
Some Physics of the Kepler Laws and Orbits 

Kepler’s First Law 

   Kepler’s first law states that, the planets orbit around the Sun as an ellipse with the Sun at one 
focus. In order to better understand this, we need to keep in mind of conservation laws. The two 
that are important here are the conservation of energy and the conservation of angular 
momentum. If we take the Earth and the Sun as an example, we see that we are interested in the 
motion of these two bodies. When dealing with two body problems like this, it is convenient to 
think of this a one body system with an effective mass µ, 

µ = !"
!!!

. 

However, in this example the effective mass would be m, where m is the mass of the Earth. Also, 
we are generally interested in the relative distance between the Earth and the Sun, simply 
meaning the distance from their centers. Remember there is the gravitational force between these 
two bodies i.e.  

F(r) =!"#
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where r is the relative distance mentioned above (d if you’d like). Now this force is attractive. So 
what that means is that the Earth would like to move closer to the Sun as it feels the effect of its 
gravitational pull. However, remembering that both the energy and angular momentum are 
conserved, we can write the total energy as: 
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where L is the angular momentum and v is the radial velocity. As mentioned above, this force is 
attractive. But why doesn’t the Earth collapse into the Sun as one may wonder. This is due to the 
angular momentum. What the angular momentum does is it creates a barrier that prevents the 
Earth from collapsing into the Sun as one may expect. The reason for this is because at smaller 
distances, the angular momentum term in the energy dominates over the potential energy term 
thus creating this barrier. So how do we get an ellipse from the conservation of energy? 

  In order to do that, one has to remember that the radial velocity changes. With some algebra, 
one can eventually show that the Earth’s trajectory is an ellipse (this requires calculus, well 
beyond the scope of this course). Once one finds the equation of the ellipse, one can see that the 
ellipse is bounded by two points, 

Rmax = !
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       and Rmin =
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Here Rmax is called the aphelion where the Earth is farthest from the Sun and Rmin is called the 
perihelion where the Earth is closest. The symbols R and e are a radius and the eccentricity of the 
orbit. The eccentricity just measures how far away from a circle you are. Now the eccentricity so 
depends on the energy in the following way  



e = (1 - !!!!
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To get this answer takes some algebra. The eccentricity gives us all the information about the 
orbits. We have different cases: 

1) If E = 0, then the eccentricity is 1, which means the aphelion becomes extended and we 
have a parabolic orbit. 

2) If E<0, then the eccentricity is nonzero and we have the general equation for elliptical 
orbit. 

3) If E = 2L2/m(GmM)2 < 0, then the eccentricity is zero and we have a circular orbit. 
4) If E > 0, the eccentricity is nonzero and we have a hyperbolic orbit. 

 
The parabolic and hyperbolic orbits are known are usually referred to as unbounded or 
open orbits, while the elliptical and circular orbits are closed bounded orbits. An open 
orbit simply means that that an object will orbit a star and then go far away from the star. 
A closed orbit returns to itself in our case (in general it doesn’t do this but we will not 
worry about that). 
 

Kepler’s Second Law 

Kepler’s Second Law says that the line connecting the Earth to sun sweeps equal areas in equal 
times. Initially one may find this hard to believe since we are dealing with an ellipse. However, 
this is true. This is due to the angular momentum conservation. We can show that the area of the 
ellipse is related to the angular momentum but it is beyond the scope of our course. We can show 
that the area is 

A = !
!!

 x time. 

As a consequence, this means that when the Earth radial velocity moves the fastest when it is 
closest to the Sun (i.e., at the perihelion) and slowest farthest from the Sun (the aphelion). 

Kepler’s Third Law 

Kepler’s Third Law states that the square of the period of the Earth’s motion is proportional to 
the distance cubed. A simple derivation is given in the class lecture notes. 

 

 

Remark: I hope that this will help you understand how planets orbit the Sun. I tried to make it 
as simple as possible without going into heavy mathematical (which is not difficult but tedious) 
calculations.   

 
 



 
 
 

 

 


