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Abstract: The question concerning the nature of time is intimately related to
the traditional antithesis between the static a-temporal Parmenidean universe
and the dynamic model of becoming. This is wonderfully illustrated in
Peirce’s theory of the flux of time. In his rejection of the atomistic world-
picture, Peirce treated time in close relation to the physical processes. He
thus propounded an extremely interesting theory which bears a kinship to
contemporary theories of the arrow of time. However, what makes his
approach extremely interesting is not only its air of modernity, but also its
striking similarities with Aristotle (Physics, book 1V, esp. chs. 10-14).

My purpose, therefore, in this paper is to reconstruct Peirce’s theory of
time in the light of Aristotle’s philosophy. My starting point will be Peirce’s
analysis of continuity in relation to infinitesimals (6.109), through the use
of which he could treat time as a “continuum par excellence, (6.86, 1898)
which is not a static collection of discrete instants, (see MS 137, p. 4-5,
1904), but a collection of real possibilia (see NE, 360), thus making possible
the understanding of the flow of time (6.11). T will then proceed to the
examination of Peirce’s connection of time, as a real continuum, with the
idea of the infinite. In this respect, I will focus on his rejection of actual
infinity — in the Zenonean-atomistic-Cantorian sense — and his adoption of
the Aristotelian idea of potential infinite (Physics, book III, chs. iv-viii). I
will, thus, argue that what led Peirce to pass from a logico-mathematical
analysis of continuity to an onfological theory was his appeal to potentiality
in his treatment of continuity-infinity-time. This, 1 believe, was the result
of the influence he had received from Aristotle, who was also deeply
concerned with giving to change, motion and becoming their proper place
in nature. Thus, both Peirce and Aristotle were able to built a dynamic
theory of time, intimately related to the idea of potential infinity, which
expresses a physical process progressively being actualized, so that it can
never exist as a realized whole.
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Resumo: A qguestdo concernente a natureza do tempo estd intimamente relaci-
onada a antitese tradicional entre o universo parmenidiano a-temporal estd-
tico e o modelo dindmico do vir-a-ser. Isso estda maravilbosamente ilustrado
na teoria peirciana do fluxo do tempo. Nesta rejeicdo da visdo de mundo
atomista, Peirce tratou o tempo em relacdo intima com os processos fisicos.
Ele entdo propos uma teoria extremamente inleressante que tem certo paren-
lesco com teorias contempordneas da flecha do tempo. Entretanto, o que
torna essa abordagem extremamente interessante é ndo apenas seu ar de
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modernidade, mas suas notdveis semelhangas com Aristoteles (Fisica, livro 1V,
esp. caps. 10-14). Meu proposito, portanto, neste trabalbo é reconstruir a teoria
do tempo de Peirce a luz da filosofia de Aristoteles. Meu ponto de partida serd
a andlise de continuidade em relacdo aos infinitesimais (6.109), por meio da
qual ele pode tratar o tempo como um “continuum par excellence” (6.8,
1898), que ndo é uma colegdo estdtica de instantes discretos (ver MS 137, p. 4-
5, 1904), mas uma colecdo de possibilia reais (ver NE, 360), tornando assim
possivel a compreensdo do fluxo do tempo (6.11). Entdo prosseguirei com o
exame da conexdo do tempo de Peirce, como wm continuum real, com a idéia
de infinito. A este respeito, focalizarei a sua rejeicdo da infinidade verdadeira
— no sentido zenoneano-atomistico-cantoriano — e sua adocdo da idéia
aristotélica de potencial infinito (Fisica, livvo IIl, caps. iv-viii). Argtiirei, por-
tanto, que o que levou Peirce a passar da andlise 16gico-matematica de conti-
nuidade para uma teoria ontologica foi seu apelo a potencialidade no seu
tratamento de continuidade-infinidade-tempo. Isto, creio, foi o resultado da
influéncia que ele recebera de Aristételes, que estava também profundamente
preocupado em dar a mudanca, movimento e vir-a-ser, seu lugar apropriado
na natureza. Assim, tanto Peirce quanto Aristoteles puderam construir uma
teoria dindmica do tempo, intimamente relacionada a idéia de infinidade
potencial, que expressa um processo fisico sendo progressivamente atualizado,
de tal modo que ele jamais poderd existir como um todo imaginado.

Palavras-chave: Peirce. Aristoteles. Tempo. Continuidade. Infinitesimais.

Introduction*

The question concerning the nature of time and its intimate relation to change and
becoming in the physical world has occupied the minds of philosophers since the time
of the pre-Socratics. What is the nature of time? Is the flow of time real or is it only an
illusion? This is a question that in its longstanding history remains essentially the same
and brings into light the traditional antithesis between the static a-temporal Parmenidean’
universe, and the dynamic model of becoming. The latter is wonderfully illustrated in
Peirce’s theory of the flux of time. In his rejection of the Newtonian-atomistic world-
picture, Peirce treated time in close relation to the physical processes. He thus propounded
an extremely interesting theory which bears a kinship to contemporary theories of the
arrow of time, such as that of Ilya Prigogine?. However, what makes Peirce’s theory
extremely interesting is not only its air of modernity, but also its striking similarities with
Aristotle.

* A substantial part of the present work is the product of my research in the context of a
project carried out within the framework of the “Operational Programme for Education
and Initial Vocational Training (O. P. “Education”), “Herakleitus”, co-financed by the
European Union and the European Social Fund.

The Parmenidean attitude towards time marked an important stage in the history of
philosophical thought and at the same time Parmenides’ theory of time has become, as
Hans Reichenbach has pointed out, the “historical symbol of a negative emotional attitude
towards the flux of time” [H. Reichenbach, The Direction of Time, ed. Maria Reichenbach
(Berkeley, California, 1956)].

2 See Ilya Prigogine, The End of Certainty (New York: The Free Press, 1997).
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My purpose, therefore, is to reconstruct Peirce’s doctrine of time in the light of
Aristotle’s philosophy. What both thinkers share in common, as is my hope to show, is
their deep concern to give to change-motion-becoming its proper place in nature.
They were, therefore, both opposed to the static model of reality, each of his own time:
Aristotle to the Eleatic school and the atomists, whereas Peirce to Newtonian mechanics
and atomism of his time. To provide an answer to those theories, respectively, they
both saw that it was necessary to defend continuity, as “an indispensable element of
reality”.

Let us, now, set the historical stage, starting with Aristotle.

Aristotle and the Parmenidean Static Universe

An essential aspect of Aristotle’s philosophy was his antithesis to the philosophers of
South Ttaly, Parmenides and Zeno, as well as to Democritus from Abdera. What these
philosophers had in common was their attempt to prove that there is no real motion in
the world, no real change of qualities, no generation and corruption. According to the
Eleat philosopher Parmenides, if a real becoming were taking place in nature, then
there should be a passage from being to non being. However, this was something
impossible from a logical point of view, because only being exists. He thus rejected the
idea of becoming and with this, the idea of the reality of time. According to the Eleat
philosopher, the world in its totality is an unchanging whole in which nothing is moving,
in which the flux of time is an illusion.?

On the basis of this theory and having as his goal to show the a-temporality of
being and the impossibility of motion, his successor Zeno developed his paradoxes, the
most notorious of which is that of Achilles and the tortoise. In simple terms, this argument
goes as follow*:

In a race between Achilles and a tortoise, in which the tortoise starts before
Achilles, the latter will never be able to catch up the tortoise. This will happen, according
to Zeno, because before Achilles reaches the tortoise he will have to traverse half of the
distance that separates him from the tortoise. Therefore, when Achilles is at point A and
the tortoise at point B, Achilles must first traverse the %2 of the distance between the two
points. Then he will have to traverse half of the remaining distance, i.e. the 1/4 and then
the 1/8 and so on. As a result, he must traverse an infinite number of parts of the
distance, each one of which represents a distance that has to be traversed. Since motion
from one point to the other takes some time — no matter how short — and since an
infinite number of distances must be traversed in order that Achilles can move from one
point to the other, the movement from point A to point B would take an infinite time.
Thus, Zeno arrives at the conclusion that Achilles can never reach point B.

I have dealt with this issue in more detail in D. Sfendoni-Mentzou, “The ‘Frozen Passage’
and Aristotle’s ‘Becoming’ of the Physical World” (in Greek), In Vita Contemplativa.
Essays in Honour of Demetrios N. Koutras (in Greek), ed. Athanasia Glykofrydi-Leontsini
(Athens: University of Athens, 2006), 469-485.

For an instructive presentation of Zeno’s paradoxes see, W. MacLaughlin, “Resolving
Zeno’s Paradoxes”, Scientific American (1994): 66-71.
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The next most famous paradox is that of the arrow. This is used by Zeno with
the purpose of proving that movement itself does not exist. Imagine an arrow at the
moment that it is moving to its target. The arrow, which has a length — no matter how
small — occupies a part of space equal to its length. Exactly at that moment, it is not
moving. And since this holds true for each separate instant of time, we must come to the
logical conclusion that the arrow is never in motion.

As opposed to the Eleats and Zeno, Aristotle tried to build a dynamic model of
the physical world with a fundamental temporal structure. For the Stagerite, every process
has inherent temporal parts and relations, all of which are essential elements of its
reality, as I will try to show. But, before that, let us have a look at Peirce.

Peirce and the 19" Century Atomism

The way Peirce developed his objections to the 19" century proponents of the atomistic
model reveals an interesting analogue between Peirce and Aristotle. Peirce’s opposition
to Newtonian mechanistic determinism pervaded all aspects of his philosophy and gave
rise to such important doctrines, as that of tychism— or theory of probability and chance®
—and his synechism — or theory of continuity.® As he claims in 1902,

Synechism is not an ultimate and absolute metaphysical doctrine; it is a regulative
principle of logic, prescribing what sort of hypothesis is fit to be entairtained
and examined. The synechist, for example, would never be satisfied with the
hypothesis that matter is composed of atoms. (CP 6.174, Baldwin’s Dictionary,
1902)7

We must, though, say that Peirce’s opposition to the atomists started with his opposition
to the logico-mathematical model of Richard Dedekind (1831-1916)° and Georg Cantor
(1845-1918 ), a model which was accepted by the majority of mathematicians in the

w

For a detailed examination of Peirce’s Tychism see, Demetra Sfendoni-Mentzou, Probability
and Chance in C. S. Peirce and Contemporary Science (doctoral thesis, in Greek,
Thessaloniki: Aristotle University of Thessaloniki, 1980), “The Role of Potentiality in C. S.
Peirce’s Tychism and in Contemporary Discussions in Q.M. and Micro-Physics”, in Charles
S. Peirce and the Philosophy of Science: Papers from the 1989 Harvard Conference, ed.
Edward Moore (Tuscaloosa: University of Alabama Press, 1993), 246-261.

I have discussed the issue of Peirce’s doctrine of continuity in relation to his theory of
laws of nature in D. Sfendoni-Mentzou, “Peirce on Continuity and Laws of Nature,”
Transcactions of the Charles S. Peirce Society, vol. 33, No 3 (1997): 646-678.

References of this form are to the Collected Papers of Charles Sanders Peirce (vols. 1-8),
eds., C. Hartshorne, P. Weiss and A. Burks (Cambridge, Mass: Belknapp Press of the
Harvard University Press, 1931-58). The Collected Papers, hereafter CP, will be referenced
by volume and paragraph number.

“Personally,” says Peirce, “I agree entirely with James, against Dedekind’s view: and hold
that there would be no actually existent points in an existent continuum, and that if a
point were placed in a continuum it would constitute a breach of the continuity” (CP
6.128, 1892).
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nineteenth century’. The idea on which this model was built was the same as that of
Zeno: The continuum was a collection of actual, discrete, independent points."

The Continvity of a Line

In The New Elements of Mathematics, Peirce gives the following description of Cantor’s
idea of a continuum:

Cantor, in effect, defines continuity of a line as consisting in that line’s containing
all its points. (3.58)!1

This is something that Peirce characterizes as a pseudo-continuity:

This consideration renders it easy to define a pseudo-continuum. It is in the first
place a collection of objects absolutely distinct from one another. (CP 6.176,

1906)

Peirce was perfectly aware of Aristotle’s views on continuity. So, he explicitly refers to
Aristotle’s definition of a continuum as “something whose parts have a common limit”
(CP 6.122, 1892 ). “What is required, therefore”, he claims,

is to state in non-metrical terms that if a series of points up to a limit is included
in a continuum the limit is included. It may be remarked that this is the property
of a continuum to which Aristotle’s attention seems to have been directed when
he defines a continuum as something whose parts have a common limit... This
property, which may be called the Aristotelicity of the series, together with
Kant’s property, or its Kanticity, completes the definition of a continuous series.
(CP 6.122-123, The Monist, 1892)

This holds true, at least until the appearance of Robinson’s non-standard analysis.

To this idea, both Kronecker and Peirce were opposed, as we shall see in more detail.
Today the debate is still ongoing between the intuitionists and the formalists, i.e. between
the followers of Kronecker and Brower on the one hand and Cantor and Hilbert on the
other.

This is also how Peirce describes Cantor’s continuum in his Monist series: “Cantor defines
a continuous series as one which is concatenated and perfect|...] It must be granted that
Cantor’s definition includes every series that is continuous; not can it be objected that it
includes any important or indubitable case of a series not continuous. Nevertheless, it
has some serious defects. In the first place it turns upon metrical considerations; while
the distinction between a continuous and a discontinuous series is manifestly non-metrical.
In the second place, a perfect series is defined as one containing “every point” of a
certain description. But no positive idea is conveyed of what all the points are: that is
definition by negation, and cannot be admitted[...] Finally, Cantor’s definition does not
convey a distinct notion of what the components of the conception of continuity are”
(CP 6.121, The Monist, 1892).

10

11
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And he explains:

The property of Aristotelicity may be roughly stated thus: a continuum contains
the end point belonging to every endless series of points which it contains. An
obvious corollary is that every continuum contains its limits. (CP 6.123. The
Monist, 1892; cf. 6.174, 4.121, 4.642)

To understand this, we must have in mind that, according to Cantor, there is an
isomorphism between the system of points on a line and the system of real numbers.'?
So, if a line is divided into two parts, what will happen to the line is analogous to what
will happen to the real numbers. This idea is expressed by the “Dedekind Cut Theorem”,
according to which, if we make a division of real numbers at point P into two sections L
(left) and R (right), known as a “Dedekind Cut”, then every number belongs to exactly
one of the two sections. So, no matter how the “Dedenkind Cut” is made, it is always the
case that the two halves created by the division cannot be mirror images of each other.
If this be applied to the line, when we divide the line AD at point P (fig.1), we must
either include point P in the R half of the division, or include point P in the L half of the
division. In either case one of the two half parts of the line must remain without an end
point, so that the two half lines will not be mirror images.

A P D A B C D
fig. 1 tig. 2

Peirce’ s objection to this idea was this: If you divide a line at point P the two half
parts created by the division will be mirror images. This is exactly where Peirce meets
Aristotle. The basic idea for both thinkers is that a line is an irreducible geometrical
object and not a collection of more elementary objects.” Thus, if a line is divided into
two parts, it makes no sense to ask to which half the point of division belongs, because
points do not belong to lines although they lie on them. A line does not consist of actual,
discrete, independent points.

Hence, the end-points A and D are not to be regarded as members of the line
segment AD, but simply as points that are located there because of the fact that the line
we have constructed ends there. Moreover, it must be noted that in fig.2 the L half AB of
the original segment AD still has two endpoints and this is, because the idea of an

12 For the understanding and presentation of Peirce’s analysis of continuity, as opposed to

that of Cantor and Dedekind, I have greatly benefited from my reading Reasoning and the
Logic of Things: Charles Sanders Peirce, eds., K. Ketner & H. Putnam (Cambridge, Mass:
Harvard University Press, 1992), and Hilary Putnam, “Peirce’s Continuum”, in Peirce and
Contemporary Thought. Philosophical Inquiries, ed. K. L. Ketner (New York: Fordham
University Press, 1995). T also owe a lot to my reading K. Eisele, Studies in the Scientific
and Mathematical Philosophy of Charles S. Peirce (The Hague: Mouton Publishers, 1979),
1-22.

Geometry for Peirce is the study of continuity. In the geometric analysis Peirce was led to
topology and modes of connection with the continuum. In this respect, his logic is a
modal logic.

13
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“open” line interval has no meaning at all; a line interval defines its endpoints. The same
holds true for the line interval CD. Taking this as a starting point, we can unroll the threats
of thought of our two thinkers and shed light on their deep relationship as regards the
ideas of continuity, infinity, infinite divisibility, and finally their theory of time.**

Aristotle and Infinite Divisibility of a Continuum

Aristotle, like Dedekind, Cantor and Peirce, starts with the notion of a straight line. In
book Viii of his Physics, the Stagerite is dealing with the idea of a continuum. His
definition is the following:

The ‘continuous’ (OUVEXES) is a subdivision of the contiguous
(6mteQ €xopevov tw); for I mean by one thing being continuous with
another that those limiting extremes of the two things in virtue of which
they touch each other become one and the same thing, and (as the very
name indicates) are ‘held together’ (cuvéxntat), which can only be if the
two limits do not remain two but become one and the same. From this
definition it is evident that continuity is possible in the case of such things as
can, in virtue of their natural constitution, become one by touching. And the
whole will have the same sort of union as that which holds it together, e.g.
by rivet or glue or contact or organic union. (Phys. 227a 10-17)"

In book VLi he adds one more extremely important idea: the continuum cannot consist
of indivisible monads, e.g. points on a line: Points cannot be distinct, because between
two points there is always a line:

Again, one point, so far from being continuous (vasxég) or contiguous
(amtopevov) with another point, cannot even be the next-in-succession
(édpe&ne) to it, [...] for things are ‘next’ to each other when there is nothing
of their own sort between them, and two points have always a line (divisible
at intermediate points) between them... (Phys. 231b 6-10)'

14

For an illuminating analysis of the relationship between the ideas of continuity and time in
Peirce, see Sandra B. Rosenthal, Charles Peirce’s Pragmatic Pluralism. (Loyola University,
New Orleans: State University of New York Press, 1994), in particular chapter 3: “Habit, Temporality
and Peirce’s Proofs of Realism” pp.63-76 and “Continuity, Contingency and Time: The Divergent
Intuitions of Whitehead and Pragmatism”, Transactions of the Charles S. Peirce Society, Vol. 32,
No.4 (1996): 542-566. See also, S. H. Levy, “C. S. Peirce’s Theory of Infinitesimals”, International
Philosophical Quarterly, vol.31, No2 Issue No 122 (1991): 127-140.

“10 ¢ ovveyeg ot pev OmeQ ExOUevOV T, Aéyw D' elvat ovveyeg STav TAVTO YévnTaL Kol

&V 10 £xaTéQoL TEQAC Ol ATTOVTAL KAl (OTIEQ ONUALVEL TOUVOLR, CLVEXTTAL TOVTO O

ovX oldVv Te duOLV GVTOLV elval TOWV E0XATOLV. TOUTOL d¢ DWQLTUEVOL PaveQOV OTL €V

TOVTOLS €0TL TO OLVEXES, €€ OV év TL TéPuke YiyveoBat kKata v ocvvay. kat WG moTe

Yiyvetat 1o ovvéxov €v, oUtw kat 0 0Aov €otat €v, olov 1] YOUDw 1] KOAAT 1) adn) 1)

npoodvoel” (Phys. 227a 10-17).

16 s s ’ s ox o w | _ ~ \ L x i
“GAAQ v o0dE ¢defng Eotal otryur) oTryur)...epeEng pév ydo oty wv undév ot
petalL ovyyevég, ottypwv d' alet[to] peta v yoapun...” (Phys. 231b 6-10).
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Aristotle’s conclusion, therefore, is that the continuum is that which can be divided into
what can also be divided indefinitely:

I mean by continuous ‘capable of being divided into parts that can in their turn
be divided again, and so on without limit’.

Aéyw B¢ ouVeXES TO DlaQeToV ¢ig adel daipetd. (Phys. 232b 24-25)17

A similar idea is expressed in book I of De caelo:

Now a continuum is that which is divisible into parts always capable of subdivision,
and a body is that which is in every way divisible.

Yuvexeg pév oDV €0TL TO OLAIQETOV €iC el DXIQETH, OWHA O TO TAVTH)
duxpetdv (De cael. 268a 6-7)

17

“The terms ‘continuous’, ‘contiguous’, and ‘next-in-succession’ have been defined above
as follows: things are ‘continuous’ if (while they are themselves distinct in the sense of
occupying different places) their limits are one, ‘contiguous’ if their limits are together, ‘next
in succession’ if they have nothing of the same nature as themselves between them...”
(ELd' é0TioUVEXES KAl ATTOLEVOV Kol EPeENG, WG DWQLOTAL TTROTEQOV, CUVEXT HEV OV
o Eoxata v, antopeva d' OV dua, épefng d' wv pundév petall ovyyevée...) (Phys.
231a21-23).

In order to defend his thesis, Aristotle develops three arguments: According to the first,
an indivisible cannot have any limits, since the limit must be something else than that
of which it is a limit. Consequently, that which has limits must consist of parts, and
therefore must be divisible. “If these definitions are accepted, it follows that no continuum
can be made up of indivisibles, as for instance a line out of points, granting that the
line is continuous and the point indivisible. For two points cannot have identical limits,
since in an indivisible there can be no distinction of a limit from some part other than
the limit; and (for the same reason) neither can the limits be together, for a thing that
has no parts has no limit, since a limit must be distinct from what it limits
(adVOvatov €€ adLREéTwV elval TLOLVEXEG, OLOV YOAUUTV €K OTLY L@V, EITTEQ 1) YO LT
HEV OLVEXEC, 1) OTLYT) O& ADLAL QETOV. OVTE YXQ £V T E0XATA TWV OTLYHWYV 0V YA €07l
TO HEV EoXATOV TO O AAAO TL HOQLOV TOD AdLX1QETOV, 0UO" G T ETXATA OV YAQ 0TIV
£0XATOV TOV AEQOVS OVOEV: £TEQOV YXQ TO E0XATOV Kt oV éoxartov) (Phys. 231a24-29).
According to the second argument, the indivisibles would not be able to form a continuum
in case they are contiguous for the following reason: If a point were in touch with
another point, since it is indivisible, it would be in touch as a whole, which means for
Aristotle that it should occupy exactly the same space. However, this kind of touch is not
possible to create a continuum, because continuum must be divided in parts, each one
of which occupies a different space: “But since the indivisible has no parts, if two
indivisibles touched each other at all it must be in their entirety. But if they were touching
in their entirety, they could not make a continuum, for a continuum is divisible into parts
which are distinguishable from each other in the sense of being in different places”
(émet ®' apegéc tO Adwaipetov, avaykn 6Aov 6Aov &mtecBat. 6Aov d' GAov

ATTOUEVOV OVK €0TOL OLVEXEC. TO YXQ OLVEXEC €xel TO HeEV &AAo TO d' dAAo

H€QOG, ki dlxtQeltat £ig 0UTWG €TEQA KALTOTIW KeXwELOUEVa) (Phys. 231b 3-6).

268 Cognitio, Sao Paulo, v. 9, n. 2, p. 261-280, jul./dez. 2008

‘ Cognitio9n2.p65 268 23/10/2008, 16:39



C. S. Peirce and Aristotle on Time

Peirce and Aristotle: Continuity-infinity

Thus for Aristotle and for Peirce, as we shall see, the idea of continuity involves that of
infinite divisibility: Any attempt, therefore, to provide a definition of continuity involves
the idea of infinity. It is the belief of both thinkers that without a clear understanding of
infinity there can be no clear answer to the issue of continuity and vice versa. In Physics
book V, Aristotle makes clear that,

[Tt is in connexion with continuity that we first encounter the concept of the
‘infinite’. And this is why in definitions of continuity this concept of the ‘infinite’
frequently occurs, as when we say that the continuous is that which is susceptible
of division without limit. (Physics, 200b 18-22)18

So then, () if a single continuum is what is meant by ‘one’, it follows that ‘the
One’ is many, for every continuum is divisible without limit.

el pév Tolvuv ouvvexéc, MOAAX TO EVvElc ATEIQOV YAQ OIXIQETOV TO
ovvexég. (Phys. 185b 10-12)

This is exactly the idea of Peirce, who remarks:

[clontinuity involves infinity in the strictest sense, and infinity even in a less strict
sense goes beyond the possibility of direct experience. (CP 1.166, c. 1897; cf., 1.165)

Here we have the introduction of an extremely interesting Aristotelian idea: Infinity
goes “beyond the possibility of direct experience.” To understand the meaning of this in
its full depth, we need to make an appeal to Peirce’s theory of infinitesimals.

Infinitesimals-Potential Aggregate

Let me first say, that the theory of infinitesimals' implies the possibility of non standard
points on a line,* as opposed to Cantor’s idea of a continuum, built on the assumption
of standard points.

18 “010 Kol TOIG 0pLCopévols To ovvexéc ovppaiver mpooy prioacOat moAAdkIc Tw Adyw T
TOD ATELPOV, WG TO €i¢ dTteLpov dlatpeTov ovvexéc 6v” (Phys., 200b 18-22).

19 For a very interesting and illuminating analysis of the idea of infinitesimals see, S. H. Levy,
op. cit; J. Dauben, “Abraham Robinson and Nonstandard Analysis,” Minnesota Studies in
the Philosophy of Science, vol. XI (1988): 177-200; W. MacLaughlin and S. L. Miller, “An
Epistemological use of Nonstandard Analysis to Answer Zeno’s Objections against Motion,”
Synthese, 92 (1992): 371-384.

2 In Robinson’s non-standard analysis, infinitesimals are line intervals whose length lies
between zero and every positive standard number, or, in other words, an infinitesimal is
greater than zero, but less than any possible length whatsoever.
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This is expressed by Peirce as follows: “within a single point one can find at least
¢ different point parts whose c is the power of the set of real numbers and the cardinal
number of points on the line is not only greater than ¢, but greater than the cardinal of
all sets.” As a result, Peirce arrived at the idea of a continuum as consisting of the
standard points together with all the nonstandard points in their monads, or as he himself
remarks, a continuum is “merely a discontinuous series with additional possibilities” (CP
1.170, ¢.1897).

There is no doubt that Peirce’s treatment of continuity is deeply Aristotelian, as he
introduces the idea of potentiality. This is exactly what Aristotle himself had done in
order to provide an answer to Zeno’s arguments: In referring to the division of a line, he
claimed that the two halves of a line do no exist actually but only potentially. This was
also expressed in book III of De Anima (430b 10), where the Stagerite remarked that
length is not actually divided, since its parts exist not actually but only potentially. And
in Metaphysics he found a most interesting way to express this thesis by using an
analogy between the half of a line and the statue of Hermes:

‘Actuality’ means the presence of the thing, not in the sense which we mean by
‘potentially’. We say that a thing is present potentially as Hermes is present in the
wood, or the half-line in the whole... (Mer. 1048a 32-4)!

What Aristotle is trying to make clear here, is that a line consists, both of potential and
actual parts, or points. The potential parts, or points, are those in which the line could
be divided, whereas the actual are those in which it is actually divided. So, for Aristotle,
points have a potential being on the line and pass to actuality only when the division is
actually made.

We remember that this is exactly what Peirce, too, claimed concerning the
“Dedekind’s cut”. For both thinkers, therefore, points do not exist as points, unless they
are marked on the line. When we are, thus, dealing with a collection of material numbers,
what we are really considering is its possibility of being and not an existent particular
object. In other words, we are dealing with a “collection of possible individuals” and this
is exactly what happens with our line, as well. Accordingly, we could also claim that a
line should be viewed not as a collection of points, but as a collection of possible points,
i.e. a collection of possibilia.*

2 “EoTLon évépyeta TO Ddpx ey T0 Tpay pa pn) 00Twe omep Aéyouey dvvauerAéyouey
o0& dvvaperoiov évtw EVAw Epunv kai év tnoAn v nuicetav” (Met. 1048a 32-4).

22 See Caroline Eisele, Studies in the Scientific and Mathematical Philosophy of Charles S.
Peirce. (The Hague: Mouton Publishers, 1979), 212.
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In an extremely interesting manuscript, titled Topical Geometry, Peirce remarks:

the points on a line are not a collection of discrete objects. Their being is
welded together, so that no one can logically be removed alone. That is as
much as to say that there really exist no points upon a continuous line... they
have a potential being; but they do not exist until something happens which
marks them... therefore those intermediate points, being possible, are already
there in the only sense there is in speaking of unmarked points. Such is the
notion of continuity.... (MS 137, 1904)*

Potential Aggregate-Possibilia: Peirce and Aristotle

This is, therefore, how Peirce arrived at his idea of a “potential aggregate” ** A “potential
aggregate’ is defined by Peirce as a collection of possible individuals which have not
been made actual yet, “a collection of which the individual units have no distinct identity”
(CP 4.172 ).” On this view, the aggregate of all abnumeral collections finally leads to
such a dense field of possibility that the units of the aggregate lose their individual
identity. The aggregate ceases to be a collection (in the Cantorian-atomists’ sense) and
becomes a continuum.

Hence, the reason that a line is a collection of points that “lack distinct individuality”
is that it is not a collection of mathematical objects but a collection of possibilia.* On the
basis of this idea, the definitions of continuity given by Peirce in various places take the
following form: “the doctrine of continuity is that a/l things so swim in continua” (CP
1.171, c. 1897), or “a continuum is merely a discontinuous series with additional
possibilities” (CP 1.170, ¢.1897), or a true continuum is something whose possibilities of
determination “no multitude of existent things could exhaust” (CP 5.103 ); “Continuity is
fluidity, the merging of part into part” (1.164,c. 1899).

% “Let part of a surface be painted green while the rest remains white. What is the color of
the dividing line; is it green or not? I should say that it is both green and not.  But that
violates the principle of contradiction, without which there can be no sense in anything’.
Not at all; the principle of contradiction does not apply to possibilities”. This view is also
connected with the boundary problem in Peirce’s topological studies. (See, C. Eisele,
op.cit. p. 212)

For a detailed analysis of how Peirce’s idea of a “potential aggregate” is connected with
his theory of generality, and how both are related to the scholastic idea of universals, see
my “Peirce on continuity and laws of nature,” Transactions of the Charles S. Peirce Society,
Vol. 33, N2.3 (1997): 646-678. Peirce explicitly connected continuity with generality; see
e.g., “...that continuity is the absence of ultimate parts in that which is divisible; and that
the form under which alone anything can be understood is the form of generality, which
is the same thing as continuity” (CP 6.173, 1902).

See also, “It is vague, but yet with such a vagueness as permits of its accurate determination
in regard to any particular object proposed for examination” (CP 6.186, 1898), or else, ¢
lilt is a potential collection indeterminate yet determinable” (ibid.).

In this sense Peirce’s theory is similar to that of L. E. J. Brouwer. See K. Ketner and H.
Putnam, op.cit., p. 50.

24
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The Doctrine of Time: Peirce and Aristotle
All the above analyses concerning the continuum and the relevant ideas of infinite
divisibility, absence of actual points, potential aggregate and infinitesimal intervals,
offer an extremely useful tool for dealing both with the Dedekind theorem and with
Zeno’s paradox. Remember that Zeno’s aim was to reject motion/change and time.
According to Zeno, the arrow is at rest at discrete points of time, and thus it can never be
said that there is some motion. We can have an analogue of this, if we imagine, as Peirce
puts it,

a series of instantaneous photographs to be taken. Then, no matter how closely

they follow one another, there is no more motion visible in any one of them
than if they were taken at intervals of centuries. (NE 3.59)%

Thus Peirce — following Aristotle — thinks that the only way to provide an answer to this
static model of time is to defend real continuity which has all the characteristics that
have already come to light, through his analysis of a continuum?.

Points on a Line- Instants of Time
He thus associates points on a line sequent with instants in an interval of time in order to
show that,

between any two instants of time or between any two points on a line, there is
room for any multitude of instants or of points, whatsoever — not merely room
for any enumerable multitude, but room for any one of the single denumeral
series of abnumerable (abzahlbor) multitudes.

In this passage we have two fundamental aspects of time: The first is infinite divisibility:
“continuity”, claims Peirce, “is the absence of ultimate parts in that which is divisible”
(6.173, 1902), and “A true continuum is something whose possibilities of determination
no multitude can exhaust” (6.170, Baldwin’s 1902). The second is the idea that “the
instants of time are so close together as to merge into one another” (NE, 3.60). “The
very word continuity implies that the instants of time or the points of a line are everywhere
welded together” (NE, 3.61),% so as to loose their identity.* Hence, instants of time as
points on a line, become a collection of possible points, a collection of possibilia which,
as possibilia, lack distinct individuality but are nonetheless real.

%7 Charles S. Peirce, The New Elements of Mathematics, 4 vols., ed. Caroline Eisele (The

Hague: Mouton, 1976, 3.60). The New Elements, hereafter NE, will be referenced by volu-

me and paragraph number. See also, “It would be in the general spirit of synechism to

hold that time ought to be supposed truly continuous in that sense. The term was suggested

and used by C. S. Peirce in 1892 (CP 6.170, Baldwin’s Dictionary, 1902).

Time, says Peirce, is “a continuum par excellence, through the spectacles of which we

envisage every other continuum” (CP 6.86, 1898).

¥ See also, “[their being is welded together” (MS 137, p. 4-5, 1904).

30 ¢f [the instants of time are not distinct, but rather] “are so close together as to merge into
one another...” (NE, 3.60).

28
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Time-Potential Infinite

This view of time is essentially interwoven, both for Peirce and Aristotle, with the idea of
a potential infinite, which gives to time its dynamic character. The actual infinite is that
whose infinitude exists or is given all at the same time. The potential infinite is that
whose infinitude is given over time and is never present as a whole. Of extreme interest
here is the Stagerite’s remark in his Physics, book III. vi that:

For it [the infinite] is not that ‘beyond which there is nothing’, but ‘what is
always beyond’

oV Yo 00 undév é£w, AAA' 00 ael T €Ew €oti, ToUTO AmelEdy éotv. (Phys.
207a 1-2)

This can only be understood, if we make an appeal to the Aristotelian idea of the
potential infinite: “But since we can always make another division of a magnitude into
two”, claims Aristotle,

however many divisions you have already made to get it, you can always
conceive a higher number of divisions than any given number however great;
consequently the ‘possibility of more’ is inexhaustible and incapable of
completion, but can be carried on through a greater than any assignable number
of steps. (Phys. 207b10-13)3!

And in book IIL.v, he also claims,

It is further manifest that infinity cannot exist as an actualized entity and as
substance or principle

daveQov dE katl 6Tl oVK EVDEXETAL ElvaL TO ATEQOV WG EVEQYElX OV Kal WG
ovoiav kaidoyxnfv. (Phys. 204a20-21)

The Flux of Time: Peirce and Aristotle

The idea of potential infinite, seen in connection with that of continuity and Peirce’s
theory of infinitesimals, can contribute an essential element for our understanding of
the flux of time and of time’s arrow. According to Peirce “the present is connected with
the past by a series of real infinitesimal steps” (CP 6.109, The Monist, 1892). But, as he
makes clear, “this is only true if the series be continuous. Here, then, it seems to me, we
have positive and tremendously strong reason for believing that time is continuous” (CP
1.169, 1897). Time can in no way be understood in terms of our indefinite succession of
discretes, but rather as a continuous flow.

3 vémi 8¢ o mAelov del €0t vooar dmetpot yap ai duyxotouiar Tov peyéQove. dote
ovvauer pev Eoti, évepyeia 6 o0 AAA" del DmepPdArer To Aaufavouevov mavtoc
wptopévov mAfBovc” (Phys. 207b10-13).
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What, therefore, unites the ‘before’ and ‘after’ for both thinkers, is the ‘now’ (vov),
which is not a distinct instant or point, but is always in a state of transition, being the end
of the past and the beginning of the future. As Peirce remarks, “the present is half past
and half to come” (CP 6.126). This is exactly what Aristotle, also, pointed out:

We have said that it is through the ‘now’ that time is continuous, for it holds time
past and future time together; and in its general character of limit’ it is at once
the beginning of time to come and the end of time past. (Phys. 222a10-12)3?

It seems that Peirce was perfectly aware of Aristotle’s conception of the role that the
“now” (vov) plays in the flux of time:

Let us now consider an aspect of the Aristotelical principle which is particularly
important to philosophy. Suppose a surface to be part red and part blue; so that
every point on it is either red or blue, and, of course, no part can be both red
and blue. What, then, is the color of the boundary line between the red and the
blue?

Here is his answer:

...as the parts of the surface in the immediate neighborhood of any ordinary
point upon a curved boundary are half of them red and half blue, it follows hat
the boundary is half red and half blue.

And he continues,

In like manner, we find it necessary to hold that consciousness essentially occupies
time; and what is present to the mind at any ordinary instant is what is present
during a moment in which that instant occurs. Thus, the present is half past and
half to come. (CP 6.126)

The Problem of Consciousness and Real Time

At this point, the problem of consciousness and real time makes its appearance. It is
certainly true that we all have the experience of the flux of time, as an inner awareness
of a flow from past to future. We all remember things that happened in the past and we
anticipate future events. This is exactly how we are in a position to make the distinction
of the ‘before’ and ‘after’, and thus have a feeling of the arrow of time, i.e. of time’s uni-
directionality or time’s asymmetry. But is time merely that inner feeling we have of its
flow? Shall we say that it is solely the product of our consciousness and, thus, not real,

3 4To 3¢ VOV 20TV oUVEXELX XQOVOU, oTte EAéXON) TUVEXEL YAQ TOV XQOVOV TOV
naQeANALOOTA Kal €odpevov, kal TéQAg XQOVovL €0Tiv: €0TL YXQ TOD HEV AQXY)

o0 d¢ teAevt)” (Phys. 222a 10-12).
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but only an illusion? This is an extremely interesting problem, which occupied the minds
of both Peirce and Aristotle.*® So Peirce claims:

One of the most marked features about the law of mind is that it makes time to
have a definite direction of flow from past to future. The relation of past to
future is, in reference to the law of mind, different from the relation of future to
past. This makes one of the great contrasts between the law of mind and the law
of physical force, where there is no more distinction between the two opposite
directior}s in time than between moving northward and moving southward. (CP
6. 1273

This was also a serious problem considered in depth by Aristotle. Thus, in Book V. xiv of
his Physics the Stagerite remarks:

The relation of time to consciousness (mog tv Pux1v) deserves examination,
and so does the question why we conceive of time as immanent in everything
in earth, sea and sky. (Phys. 223a 16-8)%°

And he continues:

The question remains, then, whether or not time would exist if there were no
consciousness; for if it were impossible for there to be the factor that does the
counting (numbering, Tov &tOprjcovtoc), it would be impossible that anything
should be counted (agOuntév)l...]land if nothing can count except
consciousness[.. .Jit is impossible that time should exist if consciousness did
not. (Phys. 223a 21-26)%°

To understand what Aristotle has in mind when he refers to the “factor that does the
counting”, we must remember that in the same book ch. xi he defines time as the
counting of motion:

% Aristotle starts chapter x of book IV of Physics as follows: “The subject of inquiry next in
succession is time. It will be well to begin with the questions which general reflections
suggest as to its being or non-being, and then as what is its nature” (Phys. 217b 30-33).
See also, “Thus in respect to the direction of its flow, time seems to be, if not purely a
psychological affair, at any rate not purely dynamical affair. Those physical phenomena
which proceed in one direction and not in the reverse direction, and which seem to be
well explained, such as the viscosity, diffusion, and conduction of gases, may all be
explained by principles of probability” (CP 6.387, Baldwin’s; ¢f. CP 1.493, 1890).

35 “afovd' EmokéPews Kal g moTe Exel O XQOVOG TIROG TNV YL XV, KAl D T v mavTi
doxel elvat0 xodvog, kKai évyn Kai év OaAattn kat év ovgave” (Phys. 223a 16-8).

“mdteQov 0¢ pr) obong Puxns ein v 6 XQOVOG 1) 0V, ATIOQTTELEV AV TIS. ADVVATOL YAXQ
dvTog etval ToL AQLOUNOOVTOS ADVVATOV Kal AQLOUNTOV TL elvat... el 0 undév dAAo

médukev aotOpetv 1) Puxn) kat Puxne voug, ddvvatov eivat xpovov Puxig pr obong”
(Phys. 223a 21-26)
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For this is time, the numbering of motion (&EOUOG KIVIjoEwC) in respect to
before and after.

TOUTO YAQ €0TLV O XQOVOGS, AQLOHOG KLV TEWS KATX TO TTROTEQOV KAL VOTEQOV.
(Phys. 219b 1-2, see also, 220a 25-26)

On the basis of this definition, he then asks: if time is the counting of motion, shall we
then say that, if there is no consciousness to do the counting, there can be no real time,
and therefore we can speak only of a subjective time? I believe that what follows, after
Aristotle’s posing the question, is illuminating:

And if nothing can count except consciousness and consciousness only as
intellect (Yvxng vovg), it is impossible that time should exist if consciousness
did not: unless as the ‘objective thing’ which is subjectively time to us, if we
may suppose that movement could thus objectively exist without there being
any consciousness. For before and after are objectively involved in motion, and
these, qua capable of numeration, constitute time. (Phys. 223a 25-29)3

It is of extreme interest, I believe, to note how Peirce refers to Aristotle as regards this

issue:

Aristotle is understood by modern critics to be in a childish naive state of mind
on this subject [the great difference in the logical status of the future and the
pastll...]T am ashamed to have to confess that I shared [this] general opinionl...]Juntil
the further progress of my own studies forced me to the very substance of what
Aristotle says.

This very substance of what Aristotle says, according to Peirce, is this:

The past is ended and done; the future is endless and can never have been
done.

What follows is an insightful remark:

Hence it might be inferred that the contrast Aristotle speaks of between the past
and the future might be merely subjective, having to do with our different
attitude toward them. But even a moderate appreciation of the Kantian argument
will show that, besides being true in regard to our knowledge of time, it must
also be regarded as true of real time; and time is real, whether we accept Kant’s
dubious view of it, which he is certainly far from making evident, as the form of
the internal sense, or not. I do not question Time’s being of a form, that is,
being of the nature of a Law, and not an Existence. (CP 6.96, Sixth Lowell
Lecture, 1903)

37 “elde undév &AAo médukev dotOpetv 1) Puxr) Kal Puxng vois, AdUVATOV eivoat XQOVov
PuxAg pn ovong, A’ 1} tovto 6 moTe OV E0TLV 0 XEOVOG, OloV el EVdéxeTaL Kivnowy &l
vatavev Puxne. TO O mEOTEQOV Kl VOTEQOV €V KIVIOEL E0TIV' XOOVOG DE TaDT €0TLV T
&oOunta éotiv” (Phys. 223a 25-29).
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I believe that there should be no doubt that Peirce, as much as Aristotle, defends the
reality of time:

Time is said to be the form of inward intuition. But this is an error of the sort just
considered. It confuses what is evolved from the time-idea with what is involved
in it[...] It is, in the first place, only real events that “take place” or have dates, in
real time[...] It is, then, only existentially real events which the law of time
represents really to have places in real time. (CP 1.492, 1896)

We can, thus, come to the conclusion, that for both Peirce and Aristotle, time is real and,
what is even more important, time is intimately related to movement and change.

Time with its continuity logically involves some other kind of continuity than its
own. Time, as the universal form of change, cannot exist unless there is something
to undergo change and to undergo a change continuous in time there must be
a continuity of changeable qualities. (CP 6.132, The Monist, 1892: cf. 6.110-11,
7.466)%

This is a spectacular meeting point of Peirce and Aristotle. Let us see how the Stagerite
expresses this idea: In Physics book V.x he repeats times and again that,

... there is no time without movement and change.

... OUK 0TIV AVEL KIVIJOEWS Kol HETABOATS XQOVOG..

(Phys. 218b 33-219a 1)

and he makes clear that,

...time is neither identical with movement/change nor capable of being separated
from it.

..0TL pév odv olte klvnoig oUT' &VeL KIVIOEWS O XQOVOG €07l PpaveQdv.
‘(Phys. 219a 2-3; cf. Phys.219b 12)

We could, thus, say that time is that immanent character of movement/change that
permits the counting of successive states, which have a distinct orientation towards the
future. Let us recall Aristotle’s notorious definition of time:

For this is time, the counting of motion with respect to ‘before’ and ‘after’.

TOUTO YA&Q €0TLV O XQOVOS, AQLOUOC KIVI|OEWS KATA TO TTROTEQOV KAl DOTEQOV.
(Phys. 219b 1-2)

3 As regards the fact that we only imagine time, Peirce’s answer is this: “To imagine time,
time is required. Hence, if we do not directly perceive the flow of time, we cannot
imagine time” (NE, 3.60).
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In the above passages two fundamental features of time are illuminated. The first is the
internal relationship that connects time with motion and change, and the second, the
distinction between past and future. Here are three extremely interesting definitions of
motion (kivnog):

...we can now define motion or change as the progress of the realizing of a
potentiality, qua potentiality.

... 1 ToL duvdpeL BvTOg évTeAéxela, T) TOODTOV, kKivnoic éoTuv.

(Phys. 201a 10-11)

...for primarily the movement is the realization of the thing’s capacity for being
in motion.

... 010 1) klvnoig évteAéyxeta ToL KivnTov, 1) kKivntov. (Phys. 202a 7-8)

...for nature also is in the same genus as potentiality, because it is a principle of
motion, although not in some other thing, but in the thing itself qua itself.

... Kalyae M GUOoIS Ev TavT [Yiyvetar &V Tavt Y] YEVeL T DuvApEr&oXn
Yoo KTk}, AAA 0UK €V AAAW AAA" €V adt@ 1) avTd. (Met. 1049b 8-10)

The connection therefore of time with movement/change (kivnoic) in the Aristotelian sense,
i.e. in the sense of a transition from potentiality to actuality leads directly to the heart of
Aristotle’s model of nature and reveals the temporal structure of the physical world.

All this has become the source of inspiration for Peirce’s treatment of time. It is
obvious that seen from this point of view potentiality becomes, both for Aristotle and
Peirce, an indispensable ingredient of continuity and infinityand subsequently of time.
Indeed, Aristotle’s claim is that in this case we are to understand potentiality not in the
sense in which we say that the potentiality of a statue exists in the bronze of a statue,

...for that implies that the whole of the bronze may actually become the statue,
whereas it is not so with an infinite potentiality, since it can never become an
unlimited actuality. As to this we must not be misled by the ambiguity of the
word ‘s’ for the only sense in which the infinite is actualized at all is the sense
in which we say that it ‘actually is’ such and such a day of the month, or that the
games ‘actually are’ on; for in these cases, too, the period of time or the succession
of events in question is not (like the statue-potentialities of the bronze) all
actualized at once, but is in course of transit as long as it lasts. The Olympic
games, as-a-whole, are a potentiality only, even when they are in process of
actualization. (Phys.206a 18-25)%

This is an extremely important point, because it stresses the fact that the potential
infinite in real time is not the same as logical divisibility. 1t is rather a physical process

¥u@c kal EFotal ToDT AvdQLAS, oUTw Kal AmelQov O Eotat éveQyelor GAA' Emel

TOAAAX @G TO elval, WomeQ 1) NUéQa E0TLKAL O AYWV TQ Ael dAAO kKal dAAO YiyveoOat,
0UTW KAL TO ATTELQOV KAl YAXQ ETL TOVTWYV E0TLRALdVVApEL KAl €veQyela OAVUTIO YOO
EotLkalT@Q dVvaoBaLtov aywva yiyveobatkait@ yiyveoBar” (Phys. 206a.20-25).
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progressively being actualized and never being able to be completed as a whole. This
is beautifully stated by Aristotle as follows:

In all these cases, the ‘infinite’ may be regarded as the open ‘possibility of
more’, the ‘more’ (6Awg pév yap oUtwe €0TLV TO ATEQOV, TQ &el dAAO Kal
aAAo AappavecBar) that is actually taken being always limited, but always different;
but when this occurs in the case of magnitudes what is once taken remains; whereas
in the case of time or of the human race the parts taken are constantly perishing in
such a way that the succession never fails. (Phys. 206a 27-29)%

Conclusion

In light of the preceding analysis, we can say that both for Peirce and Aristotle real time
is an endless possibility, never existing actually in its totality. It thus has the characteristics
of real continuity and potential infinity, which, in Aristotle’s words is “always in the
making and never made”. And this is exactly what endows it with a dynamical character,
since time is interwoven with perpetual motion and change, the very essence of which
is the transition from a potential to an actual state. It thus has a mode of being which is
open into an indefinite future, or in Peirce’s words, “its mode of being is esse in futuro.”
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