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Aristotelian Physics

by Joachim Schummer

1. Introduction

No other philosopher had such a deep and long4stgandhpact on Western science as
Aristotle. In the fourth century BC he developefiilly comprehensive worldview that would
with only few modifications stand for about two tlsand years. Rather than just collecting
isolated facts, he posed fundamental questionstataiure and about the methods to study
nature. Physics in the Aristotelian sense inclutted fundamental understanding of matter,
change, causality, time, and space, which needée twonsistent with logic and experience.
From that he derived a cosmology that allowed lrexplain all phenomena, from everyday
life to astronomy including both natural phenomand technology.

Aristotle (384-322) lived in a time period of extne political turbulences that deeply
shaped his biography. When the 17-year old Macedionoved to Athens to enroll at the
famous Academy of Plato, the state of Athens hatlite former political hegemony, but still
had an international reputation in education. Teary later the King of Macedonia, Philip,
began to conquer the Greek states, which resultggowing anti-Macedonian sentiments in
Athens. When his patron Plato died in 347 and Adhaerlared war against Macedonia, there
was no way for Aristotle to stay longer in Athekle escaped to Asia Minor before Philip
employed him to tutor his aspiring son AlexandérisTAlexander would soon conquer the by
then largest empire, ranging from Greece eastwardtsdia and southwards to Egypt. Under
the hegemony of Alexander the Great, Aristotle dquéacefully return to Athens at the age
of 49 to found a new school, called the Lyceum., id¢ten Alexander died only 13 years later
and his huge empire immediately fell apart, it \again for Aristotle to hastily leave Athens,
shortly after which he died.

One would perhaps not expect from somebody wheallen the move throughout his
life that he developed a systematic, fully compreinee worldview. However, Aristotle
intellectual work was truly encyclopedic and cowkfields as diverse as logic, epistemology,
metaphysics, rhetoric, physics, chemistry, biolggsychology, political studies, ethics, and
literature studies; and many of these disciplimesst notably logic and biology, can point to
Aristotle as their founding figure. Even in matheit® which Aristotle conspicuously
neglected although it was then a major topic ato”aAcademy, he essentially influenced
Euclid’'s (325-265) geometry through his axiomafp@ach in logic. Moreover, Aristotle’s
general approach to scientific topics became thadstrd scientific method for about two
thousand years.

Whereas former philosophers mainly presented thigdws in an aphoristic or
narrative style, Aristotle developed a systemapigraach. For each issue he first collected all
the views and arguments by his predecessors, whaltes his work still a rich source for
historical studies. Then he clarified the meanihglbthe pertinent concepts and analyzed the
various views if they could be reconciled or whiagit fundamental opposition was. To
resolve a fundamental issue, Aristotle drew oneddht sources. Were the views in
accordance with the available empirical data? Whee arguments sound? Did the views
appeal to our common sense? Finally, did the viétvaith the knowledge that he had
previously established by the same method? Incraihenvorking through the entire realm
of knowledge with this method, Aristotle built aalkle philosophical system that covered
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almost any discipline. Since the pieces of knowtedgre strongly related to each other, such
that they could not easily be replaced, the systemld stand for about two millennia with
only little modification.

Timeine

384 Aristotle was born in Stagira, Macedonia. Highér, Nicomachus, was a
physician to the king of Macedonia; his mother, é&tig, came from a wealthy
family from the island of Euboea.

367 He moved to Athens to enroll in Plato’s Acadefirgt as student and later as
lecturer on various subject matters.

347 The war between Athens and Macedonia startedhiarpatron Plato died.
Aristotle fled to Assos on the coast of Asia Mine@here he married the
daughter of his friend Hermeias, Pythias, with whoerhad a daughter. He
began his zoological studies.

345 Aristotle moved to the island of Lesbos andgdi his former student
Theophrastos in the study of biology.

343-340 The king of Macedonia, Philip, called Aottt to his court in Mieza to tutor his
son Alexander.

336 Alexander, the new king of Macedonia, begarguoening a huge empire,
eventually including all of Greece and ranging ba#rds to Egypt and
eastwards to India.

335 Aristotle returned to Athens and founded a selool, the Lyceum,
assembling scholars in all the fields of scienag lmmanities. Most of his
extant writings, many of which were lecture nota®, from this time.

323 Alexander died and his empire immediatelydphirt. For a second time
Aristotle fled from Athens, this time to Euboeahis home country.
322 Aristotle died at the age of 62.

2. The Causality of Nature

The English term ‘physics’ goes back to the Greekmt ‘physik’ which means the
knowledge and study of naturphfysis in Greek). Still in the early 19th century, plogsi
meant about the same as natural philosophy andrembwal the scientific disciplines. In
antiquity, however, the fields of modern physicsraveither undeveloped (e.g. electricity,
magnetism, and thermodynamics) or did not belonghtgsics. For instance, mechanics was
but a craft like carpentry, and optics was a thedryut visual sensation and, if geometrically
describing the directions of rays, a part of matages. For Aristotle and his followers,
mathematics was clearly distinct from physics, beeait only described nature in
geometrical or numerical terms. The task of physias, however, to explain nature.

From a common sense perspective, Aristotle’s ambrois still appealing today
because of his straightforward reasoning. For fe@rplaining nature meant answering why-
questions about nature, such that scientists hailled their duty only if all our why-
questions are satisfactorily answered. He attelytiveserved that people asked four different
why-questions that required four different answarsj since such answers were commonly
considered to refer to causes, he accordinglyngjsished between four different causes.
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Hence, each of the four why-questions required rtaiceanswer that referred to a certain
cause. Let us consider an example question thargdhe four different meanings: “Why
does a knife cut meat?” If you respond that thdekis made of iron which is harder than
meat, you are referring to thmaterial cause Arguing that the knife has a sharp blade
provides theform cause If you explain the mechanism by which the knidées the meat
apart, you give thefficient causeAnd if you say that the knife can cut meat beeahst is
the purpose for what it has been made, you prawidénal cause For a satisfying answer,
you need to refer to all the four causes, althotngir relative importance may differ from
case to case.

Of course, the meat-cutting knife is not an exagdlphysics in the ancient meaning,
because knifes are artifacts and not natural thikigsvever, although natural things are
different from artifacts, as we soon see, Aristoti®s convinced that we ask the same four
kinds of why-questions for natural things and adi$. In particular, unlike modern physics,
he thought that scientists must not forget thelficeuse in nature to provide satisfying
answers. For instance, the blooming of a flower ldawt sufficiently be explained by a
mechanism that details the events that make thenbfgg happening. A satisfying answer,
according to Aristotle, needed to refer to the psgp of blooming, that it enabled the
reproduction of the flower, which he thought wasbended in the flower like an unfolding
program. Moreover, the flower has developed itpprdorm only in the state of blooming,
and this proper form is not only part of our cortoefpflowers, it is also a constitutive part of
the flower itself throughout its development.

Beyond the analogy of causes, Aristotle distinigeds natural things from artifacts.
Natural things develop and are what they are owlyitiue of causes that are internal to them,
in contrast to artifacts that are made by humansrding to human goals, which are external
to the objects. Examples of natural things aresstmimals, plants, stones, clouds, and basic
materials; examples of artifacts are houses, fumjt cloths, and tools. However, the
distinction is not a simple one. For instance, whawotting knife loses its original form, it is
still an artifact insofar as it is a knife, bubicomes a natural thing, a piece of matter, insofar
as rotting is a natural process determined onlitdipasic material properties. Or, a hedge is
natural insofar as it is a plant that grows owiagts own principles, but artificial insofar as
humans have cut it to a certain form for human ehténce, the world cannot simply be
divided up into natural and artificial things -d#pends on how we conceive these things.

2. The Dynamics of Nature

Aristotle’s physics is not about natural thingsaistatic sense. Instead he was convinced that
nature is essentially dynamic and that naturalgsiswre under continuous development. Thus,
understanding a natural thing requires two aspeatsneed to know, first, what the thing is
composed of, and second how and why the thingsaltarresponse to the first question,
Aristotle developed a metaphysical scheme that eshdps entire philosophy: every real
thing, both natural and artificial, is composed roatter and form. For instance, a brick
consists of clay in cuboid form. As long as the adbform is not materialized, as in
geometry, it is not a real thing but simply a matlaécal idea. On the other hand, real things
can be the material of which other real things ®ingthey are arranged in a certain form.
For instance, bricks are the material for buildivayses and, again, houses are the material of
cities. We will soon see that Aristotle used tlikesne to build up the entire cosmos.

To understand the dynamics of natural things, tétlis distinguished between four
kinds of processes. First a thing can just movepace without being changed. Second, a
thing can grow or shrink, i.e. increase or decréasgze, without changing its characteristics.
Third, a thing can undergo qualitative changesheuit losing its identity, such when its color
changes or when a tadpole transforms into a frowllly, a thing can emerge out of or turn
into something entirely different, when, for instan an animal dies and decomposes into
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basic materials or when basic materials chemidadlgsform. Once we have identified the
kind of change — whether spatial, quantitative litptave, or substantial — we can investigate
the causes of change, which for Aristotle are blo¢hefficient and final causes.

Aristotle’s view of change includes further compats that are necessary to
understand his physics. In every change, somethingt persist throughout the process.
While this is obvious with spatial and quantitatisleanges, it is more difficult to identify
what persists in qualitative and, particularly, siaintial changes. According to Aristotle, the
matter of each real thing persists while only d@sri changes. For instance, when we form a
mug from a lump of clay, the clay persists and gadlgt changes only its form from that of a
lump to that of a mug. Since we cannot shape any fout of clay, for instance no spider
web, matter and form are related to each othercer@in way. Thus, clay has the potential to
assume the form of a mug, but not that of, saypides web. This is more important for
natural processes, where the causes of changéstemsal to the natural things that change.
For instance, the matter of a tadpole has the higgential to assume the form of a frog
instead of a bird or something else. Thereforestatie also described any process as a
change from potentiality (a potential frog) to msa{a real frog).

Furthermore, Aristotle thought that any changaimeg some interaction between the
changing thing and the cause of change, and tlachlange immediately ends when the
interaction stops. (We will later see that thisadeas revised in early modern mechanics.) For
instance, if we heat some water with fire, firesamh water because water, unlike for instance
light, is susceptible to the action of fire; andsasn as we stop heating, the water cools down.
Similarly, if a change is driven by a final caui&e object of change needs to be susceptible
to this final cause and stops changing as soomeafsnal cause is removed.

4. The Elements of Nature before Aristotle

One of Aristotle’s most persistent contributionstience, and indeed the core of his physics,
was his theory of the elements. That theory wamately overcome only by the end of the
18th century in the so-called Chemical Revolutidpart from astronomy the theory of the
elements was the core issue of any ancient philosop nature. It was expected to explain
the plurality and change of all matter, i.e. what twday call chemistry and particle physics.
However, unlike today’s experimental sciences, emiciphilosophers rarely referred to
experiments but, instead, searched for consistedtcamprehensive rational systems that
were in accordance with all available empiricaladtom the observation of nature. Before
we deal with Aristotle’s solution, we briefly lo@k those of his predecessors.

For most of the early ancient, pre-Socratic plojpdsers of nature, we have only
indirect reports and few extant fragments that randsfficult to understand. It seems that
since the 7th century BC, Greek philosophers pregasrious solutions that all broke with
their religious traditions. Instead of referring twds, they characterized the ultimate
principles of nature by material properties. Marfytlee early pre-Socratics were monists,
arguing that a single material principle underlag plurality and change of all matter. For
Thales (ca 624-546 BC) this principle was waterenghs Anaximenes (ca 585-525 BC)
considered it like air and Heraklitus (ca 535-4786)Bather like fire. Pluralists, like
Anaxagoras (ca 500-428 BC), assumed that the t@fplurality of things required infinite
many different principles, so that any change isngwo the mixing and separation of the
elements. Based on the idea of Pythagoras (ca5880BC) according to which everything is
founded in the dualism of opposing principles, Edgmtes (ca. 490-430 BC) developed the
first ancient synopsis on which Aristotle wouldwraHe combined the earlier suggestions of
water, air, and fire with earth into a system afif@lements that could interact with each
other by the opposing principles of attraction agpllsion to form the plurality of all things.

In retrospect, the most interesting account is@es the atomism by Democritus (ca.
460-370 BC) which went back to earlier ideas bykigous (5th century BC). On the one
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hand, Democritus’ atomism resembled the pluralismAwmaxagoras, because Democritus
claimed that there were an endless number of diftekinds of atoms that form the variety of
things and that any change is owing to the semarand mixing of atoms. On the other,
ancient atomism was a dualistic doctrine, becatssproper principles were matter and void.
Thus, atoms (from Greeltomos indivisible) were conceived as a certain disthiidu of
matter and void, such that matter forms invisilstyadl regions of irregular shapes that persist
through all changes in time.

Atomism was a prominent but much contested dctitimoughout history. Its critics,
first among them Aristotle, had many severe obpesti A prominent metaphysical argument
pointed to its inconsistency. Since matter, accydo Democritus and unlike all the other
philosophies of nature, had no material properitegjas unclear how matter differed from
void. When Democritus argued that matter was ‘fulhereas void was empty, critics
objected that the empty void was not a principlenafure but merely nothing, and that
claiming the existence of nothing was a plain cadiition. That debate continued up to early
modern times as the question of whether or novéloeum exists. Another critique referred to
the highly speculative manner of atomism, sinceethgas no empirical evidence for the
existence of atoms. Moreover, since matter had atemal properties, every explanation of
material properties by reference to the shape omatwas highly speculative. Indeed,
Democritus and his followers arbitrarily claimedrieas shapes to explain differences in
color, taste, or any other empirical propertiesitit@rmore, atomism was an extreme stretch
for common sense reasoning. The ideas that matetdwat a certain point be no more
divisible into smaller parts and that matter hasmionsic qualitative properties were counter-
intuitive, because empirical evidence suggestediigsopposite.

Aristotle’s teacher Plato (427-347) developeddws version of atomism that drew
on earlier ideas from the school of Pythagoras, essaphisticated mathematics, and the
doctrine of Empedocles. Although it was esoterierevfor contemporaries, it became
influential because Plato described his theoryhanform of a divine creation myth that was
reconcilable with the biblical creation myth. Thmade a digest of his text the only piece of
ancient Greek natural philosophy known to medié€Matistians up to the 12th century. In it,
the divine but artisan-like creator builds the wloakccording to geometrical ideas by shaping
not matter but space. Thus, Empedocles’ elementsepfair, water, and earth consisted of
four invisibly small regular polyhedra. Howeveretholyhedra were not atoms but consisted
of indivisible triangles of two different types.d® selected their mathematical construction
in such a way that several material changes, gebbils water to become air-like steam,
could be explained by a quasi-geometrical mechaniBor instance, the sharp-edged
tedrahedra of fire could split the blunt-edged dmdtedra of water into their composing
triangles which then could reassemble to form tttateedra of air.

5. Aristotle’s Elements of Nature

Aristotle rejected both kinds of atomism basedlmdrguments presented above. In addition
he argued that Plato’s atomism confused mathenhatleas with real things. Instead, he
preferred Empedocles’ four elements to which heviged a new foundation. In Aristotle’s
view, the elements of nature must represent thedonental characteristics of nature, i.e. they
must bear the basic properties of matter that dtogelynamics of nature. From an empirical
point of view, the basic characteristic of matteaswits tangibility, which for Aristotle
included two tactile property dimensions: mattemigre or less dry (hard) or wet (soft) and
more or less cold and hot. To cover the whole re@ithese two property dimensions, each
element must bear one extreme property from eaueriion, which resulted in four pairs of
properties to which Aristotle related Empedoclesurf elements: dry and cold were the
characteristics of earth, wet and cold those otwatet and hot those of air, and dry and hot
those of fire (see Figure 1). Moreover, for Aritgohard and soft were passive properties,
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because they determined the malleability of md&eriwhereas hot and cold were active
properties in that they could act on other materigbr instance, water expands if it is heated
by fire and shrinks if it is cooled. The two paw$ properties thus represented both the
empirical characteristics of matter and the bastieractions between materials.

] hot
air A fire

wet < > dry

water | earth
. - - - COId - -
Figure 1: Aristotle derived his four elements oftreafrom the two pairs of opposing

gualities dry/wet (hard/soft) and cold/hot.

Aristotle used his theory of the elements to expkaiwealth of natural phenomena ranging
from chemistry, physics, and meteorology to biolayd medicine. Moreover, his theory
allowed him to write the first treatise on what weuld nowadays call the chemical
processing of materials, including metallurgy amsking. On the level of basic materials,
there was no fundamental distinction between naturd technological phenomena, because
the materials and their interactions were esséytile same in natural and artificial
processes. Furthermore, the elements served hatnucture the entire world in two different
approaches, to which we turn now.

6. The Hierarchical Structure of the World

Like in Plato’s theory, Aristotle’s elements couidteract with each other resulting in
elemental transformation. When an excess of fio# €hdry) acted on water (cold & wet) to
neutralize the elemental property cold, water tdriv#o a kind of air (hot & wet). For
Aristotle, the elements were real things, althotigty naturally occurred only in impure form
or mixtures. According to his metaphysical doctritke elements must themselves be
composed of form and matter as any real things &mwe), and he decided that their
elemental properties were their specific form. leaneental transformation, which was his
paradigm case for substantial change, the elemfamtalwas replaced. His general theory of
substantial change required that a primary maie of any qualities, persisted through the
change. Since the primary matter had no qualittes reo form, it was not a real thing for
Aristotle but only the bearer of elemental prom=tand the substratum of substantial change
that united the physical world. Nonetheless Ariststprimary matter would later inspire
numerous misunderstandings, particularly amongeahist in their experimental search for
the basic principle of matter.

Starting with the elements composed of primarytenaand their specific form of
elemental properties, Aristotle developed a hidnaif the physical world in which each step
provided the matter for the next step. For basiomaunds, the elements served as matter and
their composition as specific form. In the nextpstd heterogeneous compounds such as
wood, the basic compounds were spatially structuaedording to a specific form.
Heterogeneous compounds could be combined andwstdcto form parts of living beings,
like a human arm or the trunk of a tree. If suchhams were combined and organized
according to certain forms and ends, they wouldanfar living being, for which Aristotle
required at least a vegetative soul as their omyagiprinciple and for the control of their
metabolism. Animals differed from plants by an addial higher order soul that allowed
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living beings to perform locomotion and sensatidfinally, humans were additionally
endowed with an intellectual soul that enabled therorganize their life according to ideas
and goals. Also the inorganic world, including aivater, and earth, was spatially and
chronologically structured to form regular and pdital phenomena like the weather and the
seasons, for which Aristotle identified the surg thoon and the stars as their structuring and
moving principle. Finally, since for Aristotle ewermovement must have a cause, he
postulated gods as the ultimate cause of the nregudéion of the stars. Like primary matter,
these gods were no real things composed of mattefaam. Rather, like the human intellect
that can organize real events through its non-nadtexistence and activity, these gods were
pure form and so-called ‘unmoved movers'. Entitésomplete independence and modesty,
these gods also served as models for human beings.

7. The Cosmological Structure of the World

His theory of the elements helped Aristotle to cite the entire world also spatially. Indeed
he designed the cosmos in spherical shells, edatedeto one element, around the earth
sphere. It was well known in ancient Greece, eveasured with some precision, that the
earth forms as sphere of a certain size. The edmfously consisted mainly of the element
earth, its surface was largely covered with weated the atmosphere was dominated by air.
Only the lower atmosphere was filled with moistwrkmuds and rain, owing to atmospheric
turbulences at the interface between the sheligatér and air, which determined the weather.
Above the atmosphere, the next sphere reaching upet height of the moon, was filled
mainly with the element fire. Aristotle could refén ample empirical evidence of his
elemental shell model. In particular, earth wasvieahan water, which in turn was much
heavier than air; and fire flames obviously movediuthe air. In water, a stone sank down
whereas a bubble of air rose up. Based on suchriealpiegularities he drew the general
conclusion that each element tended to move tepéxific shell which he called its proper
place. This thesis could also explain any ordir@mgnomenon on earth that we nowadays,
following Newton, explain by the force of gravitati.

Above the moon, things were obviously differemicsi the sun and the stars, including
the planets, appeared to move in semi-regularesiraround the earth, a motion that was,
without the help of extra-forces, unfamiliar on tearBecause of the obvious departure,
Aristotle postulated that the stars and their surdings were composed of an entirely
different matter unknown to humans, which he ca#ter and which should enable circular
rather than straight motion. In his explicit astvory, Aristotle drew on his contemporary
astronomer Eudoxos (c. 408-355). Faced with thei-segular orbits of the stars, Eudoxos
had developed a complex geometrical model that agxgdl the irregularities by the
superposition of many regular circles. This geagermosmological model, with the earth at
the center around which all the celestial bodiesedan circular orbits, was later developed
in greater detail by the Greek mathematician arib@asmer Ptolemy in the second century
AD. However, as early as the third century BC, amcamomer from Aristotle’s own school,
Aristarchos of Samos, suggested that the sun woeiloh the center of the cosmos with the
earth moving around the sun. This heliocentric rhoaléhough known to many succeeding
astronomers, could not gain acceptance before @mperin the 16th century developed it
with mathematical rigor such that it could expléne irregular orbits with greater precision
than its rival models.

Aristotle’s cosmology would be incomplete withdus views on space and time. If
you ask, what is in the space beyond the sphetieeo$tars, Aristotle would have responded
that this question has no meaning because thaespace beyond the sphere of the stars. For
him the entire cosmos was a huge but finite splteraposed of matter, such that each
element, including the ether, had its specific plggpace without matter did not exist, indeed
was a misleading concept for Aristotle both in cokgy and in atomism. Unlike the finite
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space, he conceived time as infinite, without beigig and end. The cosmos existed since
eternity and will exist for all eternity, becausetib its emergence out of nothing and its
vanishing into nothing violated the basic princgptef his metaphysics of change. Moreover,
owing to the regular movement of the stars, anighalely to the eternal nature of the gods,
there were neither radical nor evolutionary changesarth. Indeed, Aristotle believed that

biological species did not evolve but instead waable kinds like, for instance, minerals.

Even if, by some natural disaster, some specieappeared, the long-term balanced
conditions on earth would enable their reemergence.

8. The Medieval Reception of Aristotle’s Natural Ph  ilosophy

The impact of Aristotle’s philosophy can hardly treerestimated. First the Islamic culture
from the 8th century onwards and then the Christialture from the 12th century onwards
grew from purely religious cultures to intellectualltures largely through the translation of
and commentaries on Aristotle’s writings. Througlede efforts both Arabic and Latin not
only developed to intellectual standard languagesg A&lso incorporated Aristotle’s
vocabulary, concepts, and philosophical views. ifygact was so deep that the development
of most of modern science from the 17th through fith century was a decided effort to
overcome the Aristotelian system.

The earliest translations of Aristotle’s sciemtifvorks from Arabic to Latin in the 12th
century at first caused a deep shock among Med{ekaktians. Up to then they had known
Aristotle only through fragments of his logic, whidhad made him the unquestionably
authority in all logical and philosophical mattefdow they learned that the revered
philosopher had taught that the world was not eeéty God, as the Bible said, but eternal
without beginning and end. Moreover, Aristotle lehfined gods to be ‘unmoved movers’
who guaranteed the eternal movements of the statisout being able to intervene in the
cause of events, to say nothing about the creafidublical miracles or the role of angels. In
addition, as one of the greatest Arabic Aristotthadar, Averroes (1126-1198), had shown,
the human soul could not, according to Aristotfelividually survive physical death, which
undermined the Christian doctrine of the soul’s ionrality. Thus, the first reaction by
Christian authorities was to ban the teaching oistAtle’s science altogether on death
penalty. However, Albert the Great (c. 1200-128%) particularly his pupil Thomas Aquinas
(c. 1225-1274) undertook enormous efforts to reten&ristotle’s natural philosophy with
the Christian doctrine by writing voluminous comrtagies that explained in great detail how
Christians should interpret Aristotle’s texts. Tkauo these commentaries, Aristotle’s revised
natural philosophy moved into the core curricula tbe newly established European
universities where it remained a central part tdeast four centuries. Furthermore, Aquinas’
blend of Aristotelian and Christian views, whichhm@ato be known as Thomism, was made
the official doctrine of natural philosophy and agtysics by the Catholic Church, and has
remained so up to today.

The theological assimilation brought Aristotle’atural philosophy an extraordinary
status. On the one hand, any criticism or differeentvs were threatened by official sanctions,
ranging from the ban of teaching and publishinggxtocommunication and death penalty, as it
was executed, for instance, on Giordano Bruno (1B). On the other, it closely related
natural philosophy to theology, such that debatesaiural philosophy, including attempts to
overcome the Aristotelian system and to establiblatwve nowadays call modern science,
were deeply religiously motivated. Furthermore,csirAristotelian natural philosophy was
administered by the Catholic establishment, csaticigrew particularly along with the
Reformation movement against that establishment.
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9. Early Modern Approaches to Overthrow the Aristot  elian System

Apart from the Christian assimilation, Aristotlefmtural philosophy was a strong system
based on metaphysical principles that were diffi¢al change incrementally. Therefore,
changes had to be radical to build a new systentiftarent fundamentals. On the other hand,
any such radical change was threatened by Churgdeg@eéion and would not find many
followers. The French philosopher and mathemati¢t@mé Descartes (1596-1650) solved
this paradoxical task by building a new system @ase selected and remodeled Aristotelian
principles. Whereas Aristotle had claimed four eliéint causes in nature (formal, material,
efficient, and final) which scientist must seek @gplain natural phenomena, Descartes
selected only the efficient cause. The task ofrgigts, according to Descartes, was to explain
all natural phenomena solely by its causal mechan&milarly, of Aristotle’s four kinds of
change (spatial, quantitative, qualitative and taigl), Descartes choose only spatial
motion and declared that any qualitative or sulisthchange could ultimately be reduced to
the motion and collision of particles in space.reimodeled Aristotle’s principles of form and
matter to become geometrical form and spatial exb@nand characterized the elements by
the geometrical form and size of particles rathantby the elemental qualities of hot, cold,
wet, and dry. In the end, Descartes’ universe gtyomesembled ancient atomism with
invisible particles swirling around, but he rejettboth the ideas of an empty space or
vacuum and of indivisible particles.

Descartes’ new emphasis, however, was the progeadicindea that the mechanism of
any motion of particles, and thus the explanatibramy natural phenomena, should be
treatable by mathematics. To that end, he formdlateset of mathematical principles that
would strongly influence Newton’s later mathemdtigainciples of mechanics. Indeed,
Descartes (as well as simultaneously Galileo) féated, what we now know call the
principle of inertia, according to which a body enmoved by an external cause tends to
continue its motion in straight direction as lorgreo other external cause interferes. This
principle was an important departure from Aristiatelphysics in two regards. First, whereas
Aristotle had taught that any motion or change iomeis only as long as the moving cause is
effective, the principle of inertia required onlyneoving cause at the very beginning of the
movement. With respect to the entire universe,nérai impetus would suffice to cause all
the succeeding dynamics of the universe. That wkesmtheologically appealing to Descartes
and his followers of mechanical philosophy becaitsallowed remodeling Aristotle’s
‘unmoved mover’ into a Christian Creator God whal lemce started the dynamics of the
universe by one initial impetus. Second, since Bdes (unlike Galileo) claimed his
principles to be valid for all motions, both onthaand in the celestial sphere, he rejected the
Aristotelian distinction between earthly and caldgbhysics. In particular, he dismissed the
prominent idea that the natural motion of the stavsld be circular rather than straight as on
earth and, instead, tried to explain the quasutrcmovement of celestial bodies by gigantic
vortices of celestial particles. This approach|udmg its insufficiencies, would later inspire
Newton to unite earthly and celestial mechanicetas the common force of gravitation.

Descartes’ emphasis of mathematics was combingdaniationalist methodology that
in scientific matters trusted more in rational angunts than in empirical evidence. However,
since the 16th century, another branch of mathes@itburished that, after the model of the
ancient mathematician and engineer Archimedes §7-212 BC), employed empirical
measurements for the solution of engineering probleThe boost of military engineering
brought the motion of projectiles to the fore, whieould ultimately become a central
element of mechanics as the core discipline of mogaysics. In an effort to maximize the
range of projectiles, the Italian military enginggicolo Tartaglia (1500-57) meticulously
described the trajectories of projectiles dependingarious parameters. He was the first to
analyze the curved trajectory as being simultangasised by the (artificial) impetus in the
direction of the shot and the (natural) gravityagiht down to the earth. Once analytically
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separated, the two components of the motion coelcbime subject to further empirical
studies. Thus, the Dutch engineer Simon Stevin §1B320) let two lead projectiles of
different size fall down by gravity from the sam&idht and concluded that their velocity was
the same regardless of their weight. That conttedithe physics of Aristotle, who had come
to the opposite conclusion from the different véles of, say, a metal piece and a feather.
The Italian mathematics professor Galileo Galil&g4-1642), to whom Stevin’s experiment
has wrongly been attributed, further studied thetiomoof falling bodies by combining
metaphysically inspired mathematical hypothesishwiteasurements. He reasoned that all
natural motions must be mathematically simple asglmed that the simplest motion, that
with constant velocity or the distance being propoal to time, was reserved for celestial
bodies. Therefore, he postulated that freely fgllbodies on earth moved according to the
second simplest motion, i.e. with constant accetarar velocity being proportional to time.
Because clocks at that time were much too inaceuatprove his hypothesis with falling
bodies, he modified the experiment and measuretirtteethat a ball needed to roll down an
inclined plain. The measurements confirmed his eratitical hypothesis which came to be
known as the law of free fall. It allowed Galileo tescribe Tartaglia’s trajectories as
parabolic curves and to prove mathematically whatalglia had shown only by empirical
tests: the maximum range of projectiles was aclievieen the shot was made at an angle of
45°, It was up to Newton, however, to integrats thiv of motion into his general mechanics
that combined celestial and ballistic motion inrefarm mathematical theory centered on the
force of gravitation.

Mechanics was but a marginal part of Aristotletsnprehensive natural philosophy,
because outside of astronomy it was rarely aboturalaphenomena. Although the rise of
mathematically based mechanics by Descartes, GaHeyle, Newton and others has later
been called the Scientific Revolution, it did notith on most scientific topics covered by
Aristotle. Indeed these topics, which further fodnéhe major part of the scientific
disciplines, continued to be deeply influenced byistdtle’s philosophy for centuries.
Particularly his principles of biology would staraimost unmodified well into the 19th
century, before evolutionary ideas became promjnemliminating in Darwin’s theory of
natural selection. Furthermore, since the mechheiqalanation of chemical phenomena by
reference to the motion of speculative particlemdd out to be rather fruitless, Aristotle’s
theory of elements and compounds would still in ##8h century serve as the basis in
chemistry, mineralogy, meteorology, geology, andliciae.

In retrospect, this theory of the elements of araitas suitable to cover what we today
call thermodynamic phenomena, e.g. the boiling reeding of water, rather than truly
chemical transformations. Since it claimed evenpibesibility of elemental transformation, it
inspired experimental attempts at transforming emnadt will in laboratories equipped with
increasingly complicated apparatuses. In essermtgtofle’s doctrine of the elements became
the theoretical foundation of medieval alchemy whim its laborious efforts, developed
towards the very non-Aristotelian approach of ustlrding nature by transforming it.
Eventually that would become the approach of modetperimental laboratory science.
Despite their little success in goals such as guddting, alchemists or ‘chymists’, as they
were called since the 16th century, literally ceead plethora of new materials and chemical
phenomena in their laboratories that called foreotitheoretical approaches than the
Aristotelian one. For many centuries the Arist@elielements were only supplemented by
additional ‘chymical principles’ to account for $uahemical phenomena as burning,
calcination, or acid-building. It was not beforéeld 8th century, however, that the theory of
matter was put on a new, experimental basis. Idst#aconceiving the elements in a
metaphysical system, as Aristotle had done, Antbaeisier (1743-1794) and his followers
considered any material a true element of mattdactwhesisted any experimental effort at
taking it apart. The science of matter had to staew, first in experimentally searching,
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identifying, and characterizing the elements arehtim developing theoretical concepts that
explained the properties of materials from theangtntal composition.

Even though most of Aristotle’s scientific answene now outdated by modern
science, his texts are still worth reading. He po#ee kind of questions that still drives
current science and that inspires young peopléuttysscience. Moreover, since his scientific
answers are deeply grounded in common sense, Gamoeirsy Aristotle’s science helps
today’s science teachers appreciate the gap tdataoy people need to bridge in order to
understand modern science.
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