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In this text, I intend to demonstrate the relevance of Husser]’s phenomenology for the debate on Cantor’s
continuum hypothesis. Once described the classical formulation of this problem by Cantor, Dedekind,
Zermelo-Fraenkel, and Hilbert, I observe that the current discussion about this issue is characterized
by the opposition between a Platonist (Godel) and a formalist (Cohen) solution. Although this latter is
widespread among mathematicians, a few of them still think that the continuum conjecture is relevant
for a philosophical foundation of set theory and, in general, for a scientific description of reality. Most
of them have been somehow inspired by Husserl’s phenomenology. This is the case, for instance, for
Weyl and Gédel himself, even if both of them gradually abandoned phenomenology for, respectively,
constructivism/predicativism and Platonism. My aim in this text is to reconstruct this “minor” history,
in order to show how Husserl’s account of the continuum, developed in different ways by Weyl and
Godel, remains the unique radical attempt to found mathematical formalization on intuition. Although
the continuum, namely the phenomenological condition of both the flux of the lived-experiences and
the flowing of the intuitive data, is a real leitmotiv of the phenomenological method as a whole, it plays
a peculiar role in the early Husserl, notably in his lectures of 1891 on Philosophy of Arithmetic, those of
1905-1908 On the Phenomenology of the Consciousness of Internal Time, and those of 1907 on Things
and Space. In these texts, there emerges a theory of how the concept of the continuum originates in the
intuition of concrete data: more precisely, the intuition of continuity is conceived as the phenomeno-
logical condition for any mathematical formalization of the continuum. This does not entail that Hus-
serl is not committed to the problem of a rigorous formalization of the continuum. Rather, as demon-
strated by his in-depth inspection of spatial perception and time-consciousness, he is fully aware of
the limits of any attempt of formalizing continuity (the same limits Weyl will emphasize concerning
Cantor-Dedekind’s axiom). Accordingly, it is precisely for its attempt to keep together intuition and
formalization that transcendental phenomenology still plays a relevant role in the current debate about
the foundation of mathematics.
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B 3TOM TeKcTe A CTpeMITIoCh IPOJEeMOHCTPUPOBATh 3HAYMMOCTD (heHOMeHONOrMNU [yccepns ams fe-
6aroB 0 KOHTHMHYyM-runoTese Kanropa. OmmcaB Kmaccuueckylo (GopMylInpoBKYy 9TOM IPoOGIeMbl
y Kanropa, [lenexunna, llepmeno u Openkens, u [mnpbepTa, 1 KOHCTATUPYIO, UTO AJIs COBPEMEHHOII
IUCKYCCUM IO TOMY BOIIPOCY XapaKTepHO IIPOTHUBOIIOCTaBIIeH e ITaToHucTKoro (Iénens) u popma-
mucrckoro pemenus (KosH). XoTs Bropoe pelieHye MUPOKO PacpoOCTPaHEHO Cpely MaTeMaTHKOB,
TONIbKO HEMHOTVE 13 HUX /IO CUX IIOP CYMTAIOT, YTO IPEJIION0KEHEe KOHTMHYYMA Pe/IEBAHTHO I
¢dunocodckoro 060CHOBAHMA TEOPUM MHOXECTB, 11 B L[eJIOM /I HAYYHOTO ONMCAHMA PeaNbHOCTI.
Bornbiras yacTb M3 HMX MCIbITaNMa BausHMe eHoMeHonornu Iyccepnsa. Takos, Hampumep, caydvait
Baitnsa u camoro I'épens, HecMOTpsI Ha TO, YTO OHM 06a MOCTENIEHHO CMEHV/IM MO3UINIO ¢ peHOoMe-
HOJIOTMYECKOIL, Ha, COOTBETCTBEHHO, KOHCTPYKTMBM3M/IPENMKATUBM3M U IJIATOHM3M. Mos 3afada
B 9TOM TEKCTe — PEKOHCTPYMPOBATh «MaJyi0» UCTOPUIO, YTOOBI IIOKA3aTh, KaK IpefcTaBnenue yc-
cepris 0 KOHTUMHYYMe, I0-pasHOMY pasBuToe Baiinem u [€neneM, ocTaéTca yHUKaNIbHOM pajiuKanbHOM
THOIIBITKOIT 060CHOBATh MaTeMaTH4ecKyo (opManusanuio MHTyunmeir. XoTs KOHTUHYYM, a MMeH-
HO KaK (DeHOMEHOJIOTMYeCKOe YC/I0Ble MOTOKA XIBOTO OIBITA, PABHO KaK 1 MPOUCTEYEHMs JAHHBIX
UHTYULNY, IPeACTaBIAeT co00il peabHbIIl etimomué HeHOMEHOTOTNIECKOTO METOJA B 1[e/IOM, OH
urpaet ocobyio ponb y paHHero Iycceprs, ocobeHHO B nekumsax 1891 r. Quaocopus apugpmemuxu,
1905-1908 rr. O ¢heromeHonozuu sHympeHHez0 co3Hanus spemenu, u 1907 1. Bewsp u npocmpancmao.
B 3Tux TekcTax BOSHMKAET IPE/ICTABNIEHNME O TOM, KaK IIOHATHE KOHTUHYyMa IPOMCXOAUT U3 MHTY-
UMY KOHKPETHBIX JAHHBIX: @ TOYHEe, MHTYULMU HeIIPEPbIBHOCTU — 9TO (PeHOMEHOIOTYeCKoe yc-
JIOBME BCAKOI MaTeMaTHdecKoil ¢popMmanmsanum KOHTHHyyMa. V3 aToro He cienyer, uro Iyccepnpb
He CTaBUT mpobiemy cTporoii popmanusanmu koHTHHyyMa. CKopee, ero ImyboKoe McCIeoBaHe
BOCIIPUATHA, IPOCTPAHCTBA U CO3HAHMA-BPEMEHH JIEMOHCTPUPYET, YTO OH HONTHOCTHIO OCO3HABAJ
TPAHMI[BI BCAKOJ MOMBITKM (HOPMaMM3aluyl HENPEPBIBHOCTHU (ITU e TPaHMIbI OyfeT MOg4eépKu-
BaTh Bailsb B TOM, 4TO KacaeTcs akcuombl KanTtopa-Jleneknupa). COOTBETCTBEHHO, IMEHHO B CBETE
9TUX IIOIBITOK PacCMaTPMBaTh BMeCTe MHTYULIMIO U GOpManusannio, GeHOMEeHONOTH IPOJOIDKAeT
UTpaTh 3HAYMMYIO POJIb B COBPEMEHHBIX iebaTax 06 OCHOBAHNAX MaTeMaTUKIL.

Kniouesvie cnosa: KoHTUHYYM, TeOpysl MHOXeCTB, ITATOHMU3M, GOpMaIn3M, UHTYULM, CO3HAHe-
BpeM:L.

1. CANTOR’S CONJECTURE AND ITS FORMER DEVELOPMENTS

The continuum hypothesis, formulated by Cantor (1878), is one of the most
famous conjectures in the set theory. In mathematical terms, the continuum problem
is the following: which is the transfinite cardinality of the set of real numbers? In other
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words, how many points are there in the real line? There exist two classic formula-
tions of the continuum hypothesis: each infinite subset of the continuum (i) has the
cardinality of the natural (countable infinite) or real number set; (ii) has the smallest
transfinite cardinality after the countable infinite. These two formulations are equiva-
lent if one assumes the nine-item list of rules called Zermelo-Fraenkel set theory plus
the axiom of choice (1904), affirming that, given any collection of non-empty sets, it is
possible to make a selection of exactly one object from each set, even if the collection
is infinite.

With respect to the problem of the continuum, the most relevant among Zer-
melo-Fraenkel’s axioms claims that infinite sets exist. Nevertheless, assuming actual
infinity leads to disturbing results: for instance, Cantor demonstrated that the infinite
set of even numbers {2, 4, 6, ...} can be put in a one-to-one correspondence with all
counting numbers {1, 2, 3, ...}: thus, there are just as many evens as there are odds-
and-evens. Even more troubling was his discovery in 1873 (Cantor, 1932) that the
continuum of real numbers (like 0.00001, T, etc.) is uncountable: this means that there
is no one-to-one correspondence between real numbers and the counting numbers,
insofar as for any numbered list of them it is possible to devise a real number that is
not on the list. That is, the infinite sets of real numbers and counting numbers have
different sizes, or different cardinal numbers. Indeed, Cantor demonstrated that there
are not two but an infinite sequence of ever-larger cardinals, each new infinity con-
sisting of the power set, or set of all subsets, of the infinite set before it. More closely,
Cantor asks whether there is either an infinity between the two smallest cardinals, or
the infinity of the real numbers is the first infinity past the infinity of the counting
numbers. On the one hand, rational numbers cannot provide such a mid-size infinity,
insofar as they have the same cardinality as the counting numbers. On the other hand,
there are just as many real numbers in any slice of the continuum (i.e. between 0 and
1) as there are in the whole set. Cantor concludes that there is no infinity between
countable sets and the continuum, although he could not demonstrate his hypothesis
using the axioms of set theory.

It is for these reasons that Hilbert (1935) put the problem of the continuum
at the first place in the list of 23 unresolved mathematical problems presented at
the International Conference of Mathematics of Paris in 1900. One has to wait until
1931 for a decisive turning point, when Godel proved (Godel, 1938) that an axiomatic
system such as Zermelo-Fraenkel’s one (plus the axiom of choice) cannot be at the
same time consistent and complete. His famous theorem of incompleteness shows
that, in order to prove that the axioms of set theory are consistent (namely, that they
do not lead to contradictions) an additional axiom is needed which is not on the list,
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and so forth. Indeed, whereas Godel demonstrated that the continuum hypothesis is
consistent with Zermelo-Fraenkel’s axioms (plus the axiom of choice), the American
mathematician P. Cohen (Cohen 1963a; Cohen 1963b) proved the opposite, that the
negation of the continuum hypothesis is consistent with Zermelo-Fraenkel’s axioms
(plus the axiom of choice). As a result, the continuum hypothesis is actually inde-
pendent of the axioms, that is, something beyond these axioms is required in order to
prove or refute it.

Especially after the demonstration of the independence of continuum hypoth-
esis from the set theory’s axioms, this issue is nowadays rather controversial. Its his-
tory! has determined a global reconsideration of the notion of solution in set theo-
ry (and mathematics), because of its strong dependence on the issues of consistency
and indeterminacy. With this regard, the continuum hypothesis involves a manifold
of philosophical questions dealing with the question of solution: has the continuum
problem been resolved? If so, which solution has been found? Otherwise, which is its
current status? Under Godel’s theorem of incompleteness, is it unavoidable a pluralis-
tic view about the continuum? Godel himself took part in this debate with an article
(1947) in which he claimed that, once assumed the correctness of the set theory axi-
oms, there follows that concepts and theorems describe a particular reality for which
Cantor’s conjecture is either true or false. Thus, the axioms” indeterminacy implies
that they do not contain a complete description of that reality (Godel, 1947). Godel’s
perspective can be included in the platonic approach to mathematics, namely the view
for which mathematics has to deal with a realm of objects and concepts independent
of our mind. From this perspective, the continuum hypothesis has a given value of
truth, independently of our ability to discover it. By contrast, Cohen maintains that
the demonstration of the continuum hypothesis’ independence of Zermelo-Fraenkel’s
axioms (plus the axiom of choice) is completely satisfying: rather than requiring the
understanding of any mathematical reality (as argued by Gdédel), the solution of the
continuum problem depends on the results we can reach within a certain axiomat-
ic system. His formalistic solution is widely diffused among mathematicians: only a
few of them still think that the continuum conjecture is relevant for a philosophical
foundation of set theory and, in general, for a scientific description of reality. Most of
them have been somehow inspired by Husserl’s phenomenology. For instance, this is
the case for Weyl (at least until 1918) and Godel himself, even if both of them grad-
ually abandoned phenomenology for, respectively, constructivism/predicativism and
platonism. My aim in this text is to reconstruct this “minor” history, in order to show

! For a precise overview of this discussion, see Linnebo (2017), especially chapters 4, 8, and 12.
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how Husserl’s account of the continuum, developed in different ways by Weyl and
Godel, remains the unique radical attempt to found mathematical formalization on
intuition. More precisely, to think together mathematical formalization and intuition
(whereas Weyl and Godel respectively developed the former and the second). With
this respect, could transcendental phenomenology still play a relevant role in the cur-
rent debate about the foundation of mathematics?

2. HUSSERL'S ACCOUNT OF THE CONTINUUM

The question of the continuum is central not only for mathematics, but also for
natural sciences and theories of consciousness. This is particularly evident for one of
the most relevant philosophical approaches developed at the very beginning of XX
century, Husserl's phenomenology?®. Indeed, the flow of phenomenological data, as
well as the internal time-consciousness, are based upon the intuition of the continu-
um. As I will demonstrate, the interaction between the intuitive and the mathematical
continuum provides with a perfect instance of the relation between what is constitut-
ing and what is constituted. In other words, between intuition and formalization. In-
deed, although such an interaction is to some extent peculiar of almost all the history
of the continuum hypothesis, it plays a primary role in Husserl’s transcendental phe-
nomenology, in Weyl's project of foundation of physics, and in Godel’s mathematical
program. With this respect, in the following sections I aim at clarifying the impact of
Husserl’s transcendental phenomenology on Weyl’s and Godel’s early perspectives.
Let us start here with Husserl.

Within the limit of this work, I cannot provide a complete discussion of the
huge quantity of passages — from the published texts and manuscripts — where Hus-
serl deals with the issue of the continuum. Although the continuum, namely the phe-
nomenological condition of both the flux of the lived-experiences and the flowing of
the intuitive data, is a real leitmotiv of the phenomenological method as a whole, it
plays a peculiar role in the early Husserl, notably in his lectures of 1891 on Philosophy
of Arithmetic (2003), those of 1905-1908 On the Phenomenology of the Consciousness
of Internal Time (1991), and those of 1907 on Things and Space (1997). As emphasized
by Tieszen (1996, 304), “Husserl thinks that arithmetical knowledge is originally built
up in founding acts from basic, everyday intuitions in a way that reflects our a priori
cognitive involvement™. Within this framework, it is worth noting how Husser] takes

2 For a critical reconstruction of the relations between Husserl’s phenomenology and sciences, see
Feist (2004).

3 See also Centrone (2010, 1) (footnote 2).
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into serious consideration both the intuitive and formal structure of the continuum
since his first great work. For instance, let us consider the following passage from the
section about the Origin of the Concept of Manifold in Philosophy of Arithmetics:

If we consider, for example, the cohesion of the points on a line, of the moments of a
span of time, of the color nuances of a continuous color spectrum, of the tonal qualities
in a “tone progression”, and so on, then we acquire the concept of combination-by-con-
tinuity, and, from this concept, the concept of the continuum. This latter concept is not
contained as a particular, distinguishable, partial content in the image of every concrete-
ly given continuum. What we note in the concrete case is, on the one hand, the points or
extended parts, and, on the other hand, the peculiar combinations involved. These latter,
then, are what is always identically present whenever we speak of continua, however
different may be the absolute contents which they connect (places, times, colors, tones,
etc.). Then in reflection upon this characteristic sort of combination of contents there
arises the concept of continuum, as that of a whole the parts of which are united precisely
in the manner of continuous combination. (Husserl, 2003, 20)*

It is worth putting this passage in connection with Husserl’s discourse on math-
ematical entities in § 60 of the Sixth Logical Investigation (Husserl, 2001c), where he
distinguishes between sensuous abstraction and pure categorial abstraction. Whereas
sensuous abstraction gives sensuous concept (for instance, “house, red”) and mixed
concepts, categorical abstraction gives categorical concepts (for instance, “relation,
set, number”), called by Husserl “formal-ontological categories”. If sensuous and
mixed concepts are based upon sensuous intuitions, categorical concepts depend on
categorical intuitions. Concerning the categorical intuition of a set, categorical ab-
straction refers to the collection’s form, without any consideration of all material as-
pects of the set’s members. Accordingly, provided that logico-mathematical intuition
is a categorical intuition purified by categorical abstraction, pure logic and mathemat-
ics include no sensuous concepts. Once intuitively grasped a mathematical concept,
one can grasp other mathematical objects in new categorial acts of higher level. Thus,
mathematics results being based upon pure categorial abstraction, which excludes all
the material contained in the categorial intuition.

From this standpoint, there emerges how the concept of the continuum orig-
inates in intuition of concrete data: more precisely, the intuition of continuity is the
phenomenological condition for any mathematical formalization of the continuum.

A very similar passage is to be found in the Third Logical Investigation: “Two contemporaneous
sensuous concreta necessarily form an ‘indifferentiated whole’ if all the immediately constitutive
‘moments’ of the one pass unbrokenly over into corresponding constitutive ‘moments’ of the other.
The case of exact likeness of any such corresponding moments shall count as a legitimate limiting
case of continuity, i.e. as a continuous ‘passing over into self™ (Husserl, 2001b, 14).
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This does not entail that Husserl is not committed to the problem of a rigorous for-
malization of the continuum. With this respect, it must be noted a strong influence
of Hilbert’s view, following which “one begins by assuming the existence of all ele-
ments (that is one assumes at the beginning three different systems of things: points,
lines and planes) and one puts these elements into certain relations to one-another by
means of certain axioms, in particular the axioms of connection, order, congruence
and continuity” (Hilbert, 1900, 181). Nevertheless, Husserl is fully aware of the limits
of any attempt of formalization of the continuity (the same limits Weyl will emphasize
concerning Cantor-Dedekind’s axiom):

We are able to bring each single group element to representation in its own right in tem-
poral succession, even though not in one allinclusive act. But all of this is impossible in
the cases to which we now turn. We speak of totalities, groups, and multiplicities also
where the concept of their authentic formation, or of their symbolization through se-
quential exhaustion of the individuals involved, already contains a logical impossibility.
We speak of infinite groups. The extensions of most general concepts are infinite. The
group of the numbers in the symbolically expanded number series is infinite, as is the
group of points in a line, and, in general, that at the limits of a continuum. The thought
that some conceivable expansion of our knowledge capacity could enable us to have the
actual representation - or even the mere sequential exhaustion - of such groups is un-
imaginable. Here even our power of idealization has a limit. (Husserl, 2003, 231)

One could spot the same tension between intuition and formalization of the
continuum also in Husserl’s lectures of 1907 on Thing and Space as well as in his
courses on time-consciousness of 1905-1908°. In both cases, I cannot provide even
a synthetical overview of the enormous critical literature on these texts®: thus I will
only recall some quotations in order to show how the question of the continuum is
at the very core of the general problem of the temporal and spatial perception. At the
beginning of § 19 of Thing and Space, Husserl argues:

Here I have in mind the wonderful phenomenological forms of appearance which have
the character of extensions of appearance: in them is constituted the spatial and temporal
expanse that belongs to the essence of thingly objects; in them therefore lies the source of
all spatial-temporal predicates. (Husserl, 1997, 51)

For what concerns the spatial continuity, Husserl distinguishes two main mean-
ings: 1) The continuity that belongs to spatial extension as such and that comes to
consciousness as an immanent moment when we allow unchange to pass over into

> It must be noted that these courses have been projected by Husserl as a whole series of lectures on

the problem of perception.
¢ Tlimit myself to remind of de Warren (2009) and Claesges (1964).
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change, for example in the continuous migration of a qualitative discontinuity over
an expanse filled up unitarily in such and such a way. 2) The continuity of the fill-
ing determinations themselves, for example the flowing over from quality to quality,
perhaps in the transition from red through purple to violet. But what is particular-
ly relevant for us is that, in Husserl words, “continuity is extension, and qualitative
continuity qualitative extension. That essentially implies fragmentability and the ideal
possibility of an abstract differentiation into phases. [...]” (Husserl, 1997, 59). This idea
of the priority of intuitive continuum upon its mathematical construction is explicitly
attested by the following passage:

Although in fact every body can be resolved into an infinite manifold of plane sections
and can be considered a continuum of plane sections, yet the geometry of plane figures,
which encompasses all these sectional figures, is still not the geometry of the spatial
body. In proceeding beyond the plane, what is at issue is precisely the laws according to
which the planes and the formations lying on them are continually modified. (Husserl,
1997, 173)

Much more complex appears to be the issue of temporal continuum precisely
because of its irreversibility:

If time thus appears as an eternal stream which precipitates everything temporal into the
abyss of the past, yet, on the other hand, time has validity as an eternal and fixed form,
since every being maintains its position in time. Even a god cannot alter the temporal
positions of events in the past. Here reside immense difficulties, which up to now have
defied the acumen of the greatest. We will still devote efforts of our own to these difficul-
ties. (Husserl, 1997, 55)

In order to make sense of these great difficulties, one has to address the question
of the continuum within the framework of Husser!’s lectures on time-consciousness
from 1905-1908. Although the transcendental experience of time reveals some rele-
vant differences with respect to the perception of space, it must be admitted that, in
both the lectures on time-consciousness and spatial perception, there emerges the
idea of a basic impossibility of reducing the intuitive continuum phases into a set
of points’. From this perspective, in my interpretive hypothesis, Husserl’s decision

Indeed, Husserl] argues that “What we call original consciousness, impression, or even perception,
is an act that is shaded off continuously. Every concrete perception implies a whole continuum of
such shadings. But reproduction, phantasy-consciousness, also requires precisely the same shad-
ings, only reproductively modified. It belongs to the essence of both of these experiences that they
must be extended in such a way that a punctual phase can never exist by itself” (Husserl, 1991, 49).
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of keeping the notion of the “original impression™®, although not conceivable as a
punctual source of the temporal continuum, strictly depends on his attempt to clarify
the conditions of the mathematical formalization of time. With this regard, Husserl
argues:

It is inherent in the essence of every linear continuum that, starting from any point what-
soever, we can think of every other point as continuously produced from it; and every
continuous production is a production by means of continuous iteration. [...] The pri-
mal impression is the absolute beginning of this production, the primal source, that from
which everything else is continuously produced. But it itself is not produced: it does not
arise as something produced but through genesis spontanea; it is primal generation, it
does not spring from anything. It is primal creation. (Husserl, 1991, 106)

Accordingly, the problem of the “original impression” contains and includes
the ambivalence of the intuitive (pre-phenomenal) continuum and the mathematical
continuum as a logical construction. As is well known, Husserl founds these different
experiences of the continuum on two varieties of intentionality (but we know from a
number of manuscripts that he was not really satisfied by this solution). Expressed in
terms of the double continuum of “transverse” and “lengthwise” segments, the distinc-
tion between constituted transcendent object and constituting time-consciousness
designates the transverse intentionality (phase-continuum), whereas the distinction
between constituted time-consciousness (immanent unity of act and its content) and
constituting absolute time-consciousness designates the “lengthwise” intentionality
(stretch-continuum).

Nevertheless, in a manuscript from 1908 or 1909, Husserl becomes definitively
aware of the impossibility of conceiving of the phenomenological continuum of time
as something objective:

Is it inherently absurd to regard the flow of time as an objective movement? Certainly!
On the other hand, memory is surely something that itself has its now, and the same now
as a tone, for example. No. There lurks the fundamental mistake. The flow of the modes
of consciousness is not a process; the consciousness of the now is not itself now. [...]
Memory is an expression that always and only refers to a constituted temporal object.
Retention, on the other hand, is an expression used to designate the intentional relation
(a fundamentally different relation) of phase of consciousness to phase of consciousness
and in this case the phases of consciousness and continuities of consciousness must not
be regarded as temporal objects themselves. These are extremely important matters, per-
haps the most important in the whole of phenomenology. (Husserl, 1991, 345-346)

8 As is known, the most serious difficulty entailed by the concept of the original impression is the

infinite regression from what is constituted to what is constituting.
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Husserl approaches anew these “extremely important matters” in the Bernauer
Manuskripte, where the problem of the originary impression develops into the issue
of individuation as a temporal process. From a genetic pront of view, it is precisely
in this process that the ego originates in its immanence. This means that individ-
uation concerns not only the objects, but also the ego as such. In other words, the
immanent “living-present” is the most originary type of individuation, composed
of a multiplicity of sensible given unified in a continuous sequence. After a decisive
discussion with R.Ingarden about the problem of the relation between the unity of
sensible data and the flow of consciousness, Husserl recalls into question the scheme
apprehension/content of apprehension introduced in his Logical Investigations, as tes-
tified by the manuscripts n. 6 and 9. In these texts Husserl argues that the flux of ab-
solute consciousness constitutes the Erlebnisse as temporal objects within immanent
temporality. This implies that the constitution of the temporal objects is inseparable
from the constitution of a temporal consciousness. In other words, the flux of abso-
lute consciousness implies an essential correlation between immanent perception and
perceived object. Accordingly, the immanent temporality, namely the noetic side of
intentionality, derives from the temporal constitution of the flux of consciousness as
a continuous and consistent flux. From this viewpoint, both objective and immanent
temporality are based on the “originary process” (Urprozess) of individuation. Indeed,
Husserl states in the text n. 9:

I mean that it is only by virtue of the coincidence (Deckung) which crosses retention and
protention and continues from an originary presentation to a new one as a coincidence
of this persisting sound (where the last originary presentation falls into retention), that
we grasp the sound as a temporal object. If we abstractively isolate an originary pre-
sentation and its flow in the temporal flux, we obtain in each point a new nuclear given
(Kerndatum) taken abstractively, not a temporal objective given (zeitgegenstindliches).
In other terms, we will obtain no representation (Darstellung) of something objective
within the nuclear given. Accordingly, the persisting perception of a sound is not to be
understood merely as the objective series of the originary presentations. This series is
constituted [...], as well as the series of the originary flux; nevertheless its objectivation
has a different sense [...]. (Husserl, 2001a, 171)°

In the light of this passage, it is clear that in these manuscripts Husserl is no
longer committed to the idea of an originary presentation nestled in a double hori-
zon of retentional and protentional phenomena. Thus, he changes his perspective and
emphasizes the role played by both the protensions of the flux of retentional mod-
ifications and the influence of retentions in the determination of protentional con-

9 Translation is mine. See also Schnell (2002).
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tents. It follows that the originary process (Urprozess or Urstrom) reveals itself not as
a mechanism of constant modification of the present in the just passed; rather, the
temporal flux is deeply interwined with passive syntheses, anticipations and more or
less intense degrees of fulfillment (Erfiillung) and emptying (Entfiillung). With this
respect, Husserl maintains: “Differently from the previous texts, what is at stake here
is no longer the mere [...] retentional consciousness of the originary flux, but rather
a self-consciousness of the originary flux originally anchored in the fluent present”
(Husserl, 2001, XIII). As a consequence, in the Bernauer Manuskripte Husserl testifies
his awareness of the danger of infinite regression and describes the present itself as
fluent continuity: “A fluent consciousness structured in this way is necessarily a con-
sciousness of itself as fluent” (Husserl, 2001a, 48).

Still, the problem is not completely solved as long as the Urprozess is under-
stood as an independent level of intentional consciousness, responsible for both the
constitution of the temporal (immanent) objects and the acts of apprehension. What
remains definitely open is the question of the flux’s nature: provided that the flux is
placed at a transcendental level, why does it manifest itself a posteriori, as a condition
of possibility of the constituted time? If the originary process needs to be grasped by
the ego, without whom the function of constitution would not be possible, its inde-
pendence is seriously compromised. This means that, although the nuclear model
seems to be more fruitful than the model of apprehension (always subject to the dan-
ger of infinite regression), Husserl does not fully succeed in dealing with the differ-
ence between act-consciousness and consciousness of originary consciousness. Some
scholars!® conceive of the originary flux as the unique non-constituted element in
Husserl’s phenomenology. According to this view, the originary flux, understood as
longitudinal intentionality, should be the origin of all temporal constitutions. Never-
theless, Husserl emphasizes how longitudinal intentionality is at the same time trans-
versal intentionality, which is always in connection with the time of immanent ob-
jects. It follows that, in front of the problem of time, the notions of origin, process and
constitution fall into a kind of short circuit.

In order to summarize, what is at stake in Husserl’s scrutiny of time-conscious-
ness is the possibility of new originary presentations within the continuum of inten-
tional givenness. More precisely, Husserl struggles to find an equilibrium between the
continuous process of temporalization and the emergence of punctual new instants,
that is, between the intuitive experience of continuity and the attempt to formalize it.
Each protentional instant is never fully anticipated by the previous one: this means

10 See for instance Sokolowski (1964).
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that the grasping of temporal flux does not consume the surprise of our conscious-
ness in front of the presentation of each new instant. It is for this reason that Husserl
describes consciousness as what emerges from the awakening of time itself (Husser],
1966, 178).

3. H. WEYL, A PHENOMENOLOGIST?

As is well known, Husserl’s early thought is strongly influenced by a number of
mathematicians, such as Hilbert, Cantor, Riemann, Kronecker, Weierstrass, and von
Staudt - just to mention the most important. Nevertheless, after the noteworthy works
by D.Fellesdal (1999), B. Hopkins (2011), and S. Centrone (2010), also Husser!’s in-
fluence on the thinking of some mathematicians must be taken into account. Among
others, this is the case for J. Klein, H. Weyl, and K. Godel. Notably, Weyl presents his
account of the continuum not only as a purely logical and meta-mathematical inves-
tigation of matemathics, but rather as an attempt for a phenomenological reconstruc-
tion of the world!!. My aim in this section is to evaluate how and to what extent Weyl’s
program can be understood as a scientific development of Husserl’s transcendental
phenomenology.

As a matter of fact, the phenomenological method had a decisive impact on
Weyl's major works The Continuum (1987) and Space Time Matter (1922), both pub-
lished in 1918. This influence is to be firstly recognized in Weyl’s claim that coordinate
system is “the unavoidable residuum of the ego’s annihilation” (Weyl, 1987, § 5.3.4), a
clear reprise of Husserl’s account of transcendental ego as the residuum of phenom-
enological reduction (Husserl, 1976, § 49). Furthermore, there is evidence of Weyl's
appreciation of the phenomenological method in his correspondence with Husserl!2.
From a biographical view-point, Weyl’s interest in phenomenology doubtlessly de-
rives from his wife Hella Joseph, a student of Husserl, who introduced him to Ideen
I after their move from Gottingen to Ziirich in 1913. Nevertheless, as results from
Weyl's Habilitationsschrift (1913), it must be noted that he attended some of Hus-
serl’s lectures and seminars from 1905 to 1908, when Husserl substituted for Hilbert
(Weyl’s teacher of mathematics at that time). It is for these reasons that in my view,
although Weyl always refers to Ideen I, his account of continuum is deeply indebted
to Husserl's Dingvorlesungen (1997), some of which he probably attended, as well as
to Husserl’s lectures on time-consciousness. Indeed, Husserl extensively approaches

11 See for instance Rykman (2005) and Boi (2004).
12° See Van Dalen (1984).
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the issue of continuum in his 1907-1908 lectures, rather than in Ideen I. Accordingly, I
suggest that, whereas Weyl's account of transcendental residuum is clearly influenced
by the § 49 of Ideen I, his perspective on intuitive and mathematical continuum is to
be understood within the framework of Husserl's lectures on time-consciousness and
his theory of spatio-temporal perception developed in the Dingvorlesungen'®. Under
these premises, I will first focus on Weyl’s dissatisfaction with the classical mathemat-
ical formalization of the continuum developed by Cantor and Dedekind; then, I will
discuss the relevance of Husserl’s theory of the pre-phenomenal continuum on Weyl’s
perspective.

What is stable among the diverse experiences of the continuum in the world?
Above all, an invariance of scale: all the smallest parts of time (or of a line), keep the
same properties of that of a longer one. Secondly, the absence of jumps and holes in
the continuum. As explained above, at the beginning of the XX century, the ques-
tion of the continuum in mathematics required to be addressed more precisely, also
because of the theory of ether which strongly permeated the scientific spirit. In this
context, Weyl appreciates the admirable work of Cantor and Dedekind, whose famous
axiom states that real numbers are order-isomorphic to the linear continuum of ge-
ometry. Accordingly, the proposition “there is a one-to-one correspondence between
real numbers and points on a line” provides analytic geometry with an absolute foun-
dation. More closely, if we take the set of the integers, N (positive natural numbers),
and the rationals Q (quotients of a fraction) as fractions of integers, we can observe
that Q is a dense order (between any two rationals, there is always a third), invariant
by scale, and without jumps. Nevertheless, Q has a number of holes or lacunas as well.
Dedekind’s solution consists in defining a real number as the set of rationals that are
smaller than itself. The result is the set construction of Cantor-Dedekind, that of the
real line R of analysis: it satisfies the invariance-of-scale requirement and presents no
jumps or lacunas. As a consequence, according to Cantor-Dedekind’s axiom, a curve
is continuous if it is described by a law that does not introduce jumps or lacunas and
is parametrized by the line R.

Nevertheless, in Weyl’s view, there is still a problem with this axiom. If a real
number is the limit of all the rationals that precede it, we risk to fall into a circular
proof. Indeed, there is always an infinity of positive rationals smaller than whichever
positive real: thus, we need to use, when defining it, the collection N of all the inte-
gers. However, the classical definition of this totality has the following structure: N is

13 See in particular Husserl (1997, § 21). The basic reason of the fact that Weyl does not quote any
passage from these texts is that they have been published only in 1928 and 1973.
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the intersection of all sets that contain zero and which are closed under the successor
operation'“. But the set of all sets that contain zero and are closed under the successor
operation contains N itself: as a result, the definiens uses the definiendum. Poincaré
and Weyl were fully aware of this risk: with this regard, they discussed the possibility
of “impredicative notions” in mathematics'®, not always contradictory but very often
circular. It is precisely this solution that left Weyl unsatisfied, especially because he
was worried, as were most mathematicians at that time, about the lack of rigor in
mathematical definitions. For this reasons, he searched for a new approach of math-
ematical analysis in order to identify a common element between analysis and intui-
tion of the temporal continuum. It is precisely with this aim that has to be understood
Weyl’s use of Husserl's transcendental phenomenology.

The impact of Husserl’s theory of spatial and temporal perception on Weyl’s
account of the intuitive continuum is evident. In Weyl's view, our intuition about the
continuum originates from common or stable elements, namely invariants emerging
from a plurality of acts of experience: for istance, the perception of time, of movement,
of a line extended, and so forh. For what concerns time, Weyl considers Husserl’s (and
Bergson’s) phenomenal time as a conscious experience coexisting with memory of the
instant gone. Consistently with Husserl’s perspective, Weyl describes the intuition of
time a flux, namely an experience of constant transformation. This means that time
is a duration without points: time consists in interconnected parts that are superim-
posed on each other. With this respect, Weyl’s phenomenological heritage is patent:

The view of a flow consisting of points and, therefore, also dissolving into points turns
out to be false. Precisely what eludes us is the nature of the continuity, the flowing from
point to point; in other words, the secret of how the continually enduring present can
continually slip away into the receding past. (Weyl, 1987, 91-92)

In other terms, Weyl shares with Husserl a radical opposition between, on the
one hand, time and space as pre-phenomenal experiences and, on the other hand,
time and space as construed mathematical entities. This means that, whereas the con-

14 A set has closure under an operation if the performance of that operation on members of the set
always produces a member of the same set; in this case we also say that the set is closed under the
operation. For example, the positive integers are closed under addition, but not under subtraction
(1-2 is not a positive integer even if both 1 and 2 are positive integers). The successor operation (or
function) is a primitive recursive function S such that S(n)=n+1 for each natural number n. For
example, S(1)=2 and S(2)=3.

As observed by Poincaré, these definitions are not always contradictory, but they always run the risk
of being circular. The question of impredicativity was largely discussed at the beginning of the XX
century, especially after the work of Russell.
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strued entities resulting from mathematical construction are made out of ultimate
elements (the points), the pre-phenomenal life-experiences — time in particular —
cannot be further reduced. More closely, Weyl accepts Cantor and Dedekind’s axi-
om about the one-to-one correspondence between the real line and pre-phenomenal
space, but judges unsatisfactory the extension of such a correspondence to time. Also
considering spatial movement, the situation is not significantly different. Indeed, “in
movement, the continuum of points on a trajectory recovers in a continuous mono-
tone fashion the continuum of instants” (Weyl, 1987, § 8). But following Weyl’s argu-
ment, this is just superposition: the temporal continuum does not have points, the in-
stants are merely transitions, the present is only possible because of the simultaneous
perception of the past and of the future. Accordingly, Weyl maintains:

I think that everything we are demanding here is obvious nonsense: to these questions,
the intuition of time provides no answer-just as a man makes no reply to questions which
clearly are addressed to him by mistake and, therefore, when addressed to him, are un-
intelligible. So the theoretical clarification of the essence of time’s continuous flow is not
forthcoming. The category of the natural numbers can supply the foundation of a math-
ematical discipline. But perhaps the continuum cannot [...]. (Weyl, 1987, 90)

From this there follows that we can gather the following concerning objectively
presented time: 1) an individual point in it is non-independent, i.e., is pure nothing-
ness when taken by itself, and exists only as a “point of transition” (which, of course,
can in no way be understood mathematically); 2) it is due to the essence of time (and
not to contingent imperfections in our medium) that a fixed time-point cannot be
exhibited in any way, that always only an approximate, never an exact determination
is possible (Weyl, 1987, 92). Points do not belong to our intuition of the continuum,
neither temporal (as Husser]l and Weyl tell us) nor spatial (a precise proof of the fact
that a curve is a law, not a set of points, is provided by Wittgenstein (1964)). As a re-
sult, “the point without dimensions is a derived conceptual construction, a necessary
consequence of a line as a one-dimensional law. It is a posterior reconstruction [...]
which puts together the points to reconstruct the line” (Longo, 1999, 404).

In the light of this inspection, one cannot deny a clear phenomenological inspi-
ration of Weyl's early thought. Nevertheless, as insightfully argued by R. A. Feist (2004,
138), Weyl’s declaration of phenomenological membership should not prevent from
considering two points of substantial divergence which, therefore, reput into question
the claim that his view is a mathematical development of Husserl’s phenomenology. a)
Firstly, Weyl’s claim in The Continuum that the sequence of natural number is given
in an immediate intuition of iteration is clearly in contradiction with Husserl’s view
that there cannot be any direct access to formal categories (included the sequence of
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natural numbers), uniquely graspable by categorial acts. Furthermore, probably un-
der the influence of Poincaré, who defended the idea that natural numbers are given
to us throug an a priori synthesis, Weyl maintains that we can have an intuition of
an actually infinite sets. Also in this case one can register an explicit break with Hus-
serl, strongly committed to the claim that finite and infinite sets can be only partially
intuited, as pointed out in the previous section. b) The second point of divergence
concerns Weyl’s choice for predicativism. Following Weyl’s argumentation in chapter
6 of The Continuum, the constitution of all higher level objectivities depends on the
immediate intuition of natural numbers. Thus, whereas the latter exist independently,
all other objectivities are constituted in conformity to logical constraints, that is, in
Weyl’s view, predicative constructions based upon the domain of natural numbers!®.
By contrast, in Husserl’s thought such logical restrictions are totally excluded, insofar
as he was firmly convinced that mathematics is a variety of knowledge of reality and,
at the same time, a formal theory of possible regions of being. In other terms, Husserl
was not committed to any kind of restriction of mathematics with the purpose of
fitting it into strictly intuitive (or predicative) limits. Rather, he was strongly involved
in a research of formal systems, as testified by the Mannigfaltigkeitslehre developed
through the Logical Investigation as a part of his formal ontology. This means that
Husserl's phenomenology does not exclude any formal (non-intuitive) mathematics,
as well as formal and axiomatic theories of analysis capable of providing a ground for
regional ontologies'”.

These two arguments lead Weyl to the thesis that a phenomenological founda-
tion of the mathematical continuum based upon the analogy between the immediate
intuition of time and the intuition of the natural numbers succession is in princi-
ple excluded. Once demonstrated that the intuitive and the mathematical continuum
do not coincide, Weyl suggests that its mathematical construction must necessarily
overcome the level of phenomenological description'8. This is the basic reason why
Weyl progressively shift from phenomenology to predicativism after the works just
considered. With this regard, in a lecture delivered in Princeton in 1927, with the title

16 This restriction is doubtlessly influenced by Poincaré and Russell.

17 Another very relevant result of these restrictions is that they imply a rejection of the epoché, since

Weil clearly does not suspend ontological commitments. This rejection of the epoché is also evident
in Space-Time-Matter, where Weyl doubts that there could be an intuition of space unaided by the
constructions of mathematical physics. This is a straightforward denial of the possibility of an intu-
ition of ssences, within the scope of epoché.

As stated by Da Silva (1997, 289): “Despite its debt to certain phenomenological ideas, the system
of The Continuum cannot be seen as a prototype of how the whole of mathematics should be devel-
oped from the phenomenological perspective”
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Time Relations in the Cosmos, Proper Time, Lived Time, and Metaphysical Time, he
concludes:

The immediately experienced is subjective and absolute. On the other hand, the objective
world is necessarily relative and may be represented by something definite, numbers or
other symbols, only after a coordinate system has been arbitrarily imposed on the world.
This pair of opposites, subjective-absolute and objective-relative, seems to me one of the
most fundamental epistemological insights one can gather from science. (Weyl, 2009, 31)

4. GODEL'S PHENOMENOLOGICAL REALISM

Especially after Follesdal’s insights (1999), Husser!’s influence on Godel is wide-
ly known. Although Gédel never referred to Husserl in his works, the publication of
his Nachlass demonstrated that he knew Husserl very well and strongly appreciated
his thought!®. Furthermore, even if Godel started studying Husserl only in 1959, when
his mathematical view was wholly developed, he expressed a perspective in philoso-
phy of mathematics very similar to Husserl long before studying it. With this respect,
it is worth noting that in Gédel’s works before his reading of Husserl one cannot find
a systematic approach to philosophical questions, except some references to a kind
of realism concerning mathematical entities. More precisely, Godel was convinced
that we can grasp mathematical theories by intuition, in a way not so distant from
Husser!’s approach to mathematics. This is the substantial reason why Gddel found in
Husser!’s transcendental phenomenology a natural philosophical framework for his
mathematical theory.

Godel defended realism about mathematical entities since he was a student,
throughout the 20s. For instance, in the essay on Russell's Mathematical Logic, he as-
sumes a clear realistic view about sets and classes:

It seems to me that the assumption of such objects is quite as legitimate as the assump-
tion of physical bodies and there is quite as much reason to believe in their existence.
They are in the same sense necessary to obtain a satisfactory system of mathematics as
physical bodies are necessary for a satisfactory theory of our sense perceptions and in
both cases it is impossible to interpret the propositions one wants to assert about these
entities as propositions about the “data”, i.e. in the latter case the actually occurring sense
perceptions?. (Godel, 1944, 37)

19 Godel's comments on Husserl are mostly appreciative, notably about Ideen I. However, in certain
passages of the Nachlass he is critical, especially towards the Logical Investigations and the Crisis of
European Sciences.

20" This passage is echoed by Godel’s following claim in 1953: “Mathematical propositions, it is true,
do not express physical properties of the structures concerned [in physics], but rather properties of
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What is particularly relevant for the issue of the continuum is Godel’s supple-
ment, composed in 1963 (after studying Husserl's Ideen I), to What is Cantor’s Contin-
uum Problem? where he states:

Despite their remoteness from sense experience, we do have something like a perception
of the objects of set theory, as is seen from the fact that the axioms force themselves upon
us as being true. I don’t see any reason why we should have less confidence in this kind
of perception, i.e. in mathematical intuition, than in sense perception, which induces us
to build up physical theories and to expect that future sense perceptions will agree with
them and, moreover, to believe that a question not decidable now has meaning and may
be decided in the future. The set-theoretical paradoxes are hardly any more troublesome
for mathematics than deceptions of the senses are for physics. That new mathematical
intuitions leading to a decision of such problems as Cantor’s continuum hypothesis are
perfectly possible was pointed out earlier. (Godel, 1990, 268)

In all these quotations (and one can find a number of others) the similarity
with Husserl’s account of mathematics is striking®!: once categorial intuition results
being a widening of sensuous intuition, what at first glance seems to be Gédel’s na-
ive realism reveals itself as the expression of a phenomenological realism. The main
outcome of Godel’s account of mathematical intuition is the idea that axioms “force”
themselves upon us as being true, a stance that plays a decisive role in his criticisms
of Cantor’s conjecture on the continuum. Nevertheless, such a power of axioms does
not entail that mathematical intuition is infallible, as follows from Godel’s theorem
of incompleteness. In a very similar way, Husserl claims that categorial intuition is
not an absolute source of evidence, insofar as it involves anticipations about aspects
and features of the objects not yet explored and, accordingly, the possibility of errors.
Concerning the general issue of perception (to which categorial intuition belongs),
Husserl argues in the Sixth Logical Investigation that “in the ideal, limiting case of
adequate perception, this self/presenting sensed content coincides with the perceived
object. [...] Each individual percept is a mixture of fulfilled and unfulfilled inten-

the concepts in which we describe those structures. But this only shows that the properties of these
concepts are something quite as objective and independent of our choice as physical properties
of matter. This is not surprising, since concepts are composed of primitive ones, which, as well as
their properties, we can create as little as the primitive constituents of matter and their properties”
(Schlipp, 1963, 9).

21 As emphasisez by Follesdal (1999, 398), Godel does not specify whether, in his view, the objects of
mathematical intuition are classes and concepts, propositions (namely relations between concepts),
sets, or all of these. With this respect, Husserl is much more precise when claiming that both intu-
ition and perception are of objects. Whereas in perception is of a physical object, categorial/eidetic
intuition is of an abstract entity.

154 CLAUDIO TARDITI



tions” (Husserl, 2001c, 221). More explicitly, in his later lectures on Active and Passive

Synthesis, he restates that
[...] every perception implicite invokes an entire perceptual system; every appearance
that arises in it implies an entire system of appearance, specifically in the form of in-
tentional inner and outer horizons. We cannot even imagine a mode of appearance in
which the appearing object would be given completely. No final presentation in the flesh
is ever reached in the mode of appearance as if it would present the complete, exhausted
self of the object. Every appearance implies a plus ultra in the empty horizon. And since
perception does indeed pretend to give the object [completely] in the flesh in every ap-
pearance, it in fact and by its very nature constantly pretends to accomplish more than it
can accomplish. (Husserl, 2001, 48)

It is precisely for this reason that Godel believes that phenomenology is a “sys-
tematic method for such a clarification of meaning” (Godel, 1995, 383), that is a fruitful
method to find new axioms in order to confirm or contest the continuum hypothesis.
Whit this regard, in What Is Cantor’s Continuum Problem? Godel develops his argu-
ment about the “success” of new mathematical axioms. In his view, “success” indicates
fruitfulness in verifiable consequences. More precisely, consequences also demonstrable
without the new axiom, but whose proofs with the help of the new axiom are remark-
ably simpler to discover. For instance, this is the case for a new axiom that allows for
synthesizinf into one proof many different proofs. As observed by Follesdal, what is at
stake with Godel’s notion of success is not the derivation of new theorems, but that the
axiom permits us to derive old theorems in a more linear and consistent way.

In conclusion, it must be doubtlessly noted that Godel’s realism/platonism
about the continuum hypothesis, as well as in philosophy of mathematics in general,
is much more sophisticated than traditionally thought. First and foremost, the intu-
ited objectivities are transcendent. To put it differently, they are always experienced
as independent of us. This is what one should call a “platonistic” tendency in both
Husserl’s and Godel's perspectives. Nevertheless, Husserl emphasizes the active role
of subjectivity in the process of constitution of reality: in other words, even if objec-
tivities are independent of us, we play an essential function in structuring them. Al-
though this transcendental aspect is at the very core of Husserl's phenomenology;, it is
not seriously taken into account by Gédel.

5. CONCLUSIONS

Throughout the theoretical path I attempted to reconstruct here, there emerged
how Husserls phenomenology contributed to the development of the debate on
Cantor’s continuum conjecture. Notably, transcendental phenomenology strongly
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inspired non-formalistic solutions, such as Weyl’s and Godel’s ones. From a histor-
ical standpoint, Husserl’s influence on Weyl’s early works is testified by their direct
interaction during the years 1907-1908, when Weyl attended Husserl’s lectures on
spatial perception, a number of references to Logical Investigations and Ideen I in The
Continuum and Space-Time-Matter, and some letters they wrote each other after the
publication of Weyl's works in 1918. Instead, Godel never met Husserl and started
studying phenomenology quite late in his career. Nonetheless, his late writings and
the Nachlass recently published demonstrate a deep phenomenological inspiration, as
if Godel had found in Husserl’s thought a theoretical framework for his mathematical
insights. From a theoretical point of view, I emphasized how Weyl’s direct confron-
tation with phenomenology does not involve a higher level of fidelity to Husserl’s
thesis in philosophy of mathematics: indeed, Weyl substantially rejects intuitionism
in favour of costructionism or predicativism. Accordingly, he makes use of phenom-
enological tools merely in order to separate the intuitive experience of continuity (of
time, for instance) from a formal construction of the continuum as a transfinite set.
A much more profound concordance with Husserl’s philosophy of mathematics is to
be found in Godel, who shares with Husserl the idea of the intuition of mathematical
axioms as independent realities.

Regardless of Weyl's and Godel’s higher or lower fidelity to Husserl’s account of
mathematical objectivities, what is actually at stake in their solutions of the continu-
um problem is the opportunity of phenomenology to make the debate progress fur-
ther. Indeed, although Weyl and Godel were somehow inspired by phenomenology,
both of them developed Husserl’s thought unilaterally: the former by emphasizing its
“Kantian” approach to intentional experience as a progressive construction, the latter
by focusing on the independence of intuitive data from subjectivity. As is evident,
neither Weyl nor Gédel fully grasped the “twofold soul” of phenomenology, namely
Husserl’s challenge of taking seriously into account the interaction between the in-
tuition of mathematical axioms as independent objectivities and the intersubjective
process of constitution of perceptive and categorial experience. This double vocation
of phenomenology has been often assessed as an ambiguity to be overcome. Rather, it
is precisely in this ongoing oscillation that is to be found the fecundity of phenome-
nology for epistemology and the theory of science.

In other words, concerning the structure of our experience, Husserl rejects any
separation between elements originated from us and from the world: rather, the gen-
esis of our experience is a very complex process in which sensuous and categorial
intuitions are inextricably connected to our temporal and intersubjective activity of
intentional constitution. With respect to the continuum problem, this would lead to
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a reconsideration of the connection between the intuitive and formal continuum, an
attempt that both Weyl and Gédel left unexplored. Clearly, what is at stake in such a
project is not a definitive solution, but rather a better justification of Cantor’s conjec-
ture. Indeed, consistently with Husserl’s view, there is no domain of phenomenolog-
ical experience where one can reach absolute evidence and certainty. More precisely,
insofar as mathematical intuition is a priori, it may always turn out to be false. Nev-
ertheless, the result is not scepticism, but the idea that a successful scientific theory
depends on the equilibrium between intuition and the doxa of our life-world. From
this perspective, also mathematics finds its justification in its interaction with the
Lebenswelt*. Although such a connection of mathematical intuition with the realm
of doxa could seem puzzling, Husserl core argument about scientific justification is
that most of our assumptions are unthematized. This means that, because of the very
nature of our experience, all presumptions of validity have somehow to do with a
number of unthematized prejudices, namely attitudes that we can in no way avoid.
As a result, life-world is the impassable root of our experience of the world, included
categorial intuition of mathematical entities. Rather than being an ultimate truth to be
possessed, absolute givenness is an infinite task of human reason. Within this frame-
work, scientific work becomes an intersubjective research for always more refined
justifications, namely an infinite project of even more accurate description of reality.
As is quite widely known, Husserl’s late claim “philosophy as a rigorous sci-
ence — the dream is over (der Traum ist ausgetrdumt)” (Husserl, 1970, 389) has often
been taken as the final admission of an old and exhausted philosopher (and mathe-
matician) of the impossibility of scientific philosophy. Obviously, this is a gross error
resulting from a misinterpretation of this passage, where Husserl was just making a
judgement about the culture of his age, and not about his own theoretical perspective.
There is no doubt that much work is still to be done in the direction of a phenome-
nological reassessment of the continuum problem (and of philosophy of mathematics
in general) on the basis of Husserl's insights about scientific justification. Therefore, if
the analysis I aimed at developing here are not so incorrect, the dream is not yet over.
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