PHYSICS
KINEMATICS

0
Classes

EQUATIONS OF MOTION

n

- Speed and velocity - Acceleration + Acceleration and retardation - Equations of motion

Given

= %(t) =%(ax2) +it(bx)

=1= 2ax(d—xj + b(d—xj
dt dt
We know that,

velocity(V) =3—:

1=2axv+ by ... (ii)
1=(2ax + b)v

dx

—2a| —

. dv dt
acceleration=—=——-—2

t (2ax+b)
We know that,
d
=4 _ 1 , we get acceleration = -2av?
dt (2ax+Db)

Option C is correct.
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nAV@ Example
U

Acceleration of a particle in rectilinear motion is given as a = 2t + 1, where a is in ms?
Find its velocity and displacement as a function of time t. (Given, at t = 0s, u = 2ms™* & x = 3m)

We know that
dv

a=—
dt

fav=

v.=u=2ms", v, =vms’

f
t.=0s, t,=ts
a=(2t+1)ms®
From equation (i),
t
=v-2=[ (2t+1)dt
=v-2=t’+t
=v(t)=(t* +t+2)ms”
We know that
dx
v=—
dt
g [
J.x[ dx—jtf vdt
Given,

Xx,=3mx,=xm

f
t, =05 tp=ts

From equation (i),
v(t)=t® +t+2
[lax=[ (¢*+e+2) dt

x-3= j;tzdu | ;tdt+ zj;dt

21 [e2] .
3 0 2 0

3 t2
X-3=—+—+2t
3 2

t3 2

x(t) =?+%+ 2t+3
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In an accelerated motion, velocity and acceleration have the same direction, resulting in an in-
creasing velocity.

Example: In the given figure, acceleration and velocity of the car is in the same direction. Thus, the
velocity of the car increases and it is an accelerated motion.

Retardation Or Deceleratio

In a decelerated motion, velocity and acceleration have opposite directions, resulting in decreasing
velocity.

Example - In the given figure, acceleration and velocity of the car is in the opposite direction. Thus
the velocity of the car decreases and it is a retarded motion.

"BOARDS l

Let a body, moving with a constant acceleration a, achieve velocity v at time t, with a displacement
S.
Let u be the initial velocity of the body att=0s

We know that,

Rearranging the above equation
dv = adt
Integrating both the sides, we get,

Vi o (¥

:>J.Vidv—J.tiadt

For constant acceleration (a = constant), we have,
Vi _ i

:IVidv = aJ‘tidt

=37 -vi=a(tf—t,.) ........ (i)

Here

VEV Y EU LS t=0

1

f=
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From equation (i),
=v-u=a(t-0)
=v-u=at

= v=u+at
Therefore, the first equation of motion is

v=u+at

In vector form,
V=1u+adt

where

v =Velocity attime t

u = Initial velocity
a = Acceleration

The acceleration of a particle, moving in the x-direction, with initial velocity 5ms?, is 2ms?2. Find its
velocity at t =3 s.

We know,

v=u+at
Givenu=5ms*,a=2ms?, t=3s
v=5+2x3

v=11ms"

Velocity of the particle att =3 s is 11 ms?

Second €

We know that,
dx
v=—"
dt
Rearranging above equation
dx = vdt
From the first equation of motion, we know that v=u + at
Putting this value of v in the above equation, we get,
dx = (u+at) dt
Integrating both the sides of the above equation, we get,

:>J‘zfdx =J‘? (u+at)dt
1
=y -x =u(ty -t) +al(6, ) )
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x, - x,=Displacement of the particle =s

f

u=Initial velocity of the particle
t,=tst, =0s

t* 0
=s=u(t-0) +a| —-=
2 2
1
:>s:ut+5at
Therefore, the second equation of motion is
1
S=ut+—at
2
In vector form,

I
S=ut+—at
2

Example

The acceleration of a particle, moving in the x-direction, with initial velocity 5ms?, is 2ms?. Find its
displacement at t = 3 s.

1
s=ut+—at
2

Givenu=5ms", a=2ms?, t =3s

S=5X3+%X2X32

s=15+9=24m
Therefore, displacement at t = 3 s is 24 m.

ﬁ:[,j—] Example
U

The acceleration of the block moving in x-direction, with initial velocity 8ms?, is -2ms?. Find

(@) The velocity of the block att=5s (b) The displacement of the block int=5s
(c) The distance traveled by the block in 5 s

Given,

Initial velocity of block (u) = 8 ms*
Acceleration of the block (a) = -2 ms™

Time (t)=5s

Let v be the velocity of the block at any time ¢
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(a)
Velocity of the block at any time t is given by,

v=u+at

= v=8+(-2) x5

=v=-2ms"

The velocity of block at t =5 s is -2 ms™

(b)

Displacement of the block at any time t is given by,

1 ,
s=ut+—at
2
1 2
—s=8x5-—x2x5
2
=s=40-25=15m

(c)
v=1u+at
=v(t)=(8-2t)ms”
Velocity of the particle will be zero if the particle turned back,
v(it)=0
=8-2t=0
=>t=4s
Thus, between t = 0 s and t = 4 s, the particle travelled in a straight line in the forward

direction.
Also, betweent=4 s and t = 5 s, the particle travelled in a straight line in the opposite

direction.
Displacement of block att=4 s is

1 .
S, = ut +—at
2

st=4=8><4+% x(-2) x 4?

S,.,=32-16=16m

Distance travelled by the block in 4 seconds = (Displacement at t = 4s) - (Displacement at t = Os)
=16-0=16 m.

Also, displacement of the block att = 5s is

S,.;=8x5 +?1><(-2)x 52=15m

Distance travelled by the block in fifth second = (Displacement at t = 5s) -
(Displacement at t = 4s)

= Distance travelled by the block in fifth second =15 - 16| = 1m.

Total distance travelled in 5 seconds = (Distance travelled in 4 seconds) +
(Distance travelled in the fifth second) =16 +1=17m

© 2020, BYJU'S. All rights reserved



