
Seminar 08: Dynamic 

simulations of Gravity 

using the Verlet method 
Dr Andrew French.  

December 2021. 



The Planets 

Make a gravity simulation based upon one the solar system planets and its moons 

(or the Solar System itself). Learn how to make animated plots. 

https://www.youtube.com/watch?time_continue=1&v=MS8KA7Mayho




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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Johannes Kepler 
1571-1630 

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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Force of 
gravity 

Planet and Solar 
masses 

Eccentricity of 
ellipse 

Orbital 
period P 

Polar 
equation 
of ellipse 



For our 

Solar 

System: 
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Radii of planets not to scale! 

Mercury, 

Venus, 

Earth, 

Mars 

Jupiter 

Saturn 

Uranus 

Neptune 

Johannes Kepler 

1571-1630 

 

Kepler’s 

Third Law 



A very strong correlation of Kepler III to orbital data for planets in our solar system! 
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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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Use the data in the table on the previous 

slide. Use a 1,000 linearly spaced angles 

  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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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


Create a 3D 

animation of the 

solar system orbits 

Use the elliptical inclination angle b. Most orbits won’t change 
much, 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


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 

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






The Verlet Method implies constant acceleration motion  

between fixed timesteps. 
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Assume we can always 

calculate acceleration 

Fixed timestep 

Update position 

based upon constant acceleration  

motion between timesteps 

Acceleration may depend upon 

velocity, so for greater precision 

we work out an intermediate 

velocity V, update acceleration (A) 

and perform an average to 

calculate the velocity update. 

What about systems of more than two stars or planets? 

We need a numeric method! 
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Interacting  

galaxies 

simulation 

Note the spontaneous 

formation of ‘tidal tails’ 



A possible explanation for common spiral galactic forms 



Messier 83 galaxy 





random_stars.m 



Sagittarius A* is a supermassive 

black hole in the centre of the Milky 

Way galaxy. It has a mass of about 4.2 

million solar masses. 

Although nearby star orbits 

look complex, the distances 

involved  (and the relative mass of 

the black hole) mean you can 

model each as an elliptical orbit in 

a two-body system. 





• Suggested homework 

• Q&A 


