


Kepler’s Laws of Planetary motion









Johannes Kepler, working with data painstakingly 

collected by Tycho Brahe without the aid of a 

telescope, developed three laws which described 

the motion of the planets across the sky.

1. The Law of Orbits: All planets move in elliptical 

orbits, with the sun at one focus.

2. The Law of Areas: A line that connects a planet 

to the sun sweeps out equal areas in equal times.

3. The Law of Periods: The square of the period of 

any planet is proportional to the cube of the 

semimajor axis of its orbit.

Kepler's laws were derived for orbits around the 

sun, but they apply to satellite orbits as well.

http://hyperphysics.phy-astr.gsu.edu/hbase/kepler.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/kepler.html#c5
http://hyperphysics.phy-astr.gsu.edu/hbase/kepler.html#c6


Newton's law of universal gravitation

Newton's law of universal gravitation is usually

stated as that every particle attracts every other

particle in the universe with a force that is

directly proportional to the product of their

masses and inversely proportional to the square

of the distance between their centers.



















Deduction of Newton’s Law of Gravitation from Kepler’s Law

Newton’s Law of Gravitation is states that in this universe attracts every other

body with a force which is directly proportional to the product of their masses and is

inversely proportional to the product of the squares of the distance between them.

Newton’s Law of Gravitation can be easily obtained from Kepler’s Laws of

Planetary Motion.

Suppose a planet of mass m is revolving around the sun of mass M in a nearly

circular orbit of radius r, with a constant angular velocity ω. Let, T be the time period of

revolution of the planet around the sun. ω=2π/T … (1). The centripetal force acting on the

planet for its circular motion is:



This centripetal force is provided by the gravitational attraction exerted by the sun on the 

planet. According to Newton, the gravitational attraction between the sun and the planet is 

mutual. If force F is directly proportional to the mass of the planet (m). It should be directly 

proportional to the mass of the sun (M) inversely proportional to the square of the distance 

from the sun. 

On the basis of Kepler’s Laws, Newton concluded the following:

1. A force acting on the planet due to sun is the centripetal force which is directed towards the 

sun.

2. The force acting on the planet must be inversely proportional to the square of the distance 

from the sun.

3. The force acting on the planet is directly proportional to the product of the masses of the 

planet and the sun.
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Variation of g with latitude or rotation of Earth
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Variation of g with latitude (Rotation of the Earth)
Let us consider the Earth as a homogeneous sphere of mass M 

and radius R. The Earth rotates about an axis passing through its 

north and south poles. The Earth rotates from west to east in 24 

hours.Consider a body of mass m on the surface of the Earth at P

at a latitude θ. Let ω be the angular velocity. The force (weight)

F = mg acts along PO. It could be resolved into two rectangular

components (i) mg cos θ along PB and (ii) mg sin θ along PA

(Fig.).

From the ∆OPB, it is found that BP = R cos f. The

particle describes a circle with B as centre and radius BP = R

cos θ.

The body at P experiences a centrifugal force

(outward force) FC due to the rotation of the Earth

(i.e) FC = mRω2 cos θ, The net force along PC = mg cos θ −

mRω2 cos θ







Variation of g with latitude (Rotation of the Earth)
Let us consider the Earth as a homogeneous sphere of mass M and radius R. The Earth rotates about an 

axis passing through its north and south poles. The Earth rotates from west to east in 24 hours.
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Gravitational field and potential





Where, 

F=GmM/r^2



• In physics, a gravitational field is a model used to explain

the influence that a massive object extends into the space

around itself, producing a force on another massive object.

Thus, a gravitational field is used to explain gravitational

phenomena, and is measured in Newtons per kilogram.



Gravitational field

Two masses separated by a distance exert gravitational forces on one 

another. They interact even though they are not in contact. This 

interaction can also be explained with the field concept. A particle or 

a body placed at a point modifies a space around it which is called 

gravitational field. When another particle is brought in this field, it 

experiences gravitational force of attraction.

The gravitational field is defined as the space around a mass in 

which it can exert gravitational force on other mas.

Gravitational field intensity

Gravitational field intensity or strength at a point is defined as the 

force experienced by a unit mass placed at that point. It is denoted 

by E. It is a vector quantity. Its unit is N kg-1.

Consider a body of mass M placed at a point Q and another body of 

mass m placed at P at a distance r from Q.



The mass M develops a field E at P and this field exerts a 

force F = mE.

The gravitational force of attraction between the masses m 

and M is F = GMm/r2

The gravitational field intensity at P is E = F/m

E = GM/r^2

Gravitational field intensity is the measure of gravitational 

field.

Gravitational potential difference

Gravitational potential difference between two points is 

defined as the amount of work done in moving unit mass from 

one point to another point against the gravitational force of 

attraction.



Consider two points A and B separated by a distance dr in the 

gravitational field.

The work done in moving unit mass from A to B is dv = WA → B

Gravitational potential difference dv = − E dr

Here negative sign indicates that work is done against the gravitational 

field.

Gravitational potential

Gravitational potential at a point is defined as the amount of work 

done in moving unit mass from the point to infinity against the 

gravitational field. It is a scalar quantity. Its unit is N m kg-1.

Expression for gravitational potential at a point

• Consider a body of mass M at the point C. Let P be a point at a 

distance r from C. 



To calculate the gravitational potential at P consider two points A 

and B. The point A, where the unit mass is placed is at a distance 

x from C.

The gravitational field at A is E = GM/x^2

The work done in moving the unit mass from A to B through a 

small distance dx is dw = dv = −E.dx

Negative sign indicates that work is done against the gravitational 

field.  dv = − ( GM/x^2 ) dx

The work done in moving the unit mass from the point P to 

infinity is  ∫dv = - ∫(GM/x2) dx

v= - GM/r

The gravitational potential is negative, since the work is done 

against the field. (i.e) the gravitational force is always attractive.



Gravitational potential energy

Consider a body of mass m placed at P at a distance r from the centre 

of the Earth. Let the mass of the Earth be M.

When the mass m is at A at a distance x from Q, the gravitational 

force of attraction on it due to mass M is given by F = GMm / x2

The work done in moving the mass m through a small distance dx 

from A to B along the line joining the two centres of masses m and M 

is dw = -F.dx.

Negative sign indicates that work is done against the gravitational 

field.

dw = - GMm / x2 dx

The gravitational potential energy of a mass m at a distance r from 

another mass M is defined as the amount of work done in moving the 

mass m from a distance r to infinity.

The total work done in moving the mass m from a distance r to 

infinity is

*U = GMm/r



Gravitational potential energy is zero at infinity and decreases as the 

distance decreases. This is due to the fact that the gravitational force 

exerted on the body by the Earth is attractive. Hence the gravitational 

potential energy U is negative.

Gravitational potential energy near the surface of the Earth

Let the mass of the Earth be M and its radius be R. Consider a point A 

on the surface of the Earth and another point B at a height h above the 

surface of the Earth. 

The work done in moving the mass m from A to B is U = UB − UA

U = GMmh / R(R+h)

If the body is near the surface of the Earth, h is very small when 

compared with R. Hence (R+h) could be taken as R.

U = GMmh / R2            U = mgh
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