




Uniform motion

D
is

ta
nc

e

Uniform
speed

TimeO

Moving with positive velocity

o

x

t

Stationary object

slope = 0

Body at rest

d

tO

Moving with negative velocity

O

x

t

Slope of position 
time graph 
give velocity

Positive α

Positive Acceleration

o

x

t

Negative Acceleration
Negative α

o

x

t

Zero acceleration

0

α = 0
x

t

D
is

ta
nc

e

TimeO B

AC

Non-unif
or

m
 sp

ee
d

Free fall: When upward direction is taken as positive

Variation of acceleration 
with time

-9.8 m/s2

t(s)

α
(m/s2)

0

-5

-10

1 2

Variation of velocity 
with time t(s)

v
(m/s)

1
-10

-20

-30

-40

-50

2 3 4 5
O

Variation of distance 
with time

y
(m)

1-10
-20
-30
-40
-50
-60
-70
-80
-90

2 3 4
O

t(s)

Sp
ee

d

TimeO B

AC

Non-unif

orm
 ac

ce
ler

ati
on

Velocity-time graphs:

Constant speed
A B

CO Time

Sp
ee

d

Uniform retardation

A

B

O Time

Sp
ee

d

Uniform acce
leration

A

B

C

O Time

Sp
ee

d

Area under Velocity time graph
gives
(i) displacement if sign is 
considered
(ii) distance if sign is not 
considered

Slope of Velocity 
time graph 
gives acceleration.



2

a



Uniform motion

D
is

ta
nc

e

Uniform
speed

TimeO

Moving with positive velocity

o

x

t

Stationary object

slope = 0

Body at rest

d

tO

Moving with negative velocity

O

x

t

Slope of position 
time graph 
give velocity

Positive α

Positive Acceleration

o

x

t

Negative Acceleration
Negative α

o

x

t

Zero acceleration

0

α = 0
x

t

D
is

ta
nc

e

TimeO B

AC

Non-unif
or

m
 sp

ee
d

Free fall: When upward direction is taken as positive

Variation of acceleration 
with time

-9.8 m/s2

t(s)

α
(m/s2)

0

-5

-10

1 2

Variation of velocity 
with time t(s)

v
(m/s)

1
-10

-20

-30

-40

-50

2 3 4 5
O

Variation of distance 
with time

y
(m)

1-10
-20
-30
-40
-50
-60
-70
-80
-90

2 3 4
O

t(s)

Sp
ee

d

TimeO B

AC

Non-unif

orm
 ac

ce
ler

ati
on

Velocity-time graphs:

Constant speed
A B

CO Time

Sp
ee

d

Uniform retardation

A

B

O Time

Sp
ee

d

Uniform acce
leration

A

B

C

O Time

Sp
ee

d

Area under Velocity time graph
gives
(i) displacement if sign is 
considered
(ii) distance if sign is not 
considered

Slope of Velocity 
time graph 
gives acceleration.







Runner Velocity vs. Time

Ve
lo

ci
ty

 m
/s

Time (s)

14

12

10

8

6

4

2

0
0  2  4  6  8  10 12

Runner Velocity vs. Time

Ve
lo

ci
ty

 m
/s

Time (s)

14

12

10

8

6

4

2

0
0  2  4  6  8  10 12

Po
si

tio
n

Time

(a)

Ve
lo

ci
ty

Time

(b)

Ve
lo

ci
ty

Time

(c)

Ve
lo

ci
ty

Time

(d)



Po
si

tio
n

Time

(a)

Ve
lo

ci
ty

Time

(b)
Ve

lo
ci

ty

Time

(c)
Ve

lo
ci

ty

Time

(d)

D
is

pl
ac

em
en

t

Y

A

60˚

30˚

B

O XTime

D
is

pl
ac

em
en

t

Y

A

60˚

30˚

B

O XTime



Time

30° 60°

v(m/s)

t(s)

D
40

C

AO B
E

Time

30° 60°

v(m/s)

t(s)

D
40

C

AO B
E





2

1

2

1

2
1

2
1

2

1

2

1



2

1

2

1

2

1

2

1













............ (1)

a
t t

v v

or v v a t t

or v v a t t

2 1

2 1

2 1 2 1

2 1 2 1

=
-
-

- = -

= + -

^
^
h
h

............ (1)or t t
a

v v
2 1

2 1- =
-

x x v t t
2

1
a t t ......... (2)2 1 1 1 2 2 1

2- = - + -^ ^h h

x x v
a

v v

2

1
a

a

v v

a

v v v

2a

v v 2v v

2a

2v v 2v v 2v v

2a

v v

2 1 1

2 1 2 1

2

1 2 1

2

2

2

1

2

1 2

1 2 1

2

1

2

1 2

2

2

1

2

- =
-

+
-

=
-

+
+ -

=
- + -

=
-

b l

or v v 2a x x ........ 3

Now if v u at t 0

v v at t t

....... (4)

x x s

Then from 3 and 4 ,we get

v u 2as ............. (5)

2
2

1
2

2 1

1 1

2 2

2 1

2 2

- = -

= =

= =

- =

- =

] ]

^ ]

g g

h g
3

2
1

v
t t

x x

or x x v t t ............ (1)

av

2 1

2 1

2 1 av 2 1

=
-
-

- = -^ h

v
2

v v
......... (2)av

1 2=
+

v v a t t .......... (4)2 1 2 1= + -^ h

v x
2

1
v v a t t t t

v t t
2

1
a t t ........ (5)

2 1 1 1 2 1 2 1

1 2 1 2 1

2

- = + + - -

= - + -^

^

^

^

h

h

h

h6 @

x x at t t

v u at t 0

v v at t t

............ (6)

2 2

1 1

2 2

= =

= =

= =

_

`

a

bbbb
bbbb

x x ut
2

1
at

if x x S, then

s ut
2

1
at

0

2

0

2

- = +

- =

= +



............ (1)

a
t t

v v

or v v a t t

or v v a t t

2 1

2 1

2 1 2 1

2 1 2 1

=
-
-

- = -

= + -

^
^
h
h

............ (1)or t t
a

v v
2 1

2 1- =
-

x x v t t
2

1
a t t ......... (2)2 1 1 1 2 2 1

2- = - + -^ ^h h

x x v
a

v v

2

1
a

a

v v

a

v v v

2a

v v 2v v

2a

2v v 2v v 2v v

2a

v v

2 1 1

2 1 2 1

2

1 2 1

2

2

2

1

2

1 2

1 2 1

2

1

2

1 2

2

2

1

2

- =
-

+
-

=
-

+
+ -

=
- + -

=
-

b l

v v 2a x x ........ 3

v u at t 0

v v at t t

....... (4)

x x s

v u 2as ............. (5)

2
2

1
2

2 1

1 1

2 2

2 1

2 2

- = -

= =

= =

- =

- =

^ ]h g
3

2
1

v
t t

x x

or x x v t t ............ (1)

av

2 1

2 1

2 1 av 2 1

=
-
-

- = -^ h

v
2

v v
......... (2)av

1 2=
+

v v a t t .......... (4)2 1 2 1= + -^ h

v x
2

1
v v a t t t t

v t t
2

1
a t t ........ (5)

2 1 1 1 2 1 2 1

1 2 1 2 1

2

- = + + - -

= - + -^

^

^

^

h

h

h

h6 @

x x at t t

v u at t 0

v v at t t

............ (6)

2 2

1 1

2 2

= =

= =

= =

_

`

a

bbbb
bbbb

x x ut
2

1
at

if x x S, then

s ut
2

1
at

0

2

0

2

- = +

- =

= +



or
t

t

1

2

b
a=

t

t
1 1

or
t

t t

or
t

t

t t

v t t

1

2

1

1 2

1

1

1

`

`

b
a

b
a b

b
a b

a b

b

a
a b

ab

+ = +

+
=
+

=
+

=
+

= =
+

area of OAB

2

1
OB AD

2

1
t t v

2

1
vt

2

1
t

1 2

2

3

#

a b
ab

=

=

= +

= = +

]
] g

g

or
t

t

1

2

b
a=

t

t
1 1

or
t

t t

or
t

t

t t

v t t

1

2

1

1 2

1

1

1

`

`

b
a

b
a b

b
a b

a b

b

a
a b

ab

+ = +

+
=
+

=
+

=
+

= =
+

2

1
OB AD

2

1
t t v

2

1
vt

2

1
t

1 2

2

#

a b
ab

=

= +

=

= +

]
] g

g



We get h
2
1
gt or h

2
1
g 8 32g ....... (1)

Also
4
h

2
1
gt

or h 2gt ................ (2)

from (1) and (2), we get

2gt 32g

or t 16

or t 4s.

2 2

2

1
2

1
2

1
2

1

#

`

= = =

=

=

=

=

=

2

1

h
2

1
gt or h

2

1
g 8 32g ....... (1)

4

h

2

1
gt

h 2gt ................ (2)

2 2

2

1

2

#= = =

=

=

2gt 32g

t 16

t 4s.

1

2

1

2

1

=

=

=




