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The term “chaos” has scientific relevance particularly in antiquity and in modern chaos theory. Whereas in
ancient mythology and philosophy it was supposed to answer the question of the origin of the well-ordered
cosmos within the framework of cosmogonies and cosmologies, the meaning of “chaos” changed significantly
in modernity. In scientific and mathematical theories in particular, chaos is no longer understood as a complete
disorder, but as the unpredictability of processes. This unpredictability does not mean, however, that chaotic
events do not take place within the framework of the basic categories of causality and determination, but that
the slightest change in the initial data leads to unpredictable changes in the further course of the process —
which is why one can speak of deterministic chaos.
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“Chaos” is one of those scientifically significant terms
that have found their way into everyday language. There,
“chaos” is usually understood in a general sense as dis-
order or confusion. As is often the case, there is a loose
semantic connection to the scientific use of the term, but
the differences between the everyday and the technical
meaning are clearly discernible. The most important
scientific epochs for chaos are antiquity and modernity.
Accordingly, the focus in the following is on these epochs
in order to present the content of the term “chaos” against
the background of everyday understanding. While in
ancient mythology and philosophy chaos is understood
in contrast to the cosmic order, the modern understand-
ing of chaos, in the sense of chaos theory, is situated
explicitly within the framework of the “natural order”,
i.e. causal and deterministic explanatory approaches.

1. Antiquity: out of chaos arises cosmos

In the cosmogony of Greek mythology, the term “chaos”
plays a decisive role, especially for Hesiod (circa 700
BC). There it can be understood as an antagonist of the
term “cosmos”, which means an ordered and beautiful
world as a whole. In Hesiod’s Theogony chaos marks the
beginning of the creation of the world; it is followed by
Gaia (earth) and Eros (desiring love) and subsequently
by the other gods and the entire cosmos (Hesiod: Theo-

gony, verses 116—153). Here chaos is often interpreted
as a “yawning abyss”, as that which was there before
heaven and earth and everything upon it, in it and in
between began to emerge. In etymological terms, chaos
is associated with the verb chaskein (yawning, gaping)
and the adjective chaunos (gaping apart; spongy, porous,
loose) (on the difficult semantics of “chaos” see Bortzler
1930: 254 et passim; Frisk 1970: 1073).

“Chaos” bears similarities, for example, to the
“Ginnungagap” of Nordic myth and the “Tohuwabohu”
of Jewish mythology, each of which attempts to capture
the originally indeterminable and ineffable source of the
cosmos in a verbal and pictorial way. The “Ginnungagap”
appears in the third verse of the first song of the Edda,
the V6luspa: “Of old was the age | when Ymir lived; Sea nor
cool waves | nor sand there were; Earth had not been, |
nor heaven above, But a yawning gap [gap var ginnunga], |
and grass nowhere” (Bellows 1936). The Hebrew “Tohu-
wabohu” also occurs at the very beginning of Bible, in
the second sentence of the first book of Moses: “In the
beginning God created the heaven and the earth. And
the earth was without form and void [tohu wa-bohu]”
(Gen 1.1-2, quoted from The Holy Bible). Martin Buber
(1954: 9) translated this as “Irrsal und Wirrsal” — “vagary
and confusion”. An emotional tone to all these notions,
“anidea of terror and fright” (Jammer 1954: 7), is probably
not coincidental.
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Following mythology (for the role of chaos in other
myths see Paslack 1996a), a discussion develops in ancient
philosophy that no longer directly resorts to the term
“chaos” but takes up the problem of the primordial
cause of the cosmos and addresses it in terms of the
philosophy of nature. The first station in this process,
which is often (albeit simplistically) described as the
transition from myth to logos, is pre-Socratic thought,
in which divergent thinkers and theories compete to
answer the question of the primordial cause and in doing
so introduce new, philosophically significant and powerful
concepts which, although not phonetically related, do
show a semantic relationship to “chaos”. An important
example of this is the term arché, which is highly variable
in meaning. In most attempts at a translation the triad
“principle”, “beginning”, “reign” is mentioned. With the
term arché the pre-Socratics pose the question of what
principle underlies everything that exists; formulated
differently, it is the question of what is the beginning of
everything and therefore “rules” over everything else.
Their answers to this question differ.

The so-called “substance thinkers” define arché as
one or more of the four elements fire, water, earth and
air that were later canonized by Empedocles (circa 495—
circa 435 BC). Anaximander (circa 610—circa 547 BC)
achieved a higher level of abstraction by naming “the
indeterminate” (apeiron) as a principle. The atomists, in
their very modern-looking theory, assume that there is
only empty space and indivisible (atomic) parts of which
everything that exists is composed. (On the pre-Socratics
see Rapp 2007 and on the apeiron in particular see
Solmsen 1950.)

In Plato’s (428/427-348/347 BC) Timaeus, the main
work of Platonic cosmology, “chaos” finds its equivalent
in the Greek expression chéra, which is interpreted, for
instance, as “shapeless space (chéra) in which material
traces (ichné) of the elements are in disordered motion
(Tim[aios] 53a—b)” (Mesch 2017: 220, translated by A.W.).
That the Platonic chéra, however, is not a variation of the
atomistic interpretation of the origin of the world, is made
clear by Plato through the words of Timaeus: he describes
his inquiry as the attempt “to illuminate in words a kind
that is difficult and vague” (Timaeus 49a/Plato 1997:
1251); the most appropriate definition of the chéra is
therefore “a receptacle of all becoming — its wetnurse,
as it were” (ibid.). (For the connection between Hesiod
and Plato see especially Pender 2010 and Sedley 2010.)

Only through the demiurge, the world-maker, whose
creative act is orientated to the eternal being of the
(platonic) forms, does the cosmos, which is always in the
process of becoming, emerge. Here chéra represents a
third, situated between the eternal as model and the
developing as copy, and which in other interpretations
features as “disordered material”, forming the material
but indeterminate basis of world creation. (In this respect,
a disputed line of connection to the Aristotelian concept
of prima materia is established, see Strobach 2011: 294.)

In the context of his investigation of the concept of
space in physics, Aristotle (384—-322 BC) concretizes and
problematizes the interpretation of Hesiod’s chaos as
“void” or “place without anything in it” (Physics IV 1
208b27-209a2; cf. Jammer 1954: 5-24). Aristotle under-
stands chaos as something that exists independently of
bodies and without which no perceptible bodies can exist.
“Chaos” is thus brought within the framework of an
explicitly physical investigation. It has now outgrown
the mythological understanding to a great extent and,
in Aristotle’s work, serves above all to challenge the
atomists who assert the existence of empty space. For
Aristotle the assumption of empty space contradicts
certain principles of his physical theory (e.g. the assump-
tion of “natural movements” of the “physical elements”,
namely fire, water, earth and air, upwards or downwards)
as well as his basic teleological view of nature. But he also
develops — now with a strongly metaphysical focus —
concepts that can be understood as answers to the pre-
Socratic question of the origin of everything: noteworthy
here is the concept of prima materia as the indeterminate,
formless, first matter as condition of what exists (Meta-
physics VII 3, 1029a20 ff; on the controversy over inter-
preting the term see Detel 2009: 276); and the concept
of the “unmoved mover”, a basic component of Aristote-
lian theology which he develops on the basis of physical
reasoning — “that which is moved must be moved by
something” (Metaphysics XIl 8, 1073a26) — and which
provides him with an answer to the question of the
primordial cause of everything (ibid., 1069a15-1076a5).

Chaos also had its effect on the Hellenistic philosophers.
Thus the ancient philosophical historian Diogenes Laertius
(in the 3rd Century) reports that Epicurus (circa 341-271/
270 BC) turned to philosophy because his teacher could
not explain to him Hesiod’s notion of chaos (Diogenes
Laertius X, 2; see also Karafyllis/Lobenhofer 2020: 5).
Epicurus further developed the atomic theory of his
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pre-Socratic forebears Leucippus and Democritus in
order to answer the question of principles. In the Stoa,
fire is regarded as the basic element of everything that
exists, but its arché (origin) is said to lie in hylé (matter)
and theos (God) (Nickel 2008: 289, 262; Arnim: SVF | 98).
For the Stoics, the concept of God is strongly reason-based
and is also identified with the influential term logos
spermatikos (“reason-bearing germinal force”) (Nickel
2008: 285, 258; Arnim: SVF 1 102) which dwells in dampness
and from there “evolves into” everything (apogenesthai).
It is possible that the founder of the Stoa, Zeno of Citium
(333/332-262/261 BC) is referring to Hesiod when he
associates chaos with the verb cheesthai (pouring out;
being poured out) (Arnim: SVF | 103). (For more details on
stoic natural philosophy and cosmology, see White 2003.)
An unequivocal definition of the ancient concept of
chaos is not possible: Frisk’s (1979: 1073) verdict that one
cannot say with certainty which ideas Hesiod and his
predecessors associated with chaos within the mytho-
logical cosmogony can, with good reason, be extended
to Hesiod’s philosophical successors in the Hellenistic
schools. One can, however, state that the attempts at
interpretation range between mythologically-inspired
depictions of the threatening primordial ground as “chasm”
or “abyss” and cosmologically oriented principles of space
and/or material that develop from these ideas and which
are important from the standpoint of a philosophy of
nature. (For the antique concept of chaos in general see
Karafyllis/Lobenhofer 2020; Paslack 1996b.)

2. The Middle Ages: creation ex nihilo

In antiquity, attempts were made to answer the origin
of the cosmos with the question of principles: what was
there before the cosmos was there? The answers vary;
the term “chaos”, however, serves in mythology and
philosophy as the starting point for the verbal attempt
to deal with this speculative question. What the ancient
thinkers have in common is the principle that nothing
can develop from nothing (nihil ex nihilo fit) (see e.g.
Aristotle: Physics | 4, 187a28-29). It was precisely this
conviction that led to the various concepts of chaos,
and subsequently to the chéra or prima materia. In the
Middle Ages, however, the meaning of the concept of
chaos waned because the idea of nihil ex nihilo fit was
countered by that of creation from nothing (creatio ex
nihilo). This latter idea was already defended against the

ancient cosmologies and cosmogonies by early Christian
thinkers such as Tatian (died circa 170 AD) and Theophilus
of Antioch (died circa 183 AD) (Tatian: Oratio ad Graecos
31-34; Theophilus: Ad Autolycum Il, 10; for his explicit
rejection of Hesiod’s chaos see ibid.: I, 12).

For the High Middle Ages, its outstanding repre-
sentatives, namely Albertus Magnus (circa 1200-1280)
and his pupil Thomas Aquinas (circa 1225-1274), show
very clearly that under the influence of Christianity
philosophical answers to the question of origin change
fundamentally. Here the cosmos was not created from
something, but out of nothing by a personal God. That
the ancient understanding of “chaos” loses significance
in the Middle Ages is also apparent from the rejection of
certain related concepts: thus the “formless matter” which
ostensibly preceded the cosmos is explicitly rejected by
Thomas Aquinas (Summa theologica |, 66, 1; cf. Kurd-
zialek 1971: 981). For all the proximity to Aristotle that
characterizes the scholastic philosophy of the Middle
Ages, the powerful influence of Christianity is also visible
in Albertus Magnus’ treatment of the idea of the “unmoved
mover” from Aristotelian physics: Albertus “sometimes
seems to equate God with the unmoved mover, but
then makes a clear distinction between this unmoved
mover as first cause of a genus of causes and God as a
unique first cause who made the world emerge from
nothing” (HoRfeld 1989: 80, translated by A.W.).

3. Modernity: mysticism, created chaos and
dancing stars

In modernity, the idea of creatio ex nihilo faces renewed
competition from revived ancient ideas. Paracelsus and
Jakob Bohme, who are both close to mysticism, deserve
special mention here. Paracelsus (1493/1494—-1541) turns
away from the Christian principle of creation and takes up
ancient ideas: “The ‘prima materia’, which is also some-
times called ‘lliaster’ or ‘Chaos’, is not created, but eternal”
(Letter 2000: 127, translated by A.W.). According to Para-
celsus, the world is not created from this primordial stuff
but separated from it —and not only by the one God but,
in a quasi-preparatory way, by an “under-creator” (ibid.:
128). The Flemish polymath and Paracelsus follower Joan
Baptista van Helmont (1580-1644), who turned primarily
to medicine and chemistry, is the inventor of the expres-
sion “gas”, which he links explicitly to “the ancient idea
of chaos”: “Van Helmont's ‘new term of gas’ is not unlikely
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to have been derived from ‘chaos’. He himself indicated
as much, saying of gas that it was not far removed from the
‘chaos of the ancients’ (Pagel 1982: 64; for more details
on van Helmont’s understanding of gas see ibid.: 60-70).

Jakob Bohme (1575-1624) associates chaos with what
he calls “Mysterium Magnum”: “The Mysterium Magnum
is that Chaos, out of which Light and Darkness, that is, the
foundation of Heaven and Hell is flown from Eternity,
and made manifest” (Bdhme: Clavis VI, 22/1764: 8).
Bohme understands the origin of the world as “divine self-
appropriation” (McGinn 2016: 188), at the beginning of
which stands the Mysterium Magnum, which reveals
two beings: on the one hand the “the unity of God, that
is, the Divine Power and Virtue, the outflowing Wisdom”,
on the other hand “the separable will” (Bohme: Clavis VI,
21/1764: 8), which corresponds to “the desire to create
properties and distinctions” (McGinn 2016: 187). Bbhme
and Paracelsus show that the attempts at a “neutralisation
[of the concept of chaos —S.L.] by Albertus Magnus and
Thomas Aquinas and its replacement by a theological
world order [did not] catch on” (Hulsewiesche 1992: 275,
translated by A.W.).

John Ray (1627-1705) makes a new attempt at the
theological containment of the concept of chaos. In his
1693 work Three Physico-Theological Discourses, Ray,
theologian, classical philologist and “Father of English
Botany”, deals with what is known as the “cosmological
proof of God”: The “argument from design” attempts
to prove God'’s existence from the apparent orderliness
and complexity that the cosmos reveals — someone
must be behind the whole as “designer”. The first of the
three treatises of the aforementioned work is entitled
“Of primitive chaos and creation”. There Ray deals with
the “pagan thinkers”, among them Hesiod, and comes to
the following conclusion: “That which | chiefly dislike in
this opinion of theirs, is, that they make no mention of
the Creation of this Chaos, but seem to look upon it as
self-existent and improduced [i.e. not produced]” (Ray
[1693] 1713: 4). Ray combines the hypothesis of chaos with
theological principles, seeing it as created by God and as the
starting point of ever more complex processes of creation.
Immanuel Kant (1724-1804) also takes up the idea that
chaos is always “in order”, but he rejects a theological
explanation of this: Kant “reduces the existence of God in
the sense of the deism of simplified religious teleology to
the principle of fundamental lawfulness” (Irrlitz 2015: 80,
translated by A.W.). In the preface to his early precritical

work of 1755 Universal Natural History and Theory of the
Heavens, Kant writes that “a God exists precisely because
nature cannot behave in any way other than in a regular
and orderly manner, even in chaos” (Kant [1755] 2012:
199). From the point of view of the philosophy of nature,
the 18th century thus “puts chaos in order”. Even if not
argumentatively derived from Kant, this reversal of chaos
is continued by modern natural science and mathematics.
In the period immediately after Kant, however, the use
of the concept of chaos initially distanced itself from
the philosophy of nature.

With Friedrich Wilhelm Joseph Schelling (1775-1854)
the concept of chaos takes an idealistic turn, culminating
in a definition of chaos as “a ‘metaphysical unity of spiritual
potencies’, i.e. the self-identical before its separation
into different beings” (Dierse/Kuhlen 1971: 982, with
quotations from Schelling 1857: 600, translated by A.W.;
for Schelling’s important concept of potency see Gloy
2012). With Friedrich Wilhelm Nietzsche (1844-1900),
the association of chaos with creativity or creative power
comes to the fore. Zarathustra’s saying is well known:
“I say to you: one must still have chaos in oneself in order
to give birth to a dancing star” (Nietzsche [1883-1885]
2006: 9 = Zarathustra |, Preface 5). During Nietzsche’s
lifetime, however, the foundation stone was laid for the
second major epoch of chaos.

4. Recent times: deterministic chaos

While the ancient concept of chaos still tends to fit with
today’s everyday usage — chaos as a state of disorder or,
more correctly, non-order — there is a gulf in meaning
between the everyday and the scientific ideas of modern
chaos theory. As Klaus Mainzer puts it, “the concept of
chaos is superficially chic (mostly due to misunderstandings
on the part of the public). But the real interdisciplinary
research issue is the nonlinear dynamics of complex sys-
tems in nature and society, which are difficult to control”
(Mainzer 1996: 8, translated by A.W.). To understand what
this “nonlinear dynamics of complex systems” has to do
with chaos, i.e. the core topic of modern chaos theory, one
must begin with the mathematician Henri Poincaré (1854—
1912). Attempting to solve a prize question set by the
Swedish king in 1888, Poincaré investigated the so-called
“three-body problem”, the problem of predicting the
trajectory of three bodies under the influence of their
mutual gravitational attraction. The problem lies in the
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mathematical recording and description of this process.
Though Isaac Newton (1642-1726) had described in
mathematical terms the behaviour of two bodies in
relation to each other within the framework of Kepler’s
laws, the behaviour of three (or more) bodies in relation
to each other proved to be much more complex. Poincaré
was able to show “that under certain circumstances a
system of three bodies can exhibit peculiar behaviour:
depending on their initial conditions, the bodies’ move-
ments vary greatly. Even minimal changes in the initial
conditions of the system lead to large variations in their
movements” (Jaeger 2015: 359, translated by A.W.).
If a system with a number of degrees of freedom is
described by linear equations, this sensitive dependence
of processes on initial values cannot be represented
mathematically and thus the dynamics of chaotic systems
are not possible to predict in detail. A widely employed
definition of chaotic systems thus refers to this sensitive
dependence on initial values and/or the unpredictability
of processes as definitions. However, there is no consensus
about definitions in the scientific literature, since even
the behaviour of non-chaotic systems can be unpredict-
able (Werndl 2009: 217). Werndl therefore proposes as a
definition the idea of “mixing”: “Defining chaos via mixing.
Intuitively speaking, the fact that a system is mixing means
that any bundle of solutions spreads out in phase space
like a drop of ink in a glass of water” (ibid.: 204; on the
question of definition see also the first section ‘Defining
chaos: determinism, non-linearity and sensitive depend-
ence’ by Bishop 2017).

After Poincaré’s beginnings, it took some time before
such reflections were developed into a recognized theory,
modern chaos theory: “Probably because of the complexity
of the problem and [the] lack of powerful computers, this
kind of movement, which is today called deterministic
chaos, remained unexplored for a long time” (Haken 2007:
34 1.). Just a few decades after Poincaré, the meteoro-
logist Edward N. Lorenz (1917-2008) picked up — albeit
by chance —the thread again (Lorenz 1963). Today he is
regarded as one of the founding figures of modern chaos
theory. It was Lorenz who coined the term “butterfly
effect”, well known in popular culture, in his lecture
“Does the flap of a butterfly's wings in Brazil set off a
tornado in Texas?” (Lorenz 1972). The occurrence or
absence of the wing beat of a butterfly can —according
to Lorenz’s vivid illustration — determine the occurrence
or absence of a tornado on the other side of the planet.

Chaotic systems, such as the weather, are non-linear
dynamic systems that cannot be predicted in advance
because a change in the initial conditions can lead to
any number of changes in their behaviour. Nevertheless,
these systems, like linear systems, are subject to the
principle of causality and so are not indeterminate but
determined — to this extent, the system-theoretical
concept of chaos does not correspond to the everyday
understanding of chaos. In contrast to linear systems,
however, the relationship between cause and effect in
nonlinear systems is not directly proportional. In particular,
feedback between parts of the system can lead to chaotic
behaviour (though not every system with feedback is a
chaotic system). This can be illustrated by the double
pendulum, in which a second pendulum is attached to
the end of a pendulum so that its suspension point is
moved. The behaviour of the double pendulum is chaotic,
since its two subsystems’ movements feed back upon
each other. It can be observed that despite similar initial
conditions, the various final states of the double pendulum
system differ massively —unlike in the normal pendulum,
which always oscillates uniformly back and forth (on the
pendulum, see Eckhardt 2004: 7-23).

The tracks or pathways into which dynamic systems
are drawn over a certain period of time are called
“attractors”. A fixed-point attractor stands for a state of
equilibrium towards which a linear system tends. A chaos
attractor is characterized by irregular and nonperiodic
behaviour that is distinctive of non-linear systems.
When a chaos attractor forms a so-called “fractal”, one
speaks of a “strange attractor”. Fractals are geometric
objects where the parts of the object resemble the
whole object (self-similarity). Named after the discov-
erer of fractals, the mathematician Benoit Mandelbrot
(1924-2010, see e.g. Mandelbrot 1987), the most
famous fractal is the “Mandelbrot set” (cf. the chapter
“Classical Fractals and Self-Similarity” in Peitgen et al.
1992a). In these strange attractors the regularity that
is also present in chaotic processes can be seen. It is
the peculiarity of the theory of chaos in modern com-
plexity research that a once wholly indeterminate
chaos has been brought back into order via modern
mathematics and physics in the sense of fundamental
laws. (An introduction to the physics of chaos can
be found in the chapter ,Nichtlineare Dynamik und
Chaos” [Nonlinear Dynamics and Chaos] in Demtroder
2021: 427-448.)
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Summing up, it can be said on the one hand that the
term “chaos” marks the beginning of reflection upon
numerous fields within the philosophy of nature, for ex-
ample space and matter, particularly at the beginning
of Western philosophy. On the other hand, it must be
noted that through contemporary chaos theory the
concept of chaos has regained importance in a new
form and is now enormously successful in a growing
number of disciplines, i.e. chaos theory can be applied
in many diverse fields. Chaos occurs whenever a system
or certain aspects of a system can be described with
mathematical equations that have certain properties.
In the context of complexity research, the concept
of chaos now plays a role in the most diverse branches
of science (Mainzer 2008), for example in neurology,
psychology, economics as well as in the social and
historical sciences (for the latter, see Herbst 2004). This
development has also led to the emergence of new fields
of research, such as “emergence” and “self-organization”.
With these terms the “spontaneous emergence of order”
is addressed, “without external instructions or internal
programs determining this order” (Kippers 1996b: 122,
translated by A.W.). From a disordered, chaotic state, a
new macroscopic order emerges solely by means of the
microscopic properties of the elements/components
involved, and which owes its existence to a “blind” dynamic.
According to this view, order emerges by itself from chaos,
without any ordering entity (Mainzer 1992: 270-275).

One particular form of self-organisation that is receiv-
ing increased attention from interdisciplinary researchers
is swarm behaviour: “How is it possible that a set of simple
individuals, each interacting only with their nearest neigh-
bours, can produce the magnificent, collective behaviour
of vast swarms?” (Satz 2021: IX, translated by S.L.)

However, this strong interdisciplinary tendency of the
concept of chaos is also the reason for a general point
of criticism, namely that complexity and chaos research
may be so all-encompassing as to be too unspecific to
serve as a scientific theory (Jaeger 2015: 362).

Acknowledgement

The author would like to thank the editor and the reviewers
for the very helpful comments and important additions
that have contributed to the final version of this text.
We thank Adrian Wilding (A.W.) for his translation of the
original German article Lobenhofer 2019 into English.

Basic Literature

Bishop, Robert 2017: Chaos. In: Zalta, Edward N. (ed.):
The Stanford Encyclopedia of Philosophy (Spring 2017
Edition). https://plato.stanford.edu/archives/spr2017/
entries/chaos/.

Eckhardt, Bruno 2004: Chaos. Frankfurt/M., Fischer.

Kippers, Gunter (ed.) 1996a: Chaos und Ordnung. Formen
der Selbstorganisation in Natur und Gesellschaft.
[Chaos and Order. Forms of Self-Organisation in
Nature and Society]. Stuttgart, Reclam.

Leiber, Theodor 1996: Kosmos, Kausalitdt und Chaos.
Naturphilosophische, erkenntnistheoretische und
wissenschaftstheoretische Perspektiven. [Cosmos,
Causality and Chaos. Perspectives from Philosophy
of Nature, Theory of Knowledge, and Philosophy of
Science]. Wiirzburg, Ergon.

Mainzer, Klaus 2008: Komplexitdt [Complexity]. Pader-
born, Fink.

Literature

Aristotle: Metaphysics = Aristotle 1962: Metaphysics.
Books X—=XIV. With an English Translation by Hugh
Tredennick. London, Heinemann & Cambridge, Har-
vard University Press.

Aristotle: Physics = Aristotle 1963: The Physics. Volume I.
With an English Translation by Philip H. Wicksteed
and Francis M. Cornford. London, Heinemann &
Cambridge, Harvard University Press.

Arnim: SVF = Arnim, Hans von (ed.) 1905: Stoicorum
Veterum Fragmenta. Band |: Zeno et Zenonis
discipuli. Leipzig, Teubner.

Bellows, Henry Adams (Hg.) 1936: The Poetic Edda.
Translated from the Icelandic with an Introduction
and Notes by Henry Adams Bellows. Two Volumes
in One. Princeton, Princeton University Press & New
York, American Scandinavian Foundation New York.

Bishop, Robert 2017: Chaos. In: Zalta, Edward N. (ed.):
The Stanford Encyclopedia of Philosophy (Spring 2017
Edition). https://plato.stanford.edu/archives/spr2017/
entries/chaos/.

Bohme: Clavis = Behmen, Jacob [1624] 1764: Clavis, Or
an Explanation of Some Principal Points and Expres-
sions in his Writings. In: The Works of Jacob Behmen,
the Teutonic Theosopher. To which is Prefixed the Life
of the Author. Edited by G. Ward and T. Langcke, trans-

Online Encyclopedia Philosophy of Nature | Online Lexikon Naturphilosophie 6


https://journals.ub.uni-heidelberg.de/index.php/oepn/index
https://journals.ub.uni-heidelberg.de/index.php/oepn/article/view/69709
https://journals.ub.uni-heidelberg.de/index.php/oepn/article/view/69709
https://journals.ub.uni-heidelberg.de/index.php/oepn/index
https://plato.stanford.edu/archives/spr2017/entries/chaos/
https://plato.stanford.edu/archives/spr2017/entries/chaos/
https://plato.stanford.edu/archives/spr2017/entries/chaos/
https://plato.stanford.edu/archives/spr2017/entries/chaos/

Online Encyclopedia Philosophy of Nature | Online Lexikon Naturphilosophie
Stefan Lobenhofer | Chaos | 2022 | doi: 10.11588/0epn.2019.0.69709

lated by J. Sparrow, J. Ellistone and H. Blunden.
Volume Il. London, Richardson.

Bohme, Gernot 1989: Jacob Bohme. In: B6hme, Gernot
(ed.): Klassiker der Naturphilosophie. Von den Vor-
sokratikern bis zur Kopenhagener Schule. Miinchen,
Beck: 158-170.

Bortzler, Friedrich 1930: Zu den antiken Chaoskosmo-
gonien. In: Archiv fir Religionswissenschaft 28: 253—
268.

Buber, Martin 1954: Die fiinf Blicher der Weisung. Ver-
deutscht von Martin Buber gemeinsam mit Franz
Rosenzweig. K6In/Olten, Hegner.

Cordo, Luciano A. 1989: XAOZ. Zur Ursprungsvorstellung
bei den Griechen. Idstein, Schulz-Kirchner.

Demtréder, Wolfgang °2021: Experimentalphysik I.
Mechanik und Warme. Berlin/Heidelberg, Springer.

Detel, Wolfgang 2009: Kommentar. In: Aristoteles 2009:
Metaphysik. Bucher VII und VIII. Griechisch-deutsch.
Aus dem Griechischen von Wolfgang Detel unter
Mitarbeit von Jula Wildberger. Kommentar von
Wolfgang Detel. Frankfurt/M., Suhrkamp: 141-779.

Dierse, Ulrich/Kuhlen, Rainer 1971: Chaos, Il. In: Ritter,
Joachim (ed.): Historisches Worterbuch der Philoso-
phie. Band 1. Basel/Stuttgart, Schwabe: Sp. 981-984.

Diogenes Laertius 2008: Leben und Meinungen beriihm-
ter Philosophen. In der Ubersetzung von Otto Apelt
unter Mitarbeit von Hans Giinter Zekl neu heraus-
gegeben sowie mit Einleitung und Anmerkungen
versehen von Klaus Reich. Zweiter Band. Biicher VII-X.
Hamburg, Meiner.

Eckhardt, Bruno 2004: Chaos. Frankfurt/M., Fischer.

Frisk, Hjalmar 1970: Griechisches Etymologisches Worter-
buch. Band Il. Heidelberg, Winter.

Gaede, Friedrich 2000: Chaosbegriff und Weltende. Zur
Aktualitat Jacob Bohmes. In: Morgen-Glantz. Zeitschrift
der Christian Knorr von Rosenroth Gesellschaft 10:
15-36.

Gloy, Karen 2012: Schellings Naturphilosophie. In: Hiltscher,
Reinhard/Klingner, Stefan (eds): Friedrich Wilhelm
Joseph Schelling. Darmstadt, Wissenschaftliche Buch-
gesellschaft: 85-102.

Haken, Hermann 22007: Die Selbstorganisation komplexer
Systeme — Ergebnisse aus der Werkstatt der Chaos-
theorie. Wien, Picus.

Herbst, Ludolf 2004: Komplexitat und Chaos. Grundziige
einer Theorie der Geschichte. Miinchen, Beck.

Hesiod: Theogony = Hesiod 1999: Theogonie. Griechisch-
deutsch. Ubersetzt und herausgegeben von Otto
Schonberger. Stuttgart, Reclam.

Hofele, Andreas/Levin, Christoph/Miiller, Reinhard/
Quiring, Bjorn 2020: Chaos from the Ancient World
to Early Modernity. Formations of the Formless.
Berlin/Boston, de Gruyter.

HoRkfeld, Paul 1989: Albertus Magnus. In: Béhme,
Gernot (ed.): Klassiker der Naturphilosophie. Von
den Vorsokratikern bis zur Kopenhagener Schule.
Minchen, Beck: 74-85.

Hulsewiesche, Reinhold 1992: Chaos — Zur Reanimation
eines uralten Begriffes. In: Archiv fiir Begriffs-
geschichte 35: 274-280.

Irrlitz, Gerd 2015: Kant-Handbuch. Leben und Werk. 3.,
Uberarbeitete und erganzte Auflage. Stuttgart, Metzler.

Jaeger, Lars 2015: Die Naturwissenschaften. Eine Bio-
graphie. Berlin/Heidelberg, Springer.

Jammer, Max 1954: Concepts of Space. The History of
Theories of Space in Physics. Foreword by Albert
Einstein. Cambridge/MA, Harvard University Press.

Kant, Immanuel [1755] 2012: Universal natural history
and theory of the heavens or essay on the constitu-
tion and the mechanical origin of the whole uni-
verse according to Newtonian principles. In: Kant,
Immanuel: Natural Science. Edited by Eric Watkins;
translated by Lewis White Beck, Jeffrey B. Edwards,
Olaf Reinhardt, Martin Schonfeld, and Eric Watkins.
Cambridge, Cambridge University Press: 182—308.

Karafyllis, Nicole C./Lobenhofer, Stefan 2020: Kosmos
und Universum: Chaos, Logos, Kosmos. In: Kirchhoff,
Thomas/Karafyllis, Nicole C./Evers, Dirk/Falkenburg,
Brigitte/Gerhard, Myriam/Hartung, Gerald/Hubner,
Jurgen/Kdchy, Kristian/Krohs, Ulrich/Potthast, Thomas/
Schafer, Otto/Schiemann, Gregor/Schlette, Magnus/
Schulz, Reinhard/Vogelsang, Frank (eds): Naturphilo-
sophie. Ein Lehr- und Studienbuch. 2., aktualisierte
und durchgesehene Auflage. Tlbingen, UTB/Mohr
Siebeck: 5-18.

Kippers, Gunter (ed.) 1996a: Chaos und Ordnung. Formen
der Selbstorganisation in Natur und Gesellschaft.
Stuttgart, Reclam.

Kippers, Glnter 1996b: Selbstorganisation: Selektion
durch SchlieRung. In: Klppers, Giinter (ed.): Chaos
und Ordnung. Formen der Selbstorganisation in
Natur und Gesellschaft. Stuttgart, Reclam: 122-148.

Online Encyclopedia Philosophy of Nature | Online Lexikon Naturphilosophie 7


https://journals.ub.uni-heidelberg.de/index.php/oepn/index
https://journals.ub.uni-heidelberg.de/index.php/oepn/article/view/69709
https://journals.ub.uni-heidelberg.de/index.php/oepn/article/view/69709
https://journals.ub.uni-heidelberg.de/index.php/oepn/index

Online Encyclopedia Philosophy of Nature | Online Lexikon Naturphilosophie
Stefan Lobenhofer | Chaos | 2022 | doi: 10.11588/0epn.2019.0.69709

Kurdzialek, Marian 1971: Chaos, I. In: Ritter, Joachim (ed.):
Historisches Worterbuch der Philosophie. Band 1.
Basel/Stuttgart, Schwabe: Sp. 980-981.

Leiber, Theodor 1996: Kosmos, Kausalitdt und Chaos.
Naturphilosophische, erkenntnistheoretische und
wissenschaftstheoretische Perspektiven. Wiirzburg,
Ergon.

Letter, Paul 2000: Paracelsus. Leben und Werk. Konigs-
forde, Konigsfurt.

Lobenhofer, Stefan 2019: Chaos [deutschsprachige Fas-
sung]. In: Kirchhoff, Thomas (ed.): Online Encyclopedia
Philosophy of Nature / Online Lexikon Naturphilosophie.
Heidelberg, Heidelberg University Library, doi: https://
doi.org/10.11588/0epn.2019.0.68092.

Lorenz, Edward N. 1963: Deterministic nonperiodic flow. In:
Journal of the Atmospheric Sciences 20 (2): 130-141.

Lorenz, Edward N. 1972: Predictability: Does the Flap of a
Butterfly’s Wings in Brazil Set Off a Tornado in Texas?
Vortrag gehalten auf dem 139. Meeting der American
Association for the Advancement of Sciences.
https://eapsweb.mit.edu/sites/default/files/But-
terfly_1972.pdf (accessed on 10.01.2022).

Lorenz, Edward N. 1993: The Essence of Chaos. Seattle,
University of Washington Press.

Mainzer, Klaus 1992: Chaos, Selbstorganisation und
Symmetrie. Bemerkungen zu drei aktuellen Forschungs-
programmen. In: Selbstorganisation. Jahrbuch fiir
Komplexitdt in den Natur-, Sozial- und Geisteswissen-
schaften 3: 259-278.

Mainzer, Klaus 1996: Kosmos, Kausalitat und Chaos — oder
wie berechenbar sind Natur und Gesellschaft? In:
Leiber, Theodor (ed.): Kosmos, Kausalitat und Chaos.
Naturphilosophische, erkenntnistheoretische und
wissenschaftstheoretische Perspektiven. Wiirzburg,
Ergon: 7-9.

Mainzer, Klaus 2008: Komplexitdt. Paderborn, Fink.

Mandelbrot, Benoit B. 1983: The Fractal Geometry of
Nature. San Francisco, Freeman.

Mandelbrot, Benoit B. 1987: Die fraktale Geometrie der
Natur. Basel/Boston, Birkh&user.

McGinn, Bernard 2016: The Presence of God. A History of
Western Christian Mysticism. Volume 6/1: Mysticism
in the Reformation (1500-1650). New York, Cross-
roads.

Mesch, Walter 22017: Kosmologie. In: Horn, Christoph/
Miller, J6rn/S6der, Joachim (ed.): Platon-Handbuch.
Leben — Werk — Wirkung. Stuttgart, Metzler: 217-222.

Nickel, Rainer (ed.) 2008: Stoa und Stoiker. Erster Band.
Griechisch-lateinisch-deutsch. Auswahl der Fragmente
und Zeugnisse, Ubersetzung und Erliuterung von
Rainer Nickel. Dusseldorf, Artemis & Winkler.

Nietzsche, Friedrich [1883-1885] 2006: Thus Spoke Zara-
thustra. Translated by Adrian del Caro and edited by
Adrian del Caro and Robert Pippin. Cambridge, Cam-
bridge University Press.

Pagel, Walter 1982: Joan Baptista van Helmont. Reformer
of Science and Medicine. Cambridge, Cambridge
University Press.

Paslack, Rainer 1996a: Sagenhaftes Chaos: Der Ursprung
der Welt im Mythos. In: Kiippers, Glinter (ed.): Chaos
und Ordnung. Formen der Selbstorganisation in Natur
und Gesellschaft. Stuttgart, Reclam: 11-27.

Paslack, Rainer 1996b: Vom Mythos zum Logos: Chaos
und Selbstorganisation bei den Griechen. In: Kiippers,
Gunter (ed.): Chaos und Ordnung. Formen der Selbst-
organisation in Natur und Gesellschaft. Stuttgart,
Reclam: 28-43.

Peitgen, Heinz-Otto/Jurgen, Hartmut/Saupe, Dietmar
1992a: Fractals for the Classroom. Volume 1: Intro-
duction to Fractals and Chaos. Berlin, Springer.

Peitgen, Heinz-Otto/Jurgen, Hartmut/Saupe, Dietmar
1992b: Fractals for the Classroom. Volume 2: Com-
plex Systems and Mandelbrot Set. Berlin, Springer.

Peitgen, Heinz-Otto/Jurgen, Hartmut/Saupe, Dietmar 1998:
Chaos: Bausteine der Ordnung. Reinbeck, Rowohlt.

Pender, Elizabeth E. 2010: Chaos corrected: Hesiod in
Plato’s creation myth. In: Boys-Stones, Georg R./Hau-
bold, Johannes H. (eds): Plato and Hesiod. Oxford,
Oxford University Press: 219-245.

Plato: Timaeus = Plato 1997: Plato. Complete Works.
Edited, with Introduction and Notes, by John M. Cooper.
Associate Editor D. S. Hutchinson. Indianapolis & Cam-
bridge/MA, Hackett: 1224-1291.

Rapp, Christof 22007: Vorsokratiker. Miinchen, Beck.

Ray, John [1693] 31713: Three Physico-Theological Dis-
courses. London, Innys.

Reckermann, Alfons 2011: Den Anfang denken. Die Philo-
sophie der Antike in Texten und Darstellung. Band 1:
Vom Mythos zur Rhetorik. Hamburg, Meiner.

Rescher, Nicholas 1998: Complexity. A Philosophical Over-
view. New Brunswick, Transaction Publishers.

Satz, Helmut 2021: Heuschrecken haben keinen Konig.
Schwarmbildung und Selbstorganisation in Tierwelt,
Physik und Informatik. Weinhein, Wiley-VCH.

Online Encyclopedia Philosophy of Nature | Online Lexikon Naturphilosophie 8


https://journals.ub.uni-heidelberg.de/index.php/oepn/index
https://journals.ub.uni-heidelberg.de/index.php/oepn/article/view/69709
https://journals.ub.uni-heidelberg.de/index.php/oepn/article/view/69709
https://journals.ub.uni-heidelberg.de/index.php/oepn/index
https://doi.org/10.11588/oepn.2019.0.68092
https://doi.org/10.11588/oepn.2019.0.68092
https://eapsweb.mit.edu/sites/default/files/Butterfly_1972.pdf
https://eapsweb.mit.edu/sites/default/files/Butterfly_1972.pdf

Online Encyclopedia Philosophy of Nature | Online Lexikon Naturphilosophie OE
Stefan Lobenhofer | Chaos | 2022 | doi: 10.11588/0epn.2019.0.69709

Schelling, Friedrich Wilhelm Joseph 1857: Philosophie der
Mythologie (Simmtliche Werke. Zweite Abtheilung.
Zweiter Band.) Herausgegeben von K.F.A. Schelling.
Stuttgart/Augsburg, Cotta.

Sedley, David 2010: Hesiod’s Theogony and Plato’s
Timaeus. In: Boys-Stones, Georg R./Haubold, Johan-
nes H. (eds): Plato and Hesiod. Oxford, Oxford Uni-
versity Press: 246—258.

Solmsen, Friedrich 1950: Chaos and apeiron. In: Studi
Italiani di Filologia Classica 24 (3—4): 235-248.

Strobach, Niko 2011: Ort. In: Rapp, Christof/Corcilius,
Klaus (eds): Aristoteles-Handbuch. Leben — Werk —
Wirkung. Stuttgart/Weimar, Metzler: 292-297.

Sturlese, Loris 2017: Albert der GroRe. In: Holzhey, Helmut
(ed.): Grundriss der Geschichte der Philosophie. Be-
griindet von Friedrich Ueberweg. Die Philosophie des
Mittelalters. Band 4: 13. Jahrhundert. Herausgegeben
von Alexander Brungs, Vilem Mudroch und Peter
Schultheiss. Basel, Schwabe: 861-886.

Tatian: Oratio ad Graecos = Tatianos 2012: Oratio ad
Graecos. Rede an die Griechen. Herausgegeben und

neu Ubersetzt von Jorg Trelenberg. Tiibingen, Mohr
Siebeck.

The Holy Bible 1995: Containing the Old and the New Tes-
taments. Translated out of the original tongues and with
the former translations diligently compared and revised
by His Majesty’s special command. Standard Text Edition
(KingJames Bible). Cambridge, Cambridge University Press.

Theophilus: Ad Autolycum = Theophilus of Antioch 1970:
Ad Autolycum. Greek-English. Text and Translation by
Robert M. Grant. Oxford, Clarendon Press.

Thomas Aquinas 1920: The Summa Theologica. Part I: QQ.
L—LXXIV. Literally translated by Fathers of the English
Dominican Province. London, Burns Oates & Wash-
bourne.

Werndl, Charlotte 2009: What are the new implications
of chaos for unpredictability? In: British Journal for
the Philosophy of Science 60 (1): 195-220.

White, Michael J. 2003: Stoic natural philosophy (physics
and cosmology). In: Inwood, Brad (ed.): The Cambridge
Companion to the Stoics. Cambridge, Cambridge Uni-
versity Press.

Online Encyclopedia Philosophy of Nature | Online Lexikon Naturphilosophie 9


https://journals.ub.uni-heidelberg.de/index.php/oepn/index
https://journals.ub.uni-heidelberg.de/index.php/oepn/article/view/69709
https://journals.ub.uni-heidelberg.de/index.php/oepn/article/view/69709
https://journals.ub.uni-heidelberg.de/index.php/oepn/index

