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The Scientific revolution 

 

In this talk I will be discussing this revolution in terms of the 

contributions made by Copernicus, Tycho Brahe, Johannes Kepler, 

Galileo Galilei and Isaac Newton. 

Between them these men transformed Ptolemy’s geocentric planetary 

model of the cosmos into one where a heliocentric solar system was 

located in a milky way of stars which were light years distant from the 

solar system.   

 

First, we will consider Ptolemy’s model. 

  

Claudius Ptolemy worked and lived in the city of Alexandria, capital of 

the Roman province of Egypt, during the second century CE.  He had 

inherited the considerable mathematical knowledge of geometry and 

arithmetic acquired by the Ancient Greeks.  He had also inherited an 

extensive tradition of observational and theoretical astronomy from 

the Greeks.  He was strongly influenced by the ideas of Aristotelian 

cosmology particularly the view that the earth did not move. 

Ptolemy’s model stood for over a thousand years as the dominant 

view of the universe or cosmos. 

 

A most significant reason for the longevity of Ptolemy’s cosmology 

are the things that are said many times in the Bible.  The verse, 

“Tremble before Him, all the earth; Indeed, the world is firmly 

established, it will not be moved:” is one of many passages that 

readily lead to the conclusion that it is God’s will that the Earth does 
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not move.  Further there are numerous passages in the Bible that talk 

about the sun rising and the sun going down, leading to an 

understanding that that the sun moving is also parts of God’s 

creation.  Anybody contradicting these ideas about the Cosmos 

would be contradicting the word of God as revealed by the Bible and 

could be branded as a heretic.   

 

 

Ptolemy's planetary model 

Ptolemy’s model was one that saw the fixed stars, planets sun and 

moon embedded in crystal spheres that rotated around the earth on a 

daily basis.  According to Ptolemy the following is the order of 

the planetary spheres, beginning with the innermost: 

• Moon 

• Mercury 

• Venus 

• Sun 

• Mars 

• Jupiter 

• Saturn 

• Sphere of fixed stars 

Ptolemy's cosmos 

The cosmology of Ptolemy had five main points,  

•The celestial realm is spherical, and moves as a sphere. 

•The Earth is a sphere. 
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•The Earth is at the centre of the cosmos. 

•The Earth, in relation to the distance of the fixed stars, has no 

appreciable size and must be treated as a mathematical point.  

•The Earth does not move. 

 

The last point was supported by the observations that the earth 

cannot be felt to move and it does not move underneath you when 

you jump, also that there was no perpetual wind.  However, the fact is 

that the rotation of the earth can be empirically proven by the 

behaviour of a Foucault pendulum suspended by a universal joint.   

 

The Ptolemaic model of the cosmos was quite successful in 

accounting for the known phenomena of the celestial spheres.  In 

Ptolemy’s model the planets move on two sets of circles besides their 

orbit of the earth, a deferent and an epicycle to explained retrograde 

motion while keeping the planets in their circular orbits around the 

Earth. 

 

However, in the Middle Ages Arabian astronomers collected more 

accurate observations of the planets and stars and the validity of the 

Ptolemaic model was questioned.  This was because these new 

observations could only be accounted for by further complicating the 

model by adding epicycle to epicycle.  This led to a situation where 

the model had to get very complex in order to keep the Earth at the 

centre.  There was clearly the challenge of coming up with a different 

model that would simplify things and that challenge was take up by 

Copernicus. 
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Before I go on to Copernicus there are two thinkers who I would like 

to mention.  Anybody who is familiar with the ideas of Professor 

Julius Sumner-Miller must have heard about how he railed against 

the discourses of the scholastics, ridiculing them for arguing about 

how many Angels could dance on the head of a pin or about how 

many teeth a horse had in its mouth without ever going out to the 

stables to count them.  The two people I will mention here were 

scholastics. 

 

The first is Roger Bacon who lived from 1220-1292 and was known 

as Dr. Mirabilis.  He placed a great deal of emphasis on the study of 

nature through empiricism.  Bacon discovered the importance of 

empirical testing when he applied the empirical methods of Arab 

mathematician and astronomer Alhazen to observations described in 

texts attributed to Aristotle.  He found that the sound empirical results 

he obtained were different to those dictated by Aristotle 

 

The second, William of Ockham, lived from1287 to 1347 he was also 

an empiricist and responsible for the elucidation of Ockham’s Razor.  

This razor can be usefully applied in preferring Copernicus’s simpler 

heliocentric model to Ptolemy’s more complicated geocentric model.  

Ockham’s razor is also known as the principle of parsimony and this 

along with empiricism are significant aspects of the methods 

employed by the following astronomers and natural philosophers of 

the Scientific Revolution.   
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Nicolaus Copernicus 

 

Copernicus lived from 1473 – 1543 in the Kingdom of Poland.  He 

was a mathematician, astronomer, and Catholic canon, who 

formulated a heliocentric model of the universe that placed the 

Sun rather than Earth at its centre.  Aristarchus of Samos, an ancient 

Greek astronomer had formulated a heliocentric model eighteen 

centuries earlier, but it is generally thought that, Copernicus 

developed his model independently.  Copernicus published his book 

advancing the heliocentric model “On the Revolutions of the 

Heavenly Spheres” in 1543 the year that he died.  He was given a 

copy to hold on his deathbed.  He had in fact developed his ideas 

many years earlier and corresponded with others about them, but 

feared persecution as a heretic and hence the delay.  He was as right 

about the persecution as he was about the sun being at the centre of 

the solar system.  In the following years Giordano Bruno was burned 

at the stake and Galileo was brought before the inquisition for 

promoting the heliocentric model.        

 

Copernicus’s Planetary Model   

According to Copernicus the following is the order of the planets 

beginning with the innermost: 

• Mercury 

• Venus 

• Earth 

• Mars 
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• Jupiter 

• Saturn 

 

Further according to his model 

 

• The moon orbits the earth 

• The Earth has three motions: daily rotation, annual revolution, and 

annual tilting of its axis. 

• Retrograde motion of the planets is explained by the Earth's motion. 

• The distance from the Earth to the Sun is small compared to the 

distance from the Sun to the fixed stars. 

 

From 1543 until the late 17th century, not many astronomers were 

convinced by the Copernican system, though his book was relatively 

widely circulated and around 500 copies of the first and second 

editions have survived. Few of Copernicus' contemporaries were 

ready to concede that the Earth actually moved.  Even forty-five years 

after the publication of this book, Tycho Brahe went so far as to 

invent a cosmology equivalent to that of Copernicus in having the 

planets orbiting the sun, while the sun orbited the Earth which was 

held fixed in the centre of the celestial sphere.  It was another century 

before a significant number of practising astronomers accepted a 

heliocentric cosmology. 
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Tycho Brahe 

Tycho Brahe 1546-1601 was a Danish astronomer, known for his 

accurate and comprehensive astronomical observations.  Brahe 

received a comprehensive education and could easily have chosen 

another profession.  However, on 11 November 1572, Brahe 

observed a very bright star, which appeared unexpectedly in the 

constellation Cassiopeia.  As it had been maintained since 

antiquity that the Moon and all that was beyond the Moon's orbit was 

eternally unchangeable a fundamental axiom of the Ptolemaic model, 

other observers held that the phenomenon was something in the 

terrestrial sphere below the Moon. However, Brahe’s detailed 

observations suggested that it was not even a planet, but a fixed star 

in the stellar sphere beyond all the planets. In 1573, he published a 

book De nova stella, thereby coining the term nova for a "new" star. 

This star is now classified as a Super Nova 1572 and it is 7,500 light 

years from Earth. This discovery was decisive for his choice of 

astronomy as a profession.  The publication of his discovery made 

him a well-known name among astronomers in Europe. 

 

Brahe’s model of the universe had in common with Copernicus that 

all the other planets orbited the sun while the sun orbited the earth, 

which was still at the centre.  He set out to make the most accurate 

observation that had been made to support his model.  To do this he 

sought the support of the king of Denmark Frederick II who gave him 
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the 7.5 sq Kilometre Island of Hven, to build the best astronomical 

observatory in the world.  The building he had built was dedicated 

to Urania, the Muse of Astronomy and it was named Uraniborg.  It 

took 4 years to build from 1576 to1580.  

 

Uraniborg's construction was a unique event.  It was in fact a 16th 

century equivalent of CERN the large hadron collider on the Franco-

Swiss border.  In the way that the LHC was constructed to find the 

Higgs Boson, Uraniborg was constructed to gain the accurate data 

needed to determine the correct structure of the cosmos, although it 

took the contributions of Kepler Galileo and Newton to bring this to 

fruition.  Uraniborg was an extremely expensive project and it is 

estimated that it cost about 1% of the entire Danish state budget 

during the years of its construction.  

Uraniborg was a grand enterprise. It was a castle with rooms for 

Brahe his family, and for visiting Royalty astronomers and students. 

There were towers for astronomical observations. There was an 

alchemy laboratory, a printing workshop, a paper mill to provide the 

paper for printing, and a corn mill to grind the corn of tenant farmers 

on the island.  Additionally, Uraniborg also contained a prison in order 

to deal with disorderly tenants or guests 

When it became clear that the tower-mounted instruments were too 

easily moved by wind, Brahe set about constructing a more suitable 

observation site adjacent Uraniborg named Stjerneborg ("castle of 

the stars").  The basic layout was similar to Uraniborg, but the 

https://en.wikipedia.org/wiki/Hven
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instruments were all placed underground, covered by opening 

shutters or a rotating dome in buildings built over the instrument pits.  

Brahe and his many assistants charted the positions of stars, planets, 

and other celestial bodies over time with unprecedented accuracy.  

Brahe designed and had constructed very large instruments for this 

purpose.  At its best, Brahe's data was accurate to somewhat better 

than ten times on what was previously available.  In 1580, Brahe 

created the Great Globe, a hollow, wooden sphere layered with brass 

plates to document the stars and planets he observed. By the year 

1595, over 1,000 stars had been etched onto the globe. 

When he lost financial support from the new king, Christian IV of 

Denmark, Brahe abandoned Uraniborg in 1597.  In 1599, Brahe 

obtained the sponsorship of Rudolf II, Holy Roman Emperor and 

moved to Prague, as Imperial Court Mathematician and Astronomer.  

In Prague, Brahe worked closely with his assistant Johannes Kepler. 

Kepler was a convinced Copernican, and considered Brahe 's model 

to be mistaken, and derived from simple "inversion" of the Sun's and 

Earth's positions in the Copernican model.   However, Kepler had a 

great respect for Brahe's methods and the accuracy of his 

observations.  

Tycho Brahe died in 1601, leaving all his observational data to 

Kepler. Two days after Brahe's unexpected death, Kepler was 

appointed his successor as the imperial mathematician with the 

responsibility to complete his unfinished work.  There was a struggle 

between Kepler and Brahe’s heirs regarding ownership of the data. 
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When it was resolved in Kepler’s favour, he used it to lay the 

groundwork for the heliocentric model. 

The next two giants of the Scientific Revolution lived at roughly the 

same time and although Galileo was born seven years before Kepler, 

I will discuss Kepler first.  

Johannes Kepler 

Johannes Kepler lived from 1571 to 1630 he was a 

German astronomer mathematician and natural philosopher.  He was 

introduced to astronomy at the early age of six, when he observed 

the Great Comet of 1577 because he was taken by his mother to a 

high place to look at it.  This comet was one about which Brahe had 

made careful observations which Kepler later gained access to and 

made use of in developing his ideas.   Unfortunately, a bout of 

childhood smallpox left him with weak vision and crippled hands, 

limiting his ability in the observational aspects of astronomy. 

 

Kepler did well in his education at Tubingen and he proved himself to 

be a superb mathematician.  Under the instruction of Tübingen's 

professor of mathematics, he learned both the Ptolemaic system and 

the Copernican system of planetary motion. He became a 

Copernican at that time. In a student disputation, he defended the 

heliocentric model at both a theoretical and theological perspective, 

maintaining that the Sun was the principal source of motive power in 

the universe. 
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Kepler's first major astronomical work, “The Cosmographic Mystery”, 

published in 1596, was the first published defence of the Copernican 

system.  In 1600 he began working for Tycho Brahe in Prague, and in 

1601 when Brahe died, he was appointed to the position Brahe had 

held as imperial mathematician and astronomer.  He also gained 

access to the very high-quality data Brahe had collected at Uraniborg. 

 

Some of this data related to the great comet of 1577 that Kepler had 

seen as a six-year-old boy.   Kepler, believed that the comet's 

behaviour and existence was proof enough to displace the theory of 

celestial spheres, as Brahe’s data suggested that the comet had 

punched through them.  Brahe's discoveries that the comet's 

tail always faced away from the Sun and his proof that the comet was 

beyond the orbit of the Moon were also important. 

 

Kepler set about using Brahe’s data based on measurements of 

the apogee and perigee of the Earth and Mars and he created a 

formula in which a planet's rate of motion is inversely proportional to 

its distance from the Sun. Verifying this relationship through extensive 

calculation, by late 1602 Kepler reformulated it in terms of geometry 

and determined that the planets “sweep out equal areas in equal 

periods of time” This is now known as Kepler’s second law of 

planetary motion. 

 



12 
 

12 
 

Kepler then set about calculating the entire orbit of Mars, using 

Brahe’s data and assuming an egg-shaped or ovid orbit.  After 

approximately 40 failed attempts, in late 1604 he at last hit upon the 

idea of an ellipse, which he had previously assumed to be too simple 

a solution for earlier astronomers to have overlooked. Finding that an 

elliptical orbit fits the Mars data, Kepler concluded that “all the planets 

move in ellipses”, with the Sun at one focus and this became his First 

Law of planetary motion. Kepler completed a manuscript 

for Astronomia nova, though it was not published until 1609 when he 

published his first two laws of planetary motion. 

  

In October 1604, a bright new evening star now identified as Super 

Nova 1604 appeared.  Kepler began systematically observing the 

new star and used the lack of observed parallax to argue that it was 

in the sphere of fixed stars just as Brahe had done in relation to 

Super Nova 1572 so further undermining the doctrine of the 

immutability of the heavens which had been promoted by Aristotle.  

 

Around 1611, Kepler put out a manuscript of what would eventually 

be published posthumously as the Dream. In part the purpose of the 

Dream was to describe what practising astronomy would be like from 

the perspective of another planet, to demonstrate the feasibility of a 

non-geocentric system. The manuscript described a fantastic trip to 

the Moon; it was part allegory, part autobiography, and part treatise 

on interplanetary travel and could be described as the first work of 

science fiction. 
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Kepler’s third law was published in 1618 and it stated that the 

squares of the periods of revolution of the planets are directly 

proportional to the cubes of their mean distances from the Sun.  

Kepler himself never numbered his laws of planetary motion or 

specially distinguished them from his other discoveries.  However, 

knowledge of these laws, proved crucial to Newton, when he 

formulated his famous Law of Universal Gravitation.   

 

Galileo Galilei 

 

Galileo Galilei lived from1564 – 1642 he was an Italian astronomer, 

natural philosopher and engineer.   He was born in Pisa, in the Duchy 

of Florence.  Galileo has been called the "father" of observational 

astronomy modern physics, and the scientific method.  By the time 

he died he was as famous as any person in Europe. Moreover, when 

he was born there was no such thing as ‘science’, yet by the time he 

died science was well on its way to becoming a discipline. 

 

Galileo spent three years at the University of Pisa. There was a 

debate going on about one of Aristotle's "laws" of nature namely: that 

heavier objects fell faster than lighter objects.  Galileo decided to 

empirically test this "law".  He did so by using the Tower of Pisa 

which was 54 meters or 177 feet tall.  Using balls of varying sizes and 

weights he dumped them off the top witnessed by a crowd of 
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students and professors. They all landed at the base of the building at 

the same time proving Aristotle wrong.  

 

During his career Galileo made original contributions to the 

understanding of sound and the science of motion through the 

innovation of combining experiment and mathematics.  According to 

Galileo "mathematics is the language in which God has written the 

universe". The understanding he gained resulted in him putting 

forward the basic principle of relativity,  

1. That the laws of physics are the same in any system that is 

moving at a constant speed in a straight line, regardless of its 

particular speed or direction.  

2. Therefore, there is no absolute motion or absolute rest.  

3. Galileo’s principle provided the basic framework for Newton's 

laws of motion and is central to Einstein's special theory of 

relativity.   

In 1608 Galileo heard about the telescope which Hans 

Lippershey had made in the Netherlands. The following year he 

constructed his own telescopes first with 3 then with 10 and 

eventually 30 magnifications. With his telescopes Galileo made 

remarkable discoveries. 
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Galileo first looked at the moon, a body Aristotle had said was a 

smooth translucent perfect sphere, and an "eternal pearl”.  What 

Galileo saw was very different.  Through his telescope Galileo saw 

that the moon had mountains and craters and made topographical 

charts, estimating the heights of the mountains. Galileo also 

discovered that although the moon always faces the earth that it 

rocks back and forth exposing about 60% of its surface over time. 

Next, he looked at Jupiter and discovered four stars that were 

invisible to the naked eye close to Jupiter lying on a line passing 

through the centre of Jupiter.  Observations on subsequent nights 

showed that the positions of these "stars" was changing relative to 

Jupiter in a way that meant that they were not fixed stars.  Galileo 

noted that they disappeared and then reappeared, an observation 

which he attributed to them being hidden behind Jupiter and 

concluded that they were orbiting Jupiter in the way the moon orbits 

the earth in the heliocentric model.  Galileo, had in fact discovered 

Jupiter’s four largest moons, Io Europa Ganymede and Calisto. 

These observations of Jupiter’s moons caused a revolution in 

astronomy when Galileo’s observations were confirmed by other 

astronomers.  A planet with moons orbiting it did not conform to the 

principles of Ptolemy’s cosmology according to which all heavenly 

bodies should circle the Earth. 

 

In 1610, Galileo observed that Venus has phases similar to those of 

the moon.  The heliocentric model predicted that all phases would be 
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visible since the orbit of Venus is around the sun and this would 

cause its illuminated hemisphere to face the Earth when it was on the 

far side of the Sun and a crescent when it was on the Earth-side of 

the Sun.   

 

When Galileo observed the Milky Way which was believed to be a 

nebulous cloud, he found it to be a multitude of stars packed so 

densely that they appeared from Earth to be clouds.   He also found 

many other stars too distant to be visible to the naked eye.  This 

completely contradicted the idea of fixed stars on crystal sphere at a 

certain distance and meant that there were stars at a much greater 

distance and that the universe was much bigger than previously 

thought.  

Galileo wrote about his observations in his book “Starry Messenger” 

and the reactions to the book ranged from praise to hostility and 

disbelief.  However, by 1615, Galileo's writings on his observations 

and heliocentrism had been submitted to the Inquisition by Father 

Niccolò Lorini.  He claimed that Galileo and his followers were 

attempting to reinterpret the Bible, violating The Council of Trent and 

from that time onward the Inquisition began accumulating evidence 

against Galileo. 

In 1616 Galileo was admonished by the Catholic church and was 

ordered to abandon heliocentrism.  For more than a decade, Galileo 

stayed well away from the controversy by talking about his ideas 

hypothetically and avoided advocacy of heliocentrism. 
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However, in 1632 he published “Dialogue Concerning the Two Chief 

World Systems” which appeared as an advocacy book: an attack on 

the divinely ordained geocentrism and defence of the Copernican 

theory.  In February 1633 he was brought before the inquisition to be 

charged. However, he was never formally charged with heresy.  In his 

final interrogation, in July 1633, he was shown the instruments of 

torture.  Galileo was found "vehemently suspect of heresy" and 

required to abjure curse and detest heliocentricity.  His 

offending “Dialogue Concerning the Two Chief World Systems” was 

banned; and publication of any of his works, including any he might 

write in the future was forbidden.  He was sentenced to house arrest 

for the rest of his life. 

Stephen Hawking has said that Galileo probably bears more 

responsibility for the birth of modern science than anybody else, while 

Albert Einstein has called him the father of modern science.   

However, with Galileo’s persecution by the inquisition the scope for 

further scientific development moved to Northern Europe.   

Isaac Newton   

Isaac Newton was born on Christmas Day 1642 a Christmas present 

for Humanity to make up for the death of Galileo earlier that year.  In 

many ways he took up where Galileo and Kepler left off.  He invented 

the reflecting telescope using a reflective parabolic mirror so 

overcoming the aberrations that a telescope using lenses is subject 

to.  
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Newton took to heart the proposition of Galileo that the universe is 

written in the language of mathematics.  His invention of the calculus 

and its application in Newtonian mechanics was very much in 

keeping with this.  Galileo’s studies of motion and his principle of 

relativity stated above led Newton to formulate his three laws of 

motion. 

Newton’s Laws of Motion 

1. An object at rest remains at rest, and an object in motion 
remains in motion at constant speed and in a straight line 
unless acted on by a force. 

2. The acceleration of an object is equal to the mass of the object 

divided by the force applied.     

3. Whenever one object exerts a force on another object, the 
second object exerts an equal and opposite force on the first 

 

Newton spent some time playing around with Kepler’s three laws and 

came up with his law of Universal Gravitation.  He then demonstrated 

that Kepler’s three laws of planetary motion could be derived from his 

Law of Universal Gravitation.  By doing this Newton demonstrated 

that the motion of objects on Earth and in the Heavens could be 

accounted for by the same principles.  He confirmed this by using his 

law to calculate the period of the moon and getting the right answer. 

Newton’s Law of Universal Gravitation was able to successfully 

account for the tides the trajectory of comets (Which Halley did with 

the comet that bears his name) the precession of the equinoxes and 

other phenomena, removing all doubt about the Solar System’s 



19 
 

19 
 

Heliocentricity.  With reasonable estimates of the speed of light in the 

late seventeenth and early eighteenth centuries a vastly different view 

of the cosmos emerged. 

 Ptolemy’s cosmos with the earth at its centre and crystal spheres 

bearing the planets and an outermost sphere bearing the fixed stars 

at a fixed distance was overthrown by a cosmos that now existed of a 

sun centred solar system with moons orbiting the planets surrounded 

by a disk of stars we now know of as the Milky Way Galaxy.  The 

closest of these were at least a few light years away and the furthest 

being many light years distant.  

Just as important as this development was how God’s role had 

changed.  Before the Scientific revolution the understanding was that 

God had ordained that the earth stood still while the sun moved.  

However, the scientific revolution changed the understanding to one 

where "mathematics is the language in which God has written the 

universe".  The astronomers, natural philosophers, and 

mathematicians involved understood the mind of God because they 

understood his language.    

 

This was an enormous paradigm shift and contributed greatly to the 

status of science.  The word science has a Latin root scientia 

meaning knowledge.  During the course of this revolution, about the 

time of Kepler and Galileo, the word science began to be applied to 

their enterprise.   When the Scientific Revolution began the words 

science and scientist were unknown.  In fact, the word scientist did 
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not come into being until 1833 when it was coined by the English 

philosopher and historian of science William Whewell.  While there 

were other people working in what became known as science at this 

time the fundamental revolution involved the paradigm shift that 

elevated the status of this scientific knowledge.  This was done by a 

revolution that overthrew the geocentric model of the cosmos and 

supplanted it with a heliocentric model supported by accurate 

measurements and sound mathematical reasoning which was the 

work of the scientists. 

 

By the early 18th century, the work of these men had been completed 

and their scientific methods were seen to have revealed God’s work.  

This greatly elevated the status of science and it was thought that this 

clockwork Universe was perfect and would run forever.  

Nevertheless, two hundred years later it was found that it was not 

perfect and Einstein’s Relativity, Quantum Mechanics and the Big 

Bang were introduced to reveal a more complete understanding of 

how the Universe works.  These developments came about by 

scientists applying the same methods that drove the Scientific 

Revolution and these developments are not at an end either.  By 

understanding that the Universe and not God is the infinite being that 

we are dealing with we can see that the best scientists can do is to 

constantly enlarge and improve our understanding of the Universe.  It 

is just as impossible for mathematicians to derive an exact digital 

value for the square root of two since it takes forever to do the 

calculations.  Carl Sagan said that we humans are a way for the 
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Universe to get know itself.  However, this will take forever to do 

completely, and the journey will no doubt be very interesting. 
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