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MOTION

INTRODUCTION

When a body does not change 1ts position with time, we can say that the body 1s at rest. While 1f a
body changes its position with time, 1t 15 said to be in motion.

Tyvpe of Motions
(a) According to Directions

4 One Dimensional motion or Straight line motion is the motion of a particle moving along a
straight line.

4 Two dimensional motion or Planer motion A particle moving along a curved path in a plane has
2-dimensional motion.

(b) According to state of motion

Uniform Motion

€ Abody is said to be in a state of uniform motion if it travels equal distances in equal intervals of
time.

@ If the time distance graph is a straight line the motion is said to be uniform motion.

Non-uniform motion
€ A body has a non-uniform motion if it travels unequal distances in equal intervals of time_e.g. a
freely falling body.

@ Time - distance graph for a body with non-uniform motion is a curved line.
Distance & Displacement

@ The path length between the initial and final positions of the particle gives the distance covered
by the particle.

€ The minimum distance between the initial and final positions of a body during that time interval is
called displacement.

Difference between distance and displacement.

@ Distance travelled is a scalar quantity while displacement is a vector quantity.

eg. if a body moves along the circumference of a circle of radius r, then the distance travelled is
given by 2ar, while the displacement is given by zero.

€ When a body continuously moves in the same straight line and in the same direction then displacement
will be equal to the distance travelled. But if the body changes its direction while moving, then the
displacement 1s smaller than the distance travelled.

Displacement = Distance

€ Displacement in any interval of time may be zero, positive or negative.

A person travels a distance of 5 m towards east, then 4 m towards north and then 2 m towards
wesl.

(1) Calculate the total distance travelled.
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(1) Calculate the resultant displacement.
Sol. (1) Total distance travelled by the person =5m+4m+2m=11m
(1) To calculate the resultant displacement, we choose a convenient scale, where | ¢cm represents
I m. We draw a 5 cm long line AB towards east and then 4 em long line BC towards north.
Finally, a 2 cm long line CD towards west. The resultant displacement 1s calculated by joining
the imitial position A to the final position D. We measure AB = 5 cm.

. 0,2 -
Sncelem=1m 3t

Sem=5m i

Hence, the displacement of the person

= 5m towards AD. A B
5m

Speed and Velocity

@ The 'distance’ travelled by a body in unit time interval is called its speed. When the position of
a body changes n particular direction, then speed 1s denoted by 'velocity'. 1.e. the rate of change
of displacement of a body 1s called its velocity.

@ Speed is a scalar quantity while velocity is a vector quantity.

S, -8, _As  Distance Travelled
t, —t, At Time Taken

@ Speed =

Where As = displacement in time interval At

¢

) As . s
Velocity = Where As = distance travelled in time interval At.

E;
@ Unit: InMKS. system=ms™!;  InC.GS. system =ms!
# If time distance graph is a straight line, then speed can be given by the slope of the line, i.e.

As 8, =5 5 (] Eﬁs

= — = — fi .

L Gl slope ., i oy
[ —

If 6 is more velocity will be more.
@ The area of velocity time graph gives distance travelled.

Ex. The distance between two points A and B 1s 100 m. A person moves from A to B with a speed

of 20 m/s and from B to A with a speed of 25 m/s. Calculate average speed and average velocity.
Sol. (1) Dustance fromAto B = 100 m

Distance from B to A= 100 m

Thus, total distance = 200 m

Time taken to move from A to B, 1s given by

distance 100

b= Rdeaty 35 5 seconds
Time taken from B to A, 1s given by
distance 100
t, = velocity — 25 4 seconds

Total time taken =t; +t, =5 +4 = 9 sec.

Total distance covered 7

00
Total time taken g m/s = 22.2 m/s

Average speed of the person =
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(1) Since person comes back to imtial position A, displacement will be zero, resulting zero average velocity.

Ex. A car moves with a speed of 40 km/hr for first hour, then with a speed of 60 km/hr for next half

1
hour and finally with a speed of 30 km/hr for next IE hours. Calculate the average speed of the car.

Sol.  Distance travelled in first hour, 15 given by
s; = speed x time = 40 km/hr = 1 hr = 40 km
Distance travelled in next half an hour, 1s given by

1
$, = speed x time = 60 km/hr 3 hr = 30 km
1
Distance travelled in last 13 hours, 15 given by

3
83 = speed x time = 30 km/hr x Ehr =45 km

Thus, total distance travelled = s, + s, + 55
=40+ 30 + 45 =115 km

; ] ]
Total time taken =1 + 5 - 1~2— = 3 hours

Total distance covered 115km

. Average speed = — i S o s~ 58-33 km/hr

Ex. Figure shows time distance graph of an object. Calculate the following :

(1) Which part of the graph shows that the body 1s at rest ? T 100 B C
(i) Average speed in first 10 s. E gg:
E 40 enpen g2
o _ z 2094 AN
(1) Speeds 1n different parts of motion. N EEIEOIEL
Time (5}
Sol. (i) The part BC shows that the body is at rest. Distance-time graph

() In first 10 seconds, distance travelled = 100m

Distance covered 100

. Thus, average speed = = o, = = = B 10 m/s

100
(1) Speed of the object in part AB 15 given by slope = — 50/3 m/s

Speed of object in part BC = 0 m/s

100-0 100

Speed of object 1n part CD = R 50/3 m/s

Ex.  Figure shows the ime-displacement graph of an object. Calculate the following:

(1) Average velocity in the first 4s.
(1) Displacement at the end of 10s.
() After how much time, the object reaches its original position ?
(v) Velocity at t =2 s, and at t = 6s
Sol. (1) Average velocity in first 4 s, 1s given by

Total displacement(indseconds) 20
i 4s Y =S
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(1) Displacement at the end of 10 s =20m
(1) It 1s clear from the graph that the object comes to its original position.
1.e. displacement = 0, after 7 seconds and again after 13 seconds.

. 0-20 =20
() Att=2s, v =slope = o R = —10 m/s
0-20 -20
Att=06 s, V_H_T__lﬂmfg

Acceleration

€ Rate of change of velocity is called acceleration

v—=1

@ The change in velocity may be in magnitude or in direction or both. i.e. a=
€ Unit of acceleration = m/s? or ms2

@ Types of acceleration : Uniform & Non uniform acceleration
€ Uniform acceleration : If a body travels in a straight line and its velocity increases by equal
amounts in equal intervals of time then 1t 1s said to be 1n state of uniform acceleration e.g. motion
of a freely falling body.
4 Non uniform acceleration : A body has a non-uniform acceleration if its velocity increases by
unequal amounts in equal intervals of time_
T Ny Av
-t At
[here 1t 1s assumed that acceleration remains the same during the time interval At.]

® Average acceleration : a_ =

Ex. Time-velocity graph of a body is shown in the fig. Find its acceleration in m/s2.
Sol.  Asit s clear from the higure,

Att=10s, v=20ms

Att=4 s, v =80 m/s

~ B0 _ Change in velocity
,gc%glrralmn, a Time in terval
=
£ 40
z
£ 2
0
1 2 3 .4
Time(hrsL #ﬁv_vl—vl = (Eﬂ_zﬂ::mjs = 15m/s?
Attt (4-0)

Ex.  Starting from rest, Deepak paddles his bicycle to attain a velocity of 6 m/s in 30 seconds then he
applies brakes so that the velocity of the bicycle comes down to 4 m/s 1n the next 5 seconds.
Calculate the acceleration of the bicycele in both the cases.

Sol. (1) Initial velocity, u = 0, final velocity, v = 6 m/s, time, t=30s
Using the equation v = u + at,
v—u
t

we have a=
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substituting the given values of u, v and t in the above equation, we get

60 L . .
R=mnes = 0.2 m/s? ; which is positive acceleration.

() Initial velocity, u = 6 m/s, final velocity, v =4 m/s, time, t = 5 5, then
v—u 4-6 . .
a= : = =3 =04 m/s?: which is retardation.

Note : The acceleration of the case (1) 1s positive and 1s negative in the case (11).

Equations of Motion

Motion under uniform acceleration

Suppose a body starts with imtial velocity u, moving with an acceleration attains a velocity v after time
t travels a distance s, then motion can be described by following equations.

(a) v=u+at

1
(b) s = ut + Eat2
(e) v2 = u? + 2as

€ The equations of motion under gravity can be obtained by replacing acceleration by acceleration
due to gravity (g) and can be written as follows :

4 When the body is coming towards the centre of earth
(a)v=u+gt;

1
(b) h=ut + Eglz;

() v = u? + 2gh
€ When a body is thrown upwards with some initial velocity, then a retardation produced due to
attraction of the earth. In equations of motion, a is replaced by (—g) and thus equations become.

(@ v=u-gt;

(b) h=ut- %th;
(¢) v =u? - 2gh

1 i 1
@ Distance covered by a body in n'" sec. ie. 5. =u+ Ea{ln - 1)

Various Graphs Related to Motion

Displacement- time graph :

e

N

@ The straight line inclined to time axis in s-t graph represents constant velocity.

, . i o Y ik Y i 5
@ The straight line inclined to time axis in s-t graph represents constant negative velocity.

o e

€ Body with accelerated motion (velocity increasing)

}
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€ Body with decelerated motion(velocity decreasing)
| =

@ Velocity -time graph :

-y

il

# For the body having constant velocity or zero acceleration.

€ The body is moving with constant retardation and its initial velocity is not zero.

@® Acceleration time graph :

e

& Acceleration is constant

€ Acceleration is increasing and is +ve

E

N

@ Acceleration is decreasing and is —ve

Circular Motion

When a body moves in such a way that 1ts distance from a fixed point always remains constant, then
its motion 1s said to be the circular motion.

@ Uniform circular motion :
@ If the partical travels out equal angles in equal times, then its motion is said
to be uniform circular motion.
@ In uniform circular motion speed remains const.
@ Linear velocity (v) :
It 1s defined as distance travelled per unit time on a circular path.
@ Angular velocity (o) :
It is defined as angle travelled per unit time on a circular path.
A0 Ly
At
# Unit is Radian/sec. or rad/s

€ v =ro where r = radius of the circle.

m =

v = Linear velocity
w = Angular velocity

@ Centripetal acceleration
@ In uniform circular motion the particle experiences an acceleration called the centripetal acceleration.

2
®a- L

I
# The direction of centripetal acceleration is along the radius towards the centre.
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@ Centripetal force :
# Always acts towards centre.
# Centripetal force is required to move a particle in a circle.
# Because F_ is always perpendicular to velocity or displacement, hence the work done by this force
will always be zero.
Note :
@ Circular motion in horizontal plane is usually uniform circular motion.

4 Remember that equations of motion are not applicable for circular motion.
@ Time period :
@ It is the time taken to complete one complete revolution.
€ In one revolution, angle subtended is 2m and if' T is time period, then the angular velocity is given

by
m_ﬁZTr
T
2
or Tﬁ—n
L]

@ Frequency :
@ Frequency is defined as the no. of revolutions per second.

i 1 ®
le. n=3 =0
Ex. The length of second's needle in a watch 15 1.2 ecm. Calculate the following :
(1) Angular velocity and
(i) Linear velocity of the tip of the needle.
Sol. (1)We know that the second's needle 1n a watch completes one revolution in 60 seconds.

- Time pertod, T = 60 s

Angular velocity,
2n 2 n
W= = —— = == 1adi§
T 60 30

(1) Length of the needle = 1.2 em = Radius of the circle
Linear velocity of the tip of the needle 1s given by

12 m T
V=IN=1.L038 T
30 25

or v= % = 1.266 x 10~! em/sec.

Ex.  Earth revolves around the sun in 365 days. Calculate its angular velocity.

Sel. Time period,

T = 365 days
= 365 = 24 = 60 = 60 seconds
. Angular velocity,
2 2
o= = = T radis = 1.99 x 10-7 rad/s.

T  365x24x60x60
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EXERCISE - 1
VERY SHORT ANSWER TYPE QUESTION.
Q.1  What does the slope of time distance graph represent ?
Q.2  What does the slope of time-velocity graph represent ?
Q.3  What 1s the acceleration of a body moving with constant velocity ?
Q.4  What is the unit of acceleration in MKS system ?
Q.5  What does area under time-velocity graph represent ?
0.6  Define uniform circular motion.
Q.7  What is the relation between linear velocity and angular velocity ?
Q.8  Define velocity.
SHORT ANSWER TYPE QUESTION

Q.9 A body falls from a height of 500 m. In how much time, will it strike the ground ?
Q.10 Differentiate between the following :

(1) speed and velocity,

(11) distance and displacement

Q.11 A body starts moving with an initial velocity 50 m/s and acceleration 20 m/s2. How much distance
it will cover in 4s 7 Also, calculate its average speed during this time interval.

Q.12 A body 1s moving with a speed of 20 m/s. When certain force 15 applied, an acceleration of 4 m/
52 is produced. After how much time its velocity will be 80 m/s ?

Q.13 A body starts from rest and moves with a constant acceleration. It travels a distance s,in first 10s,
and a distance s, in next 10 s. Find the relation between s, and s,.

Q.14 A train is moving with a velocity 400 m/s. With the application of brakes a retardation of 10 m/
52 is produced. Calculate the following :

(1) After how much time 1t will stop ?
(i) How much distance will it travel before it stops ?

Q.15 A body is thrown vertically upwards with an initial velocity of 19.6 m/s. If g = -9 8 m/s2. Calculate
the following :

(1) The maximum height attained by the body.
(1) After how much time will it come back to the ground ?

Q.16 From the top of a tower of height 490 m, a shell 1s fired horizontally with a velocity 100 m/
s. At what distance from the bottom of the tower, the shell will hit the ground ?

Q.17 The brakes applied to a car produce a negative acceleration of 6 m/s2. If the car takes 2 seconds
to stop after applying the brakes, calculate the distance it travels during this time.
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Q.18 A particle moves in a circle of radius 2 m and completes 5 revolutions 1n 10 seconds. Calculate
the following :

(1) Angular velocity and (11) Linear velocity.
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EXERCISE- 2

SINGLE CORRECT ANSWER TYPE QUESTIONS
Q.1 A car increases its speed from 36 km/hr to 72 km/hr in 10 s. Its acceleration 1s

(A) 1 m/s? (B) 2 m/s?
(C) 3.6 m/s> (D) 5 m/s?

Q.2 The rate of change of displacement with time 15 called
(A) speed (B) velocity

(C) angular velocity (D) acceleration
Q.3  The velocity of an object 1s directly proportional to the time elapsed. The object has
(A) uniform speed
(B) uniform velocity
(C) uniform acceleration
(D) vanable acceleration
Q.4 A body whose speed 1s constant
(A) has a constant velocity
(B) must be accelerated
(C) might be accelerated
(D) can not be accelerated
Q.5  An object 1s moving with a constant velocity of 10 m/s, then its acceleration is
(A) zero (B) 10 m/s?
(C) 5 m/s? (D) 20 m/s?
Q.6 A particle moves with a uniform positive acceleration. Its velocity-time graph is a
(A) straight line parallel to time axis
(B) straight line parallel to velocity axis
(C) straight line inclined to time axis
(D) parabola

Q.7 A ball 1s thrown vertically upwards, It rises to a height of 20 m and comes back to the same place,
then the

(A) total distance covered by the ball 1s zero

(B) net displacement of the ball 15 zero

(C) displacement 15 40 m

(D) both distance moved and displacement are 40 m each

Q.8 A body moves with a constant acceleration upto 10s. It travels a distance s, in first 5s and a
distance s, in next 5s, then

(A) s, =5 (B) 5, = 25,
(C) s, = 35 (D) 5, = 4s,
Q.9  The slope of speed-time graph gives
(A) displacement (B) velocity
(C) acceleration (D) momentum
Q.10 A particle moves in a straight line. It travels for first half time with a velocity v, and for next half
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time with a velocity v,. The average velocity over the complete path i3

; 2v.v,
R O
v _Vj
(C) ‘2 = (D) vy + vy

Q.11 A particle 1s thrown vertically up with some mnitial velocity and comes back to the ground. Its
velocity-time graph is represented by

S /ANT /AN

Time Time

E _
(€)=
Time Time
Q.12 The following time-displacement graph (fig. ) represents
Time —*

Q.13 The following time-displacement graph (fig.)

velocity

velocily

E

(A) zero velocity
(B) constant velocity

Displacement

(C) increasing velocity
(D) decreasing velocity

(A) zero velocity
(B) constant velocity

Displacement

(C) increasing veloeity

(D) decreasing velocity e —
Q.14 The following time-velocity graph (fig.) represents
(A) zero acceleration

(B) constant acceleration

(C) mncreasing acceleration "‘:
(D) decreasing acceleration Time —»

Q.15 The following time-velocity graph (fig) represents
(A) zero acceleration
(B) positive acceleration

(C) negative acceleration

(D) vanable acceleration Time —*

Q.16 The following time-velocity graph (fig.) represents
{A) zero acceleration

(B) positive acceleration

velocity —»

(C) negative acceleration

(D) variable acceleration Time —*
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Q.17

Q.18

Q.19

Q.20

0.21

Q.22

The following time-velocity graph (fig.) represents
(A) zero acceleration
(B) constant acceleration

(C) increasing acceleration

(D) decreasing acceleration Time —»

Which of the following quantities 1s a vector quantity ?

(A) time (B) distance

(C) speed (D) velocity

Which of the following quantities 1s/are a vector quantity ?
(A) Mass (B) Length

{C) work (D) Momentum

Which of the following 1s incorrect statement ?

(A) speed 1s a scalar quantity while velocity 1s a vector quantity

(B) speed may be positive or negative but velocity 1s always positive.

(C) The change 1n the position of a body 1n a particular direction 1s called displacement.
(D) displacement can be positive as well as negative.

The acceleration versus time graph of a particle moving in a straight line 1s shown in the figure. The
velocity-time graph of the particle would be—

a(ms—2)
4

0 2™ 1is)
(A) a straight line  (B) a parabola
(C) a circle (D) an ellipse
The acceleration versus time graph ol a particle 1s as shown in figure. The respective v—t graph of
the particle 15—

(A) (B) 0 g
0 T

©) b_ (D) /

O L a t
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Q.23

0.24

0.25

Q.26

0.27

Q.28

0.29

Q.30

The displacement of a particle 1s proportional to the cube of ime. Then magnitude of 1ts acceleration—

(A) increases with time

(B) decreases with time

(C) constant but not zero

(D) zero

Figure shows two displacement-time graphs for particles A and B. Their relative velocity-
(A) zero

(B) non-zero but constant t

(C) continuously decreases % B

(D) continuously increases t—

Which of the following distance-time graphs represents one dimensional uniform motion?

X & b o

(A) (B) i
——— t
L 1

A stone falls from the top of the tower in 8 sec. How much time will it take to cover the
first quarter of the distance starting from the top ?

(A) 4s (By2s (C)1ls (D)none
The slope of the velocity-time graph for retarded motion 15—

(A) positive (B) negative

(C) zero (D) infinite

A car travels along a straight line with speed V, from A to B and returns back from B to A with
speed V,. The average speed of the car during its journey is given by

V,+V, ViV,
{"6"} 2 {B} \..fj_l_vl
V.V,
© Vi, (D) YWV,

A particle moves on a circular path with constant speed. What 1s the nature of 1ts acceleration—
(A) 1t 15 zero

(B) 1t 1s uniform

(C) 1ts direction changes

(D) 1ts magnitude changes

A stone thrown upward with a speed u from the top of the tower reaches the ground with the
velocity 3u. The height of the tower 15—

(A) 3u¥/g (B) 4u?/g

(C) 6u?/g (D) Yu¥/g
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Q.31 The velocity of a body depends on time according to the equation v =20 + 0.1 t. The body 1s
undergomg-
(A) Uniform acceleration

(B) Uniform retardation
(C) Non-uniform acceleration
(D) Zero acceleration
Q.32 A driver applies the brakes on seeing traffic signal 400 m ahead. At the time of applying the brakes

vehicle was moving with 15 ms 'and retarding with 0.3 ms™2. The distance of vehicle after | minute
from the traffic light 15—

(A) 25m (B) 375m
(C) 360m (D) 40 m
Q.33 Choose the wrong statement—
(A) zero velocity of a particle does not necessarily mean that its acceleration 1s zero.
(B) zero acceleration of a particle does not necessarily mean that its velocity is zero.
(C) if speed of a particle 1s constant, 1ts acceleration must be zero.
(D) none of these
Q.34 Which statements can be impossible cases in one/two dimensional motion—
(A) A body has zero velocity and still be accelerating
(B) The velocity of an object reverses direction when acceleration 1s constant
(C) An object be increasing in speed as its acceleration decreases.
(D) None of these

Q.35 A body falling for 2 sec covers a distance 'S' which 1s equal to that covered innext 1 sec. If' g
= 10 m/sec? the distance S is -

(A) 30 m (B) 10 m
(C) 60 m (D) 20 m
Q.36 Which of the following graphs represents the uniform motion—
K b
A " ¢
— e e L .
Vo Vi
ol N ot
—! N ———




