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Inspired by:
3Blue1 Brown 
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Calculating the radius of the Earth 
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1. Calculating the radius of the Earth

Eratosthenes 
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1. Calculating the radius of the Earth

Al-Biruni
(973-1050)

KhwarazmianIranianscholar 
and polymath during theIslamic Golden Age
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2. Calculating the distance of the moon from the earth , 
and the radius of the moon
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2. Calculating the distance of the moon from the earth, 
and the radius of the moon
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3. Calculating the Earth-Sun distance and the radius of the Sun

Aristarchus
 of Samos
(310-230BC)
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3. Calculating the Earth -Sun distance 
and the radius of the Sun

NOT 
TO SCALE!
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Sun almost exactly*. Hence by similar triangles:
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4. Calculating the orbits of the planets in the Solar System

The Solar System to Scale 

https://www.youtube.com/watch?v=zR3Igc3Rhfg


Isaac Newton
(1642-1727) developed
a mathematical model of 
Gravity which predicted the 
elliptical orbits proposed by 
Johannes Kepler (1571-1630)
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For our 
Solar 
System: ( )
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An improved calculation of the Earth -Sun distance
using the transit of Venus
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the bottom of solar disc.
Compare elevations of 
observations from A and B to get q.

https://annex.exploratorium.edu/venus/question4.html
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Calculating orbit angle vs time

Equal areas swept out in 
equal times
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numerically
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How Kepler determined the elliptical orbit of Mars 
(and indeed the other planets)

Terence Tao: The Cosmic Distance Ladder Part 1 (3Blue1Brown)

Planets and Sun not to scale!
Axes scales in AU.
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Measure angles q and f at times separated by one 
Mars orbital period T. Hence (x,y) coordinates of 
Mars should remain the same.

1 1 1 1

2 2 2 2

1 2

1 2

tan tan cos sin

tan tan cos sin

( ), ( )

( ), ( )

y x

y x

t t T

t t T

f f q q

f f q q

q q q q

f f f f

= - +

= - +

= = +

= = +

1 2 1 1 2 2

2 1

1 1 1 1

sin sin tan cos tan cos

tan tan

tan tan cos sin

x

y x

q q f q f q

f f

f f q q

- - +
\ =

-

\ = - +

Use this expression to work out orbit of Mars using the 
angles q and f. Note the latter could have been measured 
from Earth since ancient times!

Johannes Kepler
1571-1630
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EǂċĦƣШŸƖĤŔƣШƨƚŔŰŊШuĲƓũĲƖќƚШũċƽƚ
Mars:  a = 1.523, e = 0.09.

Use this to generate 
simulation data!

https://www.youtube.com/watch?v=YdOXS_9_P4U
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This data is generated from the exact Kepler orbits, rather than 
the actual historical data Kepler obtained from Tycho Brahe! Tycho Brahe
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Planets and Sun not to scale!
Axes scales in AU.
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What if the Home planet orbit is not  circular? 
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If know T, q(t), dq/dt then can work out eccentricity e. Get a from T. Hence calculate x(t), y(t).

xĲƣѢƚЮċƚƚƨůĲ
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Planets and Sun not to scale!
Axes scales in AU.
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What if the Home planet orbit is not  circular? (cont.) 
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Planets and Sun not to scale!
Axes scales in AU.
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Calculating planet orbit from elliptical orbit of home planet

EǂċĦƣШŸƖĤŔƣШƨƚŔŰŊШuĲƓũĲƖќƚШũċƽƚ
Mars:  a = 1.523, e = 0.09;   Earth:  a = 1.00, e = 0.01.
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Astronomical Unit (AU) defined in 2012

Measure angles q and f at times separated by one 
Mars orbital period T. Hence (x,y) coordinates of planet 
should remain the same.
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Use this expression to work out orbit of planet using the angles 
q and f. Note the latter could have been measured from Earth 
since ancient times!
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This data is generated from the exact Kepler orbits, rather than the actual 
historical data Kepler obtained from Tycho Brahe!
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Data generated for a home planet of eccentricity 0.8 and planet of eccentricity 0.9



Now we have a model of x(t) and y(t) ŸŉШƚŸũċƖШƚǃƚƣĲůШŸƖĤŔƣƚШвЮЮ
вШ9ŸŰƚƣƖƨĦƣШċШƚŸũċƖШƚǃƚƣĲůШƚƓŔƖŸŊƖċƓőг

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

