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FEW interpreters of Aristotle have denied that both empirical, inductive 
methods and some kind of systematic deduction played a role in the philosophy 
of the biologist who expounded the West's first formal logic. But it has usually 
been the fashion to focus on one side of this polarity. In recent decades the 
focus has been on the empirical Aristotle. But some of the latest studies em- 
phasize that Aristotle varied his methods according to context. G. E. L. 
Owen,' for example, although he feels that Aristotle took little care to separate 
inductive and deductive methods in the treatises, does allow that he uses 
deduction at times, and mentions book 6 of the Physics among them.2 

The general trend against interpreting Aristotle's work as the deductive 
pronouncements of an armchair philosopher has been particularly fruitful as 
regards the Physics. But it is not insignificant that scholarship in this trend has 
treated primarily Physics 1-4.3 The approach which Aristotle uses in the rest 
of the Physics is much more deductive. Book 6, in particular, contrasts strikingly 
with the methods which prevail in the first four books. 

There is no searching for definitions in book 6. Nor is there any exploratory 
analysis of linguistic phenomena or of current philosophical theories. Lan- 
guage serves only a few times as a casual source for definitions from which 
deductions may be made (234a32, 234b5, 239aI5, and 239a27), and other 

philosophical theories, with the exception of Zeno's paradoxes, are alluded 
to but once (233aI3). The book is almost entirely composed of a series of 
proofs, deduced from previous definitions and conclusions. The proofs are not 
reduced to syllogisms, but the reasoning is strictly deductive. There is generally 
even a format which reminds the reader of Euclidean geometry; each theorem 
to be proved is first stated (usually after a few lines of preliminary assumptions 
or reasoning), then proved, and finally explicitly repeated as a conclusion. The 
only interruptions in this chain of proofs are some brief passages of explanation 
(233aI3-2I, 235a34-5, 236a7-I4, 236bi-I8, 237a35-b22, 239a20-22, 240b8-20, 
and 241bI 1-20) and the discussions of Zeno (233a2I-33, and all of ch. 9). 

The vocabulary of the book reflects its contents. There is not one mention 
of ac-opla. Instead, the theories are regularly introduced as 87A0ov or bavepov 
and repeated as eSey,iLE'Vov. The necessity and universality of the arguments 
are kept obvious by the constant use of modal qualifiers such as avayK-q and 
davvarov and universal quantifiers such as Trais and alrras. Finally, Aristotle 

repeatedly refers to what he is doing as aTrodSeLtS (233a7, 233bI4, 237a35, 
238a32, 238bI6, 238b26, and 24ob8).4 

I G. E. L. Owen, T0ElvaL Ta < awo'vLeva, in 2 Owen, op. cit. 84. 
Aristote et les problemes de mdthode . . . (first) 3 e.g., W. Wieland, DieAristotelische Physik 
Symposium Aristotelicum (Louvain, 1961), (Gottingen, I962). 
83-103. 4 The last instance does follow the close of 
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All this inevitably reminds one of the theory of e'a7TnrT,rl arT1rSELKTLKn 

('demonstrative knowledge' or 'science'), an axiomatic system of deductive 
theorems about a certain class of entities, described in the first book of the 
Posterior Analytics. But it is widely believed that no such deductive system can 
be found in Aristotle's own treatises. Consequently, the theory of demonstra- 
tion is generally either ignored or studied in isolation from its author's own 
methodological practice. 

One reason for the belief that Aristotle never used the method is the ex- 
pectation that a demonstrative system should employ only exactly formulated 
syllogistic arguments, corresponding transparently to the modes and figures 
of the Prior Analytics. In the Posterior Analytics, Aristotle seems to define a demon- 
stration as a necessary syllogism, then proceed to articulate several structural 
requirements for a systematic science which will render its syllogisms necessary. 
In the treatises, however, few of Aristotle's arguments are formulated as 
syllogisms.' So, plausibly assuming that where there are no syllogisms, there 
can be no axiomatic system composed of syllogisms, one refuses to embark on 
any search for demonstrative science in the treatises. Instead, one feels com- 
pelled to seek some explanation for the paradoxical construction of a methodo- 
logical theory which its creator never tried to apply. 

But is the absence of exact syllogisms in the treatises really sufficient reason 
for concluding that the entire first book of the Posterior Analytics is irrelevant to 
the rest of Aristotle's work? The Analytics, after all, specifies several other 
requirements for demonstrative science. If an extensive text of deductive argu- 
ment in the treatises is found to fulfil all these other requirements, it seems 
unreasonable to deny that it was written according to the method. However 
the lack of syllogistic formulation is explained, it could not warrant the denial 
that the method is at least roughly applied in such a text. 

And in fact, when one considers the literary form of the treatises, it seems 
unlikely that much more than such a rough application could be expected. 
These are lecture notes, and even if Aristotle did elaborate a complete series of 
syllogisms for a science, one might still expect to find in these informal lecture 
summaries no more than a sketchy presentation of the system, resembling it 
faithfully only in its general structure. Philologically, it is hardly a sound pro- 
cedure to discount the possibility. 

The burden of this paper is to submit that Physics 6 is just such a text. No 
further explanation of its lack of syllogistic formulation besides the literary 
genre of the treatises will be attempted here. Such an attempt would involve 
a thorough interpretation of the Analytics, which would not only exceed the 
scope of this article, but run counter to its purpose. That purpose is to show 
that there is an unmistakable correspondence between the book's contents 
and the Analytics' theory, which must be taken into account in interpreting 
either work. 

In the Posterior Analytics, Aristotle tried to structure his theory of demonstra- 
tive science so as to fulfil the familiar Platonic criteria for c7rLanT/Ur1: univer- 
ch. 9, which is the longest non-demonstrative giving any demonstration, but to the entire 
passage in the book, but the plural adro- correction of Zeno's errors implied through- 
8eSeLty1Levxv -TOV1Twv, as it marks the close of out the first nine chapters of the book. 
the discussion of Zeno, may be taken to I e.g., W. Wieland, op. cit. 42, n. I. Cf. 
refer not to the immediately preceding G. Patzig, Die Aristotelische Syllogistik (Got- 
section, which draws a distinction rather than tingen, 1959), 20 1. 
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sality, necessity, and the ability to give an account of what is known, i.e., 
knowing why it is so. 

His demonstrative science assumes the definition and existence of a restricted 
genus which it takes as its subject, and it also assumes the definitions of the 
properties of its subject. Beyond that, the only permissible assumptions are the 
principles common to all or several sciences, such as the principle of contradic- 
tion. He allows, however, that a science may neglect to define or assume 
explicitly the existence of its subject, to define the properties, or to state the 
meanings of common principles, whenever these are obvious. The properties 
should be definitionally related to the subject 'KaO' avrT', i.e., either they must 
be implied in its definition or it must be implied in their definitions. The 
science proves the existence of the properties, or their predicability of the sub- 
ject, and the interrelations of the properties. It deduces its theorems by demon- 
strations from the definitions assumed and from theorems previously deduced 
from them, with the help of the common principles (Posterior Analytics I 
73a34-b5, 76a3 I-bI). 

The definitional nature of the premisses and the logical correctness of the 
deductions guarantee the universality and necessity of the theorems within 
the class under study. And since the premisses and the conclusion are both 
about definitionally related properties of the same genus, the knowledge which 
results will include an understanding of the formal cause of the conclusion. 

I have mentioned that Physics 6 consists almost entirely of a series of proofs 
deduced from definitions. We may, then, begin the comparison of Physics 6 
with the standards of the Posterior Analytics by asking whether the terms from 
whose definitions these proofs are deduced are definitionally related properties 
of a specific genus. This will be done in section (I) which follows. Section (2) 
will examine the contents of Physics 6, to ascertain whether they are concerned 
with the existence and interrelations of the properties of that genus. And section 
(3) will compare the methods of demonstration in the book with those expected 
in the Posterior Analytics. The results of these three sections, though generally 
positive, will reveal certain discrepancies between the Physics' practice and the 
Analytics' standards. But the remainder of the paper will show that these dis- 
crepancies are explained by the fact that what we have here is not an ordinary 
science, but what Aristotle calls a subordinate one. 

I. Most of the defined terms operative in the book's reasoning fall into two 
definitional groups, one beginning with change, and the other ending with 
continuous. These are as follows: 

I II 

change or motion (book 6, unlike between 
5, usually uses Klvr/atL and /xera%oA, successive 
indiscriminately) contiguous 
becoming, locomotion, etc. together 
(species of change) touching 
rest continuous 
time 
moment 
faster 



Let us examine the first of these groups. Most of these terms are defined 
either in book 6 or in book 5, which was composed with book 6 and prepares 
for it. Motion is, of course, defined in book 2 (20IaI ), and its definition is 
explicitly presupposed in book 5 (224bIO). The species of change are defined 
at the start of book 5 also. Moment is defined in book 4 (222a33), and book 6 
repeats the definition in 233b35 and makes deductions from it. The definition 
of rest used in the first half of the Physics is given in book 5 too (226bI4), and 
it is repeated for use in the proofs of book 6 (234a32, 239aI3), though book 6 
also introduces an alternative definition of it (234b5, 239aI5). 

All the terms in the family are Ka0' avTo to change. Change (or motion) is in- 
cluded in the definitions of its species, of rest, of time and offaster, and moment 
is defined in terms of time. 

The only difficulties for the expectations of the Posterior Analytics in regard 
to this group are that the definition of time laboriously worked out in book 4 
is neither referred to nor used as a principle of deduction in books 5-6, and 
that of motion worked out in book 2, though presupposed in book 5 (224bio), 
is not repeated or used as a principle of deduction. Of course, Aristotle might 
not have discovered those definitions when he first wrote books 5 and 6; 
but there is more to it than that. 

Definitions of time and change can be said to be used by book 6, but only 
in a peculiarly limited way. The book states certain assumptions as pre- 
liminaries to its proofs. The most important of these are two basic statements 
about time and change which are used repeatedly and seem to function in 
the way we should expect their definitions to function. They may even be 
remnants of definitions which were given in the original version of books 5-6. 
The assumption that 'all change is from something into something' (234bIo, 
235b6, 239a23) is derived in book 5 (225aI-2) from a verbal definition of 
ILEraOoA7t, which is in fact the only definition of change which book 5 explicitly 
gives. And the assumption that 'all change is in time' (232b2o, 236bI9, 237b23, 
239a23), which is also treated as basic in book 5 (224a35, 227b26), is made 
definitional in book 4, 22 a4-7, which explains that for motion, what it is to 
be 'in time' is to be measured by it. For Aristotle defines time as the measure 
of motion.' 

Let us turn now to the other group of terms. These are all defined in book 5, 
ch. 3. The definitions given there are used as principles of deduction at the 
very start of book 6, and 5. 3 has no obvious relevance to its own context, so 
one may safely conclude that it was written for the sake of book 6. Interestingly, 
the corresponding chapter in Metaphysics K (ch. I2) does stand at the end of 
that book. The significance of 5. 3 for 6 has seldom gone unnoticed. Particularly 
interesting for our purposes, however, is the comment of Aquinas: 

Praemittit autem haec, quia horum definitionibus utitur in demonstra- 
tionibus consequentibus per totum librum; sicut et in principio Euclidis 
ponuntur definitiones, quae sunt sequentium demonstrationum principia. 

(Commentary on the Physics, ad loc.) 

It is clear that the terms of this group are definitionally interrelated, for 
that is how 5. 3 defines them. 

I Admittedly, there is also an attempt to prove this assumption, in Physics 222b30- 

223aI5. 
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What is not clear at first glance, however, is how the second group of terms 
can join the first in one genus. The terms in the first group, being all Ka0' avro 
to change, are clearly appropriate to Aristotelian physics. But the terms in 
the second group seem to be at least as appropriate to geometry as to physics, 
and they are not really KaO' avro' to change. It is true that Aristotle does forge 
a definitional link between the two groups by the way in which he handles 
between in 5. 3. Between appears in the definition of successive, and therefore in- 
directly in those of contiguous and continuous; but between itself is defined in terms 
of motion. Yet this does not reduce the properties from successive to continuous 
to full membership in the physical genus. For between functions in the definition 
of successive only negatively. Successive is 'what has nothing of its own kind be- 
tween itself and that to which it is successive' (227aI, an unfortunately circular 
definition). Hence it is successive, and not between, that is the first principle of 
the genus of properties ending in continuous (227aI7). 

Thus the two families of defined terms involved in the book represent two 
different genera.I 

Several undefined terms are also operative in the book's proofs, and these 
reflect the same duality. The undefined mathematical terms are whole, part, 
equal, unequal, greater, less, divisible, indivisible, limit (7repas), extremity (E'aXarov), 

finite, infinite, extension (uCEyEoso), etc. These all have obvious meanings, so they 
need not be defined. The undefined physical terms have equally obvious 
meanings, which become clear in the light of related terms which are defined. 
Standing, for example, is equated with 'coming to rest' ('rpEltdacO0at, 238b25), 
and rest is defined. Similarly, slower and of the same speed are correlative with 
faster, and uniform appears in the definition offaster. The definition of faster 
is given fully in 222b33 and recalled as a principle of deduction in 232a26.2 

The terms in the book and their definitions, then, reveal a pattern of deduc- 
tion like that of a demonstrative science, but with the following apparent dis- 
crepancies: the book uses mathematical concepts as well as those proper to 
physics; the definitions of change and time, the most basic physical concepts of 
the book, can be said to be used only in an indirect way; and the properties 
which the book studies fall into two distinct, though related, families. 

Of course, we must also ask whether book 6 makes deductions from any pro- 
position other than the definitions and assumptions warranted by the Posterior 
Analytics. 

The assumptions which the book makes as preliminaries to certain proofs 
seem to pose some threat to its demonstrative validity in this regard, but hardly 
a serious one. I have shown how the two most important assumptions are de- 
rived from definitions of change and time. The rest, too, can usually, if not 
always, be derived from warranted principles. The statement that 'what is be- 
tween moments is time' (23Ib9, 237a5), for example, could be deduced from 
the definition of moment in terms of time and from the statement in 234a8 
that every continuum is such that there is something of the same nature be- 
tween its limits, which in turn could be derived from the definition of con- 
tinuous. And the statement in 237a 9 that 'all that has changed from something 
into something has changed in time' simply combines the basic assumptions 
about change and time. 

I The mathematical character of the book 197. 
has been noticed, e.g. by J. M. Leblond, 2 Both faster and slower are defined in 
Logique et methode chez Aristote (Paris, I939), 215b15, but book 6 defines onlyfaster. 



Such assumptions do constitute a minor flaw, given the Analytics' stipulation 
that every middle term in a demonstrative science should be explicit. But in his 
lecture summaries Aristotle neglects the obvious. 

2. In the Posterior Analytics, Aristotle expects a science to demonstrate whether 
the properties exist, or whether they inhere in the subject, and the interrelations 
of the properties. In a way, Physics 6 certainly does so. Moments are proved to 
inhere in time but to preclude change (233b33-234a3I). Faster and slower are 
related to change and time (232a25-232b20). And while in certain senses 

what can be called 'the first time' exists, in others it does not (236a7-I4). Yet 
while the Posterior Analytics implies an exhaustive picture of the relations 
within one class, Physics 6, as we have seen, involves two classes. For while 

change, time, and their properties are physical concepts, continuity and extension 
are normally mathematical concepts. In fact for Aristotle, extension, defined 
as continuous quantity, is the subject of geometry (Metaphysics I020a7-I2). 
But Physics 6 is an exhaustive study of the interrelations of time, change, and 
extension qua continua. Its first principle is not the definition of change, which 
one would expect in the Physics, but the attribution to change of the property 
of infinite divisibility. This explains the limited way in which definitions of time 
and change are brought into the book through the basic assumptions that 

change is 'from something into something' (E'K TLVOS ElS nT) and 'in time' (i.e., 
measured by it). These statements tell little about the essence of change and 
time. What they do tell is that change is commensurate with extension and 
time is commensurate with change. 

In the book, the interrelations of time, change, and extension entail an 
Aristotelian view of physical reality and preclude the difficulties created by 
the famous paradoxes of Zeno. 

Aristotle first proves that continua are by nature infinitely divisible, then 
that extension, change, and time are commensurate and must all together 
be either continuous or composed of indivisible units. Hence the division of 
any one of these three entails that of the others (ch. i). It is this mutual divisi- 

bility that concerns him most in the opening chapters, and he uses it throughout 
the book to prove his theorems on the continuity of the three commensurates 

by having the division of one entail that of another. 
After he has proved the mutual entailment of division among the three 

commensurates, he introduces theorems about the terms faster and slower 
which will help him to show how the commensurates divide each other (ch. 
2). He then proves that time, and consequently extension, are continuous. 
In ch. 3, he introduces the moment, the indivisible in time, and theorems 
excluding the possibility of change occurring within it. And in ch. 4, he proves 
that change and its attributes are continuous. 

In the rest of the book, he uses the mutual continuity now established to 
prove theses rounding out a picture of change that not only precludes Zeno's, 
but provides an excellent matrix for his own theories about nature, especially 
about generation, corruption, and change of quality. This purpose is revealed 
when he applies what he is proving particularly to these kinds of change 
(236bi-i8, 237b9-20, 238ai9). 

Chapters 5-6, for example, use the concept of 'first (Trp-ros) time' to estab- 
lish several relations between time and change. Thus, in the theorem 'there 
is no first time in which a thing changed' (236a 4), the beginning of change is 
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viewed as continuous, to evade Zeno's menace. But in the theorem 'the first 
time in which what has changed has changed must be indivisible' (235b32), 
the termination of change is viewed as a discrete moment. This provides for 
Aristotle's own forms, which come into being instantaneously. 

Ch. 7 extends the demand that all three commensurates (time, change, and 
extension) be considered 'finite' (i.e., as discrete quantities) or 'infinite' (i.e., 
as infinitely divisible continua) together. Its theorems show that combinations 
of an infinite commensurate with a finite one are impossible; for when the 
division of the finite one by its finite parts exhausts it, the corresponding finite 
parts of the other one must exhaust it too. Ch. 8 applies several theorems proved 
about change to standing, and ch. io, after a final disjunction of change and 
indivisibility, concludes with a discussion which prepares for the theological 
problems of books 7-8. 

Physics 6, then, really concerns the interrelations of two classes of properties. 
However, we shall see later that this does not in fact deviate from the norms 
of the Posterior Analytics. 

But what about the treatment of Zeno ? The criticism of the Eleatic might 
seem to be a dialectical, rather than a demonstrative, approach. The Analytics 
does, however, provide for one kind of polemical interest: 

Tov So PE.AAovra EL?v r)v E TrvLT7r7vo Tv &c' darooelEcoWs ov0 fo'vov SEt EraS 

dpXads ua^Aov yvcoplE,v Kal p,^AAov av'tats mTLev EWv - T'rc 83eOKvv/evC, caAAa t/-' 
aAAo av'r) 7TLorrorepov ELvat us yvcop pov YVOv atvrt KetLevuv ats apXats 
ce cLV c rrat avtAoyLt log d T7 js vavrtlas adTra7s, e'Trep SEl rv 7TY TrrLTaevov 

darrACs daLEra7TretrTov eLvat. (72a37-b3) 
Let us review the treatment of Zeno in Physics 6 in the light of this passage. 

In ch. 2, Zeno is introduced abruptly (233a2I); his relevance is obvious. 
The way in which Aristotle deals with him shows why. After stating that 
Zeno's false assumption was that it would be impossible to traverse an 'in- 
finite' (i.e., continuous) extension in a finite time, he explains that both 
commensurates will be infinite in divisibility, but finite in length. He himself 
then goes on to prove that, in the proper sense, it is indeed impossible, not 

only to traverse the infinite in a finite time, but even to traverse the finite in 
an infinite time. Thus Zeno's mistake was precisely to start from an assumption 
contradictory to Aristotle's basic thesis of mutual divisibility, which he has 

just proved in ch. I. 
Ch. 9 continues the discussion of Zeno in the same fashion. His paradoxes 

are sketchily summarized, but not systematically refuted. Instead, Aristotle 

simply indicates how they assume principles contradicting his own. Zeno's 
errors are either to assume that one commensurate may be considered 'finite' 
while the other is considered 'infinite' (as in ch. 2), or to assume that time is 

composed of indivisible moments and conclude that motion is composed 
of indivisible jerks (which contradicts Aristotle's basic attribution of the 

property of continuity to both).' 

3. One of the Platonic criteria of knowledge which the Posterior Analytics 
tries to fulfil is knowing why a thing is so. Aristotle therefore isolates as the best 

Similarly, in 240aIg ff., when the distinction between the whole and the parts 
traditional problem of quality change (that of the thing, Aristotle is depending on his 
a changing subject both has and does not basic principle that anything which changes 
have the quality in process) is solved by a is always divisible into parts. 



kind of demonstration the kind that provides knowledge 'Tro Sdo''. He ex- 
pects that such demonstrations will generally consist of direct deductions 
through first-figure syllogisms. Some scholars have concluded that a demon- 
strative science must be composed solely of first-figure syllogisms. But Aristotle 
clearly treats such demonstrations only as 'better' (cf. 85aa3-15), not as alone 
valid. When he discusses the details of demonstrative science, such as the 
limited number of middle terms, he discusses all three syllogistic figures 
(82b29-33). 

Similarly, he prefers direct deductions to indirect proofs such as reductions, 
and he prefers proofs using only positive premisses to those which also use 
negative ones. But despite these preferences, he examines other patterns of 
argument which he considers inferior, but legitimate. These, though neglected 
by recent scholarship, are most relevant for understanding the demonstrative 
method as it is applied in Physics 6. 

Hence there are two questions which we may ask about the proofs in Physics 
6: 

I. Are they syllogistic (especially in BARBARA, the universal, positive mode 
of the first figure) ? 

2. To what extent do they follow patterns of demonstration allowed by the 
Posterior Analytics ? 

The first question has already been answered. The book is no series of 
clearly formulated, explicit syllogisms. There are, to be sure, some passages 
where the reasoning follows an easily discernible syllogistic pattern. In 232b20- 
23, for example, we find the following: 

ErTEl 8 7Traaa ILEV KtV7JacLs ev Xpov Kal ev a7Tavt xpolv 8Svva7ov KvrjqO7vaL, 
7Tav oE ro KCVOVtEVOV evSe XET7a Kat OarTTov KLvelOaa Kal fpaavrepov, ev arayV 

XPOV' Earat 7T OraTrov KLveLaOaL Kal tfpaSovTpov. 

Here 'E'rTat' is a mere stylistic variation for 'evoeXEraL', and 'Trara ... KLV77UL 

ev Xpov)', though relevant information, is not operative in the reasoning; 
otherwise, the sequence in BARBARA is clear. And 238b27-30 offers two more 
deductions in BARBARA with even less adjustment: 

T0 yap KLVOVZEVOV EV XpoVO KtVEL7ra, 7T 8' lardTLvov 8EEIK7ra KLVOVfLEVOV, 

WaTrE advayK7 Ev Xpov? fraOa t a' e L TO LEV Odr ov Kal ppaSvTrpov ev 

xpov' A yojEV, Taaca 8 '0cLv OT7OV Kal fppaSav7pov. 

Usually, however, the proofs are not so obviously syllogistic as in these passages. 
But our consideration of the second question will yield more positive results. 
If direct demonstrations are rare in the book, the contrary is true of reduc- 

tions. In the Posterior Analytics, Aristotle finds this indirect kind of demonstra- 
tion less desirable, but permissible, and even-when what is most evident 
is the falsity of what is entailed by the contradiction of the demonstrandum- 
most suitable (Posterior Analytics I. 26). 

Generally the Analytics bans demonstrations which deduce from the prin- 
ciple of contradiction, which is common to all sciences, as violating the re- 
stricted limits of a science and hence being more appropriate to dialectic. 
Aristotle does allow an exception for reductions, but even they, he says, will 
usually assume only the specific application of the principle of contradiction 
which touches their subject (77a0o-12 and 22-25). This would be the case, 
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for example, when the alternatives are definitionally Ka0' avro to the subject, 
as odd and even to number. One might, then, consider it a confirmation that 
Physics 6 is following the methodology of the Analytics if the alternatives in its 
reductions are such. 

When one investigates to what extent they are, of course, one finds the same 
combination of properly physical material with mathematical material which 
was revealed by the survey of the terms used in the book. In 237aI 2, for example, 
it is argued that if an object which passes through an uninterrupted motion 
must at a given time either be changing or have changed, then at an indivisible 
moment, since it cannot be changing, it must have changed. The alternatives 
'be changing' and 'have changed' are KaO' avTro to change and therefore appro- 
priate to physics. But there are other reductions whose alternatives are less 
physical than mathematical. For example, in 232bI4-20 what is faster is shown 
to move in less time, rather than in equal or greater time. Greater, equal, and less 
are mathematical alternatives.' 

There is another way in which Physics 6 uses proof patterns which are 
legitimate but inferior according to the Posterior Analytics. I have mentioned 
Aristotle's preference for demonstrations 'Tov ondt'. These he contrasts with 
demonstrations 'roU onL'. He gives the following examples: 

Planets do not twinkle; what does not twinkle is near; therefore planets 
are near. 

Planets are near; what is near does not twinkle; therefore planets do not 
twinkle. 

The first is rov T L, the second Tov Lorn. The planets are not near because they 
do not twinkle; they fail to twinkle because they are near. In a demonstration 
T o LOTLn, the premisses state the cause of the conclusion. 

Though Aristotle views demonstrations rov lOnt as better, he regards de- 
monstrations Tov Onl as legitimate proofs. Some scholars seem to think that he 

envisages the use of the latter only by error or only in non-demonstrative 
disciplines which he calls 'ErLoaT7,ta&' only in a loose sense of the word. But 
Aristotle specifies occasions for their legitimate use (78a28-30, 78bII-I3), 
and he foresees their occurrence 'Ev Tr avtrj oar-TLj ' which uses proofs Tro 
SLOn (78a23).2 

Now, the extent to which Physics 6 uses proofs rov sLO'T and proofs Tov OnT 
can be determined by comparing the book with the following passages from 
Physics 3: 

TO o' aITELpov ov Tavrov Ev /LEyetEL Kat KLV7a7EL Kat Xpo6vp, JS tla TnS VISi, 

There is one reduction whose alterna- least some insight into the formal cause of the 
tives are those of the universal principle of conclusion. Of course, that argument would 
contradiction, but in this peculiar case the not be entirely valid in subordinate sciences, 
universal principle is itself proper to the sub- which study mathematical properties in- 
ject, the argument being about the change herent in physical subjects to which they are 
of opposites (235bI3-I7). not KaO' avro (cf. p. 289). But even sub- 

2 One might well ask how demonstrations ordinate sciences, in so far as they study 
irov ort can be admitted in a system in which mathematical properties, grasp some aspect 
a criterion of knowledge is the ability to give of formal causality. Hence Aristotle can 
the reasons for the facts. Probably it is characterize the same science, optics, as rov 
because Aristotle expects that any premisses ors in relation to mathematics, but rov 8ort6 
which are necessary and which link terms in relation to '%o repOrp7is Lptooso' in 7910o-13. 
defined KaO' avro' to the subject must give at 
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aAAa To varUpovy AEyeTaL Ka7a o 7 OrrTpOV, OLOV KLv'7atLS- JLEV OTl r LEYEe0os 'E) 

0o KLV7ETat 77 aoloivoral ) avpd'verat, o Xpovos oE oLa T7V KlvaTv. vvv JeV OoV 

XPWt) LEGa T70oVT7, VcTrpov oE epovLEV Kalt 7t EaLV EKaa7ov, Kal &t07 rrravv eyeyos 
elS L?EyEr) L&aLperov. (207b2 -27) 

This passage predicts a demonstration Tov o LdT for the infinite divisibility of 
extension, and establishes an order of priority among the commensurates which 
would have to be observed in demonstrations 0ov^ 8LdO of their infinite divisi- 

bility. In book 6, Aristotle does give a direct demonstration of extension's 
infinite divisibility (232a23-25). It, combined with the first two theorems of 
ch. i, which deduce the infinite divisibility of continua from the definitions 
in 5. 3, may be considered a demonstration -ov0 S &o L. And in the opening 
demonstration of the mutual entailment of divisibility among the three com- 
mensurates, motion's divisibility is derived from that of extension, and that 
of time is third, which is the order of priority given in our passage. In the re- 
mainder of book 6, however, Aristotle relies on this mutual entailment to 
divide any commensurate by any other. In 233aIO-I2, for example, extension's 
division is derived from that of time, and in 235aI -I3, motion is proved 
divisible by time. Aristotle's technique of relying on mutual divisibility deflects 
his attention from the proofs 0ro)v orlw of his thesis, which would have had to 
concentrate (as ch. i alone does) on the nature of continuity itself, and results 
in an emphasis on demonstrations 0rov) ot showing the relations of these three 
continua and the consequences of their continuity. For it is such facts, more 
than their ultimate explanation in the nature of continuity, that are most 
relevant to his purpose. He is less concerned with the essential nature of either 

continuity or motion than with the consequences of their liaison. 
That is why he gives in book 6 a reply to Zeno which he corrects in book 8 

as not getting to the roots of the matter. The answer in 8 is couched in terms 
of potency and act, but it also differs from that of 6 because it abandons the 

procedure of entailing division from one commensurate to another and explains 
the nature of continuity in one commensurate alone: 

avTrq At uVts- (sc. that in book 6) pos ... o. . orpay/la Kalt rrv aAdrl0eav 

ovX LKav(sW av yap TL5s apetevoS Orov [70) KOVS Kal Tov Epc)Tav El ev 77rerepacptev?) 

xpovIo evoe'eraP arepa O EtEAXOElV, 7Trvv0avrTYac E7r avTov rov- Xpovov ravra 
,, ! e , ! , el . 

(exe yap o xpovos aTrepovs &olapeaELs), OVKETL LKavrc' EcrTa avTr7 77 AvaL5-, adAa 
TO JA7qOes AEKTEK`OV . (263aI5-22) 

Thus the argument is merely 0ov o r0 in 6, while 8 reveals To &dor. 
In fact, so many of the proofs in 6 are 7o0 o0r7 that Aristotle must interrupt 

the systematic deductions several times to explain the reason behind them 

(235a34-b6, 236bi-I8, 237a35-b22, 239a20-22). 
To summarize, the study of Physics 6 has revealed that it does follow the 

structure of demonstrative science given in the Posterior Analytics, but with 
certain exceptional characteristics. Most significantly, the book studies mathe- 
matical concepts as well as physical ones. It concerns two classes of entities, 
and it studies exhaustively neither class, but their interrelations. And because 
of this dual subject, most of the book's demonstrations are demonstrations 
rov o0r7. 

But all these characteristics merely indicate that the method applied 
here is that of the quasi-mathematical sciences which Aristotle provides for 
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as an exception to the rule restricting a demonstrative science to a single genus; 
i.e., subordinate sciences. 

The usual examples of subordinate sciences in the Analytics are optics, 
harmonics, etc. Their subjects are intermediate between two genera, and their 
demonstrations are predominantly rov ort. An ordinary science manifests the 
formal cause of its conclusions by deducing them from the definitions of the 
genus and properties which it studies. But these subordinate sciences treat 
facts whose causes must be explained by another, purely mathematical science, 
because they study properties of a mathematical class inherent in non- 
mathematical subjects (76aI I-I3, 78b33-79aI6). 

Since, as we have noticed, continuity and extension are mathematical concepts 
while motion and time are physical ones, the study of motion and time as con- 
tinua commensurate with extension must be just such a subordinate science. 

There are two objections to this suggestion: 

I. Why does Aristotle only give optics, astronomy, etc. as examples of such 
sciences and never mention his own study in Physics 6 ? 

2. Would not the appearance of a subordinate science in the Physics violate 
Aristotle's strict separation of physics and mathematics and imply a world- 
view which, like that for which he sometimes criticizes the Pythagoreans, 
reduces the essence of physical things to mathematics ? 

In a way, the answer to both objections is the same. What I am suggesting 
is not that Physics 6 constitutes a separate science independent of the rest of the 
Physics, but that in it Aristotle offers a systematic, deductive study, using the 
methodology of subordinate sciences, of one aspect of the analysis of change; 
because, in that particular aspect, change is related to a mathematical pro- 
perty, and he can best present that relation and its consequences through 
such a study. Harmonics and optics were independent disciplines to which 
Aristotle could point as obvious areas for subordinate sciences. What he does 
in Physics 6 is perhaps more comparable to the liaison between mathematics 
and medicine described in 79aI3-I6. These two disciplines are linked not by 
any complete subordinate science, but only in the study of some specific 
problems, such as the difficulty of healing circular wounds. Physics 6 covers 
only one aspect of the study of motion, albeit an important one. Similarly, 
it does not imply the reduction of the essences of physical things to mathematics, 
since it deals with continuity only as a property of movement, not its essence. 
In this, it hardly differs from astronomy. That science, too, subordinates 
physics to mathematics, but only by considering the heavenly bodies' move- 
ments qua circular, without concerning itself with their essential nature. 

Aristotle discusses the distinction between physics and mathematics in 
Physics 2, I93b22-I94aI2. There, he is contrasting physics with mathematics 
in general, yet he provides for subordinate sciences relating them. In fact, the 
reason he gives for having to draw the distinction is that physical objects do 
have certain mathematical properties (I93b22-25). Such is the case in Physics 
3. 207b2I-27 (quoted above, pp. 287-8), where change derives from extension 
the properties of quantitative measurability and continuity. Pure mathematics 
differs from physics because it abstracts mathematical properties totally from 
the subjects in which they inhere, rather than studying them qua inhering in 
physical subjects (I93b3 -33). But pure physics cannot abstract the properties 
it studies from their subjects at all (I93b35-I94a7). It must be the subordinate 



sciences, then, that do study abstract mathematical properties qua inherent in 
certain physical subjects: 

87Aof 8e Kat ra cf)vaLKWr?epa rWv SaOCr,Lracorwv, otov OITTLK7 Kat aplOVLK7 Kal 

acrTpoAoyta' avcaTaAtv yap 'rpoTrov TVI' EXOVlV Tr7 yew!etTpta. .7 1tev yap yew- 

.LETrpia 7Tepl ypa/itL7s- cOVaLK7S' aKOTreL, aXaA ovX( Vj bVrtLKjq, 77 o 07TLK7T /JzacL aTLK77V 
e,?v Ypasp'lv, aAA' ov;x 

* 
,aOrjLUartKc d7A' .j XaLK7j. (I94a7-I2) 

Now, there can hardly be any distinction between the line as studied by 
geometry and the mathematical line. But if we substitute 'physical line not 
qua physical' for 'mathematical line', this passage implies that optics studies 
qua physical a physical line not qua physical. This seems odd, but in a sense 
it is true. To study the lines at all, one must consider them apart from the other 
properties of the subject; still, one may then consider these lines as they apply 
to certain subjects. So, book 6 studies only the continuity of time and motion, 
apart from their other properties, but it studies continuity qua inherent in 
motion and time. 

Final confirmation of the hypothesis that the method followed in Physics 6 
is that of a subordinate science can be gleaned from a closer look at Physics 5. 3. 

Aristotle does not always define continuity as he does in this chapter. He 
uses several definitions of it, including one which simply defines it as infinitely 
divisible.' As Owen notices,2 the definitions in 5.3 are arranged so that Aristotle 
can prove continuity's infinite divisibility rather than simply assume it. This is 
much more effective, especially against Zeno. But perhaps he also chose this 
arrangement of definitions to stress the relation of continuity with movement. 
If continuity had been defined in 5. 3 as infinitely divisible, it could not have 
been linked with movement definitionally. 

Owen compares the chapter with Parmenides I48e, from which he thinks it 
was derived. Plato defines continuity there in terms of touching, successive, and 
contiguous, but not between. Aristotle, too, could have begun with successive, 
which he does, in fact, consider the first principle of this conceptual family 
(227aI 7, cf. p. 283 above). Instead, he not only defines between, but takes time 
to explicate the definition. And as we have already noticed, both the definition 
and its discussion are in terms of motion. 

There are also other indications that the chapter was written deliberately 
in such a way as to prepare for a subordinate science. We have seen that book 6 
assumes only so much of the definitions of change and time as is needed to 
show their correspondence with extension, i.e., to relate them to continuity. 
Likewise the definitions in 5. 3, and the subjects in which it says the properties 
defined inhere, are carefully selected to include both physical and mathematical 
reference to continuity and to exclude other aspects of both physics and 
mathematics. The examples of subjects in which continuity inheres are con- 
spicuously physical in 227aI7 ('yotx4ow ; KoAA 7} a(f)bj ) 7rpoaqbai5'), but when 
Aristotle excludes arithmetic's discrete quantities in 227a27-32, he is careful 
not to exclude geometry's continuous ones. And the entire chapter avoids any 
distinction between place (rT6roS, usually used in a physical context by Aristotle) 
and position (Oeats, usually geometrical), despite awkward consequences. The 

I He implies a criticism of that definition 286a6. 
in Physics 200bi8-20, but he reverts to it in 2 Owen, op. cit. 95-6. 
232b24 and offers it also in On the Heavens 
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equivalence of place and position entails that points can 'touch' (227a29), 
i.e., they can 'have their extremities in the same first place'. Since 'first place' 
for Aristotle is the limit of the containing body, this means not only that points 
have extremities, but that they are contained by three-dimensional bodies. 

The restricted scope of the chapter's definitions was noticed by Simplicius 
(ad loc.). He supposed that 5. 3 gives only definitions which are relevant for 
physics. But his own example shows that the restriction of relevancy is narrower 
than that. He compares the chapter's definition of together with that in the 
Categories. 5. 3 defines it in place only, while the Categories defines it in time and 
nature also. But time and nature are just as relevant to physics as place is. 
It is with regard to continuity that together in place is paramount. 

Similarly, Aristotle restricts the definition of between in 5. 3 by defining it in 
terms of movement continuous in regard to the distance traversed and speci- 
fically not in regard to the time (226b27-3I, following Ross's interpretation of 
'TroO rpay/a-ros-'). But elsewhere he determines the continuity of movement pre- 
cisely by the time (Metaphysics IOI6a5-6).' The reason for his insistence in 5. 3 
on deriving movement's continuity from the distance traversed is that here 
he must observe the order of priority among extension, movement, and time 
set up in 207b21-27 (quoted above, pp. 287-8). 

Aristotle's method in Physics 5. 3 and 6, then, corresponds to that of a sub- 
ordinate demonstrative science, providing a specimen of systematic demon- 
stration in the treatises. That is what this article set out to prove. But some 
further conclusions are implied by what has been revealed in the process. 

Aristotle rarely, if ever again, used the method as extensively as here. It is 
not insignificant that he used it at length only in this part of the Physics, where 
he was concerned with a quasi-mathematical issue and followed the methodo- 
logy of subordinate sciences. This confirms the belief that he associated 
the demonstrative method particularly with mathematics. 

In Physics I-4, which are later, he is searching to establish basic definitions, 
not deducing from them. His early passion for systematic deduction, evidenced 
by Physics 6 as well as by the Analytics itself (also an early work), has waned. 

Perhaps some of the reasons for this will emerge if we consider some con- 
clusions which our analysis suggests about the original version of books 5-6. 
We have noticed that the assumptions that change is 'from something into 
something' and 'in time' function in the role of definitions of change and time 
in these books. We have also noticed that the first of these assumptions is de- 
rived from a verbal definition of eTraoAoA in book 5, that the second is equated 
with the definition of time as the measure of change in book 4, and that no 
other definitions of time or change are stated in books 5-6. The reference to the 
definition of Kt'v/lat in 224bIo is a cross-reference which cannot have been in 
the original version of these early books. And the explanation of 'in time' in 
book 4, too, must have been written when the different versions of the Physics 
were incorporated. Moreover, the early books show no knowledge of the dis- 
tinction between potency and act, which is a central theme of the later physics, 

x The Metaphysics passage offers interesting continuous is not given in Physics 5. 3 because, 
support for my hypothesis. There, continuous is although it would have surpassed the latter's 
'that whose movement is per se one and can- arrangement by defining continuous directly in 
not be otherwise', while 'one' is explained terms of movement, it would have implied 
as 'indivisible in time'. That definition of indivisibility rather than infinite divisibility! 



and Aristotle can only use that distinction to unravel the solution to Zeno's 
puzzles in book 8. 

Against the charge that a subordinate science treating change and time only 
as continua would constitute a reduction of physical to mathematical reality, 
I argued that books 5-6 are but a part of the Physics. The original version of 
these books, however, if taken alone as a complete study of physics, might 
constitute such a reduction. Aristotle's enthusiasm for demonstrative science 
as a philosophical method, then, lasted only as long as he was investigating 
that aspect of the world of change which could be explained mathematically. 

Such chronological dissection, however, must not lead us to interpret 
Physics 6 apart from its context. In the final version of the Physics, Aristotle 
left no cut-and-dried deductive system. The systematic deductions of book 6 
have their foundations in book 5, are occasionally interrupted in book 6 
itself, and continue sporadically in books 7 and 8.1 In the Physics as a whole, 
Aristotle considers his methods complementary, not mutually exclusive, and 
combines them on an ad hoc basis. 

56 Clear Brook Rd., West Yarmouth, Massachusetts (U.S.A.) JAMES JOPE 

I W. Kullmann, 'Zur wissenschaftlichen subjects by making deductions from pre- 
Methode des Aristoteles', in Flascher and viously proved propositions, in the treatise 
Gaiser, Synusia (Neske, 1965), 247-74, finds On the Heavens. These, too, seem to be largely 
occasional demonstrations, which prove the a continuation of the system deduced in 
inherence of certain properties in certain Physics 6. 
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