
Video

This video shows a heavy ball thrown up from a moving truck.

The ball keeps moving with the truck due to inertia.

Later this is repeated with a tennis ball at high speed.

The tennis ball is pushed back due to air resistance.

The video is available at this URL:

https://youtu.be/j1URC2G2qnc

Ball Thrown from a Moving Truck
Credits: Jon White

https://youtu.be/j1URC2G2qnc


Some more physics

• Another one of Galileo's important contributions was an 
experiment demonstrating that falling objects accelerate uniformly.

• If two objects start from rest at the same height, their heights and 
speeds will be the same at each point in time.

• The two objects will move in exactly the same way.

• Every second, the speed of each object increases by the same 
amount.



Some more physics

• This contradicts our intuition.

• If we drop a hammer and a feather at the same time, we expect the 
hammer to fall faster.

• And this is indeed what will happen if you do the experiment, but 
that result is misleading!

• The feather is very light and will float along any air movements, 
while the hammer is heavy so the air has almost no effect on it.

• The presence of the air will slow down the feather, but not the 
hammer.



Some more physics

• However, if this experiment is performed in a vacuum, where there 
is no air, then both the hammer and the feather will:
• Fall at the same rate, and 

• Hit the ground at the same time.

• This experiment was even done on the Moon, where there is no 
atmosphere and no air, and the results were as Galileo predicted.

• This finding again contradicted Aristotle's theory, which was that 
heavy objects fall faster than lighter objects.



Video

At the end of the last Apollo 15 moon walk, Commander David Scott 
demonstrated that a hammer and a feather dropped at the same 

time in a vacuum will fall at the same rate.

The video is available at this URL:

https://youtu.be/oYEgdZ3iEKA

Commander David Scott Dropping a Feather and a Hammer on the Moon
Credits: NASA

https://youtu.be/oYEgdZ3iEKA


Galileo's astronomical observations

• The first telescopes were invented in the Netherlands in 1608.

• At first, they were used only to look at objects on Earth, for 
example for navigation and military purposes.

• Galileo was one of the first people to use a telescope for 
astronomical observations, with telescopes he built himself.

• His first telescope had a magnification by a factor of 3, which 
means it made objects look 3 times larger.



A Telescope Built by Galileo with 3x Magnification
Credits: Openstax Astronomy



Two Telescopes Built by Galileo Around 1609-10
Credits: Sailko (Wikipedia)



Galileo's astronomical observations

• Subsequent telescopes had magnifications up to a factor of 30.

• In 1609, Galileo used his telescope to see mountains and craters on 
the Moon, and even estimate their height.

• This provided direct evidence against the idea that the Moon was a 
translucent perfect sphere, which has been accepted since 
Aristotle.



An Illustration of the Moon, From a Book Published by Galileo in 1610
Credits: Wellcome Images



Galileo's astronomical observations

• This also provided support for heliocentrism.

• If the Moon has mountains and craters as the Earth does, then 
maybe the Earth and the Moon are not so different.

• And yet, the Moon is a celestial body that moves around in space. 
So if the Earth is a similar type of object, it can also move in space!



Galileo's astronomical observations

• In 1610, Galileo discovered four of Jupiter's moons: Io, Europa, 
Ganymede, and Callisto, which are referred to today as the Galilean 
moons.

• These are the largest of Jupiter's moons, so they were visible using 
a telescope, but still too small to be visible to the naked eye.

• Today we know Jupiter has (at least) 80 moons, but they were too 
small to see with Galileo’s telescope.



Jupiter and the Galilean Moons
Credits: Jan Sandberg



Galileo's astronomical observations

• The discovery of Jupiter's moons provided support for the 
heliocentric model in two ways.

• First, it proved that there are celestial bodies that do not orbit the 
Earth. So the Earth is no longer the thing that everything orbits.

• Second, one of the objections to heliocentrism was that if the Earth 
was moving around the Sun, and the Moon around the Earth, then 
the Moon won't be able to “keep up”, and would be left behind.

• But if the moons of Jupiter can keep orbiting it even though Jupiter 
is moving, then surely the Earth's Moon can keep orbiting the Earth 
even if the Earth was moving.



Galileo's astronomical observations

• Galileo also saw with his telescope that Venus has phases, like the 
Moon.

• This again provided evidence for heliocentrism.

• Venus would have phases whether it orbits the Sun or the Earth, 
but they would be different phases in each case.

• The phases that Galileo saw were consistent with Venus orbiting 
the Sun, not the Earth.



Phases of Venus
Credits: OpenStax Astronomy



Galileo's astronomical observations

• Galileo also discovered that there are many more stars than people 
thought, which are visible only using a telescope.

• Also, he discovered that the Milky Way wasn't a “cloudy strip” in 
the sky, as was believed at the time, it was made of a huge number 
of individual stars.

• This meant that the universe was actually much larger and more 
populous than it seemed until then.



Galileo's astronomical observations

• These discoveries, which contradicted the geocentric model, could 
be verified by anyone with a telescope.

• Therefore, the vast majority of astronomers of Galileo's time ended 
up abandoning Ptolemy's geocentric model.

• However, they weren't quite ready to accept the heliocentric model 
just yet!



Galileo's astronomical observations

• Instead, they created models where the Earth was still at the center, 
but the other planets were allowed to orbit the Sun.

• These models seemed to explain the new observations, and were 
easier to accept after believing the Earth is the center of the 
universe for thousands of years.

• There were even some astronomers who still supported the 
geocentric model despite all the evidence.

• At least two of them went so far as to literally refuse to look 
through a telescope and see the evidence!



Religious objections to Galileo

• Unfortunately, the Roman Catholic Church saw Galileo's discoveries 
as a serious threat.

• As a religious organization, they wanted to maintain the illusion 
that their holy texts and traditions represented absolute truth that 
cannot be disputed.



Religious objections to Galileo

• The Church's teachings were compatible with Ptolemy's geocentric 
model.

• And yet, Galileo presented concrete scientific proof that these 
religious teachings were wrong.

• If it became known to the public that the Church's teachings about 
astronomy are wrong, then people might begin to suspect that 
perhaps the Church's other teachings were wrong too...

• This would, of course, be extremely undesirable, as it could 
undermine the Church's authority and influence.



Religious objections to Galileo

• The Roman Inquisition was an organization created to prosecute 
anyone who adopted views different from the Church's religious 
doctrine.

• In 1616, the Inquisition declared that heliocentrism was heretical 
due to contradicting the holy scripture.

• Galileo was ordered to stop teaching or defending his scientific 
discoveries.

• In addition, all books advocating Copernicus's theory were banned, 
including but not limited to Galileo's own work.



Religious objections to Galileo

• 16 years later, in 1632, Galileo published his book "Dialogue 
Concerning the Two Chief World Systems", which became quite 
popular.

• In this book, he presented arguments in support of heliocentrism 
and against geocentrism, in the form of a dialogue between three 
characters.

• Galileo was allowed to publish the book under the condition that it 
presents the Copernican model as "hypothetical".

• He did do that, but he also mocked and ridiculed the geocentric 
view, and made it clear that the "hypothetical" heliocentric model 
must be the correct one.



Religious objections to Galileo

• In response, the Inquisition tried Galileo in 1633 and found him 
guilty of not abandoning his heretical views, as he was previously 
ordered to do.

• Threatened with torture, Galileo was forced to recant his views, his 
book was banned, and he spent the rest of his life under house 
arrest.



Religious objections to Galileo

• It was only very recently, in 1992, that the Catholic Church finally 
admitted that Galileo was right!

• But astronomers have known since the 17th century that Galileo 
was right, because that's what the scientific evidence says, and 
anyone with a telescope could repeat the observations and obtain 
the same evidence on their own.

• Scientific facts are not determined by any organization, no matter 
how powerful or influential.

• They are determined by performing experiments and observations 
and collecting evidence to support or refute scientific hypotheses.



Tycho Brahe

• This is why one of the most important parts of the scientific 
method is collecting empirical data.

• In most fields of science, this data is collected by doing experiments 
or observing nature.

• In astronomy, this data consists almost exclusively of observations 
of objects in the sky, mainly through telescopes.



Tycho Brahe

• Tycho Brahe (TY-koh BRAH-he) was a Danish astronomer, born in 
1546, 18 years before Galileo.

• He spent most of his scientific career collecting a large amount of 
accurate astronomical data.

• This was decades before telescopes were invented, so he collected 
all this data with the naked eye.

• He used instruments such as sextants and quadrants, which he 
improved to increase their accuracy.



A Large Sextant Used by Tycho Brahe to Measure Angles in the Sky
Credits: Deutsche Fotothek



Star Map of the Constellation Cassiopeia Showing the Position of the Supernova of 1572
Credits: Tycho Brahe



Tycho Brahe

• Tycho collected data on the positions of the stars, planets, and 
other celestial bodies at an accuracy of 1 arc minute.

• An arc minute is an angle equal to 1/60 of a degree. So 1 degree 
equals 60 arc minutes.

• A full circle has 360 degrees, or 360 × 60 = 21,600 arc minutes.

• That means the data was accurate to 1 part in 21,600, a level of 
accuracy never seen before.



Tycho Brahe

• To achieve this, Tycho developed ways to correct against optical 
errors.

• He also used new mathematical techniques for facilitating the 
necessary calculations.

• Over the years he built several observatories and laboratories, 
where he made his observations and developed new and more 
precise instruments.



Tycho Brahe’s Underground Observatory, “Star Castle”
Credits: Willem Blaeu



Tycho Brahe

• Tycho also created his own model of the solar system, a “geo-
heliocentric” model where the Sun and Moon orbited the Earth, 
and the other planets orbited the Sun.

• It had most of the benefits of the Copernican heliocentric model, 
while keeping in line with the philosophy of the Ptolemaic 
geocentric model.

• It’s not correct, but at least much closer to correct than the 
geocentric model.



The Tychonian system
Credits: Fastfission (Wikipedia)



Tycho Brahe

• Tycho's astronomical observations were essential for establishing 
the necessity of precise and objective measurements as part of the 
scientific process.

• They were an important contribution to the scientific revolution 
and to improving our understanding the universe.


