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1. Introduction’

Aristotle offers two accounts of continuity. The synthesis account in Phys. V 3
(plus sections in Metaph. A 6 and I 1) indicates a variety of ways in which parts
of abody are kept together by a common boundary and are thereby combined
into a mostly inhomogeneous, functional whole. Only the analysis account in
Phys. VI applies primarily to linear continua such as movements, paths of
movements, and time.

For limitations of space, I will confine my exposition to what I think are
the essentials of the theories offered by Aristotle in Phys. V 3 and in Phys. VI
1-2 (up to 233al2, leaving aside the subsequent “traditionalist” rest of the
chapter). The backlink at the beginning of Phys. VI (see T19 below) suggests
that ch. VI 1 is in a way based on ch. V 3 and, in turn, the latter chapter is
meant to provide a basis for the argument in the former. I will argue that this
is misleading. On the one hand, the teleological reading implied turns out to
be an impediment to understanding that chapter in its own terms and, par-
ticularly, to make sense of its metaphors and examples. Neither is the ac-
count of continuity in Phys. V 3, taken by itself, about motion, nor does the
chapter offer any hint at the transfer to motion which occurs only later in
Phys. V 4 (see T9 and T10 below) and subsequently in Phys. V1. On the
other hand, Phys. VI 1 is only superficially linked to Phys. V 3. The definition
therefrom transferred fails to explain what, in the first theorem of Phys VI 1,
“a continuum” is and what, therefore, the subsequent argument is about (see
section 4.1 below). The analysis of Phys. VI 1-2 requires a method different
from my method in the study of Phys. V 3. My leading question concerning
Phys. VI 1-2 is, How to get the mathematics right? That is to say, I seck a
sound mathematical argument which, I assume, the text indicates (see also
section 4.2 below).

Of Aristotle’s two definitions of continuity, one is in terms of division
(T1), the other in terms of connection (T2).

* A preliminary version was presented at Aristotle across Boundaries (Verbania, June 8-9,
2023).1am grateful to Silvia Fazzo for the invitation to that conference, to the participants in
the discussion and, particularly, to an anonymous reader who pointed to a host of desiderata
which, T hope, will be stuff for further discussion.
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T1. (Df. Divi) I call continuous what is divisible into again and again divisibles.
(Phys. V12.232b24-25: Meyw 0% ouveyis T | Stoupetdv el alel dieutpetd.)

T2. (Df. Conn) Continuous(ly connected] are items of which the extremities are one; and
in contact are items of which [the extremities] are together.

(Phys. V11.231a22-23: cuveyd uév 6v T& doyorte £y, amto|ueve 8 Gv due.)

Note that ‘continuous’ is a one-place predicate according to Divi, but a two-
place predicate (i.c., a relation) according to Conn.! Correspondingly, in Ar-
istotle’s account of motion, Divi is a matter of analysis, Conn of synthesis.

I will argue that

- Sections 2 and 3: As defined in Phys. V 3 (and in Mezaph. A 6and 1 1),
Conn pertains primarily to the connection of bodies, and is only later trans-
ferred to motion in passages of Phys. V 4 (with applications in Phys. VIII)
and of VI 1.

- Section 4.1: In the first part of Phys. VI 1 (231a21-b18), Aristotle
points out that division into continuously connected parts never comes to
an end and that, therefore Divi can be derived from Conn in a way. Lacking
starting points, Conn fails to account for the structure of linear continua in
terms of synthesis, whereas Divi does in terms of analysis.

- Sections 4.2 and 4.3: According to Divi, the potential divisions of
linear continua are dense. But in addition to Divi, crucial features in Aris-
totle’s account are (i) the isomorphism established by straightforward mo-
tion between path, and movement, and time, and (ii) a continuity principle
which secures that the isomorphism is not just part by part (as required by
the argument in the second part of Phys. VI 1.231b18-232a22), but limit
by limit (as required by the argument in the first part of Phys. VI 2
(232a23-233a12).

' Cf. Sattler (2020) pp. 295-6, (2021) p. 16. Similarly, Glasner (2020) p. 29 (see below
3.1.3).
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2. Areas of Application

2.1. Divi
Standard applications of Divi belong to the mathematical account of mo-
tion offered in Phys.VI (see below section 4) and are adumbrated in the pre-
liminaries to Phys. III 1. Motion traverses a path during a period of time.
According to Phys. IV 11, both linear order and continuity transfer from the
path to the motion, and from the motion to time. The same isomorphism is
described in Phys. VI 1 (T26) and applied throughout Phys. VI. That Divi
holds of magnitudes and, in particular, of the path of a movement, is implied

at the beginning of Phys. VI 2. For, assuming that

T3. every magnitude is divisible into magnitudes,’

the magnitudes into which a magnitude is divided are again divisible, which
is enough for Divi to hold. At the beginning of Phys. III 1, Divi is mentioned
as a commonly assumed mark of continuity,’ and applied to motion. That
Divi holds of time, is the outcome of the refined isomorphism argument in
Phys. V1 2,* on which see section 4.3 below.

As another candidate, homogencous stuffs and bodies (bomoiomere)
suggest themselves. But as far as I can see, continuity of bodies is rather de-
scribed by Aristotle in terms of Conn. There may be also a concern about
minima naturalia.’ That body in general is indefinitely divisible belongs to

its having magnitude and is, therefore, just another application of T3.

> Phys. V1 12.232a23: mév péyedog eig peyedn Sieuipetéy.

3 Phys. 111 1.200b18-20: “... those who try to define the continuous often find themselves mak-
ing use of the definition of the infinite as an auxiliary, the supposition being that what is di-
visible ad infinitum is continuous.” (... Tolg Spiloptvors T cuveys ovp|Batvel TpooypYoactat
TOAAGKIG TG A&y TQ) ToD &melpov, | dg o &lg drelpov SlaupeTdy ovveyts 8, tr. Hussey).

* Phys. VI 2.232b24-26: “... it is necessary that time, too, is continuous. I call continuous
what is divisible into again and again divisibles. On the basis of this [account of the] contin-
uous, it is necessary that time is continuous.” (... &vdyxy kol & xpovoy cuveyd ebvat. Aéyw S
ouvextg TO | SiautpeTdv elg aiel SiipeTd. TobTOV Yap DroKetvoy ToD Guvelyols, dviyxn cuvexd
elvouL TOV ypovov.

5 See my note on Phys. 14.187b13-188a2 in Heinemann (2021) pp. 219-21.
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2.2. Conn
In a way, the distinction between contact and continuity applies to Aristo-
tle’s account of place. In Phys. IV 4, place is defined in terms of contact. Ex-
tremities being just together, the edge of the surrounding body is what the
body surrounded is primarily in, i.c., its place. By contrast, bodies which are
continuously connected so as to form a homogeneous whole are not distin-

guished by place but only as parts:

T4. So when that which surrounds is not divided from, but continuous with, [the thing
surrounded], the latter is said to be in the former not as in a place but as the part is in the
whole; but when that which surrounds is divided from and in contact with [the thing sur-
rounded], the latter is in the extreme of the surrounding thing primarily {i.e., as in its pri-
mary place (GH)}; and this extreme is neither a part of that which is in it, nor is it greater
than the extension [of the thing surrounded] but equal to it, since the extremes of things
which are in contact are in the same [spot].°

Aristotle’s claim that, in the latter case, the parts are potentially in a place

T5. ... when a homogeneous thing is continuous, the parts are potentially in place; when, by
contrast, they are separate but in contact, as in a heap, they are actually so”

must be qualified. If a homogeneous body is continuous, there is nothing
internal to the body to mark off a part of it. Hence, there is no question of
given parts being potentially in a place but, rather, of there being potential
parts which, when specified in an appropriate way, may be also attributed
places. In his account of the formation of hailstones, Aristotle explains that,
in clouds, small portions of water join to form raindrops, but hailstones can-

not come to be analogously since

¢ Phys. IV 4.211b29-34: &toty pgv odv pi Suppnuévoy 7 10 mepiéyov A | auvexés, ody dg &v
TOTR MeyeTan elvou v éxelve, GAN | 6g Uepog &v Ehy- ETay OF diypYuevoy 7 Kol &TrTouEvoy, &V |
TPATY E0TL TG 20Y4Tw ToD Tepiéyovtog, 8 olTe E0TL pépog | ToU &V adT® olTe peilov Tod
SwoTpaTog AN Toov- &v | yap T avTe T& Eoyote TGV Amtopévwy (tr. Hussey, modified).

7 Phys. IV 5.212b4-6: &towy pév | ouveyds 1) TO dpotopepé, korte Shvauy v tome T8 pépn, | STav
8¢ ywproBfj uév drtyron 8 domep owpde, kat Evépyeia (tr. Hussey, modified).
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Té. frozen [bodies] do not grow together like liquids.®

When drops of water merge and a bigger drop comes into being, there is no
way to trace back part of the latter to one of the former — unless a difference
in contamination or quality is retained in the fusion, which is not generally
the case. As a consequence, there seems to be an obstacle to the application
of Conn since, on the one hand, Conn suggests that a common boundary of
continuously connected bodies persist whereas, on the other hand, bounda-
ries vanish when portions of fluid stuff merge.’

In a way, the claims by Furley and White, approvingly quoted by Glasner
(2020, p. 30 n. 99), are therefore misleading, Furley (1982, p. 30) claims that

Aristotle, when discussing continuous connection,

thinks primarily of homogenous natural substances, such as air and water. The distinction
between in contact and continuons is primarily to distinguish a case such as the junction of
the upper surface of the sea with the lower surface of the air from the junction of two bodies
of water.

White (1992, p. 27) agrees, adding that, as TS makes it explicit,

continuity pertains to what is homoeomerous, while contiguity pertains to parts which are
spatially joined but essentially different.

8 Meteor. 1 12.348a12-13: ... o0 yép ovpdvetar T& | mempydta Gomep té dypa. — Note that
“growing together” (sumphusis) = continuous connection at Phys. V 3.227a23-27 (T16 be-
low).

? I thus agree with Katz who (2021, p. 255 contra Pfeiffer 2017, pp. 178 ft.) also denies that,
when fluids merge, boundaries persist who according to Aristotle. But I do not agree with
the explanation she adduces from Aristotle. As far as I can see, his explanation derives from
the characteristic way moist stuffs adapt their limits to the body which is around (GC II
2.329b29-330al): if both bodies are moist, the common limit is blurred. By contrast, Katz
adduces another characteristic: that, under pressure, liquids do not decrease but recede (GC
I12.33028-9 and Mereor. IV 4.382a11-14). I do not see how the blurring of the boundaries
is thereby achieved. Clearly, this cannot be the whole story since even for a fully homogene-
ous liquid there is a difference between, e.g., rotation and rest. But I doubt that Aristotle
can account for this difference in terms of boundaries (and, hence, places) of parts. (I am
grateful to my anonymous reader who urged me to make this explicit.)

10
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Glasner (foc. cit.) mentions “two celestial spheres” as an example of “two dis-
tinct objects” which “cannot be continuous”, but “can be contiguous.” This
suggests that White’s link of contiguity with essential difference is confined
to fluids (such as water and air), whereas solids of the same kind may be ei-
ther contiguous or continuously connected. It should be added that the lan-
guage employed in Phys. V 3 and in the parallel passages in A 4 and 6 also
suggests that, in general, continuously connected components are different
in quality and may be even different in kind, key examples being taken from
animal parts (see sect. 3.1.4 below). In particular, Aristotle’s account of con-
tinuity in Phys. V 3 is consistent with the doctrine in Mezaph. A 6 and I 1
that kinematic unity is the mark of continuous connection (T17 and T18,
see below section 3.2). By contrast, Aristotle’s account of place in Phys. IV
1-5 does not seem to provide the best examples of the distinction indicated
by Conn."

There are obvious applications of Conn to time: periods of time are con-

tinuously connected at instants. Instants follow the pattern of a point which

T7. keeps the length together and marks it off; for it is the beginning of one part and the

end of another.!

Hence,

T8. the now is the connectedness of time, ... for it connects the past and future time, and is
a limit of time, since it is the beginning of one and the end of the other."?

Fur thCI’, successive movements may bC continuously COHHCCth Oor not, see, €.g.

T9. Since every movement is continuous, a movement that is unconditionally one must (if
indeed every movement is divisible) be continuous, and a continuous movement must be
one. For not every movement could become continuous(ly connected] with every other

' See also section 3.1.1 concerning an inconsistency which suggests that Phys. IV 1-5 must
not be taken as presupposed in Phys. V 3.

" Phys. IV 11.220a10-11: ... cuvéyet | 0 pfjcog xal 6pilet 2ot yép ToD pév dpyi) To0 0% TEAEVTY).
"2 Phys. IV 13.222a10-12: 75 0% v0v 20TV GUVEXELRL XPOVOU ... - GUVEXEL | Yap TOV Ypbvov ToV
mapeAvBETa kel 2odpevov, kol | Ehwg mpag ypdvov EaTiv- EoTLyep TOD gV dpyh, ToD 88 TeEAEVTY.
(tr. Hussey, modified). — See also Strobach (forthcoming) on bar lines in musical notation.

11
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movement, any more than a random thing with any other random thing, but rather those

in which the extremities are one.

and

T10. It has been established [in Phys. V 3, GH] that items are continuous[ly connected] of
which the extremities are one. So, movements are contiguous and successive in virtue of
time being continuous, but [time is something] continuous in virtue of the movements be-
ing continuous, and this is when the extremity becomes one for both. That is why a move-

ment that is unconditionally continuous and one must be the same in species, of one thing,

and in one time.'

In particular, since eternal motion must be periodic, turning from one inter-
mediate position to another and back, it is a requirement of its unity that every
recurrent section is continuously connected with its immediately successor.”

Doubtlessly, Conn does apply to linear continua such as path, motion,

and time. But I will argue, fi7sz, that linear continua are alien to Aristotle’s

'3 Phys. V 4.228a20-24: émel 0t ovveyg maoe kivog, TV Te 4mAGG | ploty dvéyxn kol ouvexd
elvou, elmep maow Statpeti, Kol | el cvveydg, wlav. ob yép mhoa yévorr’ &y auveyiis oy, | tomep
008’ dilho 0UOEY TG TuYOVTL TO TVYOV, &AN Eowy &v | Té Eoyata (tr. Reeve, modified).

1 Phys. V 4.228a29-b3: xeitou youp 1o ovveyis, Gv | té Eoyota £v. GoT Eydpevar kol éeki eiot
T¢) TOV Ypodlvov elva ouvexd, cuvexis Ot TQ) Tég KWWTEL ToDTo &, | STary BV TS EayaTov yEvyTou
Gpdoty. 810 &vdryxy THY adTiv | elvet T¢) eldet kel £vdg katl &v EVL Ypdve TNy dTAdg ouveyd | kivowy
ol plav ... — text at a31: Pellegrin (2002) p. 293 n. 2 (tr. Reeve, modified).

15 Phys. VIII 6.259a15-20: “... it has been demonstrated that there must always be motion.
But if always, it must be continuous, for what is everlasting is continuous, while what is
successive is not continuous. But if continuous, it is one. But motion is one if it is the by one
mover and of one moved thing. For if now one thing is the mover, and now another, the
whole movement will not be continuous but successive.” (Sédetxron yép 611 dvdyrn el

ko elvar. | el 8¢ del, dvdiyn ouveyd] ebvau- xal yép T del ouvelyis, T 8 édekijc ov ouveyts.
GG wipy €l ye ouvexme, | plo. plo 8 1 0 Evdg Te ToD kivoTvTog Kal £vdg ToD kvou|usvov- €l yap
X0 xal &Xho koL, 0b auvexds 1) | 6W xivnaig, XN édekijg — tr. Graham, modified). Phys.
VIII 8.261b31-262a5: “Clearly, what travels with a straight and bounded motion does not

travel continuously. For it turns back, and what turns back on a straight line undergoes con-

trary motions. ..We have already determined what is the single and continuous motion,
that it is the motion of a single subject in a single time and in respect to an indistinguishable
form... Contraries differ in form and are not one.” (871 8% & depopevoy Ty e09eioty xal |
TETEPATUEVY 0D EPETAL TUVEYGG, STAOV- AVAKAUTTEL | Yap, TO 8 Gvakdpmtov Thy eddelay Tilg

(b36

Evavtiag veltar | kiwioets: ... 39 tic 8 éotiv 1) pla kot |* ouveying kivnote, SubpioTon mpdTepov,
8711 ToD vdg Kkl &v | VL xpdvey kol év &dladdpw xat eldog..." T 8 evavtia Sudépet T¢) €ide,

ol ody &v — tr. Graham, modified).

12
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account of continuous connection in Phys. V 3 and, second, that for the
mathematical account of the linear continua Aristotle offers in Phys VI,

Conn is just a starting point. See sections 3.1 and 4.1 below.
3. Aristotle’s Accounts of Continuous Connection in Phys. V' 3, Metaph. A 6 and 1 1

3.1. Phys. V'3
The first sentence in Phys. VI (T19, see below), featuring Conn as quoted
above (T2), suggests that Phys. V1 is continuous with the account of contin-
uous connection in Phys. V 3. But I don’t think that there is any such conti-
nuity. Arguably, Phys. V 3 is not about motion at all.

3.1.1. Phys. V 3 describes five kinds of relation — in contact (baptomena),'®
between (metaxu), successive (ephexés), contiguous (echomena), and continu-
ously connected (suneché) — which may obtain between bodies or other kinds
of components. The pair of concepts introduced at the beginning of the chap-
ter, together (hama) and separate (choris), refer explicitly to place, and so does
therefore the subsequent definition of contact (T11) which, in turn, is pre-
supposed in the definition of continuous connection (T14 below). This sug-
gests that the definitions offered in Phys. V 3 are primarily meant to apply to
bodies and places.” I will argue that this is confirmed both by the metaphors
and examples in Phys. V 3 and by the parallels in the Mezaphysics.

The definition of “together”, “separate”, and “in contact” is this.

T11. I say things are together in place (hama ... kata topon) when they are in one primary
place and to be apart when they are in different places. Things are said to be in contact when
their extremities are together (hama).'®

Two remarks are in order. Firsz. In T11, the concept of primary place is em-

ployed to define contact. Conversely, Phys. IV 4 employs the concept of

' In this list, I am giving the Greek adjectives in neuter plural, to apply to any pair of items,
including bodies (sd7zata). Note that both metaxu and ephexés are adverbs.

17 See Furley (1982) p. 31: “Aristotle’s doctrine [sc. in Phys. V 3] is formulated with reference
to physical bodies.” Similarly, Waschkies (1977) p. 168 and passinn.

'8 Phys. V 3.226b21-23: o utv odv Ayw TadT elvar | katil ooV, Soa év Evi ToTw ¢ TPWITYY,
xwplg Ot 8o | &v Etépe, dmTeadar 8t v & dxpa dpa (tr. ROT).

13
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contact to define primary place."” Second, T11 is incoherent unless the sec-
ond occurrence of “together” echoes the first.*® Hence, the “extremities”
(akra) mentioned in the definition of “in contact” are supposed to be “in a
primary place” (e ... tapa; ... proti;). But the definition at Phys. IV 4.212a6
equates the primary place of an entity with “the edge (peras) of the surround-
ing body” and thereby precludes extremities (eschata) such as points, lines
and surfaces from being in a primary place.” I agree with Pfeiffer (2018, pp.
152-3 and 155) that, therefore, T11 does not presuppose the definition of-
fered in Phys. IV 4.

Even more conspicuous is the inconsistency between the account of
change (metabolé) in Phys. V 1 and the account of motion (kinésis) in Phys.
III 1 which, in turn, relies on the account of becoming (geznesis) in Phys. 17.
In Phys. 111 1, changes in all categories count as movements, whereas only
changes in the subordinate categories (quality, quantity, place) are so classi-
fied in the second part of Phys. V 1. Arguably, the issue is not just classifica-
tion. Rather, the author of that section in Phys. V is unaware of the analysis
of unqualified becoming in Phys. I 7 where portions of stuff are allowed to
substitute substances as subjects. As a consequence, becoming is from just
not-being in Phys. V' 1 — which amounts to the very doctrine the argument
in Phys. 17-9 is designed to refute.

That in both cases, the relevant passages in Phys. V - ch. 3 and ch. 1
from 224b35 onwards — are earlier than Phys. I-IV is quite a safe guess. But
it should be added that this does not apply to the whole of Phys. V. There
are also passages in Phys. V which presuppose Phys. I-IV - e.g.

- the first part of ch. 1 (up to 224b35) where Phys. II1 1 seems to be cited
(224b10-11),” while the classification offered in the second part of the

chapter is conspicuously absent, and

¥ Phys. IV 4.211a29-34 and 212a5-6a; see Heinemann (2021) pp. 298-300 (note on
211a23-34).

» Differently, Alexander (I Phys. fr. 254 Rashed, cf. Simplicius, Iz Phys. 870.10-871.15)
and Katz (2021) pp. 245 ff.

*! Aristotle is explicit about points (see Phys. IV 1.209a11-13 and 5.212b24-25). That the
argument extends to lines and surfaces is hard to deny.

> See Ross (1936) p. 8; Wagner (1979) p. 591; Odzuck (2014) p. 26 n. 48.
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- the excursus on changes of changes in ch. 2 where Phys. 17 is quoted.?

In sum, it is wise to consider the possibility that Phys. V is just patch-
work and, therefore, to interpret the main sections independently of each
other. If chapters 1-2 and 4-6 are, in their respective ways, about motion
there is no warrant to conclude from this that ch. 3, too, was written with a
view to the analysis of motion. There is, of course, no denying that Phys. V
as a whole is about motion and so is derivatively ch. 3, as a section inserted
into the book.

3.1.2. A crucial passage in Phys. V 3 is the definition of betweenness.

T12. (a) That item is between, which the changing thing, changing continuously, naturally
reaches before the item to which it naturally changes at the end. ... (b) And a thing moves
continuously if it leaves no, or just the minimal, gap in the matter (fox pragmatos) — not in
the time (for, on the one hand, there is no objection to leaving a gap in time [and making a
break], but, on the other hand, [the condition that no gap in time is left does not preclude]
the highest note sounding immediately after the lowest) but in the matter, [i.c. the dimen-
sion] in which the movement takes place.**

Ad (a). The definition of betweenness is in terms of linear order (b24: prote-
ron, b25: eschaton). But linear order is in quite an artificial way imposed on the
underlying realm, viz., via itineraries being “natural” (b24: pephuke, b25: kata

phusin) or not.” That the relata of betweenness are meant to be 2- or 3-

3 At Phys. V 2.226a17 hupokeimené phusis is a verbatim quotation of Phys. I 7.191a8.
Throughout the excursus (225b16-226a23), the term hupokeimenon is used in the same way
as in I 7-9. The special meaning of hupokeimenon presupposed in the second part of V' 1
(“the state indicated by an affirmative predication”: to anaphase déloumenon, 225a6-7; see
Int. 6.17a25 and my note on 225a3-7 in Heinemann, forthcoming) reappears only in Phys.
V 5-6 (229231-32 and b30, but not 230al1). — See the introduction and notes in Heine-
mann (forthcoming) for a fuller account, and discussion, of the incoherences mentioned.

# Phys. V 3.226b23-25,27-31: petakd ¢ | eic & médvke TpoTepov dducveiodan to petafdilov 7

®27) Guveyag O xivetton To pn|Iey

elg 8 | Eoyartov peTafdlhel ke HVOY GUVEXGG ueTABAMAGY, ...
7} 871 Shly1oTov diethetmoy Tod Tplypertog — Wi Tod ypovou | (0VdEY Yip kwAvel SihetmovTer, Kol
edg 0% pete TV Dty $9EyEnadan Ty vedty) dXA& ToD Tpdypartog &v @ | kivertan. Con-
cerning the passage in parentheses (ox gar koluei ..., b29-30), I try to follow the proposal
offered by Ross (1936) pp. 627-8. — Note that the “highest” string (hupazeé) is lowest in pitch
(LSJ 5.0.).

 Differently, Pfeiffer (2018) p. 148 n. 4: “between’ ... is a notion that is most explicitly
linked to the analysis of change”; Mendell (2019, Supplement on § 9: “Place and Continuity
of Magnitudes”): “Between (mezaxu) pertains to continuous change: what is between is that
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dimensional regions, e.g, cities, is quite a safe guess. Verona is between Ve-
nezia and Milano, because it is “natural” to travel from Venezia to Milano
via Verona. But Milano is not between Venezia and Verona, because it is un-
natural to travel from Venezia to Verona via (e.g., Bologna and) Milano.
Note that this is not just a matter of straight lines (try to travel a straight line
from Torino to Grenoble). True, in the context (226b32-34) Aristotle also
adumbrates an account of betweenness in terms of straight lines and dis-
tances. But he would insist that Lamia is between Athens and Larisa, and
that my elbow is between my hand and my shoulder, whether I bend the arm
or not. In neither field, consideration of straight lines is to the point.

Ad (b). The change involved in the itinerary account of betweenness is re-
quired to be “continuous” (b25: sunechos) — which is said to mean that jumps
are confined to a minimum, whereas breaks are explicitly allowed (cf. b28:
mé tou chronow). For instance, to perform a full scale on a harp counts as a
continuous movement, the continuity is only disrupted if a note is omitted
(or if the highest note follows the lowest (b29-30). Clearly, the performance
satisfies neither Divi nor Conn. Neither definition of continuity applies;
and nothing suggests that the change, which is involved in the definition of
betweenness, is meant to instantiate either of them. Rather, “continuously”

(b25: sunechis) is common language in T12.%¢

3.1.3. According to Glasner (2020, p. 29), “whereas in Physics VI continuity
is an attribute of a magnitude, in V.3 it is a binary relation and applies to
physical entities as well.” This suggests that in V 3, continuity also applies to
magnitude according to Glasner. To substantiate, she adds (ibid., n. 95) that,
in Phys. V 3, “Aristotle uses mathematical examples (lines, units) as well as
physical examples (houses in a row, rivets, glue).” Rivets (my “nail”: gomphos,
227al17, see T15 below) and glue are mentioned by Aristotle as ways to es-
tablish a continuous connection of bodies (T14, cf. T 17 below). The other

examples pertain to succession:

which a continuous changer arrives at before it arrives at the end of the change.” — In my
interpretation, change is just auxiliary here: betweenness transfers from change (where the
definition is obvious) to the realm at issue via itineraries (similarly, Dehn 1936, pp. 14-5
and 1975, pp. 202-3 and Waschkies 1977, pp. 162-3).

26 Similarly, Waschkies (1977) pp. 168-9 and Sattler (2020) p. 303 n. 86.

16



Gorttfried Heinemann, Aristotle on Continuity

T13. An item is next in succession when (i) it is after the beginning in position, in kind, or
by some other criterion, and when (ii) there is nothing of the same genus between it and
that to which it is next in succession, e.g. a line or lines if it is a line, unit or units if it is a
unit, a house if it is a house.””

Examples added in Phys. V 3 to this are numbers and calendar dates on the
one hand (227a5-6) and points on the other (a27-32); numbers reappear at
a20 and a32, units (a2-3) at a27-32. All of this pertains to succession, but in
the latter passage, contact is also mentioned. The passage is probably meant
to bring out a difference between units (as employed in the definition of
numbers) and points.”® If nothing is between them, units are in succession,
but points are in touch. If points are separate, a line is between, but separate
units may be successive and, in this case, have nothing between them. If so,
the message is a negative one: The definition of succession is not primarily
meant to apply to points.

In sum, the mathematical examples in Phys. V 3 pertain to succession
only. None of them pertains to continuous connection. Glasner’s remark, as
quoted above, is misleading. She should have said that, as a rule, Aristotle’s
examples in Phys. V 3 are physical, but in one of the cases, succession, he uses

mathematical examples as well.

3.1.4. The definition of continuous connection offered in the sequel is this.

T14. An item is contiguous when it is next in succession and in contact. Continuity (%o
suneches) is a special case of contiguity: I say there is continuous connection when the limits
of each, by which they are in contact, have become one and the same and are, as the word
implies, kept together: which is impossible if the extremities are two.”

%7 Phys. V 3.226b34-227a3: éekiic 8t ob pete Ty apyy | 8vtog 1) Yoe 7 eidet ) WA vt obTeag
Gdopiodivtog | undtv petak ot @V &v TadTR yiver kel 0b ddebis totwy | (Ayw 8 olov ypoupn
Ypopis 7 ypepual, | povédog polvé A wovades, 7 oixlag oixia- ...) (tr. ROT, modified)

28 See Waschkies (1977) pp. 221 ff. (particularly pp. 231-2).

 Phys. V 3.227a6-7, 10-13: éxduevov 8t 6 av idekiic | 8v dmmyrar. % 10 8¢ ovvexds dot pev
dmep éxouevey T, | Myw & elvar cuvexts Stav TaiTd yevnTal kol v TO éxaTépou | mépag olg
dmovtal, kel GoTep oMualvel Todvous, cuvexy|Tat. TobTo 6 ody olév Te Guoly Svtoty elven ToTY
¢oydrow (tr. ROT, modified).
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The crucial concepts involved in this are becoming and activity: limits become
one and, thereby, acquire a causal role in the connection. In the sequel, Aris-
totle leaves no doubt that this is not just a matter of metaphor, as it arguably
is in T7-T10. — An addition to T14 distinguishes natural from artificial unity

and explains what they have in common.

T15. This definition makes it plain that continuity belongs to things from which a unity is
naturally created (pephuke gignesthai) at their junction. And in whatever way that which
keeps them together becomes (gignezai) one, so too will the whole be one, e.g., by nail or
glue or contact (i.c., fit and/or clamp) or ongrowth.”

The distinction (which Mezaph. A 6 brings out more clearly, see T17 below)
is again in terms of becoming. Examples of artificial unity are described by
the causal factor which accounts for the unity and which in all three cases
may be assumed to reside at the junction of the parts:*' evidently so in the
case of the glue, whereas both nail and clamp need fitting surfaces to fix the
parts in their relative positions. By contrast, “ongrowth” (prosphuomai / pro-
sphusis) is a technical term adopted by Aristotle from medicine.** Aristote-
lian examples include: the embryo, cord, and egg, in the uterus;* inner and
outside parts of the animal body;** univalves on a rock;* the cohesion of ma-

terials.*® More examples may be adduced from the use of prosphucs and

30 Phys. V 3.227a13-17: tobtov | 0% Swwpiopévov ovepdy &t & TobTolg 0Tl T Guveyts, £ | dv
&v T TEuKe YlyveaJou kerté THY chveny. Kol ¢ ToTe | yiyveTal 6 Guvéyov £y, obTw kol TO Shov
EaTou £v, olov 7| | Ydudew 7| k6 1 4dfj 7 Tpoodvaet (tr. ROT, modified). — I am taking kaza
(al5) in the local sense, but a causal sense cannot be ruled out (on which see footnote 31
below). Concerning “by ... contact” (hapheé;, al7) see Simplicius, Iz Phys. 878.20-21: “by
fitting together like a ship” (tr. Urmson).

31 The ROT takes kata (227al5) in the causal sense. If this is correct, the causal claim is
explicit in T15. Otherwise, inspection of the examples must do.

32 [Hippocrates], Artic. 41 and 45; Epid. V11 1, 57 and 92; Morb. IV 17 (48 L.) and passim;
cf. prospephuka at Epid. 11 4, 1 and passim. Diogenes of Apollonia, DK 64 B 6 (VS II, 64.1).
3 Metaph. A 4.1014b22; cf. GA 117.745b24 and b33-33a; GA 111 3.754b12 ff. and passim.
3* HA117.496b29; HAI19.517a21; Inc. ch. 16.

3 PATV 4.679b23; cf. GA1.715al7.

3¢ Meteor. IV 9.377a3.
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prosphus in Homer: a bench is “attached” to a chair, Odysseus is “attached”
like a bat to a tree, and Hekabe wishes to devour Achilles’ liver, “attached to
it.”¥

In the sequel, the “genetic” account (kata tén genesin) equates continu-
ous connection with “natural unity” (sumphusis) resulting from “growing to-

gether” (sumphuomai):

T16. So natural union is last in coming to be; for the extremities must necessarily come into
contact if they are to grow together; but things that are in contact are not all grown together,
while where there is no contact clearly there is no natural union either.*®

Examples of sumphusis include liquids (see T6 above), but sumphuomai
/sumphusis is mainly a more or less technical term with applications in (com-
parative) anatomy,” embryology,” and medicine.” There is also a prehistory
of the term in Empedocles, with connotations from botany,* to which, how-
ever, Aristotle does not seem to allude.

In Phys. V 3, there is nothing to suggest that the account of continuous
connection is meant to apply to linear continua such as path, motion, and time.
The transfer to the latter realm is confined to a section of Phys. V 4 (228a20-
b11, see T9 and T10 above), and to the beginning of Phys. VI (see T19 below).
In both cases, the shorthand indicating the account in V 3 is Conn.®

7 My “attached” corresponds to prosphue’ = prosphuea at Od. XIX 58, prosphus at Od. XII
433, and prosphusa at Il. XXIV 213. — Note that phu- connotes firm connection rather
growth here.

3 Phys. V 3.227a23-27: Gote 1) ovpdu|oig doTéTy ks Ty yéveotv- dvéryxn yop dbaadeu €l |
oupddoETOL T dKpaL, TE OF ATTONEVEL 0D TAVToL CUNTE|dUKEV- £V olg O i) 2Tty ad), Sihov &t odk
ZoTv 000t | odudats &v Tovtolg (tr. ROT, modified).

% Paired limbs connected at the spine: Inc. 6.706b26; similarly, [Hippocrates], Art. 34, IV
154.12 L. etc; Fract. 37, III 542.4 L. In cycads, mouth and tongue are grown together to
form a sucking tube (P4 IV 5.6822a20). Similarly, beaks may be imagined as being formed
from teeth (PA 11 16.659b24). See Kullmann (2007) p. 660 and p. 479, respectively.

“ See, e.g., GAIV 4.769b33, 773a3, etc. on the formation of monstrosities.

! See, e.g., HA 11 515b19 where ou sumphuetai indicates that a cut does not heal. Similarly,
(Hippocrates), Fract. 24, 111 496.4-5 L. and Arz. 14,1V 120.1 L.

“2 DK 31 B 26.7/9: sumphuomai | diaphuomai. Similarly, B 17.7/10 etc.; B 95. Clearly, the
description of the elements as “roots” (rbizomata, B 6.1) connotes herbally.

#1n T10, “has been established” (keitai, 228a29), may refer to T14, but the final clause in
T9 (... hoson hen ta eschata, 228223-24: “... of which the extremities are one”) would also do.
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3.2. Metaph. 4 6 and I 1

Again, continuity is clearly conceived as continuous connection. The rele-
vant passage in Metaph. A 6 is this.

T17. (1) Of things called one in their own right some are so called because they are contin-
uous, e.g. a bundle by aband, and pieces of wood by glue; and aline, even if it is bent, is called
one if it is continuous, as each part [of the body] is, e.g. a leg or an arm. Among these, what
is the continuous by nature is more one than what is continuous by art. (2) A thing is called
continuous whose movement in its own right is one and cannot be otherwise; and the move-
ment is one when it is indivisible, i.e., temporally indivisible. And those things are continu-
ous in their own right which are one not [sc. merely] by contact.*

To the account in Phys. V 3, four claims are added. (i) Continuity is a special
case of oneness; (ii) kinematic unity is the mark of continuity; (iii) the bun-
dle is an example; (iv) continuity admits of degrees of oneness: what is con-
tinuous by nature is more one (mallon hen, a4) than what is continuous by
art. The crucial addition, that kinematic unity is the mark of continuity, is
evidently confirmed by the examples adduced in T15: nail, glue, fit (and/or
clamp), and ongrowth. It is quite a safe guess that the accounts of continuity
in Phys. V 3 and in Metaph. A 6 complement each other.

In Metaph. 1 1, still another amendment is (v) the distinction between
kinematic unity (i.e., continuity in the sense of T17) and unity “in account”
(ton logon). In the relevant passage (1052a16-b1), four meanings of ‘one’ are
distinguished: “the naturally continuous, the whole, the individual, and the

universal” (a34-36), which reduce to two cases as follows.

“ Metaph. A 6.1015b36-1016a7: tév & ad éovta v heyoptvoy te pev Méyetan 16 [V ouveyd
elvaul, olov paxehog deop kel EbAeL kENAy- | kol ypauun, Kby kexapévn 7, auvexi Of, pla Méyeta,
| doTep Kol TGV Uepav ExaoTov, olov okélog ki Bpayiwy. | adT@Y 0% TobTwY Uakhov & Ti GvoEL
ouvexii ) Tevn. | ©) cuvexte 8 héyeta ob kivnotg ple ko adTd Kok i oidy | Te dNhaxg- pla § 0d
édwalpetos, 4diaipetog 0% katd ypovov. | kad abTe O ouveyd Sow i ddf #v- (tr. adopting fea-
tures from ROT and Kirwan). “Temporally indivisible” - that is, parts move all at once, not
one after another (“i.e.”: de, a6). Note that in T17, section (1) is about oneness; only section
(2) is explicitly about continuity.
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T18. And all these are one because in some cases the movement, in others the thought or
the account, is indivisible.*

Whether T18 denies that unity in account may also feature in Conn, be it
as a ground of natural unity (phusei, ibid., a20) or as an addition to it, is hard
to say. On the one hand, for movements to be continuously connected,
sameness in account (which secures that the composite whole be one in ac-
count) is a requirement according to Phys. V 4 and Phys. VIII 8.% Yet, on the
other hand, both Phys. V 3 (T14-T16) and Metaph. A 6 (T17) suggest that
the limits of heterogeneous bodies may be one, and the bodies be continu-
ously connected by this.*” This is just the case with the examples mentioned
in T15 and T17. In particular, heterogeneous bodies which share one com-
mon limit meet the requirement which in the Mezaphysics (T17, T18) is the
mark of continuity: if the limits are together, but two, the bodies are movable
against each other, and the limit of one of them may serve as the place of the
other (see T4; note that a place can be left, see, e.g., Phys. IV 4.211a2-3); but
if the bodies share one common limit, they also share one common place and,
hence, neither of them moves without the other moving simultaneously.
Both Phys. V 3 and the parallels in Mezaph. A 6 and I 1 attribute conti-
nuity to composite wholes which, as a rule, fail to be one in account. Hence, it
is quite a safe guess that the cases distinguished in T18 are meant to be disjoint.
— It goes without saying that continuity of motion is not at issue in Mezaph. A
6 and I 1. Kinematic unity is the mark of continuity here. But according to
Aristotle (Phys. V 2.225b13-226a23), movements don’t move in any conceiv-
able way.* Hence, kinematic unity of movements is a contradiction in terms.
It may be argued that, by contrast, Divi presupposes unity (so as to have
something to divide), and that unity in account is a strong candidate. The

argument would refer to the account of motion in Phys. III 1-3 as follows.

® Metaph. 11.1052a36-b1: mévra 0t Taite &v 16 diipeTov elvan @Y ptv | T xivow T@v 3¢
T vénow 9 v Adyov (tr. ROT, modified). — Note that logos (b1) corresponds to eidos, ibid.,
a23.

6 Phys. V 4.228b2: td; eidei (see T10 above); Phys. VI 8.262a2: kat’ eidos = t4; eidei (aS) =
13; logo; (a21), see footnote 15 above.

47 See also the remark at Metaph. A 4.1014b26 that diversity in quality (kata to poion) is
compatible with having grown together (sumpephukenai, ibid., b25).

“8 Except per accidens (Phys. V 2.226a19-23), which no option here.
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Aristotle’s definition of motion — “fulfilment (entelecheia) of the thing
which is potentially [sc. in the final state] qua such [i.e., qua being potentially
in the final state]” (ch. 1.201a10-11) - refers to a final state which, in gen-
eral, is specified externally as follows. Next to the thing moved (20 kinoume-
non), there is also a mover (o kinoun) which “will introduce a form” (eidos
ti oisetai) which, in turn “will be the principle and cause of the movement”
(ch.2.202a9-11). Insofar as the movement derives its unity from that form,

it is one “by form” (¢idei) and hence “in account” (to logon,).
4. Continuity in Phys. VI 1-2

In Phys. V11, Conn is the just a starting point, to be dismissed as a definition
of continuity after Divi is derived in the middle of the chapter (231b16, see
T25 below). In the rest of the book, Aristotle’s account of continuity is in
terms of Divi rather than Conn.
4.1

The first part of Phys. VI 1 (up to 231b18) is quite a mess. Leaving a fuller
discussion to another occasion,” I will confine myself to a proposal and some
sketchy remarks. — The opening sentence refers Conn back to Phys. V 3.

T19 (>T2). If continuously connected], in contact, and next in succession are these, as
defined earlier,

- continuous[ly connected]: items of which the extremities are one,

- in contact: items of which [the extremities] are together,

- next in succession: items with nothing of the same genus between,

something continuous cannot be composed of indivisible items, e.g,, a line of points, if in-
deed the line is [something] continuous, and the point is [something] indivisible.”

The statement in T19 of the theorem that “a continuum (# suneches) cannot
be composed of indivisibles” (a24) leaves it open (a) what a continuum is,

and (b) what it is to be composed of something,

# See my introduction and notes in Heinemann (forthcoming).

50 Phys. VI 1.231a21-26: Ei 8 ot quvexts kol dmtduevov ol édebile, i | SidpioTar Tpbrepov,
ouveyT wv Qv ToL oyota £y, amTs|ueva 8 Gy dua, eekiic 8 G undey peTabd cuyyevés, | ddtvatov
&€ adupeTv ebval T1 guvexds, olov ypapuiy &k | oTIyHGY, elmep 1 Ypouun e cuvexte, 1 GTLYUN
8¢ adwai|peTov.

22



Gorttfried Heinemann, Aristotle on Continuity

Ad (a). The definition offered at the beginning (a22) does not apply since
in both the theorem (a24) and the subsequent example, “continuous”
(suneches) is a one-place predicate whereas the definition is of a two-place
predicate (viz. Conn). Aristotle nowhere explains the former in terms of a
latter.”’ The example is all he offers: lines are continua, and points are indi-
visibles. In order to make sense of the sequel (231a26-b18), it is wise to as-
sume Aristotle is talking just about lines and points (or periods and instants,
b6 ff.), but not about continua in general.

Ad (b). I propose that a parallel passage in GC I 2 may be adduced which

requires that composition be of, and division be into, contiguous parts:

T20. ... for point is not contiguous with point. But this [i.e., into or out of contiguous items,

respectively] is division or composition.>

As a consequence, both composition and division are at a point which is the
common limit (eschaton, 232a22) of the parts (or at a junction where the lim-
its coincide, if coincidence of points is allowed, cf. T22). Thus, the initial claim
(T19) boils down to the observation that a line cannot be composed of points

for one of two reasons: either because points are not contiguous, see

T21. Neither is it the case that the extremities of the points are one, since the indivisible
fails to have both an extremity and a part which is distinct [from the extremity]. Nor is it

3! Waschkies (1977, p. 7) claims that “am Anfang von Phys. VI 17, Aristotle “charakeerisiert
... die Kontinua als diejenigen Gesamtheiten, bei denen die Enden benachbart liegender
Teilstiicke in eins zusammenfallen.” According to Bostock (2006, pp. 161-2), “the (un-
stated) definition of what a continuum is”, presupposed by the argument at 231a24-b18 is
this: “a continuum is anything which (i) can be divided into two parts, and (ii) is such that
any two parts into which it is divided must share a limit” - i.e. are continuously connected
(GH). Bostock adds that the definition fails to exclude such pathological examples as a half-
open interval being continuously connected with its missing edge — which, on the one hand,
would beg the question but, on the other hand, is required to save the definition from emp-
tiness (ébid., pp. 162-3). By contrast, I don’t see any definition of a relevant one-place pred-
icate being presupposed here.

2 GC12.317a11-12: ... o0 yap éoTwy Exduevoy anpeiov ovuelov A | otryus) oTiypdc. Totto 8 éott
Swilpeoig 7} avvIeo. — Following Sedley (2004, p. 78 n. 27), I take semeion and stigmeé to be
synonyms: é stigma stigmés is just a repetition and is skipped in my translation.
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the case that the extremities are together, since the partless fails to have an extremity at all;
for the extremity and the thing of which it is the extremity are distinct.”®

or, if points are allowed to be contiguous, because contiguous points are to-

gether and therefore fail to make up a line in which points are apart, see

T22. Things are in contact either whole with whole, or part with part, or whole with part.
Since the indivisible is partless, it must be in contact whole with whole. But what is in con-
tact whole with whole, does not make up a continuum. For a continuum has parts which
are distinct from each other and is correspondingly divided into distinct parts which are
spaced apart.**

As an aside, the theorem stated in T19, that “something continuous cannot
be composed of indivisible items”, may be also understood in a more general
sense: that indivisibles are (i) limits, but (ii) not parts. While (i) is argued for
in Phys. VI 3, a proof of (ii) is offered in the second half of VI 1 (see below
section 4.2).

In the sequel (T23-T25), the leading question pertains no longer to the
composition of lines out of points, but to the way in which the points which
occur in a line (or the instants which occur in a period of time) are arranged.
Atomism considers two kinds of arrangement: succession (i.c., separation by
void) and contact. For points (and equivalently, instants), contact was ruled
out by T21 and T22. Concerning succession, points (and instants) are dif-

ferent from atoms in that between Democritean atoms, there is nothing,

53 Phys. VI 1.231a26-29: obte yip v ot Eoyata Tav otryuev (od yap éomt 70 | pév Eoyatov 16 8
éXho TL pbpLov Tob adietpétov), oY dua | Té Eoyata (0¥ Yop 20Ty EoyaTov TOD duepols oDSEV-
grepov | yép 16 Eoyatov kol of Eoyertov). Remark: Democritean atoms are extended and there-
fore mathematically divisible. Hence, extremities may count as parts in the mathematical
sense, whereas the atom is still indivisible in the physical sense. But this distinction does not
transfer from physical atoms to points. That’s why Aristotle oddly presupposes that (i) ex-
tremities are parts (cf. a27: morion) and that, equivalently, (i) something which is indivisi-
ble (0 ameres, a28) admits of no distinction of an extremity from the thing of which it is an
extremity. As an alternative, he will assume in T22, that (iii) a point and its extremity are
the same.

>* Phys. VI 1.231b2-6: dmreton 8 dmav 7 Shov 8hou 1} uépog uépoug ) Ghov pépog. | émel 8 duepic
70 &OtertpeTov, dvdyky Ehov Ehov drrteadat. | Eov & Ehov dmrTbuevoy odk EoTou ouVeXES. TO Yip
ouvexts | Exet TO udv d&dho 6 8 dhho utpog, kel Steupettal eig | obTwg ETepa Kol TOTY KeYWPLOUEVOL.
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whereas in the case of points, “what is between is always a line” (and a period

of time between instants) according to Aristotle, see

T23. But neither is point successive to point or now to now in such a way that length or
time are composed of these. For things are in succession which have nothing of the same
genus is between them; but in the case of points, what is between is always a line, and in the

case of nows, [a period of] time.”®

On the one hand, points are in succession, iff no points are between. As a
consequence, the line which separates a point from its successor must be in-
divisible. For T20 requires that division be at a point, and that at every point
there can be a division. Hence, on the other hand, a line in which the points
are in succession must be composed of the indivisible lines between those

points, see

T24. Further [if length and time are composed of successive points or nows, respectively
(b6-8)], both would be divided into indivisible parts [i.e. (?), indivisible lines between suc-
cessive points (b9), or indivisible periods between successive instants (b10), respectively],
assuming that each of the two [i.e. length and time] is divided into the items of which it is
composed [i.e. (?), the lines or periods between the successive points (b9) or instants (b10),
respectively]. But none of the [two (?)] continua were divisible into indivisibles.>®

55 Phys. VI 1.231b6-10: &Xh& wipv 0088 édekiic | 2otan otrywd] oTiyuf] 1| 70 v0v 76 vdv, ®oT éx
TobTwv evar T | pijKog 7 &V xpovov- ddebic puEv yap 2oty Gv wndtv domt peltaéd ovyyevée,
oTrypav 8 el TO petalkd ypapu) kel T@Y | vOv ypévog (text: Ross deletes 6 before petaéy, b9).
Remark. Aristotle may presuppose here that points and lines (and instants and periods) are
same in genos, the doctrine that in geometry, dimensions are gené (7op. VI 6.143b11 ff;
Cael. 11.268b1; Metaph. A 28.1024b1) being no to the point here. Otherwise, the relevant
argument will only follow in the sequel (T24, T25). - See also remark (b) on T25 below.

% Phys. VI 1.231b10-12: &r1 Suwpolt’ v eig adiaipeta, eimep £ 6w oty | éxdrepov, eig Tadta
Swupettars GXN 003ty Av TV ouvexav | g duepij Sieupetéy. Remarks: (a) My additions are
meant to make sense of the argument. The reference to b6-8 is in Simplicius and Ross. The
reference to b9-10 is a tentative proposal of mine. (b) Is “none of the continua....” (b11-12)
a universal statement, as “something continuous ...” (i suneches, a24, see T19 above) and
“all continua...” (b16) clearly are? At. b11-12, “none of the two” might make a better sense.
But Ar. writes outhen rather than oudeteron. (c) Where is the argument for the denial of
“divisible into indivisibles” (b11-12)? The past tense suggests: carlicr. But the argument at
a26-b6 is about composition, not division. Note that a relevant argument is offered at b16-
18, which draws on a26-b6. Accordingly, I suppose that, again, (T20) applies.
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But since the line, which separates a point from its predecessor, and the line,
which separates the same a point from its successor, are contiguous, the ar-
gument in T21 applies: neither line can be indivisible. In sum, it is thereby
demonstrated that the points in a line (and equivalently, the instants in a

period of time) are dense rather than successive, and Divi is satisfied), see

T25. And there can be no other genus between the points and the news. For, otherwise, it is
clearly either indivisible or divisible, and if divisible, either into indivisibles or into again and
again divisibles. But this [i.c. (?), the line or period between successive points (b9) or instants
(b10), respectively] is a continuum. And it is also evident that every continuum is divisible
into again and again divisibles — for, if into indivisibles, indivisible is in contact with indivisible,
since the extremity of continuous[lee connected] items is one and in contact.”’

While Conn is a principle of composition, Divi is a feature which occurs in
analysis. T24 indicates a stepwise correspondence between synthesis and
analysis (b10-11). But Divi entails that analysis is never completed and
therefore provides no starting point for synthesis. That's why synthesis via
Conn fails to fully account for the structure of continua and, in particular,
provides no definition of “a continuum” (#i suneches, 232a24, T19), see
above ad (a).”® In the sequel, Aristotle’s account of continuity is in terms of
Divi (analysis) rather than Conn (synthesis).

I have offered quite a benevolent interpretation of Phys. VI 1.231a21-
b18 (i.e., T19-T25). If;, as I believe, my proposal is consistent with the text,
Aristotle’s argument in the initial section of Phys. V1 is still hard to follow
but not hopelessly confused. But the real stuff is yet to come. I will confine
myself to the isomorphism exhibited in the second part of ch. 1 (231b18 ff.)

57 Phys. V11.231b12-18: 8Xho 8¢ yvog ody oldv T elvou petalkd | v oTrypdv kol tév vov ovdéy.
el yop Eotou, dhov dg Atot | &Stalpetov Eotou | OiautpeTév, kol el SiapeTdy, 7 eig adai|peta 7 ig
Gel SlautpeTd ToDTO OF ouveyte. davepdy Ot Kol | ST TAY GUvexEs SlatpeTodV el aiel Stoupetd- el yap

elg adt|adpeta, EoTon doipeTov adlaupéTov dmTéuEvoY- BV Yap TO | EoxoTov Kol dmTeTan TGV
ovvey@v. Remarks: (a) de (“and”, b12) - indicates an additional argument. (b) “another ge-
nus” (b12): i.e., a line in which no points, or period of time in which no instants, occur
(assuming that lines and points are different in genus, and so are periods and instants). Ar-
istotle seems to assume that lines are divided by points, and periods by instants — which is
also suggested by (T20). (c) Note that “divisible into” (b16) = composed of (thus securing
that T21 and T22 apply).

%8 According to Sattler (2020) p. 296, definition by Conn is therefore nominal (and real
only by Divi).
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and to the expansion of it which informs the argument in the first part of ch.
2 (up to 233al2).

The introduction of the isomorphism at 231b18 (see below T26) amounts
to a new start. As Phys. V is arguably patchwork (see above 3.1.1), so is the whole
of Phys. V-VI. The Conn+sumphusis account of continuity in V 3 and the
Divi+isomorphism account in VI 1-2 pertain to distinct classes of phenomena

and are, therefore, essentially disconnected.

4.2
The primary topic in Phys. VI (from 231b18 on) is motion. — The initial

phrase in

T26. It is in corresponding ways (fon auntou logow) that path, time, and movement [are]
composed of indivisibles, and are divided into indivisibles, or none*

indicates that the same Jogos applies to the composition / division of a “mag-
nitude” (megethos, b19 — viz., the path of a movement), of the movement,
and of the time the movement takes. I disagree with the prevalent rendering
of Jogos by “argument” here: Jogos is the proportion or regularity which ob-
tains in the composition / division. The claim that the /ogos is the same for
path, movement, and time amounts to claiming that motion establishes an
isomorphism between the three.®’ Aristotle’s proof of T26 involves an obvi-
ous transfer of structure from path to movement and back (231a21-22, 26-
28) and from path to time and back (232a18-22). The description of the
transfer involves indivisibles which, however, are not essential to the isomor-

phism as such. With divisible parts, the construction of the isomorphism

%> Phys. VI 1.231b18-20: tod & 7ot Adyov | péyedog xal ypévov kel xivnaw &€ &diapétwy
ovykeloda, | kol Steupelodau eig dOtertpetar, ) undév.

% Similarly, Miller (1982) pp. 102 ff., Newstead (2001) p. 117. But I disagree with Miller in
some points. (i) His suggestion (ibid., p. 103) that the isomorphism theorem at 231b18-20
presupposes indefinite divisibility, as stated at 231b16, is misleading, (ii) Miller (pp. 106-9)
conflates the refutation of indivisibility for path, movement, and time (231b28-232a17) with
the refutation of indivisibility for moving bodies in chap. 10.240b8-241a26. (iii) Miller (pp.
104-6) conflates the part-by-part isomorphism established in ch. 1.231b18-28 and 232a18-22
with the limit-by-limit isomorphism assumed in ch. 2.232a31-b5 (and passimz) which — in my
interpretation — is only secured by a tacit application of the continuity principle (see section

4.3 below).
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would be just the same. The essential assumption is that a path is composed
of, and divided into, paths (T3),*! from which it follows that so are motion
and time.*

The correspondence thus established is between the parts into which
path, movement, and time are divided. Differently from both the first half
of the chapter and the chapters to follow, points dividing a line (etc.) play no
role here. Parts are just parts; the mereological approach is only supple-
mented by a linear ordering of the parts; hence the movement which estab-
lishes the isomorphism must be straightforward, that is, without turns,
loops, jumps, and breaks.

It is sometimes assumed that uniformity of motion, so as to transfer
metric properties, is another requirement. But metric properties have no role
to play here — that is, in most of Phys. VL. The “traditional account” (cf.
233al3: ek ton eiothoton logon), which employs uniform motion and the so-
called Archimedean property and thus presupposes a time metric, prevails
only in the second part of chap. 2 (233al3 ff.) and in chap. 7. Arguably,
Aristotle’s innovative (in modern terms: mereotopological) account is mo-
tivated by the notorious circularity in the definition of uniformity: motion
is uniform iffpr equal distances are travelled in equal times; and times are
equal iffpe the distances travelled by uniform motion are equal. The circular-
ity will be resolved by Aristotle’s account in Phys. VIII of the primary move-
ment, which is uniform since its drive is unchanging; in De caelo, Aristotle

adds that another requirement, homogeneity of the path, is in the case of the

¢! Aristotle’s notation at 231a22-28 suggest a division into just three parts. But nothing in
his argument presupposes that the division is into even a finite number of parts. See my note
on 231b20-25 in Heinemann (forthcoming).

€ Only at Phys. IV 11.219a16-19, the transfer of order (akolouthein, a19) is explicitly men-
tioned and described as an isomorphism (analogon, al8).

% In both sections mentioned, VI 2.233a13-b32 and VI 7, infinity is at issue. The mereo-
topological approach which prevails in the rest of Phys. VI does not distinguish “unlimited”
from “open” — and rightly so since, for instance, the part of a line which is between 4 and B
satisfies Aristotle’s definition of “unlimited” (apeiron, ie. hou aci ti exo esti, Phys. 111
6.207al: “part of which is always outside”). Strictly speaking, the distinction is unnecessary
for the theorems to be proved in VI 2 (2™ part) and VI 7; see, in particular, the corrected
proofs in VI 10. But the lack of distinction between “unlimited” and “open” may be confus-
ing. Thus, the “traditional” way of argument appears as a didactic device — which, by the
way, Aristotle fails in VI 7 to master (see, e.g., Hasper 2021, p. 57).
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celestial motions also met.®* Aristotle’s final account of uniform motion is
devoid of circularity, but unavailable in Phys. VL.

Inserted into the proof of T26 is an argument which establishes that
neither path, nor movement, nor time are composed of indivisible parts
(231b29-232al17). The argument starts with the assumption that every
movement involves two successive events: process and arrival.®® Hence, the
time an indivisible movement takes is divided, and so is its path and there-
fore, the movement which was assumed to be indivisible (231b28-232a11).
— Two remarks are in order. (i) The argument described amounts to another
proof that instantaneous motion is a contradiction in terms. (ii) On closer
inspection, the argument requires that indivisible parts be densely ordered.
It fails if, e.g., every indivisible part of the path has an immediate successor.
If A’is the immediate successor of A4, arrival at 4 may coincide with the pro-
cess of moving towards 4. Think of climbing stairs: to be on the #th stair is

to move to the (+1)th stair.®

4.3
In the sequel, all division of path, motion, and time are by extremities of the
parts, as Conn requires. Thus, Divi takes the form of a claim about points,
instants, and intermediate states obtaining at instants. It has been rarely ob-
served that the proof in Divi in Phys. VI 2 employs a version of the continu-
ity principle which is explicitly stated in Phys. VII 4 (T27 below), but only
tacitly presupposed in VI 2. Its application in the proof of a preliminary

¢ Phys. VII1 10.267b2-6; cf. 6.260a17-19; Cael. 11 6.288a17-27.

% Phys. VI 1.231b28-232al: “Something which moves from one place to another cannot
simultancously be travelling and have completed travelling to the place (hox) it travelled
when it was travelling. For instance, if something [sic!] walks to Thebes, it cannot simulta-
neously be walking to Thebes and have completed walking to Thebes. Hence, ...” (¢l | 83
Gvdryxen T kvoduevoy oIy mot wi) duo kiveioda kol | kexwvijodan od éxivelto 8te dxivetto (olov
el OnBale Tt Ber|diler, adbvartov dua Badilery ONBale kot BeBadixévon | OMBale), ...) Remark. If
Z is the moving thing and A is a place on its path, my “process” is the event of Z’s moving
towards A, and “arrival” is the event of Z’s having arrived at 4. In the sequel, Aristotle em-
phasizes that Z, while moving (bote diéei, 232a3), was neither at A (oute dieléluthei, ibid.)
nor at a place from which it started to move towards A4 (outer éreméi, ibid.). — Note that the
moving thing is treated as unextended here (and throughout Phys. VI.1-3).

% See my note on 232a2-4 in Heinemann (forthcoming).
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lemma at 232a31-b5, and subsequently in the conversion procedure de-
scribed at 232b27-233a10, is as follows.

Two runners, 4 faster, B slower. That is, Aristotle explains, 4 arrives
carlier than B.” Both A and B start simultancously at the point C into the
same direction; the movement of both is straightforward. When A arrives at
the point D, B is not yet at D, but will be late (apoleipsei, 232a30-31). The
crucial step, then, is this.®® If FG is the time it takes for A to travel from C to
D (232b1) and, hence, G is the instant at which A arrives at D, Aristotle as-
sumes that there is a point E, such that G is also the instant at which B is at
E (232a31).9

Similarly, in the sequel (note that the period FG is defined differently here):

If FG is the time it takes for B (the slower mover) to travel from C to D
and, hence, G is the instant at which B arrives at D (232b28-29), there is an
instant H earlier than G such that FH is the time it takes for A to travel from
Cto D (232b31). Again, Aristotle assumes that there is a point K, such that
H is also the instant at which B is at K (232b32-233al).

The existence of instants G and H is secured by the assumption that the
movements are straightforward and, therefore, for every potential place on
its path there is an instant at which it is taken in passing. By contrast, the
existence of points E and K (which again represent places) is a matter of con-
tinuity.”” The relevant argument is indifferent to the way in which the in-
stant G (or H) is determined. What matters is this (similarly for H and K).

There are points to which B gets earlier than G, and points to which B

gets later than G. Since the path is linearly ordered,”" and the movement is

7 Phys. VI 2.232a28-29: “Faster is what changes first.” (Sattév éotv 10 mpdrepoy
ueta|Béihov.)

% Phys. V1 2.232a32-33: “In the time [viz., FG] it has taken for A4 to get to D, let B, which
is faster, get to E.” (¢v @ yap & A yeyévnron | Tpdg T A (ie., &v ... T ZH xpéve, bl), 6 B EoTw
mpde 1@ E 16 BpadiTepov 8v.)

% The passage is discussed by Miller (1982) pp. 105-6, Hasper (2003) p. 214 and Mendell
(2007) pp. 16-8. Both Hasper and Mendell fail to address the question of how to secure the
existence of divisions or limits. Miller does, but concerning time rather than path.

7 In modern terms, the existence of E and K is established by an equivalent to Dedekind’s
principle, viz., the intermediate value theorem, being applied to the function which assigns
to each place the time at which it is taken in passing,

7! Remember that “the before and after is first in place”, etc. (Phys. IV 11.219al4 ft.).
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straightforward, the points of the first class are before the points of the sec-
ond class. Hence, the continuity principle (T27) secures that there is a point
E such that B gets to Eat G.

My reconstruction of the argument corresponds to the version of the

continuity principle in Phys. VII 4 mentioned earlier:

T27. There will be cases in which the circumference is larger than the straight line, and cases
in which it is smaller. Hence, there will be also a case in which it is equal.”

In order to derive the application in Phys. VI 2, replace
- “cases” with X (i.c., a variable operating on points),
- “the circumference” with: the time it takes for B to get to X, and
- “the straight line” with FG.
In Dedekind’s version (1872/1965, 10 = 1872, 11),

Zerfallen alle Punkte der Geraden in zwei Klassen von der Art, dafl jeder Punkt der ersten
Klasse links von jedem Punkte der zweiten Klasse liegt, so existiert ein und nur ein Punke,
welcher diese Einteilung aller Punkte in zwei Klassen, diese Zerschneidung der Geraden in
zwei Stiicke hervorbringt.

all points in the first class are before £, and all points in the second class are
after £ — which, again, entails that B gets to E at G.”*

As in the second part of chapter 1, the movements involved in the pro-
cedure must be straightforward. Since no time metric is presupposed, uni-
formity of motion is no option. — But it should be noted that only if (i) a
time metric is presupposed and (ii) the movements involved are required to
be uniform, the application of the continuity principle boils down to the

postulation of a fourth proportional.”*

72 Phys. VI1 4.248224-25: totou yip petlwv kol EAdTTwy 1 mepidepis | Thg evdelog, dore xal iom.
73 That the continuity principle is required to fill an alleged gap in the proof of Euclid, Elern.
I 1 was (in my view, falsely) claimed by Heath (1926) pp. 235-6, 242 etc. But the principle
is employed in Bryson’s quadrature of the circle (see Becker 1933, pp. 370 ff.;; Mueller 1982,
pp- 160 ff.; Hasper 2012, pp. 314-5). Aristotle’s criticism of Bryson’s proof (SE 11.71b13-
18 etc.; AP0 19.75b37-76a3; on which Mueller 1982, pp. 150 ff. and Hasper 2012, pp. 307
ff.) amounts to disputing the value of the principle for geometry — but not, as it seems, for
the mathematical account of motion, as in Phys. VI 2 and VII 4.

7% For details and discussion, see again Heinemann (forthcoming).
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