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Derivation of Equations of Motion by Graphical Method: 

In this topic we shall discuss on the method of derivation of three equations of motion. Equations of motion 
describe the behaviour of a physical system in terms of its motion as a function of time. These equations are 
valid only when the acceleration is constant or uniform. 

1. First Equation of Motion (Equation for velocity time relation): 
 
Let us consider V – T graph for a body moving under uniform acceleration and as a result of the 
acceleration, its velocity increases from u to v in time t. 

 
 
The slope of the V – T graph gives the acceleration of the moving object. 

Therefore,  Acceleration = slope of AB =  

                                              =   

                     Or,               𝑎 =  

                     Or,        𝑣 − 𝑢 = 𝑎𝑡      
                       Or,                    𝑣 = 𝑢 + 𝑎𝑡  -----------------------------------------------------------------------------(1)  
 

2. Second Equation of Motion (Equation for position time relation): 
 
Let us consider V – T graph for a body moving under uniform acceleration and as a result of the 
acceleration, its velocity increases from u to v in time t. 

 
As we know that the distance travelled s in time t is given by the area enclosed by the v – t graph and 
the time axis. 
 



Therefore, 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑, 𝑠 = 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡𝑟𝑎𝑝𝑒𝑧𝑖𝑢𝑚 𝐴𝐵𝐸𝑂 
                                                             = 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝐴𝐶𝐸𝑂 + 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡𝑟𝑖𝑎𝑛𝑔𝑙𝑒 𝐴𝐵𝐶  
                                                             = (𝑂𝐴 ×  𝑂𝐸) +  ×  𝐴𝐶 ×  𝐵𝐶  

                                                             = 𝑢𝑡 +  ×  𝑡 ×  (𝑣 − 𝑢) 

                                                             = 𝑢𝑡 +   ×  𝑡 ×  𝑎𝑡                      [from eqn (1), 𝑣 − 𝑢 = 𝑎𝑡 ] 

                     Or,                               𝑠 = 𝑢𝑡 + 𝑎𝑡   --------------------------------------------------------------------- (2) 
 

3. Third Equation of Motion (equation for position velocity relation): 
 
Let us consider V – T graph for a body moving under uniform acceleration and as a result of the 
acceleration, its velocity increases from u to v in time t. 

 
 
In this case also we have to find the distance travelled by the body. 
Therefore, 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑, 𝑠 = 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡𝑟𝑎𝑝𝑒𝑧𝑖𝑢𝑚 𝐴𝐵𝐸𝑂 

                                                              =   × (𝑠𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 𝑠𝑖𝑑𝑒𝑠) × ℎ𝑒𝑖𝑔ℎ𝑡 

                                                              =   × (𝑂𝐴 + 𝐵𝐸) × 𝑂𝐸  

                                                              =  
( )

 × 𝑡  

                                                              =
 
× (𝑣 + 𝑢) ×  

( )
                  [from eqn (1), 𝑡 =

( )
 ] 

                   Or,                             2𝑎𝑠 =  𝑣 −  𝑢  
                   Or,                               𝑣 = 𝑢 +  2𝑎𝑠  ---------------------------------------------------------------- (3) 

 

 

 

 

 

 

 

 

 

 



Circular Motion: 

When an object moves in a circular path with uniform speed, its motion is called uniform circular motion. 

In such a case, the change in velocity is only due to the change in direction of motion of the object. Because in 
this case the magnitude of velocity or speed is constant. 

Therefore, this motion is accelerated without changing its speed. 

The direction of acceleration is towards the centre of the circular path and is known as centripetal acceleration. 
The force associated with it, i.e. the force needed to produce circular motion is known as centripetal force. 

                                                                     

Example: Motion of moon around earth, motion of earth around sun etc. 

N.B.: If r is the radius of a circular track and it takes t time to go one complete round, then the velocity is given 
by: 

                                                                    𝑣 =                          

                        

In – Text (Blue) Questions and Answers: 

1. An object has moved through a distance. Can it have zero displacement? If yes, support your answer 
with an example. 
Ans: Yes, its displacement may be zero. It happens when an object comes back to initial point. 
For example, completing one round on a circular path the displacement will be zero but the distance 
travelled will be equal to the circumference of the circular path. 
 

2. A farmer moves around the boundary of a square field of side 10 meter in 40 sec. What will be the 
magnitude of displacement of the farmer at the end of 2 minutes 20 seconds from 
his initial position? 
Ans: Time for one round = 40 sec.                                                                                                                                                                                  
Total time = 2 min 20 sec = 2X60+20 = 140 sec. 
 Number of round = 140 / 40 = 3.5 ؞
If the farmer starts from the point A then after completing 3.5 rounds his final position will be at point 
C. 
the magnitude of the displacement = AC = √10 ؞ + 10 = 10√2 m. 
 

3. Which of the following is true for displacement? 
a) It cannot be zero. 
b) Its magnitude is greater that the distance travelled by the object. 

 

 
A 

C 



Ans: a) Displacement can be zero. The given statement is not true. 

         b) The magnitude of the displacement cannot be greater than the distance travelled by the object. 
The given statement is not true. 

 
4. Distinguish between speed and velocity: 

Ans:  
                                   Speed                                      Velocity 

i. Speed of a body is the distance travelled 
by it per unit time. 

ii. Speed is a scalar quantity. 
iii. Speed may be positive or zero. (It cannot 

be negative) 

i. Velocity is the displacement travelled by it 
per unit time. 

ii. Velocity is a vector quantity. 
iii. Velocity may be positive, negative or zero. 

 
5. Under what condition is the magnitude of average velocity of an object equal to its average speed? 

Ans: If the body is travelling in a straight line then only the magnitude of average velocity is equal to the 
average speed. 
 

6. What does the odometer of an automobile measure? 
Ans: Distance travelled. 
 

7. What does the path of an object look like when it is in uniform motion? 
Ans: Since we are only concerned with the uniform motion and not any direction of it, the path may be 
straight, circular or zigzag line. 
 

8. During an experiment, a signal from a spaceship reached the ground station in five minutes. What was 
the distance of the spaceship from the ground station? The signal travels at the speed of light, i.e. 3 X 
108 m/s. 
Ans: Given, time t = 5 min = 5 x 60 = 300 sec 
Speed of light c = 3 X 108 m/s 
 .distance, d = v x t = 3 X 108 X 300 = 9 X 1010 m ؞
 

9. When will you say a body is in (i) uniform acceleration, (ii) non – uniform acceleration? 
Ans: i) Uniform Acceleration: If the velocity of a body changes with uniform rate then the body is said to 
be moving with uniform acceleration.  
Example: The acceleration of a body falling freely under gravity. 
       ii) Non – Uniform Acceleration: If the velocity of a body changes with non-uniform rate then the 
body is said to be moving with variable or non-uniform acceleration. 
 

10. A bus decreases its speed from 80 km/hr to 60 km/hr in 5 sec. Find the acceleration of the bus. 
Ans: Initial speed, u = 80 km/hr = 80 X (5/18) = 22.22 m/s 
Final speed, v = 60 km/hr = 60 X (5/18) = 16.67 m/s 
Acceleration a = (v – u) / t  
                           = (16.67 – 22.22) / 5 
                           = - 1.11 m/s2   

                                                                                                                                                                   ……… to be continued  
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