


Ptolemy

• In the 2nd century, the ancient astronomer Ptolemy wrote a 
treatise called Almagest.

• This is the only surviving comprehensive writing on astronomy 
from ancient times.

• Ptolemy compiled much of the knowledge about astronomy that 
existed at the time, including his own work.



Ptolemy

• The book also introduced a geocentric model of the solar system.

• This model predicted the positions of the planets at any date and 
time.

• To develop this model, Ptolemy used his own observations in 
addition to data collected by Hipparchus.

• This model remained in use for more than 1,400 years.



Retrograde motion

• Today, we know that the apparent motion of each planet in the sky 
results from a combination of:

1. The motion of that planet around the Sun, and

2. The motion of the Earth around the Sun.

• The planets always move along the zodiac.

• Over a year, the Sun continuously drifts eastward relative to the 
constellations.

• Planets mostly move eastward, which is called prograde motion.

• But sometimes they seem to stop and go westward for a bit, which 
is called retrograde motion.



Retrograde motion

• Of course, the planets don’t actually move back in their orbits!

• Retrograde motion happens whenever Earth catches up to the 
planet and moves past it.

• Because the Earth is momentarily moving faster relative to the 
planet, it looks like the planet is moving “backwards”.

• This is similar to what you see when you drive on a road and pass a 
slower car.

• From your point of view, it looks like the other car is moving 
backwards, even though both of you are going forward.



Retrograde Motion of a Planet beyond Earth’s Orbit
Credits: OpenStax Astronomy



Simulation

The following program simulates the motion of a planet in 
the Earth’s sky compared to the Sun and the constellations 

of the zodiac.

It is available at this URL:

https://foothillastrosims.github.io/planetary-config-react/

https://foothillastrosims.github.io/planetary-config-react/


• Explaining retrograde motion in 
Ptolemy’s model required some 
assumptions.

• Each planet orbits in a small circle 
called an epicycle.

• Each epicycle orbits in a large circle 
called the deferent.

• The Earth is not at the center of the 
deferent, it's a bit to the side.

• On the opposite side of Earth there is 
the equant, the point with respect to 
which the epicycles move at a 
constant speed.



Simulation

The following program simulates Ptolemy’s epicycle model.

It is available at this URL:

https://foothillastrosims.github.io/Ptolemaic-System-Simulator/

https://foothillastrosims.github.io/Ptolemaic-System-Simulator/


Science and simplicity

• Today we know that the Sun is at the center of the solar system, not 
the Earth.

• We also know that the planets move in ellipses around the Sun, not 
in circles, and certainly not in epicycles.

• Therefore, the epicycle model has nothing to do with how the 
orbits of the planets actually work.

• Yet, it did manage to accurately predict the motion of the planets in 
the sky! How is that possible?



Science and simplicity

• Using some advanced math, it can be proven that any shape can be 
approximated using enough epicycles.

• This includes ellipses, so the epicycles were able to approximate 
the elliptical orbits of the planets.

• Ptolemy was actually creating a mathematical approximation of the 
heliocentric model with elliptic orbits, he just didn't realize it…



Science and simplicity

• Ptolemy's model is a great example of a model that gives correct 
predictions, but has no real explanatory power.

• A scientific model is only useful for explaining how things work if it 
provides a simple mechanism that can explain complicated results.

• Ptolemy described the complicated motion of the planets using a 
model that is just as complicated.

• He just “moved the complexity around”, without providing a real 
explanation.



Science and simplicity

• The modern heliocentric model with elliptic orbits (plus the laws 
of gravity) is a very simple model with only a few simple rules.

• Yet, it can predict the complicated motion of the planets in the sky 
very accurately.

• This makes it much more useful in providing a true explanation for 
the motion of the planets.



Geocentric:

Complex
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Heliocentric:
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Science and simplicity

• Occam's razor is a very important scientific principle.

• It says that simple theories should be preferred over complex ones.

• The reason is not that simpler theories are easier to understand. 
There's no reason to expect that from the laws of nature.

• Instead, Occam's razor says that the simpler the theory is, the more 
predictive value it has.



Science and simplicity

• We want a scientific theory to generate plenty of output based on 
as little input as possible.

• The modern heliocentric model gives you a lot of output for just a 
bit of input.

• Ptolemy's geocentric model requires as much input as it gives 
output.

• So although it can be used to predict the motion of the planets, it 
cannot be used to explain it!



Modern "flat-Earthers" and geocentrists

• In this lecture, we saw concrete examples of how science works 
and how the scientific method allows us to tell truth from fiction.

• We've seen that geocentrism and flat Earth are two hypotheses that 
were accepted by ancient people, but discarded once we learned 
how to use science to study the universe.

• Despite all the very conclusive evidence against these hypotheses, 
some people still believe in one or both of them even today.



Modern "flat-Earthers" and geocentrists

• Like many other anti-scientific beliefs, the main motivation for 
modern geocentric or flat Earth beliefs is a literal interpretation of 
religious scriptures.

• These scriptures were written in ancient times, so they reflect the 
way humans thought the universe works back then, before modern 
math, science, and astronomy were developed.

• Today we know that religious scriptures are not a reliable source of 
knowledge.

• In fact, almost everything written in them turned out to be 
incorrect upon further investigation.



Modern "flat-Earthers" and geocentrists

• A major reason for belief in flat Earth is conspiracy theories which 
spread misinformation.

• Most of this happens online, for example via YouTube videos.

• In these videos, conspiracy theorists claim that:
• The Earth is actually flat,

• This fact is being hidden from the public in an elaborate conspiracy,

• Every one of the millions of scientists around the world is somehow able to 
keep this huge secret.

• They never explain why hiding this information would benefit any 
scientist.



Modern "flat-Earthers" and geocentrists

• Believers in geocentrism or flat Earth are relatively few.

• But there are other beliefs, which are just as irrational, and yet are 
believed by millions or even billions of people around the world!

• One of these is astrology, and it will be the focus of my next lecture.



Conclusions

• In this lecture we learned about some important concepts in 
ancient astronomy, such as axial precession and parallax, which are 
still used today.

• We also learned about some ancient ideas that are no longer used, 
because modern theories match our observations much better.

• Reading: OpenStax astronomy, section 2.2.

• Exercises: Practice questions will be posted on Teams.


