EXPLORING THE SKY
LIKE GALILEO

Task Box: Are we alone?

Summary

This task shows how to use the software Stellarium to emulate Galileo’s
revolutionary discoveries in the history of astronomy and, therefore, in
the understanding of the Universe.

Giuseppe Bertini fresco of Galileo Galilei and Doge of Venice
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Overview
Purpose

Understand the important contribution of Galileo to the modern
interpretation of the Universe and to the scientific method. Use the
software "Stellarium" to emulate Galileo discoveries.

Duration

2x45 min

Location

Classroom

Equipment

Computer with internet connexion.

Safety issues

None

Background

Basic training with “Stellarium”.

Literature

Included

Software

Stellarium,

Learning objectives
Gain increasing knowledge about:
understanding and working with the scientific method
the geocentric model of Ptolemy
the renaissance revolution
Galileo contributions to the heliocentric model of Copernicus
Use of Stellarium for emulating Galileo achievements.
21st Century skills:
Learn to think
Critical thinking
Collaboration
Communication
Information and media literacy
Expanded version: Work in international groups using English as communication language
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Figure 1: Geocentric model.

Introduction
The great achievements of Galileo were crucial to finally support the Copernicus heliocentric
model, which set the Sun in the center of the solar system, placing the Earth as a normal planet
orbiting around it. This model replaced the dominant model for almost 1500 years, the geocentric
model. In the geocentric model the Earth was the center of the universe and, following concentric
perfect spheres, all the other objects observed in the sky were placed moving around the Earth,
including the moon, sun, planets and stars. We know today that this model is wrong. However, it
survived for several centuries. It was developed during the Classical period in Ancient Greece,
around 400 years BC, and was not questioned until the Renaissance intellectual revolution in the
16th century. There are important reasons to understand the success of this model, and not only
religious or philosophical. Somehow, the model was a valid solution from the scientific point of
view, considering the observational tools at that time. Some adjusted version of the geocentric
model could explain the observations of the sun, moon and main planets, and even predict their
future positions.
The conception of being at the center of the Universe is, therefore, very old. This is an outcome
of the main philosophers of a crucial time, the classical period in the Ancient Greece, who have
had a unique influence on almost every form of the actual knowledge. Inside this group of brilliant
philosophers, one vision has dominated through the centuries. Our conception of the Universe,
and the whole order describing it, have been greatly influenced by Aristotle.
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Activity: Exploring the Sky like Galileo
Now we have the great opportunity to go back in time and reproduce the great achievements
done by Galileo, comparing his historical notes with our results. The next tasks use Stellarium to
simulate Galileo observations. We will analyse why they were important to discard the geocentric
model in favour to the heliocentric model.

Preparations
This task makes use of the program “Stellarium”. Complete the tutorial you can find as part of the
Module 3 to became download it and familiar with the basic functionalities.
This task implies to combine individual work with group work, preferable of 3 students. The latest
is for focusing on reflections and discussions over the subject and the individual work results.
After the group reflection, the discussions can be extended to the whole classroom (plenum)
lead by the teacher.

Group reflections before the activity:
Read the Annex attached at the end of the document. Discuss in groups the following questions.
Take note of your group conclusions:
o

What are the main differences between the modern scientific method and other

o

Do you think the philosophy of the Classical period in Ancient Greek has influenced the

o

Do you think we can consider Aristotle a scientist, and Ptolemy? Explain

o

Why the geocentric model was so successful?

methodologies such as religious or mythology?
development of the modern scientific method? Explain
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Task 1: Navigation and time setting
For completing this task, you need to have a basic understanding of how Stellarium works. This is
provided in the tutorial. We repeat here few important points: how to choose a position on Earth
and a specific date/time to look at the starry sky.
a.

Move the mouse cursor to the lower-left corner of the Stellarium window. Two toolbars
will pop-up, one vertically and one horizontally. Select the top choice on the vertical
toolbar («Location Selection [F6]»). A new window appears. This is the window for
defining your location. You will note that a red arrow will appear on the map around the
place selected. Take note of the longitude and latitude that appear below. Close the
location window.

b. Select «Date / Time [F5]» on the vertical toolbar. A new window appears. Select today’s
date in date field and "23:00:00" for time. This will show the sky we will see tonight at
23:00 from the specified position. Close the date and time settings window. Press the
«Play» button on the horizontal toolbar to start/pause the time.
c.

By using the arrow keys on the keyboard, you can navigate around the starry sky. Try to
go around and recognise some constellations. Now, hold down the "Ctrl" key while
pressing the arrow keys. What happens? Let’s work individually. The objective of this task
is to prepare Stellarium.

Figure 2: Stellarium image showing the position of Saturn, Jupiter, and Mars in Sagittarius, the 23th February 2020.
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Task 2: Galileo observations – Moon surface
Galileo's observations of craters and irregularities on the moon surface contradicted the
Aristotelian philosophy, that dominated for several hundreds of years, which stated that all
celestial objects must be perfect spheres.

Figure 3: Galileo Galilei drawings of the Moon (1610)

a.

In the vertical toolbar, select "Search [F3]". Type "Moon", press "Enter". Press [Spacebar]
to fix the moon on the screen. Click over "Atmosphere [A]" and "Landscape [G]" in the
horizontal toolbar to remove these features:

b. Zoom in until you see some details on the moon's surface (FOV around 0.9). Mark the
moon phase and draw what you see.
c.

In the vertical toolbar, choose again "Date / Time [F5]". Use the arrows to increase 7 days,
to set a new moon phase. Mark again the moon and draw what you see. Repeat the
procedure for the 4 moon phases.
Take screenshots and describe what you have found.
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Task 3: Galileo observations – Jupiter’s Moons
Galileo discovery of the existence of moons orbiting around Jupiter also contradicted the
Aristotelian philosophy, which has as main principle that all celestial objects must orbit around
the Earth. Let's repeat some of his historical observations.

Figure 4: Original drawings of Galileo showing his observations of Jupiter’s moons.

a.

Select "Search [F3]" in the vertical toolbar. Enter "Jupiter", press "Enter". Press [G] to
avoid the ground. Press [A] to avoid the atmosphere. Press [Space] to fix Jupiter on the
screen. Zoom in until reaching a FOV around 0.3. Press [l] 4 times to increase the time
speed. What happens? Press [k] to return to a normal time rhythm.
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b. Select "Date / Time [F5]" in the vertical toolbar. Open the address
http://www.etwright.org/astro/sidnunj1.html . This shows some Galileo drawings from
1610 of the moons and when they were recorded. Use "Date / Time [F5]" to go back in
time. Set these dates/times to check if we obtain the same results.
Take screenshots and explain what you have found.

Task 4: Galileo observations – Venus phases
The discovery of the Venus phases by Galileo strongly supported the Copernican model since
these observations were incompatible with the Ptolemaic model.

Figure 5: Venus phases – Copernican vs Ptolemaic model

a.

Select "Search [F3]" in the vertical toolbar. Enter "Venus", press "Enter". Press [G] to
avoid the ground. Press [A] to avoid the atmosphere. Press the [Space] key to fix Venus
on the screen. Zoom in until you can see well the Venus-atmosphere and its current
phase, FOV around 0.015. Select "Date / Time [F5]" and enter the current date. Draw the
actual phase you can see on the screen. Describe it and take screenshots.

b. Use "Date / Time [F5]". Increase the date by 2-month intervals until you go through the
entire phase sequence.
Take screenshots and describe the changes you see. Explain the phases you have found
that are not compatible with the Ptolemaic model.
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Group reflection after the activity:
The previous activity with Stellarium have reproduced observations done by Galileo that were
crucial to questioned concepts of the Aristotle vision of the Heavens and to discard the
geocentric model in favour of Copernicus ideas.
o
o
o

Discuss and reflect with your group colleagues about why the different observations
(task 2, 3 and 4) questioned Aristotle vision of the Heavens and the geocentric model.
Discuss together what do you think was the most important observation done by Galileo
that discarded the geocentric model. Why have you chosen it over the others?
Discuss the importance of developing new technology (the telescope in the case of
Galileo) to explore new secrets of the Universe and understand how it works. Suggest
other examples and discuss it with your colleagues.

o

In our search for answering the question “Are we alone?”, how the Galileo results could
have influenced the geocentric model?
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Figure 6: Aristotle.

Annex
Aristotle
Aristotle (384–322 BC) was a Greek philosopher during the Classical period in Ancient Greece.
He was the most important disciple of Plato. His writings cover many subjects including physics,
biology, zoology, metaphysics, logic, ethics, poetry, theatre, music, psychology, linguistics,
economics, politics, and government. Aristotle's views on physical science profoundly shaped
medieval knowledge. Their influence extended from Late Antiquity and the Early Middle Ages into
the Renaissance and were not replaced systematically until the Enlightenment and theories such
as classical mechanics 1. His outcomes have exerted an enormous influence inherited by several
civilizations, including our West civilization. His work was the pillars of over 75% of the pensum
that was taught in Europe until around the 18th century.
Aristotle was one of the first great philosophers who pursued an empirical approach to the
understanding of phenomena using observations in a systematically way to achieve descriptions
and conclusions. Hence an important part of his Natural philosophy shares many aspects of the
modern scientific method. However, there is a very important difference: in the search for
coherent, consistent, full comprehensive explanations, he gave stronger value to the reason over
the experience.
Aristotle divided his Universe in basically in 2 Worlds built by set of spheres with completely
different characteristics and properties. The vision of Plato and Aristotle separate “physics” for
heavens and Earth. One was the “terrestrial spheres”, in the center of Universe, where humans
live. Here the complexity was high and produced several phenomena, including live. Aristotle
believed that four classical elements make up everything in the terrestrial spheres: earth, water,
1

https://en.wikipedia.org/wiki/Aristotle#Metaphysics
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air, and fire. He argued and developed explanations for the diversity of observations on the Earth
using the properties and interaction of these elements. This richness was, therefore, peculiar to
the Earth, and since it was the center of the Universe, unique.
Following this approach, we do have an answer to the main question of the package:
are we alone? Aristotle vision has a clear consequence: life in the Universe can only
happen on Earth.
Outside the center of the Universe, above the Earth, in the heavens, Aristotle defined the
unchanging celestial spheres. According to Aristotle, the Sun, Moon, planets and stars are
embedded in perfectly concentric "crystal spheres" that rotate eternally at fixed rates. The
celestial spheres are composed of the special element aether, eternal and unchanging, the sole
capability of which is a uniform circular motion at a given rate (relative to the outermost sphere
of fixed stars) 2.
The concentric "crystal spheres" that carry the Sun, Moon and stars move eternally with
unchanging circular motion around the Earth. As they were defined, all the wheels move in the
same direction. With such spheres, any object should always move in the same direction, with
respect to the background stars. Yet, this is not true for the planets. The retrograde motion of
Mars was well known at the time and completely violated this principle. For solving the peculiar
movement of the planets, which drift across the sky with respect to the Sun at varying speeds,
turning around and completing a retrograde motion at quasi-regular intervals, Aristotle was
incorporated a more complex sphere system. The planets were attached to a sphere undergoing
its own movement and at the same time fixed to a normal sphere, like the one used for the Moon
and Sun. The model gain complexity but Aristotle could explain the peculiar retrograde
observation of the planets by setting how these 2 spheres in one were attached 3.

Figure 7: In red it is plotted the retrograde motion observed for some planets, well known for Mars by Aristotle.
2
3
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Figure 8: The Geocentric model fits very well with the Cosmogenic vision of several monotheistic religions, like
Christianity.

At that time, there were few other alternatives to the geocentric model. An interesting case is
the model of Aristarchus of Samos (310 – c. 230 BC). He was an ancient Greek astronomer and
mathematician who presented the first known heliocentric model that placed the Sun at the
center of the known universe with the Earth revolving around it. Moreover, he put the other
planets in their correct order of distance around the Sun and suspected that the stars were just
other bodies like the Sun, albeit further away from Earth. However, his astronomical ideas were
often rejected in favour of the geocentric theories of Aristotle and Ptolemy. Nicolaus Copernicus
attributed the heliocentric theory to Aristarchus. 4
The main obstacle for the heliocentric model for Aristotle is that it could not explain central
experiments that stablished that the Earth is not moving, and therefore, must be placed static in
the center. Aristotle thought that the lack of movement of the Earth is proven by facts like the
lack of a constant wind in the same direction, and that if he let it fall an object from some height it
falls right below. Now, we know that these are not arguments at all, but those were some of the
main proves to set unequivocally the Earth as center and start solving the problems related to the
movements of the other Astros.
There were other important aspects that reinforce the geocentric model over the centuries. On
one side it agrees better with several religious, where the Universe is conceived for the man, as
son of God. Placing the Earth, where human live, in the center of the Universe fixes much better
with these spiritual pillars than set it revolving around the Sun conceived like just another star. On
the other side, from the scientific point view. The celestial sphere model was complicated in
conception, but it worked relatively well explaining the position of the Moon, Sun and planets, and
even could predict where they would be in the future. This efficiency in reproducing observations
was possible to the important development of the geocentric model done by Ptolemy

4
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Ptolemy
Claudius Ptolemy (c. 100 – c. 170) was a mathematician, astronomer, geographer and astrologer
who wrote several scientific treatises. One of this is “Almagest” the only surviving comprehensive
ancient treatise on astronomy. Ptolemy was devoted to Aristotle philosophy and geocentric
model, but tried to increase the weight of the observations, and to create tools for making
predictions based on his model. These characteristics in his work make it very close to the
modern scientific method. He claimed to have derived his geometrical models from selected
astronomical observations by his predecessors spanning more than 800 years. Ptolemy
presented his astronomical models in convenient tables, which could be used to compute the
future or past position of the planets. Ptolemy's model, like those of his predecessors, was
geocentric and was almost universally accepted until the appearance of simpler heliocentric
models during the scientific revolution.

Figure 9: Claudius Ptolemy. The right image shows how the epicycle model is defined for one planet.

Even starting with this incorrect theory, he was able to combine what he saw of the stars'
movements with mathematics, especially geometry, to predict the movements of the planets.
Ptolemy develop further the epicycle model. His model defines epicycles, smaller circles, attached
to epicycles, instead of the sphere fixed to sphere for planets defined by Aristotle. None of this
was true, but it made the math work for his predictions. This flawed view of the Universe was
accepted for many centuries. 5

5

https://www.librarypoint.org/blogs/post/early-astronomers/
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Renaissance revolution
The geocentric model survived as the vision of the Universe in many cultures over 1500 years. It
fit perfectly as part of the Aristotelian understanding of the Universe, who dominated several
parcels of the knowledge for many centuries. In addition, the predictions achieved by the Ptolemy
were quite accurate. Therefore, there were no reasons to have any doubt about this model. Its
convenience for the main ideas behind several monotheistic religions was also an important pillar
for setting as the True description of how the heavens are, without giving any chance to question
it.
But with time we go into great period intellectual period of times. Periods where the curiosity,
search for new knowledge and necessity to make questions to the mainstream explanations and
way to understand the world take place. One of the most important in the history of the humanity
was the Renaissance revolution, which started in the 15th century. This period closed a dark era
completely dominated by the unquestionable religious true, with the knowledge in the hands of a
minority related to the church, who try to build understanding but without questioning at all the
holy books and using interpretation of the reality that fit with them. Therefore, the geocentric
model was such a success and welcome for so many centuries.
That finished during this revolution. This extremely important period set the basement that
triggered out the modern scientific method, based on observations and experience, that is, in the
search of facts. This implies to start questioning important well stablished way to understand the
Universe, and then to test it.
One of the most important intellectual astronomer and mathematician at that time was Nicolaus
Copernicus (1473-1543). He shacked the pillars of the stablished knowledge and in particular of
the church, by suggesting that Aristotle was wrong and setting the Sun as the center of the Solar
system, placing the Earth rotating as an additional planet around it. This model has not only
proposed a new scientific view but questioned the religious and philosophical pillars that survived
for so many centuries. Copernicus ideas were not new. He reconsidered the studies of the great
classical astronomer Aristarchus of Samos (310 – c. 230 BC) who pointed out this possibility 18
centuries earlier. However, he was ridiculed by the followers of the dominant geocentric model.
His ideas were forgotten for several centuries.

Copernicus vs Ptolemy
Copernicus formulated a new revolutionary model, completely different from the geocentric
model developed and redefined by Ptolemy. Copernicus can be considered the father of modern
astronomy. As scientists, we know that models must be evaluated with observations, with facts.
Copernicus observations of the heavens were made with the naked eye. His model could explain
and predict his own observations and observations catalogued previously. However, Ptolemy's
model could also predict in an effective way the position of the planets. Having only the naked
eye as a tool, the observations could not determine the validity of one model vs the other.
A key characteristic during the Renaissance revolution was to understand the elegance of Nature.
This is also an important key in the modern scientific method. Several intellectuals at that time
were inclined to search for explanations for the Nature behaviour showing that it is elegant.
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Figure 10: Nicolaus Copernicus. Painting “Astronomer Copernicus, or Conversations with God” by Jan Matejko in
1873. .

Copernicus's model is simpler. Setting the Sun in the center of the solar system not only
produces a more elegant geometry by avoiding the epicycles of Ptolemy's model, but also was
supported by a beauty mathematical description. This simplicity and beauty were important, but
not definitive. On the other hand, Copernicus's ideas, as mentioned above, were in contradiction
with some important fundaments of Aristotle's philosophy, which was at that time the main
source of knowledge to understand Nature, and with the Cosmogonic vision of the church.
But the Renaissance revolution was a special intellectual revolutionary time, and the beauty and
elegancy behind Copernicus's ideas motivated other great intellectuals to pursued and develop
further his work.

Galileo Galilei
Galileo Galilei (1564-1642) is one of the most important scientists of all time. He was an Italian
astronomer, physicist, and engineer from Pisa. Galileo has been called the "father of observational
astronomy", the "father of modern physics", the "father of the scientific method", and the "father
of modern science". He was influenced by the work of Copernicus. At that time the majority of
educated people still subscribed to the Aristotelian geocentric model. Galileo's defence of
Copernicus's ideas conflicted him with the Church. This conflict lasted almost all his life. By 1615
his writings on heliocentrism were submitted to the Roman Inquisition claiming that Galileo and
his followers were attempting to reinterpret the Bible.
Galileo explored the sky searching for evidence to set the heliocentric model as the right
alternative. For this purpose, he had a great revolutionary tool. He coinvented the telescope and
used it for opening new possibilities to explore the celestial objects. His observations were
revolutionary. He was the first one who manages to go further, avoiding the limitations of the
naked eye. With his telescope, he could observe with a magnification of 20 and discover new
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details never observed before. He was able to make observations that contradict important
pillars of the Aristotle philosophy, and incompatible with the geocentric model.

Figure 11: Galileo’s telescope

Galileo discovered new facts by observing systematically phenomena in the sky. Observations
and experiments were his main guide for defining the model to choose, the way to understand
the Universe. Therefore, he was one of the first actively using the modern scientific method.
Through his small telescope, he made such important discoveries like the existence of craters
and mountains in the Moon, the phases of Venus, Jupiter’s moons, stars of the Milky Way…
Several of these were fundamental to set evidence against Aristotle vision and the geocentric
model, and to establish Copernicus ideas as the correct way to explain the movement of the
bodies in the solar system.
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