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RESUME

The notion of paradigm was introduced by Thomas S. Kuhn in 1962 in his
influential book The Structure of Scientific Revolutions (Kuhn 1962). There
Kuhn presented his famous theory of scientific revolutions and described
paradigm change in sociological terms as a sudden change of behavior of
the scientific community. | believe that it is possible to discriminate three
different kinds of scientific revolutions. For each of them it is possible to
formulate, besides the common sociological, also a specific cognitive and
epistemological description of the dynamics of paradigm change. Kuhn’s
theory can be likened to a picture that arises from mixing together
photographs of three different faces. Each of the original photographs is
sharp and rich in specific detail. By their superimposing, however, the
details will be lost, and what will remain is the gross structure of the face —
the overall contours, dark spots instead of eyes and a blot instead of the
mouth. Similarly, when Kuhn superimposed the “photographs” of the three
types of scientific revolutions, he lost the details of cognitive dynamics and
of epistemological structure, that are specific for each type, and what
remained in the resulting picture were only features common to all three
types of revolutions — the social dynamics of the response of the scientific
community to change. By means of the metaphor of mixing or
superimposing of three different photographs I do not want to say that Kuhn
had three different notions in mind, which he intentionally mixed or
superimposed. | believe that the mixing was unintentional and it was caused
by Kuhn’s being unaware of (or perhaps not paying attention to) the
differences between the particular kinds of revolutions. The aim of the
metaphor is not to criticize Kuhn, but to draw attention to the fact that
Kuhn’s stress of the sociological aspects of scientific revolutions may be the
result of such an unintentional mixing.

The aim of the theory of paradigm change presented here is to
discriminate the different kinds of scientific revolutions; for each of them
develop methods for its cognitive and epistemological analysis; and then by
means of particular case studies to identify the patterns of paradigm change



that are characteristic for each kind of scientific revolution. In order to
achieve these aims, | needed some heuristics (in the sense of Lakatos).

The heuristics behind the theory of paradigm change was twofold. On
the one hand the heuristics was to turn to mathematics, where we have a
longer history of evolution that could be characterized as ‘normal science’.
While physics was established as a normal science at the end of the 17"
century, and so we are dealing with not more than 350 years of its history, in
mathematics ‘normal science’ was established 300 B.C. and so we have
2300 years of history based on more or less articulated paradigms. Therefore,
in mathematics it should be easier to find cases that would allow a
classification of patterns of paradigm change. The results of that line of
research were summarized in Patterns of Change, Linguistic Innovations in
the Development of Classical Mathematics (Kvasz 2008a) and are not the
subject matter of the present dissertation. The second heuristics was to
transfer the conceptual tools of the analysis of paradigm change from
mathematics to science. The identification of the particular patterns in
mathematics helped much, because when it is clear what kind of pattern we
are looking for, the analysis of the development of the particular scientific
discipline turns out to be much easier. This made it possible to identify in
the history of physics re-codings (in Kvasz 2011a) and relativizations (in
Kvasz 2013), the two patterns described in (Kvasz 2008a).

Nevertheless, these two heuristics were not sufficient. Patterns of
Change contain a lacuna — they lack the description of idealizations, which
Is the third kind of scientific revolution. The reason for the omission of
idealizations was that in mathematics idealization took place between Tales
and Euclid, i.e. during a period from which we lack almost any
mathematical texts. Therefore a direct reconstruction of the process of
idealization in mathematics is impossible. On the other hand, in physics
idealization occurred between Galileo and Newton, which is one of the best
documented, most thoroughly studied and well understood periods in the
history of science. Therefore in science it was possible, besides a theory of
re-codings and a theory of relativizations, to develop also a theory of
idealizations (for details see Kvasz 2012b).

The main results of the theory of paradigm change, contained in the
dissertation are:



I. The development of a theory of idealizations. The theory of
idealizations is the main point in which the theory of paradigm change
differs from the theory of linguistic innovations in mathematics. That is the
reason why four of the seven papers forming the dissertation are devoted to
this theory. Perhaps the most interesting aspect of it is a process that can be
called a paradigm shift. | offer a new interpretation of the Scientific
Revolution of the 17" century. According to the standard interpretation, the
scientific revolution was a replacement of the paradigm of Aristotelian
physics by the paradigm of Newtonian science, i.e. a revolutionary overturn
occurring in a fixed area of knowledge. The proposed theory of idealization
interprets the Scientific Revolution instead as a replacement of Euclid’s
Elements in the role of the paradigm by Newton’s Principia, i.e. a shift of
the paradigmatic discipline from mathematics to physics. The theory of
idealization is the content of the 2", 3", 4™ and 5™ paper of the dissertation.

II. A new interpretation of Cartesian physics. A further important
result of the theory of idealization is a new interpretation of Cartesian
physics. While most historians of science view Cartesian physics as a result
of a (misguided) metaphysical project, | am showing that it is a truly
physical theory that formed an important stage in the development of
physics connecting Galilean theory of motion with Newton’s theory of
ingeraction. The new interpretation of Cartesian physics is the content of the
3" paper.

I11. Extending the theory of re-codings from mathematics to physics.
This extension indicates that the notions like expressive power, integrative
power, or explanatory power of language, that were introduced in the
reconstruction of re-codings in mathematics, can be used also in the
description of the development of physics. In this area | consider as the most
interesting feature the introduction of the so called Theories of Continua and
Fluids as an independent stage in the development of physics. Thus I
propose to consider theories as the theory of phlogiston or the theory of
caloric (together with hydrodynamics and mechanics of continua) to be an
independent developmental stage with a particular linguistic framework that
gives these theories a methodological, epistemological and heuristic unity.
The theory of re-codings in physics is presented in the 6" paper (i.e. pages
98 — 117).



V. Extending the theory of relativizations from mathematics to
physics. This means that the basic notions of the theory of relativizations,
such as pictorial form, epistemic subject, horizon, background, or ideal
elements can be used in the analysis of the development of physical theories.
This is shown on the example of classical mechanics. This is satisfactory not
only because it creates a connection between geometry, algebra, and
classical mechanics (and thus enables us to understand the unity of the work
of mathematicians such as Lagrange, who made fundamental contributions
to algebra as well as to mechanics) but also because of its relation to the
work of the early Wittgenstein. The picture theory of meaning from the
Tractatus was the main inspiration of the theory of relativizations in
geometry. It is well known that Wittgenstein was in his picture theory
inspired by Hertz’s Principles of Mechanics. So | consider it as a kind of
completing a circle, when it turns out that the theory of relativizations, that
Is based on the picture theory of meaning can be applied to mechanics, that
IS, to the original source of its inspiration. The theory of relativizations in
classical mechanics is presented in the last, 7" paper of the dissertation.



A THEORY OF PARADIGM CHANGE

Some fifteen years after publishing The Structure of Scientific Revolutions,
Kuhn spoke in the introduction to The Essential Tension of large and small
revolutions (Kuhn 1977, p XVII). This may have led some of the early
commentators on Kuhn’s work, as for instance McMullin in his paper at the
conference held at the Massachusetts Institute of Technology in 1990 to
distinguish between shallow revolutions (the discovery of Roentgen
radiation), intermediate revolutions (the replacement of the phlogiston
theory of combustion by the oxidation theory) and deep revolutions (the
Newtonian revolution) (see McMullin 1993, pp. 59-61). Kuhn, who was
present, did not accept this distinction and in his response to McMullin
wrote:

“There are only two points in his [i.e. McMullin’s] presentation of my
work, from which | have wanted to distance myself. The first is the
distinction between deep and shallow revolutions: even though
revolutions may differ in size, the epistemological problems they
bring are identical for me” (Kuhn 1993, p. 337).

Thus it seems that in the philosophy of science, at least during Kuhn’s
lifetime, no classification of scientific revolutions could be developed.

Nevertheless, new impetus for the development of a particular theory
often appears when the conceptual framework of the theory is applied to an
area for which it was originally not intended. In the new area the concepts of
the theory undergo shifts of meaning which open new prospects for the
development of the theory. In the case of Kuhn’s theory of scientific
revolutions this occurred when historians tried to use Kuhn’s conceptual
framework to describe the development of mathematics. When Kuhn
formulated his theory, he did not consider mathematics to be an area of its
application, and so the question of whether the theory of scientific
revolutions can be used in the history of mathematics sparked a vivid debate
among historians of mathematics.

At the Workshop on the Evolution of Modern Mathematics held in
Boston, Michael Crowe formulated the thesis that “Revolutions never occur
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in mathematics” (Crowe 1975, p. 19). Some months later, at the meeting of
the Society for History of Science in Norwalk, Joseph Dauben expressed the
view that

“revolutions can and do occur in the history of mathematics, and the
Greeks’ discovery of incommensurable magnitudes and Georg
Cantor’s creation of transfinite set theory are especially appropriate

examples of such revolutionary transformations” (Dauben 1984, p.
50).

A compromise view between these positions is that of Herbert
Mehrtens, according to whom some concepts of Kuhn (scientific
community, normal science, anomaly) have an explanatory value and offer a
tool for the historical study of mathematics, while others (revolution, crisis,
incommensurability) are in mathematics without an explanatory value and
direct the debate to non-productive disputes (Mehrtens 1976). The debate
was summarized in the anthology Revolutions in Mathematics (Gillies
1992).

In the introductory essay to the anthology the editor Donald Gillies
sees the source of the disagreements between Crowe and Dauben in different
understanding of the concept of scientific revolution. Crowe understands
revolution narrowly, as changes during which “some previously existing
entity (be it king, constitution, or theory) is overthrown and irrevocably
discarded” (Crowe 1975, p. 19). In contrast, Dauben understands revolution
in a wider sense, as changes during which a particular entity need not be
irrevocably discarded, but is “relegated to a significantly lesser position”
(Dauben 1984, p. 52). According to Gillies both interpretations are justified
because there are different kinds of revolution:

,, This suggests that we may distinguish two types of revolution. In the
first type, which could be called Russian, the strong Crowe condition
Is satisfied, and some previously existing entity is overthrown and
irrevocably discarded. In the second type, which could be called
Franco-British, the previously existing entity persists, but experiences
a considerable loss of importance. ... It is at once clear that the
Copernican and the chemical revolution were Russian revolutions,
while the Einsteinian revolution was Franco-British. After the triumph
of Newton, Aristotelian mechanics was indeed irrevocably discarded.
It was no longer taught to budding scientists, and appeared in the
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university curriculum, if at all, only in history of science courses. The
situation is quite different for Newtonian mechanics, for, after the
triumph of Einstein, Newtonian mechanics is still being taught, and is
still applied in a wide class of cases.* (Gillies 1992, p. 5)

These different kinds of scientific revolution can be illustrated by
examples discussed by Kuhn himself. The Newtonian revolution is an
example of revolution of the first kind, because in its course Aristotelian
physics was overthrown and irrevocably discarded from the professional
training of scientists. If today a student of physics is confronted with
Avristotelian physics at all, it is only during the history of science courses. On
the other hand, the Einsteinian revolution is, according to Gillies, a
revolution of the second kind, because in its course Newtonian physics was
not irrevocably discarded. Students are still learning Newtonian physics and
it is still used in a variety of cases. It was only relegated from the position of
the fundamental theory of the universe to a significantly lesser position of a
useful first approximation.

It is important to realize that the difference between the total overthrow
of Aristotelian physics during the Newtonian revolution and the relegation of
Newtonian physics during the Einsteinian revolution concerns the behavior
of the scientific community and thus it is a sociological fact that every
proponent of Kuhn’s theory must accept. In his essay The Fregean
revolution in Logic (Gillies 1992b) Gillies tries to apply his discrimination
of the two types of scientific revolutions to an analysis of Frege’s
contribution to logic. It turns out that the Fregean revolution, consisting in
the transition from the Aristotelian syllogistic logic to the predicate calculus,
satisfies neither Crowe’s nor Dauben’s definition. It does not satisfy
Crowe’s definition, because Aristotelian logic, with a few restrictions, is still
considered valid, while Crowe’s definition requires it to be irrevocably
discarded. On the other hand, the Fregean revolution does not satisfy
Dauben’s definition either, because Aristotelian logic is relegated in a more
fundamental way than Newtonian mechanics was during the Einsteinian
revolution (which does satisfy Dauben’s definition). Even if Aristotelian
logic is still regarded as valid, nobody argues today in syllogisms, while
engineers or architects use in their calculations Newtonian mechanics.
Gillies believes that in the case of Fregean revolution we are dealing with a
third type of revolutions. Nevertheless, the view that the Fregean revolution
is different from the kinds of revolution described by Crowe and Dauben is
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not the only possible interpretation of this example. Both the Einsteinian
revolution in physics and the Fregean revolution in logic may be seen as
revolutions of the same magnitude. The reason why Fregean revolution
appears to be greater than the Einsteinian one (“today nobody argues in
syllogisms, but the engineers are still using Newton’s equations”) is that we
forget that the syllogisms of Aristotelian logic were not a paradigm of
argumentation of the Ancient science either. In the Ancient world, just like
today, nobody argued in syllogisms. Thus what we need is a criterion for
classification of scientific revolutions.

1. ON THE LEGITIMACY OF A CLASSIFICATION OF
SCIENTIFIC REVOLUTIONS

Kuhn had reasons for rejecting McMullin’s suggestion to discern revolutions
of different kinds and for insisting that the epistemological problems they
bring are identical. Already in The Structure he writes:

,Can Newtonian dynamics really be derived from relativistic
dynamics? What would such a derivation look like? Imagine a set of
statements, E_, E,, ..., E, which together embody the laws of relativity

theory. ...To prove the adequacy of Newtonian dynamics as a szpecial
case, we must add to the E.’s additional statements like (v/c) « 1,

restricting the range of the parameters and variables. This enlarged set
of statements is then manipulated to yield a new set, N, N, ..., N_,

which 1s i1dentical in form with Newton’s laws of motion, the law of
gravity, and so on. Apparently Newtonian dynamics has been derived
from Einsteinian, subject to a few limiting conditions.

Yet the derivation is spurious, at least to this point. Though the
N.’s are a special case of the laws of relativistic mechanics, they are

not Newton’s Laws. Or at least they are not unless those laws are
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reinterpreted in a way that would have been impossible until after
Einstein’s work. The variables and parameters that in Einsteinian E.’s

represented spatial position, time, mass, etc., still occur in the N’s;

and they there still represent Einsteinian space, time, and mass. But
the physical referents of these Einsteinian concepts are by no means
identical with those of the Newtonian concepts that bear the same
name. ...Unless we change the definitions of the variables of the N.’s,

the statements we have derived are not Newtonian. If we do change
them, we cannot properly be said to have derived Newton’s Laws, at
least not in any sense of ,,derive” now generally recognized.” (Kuhn

1962, p. 100)

It seems that in this point we must agree with Kuhn. In the limit (v/c)2
-0 we really obtain not Newtonian mechanics, but only a fragment of
relativistic mechanics, which from the formal point of view resembles
Newtonian mechanics, but on the conceptual level differs from it. Einstein
defines his basic concepts in a different way than Newton did. For instance
he defines the length of a moving body using a system of synchronized
watches. Newton would never have come to the idea of giving a separate
definition of the length of a moving body. In his conceptual system the
length of a body is independent of its motion. That is a principle which he

probably regarded evident. Thus even if we obtain in the limit (v/c)2 -0 that
there is no contraction of length, and so we have seemingly justified
Newton’s theory, we have proven this by using the Einsteinian concept of
length. For the Newtonian concept there is nothing to prove. Length is
constant a priori; the whole Newtonian mechanics is built on the supposition
of its constantness. So Kuhn is right in saying that such formal
reconstructions contribute nothing to the understanding of Newtonian
physics. That Einsteinian length depends on the speed of light, and that in
the limit case it becomes constant, what has this to do with Newton? In his
mechanics Newton never mentioned the speed of light.

This agreement with Kuhn has one presupposition. Kuhn is right, as
long as he speaks about a single isolated scientific revolution. To
understand more deeply the Einsteinian revolution, formal reconstructions
are really of minimal help. On the other hand, formal reconstructions can
help us very much if we wish to compare different revolutions. Our aim is
to take not one or a small number of revolutions, as Kuhn (and also
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McMullin) did, but to take 20 or 30 cases discussed in the literature, and try
to compare them. In such comparisons the formal analysis of the transition
from one theory to the other during the revolution can serve as an indicator
of the magnitude of the revolution. | sorted the different revolutions
discussed in the literature according their apparent magnitude into few
classes. Even if Kuhn could criticize every particular item of this
classification, after separating the revolutions of the different magnitudes,
some remarkable regularities started to appear.

| would like to liken this situation to the work of Mendeleyev. If you
take any two chemical elements and insist that they are alike and thus should
belong to the same class, the opponent of the classification could with the
same credibility insist that they are different. What is convincing on
Mendeleyev’s classification appears only when you have 20 or 30 elements
classified. Only then the regularities of the proposed classification start to be
evident. | believe that in the case of scientific revolutions the classification
works similarly. Kuhn and his followers can attack every particular case, but
in spite of this, the general patterns are convincing. Of course this
preliminary classification is only a heuristic. What is necessary to do next is
to find for every class of scientific revolutions appropriate concepts and
methods for their conceptual reconstruction.

2. METHODS OF ANALYSIS OF THE DIFFERENT KINDS OF
REVOLUTIONS

As already mentioned in the preface, the reconstruction of idealizations is
perhaps the most important result of the present dissertation. That is why
there are four papers dedicated to it. The analysis of idealizations required
the development of three methods of reconstruction. The first is the method
of intentional reconstruction. Science is a human activity, therefore to
understand the development of science (and of its language) at a particular
level requires first of all understanding the intentions, the motivations, and
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the aims of the particular actors of this development. This is partially an
exercise in psychology, but not entirely, because these intentions have a
public, social form of a problem (like the problem of finding the form of the
ballistic curve, or the problem of determining the dynamics of the Solar
system), or a program (like Galileo’s program of the mathematization of
nature). This means that several scientists can identify with the same
intention, work on the solution of the same problem, cooperate on the same
program. In this way the subjective dimension of science gets connected
with the social one. This is particularly important for the Scientific
Revolution, because scientists like Descartes or Newton, despite the fact that
their theories of motion were incompatible and even contradictory, can be
seen as working on the same program. The intentional analysis is thus able
to disclose unity even where the logical analysis would find only
incompatibility.

The next method of reconstruction of the development of the language
of science is the method of reconstruction of the linguistic innovations and
deficiencies. It turns out, that scientists finding a solution of a problem or
contributing to a program often introduce some linguistic innovations. As an
example we can take Descartes and his introduction of the notion of quantity
of motion and of the law of its conservation in order to solve the problem of
collision of moving bodies, or Newton’s introduction of forces acting at a
distance to solve the problem of interaction among bodies. We can speak
about innovations and deficiencies, and not solely about changes, because
the common intention enables us to compare the different solutions of the
same problem. We can judge one change as innovative compared to another,
if it helps better to fulfill the original intention. Similarly a particular aspect
of the language can be judged as a deficiency, and not solely a characteristic
feature of it, when it hindered the progress towards the fulfillment of the
intention. The reconstruction of linguistic innovations and deficiencies is
important, because it enables us to see some objective features of the
particular contributions proposed by individual scientists and by means of
these innovations we can often explain why a particular solution was more
successful than another one and we can also understand the way how a
program developed or degenerated.

Of course what we are interested in are not isolated linguistic
innovations but rather the formation of a new linguistic framework (like that
which characterizes the birth of classical mechanic, of field theory or of
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quantum mechanics). Therefore we must turn from the analysis of the
particular innovations to the reconstruction of the process of the merging of
separate linguistic innovations into a single linguistic framework.
Language is social and not private; therefore the different linguistic
innovations introduced by individual scientists must undergo the process of
social negotiation. Every linguistic framework is created by merging of
several innovations stemming from many different authors. Thus in the case
discussed in the papers | argue, that the linguistic framework of classical
physics was created by merging the innovations stemming from Galileo,
Descartes, and Newton. After creating the linguistic framework of
Newtonian physics the process of idealization stops. It is so because due to
the process that I called the “paradigm shift” the next idealization will take
place in an area not connected with the area of idealization in physics.

Nevertheless, after a linguistic framework is created, the evolution of
language does not stop, its dynamics just happens on a scale of smaller
magnitude. Thus after the process of idealizations was completed, the
development of the linguistic framework of physics occurs at the level of re-
codings, while the level of idealizations remains stable. It is precisely this
stable framework of idealization that introduces regularities and thus also
patterns of change into the evolution on this lower level. This evolution has
a very interesting form, which | suggest to call bipolarity. If we take the
evolution of geometry, along the line synthetic geometry, analytic geometry,
and fractal geometry, we discover that these developmental stages of the
iconic language were separated by developmental stages of the symbolic
language. Thus synthetic and analytic geometry were separated by the
creation of algebra and similarly, analytic and fractal geometry were
separated by the creation of the infinitesimal calculus. And it was not a mere
historical coincidence. In the process of creation of analytic geometry
Descartes made a substantial use of algebraic symbolism—the particular
algebraic curves that he introduced were all defined by means of their
equations. And similarly in the definition of the objects of fractal geometry
the limit transition, which was introduced in the infinitesimal calculus, is
used in a fundamental way. So we see that the evolution of the linguistic
framework at the level of re-codings has a bipolar character. The new
developmental stage in the development of the iconic language of geometry
is reached by means of an intermediate symbolic stage and vice versa.*

' This bipolarity is a regularity that can be identified only after we have classified
a considerable number of revolutions (in this case at least 6 of them)
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A similar bipolar dynamics can be found also in physics, in the
development of the language of physical theories. The reconstruction of the
bipolar process of the evolution of language is, after the methods of
reconstruction of the intentional structure, of the linguistic innovations, and
of the process of their merging, the fourth method of epistemological
reconstruction of the language of science. It can be applied to re-codings and
relativizations, while it cannot be applied to idealizations, due to a shift of
the paradigmatic area.

In the bipolar dynamics of the development of language we can
identify particular aspects of language. In the case of re-codings these are
the analytical power — how complex formulas the language allows us to
derive; expressive power — what new terms, predicates and relations can the
language express, which were inexpressible at the previous stages;
explanatory power — how the language can explain the failures which
occurred at the previous stages; integrative power — what sort of unity and
order the language enables us to conceive there, where we perceived just
unrelated particular cases at the previous stages; logical boundaries — that
are marked by occurrences of unexpected paradoxical expressions; and
expressive boundaries — that are marked by failures of the language to
describe some complex situations. | suggest calling these six objective
characteristics as potentialities of language.

As a fifth method of epistemological reconstruction of the language of
science we can therefore introduce the reconstruction of the potentialities of
the language. The evolution of the language of science consists in the
growth of its analytical and expressive power—the later stages of
development of the language make it possible to derive more formulas and
to describe a wider range of phenomena. The explanatory and the integrative
power of the language also gradually increases—the later stages of
development of the language enable deeper understanding of its methods
and offer a more unified view of its subject. To overcome the analytical and
the expressive boundaries of language, more and more sophisticated
techniques are developed. It is important to realize that the potentialities of
language mentioned above are objective features of the language.

After we identified the potentialities of language the question arises
how are they constituted. As the potentialities are objective aspects of
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language, for each potentiality there has to exist a particular structure of
language, the change of which causes the increase of the corresponding
potentiality. These structures cannot be connected to a particular subject
matter. They must be formal, to allow the increase of the corresponding
potentialities. | suggest calling them formal aspects of language. Thus the
sixth method of epistemological reconstruction of language is the
reconstruction of the formal aspects of language. In the case of
relativizations we can introduce the following formal aspects: the epistemic
subject of the language from the point of view of which the theory is
formulated; the horizon of the language, i.e. the boundary of the world that
can be represented by the theory; the individua of the language, i.e. the
elementary constituents, that the language is able to distinguish; the
fundamental categories of the language, i.e. categories, which the language
does not allow to further analyze; the ideal objects of the language i.e.
objects that are introduced in order to make the universe of discourse
complete; and the background of the language, i.e. a neutral medium such as
the space or the number system, in which all the individua are situated.

3. DESCRIPTION OF THE DIFFERENT KINDS OF
REVOLUTIONS

As a result of the application of the methods of analysis presented in the
previous chapter we obtain a classification of scientific revolutions into three
kinds. In the following text I will characterize each kind and illustrate it on a
few examples.

3.1 Idealizations

An idealization is an epistemic change of the greatest possible magnitude. It
concerns the ideal objects (numbers, geometric figures, dynamical systems),
by means of which we search for order in nature. An example of idealization
was the epistemic change accompanying the Scientific Revolution, which
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separates ancient science, which tried to reveal an unchanging order in
nature, from modern physics that looks for dynamic laws beyond the
phenomena.’

Idealization can be best explained by comparing the theories of Kepler
and of Newton. Kepler was perhaps one of the last eminent scientists
following the ideal of science of classical antiquity: he sought in nature for
eternal, unchanging forms. His law of the elliptical shape of the planetary
orbits is a typical law of this kind. From the Newtonian point of view we can
say that Kepler was really lucky, because the tables left behind by Tycho
Brahe were sufficiently precise to discriminate the (elliptical) shape of the
orbit of Mars from a circular shape. On the other hand they were sufficiently
inaccurate not to reflect the perturbations of the orbit of Mars caused by
Jupiter and the other planets. Only so could Kepler in good conscience assert
(in agreement with the ideal of science) that the orbit of Mars has the form
of an ellipse. In fact this orbit, just like any other orbit in the Solar system,
has no pre-given form, which could be described by means of geometry. The
motion of the planets is lawful not in the sense that its trajectory would have
a particular geometric shape (as ancient scientists believed), but that the
motion is generated by the action of forces. The trajectories of the planets
are not lawful in the sense that they would reveal some eternal and
unchangeable geometric shape (as Kepler and before him all ancient
scholars understood the role of science), but in the sense that it fulfills the
dynamic law describing their generation (as Newton, and after him the
majority of scientists, understood the role of science). The creation of a
linguistic framework that enables the transition from the former (geometric,
Euclidian) to the latter (dynamic, Newtonian) paradigm is the core of the
process of idealization.

3.2 Re-codings
Re-codings are changes of lesser magnitude than idealizations. As an

? Idealization in the case of physics consisted in the introduction of a general linguistic
pattern that is common for every (sufficiently general) physical theory. It consists of: 1.
determination of the measurable quantities; 2. description of the state of the physical
system; and 3. choice of an equation describing the temporal evolution of the state.
Newton’s mechanics, Maxwell’s electrodynamics, Clausius’ thermodynamics,
Schroedinger’s quantum mechanics, and many other theories have this common
structure.
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example of re-codings in physics we can take the creation of field theory, or
the creation of quantum mechanics. All re-codings in physics take place in a
common linguistic framework of idealization described above. This
common framework prescribes that every re-coding must have a particular
list of measurable quantities, a particular description of state, and a
particular equation describing the temporal evolution of the state. Re-
codings differ in what specific measurable quantities they use, how they
describe the state, and by means of which differential equation they describe
the temporal evolution of the state. But what they all have in common is the
general linguistic scheme described above.®

The Newtonian paradigm of re-coding, which was the first example of
that general scheme, has as measurable quantities time, position, velocity,
acceleration, and weight; the state of a system is given by two vectors — the
vector of position and the vector of momentum for each particle; and the
dynamical equation is Newton’s second law.” In this respect Newtonian
physics differs from field theory, which introduces further measurable
quantities, such as electric charge, electric current, electric field and
magnetic field; the state of a system is given by a pair of vector fields — the
electric field E (x, y, z, t) and the magnetic field B (x,y, z, t); and the
dynamical equations are the well known Maxwell’s equations.

> A re-coding is a change of the set of measurable quantities (it introduces new
techniques that make it possible to measure quantities, that were hitherto
immeasurable); a change of the description of the state of the physical system (the new
quantities make it possible to incorporate into the description of the state new aspects
that were until then not included into the notion of the state); and a change of the
fundamental equation of the theory. These changes can be seen as an introduction of a
new linguistic framework.

% Saying that Newton was the creator of idealization, | meant that he created the first
theory built according to this general scheme and so he actually created this scheme of
the physical representation of reality. But at the same time he was the creator of a
particular realization of this general scheme having the form of Newtonian physics.
Thus the emergence of Newtonian physics was at the same time an idealization (fixing
the type of ideal objects by means of introducing a general linguistic framework for
physical theories) and also the first re-coding (fixing a particular set of measurable
quantities, a particular description of state and a particular dynamic law).
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3.3 Relativizations

Relativizations are epistemic changes of lesser magnitude than re-codings.
They take place inside the framework constituted by a previous re-coding.’
As examples of relativizations in classical mechanics (i.e. in the framework
of the Newtonian paradigm of re-coding) we can take Newtonian,
Lagrangian and Hamiltonian mechanics. Despite their similarity there are
interesting differences between these systems. For the sake of simplicity |
will illustrate these differences on the example of the description of the
system of the Earth with the Moon.®

Newtonian mechanics describes the system Earth — Moon as a motion
of two bodies in a three-dimensional space, which is described by a system
of six second order differential equations. Lagrangian mechanics describes
the system Earth — Moon as a motion of a single body in a six-dimensional
configuration space (whose first three coordinates determine the position of
the Earth, the remaining three coordinates the positions of the Moon), while
the differential equations are six equations of the second order. Hamiltonian
mechanics describes the system Earth — Moon as a motion of a single body
in a twelve-dimensional phase space (whose first three coordinates
determine the position of the Earth, another three coordinates the position of
the Moon, three other coordinates the momentum of the Earth and the last
three coordinates the momentum of the Moon), and the differential
equations are twelve equations of the first order. In these three theories we
should be able to recognize not only their unity given by their common
Newtonian paradigm of re-coding (they all describe the state of the Earth
and the Moon using only mechanical quantities mentioned above — positions
and momenta), but also their differences, which are given by the different
relativizations.

> Here we see a certain type of nesting in the sense that re-codings take place inside the
framework established by an idealization, and relativizations take place inside the
framework established by a re-coding.

® A relativization consists in the change of the epistemic subject from the point of view
of which the theory is constructed. In (Kvasz 2008) | showed, that the epistemic subject
is closely connected with the space on the background of which the theory is
constructed (space is actually the set of all possible positions of the epistemic subject).
In a short description of the three examples above it is not possible to explain the
connection between the epistemic subject and space, and thus | take the notion of space
as an alternative tool for the characterization of relativizations (parallel to the notion of
epistemic subject).
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4. THE TEXTS CONTAINED IN THE DISSERTATION

There are seven papers included in this dissertation. The order, in which they
appear in the dissertation, differs from the chronological order in which they
were written. As already mentioned, Patterns of Change (Kvasz 2008) did
not contain a description of idealizations in mathematics. Originally, when |
was writing the book, | wanted to include in it a description of the process of
idealization in physics. So until approximately 2006 in the project of the
classification of scientific revolutions (announced in Kvasz 1999a) | did not
discriminate between mathematics and physics. But during the final stage of
the work on the manuscript | was advised not to include the theory of
idealization in physics in the book. The rest of the book dealt exclusively
with mathematics, and including a chapter on physics would probably hinder
the understanding and the reception of the book. So in 2007 the project of
the classification of scientific revolutions bifurcated into two different but
closely related projects: the theory of linguistic innovations in classical
mathematics that culminated in Patterns of Change and the theory of
paradigm change that is the subject matter of the present dissertation.
Because in mathematics it is impossible to reconstruct the process of
idealization, the first project contained only the description of re-codings
and of relativizations.

The first part of the second project consisted therefore in developing a
theory of idealizations. This theory is contained in the series of three papers,
written before the bifurcation of the original program, and published in the
journal Philosophia Naturalis as (Kvasz 2002a, 2003a, and 2005b). I have
returned to idealizations in the paper What Can the Social Sciences Learn
from the Process of Mathematization in the Natural Sciences (Kvasz 2012a),
where | confronted my account of idealizations with Kuhn’s theory.

After the theory of idealizations, the next step in developing a theory of

paradigm change was to transfer to physics the methods of analysis of re-
codings and relativizations. This was achieved for relativizations in the
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paper Classical mechanics between history and philosophy (Kvasz 2011a),
and for re-codings in the paper On boundaries of the language of physics
(Kvasz 2013). After writing these two papers the theory of paradigm change
could be considered as established. The final step was to publish an
overview confronting the theory of paradigm change with Kuhn’s theory of
scientific revolutions. A good occasion for this was the conference The
Progress of Science, held in Tilburg from 25" to 27" April 2012 and
dedicated to the 50th anniversary of the publication of Kuhn’s classics The
Structure of Scientific Revolutions. The result is the paper Kuhn’s Structure
between sociology and epistemology published in Studies in History and
Philosophy of Science (Kvasz 2014b), that is included as the first paper of
the dissertation.

4.1 Kuhn’s Structure between sociology and epistemology
(Kvasz 2014b)

As stated above, my main criticism of Kuhn’s theory is that it does not
differentiate between various types of scientific revolutions and covers
under the concept of scientific revolution different types of change:
idealizations represented by the Newtonian revolution, re-codings
represented by the Copernican revolution, and relativizations represented by
the Einsteinian revolution.” This has the consequence that the basic
categories of Kuhn’s theory such as paradigm, anomaly, crisis, and
revolution, which he introduced on the basis of such a heterogeneous
material, allow only approximate and nonspecific characterization. Each of
Kuhn’s categories encompasses three different concepts. Something else
forms a paradigm in the case of an idealization, something else in the case of
a re-coding, and something else in the case of a relativization. Thus it is not
surprising that some commentators criticized Kuhn for the ambiguity of his
basic categories.

" As this paper was read at a conference dedicated to Kuhn, | included among the
scientific revolutions a fourth kind of change, which I call re-formulations. | did it to
bring the theory as close as possible to the views expressed by Kuhn, who explicitly
included the discovery of the Uranus among revolutions. This is an example of a re-
formulation, as all books have to be rewritten to bring them into agreement with this
discovery. A re-formulation differs from a reformulation in that the two formulations
(,,There are 6 planets.“ and ,,There are 7 planets.”) are not equivalent. A further
difference is that in the paper I use the term re-presentation instead of re-coding.
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In order to characterize more precisely the fundamental categories of
Kuhn’s theory, we must distinguishing different types of scientific
revolutions. Then it will be possible to distinguish between three kinds of
paradigms. A paradigm of idealization codifies the kind of ideal objects that
are used. In the description of planetary motion Kepler used ideal objects of
geometry to represent the form of the planetary orbits, while Newton used
differential equations to represent the process of generation of the trajectory.
A paradigm of re-coding codifies the measurable quantities, the description
of state and the dynamic equation. The Newtonian paradigm of re-coding
uses as measurable quantities position, velocity, acceleration and weight; the
state is described by means of two vectors — the vector of position and the
vector of momentum; and the dynamic equation is Newton’s second law.
The Maxwellian paradigm of re-coding uses as measurable quantities,
besides the previously mentioned ones, also electric charge, electric current,
etc.; a state is described using two vector fields; and the dynamic equations
are Maxwell’s equations. A paradigm of relativization codifies the type of
space, the nature of objects and the way of the description of action. The
paradigm of Newtonian mechanics uses the three-dimensional Euclidean
space; the objects are individual material bodies placed in this three-
dimensional space; and action is described by forces. The paradigm of
Lagrangian mechanics uses for the description of n bodies the 3n-
dimensional configuration space; the state of a system of n bodies is given
by the position and the velocity of a point in this space; and action is
described by Lagrange’s function defined as the difference between the
kinetic and the potential energy of the system.®

The different types of scientific revolutions consist in changes of the
paradigm of the particular type. So an idealization changes the paradigm of
idealization, a re-coding changes the paradigm of re-coding, and a

8 If we take a concrete example, as for instance Newton’s derivation of the law of
universal gravitation from Kepler’s laws, it becomes obvious that this derivation can be
seen as “paradigmatic” in different ways. First, it exemplifies the Newtonian
idealization because it shows how it is possible to derive from dynamic laws the
geometrical shape of an orbit. Secondly, it exemplifies the Newtonian re-coding
characterized by the particular description of state and the particular type of dynamic
equation. Thirdly, it exemplifies the Newtonian relativization because Newton makes
use of the three-dimensional space, of bodies as material points and of forces acting at a
distance. This multilayered structure of Newton’s paradigmatic text is displayed by the
fact that I mentioned Newton as an illustration of idealizations, of re-codings and of
relativizations.
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relativization changes the paradigm of relativization. It is probable that
each type of scientific revolutions has not only a different kind of paradigm,
but also different sorts of anomalies, and a different nature of the crisis. It is
therefore possible that after we separate the various types of scientific
revolutions, we will succeed for each type of revolution in describing its true
cognitive dynamics.

4.2 Galilean physics in light of Husserlian phenomenology
(Kvasz 2002a)

Just like the theory of relativizations is based on Wittgenstein’s picture
theory of meaning from the Tractatus (Wittgenstein 1921), and the theory of
re-codings on Fege’s description of the development of symbolic languages
in mathematics in Funktion und Begriff (Frege 1891), as a basis for the
reconstruction of idealizations | have taken Husserl’s interpretation of
Galilean physics in Die Krisis der Europdischen Wissenschaften und die
Transzendentale Phdnomenologie (Husserl 1954) and tried to bring it into
agreement with contemporary historical research. Husserl’s book contained
a criticism of the positivist philosophy of science. According to positivism,
scientific theories are based on accumulation and inductive generalization of
empirical statements, derived directly from neutral sense data. Husserl
overthrew this picture, showing that there is nothing like neutral sense data,
and that from the very beginning we are dealing with an interpreted world,
which he called life-world (Lebenswelt). Further, Husserl showed that
science does not form its theories by accumulation and inductive
generalization of empirical statements, but on the contrary, the rise of
science consisted in a very radical shift away from experience in the life-
world. Husserl called this radical shift idealization, and interpreted it as
replacement of phenomena by idealities, as turning the world of qualitative
phenomena into a universe of mathematical quantities.

The first step on the road to a theory of idealizations was an analysis of
this replacement. I tried to put into Husserl’s theory as much historical detail
concerning Galileo and the early history of science as possible in order to
turn Husserl’s schematic philosophical sketch into a comprehensive
cognitive and epistemological theory of idealization.
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4.3 The Mathematization of Nature and Cartesian Physics
(Kvasz 2003a)

Even though Husserl’s analysis of Galilean science was a criticism of
positivist philosophy of science, Husserl unwittingly remained in the
framework in which positivism used to discuss science. According to
positivism, the central issue in philosophy of science is to explain the
relation of scientific theories to experience. Husserl has overthrown the
positivist philosophy of science, but he still remained within the framework
of positivist philosophy reducing the discussion of scientific theories to the
question of their relation to experience. A radical rejection of positivism
requires a rejection of not only what positivists say about science, but also of
the framework in which their theory of science is formulated. The positivist
philosophy of science consists not only of all that, what positivists said
about science, but also of all those aspects of science which they excluded
from consideration.

Modern science is based not only on Galilean empiricism which the
positivists liked to contemplate about. It is equally based on Cartesian and
Newtonian metaphysics, which the positivists liked to pass by in silence, and
which therefore also Husserl did not analyse. Therefore the next step in the
development of a theory of idealization was a reconstruction of Cartesian
physics following Husserl’s analysis of Galileo. Adopting Husserl’s
approach I interpreted Descartes’ contribution to physics as an idealization.
Nevertheless, the Cartesian idealization is not an idealization of isolated
phenomena of the life-world, as was the case with Galileo, but it is rather an
idealization of the ontological foundations of the life-world. The life-world
has, beside its phenomenal level, also an ontological level. We understand
that the objects of our everyday experience possess an ontological unity,
despite the great variety of phenomenal aspects we perceive in them. |
interpreted Descartes’ contribution to the rise of modern science as the
replacement of the objects of the life-world by their mathematical
representation in the form of extended bodies.

4.4 The Mathematization of Nature and Newtonian Physics
(Kvasz 2005b)

Husserl interpreted idealization as a process, in which a phenomenon of life-
world is replaced by a mathematical ideality. The aim of the paper was to
argue that Newtonian physics can be interpreted as idealization of action in
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this Husserlian sense. In the process of this idealization the phenomenon of
action, as we know it from our experience, is replaced by the Newtonian
action mediated by forces. This Newtonian replacement can be seen as a
continuation of the Cartesian reduction. Even though on the ontological
level Descartes abandoned the life-world and created his mathematical
universe of extended bodies, his understanding of action (as pushing and
pulling) remained very close to the ordinary notion of action. Pushing and
pulling is precisely what we do in our everyday lives. When we write, we
push the pen against the paper, and when we want to undo our shoelaces, we
simply pull them. Thus Descartes transferred into his mathematical universe
of extended bodies our ordinary understanding of action in the life-world. |
tried to show that many aspects of Newtonian physics can be understood as
a consequence of the replacement of the Cartesian notion of action based on
everyday experience by a new, mathematical notion of action that is
absolutely alien to any experience; the action of forces at a distance. In other
words the Newtonian notion of action can be interpreted as idealization in
the Husserlian sense. It was this mathematical description of action that
enabled Newton to complete the process of mathematization started by
Galileo.

The idealization, on which modern physics is based, has three layers.
The first layer is the Galilean idealization of phenomena. It consists in the
replacement of the phenomena of the life-world by mathematical quantities,
obtained by measurement. The second layer is the Cartesian idealization of
ontology. It consists in the replacement of the objects of the life-world by
extended bodies obtained in the process of the ontological reduction of
reality. The third layer is the Newtonian idealization of action. It consists in
the replacement of the action between objects of the life-world by a
mathematical representation of forces acting at a distance. By joining these
three layers of idealization, that is by putting together the mathematical
description of quantities, of states and of action, Newton created an idealized
world, by which science replaces the world of our ordinary experience. This
replacement is so successful because besides its own empirical basis the
world of science has its own ontology and its own causality. The world of
science is closed not only on the empirical level of facts, but also on the
ontological level of objects and the causal level of action.
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4.5 What Can the Social Sciences Learn from the Process of
Mathematization in the Natural Sciences (Kvasz 2012a)

According to Kuhn the main difference between natural and social sciences
consists in the fact that while in natural sciences we have to do with normal
science based on a widely accepted paradigm, in social sciences there is
nothing comparable to paradigms, and scholars again and again question the
foundations of their disciplines. In contemporary science the paradigm is
formed by physics and so we can call all disciplines, in which the methods
of quantification and measurement lead to success, as paradigmatic
disciplines. Further | suggested introducing the term elusive region of the
paradigm for those disciplines where the methods and approaches of the
particular paradigm cannot be employed. Besides these two kinds of
disciplines | introduced two other kinds which lie between the paradigmatic
region and the elusive region of the paradigm. The first are the so called
mixed disciplines. This term is used by historians to describe a remarkable
set of disciplines from late Antiquity, such as Euclidean optics,
Archimedean theory of the lever, or Ptolemaic astronomy.’

A second category of disciplines lying between the paradigmatic and
the elusive region can be called the metaphorical region of the paradigm. It
forms a counterpart to the mixed disciplines. While in the case of the mixed
disciplines the notions and methods of the paradigm are used in a precise
and unambiguous way, and the problem is only that they are being used
outside the area where their use can be justified by the paradigm’s
methodology, in the metaphorical region the fundamental notions of the
paradigm are used with a transferred, distorted and stretched meaning. As a
representative of the metaphorical region of the ancient paradigm we can
consider Aristotle’s theory of local motions, according to which heavy
bodies fall downwards while light bodies float upwards. The Aristotelian
theory of local motions can be interpreted as a geometrical theory. It is based
on the image of a geometrically ordered universe and it understands motion

® | suggest (in contrast to Kuhn) to consider Euclid’s Elements as the paradigm of
Ancient science. It may sound unusual to call Elements a paradigmatic theory. We
understand paradigms as a part of science and for us mathematics does not belong to
science. Nevertheless, it is problematic to use our contemporary classification of
disciplines in interpreting the past. If we look at Ancient science not from our but from
its own viewpoint, it is rather the Elements than the Almagest that had a paradigmatic
status. Ptolemaic astronomy that Kuhn characterized as paradigmatic | suggest to
include among the mixed disciplines.
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as a transition between different places of this geometrical order.
Nevertheless, geometry is used here in a different manner from that in the
mixed disciplines. Geometry does not enter the Aristotelian view of the
order of the cosmos as a set of exact notions and methods for making
constructions and proving theorems (as it enters the Archimedean theory of
the lever), but only as a set of metaphors, by means of which we can discern
order and meaning in the phenomena.

It turns out that it were the mixed disciplines and their conflict with the
metaphorical realm of the paradigm which were the driving force of the
Scientific Revolution. Newtonian physics was created not inside the
paradigmatic region of the old paradigm. The paradigmatic region of ancient
science was mathematics. The birth of Newtonian physics stimulated the
creation of several mathematical disciplines, but we cannot say that inside of
mathematics there occurred some massive refutation of the previous
research. It is fair to say that the scientific revolution of the 17th century
took place on the contact of the mixed disciplines of the ancient paradigm
(astronomy, optics, the theory of simple machines) and the metaphorical
region of that paradigm (the geocentric view of the cosmos). And this is
natural.

In the paradigmatic region the methodological standards are so strict
and well founded that a refutation of the overall picture is improbable. On
the other hand the elusive region of the paradigm is not sufficiently stable
and therefore changes happen there too often to be able to cause some
deeper considerations. It is in the area of the mixed sciences, where the
methods of the paradigm offer sufficiently effective means of research so
that their progress is intensive. On the other hand the application of the
paradigmatic methods to unintended areas of phenomena increases the
probability of the discovery of something radically new and unexpected,
something that will be in sharp contrast with all that we are used expecting
in the paradigmatic region. The metaphorical region of the paradigm is
important for another reason. There the research is carried out on the fringe
of what the paradigm allows to thematize and therefore the metaphorical
region is often the place for the basic cultural projections with the emotional
charge that accompanies such projections. The mixed disciplines alone
would probably never have led to a revolution. Had Galileo accepted the
suggestions of the Church and discussed the Copernican system only as a
hypothesis, i.e. if he had restricted himself to the technical realm of the
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mixed disciplines, it is probable that the new astronomical discoveries would
remain on the periphery of interest as incomprehensible, innocuous technical
hypotheses. The dynamic of the scientific revolution was driven by the
conflict of the mixed disciplines with the metaphorical region when not
absolutely sure results of scientific inquiry got into conflict with metaphors
by means of which we articulate our place in the universe.

4.6 On boundaries of the language of physics (Kvasz 2013)

The aim of the paper was to outline a method of reconstruction of the
historical development of the language of physical theories. It applied the
theory presented in Patterns of Change to the analysis of linguistic
innovations in physics. There are six aspects of the language, the changes of
which accompany re-codings: 1. Logical power — how complex formulas
can be proven in the language; 2. Expressive power — what new things the
language can express, which were inexpressible at the previous stages; 3.
Explanatory power — how the language can explain the failures which
occurred at the previous stages; 4. Integrative power — shows the sort of
unity and order the language enables us to see in places where we perceived
just unrelated particular cases at the previous stages; 5. Logical boundaries —
are marked by occurrence of unexpected paradoxical expressions; 6.
Expressive boundaries — are marked by failures of the language to describe
complex situations (Kvasz 2008, p. 16). The evolution of the language
consists in the growth of its logical and expressive power—the later stages
of development make it possible to prove more theorems and to describe a
wider range of phenomena. The explanatory and the integrative power of the
language also gradually increase—the later stages of development of the
language provide a deeper understanding of its methods and offer a more
unified view of its subject. To overcome the logical and expressive
boundaries, more sophisticated and subtle techniques are developed. My
aim was to introduce these aspects into the analysis of the language of
physics.

To transfer the notion of logical power from mathematics to physics is
not difficult. In physics it is more appropriate to call it analytical power of
language, and to understand it as related not to proving of theorems, but to
derivation of formulas. | characterized the analytical power of the language
of a particular physical theory by the kind of formulas which it is possible to
derive in the given language using the accepted postulates of the theory. As
an illustration we can take Newton’s derivation of Kepler’s laws. For
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Kepler, the elliptical form of the planetary orbits was an empirical fact. In
the language of Newtonian mechanics this proposition can be derived from
the law of gravity. The ability of the language to derive a particular law
illustrates its analytical power.

Similarly clear is the case of the expressive power, which represents
the ability of the language to represent some aspect of nature. In the history
of physics there are many cases when a phenomenon that defied description
by means of the language of the “old” theory and was therefore seen as an
anomaly could be easily described by means of the language of the “new”
theory. Such cases illustrate the expressive power of the language of
physics.

We can find in physics also an analogy of the explanatory power of
language. As an example we can take the explanation of stability of matter
by quantum mechanics. In classical physics it was not clear why the
electrons that orbit in the atoms forming for instance a chair do not
disintegrate. It follows from the principles of classical physics that it is not
possible to form a stable configuration of charged particles that would be
maintained by electromagnetic forces only. A perturbation of the atoms of
the chair would lead to large changes in the trajectories of the electrons,
causing a disintegration of the whole chair. Heisenberg’s principle of
uncertainty makes it possible to explain why matter is stable, i.e. why
despite perturbations the electrons remain near their original locations.
According to this principle, electrons can get closer to a proton (i.e. make
their location in space more precise) only at the price of increasing their
energy (due to the increase in the uncertainty of their momentum). This
mechanism ensures the stability of the ground state of the atoms. Thus the
language of quantum mechanics makes it possible to explain the stability
that for classical physics was a mystery.

Illustrations of the integrative power of language are the great
unifications, such as Newton’s unification of the terrestrial and celestial
mechanics, or Maxwell’s unification of electrodynamics and optics. The
paper ascribed these unifications to the integrative power of language. In
addition to these “positive” aspects of the language | transferred to physics
also the notions of analytical and expressive boundaries of language. In my
opinion, these boundaries are one of the most interesting aspects of language
of science.
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4. 7 Classical Mechanics between History and Philosophy
(Kvasz 2011a)

In a series of papers (Kvasz 1998, 2005a and 2006) | proposed an
interpretation of the development of mathematical theories as changes of the
pictorial form in the sense of the Tractatus. In the development of geometry
and of algebra it was possible to identify six pictorial forms, each of which
determines the way how linguistic representations are coordinated with each
other as well as with the particular subject matter, represented by the
language of the theory. Here | applied this approach to the epistemological
interpretation of the development of classical mechanics. Thus | interpreted
Newton’s Philosophiae naturalis principia mathematica (1687) as a theory
of mechanical motion based on the perspectivist form of language; Euler’s
Mechanica sive motus scientia analytice exposita (1736) as the work that
introduced into mechanics the projective form of language; d’Alembert’s
Traité de Dynamique (1743) as a theory developing mechanics on the basis
of the compositive form of language; and finally Lagrange’s Mécanique
analytigue (1788) as the work that introduced into mechanics the
interpretative form.
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