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SCIENCE: Biology, 
Chemistry and Physics



Thales of Miletus
(c. 580 BC)

Accepts that there are four 
elements: EARTH, AIR, FIRE, 
WATER. Which is fundamental?



Thales of Miletus
(c. 580 BC)

Now, water can be solid, liquid, 
and hot gas, so…

Anaximander (610-546 BC) 
disagreed… the fundamental stuff 
is none of the above.



Anaximenes
(c. 545 BC)

It’s AIR! 
Which can be 
expanded and 
condensed….



Pythagoras of Samos
(560-480 BC)

Everything is 
NUMBER!
The Earth is a 
Sphere… it’s 
aesthetically 
necessary!



Empedocles 
(† c. 440 BC)
First of the PLURALISTS

EARTH, AIR, FIRE, and 
WATER.  All are 
fundamental roots!



Leucippus and 
Democritus 
(b. c. 460 BC)

Proposed ATOMS 
(Greek atomos = indivisible)

ατ
οµ
οσ



Many theories to explain what is seen.
But no way to test any of them…



Plato (427-347 BC)

The concept of 
FORMS or IDEALS… 
physical reality is an 
image of ideals.
“The Cave” – as if we 
only see shadows of 
real things.
Promotes the 
spherical Earth 
– it’s ideal!



Aristotle
(384-322 BC)

Aristotle looked          
at real things,            
not ideals.
His “categories”       
laid the foundations     
for biology.
Knew the Earth was 
spherical: ships go 
over the horizon, 
you see different 
stars in the south, 
and the Earth’s 
shadow is round on 
the eclipsed moon!



Aristotle’s Universe
(384-322 BC)



Archimedes
(272-212 BC)

A great 
mathematician 
and physicist.



Eratosthenes of Cyrene
(276-195 BC)

Measured the 
circumference 
of the Earth  
as 250,000 
stades.

That’s 39,250 km 
(within 2% of 
the true value) 
– if we are 
right about  
the stade!



Greek Engineering:
The Antikythera Orrery
(65 AD ± 15 years)



Ptolemy of Alexandria
(85-165 AD)

If the sun and planets go round 
the Earth, it’s not simple circles: 
we need epicycles.



Ptolemy of Alexandria
(85-165 AD)

ANIMATION.



Other thinkers about 
the sun and earth:

Eudoxus (c. 368 BC) – disciple 
of Plato, knows that spheres 
don’t work, especially for Mars, 
and develops epicycles.
Heracleides of Pontus (c. 350 
BC) – realised the Earth rotates 
once a day, and suggests 
Mercury and Venus might go 
round the Sun.
Aristarchus (c. 270 BC) 
suggests the Sun at the centre, 
but with the Moon going round 
the Earth.



Elsewhere…
HINDU cosmology



Chinese Science & 
Technology

2nd Century: PAPER
3rd Century: MAGNETIC COMPASS
8th Century: GUNPOWDER
11th Century: PRINTING



Hebrew Cosmology

The Universe, by YHWH?
“God created” is the important 
bit. Not the details! 
Compare rival tribes, who tell 
tales of gods spilling guts!



Patristic Cosmology

Origen etc on creation, 
Genesis, etc



Islamic Science
9th – 16th Centuries

During the “Dark Ages” of 
Christendom, Islamic 
peoples preserved and 
developed the wisdom of 
the Greeks…
MATHS: Algebra, 
Algorithm, Zero
CHEMISTRY: Alum, Alcohol, 
Alkali, Cinnibar, Alembic
ASTRONOMY: Zenith, 
Azimuth, star names: 
Altair, Deneb, Fomalhaut



Islamic Science
9th – 16th Centuries



The 13th Century

The Christian heritage is 
PLATONIC – creation 
reflects ideals (… from the 
mind of God?)
St Thomas Aquinas 
(c. 1225 -1274) 
rediscovers ARISTOTLE.
The NOMINALISTS (e.g. 
William of Occam) go 
further – perhaps there are 
no categories, only 
individual things which 
have similarities.



The 14th & 15th Centuries

Nicole Oreseme – 1377 –
dares to say that perhaps 
the planets needn’t go in 
circles if God wills 
otherwise (undermining 
heavenly perfection)…
Ancient Greek Wisdom: 
there are no animals in 
tropical countries, or south 
of them.
Portuguese sailors: oh yes 
there is!



The 16th Century

1543 – Copernicus:        
De Revolutionibus
1572 – a star                   
explodes! (a           
supernova).                
Proof that the         
heavens can            
change! (But                  
the ‘educated’           
ignore this!)
1580 – Bernard Palissy, a 
Hugenot potter, holds 
classes on fossils



Tycho’s Nova Today



Fr Nicholas Copernicus (b. 
1473) suggests, on his 
deathbed (1543)…



Fr Nicholas Copernicus
(1473-1543)

Copernicus says everything’s 
simpler if the sun is at the 
middle (but he still uses circles 
and epicycles).
His editor, Osiander, adds a 
preface: “The earth doesn’t 
really goes round the sun, it 
just makes the math easier if 
we pretend it does.”
Popes are sympathetic. Calvin, 
Luther and Melanchthon are 
hostile!



After Copernicus

1563: The COUNCIL OF TRENT 
concludes.
1564: Galileo Galilei is born, 
and raised in Pisa.
1582: Pope Gregory XIII 
reforms the calendar. 
Tycho Brahe: suppose the Sun 
and Moon go round the Earth, 
and the other planets round the 
Sun?
1609: Johannes Kepler, New 
Astronomy – the planets don’t 
move in circles, and it’s idolatry 
to insist that they do!



Tycho’s Universe & 
Kepler’s Ellipses



Enter Galileo



Galileo: A Timeline

1610: publishes The Starry 
Messenger. Jupiter has its own 
moons, and our Moon is messy.
1611: visits Rome. Paul V is 
sympathetic. Jesuit 
astronomers confirm his work. 
1613: The Sunspot Letters -
the changing Sun and Tycho’s
supernova show the heavens 
can and do change. 
1614: Begins to re-interpret 
Scripture (e.g. ‘you have fixed 
the stars’). He is denounced by 
a young Dominican!



Galileo: A Timeline

1615: Paul V refers the matter 
to the Holy Office: are there 
doctrinal questions? Cardinal 
(now St) Robert Bellarmine
accepts as hypothesis, and is 
willing to reinterpret scripture if 
it can be proven as fact.
1616: Holy Office finds it is bad 
science, and possibly heresy, to 
teach Sun-centred as FACT. 
There is controvercy over 
whether a minute telling Galileo 
not to hold the OPINION is 
genuine. 



Galileo: Bad Science?

Galileo has seen that the 
heavens do change, that moons 
go round Jupiter and that 
Venus goes round the Sun. 
But has he seen that the Earth 
moves? If it did, what about 
parallax? 



Galileo: A Timeline

1624: There is a new Pope, 
Urban VIII, who has been a 
friend of Galileo. But he only 
permits Galileo to teach the 
Copernican system as 
hypothesis, not fact.
1632: Dialogue Concerning the 
Two Chief World Systems is 
published. It is clear which one 
Galileo thinks is true! 
1633: After a hearing in Rome: 
"vehemently suspected of 
heresy" in teaching as truth 
that the Earth moves and is not 
the center of the world.



Galileo: A Timeline

1642: Death of Galileo
1687: Newton’s Principia
1741: Benedict XIV grants 
Imprimatur to an edition of 
Galileo’s complete works
1751: Index of Forbidden 
Books allows Copernican works.
1822: Holy Office, under Pius 
VII, grants Imprimatur to a 
work of Canon Settele
presenting Sun-centred system 
as fact
1838: Frederic Bessel measures 
the parallax of 61 Cygni



Galileo: A Timeline

1978: John Paul II elected
1982??: JP2 asks for a fresh 
look at Galileo
1992: Commission appointed 
by John Paul II concludes the 
1633 inquisitors went too far 
based on an over-literal reading 
of Scripture. “Theologians…. failed to 
grasp the profound non-literal meaning 
of the Scriptures when they describe the 
physical structure of the universe. This 
led them unduly to transpose a question 
of factual observation into the realm of 
faith…(and) to a disciplinary measure 
from which Galileo ‘had much to suffer.’”



Galileo: A Postscript
Does the Moon go 
round the Earth?



Galileo: A Postscript
Does the Earth 
go round the Sun?

Our Sun – as 
viewed from 
a distance.

A star with a 
planet, as 
seen from 
Earth.



The Rise of Science: 
From Greece to Galileo 
Summary

The ancient Greeks are arguably our 
first ‘scientists’, and even measure 
the Earth. But they allow ideals and 
mathematical perfection to get in the 
way of reality.
FORMS, CATEGORIES or 
INDIVIDUALS?
Experimental science begins slowly 
after the 12th Century rediscovery of 
Aristotle.
When does a mere HYPOTHESIS 
become a FACT?
Galileo pushed science too far, as 
the Inquisitors pushed theology.


