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Chapter 7 
Gravitation 

 

Waves 

 Newton’s Law of Gravitation 

Every particle attracts every other 
particle with a force that is directly 
proportional to the product of their 
masses and inversely proportional to the 
square of the distance between them. 

𝐹𝑔 = 𝐺
𝑚1𝑚2

𝑟2  

𝐺: 6.67 × 10−11𝑁𝑚2𝑘𝑔−2 

𝑈𝑛𝑖𝑡 𝑜𝑓 𝐹𝑔: 𝑁 

Gravitational force is always attractive.  

Gravitation Field 

A region of space where a mass will experience a gravitation 
force. 

Gravitational field strength g is defined as the gravitational 
force per unit mass acting on a small mass placed at that point. 

𝑔 =
𝐹𝑔

𝑚
= 𝐺

𝑀

𝑟2 

Factors affecting measurements of g 

 Earth’s density is not uniform 

 Earth is not a sphere but bulging at the equator 

 Rotation of Earth at the equator has centripetal force.  

Gravitational Potential Energy 

Work done by an external force in 
bringing the mass from infinity to that 
point in a gravitational field without a 
change in kinetic energy. 

𝑈 = −𝐺
𝑚1𝑚2

𝑟
 

U is always negative. Since the 
gravitational force is attractive, work must 
be done by external force to bring it to 
infinity. As the infinity is taken to be zero 
(reference point), any other point in the G 
field will have less GPE. 

Geostationary Orbit: above a fixed point 

on Earth, Satellite in orbit appears stationary to 
an observer on Earth. 

 Period = 24 hours 

 Moving along the equatorial plane. 

 Moving from west to east. 

 

Gravitational Potential  

Work done per unit mass by an external force in bringing a 
small mass from infinity to a point in a gravitational field without 
a change in kinetic energy. 

𝜙 =
𝑈

𝑀
= −𝐺

𝑀

𝑟
 

𝜙 is always negative. Since the gravitational potential at infinity 
is taken to be zero, gravitational force is always attractive, and 
the external force is opposite to the direction of displacement.  

 

Motion and g-field:  

 

Escape Velocity 

1

2
𝑚𝑣𝑒𝑠𝑐

2 = 𝐺
𝑀𝐸𝑚

𝑟
 →  𝑣𝑒𝑠𝑐 = √

2𝐺𝑀𝐸

𝑟
 

 

Orbiting Satellite 

𝐺
𝑀𝐸𝑚

𝑟2
= 𝑚

𝑣2

𝑟
→ 𝑣 = √

𝐺𝑀𝐸

𝑟
 

Or 

𝐺
𝑀𝐸𝑚

𝑟2 = 𝑚𝑟𝜔2 → 𝑇2 =
4𝜋

𝐺𝑀𝐸
𝑅3 → 𝑇2 ∝ 𝑅3 

 

Total Mechanical Energy of Satellite 

𝑇𝐸 = 𝐾𝐸 + 𝐺𝑃𝐸 =
1

2
𝑚𝑣2 − 𝐺

𝑀𝐸𝑚

𝑟
= −𝐺

𝑀𝐸𝑚

2𝑟
 

 

 

 

 

---------   Equipotential Lines 

              Gravitational Field Lines 

 

 

𝑭 = −
𝒅𝑼

𝒅𝒓
 

𝑭 = 𝒎𝒈 

𝒈 = −
𝒅𝝓

𝒅𝒓
 

𝝓 =
𝑼

𝒎
 


