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> in physics, change with time of the position or orientation of a body. Motion along a line or a curve is called translation.
Motion that changes the orientation of a body is called rotation. In both cases all points in the body have the same

velocity (directed speed) and the same acceleration (time rate of change of velocity). The most general kind of motion
combines both translation and rotation.

. All motions are relative to some frame of reference. Saying that a body is at rest, which means that it is not in mation,
merely means that it is being described with respect to a frame of reference that is moving together with the body.
. For example, a body on the surface of the Earth may appear to be at rest, but that is only because the observer is also

on the surface of the Earth. The Earth itself, together with both the body and the observer, is moving in its orbit around
the Sun and rotating on its own axis at all times.

. As a rule, the motions of bodies obey Newton’s laws of motion. In this chapter we will study translation and rotational
motion of the body around us.
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V/e observe many types of motion around us in everyday life like:

(1)  vehicles moving on a road

(2)  Birds flying in the sky

(3) Movement of the needles of a watch

(4)  Circulation of blood through veins and arteries

(5)  The movement of the planets around the Sun

A body is said to be in motion if its position changes with time and its surroundings. Motion and rest are always relative but never
a2bsolute,

oscnu\nmn VECTOR QUANTITIES

21. Scalar Quantities

A physical quantity which is defined only by magnitude Is known as a scalar quantity.

Examples: Temperature, mass, distance.

2.2. Vector Quantities

A physical quantity which is defined by magnitude as well as directionis known as a vector quantity.
Examples: Force, weight, displacement,



i

2 | Chapter 8 : Motion

o‘ VARIOUS TERMS RELATED TO MOTION

31. Position

The position is defined as the location of an object with respect to a particular point. The particular point about which the

. . . Positig
of an object is measured is known as the reference point or the origin. n

3.2. Distance
The distance covered by an object is the total length of the path covered by the object. Itis a scalar quantity and its 5| ypjt iS metgy
Example: Consider the motion of an object moving along a straight path as shown below.

5 5mA
Let the object start its motion from point O and move through point A, B, C and reach up to point D. Then the total distance Covergq
by the object will be:

Distance =Q0A +AB+BC+ (D = 5m+10m + 8m + 2m = 25m

3.3. Displacement

The displacement of an object is the shortest distance between the initial and final point of the object’s path. It is a vector quantity

and its Sl unit is meter.
Example: Suppose an object starts moving from point O and reaches to point B, passing through A. 5
0 is the initial position of the object and B is the final position of the object. The displacement of the object Mm
will be the distance OB.
08=\0A? + AR =\32 + 47 = 25 = 5m "
0 im A

Since, it is a vector quantity, the displacement of the object is said to be 5 m from point O towards point B.

3.4. Difference between Distance and Displacement

S. No. Distance Displacement
™ It is the length of the actual path covered by an | Displacement is the shortest distance between the
object, irrespective of its direction of motion. initial and final positions of an object in a given
direction. E

(2) | Distance is a scalar quantity. Displacement is a vector quantity.

(3) | Distance covered can never be negative.iltiis always | Displacement may be positive, negative or zero.
positive or zero.

(4) | Distance between two given points may be same or | Displacement between two given points is always
different for different path chosen. the same.

Example 1: A jogger jogs along one length and breath of a rectangular park. If the dimensions of the park are 150m x 120m, then ;
find the distance travelled and the displacement of the jogger. 150 m HC

Solution: According to the question,
Length of the rectangular park, [ = 150 m

Breadth of the rectangular park, b =120 m L0
Let us assume that the jogger starts at point A and jogs to point C via point B. > ——
The distance (s) covered by the jogger is: A

$=A8+BC=150m+120m=270m
The displacement of the jogger will be the shortest distance between A and C which is the distance AC.

AC =\ AR + BC =\150% + 120 = 30VFim
Thus the distance covered by the jogger is 270 m and his displacement is 30v41 m from A towards C.
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Motion of any body can be divided into two categories based on the distance covered in time intervals. These are discussed and
compared below.

Uniform Motion Non-Uniform Motion

A body is said to be in uniform motion if the body
covers equal distances in equal intervals of time.

A body is said to be in non-uniform motion if the
body covers unequal distances in equal intervals of
time. The length of the time interval is irrelevant.

The distance covered during uniform motion linearly

The distance covered during non-uniform motion
increases.

does not linearly increase.

Example: If a car is moving along a straight line path, | Example: If a car is moving through traffic, it is

it is covering equal distances in equal intervals of | covering unequal distances in equal intervals of
time. time.

— -

) RATE OF MOTION

The ratio of distance travelled by an object to the time taken is called rate of mation. The various terms required to measure the
rate of motion are discussed below.

5.1. Speed
Speed of an object is defined as the distance travelled by the body per unit time.

Speed(v) = ——D'?i:amn:(igﬂ

5.2. Properties of Speed

(1)  Speed is a scalar quantity.

(2  The Sl unit of speed is metre per second (m/s).

(3) The distance travelled by an object is either positive or zero, so the speed may be positive or zero but never negative.
5.3. Types of Speed

The classification for speed is given below:

(1)  Uniform Speed: If a moving body covers equal distances in equal intervals of time, it is said to have uniform speed. It is
also known as constant speed.

() Non - Uniform Speed: If a moving body covers unequal distances in equal intervals of time, it is said to have non-uniform
speed. It is also known as variable speed.

(3)  Average Speed: Average speed is defined as the ratio of the total distance travelled by a body to the total time taken. It is
expressed as:

51+SZ +5y+...

S
ed = total _
Average Spe L+ttt

total

(8) Instantaneous Speed: The speed of an object at any particular instant of time or at a particular point along its path is
called the instantaneous speed of the object.

Example 1: The odometer of a bike reads 1600 km at the start of the trip and 2000 km at the end of the trip. If the bike took 16 hrs
to complete the trip, calculate the average speed of the bike in km/h and m/s.

solution: The distance covered by the bike is, s = 2000 - 1600 = 400 km
Time taken to complete the trip, t =16 hrs

s 400
The average speed of the bike is: Average Speed = T =25km/hr

The average speed can now be converted to m/s:

5
Average Speed =25 km/hr=25x e 6.9m/s
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Example 2: An object travels 14 m in 4 s and then another 16 m in 2 s. What is the average speed of the object?
Solution: According to the question, First distance covered, s, =14 m, Time taken to covers,, t,=4s
Second distance covered, $,=16 m, Time taken to covers,, t,=2§

Total Distance _ $,+5, 14+16

= g . d= —=
The average speed of this object can be found as: Average Spee Total Time t+t, 4+2 Smy/s

Q * Aspeedometer is a device used to measure the instantaneous speed of an object.

5.4. Velocity

Velocity of an object is defined as the dis

placement of the body per unit time. Velocity is the speed of an object moving in 3 defini
direction. It is expressed as: e

Velocity(v) = D'SplTai‘r:;‘Ei)”t(d)

5.5. Properties of Velocity

(1) Velocity is a vector quantity.
(2)  The Sl unit of velocity is meter per second (m/s).

(3)  The velocity of an object can be changed by changing the object’s speed, direction of mation or both.
5.6. Types of Velocity

The classification for velocity is given below:

(1) uniform Velocity: If an object covers equal displacements in e

qual intervals of time, without changing direction, then jts
velocity is known as uniform velocity or constant velocity.

(2 Non-Uniform Velocity: If an object covers unequal displacements in equal intervals of time, then its velocity is known as
non-uniform velocity or variable velocity.

(3) Average Velocity: Average velocity is defined as the ratio of total displacement of the object to the total time taken, It is
expressed as:

Total Displacement
Total time
If the velocity of an object changes at a uniform rate, then the average velocity can be found as:

avg

_ Initial Velocity(u)+Final Velocity (v)
avg — 2

(4)  Instantaneous Velocity: The velocity of an object at a particular instant of time or at a particular point of its path is called
its instantaneous velocity.

* Ifabody is moving in a straight line then the magnitude of its speed and velocity will be equal.
* Average speed of a moving object can never be zero but the average velocity of a moving object can be zero.

Example 3:Rajeev went from Delhi to Chandigarh and returned to Delhi on his motorbike. The odometer on the bike had a reading
of 4200 km at the start of the trip and 4460 km at the end of his trip. If Rajeev took 4 h 20 min to complete his trip, find the average
speed and average velocity in km/h as well as in m/s.

Solution: The total distance covered by Rajeev will be, s = final odometer reading -
= 4460 - 4200 = 260 km.

Total time taken to complete the trip, t = 4 hrs 20 min = 4.33hrs
The average speed can now be found as:

initial odometer reading

Average Speed = S
t 433

The displacement for this trip is 0 m since he started in Delhi and finished in Delhi.
Therefore, the average velocity is:

60km/hr =¢st>(;55 =16.67m/s

s 0
v. =2-% _oumm
¢ 233 oxm/hr.

avg =
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5.7. Difference between Speed and Velocity
S. No. Speed Velocity

(") Speed is described as the distance traveled by an | Velocity is described as the distance traveled by an
object per unit time. object per unit time in a particular direction.

() Direction of the motion of the object is not | Direction of the motion of the object is specified.
specified.

(3) Speed_ is a scalar quantity as a result it only has | Velocity is a vector quantity as result it has both
magnitude. magnitude and direction.

5.8. Acceleration

It is defined as the rate of change of velocity with respect to time. It is expressed as:

_ Chane in velocity (Av)

i__ChangeinIimﬂAﬂ__

If in a given time interval (t), the velocity of a body changes from u to v then the acceleration (a) is expressed as:

s Final velocity (v) - Initial velocity (v)
Time interval (¢)

5.9. Properties of Acceleration
This kind of motion is known as accelerated motion.

The SI unit of acceleration is m/s2.

Q)
(2) 1tis avector quantity.
@)

and zero when the object is moving with a constant velocity.

e ;

5.10. Types of Acceleration
The classification for acceleration is given below:

V)

Examples: Motion of a freely falling body, Mation of a ball rolling down an inclined plane

@

time, then it is known as non-uniform acceleration.
Examples: Motion of a car in traffic, Motion of a train entering or leaving a platform

Example 4: Starting from rest, a car attains a velocity of 5 m/s in 20 s. Then, the driver of the car applies a brake such that the

velocity of the car comes down to 3 m/s in the next 6 s. Calculate the acceleration of the car in both the case

Solution: Case 1:

Initial velocity of the car, u = 0 m/s, Final velocity of the car,v=5 m/s,
Time interval, t=20s

-u 5-0

The acceleration in this case is: a= V—[—- e Ty = 0.25m/s2

Case 2:

Initial velocity of the car, u = 5 m/s, Final velocity of the car,v =3 m/s

Time interval, t=6s

The acceleration in this case Is: 2= — =

v-u_3-5
6

= -0.33m/s? . The negative sign shows that the particle is decelerating.

5

The acceleration is taken to be positive if it is in the direction of velocity, negative if it is opposite to the direction of velocity

If the velocity of an object decreases with time, then it is said to have negative acceleration. Negative acceleration
is also called deceleration or retardation.

Uniform Acceleration: If an object travels in a straight line and its velocity increases or decreases by equal amounts in
equal intervals of time, then it is known as uniform acceleration.

Non-uniform acceleration: If the velocity of an object increases or decreases by unequal amounts in equal intervals of
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Ommm RCULAR MOTION

1 an adancy MW 0 a cirowtar path with uniform speed, then its motion is called uniform circular motion, Hera are .
VT *0a of
2L

W When an adiect moves Along a circular path, its direction of motion keeps changing continuously. The
T ot Thange in direction and thus, motion along a circular path is said to be accelerated,

it
clocity (hanqu
"% g

2% When 2 Dodv takes one found of a circular path, then it travels a distance equal to its circumference which jg 2pr

s ) Wherg ,.
he radus of the circutar path, he"!!lg

EY  Angular Displacement (ﬂ)

e angie tumed by 3 dody moving on a circle from some reference line is called angular displacement.

lar Displ t= Arc(s)
Angular Displacemen -m

&2 M‘Whr mwt)' ((‘ w)

Enguiar welacity is a vector Quantity and is described as the rate of change of angular displacement which s

DECiﬁES the angulyr
el o otational speed of an object and the axis about which the object is rotating.

o~ Jotal Angulardisplacement  2r '\f

Y =— =27t/
Totaltime taken T ’ )
A
Ehee, T=Time. n= Frequency,

£35  Relation between angular velocity and linear velocity

Where, r=radius v= velocity.

Some examples of uniform circular motion are given here: 0 Important Figure
) A prece of stone tied to 2 thread and rotated in a circle with a uniform speed.

< The motion of blades of an electric fan around the axle,

3 The motion of the moon and the earth.

€ Rsatellite in 2 circular orbit around the earth,

P 2

Y Car mowing on a dircular path with constant speed. Some other examples are as follows;

Example 1: The minute hand of 2 wall clock is 10 cm long. Find its di
109030 am.

Solution: Length of the minute hand, (=10ecm=r

The cesplacement of the minute hand from 10:00 to 10:30 is the diameter AB.
Therefore, Duplacement = 2r w 2, 10 = 20em

The total gistance covered by the minute hand is the circumference of the semicircle,
Therefore, pisplacement = n7 - 314510 = 31.4 cm

Example 2: A body moves in a circular path of radius 20 cm, if it completes two and half revolutions along the circular Pa'h-m ,'

find distanice and the displacement of the body, -

Solution: According to the question, the body moves in a circular path of radius 20 cm. So, during one complete revcl““?;
the distance (s) covered by the body Is equal to the circumference of the circular path, i.e., 2ar, For two and a o
revolutions, the distance covered will be 5. 2.2,/ , = SRr=5x314 %20 = 31dem
We know that the displacement is the minimum distance between the Initial and final positions of the body. Af_t"
and a half revolutions the final position of the body will be 180" opposite to its Initial position. The shortest dist
between two opposite points on a circle s the dlameter. le,, 2 xr=2 x 20 =40 cm.
This displacement is directed from the Initial position towards the final pasition.

splacement and the distance covered from 10:00 am
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P9 Chapter at Glance

* An object is said to be in mation if its position changes with time.

~ The distance travelled by a body is the actual length of the path covered by it, irrespective of the direction in which
~ the body travels. It is a scalar quantity. Its SI unit is metre.

_-i~‘_)g’,l"l'1e_i_shortest distance between the initial and final position of the moving object is called the displacement of the
- object. It is a vector quantity. Its SI unit is meter.

The ratio of distance travelled by an object to the time taken is called rate of motion.

Distance(s)
Speed(v)=—————
e e
lar quantity. Its Sl unit is metre per second (m/s).
i f an object is defined as the displacement of the body per unit time.

Displacement(d)

Velocity(v) = Time(?)

o fd'uanfity., Its SI unit is metre per second (m/s).

_ Change in velocity(Av)
Change in Time(At)

it is metre per second square (m/s?).




