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MATHEMATICS AND THE CRISIS OF SCIENCE
JAIRO JOSE DA SILVA

Husserl’s last book, The Crists of European Science and Transcendental
Phenomenology, was written during one of the bleakest periods of European his-
tory.! European culture, he rightly saw, was mn crisis. But more than political,
Husserl saw a cultural crisis, which he thought phenomenology could help to
overcome, bringing cultural renewal. But, interestingly, Husserl chose to focus his
criticistm on physical science rather than other aspects of culture. This choice may
seem curious, but Husserl believed that the modern science of Nature exempli-
fied paradigmatically what he took to be wrong with modern culture in general.
For the crisis of culture was, Husserl thought, essentally a crisis of meaning, or
lack thereof. So, he saw the supposed manifestation of this crisis in modern
physical science (by which we usually mean science from the scientific revolution
of the XVII century on) — namely, the fact that a gap lays open between the
practices of ‘the modern science of Nature and the sources from where he be-
lieved these practices derive their meanmg — as a vantage point from whete to
conduct his diagnosis and suggest the prophylaxis he considered adequate for this
supposed cultural malaise of modermty (we can presuppose also, perhaps, that
the prominent position physical science has in modern culture and the methodo-
logical paradigm it poses for other sciences had a role in his choice of target).?

! According to Gérard Granel (introduction to the French translation of Crisis), the main text
dates from 1935-36 and comes from different sources. Complementary texts have different dates
and ongins; the first, for instance, (“Science of Reality and Idealization: The Mathematization of
Nature”), from 1926-28; and the third (*The Casis of European Humanity and Philosophy”),
which contains the conference of Vienna, from 1935.

% Given the success of modern physics, Husserl had to clearly separate its fechnical accom-
plishments, which he thought must be preserved, from what he took for an “alienated” interpre-
tation of its methods, which he thought must be avoided for the sake of cultural renewal. But, as
I hope to establish here, Husserl’s remedy for this ‘alienation’, namely, ddving physical science
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But how, according to Husserl, this crisis manifests itself in science? Was it
related to the exciting new developments that occurred in physics and mathemat-

ics not long before the book was written?

In the beginning of the 20™ century mathematics was going, and had been
going for some time already, through a period of crescent formalization,? leaving
behind the supposedly solid grounds of intuition* and gving free rein to pure
formal imagination.> Riemann,® for instance, had created the theory of general
abstract geometrical manifolds; Cantor, the theory of transfinite numbers;
Hamilton, the theory of quaternions, and non-commutative algebras in general;
Lie, the theory of transformation groups; Grassmann, the theory of extensions.”

But none of these creations seemed problematic to Husserl; all the above theo-

ries were duly appreciated by him, and are mentioned here only because Husserl

explicitly prassed them (see §§ 69-70 of the Prokgomena). But, let us make this
clear, not as saentific theories in the strictest sense, since these theories do not
provide us with &knowledge of particular types of objects, but as formal ontological
theories, being as they are theories of purely formal manifolds, i.e. logical forms
that could in principle, but maybe not actually (or maybe oz yel) give form to ma-
terially determinate domains. Formal mathematical theories are, according to
Husserl, theories of objectual domains determinate as to form, but indeterminate
as to content (which he named formal domains) belonging to a corner of formal
logic he called formal ontology.® The emergence of formal mathematics (which

back to the “sources from where meaning derives”, rooting it firmly in the Lebensarel, can ses-
ously jeopardize its success.

> By “formalization” I do not mean axiomatization in the context of formal-logical systems,
but the tendency to privilege putely formal mathematical theories; theories that characterize their
(putely formal) domains implicitly and independently of any intuitions.

* The objectual and conceptual varieties of mathematical intuition are supposed to give us
objects and concepts prior to their theories, whose basic truths only express the intuitively given.

> Which allows us to invent theories independently of any prior intuition; but maybe answer-
ing to other demands, such as, for example, the needs of mathematics and science, the desire to
generalize already existing theories — Riemann and Cantor being classical cases —, or the pursuit
of “aesthetic” goals such as intrinsic elegance or beauty, etc.

¢ See, for instance, “On the Hypotheses that Lie at the Foundations of Geometry” of 1854.
7 Ausdebnungslehre, basically a forerunner of vector analysis.

% According to Husserl a formal domain (or manifold) is essentially a structured system of ma-
terially indeterminate objects (also called farmal objects) that function in the system as, basically,
placeholders. The structuring relations of formal manifolds are charactetized only formally, i.e.
independendy of the nature of any particular materially determined objects that may take the
place of formal objects upon interpretation (which can be construed as the filling of formal ob-
jects with material content). We can also define a formal domain simply as the abstract aspect
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dates back to the dawn of modern mathematics m the 16" century, with t:l'le in-
troduction of the so-called imaginary numbers by the Itahan algebraists — 1f not
before, with the creation and development of algebraic thought in the Islamic
empire), was definitely not, for Husserl, in étself, the cause of any crisis in mathe-

matics.’
Physics, on its turn, had by then seen two groundbreaking developments: the

theories of relativity (special, 1905; general, 1916), which Husserl did not men-
tion, and quantum mechanics, which he did. Quantum theory is particularly in-
teresting in its use of mathematics, compared with the traditional mathema*fical
sciences of Nature (and this is something to which we should pay attention,
since, as already noticed, the mathematization of science is one of the ways by
which Husserl saw crisis coming in). Although Born, Jordan, Heisenberg and
Dirac had succeeded in formulating quantum mechanics in terms of matrix calcu-
lus, this did not follow naturally from a mathematical idealization of the phenom-
ena. a mathematical model of reality that required the matrix approach as the cor-
rect approach. The creators of quantum mechanics relied stmply on ﬁam! analo-
gies between empirical rules of calculation and properties of matrix operations.’®
Other mathematical formulations of quantum mechanics, such as wave me-
chanics, offered even more striking examples of the new use of mathematics. For
example, De Broglie’s model of the free electron as a particle accompanied by a

common to all models of a formal theory. For Hussed, a formal domain is the objective correlate

of a formal theory. ‘ |
Husserl’s ideas conceming the fundamental distinction between material mathematical sci-
ences, such as geometry and mechanics, and formal mathematical sciences, such as the theory of

quaternions, were strongly influenced by Grassmann’s views as put ﬁ::rrward. i':l Die lineale
Awsdehnungslebre, 1844. In this work Grassmann makes this distinction clearly, clg:_mngl that for-
mal mathematical theoties, unlike matedal ones, ate not theories of domains existing mdepcncll-
ently of them, but forms defined by these theorves themseles (which, he continues, implies that the axi-
oms of formal theoges are not axioms in the proper sense, i.c. fundamental unproved th}thS, but
definitions). The concept of truth, according to Grassmann, also changcs: in nmmﬁd thcr::ncsﬂ truth
is correspondence with the facts, in formal theores it means lsu'nply consistency ('l\f.hchacl
Crowe’s book A History of Vedor Anaksis, Dover, 1994, contans a dctmlcd'cxptasmun of
Grassmann’s Ausdehnungskhre). The similarity with some of Huss:.ﬂ’s (':au:u:l also I{llbt%tﬁs) funda-
mental conceptions conceming the nature of formal mathematics is striking. But, unlike Husserl,
who locates formal theories not in mathematics proper, but in formal logic (formal ontology, to
be precise), Grassmann does the opposite, reserving the term "math:n_mncs” to fc:r:mal mathe-
matics and denying physical geometry, mechanics and like mate cial theories mathematical status.

9 As we shall see, it is the use of purely formal mathematical theories that Husserl saw as a

possible source of philosophical problems, if not kept under surveillance 50 as to avoid degener-
acy into a form of “technique” void of intuitive content and alienated from life.

10 Basic prnciples, such as the principle of correspondence and the technique of quantiza-
tion, are based mostly on formal analoges.
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purely mathematical probability wave whose frequency was associated with the
electron’s energy (and whose velocity was bigher than the velocity of light) could
suggest to the concerned observer (as Husserl surely was) that science had lost
completely the touch with reality, the reality effectively experienced with the
senses, in favor of purely mathematical reconstructions of it (Heisenberg’s uncer-
tainty principle or the loss of causality and determinacy in the atomic scale could
nothmg but reinforce this perception).

Husserl was certainly mnformed of these new trends and one mught believe
that he thought the “Galilean” mathematical substruction of Nature had gone
too far mn quantum theory.!! But this belief cannot be sustained. Although
Husserl evidently noticed the obvious differences between the old and the new
physics, he did not think quantum theory  particular stirred any crsis in the
physical sciences; the problem, he thought, could not be imputed exclusively to
contemporary science.'?

What Husserl meant, in fact, was not a crisis 7z saence, but of science; 1t was the
project of a mathematical science of Nature that, he thought, was facing a crisis,
not m its methods, results, or practical relevance, but n its lack of self-
consciousness, by being oblivious of the sources and scope of validity of its con-
cepts and methods. According to Husserl, the winds of crisis had been blowing
for some time already — since the first days of modem science, to be more pre-
cise — and were stirred by, basically, an alienated conception of Nature and the
uncritical use of formal mathematical methods (with the emphasis on “uncriti-
cal”). This undesirable situation, he thought, could only be surmounted by phi-
losophy; not any philosophy, however, but the kind of philosophy he advocated,

11 Tn truth, the mathematical treatment of quantum phenomena does not fit the model

Husserl presented for classical physics: experience — mathematical modeling of experience (via
abstraction and idealization) — mathematical investigation (of the properties of these mathemati-
cal models) — explanation (of past expenences) and prevision (of new expetiences). The second
step 1s missing. However, since the classical approach was, for him, already crying out for phi-
losophical clarification; and since his theme was not the applicability of mathematics to science in
general, but a crtique of the scientific conception of Nature and the mathematical methods of
science, he did not get much involved with the problem quantum mechanics poses for the

philosophical investigation of the scientific applicability of mathematics in general, even though
it also poses problems for Ais account of the applicability of mathematics to science,

12 Tt is important to notice that Hussetl was not an enemy of science, modern or traditional,
rather the opposite; he thought the mathematical sciences of Nature were admirable endeavors,
needing only some doses of philosophical criticism in order to be propery understood and cit-
cumscribed to their rightful domain of validity (but, unfortunately, Husseil criticism of “techni-

zation” will lead to Heidegger caticism of “technique” and eventually to a general pﬂs—mndcmist
aversion to science).
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in which the very idea of an objective, transcendent and cmn}pltj,tely determined
that speaks the language of mathematics is traced back to
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foundations, as we know, Husserl thought as one of the main goals of phenome-
nology).'> By limiting the scope of mathematics in science in general, Husserl,
among other things, opened the road for non-mathematical, purely descriptive sci-
ences that wanted to remain faithful to the mtwitively given as the fundamentally
given, such as phenomenology itself. Remember that phenomenology, conceved
as a pure science of essences given in eidetic mtuition, 15 out of the reach of
mathematical methods (see, for instance, Ideen {71 and those following). In short,
Husserl naturally saw a critique of the uses of mathematical methods mn science,
their justification and delimitation, as 2 much needed prelude to phenomenology
understood as a non-mathematical, albest saentific first philosophy.1¢

My aim here is to analyze Husserl’s criticism of the mathematical science of
Nature, and see to what extent it 15 well-founded. More specifically, I want to ask
whether Husserl’s recipe for overcoming the “crisis” of science can be followed
in face of the specificities of scientific methodology. Also, I want to access the
correctness of Husserl’s model for the applicability of mathematics in the physi-
cal science;!” Le. whether abstracting and ideahizing from perceptual experience
can a/ways provide mathematical models for science; whether the geness of these

15 “The present situation in Europe, of general collapse of spirtual humanity does not
change anything in the results of the science of Nature; and these results, in their autonomous
truth, do not contain any reason for the reform of the sciences of Nature. If such reasons exist,
they have to do with the relation of these truths with scientific and extra-scientific humanity and
spiritual life. Its is the psychic and the spiritual in general, in their collapse, that forces us to cre-
ate an effective and authentic psychology that makes human existence, personal existence, per-
sonal life, personal actions and their spintual consequences, and the personal community that is
built in these actions and consequences finally comprehensible, and then make us see the edifice
of a new humanity.” (Appendix I)

16 For Husserl, even some physical sciences, such as biophysics, cannot be mathematized in
the same way physics is: “Mathematical physics is an extraordinary instrument of knowledge of
the world in which we live effectively — Nature —, which maintains always in all its changes a
concrete and empirical identical unity. It makes a physical technique practically possible. But it
has its limits; not in the fact that we do not, empincally, leave the level of approximations, but in
the fact that it is only a nacrow layer of the concrete world that is in this way effectively grasped.
Physiology, biophysics, as doctrines of organic bodies in the totality of the concrete organic
world, can borrow from physics as often as they want (organisms being in fact able to be ideal-
ized as mathematical bodies); it remains true that, as a prnciple, biophysics cannot ever dissolve
mto physics. Biophysical reality and causality cannot ever reduce to physical reality and causal-

ity.” (Appendix IV). Needless to point out that the development of the biological sciences denies
emphatically these assertions.

7 There are two senses in which we can say Husser identifies an “application” of mathe-
matics to the sciences of Nature; the first in the construction of mathematical models of Nature
via idealization; the second, in the use of mathematics for the investigation of these models
(which, as Husserl claimed, we tend to erroneously see as inquiring into Nature e/, not only

ideal models of Nature).
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The next step 1s, for Husserl, the philosophically suspicious misstep. The real-
ity we actually experience 15 degraded to the condition of only an mmperfect ap-
proximation to the world of idealized entities we substituted for it. Mathematical
manifolds of ideal entities obtamed by “exactification™! take the place of aspects
of the world ne expenence as the truly real aspects of the world.2* Mathematical ide-
alities, in Husserl’s jargon, provide a “hypothetical substruction™ of the world we
experience. The substruction 1s hypothetical in the sense that 1t 1s established ex
hypothests, but also 1n the sense that it must be submutted to experimental confur-
mation. This, however, can never be definitive, for ex hypothesis experience can
only approxmate true reality. Experimentation i1s then “contaminated” by the
very hypothesis it 1s called to confirm.?

In short, for Husserl, as far as the applicability of mathematics 15 concerned,
the first task of mathematics 1 science s to provide models of Nature, obtamn-
able by a combined process of abstraction (“focusing” on particular aspects of
the given; usually formal aspects, which makes the process one of formal abstrac-
tion) and idealization (exactification). Husserl’s criticism at this point is directed
mainly at the reversal of priority that science, he thinks, operates: mathematized
Nature taking the place of intuited Nature as the truly basic reality.

concepts; for example, by this idealization that, in opposition to vague empidcal lines and curves,
produces the geometrical line, the geometrical circle.” (Annex I)

21 “How can true mathematical Nature be determined from normal appearances [normal ap-
pearances = data of normal sensibility in relation to normal understanding, [[5]? This happens by means of
methods of ‘exactification’ of continua, of sensible causalities into mathematical causalities, etc.”
(Annex I).

%2 «“Mathematics and the mathematical science of Nature’, or still the dressing with symbols of
symbolic-mathematical theones, contain all that which for the expert and the cultivated men re-
places (as the objectively real and true Nature) the life-world, substtuting it. It is this coverng of
ideas that makes us take for the true Being what is only a method — a method that is there to
correct, in an infinite progression, by “scientific” anticipations, the “rough” anticipations that are
originally the only ones that ate possible in the realm of the effectively (really and possibly)
experienced in the life-world. It is this covering of ideas that renders the authentic sense of the
method, formulas and theories incomprehensible, and that, due to the naiveté of the method at
its birth, was never understood.” (Crisis, 9h)

2 “[The mathematical physicists] prepare the forms of hypothesis that will be the only acceptable
as hypothetical possibilities for the integpretations of the causal regularties that the continuous
progression of observation and expenmentation will observe empirically; interpretations that
connect them to ideal poles and their exact laws. The experimental physicists are also, in their
task, constantly oriented towards ideal poles, numerical magnitudes, general formulas. Those

remain, then, in all scientific research, at the center of interest. All the findings of old and new
physics took place, if we can say so, in the wotld of formulas coordinated with Nature.” (Crisss,

og)
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ture we experience are modeled by mathematical manifolds, and then proceeds
by submitting mathematized Nature to the scrutiny of mathematical theories
(even purely formal mathematical theories — in which case, he thinks, strict sur-
veilance must be exerted. I will come back to this later), which dominate the
word of experience by dominating the mathematical manifolds we take for Na-
ture itself. One of the mam goals of mathematical theories of Nature — besides
revealing the architecture and functioning of the machinery of the world, since
science “naively” presupposes that the mathematical models of the world ar
simply the world — 1s to establish formulas, equations and the like from where
anticipations of experience can be extracted. In few words, for Husserl,
“Galilean” methodology consists basically in moving from immediate experience
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. . . : : ' ided).
their formulae the entire field of possibl ? Consider the foll - how Husserl thought this can be avos e
q;:;: rmuiae the entire field of possible experiencesr Consider the following will soon see how 4oes not ask, and which is —

Coe Tos oy : idealized
mathematics in science: do the 1
[TThe passage from the mathematics of real domains to its logical formalization tal for a arrect assgssment of the .mle Ef}f i I a6l
and the consolidation of the autonomy of extended formal logic understood as mathematical manifolds we substitute o

! to
- I nes? In other words, are we Jree
pure Analysis (or pure theory of manifolds) are in themselves something corrvc, et

they offer themselves to the mOSt COMEE " © . thematical physics?
and also necessary; as well as the “technization”, with the total immersion into shoose the more adequate mathematical theories O t hi deiads knows the an-

thinking that is purely technical that belongs to it. But all this can and must be a The reason why he does not raise this question 15 thﬂ‘ e e s,
method understood and used in a fully conscious way. This is not the case, however, cwer: we are not; our mathematical models have their ﬂwnlr P 8

if one does not constantly avoid, in using it, dangerous changes of meaning; that is, hich must be extracte d intuitively from these models themselves. |
provided that the original sense-bestowing of the method, from where it denves Husserl certamnly knew, scientists are almost never content to I.'Emﬂm
its sense as accomplishing the knowledge of the world, stays always actually ac- Dut; a8 Hus This is, after all, typical of

; g A e ries of these minimal theories. | |
TN DY USROS SO DL . NS DS, eyl bc:;:laemﬂtical theories are often extended into other mathematical

There is however one question Husserl

granted, traditionalism that already in the onginal discover of the new idea and mathematics; _ i e el al domains. Once an
the new method allowed moments of obscurity to mix with meaningfulness. theories and mathematical domamns | : o Biie of S50 il
(Crisis, 9g). aspect of Nature has been mathematized it shares the

! 1011 ict1 ich mathe-
manifold: to be up for grabs, for there is no a priort restriction on whic

matical theory can be summoned to take care of it, the thec:tcjl.' dﬂ;mx:lyslc to ;}:ie
' d basic truths are offered directly m intui-
manifold (whose language, concepts an e o S
' :n is obtained from the ongmal mani y
tion), any theory whose dﬂmm is obtair o b oy
adjunction of new (theoretical, “)maginary”) entities, or even any theory only
mally identical to any of the above.
But Husserl would not accept such |

should not loose the world of our experienc
place, as we have seen, that the mathematical mo

So, although Husserl admits that purely formal mathematical theories are bona
fide hgcal theories, he 1s not willing to admit them into mathematical physics 7f
artain precantions are not taken. For him, the reliance on purely formal methods —
which implies necessarily some degree of “technization™® — are acceptable, pro-

iberalism. The imperative that scientists

e from sight requires in the 'l':irst
dels of experience be obtained

%5 Husserl defines “technization” thus: a “mutation of a thought that experiments, discovers,
creates constructive theories (sometimes of the highest geniality) into a thought whose concepts

have expenienced a mutation, becoming “symbolic” concepts.” (Crisis, 9g) In short, technization
means symbolization and knowledge by symbolic manipulations devotd of meaning;
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Jrom experience, and then, that we be careful not to submit these models to shifts
of meaning (supposedly by immersing them into other manifolds or extending

them by the adjunction of new “imaginary” elements, when, Husserl thinks, they
loose their sense as models of #s world).

For Husserl, there are privileged theories in mathematical physics, namely,
those extracted from the idealized models of Nature (the mathematical manifolds
we substitute for it) by mathematical intuition. 1 will call them nazural theories
Their meaning cannot be jeopardized on pain of loosing science’s precious link
with the “living experience”. But, as even Husser] had to admit, mathematical
theories often dialogue. So, which theories he thought should be allowed to con-
verse with the privileged natural theories? Can natural domains be put under the
care of mathematical theories that are not their own, even purely formal theories?

From what Husserl explicitly said, we can conclude that he accepted some min-
gling of theories, but under strict conditions. 26 Well, then, which conditions?

Here reemerges a problem that had already occupted Husser]l in his first
book, The Philosophy of Anithmetic (1891) and other texts of that and later periods
(the Gottingen Lectures of 1901, in particular): how can symbolic manipulations
tell us what the facts are in the domains of materially determinate theories? In
our case, how can playing with symbols according to rules can be given the roht
to tell what the facts are in the mathematical models of Nature, and then, indi-
rectly, m Nature itself, anticipating the (ideal) outcome of experience?

Husserl answers: provided symbolic manipulations are either carried out
within symbolic theories zomonphic with natural theory, or else natural theories are
logically comiplete (i.., natural mantfolds are definite) and symbolic manipulations are
carried out in consistent symbolic extensions of them. The first. although not
expliatly mentioned in Criszs, is the obvious generalization of the justification he

presented for symbolic arithmetic in PA4; the second is his general “solution” to
the problem of imaginaries in mathematics, and is explicitly mentioned in Crisy.
There s, then, a common tread linking Husserl’s first and last published works,
PA and Crisis, respectively: some reservations concerning “purely” symbolic
methods of knowing. It surfaced in P.4 under the guise of the need for a logical-
epistemological justification of symbolic arithmetic; in Crisis, in the need of a jus-
tification for the technical methods of the mathematical sciences of Nature, and

6 With respect to algebraic symbolic reasoning Husserl says: “[...] the powerful elaboration
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the task of overcoming their “formalistic alienation”™ by a philosophical analysis
e genesis and scope of these methods.
i ﬂ;ufeare these restrictions reasonable; did Huss#l really unf:ierstand the unre-
stricted formal nature of mathematics (even mateFmJl?' detfermmecl mathemaii::
like physical geometry) and the role of r?:lathemﬂucs‘m sciencer ;et us :;{:;ths
this question. Mathematics is a formal science, meaning that mat emat;: -
are invariant under isomorphisms (te. mathenmfflcal tr.uths are formal). Emf,h or-
mal there is no reason why a domain cannot be _mvest::gated by any theory nsfe
domain is isomorphic to it. But, obvious as this fact may be, Husserl new:r;r :
firmed it with its entire letters (even though it 75 the j&m.i:.;'f :Mrm of contentual mzh@ l;
that is bebind bis strategy of justification for symbolic arithmetic in PA). I-I'e never exp l;:ﬁ);
said that tbe only thing mathematics — even contentual @athematlcs — cares ﬂthcm
are the formal (or structural) properties of its domains, not the ﬂb]ectsh ese
domains contain or the concepts governing them. He believed tl_lat,h al;! oulgh
formal, mathematical theories are, or should eventulelylbe, when m&mﬁfa Uy rele-
vant, theories of determinate objectual domain or, md1fferentl?f, determinate co:';-
cepts. Science, real science, Husserl thought, . a!wqy.r' of c}b!ects ﬂ; concep %
even if the only aspects of its domain some particular science (like mathematics)
can ever know are those exclusively formal. ‘ | |
Husser] managed to justify symbolic arithmetic ep:'stﬂmc:lmglcally b?' sh?wmg
that there is an isomorphism between its formal dgmam and thie domain o cc:on;l
ceptual arithmetic; 1.e. i the fact that the‘ dnm of nmnerlc?l cn;lceptsbar]zc
conceptual operations is structurally identzal uutb the | domain o I;syrltsl ; -
representations of numerical concepts and operations with these sym 0 ;
Husserl missed in P4 the opportunity of asking thel ﬁmdafnentifl question: i@)
can we obtain mathematical knowledge of a dm_nam b}f investigating ﬂnﬂ; er
isomorphic to it? The fact zhat this is possible sahsﬁe.d l'um. Husserl se_e:m; ; to
think that by manipulating numerical signs we are still, indirectly, manipu 11:1%
numbers, as a puppeteer moving his puppets. But the trut}'f, of course, let lsllc
moving from numbers and operations with them to signs and ;eym zﬂ L
operations is useful and safe only because the sructures of ﬁ:f_e r:megra{ mzt'd z ‘ff.g)w ¢
domains are identical, what really interests mm'mrmat[ anthme:-tic is indifferently
instantiated in any domain isomorphic to the numerical domain. |
Had Husserl drawn all the consequences from this hle would have realized
that, as far as mathematical interests are concerned, moving to the level of the

of signs and ways of algebraic thinking, a decisive moment which was, in a sense, pregnant with
future fruits, and in another distubing for our fate.” (Crigs, 9f) He is here alluding to the meth-

odological relevance of symbolization and, at the same time, the risk of alienation it poses (the
“cuisis” for science it potentially carries).

27 Remember that Husserd distinguishes between mathematical .nicm:.v, sucl? as li'hyT{fi
geometry, and applied mathematics in general, from purely formal mathematics, which is tor his

a chapter of formal ontology, and thus pure formal logic.




50 JAIRO JOSE DA SILVA D91

purely symbolic is not necessarily tantamount to leaving behind the-thl of intus-
tion, for the simplest fact that the same structure can manifest itself n etther level.
If formal properties can manifest themselves as properties of meaningful maf:l?e*
matical entities (denoting something in Nature), so they can when these entities
are substituted by any other objects, even mere symbols, provided the subjacent

structure is preserved.?® Present or absent, mathematical entities do not really

matter; only the formal properties of their arrangement are of interest.

Husserls justification for the use of symbolic methods in general — when
there is maybe no isomorphism between the domain of interest and the symbolic
domain — required that the theories to which we bring symbolic help should be

28 1 use the terms “structural” and “formal” interchangeably because structural propertics
ate formal. We could define mathematical structures simply as the objective correlates of
mathematical theories. It is in this way that we say, for instance, that group theory charactenzes
the structure of group. Two structures ate, in this sense, egua/if they are correlated to logically
equivalent theodes. In this sense, a structure has no property its theory or any theory equivalent
to it cannot show. This poses a problem if the theory is not logically (syntactically) complete;
structures would then be in general only partially determined. We can remedy this by saying that
theories in fact only charactenize famikes of structures. The problem would then remain of charac-
tenizing single structures. We could do this by means of complte theores, but, even though all the
properties of a structure would in this case be deteamuned in prnciple, this definition would
make the notion of structure depend on the logical powers of the undedying logic or the expres-
sive powers of the language we choose. In order to make the notion of structure a purely seman-
tc notion it scems more convenient to adopt the following defimtion, more mathematical than

logacal: mathematical structures are the common aspects of isamorphic mathematical domains. We
can say this s the abstract (or semantic) notion of structure, as opposed to the theorefiail (or syntac-
tic) notion just discussed. In this sense, structures can be charactenzed by aufegorias/ theories.
Given a categoncal theory T, the structure it charactenzes is the structure of its models (since
they are all isomorphic). Any theorem of T establishes a formal property of the structure T char-

actenizes, but there may be properties of this structure that are not theorems of T, if T is not

complete (not all categoncal theories are complete). In particular, the numerical structure is the
formal @-sequence, charactenized by second-order anthmetic (which, however, cannot prove
everything that is true of it). The interesting aspect of this notion of structure is that, in order to
prove no matter which fact about a structure, we are not confined to a particular domain that
instantiates 1t or a particular theory that charactenzes it. Hussed had his own definition of struc-
ture (which he calls formua/ domains). He defined them as intentional (objective) correlates of for-
mal (i.e. non-interpreted) theories, i.e. structures in the syntactic sense. For him, a formal domain
could always be completely chacactenzed, if not by its theory, by its comphte extension, which he
thought could always be obtained (he wiote these things decades before Gédel). It follows from
Hussed’s definition that a formal theory always determines a umigwe formal domain, that any theo-
rem of a formal theory is true in the formal domain it defines, and that all (formal) properties of
a formal domain can (ideally) be derived in its theory, since it is (ideally) complete. So, there is no
clear distinction for formal domains between the semantic and the syntactic notions of truth;
therefore, no clear disunction either between the syntactic and the semantic notions of com-
pleteness.

THEMATICS AND THE CRISIS OF SCIENCE
(2008) e
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venient, but not more powerful methods (in the sense of methods able to prove
more results). For Husserl, theories should be ideally complete because all they
need in order to decide any question that can be asked concerning their domains
should come znzuitively (directly or indirectly) from these domains themselves, The
primacy of the intuitively given — and then of the I — over the purely symbolic
that conditions the solution to the problem of imaginaries in mathematics
Husserl presented in the beginning of his philosophical career is still clearly no-

ticeable in the strategy he proposed for bringing science back from alienation and
naiveté mto full clarity concerning sense and methods.

But, again, why should the formal aspects of a given mathematical manifold
be revealed only by investigating this manifold and not any other having a sub-
domain isomorphic with it (and so, with the same formal properties of the origi-
nal domain)? If we abandon Husserl’s prejudice, for it is really a prejudice, that
science 1s always science of determinate things (objects, concepts, essences, etc) and
accept that it can also be of nothing in particular, or many different things having
the same identical formal properties, or, if formal structures are included in the list
of things we can have sciences of, then the restriction of completeness loose
relevance. There is no need for a mathematical theory to be “master of its do-
main” if this domain, with respect to its mathematical properties, can also be -
vestigated by other, maybe more resourceful theories.

As T said above, in Grisis Husserl did not open the full spectrum of problems
concerning the applicability of mathematics to natural science. In particular, he
took for granted that it is applicable (as a conceptual and symbolic system suit-
able for the modeling, upon idealization, of our experience, and as a provider of

propetly speaking, but only “mere” formal objects did not seem to bother so much the creators
of the method.

0 “The sense of being of the world given in advance in life is a subjective formation, it is the
wotk of life — pre-scientific life —in its experiencing, It is in this life that the sense and validity of
the being of the world is built; that s, always of #his world that is at any time effectively valid for
the subject of experence. With respect to the “objectively true” world, that of science, it is a
Jormation of a superior degree, whose foundations lie in the pre-scientific thinking and experiencing
and their operations of validation. Only a radical regressive inquiry on subjectivity, I mean the
subjectivity that renders ultimately possible all validation of the world with its content, in all its
scientific and pre-scientific modalities, an inquiry that considers the whats and hows of rational
pecformances, can render comprehensible the objective truth and attain the w/imate sense of being
of the world. Then, it is not the being of the world in its unquestioned evidence that is in itself
what exists primarily, and it does not suffice to pose simply the question of what belongs to it
objectively; o the contrary, what is primarily in itself is subjectivity, and it is as swch that it pre-gives na-
vely the being of the wordd, and then rationalizes, or, what amounts to the same, objectifies it”
(Crisis, 14)

ries o g
JTJZZ as 1 have just argued, given Husserl's strategy of justification of standard

mathematical methods, it is clear that he thought natural manifolds should be
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for the mathematical models of experience), but did not question why.3!

«definite”, meaning that they should be defined by a ﬁ:mrnplete ?iitem .D.f E;xlﬂﬂ;'-;
corresponding to the “logical-formal idea of a werl_d in general .(CTI;I, Hf);jf ;
course, if a definite manifold corresponds to th_e idea of the logica 0 =

world in general, the world 1tself, considered in its formal (abstracted, idealized)

I - - Ili-
aspects, must ideally constitute a coherent system of definite mathematical ma
L]

folds. I _
This may stand as an ideal for science, but since 1t 18 far from realized, and

there is no guarantee that it could be realized (1n f?ct, if we c{?nmder tl-r;t':l lmgfx;::i:
formal axiomatic systems must be designed acf:nrdmg to certamn reasc}ni ee -
tiveness restrictions, Godel showed that it 15 1n gfj-neral unr&ahziablg), the rll;a he‘-
matical science of Nature must do as it can, just hike rrmthiematlcs 1tse1fLw' cf i
to freely extend domains and theories one into t}.lﬂ other 1n ﬂrde; to t::-1 tain ; |
1l truths that can be transferred from one domain to any other formally equ

lent wath it.

I must now, to conclude, consider the intentional genesis+ of inatural mani-
folds on the basis of perceptual intuition (CﬂﬂSidEIE?tl{}ﬂS of this kind .fﬂi:lttm
the scope of genetic phenomenology).** The question [ want to ask i1s whether

! : lications of mathematics to science
31 The only philosophical problems related to thﬂra?p of m: enc
Husser r:cogniyzcl::i can be solved, he thought, by restricting the applicability of mathematics in
science. His strategy is restrictive, rather than exphariive.

32 «The presupposition of classical physics: the subjectively changing natural pher{mm;m,
. , 11
the empirical phenomena with their emps rical pra?rris in ;:n;;ﬁ of W?T&ZTE:%::EEEZE
: ' : ds the mathematical idea of a Nature in 1 WOER
(their perfecting), points towar , _ | sl buci bies
X s imoli ally valid mathematics of Nature [...
bodies in themselves. This implies a universally . . ' 2o
: : i hich all bodies, whose ideal essence const
the foundation of a causal legality, according to w : ! s
ﬂ]Zi[Z:ﬂUEﬂl space-temporal being, are calculable. The general nmﬂu:mahcall legality ‘F;jfﬂﬁ"f‘ti1‘;;
the sense tl':at it has the fomm of a finite numbers of fundamental mathematical laws (the axior

! A dix 1IV).
in which all laws are included, in a purely deductive manner, as consequences. (Appendix 1V)

33 With respect to geometry, Hussed carries out such an investigation 1n 't:h; fa{zqri affF:::
dix III, “The Orgin of Geometry”. But the gcn:r*ai task‘ of a pheummnnlog;.‘: cri c; e
ence (in the sense of a radical foundation of science in t::msc:nf:imtﬁl su I:i‘;“;tl: e
broader; it consists essentially in questioning the “evidences” bclc-ngll‘ts = tﬂ- - athc world
here, presupposed, with the sense it has, by scicnce. and out U11<,:]uc5nr::1ncc! eing u;ﬂent unit;r
Soml: of these evidences (concering the world as simply u-gﬁr:n’} ate: 1)itisa sﬂm ot
subjected to strict causality; 2) its being is completely dencmﬂ{:med; and it cotr:spf:mt S A mgf
of the world a system of truths in themselves, the possession of whtch' cnnsft:t‘u es < hg::l T
objective science; 3) “the world is, and already was, here; [.. ] the correction E;j ﬂ!;}:’[yﬂpdi e
of this world, be it an apprehension of expenence of any other, presupposes alte
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Husserl 1s right in believing that the mathematical models of Nature are delivered
by abstraction and idealization from our immediate perceptual experience of it.

In the genetic analyses hinted at in Crisis (but not spelled out in details), the
relation between perceptual and mathematized Nature is cast in terms of di-
chotomies such as concrete versus abstract, real versus ideal, intuitively given ver-
sus categorically constituted. For Husserl, the first terms of these dichotomies
designate starting points, the second, points of arrival; constitution is what hap-
pens in between. The idea of a constitution of the ideal in the real reverses the
order of priority in Plato’s idea of participation; by adhering to it Husserl implic-
itly criticizes the extreme “Platonism” of modern science.* For him, the real
world of our direct experience is not an imperfect copy of the ideal world of sci-
ence, but cnversely, it 1s the ideal world that onginales n the real by intentional acts
of consciousness (abstraction and idealization).

[ wall, however, skip the details of the genesis of mathematized Nature in in-
tentional consciousness; for our purposes it suffices to notice that, for Husserl, as
already stressed, mathematics comes into science primarily by way of the substi-
tution of the given of experience by mathematical manifolds, ie. mathematical
modeling. The question I want to raise is whether this covering of the intuitively
given with mathematical concepts is univocally determined by experience or,
contrarily, mathematization is sub-determined by the gwen. Is the road from the
senses to understanding a one-lane road? Is the covering of perceptual data with
categorial formations without alternatives? How did Husserl answer (or would
have answered these questions)?

Let us consider the geometrization of perceptual space as a paradigmatic case.
It has been argued that Husserl believed the mathematization of physical space
borrowed from different sources. Some very general geometrical properties (for
instance, continuity, homogeneity, the character of being isotropic, the posses-
sion of a definite, although indeterminate dimensionality or the existence of a

its being as an honzon of all that is indubitably valid, which implies a certain stock of things
known and cetitudes subtracted to any doubt, with which to be in contradiction means to
be devalued and reduced to nothing”; and 4) the expenence of the world can be infinitely per-
fected. To trace the “genesis” of #his sense of the wodd in consciousness and investigate how it
acquited it constitutes the core of a phenomenological critique of the presuppositions of science
(see § 28).

3 “For Platonism, reality had a relation of ‘méthexis’ (participation) more or less complete
in the ideal. This opened for ancient geometry some possibilities of application — primitive appli-
cation — to reality. But in the Gabkan mathematization of Nature it is Nature ifself that, under the

direction of the new mathematics, is idealized: it becomes, to employ a modern expression, a
mathematical manifold”” (Crisis, 9)
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(2008)
! n 1 uld simply be conse-
 characterized only in its most general aspects) WO ' .
e space being a particular type of Riemannian space _thf,:
“truths” expressing these “facts” about physical space would then be analytic —

other geometrical properties of space, such as the possess}c?n of 2 p@m!ar ;ne:r};z
ot a determinate number of dimensions would be empirical, 1e. given by

quences of physical

senses.” | | | |
But how can we Anow that physical space is a particular type of Riemannian

Do we really &now this or do we simply presuppose it? Could

space to begin with? reboree

we know a posteriori, from the testtmony of tlhe senses, that physmalmﬂ —
the structure of a Riemannian manifold? Certamly not, the senses arel -
and limited for deciding both the fine-grained and the global structura t}fjsspli -
space. Not being a posteriori, or at least not cnrnpleta_aly a posFerl?rl, o
edge must be to a large extent a priori, and SO Hu_sserlmn C‘DHSPFUUN} 0 oy
space would come close to a form of Kan.tmn-‘hke‘ pure intuition o ;pm?ﬂm}ﬁ,
tures: a particular course for the process of idealization would ap{fea:an g
induced by experience. In fact, this 1s huv.v Hr:ssserl seems to un h: s
tion: at least as far as geometrical idealization is concerned. For mﬂﬂ, o -
to “pass to the limit”, “to follow our noses” along the perceptually giv

INg 1 ther way.*
necessary perfecting in one, but not ano ‘ |
If Husser] really believed that the general Riemannian character of perceptual

space was essentially a matter of right, belonging to tlhE': essence nf perc;f‘;tua;l;ﬁ:i
_ and what makes it the particular Riemann space it 1s, Eult‘:]ldlaI‘I, tl e]: .
sional, etc., would be a matter of fact — then he cm‘mﬂt be right simply ence:ive
Riemannian manifold is not the most general- spatial structure one Cﬂ;: O 5 re;
For instance, we can conceive of a space that 1s .nrat lﬂCa":l.u}’ flat ?ver}r;v eri tabzm
supposed by Riemann (a presupposition assngated m?th the lm_e ¢ erg; e i
given by the square root of a second order differential expr;ssilin), e
makes our perceptual space Riemannian cannot be a maiter o mr;‘;ir ne -
fact, it must be a priori in another, “non—tranf;ce.ndental sense. > S (::.»?m;S ; ;ﬂ )
what Poincaré wanted it to be; the mathematization of perceptual space g
ter of free choice, guided more by convenience than (either necessary or €O

gent) truth. | | > .k
But Husserl’s analyses of the intentional genesis of geometry 11 “The Origin

of Geometry” seem so convincing that we are easily lead to believe that the road

35 See Guillermo Rosado Haddock’s review of Elisabeth Schuhmann’s edition of Hussetl’s

lessons of 1908-09, Husser/ Studien (2008) 24;141-148. | + -
36 OFf course. free varation can lead us into many diffecent ways and produce a

cesults, but free variation has to do only with passibilities, not reakties.
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from our direct experience of space to its mathematical models, if not a one-lane
road, is strongly biased by the “immediately given”. What Husserl failed to see is
that our spatial intuitions are from the start contaminated by presuppositions that
are 7ol necessary.”” Qur perceptual experience of space is already dressed with
categorial formations, and if by becoming conscious of them, we remove them,
what rt?mains s i general willing to accept different and often contradictory
categorial structuring. Physical space as experienced, free of any presuppositions
can be idealized as finite or infinite, continuous or discrete, Buclidian or m}n—j
E?cﬁdian, Riemannian or non-Riemannian; experience alone cannot predeter-
miune its “correct” mathematization.

.We can, I think, generalize this conclusion, for in general our perceptual ex-
periences are far too meager to disclose any necessary overall structure. In phys-
ics we often have to deal with realms of experience, such as the quantum domain
to which we have very limited intuitive access. In cases such as this the mathej
@aﬁcal science of Nature must basically look for whatever mathematical patterns
1t can fruttfully impose on the mass of row empirical data, with virtually no extra
mtuitive hint as to subjacent structure; any physical or mathematical model, or
even no model at all, just any theory able to organize the data and make correct

preﬁsiﬂfls.“dﬂ be a strong candidate for the right theory, independently of any
often missing, intuitive guidance. |

| The_ most umportant fact concerning the questions I have been treating here
15 th_at intuition 15 amenable to mathematical treatment — te., mathematized —
meded 1t 18 onfy considered in its structural or formal aspects,® simce mathemat-
ics does not care for material content, but only for form: mathematical ir. after
all, a jormal science. Mathematical modeling consists then in choosing the n;athe-

me‘: A;Hﬁ 11'[?1‘?0] tzhn-::nced, our pf:ri:eptim} of space is from the start contaminated by certain
tmal presuppesitions — namely, that rigid bodies ace free to move, anywhere and in any direction
without de f:::-::nmtir:ms — which make Euclidian geometry seem the “natural” geometry of physic E
space. Notice that this pacticular “truth” is neither analytic (although, as a presu c:sitiuf 1};: i:
prior), nor empirical. By exclusion, it must then be synthetic a priorn. See "%F:'l the I;'actu T
F::::undattcns of Geometry” and “The Ongin and Meaning of Geometrical Axioms”. in Be 1’
Geometry: Classical Papers from Riemann to Einstein. New York: Dover, 2007. , e

38 - - -
]mnﬁ? ]E.ms says thatl, in physics, we “must limit ourselves to describing the pattern of events
[my emphasis] in mathematical teoms”, that “one di i
A may dig, one may sow, one may rip. But the

final harvest will always be a sheaf of mathematical £ » : .
Dover, 1981, p.15) matical formulac.” (Physics and Philosophy, New York;

—,
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matical formal manifold that adequately expresses the formal aspects we discern
in experience, which always leaves considerable room for alternatives.?

But the way Husserl talks of mathematical concepts (such as those of geome-
try) as limit pomnts of empirical (or morphological) concepts (the circle as the
ideal limit of the merely circular, for instance) seems to suggest that maybe n
some cases (for mstance, BEuchdian physical geometry as the neessary limit point
of a process of abstraction and idealization from plain perception) expertence
does indeed condition the ideas we substitute for it. The fact, however, 15 that the
process Husserl calls idealization mvolves to some degree choices conditioned
even by pragmatic and esthetic criteria.

The hard fact about the mathematical modeling of Nature 1s that our direct
experience of Nature provides only some 1mutial and boundary conditions. It can-
not determine the entire process. Abstracting and 1dealizing are not, even if not
taken as univocally determining the outcome of the process, very relevant actors
in our efforts to submit Nature to mathematical treatment. The combined facts
that mathematics 1s a formal science, that physics only cares to know the formal
aspects of Nature (in ##s consists the essence of Galilean methodology, in em-
phasizing the Jow rather than the why, the mathematical form of the mechanism ot
the world rather than what this mechanism 1s), and, most importantly, that there
1S #0 a priori restriction on which mathematical theory can be mobilized so as to
better study the formal properties of Nature explamn why degrading the role of di-
rect perception and the process of guided abstraction and idealization can actu-
ally foster the progress of science and account for its immense success.

Husserl's project of “rooting” the mathematical science of Nature in the life-
world, even if this would bring science back to the sphere of meaningfulness he
though it had departed, can only jeopardize its development. This project seems
acutely mnappropriate, given in particular the strangeness of some of the realms
science 1s called to investigate compared to the cozy famiharity of the life-world.
There 1s no necessary link between what the life-world makes available to us and
the mathematical manifolds we mobilize in the mathematical sciences of Nature.

* An interesting example of the adoption of a physical and, correlatively, mathematical
model exclusively for the sake of deriving mathematical formal properties observed in a different
empirical context can be found in Maxwell (“On Physical Lines of Force”, 1861). Although he
did not believe that his treatment of electromagnetic phenomena in terms of vortices and strains
in an elastic mechanical medium corresponded to electromagnetic reality, he adopted such an
approach in order “to make use of the mathematical analogies of the two problems to assist the
imagination in the study of both”. This is as good an example as any that for the physicist only
formal properties (which Maxwell expressed as “mathematical analogies”) matter (and this is why
mathematics is so useful to him).
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But the Husserhan model of the applicability of mathematics to the sciences of
Nature, as discernable in Crgs pomts to the opposite conclusion: abstraction and
idealization determining, maybe not completely, but 1n any case more determina-
tely than I think reasonable to suppose, the acceptable mathematical models of
mtustively given Nature, which should then be left to the care of their ideally
complete theories, whose foundations should lie on an ntuitive grasp of the
ruling concepts and basic truths of their domains. The history of science, most
notably in the last century, has shown that the use of mathematics in science did
not and, most importantly, could not go the way Husserl pointed. Nor I see any
reason why 1t should, since, as I believe to have made clear here, Husserl failed to
see, 1 full clarity, despite his msightful remarks on the nature of mathematical
knowledge, the real nature of mathematics and the pattern of its applicability to
science.

University of the State of Sao Panlo at Rio Claro
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