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Overview of the course

I) [3 Feb. 2025] Introduction and quick historical background

II) [10 Feb. 2025] Modern science and philosophical difficulties...

III) [17 Feb. 2025] (Neo)Positivism, Popper, Kuhn, Lakatos, Feyerabend

IV) [10 Mar. 2025] Case studies (I): Reality, physical world and laws of Physics

V) [24 Mar. 2025] Case studies (II): Truth, what do the theories describe?

VI) [31 Mar. 2025] Guest lecture.
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Overview of today

1. Introduction

2. Historical Background
2.1 Ancient Greek
2.2 Medieval Philosophy

3. Philosophical topics

4. References
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What do we think science is?
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Science...

Understanding the nature of scientific knowledge and its distinctive characteristics

⇓

Science is derived from the facts

Physicists are not philosophers...

Why do we need philosophy?
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Why do we need philosophy?

A. Chalmers, What is this thing called Science?, p.232

1. Scientists themselves are the practitioners best able to conduct science and do not
need advice from philosophers

2. Scientists are not particularly adept at taking a step back from their work and
describing and characterizing the nature of that work

3. Scientists are typically good at making scientific progress, but not particularly good
at articulating what that progress consists of
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So many people today - and even professional scientists - seem to me like someone who
has seen thousands of trees but has never seen a forest.

Knowledge of the historical and philosophical context gives the kind of independence from
the prejudices of one’s own generation that most scientists suffer from.

This independence created by philosophical insight is, in my opinion, the mark of
distinction between a mere craftsman or specialist and a true seeker of truth.

A. Einstein, Letter to Robert A. Thornton, 7 December 1944
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What is science?

Science is to be based on what we can see, hear, and touch rather than on personal
opinions or speculative imagining

Science is a structure built upon facts

⇓
It was not so much the observations and experiments which Galileo made that caused the
break with tradition as his attitude to them. For him, the facts based on them were taken
as facts, and not related to some preconceived idea...
The facts of observation might, or might not, fit into an acknowledged scheme of the
universe, but the important thing, in Galileo’s opinion, was to accept the facts and build
the theory to fit them.

H. D. Anthony, Science and Its Background, p.145
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Thinking about Natural Science

Natural Science ⇔ Philosophical point of view

1. Thought experiments

2. Theory of knowledge: logic and epistemology

3. Understanding of historical and social environment
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Historical Background
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Ancient History

Ancient Greek Philosophy

Medieval Philosophy
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Few initial steps

- About 7 million years ago ’separating’ from chimpanzees

- Language

- Homo, about 2.8 million years ago

→ About 50-100 thousand years ago a Great Leap Forward :
new symbolic and abstract activities

- Religion

→ Writing, arithmetic and geometry, astronomical observations

Elementary science and resulting technologies, mostly for utilitarian purposes
Worldviews completely dominated by religious and mythological narratives:

⇒ no ’scientific’ approach in understanding the world
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The birth of Philosophy

VI century BCE
Philosophy (ϕίλoς - σoϕία): searching for explanation of the world using reason
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Philosophy

Freedom
Advantageous economic and commercial conditions
No privileged caste to impose a dogmatic truth

- Rational thought and search for the causes/explanation

- Natural world

- Observations

- No role of religions and/or myths

Philosophy of Nature/Physis (ϕύσις) → English ’nature’ (from Latin natura)
The word ϕύσις: noun based on ϕύϵιν to grow, to appear

deeper, broader and more profound than modern science
no very methodologically and/or technically ’efficient’
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Philosophy of Nature/Physis (ϕύσις) → English ’nature’ (from Latin natura)
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Physis

- Pre-Socratic philosophy (Heraclitus)
always used in the sense of the ’natural’ development, becoming, movement...

⇒ the origin, the first principle (αρχή)
⇒ the process
⇒ the end result

- Within the Ionian School: comprehensive sense referring to all things, Nature,
Universe

- Within Sophist tradition: in opposition to νóµoς, law or custom (which parts of
human existence are natural and which are due to convention)

The real world can only be described and understood through rational thoughts
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Ancient Greek philosophy

Pre-Socratic philosophy

Thales of Miletus (c. 625–545 BCE)

Pythagoras of Samos (c. 570–495 BCE)

Empedocles (c. 500–430 BCE)

Democritus (fl. 420 BCE)

Socrates (c. 470–399 BCE)
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Plato (c. 428–348 BCE)

His teacher Socrates, and his most famous student Aristotle
⇒ the foundations of Western philosophy and science

The experienced/observed physical reality a mere replica of a world of ideal intellectual
Forms (Ideas)

Allegory of the Cave
The real world can only be deduced through rational thought
Mathematics and geometry vs. physical world revealed/tempered by our senses

Four elements (earth, water, air and fire) + the fifth element: aether (pure substance
that fills the upper region of the cosmos)
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Allegory of the Cave

Plato, Republic, Book VII 514a–520a

Dialogue between Plato’s brother Glaucon and his mentor Socrates (narrator)
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Aristotle (384–322 BCE)

Greatest impact on development of science ⇒ a common-sense view of the world

- Empedocles’ four fundamental elements

- Things fall towards the Earth ⇒ the Earth is naturally at the center of the universe

- Heavenly bodies attached to a series of concentric spheres made of aether
(’quintessence’)

- The universe, vast bounded sphere without beginning or end in time (no ’creation’)

- ...

Observations: wide range of natural phenomena, fully systematized

Aristotle, Physics II.3 and Metaphysics V.2
⇒ Causes αιτ ία (explanation): material cause, the formal cause, the efficient cause, and
the final cause
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Few more words on Aristotle

1. Final cause, the goal or purpose of the change.
teleology, NOT part of modern science.
In religions views (purposeful god), incompatible with the proven principles of
modern science

2. Hypotheses and observation at odds with modern science
qualitative rather than quantitative, and no predictions
no experiments to test them

From the XIII century → ’official’ philosophy of the Roman Catholic Church
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Ptolemy (c. 100–178)
Ptolemy, Almagest

Earth is a sphere and does not move, at the center of the cosmos
Heavenly bodies are perfect spheres, move around the Earth in circles:
Moon, Mercury, Venus, the Sun, Mars, Jupiter, Saturn and sphere of the fixed stars
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The end of the great philosophers of Greece

on astronomy, and became widely accepted. It became one of the most
influential scientific texts of all time, and remained the dominant astronomical
model for predicting the motions of the heavenly bodies over the next 1400
years.
In another monumental treatise, The Geography, Ptolemy presented the

entire geographical knowledge of his time. The Geography contained the
geographical coordinates of all the world known to the Roman Empire at
that time, along with maps and discussions of methods and data.
The physician Galen (c. 129–210 AD) became famous for his work on

human anatomy. He proved that both arteries and veins transport blood. He
wrote hundreds of works on medical science; he conveyed much of the
Hippocratic tradition, but he also went much further, adding anatomical
and physiological aspects. He had a dominating and lasting influence on
Western thought up to the Scientific Revolution in the seventeenth century
and even beyond.
The period of the great philosophers of Greece had lasted for over a

thousand years, from Thales to Galen and a few later thinkers, peaking at
about 500–300 BC, the period of Socrates, Plato and Aristotle. It was an
extraordinary time of free thinking and speculation about the world we live
in. But it eventually and gradually faded away, as shown in Fig. 2.1.

Fig. 2.1 Normalized numbers of Greek natural philosophers (black line) and other
Greek philosophers (blue line) as a function of time. The total numbers are 61 (natural
philosophers) and 397 (other philosophers). Refs: Greek natural philosophers (Bertman
2010), other Greek philosophers (Internet sources)

2 A Brief History 19

Greek natural philosophers (black line), other Greek philosophers (blue line)

P. Shaver, The Rise of Science, p.19
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The end of the great philosophers of Greece

- Everything that could be done had already been done

- It could not actually be used for anything

- Increase of scepticism and superstition

- The rise of Christianity and dogmatic/revealed view of the truth → Truth

23 / 37



Medieval Philosophy

Western Roman Empire → Rome

Eastern Roman Empire → Byzantium (Constantinople)

Byzantium: ‘Schools’ of philosophy;
Christianity in all areas life → reconciling ‘paganism’ with the dogma
⇒ Absence of unlimited free thinking

China: supported scientific activities, but not natural philosophy
Central administration authoritative, conservative and all-pervasive
The natural world seen as an illusion by Buddhism
For the Taoism the order of the world is indiscernible by mortals
⇒ Never had a scientific revolution
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Islamic Natural Philosophy
VII – 1258 Islamic Golden Age
The Qur’an: religious duty of all Muslims to seek knowledge and enlightenment also
studying natural ’signs’

Quran 2:164, 3:189-191, 24:44

Humanity and the cosmos seen as works of God Himself ⇒ Sacred and holistic view

→ Translations of nearly all the works of Greek natural philosophy

Al-Khwarizmi (Algorithmus) (c. 780–850)

Ibn al-Haytham (Alhazen) (c. 965–1039)

Ibn Sina (Avicenna) (980–1037): almost as influential as Aristotle

Ibn Rushd (Averroes) (1126–1198): introducing Aristotelian philosophy to Europe

After XIII century → conservative religious forces less tolerant of ‘foreign’ studies
25 / 37



Medieval European Philosophy
Greek texts → Latin, XII Century Renaissance
Bologna (1088), Paris (1150), Oxford (1167), Cambridge (1209), and Padua (1222)

geography, and was active in the translation movement. The Persian physician,
philosopher and chemist Ibn Zakariyya al-Razi (Latin name Rhazes)
(c. 854–925) was born in the ancient city of Rayy (part of present-day
Tehran), and worked both there and in Baghdad. He ran several hospitals,
was an early proponent of the scientific method, and wrote two medical books
which became among the most important in medieval Europe. At the other
end of the Islamic world Abu al-Qasim al-Zahrawi (Latin name Abulcasis)
(c. 936–1013) lived near Cordoba, and was the greatest surgeon of Islam and
the medieval world. He wrote a medical encyclopaedia which contained
sections on surgery and surgical instruments; it was translated into Latin,
and made him famous across Europe.
The three greatest scientists of Islam all lived and worked between 950 and

1050, at the peak of the Islamic Golden Period. Ibn al-Haytham (Latin name
Alhazen) (c. 965–1039) was born in Basra and worked in Egypt. He was a
physicist, probably the greatest over the entire period between the ancient
Greeks and Galileo. His book on optics had a huge influence on Western
science, and he made important contributions to astronomy. He was also an
early proponent of the scientific method. The Persian al-Biruni (973–1048)
was born in the city of Khiva and travelled and worked throughout Central

Fig. 2.2 Normalized numbers of philosophers and scientists as a function of time in the
Greek, Islamic and medieval periods: Greek natural philosophers (black line), other
Greek philosophers (blue line), Islamic scientists (green line), and medieval scientists
(brown line). The total numbers are 61 (Greek natural philosophers), 397 (other Greek
philosophers), 75 (Islamic scientists) and 51 (medieval scientists). Refs: Greek philoso-
phers as in Fig. 2.1; Islamic philosophers (Al-Khalili 2012); medieval scientists (Freely 2012;
Grant 1996)

2 A Brief History 25

Greek natural philosophers (black line), other Greek philosophers (blue line), Islamic natural
philosophers (green line), European natural philosophers (brown line)

P. Shaver, The Rise of Science, p.25
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Medieval Philosophy

Continuous intellectual revival, in some cases beyond the old Greek thinkers

William of Ockham (c. 1285–1349)
Ockham’s razor:
Entities must not be multiplied beyond necessity (i.e. the simplest theory is to be
preferred)

Works of Aristotle, clash with the dogma of the Roman Catholic Church

Albertus Magnus (c. 1200–1280)

Thomas Aquinas (c. 1225–1274)
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Thomas Aquinas (c. 1225–1274)

(Natural) Philosophy intertwined with Christian Revelation and theology
→ Summa Theologiae

Christianizing Aristotelianism and Aristotelianizing Christianity
⇒ Thomism the official position of the Catholic Church
(Thomas Aquinas was canonized in 1323)

Aristotelian doctrines → Catholic Church dogma (Transubstantiation)
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Philosophical topics
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Philosophy of Physis

Deeper, broader and more profound than modern science
⇒ Understanding the real, true nature of the world

⇒ The origin, the first principle (αρχή)
(Thales, Anaxagoras, Empedocles, Democritus, Heraclitus... )

⇒ the reality and the process, movement

Heraclitus: Everything is movement. Everything flows (πάντα ρϵι̂). ’You can’t bathe
in the same river twice’
Parmenides: The Being is, and it and is immutable. The movement is an illusion

Plato: perfect and immutable Ideas in the hyperouranios, the true reality
Aristotle: substance and essence, actuality (ϵνϵ́ργϵια) vs. potentiality (δύναµις)

⇒ the causes/explanation (Aristotle): final cause, teleology
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Epistemological interval

Epistemology (from ϵπιστ ήµη), theory of knowledge: the nature, origin, and limits of
knowledge

- Plato (Theaetetus and Republic
→ rational enquiry, recollection
⇒ Intellect ⇒ Rationalism
(Ideas in a eternal metaphysical
world)

- Aristotle (Organon → Induction)
⇒ Observation ⇒ Realism
(Forms within the material reality)

Nature of the facts
Nature of the laws/theories
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Before Science

So the familiar story goes

A. knowledge was based largely on authority, especially the authority of the ancient
philosophers (Aristotle) and the authority of the Sacred Texts (the Bible).

B. only when this authority was challenged by an appeal to experience (facts), by
pioneers of the new science (Galileo), modern science became possible.
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It was not so much the observations and experiments which Galileo made that caused the
break with tradition as his attitude to them. For him, the facts based on them were taken
as facts, and not related to some preconceived idea...
The facts of observation might, or might not, fit into an acknowledged scheme of the
universe, but the important thing, in Galileo’s opinion, was to accept the facts and build
the theory to fit them

H. D. Anthony, Science and Its Background, p.145
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Philosophical contribution

Understanding the nature of scientific knowledge and its distinctive characteristics

We are physicists, scientists not philosophers

Science is derived from the facts ???
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Science is derived from facts

1. The British empiricists of the XVII - XVIII centuries
(Locke, Berkeley and Hume)
All knowledge should be derived from ideas implanted in the mind by way of sense
perception

2. Positivists of the XIX - XX centuries
(Compte and the Vienna Circle logical positivism)
Logical form of the relationship between scientific knowledge and the facts

The nature of these facts and how scientists are meant to have access to them
How the laws and theories that constitute our knowledge are derived from these facts

or maybe ’imposed’ onto them?
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More questions to come...

perhaps some explanations
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