
AF. Feb 2021 



https://www.nationalgeographic.org/media/orbital-plane/ 

https://www.nationalgeographic.org/media/orbital-plane/
https://www.nationalgeographic.org/media/orbital-plane/
https://www.nationalgeographic.org/media/orbital-plane/






Johannes 
Kepler 
1571-1630 

Tycho Brahe 
1546-1601 

Nose lost in 1566 following a 
sword duel with third cousin 
Manderup Parsberg over the 
legitimacy of a mathematical 
formula! Nicolaus Copernicus 

1473-1543 

Isaac 
Newton 
1642-
1727 
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This is a constant 



Isaac Newton 
(1642-1727) developed 
a mathematical model of 
Gravity which predicted the 
elliptical orbits proposed by 
Kepler 
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For our 
Solar 
System: 
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Semi-major axis of orbit a / AU 

3
2P a´

3
2

Yr AU

P aå õ
ºæ ö
ç ÷

( )

2
2 3

2
2 3

4

4

P a
G m M

P a
GM

p

p

=
+

º

Radii of planets not to scale! 

Mercury, 
Venus, 
Earth, 
Mars 

Jupiter 

Saturn 

Uranus 

Neptune 

Johannes Kepler 
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YŜǇƭŜǊΩǎ 
Third Law 



A very strong correlation of Kepler III to orbital data for planets in our solar system! 

Challenge #1:  Replicate this Kepler III correlation in Excel or Python or MATLAB 
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Assume all orbits are ellipses with the Sun at the (left) focus. Let this sun position be the 
origin of a Cartesian coordinate system, and assume the sun is stationary. 
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Challenge #2:  Plot elliptical orbits of the planets using Excel, Python, MATLAB etc.... 

Use the data in the table on the previous 
slide. Use a 1,000 linearly spaced angles 
q  for each orbit. 

Use an axis scale of AU 

Plot the inner five planets on a separate 
scale to the outer planets 

Ignore the inclination angle b  
(i.e. set it to be zero for now) 
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Challenge #3: Create a 2D animation of the solar system orbits Use an axis scale of AU 

Plot the inner five planets on a separate scale to the outer planets 

For the inner planets, set a frame rate such that one orbit of the Earth takes a second i.e. 
one year is one second. For the outer planets, set the orbit of Jupiter to take one second. 
 

Run the simulation till 
the outermost planet 
completes at least 
one orbit. 

YouTube example video 

https://youtu.be/ED-_xN9Jufs


Challenge #4: Create 
a 3D animation of the 
solar system orbits 

Use the elliptical inclination angle b. aƻǎǘ ƻǊōƛǘǎ ǿƻƴΩǘ ŎƘŀƴƎŜ ƳǳŎƘΣ 
but Pluto is the exception! The coordinate change is: 

' cos ' sin 'x x z x y yb b= = =

YouTube example video 

https://youtu.be/jqxRgs-oHmc


Challenge #5: Solar system spirograph! 
 
Choose a pair of planets and determine their orbits vs time. At time intervals of Dt, draw a 
line between the planets and plot this line. Keep going for N orbits of the outermost planet. 
 
N = 10 ,  Dt = N x maximum orbital period /1234, might be sensible parameters. 
 

inspired by: https:// engaging-data.com/planetary-spirograph 
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