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GRAVITATIONAL FIELD

Newton’s Law of Gravitation

The gravitational force of attraction between any two objects is directly proportional

to the product of their masses and inversely proportional to the square of the distance

between them.

Where G is called the Universal gravitational constant. 11 2 2
G 6.67 10  Nkg m

  

01. Two lead spheres of diameter 40 cm and 8 c are placed with their centres 1 m apart.

Calculate the gravitational force between them. Specific gravity of lead = 11.7 and

2
10  .

02. A space probe is fired from the earth towards the sun. How far from the earth will the

sun’s gravitational pull on the probe balance the earth’s pull? Mass of the sun,

M
S
 = 2 x 1030 kg, Mass of the earth, M

E
 = 8 x 1024 kg. Distance between the earth and

the sun, r = 1.5 x 1011 m.

03. Three particles A, B, C, each of mass m, are placed in a line with AB = BC = r. A fourth

particle P of the same mass is placed at a distance r from the particle B on the perpen-

dicular bisector of the AC. Find the resultant gravitational force on P due to other

particles.

04. A spherical hollow is made in a lead sphere of radius R, such that its surface touches

the outside surface of the lead sphere and passes through its centre. The mass of the

sphere before hollowing was M. With what

force, according to the law of universal gravi-

tation, will the hollowed sphere attract a small

sphere of mass m, which lies at a distance d

from from the centre of the lead sphere on the

straight line connecting the centres of the

spheres and of the hollow.
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Gravitational Field Strength or Gravitational Field Intensity

Gravitational force acting on unit mass is defined as gravitational field strength at the

point of the given gravitational field.

Unit of Gravitational Field strength - N kg-1

Dimension of Gravitational Field strength - LT-2

Consider about a field of mass M at a point r distance from its centre of gravity,

Gravitation field Strength is the measurement of the field and it depends only on two

factors:

• The mass of the field generating object (M)

• The distance to the point from the mass (r)

Gravitational field strength is a vector quantity.

Graphical representation of gravitational field strength (g) with the

distance (r).
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01. If the diameter of the earth becomes two times its present value and its mass remains

unchanged, then what is the weight of an object of mass 100 kg on the surface of the

earth?

02. Calculate the height above the earth’s surfaceat which the value of acceleration due

gravity is half its value on the earth’s surface. Given, radius of the earth is R.

03. If go is the acceleration due to gravity on the surface of the earth then find the value of

the acceleration due to gravity at a height equal to R
2

 from the surface of the earth.

R being the radius of the earth.

04. If the earth stops rotating about its axis, what will be the change in the acceleration at

a place on the equator? Given, radius of earth, R = 6.4 x 106 m.

05. At what angular speed would the earth have to rotate for the weight of an object at the

equator to be zero? What would be the duration of one day then? Given, radius of

earth, R = 6.4 x 106 m.

06. The diameter of a planet is four times that of the earth and its mean density is equal to

that of earth. If the gravitational field strength on the earth surface is g, find the gravi-

tational field strength on the planet’s surface.

07. What would be the gravitational field strength on the surface of the moon if its radius

were  
th

1
4

 the radius of the earth and its mass  
th

1
80

 the mass of the earth? Given,

gravitational field strength is g.

Note:

Gravitational force is conservative force.

A conservative force is a force with the property that the total work done in moving a

particle between two points is independent of the path.

Example:

Gravitational force, spring force, magnetic force, electric force

Example for non - conservative force

Friction, Air drag
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Gravitational Potential

The gravitational potential at a point in a field is defined as the work done against

gravitational field in bringing a unit mass from infinity to that point.

Unit of Gravitational potential = J kg-1

Since gravitational force is a pulling force, the work done will be neagtive. In other

words, it is done by gravity.

Work done depends on the end point only. (does not depends on the path)

Potential difference between two points.

01. A body of mass m is taken from the earth’s surface to a height equal to the radius R of

the earth. If g is the acceleration due to gravity at the surface of the earth, then find

the work done.

02. A body of mass m is taken from the earth’s surface to a height of 2R where R is radius

of the earth. If g is the acceleration due to gravity at the surface of the earth, then find

the change in the potential energy of the body.
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