Kinematics

STUDENT'S LEARNING OUTCOMES

After studying this unit, the students will be able to:

)

describe using examples how objects can be at
rest and in motion simultaneously.

identify different types of motion i.e. translator/,
(linear, random, and circular), rotatory and
vibratory motions and distinguish among them.

differentiate with examples between distance
and displacement, speed and velocity.

differentiate with examples between scalarand
vector quantities.

represent vector quantities by drawing.

define the terms speed, velocity and
acceleration.

plot and interpret distance-time graph and
speed-time graph.

determine and interpret the slope of distance-
time and speed-time graph.

determine from the shape of the graph, the
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This unit s bullt en

state of abody Force and Motion

i at rest « Science-IV
B This unit leads to:

ii. moving with constant speed Motion and force

fii. moving with variable speed.

- Physics-X
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» calculate the area under speed-time graph to
determine the distance travelled by the moving

Major Concepts

21 Rest and motion

2.2 Types of motion
(Translator!, rotatory,
vibratory)

2.3 Terms associated with
mation;
+  Position
*  Distance and

displacement

+ Speed and velocity
+ Acoalaration

2.4 Scalars and

veclors

2.5 Graphical analysis of

mation;
+  Distance-time graph

+  Speed-timegraph
2.6 Equationsof Motion;

body.

» derive equations of motion for a body moving
with uniform acceleration in a straight line
using graph.

» solve problems related to uniformly accelerated
mation using a ppropriate equations.

» solve problems related to freely falling
bodies using 10 ms” as the acceleration due to
gravity.

INVESTIGATION SKILLS:
The students will be able to:

» demonstrate various types of motion so as to
distinguish between translatory, rotatory and
vibratory motions,

» measurethe average speedof a 100 m sprinter.
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maotion;

»  Posilion + solve problems related to freely falling
=  Distance and . . 1 2 !
displacement bodies using 10 ms™ as the acceleration due to

+ Speed and velocity gravity.

+  Accaleration INVESTIGATION SKILLS:

2.4 Scalars and

T The students will be able to:
25 Graphical analysis of » demonstrate various types of motion so as to
mation; distinguish between translatory, rotatory and

. Dlsfanoe-'rhle graph

vibratory motions.
+  Speed-timegraph

S e T » measurethe average speedof a 100 m sprinter.

. S=ut SCIENCE, TECHNOLOGY AND SOCIETY
= CONNECTION:

. Y=V +at
s S=wi+lzaf The students will be able to:
o vV —v'=2as
2.7 Motion due to gravity » list the effects of wvarious means of

transportation and their safetyissues.

» the use of mathematical slopes (ramps) of
graphs or straight lines in real life applications.

~ interpret graph from newspaper, magazine
regarding cricket and weatheretc.

The first thing cencerning the motion of an object is
its kinematics. Kinematics is the study of motion of an
object without discussing the cause of motion. In this
unit, we will study the types of motion, scalar and vector
quantities, the relation between displacement, speed,
velocity and acceleration; linear motion and equations of

maotion.

Physics IX 29 Unit 2: Kinematics

21 RESTANDMOTION

We see various things around us. Some of them are at
restwhile others are in motion.

A body is said to be at rest, if it does notchange its position
with mspect to its surroundings.

Surroundings are the places in its neighbourhood where ™
various cbjects are present. Similarly,

A body is Isald to be in motion, if it changes its position w1ﬂ1| Figure 2.1: Tha passangars in
respectto itssurroundings. the bus are also maving with it.

The state of rest or motion of a body is relative.
For example, a passenger sitting in a moving bus is at rest
because hefshe is not changing his/her position with
respect to other passengers or objects in the bus. Butto anj,
observer outside the bus, the passengers and the objectst“ B
inside the bus are in motion.

22 TYPES OF MOTION

If we cbserve carefully, we will find that everything
in the universe is in motion. However, different objects Figure 2.: Acar and an aeroplane
move differently. Some objects move along a straight line, YN 3long a straight line are in

X ) inear motion.
some move in a curved path, and some move in some
otherway. There are three types of motion. -
() Translatory motion (linear, random and = /"\,
circular) il | L

T =

(i) Rotatory motion -
Figure 2.3: Translatory motion of
(iii) Vibratory motion  (to and fro motion) an objact along a curved path.

TRANSLATORY MOTION

Watch how wvarious objects are moving. Do they
move along a straight line? Do they move alonga circle? A
car moving in a straight line has translational motion.
Similarly, an aeroplane moving straight is in translational
motion.

In translational motion, a body moves along a line without
any rotation. The line may be straight or curved.

Figure 2.4: Translatory mation of
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22 TYPES OF MOTION

If we observe carefully, we will find that everything
in the universe is in motion. However, different objects Figure 2.: Acar and an aeroplane
move differently. Some objects move along a straight line, M2¥ind3long a straight line are in

* Inear maotion.
some move in a curved path, and some move in some
otherway. There are three types of motion. -
(I} Translatory motion (linear, random and oy -:\\--;
circular e i
) of A \.‘
(i) Rotatory motion
Figure 2.3: Translalory motion of
(i) Vibratory motion (to and fro motion) an object along a curved path,

TRANSLATORY MOTION

Watch how various objects are moving. Do they
move along a straight line? Do they move along a circle? A
car moving in a straight line has translational motion.
Similarly, an aeroplane moving straight is in translational
motion.

In translational motion, a body moves along a line without

any rotation. The line may be straight or curved. .

Figure 2.4: Translatory motion of
ridersin Ferris wheel.
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The object as shown in figure 2.3 moves
along a curved path without rotation. This is the
translational motion of the object. Riders maoving in
a Ferris wheel such as shown in figure 2.4 are also
in translational motion. Their motion is in a circle
without rotation. Translatory motions can be divided
into linear motion, circular motion and random
motion.

LINEAR MOTION

We come across many objects which are movingin a

Figure 2.5: Linear motion of the  giraight line. The motion of objects such as a carmoving on a
ball falling down.

straight andlevel madis linear motion.

Straight line motion of a body is known as its linear
maotion.

Aeroplanes flying straight in air and objects falling vertically
down are also the examples of linear motion.

, ‘> CIRCULAR MOTION
| Astone tied atthe end of a string can be made to whirl.

What type of path is followed by the stone? The stone as

Figure 2.6: A slone tied al the shown in figure 2.6, moves in a circle and thus has circular

and of a string moves in a circke.  motion.

The mation of an object in a circular path is known as
circular motion.

Figure 2.7 shows a toy train moving on a circular
track. A bicycle or a car moving along a circular track
possesses circular motion. Mation of the Earth around the
Sun and motion of the moon around the Earth are also the

Figure 2.7: Atoy train mowing examples of circular motions.
on a circular track.
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RANDOM MOTION

Hawve you noticed the type of motion of insects and
birds? Their movwements are imegular.

The disordered or irregular motion of an object is called|

random motion.

Thus, motion ofinsects and birds is random mation. The
motion of dustorsmoke particles inthe air is also randommotion.
The Brownian motion of agas or liguid molecules along a zig-zag
path such as shown in figure 2.8 is also an example of random
motion.

ROTATORY MOTION

Study the motion of a top. It is spinning about an axis.
Particles of the spinning top move in circles and thus individual
particles possess circular motion. Does the top possess circular
motion?

The top shown in figure 2.9 spins about its axis passing
through itand thus it possesses rotatory motion. An axis isaline
around which a body rotates. In circular motion, the point about
which a body goes around, is outside the body. In rotatory
motion, the line, around which a body moves about, is passing
through the body itself.

Can you spin a ball at the tip of the finger?

I'I'Iw spinning motion of a body about its axis is called its
rota

tory motion.

Canyoupointout some more differences incircular and
rotatory motion?

The motion of a wheel about its axis and that of a
steering wheel are the examples of rotatory motion. The motion
of the Earth around the Sun is circular motion and not the
spinning motion. However, the motion of the Earth about its
geographic axis that causes day and night is rotatory motion.
Think of some more examples of rotatory motion.

Figure 2.8: Random motion of gas
moleculas is called Brownian
mation.

Figure 2.9: Rolalory motion
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VIBERATORY MOTION

Consider a baby in a swing

Figure2.10: Vibratory
mation of a child and a

swing..

as shown in figure 2.10. As it is
pushed, the swing moves back
and forth about its mean position.
The motion of the baby repeats
from one extreme to the other
extreme with the swing.

Figure2.11: Vibratory
motion of the pendulum |To and fro motion of a bod

of a clock. about its mean position
known as vibratory motion.

Figure 2.11 shows to and fro motion of the
pendulum of a clock about its mean position, it is called
vibratory motion. We can find many examples of
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Figure2.10: Vibratory
maotion of a child and a
HWing..

Mini Exercise

1. When a body is said to be at
rest?

2. Give an example of a body
that is at rest and is in
motienat the same time.

3. Mantion the type of motion
in @ach of the following:

(i) A ball moving vertically
upward.

(i) A child mowing down a
slide.

(i) Movement of a player ina
football ground.

(i) Theflightof a butterfly.

(¥} An athlete running in a
circulartrack.

{wi) The motion of awhesal.
{wif) The motion of acradie.

VIERATORY MOTION

Consider a baby in a swing
as shown in figure 2.10. As it is
pushed, the swing moves back
and forth about its mean position.
The motion of the baby repeats
from one extreme to the other
extreme with the swing.

Figure2.11: Vibratary
motion of the pendulum | 7@ and fro motion of a bod

of a clock. about its mean position

known as vibratory motion.

Figure 2.11 shows to and fro motion of the
pendulum of a clock about its mean position, it is called
vibratory motion. We can find many examples of
vibratory motion around us. Look at the children in
a see-saw as shown in figure 2.12. How the children
move as they play the see.saw game? Do they
possess vibratory motion as they move the see.saw?

Figure 2.12: Vibratory mation of childrenina see-saw.

A baby in a cradle moving to and fro, to and fro
motion of the hammer of a ringing electric bell and the
motion ofthe string of a sitar are some of the examples of
vibratory motion.

Physics I1X
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23 SCALARS AND VECTORS

In Physics, we come across various quantities such
as mass, length, volume, density, speed and force etc. We
divide them into scalars and vectors.

SCALARS

A physical quantity which can be completely
described by its magnitude is called a scalar. The
magnitude of a quantity means its numerical value with an
appropriate unitsuch as 2.5kg, 40 s, 1.8 m, etc. Examples
of scalars are mass, length, time, speed, volume, work

and energy.

magnitude only.

A scalar quantity is described completely by its

VECTORS

A vector can be described completely
by magnitude alongwith its direction. Examples of vectors
are velocity, displacement, force, momentum, torque,
etc. It would be meaningless to describe vectors
without direction. For example, distance of a place from
reference point is insufficient to locate that place.
The direction of that place from reference point is also

necessary to locate it.

|.A. vector quantity is described completely hyl Y‘ H
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magritude OF a quUantity medans Its numencal value will an
appropriate unit such as 2.5kg, 40 s, 1.8m, etc. Examples
of scalars are mass, length, time, speed, volume, work
and energy.

A scalar quantity is described completely by its
magnitude only.

VECTORS

A vector can be described completely
by magnitude alongwith its direction. Examples of vectors
are velocity, displacement, force, moementum, torque,
elc. It would be meaningless to describe vectors
without direction. For example, distance of a place from
reference point is insufficient to locate that place.
The direction of that place from reference point is also
necessary to locate it.

A vector quantity is described completely by
magnitude and direction.

Consider a table as shown in figure 2.13 (a). Two
forces F, and F, are acting on it. Does it make any
difference if the two forces act in opposite direction such
as indicated infigure 2.13(b)?

Certainly the two situations differ from each other,
They differ due to the direction of the forces acting on the

table. Thus the description of a force would be incomplete ,E"'{:'J'lfd{‘h”a}h"’gfﬁﬁz R, e
@

if direction is not given. Similarly when we say, we are drection. (b) acting in opposite
walking at the rate of 3 kmh" towards north then we arg directions.
talking about a vector.

Physics IX 34 Unit 2: Kinematics

To differentiate a vector from a scalar quantity, we
generally use bold letters to representvector quantities, such
as F,a,dora bar or arrow over theirsymbols such asF, a, d or
F.a and d.

B Graphically, a vector can be represented by a line
segment with an arrow head, In figure 2,14, the line AB with
arrow head at B represents a vector V. The length of the line

v AB gives the magnitude of the vector V on a selected scale.
A While the direction of the line from Ate B gives the direction of

the vector V.,
Figure 2.14: Graphical
mprasentation of a vector V EXAMPLE 2.1

Represent a force of B0 N acting loward North of East,

SOLUTION

Slepl: Draw two lines perpendicular to each other,
Herizontal line represents East-West and vertical
line represents North-South direction as shown in

N figure 2.15.
W _.'_E Step2: Selecta suitable scale o represent the given vector.
In this case we may take a scale which represents
8 20 Nby 1cmline,
Scale: Tem = 20 N
North Stepd: Draw a line according to the scale in the direction of
Norih-East the vector. In this case, draw a line OAoflength 4 cm
A along North-East,
F= 80 Stepd:  Putan arow head at the end of the line. In this case
4 om arow head is at point A, Thus, the line OA will
represent a vector e, the force of B0 N acting
East owards North-East.

Figure 2,15: Representing 80N 2.4 TERMS ASSOCIATEDWITHMOTION
force acting North-East,

When dealing with motion, we come across
various terms such as the position of an object; the
distance covered by it, its speed and so on. Let us
explainsome of the terms used.

1] @) <



represent a yecdlor Le., e 1orce o ol N acling
towards North-East.

_P East
[+]

Figure 2,15: Representing 80 N
force acting Morth-East.

24 TERMS ASSOCIATEDWITHMOTION

When dealing with motion, we come across
various terms such as the position of an object; the
distance covered by it, its speed and so on. Let us
explainsome of the terms used.
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The term position describes the location of a place or a
point with respect to some reference point called origin. For
example, you want to describe the position of your school from
your home. Letthe school be represented by S and home by H.

The position of your school from your home will be represented
by a straight line HS in the direction from H to S as shown in
figure2.16.

—

Figure 2.16: Position of the school
Sfrom the homa H.

DISTANCE AND DISPLACEMENT

Figure2.17 shows a curved path. Let S be the length of
the curved path between two points Aand B on it. Then 5 is the
distance betweenpointsAand B.
Length of a path between two points is called the
distance between those points.

Figure 2.17: Distance S (dotted
ling) and displacement d {red lina)
from points Ato B.

Consider a body that moves from point A to point B
along the curved path. Join points Aand B by a straight line. The
straight line AB gives the distance which is the shortest
between Aand B. This shortest distance has magnitude d and
direction from point A to B. This shortest distance d in a
particular directionis called displacement. Itis a vector guantity
and is re presented by d.

Displacement is the shortest distance between two
points which has magnitude and direction.

DO YOU KNOW?
Which is the fastest
animal on the Earth?

SPEED AND VELOCITY

Whatinformation do we get by knowing the speed of a

maoving object?

Speed of an object is the rate at which itis moving. In
other words, the distance moved by an object in unit time is its
speed. This unittime may be asecond, anhour,a day ora year.

i

The distance covered by an object in unit time is called

itsspeed. Falcon canfly at a
speed of 200 kmh™
Physics IX 36 Unit 2: Kinematics
distance covered
Speed = —
P time taken
Distance = speed x time
or S = vt .. e (2.1)

Here S is the distance covered by the object, vis

L B B S P R i T B e e
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Cheetah can run &t a
speedof 70 kmh*',

DO YOU KNOW?

Amotorway speed camara

A LIDAR gun s light
datection and ranging speed
gun. It usas tha time taken by
lasar pulse to make a series of
measurements of a wehicl's
distancafrom the gun. Tha data
i& then used to calculate the
vahicla's spaad.

= distance covered
~ time taken
Distance = speed x time

Spead

or S = vt .. e (2.1)

Here S is the distance covered by the object, vis
its speed and tisthe timetaken byit. Distance is a scalar;
therefore, speed is also a scalar. Sl unit of speed is metre
per second (ms”).

UNIFORM SPEED

In equatien 2.1, vis the average speed of a body
duringtime f. It is because the speed of the body may be
changing during the time interval {. However, if the speed
of a body does not vary and has the same value then the
body is said to possess uniform speed.

A body has uniform speed if it covers equal
distances in equal intervals of time however

shortthe interval may be.

DO YOU KNOW?

A paratrooper  attaing a
uniform velocity called

terminal valocity with which

VELOCITY

The velocity tells us not only the speed of a body
but also the direction along which the body is moving.
Velocity of a body is a vector quantity. It is equal to the
displacement of abody in unit time.

The rate of displacement of a body is called its|

welooity.

displacement
Veloclty = =g cTaken
-4d
or v =3
d =t ..(2.2)

Here d is the displacement of the body moving
with velocity v in time t. SI unit of velocity is the same as
speedi.e., metre persecond (ms ).

UNIFORMVELOCITY

it comesto ground, In equation 2.2, v is the average velocity
of a body during time t. It is because the velocity of the
Physics 1X 37 Unit 2: Kinematics

body may be changing during the time interval t However, in
many cases the speed and direction of a body does notchange.
In such a case the body possesses uniform velocity. That is the
velocity of a body during any interval of time has the same

magnitude and direction. Thus

the interval may be.

A body has uniform velocity if it covers equal
displacement in equal intervals of time however short

EXAMPLE 2.2

A sprinter completes its 100 metre race in 12s. Find its

average speed.
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body may be changing during the time interval t. However, in
many cases the speed and direction of a body does notchange.
In such a case the body possesses uniform velocity. That is the
velocity of a body during any interval of time has the same

magnitude and direction. Thus

A body has uniform wvelocity if it covers equal
displacement in equal intervals of time however short
the interval may be.

EXAMPLE 2.2
A sprinter completes its 100 metre race in 12s. Find its
average speed.
SOLUTION
Total distance =100m
Total time taken = 12 5

Average speed =

Totaldistancemoved

Totaltime taken
100m

= 100m _ g 55 ms™

12s

Thus the speed of the sprinter is 8.33 ms™

EXAMPLE 2.3

A cyclist completes half round of a circular track of
radius 318 min 1.6 minutes. Find its spoed and veloaity.

Radius of track r
Time taken ¢

= 1min, 30 s = 90s

=318m / \
Iﬂ—2r

»g
Distance covered = n » radius
=314x318m =999 m
Displacement =2r
=2x318m = B36m
distance
speed =-—
time
= 28m _qiims”
90s
Physics IX 38 Unit 2: Kinematics
_ displacement
velocity = s taken
_ B36m = 7.07ms”
90s

Thus speed of the cyclist is 11.1 ms™" along the
track and its velocity is about 7.1 ms™ along the diameter
AB ofthetrack.

ACCELERATION

When does a body possess acceleration?

In many cases the velocity of a body changes due
to achange eitherinits magnitude or direction or both. The

USEFUL INFORMATION
Accalaration of a moving

is in the direction of
velocity if its wvelocity is
increasing. Acceleration of the
object is oppaosite to the direction

of velocitv if

its velocitv is

change inthe velocity of abody causes accelerationinit.

Acceleration is defined as the rate of change of
velocity of abody.

_ change in velocity

Acceleration
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displacement
time taken
_ B3Bm
T 90s
Thus speed of the cyclist is 11.1 ms™ along the
track and its velocity is about 7.1 ms™ along the diameter
AB of the track.

velocity

= 7.07ms

ACCELERATION
When does a body possess acceleration?

In many cases the velocity of a body changes due
to a change eitherinits magnitude or direction or both. The

USEFUL INFORMATION

Accelaration of a maoving
object is in the direction of
velocity if its wvelocity is
increasing. Acceleration of the
object is opposite to the direction
of welacity if its velocity is
dacreasing.

3

Awngsb oy anp
won B D Y

O

= Buypsemssuy Kusopen

A

O

velodily decreasing s

O

O

change inthe velocity of abody causes accelerationinit.

Acceleration is defined as the rate of change of
velocity of abody.

Acceleration = -
time taken
Acceleration = final velogty =initial velocity
time taken
V, =V,
a = 1= ... (2.3)

t
Taking acceleration as a, initial velocity as V,, final
velocity as v, and t is the time interval. SI unit of
acceleration ismetre persecond persecond (ms™).

UNIFORM ACCELERATION

The average acceleration of a body given by
equation 2.3 is a during time t. Let the time t is divided into
many smaller intervals of time. If the rate of change of
velocity during all these intervals remains constant then
the acceleration a also remains constant. Such a body is
said to possess uniform acceleration.

A body has uniform acceleration if it has equal
changes in velocity in equal intervals of time|
however shortthe interval may be.

Physics IX

39 Unit 2: Kinematics

Acceleration of a

body is positive if its velocity

increases withtime. The direction of this acceleration is the
same in which the body is moving without change in its
direction. Acceleration of a bodyis negative if velocity of the
body decreases. The direction of negative acceleration is

opposite to the direction

in which the body is moving.

Negative acceleration is also called deceleration or

retardation.
EXAMPLE 2.4

Acarstarts from rest. Its velocity becomes20ms in

Bs. Find its acceleration.
SOLUTION
Initial velocity v,

Final velocity
Time taken ¢

Ve

as a

ar

L

= oms’

= 20ms”

=8s
Vi=v

t
20 ms!' - 0 ms™
8s
-

O
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retardation.
EXAMPLE 2.4

Acarstarts from rest. Its velocity becomes20ms in

B8s. Find its acceleration.

SOLUTION
hitial velocity v, = 0 ms™
Final velocity v = 20ms”
Time taken ¢ =8s
as a =YY
t

ol -1
or a - 20ms'-0ms

8s

=25ms”

Thus the acceleration of the car is 2.5 ms™

EXAMPLE 2.5

Find the retardation produced when a car
moving at a velocity of 30 ms™" slows down uniformly

to 15 ms™in 5s.
SOLUTION
Initial velocity v =

Final velocity w =
Change in velocity =

Time taken i =

30ms”’

15me

Vi — ¥

15ms '~ 30 ms™
-15ms”’

5s
?
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DO YOU KNOW?
A graph may also be used in
life swch &5 to show
wyear-wise growth/decline of export,
maonth-wise rainfal, a patient's
tempe rature record or runs per over
sooned by ateam and 50 on.

Expart
in millian rupessh
A

[
4 1
w1

| I S S S
MO 2002 2003 W04 2008

Export of rica from 2001-2005

s saaned
E
300

25 fall of wickais
200
15
100
kil -

_._._._._1_,.
9 g 20 30 40 50 geers

Runs scored by acicket team.

e X

as Acceleration = change in velocily

time interval
-1
or a = sisms -3ms”
5s

Since negative acceleration is called as deceleration.
Thus decelerationof the caris 3ms™

2.5 GRAPHICAL ANALYSIS OF MOTION

Graph is a pictorial way of presenting information
about the relation between various quantities. The
quantities between which a graphis plotted are calledthe
variables. One of the quantities is called the independent
quantity and the other quantity, the value of which varies
with the independent quantity is called the dependent
quantity.
DISTANCE-TIME GRAPH

It is useful to represent the motion of objects using
gaphs. The terms distance and displacement are used
nterchangeably when the motion is in astraightline. Similarly if

d{m})
b
201

104

S I
[1] 5 0 15 e
Figure 2.18: Distance-time
graph when the object is at

rast.

d{m)

the motion is in a straight line then speed and velocity are also
wsed interchangeably. In a distance-time graph, time is taken
dong heorizontal axis while vertical axis shows the distance
covered by the object.

OBJECT AT REST

In the graph shown in figure 2.18, the distance moved
by the object with time is zero. Thatis, the objectis atrest. Thus
ahonzontal line parallel to time axis on a distance-time graph
shows that speed ofthe objectis zero.

OBJECT MOVING WITH CONSTANT SPEED

The speed of anobjectis said to be constantifit covers
equal distances in equal intervals of time. The distance-time
gaph as shown in figure 2.19is a stmight line. Its slope gives
the speed of the object. Consider two points A and B on the
gaph

O <



! gaphs. The terms distance and displacement are used
97 20 30 40 50 aves

Runa scored by acncket team.

nterchangeably when the motion is in astraightline. Similarly if

the motion is in a straight line then speed and velocity are also
"f"’ wsed interchangeably. In a distance-time graph, time is taken
0 dong horizontal axis while vertical axis shows the distance

20 covered by the object.

OBJECT AT REST
In the graph shown in figure 2.18, the distance moved
S+t 5 ™8 bythe objectwith time is zero. Thatis, the objectis atrest. Thus

Figure 2.18: Distance-tima ahonzontal line parallel to time axis on a distance-time graph
graph when the objectisal  shows thatspeed ofthe objectis zero.

104

rast.

d(m) OBJECT MOVING WITH CONSTANT SPEED
.mf......... I The speed of anobjectis said to be constantifit covers
9 IN— equal distances in equal intervals of time. The distance-time

1 graph as shown in figure 2.19 is a straight line. Its slope gives
ol the speed of the object. Consider two points A and B on the

10 gaph

[i] 5 10 15 XN e

Figure 2.19: Distance time

graph showing constant

spead.
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Speed of the object = slope of line AB
distance EF
time CD
_20m
" 10s
The speed found from the graph is 2 m™
OBJECT MOVING WITH VARIABLE SPEED

Whenan object does not cover equal distances in -,

-1
=2ms

equal intervals of time then its speed is not constant. In " : A
this case the distance-time graph is not a straight lineas | _m
shown infigure 2.20. The slope of the curve at any point o4 P
can be found from the slope of the tangent at that point. ' '
Forexample, [
RS
Slope of the tangent at P = —— Figure 2.20: Distance- tima
Qs graph showing variable speed.
30m -1
= =3ms
10s

Thus, speed of the cbject at P is 3 mg™". The speed is
higher at instants when slope is greater; speed is zero at
instants when slope ishorizontal.

EXAMPLE2.6

Figure 2.21 shows the distance-time graph of a
moving car. From the graph, find

(a)  the distance car has traveled. i B
{b)  the speed during the first five seconds. b A A
{c)  average speed of the car. 30
{d)  speedduring the last 5 seconds. 0
SOLUTION 10
(a) Total distance travelled 40m ¢ N o> '
. Figure 2.21: Distance-i h
(b) Distance travelled during first 5s is 35 m A acarir example 26 T
35m
Speed =
5s
-1
=7 ms
(c) Awverage speed = Xm
10s
= 4ms’

(d) Distance moved during the last s = 5 m

1l O <
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5m
Speed == = 1ms™
SPEED-TIME GRAPH
In a speed-time graph, time is taken along x-axis and
v ims’) speedis taken along y-axis.
3
6 OBJECT MOVING WITH CONSTANT SPEED
4 When the speed of an object is constant (4 ms”)
5 with time, then the speed-time graph will be a horizontal
line parallel to time-axis along x-axis as shown in
—tee g f . . "
0 g6 5w figure 2.22. In other words, astraight line parallel totime

Figure 2.22: Spead-time
graph showing constant

speed.

fs)

|
|

M0 15 20

Figure 2.23: Graph of an
abjest moving  with  unifrm

axis represents constant speed of the object.
OBJECT MOVING WITH UNIFORMLY CHANGING
SPEED (uniform acceleration)

Let the speed of an object be changing
unifermly. In such a case speed is changing at constant
rate. Thus its speed-time graph would be a straight line
such as shown in figure 2.23. A straight line means that
the object is moving with uniform acceleration. Slope of
the line gives the magnitude ofits acceleration.

EXAMPLE2.7

Find the acceleration from speed-time graph
shown in figure 2.23.

SOLUTION

Onthe graph infigure 2.23, point A gives speed
of the objectas 2 ms™ after 5 s and point B gives speed
ofthe cbject as4 ms™"after10s

as  acceleration = slopeof AB
where slope = changeinvelocity/timeinterval

4 ms'—2ms™’

. . acceleration =
accalaration. 1M0s-5s
2 -1 =
= =M _g4ms”
5s
Physics 1X 43 Unit 2: Kinematics
Speed-time graph in figure 2.23 gives
acceleration of the objectas0.4ms™.
EXAMPLE 2.8
vims")
Find the acceleration from speed-time graph 4
showninfigure 2.24. [ \
SOLUTION 4=
The graph in figure 2.24 shows that the speed of 2 D
the object is decreasing with time. The speed after 5s is
4ms” and it becomes2ms”after 10s. 5 e e

as acceleration = slopeof CD

_ 2msT—4dms”
© 10s-5s

4
=—2mS =—04ms"
5s

1l O

Figure 2.24: Graph of an
abject mowing with uniform
deceleration.
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Speed-time graph in  figure 2.23 gives
acceleration of the object as0.4 ms™.

EXAMPLE 2.8

Find the acceleration from speed-time graph
showninfigure 2,24,

SOLUTION

The graph in figure 2.24 shows that the speed of
the object is decreasing with time. The speed after 5s is
4ms" and it becomes2msafter 10s.
as  acceleration = slopeof CD

2ms”' - 4ms™
© T 10s-5s
2ms™
"
Speed-time graph in figure 2.24 gives negative
slope. Thus, the object has deceleration of 0.4 ms™,

=—0.4ms”

DISTANCE TRAVELLED BY A MOVING OBJECT

The area under a speed-time graph represents
the distance travelled by the object. f the motion is
uniform then the area can be calculated using appropriate
formula for geometrical shapes re presented by the graph.
EXAMPLE 29

A car moves in a straight line. The speed-time
graph of its motion is shown in figure 2.25.

From the graph, find

(a) Its acceleration during the first 10 seconds.
(b} Its deceleration during the last 2 seconds.

(c) Total distance travelled.

(d) Average speed of the car during its journey.

vima')

s

6

_,hc

5 n

] B T T R

Figure 224 Graph of an
abject mowing with uniform
decaleration,

c‘;f{ll

(/] 1
op 10 w30
Figure 225; Speed time graph
of & car during 30 s econds,
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SOLUTION

() Accelerationduring the first 10 seconds

_ change in velocity

time taken

_ 1ams'-0oms™

10s

=1.6ms™

b) Acceleration during the last 2 seconds
_0Oms™ -16ms™
=

-
==8ms
(] Total distance travelled
= area under the graph
(trapezium OABC)

= I; (sum of parallel sides)=<height

-

1l O
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~ (4B 8)x(16 ms )
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SOLUTION
a) Acceleration during the first 10 seconds
_ chanage in velacity
tima taken
_ lems'—0ms”
10s
=16ms”
5] Acceleration during the last 2 seconds
_0Oms”-16ms”
- 2s
=—8ms”
(c) Total distance travelled
= area under the graph
(trapezium OABC)
= % (sum of parallel sides)xheight
| _
= (185430 spx(16 ms )
= %(4& spx(16 ms™)
= 384 m
Total distance covered
d) Average speed = —=—————— =X =
@) 9 Time taken
384 m -1
- =128 m
30s gms
2.6 EQUATIONS OF MOTION
There are three basic equations of motion for
bodies moving with unifoerm acceleration. These
equations relate initial velocity, final wvelocity,
acceleration, time and distance covered by a moving
body. To simplify the derivation of these equations, we
assume that the motion is along a straight line. Hence,
we consider only the magnitude of displacements,
velocities, and acceleration.
Consider a body moving with initial velocity
v, in a straight line with uniform acceleration a. Its
i
Physics IX 45 Unit 2: Kinematics

velocity becomes v, after time {. The motion of body is
described by speed-time graph as showninfigure 2.26 by
line AB. The slope of line AB is acceleration a. The total
distance covered by the body is shown by the shaded
area under the line AB. Equations of motion can be

obtained easily from this graph.
FIRST EQUATION OF MOTION

Speed-time graph for the motion of a body is
shown in figure 2.26. Slope of line AB gives the

acceleration aof a body.

Siope of line AB=a = 2C - BD-CD
AC oD
as BD = vy, CD=v andOD=t
Hence a = u
t
or vi— v, = at
vi = v + af

SFCONDEONHATION OF MOTION

O

Spaa
3 3 _
@ainn
peei= al
. ¥
IC
Araa =y at
(]
Of———— [ ——— i
Figure 2.26: Spead-time graph.
Amaa under the graph ghves the
distance coveradby the body.
. (2.4)
. (2.8)
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velocity becomes v, after time {. The motion of body is
described by speed-time graph as shown infigure 2.26 by
line AB. The slope of line AB is acceleration a. The total
distance covered by the body is shown by the shaded
area under the line AB. Equations of motion can be
obtained easily from this graph.

FIRST EQUATION OF MOTION

Speed-time graph for the motion of a body is
shown in figure 2.26. Slope of line AB gives the
acceleration aof a body.

Spaa

¥

Slope of lineAB=a = BC _ BD-CD
AC oD
as BD=w, CD=w andOD=! Ob—— | ——— i
v, —V Figure 2.26: Spead-time graph.
Hence a = L Amaa under tha graph gives tha
t distance coveradby the body.
or vi— v = at P -4
vi= v+ a .. .. .. (25)

SECOND EQUATION OF MOTION

In speed-time graph shown in figure 2.26, the
total distance S travelled by the body is equal to the total
area OABDunderthegraph. Thatis

Total distance S= area of (rectangle OACD + triangle

ABC)
Area of =0A = 0D
rectangle OACD
= =t
Area of 1
triangle ABC =3 (ACxBC)
1
= — txat
2
Since Total area = area of rectangle OACD
CABD + area of triangle ABC
Physics 1X 46 Unit 2: Kinematics

Putting values in the above equation, we get
1
S =wt+ 2 t=at

§=wt +% af .. . .. (26)
THIRD EQUATION OF MOTION

In speed-time graph shown in figure 2.26, the total
detance S travelled by the body is given by the total area

OABD under the graph.
Total area OABD =58 = @x oD
or 28 =(0A+BD)xOD
i i Bc BC
Multiply both sides by — , we get: w2 g
ply Yoo wed (¥
25x ES _(0A+BD)x 0D x EC
oD oD

o5 EC =(OA+BD)xBC .. (27)
oD

Putting the values in the above equation 2.7, we get
28xa =(v+wv)x(w—w)
2a8 = vi-vi .. .. .. (28
EXAMPLE 2.10

1l O <



BC

28x — = (DA +BD)xOD x —
oD oD

BC

28x — =(0A+BD)xBC
oD

BC

(2.7)

Putting the values in the above equation 2.7, we get

25xa
2as =
EXAMPLE 2.10

= v+ ) x (v —w)

vi— v

o (2.8)

Acar travelling at 10 ms"accelerates uniformly at
2ms® Calculate itsvelocity after 5s.

SOLUTION
v; =10ms
a —2ms”
t =5s
Vi =7

Using the equation (2.5), we get

iy =V + at

v =10ms” +2ms x58
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=20ms”
The velocity of the car after 5 s is 20 ms
EXAMPLE 2.1
A train slows down from 80 kmh™ with a uniform
retardation of 2 ms™ . How long will it take to attain a
speed of 20kmh™?

SOLUTION

or Vi

80 kmh™'

_ B0x1000m
T 60x60s
222 ms”
20 kmh'™’
201000 m
© BOxB0s
= 56ms
a = —2ms”
t =7
Using equation 2.4, we get
Vi = v+ at
Vi =¥,
a
56ms” = 222 ms™
-2 ms*
= 8.3s
Thusthe train will take 8.3 sto attain the required speed.

Vi

L/

or t =

or t

EXAMPLE 212

A bicycle accelerates at 1 ms™ from an initial
velocity of 4 ms™ for 10 s. Find the distance moved by it
during this interval of time.

SOLUTION
vi =4ms
2
a =1ms
t =10s
s =7

Applying equation (2.6), we get

USEFUL INFORMATION

« To convert ms™ to kmh™
1ms" = 0,001 km x 3600 K

= 3.6 kmh™ ]
The Mulliply acceleration in ms
by 3.610 et Speed in kmh e.q.

20ms'  =20x3.6kmh"
=72 kmt"'
« To convert kmh'to ms”
L 1000m _ 10
1 kmh™ = =
M = §0x60s 36
Thus multiply speed in kmh' by
mb get spead in ms’ e.q.,
36
g 10 -1
50kmh’ = — ms
50 = 36
=1388ms"’

Similariy
+ Toconvert ms”® to kmh™

Multiphy acceleration in me™ by
{{3600x3600)/1000)= 12960 to
getits value in kmh™,

« Toconvertkmh “toms*

Divide acceleration in kmh™ by
12960 to getits value in ms™.




Applying equation (2.6), we get
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5 =vyt+%at?
S =4ms'x 108+ % x1 ms® x (10 sf
or § =40m+50m =90m
Thus, the bicycle will move 90 metres in 10 seconds.

EXAMPLE 2.13

A car travels with a velocity of 5 ms™', It then
accelerates uniformly and travels a distance of 50 m, If
the velocity reached is 16 ms™, find the acceleration

andthetimetotravel thisdistance.

SOLUTION
v =5ms™
S =50m
Vi =15ms™
a =2
t =7

Putting values in the third equation of motion, we get

2as =v'-
2ax50m ={(15mg") — (5ms™"y’
(100 m) a (225 = 25) m's™
200 m°s™
100 m
or a =2ms"
Using first equation of motion to find t, we get
vi = v+ al

a =

15ms =5ms +2ms xt
15ms '=5ms™'=2 ms x t
of 2ms ™ xt =10ms”
10 ms™
or t = —
2ms
=58

Thus, the accelaration of the car is 2 ms™ and it

takes 5 secondslotravel 50 m distance.

Physics IX 49 Unit 2: Kinematics

2.7 MOTION OF FREELY FALLING BODIES

Drop an object from some height and observe
its motion. Does its velocity increase, decrease or
remain censtant as it approachesthe ground?

Galileo was the first scientist to notice that all
the freely falling objects have the same acceleration
independent of their masses. He dropped various
objects of different masses from the leaning tower of
Pisa. He found that all of them reach the ground at the
same time. The acceleration of freely falling bodies is
called gravitational acceleration. It is denoted by g.
On the surface of the Earth, its value is ap proximately

AR cnmd Pacbcadlan fallla o dacn fommles ala o aliloin -
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2.7 MOTION OF FREELY FALLING BODIES

Drop an object from some height and observe
its motion. Does its velocity increase, decrease or
remain constant asit approachesthe ground?

Galileo was the first scientist to notice that all
the freely falling objects have the same acceleration
independent of their masses. He dropped various
objects of different masses from the leaning tower of
Pisa. He found that all of them reach the ground at the
same time. The acceleration of freely falling bodies is
called gravitational acceleration. It is denoted by g.
On the surface of the Earth, its value is ap proximately
10 ms*. For bodies falling down freely gis positive and
is negative for bodies moving up.

EXAMPLE 2.14

Astone is dropped from the top of a tower. The
stone hitsthe ground after 5 seconds. Find

« the height of the tower.

* the velocity with which the stone hits the ground.
SOLUTION

Initial velocity v, = 0

RAgure 2.27: Leaming Tower of Fisa

Gravitational acceleration g = 10 ms®

t =5s
S =h =7
o= 7 EQUATIONS OF MOTION
. . FOR BODIES MOVING
(a) Applying the equation UNDER GRAVITY
h = wt+¥% gt we gst
v =+ gt

h =0x5s + ¥%x10ms?x (5s) ,
- 1
oo h =04+125m h =wt+z gt
& h =125m 2gh= v —v
(b) Applying the equation
vi—v'  =2gh
2 2 —2
vi—(0) =2x10ms =125m
v =2500m’s "

Physics IX 50 Unit 2: Kinematics

v = 50ms”
Thus the height of the tower is 125 metres and it will
hit the ground with a velocity of 50 ms”.
EXAMPLE 2.15

A boythrows a ball vertically up. It returnstothe
ground after 5 secends. Find

(a) themaximum height reached by the ball.
(b) the velocity withwhich the ball isthrown up.

SOLUTION
Initial velocity (upward) v, =7
=
Gravitational acceleration g = —10ms
Time for up and down motion o = 58

Velocity at maximum height v = 0
S=h =7
As the acceleration due to gravity is uniform, hence
the time t taken by the ball to go up will be equal to the
time takento come down = Y2 f;
or t = 12x5s58=25s

1l O <



A boythrows a ball vertically up. It returns tothe
ground after 5 seconds. Find

(a) themaximum height reached by the ball.

(b) the velocity withwhich the ball isthrown up.
SOLUTION

Initial velocity (upward) v,= 7
=
Gravitational acceleration g = —10ms
Time for up and down motion o = 58
Velocity at maximum height v = 0
S=h =7

As the acceleration due to gravity is uniform, hence
the time t taken by the ball to go up will be equal to the
time takento come down = Y2 t;

or t = 12x558=25s

(b) applying the equation (2.5), we get

Vi = w+gt
=
0 =v—10ms =258
= y—25ms’
v =25ms

(a) Applying the equation (2.6), we get
h = wt+1/2g1?
h =25ms 'x25s—10ms" x(25s)"
or h =625m—-3125m = 31.26m

Thus, the ball was thrown up with a speed of
25ms” and the maximum height to which the ball rises
i531.25m.
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SUMMARY

+

Abody is said to be at rest, if it does not
change its position with respect to its
surroundings.
A body is said to be in motion, if it
changes its position with respect to its
surroundings.
Rest and motion are always relative.
There is no such thing as absolute restor
absolute motion,
Mation can be divided into the following
three types.
= Translatory motion: In which a
body moves without any rotation.
Rotatory motion: In which a body
spins aboutits axis.
Vibratory motion: Inwhicha body
moves to and fro about its mean
position.
Physical quantities which are completely
described by their magnitude only are
kmown as scalars.
Physical quantities which are described
by their magnitude and direction are
called vectors.
Position means the location of a certain
place or object from a reference point.
The shortest distance between two
points is called the displacement.
Thedistance travelled in any direction by
abody in unittime is caledspeed.
If the speed of a body does not change
with time then itsspeed is uniform.
Average speed of a body is the ratio of
the total distance covered to the total
imetaken.

1l O

+ We define velocity as rate of change of

dsplacement or speed in a specific
drection.

Average velocity of a body is defined as
the ratio of its netdisplacement to the total
ime.

If & body covers equal displacements in
equal intervals of time, however small the
nterval may be, then its velocity is said to
be uniform.

The rate of change of velocity of a body is
calledacceleration.

Abody has uniform acceleration if it has
equal changes in its velocity in equal
ntervals of time, however small the
nterval may be.

Graph is a pictorial way of describing
nformation as to how various guantities
are related toeach other.

Slope of the distancestime graph gives the
speed of the body.

Distance - time graphs provide useful
nformation about the motion of an object.
Slope of the displacement-time graph
gves thevelocity of thebody.

Distance covered by a body is equal to
aeaunder speed-timegraph.
Speed-time graph is also useful for
studyingmotion alonga straight line.

The distance travelled by a body can also
be found from the area under a velocity -
time graph if the motion is along a straight
ine.

<
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called vectors. speed of the body.

+ Position means the location of a certain + Distance - time graphs provide useful
place or object from a reference point. nformation about the motion of an object.

+ The shortest distance between two Slope of the displacement-time graph
points is called the displacement. gves thevelocity of thebody.

+ Thedistance travelled in any direction by + Distance covered by a body is equal to
abody in unittime is called speed. areaunder speed-time graph.
+ If the speed of a body does not change

+ ed-ti hoi s eful
with time then itsspeedis uniform. Spe ime graph is 20 uselul for

studyingmotion alonga straight line.

+ The distance travelled by a body can also
te found from the area under a velocity -
time graph if the motion is along a straight
ine.

+ Average speed of a body is the ratio of
the total distance covered to the total
tmetaken.
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+ Equatiens of motien for uniformly + When a body is dropped freely it falls
accelerated motion are: down with an acceleration towards

* v =+ at Earth. This acceleration is called

e 8§ —uyt+la? acceleration due to gravity and is
denoted by g. The numerical value of

o 2aS= wW - g is approximately 10 ms™ near the
surface of the Earth.

QUESTIONS

2 4 Encircle the comrect answer v. from

the given choices: V. Astraight line parallel totime-axis on a
i, Abody has translatory motion if it distance-time graph tells that the

moves along a objectis

(a) straight line (a) moving with constant speed

ib) circle (b) at rest

Ic) line without rotation

(c) moving with variable speed

(d} curved path . .
. " {d)in motion
il. The motion of a body about an ™axis is _
called vi. The speed-time graph of a car is

shown in the figure, which of the

(a) drcular motion following statement is true?

(b} motatory motion
{c) vibratory mation (a) car has an acceleration of 1.5 ™
[d) mndom motion (b) car has constant speed of
7.5ms™
. Which of the following is a vector

) (c) distance travelled by the car is

antity?
Wantity 75m
(a) speed (b) distance .
(¢} displacement (d) power (d)averag;fr speed of the car is
15 ms
iv.f an object is moving with constant v (ms )
speed then its distance-time graph willbe
astraightline. 15
(a) along time-axis
(b) along distance-axis t{a}
Ic) paralel to time-axis ol 10

[d} inclined to time-axis {vi) Spead-time gragh of a car.
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{d) inclined to time-axis

(vi) Spead-time graph of a car.
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vil. Which one of the following graphs is
representing uniform acceleration?

d,
@ % (0) L
c) &; id) IL;

viii. By dividing displacement of a moving
bodywith time, we obtain

(a) speed

(c) velocity (d) deceleration

(b) acceleration

ix. A ball is thrown vertically upward.
Itsvelocity at the highest pointis:

(a)-10ms” (b)zero

(my10ms*  (d) none of these

®. Achangein positionis called:
(a) speed
(c)displacement (d)distance

(b) velocity

xi. A train is moving at a speed of
36 kmh™"Its speed expressedin ms™
is:

1

@10ms” (b)20 ms

©25ms™ (d)3oms™

¥il. Acarstarts fromrest. [t acquires a speed
of 25 ms ™' after 20 s. The distance moved

by the car during this time is:

2.2 Explain franslatory motion and give
examples of wvarious types of
trans latory motion.

2.3 Differentiate between the following:

i} Rest and motion.
i) Circular motion and
rotatory motion.

i} Distance and displacement
fiv) Speed and velocity.

(v} Linear and random motion.
{wi) Scalars and vectors.

2.4 Define the terms speed, velocity, and
acceleration.

2.5 Can a body moving at a constant
speed have acceleration?

2.6 How do riders in a Ferris wheel
possess translatory motion but not
rotatory motion?

2.7 Sketch a distance-time graph for a
body starting from rest. How will you
determine the speed of a body from
this graph?

2.8 What would be the shape of aspeed -
time graph of a body moving with
variable speed?

2.9 Which of the following can be
obtained from speed - time graph of a
body?

(i} Initial speed.
fii)  Final speed.
fii} Distance covered in time &
liv) Acceleration of motion.
2.10How ean wveector quantitiee be
represented graphically?
2.11Why vector quantities cannot be
added and subtracted like scalar
quantities 7

(@) 31.25m (b) 250 m
(e} 500 m (d) 5000 m
Physics IX
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2.12 How are vector quantities important
to us in our daily life?

2.13 Derive equations of motion for
uniformly accelerated rectilinear
maotion.

2.14 Sketch a velocity - time graph for
the motion of the body. From the
graph explaining each step,
calculate total distance covered

by the body.

PROBLEM

2.1 Atrain moves with a uniformvelocity
of 36 kmh ™" for 10 s. Find the distance
travelled by it. (100 m})

2.2 A train starts from rest. It moves
through 1 km in 100 s with uniform

1 S S I

2.7 A train staring from rest,
accelerates uniformly and attains
avelocity 48 kmh'in 2 minutes. It
travels at this speed for 5
minutes. Finally, it moves with
uniform retardation and is

O <
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2.12 How are vector quantities important

tous in our daily life?

2.13 Derive equations of motion for

uniformly accelerated rectilinear
motion.

214

Sketch a velocity - time graph for
the motion of the body. From the
graph explaining each step,
calculate total distance covered
by the body.

PROBLEM

2.1

2.2

23

2.4

2.5

28

Atrain moves with a uniform velocity
of 36 kmh™'for 10 s. Find the distance
travelled by it. (100 m})

A train starts from rest. It moves
through 1 km in 100 s with uniform
acceleration. What will be its speed
attheendof 100 s.
(20 ms™}
A car has a velocity of 10 ms™. It
accelerates at 0.2 ms™ for half
minute. Find the distance travelled
during this time and the final velocity
of the car.
(390 m, 16 ms"}
Atennis ball is hit vertically upward
witha velocity of 30 ms ™" Ittakes 3 s
to reach the highest point. Calculate
the maximum height reached by the
ball. How long it will take to return to
ground?
(45 m, 6 s)

Acar moves with uniform velocity of
40 ms" for 5s. lt comes torestinthe
next 10 s with uniform deceleration.
Find (i) deceleration (ii) total
distance travelled by the car.

=4 ms™ 400 m)
A train starts from rest with an
acceleration of 0.5 ms™. Find its
speed in kmh™, when it has moved
through 100 m. (36 kmh™}

27

28

29

210

A train staring from rest,
accelerates uniformly and attains
avelocity 48 kmh™'in 2 minutes. It
travels at this speed for 5
minutes. Finally, it moves with
uniform retardation and is
stopped after 3 minutes. Find the
total distance travelled by the

train. (6000 m)

A cricket ball is hit vertically
upwards and returns to ground
6 s later. Calculate (i) maximum
height reached by the ball,
(ii) initial ve locity of the ball.

45 m, 30 ms™)

When brakes are applied, the
speed of a train decreases from
9 kmh' to 48 kmh™ in 800 m.
How much further will the train
move before coming to rest?
[Assuming the retardation to be

constant). (266 66 m)

In the above problem, find the

time taken by the train to stop

after the application of brakes.
(80 s)

-
Dynamics

After studying this unit, the students will be able to:

s

Unit 3

define momentum, force, inertia, friction and

centripetal force.

solve problems using the equation

Force = change in momentum / change in time.

explain the concept of force by practical

exarmples of daily life.

state Mewton's laws of motion.

distinguish between mass and weight and solve

merblamn e e D osan sl i s
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