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Newton’s Third Law of Motion and Gravitation: 

According to Newton’s third law of motion, if one body exerts a force on a second body then 
second body also exerts an equal and opposite force on the first body. For example, a ball falling 
towards earth exerts a force on the earth but the motion of earth towards the ball is not noticed.  

 

Q: How can this be explained? 

A: The above incident can be explained on the basis of the equation,    𝑎 ∝   [If force on a body remains constant, then the acceleration and mass are inversely proportional] 

Since the mass of earth is very large therefore, acceleration produced in the earth is very small as 
compared to the acceleration of the ball. 

That is why the motion of the earth towards the ball is not noticed. 

 

Free Fall: 

A body falling towards the earth under the action of gravitational force alone is said to be in ‘free 
fall’ and such a body is said ‘freely falling body’. Earlier, it was thought that objects of different 
masses dropped from the same height take different times to reach the ground. But Galileo 
dropped twos stones of different masses simultaneously from the top of the tower of Pisa and 
found that both the stones hit the ground at the same time. Later on this result was shown by 
means of an experiment done in a vacuum jar by Robert Boyle. Robert Boyle put a feather and 
a coin in a long jar and the air from the jar was removed by the use of vacuum pump. Then he 
inverted the jar and found that both the coin and the feather reached the bottom of the jar at the 
same time. Thus, it is concluded that in the absence of the air resistance all the bodies fall at the 
same rate. Therefore, for a freely falling bodies the force of gravitation produces a constant 
acceleration in the body and it does not depend on the mass of the falling body. 

 

Acceleration due to gravity: 

The constant acceleration produced in a freely falling body due to earth’s gravitational pull is 
known as acceleration due to gravity. It is denoted by ‘g’. The value of ‘g’ does not depend on 
the mass of the body. 

 



 

Relation between ‘g’ and ‘G’: 

Consider a body of mass m near the surface of the earth. The magnitude of the gravitational force 
acting on the body due to the earth is given by  

                                                        𝐹 =        ------------------ (1) 

 

Where, Me = mass of the earth and Re = radius of the earth 

This gravitational force produces acceleration equal to ‘g’ in the body of mass m. So according 
to Newton’s second law of motion, 

                                                        𝐹 = 𝑚𝑔          ------------------ (2) 

Equating equations (1) and (2) we get, 

                                                        𝑚𝑔 =   

Or,                                                      𝑔 =         ------------------(3) 

This is the expression for the acceleration due to gravity (g) on the surface of the earth and it 
shows that acceleration due to gravity does not depend on the mass of the body. 

 

Conclusions:  

1st Conclusion: 

From equation (3) it is very much clear that,  

                                                             𝑔 ∝               ------------------(4) 

Now we know that the radius of earth at the equator is more than that at the poles.  

i.e.                                            𝑅  >  𝑅         ------------------ (5A) 

Thus from equation (4) we get, 

Thus,                                             𝑔  >  𝑔   ------------------- (5B) 

 

2nd Conclusion:  

From equation (3), it is very much clear that there is no term related to the mass of the body. 
Therefore, irrespective of the mass of the body, all bodies will fall with the same rate of 
acceleration. For example, if a feather and an iron ball is released from the same height at the 
same moment, then they will also touch the ground at the same moment. Little time lag that 
may be observed in this case in reality is due to the air resistance.  

 



 

The value of acceleration due to gravity on the earth: 

We know, acceleration due to gravity on the surface of earth is, 

                                                       𝑔 =     𝐺 = 6.67 × 10  𝑁𝑚 𝑘𝑔  

Mass of earth,                             𝑀 = 6 ×  10  𝐾𝑔 

Radius of earth,                           𝑅 = 6.4 × 10  𝑚 

 

Substituting we get,   

                                                       𝑔 =  .  ×  ×  × . ×    

 

Or,                                                 𝑔 = 9.8 𝑚 𝑠  

Thus the value of ‘g’ on the surface of the earth is 9.8 𝑚 𝑠  

 

Difference between ‘g’ and ‘G’: 
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