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1D



Position Vector



Three vectors P, Q and R are shown in the figure. Let S be 
any point on the vector R. The distance between the points P 
and S is b|R|. The general 
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Average Velocity/Speed

Special Case



Average Velocity/Speed

Case 3



Average Velocity/Speed

Special Case



A car travels from A to B with a uniform speed of 
40 km/hr and returns from B to A with a uniform 
speed of 60 km/hr. Its average speed is

A. 50 km/hr
B. 24 km/hr
C. 48 km/hr
D. 52 km/hr





A body has speed V, 2V and 3V in first 1/3 
of distance S second 1/3 s and third 1/3 of S 
respectively. Its average speed will be

A. V
B. 2V
C. 18/11 V
D. 11/18 V





A man traversed half the distance with a speed of 
30 km/hr. The remaining distance was covered 
with velocity 20 km/hr for half time, and with 10 
km/hr for the other half of the time. Find the 
average speed of the man for the entire motion.

A. 10 km/hr
B. 30 km/hr
C. 20 km/hr
D. 15 km/hr





Instantaneous Velocity

Velocity of the particle at an instant is called instantaneous velocity.



A particle is moving with a speed v= b√x 
along positive x axis. Calculate the speed of 
the particle at time t= 𝛕

A. b2𝛕/4
B. b2𝛕/2
C. b2𝛕
D. b2𝛕/√2

[JEE Main 2019]





A particle is moving along x-axis. Its X-coordinate 
varies with time as, x=2t2+4t-6 Here, x is in metres 
and t in seconds. Find the average velocity 
between the time interval t = 0 to t = 2 s. 

(A) 4 m/s    
(B) 8 m/s     
(C) 12 m/s   
(D) 16 m/s





Acceleration



A particle is moving in x-y plane. Its x and y 
coordinates are x=2t2 and y=t3 here x and y are 
in metres and t in seconds. Find average 
acceleration between a time interval from t = 0 
to t s = 2 .

A. 2i + 3j  m/s2

B. 6i + 4j  m/s2

C. 3i + 2j  m/s2

D. 4i + 6j  m/s2





Instantaneous Acceleration



Instantaneous Acceleration



The position of a particle as a function of time t, 

is given by x(t) = at + bt2 - ct3

Where a, b and c are constants. When the 

particle attains zero acceleration, then its 

velocity will be

[JEE Main 2019]





A particle is projected with velocity Vo along x-axis. 

The declaration on the particle is proportional to the 

square of the distance from the origin i.e, a = 𝜶x2. The 

distance at which the particle stops is





Trajectory

Path traced by a moving particle



A particle is moving in x-y plane. Its x and y 
coordinates are x=2t and y=4t2 here x and y are 
in metres and t in seconds. Find the trajectory 
of the particle

A. y=4x2

B. y=x2

C. x=4y2

D. x=y2





A particle is moving in x-y plane. Its x and y 
coordinates are X= 3Sin(2𝜋t) & Y=2Cos(2𝜋t). 
Here, x and y are in metres and t in seconds. 
The trajectory of the particle is 

A. Circle
B. Parabola
C. Ellipse
D. Hyperbola

[JEE Main 2019]





Equations of 
Motion



Types of Motion

Non Accelerated Motion Uniformly Accelerated 

Motion

Non Uniformly 

Accelerated Motion



Equations of Motion



A particle starts with a speed of 20m/s along +X axis 
with a uniform acceleration of 2 m/s2 along -X axis. 
Find the distance covered by the particle in 20 seconds

A. 0 m

B. 400 m

C. 100 m

D. 200 m 





A.

B.

C.

D.

An automobile, travelling at 40 km/h, can be stopped 

at a distance of 40 m by applying brakes. If the same 

automobile is travelling at 80 km/h, the minimum 

stopping distance, in metres, is (assume constant 

retardation)

80 m

120 m

160 m

200 m

(JEE Main 2018)





[JEE Main 2021]

A car accelerates from rest at a constant rate α for 

some time after which it decelerates at a constant 

rate β to come to rest. If the total time elapsed is t 

seconds, the total distance travelled is.

A.

B.

C.

D.





In a car race on straight road, car A takes a time 

a time t less than car B at the finish and passes 

finishing point with a speed ‘v’ more than of car 

B. Both the cars start from rest and travel with 

constant acceleration a1 and a2 respectively . 

Then ‘v’ is equal to:

[JEE Main 2019]





Freely Falling Objects



A.

B.

C.

D.

A ball is thrown vertically upwards with a speed of 

10 m/s. The maximum height attained by the ball is

5 m

10 m

15 m

20 m



From a tower of height H, a particle is thrown 

vertically upwards with a speed u. The time taken by 

the particle, to hit the ground, is n times that taken 

by it to reach the highest point of its path. The 

relation between H, u and n is:

A.

B.

C.

D.

2gH = n2u2

gH = (n - 2)2u2d

2gH = nu2 (n - 2)

gH = (n - 2)u2

[Main 2014]





A ball is dropped from the top of a tower. The 
time taken to travel the first half of the height is 
t1 and for the second half of the height is t2. The 
ratio of t2/t1 is

A. 1
B. √2-1
C. √2+1
D. 1/2

[JEE Main 2022]





A stone dropped from a building of height h and it 
reaches after t seconds on earth. From the same building 
if two stones are thrown (one upwards and other 
downwards) with the same velocity u and they reach the 
earth surface after t1 and t2 seconds respectively, then

[[[JEE Main 2022]







A. 15 m        
B. 20/9 m        
C. 80/9 m           
D. 100/9 m

Some milk drops fall at regular interval from a 
leakage is vessel 20 m above the ground. The first 
drop strikes the ground when fourth drop is leaving 
the leakage. Find the height of second drop from 
the ground







Displacement in nth Second





An Object is dropped from the height of 45 m. 
Find the distance covered by the object in the 
last second of the motion.

A. 5 m           
B. 15 m         
C. 20 m         
D. 25 m 





A body falls freely from the top of a tower. It 
covers 36% of the total height in the last second 
before striking the ground level the height 
of the tower is

A. 5o m           
B. 75 m         
C. 100 m         
D. 125 m 





Graphs
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Graphs

Slope Shortcut



Graphs

Slope Shortcut



Displacement Time Graph

Displacement Time Graph



Velocity Time Graph



Acceleration Time Graph

Acceleration Time Graph



The position, velocity and acceleration of a 
particle moving with constant acceleration can 
be represented by

[JEE Main 2021]



Velocity Displacement Graph

Velocity Displacement Graph



[JEE Main 2021]

The velocity - displacement graph of a particle is shown 
in the figure. The acceleration displacement graph of the 
particle is represented by:

A B

C D





Which graph corresponds to an object moving 
with a constant negative acceleration and a 
positive velocity ?

[JEE Main 2017]





How to Draw the Graph ?

● Identify the situation at t=0

● Choose the sign convention

● Identify if it will be straight line or curve 

How to Draw the Graph ?



A ball is dropped from a height of 5m. It hits the 
ground and bounces back. Plot the velocity time 
graph for its entire motion. (Assume no energy loss)



A body is thrown vertically upwards. Which one of the 
following graphs correctly represent velocity vs time

[JEE Main 2017]





A tennis ball is released from a height h and after freely 
falling on a wooden floor it rebounds and reaches height 
h/2. The velocity versus height of the ball during it 
motion may be represented graphically by :
(graph are drawn schematically and on not to scale)

[JEE Main 2020]





Area Under the Curve



The velocity time graphs of a car and a 
scooter are shown in the figure (i) the 
difference between the distance travelled 
by the car and the scooter in 15 s and (ii) 
the time at which the car will catch up with 
the scooter are, respectively

A. 337.5 m and 25s
B. 225.5 m and 10 s
C. 112.5m and 22.5s
D. 11.2.5 m and 15s



The velocity (v) and time (t) graph of a body in a straight 
line motion is shown in the figure. The points S is at 4.333 
seconds. The total distance covered by the body in 6 s is :

A. 37/3 m
B. 12 m
C. 11 m
D. 49 / 4 m

[JEE Main 2021]



Graph of (1/v) vs. x for a particle under 
motion is as shown where v is  velocity and 
x is position. The time taken by particle to 
move from x = 4m to x = 12 m is

A. 16/3 sec
B. 10 sec
C. 8 sec
D. 12 sec



Area Under the Curve

Concavity



Concavity







A particle starts from origin rest and moves 
with a uniform acceleration along the 
positive x - axis. Identify all figures that 
correctly represents the motion 
qualitatively (a = acceleration, v = velocity, 
x = displacement, t= time)



Comment on the motion of the particle based on following graph



Relative 
Motion in 1D



Relative Velocity



Relative Velocity







A person climbs up a stalled escalator in 60 s. 
If standing on the same but escalator running 
with constant velocity he takes 40 s. How 
much time is taken by the person to walk up 
the moving escalator ?

A. 37s
B. 27s
C. 24s
D. 45s

[JEE Main 2014]





Relative Acceleration



A stone is dropped from a tower of height 30 
m. Simultaneously another stone is thrown 
vertically upwards with a speed of 10 m/s. 
The time after which the two stones collide is

(a) 1 sec
(b) 2 sec
(c) 3 sec
(d) 4 sec





A car is standing 200 m behind a bus , which is 
also at rest . The two start moving at the same 
instant but with different forward accelerations. 
The bus has acceleration 2 m/s2 and the 
acceleration of the car is 4 m/s2 . The car will 
catch up with the bus after a time of:

A. ✓110S
B. ✓120S
C. 10✓2s
D. 15 s

[JEE Main 2017]





A man in a balloon, throws a stone downwards 
with a speed of 5 m/s with respect to balloon. 
The balloon is moving upwards with a constant 
acceleration of 5 m/s2. The velocity of the stone 
relative to the man after 2 seconds is

A. 10 m/s
B. 30 m/s
C. 15 m/s
D. 35 m/s





Two trains A and B of length 400 m each are 
moving on two parallel tracks with a uniform 
speed of 72 km/h in the same direction, with A 
ahead of B. The driver of B decides to overtake 
A and accelerates by 1 m/s2. If after 50 s, the 
guard of B just brushes past the driver of A 
and the original distance between them is x, 
then calculate value of x/10 ?
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