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Motion

Oxford Dictionary defines Motion as,

the act or process of moving or the way something moves

Motion change with time of the position or orientation of a body. This continuous change can be
of three types:

i. Translational Motion: It is the motion in which all points of a moving body move uni-
formly in the same line or direction. A car moving on a highway is the example of transla-
tional motion.

ii. Rotational Motion: It is the motion of a rigid body which takes place in such a way that
all of its particles move in circles about an axis with a common angular velocity. It can also
be defined as the rotation of a particle about a fixed point in space. The spinning of a top
on its axis is an example of rotational motion.

iii. Vibrational Motion: It is the motion in which a part or parts of a body move to and
fro in a definite pattern, while the rest of the body remains fixed and does not move. The
back-and-forth movement of a simple pendulum is an example of vibrational motion.

Scalar and Vector

Scalar: A scalar is a physical quantity that is completely described by its magnitude. It is
specified by a single real value (not necessarily positive) with an appropriate unit and has
no direction. Scalars can be manipulated by the ordinary laws of algebra.
Examples of scalar quantities are volume, density, speed, energy, mass, and time.

Vector: A vector is a physical quantity that has both magnitude and direction. It is specified
by a number with an appropriate unit and a direction. The length of a vector is proportional
to the quantity’s magnitude. Vectors are governed by the laws of vector algebra.
Examples of vector quantities are displacement, velocity, and acceleration.
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Kinematics

The branch of mechanics which is concerned with the motion of objects without reference to the
forces which cause the motion is called as kinematics.

Distance and Displacement

Suppose a particle is at A at time t1 and is at C
at time t2. The particle moves along the path ABC
during the time interval.
The length of the path ABC is called the distance
travelled during the time interval t1 to t2.
If we connect the initial position A and final position
C by a straight line, it is called the displacement.
It is a vector quantity that requires the specification
of both direction and magnitude. Figure 1: Distance vs Displacement

The magnitude of the displacement is the length of the straight line joining the initial and final
position.
The SI unit of distance and displacement is metre and the dimension is

[
L
]
.

Speed and Velocity

Average Speed: The ratio of the distance travelled by a particle to the time taken to travel
the distance is called as average speed.
If the particle travels a distance s in time t1 to t2, the average speed is defined as,

vavg =
s

t2 − t1
(1)

The average speed gives the overall rapidity with which the particle moves in this interval.

Average Velocity: The ratio of the displacement of a particle to the time interval in which
the dislacement took place is called as average velocity.
If the particle undergoes a displacement ∆~r in time interval ∆t, the average velocity is
defined as,

~vavg =
∆~r

∆t
(2)

The average velocity is also a vector quantity.

Instantaneous Speed: The value of the average speed at any instant may vary. Let ∆s
be the distance travelled in the time interval t to t + ∆t. The average speed in this interval
is defined as,

vavg =
∆s

∆t
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As time interval, ∆t approaches zero, the distance ∆s also approaches zero but the ratio
∆s/∆t has a finite limit. Hence, the instantaneous speed at a time t is defined as,

v = lim
∆t→0

∆s

∆t
=

ds

dt
(3)

The instantaneous speed of a particle is equal to the magnitude of its velocity or can simply
be called as speed.

Instantaneous Velocity: Let the average velocity of a particle in time interval t to t+ ∆t
be ~vavg. As time interval, ∆t approaches zero, the value of the instantaneous velocity ~v at
time t is given as,

~v = lim
∆t→0

∆~r

∆t
=

d~r

dt
(4)

Instantaneous velocity can be simply called as velocity and its magnitude is speed.

The SI unit of speed and velocity is metre/second and the dimension is
[
LT−1

]
.

Acceleration

If the velocity of a particle remains constant as time passes, the velocity is said to be uniform
velocity. If the velocity changes with time, it is said to be accelerated. Acceleration is the rate
of change of velocity. As velocity is a vector, a change in either its magnitude or its direction or
both will change the velocity.

Average Acceleration: If the velocity of particle changes from ~v1 at time t1 to ~v2 at time
t2, the average acceleration is defined as,

~aavg =
~v2 − ~v1

t2 − t1
=

∆~v

∆t
(5)

Instantaneous Acceleration: Let the average acceleration of a particle in time interval
t to t + ∆t be ~aavg. As time interval, ∆t approaches zero, the value of the instantaneous
acceleration ~a at time t is given as,

~a = lim
∆t→0

∆~v

∆t
=

d~v

dt
(6)

Instantaneous velocity can be simply called as acceleration.

The SI unit of acceleration is metre/second2 and the dimension is
[
LT−2

]
.

Equations of Kinematics

Let us consider the motion of a particle in a straight line. Let the acceleration, a , of the particle
be constant, initial velocity at time, t = 0 be u and the final velocity at time, t be v . Hence,
we get

a =
dv

dt
dv = a dt (1)
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According to the condition, as time changes from 0 to t, the velocity changes from u to v. Hence,
on integrating equation (1), we get ∫ v

u

dv =

∫ t

0

a dt[
v
]v
u

= a
[
t
]t

0

v − u = at

v = u + at (2)

Equation (2) can be written as,

dx

dt
= u + at

dx = (u + at) dt (3)

According to the condition, as time changes from 0 to t, the position changes from 0 to x. On
integrating equation (3), we get ∫ x

0

dx =

∫ t

0

(u + at) dt

[
x
]x

0
= u

∫ t

0

dt + a

∫ t

0

t dt

x = u
[
t
]t

0
+ a

[
t2

2

]t
0

x = ut +
1

2
at2 (4)

On squaring equation (2), we get

v2 = (u + at)2

v2 = u2 + 2uat + a2t2

v2 = u2 + 2a

(
ut +

1

2
at2
)

v2 = u2 + 2ax (5)

Equations (2), (4) and (5) are collectively called the equations of kinematics.
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Equations of Kinematics for Freely Falling Bodies

Let us suppose that a body is made to fall from a height onto the ground. If air resistance is
neglected, it falls along a vertical straight line. The acceleration is in the vertically downward
direction and its magnitude is fairly constant and has the value of 9.8 m/s2. It is normally
denoted by the letter g .
If we take vertically upward direction as the positive Y -axis, acceleration is along the negative
Y -axis and we can write the acceleration as a = −g. The equations (2), (4) and (5) can be
written as,

v = u− gt

y = ut− 1

2
gt2

v2 = u2 − 2gy
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