+—a(n"-2n+l)| =|un+—an” |[-|un—u+—an”—an+—a
2 2 2 2 2
— + — 2 + l 2+ l =u+ l
unt o anf-untu-Santan- Sa =utan- S a

a
S a=ut > (2n-1)

Chapter-1 Motion Matrix: www.matrixedu.in | 26 |



S MATRIX I Class—9 [Physics] .

Il CIRCULAR MOTION

If an object moves in a circular path with uniform speed, its motion is called uniform circular motion.

Figure : Uniform circular motion
A circular path can be made up of an indefinite number of small sides;-and a body moving along such a circular path
changes its direction of motion continuously.
Therefore, if you run on a circular track, you change your direction infinite times in one round. Four arbitrary points
on the circular path and the direction of motion ofthe body at these points are shown. Since the direction of motion

changes, circular motionis a case of accelerated motion.

[TB] UNIFORM CIRCULAR MOTION

A uniform circular motion is a motion in which speed remains constant but direction of velocity changes continu-
ously.

Examples of uniform circular motion

(1) An athlete running on a circular track with constant speed.

(11) Motion of tips of the second hand, minute hand and hour hand of'a wrist watch.

[TB] NON-UNIFORM CIRCULAR MOTION

A non uniform circular motion is a motion in which speed of the body changes with time on circular path.

Ex. An athlete running on a circular track with variable speed.

JIURICOMPARISON BETWEEN UNIFORM MOTION AND UNIFORM CIRCULAR MOTION

S.No. |Uniform Linear Motion Uniform Circular motion
1 |The direction of motion does not change. The direction of motion changes continuously
2 | The motion is non-accelerated The motion is accelerated.
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A car travels 30 km at a uniform speed of
40 km/h and the next 30 km at a uniform speed of
20 km/h. Find its average speed :

Total distance (d) =30 + 30 =60 km

Speed for the first 30 km (v ) = 40 km/h

To calculate : Average speed (v, )=?

Ans.

Total distance(d)
Total time(t)

Formula to be used :

Now in this problem we are not given the total time.
So our first step is to find out the total time from

the two speeds given to us by using the formula.

Time (t) =
(1) time (t,) in going from A ot B (in fig.)
= 30 = ﬁ =45min

40 4

(i) time (t) in going from B to C

0 . :
—% =1 hr 30 min = 90 min

Total timet =t +t, =45+ 90 =135 min
t—135h
or 0
60x60 80
V.= =—km/h
Hence, V., 135 3

sE.H
A train travels at 60 km/h for 0.52 hour, 30 km/h
for the next 0.24 hour and then 70 km/h for the
next 0.71 hour. What is the average speed of the
trip ?

Ans. Given :

First speed (v,) = 60 km/h

Time for this part of the trip (t ) =0.52 h

Second speed (v,) =30 km/h

Time for second part (t,) =0.24 h

Third speed (v,) =70 km/h

Time for third part (t,)=0.71h

To calculate : Average speed (v, )=?

Total distance(d)
Formula to beused : 701 ime taken (t)

Now in this case we are not given the total distance
travelled, so first of all we will find out the distance
covered during the three given intervals by using

the formula, distance = speed x time

156
(1) First part (d ) =v, xt, =60 x0.52= ?km

36
(ii) Second part (d,) = v,xt, =30 x 0.24 = ?km

497
(iif) Third part (d,) =V; xt; =70x0.71=——=km

Total distance (D) =d, +d, +d,

156 36 497
= —t —

+_ =
5 s 10 8.81 km
Total time (t) =t +t +t, =0.52+0.24 +0.71
=1.47h

V.= & =59.93km/h
1.47

av

SE.FJ

A ship is moving at a speed of 56 km/h. One second
later is is moving at 58 km/h. What is its
acceleration?

Ans. Given :

Initial speed (u) = 56 km/h

Final speed (v) = 58 km/h

i =1Is= h
Time taken (t) 60X 60

To calculate : Acceleration (a) =?

v—u

Formulatobeused : a=

a=23750  2900km/h?
60x 60

Chapter-1 Motion
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0N 4 |

Ans.

A particle starts from rest with uniform acceleration
a. Its velocity after n seconds is v. Find the
displacement of the particle in the last two seconds.
Asv=u+at

The velocity after n seconds is

\'%

The displacement of the body in the last two seconds

1 1
(Using S =ut + Eat2= Eatz, asu=0)

1 1
S,=S -S_,= Ean2_ Ea(n—Z)2
——a[nz—(n—Z)ﬂ
:—a[n2 n? 4+4n]
S, =2a(n-1)

o 2v(n-1)
From equation (i), S, = ——

sE.H

Chapter-1

This figure represents a displacement-time graph

of an object moving along a straight line.

/\é:

g o] [ S ET———, D

g 15+

2 B C

;; 104+

a8 5+

f VA S
246 8 10
—> Time(s)

(a) Describe the motion of the body during the 10s.
(b) How far did the object travel in the first 2s ?
(c) What was the velocity of the object during the
first2s?

(d) What was the velocity during the next 4 s ?
(e) What was it during the last 4 s ?

Ans.

(a) For part AB, the object moved with a uniform
velocity, for part BC, it was at rest and for part
CD, it again moved with some other uniform
velocity.
(b) In the first 2s, it covered 10m
(c) Since velocity is given by the slope of the
displacement-time graph, i.e.
Velocity = Disple‘lcement
Time

Velocity during the first 2s (along AB)

(10-0)
" @0

(d) Velocity during the next 4s (along BC)

=5m/s

(e) Velocity during the last 4 s (along CD)

= =M:2.5m/s

(10-6)

sE.d

Ans.

A body covers half of'its journey with speed a m/s
and the other half with speed b m/s. Calculate the
average speed of the body during the whole
journey.

Given :

Speed (u) =am/s

Speed (u,) =bm/s

To calculate : Average speed (v, ) = ?

Total distance

" Total time taken

Formula to beused : Vav

Suppose the total distance covered by the body is
2d, out of which (d) is covered with a speed (a)
and the other half (i.e., d) is covered with a speed
(b). Let us suppose (t,) and (t,) be the times taken
for the first and the second half respectively.

od gl
! aan > b

Motion
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11
Total time taken (t)=t, +t, =—+—=d [_ + _j Ans. _
a b E
2d 2d (11 B
Also,t +t, = —:d[_+_j £
e av a b 52 km/h
2 (a+b
Z v, \ab 34 km/h
v = 2ab m/s
:> av a + b O
sE.d
The two ends of a train moving with a constant For car 1,

acceleration pass a certain point with velocities u 5
and v. Find the velocity with which the middle point u=>52kmh=52x"2=14.4 m/s

of the train passes the same point.

v=0,t=5s
Ans. Using v? =u?+ 2as
For car2,
v? —u? —L
L=—— . (1) [ 5
2a Point—>—e u=34kmh'=34x"2 =944 m/s
L v?-u? 3
5T o, i) C———F—>v v=0,t=10s
solving equations (1) and (i1). Both the graphs are straight lines because the
V2 —u? v retardation is uniform.
2= —
v —u? L, Distance travelled by car 1 = Area of ABOM

:%x5x14.44:36.1m

2 Distance travelled by car 2 = Area of A AON

sE.f

_1 x10x9.44 =
A driver of a car travelling at 52 km h™ applies the ) 4% =472m

brak d lerat iformly in th it
rakes and accelerates uniformly in the opposite SE.E

direction. The car stops in 5s. Another driver going

) o For a particle moving along x-axis, velocity time
at the speed of 34 km h™' in another car applies his

his shown in figure. Find the di 11
brakes slowly and stops in 10 s. On the same graph graphis shown in figure. Find the distance travelled

paper, plot the speed versus time graph for the two and displacement of the particle ? Also find the
cars. Which of the two cars travelled farther after average velocity of the particle in interval 0 to 5

the brakes were applied ? second.
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Ans. For a particle moving along x-axis,

distance travelled by the particle = sum of areas

under v—t graph
Area of trapezium OABC + Area of ACDE

= %(3+1)4+%><2><2:8+2210m

Displacement of the particle

= area above t-axis — area below t-axis
1 1
:_(3+l)4——><2><2:8—2:6m
2 2

Average velocity =

Displacement _6 _, 5 /«C Y 2 s

time—interval 5

SE.

Interpret the distance-time graph

Ans. Oto A

When we get a straight line inclined to time axis in
a distance-time graph, it is case of constant speed.
The speed is the slope of the line.

Speed = oM 25
AtoB

When we get a straight line parallel to time axisin a
distance-time graph, the body is at rest

BtoC

It is a case of constant speed where

CQ o6m
Speed = Q 3s

SE.

A 100 mlong train crosses a bridge of length 200

=2ms!

m in 50 seconds with constant velocity. Find the

velocity.
Ans. Distance travelled by the train=BC + AB
= 100m + 200m
=300m

300
.. Velocity= —— =6m/s

50

i [\\V\\\

AT 100m

before crossing the bridge

AV sk

C<— 200m 100m —>

after crossing the bridge

v
R | R ... ,C
Wi
£ oT
35T
S
< 3+
Z B :
&) . S A .Q
it/
] IMINI [ IP ~
O 12345 6 Time(ins)
Chapter-1 Motion
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SE.

Ans.

What is wrong the following graph ?

N

Distance (in km)
T S T
T T 9
T T T

[\
T
T

16 Time (in h)

Distance-time graph for an object

(a) If we draw a perpendicular on the time-axis at
the point corresponding to 12 hours, it cuts the graph
at two points. One corresponds to 25 km and the
other corresponds to 87 km. Thus, according to
the graph, the distance travelled in 12 hours is 25
km as well as 87 km, which is not possible.

(b) The line CD represents time going in reverse

direction which is not possible.

SE.

Ans.

Chapter-1

A particle moving with aninitial velocity of 5.0 m/s
is subjected to a uniform accelerationof =2.5 m/s*.
Find the displacement in the next 4.0 s.

The displacement is
l 2
S=ut+—at
2

1

_ [S.OEJ><(4.Os)+5[—2.522j><(4.08)2

S S
=20m-20m=0m

So, after 4.0 s, the particle will be back at its initial
position. Note that the distance traversed is non
zero, as the particle moves in the forward direction

and then comes back to the initial position.

SE.

Ans.

What can you say about the nature of the motions
of the particles for which the velocity-time graphs

are given here

z z

8 A 8 4

§ § /\/\
O Time O Time

Fig. (a) Fig.(b)

In case of figure (a), as time passes, the velocity
decreases continuously. So the particle is slowing
dowr continuously. We see this type of motion when
we throw a ball up. The ball slows down
continuously-and its velocity becomes zero at the
highest point.

In case of figure (b), the velocity increases and
decreases alternately. As the velocity remains
positive throughout, the particle keeps moving in
the same direction. You have this type of motion
when a driver drives a car on a straight, busy road.
He has to slow down (brake) and speed up

(accelerate) alternately for a large part of the drive.

SE.

Ans.

A particle covers half of the total distance with
velocity v. On the remaining part, it moves with 2v
for one third of the time and with 3v for two third
of the time. What is the overall average velocity of
the particle ?

s/2
C D
/2
A——+5—+—=—1B

13 2113
s/2 S
ForAC,t, = — = —
v 2v

Motion
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S
12y
For CB i—2vx£+3vx£—m+@
orLB, 5 3 3 3 3
S_svt
2 3
=S x3=2x8vt
3(S
L= =
16\ v
<V >= 5 = 16v _EV
s, 3(S) (8+3) 11
74_7 _
2v 16\ v

SE.

A sound is heard 5 seconds later than the lightning
is seen in the sky on a rainy day. Find the distance
of'the location of lightning. Given speed of sound =
346 ms.

Here, t =35s

Speed, v=346 ms™!

Ans.

Distance =?

Using, distance = speed * time, we get
distance =346 ms ' x 5 3=1730 m

Thus, the distance of the location oflightning
=1730m

SE.

From the velocity-time graph. Find

=)

—10-

(1) Average acceleration
t=0tot=2s,t=0tot=4s,t=2tot=5s
(i1) Accelerationat t = 1s, 3s and 5Ss
(iii) Displacement in 12 seconds
(iv) Distance in 12 seconds
(v) Average velocity and average speed in 12
seconds
Ans. (1) Average acceleration is equal to the slope of the
line joining the two points on velocity-time graph.
0-2s 0-4 s 2s - 5s

E:Z.Sms’2
4

Time

—

10
<a> =

Sms~? —éms’2
3

(i1) Acceleration (or Instantaneous acceleration) is
the slope of the tangent on velocity time graph.
Time t=1s t=3s t=735s

10
Acceleration 7: S ms? 0 -5 ms?

1
.. Area of trapezium = 5 (sum of parallel sides) x h

(111) Displacement in 12 sec = (Area of trap. OABC)
— (Area of trap. CDEF)

:%(2+6)><10—%(2+6)><10

=40-40=0
.. Displacement in 12 sec. =0
(iv) Distance in 12 sec. = (Area of trap. OABC)

+ (Area of trap. CDEF)
=40+ 40 =80m

(v) Average velocity

_ Total displacement

Total time =0

Total distance 80 20

Average speed ~ Total time 12 3 s

Chapter-1
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SE.

Distance-time graph for the motion of a truck and
bus are shown in figure (a) and figure (b)
respectively. What can you say about the motion
of these vehicles and which of these vehicles is

moving fast ?

T sl T 7
8 Q
- — 2 5.
a1 a 1f-
0 I 2 3 0 2 3
Time — Time —>
(@) )

Ans. Since both truck and bus are travelling unequal
distances in equal intervals of time, therefore, the
motion of both the vehicles is non-uniform motion.
Slope of distance-time graph = Speed of an object.
Since slope of distance-time graph for the motion
of the bus is greater than the slope of distance-time
graph for the motion of the truck, therefore, bus is
moving faster than the truck.

SE.

A car accelerates from rest a constant rate o for
sometime after which it decelerates at a constant
rate 3 to come to rest. If the total time elapsed ist
seconds. Find

(1) The maximum velocity acquired by the car.

(i1) Average velocity

(1ii) Average speed.

Ans. (1) The velocity vs time graph will be

Vu o Vi ofit
e - My Moty =——
(i)t +t =tor o MG+ B
VA
2V P _
<—t—K—t—> i
ooy T 1
(ii1) Displacement = Area = EtVM
Average velocity
! t
_ Total displacement _ Area _ 5 Y _Vu
Total time time t 2
<v>= M apt
2 2(a+p)
SE. pAl

A car starts moving with accelerationa=5m s,
then moves uniformly for some time and then
decelerates at a = —5 m s and comes to a stop.
The total time of motion is 25 s. The average
velocity is equal to 20 m s™'. Find the time for which
the car moves with acceleration, retardation and
uniformly.

Ans. Velocity vs time graph for the given data will be

VA

Stgeee B C

A D >t
P N P t.i ....... >letd 7

Chapter-1 Motion

(=]



S MATRIX I Class—9 [Physics] .

AB = Acceleration, say the time for accelerationist
BC = Uniform motion, say the time for uniformist,

CD = Deceleration, time for deceleration motion

Space for Notes :

willbet | TTTTTTTTTTTTT oo T T m e T e

(Time of deceleration will be same as that of | - ==-=-=-==-=-=-=-=-==-=--==----------------

acceleration) | oo
20+t,=25 | e e

Area under the velocity vs time curve =

Displacement

= %x5t><t+(25—2t)><5t+%><5t><t:Disp. """""""""""""""""

1 1
= 5 5t2+ 125t 10t2 + > 5t?=Displacement | ~- """ """ ---T------------------o-

= 5t*— 10t* + 125t = Displacement

. Displacement = 125t —5t> = | == === odERs- - - m s s mmm - mmmmmm -

Average velocity =

125t - 5¢°
=20= ————

Total displacement | === ----SSSSs--"------------------
Total time N

A . 092 U b il el
=>52-125t+500=0 " 0 U | ds e
s t=5s(t # 20since total timeis258) | m - - s e e e e e e oo
t=25-2t= 15s. A | oo

.t =15sec.
-. Car moves with acceléeration, for 5 sec.
-. Car moves with retardation, for’5 sec.

. Car moves uniformly for 15 sec.

Chapter-1 Motion Matrix: www.matrixedu.in
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ONLY ONE CORRECT TYPE

1.

Chapter-1

An object is said to be at rest if'its ......... does not
change with time :

(A) Position

(B) Size

(C) Colour

(D) Material

Which of'these is an example of oscillatory motion ?
(A) Motion of an electric fan

(B) Motion of a spinning top

(C) Motion of pendulum of a wall clock

(D) Motion of a stone dropped from a roof
Which of the following is not a vector quantity ?
(A) Retardation

(B) Acceleration due to gravity

(C) Average speed

(D) Displacement

In which of the following cases of motion, the
distance moved and the magnitude of displacement
are equal :

(A) If the car is moving on straight road

(B) Ifthe car is moving in circular path

(C) The pendulum is moving to-and fro

(D) The earth is revolving around the sun

The numberical ratio of displacement to distance for
a moving object is :

(A) Always less than 1

(B) Always equal to 1

(C) Always more than 1

(D) Equal or less than 1

A particle is moving in a circular path of radius r.
The displacement after halfa circle would be :

(A) Zero B)rnr

O2r D)2rnr

7.

10.

11.

Abody goes from A to B with a velocity of 20 m/s
and comes back from B to A with a velocity of

30 m/s. The average velocity of the body during the

whole journey is :

(A) zero (B) 25 m/s
(C)24 m/s (D) none ofthese
The CGS unit of acceleration s :

(A) cm/s (B) cm/min

(C) cm/s? (D) cm/min?

A body is thrown vertically upward with velocity (u).
The greatest height h to which it will rise is :

(A)u/g (B)ui/2g

(C)ug (D)u/2g

If the displacement of an object is proportional to
square of time, 'then the object moves with :

(A) Uniform velocity

(B) Uniform acceleration

(C) Increasing acceleration

(D) Decreasing acceleration

Four cars A, B, C and D are moving on a levelled
road. Their distance versus time graphs are shown

in figure. Choose the correct statement :

C
D

A
B

(m) —>

Distance

Tims(s) —>

(A) Car Ais faster than car D
(B) Car B is the slowest
(C) CarD is faster than car C
(D) Car Cis the slowest

Motion
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12.

13.

14.

1S.

Chapter-1

Which of the following figures represents uniform

motion of a moving object correctly :

/ ®)

Tims(s) =>

/ D)

Tims(s) =>

Distance
(m) —>

Distance
(m) —>

(A)

Tims(s) =>

Distance
(m) —>

Distance
(m) —>

(©)

Tims(s) —=>

From the given v-t graph, it can be inferred that the

object is :

'\t_

t—>

(A) inuniform motion

(B) at rest

(C) in non-uniform motion

(D) moving with uniform acceleration

A particle is travelling with a constant speed. This
means :

(A) Its position remains constant as time passes
(B) It covers equal distances in equal time intervals
(C) Its acceleration is zero

(D) It does not change its direction of motion

A particle moves with a uniform velocity

(A) The particle must be at rest.

(B) The particle moves along a curved path

(C) The particle moves along a circle

(D) The particle moves along a straight line

16.

17.

18.

19.

A quantity has a value of —6.0 m/s. It may be the :
(A) Speed of a particle

(B) velocity of a particle

(C) acceleration of a particle

(D) position of a particle

The velocity-time graph of a particle is not a straight
line. Its acceleration is :
(A) Zero

(C) Negative

The distance-time graph of an object moving in a

(B) Constant
(D) Variable

fixed direction is shown in figure

Distance

Time

The object

(A)isare rest

(B) moves with a constant velocity

(C) moves with a variable velocity

(D) moves with a constant acceleration

The distance-time graph of an object is shown in

figure.

Distance

Time

The object :

(A)isat rest

(B) moves with a constant speed
(C) moves with a constant velocity

(D) moves with a constant acceleration

Motion
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20.

21.

22.

23.

24.

The speed-time graph of an object moving in a fixed

direction is shown in figure

Speed

Time

The object :
(A)isat rest
(B) moves with a constant speed

(C) moves with a constant velocity

(D) moves with a constant acceleration

In circular motion the :

(A) direction of motion is fixed

(B) direction of motion changes continuously

(C) acceleration is zero

(D) velocity is constant

A 100 m long train crosses a bridge of length 200 m
in 50 seconds with constant velocity. Find the
velocity.

(A)3 m/s (B) 6 m/s

(C)9m/s (D) 12 m/s

Rahim, while driving to school, computes the average
speed for his trip to be 20%km h™'. On his return trip
along the same route, there is less traffic and the
average speed is 30 km h™'. What is the average
speed for Rahim’s trip ?

(A) 12 km/h (B) 24 km/h

(C) 36 km/h (D) 72 km/h

On a 100 km road, a car travels the first 50 km at a
uniform speed of 30 kmh™'. How fast must the car
travel for the next 50 km so as to have an average

speed of 45 kmh™ for the entire journey ?

25. The brakes applied to a car produce an acceleration

of 6 ms™ in the opposite direction to the motion.
If the car takes 2 s to stop after the application of

brakes, calculate the distance it travels during this

time.
(A)6m (B)12m
(C)18m (D)24m

PARAGRAPHTYPE

PARAGRAPH #1

26.

Distance travelled by an object in a given time is the
actual path length covered by an object in the given
time ;and displacement is the shortest distance
between the initial and final position of the object in
the given time: Speed is equal to distance/time and

velocity = displacement/time.

Change in velocity = final velocity — initial velocity.
A particle moves along a circle of radius R. It starts
from point A and moves in anticlockwise direction,
as shownin figure

The distance travelled and displacement of the

particle from Ato B s :

nR nR
(4) R (B) ——2R
(© TR (D) THV2R

(A) 45 km/h (B) 15 km/h
(C) 90 km/h (D) 30 km/h
Chapter-1 Motion
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27.

28.

The distance travelled and displacement of the

particle from Ato Cis :

nR
(A) 7,2R (B) 7R , 2R
nR wR
©) ERE) (D) 7R, =R
If T is the time period of uniform revolution of the

particle on the circle, then the speed of the object at
Bis:

27
(A) 57 (B) %
2R R
©) — D) 7
PARAGRAPH #2

Figure shows the speed-time graph of a bus.

Speed (km/h)
N o
o o

| [

N
=
|

10 20 30
Time (minutes)

31. What is the average speed in the entire journey ?

(A) 10 km/h
(C) 30 kmv/h

(B) 20 km/h
(D) 15 km/h

MATCH THE COLUMN TYPE

32. Match the situation given in List I with the possible

curves in List 11

Column I Column I1

Position

(a) Particle moving with  (p)
constant speed

time

Position

(b) Particle moving with (q)
increasing acceleration

(c) Particle moving with (1)

nstant negative acceleration -
constant neg Tme

Position
A

(d) Particle is stationary (s)

time

(A) a-q, b-r, c-p, d-s
(B) a-r, b-p, c-s, d-q
(C) a-p, b-q, c-r1, d-s
(D) a-s, b-r, c-q, d-p

29. What is the distance covered during its acceleration ?
10 5
(A) (B) ~hom
3 3
15 20
(C) — km (D) —km
3 3
30. What is the distance covered during its deceleration ?
20 5
(A) —km (B) Zhm
3 3
15 10
(C) —km (D) — km
3 3
Chapter-1 Motion
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33. ColumnlI

> <

(A) a-q, b-r, c-p, d-s
(B) a-r, b-p, ¢-s, d-q
(C) a-p, b-q, c-1, d-s
(D) a-s, b-q, c-1, d-p

Chapter-1

Column I1

Space for Notes :

(p) Motion withnon =~ | ============-==-c--c--c--o-----

uniform acceleration @ | = - - - - D D D D f f D f D D L L e f e DD DD -

(q) Uniform acceleration

(r) Constant retardation

(s)Motionofbody | =" "7ttt mmmmmmmmmmmm--ooo---o-
covering equal distances | - - - - - - - - - - oo oo oo oo

Motion Matrix: www.matrixedu.in



EXERCISE-11

I |

/

VERY SHORTANSWER TYPE

SHORTANSWER TYPE
1.

S.

The displacement of a moving object in a given interval
of'time is zero. Would the distance travelled by the
object also be zero ? Justify your answer.

A motorcyclist drives from A to B with a uniform
speed of 30 km h™' and returns with a speed of 20
km h™'. Find his average speed.

Give two examples each of uniform and nonuniform
acceleration.

The velocity-time graph given shows the motion of a
cyclist. Find (i) its acceleration (i) its velocity and
(ii1) the distance covered by the cyclistin 15 seconds.

S

) —>
[\
W
]
1

)]
&
=15+
(&1
e
2 10+
5__
—t——
5 10 15 20 2
Time(s) —>

Define uniform speed and velocity

LONGANSWER TYPE

1.

A stone is thrown vertically upward which takes time
‘t’ to reach the maximum heigh ‘h’. After next ‘t’
seconds it reaches the ground from the maximum
heigh. Draw (i) distance-time graph and
(i1) displacement time graph for the motion of the
stone.

A car is moving on a straight road with uniform
acceleration. The following table gives the speed of
the car at various instants of time :

Time (s) 0 10 20 30 40 50
Speed (m/s) 5 10 15 20 25 30
Draw the speed time graph choosing a convenient
scale. Determine from it (1) the acceleration of the
car (i) the distance travelled by the car in 50s.

1. Give an example of a motion in which distance is
covered

2. Isdisplacement independent of path ? Explain.

3. Two cars A and B have their s-t graph as shown.
Which one has greater velocity ?

A
IR
c% B
30°
time —

4.  What is the value of acceleration, if v-t graphis a
straight line parallel to the time axis ?

5. Name a physical quantity that (1) varies (i1) remains
same, in a uniform circular motion.

6. You are walking towards India Gate. Is India Gate
at rest with respect to you or is it moving with respect
to you ?

7. Which of the following are scalar quantities ?

(a) Mass (b) Displacement
(c) Speed (d) Velocity

8. What is the displacement of a satellite when it makes
a complete round along its circular path ?

9. A scooter moves 45 km on one litre of petrol. Ina
journey, the scooter used up one litre of petrol. Is it
necessary that the displacement of the scooter in the
journey is 45 km ? Is it possible that the displacement
is 45 km ?

10. Can the distance travelled by an object be smaller
than the magnitude of'its displacement ?

Chapter-1 Motion
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3. The following is the distance-time table of a moving
car.
Time(am)  Distance(km)
10.05 0
10.25 5
10.40 12
10.50 22
11.00 26 >
11.10 28
11.25 38
11.40 42
(a) Use a graph paper to plot the distance travelled
by the car versus the time.
1.
(b) When was the car travelling at the greatest speed
2.
(c) What is the average speed ofthe car ?
(d) What is the speed between 11.25 am and 3
11.40 am ? \
(e) During a part of the journey, the car was forced s
to slow down to 12 km/h. At what distance did this |
happen ?
S.
4. Study the speed time graph of a body shown in figure
and answer the following questions :
Y
T 1 1.
6 —
254 4 B
5 4 ; 2.
w2 2 :
T E b \c 3
o TtTTtTTrX 4
2 4 6 810121416 .
time (s) —> 5
Chapter-1 Motion Matrix :

(a) What type of motion is represented by OA ?
(b) What type of motion is represented by AB ?
(c) What type of motion is represented by BC ?

(d) Find out acceleration of the body.
(e) Find out retardation of the body.

(f) Find out the distance travelled by the body from
AtoB.

State which of the following situations are possible
and give an example for each of these : (a) an object
with a constant acceleration but with zero velocity
(b) an object moving in a certain direction with an

acceleration in the perpendicular direction.

TRUE /FALSE TYPE

Motion along a-curved line is called rectilinear motion.

A quantity which can be represented completely by

magnitude only is called a vector quantity.

A motion is said to be uniform if a body undergoes

equal displacements in equal interval of time.

Acceleration is defined as the rate of change of

velocity.

If A moves with respect to B then B moves with

respect to A.

FILL IN THE BLANKS

A body is said to be at rest if it does not change its

............. with respect to the surroundings.

Speed is the ratio of the ......... between two points

and time.
A vector quantity has magnitude as well as .........
Distanceisa........ quantity as it has no direction.

Displacementisa.......... quantity.

www.matrixedu.in
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NUMERICAL PROBLEMS

1.

Using following data, draw displacement-time graph

for a moving object.

Displacement (m)|0[2|4|4|4[ 6|4 2|0

Time (s) 0][2[4{6]8]10[12]14[16

Use the graph for find average velocity for first 4s,

for next 4s and for last 6s.

The odometer of a car reads 2000 km at the start of
a trip and 2400 km at the end of the trip. If the trip
took 8 h. calculate the average speed of the car in

km h'! and ms™.

The table below shows the speed of a moving vehicle

with respect to time :

Speed (m/s)|0]2]|4|6|8|10
Time (s) [0[1{2|3]4] 5

(1) Find the acceleration of the vehicle.

(11) Calculate the distance covered in above question

in 5 seconds.

A car moving along a straight highway with a speed
of 126 kmph and is brought t6 a stop within a distance
of 200m. What is the acceleration of the car and

how long does it take for the car to'stop ?

A particle is moving around in a circle of radius 1.5m

with a constant speed of 2 m/s. Find
(1) the centripetal acceleration

(11) angular velocity of the particle

Space for Notes :
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EXERCISE-I

1 2 3 6 7 8 9 10 11 12 13 14 15

C A C B B B A A B D
16 17 18 19 20 21 22 23 | 24 25 26 27 28 [ 29 30
B D B A D B B B C B D B C A D
31 32 33
B A D

=
9]

EXERCISE-1I

TRUE / FALSE

1.F 2.F 3.T 4. T 5.T

FILL IN THE BLANKS

1. Position 2. Distance 3. Direction 4. Scalar 5. Vector
NUMERICAL PROBLEMS

1. 1 m/s, 0 m/s and —1 m/s 2 50 km/hor 13.9 m/s
3. (1) 2 m/s* (i) 25 m 4. —3.06 ms, 11.43s
5. (1)2.67 m/s?, 1.33 rad/sec
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SELF PROGRESS ASSESSMENT FRAMEWORK
(CHAPTER : MOTION)

CONTENT

STATUS

DATE OF COMPLETION

SELF SIGNATURE

Theory

In-Text Examples

Solved Examples

NCERT Exercises

Exercise 1

Exercise 11

Short Note-1

Revision - 1

Revision - 2

Revision - 3

Remark

NOTES:

1. In the status, put “completed” only when you have thoroughly worked through this particular section.

2. Always remember to put down the date of completion correctly. It will help you in future at the time of revision.
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INTRODUCTION

When the position of a body does not change with time, we say that it is at rest. If abody moves in such a way that

its speed as well as its direction remains the same, it is said to move with a uniform velocity. Ifthe speed of a body
or its direction of motion changes, it is said to be accelerated. Thus, if a body at rest starts moving, it is accelerated.
Ifabody is moving and its speed increases or decreases, it is accelerated. Ifa body is moving and its direction
changes then also it is accelerated. How can a body at rest start moving ? How can the speed of'a moving body
increase or decrease ? How can the direction of a moving body change ? These three questions can be combined
into a single question. How can a body be accelerated ? The answer is : Abody can be accelerated by applying a

force onit. Let us now discuss what a force is.

FORCE

A pull or push which changes or tends to change the state of rest or of uniform motion or direction of motion of any

object is called force. Force is the interaction between the object and the source (providing the pull or push).
OR

A force can be defined as ‘a push or pull exerted on an object that can cause the object to speed up, slow down,

or change direction as it moves or it can change its shape and size’.

EFFECT OF FORCE

(1) A force can distort an object i.e. it can change the shape and size of an object.

(i) A force can start an object at rest i.e. it can move a stationary object.

(ii1) A force can stop a movingobject i.e. it can cause a moving object to come to rest.

(iv) A force can change the speed or the magnitude of velocity of an object i.e. it can increase or decrease the
speed of an object.

(v) Aforce can change the direction ofa moving object.

force exerted by
hand on ball

force exerted by Eforce exerted by
ﬁ hand on ball : / hand on ball

force exerted by
table on ball

Starting Stopping
dlstortmg
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hand on ball
changing the
direction of motion

folrlce gxent?dl})y force exerted by
and on ba hand on ball
speeding up slowing down

Figure : Effect of Force
BALANCED AND UNBALANCED FORCES

(a) Balanced Forces : If a number of forces acting on an object does not produce any change in its state of rest
or uniform motion or direction of motion then, they are called as balanced forces.

For example :

(1) A person holding briefcase in hand

(1) Abook resting on table

(1i1) Squeezing a lemon etc.

(b) Unbalanced Forces : If a number of forces acting on an object produce a change in its state of rest or uniform
motion or direction of motion, then they are termed as unbalanced forces.

For example :

(1) A briefcase released from a persons hand.

(i1) A stone dropped etc.

GALILEO’S EXPERIMENTS

(i) Experiment I : It was observed by Galileo that when a ball is rolled down on an inclined frictionless plane its

speed increases, whereas if it rolled up an inclined frictionless plane its speed decreases. If it is rolled on a horizon-
tal frictionless plane the result must be between the cases describe above i.e. the speed should remain constant. It

can be explain as :

v <v
Figure : Galileo’s experiments

moving down : speed increases ; moving up : speed decreases ; moving horizontal : speed remains constant
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(ii) Experiment II : When a ball is released on the inner surface of a smooth hemisphere, it will move to the other
side and reach the same height before coming to rest momentarily. If the hemisphere is replaced by a surface shown

in figure (b) in order to reach the same height the ball will have to move a larger distance

(a) (b) (©)

Figure : Galileo’s experiments
In the other side is made horizontal, the ball will never stop because it will never be able to reach the same height,it
means its speed will not decrease. It will have uniform velocity on the horizontal surface. Thus. if unbalanced forces
do not act on a body, the body will either remain at rest or will move with a uniform velocity. It will remain

unaccelerated.

NEWTON’S LAW OF MOTION

Newton built on Galileo’s ideas and laid the foundation of mechanics in terms of three laws of motion that go by his

name.

NEWTON’S FIRST LAW OF MOTION

According to Newton’s first law of motion “Every body remain in its state of rest or uniform motion in a straight line
unless it is compelled by some external force”.

Inertia : Inertia is ‘ the natural tendency of'an object or remain at rest or in motion at a constant speed along a
straight line’. In other words, ‘the tendency of an object to resist any attempt to change its velocity’ is called
inertia. The mass of an object is a quantitative measure of inertia. More the mass, more will be the inertia of an

object and vice-versa.

Inertia of an object can be of three types : (i) Inertia of rest (ii) Inertia of motion (iii) Inertia of direction

Inertia of restn

It is the tendency of an object to remain at rest. This means an object at rest remains at rest until a sufficiently large

external force is applied oniit.
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Examples of inertia of rest :

(1) When you are sitting in a stationary car, if the car starts suddenly 1.e., accelerates forward, you feel as if your
body is being pushed back against the seat, because your body which was initially at rest resists this change due to
inertia. The lower part of body comes in motion as it is in direct contact with the car floor, while the upper portion
still remains at rest due to inertia of rest (see figure). If the speed of car increases slowly, you will not feel a push or
ajerk because the inertia of motion will get transferred to the whole body.

(11)) When ablanket is given a sudden jerk, the dust particles fall off. This is because the blanket suddenly comes in

motion but the dust particles still remain at rest. As a result, the dust particles get separated from the blanket.

Motorist is being )
pushed backward

Direction
of motion

—)

Sudden start of a car

Figure : Example of inertia of rest

Inertia of motion u

It is the tendency of an object to remain in the state of uniform motion. This\means an object in uniform motion
continues to move uniformly until an external force is applied on it.

Examples of inertia of motion :

(1) When you are driving a car and you apply brakes to stop the car suddenly, you feel as if your body is being
pushed forward, because your body resists the decrease in speed. The lower part of body comes to rest as it is in
direct contact with the car floor, while the upper portion still remains in motion due to inertia of motion (see figure).
If you stop the car by decreasing its speed slowly, you will not feel a push or a jerk because the inertia of rest will

get transferred to the whole body.

Motorist is being
thrown forward

—-
=
- Direction of

retardation of car

e

Sudden stop of a car

Figure : Example of inertia of motion
(i1) A person jumping out of a moving train has the tendency to fall forward. This is because on jumping, his feet
come to rest as they touch the ground.. But his upper body continues to move forward due to inertia of motion (see
figure)
(1) An athlete runs for some distance quickly before taking along jump. As a result, he takes a longer jump due to

inerita of motion (see figure)
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Inertia of motion helps a long jumper
Figure : Example of inertia of motion
(iv) When you move a hammer with loose hammerhead in downward motion and suddenly stop it on a floor or a
wooden base, the hammerhead gets tightened. This is because the handle of the hammer suddenly comes to rest on
hitting the floor, while the hammerhead continues to move downward due to more inertia of motion, and hence gets
tightened (see figure). If you move the hammer slowly, the state of rest will get transferred to the hammerhead also,

thus, the hammerhead will not get tightened.

Figure : Tightening of hammerhead

Inertia of directionn

It is the tendency of an object to maintain its direction. This means an object moving in a particular direction
continues to move in that direction untilan external force is applied to change it.

Examples of inertia of direction :

(1) When your motorcar makes a sharpturn at a high speed, you tend to get thrown to one side. You tend to

continue in straight-line motion due to inertia of direction (see figure).

. Direction of
> N motion
\
\

Jy Driver tends to
continue in
straight line

Figure : Inertia of direction
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(11) When a wheel rotates at high speeds, the sand particles on the wheel fly tangentially along a straight line due to
inertia of direction (see figure)

Sand

particle
B

Vv
Sand Vu B
particle
A

Figure : Inertia of direction

MOMENTUM & NEWTON’S 2ND LAW OF MOTION

LINEAR MOMENTUM

Definition : Momentum of a particle may be defined as the quantity of motion possessed by it and it is measured
by the product of mass of the particle and its velocity

Momentum is a vector quantity and it is represented by p .

p=mv

Unit of momentum

(In C.GS. system) — p =mv — gram X cm/s = dyne X §

(InM.K.S. system) — p =mv — kg X m/s = Newton x s

NEWTON’S SECOND LAW OF MOTION

According to the second law of motion; “the rate of change of momentum of a body is directly proportional to the

applied force and takes place in the direction in which the force acts’.

. Ap
Mathematically, the force, F o 7

Where, Ap =change in momentum, t = time interval.

Mathematical formulation of second law of motion

Let an object of mass ‘m’ is moving along a straight line with an initial velocity ‘u’. It is uniformly accelerated to
velocity ‘v’ intime ‘t” by the application of a constant force F throughout the time t. The initial and final momentum
of object will be, p, = mu and p, = mv, respectively.

The change in momentum, Ap=p,—p, =mv-mu=m(v-u)

The force F is proportional to the rate of change of momentum, that is,
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P R )
t t
m (V — U.) . . .
or F=k e (1) where, k is a constant of proportionality.
] v— u)
Now, acceleration, a = e (2)

Fromeq. (1) & eq. (2), weget, F=kma.....(3)

The SI units of mass and acceleration are kg and m s respectively. The unit of force is so chosen that the value of
the constant ‘k’ becomes one.

That is, 1 unit of force =k x (1 kg) x (1 ms?)ork=1

Thus, the value of k becomes 1. Therefore, the eq. (3) reducesto, F=ma

F=ma

Unit of force

Slunit: Newton(N)

Since, F=ma

or IN=1kgx1ms?=1kgms™

-. C.G S.unit : Dyne

ldyne=1gcms™

1 N=1000gx 100 cm s*=10°gcm s? or 1 N= 10 dynes

IMPULSE OF FORCE

A large force acting for a short time to produce a finite change in momentum is called impulsive force.

The product of force and time is called impulse of force.

ie. Impulse = Force x Time

or Impulse = FAt

The S.I. unit of impulse is Newton-second (N-s) and the C.G.S. unit is dyne-second (dyne-s)
(a) Impulse and Momentum :

From Newton’s second law of motion

P, =P
At

Force, F= or FAt=p, -p,

ie,  Impulse=Change in momentum
This relation is called impulse equation or momentum-impulse theorem. It has an important application in our

everyday life.
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(b) Impulse from force-time graph
The important points of force time graph is Area under Force-time graph gives impulse. Impulse gives change in

momentum.

Force

Time

Figure : Impulse from force-time graph

APPLICATION OF IMPULSE

(i) Catching the ball by a cricketer : While catching a fast moving cricket ball, the player moves his hands
backward after catching the ball. By moving his hands, the cricketer increases the time. As a result he has to apply

a small force on the ball. In reaction, the ball also applies lesser force and the hands of the player are not injured.

Figure : Catching the ball by a cricketer
(ii) Jumping on a head of sand : If someone jumps from a height on a heap of sand then, his feet move inside the
sand very slowly. His momentum changes slowly requiring a lesser force of action from the sand hand the man is
not injured.
(iii) Jumping down of a passenger from a moving train or bus : A passenger sitting in amoving train or bus has
momentum. When he jumps down and stands on platform or road, his momentum becomes zero.
If he jumps down suddenly from the moving train or bus and tries to stand on his feet, his body will fall forward due
to inertia of motion. He will be injured.
He is advised to run over some distance on the platform or road along with (in direction of) the train or bus. This

will slow down his rate of change of momentum and lesser force will be involved.
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(iv) Springs in vehicles : The vehicles are fitted with springs to reduce the hardness of the shocks. When vehicles
move over anuneven road, they experience impulses exerted by the road. The springs increase the duration of
impulse and hence reduce the force.

(v) Springs in seats : The seats are also fitted with springs to reduce their hardness. When we sit on them all of
a sudden, the seat are compressed. The compression increases duration of our coming to rest on the seat. The
reaction force of seat becomes negligible.

(vi) Soft material packing : China and glass wares are packed with soft material when transported. They collide
during transportation but soft packing material slows down their rate of change of momentum. The force ofimpact
is reduced and the items are not broken.

(vii) Athletes : Athletes are advised to come to stop slowly after finishing a fast race. In general, all changes of
momentum must be brought slowly to involve lesser forces of action and reaction to avoid injury.

(viii) Impulse during an impact or collision : The impulsive force acting on the body produces a change in
momentum of the body on which it acts. We know Impulse, FAt =mv — mu, therefore the maximum force needed
to produce a given impulse depends upon time. If time is short, the force required in a given impulse is large and

vice-versa.

8 NEWTON’S 3RD LAW OF MOTION

The second law relates the external force on a body to its acceleration. What is the origin of the external force on
the body ? What agency provides the external force ? The simple answer is that the external force on a body
always arises due to some other body. When two object interact, two forces will always be involved. One force is
the action force and the other is the reaction force that means force always exist in pairs.

According to Newton’s third law, ‘whenever one body exerts a force on a second body, the second body exerts
an oppositely directed force of equal magnitude on the first body’.

In other words, ‘to every action, there is always an equal and opposite reaction’.

Demonstration :

(a) When a ball strikes a wall, the following happens :

f

action

ball

Figure : Newton’s 3rd law of motion

F ... = action force = force exerted by the ball on the wall

actior
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Figure : Newton’s 3rd law of motion

f

ball

reaction

F =reaction force = force exerted by the wall on the ball due to reaction force, the ball bounces back.

reaction

(b) Two similar spring balances A and B joined by hook as shown in the figure. The other end of'the spring balance

B is attached to a hook rigidly fixed in a rigid wall.

Spring Balance

N

&_ 0 10 2030 40 50

0 -

50 4030 20 10 O

20N
<
Action

20N
Reaction

Wall

Hook

Figure : Demonstration-Newton’s third law of motion

The other end of the spring balance A is pulled out to the left. Both balances show the same reading (20 N) for the

force. The pulled balance A exerts a force of 20N on the balance B. It acts as action, B pulls the balance A in

opposite direction with a force of 20N. This force is known as reaction.

We conclude that action-reaction forces are equal and opposite and act on two different bodies that means “No

Action is possible without Reaction™.

APPLICATION OF NEWTON’S THIRD LAW

(i) Swimming of a man : The man swims because he pushes water behind (action), water pushes mand forward

(reaction).

(ii) Walking of a man : Man pushes the earth behind from right foot (action). Earth pushes the man forward

(reaction). Then the man walks.

Man

Reaction

11777770 4777777777777777

Earth

Action

Figure : Walking man
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(iii) Flight of jet or rocket : The burnt gases are exhausted from behind with high speed giving the gases back-
ward momentum (action). The exhausted gases impart the jet or rocket a forward momentum (reaction). Then jet

or rocket moves.

(vi) Gun and bullet : Aloaded gun has a bullet inside it. When the gun’s trigger is pressed, the powder inside
cartage explodes. A force of action acts on the bullet and makes the light bullet come out of the barrel with a high
velocity. The heavy gun moves behind (recoils) with a small velocity due to force of reaction. This is also an

example of law of conservation of linear momentum.

(v) Man and boat : A man in a boat a river bank is at rest. To reach the bank, the man pushes the boat behind

(action), the boat pushes the man forward (reaction). Then man lands to the bank.

Figure : A man in boat

(vi) Hose pipe : Water rushes out of the hose pipe with a large velocity due to force of action of the compressor
from behind. The rushing out jet of water pushes the hose pipe behind due to force of reaction. Then pipe has to be
held tightly.

(vii) A nail cannot be fixed on a suspended wooden ball.
(viii) A paper cannot be cut by scissors of single blade.
(ix) A hanging piece of paper cannot be cut by blade.
(x) Writing on a hanging page is impossible.

(xi) Hitting on a piece of sponge does not produce reaction. You do not enjoy hitting.
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LAW OF CONSERVATION OF LINEAR MOMENTUM

By Newton’s second law, the rate of change of momentum is equal to the applied force.

Changein momentum

: =Force
time

Change in momentum=F x t

IfF =0 then,

Change in momentum =0

If'the force applied on the body is zero then its momentum will be conserved, this law is also applicable on the
system. Ifin a system the momentum ofthe objects present in the systemare P, P, P_........... and external force
on the systemis zero, then :

P +P +P +. ... = Constant

Note : If only internal forces are acting on the system then its linear momentum will be conserved.

LAW OF CONSERVATION OF LINEAR MOMENTUM BY THIRD LAW OF MOTION

Suppose A and B are two objects of masses m and m, are moving in the same direction with velocity u, and u,

respectively (u, >u,). Object A collides with object B and after time t both move in their original direction with

velocity v, and v, respectively. m, m,
O—u, O—>u
1 2

before collision (u; > u,)

The change in momentum of object A=m v —m u,

. Changein momentum
The forceonBby Ais F = :
time
m,v, —m,u
= . Nl (A)
The change in momentum of object B=myv, -m_u,
The force on Aby B is
F - Changein. momentum Oml - mOZ >V,
time after collision
p=ae Ml (B)

By Newtons third law, F =-F,

— my, —mu, - _ m,v, —m,u,
t t

] => myv,-mu =-myv, + m,u,
= mlul + m2u2: mIVI + m2V2

Initial momentum = Final momentum (p, .. =p; )
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APPLICATION ON CONSERVATION OF MOMENTUM

(i) Recoil of gun : Aloaded gun (rifle) having bullet inside it forming one system is initially at rest. The system has

zero initial momentum.

Figure : Recoil of Gun

When the trigger (T) is pressed, the bullet is fired due to internal force of explosion of powder in cartage inside.
The bullet moves forward with a high velocity and the gun move behind (recoils) with a lesser velocity.

Let the bullet and the gun have masses m and M respectively. Let the bullet move forward with velocity v and the
gun recoils with velocity V.

Then final momentum of the gun and bullet is MV + mv

By the law of conservation of momentum :

Initial momentum of the system = Final momentum of the system.

0=MV + v=-2
= mv or =M
. \ mv \ . mv
Hence the recoil velocity of gun = N and the velocity of the gunis=— 53

(ii) The working of a Rocket : The momentum of a rocket before it is fired is zero. When the rocket is fired,
gases are produced. These gases come out of the rear of the rocket with high speed. The direction of the momen-
tum of'the gases coming out of the rocket isin the downward direction. Thus, to conserve the momentum of the
systemi.e. (rocket + gases), the rocket moves upward with a momentum equal to the momentum of the gases. So,
the rocket continues to move upward as long as the gases are ejected out of the rocket. Thus a rocket works on

the basis of the law of conservation of momentum.
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A force of 10 N towards the east and an unknown
force F balance each other. Find the unknown
force.
Ans. Iftwo forces balance each other, they have to be
in the opposite directions and their magnitudes have
to be equal Thus, F has a magnitude 10 N and acts
towards the west.
SE.
A force produces an acceleration of 0.5 m/s*in a
body of mass 3.0 kg. If't he same force acts on a
body of mass 1.5 kg, what will be its acceleration?
Ans. The forceis
F=ma=(3.0kg) x (0.5m/s?*) =1.5N.
The acceleration produced in the 1.5 kg body is

_ISN
a —lskg U m/se.

SE.FJ

A force produces an acceleration of 5.0 cm/s* when
it acts on a body of mass 20 g/ Find the force in
newtons.

Ans. The forceis F =ma

20 5.0
= )= —k —m/s’
(20 g) x (5.0 cm/s?) [1000 gjx[ m Sj

1
= = =
lOOON 1.0 x 10~ N.

0N 4 |

A force produces an acceleration of 2.0 m/s*in a
body A and 5.0 m/s* in another body B. Find the
ratio of the mass of A to the mass of B.

Let the mass of the body Abe m, and that of the
body B be m_. We have to find m, /m_.

We have

Ans.

F=(m,) (2.0 m/s?)

and F=(m,) (5.0 m/s*).
Thus, (m,) (2.0 m/s*)=(m,) (5.0 m/s*)
or T >0 =2.5.

m 2.0

B

sE.H

A force acts on a particle of mass 200 g. The
velocity of the particle changes from 15 m/s to
25m/sin2.5 s. Assuming the force to be constant,
find its magnitude.
Ans. The acceleration of the particle is
Lo 0u (25m/s)—(15nv/' s)
t 2.5s

_NN e
—2.51’IlS— UV m/se.

The force isF=ma
= (200 g) x (4.0 m/s?)

(200
1000
sE.d

A bullet of mass 20 g moving with a speed of

j x (4.0 m/s?) = 0.8 N.

120 m/s hits a thick muddy wall and penetrates into
it. It takes 0.03 s to stop in the wall. Find (a) the
acceleration of the bullet in the wall, (b) the force
exerted by the wall on the bullet, (c) the force
exerted by the bullet on the wall, and (d) the
distance covered by the bullet in te wall.

(a) The velocity of the bullet as it hits the wall is
u =120 m/s. The velocity after 0.03 sisv =0. So,
using v =u + at,

0= (120 m/s) + a(0.03 s)

120
or a=—-———m/s>=—-4000 m/s>.
0.03

Ans.

Chapter-2 Force and Acceleration
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(b) The force exerted by the wall on the bullet is
F=ma
= (20 g) (~4000 m/s?)

[ 22 kg | (4000 m/s?) = 80 N
Toop 8 ) (4000 m/s?) =—80N.

The negative sign shows that the force by the wall
on the bullet is in a direction opposite to that of the
velocity.

(c) From Newton’s third law, the force exerted by
the bullet on the wall is also 80 N, in direction of
the velocity.

(d) The distance covered by the bullet in the wall is

1
s=ut+— at’
2

1
= (120 m/s) (0.03 s) + 5 (4000 m/s?) (0.0009 s?)
=36m-1.8m=18m.

SE.ld

Ans.

Chapter-2

A particle of mass 0.5 kg is kept at rest. A force of
2.0 N acts on it for 5.0 s. Find the distance moved
by the particle in (a) these 5.0 s, and (b) the next
50s.

(a) The acceleration of the particle is

_E_ZON_40 P
a=_ —O.Skg_ 0.m/s?

The distance moved by the particle'in5.0 sis

l 2
s=ut +—at
2

1
=0 +5 x (4.0 m/s?) x (5 s)* =50 m.

(b) The velocity at the end of the first 5.0 s is
v=utat=0+(4.0m/s?) x (5.0 s) =20 m/s.
After this, the force is withdrawn, and hence, the
particle moves with uniform velocity. The distance

moved in the next 5.0 s is,
s=ut=(20m/s) X (5.0 s) =100 m.

sE.f

Ans.

A force of 6.0 N produces an acceleration of
2.0 m/s* when it acts on a body A, and 3.0 m/s?
when it acts on another body B. If the bodies A
and B are tied together and a force of 5.0 N is
applied, what will be the acceleration ?

Suppose the mass of the body A is m, and that of
B is m_. From the question,

6.0 N =(m,) (2.0 m/s*)

6.0 N

or mA=m=3.Okg.

Similarly, 6.0 N = (m,_) (3.0 m/s*)

or m, =2.0kg.

When the bodies are tied together, the combined
mass is 3.0kg+2.0 kg =5.0 kg.

When a force of 5.0 N acts on it, the acceleration

is

0N 9|

Two carts A and B of mass 10 kg each are placed
on a horizontal track. They are joined tightly by a
light but strong rope C. A man holds the cart A and
pulls it towards the right with a force of 70 N. The
total force of friction by the track and the air on
each cart is 15 N, acting towards the left. Find (a)
the acceleration of the carts, and (b) the force

exerted by the rope on the cart B.

C

A B

Force and Acceleration
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Ans.

(a) Consider the cart A, the cart B and rope C
together as one body. The man exerts a force of
70 N towards the right on this combined body. The
total force of friction is 30 N towards the left. So,
the resultant force is (70 N—30 N =40 N) towards
the right. Using Newton’s second law, F = ma, we

get

a= F_AON_ 2 m/s*, towards the right.
m 20 kg

(b) Now, consider the cart B alone. It is also
accelerating towards the right with an acceleration
of 2 m/s?. The rope C pulls the cart B towards the
right with a force, say F,. The force of friction on B
is 15 N towards the left. So, the resultant force on
itis F, - 15 N towards the right.
Using F =ma,

F, - 15N=(10kg) 2 m/s’)=20 N
or F =35N.

Thus, the rope exerts a force of 35 N on the cart

B.
N 10

Ans.

A force of 12 N starts acting on a body kept at
rest. Find the momentum of the body at 1s, 2 s

and 5s after the force starts acting:

We have F= M.
t, -t
at t =0, the momentumis p, = 0. So, at a time t, its
value is given by
P, —P
F=o
or p,=p, T Ft=Ft

The momentumatt=1s1is
p,=Ft=(12N) x(1s)=12Ns.

att=2s,itis p,=(I12N) x(2s)=24 Ns.

att=5s,itis p,=(I12N) x(5s)=60 Ns.

N 11

Two toy cars A and B are moving towards each
other on a horizontal surface. The car A has mass
of 60 g and moves towards the right with a speed
of 60 cm/s. The car B has a mass of 100 g and
moves towards the left with a speed of 20 cm/s.
The two cars collide and get stuck to each other.
With what velocity will they move after the

collision?

PS5

Ans. Let us take the direction towards the right as the

positive direction. The linear monentum of A before
the collision is
p, = m v, =(60g) (60 cm/s) =3600 g cm/s,
and that of B 1s
p, = m,u, = (100 g) (=20 cm/s) = -2000 g cm/s.
The total momentum of A and B before the collision
is
p, +p, = (3600 -2000) g cm/s = 1600 g cm/s.
After the collision, the two cars get stuck to each
other and move together. Let the velocity just after
the collision be v. The total momentum of A and B
after the collision is
m,L +mu = (60 g)v+ (100 g)v=(160g)v.
As the total linear momentum is the same before
and after the collision,

1600 g cm/s = (160 g)v
or v =10 cm/s.
As v comes out to be positive, the cars move

together towards the right.
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ONLY ONE CORRECT TYPE

1.

Chapter-2

A field gun of mass 1.5 tonne fires a shell of mass 15
kg with a velocity of 150 m s™. Calculate the velocity
ofthe recoil of the gun :
(A) Ims™!

(C)3ms™!

One newton is equal to :
(A) 10° dyne (B) 10kgms™
(C) 10°dyne (D) 100 kg m s

Which of the following situations involves a

(B)1.5ms™!
(D) Sms™!

noncontact force ?

(A) Opening a drawer

(B) Kicking a ball

(C) Magnet pulling an iron piece

(D) Closing a door

Which of'the following statements is not correct for
an object moving along a straight path in an
accelerated motion ?

(A) Its speed keeps changing

(B) Its velocity always changes

(C) It always goes away from the earth

(D) A force is always acting onit:

If a constant force acts on a body initially-atrest, the
distance moved by the body in time ‘t? is;proportional

to:
1
(A) <

©r D)r

An object moving at constant velocity must

(B)t

(A) have a net force on it
(B) eventually stop due to gravity
(C) not have any force of gravity on it

(D) have zero net force on it

7.

10.

The block shown moves with constant velocity on a
horizontal surface. Two of the forces on it are shown.
A frictional force exerted by the surface is the only

other horizontal force on the block. The frictional

forceis:
3N 5N
< >
L1111 RRRRRARRRNRARRNNNY
(A)O

(B) 2N, leftward

(C) 2N, rightward

(D) slightly more than

The inertia of an object tends to cause the object :
(A) toincrease its speed

(B) to decrease its speed

(C) to resist any change in its state of motion

(D) to decelerate due to friction

A water tanker filled up to (2/3)rd of its height is
moving with a uniform speed. On sudden application
of the brake, the water in the tank would :

(A) move backward
(C) be unaffected
Aheavy ball is suspended as shown. A quick jerk on

(B) move forward

(D) rise upwards

the lower string will break that string but a slow pull
on the lower string will break the upper string. The

first result occurs because :

\upper string

‘\lower string

(A) the force is too small to move the ball
(B) action and reaction is operating

(C) the ball has inertia

(D) air friction holds the ball back

Force and Acceleration
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11.

12.

13.

14.

1S.

16.

Chapter-2

A passenger sitting in a train with his face in the
direction of the moving train, tosses a coin which
falls behind him. It means that motion of the train s :
(A) accelerated
(C) retarded

Abody P has mass 2m and velocity Sv. Another body

(B) uniform

(D) along circular tracks

Q has mass 8m and velocity 1.25 v. The ratio of
momentum of P qnd Q is :

(A)2:1 B)1:1

©)1:2 (D)3:2

Acceleration is always in the direction :

(A) of the displacement

(B) of the initial velocity

(C) of'the final velocity

(D) of the net force

A goalkeeper in a game of football pulls his hands
backwards after holding the ball shot at the goal.
This enables the goalkeeper to :

(A) exert larger force on the ball

(B) reduce the force exerted by the ball on hands
(C) increase the rate of change of momentum

(D) decrease the change in momentum

Equal forces F act on isolated bodiesA and B. The
mass of B is three times that of A. The magnitude of
the acceleration of Ais :

(A) three times that of B

(B) 1/3 that of B

(C) the same as B

(D) nine times that of B

Anunbalanced force acts on a body. The body :
(A) must remain at rest

(B) must move with uniform velocity

(C) must be accelerated

(D) must move along a circle

17

18.

19.

20.

21.

22.

. Ifabody is not accelerated :

(A) no force acts on it

(B) no unbalanced force acts on it

(C) the resultant force is not zero

(D) a single force acts on it

The force of friction between two bodies is :

(A) parallel to the contact surface

(B) perpendicular to the contact surface

(C) inclined at 30° to the contact surface

(D) inclined at 60° to the contact surface

Which of the following has the largest inertia ?

(A) A pin

(B) Aninkpot

(C) Your physics book

(D) Your body

When a bus starts suddenly, the passengers standing
on it lean backwards in the bus. This is an example
of :

(A) Newton’s first law

(B) Newton’s second law

(C) Newton’s third law

(D) None of Newton’s laws

If a constant force acts on a body initially kept at
rest, the distance moved by the body in time t is
proportional to :

(A)t (B)t*

(X% (D) t*

The principle of conservation of linear momentum
states that the linear momentum of a system :

(A) cannot be changed

(B) cannot remain constant

(C) can be changed only if internal forces act

(D) can be changed only if external forces act

Force and Acceleration
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23. Action-reaction forces :
(A) act onthe same body
(B) act on different bodies
(C) act along different lines
(D) act in the same direction

24. A block of mass 120 g moves with a speed of 6.0
m/s on frictionless horizontal surface towards another
block of mass 180 g kept at rest. They collide and
the first block stops. Find the speed of the other
block after the collision.
(A)2m/s (B)4m/s
(C) 6 m/s (D) 8 m/s

25. A cart of mass 50 kg is moving on a straight track
with a speed of 12 m/s. Amass of 10 kg is gently put
into the cart. What will be the velocity of the cart

after this ?
(A) 10 m/s (B) 20 m/s
(C)30m/s (D) 40 m/s

PARAGRAPHTYPE

PARAGRAPH#1
Figure shows the velocity-time graph for a particle

moving in a fixed direction.

@12
£
% sf
2 4l
1 1 1
1 2 3 Time (s)
26. Find the acceleration of the particle
(A) 2 m/s? (B) 4 m/s?
(C) 6 m/s? (D) 8 m/s?

27. Ifthe mass of the particle is 200 g, what is the force

acting onit ?

28. Find displacement of particle at t = 2s.

(A)4m (B)8m
(CO)12m (D)2m
PARAGRAPH #2

Your physics book has a mass of 400 g. It is kept on
a horizontal table. Taking g =10 m/s? find the force
(both magnitude and direction) exerted by :

29. The table on the physics book

(A) 2 Nupwards (B) 2 N downwards

(C) 4 N upwards (D) 4 N downwards
30. The physics book on the table

(A) 2 N upwards (B) 2 N downwards

(C) 4 N-upwards (D) 4 N downwards
31. The earth onthe physics book

(A) 2 N upwards (B) 2 N downwards

(C) 4 N upwards (D) 4 N downwards
32. ColumnI Column IT

(a) Momentum (p)ms™

(b) Impulse () kgms™

(c) Acceleration (r)kgm s

(d) Force (s) newton

(A) a-p,b-q,c-1,d-s
(C) a_rab_qa C_pa d'S

(B) a-s,b-r,c-p,d-q
(D) a-s,b-r,c-q,d-p

33. ColumnlI Column IT
(a) Dusting of acarpet  (p) Inertia of direction
(b) Vehicles are provided  (q) Inertia of motion
with mud guards
(c) Fan continues to (r) Measure of inertia

rotate after switching off
(d) Mass

(A) a-p,b-q,c-1,d-s

(C) a-r,b-q,c-p,d-s

(s) Inertia of rest
(B) a-s,b-r,c-p,d-q
(D) a_snb_pac_qad_r

(A)O.2N (B)0.4N
(C)0.6 N (D)0.8 N
Chapter-2 Force and Acceleration
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1. Onwhat factor does inertia of'a body depend ?

2.  What do you mean by recoil velocity of a gun ? 4.

3. Can you identify the action and reaction forces in
the case of an object falling under gravity ? Neglect
air resistance.

4. Ifaballis moving on a frictionless horizontal surface
and no forces are applied on it, will its speed
decrease, increase or remain constant ?

5. The earth attracts an apple with a force of 1.5 N. >
Taking this as an action force, how much is the
reaction force ? Who exerts this reaction force ? On
which body does this reaction force act ?

6. A coin falls towards the earth because the earth attracts
the coin. Does the coin also attract the earth ?

7. Canthe internal forces acting among the parts of a
system change the linear momentum of the system ? L.

8. How much force is needed to produce an
acceleration of 16 cm/s” in a body of mass 250 g ? | 2.

9. When a carpet is beaten with a stick, dust comes
out of'it. Explain

10. Why isit advised to tie any luggage kept on the roof
of'a bus with a rope ?

1. Two object m and m, are moving in the straight line,
approaching each other as shown. After collision | 3,
these objects stick together. What will be the velocity | 4
of the combined object after collision ?

m,=2kg m,=3kg
S5ms! > c 2ms!

2. Ahourse continues to apply a force in order to move S.
a horie cart with a constant speed. Explain why ?

Chapter-2 Force and Acceleration Matrix :

Is it possible to move in a curved path in the absence
of'a force ?

Two balls of the same size but of different materials,
rubber and iron, are kept on the smooth floor of a
moving train. The brakes are applied suddenly to stop
the train. Will the balls start rolling ? If so, in which
direction ? Will they move with the same speed ?
Give reason for your answer.

A truck of mass M is moved under a force F. If the
truck is then loaded with an object a force F. If the
truck is then loaded with an object of mass equal to
the massof the truck and the driving force is halved,

then how does the acceleration change ?

LONGANSWER TYPE

Define inertia. Explain the 3 kinds of inertia with
examples.

Prove mathematically, the principal of conservation
of linear momentum, using Newton’s third law of
motion. Two friends on roller-skates are standing Sm
apart facing each other. One of them throws a ball
of 2 kg towards the other, who catches it. How will
this activity affect the position of the two ? Explain
your answer.

What are the effects a set of forces can produce ?
When you pull your arms back while catching a
fast-moving cricket ball, the chances of hurting your
hand are low. Explain this on the basis of Newton’s
laws.

State Newton’s three laws of motion. Give one

example each to explain the first and the third laws.

www.matrixedu.in
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TRUE /FALSE TYPE

1.

Ifthere are many forces acting on an object, it must
have a non-zero net (unbalanced) force acting on it.
If the net external force on a body is zero, its
acceleration may not be zero.

Ifthe acceleration of an object is zero, it must be at
rest.

It’s possible to have motion in the absence of a force
Ifthe net force acting on an object is in the positive
x-direction, the object moves only in the positive

x-direction.

FILL IN THE BLANKS

NUMERICAL PROBLEMS

1.

Aloaded transport truck with a mass of 38000 kg is
travelling at 1.20 m/s. What wil be the velocity of a
1400 kg car if it has the same momentum ?

Reena is riding a motorised scooter along a straight
path. The combined mass of Reena and her scooter
is 80 kg. The frictional forces that are acting total to
45 N. What is the magnitude of the driving force
being provided by the motor if

(a) she is moving with a constant speed of 10 ms™ ?
(b) she is accelerating at 1.5 ms=?

A constant retarding force of 50 N is applied to a
body of mass 20 kg moving initially with a speed of
15 m s'. How long does the body take to stop ?
A constant force acting on a body of mass 3.0 kg
changes its speed from 2.0 m s to 3.5 m s in
25 s. The diréetion of motion of the body remains
unchanged. What is the magnitude and direction of
the force ?

The driver of a three-wheeler moving with a speed
of 36 km/h sees a child standing in the middle of the
road and brings his vehicle to rest in 4.0 s just in
time to save the cild. What is the average retarding
force on the vehicle ? The mass of the three-wheeler
18 400 kg and the mass of the driver is 65 kg.

1. The gravitational forceisa............... force

2. Ifno net force acts on an object, thenthe ........... of
the object remains unchanged.

3. When a boy tries to push a heavy box placed on a
rough surface, the box does not move because of an
opposing force called ...............

4. Ifthe net force on an object is zero, then the object
1Sin ..

5. Linear momentumis alwaysin the directionof ..........

Chapter-2 Force and Acceleration
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EXERCISE-I

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
A C C C D B C B C A B D B A
16 17 18 19 20 21 22 23 | 24 25 26 27 28 [ 29 30
C B A D A B D B B A B D B C D
31 32 33
D C D

EXERCISE-1I

VERY SHORTANSWER TYPE

5. I.5N 8. 0.04N

TRUE /FALSE

1. F 2 F 3. F 4. T 5. F
FILL IN THE BLANKS

1. Non contact force 2. Velocity 3. Friction 4. Equilibrium
5. Velocity

NUMERICAL PROBLEMS

1.32.57 m/s 2.(a) 45N (b) 165N 3. 65

4. 0.18N, direction of force is in'the direction of motion of the body
5.-1162.5N

Chapter-2 Force and Acceleration Matrix : www.matrixedu.in | 69 |
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SELF PROGRESS ASSESSMENT FRAMEWORK

(CHAPTER : FORCE AND ACCELERATION)

CONTENT

STATUS

DATE OF COMPLETION

SELF SIGNATURE

Theory

In-Text Examples

Solved Examples

NCERT Exercises

Exercise 1

Exercise 11

Short Note-1

Revision - 1

Revision - 2

Revision - 3

Remark

NOTES:

1. In the status, put “completed” only when you have thoroughly worked through this particular section.

2. Always remember to put down the date of completion correctly. It will help you in future at the time of revision.

Chapter-2

Force and Acceleration
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