Aristotle
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In 350BC, Aristotle, the teacher of Alexander the Great, came up with a model of the universe which fitted with his observations of movement on Earth and in the sky.   Aristotle put the Earth at the centre of the Universe.  This made a lot of sense to everyone because other than during earthquakes the Earth was rock solid and did not move.   In the sky there were thousand of fixed stars that revolved around the Earth together.   And then there were five stars that moved against the background of fixed stars.   Aristotle called these five stars wanderers – in Greek “planets”. Mercury, Venus, Mars, Jupiter, Saturn, the Moon and the Sun, were all planets to Aristotle.  To keep the planets up in the sky and let them revolve around the Earth, Aristotle decided that they must be fixed to spheres.  As it was possible to see through the spheres Aristotle decided it must be made of a see though substance.  The only solid examples he had were crystals like quartz.
So Aristotle had the universe arranged on a series of glass balls, one inside another like Russian dolls.   In the centre was the Earth.  The Moon Sun and planets each had there own ball and on the outermost ball were all the stars – all an equal distance from the Earth.   The Earth was fixed.  It did not move.   Instead everything moved around it all having to whip around in a day.

 The order of the sphere from inside out was Moon, Mercury, Venus, Sun, Mars Jupiter, Saturn and then the fixed stars.   So, apart from the Sun and stars he had the right order.
Ptolemy
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The Earth centred view of the Universe was put on a mathematical basis by the Alexandrian Greek Claudius Ptolemy in 140 A D. and later adopted by the church.   Careful observation of the planets Saturn, Jupiter and Mars revealed that although they usually moved in one direction, every now and then they did a quick loop-the-loop!   How could they do that if they were fixed to crystal spheres?  Ptolemy made a modification to Aristotle’s model by attaching each of the looping planets to its sphere with another tiny crystal sphere.   Ptolemy wrote “Mortal as I am, I know that I am born for a day. But when I follow at my pleasure the serried multitude of the stars in their circular course, my feet no longer touch the earth.” 

Copernicus
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In 1543   a polish priest called Copernicus (sometimes irreverently pronounced as copper knickers) came up with the Sun centred model.    This gave him a big problem with the stars.  If the Earth was going from one side of the Sun to the other, the stars should appear to shift their position relative to other things.  However they did not appear to do so.   Therefore Copernicus said that the stars must be very far away.  Copernicus was worried about what the Church would do to him if he published his ideas as a book.  So he did not publish until he was on his deathbed.
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Bruno

Giordano Bruno had a big mouth.   You probably know someone like him.  He never knew when to stop.   Bruno supported the Copernican Heliocentric world view, loudly.   He was a free thinker.  He wasn’t a good astronomer but he wrote startling things that fit with modern views of cosmology like "This entire globe, this star, not being subject to death, and dissolution and annihilation being impossible anywhere in Nature, from time to time renews itself by changing and altering all its parts. There is no absolute up or down, as Aristotle taught; no absolute position in space; but the position of a body is relative to that of other bodies. Everywhere there is incessant relative change in position throughout the universe, and the observer is always at the centre of things."  In 1584 he wrote in his "On the Infinite Universe and Worlds", “God is infinite, so His universe must be too. Thus is the excellence of God magnified and the greatness of His kingdom made manifest; He is glorified not in one, but in countless suns; not in a single earth, a single world, but in a thousand thousand, I say in an infinity of worlds.” 
He didn’t just air his views on cosmology but about other forms of religious dogma such as the virgin birth.  He was captured by the Holy inquisition, brought to Rome and kept chained in a dudgeon for eight years.  He was frequently tortured but he refused to recant as Galileo would do.   He was eventually tied and found guilty of heresy. Bruno was prevented from speaking his mind on the way to the stake.   His jaw was clamped shut with an iron gag, his tongue was pierced with an iron spike and another iron spike was driven into his palate. On February 19th 1600, he was driven through the streets of Rome, stripped naked and burned alive at the stake.

Tycho
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The great Danish star observer Tycho Brae thought Copernicus was talking rubbish.  He reasoned that the enormous distance between the planets and the stars needed for Copernicus’ system was literally a waste of space.   Like almost everyone at the time, Tycho thought that the Universe was created by God, and God was incapable of bad design.  He also believed that if the stars were that far away, they would have to be “unreasonably large and bright”.   So Tycho was a firm believer in the Geocentric view on logical grounds.   The Ptolemaic model could easily fit inside the Earth’s orbit.  In 1592 Tycho came up with a model that packed everything into less than a third of that space.  Tycho was a very unusual person.  He even looked wacky as he had a golden nose. His real nose was cut off in a sword fight with one of his cousins.
Galileo
[image: image8.png]Folio.43
48 A perficdefcription of the Caleftall Orbes,

sccordingte the mott anncient dofPrine ofthe
Pythagorcans. cre.

¥ % %t K ® X o ¥ *
Ko DK e
M it e WA My AT yF oy
* o g 8 rTYEAND Qe 405 08 *
x o
* S 7

g

*
ES



Born in 1564, Galileo Galilei invented the scientific method and was the first person to turn the newly invented telescope towards the sky.   He discovered that planets differed from the stars as they appeared as disks rather than points.   Jupiter even had tiny moons orbiting around it.   Galileo also found out that the Sun is not a perfect disk, it has spots on it.   He watched the spots and saw that they revolved around the Sun, showing that like the Earth, the Sun was a sphere. He also found that the Moon was covered in craters and mountains.   The ancient idea was that all celestial bodies were perfectly smooth.    He started to teach the Copernican model of the Universe.   The Church did not like this at all.   They had stated that the Ptolemaic model was the true nature of the Universe.   People who said that the Church was wrong about something were guilty of a crime called “heresy”.  The punishment for heresy was torture and burning at the stake.   Luckily Galileo was an old friend of the Pope.   Instead of being tortured and burnt, Galileo was taken down to the dungeon and shown a torture machine called a rack.  Galileo wrote "The Sun, with all those planets revolving around it and dependent on it, can still ripen a bunch of grapes as if it had nothing else in the universe to do." 

Galileo was born in the same year as Shakespeare and died in the year that Isaac Newton was born.
The Rack
Here is an account of what it was like to be stretched on the wrack.  It was written by an Englishman called William Lithgow who was racked by the Spanish Inquisition in 1620. 
“I was brought to the rack, then mounted on the top of it.   My legs were drawn through the two sides of the three-planked rack.   A chord was tied about my ankles.   As the levers bent forward, the main force of my two knees against the two planks burst asunder the sinews of my hams, and the lids of my knees were crushed.   My eyes began to startle, my mouth to foam and froth, and my teeth to chatter like the doubling of a drummer’s sticks.   My lips were shivering, my groans were vehement, and blood sprang from my arms, broken sinews, hands and knees.   Being loosed from these pinnacles of pain, I was hand-fast set on the floor, with this incessant imploration: ‘Confess!   Confess!’”

Shakespeare

Born in 1564, Shakespeare knew the Digges family.  It appears that he wrote two of Tycho’s relatives (Rosencrantz and Guildenstern) into his play Hamlet.  Hamlet is set in Denmark, Tycho’s home.   There is a theory that the entire play is a debate on the different world systems with Hamlet’s evil Uncle Claudius representing Claudius Ptolemy.   Certainly, Shakespeare enjoyed putting his astronomical knowledge into his plays.   Try and work out what he is talking about here.

Hamlet  first scene (1.1.117-20) Horatio says: 

“As stars with trains of fire, and dews of blood,
Disasters in the Sun; and the moist star,
Upon whose influence Neptune's empire stands,
Was sick almost to doomsday with eclipse.”
What does he mean by “moist star”?

Clues:
Neptune is the Roman god of the sea

(The planet we know as Neptune was not discovered until 1846).

Shakespeare has Hamlet in an argument with another student at his University Denmark is "too narrow for your mind" says the other student , to which Hamlet replies: "O God, I could be bounded in a nutshell and count myself a king of infinite space, were it not that I have bad dreams."   “Infinite space was probably a reference to Digges’ model of the Universe.

Elizabeth I
Elizabeth Tudor was probably the most learned, intelligent monarch Britain has ever had.   She spoke at least five languages fluently.   In a time when most [image: image9.png]— H,
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women received no real education, Elizabeth was taught by the best available teachers. It is difficult to believe that she had not read about the heliocentric world system.    

She retained a love of learning all her life.   Under her reign she transformed a bankrupt country into the most powerful nation in the western world and a centre for the creative arts.  England was free of the influence of Rome.   Science could flourish.  Even Elizabeth’s doctor, William Gilbert, invented the term ‘electricity’ and did important work into the phenomena.  Yet England was a police state.  There were spies and informants every where.    Books produced in Elizabethan England contained Ptolemaic diagrams with Elizabeth beyond the starry sphere in the realm of God.   For she ruled by ‘divine right’,   She was head of the Church.   And anything that displaced God, could displace the Queen’s right to rule.   
Descartes

In 1644 Rene Descartes published his idea in Principia Philosophiae that all of the Stars are other Suns, most with their own planetary systems and intelligent life!   
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The Hubble Space Telescope

March 3, 1995 the Hubble space telescope captures the first image of a star, other than our sun, that shows it as a disk.   This is the first image showing the disk of a star other than our sun.   Betelgeuse is a super red giant, 700 light years away in the constellation Orion.
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Digges
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In 1576 the English Mathematician Thomas Digges wrote    “This orbe of starres fixed infinitely up extendeth hit selfe in altitude sphericallye, and therefore immovable the pallace of foelicitye garnished with perpetuall shininge glorious lightes innumerable farr excellinge our sonne both in quantitye and qualitye the very court of coelestiall angelles devoyd of greefe and replenished with perfit endless joye the habitacle for the elect.”   (The first English dictionary wasn’t invented until 1604!).   Digge was proposing an infinite space for the stars, with even the nearest a very long way away.  He is suggesting that stars are like our suns – just further away.   He adopted the Copernican system for the solar system and became the leader of the Copernicans in England. Digges was a member of parliament   Digges dedicated his books about mathematics for war, Stratioticos, to Robert Dudley, Earl of Leicester.   Dudley had been an enthusiastic mathematician and astronomer since he was a child.  He was probably partly educated with Elizabeth Tudor and became her life long friend and lover.

Palingenius Stellatus
Pietro Angelo Manzoli (c.1500-1543), better known as Marcellus Palingenius Stellatus, the "Star Poet," wrote the poem Zodiacus Vitae (The Zodiac of Life) in twelve books, each one named for a Zodiacal constellation The Pope put his book on the forbidden list 15 years after Palingenius died.  However in 1565, the poem was translated into English by Barnaby Googe.   It became very popular. Shakespeare read it and used some of the ideas in his plays.   In book XI Palingenius wrote-
“All stars are not of bigness like for many less there be,
And in such sort, as comprehend no man may them we see.
Some are again of larger size, in number few and fine,
That in clear nights amid the skies with gorgeous light do shine ...
Some do in compass far exceed both seas, and earth, and all,
And bigger are their shining globes, though they do seem so small
Because so far from us they be. For everything beside,
The farther it is from our eyes, the less in sight is spied,
And do deceive the lookers on.”
Timeline
You may find this timeline in order of births helpful.   
Aristotle


384-322 BC
Claudius Ptolemaeus
dates unknown but work dated 127-145
Nicolas Copernicus

1473-1543
Palingenius Stellatus        c1500-1543

Elizabeth Tudor

1533-1603, ruled 1558-1603
Tycho Brahe


1546-1601

Thomas Digges

1546-1595
Giordano Bruno

1548-1600
William Shakespeare
1564-1616
Galileo Galilei

1564- 1642
Rene Descartes

1596-1650

