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PHILOSOPHY OF SCIENCE BETWEEN PHYSICS
AND CHEMISTRY

The paper deals with the main problems of the philosophy of science from a new perspective. The
analysis takes off from Rein Vihalemm'’s novel approach to scientific research called practical realism.
From this perspective science is not only theoretical but first and foremost a practical activity. This kind
of approach puts chemistry rather than physics into the position of a typical science as chemistry has a
dual character resting on both constructive-hypothetico-deductive (¢-science) and classifying-historico-
descriptive (non-¢-science) types of cognition. Chemists deal with finding out the laws of nature like the
physicists. However, in addition to this they deal with substances or stuff that is rather an activity typi-
cal to natural history. The analysis of the dual character of chemistry brings forward the need to analyse
philosophically the reasons why physics has held the position of the only science proper so far. This can
be and done from the perspective of practical realism as well. There is a brief look into the essence of
biology in the paper. The conclusion is, however, that the typical science of dual character is chemistry
and this philosophical discovery may change the future perspective of the whole philosophy of science.
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FYMaHUTAPABIK, FbIAbIMAAD AOKTOPbI ((PUAOCO(]MUS), FBIAbIM TapMXbl XaAbIKAPAABIK,
AKaAEMMSCbIHbIH, KOPPECTTOHAEHT-MYLLECH, KaybIMAACTbIPbIAFAH Npodeccop,
TaAAVIHH TEXHOAOTUSIABIK, YHUBEPCUTETI,

AcToHus, TaaAmHH K., e-mail: peeter.muursepp@taltech.ee

®usuka meH XUMMUSHDbIH, apaCblHAAFbl FbIAbIM CbM/\OCO(bMFICbI

Makanaaa FbiAbIM  (DMAOCOMUSICbIHBIH, HETi3ri MaceAeAepi >KaHalla KapacTbipblAaAbl. Tanaay
PeiiH BuxaAeMHiH, FbIAbIMM i3A€HICTEpre NMpakTUKaAbIK, PeaAn3M Aer aTaAaTbliH >KaHa Ke3KapacbliHa
HerispeAreH. bya keskapac GOMblHILA, FbIABIM TEOPUSAbIK, KaHa emMeC, eH aAAbIMEH MPaKTMKAAbIK,
KbI3MeT BOAbIM caHaAaAbl. MyHAAM YCTaHbIM (OM3MKaHbI eMeC, XMMUSIHbI >KaArbl KaObIAAQHFAH, TUMTIK
FbIAbIMAQD KaTapblHa KoOcCaAbl, ce6ebi XMMMS TaHbIMHbIH KOHCTPYKTMBTI-TMMNOTE3AAbIK-AEAYKTUBTI
(b-FbIABIM) TUMiHE FaHa emec, KAaccuUKaLMsIAQy-TapuUXM-cunaTTay (¢-FbIAbIM €emec) TurmiHe Ae
CYMEHETIHAIKTEH, eKi >XakTbl curnatka ue. PDUsKMKTep CUSIKTbl, XMMUKTEP Ae Taburar 3aHAapbiH
aHbIKTayMeH arHaAbicaabl. OFaH Koca, oAap 3aTTapMeH HeMece MaTepurasAapMeEH >KYMbIC iCTenAI,
aA OyA — TabUFaTTbl 3epTTey TapMxbiHa TOH KbI3MET TYpPi. XMMMSIHBIH, eKiXXaKTbl CMNaTbl (OM3NKaHbIH
OCbl yaKbITKa AeMiH HaFbi3 FaAbIM GOAbIN CaHaAybIHbIH, cebenTepiH (PUAOCOMUSIABIK TYPFbIAAH TaAAay
KaXKeT eKEHAIrH kepceTeai. MyHbl NPaKTUKAAbIK, PEaAM3M TYPFbICbIHAH AQ >Ky3ere acblpyfa 60AaAbl.
Makarapa 61MOAOTUSIHBIH MBHI KbICKalLla KApaCTbipbIAaAbl. AAANAA XMMMS EKIXKaK Tbl CUMaTKA Ue FbIAbIM
A€reH KOPbITbIHADBI >KaCaAFaH >kaHe OYA (PUAOCOMUSABIK, XKaHAABIK, GYKIA FbIAbIM (DUMAOCOUACHIHbIH,
AaMy GoAaLLaFblH ©3repTe aAaAbl.

TyiiH ce3aep: XUMMSIHbIH, €KiDKaKTbl CuMnatbl, ¢-FbIAbIM, FbIAbIM (OUAOCODUSICHI, HU3MKQ,
npaKkTUKaAbIK, peaAnsm, PeitH Buxarem.
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AOKTOP ryMaHuTapHbIX HayK (Praocodus), YAeH-KOPPeCroHAEHT
ME>KAYHAPOAHOM aKaAeMMU MCTOPUM HayKM, aCCOLMATMBHbIN npodeccop,
TaAAMHHCKMIA TEXHOAOTUYECKMIA YHUBEPCUTET,

ScToHug, . TaaAMHH, e-mail: peeter.muursepp@taltech.ee

durocodmsi Hayku Mexay hU3UKON U XMMHUeFH

B cTatbe no-HOBOMY pacCMaTpUBAOTCS OCHOBHbIE MPOGAeMbl (PUAOCOUM HAYKM. AHAAM3 OCHOBAH
Ha noaxoae PeiHa Buxanema K HayUHbIM MCCAEAOBAHWMSM, KOTOPbIA Ha3blBaeTCs MpakTUUYeCKMM
peaan3mMom. C 3TOM TOUKM 3PeHMs, HayKa SIBASIETCS He TOAbKO TEOPeTMYECKOW, HO MpexAe BCero
NPaKTUYECKON AEITEAbHOCTbIO. TaKoM MOAXOA CTaBUT XMMMIO, @ He (PM3UKY B MOAOKEHWUE TUTMIMYHOMN
HayKM, MOCKOAbKY XMMMS MMEET ABOMCTBEHHbI XapakTep, onMpasiCb Kak Ha KOHCTPYKTMBHO-TUMOTE30-
AEAYKTMBHBIN (¢-HayKa), TaKk M Ha KAACCUMKALMOHHO-MCTOPUKO-ONMUCATEAbHbIA (He ¢-Hayka) Twmbl
NO3HaHUS. XMMUKK, KaK U (DU3MKKM, 3aHMMAIOTCS BbISICHEHMEM 3aKOHOB MPUPOAbI. TeM He MeHee, B
AOTMOAHEHME K 3TOMY, OHU MMEIOT AEAO C BELLeCTBaMM MAM MATEPUMAAOM, UTO SIBASETCS AOBOAbHO
TUMUYHON AESTEABHOCTbIO B UCTOPUM M3YUeHUs NMPUPOAbI. AHAaAM3 ABOMCTBEHHOIO XapakTepa XMMMn
yKa3blBaeT Ha HEOOXOAMMOCTb (PMAOCO(CKOrO aHaAM3a MPUUMH, MO KOTOPbIM (PU3MKa AO CUX MOpP
3aHMMAAQ MO3MLMIO HACTOSILLEN HayKU. DTO MOXKET ObiTb CAEAQHO U C TOUKM 3PEHUS MPaKTUUYEeCKOro
peaam3ama. B cratbe KpaTko paccMaTpuBaeTcs CYLIHOCTb 6uororum. OAHAKO AEAAETCS BbIBOA, YUTO
XUMMS IBASIETCS TUMMYHOM HayKOM ABOMCTBEHHOrO XapakTepa, U 3To (PMAOCOCKOe OTKPbITUE MOXKET

M3MEHUTb NepcrnekTUBY BCer (huaocomm HayKu.

KAtoueBble CAOBa: ABOWMCTBEHHbIM XapakTep XWMWMK, ¢-Hayka, uAocodmsi Hayku, u3smka,

NpakTUYecknin peaansm, PeiH Buxarem.

Introduction

Historical background of the modern scientific
method, as well as the development of the
technological civilization, put physics in a special
position in science. This became the view in
Galileo’s approach already that put in place the basic
methodology of scientific research: formulating
testable hypotheses, testing them repeatedly by
means of the experiment and expressing the findings
in the language of mathematics. This is a perfect
methodology for classical mechanics and by and
large fits all of physics, at least until Ilya Prigogine
introduced the methodology of self-organizing
systems and Hermann Haken started to develop
synergetics. Anyway, since the times of Galileo
and Newton, physics has retained its position as the
only science proper. Different kinds of positivists,
starting from the initiator of the approach Augusté
Comté¢ through the logical positivists up to the
so-called post-positivists, only strengthened this
special position of physics. Physics-likeness became
an important characteristic for any kind of science,
even the social one. Let us remember that Comté
introduced the term °‘social physics’ to refer to
social research at first and only later it was changed
to ‘sociology’. However, there is an obvious need
for a philosophical analysis of the position of
physics in addition to the historical explanation. It
is interesting that philosophy of science becoming
an important field in the XX century was largely due

to the emergence of nonclassical science, quantum
mechanics and relativity theories, early in the
century. In a way, philosophy of science received
a momentum in result of physics becoming less
physics-like that it was before. Strangely enough,
this revolution in science in Kuhnian sense did not
undermine the exemplary status of physics among
sciences but even strengthened it. Philosophy of
science, actually remained philosophy of physics
for decades. Philosophers of science asked all kinds
of questions concerning the only science proper.
However, the most basic problem, why one has
to take exactly physics as the model, never really
came up.

In order to initiate the analysis of the basic
problem mentioned above, we need to remind
ourselves about the main issue in the philosophy of
science, the problem of demarcation. Addressing
this central problem will help us to begin taking a
deeper philosophical look into the issue of the special
position of physics. The two classical solutions to
this problem of demarcation are well known and
widely discussed, the criteria of verification and
falsification. However, these classical solutions do
not help us in our current task. They both actually
say that a scientific hypothesis has to be testable.
This requirement does not single physics out
anyhow. We can have perfectly testable hypotheses
in social science, not to speak about biology or
chemistry. Fortunately, contemporary philosophy of
science includes a quite recent approach that creates
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an appropriate framework for the philosophical
analysis of the special position of physics. The
Estonian philosopher of science Rein Vihalemm
initiated this approaches that bases on an original
solution of the problem of demarcation roughly at
the turn of the century.

®-science or non-¢-science

About two decades ago, Rein Vihalemm came
forward with the idea of making a distinction between
two types of cognition: constructive-hypothetico-
deductive and classifying-historico-descriptive.
(Vihalemm, 2011). There is a long tradition to
call the scientific method hypothetico-deductive.
William Whewell normally gets the credit for
introducing the concept. Why add ‘constructive’?
Where does this development come from and what
is the justification?

According to Rein Vihalemm, the scientist
does not possess the God’s eye view concerning
reality. She does not know and will never know
how the world really is. Reality does not reveal
itself in the form of research objects, entities that
allow themselves to be studied by the scientific
method. The researcher has to construct the object
of research according to the requirements of her
cognitive capacity and principles of the research
methodology. Obviously, the approach is Kantian
by its nature. Kant’s apriorism is clearly visible but
there is a difference as well. The structure of human
cognitive capacity does not set the scene alone.
Reality is there as well and actually takes up the
leading role.

We are now facing the question whether
Vihalemm’s approach should be classified as a kind
of constructive empiricism. Still, Vihalemm’s own
position is that we are actually having a kind of
realism here, namely practical one. We are leaving
a further explanation of this issue to a later point.
Currently, let us just acknowledge that exact natural
science bases on the type of cognition that we call
constructive-hypothetico-deductive.

The next question would be, whether there is
a branch of science that is entirely constructive-
hypothetico-deductive. The answer is obvious
— physics. Still, it is not clear that all of physics
would fit into this category. The pure specimen of a
constructive-hypothetico-deductive type of science
is perhaps just classical mechanics. After all,
physics is a living and developing field of science
and at some point might grow out of the limits of the
constructive-hypothetico-deductive ideal. This is
the reason why Rein Vihalemm developed a model
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of science based on the constructive-hypothetico-
deductive cognition. He called the model ¢-science,
stressing its closeness to physics with the first letter
of the Greek word Physica. Classical physics is
¢-science proper. There can be doubts about the non-
classical physics (quantum mechanics and theories
of relativity) but this is still rather ¢-science as well
because there is no irreversibility. Time has no
meaning in classical as well as non-classical physics.
At times, the constructive moment concerning the
research object is even stronger in non-classical
physics. We cannot experience the subatomic world
or the speed of light directly. Therefore, we have
to work with idealised concepts. The situation
looks different with the so-called post-non-classical
science. Vyacheslav Styopin introduced the term
considering mostly the approach of Ilya Prigogine
and his followers. The main difference with the
former types of physics here is that the requirement
for the reproducibility of the experiment does not
hold. All processes that are going on in reality are
taken as irreversible ones. Irreversibility becomes
an objective principle. It is no longer just due
to the limits of human sense-experience. Due to
these fundamental changes, post-non-classical
physics is not purely ¢-science and introducing the
model instead of just referring to physics itself as
an example of science proper becomes justified.
There is an even wider implication here. The whole
philosophy of science becomes better grounded.
It is obvious now that it does not equate with the
philosophy of physics. Already today, part of
physics appears to be non-¢-science, i.e. it rather
bases on classifying-historico-descriptive type of
cognition. In an analogous way, Styopin could not
just refer to Prigogine’s works because there are
other approaches in physics there as well, that do not
entirely belong to ¢-science, i.e. synergetics, chaos
theory, bifurcation theory, etc.

Let us now turn to chemistry and put the question
whether chemistry is a ¢-science or a non-¢-science
or both to some extent. The ¢-science part would
require chemistry to have strong physics-likeness.
However, by all evidence chemistry does not reduce
to physics. The possibility of this reduction would
not have remained undiscovered for such a long
time. On the other hand, chemists are looking for
the laws of nature and succeed, at least sometimes.
By all evidence, there is a part of chemistry that is
physics-like and another part that is not physics-
like, i.e. part of chemistry must be ¢-science and
another part has to be non-¢-science or of the natural
history type. Interestingly, we really do find these
two characters in chemistry.
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The dual character of chemistry has been noticed
and pointed out by Rein Vihalemm as well as some
other philosophers of science, like Bernadette
Bensaude-Vincent and Jonathan Simon (2008) but
not exactly in the same way. Historically, chemistry
has rather been a natural history type of discipline.
Despite this, it evolved as a branch of modern
science and did not equate with alchemy in the
XVII century already. However, there is chemistry
as ¢-science there as well. This part of chemistry
deals with the laws of nature. We need to take a
deeper look here what does it mean to deal with, or
rather try to find out, the laws of nature and how do
physics and chemistry differ on this respect if they
do. If we speak about scientific knowledge then the
¢-scientific one tends to be the most trustworthy
(Miiiirsepp, 2011: 61-73).

Our analysis of the latter problem will base on
Rein Vihalemm'’s approach to science that he named
‘practical realism’. The approach bases on five
theses that say the following:

«1. Science does not represent the world «as
it really is» from a god’s-eye point of view. Naive
realism and metaphysical realism have assumed
the god’s-eye point of view, or the possibility of
one-to-one representation of reality, as an ideal to
be pursued in scientific theories, or even as a true
picture in the sciences.

2. The fact that the world is not accessible
independently of scientific theories — or, to be more
precise, paradigms (practices) — does not mean
that Putnam’s internal realism or «radical» social
constructivism is acceptable.

3. Theoretical activity is only one aspect of
science; scientific research is a practical activity
and its main form is the scientific experiment that
takes place in the real world, being a purposeful
and critical theory-guided constructive, as well as
manipulative, material interference with nature.

4. Science as practice is also a social-historical
activity which means, amongst other things, that
scientific practice includes a normative aspect, too.
That means, in turn, that the world, as it is accessible
to science, is not free from norms either.

5. Though neither naive nor metaphysical, it is
certainly realism, as it claims that what is «given»
in the form of scientific practice is an aspect of the
real world. Or, perhaps more precisely, science as
practice is a way in which we are engaged with the
world» (Lohkivi, Vihalemm, 2012: 3).

Practical realism was not born out of nothing.
Rein Vihalemm points out several predecessors of
his approach (Vihalemm, 2011: 46-60). At this point,
let us just emphasise Joseph Rouse’s explanation

of the practice based science: «... the question is
not how we get from a linguistic representation of
the world to the world represented. We are already
engaged with the world in practical activity, and
the world simply is what we are involved with. The
question of access to the world, to which the appeal
to observation was a response, never arises. The
important categories for characterizing the ways
the world becomes manifest to us are therefore not
the observable and unobservable (empirical and
metaphysical — P.M.). We must ask instead about
what is available to be used, what we have to take
account of in using it, and what we are aiming
toward as a goal» (Rouse, 1987: 143).

Quite obviously, it is chemistry, rather than
physics that works best as a model for practical
realist treatment of science. Practical realism might
even shift the focus of the whole philosophy of
science. For more than a century, the latter was
undisputedly physics centred. Chemistry very
seldom achieved special mention beside physics. It
was rather taken as something like a younger brother
of physics, as the same type of science as physics,
just a bit underdeveloped as compared to the ‘big
brother’. The practical realist approach enables to
show that chemistry is definitely a science in its
own right. More than that, chemistry need not be
analysed taking physics as a model but a philosopher
of science might act vice versa as well. The position
of physics among sciences may become better
analysable on the background of its relationship to
chemistry.

In Rein Vihalemm’s understanding of pure
science (¢-science), chemistry plays a special role.
It is a mixture of ¢-science and non-¢-science as it
connects to both constructive-hypothetico-deductive
and classifying-historico-descriptive  types of
cognition. Thus, chemistry provides us a good basis
for analysing the difference between physics-like
science and natural history. It is interesting that
the existence of chemistry alone prevents us from
identifying exact science with physics. This means
that there is a need to analyse philosophically the
special status of physics. We cannot take this for
granted any longer. We cannot exclude the option
that this analysis may even dethrone physics from
its seemingly firm top position.

The history of chemistry is a good example
how a cognitive approach to nature evolved into
science (in the modern sense). Physics, in the form
of classical mechanics, was born parallel to this
evolvement. Physics started as pure science and
therefore it initially became the model. Or rather,
the methods of classical mechanics became the
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role models for the whole science. However, non-
classical and especially post-non-classical physics
are not really entirely pure science. One just needs
to consider the changing role of the experiment,
the problems with reproducibility (Miiirsepp,
2013). Interestingly even in the context of the
experiment, chemistry take up a significant, perhaps
even the leading position. Chemical experiments
expose better the need to drop the requirement of
reproducibility and the objective unidimensionality
of time even in exact science.

The Laws of Nature or the Laws of Physics
and Chemistry

The next issue to be resolved is the question
whether it might be that chemistry was part of natural
history before becoming real physics-like science but
turned entirely into the latter in the course of time.
This is still not the case. Up to this day, chemistry
does not deal with the laws of nature only. However,
what does it mean to deal with the laws of nature for
physics and chemistry? Does it work the same way?
If so then we could still equate the ¢-science part of
chemistry with physics and only the natural history
part will remain as a discipline in its own right. In
the most radical case, chemistry might split up into
physics and biology.

Let us take a brief look at the most famous law
of nature chemistry as ever provided, Mendeleev’s
periodic law. It is not a mathematically formulated
law of physics. Still, itis alaw of nature. According to
Rein Vihalemm, it is exact in the same philosophical
sense as the laws of physics (Vihalemm, 2015: 11).
How to understand this? The periodic law looks
quite different of the laws of physics. Vihalemm
explains that the periodic system of chemical
elements was established by constructing an
idealised system of idealised elements. What is
a chemical element after all? Vihalemm puts the
answer like this:»... a fundamental idealisation
substantiated by experimental chemistry — namely,
a definite position in the periodical system based on
the periodic law» (Vihalemm, 2015: 12). Vihalemm
emphasises that the chemical element is actually
not an entity that we can find in nature but rather
an idealised construction of the human mind.
Interestingly enough, however, the periodical table
of elements of Mendeleev is by no means an arbitrary
construction but reflects an aspect of reality. There
is the system there in reality, although it has been
exposed by means of constructed idealised entities.
The process of constructing the research object is
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there like in physics. Still, the result is different.
The law of periodicity is a law of chemistry, not
of physics. Chemistry really has a dual character,
seeking laws of nature and describing reality in the
style of natural history. The example of the periodic
law is a perfect illustration to most if not all theses
of practical realism. Chemistry is a practical science
(see Miitirsepp, 2016) as the experiment plays a
central role even in the process of making the law
of periodicity. However, formulating the law would
not work without an underlying theory or paradigm.
There is a very legitimate question there, is
chemistry specific in its dual character or do we have
the same or at least something similar in biology? We
have to admit that contemporary biology provides
us with a similar situation to some extent at least,
especially as far as molecular biology and genetics
are concerned. That side of biology has the essence
of a ¢-science. Thus, strictly speaking, biology is
also a science of a dual character. It will be very
interesting to follow from the philosophical point
of view the forthcoming developments in biology.
At this point, biology does not really compare with
chemistry yet concerning its impact as a science of
dual character. Rein Vihalemm explains that the
resistance of the material is too strong (Vihalemm,
2015: 12). The material here would be living matter.
Dealing with life, biology cannot really obtain the
constructive character. It has to remain based on the
classifying-historico-descriptive type of cognition,
to remain a non-¢-science. However, there may
be the tendency to become a science that is closer
to chemistry. After all, there is biochemistry that
deserves also special philosophical attention. Let
that remain, however, a topic for further analyses.

Chemistry and Philosophy of Technology

As mentioned above, there are other thinkers
in addition to Rein Vihalemm, who have noticed
the dual character of chemistry. Bernadette
Bensaude-Vincent and Jonathan Simon, for
instance, have interesting observations. They call
chemistry an archetypal techno-science because
it cannot restrict itself to pure theory but always
engages with productive practice (Bensaude-
Vincent, Simon, 2008: 5). This is a quite different
dualism compared to Vihalemm at first glance.
However, Bensaude-Vincent and Simon also
point out an aspect of chemistry that supports the
practical realist understanding of science. The
authors emphasise that throughout the last couple
of centuries physics has promoted pure theory
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over other forms of science (Bensaude-Vincent,
Simon, 2008: 5). As physics had the position of
the role model, anything practical concerning
science became an indication of being away
from the ideal. Research in chemistry, however,
reminds us about the practical side of science.
Bensaude-Vincent and Simon observe: »Indeed,
we want to place special emphasis on this idea
that theory and substance are co-produced by the
chemist in the laboratory» (Bensaude-Vincent,
Simon, 2008: 6). This idea takes Bensaude-
Vincent and Simon close to practical realism
and other ideas of Vihalemm. The produced
substance (or stuff) is not constructed. It is a real
product of chemistry and dealing with it bases
on the classifying-historico-descriptive type of
cognition. As a general conclusion, Bensaude-
Vincent and Simon introduce the term ‘operational
realism’. They emphasise that the term was coined
under the influence of the chemists’ activities in
the laboratory and add an ambitious belief that
the basics of the philosophy of science will be
rethought under the influence of their approach
(Bensaude-Vincent, Simon, 2008: 8).

Unfortunately, there is not very active rethinking
in sight so far. Practical realism of Rein Vihalemm
is the only visible attempt to start the process of
the philosophical analysis of the central position
of physics in science. Due to Vihalemm’s untimely
death in 2015, however, all these plans have
remained unfulfilled.

Conclusion

As it has been revealed from different angles,
chemistry is a special kind of science because of its
dual character. This philosophical discovery supports
the practice-based approach in the philosophy
of science and opens up new developments like
analysing philosophically the special position of
physics as the only science proper and the role of
biology as a possible competitor of chemistry for
securing leadership as an interesting case of dual
character.

Lately, we are witnessing a kind of separate and
quite active development of philosophy of chemistry
and philosophy of biology as well as philosophy
of physics to some extent. Hopefully, the above
analysis rather draws attention to the need of keeping
philosophy of science as such in focus as well. The
different scientific disciplines are not natural kinds.
As shown above, they have their overlapping ‘grey’
areas. By specialising narrowly on the philosophical
analysis of different disciplines, we may lose sight of
the most interesting and perhaps the most important
problems, namely what is it that actually unites the
different disciplines and what is different between
them.
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