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The motion of the Planets

See www.nasa.gov for more information

Gravitational force 
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Gravitational force is one of the four fundamental forces

Simple case: motion in a central field (m<<M)
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Equation of motion

Total energy is conserved
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Angular momentum is conserved
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Properties of the motion in the 
central field

Motion in a central field (m<<M) (cont.)
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Equation of motion in Cartesian coordinates

Initial value ODE problem:
equations +  initial conditions (position and velocity) 

Motion in a central field (circular orbit)
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For circular orbits
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Motion in a central field (elliptical orbit)
For circular orbits Properties:

For any point on the elliptical orbit
distance from F + distance form F’ = const

It is common to specify elliptical 
orbits by the semi major axis a and 
eccentricity e
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The eccentricity of the Earth orbit is about 0.0167, 
but this number changes with time. 
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Solar system

Astronomical units
distance: 1 AU = 1.496*1011 m
Time: 3.15*107 s
In this units:
distance Earth to Sun is about 
1 AU
The period of the Earth is 
about 1 year
and 
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Solar system

More data on Solar system
http://hyperphysics.phy-astr.gsu.edu/hbase/solar/soldata2.html
http://www.solstation.com/stars/sol-sum.htm

Planetary motion
Problem
Write a program to simulate the Earth's orbit around the Sum
• Considering the special case of a circular orbit v0=(GM/r)1/2. 
• Calculate motion with initial velocities: v = 0.8, 1.1, 1.2, 1.3, 1.4 v0.
• Check conservation of energy with time. 
• Check conservation of angular momentum.
• Find the numerical value of the period for each v. 
• Find the numerical value of eccentricity for each v

Example
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Planetary motion

 v=1.00
 v=0.80
 v=1.05
 v=1.20
 v=1.40
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A mini solar system
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Equations of motion

where
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Planetary motion 2

• Initial conditions: two circular orbits when the planets do not 
mutually interact (v0=(GM/ri)1/2.)

• Study the effect of mutual interaction
• Are there total energy and angular momentum conserved? 
• Are the energy and angular momentum of planet 1 conserved?

Problem
Write a program to simulate the motion of two planets (for example 
Earth and Venus) around the Sun
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The classic helium atom
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Equations of motion

The classical helium atom

• Study the effect of mutual interaction (i.e. study motion with and 
without electron-electron interaction

Problem
Write a program to simulate the motion of two electrons in 2D model of 
the classical helium atom
Choose units: electron charge = 1, electron mass = 1


