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40 lat - sprezystos¢ mtodosci
i doswiadczenie wieku

40 years of ZFN - the flexibility of youth and the
experience of age

Michat Heller

6zne rocznice sklaniaja do historycznych refleksji. Wprawdzie
Rczterdzieéci lat od jakiego$ wydarzenia nie zwykto si¢ specjal-
nie §wigtowal, ale w przypadku naukowego czasopisma jest to juz
na tyle dtugi okres, ze warto mu po§wigci¢ chwilg zamyslenia.

Zagadnienia Filozoficzne w Nauce zaczynaly skromnie, ale am-
bitnie: od zgrzebnego formatu typu ,,samizdat” (bibutowy papier, po-
wielacz), poprzez pierwsze przymiarki do komputerowego druku (na-
dal bibuta), az do postaci naprawdg¢ drukowanej. Kolejne numery Za-
gadnieri sa wiernym Swiadkiem stopniowych postepéw w polskiej,
pokomunistycznej sztuce drukarskiej: najpierw druk oszczedny, na
miarg dostgpnych technik, potem stopniowe ulepszenia, by wreszcie
dojs¢ do wysmakowanego, nawet trochg snobistycznego, uktadu gra-
ficznego.

Tytul Zagadnienia Filozoficzne w Nauce od samego poczatku
zapowiadat pewien filozoficzny program. Ze ma to by¢ co$ o wza-
jemnych relacjach nauki i filozofii — bylo oczywiste, ale akcent nie
byl potozony ani na ,,zagadnieniach filozoficznych”, ani na ,,nauce”,
lecz na przyimku ,,w”. Filozofia nauki jest — i byta juz wtedy — do-
brze rozwinigta dyscypling filozoficzna. Miata swoje liczne szkoty

i odmiany. Najbardziej wptywowa do dzi$ pozostaje filozofia nauki

Zagadnienia Filozoficzne w Nauce (Philosophical Problems in Science)
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10 Michat Heller

zwana (nie catkiem merytorycznie poprawnie) anglosaska lub ana-
lityczna, ale analizy metodologiczne wywodzace si¢ z filozoficzne;j
szkoty Iwowsko-warszawskiej takze cieszyly si¢ — i nadal ciesza —
niematym powazaniem. Zalozycielom czasopisma chodzito o cof in-
nego — o to, jak tradycyjne pytania filozoficzne sa obecne w bada-
niach naukowych i ich rezultatach. Tradycyjna filozofia, stworzona
przez Grekow i przetworzona przez europejska mysl sredniowieczna
nie tylko wydata z siebie nowozytne nauki empiryczne, lecz rowniez
wycisngta na nich swoje Slady. Odczytywanie tych Sladéw i odcy-
frowywanie ich znaczen jest pasjonujacym zadaniem, ktérego zanie-
dbanie byloby niepowetowana strata dla wspdtczesnej kultury. Z cza-
sem dla tego typu uprawiania filozofii przyjeta si¢ nazwa , filozofia
w nauce” — nie ,.filozofia nauki”, lecz istotny jest wtasnie ten maty
przyimek ,,w”.

Jest rzecza oczywista, ze do realizowania w ten spos6b zarysowa-
nego programu niezbgdne jest wykorzystywanie Srodkéw poznaw-
czych i metodologicznych narzgdzi wypracowanych przez filozofig
nauki. To jednak nie wszystko. Slady filozoficznych pytari rzadko
leza na powierzchni wytworéw nauki. Nie jest wigc tak, ze aby je
odczytaé, wystarczy przywota¢ znajomos¢ tradycyjnej filozofii i za-
stosowa¢ odpowiednie metodologiczne narzgdzia. Filozoficzne tropy
prowadzg czgsto w glab naukowych teorii, ich inspiracji i wnioskéw.
Do tego niezbedna jest doglgbna znajomos¢ samej nauki (najlepiej,
jezeli wynika ona z twdrczego jej uprawiania). Tylko wnikajac gle-
boko w tkanke naukowych teorii, mozna zidentyfikowa¢ ich filozo-
ficzne uwarunkowania i poddac je trafnej interpretacji.

Potrzebne jest takze jeszcze inne wsparcie. Historia nauki nie
tylko wiaze nauke, poprzez jej rodowdd, z tradycja filozoficzna,
lecz takze bardzo skutecznie naprowadza na filozoficzne pozostato-

Sci w dzisiejszych naukowych dokonaniach. Dlatego tez ,filozofia



40 lat — sprezystos¢ mtodosci i doswiadczenie wieku 1

w nauce” §ciSle wiaze si¢ z historiag nauki. W tym mariazu historia
nauki nie sprowadza si¢ do odtwarzania dziejéw naukowych odkry¢,
lecz staje si¢ aktywnym narzedziem badania.

Nawet pobiezne przejrzenie spisow tresci poszczegdlnych nume-
6w Zagadnieri Filozoficznych w Nauce przekonuje, ze wsrdd auto-
réw tego pisma pojawiaja si¢: filozofowie, filozofowie nauki, histo-
rycy nauki, matematycy, fizycy, astronomowie, biologowie i przed-
stawiciele innych nauk. Dobre czasopismo to nie tylko kolejne nu-
mery drukowane na papierze lub pojawiajace si¢ w Internecie, lecz
takze Srodowisko, jakie wokét niego sig skupia — ksztattuje je i samo
jest przez nie ksztattowane. W Krakowie, przynajmniej od korica
dziewigtnastego wieku, zywe sa tradycje ,,filozofujacych uczonych”
i dialogu migdzy przedstawicielami r6znych nauk a filozofami. Klu-
czowymi pod tym wzgledem sa takie postacie jak: Tadeusz Garbow-
ski, Wiladystaw Heinrich, Joachim Metallmann, Marian Smoluchow-
ski, Wtadystaw Natanson... Zagadnienia wpisuja si¢ w zapoczatko-
wana przez nich tradycje i pozwalajg jej promieniowaé poza Krakéw.

Czasopisma tym roznig si¢ od ksiazek, ze przeczytang ksiazke
po prostu odkltada si¢ na pétke, a czasopismo odradza si¢ z kazdym
nowym numerem i, jezeli jest dobrze wrosnigte w Srodowisko, mimo
iz przybywa mu lat, zachowuje sprezysto$§¢ mtodosci i wzbogaca ja
doswiadczeniem dojrzatego wieku.

Krakéw, 22 lutego 2019 roku
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Topology and models of ZFC at
early Universe

Jerzy Krol
University of Information Technology and Management, Rzeszéw, Poland

Torsten Asselmeyer-Maluga
German Aerospace Center (DLR), Berlin, Germany

Abstract
Recently the cosmological evolution of the universe has been con-
sidered where 3-dimensional spatial topology undergone drastic
changes. The process can explain, among others, the observed small-
ness of the neutrino masses and the speed of inflation. However,
the entire evolution is perfectly smooth from 4-dimensional point of
view. Thus the raison d’étre for such topology changes is the exis-
tence of certain non-standard 4-smoothness on R* already at very
early stages of the universe. We show that the existence of such
smoothness can be understood as a byproduct of the quantumness
of the origins of the universe. Our analysis is based on certain formal
aspects of the quantum mechanical lattice of projections of infinite
dimensional Hilbert spaces where formalization reaches the level of

models of axiomatic set theory.

Keywords
Cosmological model, Exotic R* and S® x R in cosmology, 4-exotic
smoothness, Models of ZFC, Topological model for inflation, Topo-
logical model for neutrino masses, Forcing, QM lattice of projec-
tions.
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16 Jerzy Krél, Torsten Asselmeyer-Maluga

1. Introduction

here exist many free parameters of physics which can be de-
Ttermined experimentally though fundamental theoretic deriva-
tion of them is still missing. Moreover, knowing such derivation pre-
sumably will lead to the fundamental revolution in physics which
would rely both on the extension of the standard model of particles
(e.g. Weinberg, 2018) and understanding gravity at quantum regime
through cosmological data (e.g. Woodard, 2014). Among the param-
eters in question there are masses of elementary particles, mixing an-
gles, coupling constants and in cosmology the value of the cosmologi-
cal constant, the speed of inflation or the o parameter in the Starobin-
sky model. For example we have experimental bounds on the neu-
trinos masses from PLANCK, Baryon Acoustic Oscillations (BAO)
and KamLLAND-Zen (Majorana neutrino) experiments (Gando et al.,
2016; Planck Collaboration et al., 2016; Harnois-Déraps et al., 2015).
The smallest experimental bound for the sum of the three neutrino

masses reads
> my, <0,12eV .

1
A way how these bounds were obtained indicate strongly that suc-
cessful predicting true values for the masses should deal with cos-

mology. That is why the following question is in order.

Q1: Do we know any candidate for the model of cosmologi-
cal evolution which would help determining theoretically the
realistic (bound for) neutrino masses?

We do know the seesaw mechanism of generating small neutrino
masses, however, the derivation deals with two energy scales as free

parameters which are not, however, fundamentally fixed. The Q1 has
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been answered in the affirmative in the series of papers (Asselmeyer-
Maluga and Krél, 2018; 2014; 2019) where a suitable cosmological
model has been constructed. Hence the immediate additional prob-

lem emerges:

Q2: Does the model of Q1 predicts realistic values of some
inflationary parameters, like a speed of inflation?

The affirmative answer for Q2 has been indeed given recently.
The model is based on a smooth differential structure on R* which
is not standard, i.e. is not any smooth product R x R3. We call such
a structure an exotic smooth structure and R* with it an exotic R*.
There is a continuum of such different, pairwise nondiffeomorphic,
exotic R*’s. Thus mathematics favours dimension 4 in this respect,
i.e. any other R"™ for any n # 4 carries unique standard smooth struc-
ture. The physics of the proposed cosmological model distinguishes
one of the structures, namely the one which embeds in, also exotic,
K3 surface, i.e.

R*< K3&CD".
Q3: K3 is compact. Does it have any physical, probably cos-

mological, meaning which would extend the embedded non-
compact R* representing spacetime?

After presenting some details of the model we will present certain
speculative ideas regarding this issue.

In the second part of the paper we will deal with quantum origins
of the smoothness required by the model. Provided, the initial state
of the Universe is quantum mechanical, i.e. formulated as usual by a

Hilbert space of states, we will analyze the following problem:

Q4: Does the QM formalism know that the universe at large
scales is smooth, 4-dimensional and exotic?
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Similar question has been recently addressed in (Krol,
Asselmeyer-Maluga et al., 2017; Krél, Klimasara et al., 2017). More
thorough analysis will be given elsewhere. We show that the smooth-
ness on R, which agrees with QM formalism, has to be exotic. This
result strongly supports the proposed model. Questions Q1 and Q2
along with the details of the model will be presented in the next sec-
tion. The results and arguments concerning Q4 will appear in the
subsequent section. We close the paper with the discussion which

covers also Q3.

2. The smooth cosmological model for inflation
and neutrino masses

The Friedman-Robertson-Walker (FRW) model has proven to be very
successful in modelling a homogeneous and isotropic universe. The
time-like slices define 3-geometries which, in the case of the closed
universe, are 3-spheres S® (k = +1) giving rise to the model based on
S3 x R. Since 1979 seminal work by M. H. Freedman (1979) math-
ematicians have become aware of the existence and basic construc-
tions of smooth manifolds which all are topologically S® x R, how-
ever, smoothly they are not diffeomorphic neither to each other nor to
S3 x R. Soon after in 1980s mathematicians again found that similar
open 4-manifolds exist also for R*—exotic R*’s. They all are home-
omorphic to R* being pairwise nondiffeomorphic. Moreover, there
is a continuum of mutually nondiffeomorphic classes of exotic open
4-manifolds each being homeomorphic with a given open 4-manifold
(see e.g. Gompf and Stipsicz, 1999). This and the existence of exotic
R* make the dimension 4 completely distinguished in mathematics

unlike the other dimensions where the usual tools of differential ge-
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ometry and topology work well. Many new techniques have been
found and developed within the recent years to understand and ex-
plore the phenomenon of exotic 4-smoothness. Among which Casson
handles, Akbuluth corks, tools of hyperbolic geometry, handle calcu-
lus and many others have become an everyday toolkit of researchers
in the field. We do not know any way how to avoid these construc-
tions and replace them by known techniques from other dimensions.
That is why it is not a surprise that the variety of methods are be-
ing applied in order to recognize physical applications of 4-exotic
smooth structures. Two aspects are particularly promising—the di-
mension 4 is also distinguished by physics and several parameters in
cosmology and particle physics call for their fundamental derivation
and explanation.

On the way of searching for such an explanation we have recently
proposed the cosmological model based on exotic S3 x R, i.e. 3 x o
R (Asselmeyer-Maluga and Krél, 2018; 2014; 2019). Such smooth
open 4-manifolds (a continuum of them) can be seen as submanifolds

(exotic ends) of exotic R*’s
3 xoRC R

Here O refers to certain homology 3-sphere smoothly embedded in
exotic S® xg R and allows for distinguishing between these exotic
smooth manifolds. When © = S the product is globally smooth and
the 4-manifold becomes the unique standard smooth S® x R. So the
base for the cosmological model is to refer to these exotic smooth
53 x o R rather than to the standard smooth S x R.

Exotic S® xg R is a smooth 4-manifold, so the cos-

mic evolution seen from dimension 4 can be considered
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perfectly smooth. However, the 3-dimensional slices un-

dergoes drastic topology changes
53 L 5(2,5,7) B P#P, (1)

which will determine the values of certain physical pa-
rameters like neutrino masses.

The 3-dimensional evolution within the standard
S3 x Ris trivially 3 — S3 — S3.

Here X(2,5,7) is the Brieskorn homology 3-sphere and P#P is the
connected sum of two copies of the Poincaré 3-sphere (Asselmeyer-
Maluga and Kr6l, 2018; 2019). To pinpoint physics into the model we
are taking the radius of S® in (1) to be of order of the Planck length
and the natural energy of that epoch to be Planck energy. Such a
choice is natural since the evolution of the universe should start with
the quantum Planck era. The topology change 1. is the 4-dimensional
cobordism W (S3,3(2,5,7)) between 3-sphere and the Brieskorn
sphere. To make it smooth we need to glue a Casson handle. A
Casson handle (Ch) is the infinite geometric construction which be-
comes the main player in investigating of 4-exotic smoothness. As
shown by Freedman every Ch is topologically the ordinary 2-handle,
D? x R?, with the attaching region S* x R? while smoothly there
are infinitely many of different exotic Ch’s (e.g. Gompf and Stipsicz,
1999). The infinite geometric construction present within any Ch is
naturally grouped into the layers indexed by n € N and each layer
corresponds to the level of a labeled tree defining Ch. Each level n
contributes topologically to the change of the length scale by the ex-
pression ~ %7: 6 is the function of purely topological invariant of the
3-manifold ¥(2,5,7), i.e. § = m

tor stands Chern-Simons invariant of the Brieskorn homology sphere.

where in the denomina-
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The contribution of the entire infinite Casson handle is thus given by
(Asselmeyer-Maluga and Krél, 2018; 2014; 2019)

o0

977,
a:aozﬁ. )

n=0

To determine the energy scale of the first topology change in (1)
relies on finding the minimal segment of Ch which has to be de-
velop in order to make the cobordism W (S3,%(2,5,7)) smooth in
S$3 xo R C R*. As argued in (Asselmeyer-Maluga and Krél, 2014;
2019) on the base of Freedman result there are needed 3-stages of Ch:
Every Ch is embeddable in its first 3-stages. Thus the shortest possi-
ble time change, coordinatized by the levels n, reads (Asselmeyer-
Maluga and Krdél, 2014; 2019)
2 g3

At:<1+9+5+g)'tplanck

which is the shortest change lowering the Planck energy. This gives

rise to the first, below Planck, energy scale

EPlanck

Boyr = —Dlandk
R T N

Calculating 6 as a function of Chern-Simons invariant, § = %, gives
rise to the GUT scale, i.e. Equr ~ 0,67 - 10'® GeV. But this time
it is a purely topologically determined energy scale (up to the initial
Planck energy).

Let us turn to the second topology transition in (1), i.e.
¥(2,5,7) — P#P. To make it smooth we need to glue in three
Ch’s. This is due to the topological decomposition of the boundary
of E8® E8 as K3 surface E(2) (Asselmeyer-Maluga and Krél, 2018;
2019). Thus the second topology change follows from the embedding
of exotic R* into F(2)#C P2. Taking into account the entire infinite
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stages of these Ch’s, and relating the result to the initial Planck en-

ergy, gives rise to the result

1
Eplanck - exp ( — m)
1+0+% +% '

Ey, =

This energy Fs ~ 63 GeV is of the order of the electroweak energy
scale (or the half of the Higgs mass). Again, the result is supported
topologically and the exotic smoothness of R* is the main reason for
this support.

Given the two topological energy scales we are using them to
evaluate the neutrino masses. Applying the simplest seesaw mecha-

nism we are taking the mass matrix

(v 5)

with energy scales M ~ EGUT ~ 0,67 - 1015 GeV and B ~ Ey ~
63 GeV introduced. Then the mechanism relies on calculating the
eigenvalues which read

)\1 ~ B )\2 ~ ——
thus the neutrino mass is predicted as
m = A2 >~ 0,006eV.

The value agrees with the current experimental upper-bounds (e.g.
Planck Collaboration et al., 2016; Harnois-Déraps et al., 2015). It
is, however, the value protected by the topology of the unverse which
underlies certain nonstandard (exotic) smooth differentiable structure
of R*.
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It is quite interesting that the formula (2) allows for determining
the e-folds number IV for the inflation in such a topological model
(Asselmeyer-Maluga and Krél, 2014; 2019). Namely

3
N = In 872 ~ 51
3 OS((25.7)) e =0

which is experimentally acceptable and, as the model explains, it is

again topologically supported value.

3. Very early universe and the evolution of the
models of ZFC

We have seen that the replacement of the standard smooth structure
by the exotic one S x R has tremendous impact on understanding of
the cosmological evolution of the universe and leads to determining
neutrino masses along with GUT and electroweak energy scales. All
this relies upon the initial conditions settled as quantum Planck en-
ergy scale and the Planck length radius of S® so that the question Q4
from the Introduction can be addressed. Namely, does QM formal-
ism determine the large scale smoothness of the evolving universe?
Is this smoothness in dimension 4 indeed exotic or rather standard?
If the answers indeed support an exotic geometry that would be a
strong indication in favour of the entire model. The key tool to attack
this problem is formalization: one goes back to a formal level where
set theoretic constructions of QM and differential geometry become
important. Especially instead of working in undetermined formally
universal space one starts working in specific models of Zermelo-
Frinkel set theory with the axiom of choice (ZFC). The models can
vary along the evolution of the universe and their relations serve as
additional physical degrees of freedom.
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Let H be an infinite dimensional separable complex Hilbert
space representing states of the quantum world at the Planck era. Infi-
nite dimensionality is enforced by the need to refer to spacetime with
momentum and position operators. Then let {L, A, vV, —,0,1} be the
lattice of projections of 7. Local Boolean frames of the lattice are
given by maximal complete Boolean algebras of projections B’s. If
dimH = oo then each such B is, in general, decomposed into the

atomic, B,, and atomless, B., parts (Kappos, 1969)
B=B,®DB,. 3)

B is the atomless measure Boolean algebra, i.e. B. ~ Bor([0,1])/A
where Bor([0, 1]) is the Borel algebra of subsets of [0, 1] C R and A/
ideal of Lebesgue measure zero subsets of [0, 1]. B, is homogenous,
ie. B, 4 B.(p) for every p > 0 where B.(p) is the algebra of all
q < p with the unit p. It follows that B, is the universal algebra for
all B’s which means that

Vpc1 B is completely embeddable in B, .

Thus in what follows we will use a single symbol B for this atom-
less, complete, universal measure algebra, replacing the variety of
B’sin (3).

Let V be a transitive standard universe of set theory and VZ
the Boolean-valued class of ZFC (e.g. Jech, 2003). Such a transi-
tive standard model V' exists provided ZFC is consistent due to the
Mostowski collapsing theorem (Jech, 2003). The construction of V5
is also well recognized and described in a variety of textbooks (see
e.g. Jech, 2003; Bell, 2005). For us VB is a Boolean-valued model
which gathers together Boolean frames B’s derived from L. Maximal
complete Boolean algebras B’s determine maximal sets of commut-

ing observables of QM based on H by virtue of the spectral theorem.
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Let {A;,7 € I} be a set of commuting observables on #. The max-
imality of such a family is equivalent to the existence of a single
self-adjoint operator A with the spectral measure 1, on S(A)—the
Stone spectrum of the projection algebra B. To every set {4;,i € I}
as above there exists a Boolean algebra of projections B with the
spectrum S(A). The algebra B generates all observables in the fam-
ily in the sense that the projections being the values of the spec-
tral measures live in B. In the case B of being maximal the family
of observables is also maximal (complete) set of observables. Let
L?(S(A), uy) be the Hilbert space of square y,-integrable complex-

valued functions on S(A).
Lemma 1. (Boos, 1996) The following statements are equivalent:

i. There exists a unitary isomorphism U : H — L?(S(A), us) such
that

UAU ™ (¢(2)) = 2(x)
is the self-adjoint position operator Q on L?(S(A), o).
ii. A is maximal.
iii. B is complete and maximal.

iv. Every self-adjoint operator C' on H commuting with B, fulfills C' =
f(A) for some Borel function f : S(4) — R.

We see that there is a strict 1 : 1 correspondence between frames
of complete sets of self-adjoint operators and maximal Boolean al-
gebras B’s. Now let us assign the maximal operator A to every self-
adjoint C' on ‘H. Subsequently, there is a maximal complete Boolean
algebra B, which corresponds to A. The important, though obvious,

consequence is the following
Corollary 1. In QM one cannot reduce the resulting family of B’s as above
to the single-element family { B}.
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The reason is that there exist noncommuting observables de-
termining different maximal families which correspond to different
maximal complete Boolean measure algebras B’s. Otherwise the cor-
respondence would not be 1 : 1.

Now let us assign the family of copies of V' ?’s to B’s according
to the lemma above. Again the assignment is irreducible to a single
model VB even though the models V5’s are isomorphic. Each V
is a Boolean-valued model of ZFC. To reduce it to a 2-valued model

V10:1} one should make use of certain homomorphisms
hg:B — {07 1} .

We want to preserve as much of the structure of B as possible since
these algebras are local frames of QM. Each B is atomless complete
maximal measure algebra. In particular given a subset S C B there
always exist maximum \/ .S € B. We say that h g preserves complete-
ness of B if for every family S C B with \/ S € B (B is complete)

he(\/ ) = \/{hs(a):ac S}.

Moreover we want to preserve dense families in B. A subset X C B
is dense in B when

e XANpeBANg<p=pe X “4)
VpeBIge X(p<q). )

Particularly important families in B are generic ultrafilters. A subset
X C Bis afilter on B when

q1,q2 € X => dz€ Xsuchthat ¢ < zA¢q < z 6)
e XNpeBAp<qg=peX. @)
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Definition 1. A generic ultrafilter on B is a filter i/ C B such that for any
family X C B densein B
XNUAD.

Then, the following result hold.
Lemma 2. (Solovay, 1970, p.35) Let hp : B — {0, 1} be a complete homo-
morphism. Then
et =u

is a generic ultrafilter on B.

Let V be the universe of sets as before and &/ C B a generic
ultrafilter on B i.e. U N X # ( for every dense subfamily X on B
inV.

Lemma 3. (Jech, 1986, p.7) B is atomless iff U ¢ V.

From Lemmas 2 and 3 it follows
Lemma 4. In V: There does not exist any complete hg : B — {0, 1} for the
measure algebra B.

Proof. B is atomless so there does not exist any generic/ in Bin V.
O

One way to overpass this no-go property is to relativize ZFC into
models of ZFC or allow for changing the universe of sets. Let V' be
a standard transitive model of ZFC as above. We need two important
conditions imposed on B defined in V. If B is a complete atomless
Boolean algebra in V' and P a dense partial order P C B in V. Then,

following (Solovay, 1970), we assume that:

1. There exist only countably many subsets of P in V.
2. hp : B — {0,1} is said to be V-complete if for every family
S C Blivingin V,ie. S € V,and \/ S € V then

he(\/ ) =\/{hs(s):s € S}.
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3. Afilter U on B is V-generic when U/ has nonempty intersec-

tion with every dense family in V.

Then one proves
Lemma 5. (Solovay, 1970, p.35) For every V-complete homomorphism A g :
B — {0,1} the set
U={z:hp(z)=1} (8)
is an V-generic filter on B.
Conversely, for any V-generic filter I/ there exists unique hp fulfilling

(8).

Note that for B atomless still Lemma 3 forbids the existence of
U in V so that
hp¢VandU ¢V .

However, due to the relativization of models of ZFC in models of
ZFC we can now indicate the model V' extending the V' where there

live both hp and U. This is the random forcing extension of V.
Theorem 1. (Solovay, 1970, p.36) There is a canonical 1:1 correspondence
between the reals random over V' and V-complete homomorphisms of B,
h B — {0, 1}.

As we noted before the Boolean-valued models {VZ : B € B}
are isomorphic. On the other hand these models cannot be reduced to
a single-element family V2. Given the procedure above reducing B
to {0,1} we are faced with a family of trivially isomorphic algebras
{0, 1} so that they are distinguished by different V'-generic filters I’s.
As aresult we have a family of pairs { (V%! 24,),cr}. There exist,
however, corresponding reductions of V? to 2-valued models as in

the above family of pairs. This follows from Theorem 1.
Lemma 6. The family {(V{O’l},z/la)ae 7} is given by the random forcing
extensions {V[Ua],a € T}.
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In this way we avoid just to duplicate isomorphic copies of
101} Rather there are 2-valued forcing extensions V [U,]{%!} =
VIUs], o € I respecting 2-valued algebras and ultrafilters U,. Now
we can give the construction of a spacetime manifold M* via local
coordinate frames supported by the models of ZFC. Let M* be a

smooth 4-manifold with a smooth atlas {U, ~ R*: a € J}.
Definition 2. We call an atlas {Us ~ R* : a € J} of M* L-supported if
for every U, there exists V-generic ultrafilter U, and the model V' [Ua] such
that the formalisations of Uy read

Ua = Ry - ©)

If for every local QM frame B = B, € B and its corresponding 2-valued
forcing reduction V[Us] every smooth atlas of M* contains all formalisa-
tions as in (9), then we say that M 4 covers smoothly L.

Here Ryyy,) is the unique model of complete algebraically

closed field of real numbers in the model V' [U,,].
Theorem 2. If every atlas of a smooth R* covers smoothly L then such R*
cannot be the standard smooth R*.

Proof. The family {B,} of QM frames is not any single-element
family (see Corollary 1) so thus the families of {V 5=} and its 2-
valued reductions {V'[U,]}. From the smooth covering of L property
as in Definition 2 every smooth atlas on R?* contains a family of {U,, }
with the corresponding formalisations {U, ~ R%/[ua]}' Thus every
smooth atlas cannot be a single-chart one. So we have smooth R*
whose none smooth atlas is single-chart. Now it is enough to note that
any smooth R* which is diffeomorphic to the standard R* assumes
1-chart smooth atlas. Otherwise it would not be diffeomorphic to the
standard R*. O
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So to make agreement between smooth structure on R* and QM
lattice L such that L supports this structure requires referring to ex-
otic R*. The standard R* cannot cover L. If such an agreement took
place in the real evolution of the universe the phenomenon of chang-
ing models of set theory from V to the forcing extension V[U,]
should also be a physical process. This more that as we saw in Sec. 2
certain exotic R* considered as input of the cosmological model al-
lows for predicting the values of important physical parameters like

GUT and electroweak energy scales and the neutrino masses.

4. Discussion

One disturbing feature of the presented model is that the exotic R*
generating reliable values of physical parameters is determined by
the embedding

R* C K3#CP2.

What is a physical role ascribed to K3#C P2? One possible answer
is to see R* as a small part of the entire universe which remains
outside of our observational capabilities. It is not excluded by cur-
rent experiments (cf. Asselmeyer-Maluga and Kr6l, 2018). However,
accepting this point of view there remains the question about the ori-
gins of shape and compactness of the 4-dimensional large universe
like K 3#CP2. One indication is the uniqueness of the K 3 surface as
Ricci flat Callabi-Yau manifold, without closed time-like loops. Pos-
sibly certain minimality conditions imposed from general relativity
would enforce such structure of the universe. Moreover this is the
peculiar and important prediction of our model that the universe at

largest scales is compact and based on smooth (exotic) K 3 surface.
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Another possibility is the fundamental role ascribed to exotic
4-smoothness on open 4-manifolds in the evolution of the universe,
especially exotic R* and S® xg R. This indicates rather technical
and purely mathematical appearance of K3#C P2 which, however,
determines both spatial topological transitions supporting physical
results. Anyway the model shows that exotic smoothness on open
4-manifolds appears as new and fundamental tool for physics. Many
unanswered so far questions of physics gain new formulations result-
ing in their resolutions.

It seems quite important to derive these exotic smooth manifolds
directly from QM formalism. If succeeded the model would show
very strong indication that the differential structure of 4-dimensional
spacetime regions must be exotic. We showed that the standard struc-
ture on large scales of the universe does not agree with QM. Simi-
lar approach, though using somewhat different techniques, have been
proposed and developed already in (Krél, Asselmeyer-Maluga et al.,
2017; Kroél, Klimasara et al., 2017). The proposal here is an impor-
tant step into this direction. There remains, however, to determine
precisely this unique exotic R* C K3#C P2 from QM.
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Abstract
I will discuss some aspects of the concept of “point” in quantum
gravity, using mainly the tool of noncommutative geometry. I will
argue that at Planck’s distances the very concept of point may lose its
meaning. I will then show how, using the spectral action and a high
momenta expansion, the connections between points, as probed by
boson propagators, vanish. This discussion follows closely (Kurkov,
Lizzi and Vassilevich, 2014).

Keywords
quantum geometry, localizability, Planck Scale.

n this contribution we will discuss, from the point of view of a
Iphysicistl, a very classical concept: that of a point. Although the
concept is pervasive in physics and mathematics, as it often happens
with the concept we think we know, its most profound meaning (be-
yond definitions) is far from easy. We encounter points very early
in the study of mathematics. We remember that in our elementary
school book a point was defined as: A geometrical entity without di-

mension. We must confess that, after reading this definition, we were
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I often referred to our work, since it represents better the point of view presented here.
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none the wiser about what a point is. The main reason could have
been the belief what everyone kowns what points are. They could
produced at will with a biro. Or, better, with a sharper pin, or an even
sharper object. In any case we could envisage a limiting process for
which we could always find something more “pointlike”.

Points are crucial in geometry, and Euclid himself gave a defi-
nition of them: "That which has no part”. This is not always true,
often we just find expedient to ignore possible internal structures and
talk of points, indeed it may be that there are “points” which have
a rich structure, which we ignore for the problem at hand. In astro-
physics, for example, a point may be a galaxy, or even a cluster of
galaxies. In general relativity the set of point is usually the set of
possible localised events. This certainly implies some structure. In
classical “point particle” dynamics we use points of phase space to
describe the state of motion of a particle, which we imagine pointlike.
What we have in mind when we talk of points, or pointlike particles,
is always the limiting process alluded before. There may be reasons,
such as technological limitations or convenience, to consider point-
like something which is not, but at the end of the limiting process,
operationally, at the bottom there are points.

It is well known that for particle phase space (the space of po-
sitions and momenta/velocities) this vision becomes untenable when
one considers quantum mechanics. It is impossible to know at the
same time position of momentum of a particle. This is the content of

Heisenberg uncertainty principle (Heisenberg, 1927):
h
ApAq > 3. (M

For quantum phase space we have a well formed, successful theory,
which is supported by a large body of experimental evidence, which

we call Quantum Mechanics. Although it may be formulated in sev-
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eral ways, by far the most useful, and rigorous, one is to consider all
observables, and in particular position and momentum, to be part of
the algebra of operators. The notion of point, and with it that of trajec-
tory, is not present anymore in the theory. Every manual of quantum
mechanics at some stage attempts a connection with classical physics,
see for example (Messiah, 1961, Sect. I11.4). But the notion of point
of phase space is just an ill defined quantity in quantum mechanics.
The closest we may get to it is the possibility to have a coherent
state. Independently on the formal group theoretical definition (see
for example Perelomov, 1986), for our purposes it suffices the prop-
erty that they are maximally localised states, which will saturate the
Heisenberg uncertainty bound (1) with the equality. A central role is
played by the presence of a dimensional quantity (Planck’s constant
k) which acts as cutoff on phase space, thus avoiding the “ultraviolet
catastrophe".

Phase space has become a noncommutative geometry, still it is
possible to study the geometrical properties of such spaces, and this
work has been pioneered by Alain Connes (1994). The idea is to
rewrite ordinary geometry in algebraic terms, for example substitut-
ing the category of topological spaces with that of C'*-algebras. A
physicists would say that spaces are probed by the fields built on it.
For commutative spaces points are pure states, i.e. normalised linear
maps from the algebra to complex numbers, which have to satisfy
certain properties. Once everything is rendered in an algebraic way,
it is then possible to generalise to the noncommutative settings. The
points of classical phase space, described by the commutative algebra
generated by ¢ and p, were described by pure states, in the quantum
setting the algebra is noncommutative, and the pure states are the

wave functions.
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In quantum mechanics however configuration space remains
“classical”, and if one is willing to renounce to the information about
momentum, positions remain the same as in classical mechanics. We
will not dwell further on quantum phase space, in the rest of this
talk we will be concerned with ordinary (configuration) space, and
spacetime. The possibility to consider quantum properties of space-
time goes back to Heisenberg himself, who was worried about the
infinities of quantum field theory, seen as a new ultraviolet catastro-
phe, which at the time were considered a big problem. He wrote this
in a letter to Peierls, the latter told it to Pauli (who mentions it in
his correspondence (Pauli, 1985)). Some years afterwards, indepen-
dently, Bronstein in (1936) noticed that in a theory containing both
quantum mechanics and gravity, the presence of a quantity with the
dimension of a length, Planck’s length, would create problems, in
principle not very different from the ones of quantum mechanics. If
we include gravity in the game things change. We now have a length

scale obtained combining the speed of light, Planck’s constant and

0=/ g ~ 10"%3cm. 2
c

There was no follow-up of these ideas at the time, probably also be-

Newton’s constant:

cause Bronstein was arrested not much after writing the paper by
Stalin’s police, and executed immediately. The phenomenon was pre-
sented more recently, and independently, in a very terse way by Do-
plicher, Fredenhagen and Roberts in (1995).

We will present a caricature of these arguments, which hopefully
captures the main idea in a nontechnical way. It is a variant of the
Heisenberg microscope justification of the uncertainty principle. The
former goes as follows: in order to “see” something small, of size

of the order of Ag, we have to send a “small” photon, that is a pho-
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ton with a small wavelength A, but a small wavelength means a large
momentum p = h/A. In the collision there will be a transfer of mo-
mentum, so that we can capture the photon. The amount of momen-
tum transferred is uncertain. The calculations can be done in a more

formal way, using the resolving power of an ideal microscope to:
ApAg = h 3)

where h = 2xh is the original Planck’s constant. The argument is
very heuristic, and the result is indeed off by an order of magnitude
(47). We know that in order to obtain the uncertainty principle it is
necessary to have a solid theory, quantum mechanics, where p and ¢
become operators, and then it is possible to prove rigorously (1).

We are interested only in space, and not momentum, for which
there is no limitation in quantum mechanics to an arbitrary precise
measurement of . We also change our notation to remark the differ-
ence with the previous discussion. In order to “measure” the position
of an object, and hence the “point” in space, one has to use a very
small probe, which has to be very energetic, but on the other side
general relativity tells us that if too much energy is concentrated in
a small region a black hole is formed. In (Doplicher, Fredenhagen

and Roberts, 1995) the following relations were obtained

Amo(Aml + Azs + Azxz) > 0
Al‘lAIQ + AIQAmg + Axlezg > 52 (4)

For a rigorous statement we would need a full theory of quantum
gravity. A theory which do not (hopefully yet) have fully developed.

For geometry we need more than points, we need to know
how to relate them, we need topology, metric, correlation among
fields. .. Several mathematical results of Gelfand and Naimark estab-

lish a duality between (ordinary) Hausdorft topological spaces, and
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C*-algebras (for a quick review see Aschieri et al., 2009, Chapt. 6
and references therein). The C'*-algebra provides not only a set of
points, but that one may also infer topology, i.e. when a sequence
of points converges to another point. If commutative algebras de-
scribe ordinary spaces, then noncommutative algebras will describe
“pointless” noncommutative spaces. This is the foundational princi-
ple of Noncommutative Geometry. Even if we accept the idea that
space is noncommutative, we must require that in analogy with phase
space, ordinary space must be recovered when some parameter, ¢
in this case, goes to zero. This led to the introduction of deformed
algebra (Gerstenhaber, 1964) and *-products (Bayen et al., 1978).
Of those the most famous one is the Gronewold-Moyal one (Groe-
newold, 1946; Moyal, 1949), which was also introduced in string
theory (Frohlich and Gawedzki, 1993; Landi, Lizzi and Szabo, 1999;
Seiberg and Witten, 1999).

In a deformed *-product, be it the original Groenewold-Moyal or
one of its variations (Galluccio, Lizzi and Vitale, 2009; 2008; Tanasa
and Vitale, 2010) it is still possible to define ordinary, point depen-
dent functions, but the product is deformed. This has led to an inter-
esting philosophical discussion as to the “reality” of points in such
noncommutative geometries. We refer to the work of Huggett (2018)
and its references, but we will move to considerations which involve
the most advanced theory which encompasses relativity and quantum
mechanics, quantum field theory (Weinberg, 1995), to infer what the
relations among points are at very high energy. In particular we will
use the knowledge from field theory at energies below the (yet to be
defined) transition scale at which quantum geometry appears, to in-
fer some knowledge of quantum spacetime. We envisage some sort of
phase transition relating classical and quantum spaces, although this

view is not necessary for the considerations we make below. We will
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be very much inspired by noncommutative geometry, and we will
be in a definite context, that of spectral geometry, and especially the
spectral action, but the reasoning we will make can be more general.
A connection between spectral geometry and the x-product is given
by the fact that there is basis in which these products are represented
by matrices (Lizzi, Vitale and Zampini, 2006).

The way one can learn what happens beyond the scale of an ex-
periment is to use the renormalization flow of the theory. We know
that the coupling constants, i.e. the strength of the interaction, change
with energy in a way which depends on the interacting fields and the
(fermionic) particles present in the spectrum. This flow can be cal-
culated perturbatively using data gathered at attainable energies, and
then extrapolated at higher energies. The extrapolation will of course
be valid only if no other, presently unknown, particles and interac-
tions appear. Conventionally it is said that the calculation is valid
“in the absence of new physics”. Presently the known running of the
three gauge interactions (strong, weak and electromagnetic) is pre-
sented in the figure. Gravitational interaction is not included since
it does not give rise to a renormalizable interaction (and hence the
need for quantum gravity!) The boundary values at low energy are es-
tablished experimentally, and the renormalization flow show that the
nonabelian interactions proceed towards asymptotic freedom, while
the abelian one climbs towards a Landau pole at incredibly high ener-
gies 1053 GeV. The figure also show that the three interaction almost
meet at a single value at a scale around 10'® GeV. The lack of a uni-
fication point was one of the reasons for the falling out of fashion of
GUT’s, but it should be noted that some supersymmetric theory allow
the unification point. It is however unlikely that the quantum field the-
ory survives all the way to infinite energy, or at least to the Landau

pole. We all believe that this running will be stopped by “‘something”
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Figure 1: The running of the coupling constants of the three gauge interac-
tions.

at the Planck energy (mass), which is the energy equivalent of the
Planck’s lenght ¢ of (2):

M, =4/ % ~ 10'? GeV. 5)

This unknown something we call quantum gravity. At this scale there
will certainly be some new physics, because it will be impossible to
ignore gravitational effects.

We take the point of view that in the Planckian energy regime

there is a fundamental change of the degrees of freedom of space-
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time. Like what happens in a phase transition. One useful tool to de-
scribe this is new physics is Noncommutative Spectral Geometry?. In
this framework geometry is algebrized, the topological, metric and
gauge aspects of the theory are encoded in a C*-algebra acting on
the Hilbert space of physical fermions, a generalised Dirac operator
containing the information of the masses (Yukawa couplings) and of
the metric, and chirality and charge conjugation. The model is suc-
cessfully applied to the standard model and it has some predictive
power (Chamseddine, Connes and Marcolli, 2007; Devastato, Lizzi
and Martinetti, 2014b; Chamseddine, Connes and Suijlekom, 2013;
Devastato, Lizzi and Martinetti, 2014a; Aydemir et al., 2016; Sui-
jlekom, 2015).

The metric and geometric properties are encoded in the (general-
ized) Dirac operator D which fixes the background, he action is then
an expansion around this background. Here we must make a “confes-
sion”. The model is Euclidean and it considers a compact space. The
latter is usually considered a minor problem, but the infrared frontier
may have surprises, see for example the recent interest in it in (Stro-
minger, 2017; Asorey et al., 2017; 2018). The issue of a Lorentzian,
or at least causal, version of this noncommutative geometry is under
active investigation, a partial list of references is (Dungen, 2016; Bizi,
Brouder and Besnard, 2018; Franco and Eckstein, 2013; 2014; 2015;
D’ Andrea, Kurkov and Lizzi, 2016; Kurkov and Lizzi, 2018; Devas-
tato, Farnsworth et al., 2018; Bochniak and Sitarz, 2018; Aydemir,
2019).

The eigenvalues of the Dirac operator on a curved spacetime
are diffeomorphism-invariant functions of the geometry. They form

an infinite set of observables for general relativity and are therefore

2 For personal reviews in increasing level of detail see (Lizzi, 2016; 2018; Devastato,
Kurkov and Lizzi, n.d.).
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well suited to investigate the structure of spacetime. The interaction

among fields is described by the Spectral Action:

2
S= Trx <ZX‘§‘> ; (6)

where  is a cutoff function, which we may take to be a decreasing
exponential or a smoothened version of the characteristic function of
the interval, A is a cutoff scale without which the trace would diverge.
D4 = D+ Ais afluctuation of the Dirac operator, A being a connec-
tion one-form built from D as A = ", a;[D, b;] with a;, b; elements
of the algebra, the fluctuations are ultimately the variables, the fields
of the action. the general ideas have a broader scope. The presence
of A causes only a finite number of eigenvalues of D 4 to contribute,
a finite number of modes. Finite mode regularization, based on the
spectrum of the wave operator, was introduced in QCD (Andrianov
and Bonora, 1984a,b; Fujikawa and Suzuki, 2004).

The bosonic spectral action can be seen as a consequence of
the spectral cutoff (Andrianov and Lizzi, 2010; Andrianov, Kurkov
and Lizzi, 2011; Kurkov and Lizzi, 2012), for description of
Weyl anomaly and also phenomena of induced Sakharov Gravity
(Sakharov, 1968) and cosmological inflation (Kurkov and Sakellar-
iadou, 2014). It can also be seen as a zeta function calculated in zero
(Kurkov, Lizzi, Sakellariadou et al., 2015). The zeta-spectral action
opens an intriguing opportunity to give a classically scale invariant
formulation of the spectral action approach, where all the scales are
generated dynamically. Various mechanisms of scale generation were
considered in both gravitational (Sakharov) or scalar fields sectors
(Kurkov, 2016). An enhanced role of the spectrum of the Dirac oper-
ator goes far beyond the scope of spectral action. A simple analysis

of the spectrum of the free Dirac operator allows to arrive to a cor-
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rect relation between three and four dimensional parity anomalies
in gauge (Kurkov and Vassilevich, 2017) and gravitational (Kurkov
and Vassilevich, 2018) sectors.

The spectral action can be expanded in powers of A~! using stan-
dard heat kernel techniques. In this framework it is possible to de-
scribe the action of the standard model. One has to choose as D oper-
ator a tensorial combination of the usual Dirac operator on a curved
background ¥ and a matrix containing the fermionic parameters of
the standard model (Yukawa couplings and mixings), acting on the
product of spinors on spacetime times the fermionic degrees of free-
dom. In this way one “saves” one parameter, and can predict the mass
of the Higgs. The original prediction was 170 GeV, which is not a bad
result considering that the theory is basically based on pure mathe-
matical requirements. When it was found at 125 GeV it was realized
that the model had to be refined (right handed neutrinos play a cen-
tral role) to make it compatible with present experiments. we will not
dwell further on the Higgs issue, and concentrate on the role of the
spectral action for spacetime.

Technically (Vassilevich, 2003) the bosonic spectral action is
a sum of residues and can be expanded in a power series in terms
of A=1 as

Sp =) fnan(D3/A%), )

where the f,, are the momenta of x

fo = / dz zx()
0

/0 " da x(x)

fonpa = (=1)"0;x()

f2

n > 0. ®)
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The a,, are the Seeley-de Witt coeflicients which vanish for n odd.
For D? of the form

D% = —(g"0,0,1+ "9, + B). 9

Defining (in term of a generalized spin connection containing also

the gauge fields)
1 v apTv
G = o 0”7,
QMV = (9le, — 8ywu + [w/uwu]v
E = B—g" (Ouwy +wuwy —T7,w,) (10)
then

At 4
ay = 167r2/dx Vo trlp,

A? 4 R
ay = 6.2 /dx Vg tr (6+E>7

11 4
= — —12VH 2 _ 2R, N
as 1672 360 dz®y/g tr ( ViV, R+ 5R R, R",
+2R,10p R*7P — 60RE + 180>
+60VH*V . E + 309, Q"), (11

tr is the trace over the inner indices of the finite algebra Ap and
2 and FE contain the gauge degrees of freedom including the gauge
stress energy tensors and the Higgs, which is given by the inner fluc-
tuations of D
Let me analyse the role of A. Without it, the trace in (6) would
diverge. Field theory cannot be valid at all scales. It is itself a theory
which emerges from a yet unknown quantum gravity. This points to a
geometry in which the spectrum of operators like Dirac operator are

truncated, i.e. the eigenvalues “saturate” at A, which appears as the
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top scale at which one can use QFT. One may identify this scale with
£, but it might be different (even lower, at the unification scale). Apart
from the spectral action, truncation on a matrix basis is a common
tool in noncommutative geometry (Lizzi and Vitale, 2014).

Consider the eigenvectors |n) of D, in increasing order of the
respective eigenvalue A,,. D = > |n) A, (n|. Define N as the max-

imum value for which A,, < A. This defines the truncated Dirac op-

erator N
D= "|n)An(n|+ > [n)An]. (12)
0 N

We are effectively saturating the operator at a scale A.
Given a space with a Dirac operator one can define a dis-
tance Connes, 1994 between states of the algebra of functions, in

particular points are (pure) states and the distance is:

d(z,y) = sup [f(z)— f(y)l. (13)
I[D.fllI<1
It is possible to prove (D’ Andrea, Lizzi and Martinetti, 2014) that us-
ing D the distance among points is infinite. In general for a bounded
Dirac operator of norm A then d(x,y) > A=, and to find states at fi-
nite distance one has to consider “extended” points, such as coherent
states.

We will try to infer, from a field theory which we know works at
“low” energy, the behaviour of it at scales which are beyond a cutoff.
We are of course on dangerous grounds, we are stretching a theory
beyond its natural realm of validity. We are assuming that the scale
of renormalization has a physical meaning, and is not a device to reg-
ularize the infinities of the theory, and we are using an action which,
while is capable to reproduce some features of the standard model, is

not really equipped to quantize gravity. Having done the disclaimer
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let me proceed. We will investigate the spectral action in the limit of
high momenta using an expansion which sums up all derivatives. We
will follow closely our paper with Vassilevich and Kurkov (2014).

Consider the generic fermionic partition function:
Z= / [d)[dyle” WIPIY) =Y et D, (14)

The equality is formal because the expression is divergent, and has to
be regularized, and the natural choice for us is to chose Dj. The con-
siderations are nevertheless more general. One can study the renor-
malization flow, and note that the measure is not invariant under
scale transformation, giving rise to a potential anomaly (Andrianov
and Lizzi, 2010; Andrianov, Kurkov and Lizzi, 2011). The induced
term by the flow, which takes care of the anomaly, turn out to be
exactly the spectral action.

We will make the working hypothesis that A has a physical mean-
ing, it is a scale indicating a phase transition, and we can try to infer
some properties of the phase above A studying the high energy limit
of the action with the cutoff. We will use field theory to do this, and
will find, in the end, that at high momentum Green’s function, the
inverse of D, effectively is the identity in momentum space. More
precisely, we will expand the action around high momenta, rather
than low ones, as is usually done. let us see this in greater detail con-
sidering the bosonic sector.

Usually probes are bosons, hence let us consider the expansion
of the spectral action in the high momentum limit. This has been
made by Barvinsky and Vilkovisky (1990) who were able to sum all

derivatives (for a decreasing exponential cutoff function):
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D? At 4 -2
Tr exp ) = 2 d'zy/gtr [L+ AP+

2 2
AT <R,wc1 (7%) R* 4 Rey <f%> R+

V2 v?2 V2\ .
Pcs (—ﬁ> R+ Pey <_F> P+ Qc5 <—ﬁ> (9L )}

LO(R, 0%, B9) (15)

where P = FE + %R and ¢q,...,cs are known functions, high mo-

menta asymptotic of form factor which can be calculated and are

ale) = e -0,
1 2
c2(§) =~ —E§_1+§§_2+O(§_3);
a6) =~z HSE?10(E),
aaf§) = & A4
al6) = F€-240(e). (16)

Let us first discuss the usual case (no truncation). Consider a
Dirac operator containing just the relevant aspects, i.e. a bosonic
fields and the fluctuations of the metric.

D =iV, + 50 = i (0, + wu +iAL) + 50, (17)

with w,, the Levi-Civita connection and g,, = d,, + hu,. The
field ¢ for the time being is a generic scalar field. When the Dirac
operator becomes the one of the standard model it may be inde-
tified with the Higgs. It is now possible to perform the B-V ex-
pansion to get the expression for the high energy spectral action:
A* 1 1
2

SB ~ W /d4{Z} |:_gh1“’hl“’ —+ 8¢)_762¢ + 8FAU‘UWF#” . (18)
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In order to understand the meaning of this action let us remind how
we obtain the propagation of particles and fields and correlation of
points in usual QFT with action:

el = [ s | ol (02 4 02) o(0) = Sheto)| . 19)

To this correspond the equation of motion
(0% +m?) o(y) = J(y), (20)

and the Green’s function G(x — y) which “propagates” the source:

ps(x) = /d4yJ(y)G($ - ) 2D
In the momentum representation we have:
_ 1 4 ikx A
p(z) = W d°k ™" (k).
1 oo
J(x) = o /d4k ek J(k),
1 ) .
Glz—y) = oy / d*k e* ==Y Q(k), (22)
and the propagator is
1

The field at a point depends on the value of field in nearby points,
and the points “talk” to each other exchanging virtual particles.

In the general case of a generic boson ¢, the Higgs, an interme-
diate vector boson or the graviton and F(9?) the appropriate wave

operator, a generalised Laplacian

sl = [ e (Je@F@)en) - Twew). e
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In this case the equation of motion is

F(0*)¢(z) = J (), (25)
giving
G= 1 . ary=—t_ (26)
F(82) F(=k2)’

and the cutoff is telling us that?

o1(a) = / ()Gl — y) = ﬁ / d‘*ke““ﬂk)ﬁ. @7)

The short distance behaviour is given by the limit £ — co.
Consider J(k) # 0 for |k?| € [K?, K? + 0k?], with K? very
large. Then the propagated field becomes:

(27r)4 [ d*ke*e J(k)k* = (—9%)J(x) for scalars

() F and vectors,
~ (27r)4 Jd* ke J(k) = J(x) for gravitons.
(28)

This corresponds to a limit of the Green’s function in position space

(—0%)6 (x —y) for scalars and vectors,

Gz —y) x { (29)

0 (z—vy) for gravitons.

The correlation vanishes for noncoinciding points, heuristically,
nearby points “do not talk to each other”. This is a limiting behaviour,
we are inferring the behaviour at high energy extrapolating from low
energy expanding around infinity. It is a little like a fish attempting
to know what is beyond the surface of the water! One has to take it

as a general indication that the presence of a physical cutoff scale in

3 Note that with our signature, at low momentum F(—k’2) = k2+m2. There are some
imprecise statements in the original paper (Kurkov, Lizzi and Vassilevich, 2014).
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momenta leads to a “non geometric phase” in which the concept of
point ceases to have meaning, possibly described by a noncommuta-
tive geometry.

Note that throughout this discussion spacetime has been left un-
altered. We just imposed the cutoff and used standard techniques and
interpretations. Hence we did not touch upon points in this discus-
sion. Points might still be there, but they are uncorrelated at very
high energy. Somehow their meaning is lost, since they are not op-
eratively correlated. In our opinion this indicates a phase transition
for which the locality order parameter (position) is not present any-
more. But it also gives us the indication that quantum gravity must be
a theory in which points are not the relevant entity. This is consistent
with several other work, which in different contexts, and using dif-
ferent techniques, find similar phenomena. For example asymptotic
silence whereby, near gravitational singularities, light cones collapse
into lines, so that again nearby points cannot communicate, or “hear
each other”. This is but an extreme version of dimensional reduction,
a recent good review is (Carlip, 2019). Also the concept of event be-
comes debatable in versions of xk-Minkoski, giving rise to the concept
of relative locality (Amelino-Camelia et al., 2011) and the fact that
localization is observer dependent (Lizzi, Manfredonia et al., 2019).

According to the interpretation given in this review we are like
the deep water fish trying to understand what goes on above his ceil-
ing. He knows that pressure decreases as he goes up. He can also
infer some properties of a different states of matter by looking at
bubbles which are creates near some “high energy” volcanic vents or
when “above” there are storms, but he cannot naturally grasp the con-
cept of air, or absence of water. He will need a higher leap: quantum

gravity. The hope is that this kind of considerations might help.
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Independent quantum systems
and the associativity of the product
of quantum observables
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Abstract
We start from the assumption that the real valued observables of
a quantum system form a Jordan algebra which is equipped with a
compatible Lie product characterizing infinitesimal symmetries, and
ask whether two such systems can be considered as independent sub-
systems of a larger system. We show that this is possible if and only
if the associator of the Jordan product is a fixed multiple of the associ-
ator of the Lie product. In this case it is known that the two products
can be combined to an associative product in the Jordan algebra or

its complexification, depending on the sign of the multiple.

Keywords

quantum systems, quantum observables.

1. Introduction

In quantum theory, the (real valued) observables are self-adjoint el-
ements of a complex associative involutive algebra. This structure

is quite different from the classical case where the observables form
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a Poisson algebra, i.e. an algebra over the reals with a commutative
and associative product and a Lie product inducing derivations for
the commutative product.

As emphasized by Niklas Landsman in his book (1998), the
structure in the quantum case can be formulated in an analogous way
by equipping the selfadjoint part of the algebra with the Jordan prod-
uct (i.e. % times the anticommutator) and a Lie product defined as
% times the commutator. Both products have a physical motivation
quite similar to the classical case. In particular the induced deriva-
tions of the Jordan product by the Lie product are motivated by their
interpretation as infinitesimal symmetries, and the Jacobi identity for
the Lie product may be understood as a consistency condition on
symmetries. Both products are non-associative, and the associator of
the Jordan product is /% /4 times the associator of the Lie product.

The question we want to analyze in this paper is whether the
latter relation between the associators can be physically motivated.
Mathematically it implies that both products can be combined to an
associative product in a complexification of the algebra. This algebra
has an antilinear involution, and its self-adjoint part is the original
Jordan algebra with the Lie product given in terms of the commutator.

To answer this question we add the requirement that indepen-
dent physical systems can be considered as parts of a larger system,
such that the properties of the subsystems are not influenced by the
embedding into the larger system. We show that the validity of the
Jacobi identity in the composed system implies that the associators
of the Jordan products are proportional to the associators of the Lie
product, with a proportionality constant which is independent of the
system. If the constant is positive, one obtains an associative product
in the complexified algebras, and the composed system arises as the

self-adjoint part of the tensor product of the associative algebras.
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The idea to derive the associative product of quantum physics
from the composibility of systems was first discussed in the pa-
per of Grgin and Petersen (1976) and reconsidered more recently
by Kapustin (2013) and Moldoveanu (2015). A related but indepen-
dent result applying to the infinite dimensional case can be found in
(Hanche-Olsen, 1985), see also the book (Hanche-Olsen and Stgrmer,
1984). Contrary to these works we do not make any a priori assump-

tions on the way the larger system can be built from the subsystems.

2. Jordan-Lie algebras

A Jordan algebra is a real vector space A equipped with a commuta-

tive product o, i.e. a bilinear map
AxA— A (a,b)—~aobd

with a o b = bo a. This product is not necessarily associative, instead

only the weaker relation
(azob)oa:azo(boa) (D

holds, where a2 = a o a. Jordan introduced this concept in order to
describe the structure one can expect for quantum observables. In-
deed, the linear structure may be motivated by Ehrenfest’s Theorem
stating that expectation values add as in classical physics (see e.g. Ar-
odz, 2019); labeling of measurement results in terms of real numbers
may be redefined by applying a mapping R — R, so in particular
squares of observables can be defined, and a commutative product

can be introduced by

1
a0b£§((a+b)2—a2—b2).
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The condition (1) follows from the requirement that powers are well
defined,
n+m

a"oadm =a

' = g, a"*! = a" o a, under the additional positivity condi-

where a
tion

d al=0=0a=0. )

(See Jordan, Neumann and Wigner, 1934; such a Jordan algebra is
called formally real.) Finite dimensional Jordan algebras can be clas-
sified. Besides the standard case of selfadjoint subalgebras of asso-
ciative involutive algebras over R, C or H (the quaternions) one has
a few exceptional cases. We only consider unital Jordan algebras, i.e.

there is an element 1 € A which satisfies the relation
loa=aVaec A. (3)

For finite dimensional Jordan algebras the existence of the unit is
a consequence of the positivity condition (2).

In addition to the Jordan product of observables one has in quan-
tum theory a Lie product in terms of commutators which describes
the dual role of observables as generators of infinitesimal symmetries.
The standard example is Heisenberg’s equation of motion character-
izing the time evolution, and it corresponds directly to the Poisson
bracket of classical physics, as first observed by Dirac. The aris-
ing structure has been analyzed by Landsman (1998). He defines
a Jordan-Lie algebra as a Jordan algebra (A, o) with a Lie product,

i.e. a bilinear map
AxA— A, (a,b) — [a,b],
which is antisymmetric

[a,b] = —[b,d]
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and satisfies the Jacobi identity
[[a,b],c] + [[b, c],a] + [[¢,a],b] =0 . ()

The Lie product is related to the Jordan product by two relations. The
first is the Leibniz rule

[aob,c] =aolb,c+[a,cloc. ®)

This rule is motivated by the interpretation of the map A > a +—
[a, c] as an infinitesimal symmetry. The second relation involves the

associators. Denote the associator of the Jordan product by
[a,b,¢] = (aob)oc—ao(boc)
and the associator of the Lie product by
[[a, b, c]] = [la, 0], c] — [a, [b, c]] = [[a, ], 0] .

Then the relation is

0.6y = [l bl ©

One then can introduce a product - on the complexification A ® C of
A, by

(@92) - (bow) = (@oh) e zw+fabe 2 @)

which turns out to be associative due to (6). One thus obtains the stan-
dard structure of the algebra of quantum observables. It remains open
whether the relation (6) between the two associators has a physical
interpretation.

We therefore introduce the concept of a g-algebra where the con-
dition (6) is not imposed. We also do not require the Jordan condition
(1) and the positivity relation (2)
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Definition 2.1. A g-algebra is a real vector space equipped with a commu-
tative product o and an antisymmetric product [, ]. It contains a unit for the
commutative product (3) and satisfies the Jacobi identity (4) and the Leibniz
rule (5).

3. Independent subsystems

Let A, B and C be g-algebras. To model the requirement that A and
B represent independent subsystems of the larger system represented

by C we require the following relations:

Definition 3.1. Let o« : A — C and 8 : B — C be monomorphisms of q-
algebras. The pair («, ) is called an embedding of independent subsystems
if the following conditions are satisfied:

1. the map
Ax B3 (a,b) = a(a)op(b) € C

extends to an injective linearmapa ® f: AQ B — C.
2. the infinitesimal symmetries implemented by elements of A act triv-
ially on B and vice versa,

[a(a), B(b)] =0Va € A,b€ B, (8)

3. the o-product with an observable of one of the subsystems does not
affect the o-product in the other subsystem (the observables from A
are compatible with the observables from B in the context of Jordan
algebras (Hanche-Olsen and Stgrmer, 1984))

(a(a) o (a(a’) 0 B(b) = a(aca’) 0 B(b)

/ / ©)
(a(a) o B(b)) o B(b) = afa) o B(bo b)),

In the following we omit the symbols « and 3 by identifying A
and B with their embeddings in C. Moreover, we delete the symbol o
for the commutative product and replace it by juxtaposition. We first

determine the antisymmetric product in the image C of o ® f3:
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Lemma 3.0.1. The antisymmetric product in CY is given by
[ab,a’b] = [a,a'|(BV) + (ad)[b,b'] ,a,a’ € A, bV € B. (10)

In particular, Cj is closed under the antisymmetric product.

Proof. By (5), (8) and (9) we have
[ab,a’'V'] = alb,a’V'] + [a,d’t']b = a(d'[b,V]) + ([a,a’]b')b
= [a,a’](b'b) + (aa’)[b, V] .
0

In the next step we analyze the consequences of the Jacobi iden-
tity within Cy. We compute the second antisymmetric product, with
a; € A7bl € BaZ =123,

[[a1b1, a2bs], agbs] = [[a1, az)bibs + a1az[bi, ba], asbs]

= [[a1, az], a3](bib2)bs + (a1a2)as[[b1, ba], b3]

+ [a1, az]as[biby, bs] + [a1az, as][b1, b2]bs . (11)
In the last 2 terms we apply the derivation property (5) and obtain 4
terms,

la1, az]az[biby, bs] + [a1az, as][by, ba]bs

= [a1, as]asbi [ba, b3] + [a1, az]as[bi, ba]bs

+aq[az, as][bi, ba]bs + [a1, aslaz(bi, ba]bs .
If we perform a cyclic sum over the indices we see that the 1% and
the 4™ term cancel, and also the 2" and 3 term.

Thus for the Jacobi identity only the first 2 terms in (11) con-
tribute. We use the Jacobi identities in A and B,

[la1, a2], a3] = —[[az, as], a1] — [[a3, a1], az] ,
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[[b1,b2], b3] = —[[bz2, bs], b1] — [[b3, b1], ba] .

The Jacobi identity in C' then amounts to the relation
0 = [laz, as], a1]((b2bs)by — (b1b2)bs3)

+las, a1], a2](b3b1 )by — (b1b2)b3) + (a <+ b))
= [[ag, a1, as]][bs, bz, b1] + [[as, az, ai]][b3, b1, ba] + (a <> b)).

To simplify this expression we choose as = a;. Then both associa-

tors [[as, az, a1]] and [as, as, a1] vanish, and we obtain the relation
[lag, a1, a1]][bs, b2, b1] + [az, a1, a1][[bs, b2,b1]] = 0 . (12)

We want to exclude the possibility that [[as, a1,a1]] = OVay,as € A.
If all these quantities would vanish, the associator for the antisymmet-
ric product would be totally antisymmetric and hence had to vanish
because of the Jacobi identity. We therefore require that the associa-
tor of the antisymmetric product in A is nonvanishing. Since Cj is as

a vector space isomorphic to A ® B, we find the relation
[b3, b2, b1] = A[[bs, b2, b1]] (13)

for some A\ € R.
Finally, we determine the symmetric product in Cj, under the
assumption that the associator relation (13) holds within C'. By the

independence of the embeddings we have
(ab)b’ = a(bb’) and a(a’b) = (aa’)b.

We now compute (ab)(a’b’). We have by the definition of the associ-
ator

(ab)(a't') = ((ab)a' )b/ — [ab,a’,b] .
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We apply (9) twice and obtain
((ab)a")b' = (a’(ab))b' = ((aa")b)b’ = (aa’)(bb') .
Thus, due to the relation (13) between the associators,
[ab,a’,b'] = N[ab,V'],d’] = Aa[b,b'],d’] = Na,d][b, V] .
We therefore arrive at the formula for the symmetric product
(ab)(a’t’) = (aa’)(bb") — Na, a’][b,b'] . (14)

We conclude that () is also closed under the symmetric product.
An embedding of A and B can be constructed if both satisfy (13)
with the same . Let A® B be the tensor product of the vector spaces

A and B. We introduce a symmetric product
(a@b)o(a®@b)=ad @b — Na,d'] @ [b,b]
and an antisymmetric product
[a®b,d @V =[a,ad] @bV + aad’ @ [b,b']

and obtain a g-algebra A ®, B together with maps o : A — A ® B,
a—a®l,f:B— A® B, b+— 1® b which satisfy the condition of
an independent embedding. Moreover, also the associators in A®) B
satisfy the associator relation (13).

We arrive at the following theorem:
Theorem 3.1. Let A, B be g-algebras with nontrivial associators for the anti-
symmetric products. Then an embedding as independent subsystems exists
if and only if the associators in A and in B are related by (13) with the same
. Moreover, given any such embedding (a, 8) : A x B — C where C also
satisfies (13), there is a unique injective homomorphism v : A ®) B — C
with y(a ® b) = a(a) o B(b), a € A, b € B.
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Proof. Assume that an independent embedding exists. Then, from
(12), we conclude the relation (13) for B. The argument for A follows
analogously. If, on the other side, (13) holds for both A and B, we
can construct A ®, B as an example for an independent embedding.
Now let (o, 5) : A x B — C be any independent embedding. The
map v given in the Theorem is by definion a linear monomorphism
and preserves the unit. From (14) and (10) we then conclude that
also both products are preserved, hence - is a monomorphism of g-
algebras. O

4. The operator product

Let A be a g-algebra which satisfies the associator equality for some
A € R. We distinguish three cases:

A = 0: In this case the o-product of A is associative, and we are in
the situation of classical physics.

A < 0: For A < 0 we can introduce in A an associative noncommu-
tative product by

aeb=uaob++/|\[a,].

The o product is then % times the anticommutator, and it is
easy to see that also the condition (1) for Jordan algebras
is fulfilled. If A is finite dimensional, the positivity condi-
tion (2) cannot be fulfilled for associative algebras (Braun
and Koecher, 1966). It is likely that this remains true in the
infinite dimensional case, but existent results use additional
input, in particular the existence of a norm. See (McCrimmon,

2004) for an overview.



Independent quantum systems and the associativity... 71

A > 0: For A > 0 we define a product in the complexification A® C
of A as in (7) with & = 2v/) and an antilinear involution

(a®z2)"=a®7Z.

A is then the self-adjoint subspace of the complex associative
involutive algebra A ® C, hence we obtain the well known

structure of quantum theory.
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Abstract
Historically, Ehrenfest’s theorem (1927) is the first one which shows
that classical physics can emerge from quantum physics as a kind of
approximation. We recall the theorem in its original form, and we
highlight its generalizations to the relativistic Dirac particle and to
a particle with spin and izospin. We argue that apparent classical-
ity of the macroscopic world can probably be explained within the

framework of standard quantum mechanics.
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1. Introduction

he principal aim of both classical and quantum mechanics is
Tto describe motions of certain physical objects. Both theories
can be very successfully applied to various physical objects, but the
sets of these objects do not coincide. As is well known, classical me-
chanics gives wrong predictions when applied to microscopic objects
such as atoms. On the other hand, it seems that quantum mechanics
is capable to correctly describe motions of the elementary particles

as well as motions of macroscopic bodies, hence it has a wider range
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of applicability. Nevertheless, there are phenomena the description of
which requires a theory still more general than quantum mechanics.
For example, scattering of elementary particles can lead to creation or
annihilation of particles—here quantum field theory is needed. Such
a generalization of quantum mechanics to quantum field theory is
well-known since the middle of 20™ century. There are still some
problems with it, but the prevailing opinion is that they concern more
its mathematical side than foundations. Another departure from stan-
dard quantum mechanics seems to be necessary when an elementary
particle interacts with a very complex, perhaps even randomly fluc-
tuating or unstable, environment. The understanding of this case is
rather poor. To a certain degree the situation is analogous to the well
known partition of classical electrodynamics into the theory of the
electromagnetic field in vacuum and the electrodynamics of continua
with constitutive relations and other additional ingredients. An effec-
tive quantum mechanics in continua is still under construction.

It turns out that classical mechanics can be derived from quan-
tum mechanics as a kind of approximate theory. Such derivations
are usually called classical limit of quantum mechanics. There exist
several of them, including the discussed below Ehrenfest type clas-
sical limit, which dates back to 1927, and is likely the oldest one.
Its main feature is that it links solutions of the pertinent fundamen-
tal evolution equations, which are the Schroedinger wave equation in
quantum mechanics and the Newton equation of motion in classical
mechanics. Other kinds of classical limits are carried out on more ad-
vanced levels of theory. For instance, one may derive from quantum
mechanics the classical Hamilton-Jacobi equation (see, e.g. Schiff,
1968, chap.8, sec.34), the Lagrange formalism (see, e.g. Rosen, 1969,
chap.1, sec.2), or distributions on phase space (see, e.g. Siegel, 1976;
Curtright, Fairlie and Zachos, 2014).
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Our main goal here is to recall the seminal paper (Ehrenfest,
1927), and to show, using modern examples, how fruitful is the in-
vented by Paul Ehrenfest method for deriving classical mechanics
from quantum mechanics. It leads to very interesting extended ver-
sions of classical mechanics featuring, e.g., a non relativistic particle
with spin and izospin, or a relativistic particle with spin, which all
emerge from quantum mechanics. Furthermore, Ehrenfest’s theorem
provides a tantalizing suggestion that perhaps whole classical physics
can be recovered as certain approximations to quantum theories. Con-
sidering wave packets, we find some arguments that corroborate this
idea.

The present article is addressed to audience wider than just the-
oretical physicists. Nevertheless, certain familiarity with basic equa-
tions of classical and quantum mechanics is assumed.

The plan of the article is as follows. First, we briefly discuss de-
scription of states of a particle in quantum mechanics with emphasis
on the so-called wave packets. Section 3 is devoted to the original
form of Ehrenfest’s theorem. In Section 4 we sketch a solution of the
main problem with the Ehrenfest method: the lack of relativistic co-
variance. Next, in the Section 5 we discuss certain extension of that
theorem, which leads to a less known example of classical mechan-
ics of a point-like particle with spin and izospin. Section 6 contains
remarks on applicability of quantum mechanics to macroscopic bod-
ies, including a new argument for practical nonexistence of so-called

Schroedinger’s cats.

2. Quantum states of a particle

Classical mechanics and quantum mechanics address the same issue:

description of motions of a set of particles. Such a set could consists
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of just one particle, or a finite number of them. The restriction to fi-
nite number of particles is important, because otherwise one would
have to use a field theory which is regarded as different from mechan-
ics for several important reasons. Classical and quantum mechanics
are structurally similar to each other in the sense that in both theo-
ries we introduce a space of states of the particle and we postulate
an equation of motion. They differ in the form of equation of motion:
in classical mechanics this can be, for example, the Newton equa-
tion, while in quantum mechanics the Schrédinger equation. Also
the spaces of states are very different. For instance, for the simplest
single, point-like particle it is six dimensional phase space in clas-
sical mechanics, and infinite dimensional Hilbert space in quantum
mechanics. The different equations of motion, and different sets of
measurable properties (called observables) for the same set of parti-
cles are possible because the spaces of states in classical and quantum
mechanics are not identical. Therefore, we regard this latter differ-
ence as the most important one.

In this article we consider the simplest particles, which we de-
scribe as elementary. Particles which possess constituents, for exam-
ple, hadrons, nuclei, or atoms, are excluded. Physical incarnations of
the elementary particles are, e.g. electrons, photons, quarks, or the
Higgs particle.

The term ‘point-like particle’ used above is well justified only in
classical mechanics. It refers to the fact that in the simplest case the
state of a single particle at fixed time ¢ is given by the position and ve-
locity of the particle. The position is represented by a point in the R?
space. In quantum mechanics the complete description of the state

of the particle at a given time ¢ is provided by a smooth wave func-
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tion (%, t) defined on the R* space.! There is no reason to relate
such a quantum particle with a material point moving in the space.
Rather, it should better be pictured as a cloud of matter of a very
special kind, which is present at all points where the wave function
does not vanish. In particular, it does not have any constant shape or
size. The most peculiar feature of the elementary quantum particle
is that it can not be destroyed or created in parts in spite of its spa-
tial extension, while, for example, a drop of water can be divided into
parts, and one part evaporated without disturbing the remaining parts.
Physical processes always involve whole elementary quantum parti-
cles, which are single indivisible entities, albeit spatially extended.?
With such a picture of the quantum particle, the often discussed and
experimentally verified nonlocality of quantum mechanics is a natu-
ral and rather obvious feature. We shall return to the question what is
the best intuitive picture of the quantum particle in the last section.

Certain special clouds of quantum matter are called wave pack-
ets. Roughly speaking, a wave packet is compact and it consists of a
single bit, as opposed to more general quantum states of the particle
which, for example, can consist of several non-overlapping compact
bits. Change in time of any state is described by the Schrodinger
equation. It turns out that in the case of particle in empty space a
typical wave packet expands. For example, the width [(¢) of a three
dimensional (spherical Gaussian) wave packet for a particle at rest
is given by the formula (Biatynicki-Birula, Cieplak and Kaminski,
1991, p.66)

h2t2

0=\l + g

! For simplicity, we consider here only so-called pure states, omitting more general
mixed states.
2 In literature this feature is often referred to as the unitarity.
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where [ is the initial width at ¢ = 0, m is the mass of the particle, &
is the Planck constant. This formula implies that the velocity of the
expansion monotonically increases to the asymptotic value
h
vy = v

The value of Planck’s constant is # = 1.0545-10734.J - s, and the
masses of electron and proton are, respectively, m, = 9.1 - 10~ %8¢,
m, = 1.67 - 10~**g. We would like to draw attention of the reader
to the exceedingly small values of these masses. The hydrogen atom
H—one proton plus one electron, and the hydrogen molecule Ho—
two hydrogen atoms, also are very very light. If we would like to have
hand-picked one milligram of hydrogen gas,® adding one molecule
H, per second, it would take about 10'3 years, while the estimated
age of our Universe is about 1.4 - 1019 years. One should be very
cautious when extrapolating our picture of macroscopic particles to
such tiny objects.

It is instructive to compute the asymptotic velocity v, for vari-
ous masses and initial widths. Let us first take as the initial width
lo = 10~8cm, which is the typical atomic size. Then, for the electron
we find vy ~ 1160 ’“Tm For a nucleus with the mass m = 100m,,,
vo ~ 6.4 7. However, already for a ‘speck of dust’ of size
lo = 10~%cm and mass m = 10~*g the velocity is vg ~ 107" €2 ~
3.2 10‘10;6%. This means that the wave packet will increase by
1% during 30 years. For a drop of water in a fog, Iy = 10~ tcm,
m = 10"2g,and vy ~ 3 - 10_17%. Thus we see that the electron
in empty space expands very rapidly. On the other hand, the size of
the wave packet for the ‘speck of dust’, and also for larger and heav-
ier particles at rest, remains practically constant—the wave packet of

appears as a ‘frozen’ blob of quantum matter.

3 About 11 ccm at 0°C and the normal pressure.
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What happens to the wave packet when we switch on interactions
of our quantum particle with other particles? P. Ehrenfest considered
relatively simple case when the interaction is described by a smooth
potential V(x) of a fixed form (thus he neglected backreaction of
the particle on the other particles). He proved a theorem which quite
often is summarized by saying that in such circumstances the wave
packet moves in the space along a trajectory x(t) which obeys New-

ton’s equation of motion
%(t) = —V V(x(t)). (1)

Strictly speaking, the actual content of the theorem is a bit weaker.
Nevertheless, classical equations of the form (1) can be obtained
from the theorem after some further steps.

Our notation is as follows. The dot denotes the derivative with re-
spect to the time ¢. The boldface denotes three-dimensional vectors,

2

for example % = (&1, #2, #3), where x1, 22, 2® are Cartesian coordi-
)] ) b b

nates in the space, and x = (z!,22,2%). V is the vector composed
of derivatives with respect to the coordinates, i.e., V = (91, 02, 03),
where 9, = 0/0z%, etc., and V'V = (8,V,3.V,03V). Summation
over repeated indices is understood irrespectively of the level of in-
dices. ab = a’b’ denotes the scalar product of the three-dimensional

vectors a = (a',a?,a%) and b = (b*, 1%, b3).

3. The original form of Ehrenfest’s theorem

The seminal paper (Ehrenfest, 1927) is entitled “Bemerkung iiber
die angeniherte Giiltigkeit der klassischen Mechanik innerhalb der

Quantenmechanik”. It counts merely two and half pages including
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the title, abstract and references. In its first half the Schrodinger equa-
tion for the wave function ¥ is quoted®,
h? 9%V ov
———— +V(2)¥ =ih—
2m Ox? +V(z) Tor
as well as its complex conjugation. Next it is stated that these equa-
tions imply the following relations

Q 1 d*Q _dP _ 4
E_ap’ mﬁ_ﬁ_/dxlll\ll( %), (2)

where
ov*

Q) = /da: xPU* and P(t) = ih/da: ‘I’E

Details of the derivation are omitted, except for the remark that the
second relation in formulas (2) is obtained with the help of inte-
gration by parts. P. Ehrenfest assumes that the spatial extension of
the wave packet is small compared with macroscopic distances (nota
bene, he uses the name ‘wave packet’ for the product ¥¥*).
Commenting on his results, P. Ehrenfest underlines similarity of
the second relation in (2) to Newton’s equation of classical mechan-
ics. He is satisfied with such a qualitative correspondence, and does
not attempt to make it more precise. In particular, he does not even

mention the approximation

o) 0
/dx \I/\I/*(—a—‘;) ~— ‘g(QQ)’

probably because he knew that it would be a hard task to formulate

it in a rigorous manner. In fact, this approximation is the subject of

4 In the present paragraph I copy the original notation from (Ehrenfest, 1927) in which
no special symbol is used for the three dimensional vectors. The Abstract in (Ehren-
fest, 1927) clearly indicates that the three dimensional case is considered. In particular,
9/0z above should be identified with V, and 92 /9x2 with the Laplacian A.
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numerous nontrivial investigations till nowadays. Only with this ap-
proximation the second relation (2) turns into Newton’s equation (1)
if we identify Q(t) with x(t).

The second part of the paper has the subtitle ‘Bemerkungen’. It
is devoted to the one dimensional Gaussian wave packet for a free
particle (V' = 0). Its explicit form is presented, and the spreading out
discussed. The paper ends with the observation that in the case of a
very heavy particle the Gaussian wave packet expands very slowly,
while for proton very rapidly.

The paper (Ehrenfest, 1927) is very important, indeed, for at least
two reasons. First, P. Ehrenfest has shown that quantum mechanics
does not contradict classical mechanics, but rather generalizes it—
the latter can be regarded as a very good approximation to the for-
mer for a large class of physical phenomena. Second, he pioneered
derivations of various kinds of classical equations of motion from
underlying quantum mechanical models. Two important examples of

this kind are outlined below.

4. Lorentz covariant formulation of the Ehrenfest
method

There is a problem with Lorentz covariance in the Ehrenfest approach
to classical limit: because the standard expectation values do not
have clear relativistic transformation law, the classical mechanics de-
rived from Lorentz covariant quantum mechanics based on, e.g., the
Dirac equation, is not covariant. Hence, it can hardly be accepted as
the correct classical limit. This problem is explicitely pointed out in
(Hilgevoord and Wouthuysen, 1963).
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It turns out that there exists a modification of the Ehrenfest
method which yields Lorentz covariant result (ArodZ and Ruijgrok,
1988). Below we give a description of the results. Our main point
here is that there is no single classical mechanics that follows from
the underlying quantum theory. Instead, we obtain an infinite se-
quence of classical theories, which approximate the quantum theory
with better and better accuracy and, unfortunately, with a complex-
ity rapidly increasing to the level that renders such classical theories
impractical.

This paragraph contains certain technical details given here for
the readers interested in the theoretical physics aspects of the work
(ArodzZ and Ruijgrok, 1988)—it can be omitted by not interested ones.
In the improved approach, we start from a new definition of expec-
tation values, which respects the Lorentz covariance. In this defini-
tion, the integral over the three Cartesian coordinates !, z2, 23 is
replaced by an integral over three new spatial coordinates in a spe-
cial coordinate system in the Minkowski space-time. In this system,
the time axis is replaced by a time-like line X*#(s) in the Minkowski
space-time. This line will ultimately coincide with the classical tra-
jectory associated with the wave packet. The three new spatial coor-
dinates parameterize the directions perpendicular to this line (in the
Minkowski sense). The Cartesian time coordinate ¢ is replaced by
the proper time coordinate s on that line. Next, the Dirac equation
is transformed to these new coordinates. The evolution parameter is
not the laboratory time ¢, but the proper time s. There are certain con-
sistency conditions for the new expectation values which result from
the requirement that the line X*(s) stays close to the wave packet,
which evolves according to the Dirac equation. The explicit form of
the wave packet is not needed. The consistency conditions imply the

classical equations of motion for X*(s), and for other quantities like
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spin. Their form is approximate one in the sense that all terms pro-
portional to 1/m? or to higher powers of 1/m have been neglected.
This is justified because m is assumed to have a large value. We use
the Foldy-Wouthuysen transformation.

The starting point—the Dirac equation for a single electron—has
the form:

o (82“4—@4“) Y +imy =0.
It replaces the Schrodinger equation considered by P. Ehrenfest.
A, () in the Dirac equation denotes the so-called four-potential of
electromagnetic field. It encodes information about electric and mag-
netic fields in which the electron moves. By assumption, it does not
include the field generated by the considered electron. Furthermore,
we assume that the mass m is large, in accordance with the discus-
sion of spreading out of wave packets in Section 2. For convenience,
we use the notation in which the Planck constant /& and the velocity
of light in vacuum c are not visible—as if ¢ = h = 1 (the notation
commonly referred to as ‘the natural units’). We also assume that the
particle has unit electric charge. Summation over repeated indices is
understood. We use the standard relativistic four dimensional nota-
tion as explained in, e.g., (Landau and Lifshitz, 1971, chap.1-2).

The modified Ehrenfest method yields the classical equations of
motion which read:

.. - 1 . o " o
mX, = F,, X"+ %EMMXA(@@ ~ XPX,)W? 0sF

1 o Yo v 1 ooy vo
—Q—%(éM—X Xu)C* (r“)pF,,g—l—%X”X,,CHgapF , (3)
AW -~ " 1y . »
T = XX — (5 - XX, W, F

1 Ly 1 . .
+ —(0p = X*X,\) Zop FP7P + —(X PY 4+ X, P). (4)
m m
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Technical details again: the dot denotes the derivative d/ds, where s
is the proper time along the classical trajectory X*(s). The proper
time replaces the time ¢ present in Eqs. (2). Furthermore, 0,, stands
for the partial derivative 0/dz*, and F),, = 0,,A, — 0, A, is the elec-
tromagnetic field strength tensor. It is composed of the electric and
magnetic fields. €, (the so-called totally antisymmetric symbol)
is equal to 0, 1, —1 depending on the values of the Greek indices, for
instance, €g123 = 1. The spin four-vector W7 is related to the expec-
tation value of the quantum spin operator. In the particular case of
constant electric and magnetic fields, equations (3) and (4) reduce to
the well-known Bargmann-Michel-Telegdi equations for a relativis-
tic particle with spin.

The relativistic classical equation of motion for a point-like par-
ticle with the unit electric charge (e = 1) in the external electromag-

netic field that is usually given in textbooks has the form:
mX, = F,,X". 6))

It precedes the quantum mechanics and also the concept of spin. We
see that it is a small part of equation (3) above. Moreover, equation
(5) does not take into account the spin of the particle, which in equa-
tions (3), (4) is represented by W*#. In many important tasks, for
example, in calculations of trajectories of electrons or protons in ac-
celerators, one has to use equations which take into account the spin
in order to achieve the desired accuracy—equation (5) is not good
enough. In practice, certain simplified version of equations obtained
with the Ehrenfest method is used. Such nontrivial and successful
applications corroborate the correctness of the attitude that classical

equations of motion should be derived from underlying quantum the-
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ory. On the other hand, there are many problems in which the spin
is not important. In such cases the old equation (5) gives very good
predictions for trajectories of the particle.

The classical variables C*"(s), Z,(s), P"*(s) are related to
the entanglement of quantum observables: position with momentum,
position with spin, and momentum with spin, respectively (ArodZ
and Ruijgrok, 1988). In principle, also the equations of motion for
C*"(s), Z,y(s) and P"*(s) are needed for the mathematical com-
pleteness of the system of equations. They can be obtained with the
help of the (modified) Ehrenfest method, but in practice one usu-
ally eliminates these variables by making certain simplifying assump-
tions. For example, in most situations all terms in the second line of
equation (3), and also in the second line of (4), can be omitted. Then
we do not need equations of motion for C*”(s), Z,(s), P**(s). If
the equations of motion for these classical variables were included,
one would get even more accurate classical approximation to the
quantum mechanics, but at the price of having to deal with a much

larger set of equations.

5. Classical mechanics of a point-like particle with
spin and color

This example of derivation of classical mechanics is interesting be-
cause prior to the pertinent quantum theory such a classical theory
had not been known at all. Once derived, it has turned out to be a use-
ful tool for theoretical investigations of quark matter. Quarks have
special charges, called color and weak izospin, which make them
sensitive to the so-called non-Abelian gauge fields. Both the non-

Abelian gauge fields and the quarks as constituents of the material
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world were discovered in 1960’s and 1970’s. Certain particular ver-
sion of the non-Abelian gauge field is called the Yang-Mills field.
Below we outline the basic features of the classical limit for a quan-
tum particle that interacts with the Yang-Mills field. The resulting
classical theory describes motion of a point particle, known as the
particle with color or izospin, in certain fixed Yang-Mills field.

Historically, the first attempt to derive classical equations of mo-
tion for a point particle interacting with the Yang-Mills field was
made by S.K. Wong (1970). Classical state of this particle at given
time ¢ is represented jointly by: the so-called classical izospin vector
I°(t), where the index a takes values 1, 2 and 3; the position x(%);
and the velocity x(t). The derivation given by Wong does not use the
Ehrenfest method. For that matter, it should rather be described as
an educated guess based on symmetry principles and algebraic struc-
ture of the Dirac equation. In consequence, his equations respect the
Lorentz invariance as well as the so-called gauge invariance, but they
miss the spin of the particle and certain less obvious classical vari-
able, as explained below. We will not present here these equations
in order to avoid overloading this article with technical details. In-
terested reader may consult the original paper by Wong (1970) or
(Arodz, 1982).

More systematic derivation is based on the Ehrenfest method (Ar-
odz, 1982). We consider expectation values of the following quan-
tum observables: the position X, the so-galled kinetic momentum
p — AT the spin S = (3%), the izospin T' = (1), and the product
of the spin and izospin operators J% = 7'%S%. The hat” means that
these objects are operators in pertinent Hilbert space. The indices a, i
take values 1,2, and 3. The three vectors A® represent the Yang-Mills
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field. They are counterparts of the electromagnetic vector potential
A, which is a part of the four-potential A,, introduced in the previous
section, (A,) = (4o, A).

Expectation values of these observables become the classical
dynamical variables. Furthermore, the pertinent quantum evolution
equation yields the counterpart of the Newton equation and a few
other equations. In this manner we obtain the classical mechanics
with the following classical variables that characterize the point par-
ticle with izospin: the position x(t), the velocity x(t), the classical
izospin I%(t), the classical spin vector S(¢), and a novel classical
variable J4(t).

The novel dynamical variable J%(t) is the expectation value
of the operator J%. It can be regarded as the three vectors J a(t),
a = 1,2, 3, with their components enumerated by the index ¢. In spite
of the fact that the operator Jo is the product of operators 7% and
S, its expectation value does not have to be equal to the product
I%(t)S%(t), because in general an expectation value of product of op-
erators is not equal to product of expectation values of the operators.

The Ehrenfest method not only reveals a new classical variable—
it also shows that there are relations, traditionally called constraints,
between the classical variables, which reflect the fact that the classi-
cal variables are defined as the expectation values in the same quan-
tum state ¢ (x, t). These constraints have the following form

o o 1
470 =10, AT = (7 = 8%) Gap + I
To summarize, applying the Ehrenfest method we have discov-
ered that Wong’s equations of motion for the classical point particle

with izospin are rather oversimplified version of the more adequate
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equations. In particular, we have found the new classical variable
J(t), which appears because the particle possesses both spin and

izospin.

6. Conclusion and remarks

1. Ehrenfest’s theorem and its generalizations show that classical me-
chanics of particles can be reinterpreted in terms of expectation val-
ues, with pertinent quantum states being the wave packets. In this
way, the relation between classical and quantum mechanics, viewed
as the relation between old and new theories, acquires the perfect
form: the new theory is more general and more accurate, and it en-
compasses the old one, rather than contradicting it in all respects. Fur-
thermore, the method used by Ehrenfest—the emphasis on properties
and evolution of expectation values—has turned out to be very fruit-
ful as the tool for improving existing classical theories. In Section 4
we have seen such improvement in the case of classical particle in
electromagnetic field. The method can also provide completely new
classical mechanics, unknown prior to quantum theory, as discussed
in section 5 on the example of particle with spin and izospin.

2. The enormous success of the Ehrenfest method suggests that
perhaps no part of the material world is purely classical, that quantum
mechanics embraces all physical phenomena,’ and that the classical
world is fictitious in the sense that it exists only as certain theoretical

approximation to the real world.® Such assumption of absolute quan-

5> With possible exception for gravitational phenomena. So far there is no experimental
evidence for quantum nature of gravitation.

6 Here we touch the philosophical problem to what extent it really does not exist.
Interesting philosophical analysis of a related problem can be found in (Heller, 2018).
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tumness of the seemingly classical macroscopic world leads to the
following question: why we do not see in nature isolated macroscopic
bodies in typical quantum states such as, e.g., wave packets spatially
extended over sizable distances (in literature dubbed ‘Schrodinger’s
cats’). To explain their absence, one can propose a new theory which
deviates from quantum mechanics in the macroscopic world, and
essentially coincides with it in the microworld. The recently pop-
ular Continuous Spontaneous Localization theory (Ghirardi, Pearle
and Rimini, 1990) is of this kind. One should also mention the de-
coherence phenomenon (Zeh, 1970; Zurek, 2003), in which states
of a quantum system are very quickly transformed into the so-called
mixed states, due to strong interactions with environment. Here the
absence of widely extended wave packets of macroscopic particles
is explained by the presence of interactions with an environment.
Which mixed state (‘pointer state’) appears at the end of the process
of decoherence of a concrete wave packet still is a matter of many
investigations. It is a difficult problem, and there are many related hy-
potheses, some with picturesque names, e.g., ‘quantum Darwinism’
(Zurek, 2009). The decoherence phenomenon belongs to the realm
of effective quantum mechanics in continua, mentioned in the Intro-
duction.

The author prefers another viewpoint: we think that one can pro-
vide an explanation for the apparent absence of quantum phenom-
ena in the macroscopic world using the standard quantum mechan-
ics. An interesting possibility is that such extended quantum states
of heavy isolated particles are possible in principle, but that they are
hardly achievable in reality. The main difficulty is that a spatially ex-
tended state has to be produced as such, because wave packets of very
heavy particles practically do not expand. This can be rather difficult

task. For illustration, let us consider the following thought experi-
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ment. Suppose that we can produce a kind of hydrogen-like ‘atom’ in
which the electron is replaced by a heavy (in comparison with elec-
tron) particle of the mass M = 10~%g, and the proton with an even
more massive particle. Next, let us excite it in order to increase its
spatial size. Highly excited states close to ionization threshold have
a macroscopic size—there is no theoretical upper bound on the size
of excited atoms. Finally, we ionize that ‘atom’—this would provide
the heavy particle (‘electron’) in an extended quantum state of the
size of the ‘atom’. The trouble is that the energy needed for the exci-
tation is of the order 103 GeV, as a simple calculation shows, while
the highest achievable at present energies of particles are of the order
10* GeV only.

Another thought experiment involves quantum harmonic oscil-
lator. This system is ubiquitous in physics—it arises as a very good
approximation to many complex systems. Classical harmonic oscilla-
tor consists of a particle of mass M subject to a force which increases
proportionally to the distance from a fixed point, called the center, to
the particle. The strength of the force is characterized by a constant
k. Quantum theory of such object predicts that the least energy state
has the form of a wave packet of the size [ = 4/ 2h/ vV MFk. Now, let
us take the particle roughly of the size of a droplet of water from a
fog. Its radius is r = 10~ em and the mass M = 10~2g. We are inter-
ested in situations such that [ is much larger than r—then the wave
packet will be much larger than the classical radius of the particle.
Simple calculation shows that the constant £ has to be exceedingly
small, namely k < 4 - 107*8¢/s2. Sizable force appears only when
the distance from the center is of the order 10%°cm. Let us recall
that the light year is about 10'¥cm. The construction of such a feeble
harmonic oscillator is far beyond the present day engineering. On the

other hand, if we take a more realistic value k = 1¢g/ s2, the condition



Ehrenfest’s Theorem Revisited 91

[ > ris satisfied only if M < 4 - 1075°g—the mass incomparably
smaller than the mass of electron. Such a particle certainly is not
macroscopic.

3. Let us return to the question from section 2: what is the best in-
tuitive picture of elementary quantum particle. Such a picture can be
very helpful if it is adequate, or very misleading when wrong. In our
opinion, many mysteries, controversies, and so-called paradoxes that
are discussed in literature on quantum mechanics arise in a large part
from inadequate images of the quantum particle. As we have written
in section 2, we prefer to regard the quantum particle as a cloud of
quantum matter. Its main feature is that it can be created or annihi-
lated only as a whole—it is impossible to have one half of electron.
Notwithstanding our views, we admit that there exist other pictures
as well. It seems that the most popular one is that actually there exists
exactly point-like material particle which has a concrete position in
space at each time, but we do not know that position. What is known
is merely the probability of finding this point-like particle in a cho-
sen volume of the space. It is calculated as the integral of the modu-
lus squared of the wave function over that volume. We think that by
adopting such an image of the quantum particle one simply carries
over to quantum mechanics the picture from classical mechanics.’
This can not be justified, especially if we regard classical mechanics
of point-like particles as a secondary theory which is derived from
quantum mechanics. Therefore we should base our intuitions solely
on the Schrodinger equation, and on the actual mathematical repre-
sentation of the states of the particle as wave functions, forgetting

completely about the classical mechanics.

7 This is precisely what was done in the prequantum theory of atoms with the Bohr-
Sommerfeld rules. This theory is in fact classical one. The Bohr-Sommerfeld rules
serve only as a tool for selecting particular classical trajectories.
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The picture of a point-like quantum particle with concrete yet
unknown location in the space may be motivated also by unjustified
enhancement of the probabilistic interpretation of quantum mechan-
ics. It is known for sure from numerous experiments that outcomes
of measurements are distributed with certain probability, which can
be calculated with the help of quantum mechanics if we assume the
so-called Born rule. The point is that there is no experimental evi-
dence for the probabilistic character of quantum mechanics without
invoking an experiment. Thus, we may suppose that it is a specific
coupling between the two systems: the quantum particle and a very
special physical macroscopic apparatus—the measuring apparatus—
that is responsible for the probabilistic nature of outcomes of experi-
ments. We adhere precisely to this view.

To summarize, we prefer the picture of elementary particle as
a cloud of quantum matter. The probabilistic outcomes of measure-
ments are due to interaction of the particle with a macroscopic mea-
suring apparatus. For us, such views are quite natural corollaries to
Ehrenfest’s theorem.
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The theory of ideas and Plato’s
philosophy of mathematics
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Abstract
In this article I analyze the issue of many levels of reality that are
studied by natural sciences. Particularly interesting is the level of
mathematics and the question of the relationship between mathemat-
ics and the structure of the real world. The mathematical nature of
the world has been considered since ancient times and is the subject
of ongoing research for philosophers of science to this day. One of
the viewpoints in this field is mathematical Platonism.

In contemporary philosophy it is widely accepted that according
to Plato mathematics is the domain of ideal beings (ideas) that are
eternal and unalterable and exist independently from the subject’s
beliefs and decisions. Two issues seem to be important here. The
first issue concerns the question: was Plato really a proponent of
present-day mathematical Platonism? The second one is of greater
importance: how mathematics influences our understanding of the
nature of the world on its many ontological levels?

In the article I consider three issues: the Platonic theory of “two
worlds”, the method of building a mathematical structure, and the

ontology of mathematics.
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volution has provided us with the ability to describe the world
Eappropriately, at least on our scale. However, from the point of
view of evolution, there is no reason for us to be able to describe it
on other scales. Science and philosophy convince us that these differ-
ent scales really exist. The problem is, however, that we are forced to
perceive the world on many scales from the perspective of one partic-
ular scale. The questions thus arise: what does the world look like on
our scale, and what does it look like on other scales? If we focus our
attention on natural sciences, I think that one can agree with the state-
ment that the most accurate description of reality at various scales is
provided by the language of mathematics. If so, then the image of the
world depends essentially on the description that is made in this lan-
guage. This means, however, that mathematics determines what the
world looks like, especially at those levels that are not directly acces-
sible for us. But is mathematics the same as the structure of the world,
or is it only its subjective image? Already in Antiquity attempts were
made to answer these questions. Particular attention was paid to them
by Plato and members of his Academy who initiated the program of
mathematical natural sciences—a program that has become the ba-
sis for the development of the technical civilization. In this way, the
Academy has become not only the first university in the history of the
world, but also the place where the most important project crucial for
the development of science and civilization was created. Its creators,
apart from Plato, were such eminent thinkers as Eudoxos of Knidos,
Theaetetus, Menaichmos, Theudius, Leon, Speusippus, Xenocrates,
Heraklides of Pontus.
It is widely accepted in the contemporary philosophy of math-
ematics that according to Plato mathematics is the domain of ideal
beings (ideas) that are eternal, unchanging and exist independently

of the subject’s decisions (Brown, 2008, pp.12—-16). Two issues seem
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to be important. The first one concerns the question: Was Plato re-
ally thinking that way? The second one is more important: How does
mathematics influence our understanding of the nature of the world
on its many levels of being?

Three things need consideration. The first one is related to the
Platonic theory of “two worlds.” The second one—to the method of
building a mathematical structure. The third one concerns the ontol-
ogy of mathematics.

A popular belief is that in Plato’s philosophy we have two worlds
separate from each other, one of which is the world of phenomena,
and the other is the world of ideas (Dembinski, 2007). The conclu-
sion derived from this assumption is that mathematics belongs to
the Platonic world of ideas, which is eternal and unchanging. In this
world, mathematical objects obtain the status of ideal beings and their
existence is independent from the subject and phenomena. One can
only acquire knowledge about this self-existing world of mathemat-
ical objects through the intellect. Unfortunately, this popular belief
is in fact inconsistent with Plato’s philosophy and his understanding
of mathematics. Nevertheless, it has persevered in the history of the
interpretation of Platonic philosophy and has been transferred to the
philosophy of mathematics. The reason lies in the adaptation of a sim-
plified vision of Platonism, which assumes the existence of only two
levels of reality, the level of ideas and the level of phenomena, with
the mathematical objects situated among the former. Meanwhile, in
his analysis of mathematical objects’ mode of existence, Plato con-
cluded that such objects are related neither to the world of ideas nor

to the world of phenomena. He claimed that they occupy an inter-



98 Bogdan Dembinski

mediate position and do not belong to any of them.! Instead, they are
merely the product of our mind. This position requires a further expla-
nation, because it is of crucial importance for Plato’s understanding
of mathematics, as well as on the contemporary discussions about
mathematical Platonism.

Plato tries to explain his position, first and foremost, in books VI
and VII of the Republic and in Letter VII. The original starting point
is the conviction that the first stage of cognition (including mathe-
matical cognition) emerges from the observation of nature in its phe-
nomenal form. Then the sensory imaginations arise, which provide
only the images of the phenomena (eikasia). We see, says Plato, the
reflections of reality that are born in our senses. They are imperfect
and often illusive.” At the next stage, we try to make these images
credible (pistis). We try to confirm the data of sensual experience by
examining and observing certain states of things, from as many per-
spectives as possible (Plato, 1955, Republic, 509d-511e). Today, such
behavior would correspond to empirical tests. The most important el-
ement of this study has given Plato the ability to discern patterns
present in phenomena. These patterns indicate the order according to
which the phenomena are organized, as well as the existence of reg-
ularities that this order defines. Plato discusses movement patterns,
harmony patterns, or (in relation to human activities) ethical and aes-
thetic patterns. In the context of the Platonic philosophy of mathe-

matics, the most important role is played by the movement patterns

! “Further, he states that besides sensible things and the Forms there exists an inter-
mediate class, the objects of mathematics, which differ from sensible things in being
eternal and immutable, and from the Forms in that there are many similar objects of
mathematics, whereas each Form is itself unique.” (Aristotle, 1924, p.987b).

2 “first, shadows, and then reflections in water and on surfaces of dense, smooth and
bright texture, and everything of that kind, if you apprehend.” (Plato, 1955, Republic,
510a).
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of the celestial bodies, based on the man’s ability to recognize them.
Plato considers this ability to be the supreme gift of the gods. Obser-
vation of patterns in nature: rhythms, motifs, harmony, symmetry or
proportion, directs the subject’s attention towards their source (Plato,
1955, Timaeus, 47a-e). But the source itself is no longer available
for sensual cognition. It is available only for intellectual cognition.
On the border between sensual and intellectual cognition, there is a
kind of intuition that Plato describes as “the suspicion of truth.” The
point is that from the sensory data, basing on the perceived regular-
ities, patterns and proportions, one is able to formulate hypotheses
regarding their source. Plato calls these hypotheses “true opinions
(alethes doxa)” (Plato, 1955, Meno, 85¢.98a.97¢). To confirm their
value, one is asked to verify them. This is the task of yet another
higher cognitive power, which is the reason (dianoia). To put it sim-
ply, the task of the reason is to conduct logical chains of inference
and to analyze causal relationships, what Plato calls “causal splicing
(symploke)” (Plato, 1955, Meno, 97e-98a). Reason is the authority of
the subject, who plays an essential role in the Platonic philosophy
of mathematics. His role boils down to creating intellectual models
of sensually given states of affairs and patterns perceived in nature.
These models are the representation of phenomena and patterns at
the level of intellect, based on the abstraction skills (aphairesis) and
they constitute the product of activities confirming the permanent oc-
currence of a certain set of features in a certain class of objects.> Ab-

straction concerns the regularities observed in nature, which in turn

3 For I think you are aware that students of geometry and reckoning and such sub-
jects first postulate the odd and the even and the various figures and the three kinds
of angles and other things akin to these in each branch of science, regard them as
known, and, treating them as absolute assumptions, do not deign to render any further
account of them to themselves or others, taking it for granted that they are obvious to
everybody.” (Plato, 1955, Republic, 510c).
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were derived at the levels of eikasia and pistis (doxa). Such models
are also mathematical objects, according to Plato. The examples are
numbers. Euclid, who was educated at the Plato Academy, complies
with Plato’s intuition by defining the number as “a multitude made
up of monads” (Arithmos de, to ek monadon sygkeimenon pléthos).
A number is defined by a monad (multiple monads). But what is a
monad? It is a model created at the level of intellect, allowing to
describe the infinite multitudes appearing at the level of the senses
(things and their reflections). In contrast to sensual images, which
are always different, a monad is “always equal to every other, and no
different from any other, and has no part in it” (Plato, 1955, Repub-
lic, 526a). It is a model created by the intellect, presenting structural
features of every sensual multitude. The model understood in this
way has a completely different status than counted items and, most
importantly, it is the creation of the subject. In this sense too, the
numbers are the objects of the subject. The same applies to geomet-
rical objects. A line is a length without a width, a surface possesses
only length and width, and a circle is a plane figure contained by
one line comprised of points equally distant from the circle’s center.
None of the sensory objects has such properties. One can consider
the internal structure of the model, one can also analyze the relation-
ship of a given model to other models, one can finally examine which
models are possible, which are necessary and which are completely
excluded. The analysis of these models is the subject of the work of
mathematicians. However, a mathematician, let alone a philosopher,
cannot avoid asking questions concerning the legitimacy of creating
such models. The question arises: What makes mathematical objects,
which are human creations, not arbitrary?

Searching for the answer, Plato appealed to the concept of

ideas-measures. He claimed that mathematics can neither derive its
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own justification from the phenomena, which are variable and tempo-
rary, nor from the arbitrary decisions of the subject. However, there
must be something that guarantees the functioning of the cosmic or-
der, and also ensures the correctness of the constructed mathematical
models. In this context, Plato proposes the adoption of the eternal
model of the organization of the world, which is created according to
unchanging regularities that define the order of the Cosmos. It were
these norms, these measures establishing the model of the cosmic or-
der, which he called ideas. Today, their equivalent would be the laws
of nature and the laws of physics. It is not difficult to notice that these
laws exist differently than phenomena do. A physical law and its im-
plementation have different ontological statuses. As far as we know,
the former is immutable, has the feature of unity (there are no two
identical laws), and does not depend on the decision of the subject.
We can only say about such laws that they are, and that they are al-
ways as they are. To this way of existence Plato attributed the name of
being, and he called their mode of being “really real” (ontos on). He
claimed that beings, ideas inhabit a separate reality which constitutes
the (eternal) organizational model of the Cosmos, and is the essence
of existence of all phenomenal structures and processes. This model
manifests itself in the form of symmetry, proportions, various types
of harmony, which can be understood as defining the essence and be-
havior of phenomenal structures. The goal of philosophy and science,
says Plato, is to reach the idea-measures, that condition a particular
kind of order, regardless of whether it is cosmic, ethical or aesthetic.
Of course, this also applies to the mathematical order. That is why
Plato also postulates the existence of mathematical ideas, that form
the basis and cause of mathematical order. However, the most impor-
tant is, and what must be always remembered, that these ideas are

not mathematical objects themselves. Mathematical ideas constitute
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a completely autonomous world, existing outside the world of our
mathematics, just as the laws of physics exist outside the world of
physical theories we create. As Aristotle comments, no mathemat-
ical operations can be performed on ideas (Aristotle, 1924, Meta-
physics, 1081a). One can only examine the relationships that exist
between them. However, for such a study the mathematical method
with its axiomatic approach is inapplicable. It is rather the dialectical
method, whose purpose is precisely to study the relationship between
the ideas, which is appropriate. The confusion concerning mathemat-
ical Platonism stems from the unawareness of the difference between
mathematical ideas and mathematical objects. Plato tries to explain
precisely that issue in Letter VIL*

Plato considers a simple mathematical object—a circle. We can
assign a name to it. It could be changed, because—as he argues—
“none of the objects, we affirm, has any fixed name, [...] nor is there
anything to prevent forms which are now called ‘round’ from being
called ‘straight,” and the ‘straight’ — ‘round’; and men will find the
names no less firmly fixed when they have shifted them and apply
them in an opposite sense.” (Plato, 1955, Letters, 343b). Next, we try
to formulate a fairly precise definition of a circle. It should cover ev-
erything that is round and circular. Most often, according to Plato, an
imperfect definition is formulated, based on specific wording, which
“inasmuch as it is compounded of names and verbs, it is in no case
fixed with sufficient firmness.” (Plato, 1955, Letters, 343b). In the
further course of the procedure, an attempt may be made to build a
model or a schema, corresponding to what has been defined. We can
do this by creating thoughtful constructions, presenting drawings or
spatial visualizations. Later, the analysis of thus obtained model and

its relationship to other models (mathematical objects) is developed

4 For an in-depth discussion of this issue, see: (Dembirski, 2003, pp.55-110).
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into a special theory, which includes all previous stages. Theory is the
highest degree of cognition. That level can be attained by a cogniz-
ing subject thanks to his abilities, i.e. sensual perception, abstraction,
and logical analysis. Plato, however, strongly believes that regardless
of the degree of precision available at the above-mentioned levels
of cognition, one should be aware that “their inaccuracy is an end-
less topic” (Plato, 1955, Letters, 343b), how much arbitrariness and
uncertainty is associated with them, and how much they depend on
the cognizing subject and its limitations. Meanwhile, mathematical
cognition is required to be certain; to be characterized by necessity,
universality and truthfulness. Therefore, there must be some basis,
upon which we could justify and validate the four existing proce-
dures of cognition (name, definition, model and theory). We find it,
according to Plato, in the idea of the circle, “the circle as such” (au-
tos o kyklos). Such an idea must be called a real being (alethés on),
the essence of a thing (tode ti). Plato describes it as “the Fifth (o
pempton)” (Plato, 1955, Letters, 342a—343d). The circle “in itself”
exists differently than the one which is the intellectual model or the
circle we draw, which the wheelwright creates, or which we observe
in phenomena. The circle “in itself” is the highest, unchanging and
only measure of all circularity, a condition for the possibility of cre-
ating theories, models, definitions and names involving the circular.
The circle “in itself”, as a regularity, as the measure of the specificity
of everything that is circular, is unique, unchangeable and indepen-
dent of the subject’s beliefs. The same applies to numbers. If we take
a numerical idea, for example the ideal number two, then with its
help we are able to determine the essence of each mathematical two.
Using the descriptive language, one can say that the ideal number
two defines the structural features of each mathematical two. And

the mathematical two is only an intellectual model created by the
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subject. If we add two plus two, we are not in the world of ideas, but
at the level of our mathematics. A good description of this situation
was presented by Michael Heller (2006). He accepts the distinction
between mathematics with a lowercase “m”, and Mathematics with
a capital “M”. The former is the mathematics created by man. The
latter is the mathematics which is inherent to nature, and to which
we have no direct access. Indirect access is provided only by means
of representation, which is our mathematics, the mathematics with a
lowercase “m”. The Mathematics with a capital “M” corresponds to
the level of Platonic, mathematical ideas. This situation is explained
by Plato in the “Metaphor of the Cave”. We humans are only able
to see the world of shadows (Plato, 1955, Republic, 514-518d). We
know, however, that these shadows are shadows of something we do
not directly see (real figures, fire). Therefore, we are forced to create
images, models of what we do not see. These models come with all
the disadvantages and limitations that arise in the subjective process
of cognition. However, according to Plato, there are moments (being
a gift of the gods), when we are temporarily given a somewhat vague,
intuitive “seeing” of the outlines of regularity, organizing the order of
nature. These are the moments when someone in the cave suddenly
“senses” that there is “something” which is the cause and condition
of the existence of shadows. Plato describes this moment as the “con-
version of the soul” (periagoge tes psyches). In such a “foresight”,
however, we are not able to stay for long, instead we return quickly
to our shadows, and again continue the arduous inference from the
representation. We return to our mathematical world of shadows, to
our mathematics named with the lowercase “m”.

The proponents of mathematical Platonism claim that—
according to Plato—mathematical objects exist independently of the

subject. We still need to answer the question: Where did this convic-
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tion originate? The answer is simple. Such a belief was born not in
the thoughts of Plato but in the thoughts of his successors, Speusip-
pus and Xenocrates (see Dembinski, 2010; Dillon, 2003). Speusippus
decided that the Platonic world of ideas should be inhabited by math-
ematical objects.’ He assigned to them all the attributes of an idea:
separate existence, eternity, immutability and independence from the
subject. He decided that it is unnecessary to double the worlds and
postulated the existence of something beyond just mathematics. In
this way, he put mathematics at the top of the world of beings. Math-
ematics took the place of the Platonic world of ideas. In this way,
he expected to eliminate the difficulties associated with explaining
the relationship between ideas (ideal numbers, ideal figures) and the
objects of mathematics. He thought that it is sufficient to recognize
the objects of mathematics themselves as ideals and that there is no
need to introduce difficult notions of ideal numbers and figures. Aris-
totle did not consider such a solution as a good one. Probably be-
cause he thought that Speusippus wanted to replace in this way philo-
sophical cognition of the world—and even its very existence—with
mathematics. Aristotle attributed to Speusippus the claim that the en-
tire philosophy of his time can be reduced to mathematics (Aristotle,
1924, Methaphysics, 992a30). Speusippus stand was strengthened by
Xenocrates, another Academy scholar, who decided to replace on-
tology with mathematics. He claimed that mathematics is the only
acceptable ontology, because the world is in fact created and consti-
tuted according to mathematical patterns and structures.

5 “Those who recognize only the objects of mathematics as existing besides sensi-
ble things, abandoned Ideal number and posited mathematical number because they
perceived the difficulty and artificiality of the Ideal theory.” (Aristotle, 1924, Metha-
physics, 1086a).
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Ideas are, according to Xenocrates, identical with mathematical
numbers. Their geometrical form constitutes geometric ideas. Aristo-
tle considered this solution to be the worst one. Perhaps he thought
so because he accepted Plato’s conviction that ideas are indepen-
dently existing entities on which no mathematical operations can be
carried out. As he believed, treating the objects of mathematics as
ideas would exclude the possibility of the existence of mathematics.
However, the proposal of Xenocrates could have a different meaning.
Recognizing mathematical objects as ideas, Xenocrates wanted to
draw attention to the deep relationship between ontology and math-
ematics, where mathematics is understood as the only acceptable
ontology. If the world were ultimately created according to mathe-
matical structures and patterns, mathematics would be its proper on-
tology. A similar viewpoint is adopted, for example, by R. Penrose
and many mathematicians admitting mathematical Platonism. Thus,
modern advocates of mathematical Platonism must remember that by
adopting Platonism, they essentially adopt the position of Speusippus
and Xenocrates, not of Plato himself. This, of course, is still Platon-
ism in a broad sense. Nevertheless, it is not a Platonism understood
as Plato’s position.

Above considerations lead to the following conclusions: First of
all, Plato’s concept of mathematics is not the one that is usually re-
ferred to by the adherents of mathematical Platonism. Secondly, the
mathematics we use is always our human mathematics created by us
for the sake of representing nature, whereas nature itself uses differ-
ent Mathematics, the outline of which we can see only fragmentarily
through intellectual intuition. We will never fully see the Mathemat-
ics of nature, because it is directly inaccessible for us. We know, how-
ever, that this “capital-M” Mathematics is there, and that it justifies

the existence of our mathematics, the “lowercase-M” mathematics of
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the shadow world. This also applies to logic that organizes the world
on its many levels. We, the people who see only shadows, want to
describe and understand other levels of reality with this view. But
these levels exist differently, have a completely different structure,
and different logic. Getting to know them requires different meth-
ods. Plato suggested that this situation should be taken into account,
without confusing the modes of existence at various levels. The most
common type of fallacy we fall into is the attempt to describe other
levels using the methods valid at our own level. Yet ideas, mathemati-
cal objects, and other time-space phenomena exist differently. Today,
we begin to understand that the logic valid at the microscale is dif-
ferent from the one at our scale, and different from the logic at the
macroscale. Perhaps it is worth to resort to the intuition of the ancient
thinkers who, as the poets say: are closer to the gods, and see better

than us.
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Abstract
I address the question whether the wave function in quantum theory
exists as a real (ontic) quantity or not. For this purpose, I discuss
the essentials of the quantum formalism and emphasize the central
role of the superposition principle. I then explain the measurement
problem and discuss the process of decoherence. Finally, I address
the special features that the quantization of gravity brings into the
game. From all of this I conclude that the wave function really exists,
that is, it is a real (ontic) feature of Nature.
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1. Quantum theory

he title of my contribution may sound somewhat surprising, at
Tleast at first glance. After all, the quantum mechanical wave
function and its generalizations in quantum field theory (generically
here called W) are standard tools in quantum theory and its many ap-

plications in physics, chemistry, and even biology. This is true, and
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one can definitely say that U exists in a mathematical sense. The ques-
tion addressed here instead refers to whether ¥ can be attributed an
ontic or merely an epistemic role, that is, whether W can be attributed
reality in the same way as, for example, an electric field possesses,
or whether it merely describes something like an information cata-
logue (as Schrodinger once put it). This is a question that has occu-
pied physicists since the advent of quantum theory in the 1920s and
that still occupies them today; see, for example, (d’Espagnat, 1995;
Kiefer, 2015a), or (2018) and the many references quoted therein.
Here, I will argue that the answer to the question posed in the title
is definitely in the affirmative, and I will try to put together the main
arguments of why this is so and why the wave function has an on-
tic (real) status. Some of these arguments have been presented in an
earlier article (Kiefer, 2012a), to which I will occasionally refer.

At the heart of all of quantum theory is the superposition princi-
ple. It can be separated into a kinematical and a dynamical version
(Joos, Zeh et al., 2003). The kinematical version expresses the fact
that if U1 and U5, are physical states, then oW, + S5 is again a phys-
ical state, where v and (3 are complex numbers. For more than one
degree of freedom, this leads to the important concept of entangle-
ment (Verschrinkung) between systems (Kiefer, 2015a), which plays
a particular important role in modern developments such as quantum
information. The very concept of a quantum computer relies on en-
tanglement.

It is clear that this kinematical version only makes sense if it
is consistent with the dynamics of the theory. But this is the case.
The fundamental equation is the Schrodinger equation (by which I
include its field theoretic generalization, the functional Schrodinger
equation), and this equation is linear: the sum of two solutions is

again a solution. An importance consequence of the superposition
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principle is obvious: the space of what we may call “classical states’
form only a tiny subset in the space of all possible states. A simple ex-
ample is the superposition of two localized states, each of which can
describe a classical state, to a nonlocal (and thus nonclassical) state.
It must be emphasized that the quantum mechanical wave functions
are not defined on spacetime, but on configuration space (cf. e.g. Zeh,
2016 for a lucid conceptual discussion). Except for the case of one
particle, this is a high-dimensional space: the dimension is 3NV for a
system of IV particles, and infinite in field theory. Otherwise, there
would be no entanglement between systems.

Entanglement is the central distinguishing feature of quantum
theory. As already Erwin Schrodinger (1935, p. 555) put it:

I would not call that one but rather the characteristic trait of
quantum mechanics, the one that enforces its entire depar-
ture from classical lines of thought. By the interaction the
two representatives (or y-functions) have become entangled.
...Another way of expressing the peculiar situation is: the
best possible knowledge of a whole does not necessarily in-
clude the best possible knowledge of all its parts, even though
they may be entirely separated. ..

The superposition principle has been experimentally tested in
uncountably many experiments (Schlosshauer, 2007; Kiefer, 2015a).
Even before the term entanglement was coined, it was clear that the
electrons in a helium atom must be entangled in order to lead to the
correct observed binding energies (Hylleraas, 1929). Modern experi-
ments include the interference of biomolecules, the entanglement of
photon pairs over distances of hundreds of kilometres, and the obser-
vation of neutrino oscillations, to name only a few; see, for example,
(Deng et al., 2019) for an experiment involving interference between

light sources separated by 150 million kilometres. There can thus be
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no doubt that the superposition principle holds. The generation of
“macroscopic” superpositions is being seriously considered; see, for
example, (Clarke and Vanner, 2018).

In the mathematical language of quantum theory, the validity of
the superposition principle is encapsuled in the use of vector spaces
for the quantum states (wave functions). The stronger concept of a
Hilbert space (using a scalar product between states) is motivated by
the probability interpretation of quantum theory, which by itself is
connected to the “measurement problem” discussed since the early
days of the theory. This measurement problem refers, in fact, to the
only class of situations in which the superposition principle seems to
break down.

What is the measurement problem? Let us consider the simple sit-

uation of an apparatus, A, coupled to a system, S:' I emphasize that

S > A

both system and apparatus are described by quantum theory. This
analysis goes back to John von Neumann (1932). The simplest situ-
ation of an interaction is the “ideal measurement”: the system is not
disturbed by the apparatus, but the state of the apparatus becomes
correlated with the state of the system. If S is in a state |n) and A in
an initially uncorrelated state |®g), the total state of S and A evolves

as
[7)|®o) — [n)| @, (1)) (1)

! This and the following diagramme are taken from our monograph (Joos, Zeh et al.,
2003).
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The measurement problem appears when we consider a superposition
of possible states |n).2 This leads to the evolution:

ch|n> |®o) e ch|n>|q>n(t)>, 2
n n
where |®,,(t)) is the resulting state (‘pointer state’) of A. But (2)
is a macroscopic superposition! Since such superpositions® are not
observed, John von Neumann postulated the occurrence of a “col-
lapse of the wave function” in measurement-like interactions; he
did not, however, present a dynamical equation for such a collapse,
which must be unitarity violating and is thus in conflict with the
Schrodinger equation.

In more recent years, various models of wave function collapse
have been presented in the literature and possible experimental tests
have been discussed.* It must be emphasized that most of these mod-
els only make sense if the wave function acquires a real (ontic) sta-
tus. This is different from its role in the Copenhagen interpretation of
quantum theory, where the ‘collapse’ has the mere formal meaning
of an information increase. We shall see in the next section how we
can proceed without assuming a dynamical collapse, that is, without
violating the unitarity of quantum theory.

Before doing so, I want to conclude this section with some re-
marks on relativistic quantum theory, in particular the Dirac equation.
The Dirac spinor appearing there should not be confused with the
wave function discussed above. The spinor is not defined in configu-

ration space; it is defined on a classical (in general four-dimensional)

2 In the simple situation of spin-%, one would have two states |n), one corresponding
to (say) spin up and the other to spin down.

3 An especially impressive example is Schrodinger’s cat.

4 See, for example, (Bassi et al., 2013) for a comprehensive review.
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spacetime. It thus cannot describe entanglement and can only serve to
address one-particle situations; it can describe correctly the situation
in the hydrogen atom, but cannot even be formulated for the helium
atom.> Relativistic quantum theory is only consistent in the form of
quantum field theory; the Dirac equation follows from quantum elec-
trodynamics (QED) for the special case of one-particle excitations.
When we talk here about the ontological status of W, this refers in
the general case of quantum field theory to wave functionals. These
functionals are defined on the configuration space of all fields; in the
case of QED, for example, this is the space of all vector potentials

and charged Grassmann (anti-commuting) fields.

2. Decoherence

How can one understand the nonobservation of superpositions such
as (2) without advocating an explicit collapse? The key role in an-
swering this question is played by the presence of the ubiquitous
environment for the apparatus. This was clearly recognized in the
pioneering work by H.-Dieter Zeh in 1970.° ‘Environment’ is here a
technical terms that stands for additional degrees of freedom whose
interaction with the ‘apparatus’ (or other systems under consider-
ation) cannot be avoided. In concrete examples, these may be air
molecules or photons that scatter off the ‘apparatus’. One thus has

instead of the above diagramme the following situation:

5 Cf. in this context (Zeh, 2016).
6 The original reference is (Zeh, 1970). See (Joos, Zeh et al., 2003) for details and
references.
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§|S|—>|AIE.'E E

Here, E stands for the environmental degrees of freedom, and the
three arrows between A and E indicate the many degrees of freedom.

If the environment is in an initial state |Ey), the superposition
principle for the whole system of S, A, and E leads to

(ch|n><1>n>> Eo) 5 Y cn)®)E). ()

n n

But this is an even more macroscopic superposition than (2) because
it not only includes system and apparatus, but also the many degrees
of freedom of the environment. Has the situation not become worse
now? The answer is no. The reason is because the degrees of free-
dom of the environment are in general not accessible; when dealing
with S and A only, one has to trace them out and to consider in-
stead the reduced density matrix of S and A alone, from which all
local observations follow. Since different environmental states are in
general orthogonal (because they can discriminate between different
states of A), (E,|Fm) & 0nm, the reduced density matrix assumes
the form

psa Y lealln) (n] © 1) (@, @

which is approximately (but not identically) equal to a classical
stochastic mixture. The information about the original superposition
of (2) has now been transferred to a nonlocal correlation between S
and A on the one side, and E on the other side. They are no longer
observable at S and A itself: “The interferences exist, but they are

not there” The various system states |n) are distributed with proba-
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bilities |¢,,|? according to the Born rule of quantum theory. (It should
be noted, though, that the very notion of density matrix is based on
the validity of the Born rule.)

This irreversible emergence of classical properties (nonobserv-
ability of interference terms) through the unavoidable interaction
with the environment is called decoherence. It has been explored in
the last decades, both experimentally and theoretically.” According to
decoherence, macroscopic objects appear classically, although they
are fundamentally described by quantum theory. Decoherence is a
process that can be treated entirely within standard quantum mechan-
ics and which can be based on realistic processes discusses in a quan-
titative manner.’

What are the consequences of this for the interpretation of quan-
tum theory in general and for the wave function in particular? If the
superposition principle and the Schrodinger equation are universally
valid, one arrives at what is called the Everett or many-worlds in-
terpretation (see e.g. d’Espagnat, 1995; Zeh, 2016). Unitary quan-
tum theory is then exact and never violated. The dead and the alive
Schrodinger cat, for example, then indeed exist simultaneously in dif-
ferent “Everett branches”, and also the observer seeing the cat exists
in two versions. In this point of view, the wave function definitely has
an ontic status and exists in the way discussed above. The Everett in-
terpretation together with decoherence makes the measurement prob-
lem obsolete.

A question often asked is about the derivation of the probability

interpretation (the Born rule) in the Everett picture. This has been

7 Major reviews are Joos et al. (2003), Zurek (2003), Schlosshauer (2007). Crucial
experiments are also discussed in Haroche (2014).

8 Such quantitative calculations were presented for the first time in Joos and Zeh
(1985).
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discussed at length in the literature; see, for example, Zurek (2018)
and the references therein. The probability interpretation only makes
sense for situations in which decoherence is effective, because only
then the various alternatives can be treated independently and prob-
abilities can be assigned. Whether the Born rule can then really be
derived or only be made plausible, is a contentious issue. But what
is clear that the Everett interpretation together with decoherence and
the Born rule gives a consistent picture that is not in need of comple-
tion.

The Everett interpretation is the simplest one at the level of the
mathematical formalism. The fundamental equations are all linear. It
is not a simple interpretation if one sticks to a classical picture of the
world. This is what the main alternative—explicit collapse models—
wants to achieve (see e.g. Bassi et al.,, 2013). But this requires a
modification of the usual formalism by bringing in nonlinearities or
stochastic terms. Also here, the wave function assumes an ontic sta-
tus. The main task is to work out concrete models and to explore their
experimental status.

A rather mild modification is the de Broglie—-Bohm theory. The
Schrédinger for W is left untouched, but in addition particle (or clas-
sical field) configurations are introduced. The wave function, which
is defined in configuration space, acts as a kind of ‘guiding field’ for
the particles in ordinary space. There, too, it has an ontic status and
can thus be assumed to exist. At least in nonrelativistic quantum me-
chanics, the predictions of the de Broglie-Bohm theory agree with
the predictions of standard quantum theory.

The prototype of an epistemic point of view is the Copenhagen
interpretation. There, ¥ merely provides an increase of information
during a measurement and has no physical existence on its own—

only the classical concepts such as particle posititions have. But is
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such a point of view really consistent and satisfactory? This is hard
to believe. New light on these interpretational questions is shed by
entering the realm of quantum gravity and quantum cosmology. This

is the topic of my final section.

3. Quantum gravity

In 1957, a group of distinguished physicists met at the University
of North Carolina to explore the prospects of gravitational physics.
This also included the possible quantization of the gravitational field.
In the discussion, Richard Feynman came up with the following
Gedankenexperiment. In a Stern—Gerlach type of setting, a particle
is brought into a superposition of, say, spin up and spin down. Intro-
ducing some interconnections to a macroscopic object, say a ball of
1 cm diameter, one can bring the ball into a superposition of being
translated upwards and downwards. But this corresponds to a super-
position of two measurable gravitational fields (measurable e.g. with
a Cavendish balance). Feynman then states (De Witt, 1957):

...if you believe in quantum mechanics up to any level then
you have to believe in gravitational quantization in order to de-
scribe this experiment. ... It may turn out, since we’ve never
done an experiment at this level, that it’s not possible . .. that
there is something the matter with our quantum mechanics
when we have too much action in the system, or too much
mass—or something. But that is the only way I can see which
would keep you from the necessity of quantizing the gravita-
tional field. It’s a way that I don’t want to propose. ...

In other words, unless one assumes that the superposition princi-

ple and the standard formalism of quantum theory is violated when
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Figure 1: Feynman’s Gedankenexperiment in which a microscopic superpo-
sition is transferred to a macroscopic one of a ball being simultaneously at
two different places. Figure adapted from (De Witt, 1957).

gravitational fields play a role (as, for example, Lajos Didsi and
Roger Penrose envisage), the quantization of gravity seems unavoid-
able. The majority of researchers thus accepts the assumption of ex-
trapolating the standard linear formalism of quantum theory to quan-
tum gravity. This holds for almost all of the existing approaches, from
canonical and covariant quantum gravity up to string theory (Kiefer,
2012b).

At present, there is a discussion about the possibility to observe
gravitational superpositions in the laboratory. There are proposals to
probe a nonclassical gravitational field generated by two masses each
of which is superposed at two locations (see e.g. Marletto and Vedral,
2017) or to probe such a field generated by the superposition of one
mass in the spirit of Feynman’s proposal cited above (see e.g. the
remarks in Schmole et al., 2016). The observability of such superpo-
sitions also meets with criticism (Anastopoulos and Hu, 2018).

What are the consequences of quantum gravity for our question
about the reality of the wave function? In order to answer this ques-

tion, it is sufficient to use the simplest and most conservative ap-
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proaches to quantum gravity, which is quantum geometrodynamics.’

One arrives at this theory when asking the following question: what
is the quantum formalism that gives back Einstein’s equations in the
semiclassical (WKB) limit? This is analogous to the heuristic proce-
dure that Erwin Schrodinger led to his equation in 1926.

The canonical formalism of general relativity discloses the real
dynamical quantity of the theory: it is the three-dimensional ge-
ometry. The configuration space is thus the infinite-dimensional
space of all three-dimensional metrics, with an additional constraint
which guarantees that metrics related by coordinate transformations
are counted only once. The theory possesses four local constraints,
which after Dirac quantization are heuristically transformed into
quantum constraints on physically allowed wave functionals. In a

shorthand notation, they read
HU =0, 5)

where H denotes the Hamilton operator of all gravitational and non-
gravitational degrees of freedom. The functional W is defined on the
space of three-metrics and nongravitational fields. Equation (5) is
also called Wheeler—DeWitt equation. '

One recognizes from (5) the absence of any external time parame-
ter (see in this context Kiefer, 2015b). This is obvious for conceptual
reasons. In classical relativity, spacetime (four-geometry) plays the
same role that a particle trajectory plays in mechanics. After quan-
tization, spacetime has disappeared in the same way as the particle

trajectory has disappeared in quantum mechanics. But whereas in

9 Details and relevant references can be found, for example, in my monograph (Kiefer,
2012b).

10 More precisely, if written out, (5) includes the Wheeler—DeWitt equation and the
diffeomorphism constraints.
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quantum mechanics Newton’s absolute time ¢ has survived, no such
absolute time is present in Einstein’s theory. As a result, the funda-
mental quantum gravity equations are timeless.

Of special concern here is quantum cosmology—the application
of quantum theory to the Universe as a whole. In the simple case of
a Friedmann universe with scale factor ¢ and a conformally coupled
scalar field y, the Wheeler—-DeWitt equation assumes the form (after
some rescaling and with a suitable choice of units):

0? 0?

w‘w‘“2+x2>w:°‘
(6)

How can one interpret such equations? At the most fundamen-

Fot(a, ) = (—Ha + H) = (

tal level, there is no time and there are no classical observers who
could perform measurements. Therefore, the Copenhagen interpreta-
tion which requires the need of classical measurement agencies from
the outset, is inapplicable. The question thus arises in which limit
approximate notions of time and observers (more generally, of clas-
sical properties) emerge and what relevance this emergence has for
the interpretation of the wave function.

Such a limit exists and is well understood (Kiefer, 2012b; 2015b).
It is similar to the Born—Oppenheimer approximation in molecular
physics. If one adds inhomogeneous degrees of freedom to the Hamil-
tonian in (6), the Wheeler—DeWitt equation is of the form

(HO + ZH b, T ) (e, ¢, {z,}) =0, 7

where the x,, stand for the inhomogeneities (gravitational waves, den-
sity perturbations). Writing U = 4 [ [,, ¥, and assuming that ¢y is
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of WKB form, that is, ¢y &~ Cexp(iSp/h) (with a slowly varying
prefactor C'), one gets

O
ih—— ~ Hp,
h— (0 (8)
with 5
e =V, - V.

This is nothing but a set of time-dependent Schrodinger equations for
the inhomogeneities with respect to a time variable ¢ that is defined
from the homogeneous cosmological background; ¢ is also called
‘WKB time’ and controls the dynamics in this approximation. Only
in this limit can one talk about the probability interpretation of quan-
tum theory and the existence of observers. It is thus not at all obvious
whether the standard notion of Hilbert space need, or even can, be
extrapolated to the level of full quantum gravity (beyond this level of
the Born—Oppenheimer approximation).

In quantum cosmology, arbitrary superpositions of the gravita-
tional field and matter states can occur. How can we understand the
emergence of an (approximate) classical Universe? This is achieved
by the process of decoherence introduced above (Kiefer, 2012a). De-
coherence is a process in configuration space, and the irrelevant de-
grees of freedom can be taken to be part of the inhomogeneities x,.
In this way, the scale factor ¢ and the field y can be shown to assume
classical properties. The same then holds for WKB time ¢, which is
constructed from these background variables. After this classicality
is understood, one can investigate decoherence for some relevant in-
homogeneous degrees of freedom; these include the inhomogeneities
of an inflaton scalar field and of the metric, giving rise, after decoher-
ence, to the observed CMB anisotropies and the (not yet discovered)

primordial gravitational waves. In all these considerations, the wave
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function is assumed to be real (ontic); this is also the case if one ap-
plies collapse models to quantum cosmology. I should also mention
that even the problem of the arrow of time can, at least in principle, be
understood in the framework of timeless quantum cosmology (Zeh,
2007).

It is clear that the debate about the correct interpretation of quan-
tum theory will continue, at least until a clear experimental decision
is reached (which could take quite a while). In this contribution, I
have collected arguments which strongly support the point of view
that the wave function is real (ontic), in the same way as, say, an elec-
tric field, is real. Thus, the wave function exists. The perhaps most
important open question is: what is the configuration state for the
wave functional at the most fundamental level? In canonical quan-
tum gravity, it is the space of three-geometries plus nongravitational
fields; what it is at the level of a fundamental quantum theory of all

interactions, is unknown.
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Where are Sunspots? The Practical
Method of Galileo as an example of
Mental Model

Tadeusz Sierotowicz
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Istituto di Scienze Religiose di Bolzano and IISS Gandhi di Merano

Abstract
After the publication of Sidereus Nuncius, in the controversy with
Ch. Scheiner, Galileo developed several arguments on behalf of the
hypothesis that sunspots are contiguous to the surface of the Sun, and
presented them in his Istoria e dimostrazioni intorno alle macchie so-
lari e loro accidenti (Rome 1613). One of them, named by Galileo
a Practical Method, advocates very clearly the correctness of the hy-
pothesis. In the paper the method in question is briefly described. It
is argued that the Practical Method is not a thought experiment, but
rather a mental model proposed precisely in order to solve the prob-
lem of sunspots’ location.

Keywords
sunspots, Galileo’s practical method, mental models, early modern

science.

1. Introduction

ﬁ fter Galileo discovered many celestial novelties through his
telescope, as described in the widely read Sidereus Nuncius,
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his vis polemica found a space in the sunspot dispute with the Jesuit
priest Christopher Scheiner (Camerota, 2004, pp.238-259; Fantoli,
2003, chap.2.6; Heilbron, 2010; Galilei and Scheiner, 2010; Shea,
1970; Sierotowicz, 2013)". In this article, I pay special attention to a
few pages from Istoria e dimostrazioni intorno alle macchie solari
e loro accidenti (Galilei, 1613), which has been largely neglected by
scholars. In the work, the Pisano? presented what he himself called
the most powerful reason in favour of his thesis about the location
of sunspots. This is an original method, called the Practical Method
(see OG 'V, 121.5; Galilei, 2010, p.112), through which Galileo tried
to prove his hypothesis by combining in a paradigmatic way sensible
experiences (observations) and necessary demonstrations (a geomet-
rical model).

Galileo Galilei, in opposition to Christopher Scheiner, consid-
ered sunspots a phenomenon that exist on the surface of the Sun and,
as a consequence, participate in the rotation of the solar globe. How-
ever, according to Scheiner, sunspots are just shadows of the passage
of planets distant from the Sun through the solar disk. All these plan-
ets have to move with an angular velocity that is equal to the angular

velocity of the rotation of the Sun.

! Bibliographical note: the opera of Galileo Galilei discussed in the paper can
be easily found on the Web: Istoria e dimostrazioni..., (Galilei, 1613) see, e.g.,
copy of the National Library of Florence: BNCF - II 461, the Nencini collection:
brunelleschi.imss.fi.it/bibliotecagalileo; [Accessed 23 Dec. 2010]. In the national edi-
tion of the works of Galilei, Istoria e dimostrazioni. .. can be found in the fifth vol-
ume: (Favaro, 1890-1909, pp.25-239). Favaro’s edition is cited here with the abbre-
viation OG, followed by the number of the volume, the page number, and the verse
number. For the English translation, see (Galilei, 2010). Figures: For all details, see
(Sierotowicz, 2013).

2 Galileo is often referred to as the Pisano, after the city of his birth.
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To decide which of these two theories is right, Galileo proposed
several arguments. One of them, a sort of cinematic and geometric
reasoning, was based on the variation of the relative distance between
the two spots moving along the same parallel from the edge of the
solar disk towards its centre. The Pisano noted that the observed dis-
tance between such two sunspots changes in a particular way because
of the projection on the observation plane of the segment between the
spots according to the angle that the segment forms with the plane of
observation. Galileo developed a geometrical model of this situation
in his work on sunspots mentioned above (Fig. 1).

The apparent distance between two sunspots is normally smaller
than the actual distance between them. However, on one occasion,
namely, when the segment between two spots is parallel to the obser-
vation plane, the length of the segment and the length of its orthog-
onal projection onto the observation plane will be the same. This
happens when the straight line joining the observer’s eye with the
centre of the Sun is aligned with the centre of the segment that joins
the spots (Fig. 5). Of course, this situation is rather exceptional, but
Galileo was lucky enough to observe it for two sunspots on July 1,
1613, and July 5, 1613, respectively (Fig. 2 and 3). Extraordinary,
masterly executed drawings representing these observations were
printed in Istoria e dimostrazioni. ... In fact, on July 5, 1613, spots
A and B appeared to be symmetrically located with respect to the
centre of the solar disk. This particular observation allowed Galileo
to develop and apply the Practical Method.
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2. The Practical Method

First, Galileo noted that “because the distance between the Sun and
us is very great in proportion to the diameter of its body” (see OG
V, 121.5; Galilei, 2010, p.112) some preliminary premises, also of a

physical nature, for his model can be made:

1. The rays that reach the eye of the terrestrial observer can be
considered as parallel lines (see the rays ZDG, OLI, and QP
in Fig. 1);

2. Sunspots are located on the same latitude and pass through the
centre of the solar disk or very close to it; and

3. This situation occurs in the case of two spots, A and B (see
Fig. 2 and 3).

Starting with these suppositions, Galileo constructed the geomet-
ric model of sunspot observations. The plane of the drawing (Fig. 1)
corresponds to the plane passing through the observer, the centre
of the Sun, and the parallel (practically the equator) on which the
sunspots A and B are located. The GDZ line, coming out from the
centre of the Sun G, goes towards the terrestrial observer to whom
the spots appear projected on the plane perpendicular to the plane
just mentioned and passing through the centre of the Sun (the obser-
vation plane). Let CDE be the semicircle representing the surface of
the Sun, or the parallel on which the A and B spots move, and let the
points on the CGE segment correspond to the observed positions of
sunspots in an orthogonal projection on the observation plane. The
points L and H are the sunspots A and B, respectively, observed on
July 1, 1613 (Fig. 2). The actual distance between these spots is equal
to the HL chord, but because of the projection effects, these spots are

observed as points F and I, and their observed distance is equal to the
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length of the FI segment. It is easy to see that in a situation where
the HL segment is symmetrical with respect to the GDZ line, the
observed distance should be equal to the length of the HL segment
because the HL, FI, and CGE segments are parallel. This situation
actually occurred on July 5, 1613 (see Fig. 3 and 5).

Naturally, the construction described above corresponds to the
hypothesis that sunspots are supposed to be located on the surface of
the Sun, or very near to it. What if the spots are but the shadows of
a distant planet (Scheiner’s hypothesis)? Let us now imagine that the
phenomenon of the spots is caused by a transition through the solar
disk of objects distant from the surface of the Sun that are about Y20 of
the diameter of the solar disk. The objects in question therefore move
on the MNO semicircle (Fig. 1). In this case, sunspots should be col-
located in points N and O, and their real distance should correspond
to the segment NO. It is easy to find out using a compass that the seg-
ment NO is shorter than the segment HL. Nevertheless, even in this
case, the observed distance corresponds to the FI segment because
the geometric construction represents the way in which the mind and
the eye of the terrestrial observer builds images of the spots. How to
decide which of the two situations, clearly different, reflects the real
situation? To put it briefly: where are sunspots—on the MNO or on
the CDE semicircle?

To answer this question, Galileo used a simple and ingenious
method, inspired by the observation record of July 5, 1613. Let the
observer execute the drawing that represents this observation and its
geometrical reconstruction on the same scale; that is, let the observer
trace the circle that represents the solar disk with the same opening
of the compass for both the geometric reconstruction (Fig. 1) and the

recording of the observations (Fig. 2 and 3). In these circumstances,
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the distance between spots A and B on the 5" of July directly gives
the length of the chord that corresponds to the real distance between
the sunspots in the scale adopted for the drawing.

Therefore, if the spots were on the surface of the Sun, it would
correspond to the HL segment; otherwise, it would correspond to
the NO segment. A graphical manipulation shown on Fig. 1 and 4
clearly indicates that the AB distance observed on July 1 corresponds
to the length of the FI segment. At the same time, reiterating the same
operation for Fig. 1 and 3 (that is pictured at Fig. 5), it becomes clear
that the distance between spots A and B on July 5, 1613, are equal to
the length of the HL segment, which is significantly greater than the
length of the NO segment. This confirms Galileo’s hypothesis.

Galileo must have had this procedure in mind. In fact, in the Isto-
ria e dimostrazioni. .. he wrote, “now if one looks at the illustration
of the fifth day [Fig. 3], [...] one will find that [the] distance [of
the spots] A and B would be exactly equal to the chord HL. This
can in no way happen if their revolution takes place along a circle
at any distance whatsoever from the surface of the Sun” (see OG V,
122.34-36; Galilei, 2010, p.115). Then, he proposed the reasoning
summarised above, calculating subsequently the numerical values of

the difference between chords in question (see OG V, 123).

3. The Practical Method and its Application

The Practical Method is a brilliant argument that makes it possible
to distinguish between two hypotheses on the location of sunspots
based on observations using a simple and immediate measurement
based on a properly scaled geometric model. The procedure seems to

have innovative features. On the one hand, Galileo built a geometric
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model of the phenomenon, but on the other hand, the model itself
acts as a sort of measuring instrument that allows one to resolve the
dispute between two hypotheses with reference to the observations.
It can therefore be said that the graphical reasoning based on the geo-
metrical model of the event (Fig. 5) permits one to assign a numerical
value to a physical quantity (a distance between sunspots) and solve
the problem.

A sine qua non condition for such a reasoning to work is to as-
sign the same value to the diameter of the solar disk both in the con-
struction of the geometric model and for the drawings representing
the observations. Galilei followed precisely this method. In fact, to
check provisionally this condition I have analysed a copy of Galileo’s
treatise on sunspots from the Early Printed Books Collection of the
Jagiellonian Library in Cracow (593892 II). Here are the results of
my measurements performed on the drawing that corresponds to

Fig. 1 (accuracy of + 1 mm.):

HL = 60mm / ON= 52mm / GM = 69mm / FI = 42mm /
CE = 123mm / CG = 62mm

In the same volume, the distance between the sunspots AB is,
respectively, 42 mm (observation on the 1% of July: the diameter of
the solar disk is 123 mm) and 61 mm (observation on the 5" of July:
the diameter of the solar disk is 122 mm).

Therefore, my measurements within the margin of errors seem
to indicate that the length of the HL segment is equal to the distance
between the AB spots on the 5 of July, which in principle solves
the ongoing dispute between Galileo and Scheiner. Of course, things
are not that simple because, first, the spots are not exactly point-like,
and second, they change shape continuously, moving with their own

motion.
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In the Istoria e dimostrazioni... Galileo applied the Practical
Method to other situations, using it as a starting point for the pre-
diction of the probable results of some possible sunspots observa-
tions (see OG V, 124.13-21; Galilei, 2010, p.116). Suppose, for ex-
ample, that spot A is collocated at the edge of the solar disk in point C
(Fig. 1), and spot B in point H; then the arc CGH would be equal to 4°.
Assuming that the GC radius is of 10000 units and the GM radius is
of 10100, then the lengths of both the CH, and the RN segments can
be easily calculated; the CH segment would be of 419 units, and the
RN of 94 units. The effect would then be extremely strong (CH/RN
= 4.46 versus HL/ON = 1.12 in Fig. 5). Unfortunately, Galileo did

not find any observations corresponding to the situation in question.

4. The Practical Method - Methodological Aspects

How to interpret Galileo’s reasoning? The Practical Method has some
characteristics of what is defined in the literature as an epistemic im-
age. Such visual structures usually serve as a starting point for the
formulation and development of a given theory. The Feynman dia-
grams are often indicated as an example of this.

Galileo began with some hypotheses that simplified the descrip-
tion of the observational situation (e.g. the parallel rays that reach the
observer) and then constructed a geometric model that, through some
mathematical calculations, permits one to depict the evolution of the
phenomenon. The model permits the prediction of the results of the
observations. Galileo’s two-dimensional model becomes, in a sense,
a sort of measuring instrument that allows one to compare directly
the two hypotheses by referring them to the observations, solving in

this manner a theoretical problem.
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Thus, it seems reasonable to state that the Practical Method is a
reasoning on which the argument in favour of Galileo’s thesis about
the location of sunspots is based. Briefly, the Practical Method is a
graphic solution of an analysed problem. At the beginning of his sci-
entific career, Galileo, in the context of his studies on the centre of
gravity of bodies, emphasised in his discussion with Clavius the im-
portance of the drawing in investigation procedures. Lodovico Cigoli,
in a letter to Galileo dated August 11, 1611, wrote that a “mathemati-
cian, even the greatest, without the help of detailed sketch is only half
a mathematician - more, a man without eyes” (OG XI, 168).

Galileo’s Practical Method thus offers a sort of geometrical rea-
soning on behalf of his thesis about the location of the spots. From the
mathematical point of view, he constructed a univocal (isomorphic)
model of some aspects of the phenomena that occur on the surface
of a sphere. The accuracy of the thesis can be confirmed after having
assigned a numerical value to the crucial physical quantities that as-
sume different values in different scenarios (Galileo’s vs. Scheiner’s
hypothesis). Here, with great clarity, one can see the connection
between geometry and observations inside a specific model. The
Galileo’s Practical Method is therefore an example of model-based
reasoning, which is not the reasoning relating to the figures of syllo-
gism in Aristotelian terms, but—in this case—to the geometric con-
siderations developed inside the model of a specific phenomenon.

5. Conclusion - Galileo’s Practical Method as a
Mental Model

The Practical Method of Galileo assuredly is not an example or per-

fect description of what later was called the Galilean method; the
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method in which insight into the universe is “gained through a self-
reinforcing loop between experimental data and theoretical analysis,
based on the use of mathematics and modelling” (Succi and Coveney,
2019, p.2). Nevertheless, it contains very valuable hints on how some
natural problems can be solved.

Galileo’s protocol is based on a geometric model, which, start-
ing from simplifying hypotheses, develops an isomorphic geomet-
ric structure of the evolution of a given phenomenon. It allows, as
a consequence of some geometrical reasoning, a direct comparison
between the model and the observations, thus providing graphic rea-
soning on behalf of a specific thesis as far as a particular aspect of
the phenomenon in question (the location of sunspots) is considered.
From that point of view Galileo’s procedure seems to be very simi-
lar to what is now called “mental models”, considered together with

“mental/thought experiments™>

, a fundamental evolutionary achieve-
ment of a human race (see Nersessian, 1992; 2008; Stuart, Fehige
and Brown, 2018).

The notion of mental models dates back to the ideas formulated
by Charles Peirce and Ludwig Wittgenstein. Kenneth Craik devel-
oped the concept of mental models in a remarkably stimulating way.
His theory identified the ability to predict events as a fundamental
property of human thought and as a particularly advantageous adap-
tive conquest. Regarding mental models, Craik emphasised their abil-
ity to reflect the processes of the real world, both in terms of structure
and the processes that occur there:

By a model we thus mean any physical or chemical system
which has a similar relation-structure to that of the process it
imitates. By ‘relation-structure’ I do not mean some obscure

3 The bibliography of thought experiments in Galileo is very extensive, e.g. (Camilleri,
2015; Palmerino, 2018; Palmieri, 2003).
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non-physical entity which attends the model, but the fact that
it is a physical working model which works in the same way
as the process it parallels, in the aspects under consideration
at any moment (Craik, 1943, p.51).

In short, mental models have a structure similar to the structure of a
“fragment” of the reality they represent.

According to Craik, the construction of mental models belongs
to the natural capacities of the human mind. The mental process that
constitutes a model is based on three fundamental processes: transla-
tion of the processes of the external world into words, numbers, or
symbols; reasoning, that is, the transition to other symbols through
deduction, induction, etc.; and finally, re-translation of these symbols
into external processes or the recognition of correspondence between
symbols and external processes.

Since the 1980s, the concept of mental models has been an object
of intense research in the fields of philosophy, literary criticism, com-
puter science, and cognitive science. According to the interpretations
that follow Craik’s approach, especially those of Nancy Nersessian,
mental models are the constructs of the human mind that represent
situations, events, and processes designed to solve certain problems.
These models can be manipulated, transformed, and dynamically de-
veloped through modes of reasoning that are quite different with re-
spect to the forms of reasoning applied to systems of propositions,
such as deduction or induction. In short, there is no strict equiva-
lence between reasoning and logic, because in the case of mental
models, “inferences are made through constructing and manipulating
models that are structural, behavioral or functional analog models of
target phenomena” (Nersessian, 2008, p.184). Mental experiments

are often referred to as an example of this type of “manipulation”
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understood here as a form of reasoning. Consequently “thought ex-
perimenting is a form of ‘simulative model-based reasoning’”’ (Ners-
essian, 1992, p.291).

Galileo’s Practical Method (OG V, 121-122), developed as a mea-
surement tool to be used in the specific dispute on sunspots, as illus-
trated above using an example of the drawings from the Jagiellonian
Edition, seems to be quite near to the aforementioned description of
mental models. In that sense, his solution to the problem of the lo-
cation of sunspots can be considered an example of the construction
and the use of mental models. Such models are present in other dis-
coveries of Galileo, and in the history of physics in the post-Galilean
era. However, detailed analysis and investigation of this topic must

be left for future research.
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Figure 1: Galileo’s Practical Method — the projection on the observational

plane of the segment between two sunspots.
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Figure 2: Galileo’s observation on July 1, 1613.
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Figure 3: Galileo’s observation on July 5, 1613.
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Del Sig. Galileo Galilei. 39
Pifteffo di H. L. il quale accidente in modo alcuno non puo ha
uer luogo,quando le macchic B.A. procedefiero in cerchij fenfi
bilmente lonta~
ni dalla fuperfi«
ciedel Sole. E
notifi; che quan
do fi pigliaflero
due macchie
meno diftiti trd
- di loro, e pil vi«
cine al termine
C. ouero E. ta-
le:accidente fi
farebbe molto
pitl notabile .
Imperoche fe.
foffero due mac-
chiie, delle quali
vna foffe sit'lifuo
primo: apparire
nel punto C. e
l'altra appariffe
inF. fiche la lor
diftanza  appa-
rente foffe C, F.
il verointerual-
lo trd efle quan-
do, foflero nella
{uperficie del So
lesfarebbe la fut-
tefa H. C. mag-
giore fette, d pitt
volte diC. F. Ma quando tali macchie foffero ftate in R. N
la loro reale diftanza faria ftata lafuetefa R. N. che & mené
della terza parte della C. H. laonde transferite tali macchic
intorno al puntoD. quando lefperienza ci rapprefentaffe..
la
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Figure 4: Sunspots observation, and its geometrical model for the July 1,
1613. The reconstruction by the Author.
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Figure 5: Sunspots observation, and its geometrical model for the 5 July.
The reconstruction by the Author.



Nauka jako racjonalna doxa. Jozefa
Zycinskiego koncepcja nauki

i filozofii nauki - poza
internalizmem i eksternalizmem

Zbigniew Liana
Uniwersytet Papieski Jana Pawfa Il w Krakowie

Science as rational doxa. J. Zycinski’s
understanding of science and philosophy of
science - beyond internalism and externalism

Abstract
Philosophical interests of Joseph Zycinski (1948-2011) in the do-
main of the philosophy of science were focused on the debate con-
cerning the nature of science and philosophy of science that followed
the Einstein-Planck revolution in science. The unexpected discovery
of the philosophical, extra-scientific presuppositions in science, as
well as of the extra-rational factors determining the way these pre-
suppositions are accepted in science were to be explained within the
meta-scientific framework. It is the aim of this paper to present Zy-
ciniski’s diagnosis of this post-revolutionary situation in the philoso-
phy of science as well as his critique of the metascientific answers to
this challenge. The reasons will be given why all those answers are
put under two dichotomous rubrics of internalism and externalism. It
will be also explained how Zyciniski intends to supersede this false in
his opinion opposition with a new concept of the doxatic rationality.

However, the details of the metascientific proposal of Zycifski will
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be given only in the subsequent paper. In order to perform the aim
of the paper the metatheoretic tools set out by Popper (1979) will be
used.

Keywords
rationalism, skepticism, internalism, externalism, scientific revo-
lution, metascientific revolution, philosophical presumptions in
science, commitment to the research tradition.

Wstep

przekonaniu Zycifiskiego dwudziestowieczny spér filozo-

‘ V ficzny o charakter nauki nalezy interpretowaé jako kolejny,

historyczny przejaw bardziej fundamentalnego sporu miedzy racjo-
nalizmem a sceptycyzmem o racjonalnos$¢ poznania.

W dwudziestowiecznej tradycji filozoficznej spér o rozumienie
tego, czym jest nauka, wiaze sig $cisle ze sporem o racjonalnosé roz-
woju wiedzy naukowej. W swej najbardziej radykalnej wersji — ,,ze-
wnetrznej” — jest to spdr racjonalizmu ze sceptycyzmem o istnienie,
wzglednie nieistnienie specyficznego, ,,racjonalnego elementu” po-
znania, réznego od zmyslowego postrzezenia, czyli tak czy inaczej
rozumianego rozumu. W swej wersji ,,wewngtrznej” — to znaczy we-
wnatrz tradycji racjonalistycznej, uznajacej istnienie elementu racjo-
nalnego — jest to spér o charakter tego elementu oraz o jego miejsce
w procesie zmiany teoretycznej'.

! Na zasadzie pars pro toto Zycinski (1983, s. 184) utozsamia nauke z ,,rozumem
naukowym”, a filozofi¢ nauki okresla na sposéb Kanta mianem Krytyki rozumu na-
ukowego. Poniewaz w celu metanaukowej analizy rzeczywistej nauki tego typu em-
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W diagnozie Zycinskiego dwudziestowieczny spor o nauke jest
sporem fundamentalnym, sporem o rozumienie racjonalnosci jako ta-
kiej, i to zaré6wno w jego wersji ,,zewngtrznej”, jak i ,,wewngtrznej”.
W przypadku sporu ,,zewngtrznego” — i tutaj tkwi proprium rozwia-
zania Zycifiskiego — obie strony sporu, czyli rozwiazania zaréwno
racjonalistyczne, jak i sceptyczne, maja wspélny rodowdd. Laczy
je btedna, tradycyjna koncepcja racjonalnosci, a tym samym btedna
koncepcja nauki. W tezie tej ujawnia si¢ ogdlniejsza presupozycja
metafilozoficzna postulujaca relatywny charakter sceptycyzmu filo-
zoficznego. Jest to sceptycyzm wzgledem okreslonej koncepcji racjo-
nalnosci lub naukowosci, a nie sceptycyzm w ogdle. Jest on specy-
ficzng teoriag metanaukowa odrzucajaca okreslong historycznie kon-
cepcje naukowosci i racjonalnosci. W przypadku sceptycyzmu dwu-
dziestowiecznego, przedmiotu analiz Zycifiskiego, negacji podlega
koncepcja racjonalnosci, jaka zywil si¢ dwudziestowieczny racjona-
lizm metanaukowy, racjonalizm normatywno-demarkacjonistyczny
Kota Wiedenskiego, Poppera i Lakatosa?.

Motywem, ktéry sktonit Zycifiskiego do postawienia takiej tezy
metafilozoficznej, byta konstatacja pewnego istotnego faktu histo-
rycznego: to, ze oba te przeciwstawne rozwigzania metanaukowe
powstaty w reakcji na dwudziestowieczng rewolucj¢ naukowa, ktéra
zanegowata dotychczasowy wzorzec naukowosci i racjonalnosci, wy-
wotlujac efekt ,.intelektualnego szoku” i prowadzac do ,,rewolucji me-
tanaukowe;j”. Ale konstatacja faktu z historii nauki jest jednoczesnie

interpretacja sytuacji filozoficznej w perspektywie metanaukowego

blematyczne okreslenie jest mato przydatne ze wzgledu na swa nadmierna ogélnosé,
Zycinski wprowadza bardziej realistyczna kategorie ‘elementu racjonalnego’ (Zycin-
ski, 1983, s. 142n).

2 Zob. (Zycinski, 1996, s. 228; 1983, s. 186). W tym drugim tekscie jest mowa o po-
rzuceniu ostrej dychotomii kontekstu odkrycia i uzasadnienia typowej dla demarka-
cjonistycznych metodologii.
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sporu o racjonalno$¢ naukowa. Jest to zatem ,.konstrukcja” specy-
ficznego faktu metanaukowego, w ktérym juz zawiera si¢ implicite
mozliwe rozwiazanie spornego problemu filozoficznego?. Rozwiaza-
nie proponowane przez Zycifiskiego jest bezposrednia konsekwencja
przyjetej diagnozy metafilozoficznej: przezwycigzenie probleméw
zwiazanych z tradycyjna koncepcja racjonalnosci powinno skutko-
wac przezwycigzeniem wspélczesnego sporu racjonalizmu ze scep-
tycyzmem. Konieczna jest zatem istotna modyfikacja tradycyjnego
rozumienia racjonalnosci i naukowosci. Taka, ktéra rozwiaze pro-
blemy nierozwiazywalne na gruncie koncepcji tradycyjnej, a bedace
bezposrednim powodem pojawienia si¢ nowej wersji sceptycyzmu.
W ujeciu Zycinskiego problemy te sprowadzaja sic do wspélnego
mianownika, jakim jest problem pogodzenia racjonalno$ci naukowe;j
Z wystgpowaniem w nauce i w jej rozwoju elementow pozanauko-
wych i czynnikow pozaracjonalnych.

Celem niniejszego artykutu jest analiza wewnetrznej logiki fi-
lozofii nauki Zyciniskiego, jaka prowadzi go od konstatacji faktéw
metanaukowych do nowego metateoretycznego rozwigzania kwestii
racjonalnosci naukowe;j. Panuje do$¢ powszechna opinia wsréd czy-
telnikéw prac Jézefa Zycifiskiego, ze sa one trudne w percepcji ze
wzgledu na swa zawito$¢, wielowatkowos¢, a przede wszystkim ze
wzgledu na specyficzny, retoryczny styl. W jego tekstach, zwlaszcza
pozycjach ksiazkowych, roi si¢ od przyktadéw, polemik i dygresji.
Analizy o wysokim stopniu abstrakcji 1 metateoretycznej precyzji
przeplataja si¢ z argumentami retorycznymi, a subtelny jezyk ana-
liz miesza si¢ z literackim jezykiem cigtej polemiki. Lekturze jego

prac towarzyszy jednak trudna do wyartykutowania intuicja zasadni-

3 Zycinski nie wierzyt oczywiscie w istnienie czystych faktéw. Zob. nizej przypis 10.
W tym wypadku ma swoje zastosowanie teza Lakatosa o zaslubinach filozofii nauki
z historia nauki (zob. Zycir’lski, 1983, s. 121n; 1988Db, s. 26; 2013, s. 47).
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czej poprawnosci jego argumentacji. To wiasnie ta intuicja stanowita
dla mnie motywacj¢ poszukiwania teoretycznej spdjnosci w filozofii
nauki Zycirskiego.

Metoda poszukiwania wewngtrznej logiki i ukrytych przedzato-
zen jest w duzej mierze metoda racjonalnej rekonstrukcji. Wszel-
kie préby nazbyt deskryptywnego podejscia do filozofii nauki Zycin-
skiego musiatyby ponies¢ fiasko ze wzgledu na wspomniany charak-
ter jego prac. Element deskryptywny musi zosta¢ zracjonalizowany
za pomoca choéby tymczasowej metateoretycznej perspektywy inter-
pretacyjnej. Najbardziej zasadne wydaje si¢ wybranie perspektywy
wyznaczanej przez tradycje epistemologiczna, z jaka Zycifiski wiaze
swoje filozofowanie o nauce. Pomimo wszystkich jego krytycznych
uwag i zastrzezen, jest to szeroko rozumiana racjonalistyczna trady-
cja episteme (por. Zycifiski, 2015, s. 126) w jej dwudziestowiecznej
wersji zapoczatkowanej przez logiczne badania nad jezykiem, mate-
matyka i samg logikg oraz przez logiczno-metodologiczne badania
nad nauka i jej rozwojem w ujeciu Poppera i Lakatosa. Tradycja ta
dostarczy odpowiednich kategorii, przy pomocy ktérych bede mogt
rozpoczaé analize tekstéw Zycifiskiego.

Ogdlny, racjonalno-rekonstrukcyjny cel mojego tekstu usprawie-
dliwia ograniczenie zakresu podejmowanych w niniejszym artykule
analiz i wykorzystywanych tekstow Zrédlowych. Poniewaz nie jest
moim celem szczegétowa prezentacja wszystkich watkéw i1 wszyst-
kich mozliwych niuanséw proponowanych przez Zycifiskiego roz-
wigzan metanaukowych, dlatego w artykule wykorzystane zostana
jedynie jego ksiazki z zakresu filozofii nauki z pominigciem licz-

nych, szczegétowych artykutéw*. Ze wzgledu na obszernosé ko-

4 Sq to nastgpujace prace: Jezyk i metoda (1983), Teizm i filozofia analityczna, tom 1
(1985), Structure of the Metascientific Revolution (1988b), Granice racjonalnosci
(1993) oraz Elementy filozofii nauki (1996). Wiele watkéw powtarza si¢ przez wszyst-
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niecznych analiz zostaly one podzielone na dwie odrebne czesci’.
Czg$¢ pierwsza — zawarta w niniejszym artykule — obejmuje soba
najogélniejsze, metateoretyczne analizy koncepcji Zycinskiego filo-
zofii nauki. Czg$¢ druga zawieraé bedzie szczegélowe rozwigzania
metanaukowe zaproponowane przez Zycifiskiego w celu wypraco-
wania nowego rozumienia nauki i racjonalnosci. Sa to rozwigzania
najczgsciej kojarzone z jego nazwiskiem, takie jak zasada aracjonal-
nosci, zasada epistemologicznej niepewnoS$ci, naturalnosci interdy-
scyplinarnej, czy tez kwestia r6znych typéw racjonalnosci i ewolucji

pojecia racjonalnosci.

1. Perspektywa metateoretyczna

Nowego rozumienia racjonalnosci Zycinski nie poszukuje na dro-

dze apriorycznych analiz jgzykowo-logicznych, lecz przez pelniej-

kie prace. R6zni je bardziej sposob prezentacji niz charakter proponowanych rozwia-
zaf. Zauwazalna jest zasadnicza ciagto$é w mysli metanaukowej Zyciriskiego, po-
czawszy od pierwszej pracy. Tylko w wybranych przypadkach wskazg pewna ewolu-
cje mysli Zyciriskiego, inne poming, jako nieistotne dla celu mojej pracy. Najbardziej
rozwinigte analizy metafilozoficzne Zyciriskiego mozna odnalezé w jego Strukturze
rewolucji metanaukowej (1988b; 2013). Tutaj pojawiaja si¢ istotne z punktu widze-
nia rozumienia racjonalnosci nauki koncepcje ideatow oraz ideologicznych progra-
mow badawczych. Piszac ten tekst korzystatem z oryginatu angielskiego (Zyciriski,
1988b). Tekst ten zostat przethumaczony na jezyk polski juz po $mierci J. Zyciriskiego
w 2013 r. Cytujac fragmenty tej publikacji korzystam z przektadu M. Furmana, doko-
nujac wszakze pewnych modyfikacji w celu dostosowania terminologii do terminolo-
gii niniejszego artykutu. Odnosniki do stron podaj¢ zaréwno dla tekstu angielskiego,
jak i dla polskiego przektadu. Istnieje réwniez drugie, poszerzone wydanie Elemen-
tow filozofii nauki (Zyciriski, 2015).

Czytelnikowi, ktéry chciatby poznaé najwazniejsze mysli catego dorobku Jézefa Zy-
cifiskiego, a nie tylko z zakresu filozofii nauki, polecam przegladowy artykut Michata
Hellera (2011). Metanaukowe poglady Zyciriskiego omawiam réwniez w (Liana,
2016).

5 Podziat ten dokonany zostat na prosbe Redakcji.
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sze uwzglednienie faktéw z historii nauki. Jego podstawowy postu-
lat metafilozoficzny glosi, ze filozofia nauki powinna zrezygnowac
z uproszczonych i wyidealizowanych koncepcji nauki i wypracowy-
wac koncepcje bardziej realistyczne, uwzgledniajace w wigkszym
stopniu analiz¢ rzeczywistych zachowan naukowcéw. Tego typu de-
klaracja metaepistemologiczna stanowi wyraz okre§lonych przeko-
nafi ontologicznych i metametodologicznych Zycifiskiego. Element
racjonalny ma charakter obiektywny, jest obecny w nauce realnie,
aczkolwiek nierzadko implicite. Racjonalnos$¢ obiektywna ujawnia
sw@j charakter stopniowo w meandrach historii nauki. Filozofowi nie
pozostaje nic innego, jak uwaznie obserwowac t¢ histori¢ i probowac
odkrywac racjonalno$¢ obiektywna za pomoca hipotez metanauko-
wych i testowaé te ostatnie w oparciu o faktyczne i faktualne prze-
jawy racjonalnosci w dziejach nauki. Wida¢ z tego, ze pod wzgle-
dem metodologicznym filozofia nauki Zyciriskiego blizsza jest na-
uce empirycznej niz analitycznej. Pod tym wzgledem Zycinski staje
w jednej, transcendentalnej tradycji metafilozoficznej obok Poppera
i Lakatosa®.

Swoje koncepcje metafilozoficzne, w tym koncepcje metody
transcendentalnej, Popper przedstawil najpetlniej w Die beiden
Grundprobleme der Erkenntnistheorie (1979). To wtasnie tam broni
tezy, ze metodologia jest specyficzng metanauka postugujaca si¢ spe-
cyficzng metoda transcendentalng’. Wprawdzie nazwa metody za-
czerpnieta jest od Kanta, to jednak jej rozumienie rézni si¢ znaczaco
od znaczenia, jakie temu wyrazeniu nadawat Kant. Nie jest to me-

toda dedukc;ji transcendentalnej, lecz, jak podkresla Popper, metoda

6 Zycinski poddaje jednak t¢ metode reinterpretacji, gdyz inaczej rozumie on rzeczy-
wistos¢ nauki niz Popper czy Lakatos. Kwestia ta zostanie przedstawiona pod koniec
artykutu.

7 Koncepcje Poppera filozofii jako metanauki omawiam szczegétowo w (Liana,
2006).
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analogiczna do metody empirycznej. Takze w przypadku metodolo-
gii mamy do czynienia z okre§lonymi faktami filozoficznymi, ktére
wymagaja filozoficznego wyjasnienia. Wyjasnienia filozoficzne sa
wartoSciowe o tyle, o ile wytrzymuja konfrontacj¢ z faktami filozo-
ficznymi. W pracy tej Popper nie nazywa wyjasnied metodologicz-
nych hipotezami, a ich obalenia przez fakty metodologiczne falsy-
fikacja. Oba te wyrazenia rezerwuje wylacznie dla nauk empirycz-
nych. W metodologii i w metodzie transcedentalnej mamy do czy-
nienia z tak zwang transcedentalnq sprzecznosciq, analogiczng do
empirycznej falsyfikacji. Metoda ta zostata zmodyfikowana przez La-
katosa i poszerzona o wykorzystanie faktéw z historii nauki w celu
quasi-empirycznej konfrontacji rozwigzan metanaukowych. Zycif-
ski przyjmuje w filozofii identyczna transcendentalng metode, z tym
ze terminy ‘falsyfikacja’ i ‘hipoteza’ odnosi on bez zadnego rozréz-
nienia zaréwno do metody nauk empirycznych, jak i do metody me-
tanauki lub szerzej filozofii nauki®.

Nalezy tez zauwazyé, ze Zycifiski rozréznia wasko rozumiang
metanauke od szerszej filozofii nauki (Zyciniski, 1996, s. 14—16). Me-
tanauka bada kwestie logiczne, metodologiczne i epistemologiczne
w nauce. Filozofia nauki zajmuje si¢ z kolei wypracowaniem ca-
toSciowej wizji nauki w jej ujeciu diachronicznym, czyli strukturg
rewolucji naukowych, zwiazkami migdzy czynnikami racjonalnymi
i socjologicznymi, ewolucja pojecia racjonalno$ci. Nie nalezy ich

wszakze sobie przeciwstawiaé, gdyz obie zajmuja si¢ ,,ta sama rze-

8 W jego tekstach mozna znalezé wiele wypowiedzi o falsyfikacji koncepcji filozo-
ficznych (Zyciﬁski, 1985, s. 177; 1988b, s. 9, 12, 97, 135; 2013, s. 17, 22, 174, 239).
W Elementach (1996, s. 166) méwi o wymogu falsyfikowalnosci rozwiazah metanau-
kowych. Zycifiski odréznia falsyfikowalne hipotezy metanaukowe od niefalsyfikowal-
nych idei metafizycznych. Za Popperem uznaje metafizyke za zasadniczo niefalsyfi-
kowalnq (Zycinski, 1996, s. 130).
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czywisto$cia nauki” a granice migdzy nimi sg do pewnego stopnia
rozmyte (Zycifski, 1996, s. 16). Metoda transcedentalnej falsyfikacji
stosuje si¢ do nich obu.

Z perspektywy analizy koncepcji Zycinskiego szczegélnie przy-
datne wydaje si¢ wprowadzone przez Poppera pojecie fakiu meto-
dologicznego lub epistemologicznego, czyli faktu metanaukowego®.
W kontekscie filozofii Zycinskiego mozna pojecie to rozszerzy¢ do
pojecia faktu filozoficznego. Pojecia te, jakkolwiek budza w niektd-
rych kregach filozoficznych sprzeciw i opdr, to jednak w perspekty-
wie wspotczesnej filozofii nauki odrzucajacej ,,zgodnie” — podobnie
jak Popper — istnienie czystych faktow, sa one jak najbardziej na miej-
scu. Skoro fakt rozumiany jako pewne zdanie bazowe nauki lub meta-
nauki jest w sposéb nieunikniony teoretyczng interpretacja obserwa-
cji'?, to staje si¢ on pojeciem analogicznym. W zaleznosci od typu
interpretacji mamy do czynienia z faktem empirycznym, filozoficz-
nym, naukowym lub metanaukowym, etc. W ,,socjologicznej” kon-
cepcji faktu wprowadzonej przez Poppera'! stopieni obiektywnosci

faktu mierzy si¢ stopniem jego intersubiektywnosci. Z tego wzgledu

9 Dla utatwienia lektury w catym tekscie tres¢ idei, podobnie jak tres¢ pojeé i kon-
cepcji, piszg¢ zazwyczaj kursywa. Kursywa stuzy réwniez do podkreslenia istotnych
elementéw znaczeniowych.

100 ile w czasach Poppera i Kota Wiedefiskiego teza ta byta przedmiotem sporu,
o tyle w czasach Zyciriskiego byta ona juz podstawowym i ,,niekontrowersyjnym” za-
tozeniem filozofii nauki. Zyciniski uznaje ten fakt za skutek rewolucji metanaukowej
(zob. Zycifiski, 1996, s. 127).

' Termin ‘socjologiczna’ oznacza wedtug Poppera konieczno$é intersubiektywnej
zgody. Warto zauwazy¢, ze wedtug niego chodzi o zgode ,,negatywna”, a nie pozy-
tywna. Ta ostatnia implikowataby swoisty indukcjonizm, ktdry, jak wiadomo, jest dla
Poppera niemozliwy do zaakceptowania z racji logicznych. Zgode faktualng uznaje
si¢ za obowiazujaca wtedy, gdy nikt kompetentny (sic!) nie wyraza sprzeciwu, i to
tylko tymczasowo, do chwili, gdy pojawi si¢ kto§ kompetentny zgtaszajacy sprzeciw.
Taki sprzeciw zmusza do rewizji zdan faktualnych. Najpetniejsze przedstawienie ,,ne-
gatywnej” koncepcji faktu mozna odnalezé w pracy Poppera (1979, s. 122-135, zwt.
131n.)
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fakty filozoficzne cechuja si¢ znacznie mniejszym stopniem obiek-
tywnoSci niz fakty empiryczne i w konsekwencji mozliwos$¢ obalenia
koncepcji metanaukowych przez fakty filozoficzne jest duzo mniej-
sza niz mozliwo$¢ falsyfikacji hipotez empirycznych. O ile Popper
juz w Die beiden Grundprobleme zaczal watpi¢ w mozliwos¢ roz-
strzygajacego obalenia na gruncie metodologii, o tyle u Zyciriskiego

nietatwo znalez¢ artykulacje podobnych watpliwosci'?.

2. Rewolucja naukowa a rewolucja metanaukowa -
narzedzia metateoretycznej analizy

Punktem wyijscia dla Zycinskiego do poszukiwania nowych rozwia-
za metanaukowych i z zakresu filozofii nauki jest swoista metahi-
storyczna i metanaukowa teza. W filozofii nauki doszto do metanau-
kowej rewolucji, ktéra zostata wywolana przez wczesniejsza rewo-
lucje naukowa'?. Jedna i druga byty réwnie gwattowne, powiazane
z doS§wiadczeniem rzeczonego intelektualnego szoku. W celu rekon-

strukcji logiki ukrytej w rozwiazaniu Zycinskiego konieczne wydaje

12 Méwi on o falsyfikacji tout court metanaukowej koncepcji teorii nauki obiektyw-
nej (Zyciriski, 1988b, s. 9; 2013, s. 17), albo o praktycznej falsyfikacji intuicjonizmu
W matematyce (Zyciﬁski, 1988b, s. 97; 2013, s. 174). Jednoczesnie jednak Zyciﬁski
(1988b, s. 140; 2013, s. 248) krytykuje Poppera i jego teze o mozliwosci obiektyw-
nej oceny wartosci schematéw pojeciowo-metodologicznych. W §wietle Die beiden
Grundprobleme nie wydaje sig, by teza ta faktycznie byta gloszona przez Poppera,
a po drugie, jej krytyka wydaje si¢ niezbyt spdjna z niekrytycznym uzyciem przez
Zycifiskiego terminu “falsyfikacja’.

13 Termin ‘rewolucja metanaukowa’ pojawia si¢ juz w (Zyciriski, 1983, s. 99) w ty-
tule drugiej czesci dzieta: ,,Struktura rewolucji metanaukowych”. Ten sam tytut nosi
angielska ksiazka Zyciﬁskiego (1988b), bedaca rozwinigciem idei zawartych w Je-
zyku i metodzie. Zycifiski méwi o odstepie ,,pétwiecza” miedzy rewolucja naukowa
a rewolucja metanaukowa. Wyrazenie pojawia sie w (Zycifiski, 1983, s. 101) i zostaje
powtérzone w (Zycifiski, 1996, s. 126).
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si¢ poddanie analizie specyficznej relacji, jaka zachodzi w jego kon-
cepcji migdzy dwoma faktami: migdzy faktem rewolucji naukowe;j
a faktem rewolucji metanaukowe;.

Jezyk, jakim Zycinski operuje w kontekscie omawiania relacji
migdzy rewolucja metanaukowg a rewolucja naukowa, jest zaréwno
jezykiem logiki, jak i jezykiem psychologii. Jest jezykiem logiki,
gdyz méwi o implikowaniu rewolucji metanaukowej przez rewolu-
cje¢ naukowa oraz o metanaukowych konsekwencjach rewolucji na-
ukowej (Zycifiski, 1988b, s. 8.13; 2013, s. 15.24)'4. Jezyk ten suge-
ruje, iz Zycinski postuluje istnienie silnych zwiazkéw merytoryczno-
-logicznych pomigdzy tymi rewolucjami. Teoretyczne rozwiazania
zaproponowane w ramach rewolucji metanaukowej nie miaty zatem
genezy czysto apriorycznej, lecz byty w duzej mierze zdetermino-
wane rzeczywista nauka. Ale z drugiej strony Zycifiski méwi o szoku
wywotanym przez rewolucj¢ naukowa wérdd filozoféw nauki i o ich
reakcji na ten szok. Takze sam termin ‘rewolucja’ uzyty przez Zycin-
skiego niesie ze sobg silne konotacje pozalogiczne. Zostal wprowa-
dzony do filozofii nauki przez Kuhna w celu podkreslenia istotnej roli
czynnikéw socjologicznych, psychologicznych i kulturowych w roz-
woju nauki. Odrzucajac dychotomig¢ skrajnego internalizmu i skraj-
nego eksternalizmu, Zycifiski odrzuca zaréwno koncepcje relacji czy-
sto logicznej, jak i koncepcje relacji czysto ,,zewngtrznej”, przyczy-
nowej. W konsekwencji przedstawia t¢ relacje dwoiscie, zaréwno
jako zwiazek logiczny, racjonalny, jak i jako zwiazek przyczynowo-
-skutkowy!>.

14 Polski przektad ‘rezultat’ nie oddaje wiernie angielskiego ‘implied’.

15 Nie jest mozliwe przedstawienie koncepcji Zyciniskiego w sposéb liniowy, niejako
cegietka po cegietce”. Poniewaz to, w jaki sposéb dokonuje on metanaukowej inter-
pretacji faktow historycznych i relacji miedzy nimi, jest juz warunkowane implicite
przez jego metanaukowe koncepcje, dlatego nieunikniona jest pewna kolistos$¢ prezen-
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Zyciniski podejmuje studium i analize historii nauki i historii filo-
zofii nauki w celu zidentyfikowania réznego typu faktéw metanauko-
wych, zar6wno racjonalnych, jak i pozaracjonalnych, ktére pozwola
mu na wlasciwg interpretacje zaleznosci rewolucji metanaukowej od
rewolucji naukowej. Z jednej strony poszukuje faktow pozaempirycz-
nych metanaukowych z historii nauki, ktére pozwola mu na uchwy-
cenie racjonalnych (logiczno-merytorycznych) relacji zachodzacych
pomigdzy zmianami na poziomie nauki teoretycznej a zmianami na
poziomie teorii metanaukowych (zmian metateoretycznych). Z dru-
giej strony poszukuje faktéw ,,psychologicznych” usprawiedliwiaja-
cych (potwierdzajacych) uzycie psychologicznych kategorii ‘rewo-
lucji’ i ‘intelektualnego szoku’'® dla opisu stanu umystu filozoféw
nauki.

Ponizej przedstawiam w formie metateoretycznych uwag wyja-
S$nienie réznych typéw faktu metanaukowego. Uwagi te s przydatne
do lepszego zrozumienia dalszych analiz, ale nie sa konieczne. Jako
bardziej abstrakcyjne i niekonieczne do dalszej lektury zostalty wy-
dzielone z catosci tekstu.!”

Uwaga 1. Fakty metanaukowe to quasi-empiryczne fakty z historii nauki.

bedace przedmiotem wyjasnien metanaukowych. Idea wyrdznienia faktéw
empirycznych od quasi-empirycznych faktéw metanaukowych pochodzi

tacji i przyjecie na poczatku pojeé, ktére beda wyjasniane dopiero z czasem. Pojgcia
internalizmu i eksternalizmu zostang przedstawione w punkcie 5, a psychologiczne
pojecie szoku w punkcie 4b.

16 poniewaz pojecie kategorii traktuje jako pojecie metateoretyczne i metajezykowe
zarazem, dlatego tre$¢ kategorii bede zapisywal w cudzystowie metajezykowym.
7W catym artykule bardziej abstrakcyjne analizy metateoretyczne lub metafilozo-
ficzne przedstawiam w formie oddzielnych uwag. Mam nadzieje, ze utatwi to lekture
tekstu. W obecnym artykule nie podejmuje szczegétowej analizy metody, jaka Zy-
cifiski postuguje si¢ w filozofii nauki. Bytaby to niewatpliwie niezwykle interesujaca
strategia poszukiwania ukrytych presupozycji Zyciiiskiego na temat racjonalnosci me-
todologicznej, ale zaciemnitoby to dodatkowo i tak stosunkowo skomplikowany tekst
artykutu. Dlatego ograniczam si¢ w tym wzgledzie do rzeczonych uwag.
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od Poppera. Wprawdzie Zycifiski nie stosuje tego typu terminologii, nie-
mniej méwi o faktach z historii nauki bedacych przedmiotem wyjasniei
metanaukowych. Odréznienie Poppera ma charakter demarkacjonistyczny.
Na gruncie metodologicznym odréznia on wyrazZnie fakty (zdania) empi-
ryczne od faktéw epistemologicznych, czy metodologicznych. Jego teoria
metodologicznych typow faktow bazuje na specyficznej zasadzie analogii:
fakty epistemologiczne sa analogiczne do faktéw empirycznych, podob-
nie jak metoda filozofii nauki (metoda transcedentalna) jest analogiczna
do metody empirycznej. W przypadku Zycifiskiego, jego teksty sugeruja,
Ze operuje on raczej jednoznacznym niz analogicznym pojeciem faktu
we wszystkich kontekstach metodologicznych. Brak wystarczajacych da-
nych, by rozstrzygna¢, czy jest to Swiadoma i krytyczna postawa meto-
dologiczna, czy jedynie spontaniczna. Z tego wzgledu zastosowaniu ter-
minologii Poppera do interpretacji tekstu Zycifiskiego musi towarzyszy¢
daleko posunigta ostrozno$¢ hermeneutyczna. Tego typu ostrozna interpre-
tacja terminu ‘fakt metanaukowy’ abstrahuje od meta-metodologicznych
idei Poppera i ogranicza znaczenie tego terminu do wlasnosci bycia fak-
tem wyjasnianym przez metanauke.

Uwaga 2. Fakt metanaukowy, analogicznie do faktu empirycznego, sta-
nowi jezykowe przedstawienie i zarazem teoretyczna interpretacje konkret-
nego, postrzeganego zmystami ,,zdarzenia”. W nie-demarkacjonistycznym
ujeciu Zycifiskiego zdarzeniem ujmowanym przez fakt metanaukowy
moze by¢ zaréwno zjawisko fizyczne (np. psychologiczne), jak i zjawi-
sko ,,jezykowe”. Takim zjawiskiem jezykowym jest pojawienie si¢ okre-
Slonego twierdzenia lub teorii o okreslonych cechach ontologicznych lub
logicznych. Moze nim by¢ takze zachowanie metajezykowe i zarazem me-
tanaukowe (epistemologiczne, metodologiczne) naukowca: to, co robi on
ze swoimi wypowiedziami, by je uzasadnié, obalié, sprawdzié, a takze to,
do jakich celéw poznawczych ich uzywa.

Ze wzgledu na dwa typy faktéw metanaukowych: empiryczne fakty
metanaukowe i pozaempiryczne ,,jezykowe” fakty metanaukowe, te ostat-
nie bede nazywat ‘faktami metateoretycznymi’.

W perspektywie metajezykowej fakt metateoretyczny nalezy utozsa-

mi¢ ze zdaniem egzystencjalnym orzekajacym wystgpowanie typowych
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(powtarzajacych sig) cech metateoretycznych (np.: ,,Naukowcy dokonuja
predykcji”, ,,Fakty naukowe sa obciazone teoretycznie”, ,,Nauka nie po-
twierdza ostrego odréznienia kontekstu odkrycia od kontekstu uzasadnie-
nia”, ,,Teorie si¢ zmieniaja”, ,,Mechanika kwantowa odchodzi od tradycyj-
nego ideatu poznania jednoznacznego”, ,,Twierdzenia limitacyjne metalo-
giki ukazuja granice poznania matematycznego i logicznego” itp.), a kon-
kretne zdarzenia z historii nauki z desygnatami spetniajacymi lub nie to
zdanie.

Stwierdzenie powyzsze pokazuje, ze wyrazenia ‘wyrazenie metate-
oretyczne’ i ‘wyrazenie metajezykowe’ nie sa tozsame. Fakty metateore-
tyczne mozna (i nalezy) traktowac jako jezyk przedmiotowy metanauki.
Metanauka ma swdj wilasny jezyk przedmiotowy i swdj wlasny metajezyk,
rézny od jezyka i metajezyka nauk przedmiotowych. Osobnym problemem
jest pytanie, czy jezyk przedmiotowy metanauki jest metajezykiem nauki
przedmiotowej i, w konsekwencji, czy metajezyk metanauki jest meta-
metajezykiem nauki przedmiotowej. Szczegétowa odpowiedZ na tak po-
stawione pytanie wykracza poza ramy niniejszego artykutu. Ale w meto-
dologistycznym podejsciu Poppera do metanauki zdania metanauki maja
za przedmiot wyrazenia metajezykowe nauki przedmiotowej tylko w ich
ujeciu ‘materialnym’, a nie ‘formalnym’. Metanauka tworzy wtasny jezyk
przedmiotowy na bazie metajezyka nauki przedmiotowe;j. Ten jezyk przed-
miotowy nie utozsamia si¢ z metajezykiem nauk przedmiotowych, a jedy-
nie powstaje na drodze odpowiedniej interpretacji metodologicznej metaje-
zykowych (i zarazem metanaukowych) zachowai naukowcéw (wzgledem
faktéw, teorii etc.) jako zachowan metateoretycznych lub innych (np. psy-
chologicznych). Nie nalezy réwniez myli¢ metanauki jako dyscypliny fi-
lozoficznej z metanaukowymi zachowaniami naukowcéw. Te ostanie to te
zachowania naukowcow, ktére sa przedmiotem metanaukowej interpretacji
w filozofii nauki.

Warto przy tym zauwazy¢, ze samo odrdéznienie dwoch dziedzin fak-
téw metanaukowych: dziedziny metateoretycznej (historia nauki rozumia-
nej intersubiektywistycznie) i dziedziny empirycznej (Swiat, w tym takze
subiektywne reakcje i uwarunkowania naukowcéw) jest juz wyrazem okre-
Slonej interpretacji metanaukowej (albo jeszcze wyzszego rzedu metanau-

kowego) okreslonych intuicji poznawczych.
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Uwaga 3. Faktéw metateoretycznych nie nalezy utozsamia¢ z konkretnymi
przypadkami z historii nauki. Fakty te sa przedstawieniem ogdlnie ujetych,
okreslonych cech — ontologicznych lub metateoretycznych — teorii nauko-
wych i zachowar epistemologiczno-metodologicznych naukowcéw. Kon-
kretne przypadki z historii nauki stanowia co najwyzej ilustracje, przyktad
lub potwierdzenie wystgpowania tego typu cech w nauce. Swego czasu Au-
gust Comte rozrdznit fakty jednostkowe od faktow ogdlnych. Nauke empi-
ryczna i filozofi¢ o wiele bardziej interesuja fakty ogdélne — czyli to, co jest
powtarzalne — niz konkretne jednostkowe przypadki (zdarzenia). Nawet
w procedurze potwierdzenia lub obalenia empirycznego pojedyncze zda-
rzenia sa bezwartosciowe metodologicznie. Musza by¢ powtarzalne i mu-
sza si¢ pewna ilos¢ razy powtorzy¢ — najlepiej niezaleznie — by mogty zo-
sta¢ zaakceptowane w sposob intersubiektywny przez wspdlnote badaczy.
Jak wiadomo, Popper nazywa te fakty ogolne zdaniami bazowymi i hipote-
zami niskiego rzedu.

Z tego wzgledu fakt metateoretyczny — fakt pozaempiryczny, czyli
fakt w perspektywie metody innej niz metoda empiryczna — to sad eg-
zystencjalny, ktéry dotyczy nauki (wzglednie metanauki) rozumianej za-
réwno w jej aspekcie funkcjonalnym, jak i przedmiotowym. W pierwszym
przypadku fakt metateoretyczny dotyczy zachowarn metodologicznych na-
ukowcdéw (wzglednie filozoféw nauki), w drugim wystapienia okreslonych
sadow, twierdzen, teorii, hipotez, idei, a takze ich wtasnos$ci metateoretycz-
nych (wzglednie meta-metateoretycznych).

Uwaga 4. Osobng kwestia jest problem zaklasyfikowania faktéw psy-
chologicznych odnotowujacych reakcje psychologiczne w obliczu no-
wej nauki. W demarkacjonistycznym ujeciu Poppera nalezy je uznaé za
fakty stricte empiryczne nienalezace do metanauki. W przypadku nie-
demarkacjonistycznego ujecia Zycinskiego — gdzie element stricte racjo-
nalny wspdtwystepuje z, i jest dookreslany przez element przyczynowy —
nalezy przypuszczaé, ze podzial nie jest tak ostry i takze fakty psycholo-
giczne z historii nauki sa specyficznymi faktami metanaukowymi.

Inna sprawa, ze w historii nauki te dwa typy ,,faktéw” nie wystepuja
,,oddzielnie”, lecz tworza jeden ztoZony fakt metanaukowy: bezposredni

przedmiot obserwacji. Fakt ztozony (to znaczy fakt ,,surowy” — uteorety-
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zowany w mniejszym stopniu) mozna ,,rozlozy¢” — to znaczy zinterpreto-
wac i1 wyjasni¢ dedukcyjnie — na wspomniane dwa fypy lub aspekty meta-
naukowe (na fakt empiryczny i na fakt stricte metateoretyczny, to znaczy
pozaempiryczny) dopiero za pomoca odpowiedniej analizy metanaukowe;j.

Niezaleznie od faktycznej struktury faktéw metanaukowych i niezalez-
nie od faktycznego charakteru metanaukowych faktéw psychologicznych,
rozréznienie empirycznych i pozaempirycznych (metateoretycznych) fak-
téw metanaukowych jest pragmatycznie uzyteczne. Nie nalezy traktowac
tego rozrdznienia skrajnie demarkacjonistycznie, jak chcial Popper, lecz
wylacznie jako pierwsze przyblizenie metanaukowe tego, czym jest fakt
metanaukowy. Jego uzyciu, w perspektywie metafilozofii Zycirskiego,
musi towarzyszyé zawsze odpowiednie ograniczenie, ze wszelkie demar-
kacje maja charakter wytacznie idealizacyjny i nigdy nie stanowig osta-
tecznego ujecia rzeczywistosci racjonalne;j.

Uwaga 5. Zycifiski nie przeprowadza tego typu analiz metateoretycznych
w odniesieniu do stosowanej przez siebie terminologii metanaukowe;.
W konsekwencji nie rozréznia on explicite pod wzgledem metodologicz-
nym ani faktu naukowego od metanaukowego, ani tym bardziej obu aspek-
tow tego ostatniego. Konkretne znaczenie metateoretyczne, jakie wiaze

z terminem ‘fakt’, okreslane jest przez kontekst uzycia.

Przyjmujac wraz Zycifskim, ze w rekonstrukcji historii nauki
1 historii filozofii nauki zwiazki logiczne sa wazniejsze od uwarunko-
warn psycho-spotecznych, w racjonalnej rekonstrukcji jego rozumie-
nia relacji migdzy rewolucja naukowa a rewolucja metanaukowa na-
lezy przyjaé, ze najwazniejsze sa w tym wypadku zwiazki pomigdzy
specyficznymi faktami metateoretycznymi z dziedziny nauki przed-
miotowej (np. teoriami, zaloZzeniami) a specyficznymi faktami me-

tateoretycznymi z dziedziny metanauki (np. wyjasnieniami)!®. Me-

18 W perspektywie przyjetych rozrézniefi migdzy poziomami naukowosci i teoretycz-
nosci nalezaloby nazwac te ostatnie fakty faktami meta-metateoretycznymi. Ale takie
rozréznianie nic nie wniesie do dalszych analiz poza zbednym balastem precyzji. Zy-
cifiski wydaje si¢ nie przywiazywac duzej wagi do tego typu precyzyjnych rozréznien
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tanaukowych faktéw psychologicznych w takiej rekonstrukcji nie
mozna pominaé, jesli nie chcemy przypisa¢ Zycifiskiemu koncepcji
nazbyt uproszczonej i wyidealizowanej, ale tez nie moga by¢ one, jak
zobaczymy ponizej, dominujace'®.

Wedle takiej rekonstrukcji Zycinski najpierw ustala odpowiednie
zbiory faktow metateoretycznych obu typdw, a nastgpnie poszukuje
wtlasciwych relacji merytoryczno-logicznych pomigdzy nimi. Wyzna-
czenie odpowiednich zbioréw faktéw metateoretycznych jest stosun-
kowo proste. Czerpie je odpowiednio z historii nauki przedmiotowe;j
(empirycznej i formalnej) z jednej strony i z historii metanauki z dru-
giej. Problematyczny jest natomiast sposéb poszukiwania powiaza-
nych merytoryczno-logicznie uporzqdkowanych par faktéw metate-
oretycznych:

<fakt z historii nauki; fakt z historii metanauki>.

W tym celu Zycinski wydaje sie¢ odwotywaé do idei powiaza-
nia faktéw psychologicznych z faktami metateoretycznymi w postaci
surowych faktéw metanaukowych i meta-metanaukowych?’. Idea ta
kieruje implicite jego heurystyczng strategia metanaukowa: psycho-
logiczna idea intelektualnego szoku i kategorii jemu réwnowaznych
nadaje si¢ na stosunkowo tatwe kryterium wyrézniania tych faktow
metateoretycznych z dziejéw nauki, ktére doprowadzily do zmian
w metanauce, czyli do nowych faktéw metateoretycznych w dziejach
metanauki. Poniewaz psychologiczny aspekt faktéw metanaukowych

jest tatwiejszy do konstatacji, zatem moze shuzy¢ jako wygodne na-

pozioméw analiz. W (1983, s. 123) Zycifiski przytacza sceptyczna uwage J. Watkinsa
odnosnie do tego typu rozréznien u Poppera i Lakatosa, ale nie wydaje na ten temat
wlasnej oceny.

19 Uzasadnienie tych warunkéw zostanie przedstawione nizej przy okazji omawiania
wlasnego rozwiazania metanaukowego Zycinskiego.

20 Fakty meta-metanaukowe to fakty tworzace rzeczywistos¢ metanauki jako pewnej
dziatalnosci poznawczej cztowieka.
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rzgdzie wyrézniania odpowiednich pozaempirycznych faktéw meta-
teoretycznych obu typéw i ich zwiazkéw. Z jednej strony nalezy po-
szukiwa¢ takich teorii naukowych i takich cech tych teorii, ktére wy-
wolaly szok wérdd filozoféw nauki, a z drugiej strony takich postaw
metanaukowych i teorii metanaukowych, ktére byty odpowiedzia na
6w szok. Oczywiscie, zgodnie z zasadniczo racjonalistycznym stano-
wiskiem Zycinskiego, warunkowanie psychologicznie w zadnym wy-
padku nie moze wyjasniaé ani zastgpowac zwiazkéw logicznych, ja-
kie wystgpuja migdzy obu typami faktéw metateoretycznych. W tym
celu konieczna jest klasyczna analiza znaczen i struktur logicznych.
Oprécz szoku intelektualnego Zycinski wskazuje takze na inne
psychologiczne fakty metanaukowe w kontek$cie powiazania rewo-
lucji naukowej z metanaukowa. Jednym z nich jest odczucie para-
doksalnosci nowych teorii. W Strukturze rewolucji metanaukowej pi-
sze, ze szok intelektualny towarzyszyt zaréwno odkryciu paradok-
salnych geometrii nieeuklidesowych, antynomii w podstawach ma-
tematyki, jak i paradoksow teorii kwantéw oraz teorii wzglednosci.
W okresie rewolucji naukowej do§wiadczenie paradoksalnosci na-
uki byto do tego stopnia powszechne, ze niektdrzy, jak na przyktad
Niels Bohr, uznali ja za synonim poprawnosci i prawdziwosci roz-
wigazan teoretycznych?!'. Podobna reakcja psychologiczna byto zasko-
czenie spowodowane odkryciem nieoczekiwanych cech nauki, takich
jak istnienie wewnetrznych, niepokonalnych, logicznych ograniczen.
I to zaré6wno w obrebie nauk przedmiotowych (formalnych i empi-
rycznych), jak 1 w obrebie metanauki: odkrycie niezupetnosci boga-

tych systemdw logicznych, zasady losowosci w fizyce czarnych dziur

21 Zob. (Zyciﬁski, 1988b, s. 9, 132; 2013, s. 16, 233), gdzie méwi o wymogu stawia-
nym teorii naukowej przez Bohra, by bylta ,,dostatecznie szalona”.
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czy zasady nieoznaczono$ci Heisenberga oraz odkrycie metanauko-
wej zasady niedookreslenia teorii przez obserwacje (Zyciriski, 1988b,
s. 11; 2013, s. 20).

Wewnetrzna logika kierujaca przejsciem od rewolucji naukowe]
do rewolucji metanaukowej wydaje si¢ by¢ zatem w rozumieniu Zy-
ciiskiego nastgpujaca: pojawienie si¢ nowej teorii naukowej o okre-
Slonych cechach (fakt metateoretyczny) wywotuje szok intelektualny
(fakt psychologiczny), a ten z kolei przyczynowo prowadzi do zapro-
ponowania nowych koncepcji metanaukowych (fakt metateoretyczny
wyzszego rzgdu), przy czym tre$C tych ostatnich z zasady nie zalezy
od uwarunkowan psycho-spotecznych, lecz od tresci wyjsciowego
faktu metateoretycznego i od przyjmowanej tradycji badawczej??.
Jest to zatem relacja logiczno-merytoryczna. W perspektywie ana-
lizy metanaukowej najbardziej fundamentalne wydaja si¢ by¢ zatem
fakty metateoretyczne zachodzace w obrebie nauk przedmiotowych.
Ich zajscie (np. pojawienie si¢ okreslonej teorii naukowej) staje si¢
przyczynq okre§lonych faktéw psychologicznych, takich jak intelek-
tualny szok filozoféw. Ten ostatni z kolei okazuje si¢ mozliwa przy-
czynq nowych faktéw metateoretycznych, tym razem jednak w obre-
bie metanauki: pojawienie si¢ nowych rozwigzan metanaukowych.

Zycifiski méwi w tym kontekscie o potrzebie ‘racjonalnej reak-
cji’ filozofow (Zyciﬁski, 1988b, s. 143; 2013, s. 254, podkreslenie
moje) na zaskakujace implikacje rewolucji naukowej. Ukazujac zna-
czaco istotniejsza obecno$C elementu niepewnosci i subiektywizmu
w nauce od powszechnie zaktadanego, rewolucja naukowa us§wiado-
mita filozofom fundamentalne ograniczenia racjonalnosci naukowe;j.

Ale juz tres¢ tak psychologicznie uwarunkowanych nowych rozwig-

22 Na temat zwiazania z tradycja badawcza lub z paradygmatem bedzie mowa nizej
w punkcie 4b.
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zai metanaukowych jest zasadniczo okre§lana zwigzkami logiczno-
-merytorycznymi. Reakcje te powinny byé zdaniem Zycifiskiego ra-
cjonalne®.

Przyktadem takiej metanaukowej reakcji jest bez watpienia
wspomniana reakcja Bohra na do§wiadczenie paradoksalnosci no-
wych teorii naukowych. Byta to intelektualna préba wyjscia z im-
pasu w metanauce i sprowadzata si¢ do przeformutowania koncep-
cji naukowosci jako takiej. W celu obrony idei naukowosci Bohrowi
wystarczato proste uznanie cechy paradoksalnosci za kryterium na-
ukowosci. Zycinski nie méwi jednak, czy byla to reakcja racjonalna,
czy nieracjonalna. Oceny takiej podejmuje si¢ natomiast w odniesie-
niu do metanaukowych koncepcji internalizmu i eksternalizmu (zob.
tamze).

W swej metanaukowej analizie postawy Bohra Zycinski nie po-
przestaje na stwierdzeniu zaj$cia prostej reakcji metanaukowej ze
strony Bohra. Jego analiza idzie jeszcze gigbiej. Poszukuje on w po-
stawie Bohra jeszcze ogdlniejszych faktéw metateoretycznych, a za-
tem ukrytych na jeszcze wyzszym poziomie dedukcyjnych warun-
kéw mozliwosci tej postawy. Pisze, ze przywiazanie prezentowane
przez Bohra do idei paradoksalnosci samo w sobie jest juz ,,wyra-
zem odejscia od tradycyjnych zatozen na temat roli zdroworozsadko-
wych kryteriéw racjonalno$ci w nauce” (Zycifiski, 1988b, s. 9; 2013,
s. 16). Metanaukowa postawa Bohra jest dla Zycifiskiego swego ro-

dzaju antycypacja przyszlej rewolucji metanaukowej, jaka w filozo-

23 Zycifiski nie ma tutaj na mysli racjonalnosci w sensie Zrédta tej reakcji, czyli ze
jest to reakcja intelektu, wzglednie rozumu, lecz w znaczeniu normatywnym. Norma-
tywny charakter wynika z faktu, iz Zycifiski podaje jednoczesnie kryteria tej racjonal-
nosci. Nalezy dodaé, ze Zycifiski zna i racjonalizuje na gruncie swej metanauki wy-
jatki od normatywnej reguty racjonalnych reakcji. W metanauce Zycifiskiego rzadzi
nimi tak zwana zasada aracjonalnosci. Zostanie ona oméwiona w kolejnym artykule
(zob. wyzej tekst i przypis nr 5).
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fii nauki nastapi dopiero w drugiej potowie XX wieku. Jednoczesnie
jednak postawa ta stanowi wyrazny przyktad racjonalnego zwiazku
faktéw metateoretycznych z poziomu nauki (teza o paradoksalnym
charakterze nowych teorii naukowych) z faktem metateoretycznym
na poziomie metanauki (nowa koncepcja naukowosci). Mozna jedy-
nie si¢ zastanawiaé, na ile zwiazek ten jest zaposredniczony przez
pozaracjonalny element podmiotowy, czyli przez jakis fakt psycholo-
giczny?*.

Przyklad Bohra pokazuje jednak tylko jedng z wielu mozliwych
rewolucyjnych zaleznosci intelektualnych pomigdzy zmianami na po-
ziomie nauki a zmianami na poziomie metanaukowym, czy — ogdl-
niej — na poziomie filozoficznym. Zdaniem Zycifiskiego bogactwo
zmian, jakie zaszly i ciagle zachodza w nauce w wyniku rewolucji
naukowej, jest tak wielkie, ze trudno przedstawi¢ ich wszystkie moz-
liwe konsekwencje filozoficzne, w szczegdlnosci metanaukowe (Zy-
cinski, 1988b, s. 8; 2013, s. 15). Z koniecznoS$ci ogranicza sig wigc
do wyartykulowania tylko tych, ktére uwaza za najbardziej istotne

z punktu widzenia problemu racjonalnosci.

3. Rewolucja metanaukowa: doxa zamiast
episteme?s

Po oméwieniu wewnetrznej logiki metanaukowych analiz Zycin-

skiego, czas na przedstawienie bardziej deskryptywnego elementu

24 Rozwijana przez Zycifiskiego koncepcja Polanyiego wiedzy milczqcej i wiedzy oso-
bowej pozwala przyjaé, ze w jego przekonaniu oba te fakty metateoretyczne musza
by¢ powiazane ze soba podmiotowymi uwarunkowaniami Bohra. Metanaukowe roz-
wigzanie Bohra w najmniejszym bowiem stopniu nie jest konieczna, logiczng konse-
kwencja odkrytej przezen paradoksalno$ci nowych teorii naukowych. Na temat Po-
lanyiego zob. (Zycir’lski, 1983, s. 169n; 1985, s. 156-166; 1988b, s. 144.202; 2013,
s. 218.351; 2015, s. 179-191), zob. tez nizej przypis 51.

25Por. tytut rozdziatu w (Zycinski, 1983, s. 101).
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jego rozwiagzania, a mianowicie punktu wyjscia, jakim jest stwier-
dzenie metanaukowego faktu rewolucji naukowej i metanaukowego
faktu rewolucji metanaukowej. Nie zachodzi tutaj oczywiscie syme-
tria. Idea rewolucji naukowej stala sig¢ czgscia jezyka wspolczesnej
kultury. Blizszego przedstawienia i uzasadnienia wymaga natomiast
stwierdzenie faktu rewolucji metanaukowej.

Zdaniem Zycir’lskiego (1988b, s. 7; 2013, s. 13) termin ‘rewolu-
cja’ bywa naduzywany w analizach z zakresu historii nauki i filozo-
fii. Nie kazde psychologiczne odczucie nowosci czy zmiany uspra-
wiedliwia metanaukowe uzycie tego terminu. By méwié o rewolucji
w nauce, oprécz psychologicznego faktu zaskoczenia i nowosci ko-
nieczne jest spetnienie jakiegos racjonalnego kryterium. W ujeciu Zy-
cifiskiego kryterium takim jest przetomowy charakter zmian w pod-
stawowych zatozeniach. Nie dziwi zatem, ze utozsamia on dwudzie-
stowieczng rewolucj¢ naukowa z pojawieniem si¢ teorii wzglednosci
i mechaniki kwantowej, a jako nazwy wlasnej tej rewolucji uzywa
wyrazenia ‘rewolucja Einsteina-Plancka’?%. Osobno méwi tez o re-
wolucji metamatematycznej zwigzanej z pojawieniem si¢ twierdzen
limitacyjnych?’ oraz ogélniej o rewolucji w podstawach matematyki,
zapoczatkowanych zakwestionowaniem piatego postulatu Euklidesa
(zob. Zycinski, 1983, s. 196).

Analogiczne kryterium rewolucyjnos$ci ma zastosowanie takze
w odniesieniu do rewolucji metanaukowej. Zdaniem Zycifiskiego
(1996, s. 126; por. 1983, s. 101) radykalne zmiany, jakie zaszty w fi-

26 Wyrazenie to pojawia si¢ przyktadowo w (Zyciriski, 1988b, s. 13.25;2013, 5. 24.45)
i w (Zyciniski, 2015, s. 228.258).

7 Wyrazenie ‘rewolucja metamatematyczna’ pojawia sie w (Zycifiski, 1988b, s. 101;
2013, s. 181). Epistemologiczna interpretacje twierdzed limitacyjnych Zycifiski
przedstawia szczegétowo w (1985, s. 118-126; 1988a, s. 18-46). Tematyka ta
jest takze obecna w (Zyciﬁski, 1988b; 2013, rozdziat 1V; 1993, s. 61-68; 1996,
s. 262-276).
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lozoficznej refleksji nad nauka od lat trzydziestych XX wieku zastu-
guja na miano rewolucji metanaukowej. W wyniku rewolucji nauko-
wej konieczne okazalo si¢ porzucenie tradycyjnych, wygérowanych
zatozen epistemologicznych oraz naiwnego pojmowania samej natury
poznania naukowego. Rewolucja ta wywotata , kryzys wiary” w przy-
rodoznawstwo jako pewna, niekwestionowana i doskonata wiedzg
o rzeczywistosci i jej prawach (zob. Zyciriski, 1983, s. 102).
Porzucenie tradycyjnych zatozen epistemologicznych definiuja-
cych naukowosé w kategoriach ‘wiedzy pewnej’ i ‘doskonatej’ Zy-
cifiski przedstawia jako odej$cie od tradycyjnego ideatu episteme®S.
Wszyscy teoretycy nauki, jacy nastali po Carnapie, zaréwno induk-
cjonisci, jak 1 dedukcjonisci, porzucili ideat episteme na rzecz doxa
(Zycinski, 1983, s. 107), a jesli uwzgledni si¢ dodatkowo odkry-
cie nieusuwalnej niedoskonatosci poznania matematycznego, to je-
dyna mozliwa konkluzja, jaka si¢ narzuca Zycinskiemu, jest na-
stepujaca: ,.episteme kurczy si¢ gwattownie, ustgpujac wszechwtad-
nej doxa” (Zycifski, 1983, s. 109). Identyczna interpretacja poja-
wia si¢ w (Zyciﬁski, 1988b, s. 12n; 2013, s. 22n), tyle, Zze nieco
inaczej wyartykutlowana i poparta innymi przyktadami. Zycinski
méwi o koricu ,.epistemetycznej” teorii nauki, w ktérej rozwijano
platorisko-arystotelesowska tradycj¢ episteme rozumianej jako wie-
dza pewna i niepodwazalna. Epistemetyczna teoria nauki zostata
zastapiona teoria ,,doksatyczna”, kontynuujaca platoniska tradycje
doxa, wiedzy prawdopodobnej. Dokonalo si¢ to na skutek odkrycia
istotnych ograniczeri poznawczych w réznych dziedzinach poznania.

Twierdzenie o niezupelnosci w logice, zasada losowosci w fizyce

28 Okreslenie to pojawia si¢ w (Zyciriski, 1983, s. 102). Kategoria ‘ideatu episteme’
jest analogiczna do ukutej w mniej wigcej tym samym czasie kategorii J. Watkinsa
‘ideatu Bacona-Kartezjusza’. Watkins w przeciwiefistwie do Zycinskiego pomija jed-
nak catkowicie starozytne Zrédta nowozytnych ideatléw poznawczych, zob. (Watkins,
1989, s. 31-36). Angielski oryginat pochodzi z 1984 r.
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czarnych dziur, zasada nieoznaczonosci w fizyce kwantowej i episte-
mologiczna zasada niedookre§lonosci to tylko niektére z takich ,,li-
mitacyjnych” odkry¢ przytaczanych przez Zycinskiego (zob. 1988b,
s. 11; 2013, s. 22n)%°.

Porzucony ideat episteme pochodzi z arystotelesowskiej trady-
cji episteme (Zycifiski, 1983, s. 102; 1993, s. 46-55). Zyciniski nie
utozsamia jednak tego idealu z oryginalnym pojgciem wypracowa-
nym przez samego Arystotelesa. Wprawdzie takie cechy jak pewnos¢
i niepodwazalno$¢ wystepuja rowniez w Arystotelesowskiej defini-
cji episteme, niemniej sa one niewystarczajace, by ukonstytuowac
jego oryginalne pojgcie. Dodatkowe okreslenia takie jak koniecznos¢
i przyczynowosé (Zycinski, 1993, s. 46) oraz bazowanie na niewzru-
szonych podstawach (Zyciriski, 1988b, s. 143; 2013, s. 253)* takze
nie wyczerpuja cech istotnych oryginalnej koncepcji Arystotelesa®'.
Z wypowiedzi Zyciriskiego (1993, s. 46) wynika, ze chodzi mu raczej
0 to, co z oryginalnego pojgcia episteme przetrwato w nowozytnej tra-
dycji filozoficznej i co inspirowato twércow terminu ‘epistemologia’

rozumianej jako teoria wiedzy32. Jest to ideal wiedzy pewnej wyzna-

W (Zycinski, 1996, s. 129) pojawia sie stwierdzenie, ze odejécie od ideatu episteme
byto metanaukowym odpowiednikiem rewolucji Einsteina-Plancka i ze wspodtczesna
epistemologia nauk przyrodniczych stata si¢ de facto doxalogiq. Tematyka rewizji
episteme wystepuje réwniez w (Zycifiski, 1993, s. 55).

30 Pisze na przyktad o frustrujacym (disappointing) odkryciu, ze u podstaw nauki nie
znajduja si¢ jakies niewzruszone (unshakable) podstawy, lecz rozmyty zbidr (arbitral-
nych) przedzatozen.

31 Arystoteles podaje i omawia je w pierwszej ksigdze Analityk wtérych w rozdziale
2i4.

32 Warto zauwazyé, ze termin ten (ang. epistemology) zostat ukuty, wedtug history-
kow, dopiero w wieku XIX przez filozofa angielskiego J.F. Ferriera pozostajacego
pod silnym wptywem Fichtego i jego koncepcji Wissenschaftslehre. Ferrier wzorowat
si¢ na innym, wczesniejszym terminie ‘ontology’. Termin ten oznaczal u niego wia-
$nie theory of knowledge (zob. Ferrier, 1854, s. 44). Na temat historii tego terminu
zob. (Sinaccer, 1973, s. 63-66).
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wany wspoélnie przez nowozytnych autoréw o bardzo réznych pogla-
dach filozoficznych: Kartezjusza, Keplera, Galileusza, Newtona czy
Leibniza. W przypadku Leibniza (Zycinski, 1993, s. 51) tradycja ary-
stotelesowska zostala dodatkowo potaczona z pewna wersja Swiata
idei Platona. Ten specyficzny platonizm epistemologiczny przedostat
si¢ z kolei za posrednictwem prac Fregego i mtodego Russella do
dwudziestowiecznej filozofii z kregu Kota Wiederiskiego3. W tak ro-
zumianej tradycji episteme obrona rozumu naukowego wymaga od-
wotania si¢ do Platoriskiej ontologii gloszacej ,,niesprowadzalnosé
idei do proceséw psychofizycznych” (Zycinski, 1996, s. 126). Zy-
cinski méwi réwniez (Zyciﬁski, 1983, s. 102n), ze w wieku XIX,
gdy zakwestionowano naukowy charakter filozofii, ideat episteme zo-
stal bezkrytycznie przeniesiony na nauki empiryczne. W epistemolo-
gii nastata era scjentyzmu, ktérej epigonem byto Koto Wiedenskie,
w szczeg6lnosci Carnap, wraz ze swym pozytywizmem logicznym.

Odrzucenie nierealistycznego ideatu episteme nie oznacza jed-
nak dla Zycifiskiego porzucenia idei racjonalnosci wiedzy i przyije-
cia sceptycznego punktu widzenia na nauke. Przeciwnie, uwaza ze
mozliwa jest kontynuacja tradycji arystotelesowsko-platoniskiej epi-
steme 1 sam siebie do takiego nurtu filozoficznego zalicza. Trady-
cja ta wymaga jednak istotnych zmian. W miejsce nierealistycznych
apriorycznych ideatléw nalezy przedstawi¢ koncepcje wyjasniajace
faktyczne uwarunkowania ,,rzeczywistosci okre§lanej mianem nauki”
(zob. Zyciriski, 1996, s. 126 — podkreslenie moje).

33 Zapewne to ten leibnizjafiski zwiazek arystotelesowskiej episteme ze $wiatem idei
Platona ma na mysli Zycifiski, gdy rozszerza pojecie tradycji arystotelesowskiej na po-
jecie tradycji platorisko-arystotelesowskiej, zob. (Zycinski, 1988b, s. 12; 2013, s. 22;
1996, s. 126).
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4. Metanaukowe konsekwencje rewolucji
naukowej

Za dwa najistotniejsze metanaukowe uwarunkowania rzeczywistej
nauki Zycifiski uznaje obecno$¢ w nauce elementéw pozanauko-
wych®* oraz czynnikéw pozaracjonalnych, a w przypadku tych ostat-
nich ich istotng role w rozwoju nauki®. Odkrycie tych uwarunko-
wan przez filozoféw nalezy uzna¢ za metanaukowe konsekwencje
rewolucji naukowej. Ich odréznienie wydaje si¢ jak najbardziej na
miejscu. W nauce ujmowanej przedmiotowo, a zatem jako pewien
uporzadkowany zbiér zdai lub sadéw, elementy pozanaukowe na-
uki to zdania (sady), ktérych nie mozna uzasadni¢ metoda wtasciwa
nauce empirycznej lub analitycznej. Zycifiski utozsamia je z prze-
konaniami ideologicznymi i/lub filozoficznymi, najczgsciej przyjmo-
wanymi w formie milczacych zatoze*®. Funkcjonuja one jako idee

ksztattujace implicite zaréwno tres$¢ teorii naukowych, jak i zacho-

34 Jakkolwiek paradoksalnie moze brzmieé to wyrazenie, to jest ono jednak wyraze-
niem sensownym. Pod warunkiem wszakze uzmystowienia sobie faktu §wiadomej
i w duzej mierze nieuniknionej odmiennosci znaczeniowej terminu ‘nauka’ (i jego
przymiotnikowej odmiany) w dwoéch jego wystapieniach w tym wyrazeniu. Dla odda-
nia tej dwuznacznosci nalezatoby zastosowac, na przyktad, indeksy dolne: ‘element
pozanaukowy; W nauce’. ‘Nauka;’ odnositaby si¢ do intersubiektywnej, racjonal-
nej rzeczywistosci artykutowalnej za pomoca jezyka. Bytaby to nauka rozumiana za-
réwno przedmiotowo, jak i funkcjonalnie. Z kolei ‘nauka,’ odnositaby si¢ do pew-
nego zlozonego, obserwowalnego zjawiska, na ktére sktada si¢ zar6wno aspekt inter-
subiektywny nauki, jak i jej aspekt podmiotowy. Termin ‘nauka,”’ odpowiadatby temu,
co Zycinski nazywa rzeczywistq lub realnie istniejgcq naukq, wzglednie rzeczywisto-
Sciq zwanq naukq; ‘nauka;’ bylaby natomiast pewna wyidealizowang i uproszczonq
wizja nauki filozoféw, mniej lub bardziej zgodna z nauka rzeczywista.

35 0d samego poczatku Zyciiiski wigze obecnosé czynnikéw pozaracjonalnych w na-
uce z kwestig jej rozwoju (zob. Zyciniski, 1983, s. 143).

36 Na temat ideologii i jej odréznienia od filozofii zob. (Zyciﬁski, 1988b, s. 18; 2013,
s. 33). Wéréd elementéw pozanaukowych Zyciiski odréznia ideaty od przedzatozert
(presumptions) filozoficznych: ,,ogélnie rzecz biorac, nie mozna postrzega¢ ideatéw
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wania epistemologiczno-metodologiczne naukowcéw. Z kolei w od-
niesieniu do nauki ujmowanej funkcjonalnie mowa jest o pozaracjo-
nalnych czynnikach lub faktorach wptywajacych zaréwno na sposéb
uprawiania nauki, jak i na tre§¢ wysuwanych hipotez naukowych. Ich
charakter pozaracjonalny oznacza, iz nie s to uniwersalne racje, lecz
konkretne przyczyny sprawcze zachowan naukowych i metanauko-
wych. Najczesciej Zycifiski wymienia przyczyny socjologiczne i psy-

chologiczne.

4a. Zatozenia filozoficzne w nauce3®

Jednym z istotnych elementéw metanaukowej rewolucji byto
uSwiadomienie sobie przez naukowcéw, a jeszcze bardziej przez filo-

zoféw, filozoficznego zakorzenienia nowej nauki:

nie mozna zaprzeczy¢, ze konsekwencje odkry¢ zwiagzanych
z teoriag ewolucji wszechSwiata, z fizyka czarnych dziur,
z twierdzeniami limitacyjnymi w metalogice, czy z pojawie-
niem si¢ wielu nowych dyscyplin naukowych sa blisko zwia-

jako wytworu filozoficznych przedzatozed™ (Zyciniski, 1988b, s. 29; 2013, s. 51). Po-
dobnie nie kazde zatozenie filozoficzne jest godne miana (fundamentalnego) przedza-
tozenia (presumption) (Zycinski, 1988b, s. 143; 2013, s. 253).

37 Zob. np. (Zyciﬁski, 1983, s. 142nn; 1988b, s. 9; 2013, s. 17, a takze 1996, s. 190),
gdzie méwi o czynnikach psycho-spotecznych.

38 Zagadnieniu zatozen filozoficznych w nauce Zyciniski poswigca wiele miejsca, np.
Jezyk i metoda (1983, s. 246-261); znaczna czg$é pierwszego tomu Teizmu (Zycii-
ski, 1985, s. 156-232); pierwszy rozdziat Struktury oraz cz¢$¢ druga Granic racjo-
nalnosci (Zycifski, 1993). Niezwykle istotne wypowiedzi na ten temat zawarte sa
réwniez w Strukturze przy okazji omawiania epistemologicznej zasady niepewnosci
(uncertainty) lub nieoznaczonosci (Zycir’lski, 1988b, s. 143n; 2013, s. 254-256). Zob.
wypowiedZ przytoczona w przypisie 30.



174 Zbigniew Liana

zane z wielkimi filozoficznymi pytaniami nurtujacymi ludz-
ko$é od niepamietnych czaséw (Zyciriski, 1988b, s. 8; 2013,
s. 16).

Podobne metateoretyczne implikacje dla filozofii nauki ma metanau-
kowy fakt stosowania przez naukowcow okreslonej metody nauko-
wej:
nawet ci z przyrodnikéw, ktérzy sa nastawieni niechetnie wo-
bec filozofii musza — przynajmniej implicite — przyjmowac
jakies zatozenia filozofii nauki. W przeciwnym razie przyro-
doznawstwo bytoby uprawiane przez nich w stylu zywiotowo-
-naiwnym (Zycinski, 1983, s. 254).

Odkrycia te zachwialy gleboko zakorzeniona moda na antyme-
tafizyczne tendencje pozytywizmu. W wyniku rewolucji naukowej
jedna z podstawowych metanaukowych tez pozytywizmu, teza o mi-
tologicznym charakterze metafizyki i filozofii w ogéle, sama okazata
si¢ niekrytycznym mitem (Zycifiski, 1996, s. 228)%.

W ujeciu mniej poetyckim odkrycie elementéw pozanaukowych
zostaje powiazane przez Zycinskiego z rewolucja naukowa Einsteina-
-Plancka za pomoca idei zmiany teoretycznej i idei zmiany wizji
Swiata implikowanej przez nowe teorie. Zmiany te u§wiadomity fi-
lozofom, ze praktyka naukowa nie polega na protokotowaniu czy-
stych faktéw (Zyciﬁski, 1988b, s. 34; 2013, s. 59) i ze jej rozwdj nie

W sposéb szczegdlny Zyciriski poddaje krytyce koncepcje pozytywizmu logicz-
nego pokazujac jego milczace zatozenia metafizyczne (Zycinski, 1983, s. 246-252).
Zycinski obraca metode racjonalistycznych ,,mistrzéw podejrzen” przeciw nim sa-
mym. Podobna taktyke stosowatl Popper, gdy méwit o przesqdzie empirystycznym lub
indukcjonistycznym w epistemologii. Miat przy tym na mysli niekrytyczna wiarg em-
pirystéw nowozytnych w indukcje. Przesad (mit, poezja) wskazywany przez Zycif-
skiego jest jeszcze bardziej fundamentalng niekrytyczna presupozycja nowozytnego
empiryzmu. Do wyznawcéw tego mitu zalicza si¢ takze Popper, gdyz gleboko wierzyt
on, przynajmniej we wczesnym okresie swej tworczosci, w ostra demarkacje nauki
i metafizyki (Zycir’lski, 1988b, s. 11; 2013, s. 19n; 1996, s. 228nn).
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jest prosta kumulacja kolejnych odkry¢ (zob. Zycifiski, 1996, s. 229).
W nowym paradygmacie metanaukowym neokantowskie w swej wy-
mowie idee uteoretyzowania obserwacji i obecnos$ci elementu poza-
empirycznego w hipotezach teoretycznych staly si¢ niekontrowersyj-
nymi faktami metateoretycznymi (por. Zycifiski, 1996, s. 127).
Radykalne zmiany w wizji §wiata implikowane przez nowe teo-
rie wyraZnie wskazuja na nieusuwalny element pozanaukowy w roz-
woju nauki, choéby przez to, ze przecza zdrowemu rozsqdkowi®.
Teoria wzglednosci i teoria kwantéw zadaty ktam niejednej zdrowo-
rozsadkowej oczywistosci determinujacej zachowania naukowcow.
Niezwykle wymowny jest w tym konteksScie przyktad Einsteina,
ktéry nie miat problemu z zaakceptowaniem nowatorskich idei re-
latywistycznych, a mimo to nie potrafit zaakceptowac idei rozsze-
rzajacego si¢ wszechSwiata, idei, ktéra byla logiczna konsekwen-
cja jego roéwnan pola. Silne przywiazanie do ,,oczywistej” idei sta-
tycznosci wszech§wiata sktonito go do wprowadzenia do réwnania
catkowicie ad hoc cztonu lambda zapewniajacego oczekiwang sta-
tyczno$¢ rozwiazania. Bez watpienia przywiazanie Einsteina do idei
statycznego wszech§wiata wbrew racjonalnym argumentom stanowi
silny argument za teza o pozaracjonalnych uwarunkowaniach decyzji

Einsteina®!.

400 sprzecznoici ze zdrowym rozsadkiem zob. (Zycinski, 1983, s. 249; 1985,
s. 176n). Wedlug Zycinskiego teza Einsteina i jego wspétpracownikéw o zalamywa-
niu si¢ w mechanice kwantowej poje¢ jezyka potocznego posiada istotne implikacje
filozoficzne dotyczace racjonalnosci ontycznej i realizmu poznawczego. O nieusuwal-
nosci z nauki elementéw pozanaukowych zob. (Zycir’lski, 1988b, s. 34; 2013, s. 60),
gdzie pisze, ze wszelkie préby wyeliminowania ideatéw z nauki prowadzity do wpro-
wadzenia nowych, ukrytych ideatow.

41 Na temat Einsteina zob. (Zycir’lski, 1983, s. 249; 1988b, s. 73; 2013, s. 130; 1996,
s. 189). Zachowanie Einsteina pokazuje, ze idea statycznoSci wszech§wiata nie byta
idea ,,wyprowadzona” z faktoéw, ani tez empiryczng hipoteza poddawana empirycz-
nemu sprawdzaniu. Pojecie przywiqzania lub zwigzania (commitment) Zycifiski sto-
suje w sposéb analogiczny do Kuhna.
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Innym faktem metanaukowym §wiadczacym dobitnie o obec-
nosci pozanaukowego elementu filozoficznego w praktyce nauko-
wej jest to, iz praktyka falsyfikowania hipotez teoretycznych we
wspolczesnej nauce nierzadko odbiega od idei empirycznej falsy-
fikacji w jej uproszczonej 1 wyidealizowanej wersji przedstawiane;j
przez Poppera (zob. Zycifiski, 1996, s. 230)*?. Zaistnienie logicz-
nej sprzecznos$ci pomigdzy hipoteza teoretyczng a faktem nie musi
prowadzi¢ do obalenia wyjsciowej hipotezy, i to nie tylko dlatego,
ze brak innej, lepszej teorii. Zycinski wskazuje na liczne przypadki
z mechaniki kwantowej, gdy wystapienie empirycznej niezgodnosci
z podstawowymi zalozeniami teoretycznymi tych teorii nie dopro-
wadzito do odrzucenia mechaniki kwantowej, a jedynie do préb zre-
widowania glebokich zatozen filozoficznych tychze teorii. Naukowe
reakcje na eksperyment EPR i na odkrycie nieréwnosci Bella pro-
wadzity nierzadko do préb negacji zalozen realizmu ontologicznego
i epistemologicznego oraz tradycyjnej idei racjonalno$ci, zatozen
konstytuujacych tradycyjng koncepcje ,,rzeczywistosci obiektywnej”
(Zycinski, 1996, s. 230)*.

Réwnie istotna z punktu widzenia implikacji metanaukowych
okazata si¢ rewolucja w pojmowaniu procedury obserwacyjnej. Juz
Pierre Duhem wskazywat na glgbokie uteoretyzowanie narzedzi ob-
serwacji i eksperymentu (zob. Duhem, 1991, s. 77-81, 85-89). Zy-
ciniski idzie dalej i méwi o ich istotnym obciazeniu ,,bagazem tez on-

tologicznych”, niezaleznie od stopnia §wiadomosci tego faktu przez

42 Zycinski nie ma raczej tutaj na mysli naiwnej wersji falsyfikacjonizmu przypisywa-
nej wezesnemu Popperowi, czyli takiej, w ktorej falsyfikatory empiryczne miatyby
charakter bezwzglednie rozstrzygajacy. W (Zyciniski, 1983, s. 121) méwit bowiem,
ze naiwnego falsyfikacjonizmu Popper wiasciwie nigdy nie gtosit.

4 Przyktady te Zyciiski omawia szeroko w (1985, s. 175-180). Wykorzystuje je
réwniez metanaukowo w (Zyciﬁski, 1988b, s. 129n.137; 2013, s. 228nn.243; 1996,
s. 230).
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ich uzytkownikéw (Zycinski, 1983, s. 249). Szczegdlnie wymowne
sa tutaj jednak radykalne zmiany w pojmowaniu przedmiotu obser-
wacji, jakie pociaga za sobg teoretyczny rozwoj fizyki czarnych dziur.
W kontekscie tej fizyki traci swdj obiektywny sens takie tradycyjne
pojecie, jak pojecie obiektu materialnego. Jedynym uzasadnieniem
jego uzycia moga by¢ dzisiaj wytacznie wzgledy sentymentalne (Zy-
cinski, 1988b, s. 77; 2013, s. 137n).

Metanaukowy fakt odkrycia obecno$ci nieusuwalnego** ele-
mentu filozoficznego w jezyku nauki eksploatowany jest przez Zy-
cinskiego do réznych celéw filozoficznych. Jednym z nich jest jego
zywe zainteresowanie nowa metafizyka, ktéra pozwolitaby pogodzi¢
religijny obraz §wiata z obrazem implikowanym przez wspétczesng
nauk¢. Wiele ze swych publikacji po§wigcil on opracowaniu nowej
wersji teizmu, okre§lanego mianem panenteizmu (zob. np. Zycifiski,
1988a). Na pytanie ,,Czy mozna zy¢ bez metafizyki?” — to znaczy
czy mozna uprawia¢ nauke bez zalozen filozoficznych — odpowiada,
ze na metafizyke tak czy inaczej ,,jesteSmy skazani” i to niezaleznie
od sktadanych na ten temat deklaracji (Zycinski, 1983, s. 246.249).
Jej catkowita eliminacja z jezyka nauki musiataby skutkowaé zupet-
nym milczeniem naukowcow. Z tego punktu widzenia odkrycie ele-
mentéw pozanaukowych w nauce rozumiane jest przez Zycinskiego
jako rewolucyjna, w kontekScie dominujacego wczesniej pozytywi-
zmu, rehabilitacja metafizyki. Jednoczes$nie jest tez ono wezwaniem
do poddania tradycyjnej metafizyki istotnym modyfikacjom w obli-
czu rewolucyjnych zmian w zalozeniach filozoficznych wprowadzo-

nych przez nowe teorie naukowe.

44 Méwiac o nieusuwalnosci elementu pozanaukowego z nauki, a w szczegdlnosci za-
tozef filozoficznych, nalezy wspomnieé o polemice Jézefa Zyciriskiego (2009) z Ja-
nem Wolenskim (2009) na temat relacji nauki do filozofii i vice versa.
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4b. Czynniki pozaracjonalne w nauce®

Z punktu widzenia rewolucji metanaukowej o wiele wazniejsze
sa jednak inne, filozoficzno-naukowe implikacje, jakie Zycifiski wy-
prowadza z faktu odkrycia w nauce nieusuwalnego elementu filozo-
ficznego. Warto podkresli¢, ze nie chodzi tutaj o implikacje stricte
metanaukowe, czyli w terminologii Zycifiskiego dotyczace logicz-
nej struktury nauki i jej procedur uzasadniania, lecz o implikacje
filozoficzno-naukowe, wykraczajace poza teren analiz logicznych
i wkraczajace na teren opisu nauki rzeczywistej oraz jej rzeczywi-
stego procesu rozwoju.

Dla filozofii nauki szczeg6lnie donioste okazato si¢ jednoczesne
odkrycie rewolucyjnej zmiennosci przyjmowanych w nauce zatozen
filozoficznych. Jak w przypadku Einsteina, nowe idee staly w ,,raza-
cej sprzecznosci ze zdrowym rozsadkiem” (Zyciriski, 1983, s. 249),
z utrwalong powszechnie wizjq $wiata (Zycinski, 1996, s. 229)
iz ,epistemetyczng” tradycjq rozumienia tego, czym jest nauka lub
racjonalnos$¢. Doswiadczenie tego typu sprzeczno$ci $wiadczy nie
tylko o obecnosci elementu filozoficznego w nowych teoriach, ale
takze o jego radykalnej zmianie trudnej do wyttumaczenia na gruncie
racjonalistycznych koncepcji metanaukowych. Tego typu doswiad-
czenie towarzyszyto zaréwno porzuceniu arystotelesowskiej idei do-
skonatego §wiata nadksigzycowego za czaséw Galileusza, jak i poja-
wieniu si¢ idei rozszerzajacego si¢ wszech§wiata jako zupelnie nie-

spodziewanej przez Einsteina implikacji jego réwnafi pola. Podobne

45 Kwestia czynnikéw pozaracjonalnych jest omawiana przez Zycinskiego réwnie
szeroko, jak kwestia zatozen filozoficznych, zob. (Zycir’lski, 1983, s. 127-154; 1985,
s. 156-166; 1988b, rozdz. 5; 2013, rozdz. 5; 1996, rozdz. 7).
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sytuacje dotyczyty pojawienia si¢ idei zbioréw nieskoniczonych Can-
tora, czy idei podzielnoSci atomu, o twierdzeniach limitacyjnych nie
wspominajac*S.

Zderzenie nowych teorii ze zdrowym rozsadkiem, z milcza-
cymi oczywisto$ciami, z niewyartykutlowang intuicja tego, co nor-
malne i milczaco oczekiwane, musi dawaé¢ do myslenia. I to nie
tyle na temat samych teorii, ile na temat naukowcéw i filozoféw
reagujacych w ten lub inny sposéb na wspomniane zdroworozsad-
kowe sprzecznoSci. Zachowania naukowcéw wykraczajace poza tra-
dycyjne wzorce racjonalnosci czy normalnosci musza by¢ warunko-
wane przez co$, co wykracza poza racjonalna artykulacje. To co§ Zy-
ciiski nazywa czynnikami pozaracjonalnymi lub zewngtrznymi uwa-
runkowaniami*’. Wyb6r terminologii nie jest przypadkowy. Zycifi-
ski przeciwstawia termin ‘pozaracjonalny’ terminowi ‘irracjonalny’
(zob. Zycirnski, 1988b, s. 137; 2013, s. 242)*.

Zycinski poddaje analizie na przyktad ,,szokujacy” fakt zmiany
oceny racjonalno$ci hipotezy tachiondw we wspdlczesnej fizyce.

Moéwi, iz jest to ,,niezwykle interesujacy przyktad przejscia od fan-

46 Podane przyktady pochodza z (Zycifiski, 1983, s. 187) oraz z (Zyciniski, 1996,
s. 247). W Elementach (1996, s. 267n) Zycifiski méwi o emocjonalnych reakcjach
na Godlowskie twierdzenie o mozliwej wewnetrznej sprzecznosci arytmetyki. Zob.
tez wezesniejsze uwagi na temat intelektualnego szoku i paradoksalnosci.

47 Okreslenie ‘czynniki pozaracjonalne’ oraz réwnowazne ‘elementy aracjonalne’ po-
jawia sig w (Zycinski, 1983, s. 142). Nieco wczesniej (s. 127) mowa jest o ‘czyn-
nikach pozalogicznych’. Wyrazenia te Zycinski wzoruje explicite na wyrazeniu Sa-
tosi Watanabego ,,les éléments arationnels” (s. 142). Wyrazenie ‘uwarunkowania ze-
wnetrzne’ pojawia si¢ w (Zycinski, 1988b, s. 130; 2013, s. 230). Stosuje tez inne okre-
Slenia, takie jak ‘czynniki podmiotowe’, ‘czynniki subiektywno-osobowosciowe’,
‘pozaracjonalne elementy (sktadniki)’ nauki, czy w koricu ‘elementy nieskonceptu-
alizowane’.

48 Nie thumaczy jednak blizej réznicy. Z kontekstu mozna wnioskowaé, ze irracjonal-
no$¢ ma charakter wewngtrzny w stosunku przekonan cztowieka, natomiast czynniki
pozaracjonalne sa wobec nich zewngtrzne, ale je moga determinowaé, na przyktad
w kwestii wyboru sposrdd alternatywnych i réwnowaznych teorii.
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tastycznej koncepciji science-fiction do racjonalnej hipotezy” (Zycin-
ski, 1988b, s. 129; 2013, s. 228). To, co wczesniej uchodzito za absur-
dalne 1 wywotywato psychologiczng awersje, w stosunkowo krétkim
czasie zostato znormalizowane w wyniku odpowiedniej reinterpreta-
¢ji znaczen. Dla wyjasnienia tego faktu metanaukowego proponuje
on, by rozrézni¢ racjonalno$¢ wewnetrzng teorii od racjonalnosci
zdroworozsqdkowej, odpowiedzialnej za do§wiadczenie szoku, absur-
dalnosci i potrzeby normalizacji. Méwi tez, ze zdroworozsadkowa ra-
cjonalno$¢ zalezy od uwarunkowari zewnetrznych wobec nauki (Zy-
cifiski, 1988b, s. 130; 2013, s. 229n)*.

Wspomniany fakt modyfikacji ad hoc wprowadzonej do réwnan
pola przez Einsteina (zob. Zycifiski, 1996, s. 189) podlega analo-
gicznej interpretacji. Okreslenie ad hoc wskazuje na irracjonalny —
przynajmniej w odniesieniu do racjonalnosci wewnegtrznej teorii —
charakter modyfikacji Einsteina. A skoro idea rozszerzajacego sig¢
wszech§wiata stata w sprzecznosci ze zdrowym rozsqdkiem determi-
nujacym zachowania naukowe Einsteina (Zyciniski, 1983, s. 249), to
jasno z tego wynika, ze modyfikacja okreslana jako ad hoc musiata
by¢ determinowana przez jakie$ czynniki zewnegtrzne wzglegdem sa-
mej teorii*.

W Jezyku i metodzie Zycifiski ograniczyt sie do ogélnego utoz-

samienia czynnikéw pozaracjonalnych z uwarunkowaniami socjolo-

49 Zyciniski omawia hipoteze tachionéw juz w (1985, s. 175-176), ale nie przeprowa-
dza tam jej analizy metanaukowej i nie wyprowadza implikacji na temat czynnikéw
pozaracjonalnych. Przyktad ten wykorzystuje wylacznie w celu analizy kwestii obec-
nosci filozoficznych przedzatozen w nauce, w szczeg6lnosci realizmu ontologicznego
i epistemologicznego.

30 Podana tutaj metanaukowa interpretacja faktu modyfikacji ad hoc nie wyczerpuje
wszystkich metanaukowych konsekwencji, jakie Zycifiski wyciaga z tego faktu. Hipo-
tezy ad hoc posiadaja ambiwalentny status metanaukowy. Moga by¢ szkodliwe, irra-
cjonalne, gdy sa wprowadzane dla ratowania programu badawczego, albo korzystne,
edy przyczyniaja si¢ do rozwoju nauki. Na ten temat zob. (Zyciriski, 1983, s. 162n).
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gicznymi i psychologicznymi. Z czasem poddat je jednak doktadniej-
szej analizie w perspektywie koncepcji wiedzy osobowej M. Pola-
nyiego i wprowadzit szersze pojecie elementow nieskonceptualizowa-
nych, obejmujace sobg oprdcz czynnikéw psycho-spotecznych takze
elementy quasi-racjonalne wiedzy milczqcej, wiedzy osobowej oraz
intuicji tworczej (zob. Zycifski, 1996, s. 179-191)".

Niezaleznie jednak od ewolucji w pojmowaniu czynnikéw poza-
racjonalnych Zyciniski niezmiennie od samego poczatku wskazuje na
Kuhnowska ide¢ zwigqzania z paradygmatem (commitment) jako nie-
zwykle uzyteczne, a moze nawet najlepsze narzedzie metanaukowe;j
interpretacji faktu nieuniknionej obecnos$ci czynnikéw pozaracjonal-
nych w nauce, a takze w metanauce>?. W (Zyciriski, 1988b, s. 136n;
2013, s. 241n) mdéwi o potrzebie uzupetnienia brakéw w czysto racjo-
nalnym wyjasnianiu podejmowanych rozstrzygnie¢ kwestii nauko-
wych w réznych dziedzinach, od fizyki, przez matematyke po filozo-
fig nauki, odwotaniem si¢ do czynnika osobowego commitment (za-
angazowanie) charakterystycznego dla poszczegdlnych programéw
badawczych. Jest to konieczne, gdyz wbrew maksymalistycznym
postulatom racjonalistéw (dosl. wbrew ,,oczekiwaniom marzycieli”)
nie bylo mozliwe wskazanie w filozofii nauki powszechnie akcepto-

wanych kryteriéw rozstrzygania probleméw w poszczegdlnych dzie-

51 Przez wiedze milczqcq Zycinski rozumie nie tylko milczace przedzatozenia teorii,
lecz takze wiedzg zawartg implicite w réwnaniach pola czy w formalizmie mechaniki
Newtonowskiej (zob. Zyciriski, 1996, s. 189). Idee Polanyiego Zycifiski wykorzystuje
juz wezesniej (zob. wyzej przypis 24), ale nie czyni tego w sposéb tak systematyczny
jak w (1996).

2 W (Zyciniski, 1983, s. 153) méwi o niewatpliwej zastudze Kuhna ukazania para-
dygmatycznych uwarunkowan filozofii nauki. W (Zyciriski, 1985, s. 160) méwi o su-
biektywnym charakterze commitment — przywiazania do jednej z wielu mozliwych
teoretycznie koncepcji poznania i o podmiotowym zwigzaniu z okreslona tradycja ba-
dawcza, nazywanym commitment to paradigms (1985, s. 164). W (Zycinski, 1996,
s. 191-200) terminy ‘commitment’ oraz ‘paradygmat’ poddaje szczegétowej analizie,
by pokazaé, jak rzeczywiscie funkcjonuja one w realnej nauce.
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dzinach. Réwniez przyjeciu najbardziej fundamentalnych przedzato-
zen filozoficznych w programach lub tradycjach badawczych musi
towarzyszy¢ element ,,czgSciowej arbitralnosci, wyboru i zobowiaza-
nia” (commitment). Jest tak, gdyz ich uzasadnienie moze by¢ jedynie
czesciowe (zob. Zycinski, 1988b, s. 143; 2013, s. 253n).

Jednakze koncepcja zwigzania z paradygmatem, jak zobaczymy
nizej, wymaga odpowiednich modyfikacji w duchu tradycji episteme
tak, by je oczysci¢ z nazbyt eksternalistycznej interpretacji samego
Kuhna.

5. Metanaukowy spor o czynniki pozaracjonalne
w nauce: internalizm vs eksternalizm

Sytuacja metanaukowa u progu rewolucji metanaukowej w ujeciu Zy-
ciniskiego przedstawiata si¢ zatem nastgpujaco. W wyniku rewolucji
naukowej filozofia nauki odkryta nieusuwalng obecnos¢ w nauce ele-
mentéw pozanaukowych oraz determinujacych te elementy czynni-
kéw pozaracjonalych™*. Poniewaz odkrycia te staly w sprzecznosci
z dotychczasowym ideatem episteme, dlatego konieczna byta reak-
cja ze strony filozoféw w celu ich ,,normalizacji”. Zgodnie ze swym

zwigzaniem z szeroko pojmowang tradycja episteme, Zycinski sta-

33 Oba ostatnie przyktady commitment w nauce Zycifiski podciaga pod ogélng na-
zwe epistemologicznej zasady niepewnosci (uncertainty). Taka nazwa pada réwniez
w (Zycifiski, 1985, s. 159). Polski przektad angielskiej Structure oddaje te nazwe za-
réwno jako zasada nieoznaczonosci (Zycinski, 2013, s. 240), jak i zasada niepewno-
Sci (s. 245). Faktem jest, ze Zycifiski wzoruje ja na stynnej zasadzie nieoznaczonosci
Heisenberga. Szczegétowe omdwienie tej zasady bedzie mozliwe dopiero w kolejnym
artykule. Zob. tekst i przypis nr 5.

34 Ideaty czesto zaleza wylacznie od uwarunkowan psychologicznych i socjologicz-
nych, a nie od bardziej podstawowej ontologii, zob. (Zyciriski, 1988b, s. 29; 2013,
s. 51).
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wia wymog, by byly to rozwiazania racjonalne, wykluczajac tym
samym rozwigzania sceptyczne czy anarchiczne (Zycinski, 1988b,
s. 143; 2013, s. 254). Krytyczne zwiazanie z tradycja episteme po-
zwala Zycifiskiemu na racjonalng oceng wszystkich analizowanych
rozwigzan.

Nowe rozwiazania metanaukowe w ujeciu Zyciniskiego byly cat-
kowicie rozbiezne. W tym miejscu Zycinski z historyka metanauki
zamienia si¢ w teoretyka metanauki. Rozbiezne tendencje rozwia-
zywania problemu obecnosci czynnikéw pozaracjonalnych w nauce
klasyfikuje za pomoca dwéch przeciwstawnych kategorii. W pierw-
szych pracach méwi o rozwiazaniach internalistycznych i ekster-
nalistycznych. Z czasem wprowadza specyficzne, teoretyczne kate-
gorie epistemologiczne ‘internalizmu’ i ‘eksternalizmu’>®. Wydaje
sig, ze wlasnie te kategorie dostarczaja klucza do najlepszej in-
terpretacji filozofii nauki Zyciriskiego. Pelnia one w jego filozofii
rolg uogdlnionych teoretycznych kategorii meta-metanaukowych, po-
zwalajacych podda¢ analizie merytorycznej (treSciowej) wszystkie
dwudziestowieczne teorie (rozwigzania) metanaukowe. Za ich po-
moca Zycinski odkrywa i nazywa najogélniejsze presupozycje teo-

retyczne ksztattujace implicite charakter dwudziestowiecznych roz-

55 Przeciwstawienie to funkcjonuje od samego poczatku w tekstach Zycifiskiego
(1983, s. 141nn; 1988b, s. 12.16; 2013, s. 21.29). Termin ‘eksternalizm’ pojawia si¢
w (Zyciriski, 1985, s. 120n), ale oznacza tam jedynie specyficzne stanowisko metama-
tematyczne, uznajace matematyke za wynik uwarunkowanych genetycznie ludzkich
intuicji logicznych oraz kulturowo uzaleznionych zdolnosci do faczenia abstrakcyj-
nych tez. W sensie ogélnych kategorii metanaukowych oba terminy pojawiaja si¢ juz
w (1993, s. 242), ale dopiero w (1996, s. 133nn) Zycinski wykorzystuje je do opisu
ogdlnej sytuacji problemowej w metanauce i w filozofii nauki.
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wigzan metanaukowych. Mozna powiedzie¢, ze kategorie te stuza mu
do hipotetyczno-teoretycznej interpretacji racjonalnej rzeczywistosci

(sic!) metanauki’®.

Uwaga 6. Heurystyczna funkcja procedury klasyfikacyjnej na gruncie nauk
przedmiotowych stosunkowo wyczerpujaco zostala przedstawiona przez
Herschela (1955, s. 131-139). Klasyfikacji zjawisk dokonuje si¢ z nadzieja
na ,,posrednie” odkrycie glebszych, ukrytych przyczyn wzglednie praw
przyrody. Klasyfikacja jest hipoteza teoretyczna. Ewentualne potwierdze-
nie empirycznych predykcji klasyfikacji uwiarygodnia jej status jako po-
prawnej hipotezy wyjasniajacej. Analogiczna sytuacja zachodzi w odnie-
sieniu do klasyfikacji teoretycznych, czyli klasyfikacji r6znego typu teorii
naukowych. Pozwala ona na odkrycie ukrytych, gltebszych i bardziej ogél-
nych (w sensie dedukcyjnym) przestanek wzglednie presupozycji teore-
tycznych warunkujacych tre$¢ okreslonych rozwiazar teoretycznych. W fi-
zyce przyktadem takiej klasyfikacji moze by¢ podziat rozwigzan problemu
natury §wiatla na rozwiazania korpuskularne i rozwiazania falowe, z na-
dzieja na pokonanie tego podziatu na ,,glebszym” poziomie teoretycznym.

Oba typy klasyfikacji, klasyfikacje zjawisk (faktéw) i klasyfikacje teo-
retyczne, funkcjonuja zaréwno na poziomie nauki przedmiotowej, jak i na
poziomie metanauki, a przynajmniej na poziomie metanauki w rozumieniu
Poppera, Lakatosa czy Zycifiskiego, ktérej postulowana metoda (specyficz-

nie transcendentalna) jest analogiczna do metody empiryczne;j.

Przez internalizm Zycifiski rozumie stanowisko metanaukowe
(1996, s. 134), wedlug ktdrego ,,tres¢ teorii i twierdzen naukowych
jest determinowana przez wewnetrzna zawarto$¢ ich racjonalnych
uzasadnien, natomiast czynniki pozaracjonalne moga okazal sig¢

istotne dla nauki dopiero w sytuacjach, gdy nie mozna przedstawic

56 0d dziewigtnastego wieku, od czaséw J. Herschela, albo jeszcze wczesniej, od cza-
sow Kanta, wiadomo jednak, ze wszelkie kategorie opisowe i klasyfikacyjne maja
jednoczesnie charakter aprioryczno-teoretyczny, a zatem w duzej mierze idealizujacy.
Racjonalng rzeczywistos¢ metanauki mozna rozumieé jako historyczng artykulacje
racjonalnosci obiektywnej typowej dla metanauki. Ideg¢ racjonalnosci obiektywnej
przedstawia analizy zawarte w czgsci drugiej mojego artykutu.
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merytorycznych uzasadnien dla proponowanych tez”. Eksternalizm
jest okre§lany natomiast jako stanowisko przeciwne wzglgdem inter-
nalizmu. Tym, co laczy wszystkie koncepcje eksternalistyczne jest
szczegblne ,,wyakcentowanie” zwiazkéw migdzy treSciowa zawarto-
$cia nauki a zewnetrznymi uwarunkowaniami jej rozwoju (Zyciriski,
1996, s. 134)%7. Do rozwiazan internalistycznych Zycinski zalicza
koncepcje Kota Wiedenskiego, Poppera i Lakatosa, z kolei do rozwia-
zan eksternalistycznych koncepcje wezesnego Kuhna, Feyerabenda,
Szkoty Edynburskiej i rézne koncepcje postmodernistyczne. Katego-
rie ‘internalizmu’ i ‘eksternalizmu’ podlegaja jednak gradacji orze-
kalnosci w zaleznosci od stopnia uwzglgdnienia czynnikéw pozara-
cjonalnych. Sytuacja jest analogiczna jak w przypadku orzekalnosci
kategorii ‘racjonalizmu’ i ‘irracjonalizmu’.

Uwaga 7. W toczonym w neokantowskiej perspektywie sporze o cha-
rakter referencjalny poje¢ teoretycznych (zaréwno nauki przedmiotowej,
jak 1 metanauki) Zycifiski opowiada si¢ po stronie umiarkowanego reali-
zmu. Opowiada si¢ za umiarkowanym realizmem teoretycznym nie tylko
w odniesieniu do jezyka nauk empirycznych, lecz takze w odniesieniu
do jezyka metanauki. Umiarkowany realizm teoretyczny oznacza, Ze ter-
miny teoretyczne oprécz aspektu konstruktywnego posiadaja takze aspekt
realno-opisowy (referencyjny). W przypadku kategorii metanaukowych
znaczy to, ze odnosza si¢ one referencjalnie do racjonalnej rzeczywisto-
Sci metanauki. Referencja terminéw teoretycznych wedtug realizmu umiar-
kowanego jest jednak tylko posrednia. Nie mozna wskazac bezposrednio

na ich referenty. W przypadku terminéw metanaukowych mozna jedynie
wskazac ich historycznie zmienne przejawy pod postacia roznych teorii lub

koncepcji.

STW (Zycinski, 1993, s. 242) pada bardziej lakoniczne okreslenie internalizmu jako
ujecia ktadacego nacisk na racjonalno$¢ nauki. Z kolei okreslenie eksternalizmu jest
bardziej radykalne: oznacza ujecia traktujace nauke jako ,,wynik zewnetrznych poza-
racjonalnych czynnikow”.
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Uwaga 8. Istnienie racjonalnosci obiektywnej jest zatem odmiennym spo-
sobem istnienia od istnienia przedmiotéw empirycznych. To juz kwestia
ontologii przyjmowanej przez Zyciniskiego. Wydaje sig, ze jego koncep-
cja sposobéw istnienia ,,przedmiotéw” bedacych desygnatami teoretycz-
nych terminéw metanauki bliska jest partycypacyjnej ontologii neoplaton-
skiej bedacej préba pogodzenia ontologii Arystotelesa i Platona. Racjonal-
no$¢ obiektywna majaca swe Zrédlo w samym Bogu obecna jest implicite
w Swiecie i w ludzkiej mysli, a ujawnia si¢ poznawczo nie wprost, lecz
w sposob uwiktany w historii tejze mysSli ludzkiej. Jej poznanie wymaga

odpowiedniej hermeneutyki.

W tej perspektywie koncepcja Lakatosa jest mniej radykalnie in-
ternalistyczna niz koncepcja Poppera, a ta z kolei mniej niz koncep-
cje Kota Wiedenskiego, gdyz w réznym stopniu uwzgledniaja one
rolg czynnikéw zewngtrznych. Podobnie koncepcja Kuhna wydaje
si¢ by¢ mniej radykalnie eksternalistyczna niz mocny program socjo-
logii wiedzy?®.

W przypadku eksternalizmu Zycifiski rozréznia (por. 1996,
s. 135) miedzy eksternalizmem umiarkowanym a skrajnym. Pierw-
szy nie neguje elementu racjonalnego w rozwoju nauki, lecz traktuje
rozwdj nauki jako wypadkowa elementéw racjonalnych i czynnikéw
pozaracjonalnych. Z kolei eksternalizm skrajny traktuje wewnetrzna
racjonalno$¢ nauki jako funkcje samych tylko zewnetrznych czynni-
kéw psycho-spotecznych. W Strukturze funkcjonuje nieco inny po-
dzial na trzy mozliwe rodzaje rozwiazan eksternalistycznych (1988b,
s. 123n; 2013, s. 218). Pierwszy typ rozwiazan ogranicza si¢ do uzna-
nia czynnikéw pozaracjonalnych za pozaracjonalne inspiracje wy-

stepujace wylacznie w kontekscie odkrycia, drugi méwi o niezwykle

38 Zycinski pisze przyktadowo (1988b, s. 135; 2013, s. 239): ,,Asercje o réznym stop-
niu racjonalnosci [podkreslenie moje] pojawiaja si¢ w obrebie poszczegdlnych pro-
graméw, a nawet w obrgbie poszczegélnych teorii”. Pisze tez, ze wiele umiarkowa-
nych tez Kuhna zawartych w jego Strukturze rewolucji naukowych zostato zradykali-
zowanych w socjologicznej interpretacji nauki (zob. Zycifiski, 1996, s. 207n).
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waznej roli tychze czynnikow (elementow) rakze w okresie rewolu-
cji naukowej, natomiast trzeci uznaje dominujqcq rolg tych czynni-
kéw nad elementami racjonalnymi zaréwno w okresie powstania, jak
i rozwoju programu badawczego. To ostatnie rozwiazanie Zyciriski
z gbry odrzuca jako nieracjonalne.

Zycinski poddaje szczegétowej analizie krytycznej wszystkie
najwazniejsze dwudziestowieczne rozwiazania racjonalistyczne (in-
ternalistyczne) i sceptyczne (eksternalistyczne). W jednym i drugim
przypadku pokazuje ich wewngtrzne ograniczenia, a wielokrotnie
wewngtrzne sprzecznosci. Tego typu analizy zajmuja znaczng czgs¢
jego tworczosci metanaukowej. Nawet pobiezna ich prezentacja mu-
sialaby zaja¢ zbyt wiele miejsca. Ograniczmy si¢ zatem do konkluzji,
jakie wyciaga on z tej analizy oraz do kilku przyktadéw. Konkluzje

formutuje nastgpujaco:

Dtugie dyskusje na temat natury wiedzy naukowej pokazaty,
ze nauka nie jest ani tak racjonalna, jak chcial tego mtody
Popper, ani tak socjologicznie uwarunkowana, jak twierdzit
Kuhn w pierwszym wydaniu Struktury rewolucji naukowej
(Zycinski, 1988b, s. 145; 2013, s. 256).

W innym miejscu t¢ sama ideg¢ rozwija w typowym dla siebie reto-

rycznym stylu:

Swiadomos¢ epistemologicznych ograniczen nauki oraz uwa-
runkowania historyczne wptywajace na niektére determi-
nanty racjonalnoSci nie daja zatem zadnych podstaw do
stwierdzenia, ze wszystkie przekonania dotyczace wewnetrz-
nej racjonalnoSci nauki sa przejawem nierealnych marzen.
Niewatpliwie takimi marzeniami byly maksymalistyczne
idee filozoféw epoki Wiktorianskiej, ktorzy na podobieristwo
wczesniejszych metafizykéw poszukiwali racjonalnosci se-
kretnej i tajemnej. Z faktu, Ze ich nadzieje okazaly si¢ ptonne,
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nie wynika jednak, ze nauka jest irracjonalna. Mozna jedy-
nie powiedzie¢, ze [sama] racjonalnos¢ jest rézna od tego,
czego oczekiwano. Upraszczajace zastgpowanie racjonalno-
Sci socjologia moze okazac si¢ réwnie nierealnym, marzyciel-
skim przedsigwzigciem (1988b, s. 123; 2013, s. 217).

W dychotomicznym ujeciu stanowisk metanaukowych po rewo-
lucji naukowej Popper zajmuje miejsce internalizmu, Kuhn miejsce
eksternalizmu. Krytyke pierwotnej koncepcji dedukcjonizmu Pop-
pera jako teorii nazbyt optymistycznej Zycifiski przejmuje od Laka-
tosa (zob. Zycir’lski, 1983, s. 120n). Od siebie dodaje, ze ,,w wie-
rze w racjonalnos¢ nauki i w potege falsyfikacji byt rowniez zawarty
element uproszczenia idealizujacy procedury stosowane w rzeczywi-
stej nauce” (Zycinski, 1996, s. 230). Przyktadowo, w historii nauki
istnieje wiele modyfikacji ad hoc, ktére podobnie jak modyfikacja
Einsteina miaty pozytywny wptyw na rozwdj nauki, i to wbrew irra-
cjonalnosci postulowanej przez Popperowska teorig¢ falsyfikacji (zob.
Zycifiski, 1996, s. 108). Przypadek Poppera i jego koncepcje mo-
dyfikacji ad hoc mozna zatem zinterpretowac jako specyficzny fakt
metafilozoficzny, ktéry daje Zycinskiemu do myslenia. Popperowska
teza o irracjonalno$ci modyfikacji ad hoc nie wynika logicznie z fak-
téw opisujacych rzeczywiste zachowania naukowcéw, lecz okazuje
si¢ wyrazem nazbyt wyidealizowanej i nazbyt apriorycznej koncep-
cji racjonalno$ci. Koncepcja Poppera jest zatem wyrazem silnych
zatozen filozoficznych i jako taka wskazuje na obecno$¢ zewnetrz-

nych uwarunkowan Poppera. W terminologii Zyciskiego ten subiek-
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tywny czynnik wyboru i zwiazania z tradycja filozoficzng przyjmuje
postaé optymistycznej wiary Poppera w racjonalno$¢ nauki i w po-
tege falsyfikacji®.

Analogicznej krytyce poddana zostaje koncepcja Kuhna i jego ra-
dykalnie eksternalistyczna interpretacja zwiqzania z paradygmatem
z 1962 roku. W perspektywie tej interpretaciji, jak zauwaza Zycif-
ski (1983, s. 106), logika nauki zostaje niemal calkowicie zastgpiona
socjologia wiedzy. Tymczasem blizsza analiza historyczna pokazuje,
ze w dluzszej perspektywie mozliwe jest racjonalne wykazanie wyz-
szosci jednego programu badawczego nad innym, gdyz wewngtrzna
logika rozwoju nauki jest silniejsza od emocjonalnych przywiazan do
poszczegdlnych teorii (1983, s. 165). Z kolei w (1996, s. 195) stwier-
dza, ze rzeczywista nauka obala tezg¢ o dogmatycznym charakterze
zwigzania z paradygmatem, gdyz ,,zmiana paradygmatu jest nie tylko
mozliwa teoretycznie, lecz réwniez zachodzi rzeczywiscie w nauce”.

Najsilniejszym argumentem przeciw skrajnie eksternalistycznej
interpretacji zwigzania z paradygmatem jest argument na rzecz epi-
stemologicznej koniecznosci takiego zwigzania w sytuacji, gdy nie-
mozliwe jest precyzyjne rozstrzygnigcie pomigdzy alternatywnymi
tradycjami badawczymi. W takiej sytuacji jedyng alternatywa dla
idei podmiotowego commitment bylby jedynie sceptycyzm. Ten na-
tomiast, jak pamigtamy, jest z géry wykluczony, gdyz nie jest reak-
cja racjonalng na fakt czynnikéw pozaracjonalnych w nauce. Zatem
zgoda na podmiotowy commitment jest jedynym racjonalnym roz-

wiazaniem w tej sytuacji®.

W tym kontekscie Zycifiski przywotuje tez przyktad naukowych reakcji na wy-
nik eksperymentu EPR czy na odkrycie nieréwnosci Bella, ktérych nie potraktowano
jako falsyfikatory mechaniki kwantowej, jak to powinno si¢ sta¢é w mysl koncepcji
Poppera.

90 Jest to argument rozwijajacy idee epistemologicznej zasady niepewnosci. Zob. po-
przedni punkt, przypis 53.
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Skoro ani skrajny internalizm, ani skrajny eksternalizm nie wy-
trzymuja krytyki, to Zyciiski konkluduje o koniecznosci zanegowa-
nia sensu zaistniatej dychotomii wéréd tych rozwiagzan. Co wigce;j,
uwaza, ze rozwianie marzycielskich tendencji metanaukowych skraj-
nego internalizmu i skrajnego eksternalizmu dokonalo si¢ nie tyle za

sprawa wewngetrznych analiz metanaukowych, ile za sprawa samej
61

nauki, ktora nie data si¢ wttoczy¢ w sztywne ramy ideologiczne

W tej sytuacji [gdy programy badawcze i teorie cechuja
si¢ réznym stopniem racjonalnosci] préby absolutyzowania
pojecia racjonalnosci, jak réwniez sklonno$¢ do dychoto-
micznego dzielenia interpretacji [metanaukowych] na racjo-
nalne i irracjonalne stanowia wyraz pewnej filozofii bronionej
w sposéb dogmatyczny, niemniej sfalsyfikowanej przez sama
naukg (Zycinski, 1988b, s. 135; 2013, s. 239).

Konfrontacji z rzeczywista nauka nie oparl si¢ ani internalizm,
ani eksternalizm. Dokladniejsza obserwacja faktycznej nauki poka-
zuje, ,,ze rzeczywisty rozwdj nauki przebiega w odmienny sposéb
niz sugerowali to przedstawicie normatywnych metodologii” (Zycifi-
ski, 1996, s. 230). Z kolei eksternalizm radykalny wikta si¢ w nieusu-
walne ,,antynomie” w wyjasnianiu faktow metateoretycznych z dzie-
jow nauki®?.

Dychotomia rozwiazan metanaukowych bedacych reakcja na re-
wolucje naukowa jest faktem. Pytanie, czy jest nieunikniona? Zycin-
ski podejmuje si¢ pokazaé, ze ma ona jedynie charakter historyczny,
a zatem niekonieczny. Mozliwe jest uniewaznienie sporu internali-
zmu z eksternalizmem. Powstaje pytanie, jak tego dokonac?

61 Jest to przyktad sprzecznosci transcendentalnej rozumiane;j jako sprzeczno$é meta-
naukowych hipotez z faktami metanaukowymi.
62 Poswigcony im jest caty podrozdziat w (Zycifiski, 1996, s. 147-156).
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W mysl nadrzgdnej zasady racjonalnosci — wystepujacej impli-
cite cho¢by w przytoczonym przed chwila argumencie na rzecz ra-
cjonalnosci podmiotowego commitment w sytuacjach wyboréw alter-
natywnych — skoro rzeczywista nauka uniewaznia oba czlony meta-
naukowej alternatywy internalizm versus eksternalizm, to racjonalng
reakcja na tg sytuacje nie moze by¢ sceptycyzm, lecz nowe zmodyfi-
kowane rozwigzanie racjonalne.

Z powyzszych tekstéw mozna wnioskowac (poszukujac ich ukry-
tych presupozycji), ze kategorie ‘internalizmu’ i ‘eksternalizmu’
stuza do sproblematyzowania metanaukowej idei normatywnej de-
markacji elementow wewngtrznych (racjonalnych) i zewnegtrznych
(pozaracjonalnych) w rozwoju nauki® jako szczeg6lnego przypadku
problemu racjonalnosci jako takiej. Nowe rozwiazanie moze potrak-
towac ten spor jako §lepa odnogg ewolucji pojecia racjonalnosci.

Falsyfikacja teorii metanaukowych przez fakty metateoretyczne
z rzeczywistej nauki nie implikuje ich catkowitej bezwartosciowo-
Sci i konieczno$ci ich odrzucenia oraz zaproponowania catkiem no-
wych teorii metanaukowych. Zycifiski preferuje bardziej umiarko-
wang strategi¢ rozwoju teoretycznego w metanauce, zaczerpnigta od
péZnego Poppera i od Lakatosa. Wystarczy dokona¢ jedynie nie-
zbednych modyfikacji w dotychczasowych rozwigzaniach metanau-
kowych.

Modyfikacje w przekonaniu Zycifiskiego powinny polegaé na
,liberalizacji” radykalnych postaw metanaukowych po obu stronach
sporu. Wprawdzie nalezy przyzna¢ racj¢ Lakatosowi, ze ,,zadne kry-

terium demarkacji nie ma charakteru absolutnego” (Zycinski, 1996,

63 Przypomnienie: tres¢ idei, podobnie jak tresé pojeé i koncepcji, dla utatwienia lek-
tury, podaje kursywa.
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s. 230)%, ale nie znaczy to, ze nalezy odej$¢ od metodologii nor-
matywnej, lecz jedynie to, Zze nalezy rozwinaé i zliberalizowaé te
normy, ktére doprowadzity do powstania wyidealizowanej koncep-
cji nauki. Podobnie, chcac uniknaé antynomii eksternalizmu radykal-
nego, ,.trzeba przyjac¢ jego umiarkowany wariant, ktéry glosi, iz ele-
menty racjonalne oraz zewngtrzne uwarunkowania psychospoteczne
‘przenikaja si¢’ wzajemnie i uzupelniaja w procesie rozwoju nauki”
(Zycinski, 1996, s. 156).

W obu przypadkach przyczyna (a zatem czynnikiem pozaracjo-
nalnym) pojawienia si¢ btgdnych rozwiazan radykalnych byta nie-
u§wiadomiona tendencja do nadmiernego upraszczania procedur na-
ukowych na poziomie wyjasniania metanaukowego i do idealizacji®.
Tendencja ta stanowi cech¢ charakterystyczna ,.koncepcji niedojrza-
tych”, mitologicznych, opierajacych si¢ na jednym uniwersalnym
czynniku (przyczynie) majacym wyjasni¢ ztozona rzeczywisto$¢. Za-
réwno skrajny internalizm, jak i skrajny eksternalizm mozna zatem
uznaé w perspektywie analiz Zycifiskiego za metanaukowa wersje
myslenia mitologicznego na ksztatt mitu ostrej demarkacji przypisy-
wanej Popperowi. Jako takie maja one jednak charakter wytacznie hi-
storyczny. Wedtug Zycinskiego, dlugie spory o kryterium demarkacji
doprowadzity do uswiadomienia sobie idealizacyjnych uproszczen
i do sukcesywnego ,,odkrycia ztozonej prawdy o bogactwie procedur

badawczych i wzajemnych uwarunkowain wystepujacych w realnej

% Ale w tym samym rozdziale (1996, s. 244) Zycifiski uznaje Lakatosa za przedsta-
wiciela nazbyt wyidealizowanej, normatywnej koncepcji nauki.

65 Zycifiski zarzuca nadmierng idealizacj¢ takze Kuhnowi. Dotyczy ona kwestii zwia-
zania z paradygmatem (zob. 1983, s. 152).
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nauce” (Zycinski, 1996, s. 230). Dzigki temu odkryciu mozliwe jest
obecnie ,,wypracowanie bardziej realistycznych wzorcéw metanau-
kowych” (s. 237)%6.

Najlepszym kandydatem teoretycznym do poprawnego ujgcia ra-
cjonalnego rozwoju nauki jest zdaniem Zyciriskiego odpowiednio
zliberalizowana koncepcja Lakatosa naukowych programow badaw-
czych (Zycinski, 1996, s. 244n)®7. Liberalizacja polega na rezygnacji
z absolutyzowania norm metodologicznych wskazanych przez Laka-
tosa i uznaniu ich tylko za przyblizony wzorzec racjonalnych zacho-
wan naukowych, adekwatny jedynie w odniesieniu do okreslonych

okolicznosci:

Przejawem metanaukowego dogmatyzmu byloby traktowanie
normatywnej metodologii Lakatosa w tym samym stylu, w ja-
kim przed laty narzucano nauce kanony Kota Wiederiskiego.
[...] Jego [tzn. Lakatosa] propozycje zdaja si¢ zawiera¢ najbar-
dziej rozwinigta syntezg krytycyzmu i racjonalnosci na pozio-
mie refleksji metanaukowej. Niezaleznie od emocjonalnych
deklaracji autora [...] metodologia programéw badawczych,
w poréwnaniu z konkurencyjnymi propozycjami, stwarza naj-
lepsza szansg racjonalnej rekonstrukcji nauki i racjonalnego
wyboru rywalizujacych teorii. Metodologi¢ t¢ mozna odrzu-
ci¢ a priori, np. z racji aksjomatycznego przyjecia tezy o irra-
cjonalnych mechanizmach rozwoju nauki. Jesli jednak unika
si¢ rownie radykalnej aksjomatyki, mozna z ostroznoscia
i krytycyzmem F. Suppego «skonkludowaé, iz Lakatos ukazat
czgdciowo pewien wzorzec rozumowania w rozwoju wiedzy
naukowej, ktory to wzorzec — w okreslonych okolicznosciach
— charakteryzuje poprawne rozumowanie naukowe» [After-
word, 670]. Konkluzja ta, a zwlaszcza potozony w niej akcent

66 W obu cytatach kursywa pochodzi ode mnie. Wskazuje ona na specyficzny charak-
ter metodologii metanauki Zyciiiskiego.

67 Za przyktad pozytywnych modyfikacji podaje on prace J. Waralla, E. Zahara,
P. Urbacha czy J. Watkinsa.
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na czastkowy charakter opracowan Lakatosa, nie oznacza ab-
solutyzowania przedstawionych opracowarn metanaukowych,
lecz wskazuje na potrzebe dalszych poszukiwan umozliwiaja-
cych pelniejsza charakterystyke racjonalnych struktur nauki
(Zyciniski, 1996, s. 245n)%8.

Zgodnie z tymi deklaracjami, proponowane przez Zycifiskiego
rozwigzanie metanaukowe nie posiada charakteru prostej i precyzyj-
nej, uporzadkowanej logicznie (dedukcyjnej) teorii metanaukowej
wychodzacej od kilku prostych aksjomatéw metanaukowych. Raczej
jest to pewien niedookreSlony logicznie obraz metodologiczny na-
uki, sktadajacy si¢ z wielu stosunkowo luzno powigzanych regut me-
tanaukowych. Do istotnych elementéw rozwiazania Zycifiskiego na-
lezy zaliczy¢ jego koncepcje ideatéw 1 ideologicznych programéw
badawczych, majacych na celu wykaza¢ zasadnicza ciggtos¢ i tym
samym racjonalno$¢ w historycznym rozwoju nauki, pomimo wy-
stgpowania rewolucji naukowych i zwigzania naukowcéw z tradycja
badawcza. Do istotnych elementéw naleza rOwniez trzy zasady: za-
sada aracjonalnosci i naturalnos$ci interdyscyplinarnej oraz epistemo-
logiczna zasada niepewnosci. Ich celem jest racjonalna normalizacja
funkcji czynnikéw pozaracjonalnych w nauce tak, by zachowana zo-
stata nadrzedna funkcja elementu racjonalnego. Wsréd tych elemen-
téw nie moze zabraknaé réwniez rozréznied wielu typdw racjonal-
nosci oraz idei ewolucji pojgcia racjonalnosci. Dopiero oméwienie
wszystkich tych elementéw pozwoli pozna¢ doksatyczny charakter
proponowanego przez Zycifiskiego rozwiazania. Zagadnienia te ze
wzgledu na swa obszernos$¢ zostana przedstawione w kolejnym arty-

kule (zob. przypis nr 5 niniejszej pracy).

68 Cytat w tekscie pochodzi z postowia Fredericka Suppego do znanego zbioru tek-
stow (Suppe, 1974).
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X 3k %k

Na zakonczenie tej czgsci chciatbym powrdci¢ do fundamental-
nej idei metafilozoficznej Zycinskiego, jaka jest postulat, by meta-
naukowe i filozoficzne koncepcje na temat natury i struktury nauki
odnosily si¢ do rzeczywistej nauki wzglednie do rzeczywistosci na-
uki (1996, s. 16 i1 126), a nie do wyidealizowanych i uproszczonych
konstrukcji filozoféw. Idea ta pozwala zrozumie¢ nacisk, jaki nasz
autor kladzie na rolg czynnikéw pozaracjonalnych w nauce oraz na
role tej kategorii metanaukowej w rozwiazaniach metanaukowych,
a jednoczesnie pozwala zrozumie¢ jego racjonalistyczny optymizm
w obliczu réznych skrajnych interpretacji eksternalistycznych.

Méwiac o tradycji badania realnej lub rzeczywistej nauki Zy-
cinski wskazuje Kuhna i Polanyiego jako prekursoréw tego trendu
(Zyciﬁski, 1983, s. 153.169; 1996, s. 231). Jeden i drugi kojarza si¢
wszakze jednoznacznie z ideg czynnikéw pozaracjonalnych w nauce.
To pokazuje, ze w jego rozumieniu rzeczywista nauka lub rzeczywi-
stoS¢ nauki to nie tylko logiczna konstrukcja jezykowa w perspekty-
wie metody uzasadnienia, lecz takze caty kontekst osobowy, w jakim
konstrukcje teoretyczne funkcjonuja. Co wigcej, nie wystarczy trady-
cyjne rozwiazanie racjonalistyczne, by kontekst osobowy utozsamic
z psychologicznym kontekstem odkrycia. Bez uwzglednienia czynni-
kéw pozaracjonalnych takze w konteksScie uzasadnienia i akceptacji
nie jest w ogdle mozliwe pelne zrozumienie samej natury nauki.

Radykalny charakter tych stwierdzen najlepiej ilustruja same
wypowiedzi Zycinskiego. W Elementach pisze, ze ,,pomijanie roli
czynnikéw pozaracjonalnych w nauce prowadzi do wyidealizowa-
nego i nierealistycznego obrazu struktur nauki”, a nieco dalej, ze

,uwzglednienie ich roli stanowi konieczny warunek petniejszego zro-
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zumienia istoty nauki” (Zycinski, 1996, s. 189.190, podkreslenia
moje). Czynniki pozaracjonalne zostaja powiazane w spos6b niero-
zerwalny z naturg nauki. Jest to rzeczywista rewolucja metanaukowa.

W tej sytuacji trudno dziwié sig praktyce Zycinskiego podkresla-
nia obecnos$ci czynnikow pozaracjonalnych w nauce i w metanauce
za pomoca specyficznej, psychologicznie naznaczonej terminologii,
jak choéby wspomnianej kategorii ‘szoku’. Zyciniski nie obawia sie
jednak posadzenia o psychologizm, gdyz wypowiada te stowa z wne-
trza szeroko rozumianej tradycji episteme, z ktéra uwaza si¢ zwia-
zany®. A poniewaz dotychczasowa tradycja episteme cechowata sig
nazbyt racjonalistycznym i przeidealizowanym podejsciem do nauki,
to podkreslanie roli czynnikdw pozaracjonalnych wydaje si¢ w pelni
uzasadnione.

Takze zwiazanie z tradycja episteme przejawia sie u Zycifiskiego
specyficzng praktyka jezykowa. Tym razem przeciwna w stosunku
do poprzedniej. Gdy wypowiada si¢ na temat nieusuwalnej obecno-
$ci czynnikéw pozaracjonalnych w nauce, dodaje od razu dla prze-
ciwwagi, ze obecno$¢ ta nie implikuje w zadnym wypadku konklu-
zji o dominacji subiektywizmu w nauce (Zycinski, 1996, s. 187). Po-
dobne zastrzezenia czyni méwiac o roli czynnikéw pozaracjonalnych

W poznaniu natury nauki:

Obecnos$¢ w nauce wiedzy osobowej oraz nieskonceptualizo-
wanych intuicji nie upowaznia do kwestionowania wewnetrz-
nej racjonalno$ci nauki. USwiadamia ona natomiast, iz racjo-
nalna refleksja, ktéra inspirowata zaréwno Elementy Eukli-
desa, jak i Principia Newtona, taczy si¢ w kontekscie rozwoju
nauki z pozaracjonalnymi czynnikami psycho-spotecznymi.
Uwzglednienie ich roli stanowi konieczny warunek pelniej-
szego zrozumienia istoty nauki (Zycifiski, 1996, s. 190).

9 Zob. (1996, s. 126), gdzie Zyciriski zalicza siebie do nurtu epistemologii kontynu-
ujacego platonsko-arystotelesowska tradycije episteme.
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Natura nauki z perspektywy tradycji episteme jest zatem zasad-
niczo racjonalna, ale element racjonalny w rzeczywistym Swiecie za-
wsze wystepuje w kontekscie osobowego commitment. Czysty rozum
naukowy jest filozoficznym mitem. Nie jest to jednak w zadnym wy-
padku kapitulacja rozumu. Zgodnie z epistemologiczna zasada nie-
pewnosci w sytuacji, gdy mamy do czynienia z wyborem alternatyw-
nym albo — albo, gdzie jednym z czlonéw jest uznanie istotnej, ale
nie dominujacej roli czynnikéw pozaracjonalnych w nauce, a dru-
gim eksternalistyczny sceptycyzm, to wybor rozwiazania uwzgled-
niajacego rolg czynnikéw pozaracjonalnych w nauce jest jedynym

racjonalnym rozwigzaniem.
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Abstract
According to contemporary understanding of the universal tree of
life, the traditionally recognized kingdoms of eukaryotic organisms—
Protista, Fungi, Animalia and Plantae—are irregularly interspersed
in a vast phylogenetic tree. There are numerous groups that in any
Linnaean classification advised by phylogenetic relationships (i.e.
a Hennigian system) would form sister groups to those kingdoms,
therefore requiring us to admit them the same rank. In practice, this
would lead to the creation of ca. 25-30 new kingdoms that would
now be listed among animals and plants as “major types of life”.
This poses problems of an aesthetic and educational nature. There
are, broadly speaking, two ways to deal with that issue: a) ignore the
aesthetic and educational arguments and propose classification sys-
tems that are fully consistent with the Hennigian principles of phylo-
genetic classification, i.e. are only composed of monophyletic taxa;
b) ignore Hennigian principles and bunch small, relatively uncharac-
teristic groups into paraphyletic taxa, creating systems that are more
convenient. In the paper, I present the debate and analyze the pros
and cons of both options, briefly commenting on the deeper, third

resolution, which would be to abandon classification systems entirely.

Philosophical Problems in Science (Zagadnienia Filozoficzne w Nauce)

0):
(@)
=f
g

)

No 66 (2019), pp. 203—227 e CC-BY-NC-ND 4.0



204 tukasz Lamza

Recent advances in eukaryotic classification and phylogeny are com-
mented in the light of the philosophical question of the purpose and
design principles of biological classification systems.

Keywords

taxonomy, systematics, philosophy of biology, eukaryotes, Protista.

ver since Linnaeus formalized biological classification in his

Systema Naturae (Linnaeus, 1788), there is the unresolved prob-
lem of how exactly should new taxa be created, and, more specifi-
cally, into how many subtaxa should higher-rank taxa be split. For
instance, is there a convincing reason why there should be, say, 43
orders of ray-finned fish (class Actinopterygii), but only 3 orders of
leeches (class Hirudinea)? Are there any objective arguments for one
arrangement over another, or is it purely a matter of taste? There is
a considerable body of work in philosophy of biology that discusses
such issues (see Hull, 1965; 1970; Schuh and Brower, 2011 and es-
pecially Mayr and Bock, 2002).

While ongoing changes at lower ranks (i.e. species, genus, family
and order) are of high importance to specialists, the public is much
more likely to encounter changes at the higher ranks (from class up).
Of special importance is the traditionally highest category of king-
dom (now partially superseded by domain—see below) which delin-
eates major “types of life” and is of enormous educational and heuris-
tic value (Copeland, 1938; Cavalier-Smith, 1981). For centuries there
has been slow incremental change in the classification of life at the
level of kingdom. In the recent two decades, however, the rapidly in-
creasing knowledge of the general topology of the universal tree of

life, lead to the realization that traditionally distinguished kingdoms
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are interspersed in a thick “bush” of major branches (see e.g. Bal-
dauf et al., 2000). In this paper, I wish to analyze this situation, with
special attention to the structure of the eukaryotic tree of life.

1. The rank of kingdom

In biological systematics, starting from Linnaeus, the rank of king-
dom has long been the highest of all taxonomic ranks. In Linnaeus’
Systema Naturae, there were 3 of them—the animal, plant and min-
eral kingdom (Linnaeus, 1788), and the division of all living things
into two kingdoms was retained in biology for a long time. Only re-
cently the even higher rank of domain was introduced by Carl Woese
(Woese, Kandler and Wheelis, 1990), who intended to accentuate the
special character of Archaea, famously identified by him and George
Fox (Woese and Fox, 1977) to be fundamentally different from both
bacteria and eukaryotes; although it has been recently suggested that
eukaryotes actually evolved from archaea (Williams, Foster et al.,
2013). Even in Woese’s 1990 revision, however, three “primary king-
doms” were named with the idea that the rank of kingdom remains
the basic level at which major “types of life” are to be identified.

The number of the kingdoms of life discerned by biologists
changes through time rather slowly. A contemporary student of both
introductory and advanced biological texts is almost certain to en-
counter the following:

e cither a single kingdom of bacteria, variously called Prokary-
otae, Bacteria or Monera, or, in a more modern variation, two
kingdoms: the so-called true bacteria (Eubacteria, sometimes
Bacteria) and the archaeans (Archaea, sometimes Archaebac-

teria);
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o the single kingdom of protists (usually Protista or Protoctista),
which encompasses all eukaryotes not belonging to the three
multicellular kingdoms (see below); in some modern sources
(Ruggiero et al., 2015) there is a separate kingdom Chromista
encompassing a large monophyletic subgroup of protists, in-
cluding brown algae which are large, multicellular and quite
complex;

e the three multicellular eukaryotic kingdoms: plants (Plan-
tae, sometimes Viridiplantae), animals (Animalia, sometimes

Metazoa) and fungi (Fungi, sometimes Mycota).

Note that the list is quite conservative, but the number of kingdoms
slowly increases. Plants and animals are the two original Linnaean
kingdoms of life. Protists were argued to be a separate kingdom by
Ernst Haeckel in (1866). Bacteria were given a separate kingdom in
1938 (Copeland, 1938) and, interestingly, the fungi have been pro-
posed as a kingdom separate from plants only in 1969 (Whittaker,
1969). The distinct kingdom for Archaea, as mentioned, was pro-
posed in 1977 and Thomas Cavalier-Smith first proposed elevating
Chromista to the rank of kingdom in (1981).

Arguably, the most common variant found in introductory texts is
the one with five kingdoms: Bacteria, Protoctista, Plantae, Animalia,
Fungi, and this very division has been employed in the highly influ-
ential popular book by Lynn Margulis and Michael Chapman, King-
doms and Domains (2009), which has become an authoritative source
on biological megasystematics. In a recent proposal of a comprehen-
sive classification of life, down to the level of order (Ruggiero et
al., 2015), there are seven kingdoms: Archaea/Archaebacteria, Bac-
teria/Eubacteria, Protozoa, Chromista, Fungi, Plantae and Animalia.

This proposal is a consensus view of over 3000 taxonomists (!) and
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is likely to become the standard point of reference for professional
biologists for years to come, even though it has been criticized, es-
pecially with regard to specific taxonomic decisions (e.g. Tedersoo
et al., 2018).

All in all, based on that quick review, it may seem that a gen-
eral view of the diversity of life, and its representation in biological
taxonomy, is now more or less understood, and major changes to the
number of kingdom occur rarely. In reality, it is not that simple. In
the past decades there has been considerable controversy surrounding
the number and identity of the highest ranks in systematics, and the
summary presented above might be termed the “conservative view”
by some. In fact, there are sources claiming that 11-12 prokaryotic
kingdoms (Petitjean et al., 2014) and 20-27 eukaryotic kingdoms
(Pawlowski, 2013; Tedersoo, 2017) should be distinguished.

The purpose of the present paper is to identify the cause of that
confusion and its possible resolutions, using mostly examples related

to the eukaryotic tree of life.

2. Paraphyletic taxa and classification systems

Starting from Darwin himself, it has become increasingly clear
that biological systematics must somehow portray evolutionary pat-
terns. This was formalized in Willi Hennig’s Phylogenetic System-
atics (1966) where the now-ubiquitous concepts of symplesiomor-
phy, synapomorphy and convergence, and the corresponding types
of taxa—paraphyletic, monophyletic and polyphyletic—were formal-
ized. Hennig forcefully argued that valid taxa should only be mono-

phyletic groups, i.e. (true) clades, that is groups of species composed
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of all descendants of a given species, possessing a common deriva-
tive character (synapomorphy). In the science of cladistics this has
since become gospel.

While admirable, this prescription leads to “taxonomical infla-
tion” as more and more taxa are identified. Before we illustrate it
with an example relevant for the present study, let’s consider a case
with more familiar taxa.

Vertebrates (subphylum Vertebrata of phylum Chordata) are di-
vided into a number of classes. A popular list of vertebrate classes
that you may hear even from a child (the specific reason for mention-
ing children in this context will be given below) is as follows: fish,
amphibians, reptiles, birds and mammals. A better-educated person
might cite the current scientific consensus that “fish” should be ac-
tually split into a number of separate classes: hagfish (Myxini), lam-
preys (Hyperoartia), cartilaginous fish (Chondrichthyes), ray-finned
fish (Actinopterygii) and lobe-finned fish (Sarcopterygii), the reason
being that “fish” is actually a paraphyletic grouping. This prescrip-
tion to discuss five types of fish, which a layperson may identify as
unnecessary and confusing (why five classes of fish and just one class
of birds?), is a first sign of what happens when one attempts to divide
a given taxon into monophyletic subtaxa.

If one were to portray the abovementioned vertebrate classes on
a phylogenetic tree, something like Fig. 1 might be a reasonable rep-
resentation of actual relationships.

This is, however, yet another simplification. A more careful anal-
ysis of any segment of the vertebrate phylogenetic tree will reveal
that in between the well-known groups there are numerous groups,
usually extinct, that would all require classes of their own, if the bor-

dering taxa are given the rank of class—consult Fig. 2.
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Reptilia

Aves

Amphibia
Sarcopterygii
Mammalia

Actinopterygii

Chondrichthyes

Hyperoartia

Myxini

VERTEBRATA

Figure 1: A highly simplified, and ultimately wrong, phylogenetic tree of
extant vertebrates that attempts to include only the extant classes of subphy-
lum Vertebrata. The ‘comb’ represents the area magnified in Fig. 2. It is
clear that one cannot map a ranked classification of extant vertebrate classes
onto a valid phylogenetic tree, especially because of the existence of extinct
groups. Specifically, it is impossible to validly represent the actual relation-
ships between (paraphyletic and now obsolete) Reptilia and Aves (which
nest within reptiles).

It is clear that in order to divide the taxa listed in Fig. 2 into
classes, one would have to give each genus presented in that figure its
own high-level taxon (here: most likely class). The alternative is ac-
cepting paraphyletic taxa, for instance by grouping all stem tetrapods
(Tiktaalik. . . Crassigyrinus) in a single class. It clearly goes against
phylogenetic systematics, which is usually defended by biologists
working with specific groups of organisms as the only method of cre-
ating taxonomies that is commensurate with the theory of evolution
(see e.g. Williams and Kociolek, 2007).
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+Crassigyrinus

+Colosteus
+Whatcheeria
+lchthyostega

+Acanthostega Tetrapoda
+Ventastega (incl. Amphibia,
+Elginerpeton E‘Zﬂﬁiﬁ;ra)
I
+Tiktaalik

Actinistia

SARCOPTERYGII

Figure 2: A slightly more realistic representation of a segment of the verte-
brate phylogenetic tree, based on (Swartz, 2012) (with many taxa removed,
most notably a large group of early sarcopterygians, denoted by an ellipsis).
The improvement over Fig. 1 is mostly in that: a) the term Sarcopterygii is
now correctly represented to also include all tetrapods, while in common
usage, represented in Fig. 1, it refers only to coelacanths (which belong to
Actinistia) and lungfish (which belong to Dipnoi); b) a number of extinct
(marked by a cross) genera are presented.

There are ways to avoid that, one of which is the so-called se-
quencing convention proposed by Nelson (1972) and developed by
Wiley (1981) and others, which partly automates the ranking process
in various branches of the phylogenetic tree. But for new, let’s as-
sume that we want to hold on to strict Hennigian principles; what
would be the consequences? Quite simple: the necessity to create a
complete system of monophyletic taxa, in case of vertebrates, would
lead to the erection of tens, if not hundreds, classes of vertebrates

which defeats the simplifying purpose of classification. Another so-
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lution would be to erect a large number of taxa of intermediate rank—
this has been done, for example, by McKenna & Bell in their influen-
tial classification of mammals (1997):

e class Mammalia

o subclass Prototheria

o subclass Theriiformes

x infraclass +Allotheria
x infraclass +Eutriconodonta

x infraclass Holotheria

e superlegion +Kuehneotheria

e superlegion Trechnotheria
o legion +Symmetrodonta
o legion Cladotheria
* sublegion +Dryolestoidea

* sublegion Zatheria

e infralegion +Peramura
e infralegion Tribosphenida

It is worth noting that the authors of that classification are pale-
ontologists and their system is clearly intended as an answer to the
problem of finding a proper taxonomic space for extinct groups. As
a result, a staggering number of ranks were created. In “core Lin-
naean” taxonomy classes are composed of orders, i.e. class and order
are neighboring ranks. In McKenna & Bell’s system one will find
between them: subclasses, infraclasses, superlegions, legions, suble-
gions, infralegions, supercohorts, cohorts, magnorders, superorders,

grandorders and mirorders. The term “taxonomic inflation” may thus
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have two meanings: the creation of an impractically large number of
equally-ranked taxa and the creation of an impractically large num-
ber of ranks.

Let’s now discuss these two alternatives in more detail.

3. The solutions

Solution I: classifications with only monophyletic taxa

As mentioned above, strictly adhering to Hennig’s prescription
to accept only monophyletic taxa leads to “taxonomic inflation”—
which seems to go against the aesthetic intuition of those biologists
who dread the idea of splitting a given, let’s say, phylum, into 50
classes (Cavalier-Smith, 1998).

Surprisingly, the solution that has been commonly employed is
to do something perhaps even more drastic: to drop altogether the
Linnaean “logic” of classification which is based on the simple idea
that taxa of a given rank are divided into a number of subordinate
taxa of the same lower rank—i.e. kingdoms are divided only into
phyla; phyla are divided only into classes; classes only into orders
etc. In other words, every order belonging to a given phylum must
also belong to a certain class (or, in some cases, be included as incer-
tae sedis, i.e. temporarily awaiting class attribution). In many modern
classifications, however, there are missing ranks. As an example, con-
sider the classification of vertebrates presented by the eminent pale-
ontologist Michael Benton in his Vertebrate Palaeontology (Benton,
2014, p.433nn):
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e superclass Tetrapoda:
o family Elginerpetontidae
o Ventastega
o Acanthostega
o Ichthyostega
o Tulerpeton
o family Colosteidae
o family Crassigyrinidae
o family Whatcheeriidae
o family Baphetidae
o class Neotetrapoda [where amphibians, reptiles, birds and mam-

mals can be found—L.L.]

This is a remarkable solution. Note that it clearly opposes the
centuries-old tradition, formalized by Linnaeus, to create consistent,
complete hierarchies. Here we have a superclass that is composed of
a single class, 5 families and 4 genera.

The missing ranks may look unsettling at first, but this conven-
tion is quickly gaining popularity, as it seems to offer a welcome
rescue from the otherwise inescapable alternatives discussed in the
previous paragraph. A recent classification of eukaryotes, published
first in 2005 (Adl, Simpson, Farmer et al., 2005), then in a revised
form in 2012 (Adl, Simpson, Lane et al., 2012), employs precisely
that methodology. Note that this is an extremely well-respected clas-
sification, created by a consortium that includes world-class experts
in eukaryotic diversity (such as Alastair Simpson or Sergei Karpov).
The pair of papers is now amongst the most oft-quoted articles in the
field, which means in practice that it is now a point of departure in
any discussion of eukaryote classification.

In both papers the ranks are altogether dropped. Curiously, the
taxa are presented in a semi-ordered hierarchical form where sub-
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ordinate taxa are given more black dots. For instance, in the earlier

paper (Adl, Simpson, Farmer et al., 2005) the group Opisthokonta is

presented as follows (numerous taxa have been omitted):

OPISTHOKONTA

e Fungi

ee Basidiomycota

ee Urediniomycetes
ee Ustilaginomycetes
ee Ascomycota

eee Neolecta

eee Taphrinomycotina

e Mesomycetozoa
ee Aphelidea

ee Corallochytrium
ee Capsaspora

ee Ichthyosporea
ee Ministeria

ee Nucleariida

e Choanomonada
e Metazoa

ee Porifera

eee Silicispongia

eeee Hexactinellida

eeee Demospongiae (..

2

Let’s note a few properties of this classification method. First

of all, the four main groups of Opisthokonta (the ones with a single

dot, i.e. fungi, mesomycetozoans, choanomonads and animals) are,

to the best of current phylogenetic knowledge, monophyletic. This

makes them perfect for the role of taxa in an openly Linnaean sys-
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tem, that is at the same time in line with Hennig’s rules of phyloge-
netic classification. The taxa with the same number of dots, however,
represent radically different ranks in previously published classifica-
tions. The group Mesomycetozoa, as presented here, is composed
of three genera (Corallochytrium, Capsaspora and Ministeria), two
classes (Aphelidea and Ichthyosporea) and one order (Nucleariida).
One might of course erect classes for all of them, which however,
often leads to taxonomic inflation, as mentioned in the previous sec-
tion.

Let’s now specifically discuss the problem of kingdoms. If we
hold on to the idea that equal “ranks” in the classification by Adl
et al. should be given equal Linnaean ranks, we would be forced
to create two additional kingdoms Choanomonada and Mesomyceto-
zoa, that would be placed alongside Fungi and Metazoa/Animalia in
the, most likely, superkingdom Opisthokonta (plus other kingdoms
in other superkingdoms). That is, in fact, a fairly popular point of
view, expressed for instance by Tedersoo (2017), who includes king-
doms Choanoflagellozoa (essentially synonymous with Adl et al.’s
Choanomonada) and Ichthyosporia (Ichthyosporea is a synonym of
Mesomycetozoa in many classification systems). It is worth noting
that Tedersoo’s system might be thought of as a good demonstra-
tion of what happens if one attempts to create a Linnaean system
adhering to Hennigian constraints, based on modern understanding
of eukaryotic phylogeny (the classification by Adl et al. is listed by
Tedersoo as one of his main sources of information). The result? His
system has 32 eukaryotic kingdoms. Let’s cite his own opinion on
that fact: “In the proposed classification, the erection of 32 eukaryote
kingdoms certainly catches and, perhaps, scratches the eye. I found
adoption of multiple kingdoms necessary to follow the monophyly

principle [...]” (Tedersoo, 2017, p.8).
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Note that Adl et al. themselves stand against such practices,
calling such artificially created higher-level taxa “superfluous” (Adl,
Simpson, Lane et al., 2012, p.430), therefore openly arguing for clas-

sification with missing taxa.

Solution II: classifications with paraphyletic taxa

The most vocal contemporary proponent of that solution is prob-
ably Thomas Cavalier-Smith, a controversial figure among micro-
biologists, who, however, is at the same time undoubtedly one of
the most influential personas in the field of eukaryotic systematics.
His contributions include the early recognition, and naming, of Ex-
cavata, Opisthokonta, Rhizaria and Chromista—all of them being
now largely accepted, and the latter three: most likely monophyletic,
mega-grouping of eukaryotes. In his proposed classification of life
(with six kingdoms) (Cavalier-Smith, 1998) there is a long section on
“philosophical preliminaries”, where the necessity for admitting para-
phyletic taxa is forcefully defended. His two main arguments against
the Hennigian requirement to limit taxa to clades are as follows:

1) It leads to instability. Each new discovery in biology—be it
a paleontological or molecular novelty, or simply the discovery of a
new species or a reinterpretation of anatomical data—may lead to the
reassessment of a monophyletic taxon as paraphyletic, which would
force the biologists to update classification systems. In practice it
would mean hundreds, if not thousands, of revisions every year.

2) It is not practical. Let’s quote Cavalier-Smith himself:
“Whether a taxon is paraphyletic or not is irrelevant to its validity
as a taxon. It is also irrelevant to many of the uses to which classifica-

tions are put, such as arranging specimens in a museum, organising



How many kingdom:s of life?... 217

the chapters in a biology textbook, or providing a convenient label,
e.g. bacteria or fungi, for a group of similar organisms” (Cavalier-
Smith, 1998, p.212).

As aresult, Cavalier-Smith for about two decades has become an
active opponent of Hennigian classification, especially in the field of
microbiology. Every year or two he proposes a new system of classi-
fication, sometimes general, most often specific to a group of eukary-
otes (Cavalier-Smith, 2002; 2013; 2016), usually being a carefully
crafted compromise between contemporary phylogenetic knowledge
and practicality. His 1998 system (Cavalier-Smith, 1998) has six
kingdoms:

e empire/superkingdom Prokaryota*

o kingdom Bacteria* [note: Archaebacteria are to be

found here, as an infrakingdom]
e empire/superkingdom Eukaryota

o kingdom Protozoa*
* subkingdom Archezoa*

* subkingdom Neozoa*

o

kingdom Animalia

o

kingdom Fungi

o

kingdom Plantae

o]

kingdom Chromista

All openly paraphyletic (‘“almost certainly paraphyletic” in his own
words) taxa are marked with an asterisk. It is interesting to note that,
while Cavalier-Smith openly opposes Hennigian phylogenetic sys-
tematics, his “illegal” taxonomies are highly popular. A quick look
into any contemporary paper on eukaryotic systematics will reveal a
number of high-level taxa formally defined by Cavalier-Smith, many
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of them known or suspected to be paraphyletic. The reason is simple:
his classifications are extremely convenient, because they are invari-
ably composed in such a way as to include only a minimal number
of taxa and ranks which are usually monophyletic, but sometimes
are paraphyletic if that makes for a convenient system. The reader is
referred to the above-cited paper (Cavalier-Smith, 1998) where his
philosophy of biological classification is explained in detail.

On a side, and probably more personal, note: the zoologists read-
ing this paper may find it interesting to go through his proposed clas-
sification of the animal kingdom (Cavalier-Smith, 1998, pp.235-237)
which offers, in the opinion of the author of this paper, a refreshing
look at the list of animal phyla. As currently recognized, there is
somewhere around 30-35 phyla—consult any modern textbook on
zoology—that only recently began to be grouped into a few large
monophyletic groups, such as Spiralia, Ecdysozoa or Deuterostomia.
Other than that, there is a confusing diversity of tiny phyla, most
of them unknown to the general public: how many non-zoologists
know of Kinorhyncha, Loricifera, Gnathostomulida (jaw worms) or
Acanthocephala (spiny-headed worms)? Cavalier-Smith groups all
animals into 22 phyla—still a long list, but, especially with the aid of
his clear, succinct diagnoses, is much more manageable. The classi-

fication includes some, but rather few, paraphyletic taxa.

Solution lll: abandon classification systems

The third solution would be to run away from the problem, so to
speak, and refrain from explicitly writing down classifications, and
discuss biological diversity through phylogenetic trees only. This has

been proposed from time to time by certain scientists and philoso-
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phers (the proposal has been reviewed and critiqued by Michael Ben-
ton (2000)). While reading biological literature, one finds this senti-
ment expressed from time to time, especially by specialists working
with rapidly changing classification systems. There is a fascinating,
heated dialogue that ensued during the 1970 First International Con-
ference on Ephemeroptera, recorded in this conference’s proceedings
(Peters and Peters, 1973, pp.151-154), where a group of entomolo-
gists become increasingly frustrated by their inability to create a clas-
sification system based on the otherwise clear phylogenetic evidence
presented by one of the participants (Edmunds Jr, 1973). In fact, all
the problems discussed in this paper with regard to higher ranks are
mentioned during that discussion, which is about families, subfami-
lies and genera of Ephemeroptera, which makes for a great read.

There are at least two large groups in biology that have aban-
doned updating the classification of the organisms they are working
with: botanists working with flowering plants and malacologists.

In the first case, one would be hard-pressed to find a recent au-
thoritative classification of flowering plants, because the focus of the
communal effort has long been the creation of better and better phy-
logenies, not taxonomies. The Angiosperm Phylogeny Group regu-
larly publishes the new view on plant phylogeny, employing formal
taxa only to the level of order (see e.g. Chase et al., 2016). All the
higher-rank taxa are abandoned, and no higher-rank taxonomies are
officially accepted by APG.

The exactly same process had happened in the field of malacol-
ogy, where for years there were no formal definitions of gastropod
taxa above the level of superfamily (see Bouchet and Rocroi, 2005).
Interestingly, the situation visibly upset some of the workers in the
field who started spontaneously grouping the newly defined fami-

lies and superfamilies into orders, those into superorders, subclasses
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etc. Last year in a revision of the 2005 classification (Bouchet, Ro-
croi et al., 2017), the authors surrendered and included higher-ranked
taxa, although the system is now very “messy’’: it includes numerous
intermediate-level ranks that correspond to the unranked clades in the
previous classification—there are classes, subclasses, infraclasses,
cohorts, subcohorts, superorders, orders, suborders and infraorders
in the system, plus a handful of openly paraphyletic “grades”. The
struggle of malacologists to bring back Linnaean classification into
the world of Hennigian unranked lists a la Adl et al. leads to exactly
the same problems that were discussed in the previous sections.

The case of gastropod classification illustrates, however, that
even specialists working in very narrow fields need balanced ranked
classification systems. It is not only for the purposes of educating
the young, writing books or organizing museum expositions that we
need neat, logical classifications with no missing ranks and a small
number of distinctive, easy to remember taxa. The specialists need
them too. The option to abandon classification systems seems to be
not viable, especially that it is both trivial and tempting to create a
list of clades from a phylogenetic tree, adding ranks to some or all
taxa, which would be a de facto classification, just like Benton did in

his Vertebrate Palaeontology.

4. Summary

Our increasing knowledge of biodiversity, especially in the case of
microbiology, both prokaryotic and eukaryotic, will inevitably lead
to the escalation of the problems presented in this paper. Because
it doesn’t seem plausible that classification systems will be alto-

gether abandoned (which would leave us only with phylogenetic
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trees, sometimes presented as unranked lists), it seems that we must
somehow solve the problem of creating classification systems in the
times of abundant phylogenetic data.

Broadly speaking, there seem to be two directions that one might
take: 1) to follow phylogenetic data to the letter; 2) to follow intuition
and convenience. Simply put, the option 1) would mean having only
proper monophyletic taxa, but a highly impractical system; and the
option 2) would mean having also paraphyletic taxa and a system
that is practical.

In the special case of eukaryotic kingdoms, the first route would
lead to a revolution in biological classification of life and numerous
kingdoms currently unknown to the general public would be intro-
duced (Tedersoo, 2017), such as Oxymonada, Breviatea or Filaste-
riae, that would now be listed alongside plants, animals and fungi
as “major types of life”. Alternatively, one might drop the traditional
kingdoms altogether and define the currently recognized eukaryotic
“supergroups” (e.g. Keeling et al., 2005) as kingdoms, and what we
know recognize as kingdoms would have to be downranked into sub-
kingdoms or “microkingdoms” (Pawlowski, 2013). This would be

the resulting classification:

e kingdom Excavata

e kingdom Amoebozoa

e kingdom Opisthokonta (incl. fungi and animals)
e kingdom Archaeplastida (incl. plants)

e kingdom Rhizaria

e kingdom Alveolata

e kingdom Heterokonta

Obviously, this would not solve the problem, if one would stubbornly

keep on sticking to Hennigian rules. First of all, Excavata may be
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paraphyletic (He et al., 2014), in which case we would have to split
it into monophyletic groups, resulting in a classification system alike
to this:

o kingdom Euglenozoa (former Excavata)

e kingdom Heterolobosea (former Excavata)

e kingdom Jakobea (former Excavata)

e kingdom Metamonada (former Excavata)

e kingdom Amoebozoa

e kingdom Opisthokonta (incl. fungi and animals)
e kingdom Archaeplastida (incl. plants)

e kingdom Rhizaria

e kingdom Alveolata

e kingdom Heterokonta

Secondly, there is at least a dozen groups of eukaryotes that don’t
fit neatly into any of the supergroups, including Tsukubamonas and
Malawimonas, Cavalier-Smith’s Varisulca, Apusozoa, but also much
better-known groups such as Cryptophyta or Haptophyta. Conse-
quently, in Tedersoo’s system, there are kingdoms Malawimonada,
Tsukubamonada, Apusozoa, Cryptista and Haptista which brings us
to square one. Obviously, replacing traditional kingdoms with eu-
karyotic supergroups is not a solution.

The second option—to retain the general structure of the present
classification of life into kingdoms—is not fully satisfactory, either,
because the old kingdom Protozoa is now known to be a large,
highly structured group that deserves proper recognition and can’t
be rightfully treated as an unstructured bunch of “amoeba and such”
(see Patterson, 1999). Its representatives have very little in com-
mon with each other and include multicellular forms similar to

fungi (mycetozoan slime molds, acrasids) and plants (brown algae),
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single-celled large predatory heterotrophs (ciliates), intracellular par-
asites (kinetoplastids) and endosymbionts (syndineas); colonial filtra-
tors (choanoflagellates), multinucleate “superamoebae” (labyrinthu-
lomycetes) and tens of other forms. Small steps, such as Cavalier-
Smith’s proposal for the kingdom of Chromista, might be seen a sign
of a more conservative process of a slow, incremental change, not
dictated by blind adherence to formalized ideals, but rather by educa-
tional values.

At the moment it is uncertain which approach will dominate, but
it’s clear that creating a top-level classification of life congruent with
our contemporary knowledge of eukaryote phylogeny will require us
to resign from at least some philosophical principles of biological

systematics.
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1. Introduction

¢ hilosophy in science’ grew out of practice. Its most significant

Pexample is the phenomenon of the ‘philosophizing physicists’.
And even though the philosophical reflection of the representatives
of the empirical sciences often falls short of the professional philo-
sophical standards, it does not change the fact that the sciences are
filled with philosophical contents.

In the recent years in the Polish philosophical literature such
terms as ‘philosophical issues in science’ have appeared on the cov-
ers of several publications.! The English ‘philosophy in science’,
through its contrast with, and similarity to ‘philosophy of science’,
has been ‘sanctioned’ in the title of a new periodical.> The paper by
W.H. Stoeger, published in the first volume of Philosophy in Science,
may be considered a manifesto of the editorial board, as well as an
attempt to provide a theory of ‘philosophy in science’.

I am against any planning what kind of philosophy should be
practised, i.e. determining a priori the method of analysis and its
consequent application. It is more natural when the methodological
reflection follows the period of abundant, sometimes instinctive or
even chaotic research in a new discipline. I believe, however, that
the time has come for an attempt to systematize what de facto is

‘philosophy in science’.

! Cf. Zagadnienia Filozoficzne w Nauce, a periodical published in Krakéw since 1978;
see also (Heller, Lubariski and élaga, 1980).

2 Philosophy in Science is published by Pachart Publishing House, Tuscon. The first
volume appeared in 1983.
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2. Philosophy in science and philosophy of science

Among the philosophers of nature (in particular those belonging to
the neo-thomistic school) there is a commonly accepted doctrine of
the non-intersecting planes. Generally speaking, it says that philo-
sophical cognition lies at a totally different epistemological plane
than the empirical sciences; they use different methods and oper-
ate with mutually untranslatable languages.? In order to justify this
view the theories developed within the contemporary methodology
are cited. It is sometimes tempting to say that the major motive be-
hind such stances is to safeguard one’s philosophy against any con-
flict with the sciences, as well as the theoretical justification of one’s
incompetence in the sciences.

The proponents of the two planes doctrine may protest against
the ‘philosophy in science’ project as methodologically flawed and
epistemological nonsense, an attempt at a comparison of the incom-
parable. I recall those objections not in order to dismiss them (the
best way to reply to them is through the results already obtained in
the ‘philosophy in science’ field), but to underline the relationship
between ‘philosophy in science’ and philosophy of science. It is ob-
vious that any philosophizing which is open for the dialogue with the
empirical sciences must take into account their achievements. Other-
wise it would be subject to the objection of anachronism. It is equally
difficult to reject the claim that there exist serious differences be-
tween the ‘cognitive plane’ of the empirical sciences and some philo-

sophical currents. I do not believe, however, in any strict isolation-

3 This is a kind of philosophy advanced in two books: (Mazierski, 1969; Ktésak,
1980). Both these authors seem to see the need for the mutual influences of philos-
ophy and the sciences and develop subtle distinctions in order to open the way for
such influences despite the non-intersecting planes.
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ism: of the philosophy in relation to the sciences, or vice versa. The
methodological bans will be breached anyway, and it is often through
the violation of the received canons that new paradigms emerge, i.e.
some progress is made in our attempts to understand the world: the
two non-intersecting planes may turn out to be elements of the same
stratification of a more-dimensional space.

‘Philosophy in science’ has de facto been practised from the be-
ginnings of the empirical sciences. For example, looking at the New-
ton’s oeuvre, it is difficult to determine whether it is a case of science
in philosophy, or already of philosophy in science. Thus, an attempt
to categorize ex post the problems of ‘philosophy in science’ is pos-
sibly realizable; however, in face of the richness of this problematic,
I shall concentrate on a succinct analysis of three exemplary issues.
Although they do not exhaust the content of ‘philosophy in science’,
they remain typical examples so that they enable to reconstruct its
nature and methods. In what follows I shall present (A) the influence
of the philosophical ideas on the development and evolution of scien-
tific theories; (B) the traditional philosophical problems intertwined
with empirical theories; (C) philosophical reflection over some as-

sumptions of the empirical sciences.

3. The influence of philosophical ideas on the
development and evolution of scientific
theories

Empirical science originated through the separation from the old, all-
embracing philosophy and still bear the imprint of this origin. Con-
temporaneously, various philosophical ideas often serve as an inspira-

tion for developing new conceptions in the empirical sciences. How-
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ever, many methodologists defend the ‘purity’ of science by introduc-
ing the well-known distinction: indeed, in the context of discovery
philosophical ideas often influence the development of science, how-
ever it is not their role only—other factors, even irrational ones, may
be influential in the process of arriving at new discoveries; on the
other hand, in the context of justification, i.e. the sphere of the proper
science-creating activities, philosophy has no bearing—it is an ‘alien
body’, effectively eliminated by the built-in mechanisms of science.
It is the disregard for this distinction that led to the phenomenon of
the ‘philosophizing physicists’—the representatives of the empirical
sciences who, wrongly taking the context of discovery for the dis-
covery itself, believe to have something philosophically interesting
to say, while in fact they reveal only their psychological associations.

In the recent years, the distinction between the two contexts has
been severely criticized. A case in point is the following passage from

Stefan Amsterdamski’s study:

Metaphysics, myths or superstitions are in some manner as
immanently a part of science as the facts which we attempt
to include into the rational reconstruction. The neoplatonic
metaphysic of Kepler and Copernicus were as much an ele-
ment of the rational organization of the universe which they
attempted to reconstruct as the strictly empirical statements of
their astronomic systems (Amsterdamski, 1973, p.99; 1975,
pp-65-66).

To put it more succinctly:

Therefore, science consist not only of statements about the
universe under study, but also of assumptions about the know-
ing subject (Amsterdamski, 1973, p.100; 1975, p.66).

If this line of argument is sound, ‘philosophy of science’ is simply a

part of the science itself.
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It is worth underlining, that the psychological or sociological ac-
counts of the philosophy of science—which have recently gained in
strength and prestige—almost completely dispense with the distinc-
tion between the ‘logic of science’ and the ‘external circumstances’
of that logic (Amsterdamski, 1983; 1992; cf. Zycir’lski, 1983). It is
not my goal to engage in a philosophical discussion. However, I per-
sonally consider the distinction between the context of discovery and
the context of justification useful under the condition that it is un-
derstood in a flexible way, which paves the way to a gradual passage
from one context to the other. All in all, the impossibility of drawing a
sharp demarcation line between ‘inspirations’ and ‘justification’ is a
sufficiently strong argument in favour of the ‘philosophy in science’.

Another conception of the contemporary methodology which
clearly points towards some philosophical elements in science is the
so-called thematic analysis, proposed by Gerald Holton (cf. Holton,
1998). He believes that in many concepts, methods, claims and
hypothesis of science there are certain elements he calls themata,
which as if from hiding influence or even determine the develop-
ment of new scientific ideas. Themata often come in pairs (of op-
posites), sometimes in triplets, and have surprising durability over
the centuries—they are capable of surviving many scientific revo-
lutions. Here are some examples of themata: unity—multiplicity;
determinism—indeterminism; continuity—discontinuity; symmetry;
invariance, complementarity, etc. Holton is surprised with the rel-
atively small number of themata—in physics he identified some
100 thereof—and underlines their interdisciplinary and philosophical
character. Themata may constitute the pivotal ideas for the studies in
the history of science, but considered from the perspective of their

philosophical load they are nothing else but ‘philosophy in science’.
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4. Traditional empirical problems intertwined
with empirical theories

One can enumerate a number of such problems or rather clusters of
problems. Here, I shall limit myself to examples pertaining to time
and space. It would be difficult to find a philosophical system that
has nothing to say about time and space; and it would be difficult
to identify a relatively comprehensive contemporary physical theory
that would assume no theses pertaining to time and space. A classical
objection against such bonding of philosophy with empirical theories
consists in stressing the fact that any doctrine which ‘migrates’ from
philosophy to the ‘specialized’ disciplines loses irrevocably its philo-
sophical character, and the only thing that speaks to its philosophical
origins are words, which—even though they sound the same—have
completely changed their old meanings. As elsewhere, the doctrine
of planes guards here the purity of philosophy. As I remarked earlier,
it is not my goal to fight this doctrine; I would like to show, however,
that philosophy exercises much more direct influence over the devel-
opment of empirical theories than granted by the traditional wisdom.

Sometimes, in philosophy a view or a complex set of ideas—
we shall say: a doctrine—is established which becomes a kind of
paradigm or a research programme for one or more empirical theo-
ries. It so happens that philosophical paradigms are incorporated into
some empirical theories (possibly in violation of the rule that forbids
trespassing from one ‘plane’ to the other, while changing its ‘mean-
ing content’); but it happens also that a paradigm resists all such
attempts, which leads to partial effects or side-effects only. When
an empirical theory succeeds in realizing such a philosophical pro-
gramme, one may say that the given empirical theory is a model of

the given philosophical doctrine. The conception of empirical models
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of philosophical doctrines is still awaiting a more thorough analysis.
Below, I confine myself to examples pertaining to the philosophy of
space and time.

In the famous Scholium at the beginning of his Philosophiae Nat-
uralis Principia Mathematica, Newton formulated a philosophical

doctrine of the absoluteness of time and space:

Absolute, true, and mathematical time, of itself, and from its
own nature flows equably without regard to anything external,
and by another name is called duration.—Absolute space, in
its own nature, without regard to anything external, remains
always similar and immovable (Newton, 1687, Scholium B).

Today one would say that these definitions functioned within the
context of discovery of the classical mechanics. It is certainly true,
but this was not their only role. It was Newton’s intent to incorporate
the doctrine of the absolute time and space into the new mechanics.
Newton himself, as well as generations of physicists that followed
him, believed that he had succeeded in doing so. However, a care-
ful analysis, with the use of the contemporary mathematical tools,
reveals that—indeed—the absolute time plays an important role in
the structure of the classical mechanics, but the structure does not
include an element that would correspond to the philosophical in-
tuitions pertaining to the absolute space (Raine and Heller, 1981,
pp-57-81). Thus, one must carefully distinguish between Newton’s
own views concerning space and time and the structure of space and
time presupposed by the Newtonian mechanics. The fact that New-
ton’s views are incompatible with the ‘views’ of his mechanics is
clear evidence that philosophical ideas are active not only in the con-
texts of discoveries, but are also intimately linked to the history of

justifications of scientific theories.
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To sum up this stage of our reflection, one may succinctly say:
the classical mechanics is a physical model of the philosophical doc-
trine of the absolute time; however, it is not a physical model of the
doctrine of the absolute space.*

The ‘other side’ of this story is equally instructive. Long before
Newton there was known a philosophical doctrine rival to the con-
ception of the absolute time and space. Its most famous incarnation

was formulated by Leibniz:

As for my own opinion, I have said more than once, that I hold
space to be something merely relative, as time is; that I hold
it to be an order of coexistences, as time is an order of succes-
sions (Leibniz, 1717, p.57).

Despite the clear attractiveness of the Leibnizian philosophy of
time and space, it belonged the philosophy textbooks only till the de-
velopment of the theory of relativity (cf. Heller and Staruszkiewicz,
1975). The obvious reason for this was that neither Leibniz nor any of
his followers managed to create a physical model of the philosoph-
ical doctrine of the relative character of space and time (cf. Raine
and Heller, 1981). There is a deeply rooted conviction that such a
model was provided by the general relativity theory. This conviction
proved essentially wrong,? but the analysis led to a new, interesting
observation. In the past, the doctrines of the absoluteness and rela-

tiveness of time and space were treated as mutually exclusive; only

4 In connection to the problem of the logical structure of the classical mechanics anal-
ysed with the use of the contemporary mathematical techniques, it is also worth men-
tioning two studies (Friedman, 1983; Torretti, 1983).

5 The problem is more subtle than the above considerations suggest. One would need
to identify at least several senses of ‘relational’ and ‘absolute’. There is no place in
this essay to go into the details, thus I recommend the cited works (Raine and Heller,
1981), as well as (Friedman, 1983).
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one of them would turn out true, tertium non datur. The general rela-
tivity theory falsified this view: it is a model of a partially relational
(as it depends on the bodies that populate it), and a partially abso-
lute (in the Newtonian sense) space-time (cf. Raine and Heller, 1981,
chap.13).

This example illustrates again in which way a philosophical doc-
trine reveals its presence (or absence) in empirical theories; it is com-
pletely independent of the beliefs of the authors of these theories (i.e.,
the problem lies beyond the context of discovery), and often in viola-
tion of such explicit beliefs. An empirical theory may be—or not—a
physical model of some philosophical doctrine: it is its fully objec-
tive feature, which may be analysed with the contemporary formal
means.

The elements of the conception of absolute time and space stub-
bornly remain inside the theories of the contemporary physics, de-
spite many attempts at their removal and creating a physical model
of a doctrine of fully relative space and time. One may even say that
the drive towards such a model is one of the determinants of the ten-
dencies in the contemporary theoretical physics. It is in this sense
also that philosophical doctrines are present in the evolution of sci-

ence.

5. Philosophical reflection over some assumptions
of the empirical sciences

This type of analysis has long been applied in the contemporary phi-
losophy. For example, it is the general framework of the important
part of Husserlian phenomenology. Here however, a different aspect

of this problematic is interesting. Again, it is suitable to use examples.
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I shall sketch the problems surrounding the following assumptions of
the empirical sciences: (a) the assumption of the mathematicity; and
(b) of the idealizability of nature, as well as (c) the assumption of the
elementary character and (d) the unity of nature. These assumption
may in a natural way be joined in pairs (a-b and c-d), which should
be analysed together. A number of remarks and short commentaries
concerning these assumption has already been formulated; however,
they still await a more thorough, monographic study that would pro-
vide a precise formulation of the fundamental questions to which the
assumptions inevitably lead.

(a) The assumption of the mathematicity of nature. From the
most general point of view, the mathematicity of nature boils down to
the fact that nature can be described mathematically. It may be con-
sidered a fact since it is ‘empirically’ confirmed by the development
of the sciences from the times of Galileo and Newton. Moreover, this
development is extremely efficient, documented with a sequence of
successes, both theoretical and pertaining to the ‘technical’ conquest
of nature.

The mathematicity of nature may be considered a counterpart of
the medieval intelligibilitas entis—the comprehensiveness of being.
In this context, Wigner discusses “incomprehensible comprehensibil-
ity of the universe”, and Einstein remarks that “the most incompre-
hensible thing about our universe is that it is comprehensible.” In
order to better grasp this problem one should distinguish between at

least three senses in which nature could have been non-mathematical:
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1. Nature could have been amathematical, i.e. non-describable
with the use of any mathematics. This would mean that nature
is irrational and would probably exclude it from existence.

2. Nature could have been mathematically transcendent in rela-
tion to our cognitive capacities, i.e. mathematics needed to ad-
equately describe nature would require such formal means that
are in principle inaccessible to our cognition. Simple models
of universes that are non-mathematical in this sense were con-
structed by Kemeny (1959; see also my study Heller, 1974,
pp-112—-119) and Staruszkiewicz (1980).

3. Nature could have been mathematically too complicated in re-
lation to our capacities, but not in principle—only regarding
the level of difficulty. Some level of difficulty would make
impossible or very unlikely the rise and development of the
empirical sciences. For example, the fact that the Newtonian

equation
my ma
2

F=G

r
approximates well the gravitational force between two point
masses, facilitated or even enabled the development of the
theory of universal gravitation at the end of the 16" Century.
If the exponent in the denominator did not equal 2, but, say,
2.009, the orbits of planets would be so complicated that Ke-
pler would most probably fail to discover any significant regu-
larities.

6 It must be stressed that I am speaking of the mathematicity of nature only. The com-
plicated problem of the relationship between ‘mathematicity’ and mental phenomena
cannot be addressed in this essay.
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This final understanding of mathematicity of nature is strictly
connected to the next tacit assumption of the contemporary empirical
method, i.e.:

(b) the assumption of the idealizability of nature. It is worth
noticing that the modern empirical method proved successful not
when it began its experimental game with nature, but when people
learnt to ignore a number of ‘inessential’ factors of that game. The
failure of the Aristotelian physics as an empirical science was con-
nected to its insistence on accounting for the entire complexity of
nature (friction or drag were not ignored). One may even say that the
‘creation’ of ‘non-existent’, but mathematically simple ‘entities’ was
a prerequisite of the success of the empirical method, to mention but
the class of inertial coordinate systems, energetically isolated sys-
tems, etc. The possibility of approximating nature with sufficiently
simple mathematical models is the mathematical manifestation of the
idealizability of nature.’

The assumption of the idealizability of nature accommodates
also the assumption of its stability of a certain kind. For example: if
small perturbations of an observable measurement led to significantly
different (non-equivalent in certain respect) mathematical models of
the studied domain, then—given the fact that observable parame-
ters are always measurable with some perturbations (measurement
error)—the study of nature would be impossible. By excluding such
situations, one assumes the observational stability of nature. The ob-
servational stability of nature is a special case of a more general con-
cept, that of the structural stability of nature. By postulating such
a kind of stability, one needs to determine an equivalence class of
structures, kinds and magnitude of their perturbations and assume

that a small perturbation does not exclude the given structure from

7 Some aspects of this problem are discussed in my paper (Heller, 1983).
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the equivalence class.® The role of structural stability was stressed
by René Thom (1977), but a systematic discussion of this problem in
relation to the philosophy of science is still missing.

In the contemporary empirical sciences a significant role is re-
served for probabilistic models. When operating with them, one
needs to assume a special kind of stability, known as frequency sta-
bility. In the standard probability calculus, the probability measure of
the elementary events is taken to be represented by the numbers close
to their observed frequency. Such a definition of probability assumes
that the future series of similar experiments shall, in the long run,
give relative frequencies substantially similar to the relative frequen-
cies observed currently. This assumption—which is verified both in
our ordinary experience and in the scientific practice—is called the
assumption of frequency stability. It attributes to the world a certain
feature, thanks to which it can be studied probabilistically (cf. Heller,
1985).

The problems of the mathematicity and idealizability of the uni-
verse are connected to one additional issue. Both these assumptions
attribute to nature a feature, which is responsible for the nature’s
mathematicity and idealizability, but they also say something about
the human mind, which is capable of accounting for nature as mathe-
matical or idealizable. Thus, the assumptions in question may be con-
sidered both from the ontological and the epistemological perspec-
tives. It is also possible that one cannot take one of the perspectives,
while excluding the other. This problem must also be scrutinized.

The assumptions of the mathematicity and idealizability of na-

ture are strictly connected to:

8 On the subject of the concept of structural stability and its applications in the method-
ology of the sciences see (Szydtowski, 1983).
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(c) and (d) the assumptions of the elementary character and
unity of nature. These assumptions are counterparts of two essen-
tial features of the mathematical method. Understanding in mathe-
matics may proceed either in the direction of analysis (towards ax-
ioms and primitive concepts of the given mathematical theory) or in
the direction of synthesis (i.e., towards ‘embedding’ the given mathe-
matical ‘entity’ within some global structure, from which it can be—
artificially?—extracted). The reductionist and holistic explanations
outside of mathematics have their sources in the same two opposite
tendencies of the human mind.

The assumption of the elementary character of nature urges us to
uncover the ‘elementary level’ in reality. At the first sight, it seems
that the process of descending towards more elementary levels never
ends (as the drive ‘to understand’ requires to reduce any ‘data’ to
something more elementary) or must be ‘artificially’ terminated by
a conventional acceptance of some ‘rudimentary’ level. In the con-
temporary theoretical physics there is a strong tendency to reduce
physics to pure mathematical structures. In this sense, the ‘mathe-
matical material’ becomes elementary for physics.’

The problem of the unity of nature has been analysed in detail
(cf. Weizsicker, 1980). Doubtless, it has many dimensions. One of
them is the clearly visible tendency of the contemporary physics to
develop unification theories. However, from the philosophical point
of view a deeper dimension of the problem is constituted by the unity
postulated by the very mathematical-empirical method of studying

the universe.

9 This is illustrated by the example of the concept of matter, which—during the evo-
lution of physics—was replaced by purely formal structures; cf. my paper (Heller,
1982).



246 Michael Heller

In this context a question arises: may totality (i.e., unity in one of
its meanings) turn out to be an elementary category? Even if it is not
the case, I believe that the assumptions of unity and the elementary
character of nature must be analysed together. Possibly, one has no
definite sense without the other.

6. A Proviso and an appeal

It goes without saying that the above mentioned problems are only
a preliminary catalogue of questions delineating ‘philosophy in sci-
ence’. Under no condition the above considerations should be con-
sidered an attempt to provide event partial answers.

It was also not my intent to provide a theory of ‘philosophy
in science’, although I am not against such undertakings. I would
only protest against calling ‘philosophy in science’ some meta-
considerations which are not rooted in the scientific practice. How-
ever, this proviso is barren: philosophical issues in science are so in-
teresting that they will be contemplated irrespective of any appeals or
restrictions. They require interdisciplinary research and thus only one
appeal is in place—an appeal for a responsible cooperation between
philosophers-methodologists and the representatives of the empirical
sciences. Only through expertise in both disciplines it may be guar-
anteed that ‘philosophy in science’ will not transform into common-
sensical (and hence: naive) considerations, but will become a truly
creative domain of knowledge, one indispensable in the contempo-

rary intellectual ambience.
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Abstract
This paper presents Michael Heller’s notion of “philosophy in sci-
ence” and re-introduces Michael Heller’s classical text that first pre-
sented this concept of philosophy entitled How is “philosophy in
science” possible?. The paper discusses the historical context of
Heller’s idea as it emerged from the discussions and works of the
Krakow philosophical scene and discusses the basic tenants of this
philosophy, its analytic character, the role of intellectual tradition in
the development of this philosophy, and the critical role played by
an interdisciplinary dialogue between philosophy, science, and theol-
ogy. Despite the idea of philosophy in science having emerged about
40 years ago, this concept still inspires and fuels innovative research.
The notion of “philosophy in science” lies at the foundations of the
philosophy published in two journals: Philosophical Problems in Sci-

ence (Zagadnienia Filozoficzne w Nauce) and Philosophy in Science.

Keywords
Michael Heller, philosophy in science, metaphilosophy, analytic phi-
losophy, Lvov-Warsaw School, non-foundational philosophy, inter-

disciplinary research, science and religion.

The term “philosophy in science” has been in use for at least 40
years. It was first proposed in the late 1970s during the sem-

inars held in Krakéw by the scientists and philosophers working
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Figure 1: Frontmatter of Philosophical Problems in Science (Zagadnienia
Filozoficzne w Nauce), no. 10.
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with Michael Heller and Jézef Zycinski. Over the years, these semi-
nars evolved into the Center for Interdisciplinary Studies (Trombik,
2019), which had its own journal, namely Zagadnienia Filozoficzne
w Nauce. The term “philosophy in science” was used to denote the
distinctive character of the philosophical topics discussed in his jour-
nal. Since the first issue, in addition to its Polish title Zagadnienia
Filozoficzne w Nauce (1978/1979), also featured on its cover page
the English equivalent “Philosophy in Science” (see fig 1).!

One article that defined the concept of “philosophy in science”
also became a reference for methodological and metaphilosophical
discussions about the roles of philosophy in science and of science
in philosophy, specifically in Poland. This was Michael Heller’s pa-
per titled Jak mozliwa jest ,,filozofia w nauce”? (How is “philosophy
in science” possible?) (Heller, 1986).2 The impact of this article, de-

spite its historic significance, has been limited because the text has

! The same concept of philosophy was also applied in a second journal edited by
Heller and Zyciniski (also co-edited by W.R. Stoeger) entitled Philosophy in Science.
This journal was also published by the Center for Interdisciplinary Studies (Vatican
Observatory and Pontifical Academy of Theology in Krakéw) in the Pachart Publish-
ing House (during 1983-2003). The periodical Zagadnienia Filozoficzne w Nauce was
initially published in Polish, while Philosophy in Science was published in English.
The current editions of the former periodical are now bi-lingual and cover both the
English and Polish versions. The English title, Philosophical Problems in Science, is
a direct translation of the original Polish title Zagadnienia Filozoficzne w Nauce. We
keep this name because it reveals an important aspect of this approach, namely a fo-
cus on philosophical problems relating to science. The significance of this difference
will become clear after reading this paper.

2 J6zef Zyciniski shared Michael Heller’s concept of philosophy in science, but he
focused on different aspects. A good example of this distinction is the co-authored
article in which Zyciriski takes many parts of Heller’s text verbatim and exposes in
them new epistemological aspects of science and philosophy relationships that are not
obvious in Heller’s original text (Heller and Zycifiski, 1987).
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only been available in Polish. Hopefully this publication of an En-
glish translation of Heller’s article, together with a commentary, will
fill this gap.

1. The historical context of Heller’s publication

Heller’s paper needs to be viewed from the historical context. In six-
ties of the 20" century, Polish philosophy was entangled in a de-
bate about the concept of the philosophy of science that was later
described as counter-productive. The debate was provoked by Kaz-
imierz Kiésak’s papers about the traditional neo-scholastic philoso-
phy of nature that were published around this time (Heller, 1995,
p-150). Heller considered this debate misguided, however. In his
view a new approach to the philosophy of science was needed that
would differ from Ktésak’s a priori method. The new approach also
required a name that would differentiate it from older approaches.?
Together with Zycifiski, Heller aimed to create a philosophy
grounded in science but harmonized with the Christian faith. This
philosophy was supposed to compete with Ktésak’s traditional phi-
losophy of nature, and it was conceived as a modern, non-standard

interpretation of the ad mentem St. Thomae metaphilosophical rule

31t is worthwhile noting that Michael Heller used the traditional name of the philos-
ophy of nature (filozofia przyrody) in the sense of philosophy in science when it does
not lead to misunderstandings, and he sometimes used this term in the broader sense
of the “philosophical theory of nature.” He formulated two necessary conditions that
this “theory of nature” must satisfy: “(a) it cannot be a theory that ignores the natural
sciences in whatever domain it studies, and (b) it cannot ignore at least the fundamen-
tal methodological rules elaborated by the contemporary philosophy of science.” The
meaning of these requirements is clarified by the following remark: “Violations of the
first condition make the given philosophical conception an anachronism; neglect of
the second condition threatens methodological anarchy” (Heller, 2011, p.15).
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(Leo XIII, 1879). The new philosophy was intended to create a frame-
work for science—religion studies that accounted for the most modern
scientific knowledge.

In those years, Krakow, with its tradition of interdisciplinary de-
bates, was a special place for engaging in the philosophy of science.
At the center of these disputes was one Karol Wojtyla (Zycifiski,
1999, p.8nn), who later became Pope John Paul II . He organized and
encouraged seminars and informal discussions among scientists and
philosophers. Philosophical discussions that were initially rather in-
formal continued with great success at more formal interdisciplinary
meetings and seminars. The debates convinced Michael Heller that
a new philosophy of science, which he denoted as “philosophy in
science”, was needed, one that should be founded on the assump-
tion that philosophy must have an interdisciplinary character (Heller
and Maczka, 2006, p.50), because it could not exist in isolation from
other scientific disciplines. The second assumption, one inspired by
positivist philosophy, was that modern science should serve as a
tool for clarifying or solving classical philosophical problems (Heller
and Maczka, 2006, p.50). However, contrary to positivist philosophy,
which perceives classical philosophical problems (e.g., metaphysical
issues) as fully reducible to science, the philosophy in science pro-
posed by Heller saw these problems as having their own nature, one
that transcended scientific methods.

2. Philosophy in science: A metaphilosophical
concept

“‘Philosophy in science’ grew out of practice” (Heller, 2019, p.232).

This sentence in the opening paragraph of Heller’s paper reveals the
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source of this philosophy. The term “practice” may mean two things.
It may denote philosophical reflection by scientists on their own re-
search (e.g., philosophizing physicists), or it may refer to the concept
of philosophy in science, which is a specific mode of philosophical
reflection practiced by the philosophers and scientists in the Krakow
milieu.

The former interpretation shows that the intuitions and the actual
praxis both play equally fundamental roles in philosophy in science,
and this philosophy should be undertaken with knowledge of hard
facts and be enlightened by intuitions. Heller (2011, p.86) pointed
out that neglecting scientific results and a lack of scientific intu-
ition led philosophy astray. The former was the source of poverty
in the German romantic philosophy of nature, while the latter led
neo-scholastics to a false interpretation of the role of St. Thomas
Aquinas’s philosophy. In the “Introduction” to the Philosophy in Sci-

ence journal, we find the following statement:

One of the most dangerous movements of traditional philos-
ophy has been its attempt to develop philosophical analyses
independently of scientific results. And one of the most hope-
less illusions of 19™ century science was its desire to replace
philosophy by science and to give scientific answers to ques-
tions posed by classical philosophy (Heller, Stoeger and Zy-
cinski, 1983, p.7).

Grounding philosophy in science in scientific praxis was be-
hind Heller’s aversion to the formalization of philosophy. Philoso-
phy should take place spontaneously as a part of scientific work. One
may claim that philosophy in science has in fact been practiced from

the very beginning of the history of empirical sciences. For example,
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looking at Newton’s work, it is difficult to determine whether it is
of a scientific or philosophical nature, or was it already a form of
philosophy in science (Heller, 2019, p.234)?

For a long time, Heller avoided publishing any formal declara-
tions or manifestos. He preferred to have tangible results that would
speak for themselves (and his philosophy) rather than developing a
complete theory. In his view, philosophy could generally be accu-
rately characterized only ex post,* and any a priori claims about phi-
losophy may be misleading and dangerous. He formulated only one
necessary condition for practicing philosophy in science: “1 would
only protest against calling some meta-considerations that are not
rooted in scientific practice ‘philosophy in science” (Heller, 2019,
p-246). This statement could suggest an approval of a chaotic ap-
proach to philosophical work. However, a critical assessment of the
traditional rigid methodology does not imply methodological anar-
chy or philosophical laissez-faire. Anticipating this interpretation,
Heller clearly stated that “developing philosophy in science cannot
generate an epistemological chaos” (Heller, Stoeger and Zycifiski,
1983, p.8). Thus, to correctly understand Heller’s idea, we need to
keep this declaration in mind.

The supremacy of practical science over purely intellectual pur-
suits as a source of philosophical insight reveals another facet of
Heller’s philosophy, namely its evolutionary character. Heller viewed
philosophy as being engaged in an endless process of adjusting to
science. Science is largely not static, so philosophy in science also
should not be, because philosophy in science cannot remain blind
to what occurs in the sciences. For Heller, the continuous develop-

ment of philosophy is possible, because he conceived his philosophy

4 Michael Heller wrote: “I believe, however, that the time has come for an attempt to
systematize what de facto is ‘philosophy in science™ (Heller, 2019, p.232).
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as non-foundational.® His philosophy is consequently minimalistic
in the sense that it, as a rule, avoids the creation of a closed, static,
defined, and rigid philosophical system (Heller, 2006b, p.34).
Michael Heller also stressed another metaphilosophical assump-
tion behind philosophy in science, namely the possibility for a di-
alogue between philosophy and science. This assumption led him
to reject the “doctrine of non-intersecting planes.” The paradigmatic
representation of this doctrine was a neo-scholastic philosophy of na-
ture based on Jacques Maritain’s concept of separating science from
philosophy and theology. This principle, even if it seemed to be more
logical or better than the non-separation methodologies, was unable
to resolve the conflicts between science and philosophy precisely be-
cause of its a priori assumed separation. Thus, because of this a pri-
ori assumption, as well as its heavy historical baggage from its ori-
gins in scholastic philosophy, Jacques Maritain’s approach to philos-
ophy has been generally criticized and rejected by both philosophers
of science and scientists. Scientists, in reaction to the poverty of clas-
sical philosophy, attempted to create their own form of philosophy,
one inspired by their own scientific practices using their own scien-
tific methods. Unfortunately, these philosophies made by scientists
for scientists have been frequently judged by philosophers as being
uncritical and sometimes naive, at least from the philosophical point

of view of course. Philosophy in science should be grounded in sci-

5 In Heller’s view, fundationalist philosophy is a philosophy that provides indubitable
knowledge, and it is grounded in the incontestable fundamentals (Heller, 2006a). This
kind of fundationalism is called methodological fundationalism by Heller, because
it describes a philosophical method. The methodological fundationalism is opposed
by psychological fundationalism, which requires indubitable grounds for knowledge.
Anti-fundationalist philosophy rejects incontestable fundamentals and replaces them
with hypothetical claims. This type of philosophy could never create a conceptually
closed (complete) system. However, this philosophy improves philosophical method-
ology and clarifies conceptual resources.
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entific practice, but at the same time it should be critical and firmly
rooted in philosophical analysis. Of course, philosophy in science
could not be reduced to just a few such rules, because its scope is
largely determined by the ongoing dialogue between philosophy and
science.

Heller’s text How is “philosophy in science” possible? out-
lines three main assumptions of philosophy in science (Heller, 2019,
p-234). These are:

(a) The development and evolution of scientific theories should
be influenced and informed by philosophical ideas.

(b) The traditional philosophical problems are closely interwoven
with modern empirical theories.

(c) Some assumptions in empirical sciences are open to philosoph-

ical reflection.

Philosophy in science has been also analyzed in a larger context,
namely the epistemological (Heller and Zycifiski, 1987), method-
ological (Zycir’lski, 1988), and even axiological (McMullin, 1982; see
also Rodzen, 1999).

While Michael Heller’s text laid the foundations for philosophy
in science, it left some of its aspects poorly defined. By mentioning
Gerald Holton’s concept of themata, Heller turns our attention to the
role of the history of science in philosophical analysis. In Heller’s
view, the history of science is a rich repository of cases for analyses
of the philosophy—science relationship. For Heller, the paradigmatic
cases for the importance of history of science in philosophical anal-
ysis are Newton’s and Leibniz’s studies into the concepts of space
and time. Taking a lesson from these examples, Michael Heller rede-
fined the fundamental condition of practicing philosophy in science,

namely a personal involvement in scientific praxis:
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There are two ways to clarify the intricacies of the empirio-
mathematical scientific method: Practice the particular sci-
ence by yourself or look at the history of science. The second
method could be more effective, because it is not restricted to
the perspective of a single person, and it enables someone to
learn from the best scientists (Heller, 2005, p.156, all Polish
quotations are translated by PP).

By drawing on the history of science, a philosopher or scien-
tist can become involved in philosophy in science. Historical studies
open the possibility of dialogue between philosophers and scientists
up, thus creating an opportunity for historians of ideas, philosophers
of science, and scientists to practice philosophy in science. With
Heller’s seminal works on the role of the history of science in philo-
sophical analysis, detailed studies of the history of science have be-

come the hallmark of philosophy in science in Krakéw (Polak, 2018).

3. Is philosophy in science analytical?

The unique character of philosophy in science is revealed in its ana-
lytic nature. It is well known that the boundaries between the analytic
and other types of philosophy are rather poorly defined, despite the
fact that the concept of analytic philosophy is well entrenched in phi-
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losophy.® Describing analytic philosophy, historians of philosophy
frequently use a strategy like the one presented by Aaron Preston
(2019):

Even in its earlier phases, analytic philosophy was difficult to
define in terms of its intrinsic features or fundamental philo-
sophical commitments. Consequently, it has always relied on
contrasts with other approaches to philosophy. ..

For Preston, analytic philosophy is defined by its opposition to
phenomenology, “continental,” or “postmodern” philosophy. (It is
also frequently separated from pragmatism.) One could also say the
same about philosophy in science. The concept of analysis is funda-
mental for philosophy in science’ but not at the exclusion of other
methods. Heller suggests that while the precise concepts and lan-
guage of science require the employment of an analytic method, the
research methods should be much richer.®

The analytical character of philosophy in science could also be

attributed to the role played by mathematics in scientific and philo-

% An interesting example is the description of analytic philosophy in Encyclopedia
Britannica, which describes it as “a loosely related set of approaches to philosophical
problems, dominant in Anglo-American philosophy from the early 20™ century that
emphasizes the study of language and the logical analysis of concepts. Although most
work in analytic philosophy has been done in Great Britain” (Preston, 2019). The
emphasized fragment of this text shows that analytic philosophy is not defined by their
properties. For Keith S. Donnellan, it is rather “a loosely related set of approaches”
distinguished on the basis of unclear and problematic criteria (mostly historical or
intuitive).

7 “Analytical approach of philosophy of science was conceived as a very important
constituent—we would say a necessary precondition—of such research in a new style”
(Heller, Stoeger and Zyciniski, 1983, p.8).

81n a later text, Heller stated his view on the role of definitions in this context:
They play secondary roles and they could help with analysis, but they are less im-
portant than the analysis of mathematical structures. Clarifications could be made
only through interpretation of the mathematical structures of the laws of nature.
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sophical studies. It is true that philosophy in science employs math-
ematics in its analyses, but it focuses more on mathematical struc-
tures and their roles rather than on the mathematical language itself.’
Heller explains the relationship between philosophy in science and
analytic methods as follows:

An empirical theory may be—or not—a physical model of
some philosophical doctrine: it is its fully objective feature,
which may be analysed with the contemporary formal means
(Heller, 2019, p.240).

He further explains:

Analytic philosophy (at least in the field of philosophy in sci-
ence [filozofia przyrody]) is I consider consequently as a use-
ful tool in philosophical work, but it is not an independent
research method (Heller, 1995).

However, the analytic approach of philosophy in science differs
from the methods of proper analytic philosophy, at least if analytic
philosophy is assumed to exist. The analytic approach of philosophy
in science focuses on factual philosophical problems within science
rather than on the careful language analysis characteristics of clas-
sical analytic philosophy. Philosophy in science could not be devel-
oped without using an analytical approach, yet it is not reducible
to analytic philosophy. One may therefore ask a rhetorical question:
will the analysis of mathematical structures be interpreted in the fu-
ture as the analysis of language, since mathematics plays the role of
the language of science and, according to Heller, mathematics is the

best language (or linguistic form) to describe reality?

9 One of the latest examples is (Heller, 2016).
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4. Discovering the role of tradition

The analytical character of philosophy in science is to a large extent
rooted in the central European analytic tradition. Some aspects from
the analytic tradition of the Lvov-Warsaw School were brought in
by Zygmunt Zawirski, a member of this school (Jadacki, 2009). The
Polish analytical school of philosophy and philosophy in science has
drawn on the traditions of the 19" century Krakéw school of philos-
ophy (Polak, 2011) and the works of the Krakow circle for analytic
christian philosophy (Wolak, 2005).

Historical studies have shown significant similarities between
the methods employed in Heller’s philosophy in science and the
philosophy practiced in Krakéw before the Second World War,
which had its roots in the 19" century. With the continuation of
late-Enlightenment philosophy, the Krakéw Scientific Society (7o-
warzystwo Naukowe Krakowskie), which later became the Polish
Academy of Arts and Sciences (Polska Akademia Umiejetnosci), de-
veloped a specific methodology to compete in some aspects with the
positivist philosophy that was prevalent at the time. The leading role
in this school may be attributed to J6zef Kremer, a former Hegelian,
who was inspired by his scientist colleagues to create the concept of a
non-foundational philosophy of science, traditionally called the “phi-
losophy of nature (filozofia natury)” (Polak, 2019). This minimalistic,
non-systematic approach focused on scientific problems and meth-
ods, having been developed at the onset of the Second World War
in 1939.1 Another center of analytic thinking in the first decades

10 During Nazi Germany’s occupation of Poland (1939-1945), science and philoso-
phy could not develop officially and were banned as a part of Polish culture. Fol-
lowing the Second World War, roughly speaking, communism enforced the “official”
Marxist philosophy, and the representatives of other philosophies, especial the ana-
lytical, were persecuted. The tradition of philosophy in Krakow could therefore not



264 Pawet Polak

of the 20" century was that of analytic philosophy in Lwéw (Polak,
2016; Wolenski, 2019). Of course not everyone in Krakow, or other
centers of philosophical studies in Poland, was practicing this phi-
losophy. For example, Franciszek Gabryl and Feliks Hortyniski were

still adhering to the neo-scholastic philosophy of science.

5. Philosophy in science: The role of an
interdisciplinary approach

“Mutual interdisciplinary enrichment” (Heller, Stoeger and Zyciriski,
1983, p.7) was an important core methodological assumption of this
philosophy. The short manifesto opening the first volume of Philoso-

phy in Science declared:

An interdisciplinary dialog among science, philosophy, and
the philosophy of science seems to be the best way to avoid
the traditional pseudo-solutions that are often created in the
climate of epistemological isolation (Heller, Stoeger and Zy-
cinski, 1983).

In Heller’s view, philosophy should be “critically sensitive and
open to the resources available to it from the sciences and other dis-

normally develop for some decades. In the long term, however, communism’s efforts
turned out to be counter-productive. Heller’s text is one that appreciates an unofficial
philosophy when it became possible. It is worth noting that creating a new philosophy
needs a critical assessment of the existing philosophy. This role was played by J6zef
Zycinski’s article that was published in the first volume of the Philosophy in Science
periodical. This article did not formally fit with the other publications in this volume,
and it can be understood only by looking at the local situation in Poland during the
early 1980s. A remark from the “Introduction” confirms this interpretation: “Through
such case histories, we may hopefully avoid simplistic, uniformed, but often com-
monly held assessments regarding the encounter between science and philosophy, as
well as the pitfalls of the past” (Heller, Stoeger and Zycinski, 1983, p.19).
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ciplines” (Heller, Stoeger and Zycifski, 1983, p.9). The interdisci-
plinary approach of philosophy in science was further analyzed by
Stoeger (1983). He listed, among the other important features of this
philosophy, the inclusion of metaphysical problems in the philosoph-
ical debate (i.e., problems that cannot be reduced to epistemology or
meta-scientific analyses), its evolving character because this philos-
ophy must be both critical and self-critical, and a strong reliance on
interdisciplinary cooperation, for which this philosophy seems to be
a natural platform. Heller generally agreed with Stoeger. He wrote
that “[Stoeger’s article] may be considered a manifesto of the edito-
rial board, as well as an attempt to provide a theory for ‘philosophy
in science”” (Heller, 2019, p.232). However, Heller and Stoeger’s vi-
sions differed in some small but important ways. For Stoeger and
Heller, the goal of the new philosophy was to overcome the divide
between philosophy and science, but Heller stressed the need for co-
operation between disciplines, something that was not an important

factor for Stoeger. He stated that:

They require interdisciplinary research and thus only one ap-
peal is in place—an appeal for a responsible cooperation be-
tween philosophers—methodologists and the representatives
of the empirical sciences.

Heller also added:

Only through expertise in both disciplines can it be guaran-
teed that “philosophy in science” will not transform into com-
monsensical (and hence naive) considerations but instead be-
come a truly creative domain of knowledge. ..” (Heller, 2019,
p.246).

When formulating the conditions of this interdisciplinary coopera-
tion, Heller drew on his own experience as a scientist and as the or-

ganizer of interdisciplinary seminars in Krakow since 1970s:
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The conditions of this interdisciplinary dialogue are: (1) not
only intellectual openness but also a willingness to learn from
co-debaters, (2) the aversion to any kind of indoctrination,
(i.e., imposing one’s own philosophical assumptions on co-
debaters) (Heller and Maczka, 2006, p.50).

Confidence in the fundamental role of the interdisciplinary ap-
proach of philosophy in science was a heritage of a long tradition in
Krakow’s philosophy. Since the beginnings of the Krakow Scientific
Society (Towarzystwo Naukowe Krakowskie) in 1815, philosophical
problems were always discussed in cross-disciplinary seminars (Po-
lak, 2019). The interdisciplinary studies continued later in the Pol-
ish Academy of Arts and Sciences, as well as in the Polish Coper-
nicus Society of Nature Studies (later the Philosophical Society in
Krakow). Michael Heller summarized over 30 years of experience of

interdisciplinary dialogue in this sentence:

This dialogue brought, I dare to say, results better than ex-
pected, mainly because it was founded (although initially we
were not aware of it), on a rich [intellectual] tradition in
Krakow, that goes back at least to the turn of the 19" and
20" centuries (Heller and Maczka, 2006, p-50).

6. Concluding remarks

The notion of philosophy in science is needed to understand the spe-
cific nature of the philosophy published in the Philosophical Prob-
lems in Science (Zagadnienia Filozoficzne w Nauce) journal. This
philosophy was developed in an interdisciplinary dialogue between
philosophy and science. The concept of “philosophy in science” had

its origins in Heller’s broad understanding of the philosophy of na-
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ture. Michael Heller described it as a new philosophy for the philo-
sophical interpretation of science. The interdisciplinary nature of this
philosophy was also at the foundations of research into the relation-
ships between science and religion. The essence of this dialogue lies
in the non-isolationist epistemological perspective that philosophy in
science takes toward theology (Polak, 2015).

The metaphilosophical foundations of philosophy in science are
grounded in the long philosophical tradition of Krakow’s philosophy
and seem to be very stable. Heller’s text could even be interpreted
as a renewal of this tradition. After over 40 years, philosophy in sci-
ence still inspires new research at the junction of science, philosophy,
theology, ethics, metaphysics, and even the philosophy of computing
and information. Its unique interdisciplinary character, its methodol-
ogy, and its openness to new avenues of research have proved quite
successful in the past and will certainly inspire new studies for years

to come.
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The origin and development of the
Center for Interdisciplinary Studies.
A historical outline by 1993
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Abstract
The paper concerns the origin and early stage of development of the
Center for Interdisciplinary Studies at the Pontifical Academy of The-
ology in Krakéw. Center for Interdisciplinary Studies was founded
by Michat Heller and Jézef Zycinski in the late 1970s. It was an in-
formal institution which focused on conducting scientific activity in
the area of philosophy of nature, relationship between mathematical
& natural sciences and philosophy, history of science, as well as rela-
tionships between science and religion. In this paper I would like to
present how this institution developed, I will discuss various forms
of its activity and discuss—very generally—what kind of philosophy
was promoted by M. Heller, J. Zyciniski as well as their pupils and
close associates. An important part of the paper will also concern the
Center for Interdisciplinary Studies as a unique institution, which has
developed—in difficult historical period in Poland—philosophical re-
search in the spirit of freedom and respect for the new achievements
of science, and also promoted interdisciplinary dialogue between sci-

entists and philosophers.
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ence.

years ago the first issue of journal Philosophical Problems
40 in Science (Zagadnienia Filozoficzne w Nauce) appeared.
Over the past four decades, the magazine has obtained a reputation in
Poland, appearing continuously to the present days. Despite the trans-
formations in science and technology, changing political realities,
and sometimes also debatable attempts to modify scientific standards
by academic establishment, the journal remained the mainstay of in-
dependent and creative thinking in the field of philosophy practiced
in the context of modern mathematics and natural sciences. There-
fore, there is an opportunity to consider the future of the periodical,
and also to summarize and at least provide initially outline the de-
velopment of the Center for Interdisciplinary Studies (Polish name:
Osrodek Badan Interdyscyplinarnych, OBI), an institution closely re-
lated to this journal.> Regular publication of Philosophical Problems
in Science (Zagadnienia Filozoficzne w Nauce) was in fact one of the
key factors of activity of this institution, and the content of individual
numbers testified to the area of research interests of the members of
the Center, with the founders: Michat Heller and J6zef Zycir’lski.

2 Due to the length of this paper, I will provide the outline of the early period of activ-
ity of the Center for Interdisciplinary Studies, illustrate the history of this institution
until 1993. The regular organization of interdisciplinary conversations in the form in
which they were held since the end of the 1970s, has been stopped this year. Due to
the fact, that these seminars had a significant impact on the creation and development
of the Center for Interdisciplinary Studies (as will be discussed later in this article),
it seems appropriate to adopt this date, symbolically closing the early stage of the
Center for Interdisciplinary Studies activity.
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Center for Interdisciplinary Studies operated at the Faculty of
Philosophy at the Pontifical Academy of Theology (PAT) in Krakéw.
PAT was an ecclesiastical university established by pope John Paul II
(motu proprio “Beata Hedvigis”, 1981). In fact, this academic institu-
tion derived from the former Faculty of Theology of the Jagiellonian
University, erected in 1397, and formally liquidated by a unilateral
decision of the communist authorities of the Polish People’s Repub-
lic in 1954. Despite the decision of the communist government, in-
tellectual traditions in Krakéw have survived, as a result of which
the former Faculty of Theology has not stopped trying to regain its
rights and conducting autonomous activities based on catholic church
law. Over the years it has resulted, inter alia, in structural changes
within the department, caused by the gradual development of the
group of philosophers. The efforts of catholic philosophers brought
desirable effects, which resulted in the creation of the Faculty of Phi-
losophy, established in 1976, but for various reasons—mainly of a
political nature—functioning as a separate scientific unit exclusively
from 1981.

The Center for Interdisciplinary Studies was not established as
a completely autonomous and ideologically independent institution
devoid of references to important intellectual traditions—the origin
and initial development of Center can even be considered in the con-
text of the specificity of the Krakéw scientific milieu, including the
philosophers associated with the Faculty of Theology of the Jagiel-
lonian University. So, before I begin to discuss the first stages of the
Center’s development, I will briefly present how the interdisciplinary
tradition in Krakéw was born and shaped in the period preceding the

initiatives of M. Heller and J. Zyciriski.
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1. Interdisciplinary traditions in Krakdw - from
S. Pawlicki to K. Wojtyta

Due to historical reasons, Krakéw can be considered as the place
of the greatest philosophical traditions in Poland. These traditions
were also cultivated and developed by the Faculty of Theology of
the Jagiellonian University. Christian philosophy was developed for
several centuries in this Faculty, although its rapid development when
encyclic “Aeterni Patris” by pope Leon XIII was published in 1879.
Then, the pioneer of modern philosophy in Krakéw became Stefan
Zachariasz Pawlicki, who was the first scholar appointed in 1882 to
the head of the Department of Christian Philosophy at the Faculty
of Theology at the Jagiellonian University. Pawlicki turned out to be
one of the most important Polish philosopher of the second half of the
19 century, who tried to develop modern, non-thomistic philosophy
based on the models taken from ancient philosophy and acceptance
of the results of modern science (Polak, 2017b).

Another philosophers of the Department of Christian
Philosophy—the neoscholastic philosopher of nature (Franciszek
Gabryl), historian of the philosophy (Konstanty Michalski) or fa-
mous logician, representative of the Cracow Circle (Jan Salamucha),
laid the foundations for the philosophy trying to show a coherent
image of the broadly understood modern culture and faith. Parallel
to their activities, Krakéw’s philosophy also developed among
non-scholastic scientists and philosophers. These scientists were
interested in philosophy, although many scholars at that time shared
the opinion of the positivists, questioning the cognitive value of the
philosophical reflection on nature. Meanwhile, in Poland, especially
in Krakéw, even in the interwar period (1918-1939), the philosophy

of nature had its representatives who addressed specific issues
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for it, e.g. during the Polish Philosophical Conventions (Polskie
Zjazdy Filozoficzne). It should be noted, however, that the Krakéw
milieu—starting from the initiatives of Wiadystaw Heinrich and
Maurucy Straszewski—stressed the development of interdisciplinary
dialogue between scientists and philosophers. Philosophical issues
were mainly taken up in the context of formal sciences, physics,
biology and psychology. Concepts and propositions developed at
that time are considered to be crucial in the development of the
Krakéw philosophy of nature (Heller and Maczka, 2007; Maczka,
2007; Polak, 2018b).

After the Second World War (1945), Polish philosophers faced
the challenges of Marxist ideology. In that difficult period of the Pol-
ish history, Kazimierz Ktésak and Tadeusz Wojciechowski were ac-
tive in the field of philosophy of nature in Krakéw>. They tried to de-
velop the philosophy of nature in the neoscholastic context (methods,
terminology etc.). However, they differed from orthodox thomists,
because they attached more importance to the achievements of natu-
ral science, trying to reconcile new scientific theories with classical
philosophy. As a result, they become key representatives of “open
thomism” in Poland.

The intellectual efforts of these philosophers coincided with the
activity of Karol Wojtyla in Krakéw. Already in the 1950s, Wojtyta
readily participated in informal discussions among physicists from
the Jagiellonian University. Over time, these meetings began to take
on a more organized form, which favored the exchange of ideas be-
tween Krakéw’s philosophers and scientists. The year of 1963 was
important, because Wojtyta was appointed a Krakéw bishop. He

quickly began to develop the local milieu, initiating a series of inter-

3 Both, Ktésak and Wojciechowski were philosophers from Faculty of Theology in
Krakow.
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disciplinary events. One of this event is worth mentioning here. For
example, the philosophical symposium devoted to the analysis of the
kinetic point of departure and the teleological argument for the exis-
tence of God, which took place in the residence of Cardinal K. Woj-
tyta in Krakéw (January 10-11, 1968), and in which participated sci-
entists from Faculty of Theology in Krakéw, Academy of Catholic
Theology in Warsaw (Akademia Teologii Katolickiej w Warszawie)
and Catholic University of Lublin (Katolicki Uniwersytet Lubel-
ski), as well as professors of physics and biology from the Jagiel-
lonian University.* Among the speakers were: K. Ki6sak, J. Iwanicki,
S. Kaminski, M.A. Krapiec, M. Lubanski, A. Stgpien, S.J. Zdybicka,
Sz. Slaga, B. Bejze, et al.. Scientist were represented, among others,
by S.J. Twarowska, L. Balczewski, Z. Chylifiski, J. Janik.

This meeting of scholars and philosophers was not the only such
event in Krakéw in this period. Wojtyla initiated further symposia—
thanks to that, philosophy continued to develop in the spirit of inter-
disciplinary cooperation. One can mention in this context the sym-
posium, which was held on January 9-10, 1970 in the archbishop’s
residence of Cardinal Wojtyta. The participants of the event were
professors and lecturers of Catholic universities in Poland and sci-
entists from the Jagiellonian University, mainly physicists, though
there were also philosophers—an active participant was, for exam-
ple, Roman Ingarden (Heller and Maczka, 2006). During the meet-
ing a few topics emerged in the field of natural philosophy, including
metaphilosophical question concerning the way of doing the philos-
ophy in the context of modern scientific knowledge. The problem
of theory of philosophy of nature was discussed, especially the is-
sue of the language of this discipline in the context of terminology

used by physicists. The symposium was interdisciplinary and consti-

4 Extensive report from this event, see (Morawiec, 1968).



The origin and development of the Center for Interdisciplinary... 277

tuted another attempt to maintain the Krakéw ambience of coopera-
tion between philosophers and scientists. Cooperation, which did not
always bring results in the form of working out a common position
of scientists and philosophers. Michael Heller, who participated in
the symposia initiated by Wojtyta, mentioned, for example, that “one
of the philosophical lectures rose up one of the physicists and said
to the speaker: ‘I don’t understand this’. You must know that in the
physicists language the sentence ‘I don’t understand this’ means that
it is impossible to understand, that this is nonsense. But the philoso-
pher did not know the habits of physicists and began to explain again
what he meant. It struck me then that the languages spoken by them
are so divergent” (Heller, Bonowicz et al., 2016, pp.227-228).

M. Heller was a young philosopher at the time and he has just
begun his academic career in Krakéw. Although he was associated
with the local community earlier, he was officially employed at Fac-
ulty of Theology in 1972. His activity in Krakéw was also related to
the efforts of K. Wojtyta, who tried to develop the scientific and di-
dactic facilities of Faculty of Theology (since 1974 Pontifical Faculty
of Theology) related to the philosophy of nature. Shortly after, J6zef
Zyciniski (K. Ki6sak’s pupil) became a close associate of M. Heller.

Heller and Zycifiski got to know each other at the beginning of
the 1970s, but they started a more profound cooperation a few years
later, when Zycinski was preparing his doctoral dissertation (Heller,
Bonowicz et al., 2016, p.230). Heller was in that time a philosopher
with considerable scientific achievements, who was not interested
in developing the traditional, neoscholastic philosophy of nature. In
contrast to the thomists, he emphasized to identify the philosophi-
cal problems in the sciences and then analyze them using methods
of contemporary logic and science. He was looking for inspiration

to work in the field of philosophy in natural science, not in closed
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philosophical systems (Polak, 2019). It is not excluded that the space
of dialogue and freedom of scientific research promoted by Wojtyta
favored the development of the philosophical views of Heller and
Zycinski, who wanted to maintain a dialogue between science and
philosophy. In such circumstances, the idea of organizing interdisci-

plinary seminars arose.

2. Development of the Center for Interdisciplinary
Studies

Interdisciplinary seminars were initiated by M. Heller and J. Zyciniski
in the autumn of 1978. These meetings between philosophers and
scholars inaugurated the activity of the Center for Interdisciplinary
Studies, which aimed to conduct research in the field of philosophy
of nature, philosophy and history of science, the relationship between
science and religion, etc. The seminars organized by M. Heller and
J. Zycinski in Krakéw referred to the earlier initiatives of K. Wojtyta.

Starting from the first seminar on October 27, 1978, many sci-
entists participated in the meetings organized by M. Heller and
J. Zycifiski—not only philosophers and theologians, but also biolo-
gists, physicists or mathematicians—who discussed problems arises
on the borderline of philosophy and science, faith and art. Speakers
and listeners met initially at Franciszkanska 3 Street on the first Fri-
day after the fifteenth day of each month, and when the group of
participants began to grow (lectures were heard by up to 200 peo-
ple sometimes), meetings were moved to the Augustinian monastery
at Augustianska street. Despite the poor conditions, lack of financial
resources and official statutes, and at the same time against the reluc-

tance of state authorities to the Church, the philosophical milieu at
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Pontifical Faculty of Theology developed extremely well, with its ini-
tiatives acting as a “clear primacy of the spirit over matter” (Skoczny,
1999, p.13). According to Wiodzimierz Skoczny, a deponent of those
meetings, “the ability to not notice shortcomings, and only to notice
the positives has been perfected by the participants. Indeed, it is diffi-
cult today to reflect the unique atmosphere of those days. Something
imperceptible hovered in the air, something that had a taste of self-
denial, friendship and Truth” (Skoczny, 1999, p.15; see also Zycir’lski,
1999).

The seminars were organized in two thematic series: “Science—
Faith” (1978-1991 and 1992-1993) and “Science—Philosophy—
Art” (1983-1985). The first meeting in October 1978 was opened
by M. Heller and J. Zycifiski.> Over time, the seminars began to
gather speakers representing other scientific centers, also from out-
side Poland.% In the mid of 1980s, the meetings organized by M.
Heller and J. Zyciniski were permanently included in the calendar of
important scientific initiatives in the country. The lectures were given
primarily by physicists and astronomers, among others: Andrzej
Staruszkiewicz, Konrad Rudnicki, Zygmunt Chylinski, Jerzy Rayski,
Carl Friedrich von Weizsicker, Bronistaw §redniawa, Jan Mozrzy-
mas, Jerzy Janik, Charles W. Misner, Andrzej Fuliiiski, Leszek M.
Sokotowski, Matgorzata Gtédz. Despite the significant advantage of
papers in the field of physics and the philosophy of inanimate nature,
as part of the seminars lectures were also delivered by mathemati-

cians (including Krzysztof Maurin, Stanistaw Krajewski), chemists

5 M. Heller gave a lecture entitled ,,The problem of extrapolation in theology” (,,Prob-
lem ekstrapolacji w teologii”), in turn J. Zycifiski—“Contemporary tendencies in
the philosophy of science” (,,Wspdtczesne tendencje w filozofii nauki”), see (Liana
and Maczka, 1999, p.133).

6 E.g. Ch. W. Misner, J. Dougherty, W. Greenberg (USA), E. Barth (Netherlands),
M.A. McCallum (Great Britian), L. Michel (France).
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(Zbigniew Grabowski) and philosophers (including Jan Wolenski,
Stefan Amsterdamski, Barbara Tuchariska). The subject matter of
the presentations coincided with the interests of M. Heller and J. Zy-
ciniski: lectures devoted to philosophical problems in physics, rela-
tionship between science and religion, fundamental problems of the
philosophy of mathematics, there were also presentations addressing
contemporary issues of the philosophy of science. Philosophy of bi-
ology generally played a smaller role—over several years only a few
papers devoted to the topic of the origin and evolution of life were
declaimed.”

In later years, seminars were held with less regularity, however,
still attracted many interested scholars who could participate in dis-
cussions on current problems occurring at the borders of science
and philosophy or science and religion. Guests representing other
research centers from Poland and abroad continued to appear (in-
cluding A. Plantinga, S. Desjardinis, L. Kostro, and E. Mickiewicz),
which allowed to strengthen Center’s position on the national and
international arena. In 1990, the continuation of the seminars was
stopped for some time, and then returned in 1992-1993 at Jagiel-
lonian University. At that time, several meetings took place, initiated
by M. Heller and the physicist and philosopher Andrzej Fulifiski. Af-
ter 1993, the idea of interdisciplinary meetings was no longer carried
out in the same scope as before, and the role of seminars was taken
over by the Methodological Conferences, organized annually.

The seminars organized by M. Heller and J. Zycinski resulted

in the creation of the periodical Zagadnienia Filozoficzne w Nauce

"It is worth mentioning at this point that also the seminar entitled “Science—
Philosophy—Art” (although some sources give a different title: “Art—Religion—
Science”, initiated in May 1983, was very popular. The first session was attended by
130 participants. It is noteworthy that scientists such as K. Maurin and Z. Chylifiski
also declaimed their papers as part of the seminars.



The origin and development of the Center for Interdisciplinary... 281

(now entitled Philosophical Problems in Science)—the first strictly
philosophical journal published by Pontifical Faculty of Theology in
Krakéw. The first issue of this journal appeared in 1979 and con-
tained eight articles. The journal, edited by M. Heller and J. Zycifiski
as a yearbook, initially contained primarily materials delivered as
part of the seminars, although content independent of the Krakow’s
meetings was also included.® From the first issue, the journal was
focused on publishing papers from the frontiers of philosophy, for-
mal and natural sciences. An important part of the magazine were
reviews of the scientific books, those published in Poland and abroad.
Philosophers and representatives of other scientific disciplines, inter-
ested in broadly understood philosophical issues, published in this
journal. Already in the first issues of the magazine, there were also
translations of well-known scholars, including A. Einstein or K.R.
Popper. The scope of the journal reflected the research interests and
approach to practicing philosophy that began to emerge in Krakdw in
the vicinity of M. Heller and J. Zycinski. This is especially visible in
relation to other periodicals in the field of natural philosophy issued
by catholic centers in Poland—in relation to the series Z zagadnien

filozofii przyrodoznawstwa i filozofii przyrody (Warsaw) published by

8 Publishing of this periodical was initiated by M. Heller together with J. Zyciniski for
two reasons. First, both philosophers wanted to create their own independent journal
on philosophy and science. The second reason was practical—people who delivered
papers as part of interdisciplinary seminars gave M. Heller and J. Zycirski texts that
formed the basis of their lecture. There was, therefore, a need to publish the texts of
the speeches, although it was not possible to obtain official permission from the au-
thorities to publish the periodical. Philosophical Problems in Science (Zagadnienia
Filozoficzne w Nauce) appeared, therefore, as samizdat (Heller, 2017). Samizdat (Rus-
sian origin word, coined from samodielnoje izdatielstwo or sam izdaju, means “self-
publish”) was a clandestine print, published as a form of dissident activity in countries
where communist censorship was active. Samizdats were non legal and not allowed to
be distributed, therefore individuals reproduced underground publications and passed
them from person to person.
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K. Kl6sak, or journal Roczniki Filozoficzne (Lublin), the Krakéw pe-
riodical distinguished a greater focus on contemporary philosophy of
science (especially the philosophy of physics) and a departure from
taking classical problems in philosophy in the context of the methods
and language of the neo-thomist philosophy of nature.

M. Heller and J. Zycinski were focused on developing an interdis-
ciplinary milieu also outside the Poland. An expression of progress-
ing internationalization was creation of the English-language equiva-
lent of Philosophical Problems in Science (Zagadnienia Filozoficzne
w Nauce) published in Polish in that time. From 1983, the Center for
Interdisciplinary Studies began publishing the journal Philosophy in
Science in cooperation with the Vatican Observatory and the Pachart
Publishing House in Tucson.” The editors of the newly created peri-
odical were M. Heller (affiliated to the PAT and the Vatican Observa-
tory), J. Zycinski (PAT) and William R. Stoeger SJ (Vatican Observa-
tory). The publisher of the magazine was a Polish astronomer living
in the USA Andrzej G. Pacholczyk (University of Arizona), founder
and chairman of the Pachart Foundation and director of Pachart Pub-
lishing House.'?

The aims of the editors of this periodical were convergent with
the philosophical program of M. Heller and J. Zyciniski. The main
task was to develop an interdisciplinary dialogue between science

and philosophy, especially the contemporary philosophy of science

9 It is noteworthy that on the front-page of the magazine the name “Center for Inter-
disciplinary Studies” was mentioned as the organization initiating the publication of
this periodical. This proves that the Center for Interdisciplinary Studies was already
an organization operating in the field of science and cooperating with other research
institutions.

10 A few years later, the editors of Philosophy in Science started to publish the book
series Philosophy in Science Library, in which philosophical works of M. Heller, A.G.
Pacholczyk, J6zef Zycinski and G. Tanzella-Nitti were published in English.
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(Heller, Stoeger and Zycinski, 1983, p.8). The journal was conceived
as a forum for discussion of philosophical issues emerging in the nat-
ural sciences. The article that opened the first issue of the magazine
was W. G. Stoeger’s text entitled “The Evolving Interaction Between
Philosophy and the Sciences: Towards a Self-Critical Philosophy”,
in which the author argued that contemporary philosophy must be
internally open to changes generated by scientific achievements. In
this sense, the constant nature of self-criticism should be inscribed
in the nature of philosophy (Stoeger, 1983, pp.39—43). Interestingly,
this view was supposed to be a sort of editorial program, and the ar-
ticle itself was considered one of the first attempts at the theory of
“philosophy in science” (Heller, 1986, p.7; Heller, 2019, p.232).

The journal Philosophy in Science was not the only manifes-
tation of the opening of Krakéw philosophers to the foreign audi-
ence.!! Although the Center for Interdisciplinary Studies operated at
the Faculty of Philosophy of the Pontifical Academy of Theology in
Krakéw, M. Heller and J. Zyciriski also cooperated with the Vatican
Observatory at Castel Gandolfo. Thanks to this cooperation, the or-
ganization of an international session was possible. On May 24-25,
1984, the symposium “The Galileo Affair: a Meeting on Faith and
Science” held in English took place in Krakéw. Many scientists and
philosophers from outside Poland actively participated in this confer-
ence (W.A. Wallace, J. Dietz-Moss, J. Casanovas, G. Coyne, O. Ped-
ersen, U. Baldini, FM. Hetzler, P. Mitra), and also scholars repre-
senting domestic universities (apart from M. Heller and J. Zycifiski,
speeches were given by M. Lubanski, J. Dobrzycki, and K. Rudnicki).
The symposium was also to be attended by P. K. Feyerabend, but fi-

1 Five volumes of this periodical had been published by 1993. Unfortunately, cur-
rently the magazine is not published—the last (10") issue appeared in 2003.
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nally he did not appear in Krakéw.'? Individual sessions were held
in the archbishop’s palace, made available by Cardinal Franciszek
Macharski, as well as in the rooms of the Faculty of Philosophy of
the PAT at Augustianiska street and the Collegium Maius at Jagiel-
lonian University (Skoczny, 1984).

It should be noted that the symposium was organized in connec-
tion with the anniversary of the Galilean trial. For philosophers of
nature from the PAT, it was also an opportunity to take up issues that
coincided with the interests of the local environment—the history of
science and the issue of the relationship between science and faith are
key research areas of philosophers and scientists from the circles of
M. Heller and J. Zyciriski. Finally, the symposium was a great oppor-
tunity to manifest the existence on the international academic map of
PAT as a scientific center in which advanced research in the field of
philosophy is conducted. The event turned out to be an organizational
success, which was confirmed by W. Skoczny, writing about the at-
mosphere of “full care of the hosts and unconcealed admiration from
foreign guests. For many of them it was the very first encounter with
Poland, which—although poor in material means—was able to fasci-
nate people” (Skoczny, 1984, p.73). However, since the symposium
was organized by an illegal university—from the point of view of the
Polish authorities at the time—post-conference materials could only
appear as samizdat, in this case issued in cooperation with Specola
Vaticana (Coyne, Heller and Zycir’lski, 1985).

In the following years, the Center for Interdisciplinary Stud-
ies organized many scientific conferences, as well as national and
international symposia. In the years 1987-1993 Center organized:

international symposium “Newton and the New Direction in Sci-

12 p K. Feyerabend was represented in Krakéw by his co-worker I. Sieb-Madeja, who
recreated the contents of a paper by an Austrian philosopher from a tape recorder.
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ence” (1987) , the conference “Why is Nature Mathematical?”
(“Dlaczego przyroda jest matematyczna?”’, 1989), the international
conference “Universals and Particulars in the Context of Modern Sci-
ence” (1990), conference ‘“Relationships Between Science and Re-
ligion in Catechesis. Problems of Biological Evolution” (“Relacja
nauka—wiara w katechezie. Problematyka ewolucji”, 1991), interna-
tional conference ‘“Theology, Philosophy and Cosmology: On West
and East “(1991), symposium “Cosmos and Philosophy” (“Kosmos
i filozofia”, 1992), scientific session “Theology and Science from
Antiquity to the Renaissance” (“Teologia a nauki od starozytnosci
do renesansu”, 1993). Many scholars outside Poland participated in
these events, like W.B. Dries, S. Jaki, J.D. Moss, M. Novak, D. Park,
O. Pedersen. The associates of M. Heller and J. Zyciriski actively
participated in the organization of scientific meetings: W. Skoczny,
A. Michalik, Z. Liana, J. Maczka, A. Fulinski. Post-conference mate-
rials appeared after almost every scientific event organized by Center.

Surprisingly, despite the difficulties caused by the government,
activity in the field of publishing turned out to be an important ele-
ment of the Center for Interdisciplinary Studies. M. Heller and J. Zy-
ciiski also cooperated in this field and published common books in
early 1980s in the Polish Theological Society (Polskie Towarzystwo
Teologiczne) in Krakéw (Heller and Zycifiski, 1980; 1983)!3. Al-
though the beginnings were modest, in later years the publishing ac-
tivity of Center was much greater—books and scripts signed with

the name of this research institution or issued in cooperation with

13 M. Heller commented the way of making common books: “The method of writing
was such that we first made a rough plan of the book and then shared it—this chapter
is written by me, this one by you. We didn’t write together, but after we wrote the
chapters, we read them to each other and made minor adjustments. When you take
our books in your hand, you can immediately see who wrote which chapter, because
the style of each of us is different (Heller, Bonowicz et al., 2016, p.231).
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other publishing houses were published regularly every year (e.g.
Heller, Michalik and Zycinski, 1987; Coyne, Heller and Zyciniski,
1988; Heller, Zycir’lski and Michalik, 1990; McMullin, 1990; Heller,
Skoczny and Zyciflski, 1991; Wolak, 1993).

The early process of development the new approach to practicing
the philosophy of nature in PAT was also related to the scientific ac-
tivity of students of M. Heller and J. Zyciniski. The diploma theses of
their students concerned the topics related to the research interests of
the creators of the Center, i.e. contemporary problems of philosophy
of nature, philosophy of science, philosophy of language and the rela-
tionship between science and religion.'* It is significant that the first
doctorate defended at the Faculty of Philosophy of the PAT in Jan-
uary 1983 was prepared under the supervision of M. Heller. The dis-
sertation entitled “Strukturalne relacje miedzy jezykiem, mySleniem
arzeczywisto$cig” (“Structural relations between language, thinking
and reality”) prepared by Krzysztof Turek received positive reviews
of J. Zycir’lski and M. Lubanski, and its author became the first doctor
appointed by the authorities of the newly established university.' In
the initial period of the Faculty of Philosophy of the PAT, the bache-
lor’s thesis—based on the work “Argument kinetyczny za istnieniem
Boga w ujeciu K. Kiésaka” (“Kinetic argument for the existence of
God in K. Klésak’s concept”)—was defended in turn by W. Skoczny,
a student of J. Zycinski. The interest in the problems in philosophy
of physics was continued by W. Skoczny in his doctoral disserta-

[l

tion from 1986, entitled “Filozoficzne aspekty zasady antropicznej’

14 Various aspects of the Center research activities have already been discussed (see
e.g. Krauze, 2008; Maczka, Skoczny et al., 2012; Skoczny, 2012).

15 PhD defense was preceded by the publication of two articles in Philosophical Prob-
lems in Science (Zagadnienia Filozoficzne w Nauce): (Turek, 1978; 1981). Recently,
these works met with interest and were analyzed (Krzanowski, 2016).
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(“Philosophical aspects of the anthropic principle”).!¢ In the same
year, Z. Liana graduated the title of MA in philosophy'’, and the
canonical licentiate was obtained by J. Dadaczynski'8—another stu-
dents of J. Zyciriski, who will become permanently associated with
Center and PAT in the following years.!” Over the years, a group of
students gathered around M. Heller and J. Zyciriski began to grow.?
Academic degrees were soon obtained, among others, J. Dembek, J.
Maczka, A. Olszewski, T. Sierotowicz, Z. Wolak, W. Wéjcik.

The early development of the Krakéw philosophical circle
reminds, in some respects, the early stage of the Lvov milieu
around Kazimierz Twardowski, from which the Lvov-Warsaw school

emerged. Why do I make such an analogy? As in the case of the

16 W. Skoczny’s article was related to the subject of his doctoral dissertation (Skoczny,
1985).

17 The Master’s thesis prepared by Z. Liana was entitled: “Rola matematyki w pozna-
niu naukowym w ujeciu Rene Thoma” (“The role of mathematics in scientific knowl-
edge in the thought of Rene Thom™).

18 Canonical licentiate was awarded owing to dissertation entitled “Problem racjonal-
nosci teizmu chrzescijanskiego w Neues Glaubensbuch” (“The problem of rationality
of Christian theism in Neues Glaubensbuch™). Paper related to this dissertation see
(Dadaczynski, 1984).

191t is worth mentioning here that the academic degrees awarded by the PAT were not
acclaimed by the state authorities at this time. It happened that doctoral students de-
fended dissertations at other universities. For example: Jan Wolenski, then associated
with the Jagiellonian University, became the thesis supervisor of Krzysztof Gurba,
who defended his dissertation entitled “Methodological aspects of the representation
of linguistic knowledge” in 1986. This dissertation was created at the seminar of
J. Zycirski, although his defense took place at the Jagiellonian University (Woleiski,
2017).

201t is worth mentioning that students and collaborators of M. Heller and J. Zycifiski
undertook many initiatives to build unity and develop the scientific community in
Krakow, e.g. they prepared reports on the activities of interdisciplinary seminars, dis-
cussed important academic events or undertook initiatives aimed at reaching agree-
ment between various currents philosophies practised at the Pontifical Academy of
Theology, see e.g. (Michalik, 1984; Gt6dz, 1987; Samborski and Wéjcik, 1987; Liana,
1989; Dembek, 1990; Wolak, 1992; Samborski and Wéjcik, 1992; Wolak, 1993).
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Lvov-Warsaw school, one can point to the factors determining the
intellectual formation of the trend, which I would call initially the
Krakéw school of “philosophy in science”: the genetic factor (activi-
ties of M. Heller and J. Zycifiski), geographical factor (scientific ac-
tivity in Krakéw), temporary (development in the 1980s and 1990s)
and substantive?! (although students of M. Heller and J. Zycifski
conducted research in various fields—such as philosophy of nature,
philosophy of science, logic, philosophy of mathematics, history of
science, and Polish philosophy of nature—it combined their convic-
tion, taken from their teachers, that philosophy should be practiced in
a strict, critical way and in connection with the scientific and method-
ological knowledge, which at the same time does not exclude possi-
ble references to metaphysics and Christian theology). These criteria
for belonging to the “philosophical school” obviously do not have
to be exhaustive; however they suggest the existence of a specific,
still developing intellectual community in Krakéw, which stands out
in comparison with other philosophical trends in Poland and abroad
with a specific approach to analyzing philosophical issues that ap-
pear in the mathematical and natural sciences (Heller, 1986; Heller,
2019).

3. Summary and research perspectives

The Center for Interdisciplinary Studies played a key role in develop-

ing the academic dialogue between science and philosophy in Poland,

2l According to Wolenski, all these four factors (genetic, geographical, temporal and
factual) were to determine the intellectual formation of the Lvov-Warsaw school
(Wolenski, 1985). It is debatable whether these criteria are not too broad, consider-
ing also the difficulty of clearly defining what a “philosophical school” is.
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and the range of its initiatives extended far beyond the local context.
M. Heller and J. Zyciriski proved to be not only continuators of in-
tellectual traditions, developed in Krakéw from at least the second
half of the nineteenth century (Polak, 2013), but also proposed their
own original scientific attitude, which involved a number of research
initiatives in the area of relations between science and philosophy,
as well as science and religion (Polak, 2019). Large-scale publish-
ing and organizing activities turned out to be a unique phenomenon
on a national scale, and we can still use the fruits of M. Heller and
J. Zycinski’s labor to this day.

It should be noted that the organizational activity of M. Heller
and J. Zycifiski has not yet been sufficiently examined in terms of
historical and philosophical aspects, including the political context
and in reference to the activity of other scientific centers in Poland
and abroad. Undertaking such research seems justified—they could
show and emphasize the specificity and originality of Center on the
national and international background, while providing answers to
the question of the role played by this institution in upholding a reli-
able scientific discussion at a time when the ideal of interdisciplinary
cooperation was not yet so common, and in some places—such as
Poland—was even treated by the authorities as undesirable.

Certainly, it is also worth considering whether the history of the
Center—along with its later face in the form of the Copernicus Cen-
ter for Interdisciplinary Studies—no longer deserves a book study.
40 years of activity in the field of science, organization and pub-
lishing is a extensive material for historical analysis, in which one
could also take into account the large-scale activity of students and
associates of M. Heller and J. Zycinski. Considering the significance
and scope of the Krakéw interdisciplinary environment in Poland

and abroad, it would be important not only from the scientific point
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of view, but also for the promotion of Krakéw as a special place
in Poland, where interdisciplinary intellectual traditions are still suc-
cessfully nurtured and developed.??
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Wychodzenie
z sarmackiej
kopalni, czyli
teologia nauki
w dziataniu

Michat Heller, Wazniejsze niz
Wszechswiat, Copernicus Center
Press, Krakdw 2018, ss. 128.

Przegladajac ogromny doro-
bek pisarski Michata Hellera ta-
two zauwazyC, ze Wszechswiat
jest bodajze najwazniejszym tema-
tem, ktory przewija si¢ w roz-
maitych kontekstach w jego pu-
blikacjach. Autor samym tytutem
ksiazki wyraZnie pragnie nas za-
intrygowad, zapowiadajac podjecie
tematyki, ktdra jest dla niego waz-
niejsza niz w zasadzie wszystko,
o czym do tej pory pisat.

Niewielka ksigzeczka swym
pieczotowitym opracowaniem
i charakterystyczna pigkna oprawa
graficzng przypomina dwie inne
ksiazki Michata Hellera'. Mam tu
na mysli pierwsze wydania ksiazek
Podroze 7 filozofiq w tle oraz Jak
by¢ uczonym?. Obie wczedniejsze
ksiazki na swéj sposob sa bardzo
osobiste. Niniejsza publikacja two-
rzy z nimi spdjna trylogie, ujaw-
niajac kolejne bardzo intymne prze-
mySlenia Michata Hellera. Tym ra-

zem mamy mozliwo$¢ zapoznania
si¢ z jego pogladami z zakresu sze-
roko rozumianej teologii, o ktérych
dotychczas stosunkowo niewiele
mozna byto si¢ dowiedzie¢ z jego
publikacji. Nikogo nie powinno
dziwié, ze prezentowane przez Mi-
chata Hellera refleksje teologiczne
Scisle powiazane sg z nauka, a Au-
tor operuje jezykiem blizszym no-
woczesnej nauce i filozofii nauki
niz tradycyjnej teologii spetryfiko-
wanej jezykiem Sredniowiecznej fi-
lozofii. Cho¢ poglady Michata Hel-
lera brzmia na pozér odmiennie od
tego, co mozemy ustyszeé z ust
zdecydowanej wigkszoSci wspot-
czesnych teologéw, to w istocie
jesteSmy w S$cistym centrum orto-
doksji. Co wigcej — pewne na pozor
zaskakujace tezy, jak np. apofatyzm
logiczny, sa tylko konsekwencja
zastosowania nowoczesnej wiedzy
z zakresu nauk i filozofii do wy-
jasniania klasycznych problemoéw.
Michat Heller jawi si¢ tutaj jako
tworczy kontynuator idei leibni-
zjanskich. Religijna refleksja w du-
chu leibnizjanskiego teistycznego
oSwiecenia jest wyzwaniem, ktére
warto podjaé, niezaleznie od indy-
widualnego stosunku do filozofii
Leibniza i do same;j religii.

pozycja
poniekad charakter silva rerum,

Recenzowana ma

! Notabene wszystkie trzy ksiazki opracowat graficznie Olgierd Chmielewski.
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a z pewno$cig mozna ja okresli¢
jako Miscellanea z teologii nauki.
Skiada si¢ z siedmiu niedlugich
rozdzialéw, z ktérych cztery sta-
nowig teksty dotychczas niepubli-
kowane. Ksiazka rozpoczyna si¢ od
rozwazan nad zagadnieniem Wiel-
kich Pytan, aby przejs¢ do kwe-
stii rozwazain nad racjonalnoscia
i sensem. Trzeci rozdzial przynosi
najbardziej ,techniczng” czg$¢ ca-
tosci. ,,Logika Pana Boga” to intry-
gujacy tekst po§wigcony zagadnie-
niu logiki, jaka moze by¢ odkryta
w stwérczym zamySle Boga (Mind
of the God)?. Tekst ten jest jednym
z wazniejszych zastosowan teorii
kategorii w filozofii i bez watpie-
nia — najwazniejszym w teologii.
Michat Heller wskazuje, ze katego-
ryzujac fizyke mozemy zauwazy¢,
ze na réznych poziomach opisu sto-
sowana jest r6zna logika. Logika
staje si¢ zatem jedna ze zmiennych
w strukturach wyjas$niajacych rze-
czywisto$¢. Na zupetnie inny po-
ziom dyskurs przenosi si¢ w ko-
lejnych paragrafach, w ktérych po-
stawione zostalo pytanie nie tylko
o logike¢ rzadzaca danym pozio-
mem rzeczywistosci, ale ostatecz-
nie — o logike Boga. Michat Heller

odrzuca absolutyzowanie (ontolo-
gizowanie) zasady niesprzeczno-
Sci, stad godzi si¢ na mozliwosé
uzycia logik parakonsystentnych,
ale tylko takich, ktére nie prowa-
dza do ,przepetlienia systemu”,
czyli nie pozwalaja na wykazanie
czegokolwiek (w klasycznej lo-
gice obowiazuje bowiem zasada
ex contradictione quodlibet). Za-
lozenie, ze B6g musi postugiwaé
si¢ logika klasyczna, jest szkodli-
wym antropomorfizmem, ktdrego
nalezy unika¢ w teologicznych roz-
wazaniach o Bogu (s. 51). Najwaz-
niejsza teologiczna teza Michata
Hellera wynika wigc z ostrzezenia
przed bezkrytycznym stosowaniem
logiki klasycznej w teologii (inng
sprawa jest, na ile jest ona tam kon-
sekwentnie stosowana). Autor na-
zwal ja zasadq logicznego apofaty-
zmu — twierdzi ona, ze logika Boga
nie musi by¢ logika spetniajaca na-
sze kryteria racjonalnosci. Najwaz-
niejszym za$§ wnioskiem jest, ze nie
mozna w teologii zadnej z logik
absolutyzowaé. Otwiera to przed
badaniami logicznymi w teologii
nowe, ogromne pola dociekan.
Kolejna czes¢ ,,Usprawiedli-
wienie historii Wszech$§wiata” pro-

2 Na ironig losu moze zakrawaé fakt, ze rozdziat ten ilustruja wyidealizowane obrazy
ukazujace pigkno budowy Swiata ozywionego (Haeckel, 1904). Ich autor, niemiecki
przyrodnik Ernst Haeckel (1834-1919), zaangazowany byt w promocje skrajnego dar-
winizmu i materialistycznego monizmu, ale jego obrazy doskonato$ci natury Olgierd

Chmielewski celnie wykorzystal do ilustracji rozwazar o logice boskiego zamystu

widocznego w kunsztownej budowie rzeczywistosci.
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buje ukaza¢ rozwdj Wszechswiata
z perspektywy pytain o Dobro i zlo.
Ta cze$¢ wraz z poprzednim roz-
dzialem jest najbardziej ,.leibnizjan-
ska” z calej ksiazki i ukazuje nie-
skoriczono$ciowa perspektywe teo-
logii Michata Hellera. Teologia
musi na serio wzia¢ pod uwage nie-
skoriczono$¢ Boga, a co za tym
idzie musi oprze¢ si¢ na koncep-
cjach nieskoriczonos$ciowych. Lei-
bniz jako pierwszy konsekwent-
nie prébowat budowac taka wizje
teologiczna, a omawiany rozdziat
popularyzuje to podejscie. Mimo
przystepnej prezentacji czytelnik ta-
two moze zauwazyé, jak wyma-
gajace koncepcyjnie i wyobraze-
niowo moga by¢ takie wyjasnie-
nia oraz jak dalekie sa od folk
theology. Nasze intuicyjne przeko-
nania teologiczne sa silnie obar-

czone mySleniem w kategoriach po-
je¢ skonczonych. Leibniz ukut na-
wet pigkna metaforg dla takiego ztu-
dzenia, nazywajac ja kopalnia sar-
matéw>. Tak jak osoba urodzona
i wychowana w kopalni sarmatéw
zna tylko nikle Swiatlo kaganka
i uwaza, ze wzrok moze siggal
tylko najblizszej okolicy wyznaczo-
nej przez krag tego Swiatla, tak
jest najczesciej z naszymi niekry-
tycznymi pogladami teologicznymi.
Teologia z perspektywy nieskon-
czono$ci wymaga przebudowy po-
jeciowej filozofii lezacej u jej pod-
staw. Filozofia scholastyczna, sta-
nowiaca do dzi§ ukryta baz¢ kon-
cepcyjna teologii, operowata bo-
wiem pojeciami i konstrukcjami fi-
nitystycznymi z mistrzowska wirtu-
ozeriag omijajac problemy nieskon-
czonosciowe*. Na gruncie teologii

3 Notabene ’sarmacka kopalnia’ u Leibniza miala za swéj realny pierwowzdr ko-
palni¢ soli w Wieliczce. Leibniz zZywo si¢ interesowal kopalniami i szczegdlnie
duzo wiedzial o stynnych zupach krakowskich. Swiadczy o tym jego korespon-
dencja z ks. A.A. Kochanskim SJ z lat 1691-1692 (Kochanski, 2005; Kochari-
ski i Leibniz, 2019). Interesujace wyjasnienia Roberta Latty mozna znalezé row-
niez w angielskim wydaniu Monadologii (Leibniz, 1898, s. 346). Wiecej na ten te-
mat, zob. https://filozoficznykrakow.wordpress.com/2019/04/13/zupy-krakowskie-a-
filozofia-czyli-o-zwiazkach-wielickiej-kopalni- z-filozofia.

4 Doskonatym przyktadem jest pojecie wiecznosci np. w ujeciu §w. Tomasza
z Akwinu. W tym ujgciu nie pojawiaja si¢ zadne pojecia nieskonczonosciowe, ale
odpowiedni charakter wiecznosci jest oddany poprzez przesunigcie tego pojecia na
inng plaszczyzne niz pojecia czasowe. Jest to konsekwencja przyjecia starozytnej za-
sady gloszacej, ze nieskoniczonos¢ jest niedoskonata. Adaptacja finitystycznej filozo-
fii greckiej do teologii chrzescijanskiej opartej na koncepcji nieskoficzonego Boga
musiata wigc rodzi¢ nieuniknione problemy, ktére zasadniczo omijano za pomocg po-


https://filozoficznykrakow.wordpress.com/2019/04/13/zupy-krakowskie-a-filozofia-czyli-o-zwiazkach-wielickiej-kopalni-z-filozofia
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nowozytne nauki moga wigc jesz-
cze rozjasnic tak wiele spraw. Men-
talnie wcigz bowiem tkwimy w ko-
palni sarmatow.

Nastgpne trzy rozdzialy sa
niepublikowanymi wczesniej tek-
stami, laczy je réwniez bardziej
osobisty ton. ,,Czasoprzestrzen i zy-
cie wieczne” rozpoczyna si¢ od
przyblizenia koncepcji czasoprze-
strzeni, aby pd6Zniej na jej podsta-
wie zbudowaé wizj¢ teologiczna.
Otrzymujemy probg nakreslenia
eschatologii pisanej w jezyku za-
czerpnigtym ze wspotczesnych
nauk. Mamy wigc prébg racjona-
lizowania przekazu wiary, podjetej
bez komplekséw wobec nauk i ich
wewngtrznej filozofii. Owszem,
w niektorych aspektach moze by¢
ona dyskusyjna, ale tylko dzigki ta-
kim zabiegom teologia moze zosta¢
wyrazona w jezyku zrozumialym
dla wspdtczesnego intelektualisty.
W jezyku, ktéry pozwoli bez niepo-
trzebnych kompromiséw intelektu-
alnych krytycznie mysle¢ o swojej
wierze. Szkoda tylko, ze dzi$§ tak
rzadko kto§ podejmuje si¢ ujecia
wizji teologicznej w rozsadne, kry-
tyczne ramy filozoficzne’.

Przedostatni rozdziat ,,Logos
Wszechswiata i cztowieka” jest bar-
dzo wazny dla wszystkich, ktérzy
czytaja publikacje Michata Hellera.
Po raz pierwszy wyszedl bowiem
daleko poza bezpieczne granice fi-
lozofii w nauce i ukazal swoja do-
pracowang wizje teologiczng. Jak
sam opisuje, jest to wynik dhu-
giego i powolnego procesu tworze-
nia spdjnej i co najwazniejsze ra-
cjonalnej oraz krytycznej wizji teo-
logicznej (s. 99). Bardzo wazne
sa metodologiczne deklaracje Au-
tora — wizja jest stale otwarta na re-
wizje, zatem nigdy nie bedzie ona
w stanie ostatecznym. Wizja teo-
logiczna dziedziczy wigc antyfun-
dacjonistyczny i rewidowalny cha-
rakter z samego rdzenia filozofii
Michata Hellera. Autor ma réw-
niez SwiadomoS¢, ze ostatecznie
rzecz biorac jest to ,hipoteza filo-
zoficzna”, cho¢ wychodzi ona z per-
spektywy Objawienia, spelnia wigc
kryteria nauk teologicznych (Dzi-
dek, Kamykowski i Napidrkowski,
2006, s. 54).

Logos Wszech§wiata w ujeciu
Michata Hellera dla niektérych czy-
telnikow moze wydawaé si¢ kon-

mystowych konstrukcji pojeciowych. Po raz pierwszy przed Leibnizem pojecia nie-
skoriczonosciowe probowat wprowadzi¢ do teologii Mikotaj z Kuzy (1401-1464).

3 Na gruncie eschatologii we wspétczesnej literaturze polskiej udato mi si¢ znalezé
jedynie jeden przyktad poréwnywalny poziomem do omawianej tu préby. Mam tu na
mysli pankomputacjonistyczna interpretacje Witolda Marciszewskiego (1999).
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trowersyjny. Sa to jednak kontro-
wersje, ktére zmuszaja nas do my-
Slenia, do mierzenia si¢ rozumo-
wego z wiarg. Michat Heller jest
bardzo ostrozny — wszak fatwo tu
o nieporozumienia. Nie mozna bo-
wiem przyktada¢ do wizji teolo-
gicznej tej samej miary, co do filo-
zofii, cho¢ taczy je wiele. Wizja teo-
logiczna, przez ide¢ Boga transcen-
dujacego radykalnie ludzka rzeczy-
wisto§¢, w zasadzie jest zamierze-
niem Zle uwarunkowanym episte-
mologicznie. Egzystencjalnie jed-
nak nie mozemy uciec od Wiel-
kich Pytan, nie mozemy uciec od
koniecznosci przyjgcia jakich§ roz-
strzygnig¢. Kazdy z nas ma wta-
sna wizje filozoficzna i teologiczna,
czesto sa to jednak wizje niskiej
jakosci, ktoére sa przypadkowym
i bezkrytycznym zlepkiem réznych
obrazéw. Konfrontacja ze spdjna,
racjonalna wizja, jak ta ukazana
w ksiazce, moze by¢ dla czytel-
nika rodzajem katharsis. A moze
zamiast wstrzasu stanie si¢ inspira-
cja do wlasnych przemyslen?
Logos jako Pole Racjonalnosci
brzmi by¢ moze na poczatku dos¢
egzotycznie, ale to tylko préba wy-
stowienia w jezyku polskim tej intu-
icji, ktora w starozytnym Kosciele
nazwano greckim pojeciem filozo-
ficznym Logos. Pole racjonalnosci
nabiera jednak w tym tekScie nie

tylko charakteru metafizycznego,
logicznego podtoza — ma ono réw-
niez charakter agatologiczny. Wy-
razne s3 tu inspiracje platoniskie
i leibnizjanskie.

Intrygujaca jest zarysowana
przez Michata Hellera geneza rze-
czywistoSci — ewolucja od stanu
Alfa ku stanowi Omega. Intryguje,
poniewaz powraca ona (nieSwia-
domie?) do idealistycznych pomy-
stéw z XIX wieku, stworzonych
przez genialnego matematyka Jo-
zefa Mari¢ Hoene-Wronskiego (po-
rOwnanie pogladow M. Hellera
z pogladami Pierra Teilharda de
Chardin wydaje si¢ jednak ba-
nalizacja tych pierwszych). Po-
mijajac ewidentne rdznice meta-
filozoficzne, a takze — rownie
wazne — roznice stylu, u Hellera
i Hoene-Wronskiego odnajdziemy
ten sam hiperracjonalizm Boga-
Logosu (u Hellera) czy Absolutu
(u Hoene-Wronskiego). Uzywajac
typowych narzedzi historii filozo-
fii nalezatoby zakwalifikowaé wizje
teologiczng Michata Hellera jako
odmiang¢ idealizmu filozoficznego.
Czy idealizm ten jest zharmonizo-
wany z pozostalymi obszarami fi-
lozofii Autora? Trudno dzi§ odpo-
wiedzie¢ na to pytanie, najlepiej by
bylo, gdyby§Smy mogli przeczytaé
jeszcze kolejne teksty na ten intry-
gujacy temat.
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Ostatni rozdzial stanowi swo-
iste ,,zejcie na ziemig”. Wielkie
pytania nie moga nam przestoni¢
naszej egzystencji. Celem jest bo-
wiem dobre zycie. Ujawnia si¢ tu
jeszcze jedna twarz filozofii Mi-
chata Hellera, inna od ,.analitycz-
nej” filozofii w nauce. Filozofia jest
réwniez sposobem na dobre Zycie.
Motyw ten pojawit si¢ juz w innej
czeSci wspomnianej trylogii (Hel-
ler, 2009), tutaj peini role klamry
spinajacej rozwazania. Sa bowiem
rzeczy wazniejsze niz Wszech§wiat
i nauka. Dla ich glebszego zrozu-
mienia warto siggnac po te ksiazke,
nawet choéby$Smy nie chcieli sig¢
zgodzi¢ z wieloma jej tezami.
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Nauka w oczach
erudytow

Adam Adamandy Kocharski,
Gottfried Wilhelm Leibniz,
Korespondencja Adama Adamandego
Kochariskiego i Gottfrieda Wilhelma
Leibniza z lat 1670-1698, D. Sienko
(thum.), wyd. Muzeum Pafacu Kréla
Jana Ill w Wilanowie, Warszawa 2019,
SS. 256.

Postaci Gottfrieda Wilhelma
Leibniza nie trzeba z pewnoScia
przedstawia¢ czytelnikom ZFN,
wszak w archiwum czasopisma
mozna znalezé wiele artykuléw
na jego temat, wymiefimy chociaz
trzy ostatnio opublikowane: (Heller,
2016; Bubula, 2011; Heller, 2008).
Zupetnie inaczej rzecz ma si¢ z po-
stacia polskiego jezuity Adama
Adamandego Kochanskiego — ten
wybitny uczony XVII wieku poja-
wit si¢ w kregu zainteresowania au-
toréw ZFN tylko raz na marginesie
rozwazan o recepcji mysli Galile-
usza (Targosz, 2003). Najwyzszy
wigc czas, aby przypomnie¢ zna-
czenie réwniez i tej postaci dla roz-
woju refleksji filozoficznej w kon-
tekscie nauki.

Naukowa korespondencja pol-
skiego jezuity Adama Adaman-
dego Kochanskiego oraz stynnego
filozofa Gottfrieda Wilhelma Lei-

bniza nalezy bowiem do jednych
z najciekawszych 1 najwazniej-
szych w historii polskiej nauki
(a takze zwiazanej z nia filozo-
fii). Obejmuje okres prawie trzy-
dziestu lat i cho¢ niestety dotrwata
do naszych czaséw w niekomplet-
nym stanie, to i tak zachowany
zbidr 39 listéw stanowi unikalne
Swiadectwo rozwoju nauki pod ko-
niec XVII wieku oraz ksztatto-
wania si¢ pogladéw zwiazanych
z nowoczesna metoda naukowa. Li-
sty przynosza niezwykle bogac-
two treSci ubranej w kunsztowng
forme epistolarng, zaswiadczajac,
ze mamy do czynienia z najwybit-
niejszymi przedstawicielami respu-
blica eruditorum. Korespondencje
zapoczatkowal mtody, liczacy 24
lata Leibniz, ktéry zabiegat o kon-
takt z Kochafiskim, stawnym juz
wowczas uczonym. Tematyke li-
stow mozna podzieli¢ za ttumaczka,
Dorota Siefiko, na pigé gléw-
nych grup: a) zagadnienia nauk
Scistych (matematyka, astronomia)
oraz przyrodniczych; b) zagad-
nienia konstruktorsko-inzynieryjne;
c) jezykoznawstwo oraz badania
dotyczace pochodzenia ludéw i na-
rodéw; d) sprawy zwigzane z mi-
sjami w Chinach i tamtejsza kul-
tura; e) problematyke alchemiczna
i medyczng (zob. s. 25). Korespon-
dencja ukazuje z jednej strony wiel-
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kie znaczenie, jakie przyktadano
wowczas w nauce do metod mate-
matycznych, z drugiej za$ istne si-
Iva rerum, ktére probowali w jakis
sposéb przy pomocy teorii opano-
waé 6wczesni uczeni. Lektura ko-
respondencji jest wyjatkowa oka-
zja do ujrzenia nauki in statu na-
scendi, a koniec wieku XVII sta-
nowi bardzo wazny okres ksztatto-
wania si¢ nowozytnej nauki (wspo-
mnijmy choéby wczesne wzmianki
Leibniza o istocie rachunku réz-
niczkowego doskonale ukazujace
intuicje genialnego twdrcy). Hi-
storyk i filozof nauki odnajdzie
tam wiele interesujacych watkéw —
nie sposéb wymieni¢ tu wszyst-
kich, wigc z wlasnej perspektywy
chciatbym wskazaé trzy: kwestie
z zakresu metodologii nauk, epi-
stemicznej roli przyrzadéw nauko-
wych oraz maszyn liczacych.
Niniejsze wydanie korespon-
dencji nie jest bynajmniej pierwsza
edycja. Dzieje edycji dokonanych
przez polskich uczonych sa dobrym
Swiadectwem trudno$ci w roz-
woju rodzimej historiografii nauki.
Pierwsze wydanie w jezyku orygi-
nalnym zostato dokonane przez Sa-
muela Dicksteina na tamach ,,Prac
Matematyczno-Fizycznych” (Dick-
stein, 1901; 1902) na podstawie od-
piséw Eduarda Bodemana. Jedynie
dwa listy z tego zbioru zostaty prze-
tlhumaczone przez warszawskiego

matematyka i opublikowane nieco
wczesniej na tamach (notabene!)
,Przegladu Filozoficznego” (Dick-
stein, 1897). W edycji Dicksteina
brakowalo dwdch listéw, ktére po
wielu latach opublikowat réwniez
w odpisach z oryginaléw Stanistaw
Dobrzycki (1967). Komplet tacif-
skich odpiséw Bodemana i Do-
brzyckiego bez zmian przedruko-
wal Bogdan Lisiak SJ (2005). Po
stu latach od pierwszej edycji Dick-
steina konieczne bylo opracowa-
nie nowego wydania uwzgledniaja-
cego nowoczesny aparat krytyczny,
wciaz nie posiadaliSmy rowniez ttu-
maczenia catoSci korespondenciji.
W nowym opracowaniu i ttumacze-
niu nalezato uwzgledni¢ réwniez
aktualng wiedze z zakresu histo-
rii i filozofii nauki. Niestety dzieta
tego Lisiak nie mdgt dokonaé, pi-
szac z zalem we wstepie, ze ,,[...]
watkow bylo zbyt wiele, a podawa-
nie tlumaczefi przekraczato mozli-
wosci redaktoréw i wydawnictwa”
(Lisiak, 2005, s. 9). Wyjasnit row-
niez, ze u podstaw wspoétczesnych
probleméw lezalo niezrozumienie
znaczenia edycji korespondencji
w polskim Srodowisku naukowym.
Recenzent Komitetu Badai Nauko-
wych ocenial, Ze ,,edycja listow nie
jest podstawa do premiowania” (Li-
siak, 2005, s. 10 [przypis]). Nie
jest to niestety jedyny wspodtczesny
przykltad braku zrozumienia zna-
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czenia edycji korespondencji na-
ukowej w polskim $rodowisku na-
ukowym. Tym bardziej wigc przy-
jaé nalezy z wielkim uznaniem re-
cenzowane tu nowoczesne tluma-
czenie listow Kochariskiego i Leib-
niza, wydane niezwykle starannie
i z wielka dbatoscia o wytworng
oprawg graficzna.

Na marginesie trzeba dodaé, ze
dominujacy w Polsce brak zrozu-
mienia dla znaczenia edycji kore-
spondencji naukowej powoduje, ze
wiele naszych historycznych skar-
béw moze jeszcze dtugo spoczy-
wac na potkach archiwéw — ani re-
prezentanci humanistyki, ani repre-
zentanci nauk czesto nie sa w sta-
nie dostrzec ich wartosci. Oczywi-
Scie sa chlubne wyjatki, a jednym
z dowoddéw na to, Ze sa w naszym
kraju naukowcy, jak i wydawcy ro-
zumiejacy ten stan rzeczy, jest oma-
wiana publikacja.

Ttumaczenie dokonane przez
Dorote Sienko jest, jak wspomnia-
fem, pierwszym tlumaczeniem ca-
tej korespondencji na jezyk pol-
ski. Thumaczka uzupetnila tekst
Zrédlowy wczedniejszych wydai
(Dickstein, 1901; 1902; Dobrzycki,
1967; Lisiak, 2005) w oparciu o kry-
tyczne wydanie listéw Leibniza:
Sdmtliche Schriften und Briefe. Do

”

zbioru dodata réwniez w ,,Dodatku
trzy listy z korespondencji z innymi
uczonymi, ktére pozwolily lepiej
naswietli¢ dyskutowane przez Ko-
chariskiego i Leibniza problemy za-
warte w Liscie pytan do o. Bouveta.

O znaczeniu edycji decy-
duje przede wszystkim poziom
tlumaczenia, ktéry oceniam wy-
soko, poniewaz tlumaczka sta-
rala sie bardzo wiernie oddaé
sens wypowiedzi uczonych, jed-
noczes$nie unikajac wielu putapek,
ktére czyhaja na tlumacza nie-
znajacego dobrze kontekstu hi-
storycznego i naukowego. Dru-
gim aspektem decydujacym o mo-
jej wysokiej ocenie tej publika-
cji jest bardzo dobre opracowa-
nie krytyczne. Liczne cenne przy-
pisy ukazuja doskonalq orientacje
tlumaczki w niezwykle bogatym
tle historycznym korespondencji.
Jej uwagi wyraznie nawiazuja do
erudycyjnego stylu Kochariskiego
i Leibniza, co nadaje publika-
cji wysoka warto$¢, a komenta-
rzom pewna sp6jnos¢ stylistyczna
z tekstem Zrédlowym. Godne
uwagi jest réwniez wprowadze-
nie, ukazujace czytelnikowi sze-
roki kontekst historyczny oraz naj-
wazniejsze watki korespondencji!.
Szkoda, ze cze$¢ ta nie zostata

! Jako ciekawostke mozna powiedzieé, ze praca nad publikacja trwata okoto de-
kady, a czeSciowo zwiazana byta z dziatalnoScia grupy historii nauki Centrum

Kopernika Badafi Interdyscyplinarnych.
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bardziej rozbudowana, gdyz pozo-
stawia pewien niedosyt, ktéry jed-
nak dla dociekliwego czytelnika
moze staé si¢ inspiracja do wia-
snych studiow.

Na zakoniczenie mozna jesz-
cze zapytaé, dlaczego korespon-
dencj¢ dwdéch uczonych wydato
niezwykle starannie i pigknie
Muzeum Patacu Kréla Jana III
w Wilanowie. Za wyja$nienie
niech wystarczy urywek listu
Leibniza, wychwalajacy (nie je-
den raz zreszta!) kréla Sarmacji,
Jana III Sobieskiego: ,.Nie bez
racji bowiem nazywa si¢ Wiel-
kim waszego Kréla, ktéry — je-
dyny sposréod wszystkich, kto-
rzy ¢wicza si¢ w cnocie Boha-
terstwa, nie zabiega o podziw
dla siebie i otrzymal panowanie
w krélestwie wzniostej mysli, za-
nim i Fortuna oglosita go kré-
lem [Polski]” (s. 96). Szczere
Swiadectwo jednego z najwigk-
szych uczonych tamtych czaséw
powinno wej$¢ do kanonu wie-
dzy kazdego wyksztalconego Po-
laka. Niestety tak nie jest, a nawet
wsréd historykéw nauki wiedza
ta nie jest powszechna. Wciaz na-
zbyt mato wiemy o tamtych cza-
sach i w zwiazku z tym nie mo-
zemy docenia¢ naszego wkladu
naukowo-filozoficznego. Ksiazki
takie, jak recenzowana, moga jed-

nak skutecznie odwrdcié ten nie-
szczeSliwy stan rzeczy.
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W strone
odnowionego
wizerunku
Newtona

Niccolo Guicciardini, Isaac Newton
and Natural Philosophy, Reaktion
Books, London 2018, ss. 268.

Od dziesigcioleci nie stabnie
wsréd historykéw i filozoféw nauki
zainteresowanie zyciem oraz dzie-
fem Isaaca Newtona. Ostatnie dwie
dekady przyniosty nowe ozywienie
w badaniach nad dokonaniami au-
tora Zasad, z racji zarébwno po-
glebionego wgladu w mato znane
uprzednio, nieopublikowane jego
manuskrypty (niemal w catosci
udostgpnione juz w formie cyfro-
wej w profesjonalnych projektach
internetowych), jak i nieuprzedzo-
nego otwarcia si¢ na niepodejmo-
wane dotad szerzej nowe obszary
tematyczne. Wzorem trudu wiozo-
nego w latach 70. i 80. ubiegtego
wieku przez takich wybitnych histo-
rykéw, jak 1.B. Cohen, A.R. Hall,
D.T. Whiteside czy R.S. Westfall,
odkrywajacych gtéwnie meandry
newtonowskiej matematyki i fizyki,
wysitek wspotczesnych nam auto-
row koncentruje si¢ na pracach
alchemicznych uczonego z Wool-
sthorpe (B.J.T. Dobbs, W.R. New-

man, L. Principe), pismach teo-
logicznych (R. Iliffe, S. Snobe-
len), pracach z zakresu chronolo-
gii (J. Buchwald, M. Feingold), czy
tematach filozoficznych (H. Stein,
S. Ducheyne, A. Janiak). Studia te
zdaja si¢ dopetiaé ,,portret Isaaca
Newtona” (idac za tytutem znanej
jego biografii piéra FE. Manuela)
nie tylko jako matematycznego ge-
niusza, lecz takze cztowieka swojej
epoki, zZywotnie zainteresowanego
wieloma obszarami dwczesnej wie-
dzy i stawiajacego te same pytania,
co jemu wspotczesni.

Z kilku najnowszych opraco-
wan dorobku badawczego New-
tona na uwagg zasluguje ksiazka
autorstwa wloskiego historyka na-
uki z Uniwersytetu w Bergamo,
znawcy newtonowskich metod ma-
tematycznych, Niccola Guicciardi-
niego, zatytulowana Isaac Newton
and Natural Philosophy. Stanowi
ona probe syntetycznego przedsta-
wienia, w ujeciu chronologicznym,
najwazniejszych dokonan badaw-
czych autora Zasad. Ksigzka Gu-
icciardiniego stanowi, wzbogacong
o wyniki najnowszych badan, wer-
sj¢ wloskojezycznej pracy Newton
(rzymskie wydawnictwo Carocci)
z 2011 roku. Z wymienionych w bi-
bliografii wydan literatury przed-
miotu (takze dat dostgpu autora do
obszernego materialu Zrédlowego

Zagadnienia Filozoficzne w Nauce (Philosophical Problems in Science)
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z baz cyfrowych) oraz samej tre-
Sci pracy wynika, ze reprezentuje
ona stan badain nad myslg uczo-
nego z Woolsthorpe w przyblizeniu
na rok 2015. Jest to wazne zwlasz-
cza w $wietle wspomnianego znacz-
nego przyrostu iloSciowego lite-
ratury newtonologicznej w ciagu
ostatnich lat.

Jak juz zostalo wspomniane,
narracja Guicciardiniego ma cha-
rakter chronologiczny z akcentem
na reprezentatywne dla danego
okresu aktywnosci Newtona jego
dokonania badawcze. Nie brakuje
tez odniesien autora do burzliwego
tla epoki w dziejach Anglii XVII
i poczatkéw XVIII wieku, w ktorej
przyszto autorowi Zasad wzrastac,
dokonywa¢ swoich odkry¢, wresz-
cie wlaczy¢ sig samemu w nurt
dziataii propanstwowych (jako po-
stowi do parlamentu angielskiego,
nadzorcy i kuratorowi Mennicy
Krélewskiej, wreszcie prezesowi
Towarzystwa Krélewskiego). Tak
wigc pod pidrem Guicciardiniego
widzimy drogg¢ zainteresowan mto-
dego Newtona jako kilkunastolet-
niego budowniczego prostych za-
bawek mechanicznych i bardziej
skomplikowanych zegaré6w sto-
necznych, studenta wchodzacego
twoérczo w meandry dwczesnej ma-
tematyki w Trinity College i pro-
wadzacego pierwsze eksperymenty

optyczne, nastgpnie mtodego profe-
sora matematyki w Cambridge. Mo-
zemy S§ledzi¢ newtonowskie ana-
lizy tekstow alchemicznych i jego
prace w domowym laboratorium,
budzace si¢ zainteresowania teolo-
gia i wczesna historia Kosciotow
chrzedcijanskich, a takze losy New-
tona jako urzednika i ,,pokornego
stugi Korony”.

Slad bardziej osobistych zain-
teresowan Giucciardiniego jest za-
uwazalny w obszerniejszym przy-
blizeniu czytelnikowi drogi New-
tona do sformulowania matema-
tycznej teorii ruchu. Towarzyszy
temu, sila rzeczy, tok rozumowa-
nia, ktéry odstania nie tylko me-
andry myS$li matematycznej uczo-
nego z Woolsthorpe, ale takze pre-
ferencje interpretacyjne samego au-
tora recenzowanej ksiazki. W krét-
kiej prezentacji koncepcji ruchu
u Newtona, Guicciardini wycho-
dzi poza tradycyjne odniesienia
do jego znanych rozpraw mate-
matycznych (opublikowanych do-
piero po 1700 roku) oraz kon-
strukcji argumentacyjnej Matema-
tycznych zasad filozofii naturalnej,
w ktdérych ewoluowaty pojecia flu-
ent, fluksji czy ,,metody stosunkéw
wielkosSci pierwszych i ostatnich”,
charakterystyczne dla newtonow-
skiego wariantu rachunku réznicz-
kowego i catkowego. Wtoski histo-
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ryk zwraca uwage na rzadko przy-
wotywang przez badaczy Przed-
mowg autora do Zasad, nastgpnie
wydang przez J. Whistona w 1707
roku prace Arithmetica Universalis,
a takze mniej znane manuskrypty,
jak np. Geometriae Libri Duo (z ok.
1693 roku).

Guicciardini zwraca uwage na,
zawarte w Przedmowie autora do
Zasad, kluczowe dla Newtona, roz-
réznienie miedzy mechanika a geo-
metrig (s. 154-155). Dla uczonego
z Woolsthorpe geometria, cho¢ zaj-
muje si¢ liniami prostymi i okre-
gami ,nie uczy nas, jak ryso-
waé te linie, lecz zaklada, ze sa
narysowane”. Kwestia wykre§lania
prostych i okregéw to zadanie
(konstrukcyjno-rzemie§lnicze) me-
chaniki. W ten sposéb geometria
w ujeciu Newtona jest podporzad-
kowana mechanice (zauwazmy, Ze
odwrotnie anizeli w przypadku wie-
lowiekowej tradycji arystotelesow-
skiej). Jak zauwaza wloski histo-
ryk, Newton wyjasnia w Przed-
mowie zadania szczegdtowe me-
chaniki w kontekscie teorii ruchu:
,Mechanika racjonalna bedzie na-
uka o ruchach wynikajacych z ja-
kichkolwiek sit oraz o sitach po-
trzebnych do wytworzenia jakich-
kolwiek ruchéw”. Wiaze si¢ z tym,
wedlug Newtona, zadanie nowej fi-
lozofii przyrody: obserwujac ruchy

wyznacza¢ powodujace je sity, a na-
stgpnie na podstawie tych sit prze-
widywac nowe zjawiska ruchu.
Zdaniem Guicciardiniego
nowe ujecie filozofii przyrody wy-
raznie nawiazuje nie tylko do trady-
cji geometryzacyjnej starozytnych,
ale takze stanowi polemike z pogla-
dem Kartezjusza, wedlug ktérego
mechanika (podobnie jak w szkole
perypatetyckiej) podporzadkowana
jest geometrii. Problemy geometrii,
w szczeg6lnosci dotyczace krzy-
wych, zgodnie z programem au-
tora Rozprawy o metodzie, powinny
by¢ rozwiazywane przede wszyst-
kim z wykorzystaniem metod alge-
braicznych. Nie zgadza si¢ z tym
pogladem Newton, ktéry pod ko-
niec pracy Arithmetica Universalis
wyraznie zaznacza, ze Krzywe po-
winny by¢ wytyczane raczej przez
ruch, anizeli definiowane rdéwna-
niami. My$l te rozwija w manu-
skrypcie Geometriae Libri Duo.
Newton stwierdza w nim, Ze rézne
bryly geometryczne, takie jak kula,
stozek czy walec najlepiej przedsta-
wiac nie przez réwnania, lecz przez
»racje ich powstania”. Guicciardini
»Geometra, ktory
poznat mechaniczna genez¢ krzy-
wych, ma epistemologiczng prze-

podsumowuje:

wage nad algebraikiem: on zna na-
turg¢ krzywych poniewaz opanowat
ich konstrukcje. Newton zdaje si¢
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sugerowad, iz wiemy, co skonstru-
owaliSmy, a nie co obliczyliSmy”
(s. 118).

Autor recenzowanej ksigzki
zwraca takze uwage na kolejne kon-
sekwencje strategii geometryzacyj-
nej przyjetej przez Newtona. Au-
tor manuskryptu Geometriae Libri
Duo pisze w nim: ,,wszelkie figury
ptaskie, czy to wytworzone przez
Boga, przyrode czy jakiego$ me-
chanika, sa mierzone przez geo-
metri¢, zgodnie z zalozeniem, ze
sg one dokladnie skonstruowane”.
Tak wigc krzywe, ktére ma na my-
§li Newton, moga by¢ wykreslone
nie tylko przez rzemieslnika przy
pomocy odpowiedniego przyrzadu,
ale takze przez Boga (przychodzi
tu na myS$l wyrazenie z Przed-
mowy autora do Zasad: ,najdo-
skonalszego mechanika ze wszyst-
kich mechanikéw”) lub przyrode.
W zwigzku z tym Guicciardini pyta:
,,Czy wigc tak jak cyrkiel znajduje
si¢ w rekach rzemieslnika, tak sity
[przyrody — JR.] sa w ‘rekach’
Boga?” (s. 156). W tym przypadku
moga nasuwac si¢ rézne odpowie-
dzi. Mozna wigc sadzié, iz mate-
matyczna teoria ruchu i sity miata
nie tylko cele teoretyczne i prak-
tyczne (np. wyznaczanie orbit pla-
net, ksigzycow i komet). Stanowita
dla Newtona swoiste odniesienie do
refleksji siggajacej kwestii filozo-

ficznych i teologicznych. W tym
kontekscie tatwiej jest zrozumieé
nie tylko jego polemike z pogla-
dami Kartezjusza, ale takze krytyke
Leibniza oraz znana powszechnie
korespondencj¢ z R. Bentleyem.
Oprécz  syntetycznego omo-
wienia najwazniejszych dokonan
Newtona, Guicciardini stawia takze
tezy i pytania o charakterze bar-
dziej historiograficznym, odno-
szace si¢ do aktualnego stanu na-
szej wiedzy o autorze Zasad. Jed-
nym z tych pytan jest to, jak bada-
cze i zwykli odbiorcy tekstéw popu-
larnonaukowych maja sobie pora-
dzi¢ z obrazem ,,dwoch Newtonow”
(s. 19), powstalym po spektakular-
nej sprzedazy nieznanych uprzed-
nio jego manuskryptéw alchemicz-
nych i teologicznych w londyn-
skim domu aukcyjnym Sotheby’s
w 1936 roku, a nastepnie po blisko
osiemdziesigciu latach ich skrupu-
latnych badaii przez historykow?
Zdaniem Guicciardiniego obraz
Newtona-matematyka i fizyka jest
do pogodzenia z obrazem Newtona-
-alchemika i teologa, cho¢ nie za
ceng jakiej§ nadrzednej unifika-
cji jego mysli. Dopowiada tez, ze
»Newton byl cztowiekiem swojego
czasu [...]. Jego pasje i badania
[...] nie wydawaly si¢ czymS§ nie-
zwyklym dla wspoéiczesnych, cho-
ciaz jego wnioski i metody czasami
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mogly ich dziwi¢. Z pewnoscia nie
byt to cztowiek, ktéry lubit powta-
rza¢ to, co nauczyt si¢ od innych,
ale oryginalny mysSliciel nieustan-
nie zaangazowany w odkrywanie
czego$ nowego, czy to twierdzenia
matematycznego, czy tez interpre-
tacji jakiego$ fragmentu biblijnego”
(s. 20).

Czym$ w rodzaju odpowiedzi
na powyzsze pytanie, choé w pod-
tekstach przewijajacej przez cala
prace, wloski historyk podzielit si¢
dopiero przy jej koricu: ,,[Newton —
J.R.] byt przede wszystkim rozwia-
zywaczem probleméw (a problem-
solver), dumnym z tak skutecz-
nego postugiwania si¢ technikami
matematycznymi, alchemicznymi
oraz z zakresu hermeneutyki bi-
blijnej. [...] Jego postawa anty-
filozoficzna (anti-philosophical
stance) powodujaca beznadziej-
nos¢ wszelkich préb okreslenia go
jako platonika lub empiryste, socy-
niana lub deiste, bierze si¢ zar6wno
z dumy przynaleznosci do wysoce
wyspecjalizowanych cechéw prak-
tykow, jak i z podzielanego przez
niego minimalizmu religijnego”
(s. 229-230). Teza ta jest niewat-
pliwie interesujaca i pobudzajaca
do dalszej dyskusji. Zachgcaja do
tego co najmniej dwie, poruszone
W niej przez autora recenzowanej
ksiazki kwestie. Chodzi o rozumie-

nie przez niego statusu Newtona
jako praktyka oraz jego faktyczny
stosunek do filozofii.

Praktyczny wymiar prac autora
Zasad moze by¢ kwestia umowy,
choé¢ w jednym miejscu swojej
ksiazki (s. 47) Guicciardini zdaje
si¢ nawet niedwuznacznie suge-
rowaé ,,pokrewienstwo” Newtona
z grupa angielskich tzw. matema-
tykow praktykéw (termin spopula-
ryzowany przez Eve Taylor w la-
tach 50. XX wieku, ktora notabene
wprost zaliczyta Newtona do tej
grupy (zob. Taylor, 1954)), a wigc
m.in. mierniczych, nawigatoréw, ar-
tylerzystéw, budowniczych fortyfi-
kacji itd. Dzi$ niektdrzy historycy
zaliczaja do tej grupy m.in. Gali-
leusza, S. Stevina i C. Huyghensa.
Jednak w odréznieniu od nawigato-
réw i mierniczych Newton nie po-
bieral uposazenia pienig¢znego np.
za budowe przyrzadéw obserwacyj-
nych i pomiarowych (cho¢ skon-
struowat samodzielnie m.in. przy-
rzad do wykreslania krzywych, te-
leskop zwierciadtowy i oktant ze-
glarski) lub za wykonywanie zle-
conych pomiaréw lub obserwacji.
Byl zatrudniony na Uniwersytecie
w Cambridge na stanowisku profe-
sora w Katedrze Lucasa, a potem
zostal wysokim urzednikiem Men-
nicy Krélewskiej. Nie znaczy to
oczywiscie, co podkresla takze Gu-
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icciardini, ze Newtonem zupetnie
nie powodowaly cele praktyczne
lub quasi-praktyczne. Istotnie, po-
wodowaly zaréwno w przypadku
jego zainteresowan szeregami nie-
skoficzonymi, fluentami i fluksjami,
jak 1 w kwestii, opartej na idei
powszechnego ciazenia, teorii ru-
chu Ksigzyca, ktéra m.in. miata stu-
zy¢ do wypracowania skutecznej
metody okre§lania dlugosci geogra-
ficznej na morzu (sam E. Halley
stwierdzit kiedys, iz Zasady New-
tona moga by¢ przydatne w prak-
tyce zeglarskiej).

O ile jednak praktyczna strona
Newtona jest ra-
czej kwestia faktow historycznych,
o tyle jego zaangazowania filozo-

zainteresowan

ficzne moga by¢ bardziej uzalez-
nione od interpretacji lub nastawie-
nia historiograficznego. W przyto-
czonym powyzej cytacie wtoski hi-
storyk wspomniat o ,,postawie an-
tyfilozoficznej” uczonego z Wools-
thorpe, co oczywiscie w Scistym
rozumieniu tego wyrazenia nie
jest zgodne z prawda, zwazywszy
choc¢by na jego zwigzta polemike
z Kartezjuszem na temat argumentu
ontologicznego na istnienie Boga,
zapisana w notatniku studenckim
Questiones quaedam philosophi-
cae, czy tez obszerniejsza meta-
fizyczng refleksj¢ na temat Boga
w rekopiSmiennym eseju De gra-

vitatione, spisanym przez Newtona
przed wydaniem Zasad. Guicciar-
dini faktycznie tagodzi swoja opi-
ni¢ twierdzac, iz ,,jego [Newtona —
J.R.] wplatanie si¢ w kwestie filo-
zoficzne bylo raczej natury obron-
nej. Nie wydaje si¢, by te pisma
[jak np. cytowane przez Guicciar-
diniego Scholium Generale — J.R.]
powstaty z autentycznego (genuine)
zainteresowania [filozofia — J.R.] ze
strony Newtona, lecz byly efektem
[...] potrzeby obrony jego budowli
matematycznej i eksperymentalne;j
przed krytykami” (s. 179). A w in-
nym miejscu stwierdza: , filozofia
byla dla Newtona raczej koniecz-
noscia, anizeli powolaniem (voca-
tion), raczej strategia obronna, ani-
zeli przyjeta linia badan” (s. 180).
Wobec takiego dictum wloskiego
historyka by¢ moze interesujaca by-
faby jego konfrontacja ze stanowi-
skiem Andrew Janiaka, autora waz-
nej monografii zatytutowanej New-
ton as Philosopher (2008).

Dzisiejsza  my$l  humani-
styczna (W tym historyczna), zgod-
nie z panujacymi modami i od-
chodzac od ujeé hagiograficznych,
niejednokrotnie stawia w swoich
interpretacjach na elementy r6z-
norodno$ci w miejsce ujeé unitar-
nych, na wymiar zmiennej prak-
tyki zyciowej w miejsce poszuki-
wania aletycznych fundamentéw.
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Jest interesujace, jak w tej perspek-
tywie, w niedalekiej przysztosci zo-
stang potraktowane posta¢ i dzieto
Isaaca Newtona, zwazywszy na
ogrom pracy badawczej wykonanej
w ciagu ostatnich kilkudziesigciu
lat nad przyswojeniem i zrozumie-
niem jego piSmiennictwa. Zdaniem
Guicciardiniego jesteSmy
kami sytuacji jakby rozdwojonego

Swiad-

wizerunku Newtona, matematyka
i alchemika jednocze$nie, fizyka-
-filozofa i biblisty, profesora Tri-
nity College i Zelaznego zarzadcy
Mennicy Krélewskiej, mysliciela-
-teoretyka i wrazliwego na potrzeby
otoczenia praktyka. Czy chcac
uniknaé uproszczonego, zunifiko-
wanego obrazu uczonego z Wools-
thorpe nie rozmyjemy jednak sensu
tych dokonat w puzzlopodobnych

elementach stanowiacych wyraz
jego zadziwiajacej wszechstronno-
Sci?

JacEK RODZEN
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Czy mozna dwom enigmatyczna. Ryzykowne spotka-
panom sl’uzyé? nie teologii z naukq jest pierw-

sza jego ksiazka, ktéra doczekata

si¢ przektadu na j. polski. Wpraw-

Dominique Lambert, fyzykowne 440 o 9015 roku wydawnictwo Co-

spotkanie teologii z naukq, przet.

) pernicus Center Press zdecydowato
P. Koryciriska, Copernicus Center

si¢ opublikowac jego pracg The
Press, Krakow 2018, 5. 268. Atom of the Universe. The Life and
work of Georges Lemaitre (Lam-
bert, 2015), jednak dzieto to uka-
zalo si¢ na naszym rynku wylacznie
w j. angielskim.

Dominique Lambert by¢ moze
nie jest postacia dobrze znana wigk-
szos$ci polskich filozoféw, o ile
nie naleza do grona czytelnikéw )
Zagadnieni Filozoficznych w Na- D. Lambert J?St wychowan-
uce (Lambert, 2005). Cho¢ belgij- kiem prof. J. Ladriere’a — filozo-
ski mys§liciel ma juz w swoim do- fia nauki, znanego w Polsce mie-
dzy innymi z ksiazki Nauka, swiat
i wiara (Ladriere, 1978)>, w kt6-

rej podjeto zagadnienie relacji mig-

robku kilka uznanych publikacji
ksiazkowych, a takze goscit w na-

szym kraju na przestrzeni ostatnich

lat', pozostaje dla wielu przedstawi- dzy naukami przyrodniczymi a teo-

i3
cieli rodzimej nauki postacig nieco logia®. Podobna tematyke porusza

! Dominique Lambert odwiedzat nasz kraj wielokrotnie: 25 kwietnia 2001 r. wyglo-
sit w ramach Osrodka Badan Interdyscyplinarnych wyktad pt. Science and Theology:
Towards New Interactions; w listopadzie 2006 r. brat udziat w konferencji ,,Nauka —
wiara. Rola filozofii” w KUL z referatem The plasticity of Life. Towards philosophi-
cal and theological interpretations; brat réwniez udziat w migdzynarodowym semi-
narium Language — Logic — Theology, ktére odbyto si¢ w Krakowie w dniach 9-10
grudnia 2011 r. W ramach posiedzen Komisji ,,Fides et Ratio” PAU 15 grudnia 2011 r.
wygtosit odczyt: Towards an articulation of the science-theology relationship. W roku
akademickim 2011/2012 Lambert goscit réwniez w Politechnice Warszawskiej jako
profesor wizytujacy.

2 Pierwsze wydanie tej ksiazki w j. francuskim ukazato si¢ w 1972 roku. Polski prze-
ktad pojawit si¢ w naszym kraju dzigki Instytutowi Wydawniczemu PAX w 1978
roku.

3 Poglady J. Ladriere’a byly w Polsce propagowane m.in. przez M. Hellera (1978).
Sam J. Ladriére goscit takze w naszym kraju, byt m.in. jednym z uczestnikéw kon-
ferencji ,,The Interplay of Scientific and Theological World Views”, zorganizowanej
przez OBI w dniach 26-30 marca 1996 r. w Krakowie.

Zagadnienia Filozoficzne w Nauce (Philosophical Problems in Science)
nr 66 (2019), s5.317-322 @ CC-BY-NC-ND 4.0 Q0S80
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w omawianej tu pracy D. Lam-
bert. Belgijski uczony stawia w niej
za cel probe ,.filozoficznego wyja-
$nienia trafnosci racjonalnych mo-
deli dialogu nauka-teologia” (s. 12),
przy czym warto od razu nad-
mieni¢, ze nie jest to proba wy-
czerpujaca. W zwiazku z tym nie
sposob traktowad tej pozycji jako
,podrgcznika” do studiowania zlo-
zonych relacji miedzy nauka i re-
ligia z punktu widzenia historycz-
nego czy problemowego. Nie ta-
kie zreszta byly ambicje Autora.
D. Lambert juz we wstgpie zazna-
czyl, ze kwestie podjete na kartach
ksiazki zostalty ,,poruszone w celu
wzbudzenia dyskusji i pokazania na
biezaco, «w trakcie pracy», ze po-
wigzanie nauka-teologia jest do po-
myslenia” (s. 12).

Ksigzka sktada si¢ z czesci
wstepnej, pieciu gtéwnych rozdzia-
16w (Trzy poziomy dziatalnosSci na-
ukowej; Rozum, nauka i stworze-
nie w Swietle teologii; Trzy tryby
interakcji nauki z teologia; Sakra-
menty stworzenia; Kilka proble-
moéw wspélczesnych), oraz wnio-

skow wieficzacych prace. Choé
struktura pracy nie wzbudza za-
strzezen, to duze zaskoczenie moze
wywolac fakt, iz ksigzka nie zostata
zaopatrzona w indeks nazwisk oraz
bibliografig. Jest to o tyle zadziwia-
jace, ze Ryzykowne spotkanie teolo-
gii z naukq zostaly obficie zaopa-
trzone w przypisy, w ktérych Au-
tor odwoluje si¢ do dorobku licz-
nych przedstawicieli filozofii, teolo-
gii oraz nauki. Nawiasem méwiac,
osadzenie rozwazaf na temat moz-
liwych oddzialywan nauki na reli-
gie w tak szerokim kontekscie jest
jedna z zalet tej ksiazki*.

Z drugiej strony, odczuwalny
jest brak odniesien do najnowszej li-
teratury. Omawiany tu przeklad ba-
zuje na pierwszym, francuskim wy-
daniu z roku 1999°. Problem kon-
frontacji teologii z osiagnigciami
nauki i filozofii z ostatnich dwéch
dekad nie zostal wigc uwzgled-
niony. Nie przesadza to wprawdzie
o wartoSci ksigzki D. Lamberta,
jednak moze budzi¢ watpliwosci
ze strony tych czytelnikéw, kto-
rzy spodziewali si¢ po tej pozycji

4 D. Lambert odwoluje si¢ w ksiazce przede wszystkim do literatury francuskojezycz-
nej, cho¢ zdarza mu si¢ cytowac takze prace w j. angielskim. Co ciekawe, cho¢ nie
zaskakujace w Swietle powyzszych informacji, znane s3 mu réwniez dzieta krakow-
skich filozoféw: M. Hellera (zob. np. s. 68 i 180) i J. Zyciriskiego (s. 67).

3 Skoro poruszono juz kwesti¢ przektadu, to warto odnotowaé, iz nie wszystkie cytaty,
ktore przytacza D. Lambert na kartach swojej ksiazki, zostaty przetozone na j. polski

(zob. np. s. 96, 186—187, 266).
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syntetycznego spojrzenia na rela-
cje teologii do nauk szczegétowych
w kontekscie najnowszych proble-
mow, jakie generuje rozwdj filozo-
fii, przyrodoznawstwa czy techno-
logii.

Autor proponuje W swojej
ksiazce przyjrzeé si¢ teologii i na-
uce z perspektywy filozoficznej.
Analiza interakcji migdzy naukami
a teologia zostala poprzedzona re-
fleksja nad fenomenem naukowym
i proba uscislenia, co wchodzi w za-
kres katolickiej teologii stworzenia
i tzw. teologii rozumu, akcentuja-
cej znaczenie poznania naturalnego
w kontekscie wiary religijnej. W re-
fleksjach tych D. Lambert sigga
do instrumentarium réznych dys-
cyplin filozoficznych. Dziatalnos¢
naukowa rozpatruje wigc z plasz-
czyzny ontologicznej, epistemolo-
gicznej i etycznej, odwotujac sig
przy tym do zagadnien z za-
kresu filozofii przyrody i filozo-
fii nauki. Na gruncie przeprowa-
dzonych analiz uznaje, ze interak-
cje migdzy nauka a teologia po-
winny by¢ podejmowane z zacho-
waniem kilku regutl metodologicz-
nych, ktére mozna stresci¢ w czte-
rech punktach: 1) twierdzenia na-
uki nie przecza dogmatom, a do-
gmaty nie uchylaja twierdzefi na-
uki, 2) dialog nauki z teologia jest
mozliwy, ale rowniez konieczny —

zaréwno dla teologii, jak i dla na-
uki, 3) dialog nauki z teologia
nalezy rozpatrywa¢ w kontekscie
etycznym, 4) plaszczyzne dialogu
nauki z teologia tworzy szeroko ro-
zumiana filozofia, nierezygnujaca
z wymiaru metafizycznego i ,,ma-
drosciowego” (s. 77-91).

W S$wietle zaproponowanych
regut metodologicznych D. Lam-
bert odrzuca dwa podejscia do
ujmowania relacji miedzy nauka
a wiara: konkordyzm, zacierajacy
roznice migdzy nauka a teolo-
gia, oraz dyskordyzm (separacjo-
nizm), ktéry przeciwstawia na-
uke teologii w oparciu o teze,
iz teologia oraz nauki szczegd-
fowe znajduja si¢ na dwoch, calko-
wicie odmiennych ptaszczyznach
ontologicznych i epistemologicz-
nych. Wedlug belgijskiego uczo-
nego adekwatna analiz¢ interakcji
migdzy naukami a teologia umoz-
liwia natomiast koncepcja zespo-
jenia. W Swietle tej idei moz-
liwy jest ,dialog miedzy teolo-
gia i nauka na gruncie filozoficz-
nym: na plaszczyZnie metafizycz-
nej z punktu widzenia ontologii,
na polu filozofii przyrody z punktu
widzenia epistemologii oraz w ob-
szarze moralnych pytai o dziatal-
no$¢ naukowa — z punktu widze-
nia etyki” (s. 160). Wedtug D. Lam-
berta, dzigki koncepcji zespojenia
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mozliwy staje si¢ m.in. opis relacji
Boga do §wiata, ktory bytby spdjny
z religijna wizja stworzenia, respek-
towalby regule naturalizmu meto-
dologicznego i nie pozostawalby
w sprzeczno$ci z wynikami nauk
szczegblowych o Swiecie.
Koncepcja zespojenia miataby
okazaé si¢ takze skuteczna w po-
dejmowaniu refleksji nad wspét-
czesnymi problemami, pojawiaja-
cymi si¢ na styku nauki i teo-
logii. Autor wskazuje i analizuje
w tym miejscu rozmaite problemy
filozofii przyrody, antropologii filo-
zoficznej i filozofii Boga, m.in. za-
gadnienia zwiazane z poczatkiem
i koficem wszech§wiata, pochodze-
niem zycia, uduchowieniem czto-
wieka, geneza zta i cierpienia. Po-
dejmuje réwniez krotka refleksje
nad zwigzkami matematyki i teo-
logii, a takze zastanawia si¢ nad
rolg i znaczeniem uniwersytetow
katolickich, w obrgbie ktérych ko-
egzystuja — obok wydzialéw teolo-
gicznych — osrodki naukowe pro-
wadzace badania w dziedzinie nauk
przyrodniczych i humanistycznych.
Cho¢ zakres tematyczny pracy
jest bardzo szeroki, mozna wskazaé
kilka kluczowych idei, ktére tkwia
u podstaw analiz podejmowanych
na kartach tej ksigzki. Gdyby po-
kusi¢ sig o syntetyczne ujecie pro-

pozycji filozoficznej D. Lamberta,
to mozna sprowadzi¢ ja do dwoch
generalnych tez: 1) migdzy nauka
a teologia zachodzi wiele interak-
cji, ktére mozna skutecznie analizo-
wac przy uzyciu narzedzi filozoficz-
nych, 2) mozliwy jest owocny dia-
log nauki i teologii, w ramach kt6-
rego nie potrzeba naruszac autory-
tetu nauki, ani przeczy¢ twierdze-
niom teologii.

Pierwsza teza — Dbazujaca
wprawdzie na kilku istotnych za-
tozeniach — bywa kwestionowana,
jednak jej akceptacja nie przesadza
jeszcze na korzy¢ zadnej ze stron,
ktdre biorg udziat w tytutowych ,,ry-
zykownych spotkaniach”. Dopiero
przyjecie drugiej tezy niesie ze
soba perspektywg mozliwego roz-
wigzania problemu relacji migdzy
nauka a religia, przy czym powstaje
pytanie, na ile bedzie to préba
akceptowalna ze strony naukow-
cow, teologéw i filozoféw repre-
zentujacych odmienne stanowiska
epistemologiczne i ontologiczne.
W przypadku ksiazki D. Lamberta
pozostaje to kwestig otwarta, choé¢
mozna odnie$S¢ wrazenie, ze Au-
tor nie do$¢ wystarczajaco poru-
szyl w swojej pracy fundamentalny
problem mozliwosci dialogu teo-
logii z nauka, z gory przyjmujac,
ze taki dialog jest nie tylko moz-
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liwy, ale réwniez owocny®. Takie
podejécie moze narazi¢ Autora na
dwa zarzuty. Pierwszy z nich do-
tyczy tendencyjnego doboru §rod-
kéw do realizacji celu, jaki powziat
belgijski uczony na kartach swojej
ksiagzki. Czy wizja nauki i teologii,
zaproponowana przez Autora, nie
zostala przemyslana w taki sposéb,
aby odpowiadata logice wywodu,
opartym na ,nadziei, ze mozliwy
jest dialog, ktéry nie okalecza ani
prawdy naukowej, ani prawdy teo-
logicznej”? Drugi zarzut wiaze si¢
z pytaniem, na ile rozumowanie
Autora — w kontekscie odgérnie
przyjetego zatozenia o mozliwym
owocnym dialogu nauki i teologii —
stato si¢ obarczone ryzykiem btedu
petitio principii.

Inna rzecz, ze omawiana
ksiazk¢ mozna potraktowac jako
prébe spojrzenia na relacje nauki
i teologii niejako z ,,wngtrza chrze-
Scijafistwa”. Zmiana perspektywy
nakazywataby jednak zastanowic
si¢, czy Ryzykowne spotkanie teo-
logii 7z naukq to pozycja pisana
z punktu widzenia filozofii, czy
juz raczej teologii. A moze jest to
przyktad filozofii chrzescijanskiej
w praktyce, jesli oczywiscie zaak-

ceptujemy ten termin? Niezaleznie
od odpowiedzi, tytutowe spotka-
nia teologii z nauka w zamierzeniu
Autora miaty by¢ nie tylko ryzy-
kowne, ale takze owocne dla osob
wierzacych. W tym sensie ksigzka
D. Lamberta moze spetni¢ swoja
rolg. Jest to bowiem wszechstronna
proba analizy istotnych problemoéw,
jakie rodza si¢ na styku nauk szcze-
gbétowych i teologicznej refleksji
o Bogu, czlowieku oraz otacza-
jacym nas $wiecie. Co ciekawe,
préba ta momentami zbliza sig¢
do propozycji podejmowanych na
gruncie tzw. teologii nauki, zaini-
cjowanej przez M. Hellera i J. Zy-
cifiskiego, a rozwijanej po dzieh
dzisiejszy w Srodowisku filozofow
krakowskich (Polak, 2015; Obole-
vitch, 2012).

Wedtug D. Lamberta cztowiek
moze stuzyé dwém panom; odda-
wac nalezng cze$¢ nauce, a jedno-
cze$nie uwazaé, ze teologia formu-
tuje wartoSciowe poznawczo sady.
Nie wszyscy podpisza si¢ pod ta-
kim stanowiskiem, jednak nie zmie-
nia to faktu, ze prowokuje ono do
stawiania kolejnych pytan dotycza-
cych mozliwych interakcji pomig-
dzy nauka a wiara. ,,Kto nie ry-

6 W tym kontekscie zaskakujace moga wydaé si¢ stowa Autora, ktéry napisat, iz ,,ta
ksiazka opiera si¢ na nadziei [pogrubienie moje], ze mozliwy jest dialog, ktéry nie
okalecza ani prawdy naukowej, ani prawdy teologicznej” (s. 9).
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zykuje, ten nie pije szampana’ —
méwi znane powiedzenie. Nawia-
zujac do poruszanego w recenzji
problemu — by¢ moze jeszcze nie
nadeszta pora, by otwiera¢ butelki,
ale im wigcej ryzykownych spo-
tkan, tym lepiej. Zaréwno dla nauki,
jak i dla teologii.
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Parallel worlds of
faith and science in
the Russian
intellectual milieu

Teresa Obolevitch, Faith and Science
in Russian Religious Thought, Oxford
University Press, Oxford-New York
2019, pp.240.

The new book written by
Teresa Obolevich carries on the de-
tails and nuances of the thorough-
ness of the perception of the world
by the orient society in the rela-
tion between science and religion.
Admitted emphasis opens a door
to the peculiar development of the
scientific and religious spheres as
well as a tendency of accepting the
world by the Eastern society from
the 10" century up to our times.
So, the book reveals the specificity
of development of the world by
the mind which managed to fight
with secular intentions. As the au-
thor shows, the starting point of
the outlook in the East was spiritu-
ality which has improved through
ages its wise nature and was ready
to accept the philosophical tenden-
cies along with scientific ones. It
is worth noting that geographically
speaking the orient or the Eastern
Christian society means here the

lands which in the 18" century
were encompassed by the Russian
Empire but could start as separate
centers.

The unique clue of the book
is that the author pays attention to
the relationship of faith and science
rather than to faith and reason. It
is crucial to note that while the for-
mer relation has a special tone, pre-
cise nuances and is actual, it is more
narrow than the latter. Hence, this
postulation describes the picture of
how the scientists contributed into
their fields keeping God as a source
of their inspiration.

It is worth noting that the au-
thor successfully selects the parts of
the curriculum giving access to the
full extent of the possibility to enter
the relationship between these two
disciplines. A reader can admit that
this linkage is not monotonous and
obtains a very different character
with numerous interpretations and
meanings, as well as religious at-
titude, which sometimes even took
a fundamentalist approach. Another
thing is that the contrast in the de-
velopment of this approach in the
West and the East is very evident,
as it is clear from the book.

In the orient world pictured in
the book the author draws the most
attention to two eras: the Enlight-
enment and the Silver Age, each

Philosophical Problems in Science (Zagadnienia Filozoficzne w Nauce)
No 66 (2019), pp.323-325 e CC-BY-NC-ND 4.0 (980
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of which got here a special sig-
nificance. The former is associated
with the enlightenment of Christ
(and as such it clearly contradicts
the Enlightenment in the West), the
latter is admired by the new brief of
philosophy as a pillar for develop-
ment of scientific view too.

During the history the topic
of the relationship between science
and religion in the East had been
included in the scope of interest
of researchers from different fields,
church and religious figures, and ex-
perts in the natural sciences. Such
effort demonstrates that the Eastern
world was open to the western in-
fluences, yet usually they were ac-
cepted through spiritual filter. Even
a “pure materialistic” position (rep-
resented by Tsiolkovsky, for in-
stance) was interpreted in terms
of the evidence of God-like pres-
ence in the world. Generally speak-
ing, any materialistic “wind” that
came from the secularized West
was mostly described as a quasi-
religious.

Obolevich establishes a few in-
centives of such cause grounded
first of all on theological and conse-
quently philosophical background,
among which are Biblical recourses
and patristic tradition, sacred art
and literature and which mainly
originated from the Eastern thought.

Taking them into consideration, in
the numerous proposed ideas and
concepts a reader can recognize the
controversy of St. Basil the Great
and St. Gregory Palamas formula,
which originally distinguishes be-
tween God’s essence and the pres-
ence of His energies in the world.
What follows from this standpoint
is that in this case the researchers
deal not with just the matter, but
with the expressions of God’s po-
tentiality through which He can be
recognized. Thus, a field of science
does not contradict the existence
of the Creator, but the acknowledg-
ment of the creation is revealed as
one of the ways to recognize God.
Therefore, science is a kind of a
common deal which could be also
called a cosmological liturgy.
Nevertheless, it would be a mis-
take to talk about uniformity of
the outlooks on the relationship be-
tween science and religion in the
Russian philosophical perspective,
while in the book the author takes a
clear attempt to show the diversity
of approaches. Even if they are or-
ganized in the streams with numer-
ous representatives including con-
cordism, cosmism, the neopatristic
synthesis, panpsychism, pantheistic
and panentheistic concepts, etc.
The book invites one to make
a wider look at the science as
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well as religion from a distinctive
prospect showing the presupposi-
tion of rational and supra-rational
order. On the one hand, such recog-
nized persons like Mikhail Tugan-
Baranovsky, Mikhail Lomonosov,
Nikolai Fedorov, Vladimir Vernad-
sky demonstrated their ability to
combine science and spiritual ex-
periences. On the other, such fa-
mous religious figures as Vladimir
Solovieyv, Fr. Pavel Florensky, Niko-
lai Lossky, and others thinkers had
a tendency to keep in mind the dis-
coveries in the scientific disciplines
and correlate them with the reli-

gious understanding of the world.
Then, the book is useful for those
who are open to go deeper into the
understanding of the Russian Reli-
gious Philosophy and get precise
and correct knowledge about its
unique ability and quest to harmo-
nize faith and science representing
them as two forms of human activ-
ity. These numerous projects could
saturate the curiosity of the reader
prompting to continue to prospect
the Eastern Christian religious tra-
dition.

NATALIYA PETRESHAK



W trosce o kulture
logiczna

w badaniach
filozoficznych

i teologicznych

Stanistaw Kaminski, Kazimierz Marek
Wolsza (red.), ser. Polska filozofia
chrzescijaniska XX wieku,
Wydawnictwo Naukowe Akademii
Ignatianum, Krakow 2019, ss. 232.
Stanistaw Kaminski, Kazimierz Marek
Wolsza (ed.), ser. The Polish Christian
Philosophy in the 20" Century,
Ignatianum University Press, Krakow
2019, SS. 236.

W wersji polskiej i angielskiej
ukazal si¢ kolejny tom z serii wy-
dawniczej Polskiej filozofii chrzesci-
Jjaniskiej XX wieku (ang. The Polish
Christian Philosophy in the 20™
Century), zrealizowanej w ramach
grantu Pomniki polskiej mysli filo-
zoficznej, teologicznej i spotecznej
XX i XXI wieku. Monografia sta-
nowi opracowanie najwazniejszych
obszaréw badan, ktére wyznaczaty
droge rozwoju naukowego Stani-
stawa Kaminskiego (1919-1986),
Scisle zwigzanego ze Srodowiskiem
akademickim Katolickiego Uni-
wersytetu Lubelskiego. Kaminski
pracg dydaktyczna oraz naukowg

rozpoczal od logiki, stopniowo

przechodzac do ogdlnej metodo-
logii nauk oraz metodologii filozo-
fii i teologii. Podjgty przez niego
program badad wyrést z umie-
jetnego pofaczenia i rozwinigcia
trzech tradycji: (1) szkoty Iwowsko-
warszawskiej — przez kontakty
i rozmowy m.in. z Kazimierzem
Ajdukiewiczem, Tadeuszem Cze-
zowskim, Izydora Dambska, Tade-
uszem Kotarbinskim, Ludwikiem
Borkowskim, (2) kota krakow-
skiego — przez znajomos¢ prac Jana
Salamuchy, Jézefa Bocherfiskiego,
(3) tomi-
zmu — rozwijanego w ramach lubel-
skiej szkoly filozoficznej, do twor-
cOw ktdrej jest zaliczany.
Monografia sktada si¢ z dzie-

Jana Drewnowskiego,

sigciu rozdzialéw i jest opraco-
wana przez czterech autoréw, wy-
bitnych znawcéw filozofii rodzi-
mej: Tadeusza Szubke, Kazimie-
rza Marka Wolsze, Gabriele Be-
sler i Marka Rembierza. Rozdziaty
pierwszy i trzeci — Biogram Stani-
stawa Kamiriskiego oraz Stanistaw
Kamiriski: logik, historyk logiki i fi-
lozof logiki — opracowata Gabriela
Besler. Marek Rembierz opracowat
rozdziaty drugi i piaty: Jak (po-
winno sig) rozumie¢ i uprawiac fi-
lozofie? O koncepcji filozofii wy-
pracowanej przez Stanistawa Ka-
miniskiego oraz Zagadnienia meta-
filozoficzne i kwestia ksztattowania

Zagadnienia Filozoficzne w Nauce (Philosophical Problems in Science)
nr 66 (2019), ss. 326330 @ CC-BY-NC-ND 4.0 (080



Recenzje

327

samoswiadomosci filozofii w docie-
kaniach Stanistawa Kamiriskiego.
Rozdziaty czwarty i dziewigty —
Metodologia i filozofia w ujeciu Sta-
nistawa Kaminskiego oraz Biogra-
fia Stanistawa Kamiriskiego — opra-
cowal natomiast Tadeusz Szubka.
Z kolei Kazimierz Marek Wolsza
jest autorem rozdzialéw szdstego,
siodmego i 6smego: Udziat Stani-
stawa Kamiriskiego w dyskusjach
filozoficznych, Wpltyw Stanistawa
Kamiriskiego na srodowisko filozo-
ficzne i pozafilozoficzne oraz Stow-
nik podstawowych terminéw Stani-
stawa Kamiriskiego.
Catos¢ monografii dopetnia
rozdzial dziesiaty: Wybor pism
Stanistawa Kaminskiego, w kto-
rym przedrukowano cztery artykuty
z pracy Kaminskiego Jak filozofo-
wac? Studia z metodologii filozofii
klasycznej, ktére w niniejszej edy-
cji przygotowat Tadeusz Szubka.
Monografia wieloautorska jest
catoSciowym opracowaniem naj-
wazniejszych osiagnie¢ mysli filo-
zoficznej i metafilozoficznej Stani-
stawa Kaminskiego. Po zaprezen-
towaniu biogramu S. Kaminskiego,
Gabriela Besler w trzecim rozdziale
przechodzi do omdéwienia jego po-
czatkowych obszaréw zaintereso-
wan oraz dzialalno$ci dydaktycz-
nej dotyczacych logiki jako narzg-
dzia badan filozoficznych. W spo-

sOb przejrzysty i wielowatkowy au-
torka przedstawia gléwne rezultaty
prac Kaminskiego z zakresu semio-
tyki logicznej, sylogistyki, a w spo-
s6b szczegblny zwraca uwage na
problematyke supozycji terminéw
oraz wyszczegllnienie i uporzad-
kowanie bledéw (nie tylko lo-
gicznych). Kaminiski duzo miejsca
w pracach po§wiecit réwniez logice
G. Fregego (ukazujac jej aktualnosé
i wyjatkowos¢), a takze problema-
tyce definicji oraz rodzajéow i po-
dzialu rozumowan. Jak zauwaza
Besler, pod koniec lat pigédziesia-
tych obszar zainteresowarn Kamin-
skiego przesunat si¢ w stron¢ ba-
dan metodologicznych, co jest uka-
zane przez autorow kolejnych roz-
dzialéw pracy. Nalezy stwierdzic,
ze Gabriela Besler problematyke lo-
giki i zagadnienia logiczne prezen-
tuje z wielkim znawstwem tema-
tyki badan Kaminskiego.

Waznym obszarem zaintereso-
wan Kamiriskiego byla metodolo-
gia. Problematyka ta jest opraco-
wana przez Tadeusza Szubke w roz-
dziale czwartym. Autor z niezwy-
kta swoboda wprowadza kolejne,
szczegblowe zagadnienia tworzac
usystematyzowany i spdjny prze-
glad dorobku badad metodolo-
gicznych Kamiriskiego. Niezwykle
cenne sg Tadeusza Szubki uwagi
poszerzajace horyzont spojrzenia
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na osiagnigcia lubelskiego filozofa.
Ukazuja one z jednej strony trwa-
1o$¢ jego osiagnigé dotyczacych
czynno$ci wiedzotworczych i lo-
gicznych aspektéw nauki, ale z dru-
giej — mozliwos¢ ich korygowania
i uzupehiania o tradycyjna episte-
mologig, metafizyke, histori¢ nauki
i socjologi¢ wiedzy. Uwagi te sa
przestroga przed izolowaniem si¢
od rozwoju danej dyscypliny wie-
dzy.

W rozdziale piatym Marek
Rembierz podjat udang probg usys-
tematyzowania pogladéw metafi-
lozoficznych Kaminskiego. Trafny
dobdr fragmentéw wypowiedzi Ka-
minskiego umozliwit mu wielo-
aspektowe przedyskutowanie pod-
stawowych zagadnien, ktére sta-
nowia ogélne tto dla przedmioto-
wego uprawiania filozofii w tzw.
lubelskiej. Marek Rem-
bierz bardzo wyraznie podkresla
wplyw badan epistemologiczno-
-metodologicznych oraz metafilo-

szkole

zoficznych na ksztaltowanie ,,sa-
moswiadomoSci filozofii” uprawia-
nej przez Kamifiskiego. W opraco-
waniu tej problematyki Rembierz
wskazal na wazno$¢ dociekan meta-
filozoficznych Kaminskiego prowa-
dzonych w ramach konwersatorium
metafilozoficznego,  tworzonego
przez przedstawicieli Srodowiska
uniwersyteckiego KUL oraz uczest-

nictwa w licznych debatach ,,poza
murami” macierzystej uczelni. Na-
lezy podkresli¢, ze problematyka
pogladéw metafilozoficznych Ka-
minskiego zostata przez Rembierza
zaprezentowana w sposOb przejrzy-
sty 1 usystematyzowany.

Stanistaw Kaminski przejawiat
duza aktywno$¢ naukowa w Srodo-
wisku filozoficznym, biorac udziat
w licznych debatach poswigconych
m.in. relacji filozofii do nauk przy-
rodniczych, znaczeniu filozofii dla
cztowieka czy filozoficznej nauce
o Bogu. Kazimierz Wolsza opra-
cowal obszary dyskusji, w ktore
aktywnie wiaczat sig Kaminski.
Wolsza przedstawiajac owe debaty,
a niekiedy i spory, z lekkoScia
stylu wypowiedzi niezatracajacej
ani glebi, ani powagi tematyki, nie
tylko przybliza je czytelnikowi, ale
rowniez wprowadza go w §wiat
zywej, rozwijajacej sig mysli fi-
lozoficznej. Jak zauwaza Wolsza,
aktywnosS¢ organizacyjna, naukowa
i dydaktyczna Kaminiskiego wywie-
rala zauwazalny wplyw na rézne
kregi odbiorcéw przez m.in. daze-
nie do kodyfikacji terminologii fi-
lozoficznej i metodologicznej (Wol-
sza przedstawia t¢ kwesti¢ szczego-
fowo w rozdziale 6smym) oraz roz-
szerzenie badan metodologicznych
na teologi¢. Rezultaty tych dziatan
sa z kolei przenoszone w $§wiat zy-
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cia codziennego uczac kultury lo-
gicznej oraz wzbogacajac wiedzg
o cztowieku i jego zyciu. Wolsza
przyjmujac od Andrzeja Bronka po-
dziat tworczosci Kamiriskiego na
trzy etapy: niemetafizyczny, prome-
tafizyczny i madroSciowy, systema-
tyzuje i ukazuje ciaglto$¢ rozwoju
mysli filozofa lubelskiego. Wazne
i cenne sa uwagi Wolszy o pra-
cach Kaminskiego dotyczacych ma-
dro$ciowego wymiaru wiedzy.

Poszczegblne zagadnienia ana-
lizowane w opublikowanej mo-
nografii daja wyczerpujacy obraz
dorobku Stanistawa Kaminskiego.
W rozdziale drugim obszernie prze-
dyskutowano jego koncepcj¢ filo-
zofii, ktéra, z jednej strony pre-
zentuje wysoka kulture logiczno-
-metodologiczng, a z drugiej jest
otwarta na problematyke metafi-
zyczna. W nastepnych rozdziatach
przedstawiono, zgodnie z rozwi-
janymi, filozoficznymi zaintereso-
waniami Kaminskiego, zagadnienia
dotyczace logiki i problematyki lo-
gicznej, szczegdtowe kwestie doty-
czace metodologii i filozofii nauki
oraz te kwestie, w ktérych Kamin-
ski dat si¢ poznaé jako aktywny
wspéttworca polskiego Srodowiska
filozoficznego.

W  monografii ukazano, iz
miernikiem warto$ci my§li Kamin-
skiego jest prawda, do ktérej mysl

owa zmierza. Dazenie do obiektyw-
nej prawdziwos$ci nie moze jednak
dokona¢ si¢ bez pogtebianej reflek-
sji dotyczacej metod i Srodkow, za
ktérych pomoca umyst wznosi si¢
do prawdy. Kaminski dbal, aby do-
chodzenie do niej dokonywalo si¢
w $cistym zwiazku metody z przed-
miotem. W tej perspektywie daje
si¢ zrozumie¢ tok mysSlenia filo-
zofa lubelskiego. Autorzy mono-
grafii z duzym znawstwem filozo-
fii Kaminskiego i erudycja wywo-
déw przedstawili jego zycie inte-
lektualne, dokonujac préby nadania
ksztattu jego myslowej konstrukcji.

Monografia opracowana przez
znawcow rodzimej filozofii ukazuje
liczne walory, poczynajac od przej-
rzystego i komunikatywnego, na-
wet dla nie-filozoféw, stylu wypo-
wiedzi, a koriczac na niebywalej
erudycji i twérczym (a nie odtwor-
czym) spojrzeniu na dorobek filo-
zoficzny i1 metafilozoficzny Stani-
stawa Kaminskiego.

Tre$¢ niniejszej monografii za-
checa do kontunuowania badan do-
tyczacych rodzimej mysli filozo-
ficznej, ale takze do poglebienia
badan dotyczacych tworczosci Ka-
minskiego. Tym bardziej, ze auto-
rzy niniejszego opracowania zarysu
catosci tworczosci filozofa lubel-
skiego nie mieli mozliwosci, przy
tak ograniczonej objgtosci tomu, za-
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prezentowania szczegétowych kwe- §li filozoficznej. Jej tre§¢ zacheca
stii, w ktérych najpetniej mozna by- takze nie-filozofé6w do zapozna-
loby dostrzec potaczenie twérczej nia si¢ z nierzadko marginalizowa-
myS$li z wysoka kulturg logiczno- nym dorobkiem polskiej humani-
-metodologiczng ~ prowadzonego styki. Czesto formutowanym pyta-
wywodu. W prezentacji mysli fi- niem jest to, na ile rodzima mysl
lozoficznej Kaminskiego cenne jest wpisuje si¢ w ogdlnoswiatowe da-
réwniez to, ze w monografii zacho- zenia do poznania prawdy o czto-
wano indywidualny styl i jezyk wy- wieku i o otaczajacej go rzeczywi-
powiedzi kazdego z jej wspotauto- stosci. Odpowiedzia na to pytanie
row. niech bedzie publikacja angielsko-
Opublikowana praca jest §wia- jezycznej wersji omawianej pracy.
dectwem bogactwa rodzimej my- KRrzYSZTOF SLEZII\'ISKI





