PROJECTILE MOTION IN ARISTOTLE’S PHYS. ©. 10

In Phys. ©. 10 Aristotle sets out to show that the prime mover lacks parts or
magnitude, which means that the prime mover is immaterial. In order to do
this he first proves three lemmas: (a) no finite material body can cause eternal
motion (Phys. 266a10-23), (b) no finite material body can have an infinite
dovopte (Phys. 266a23-b6) and (c) no infinite material body can have a finite
Sovayprg (Phys. 266b6-24)1. At the end of Phys. ©. 10 (267b17-26) Aristotle
concludes from (a) and (b) that the prime mover cannot be a finite material
body; the complementary conclusion that the prime mover cannot be an
infinite material body follows not from (c), as one would expect, but from
the fact that the existence of infinite material bodies has already been ruled
out &v tolg puowoic?. In this paper [ will attempt to answer two questions
arising from the fact that, after establishing (a)-(c) and before drawing one
prong of his conclusion from (a) and (b), Aristotle embarks on an explanation
of projectile motion and a critique of a rival theory which explains projectile
motion by means of the d&vtinepiotaoig (Phys. 266b28-267a20): is
Aristotle’s explanation consistent with his theory of motion and how does
this explanation, as well as the critique of the rival theory, bear on its
context??

Aristotle credits the &vtinepiotaoig theory to some anonymous thinkers

1. Aristotle opens Phys. ©. 10 by laying down the conclusion he aims at, i.e. that the prime
mover lacks magnitude, and notes that he will establish first some preliminary results, one of
which is (a): “Ott 88 t001” &pepig dvayxadov elvar xoi undtv Exewv péyebog, vov Aéywpey,
mp&Tov TEpl TMV TPoTépwy adTod Soploavtes. TolTwy & Ev pév éatv BTt ody 0idv Te 008V
nenepaopévoy xwvelv &repov xpévov (266a10-13). (b) and (c) are by implication two further
preliminary results; cf. W. D. Ross, Aristotle’s Physics Oxford 1936, p. 721.

2. That it, in Phys. T. 4-7 and Cael. 1.5-7; cf. D. Graham, Aristotle’s Physics, Book VIII,
Oxford 1999, p. 171.

3. Phys. ©. 10 raises a host of other problems. It is clear why a finite material body cannot be
the prime mover in view of (a) - Aristotle has posited the prime mover in order to explain the
eternity of motion on the cosmic scale (Phys. 267b24-25) and, if a finite material body cannot
cause eternal motion, the prime mover cannot be any finite material body: (a), however, is
riddled with difficulties (see Graham [above, n. 2], pp. 167-170) and it is by no means clear what
material bodies Aristotle has in mind in this proof. Equally unclear is why a finite material body
could be a fitting candidate for the prime mover if, as follows from (b), this body had an infinite
Sbvayptg or why Aristotle bothers to prove (c) since at the end of Phys. ©. 10 he does not utilize
this result.
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who can only be Plato and perhaps other members of the Academy who had
adopted the Timaeus physics*. Plato notes in passing at Tim. 79e¢10-80a6 that
projectile motion as well as other phenomena are to be explained in the same
manner as the successive processes of exhalation and inhalation, which for
Plato are typical cases of what Aristotle calls &vtinepiotaotc. In exhalation a
quantity of air is expelled from the lungs but, since there is no vacuum to
receive it, the expelled air displaces a contiguous quantity of air which also
displaces another quantity contiguous with it and so on until a last displaced
quantity of air is driven into the lungs, i.e. the place vacated by the exhaled
quantity of air (Tim. 79bl-cl); this air is driven into the lungs through the
pores in the skin and is also expelled through the pores setting off a second
&vtinepiotaotic that forces a quantity of air into the respiratory passages
(Tim. 79c1-d1)5. dvrimepiotaotg is thus a type of motion necessitated by the
absence of vacuum and is likened by Plato to a turning wheel (Tim. 79b7-c1).
For a proponent of &vtinepiotaotg, as Barnes puts it, «<motion does not
require any vacancies. Let b occupy p up to ¢: then @ may move to p at ¢ pro-
vided that there are two series of bodies, c;...c, and d,...d,, such that, first,
the places occupied by 4, b, each ¢; and each d; are all identical in shape and
size, and, second, a is contiguous with ¢, ¢; with ¢,, ...c,.; withc,, ¢, with b,
b with dy, d; with dj, d,,.; with d,,,, and d,, with a. Then @ may move to p at
¢, provided that each of the contiguous bodies moves, at the same time and at
the same speed, to fill its neighbour’s position. Imagine a card circle, divided
by two diameters into quarters labeled a, ¢, b, d. At t revolve the circle
through 180°; then a comes to occupy the place of b; and at no time is any
part of the circle empty»®. Although Plato does not explain how the avtire-
plotaotg is supposed to account for projectile motion, he seems to assume
that the thrown projectile displaces contiguous quantities of air and is thus
moved by the quantity of air which instantaneously flows round to the place

4. Cf. Simplicius, In Phys. 1351.28-29 (Diels): Ened% 8¢ 6 "AAéEavdpog t0od [Thdtwvog
S6Eav elval enow to xat dvtinepiotaoty yivesbaw thy t@v prrtovpévewy xivnow [...].

5. A concise description of Plato’s account of respiration is given by Aristotle, Resp. 472b13-
20: éEévtog yap ¥Ew 100 Beppod Sk tob otépatog, TOV mepéxovroa wboduevoy &épa
(PEPOUEVOV EUTinTELY £ig TOV adTOY TOTOY PNOL Sl LavidY 0Da MY THV capxdy, H0ev T évtdg
¢Enet Beppdy, St 1o undev elvon xevdv dvtimepuotapévey &AAAotg: BeppavBévra 8& méhw
¢Etévar xota TOV aldTov ToTOoY, Xt meplwlelv elow S tod otdpatog TOV &épax TOV
éxmintovta Deppudv: xod Tobto 3N StateAelv &el moobvtag, &vamvéovtdg Te xal ExTvéovTag.
Cf. Galen, Plac. Hipp. et Plat. 8.8-9.

6. ]. Barnes, The Presocratic Philosophers, vol. 2, London 1979, pp. 98-99. Cf. Simplicius, In
Phys. 1350.31-36 (Diels): avtinepiotaoig 8¢ Eatiy, étav éEwbovpévou tvdg cwpatog OO
CWUATOG AVTOAAXYT] YévnTal TOV Témwy, xai T0 ptv EEwbfoay év 1@ tob EEwbnbévrtog ot
oW, 10 38 EEwlnbiv 10 mpooextc eEwBY) xal Exsivo TO &xdpevoy, dTav mheiova 7, Ewg &v TO
EoyoTov €V T) TOTW Yévntaw 100 TpwTov EEwbioavtog.
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vacated when the projectile is moved by the thrower so as to prevent the
formation of a vacuum?’.

Aristotle does not reject &vtinepiotaotg: he admits that this type of loco-
motion takes place in water or air but contends that it is not sufficient to ex-
plain projectile motion because the &vtimepiotaotg in air stops as soon as a
quantity of air finds itself in the place originally occupied by the projectile
before it was moved by the thrower (Phys. 267a15-20). On Aristotle’s ac-
count of projectile motion the thrower of the projectile does not simply move
contiguous quantities of air, as must be the case on Plato’s account, but some-
how enables a quantity of air to move the projectile, for air and water are
capable of both moving something and being moved by something (Phys.
267a2-5). Air does stop being moved as soon as the thrower of the projectile
stops moving it (equivalently as soon as a displaced quantity of it occupies the
place vacated by the projectile) but at the same time it somehow moves a con-
tiguous quantity of air which moves the projectile further and so on (Phys.
267a5-8). The projectile is thus moved by a chain of derivative contiguous
movers after it is detached from the thrower (Phys. 267a14-15: 00 y&p &v 1o
%xwodv, GAN éxdpeve dAAAAwY; cf. Phys. 267b12-15). Graham, the most re-
cent commentator of Phys. ©, objects that Aristotle’s explanation «remains
rather ad hoc: nothing else will explain the phenomenon of projectile
motion, so this must be the correct explanation. But an objector might fairly
ask why it is that a derivative mover is a mover? What other event accounts
for its being a mover, given that when the original mover (or some original
mover) is not in contact with it, it does not move anything? [...] The only
properties which air seems to have are hotness and wetness (GC II. 5,
330b4), neither of which is a proper candidate for sustaining an active power
of motion»®. Graham concludes that in Phys. 266b28-267a20 «Aristotle
seems to be flirting with an impetus theory»!® and that, as a consequence, his

7. Cf. Plutarch, Plat. Quaest. 1005a10-13: & 3¢ pirrodpeve Béopn tov dépa oyilet peti
TANYTG éumeodvto xol duiotnov: 6 Ot meplppéwy Oniow, T @Low Exely ael THv £pnuou-
uéwny ypoy Stdxew xol AvanAnEoiy CUVETETOL TG APLEUEVEW TNV XIVNOLY CUVETILTOYXOVWV.
There is, however, no evidence in Tim. 79e¢10-80a6 that for Plato the action of air increases the
initial speed of the projectile.

8. As Simplicius puts it, &vtinepiotaoig cannot explain projectile motion because projectile
motion causes &vtinepiotaotg, is not caused by it (In Phys. 1351.12-16 [Diels]: xat y&p
AVTITEPLOTAOEWS UEV YVOoUéwNG T xivnotlg émtteheitat, o0 uny Sux tHy &vtinepioTaoy. ©g
y&p ént 00 Badilovrog avtimepiotootg pév yivetat, o puhv 100 Badilew 7 avtinepiotaotg
aitio, obTw xal Enl TdV PLrtovpévwy Ao TL THe xwAoEws altidv éaTty, xod odYl N GvTL-
neploTaolg).

9. Graham (above, n. 2), p. 174.

10. This view is elaborated by E. Hussey, Aristotle’s Physics: Books III and IV, Oxford 1991,
pp. 230-236.
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views on projectile motion «undermine his own mechanics, and ultimately
require a rethinking of his first principles»!1.

A second problem with the account of projectile motion in Phys. ©. 10
seems to have gone unnoticed. Aristotle does not give any clue as to how this
account ties in with its context but the question is inevitably raised: why does
he embed a critique of Plato’s explanation of projectile motion and his own
explanation of this type of forced motion in an elaborate argument to the
effect that the prime mover is not a material body? There is a tendency to
isolate Aristotle’s explanation of projectile motion from its context and treat
it as a self-contained essay on the type of motion whose explanation played
an important role in the development of classical mechanics. This tendency
certainly smacks of the, often unavoidable, teleological approach to the
history of science!? and, though it does bring out the (sub specie posteritatis)
weak points in Aristotle’s account, it loses sight of the central fact that, no
matter how strenuously the explanation of projectile motion might have
exercised Aristotle, Phys. ©. 10 is the most unlikely context for what is
rightly taken to be his final views on the topic. One cannot plausibly assume
that in Phys. ©. 10 Aristotle is interested in projectile motion per se: he must
be concerned with projectile motion in so far as this forced motion bears on
the task he sets himself in Phys. ©. 10, namely to show that the prime mover
cannot be a finite or an infinite material body.

Aristotle’s explanation of projectile motion is in many respects unsatisfactory
but not in that he cannot account by his own lights for how air is able to
move the projectile as Graham takes it. Hotness and wetness are not the only
properties of air. This element also moves naturally downwards or upwards
(cf. Phys. 216a29-33, Cael. 310a16-20) and in Cael. 3.2, where Aristotle
argues that the elements do have a natural motion, he accounts for the forced
motion of the elements by an analogy with projectile motion (301b17-31): as
a projectile is moved by a series of consecutive moved movers, that is air
masses (cf. Phys. 266b28-267a20), a mass of an element is similarly forced to
move exclusively by the action of air. Air is by its nature both heavy and light
(Cael. 301b22-25) so that, when e.g. a stone is thrown (the example Aristotle

11. Graham (above, n. 2), p. 175.

12. For an excessive reaction to this tendency see H. S. Lang, The Order of Nature in
Aristotle’s Physics,Cambridge 1998, p. 213, who objects to the sheer use of the term «projectile
motion» in discussions of Aristotle’s physics: by her lights this term «is associated with problems
concerning the dynamics of moving bodies, and these problems are not found in Aristotle’s
physics because they represent and require concepts entirely foreign to both his science and his
determinate world».
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uses in Cael. 301b17-31), air can force this piece of earth to move upwards
inasmuch as it is light and thus moves naturally upwards. In order to account
for how air is assumed to move the projectile in Phys. ©. 10 Alexander of
Aphrodisias suggested that air is made self-moving by the thrower of the
projectile and supported his suggestion by referring to Cael. 3.2 — as soon as
air stops being moved by the thrower of the projectile, it becomes self-
moving in that it moves naturally thereby forcing the projectile to move'3. In
Phys. © natural motion is not of course self-motion in the strict sense of the
term but any naturally moving body is set in motion by an agent who makes
it move naturally (Phys. 254b33-256a3) and in the case of projectile motion
this agent should be identified with the thrower of the projectile.

The event which, as Graham puts it, accounts for air being a mover of the
projectile i.e. for its being made to move naturally so as to move the
projectile, is the thrower’s moving the projectile in air. In Phys. 216a27-29
Aristotle notes that, as a cube submerged in water displaces an equal volume
of water, similarly anything moving in air displaces a volume of air equal to
its own volume; in general placing anything in a body (i.e. in an element)
which cannot be compressed and thus can only be displaced necessarily
results in a displacement of this body in the direction in which it is displaced
by nature. In view of Phys. 216a27-29 a part of this element is displaced
downwards or upwards, if the natural motion of this body is downward or
upward as is the case with earth and fire respectively; alternatively, a part of
this element can be displaced in either direction if the element in question
can move by nature in either direction (Phys. 216a29-33: water and air are
both heavy and light and so they can move naturally either upwards or
downwards; cf. Cael. 301b23-25). By moving, therefore, a projectile in air so
as to throw it the thrower displaces a quantity of air from the place where it
naturally rests thereby making it move naturally but, since air cannot be
compressed, the displaced quantity of air can only displace another quantity,
which is also made to move naturally, and so on - that is, the thrower of the
projectile sets off an &vtintepiotaotig of air masses.

Moving a projectile in air has the same effect on this element as the
impact of a chunk of earth would have on the already accumulated earth if,
as Aristotle hypothesizes in Cael. 297a212-30, the spherical Earth were

13. Apud Simplicius, In Phys. 1346.29-1347.2, 1347.31-37 and 1348.12-15 (Diels).
Assuming that the account of projectile motion in Cael. 3.2 is consistent with that Phys. . 10,
Lang (above, n. 12), pp. 213-214 argues that in light of Cael. 3.2 the air moves a projectile as any
container moves what is contained in it. Although a projectile is undoubtedly contained in air,
nothing in Cael. 3.2 or Phys. ©. 10 suggests that Aristotle accords to this fact any explanatory
role.
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formed by chunks of earth which move naturally towards the center of the
universe!4. Impacting on earth which has already settled around the center
(and is not naturally moving any more), a naturally moving mass of earth
would displace a chunk of earth from its natural resting place. Since,
however, the displaced earth can nothing but move naturally towards the
center displacing the earth in front, each impact causes a chain-like
displacement of parts of the Earth as the larger ones displace the smaller ones
in front and make them move naturally so that they are all «pushed together
and make way for one another» until they finally come to rest in equal
distances from the center, filling up every available place and thus forming a
sphere’s. Since parts of earth can «make way for one another» only by
undergoing avtirepiotaoig!®, by moving a projectile in order to throw it the
thrower must also displace successive parts of air from their resting places
and cause them to be «pushed together and make way for one another» as
they all strive to rest equally close to their natural place and fill up every
available part of it.

One of these quantities of naturally moving air necessarily winds up in the
place vacated by the projectile when it was moved by the thrower, exactly as
a liquid rushes instantaneously in the wake of anything moving through it
(otherwise there would ensue a temporary vacuum). Although this quantity
of naturally moving air stops being moved by the thrower as soon as it settles
in the place the projectile left, it is simultaneously contiguous with the
projectile and naturally moving, for it cannot gradually fill the place vacated
by the projectile when it was moved by the thrower (otherwise there would
ensue a temporary vacuum). Thus a quantity of naturally moving air assumes
the thrower’s role as the mover of the projectile in virtue of its natural
motion: it propels the projectile by overwhelming the projectile’s downward

14. Lang (above, n. 12), p. 214 also relates Aristotle’s thought experiment in Cael. 297a12-
30 to his account of forced motion in Cael. 3.2 but she seems to assume that the thought
experiment bears on the motive action of naturally moving air which in Cael. 3.2 explains why
the natural motion of e.g. a stone is made faster, not why a thrown stone is forced to move
unnaturally.

15. Cael. 297a8-12: oyfux & Exewv o@oupoetdig dvayxaiov adtiy: éxaotov yip TdY
uopiwv Bapog Exet péxpt mpog o péoov, xal to Ehattov LTO Tod pellovog whoduevoy ody
0t6v te xupaivewy, dA& gupméleabon paAhov xal cuYYwWEELY ETepov ETépw, Ewg &v Ny éml
<0 péoov. By the earth pieces’ making way for one another (cuyywpeiv €tepov £tépw) so as to
be impossible for a bulge to form (oby ofév te xvpaivew) Simplicius, In Cael. 542.27-30 (Diels),
understands their coming to occupy one another’s place by &vrinepiotaoig: 16 ovy oldv te
xopaivety elmev avti T0d Oroyxwpely xal dvtinepiotaodat ¢ mheiow To EAaTTov: TO6TO YiXP
T OYp& m&oyet, émt 08 TAV THG YHig poplwv TéleTal u&Ahov Td Elatrov Omd T0d peilovog
xal ovpmAGTTeTon fi ovy wpeL Etepov Etépw. Cf. Phys. 217a10-20.

16. See the previous note on Cael. 297a8-12.
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natural motion in that the projectile’s forced motion is faster than its natural
motion (Phys. 215a14-17). Since, however, the projectile’s forced motion
sets off a new round of dvtimepioTaoig in air, the projectile is forced to
move further by a new part of naturally moving air which appears in the
wake of the projectile as a result of the &vtinepiotaoic. This self-sustained
process lasts for as long as the forced motion of the projectile by quantities of
naturally moving air is faster than its natural motion (Phys. 243a16-b2;
Aristotle does not explain why the forced motion of the projectile gradually
slows down so that its natural motion eventually asserts itself)!”. In this light
the chain of derivative contiguous movers which move the projectile
according to Phys. 267a14-15 can be plausibly understood as the contiguous
quantities of air along the trajectory of the projectile: for it is these quantities
of air which, being successively displaced by the projectile as it moves along
its trajectory, trigger each round of &vrtimepiotaotg and thus lead to suc-
cessive quantities of naturally moving air forcing the projectile to move on.

That in Phys. ©. 10 Aristotle is interested in projectile motion in so far as this
forced motion bears on his argument that the prime mover cannot be a finite
or an infinite material body is strongly suggested by the &mopia in Phys.
267b9-17. After his account of projectile motion (Phys. 266b28-267a20)
Aristotle summarizes the conclusions he has reached before Phys. ©. 10, i.e.
that there is a primary, continuous and eternal cosmic motion which is of a
single body (i.e. the sphere of the fixed stars) and is caused by an unmoved
mover on the circumference of the cosmos (Phys. 267a21-b9). In Phys.
267b9-17 he then asks whether it is possible for a moving mover to cause
continuous motion not (I) in the same manner as what pushes repeatedly but
(I) in such a manner that the continuity of motion lies in contiguous suc-
cession'®. For either (I’) the same moving mover must always push what is
moved or pull it or both, or (II”) there must be a succession of moving
movers as is the case with projectile motion where, since air is divisible, the
projectile is moved by different quantities of moving air'?. Aristotle here

17. On the account of projectile motion in Phys. 266b28-267a20 this motion desists (a) tov
&el ENGTTv N Stvaulg Tob xvelv Eyylywntar T éxouévy (26728-9; To Exdpevoy is each
successive quantity of air) and (b) §tav unxét moujon TO REdTEPOV XLVODY, BARX XIVOLUEVOY
pévoy (267a9-10; xwobv and xwvobyevov qualify the last quantity of air to move the projectile).
(a) must implicitly lay down the threshold condition for (b) to obtain and is equivalent to the
stipulation in Phys. 243a16-b2, for in Phys. 266a26-28 | e\dttwv Sbvayug is defined in terms of
how fast the motion or change it causes is.

18. Phys. 267b9-11: EyeL & dmopiow el Evdéyetal Tt xtvOLUEVOV XIVELY CUVEXDS, GAAX Ul
Bomep Td OB0OY TEAWY xol TéAW, 1§ EpeERig elvar ouvexdg.

19. Phys. 267b11-15: ; yap abtd Sl el whelv ) Ehxew # &uow, 1) Etepdy T Exdeydusvov
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considers two possibilities: a single moving mover causes continuous motion
by pushing what is moved repeatedly or pulling it repeatedly or both (I-I');
continuous motion is due to successive moving movers and thus parallel to
projectile motion (II-II)?. In either case, Aristotle proceeds to argue, motion
is not one but merely successive so that continuous motion can be caused
only by an unmoved mover?!. In view of his solution to the &mnopia the single
moving mover in (I-I') as well as the chain of moving movers in (II-1I) are
evidently candidates for the prime mover, which has already been shown to
be unmoved as Aristotle points out in Phys. 267a21-b9: by answering the
amopia in Phys. 267b9-17 Aristotle not only bolsters this conclusion but also
shows beyond doubt that, if the prime mover were moving, it would cause
projectile motion (II-I1). Since Aristotle’s refutation of (II-II”) hinges on the
fact he emphasizes in his account of projectile motion at Phys. 266b28-
267220, namely that projectile motion is actually discontinuous?, the
purpose of this account must be to establish exactly this discontinuity and
thereby rule out the hypothesis in (II-II”) that the motion caused by the prime
mover is projectile motion.

Whatever might be the moving prime mover in (II-11"), it certainly cannot
cause the same motion as Aristotle’s unmoved prime mover, for the sphere of
the fixed stars cannot be moved as if it were a projectile??. Nor can one
assume that this moving prime mover literally causes projectile motion on the
cosmic scale. For one thing, the assumption that the prime mover would
cause literally projectile motion at the cosmic level if it were itself in motion

&Aho mop’ &Ahov, domep Tahal EXéxD €l TdV punTovpévev, el Slonpetdc G 6 dip [4] TO
03wp] xwvel &ANog el xvolbpevog.

20. The mover which in (I-I') causes forced motion by simultaneously pushing and pulling
what is moved causes the motion Aristotle calls dtwvnoig: # 8¢ Sivnoig obyxertan ¢E EXEedie te
xol GOEwg* avdyxn Yap tO Swobv o pev Exew 10 8 OBeiv: 1O pEv Yp &’ adTod TO 88
TpoOg alTo diyer (Phys. 244a2-4); cf. Simplicius, In Phys. 1053.24-27 (Diels), and Philoponus, In
Phys. 875.17-18 (Vitelli). ivnotg (rotation about an axis) is one of the two kinds of motion
proper to a sphere (Cael. 29029-10).

21. Phys. 267b15-16: &pgotépmg 8 ody oldv Te piav eivon, GAN' éxopéwmy. uévy &px
guvexng Nv xivel 1o axivnrtov.

22. Phys. 267a12-15: abtn pév obv &v tolg évdeyopévorg 6T¢ piv xwelobou 6t 8 Mpeuely
gyylyvetou N xivnotg, xol od ouvexhg, G gaivetar #) Yo E@eEfic Svtwy ) antouévwy
gativ- ob Y& Ev T0 xtvodv, GAN Exdueva GAMAGY.

23. Nor is there any reason to assume with Alexander of Aphrodisias, apud Simplicius, In
Phys. 1356.33-1357.5 (Diels), that the moving mover in (II-11”) is actually the sphere of the fixed
stars and, consequently, that the motion this mover causes is the motion of a planetary sphere
which is carried westwards by the encompassing sphere of the fixed stars. Aristotle is clearly
interested in whether continuous motion can be caused by successive moving movers, each
moving the next one in the chain (cf. Phys. 267b11-15 quoted in n. 19), but the sphere of the
fixed stars cannot be conceived as such.
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is as bizarre and hard to articulate as the assumption that the sphere of the
fixed stars moves as if it were a projectile. For another, the moving prime
mover in (II-11”) brings about a motion which fails to qualify as the primary
motion caused by the prime mover because it is discontinuous and not
because it cannot be eternal. This suggests that on the hypothesis in (II-11”)
the moving prime mover is tacitly assumed to cause eternal motion; if this is
so, however, this motion cannot be literally projectile motion which
necessarily comes to a stop. It follows that the moving prime mover in (II-11")
must cause forced motion which is not literally projectile motion but merely
akin to it — in a certain fundamental way this forced motion is like the forced
motion of projectiles but differs from it in that it is eternal. This eternal
forced motion must be on the cosmic scale and, since it is caused by a moving
mover, this mover can only be a material body. Given, therefore, the demon-
strandum in Phys. ©. 10 Aristotle must be concerned to refute (II-II") be-
cause, if the eternal forced motion in (II-11”) is the primary cosmic motion,
then the prime mover is the finite or infinite material body which brings
about this eternal forced motion. Aristotle’s implicit point in ruling out (II-
I1”) is that the prime mover cannot be this material body: if it were, it would
cause a forced motion which, though eternal, is fundamentally akin to
projectile motion and so cannot be the primary motion caused by the prime
mover, for the primary motion must be not only eternal but also continuous
and projectile motion is not continuous.

Viewed in this light, Aristotle’s discussion of projectile motion in Phys. ©.
10 is not primarily intended as a contribution to the understanding of this
kind of forced motion. It is rather part of his argument in Phys. ©. 10 to the
effect that the prime mover is not only unmoved but also immaterial. That a
critique of Plato is part of Aristotle’s discussion of projectile motion in Phys.
©. 10 helps substantiate the above, for it allows one to understand why in (II-
II”) Aristotle considers the possibility that, if the primary motion in the
cosmos is a forced motion akin to projectile motion but eternal, the prime
mover is a moving material body, namely the body which brings about the
forced motion in question. In his Timaeus Plato explains by &vtinepiotaoig
not only projectile motion and the complementary processes of exhalation
and inhalation but also the eternal cosmic motion which is, though, not the
rotation of the heavens but the constant upward and downward motion of
the elements (Tim. 57d7-58c4). Plato assumes that there is no vacuum within
the heavenly sphere and that, as a consequence, the small particles of one
element rush between the larger particles of another element (Tim. 58a4-b5),
exactly as air moves round a projectile in order for the formation of a
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vacuum to be avoided?®. However, the small particles of one element push
apart the larger particles of the other element which in their turn push
together the smaller particles of another element (Tim. 58b5-8): since there is
no vacuum, the displaced large particles apparently displace the smaller
particles of another element in order to occupy their places and, since the
latter can only be pushed into the interstices between the large particles of
any other element they find in their way thereby displacing them, the
successive displacement goes on ad infinitum.

As a result of the dvtinepiotaotg, quantities of all four elements move
eternally upwards and downwards away from and back to their proper places
(Tim. 58b8-c4) thus making possible the transformation of one element into
another, a process which Plato likens to a circle (Tim. 49b7-c7)25. Like
Aristotle, Plato assumes that elemental change is contingent on a quantity of
one element (e.g. water) encountering a quantity of another element (e.g.
fire). As a result of this encounter, the quantity of one element is displaced or
«divided» (Tim. 56d1-el), i.e. the particles of this element are broken down
by the particles of the other element into their triangular atomic components:
the latter «settle» (cf. Tim. 56d7, e5, 57a2, b1-2) or recombine (cf. Tim.
56d4-5) into the smaller particles of the «winning» element (cf. Tim. 57b2)
but Plato also envisages the possibility that some large particles of the
«losing» element are simply forced to move away by the impact (cf. Tim.
57a7-b7) toward their proper place?. The dvtinepiotaoic explains how a
quantity of one element can encounter and thus act on a quantity of another
element. If the formation of a vacuum is to be prevented, the small particles
of e.g. fire must crowd into the interstices between the larger particles of e.g.
water which are thus pushed apart and displaced or break down into their
triangular atomic components: since, however, the displaced large particles
can only displace any finer particles of other elements they meet, they push

24. In Cael. 306b3-9 Aristotle objects that Plato’s universe cannot be a plenum because,
although Plato assigns the cube and the pyramid, the only solids which can fill up a place without
leaving interstices, to the particles of earth and fire respectively, he must assign two other regular
polyhedra (the octahedron and icosahedron) to the particles of air and water. Cf. A. E. Taylor, A
Commentary on Plato's Timaeus,Oxford 1928, p. 399: «a spherical region cannot be completely
filled up with rectilinear solids of any kind, unless you are prepared to suppose that there is an
infinite range of different sizes of them from some finite magnitude down to the actually
infinitesimal». For Taylor Plato’s claim that there is no vacuum within the heavens should not be
taken too literally. See also L. Brisson & F. W. Meyerstein, Inventing the Universe: Plato’s
Timaeus, the Big Bang and the Problem of Scientific Knowledge, Albany, NY 1995, pp. 55-56.

25. Cf. the comparison of respiration, which is necessitated by the absence of vacuum and is
thus also explained via &vtinepiotaoe, with a turning wheel in Tim. 79b7-c1.

26. For illustrative examples of Timaean elemental transformations see G. Vlastos, Plato’s
Universe, Oxford 1975, pp. 70-72.
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these finer particles together and either force them to recombine into their
own form or simply displace them (Tim. 57a7-b7) so that the processes of
avtinepiotaotlg and the concomitant elemental transformation go on ad
infinitum.

Thus the &vtinepiotaoig allows Plato to explain not only projectile
motion but also the eternal motion on the cosmic scale. Since, therefore,
Aristotle’s account of projectile motion at Phys. 266b28-267a20 is couched
as a critique of a rival explanation of this motion via avtinepiotaotc, it
stands to reason that he is interested in projectile motion only inasmuch as
projectile motion is of the same type as the forced motion whose explanation
by means of &vtinepiotaotg constitutes for Plato a satisfactory answer to the
question why there is eternal motion on the cosmic scale; since Aristotle
tackles the same question in Phys. ©, this is exactly what one would expect to
be the case with a critique of Plato’s avtiwepiotaoig in this treatise. It
cannot, however, be accidental that the refutation of the hypothesis in (1I-11”)
is grounded in the account of projectile motion at Phys. 266b28-267a20 and
that, as seen above, on this hypothesis the primary motion caused by the
prime mover is a forced motion akin to projectile motion but eternal: if,
therefore, the eternal forced motion in (II-1I”) is, as is plausible to assume, the
same as the eternal forced motion whose explanation amounts by Plato’s
lights to a satisfactory account of the eternal motion on the cosmic scale, the
material prime mover in (II-11”) brings about the eternal forced motion of the
sublunary elements in Aristotelian terms. Now the forced motion of the
sublunary elements is akin to projectile motion for Aristotle too and, if its
explanation sufficed to account for the eternal motion on the cosmic scale, as
Plato thinks, the primary motion caused by the prime mover would be this
forced motion, not the rotation of a heavenly sphere as Aristotle takes it: in
this case, however, Aristotle could identify the prime mover with the finite
material body which causes the eternal forced motion of the sublunary
elements.

In order to show that locomotion is prior to, or a necessary condition for,
growth and qualitative change Aristotle argues in Phys. ©. 7 that growth pre-
supposes qualitative change, for it is in effect the change of one of two con-
traries into the other and thus for everything that changes qualitatively there
must be what causes this change and turns e.g. something potentially hot into
actually hot?’. Viewed in the broadest terms, as is appropriate in a cosmo-

27. Phys. 260a29-b2: &8bvatov yp abdEnotv glvar dAlowdoews ph mtpovmapyodong: Td
Yép avEovéuevov Eotv uiv hg opoiw avkdvetal, Eotv &' K¢ dvouoin: TpoeN YXE AéyeTat
T évavtie To évavtiov. mpooyiyveton 8& mav yryvéuevov épotov opoiw. &vayxn obv
dAholwoty elvan Ty elg Tavavtion petaBoAny. GAAd iy et ye dARotodTat, et Tt elvat T0 GANot-
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logical context, Aristotle’s example is a case of elemental transformation (cf.
DA 416a21-29), the ultimate cause of qualitative change in the sublunary
sphere: a quantity of earth, which is potentially hot and thus actually cold,
turns into fire, which is actually hot, if acted upon by a quantity of fire which
increases as a result of the elemental transformation?®. Since, therefore,
Aristotle argues that locomotion is a necessary condition for the trans-
formation of earth into fire because an actually hot agent must approach the
potentially hot patient in order to affect it?%, the locomotion in question can
only be rectilinear natural motion3’. For one of the two ways in which heat

obv xol molody €x tob duvdpet Beppod évepyele Bepudy (text continues in n. 29). «Growth
presupposes qualitative change which makes assimilation of food possible» (Graham [above, n. 2],
p. 1215 cf. DA 416a21ff.) and in reducing growth to qualitative change brought abour by the
action of the hot Aristotle presupposes his doctrine that fire is a «co-cause» in nutrition (DA
416a9-18, GA 740b29-33; on these passages see G. Freudenthal, Aristotle’s Theory of Material
Substance, Oxford 1995, pp. 29-34).

28. Cf. the conclusion of Aristotle’s account of the first mechanism of elemental trans-
formation in GC 2.4: xai & el to piv mdp Enpdv xod Beppdv, { 8t v Puypodv xai Enpov,
gy Oapf) 10 Puxpdy, o Eatot éx Yig (331a36-b2). The destruction of one contrary by the
other means that the destroyed contrary has turned into the contrary which acted on it and thus
that each contrary is in potentiality the other; cf. GC 334b20-26: #oti y&p 1o évepyeia Oepuov
Suvépuer Poypov xad 1o évepyeia Puypdv Suvéuel Bepudy, dote [...] petaBdiie elc EAAA:
opoing 8¢ xal éml oV &Awv gvavtivy. Kol mpdtov obtw T otoyeia petafBdihet, éx 8¢
ToUTWY 06&pxEg Kol 00T X0l T TolahTa, 10D pév Bepuod ywopévou Puypod, Tod 8t Yuypod
Beppod [...].

29. Phys. 260b2-7: 87hov 0bv &tt TO xtvodv oy, duoiwg Exel, AN OTE piv eyyltepoy 6Tt
3¢ moppwtepoy 100 &Alotovpévou éativ. Tabta 8 &veu @opdg odx Evdéyetan LT&pYEW. £
Bpo Gvayxn &el xtwmot elvo, Gvéyxn xad eopdy el elvon TPGTNY TGV XWAoEWY, Xal Qop&S,
el €oTv N pév mpwN 7 &’ votépa, THY TEWTNV.

30. In his comments on Phys. 260b2-7 Simplicius, In Phys.1265.36-1266.2 (Diels), assumes
that the locomotion Aristotle has in mind is the motion of the food which must be moved in
order to be digested. Since Aristotle does assume that nourishment comes from the dry and the
wet when these are acted upon by the natural source of heat in the stomach (PA 650a3ff.), there
is no doubt that nourishment and thus growth presupposes the motion of food toward the innate
heat of the stomach. It is, however, unlikely that this is the motion which in Phys. 260b2-7 is
argued to be prior to qualitative change. Aristotle attempts to show that locomotion is prior to
qualitative change per se but this general claim cannot be established by first reducing growth to
qualitative change and then pointing out that growth qua qualitative change presupposes the
motion of food toward the digestive tract. The generality of Aristotle’s argument is better served
if in Phys. 260b2-7 the affective source of heat which is sometimes closer to, and sometimes
farther from, what is to be changed is the sun: for one of the two causes of the constant
qualitative change, i.e. elemental transformation, in the sublunary sphere is the annual motion of
the sun in the ecliptic whose inclination causes the distance between the sun and a given locus of
qualitative change to vary around the year (the other cause is the rotation of the heavens; GC
336a31-b9, 337a7-15). If this is so, however, then it is circular locomotion (the annual motion of
the sun in the ecliptic or the rotation of the heavens) which in Phys. 260b2-7 is shown to be prior
to qualitative change and thus Aristotle’s point in this passage concerns only the type of
locomotion which, as will turn out, is primary whereas Aristotle explicitly establishes the priority
of locomotion in general, irrespective of whether a type of locomotion will turn out to be
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reaches, and thus interacts with, earth is the forced motion of fire away from
the periphery of the sublunary sphere: quantities of fire are dislocated from
their natural place by the rapid rotation of the heavens and, thrust into air,
are forced to move downwards (Meteor. 341a28-31: 3u& te TadTnY OLY THY
aitioy &puxveital Tog Tévde TOV TéTOV N BEPUdTNgG, Ml St& TO TO Te-
ptéyov mthp Tov dépa SrappaiveaBon T xvoet ToANGxig xat @épeabon Bl
xétw) but this forced motion is explained by the rectilinear natural motion
of the air. Alexander (In Meteor. 17.26-30 [Hayduck]) notes that, if heat is
transmitted to the Earth by the fire which is forced to move from its natural
place, air becomes a «moving cause of heat for fire» ([...] T0 mepéyov dE
[...] b0 THig €yxuxAiov TV doTpwy xWNOEWS TTOARGXLG StaxpiveTal Te xal
@épeTat Bio xdTw, EvBo 6 &, xal pspdpevoy BeppdtnTog oitiov adTd
yivetor). The other way by which heat is transmitted to the Earth does not
presuppose air as a «moving cause» — air functions simply as the medium
through which the heat generated by the rapid daily motion of the sun flows
to the Earth (Alexander, In Meteor. 17.18-25 [Hayduck}). If, however, heat is
transmitted by masses of fire forced from their natural place into the lower
stratum of air, then air is indeed a «moving cause of heat», as Alexander puts
it, for on Cael. 3.2 the forced motion of an element is caused by the natural
motion of air. As air can force a piece of earth to move upwards in virtue of
its moving naturally upwards, it can also force a mass of fire to move
downwards in virtue of its moving naturally downwards as well.

Since now in Aristotle’s sublunary sphere water constantly changes into
air, air into fire and finally fire into water (GC 337a4-6), quantities of fire
must constantly act upon some air or be acted upon by some water but this
can be so only if quantities of fire are constantly displaced from their natural
place so as to come in contact with either air or water which is accumulated
on the surface of the Earth (cf. Meteor. 340a7-8)3!. If, however, quantities of
fire are constantly forced to move downwards, on the Cael. 3.2 account of
forced motion numerically distinct chains of contiguous air masses must be
constantly in natural motion. Now for Aristotle the changeable sublunary

primary. In this light the secondary type of locomotion, i.e. rectilinear natural locomotion which
along with circular locomotion is indeed presupposed by qualitative change, must also be prior to
qualitative change.

31. Air is transformed into fire by the first of the three mechanisms of elemental change
described in GC 3.2: [...] &x mupdg uev Eoton anp Batépouv petafdrhovrog (To ptv yap fv
Bepuov xai Enpdv, to 8¢ Beppdv xal Oypdy, Hote &v xpatndf 1o Enpodv OO Tob HYPOD, &N
gotaw) [...] (331a26-29). Fire is changed into water by the second mechanism: dvéyxn yép, €l
Eaton ¢E BOatog mhp, @BupRivan xoi To PuxpEdv xal TO Lypdy, xai mhhwv el €x yRig anp,
@Bapivon xol o Puypdv xoi To Enpdv. ‘Qoadtwg 8¢ xol el éx muPdg xal dépog HOwWE xod YA,
avéyxn Gpdtepa petafBdAev. Abtn piv ody ypovwtépa 7 Yéveoig (GC 331b7-11).
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elements imitate the changeless celestial bodies in that they are always active
(Met. 1050b22-30) and, since the eternal activity of the celestial bodies is
their circular motion, i.e. the natural motion of the aether, the eternal activity
of the sublunary elements must also be their natural motion32. Air is of course
always in natural motion not because the entire quantity of this element in
the sublunary sphere always moves naturally but because at any given time
numerically distinct quantities of air, which is produced by the trans-
formation of e.g. some water or earth into air, perform individuated but tem-
porally bounded natural motions®. It is in this sense that air is not in any
fixed place as it is constantly transformed into other elements under the in-
fluence of the sun’s twofold circular motion (GC 337a7-15); Aristotle cannot
imply that the entire quantity of air moves constantly to and away from its
natural place (or, equivalently, that the entire quantity of air is periodically
transformed into other elements). Thus the total quantity of air in the
sublunary sphere imitates the eternal activity of the celestial bodies in that
numerically distinct parts of this quantity are constantly in natural motion
which is thus not only eternal but also continuous in the derivative sense that
it imitates the continuous circular motion of the celestial bodies (GC 337a6-
7). Since, however, it is this eternal and derivatively continuous activity of
air, i.e. its natural motion, that also causes the eternal forced motion of the
other elements, the finite quantity of air in the sublunary sphere brings about
this eternal forced motion in the sense that numerically distinct parts of this
quantity, finite both in size and number, constantly cause individuated but
temporally bounded forced motions.

The hypothesis Aristotle refutes in (II-11”) can thus be recovered from

32. Cf. M. L. Gill, Aristotle on Substance: The Paradox of Unity, Oxford 1989, p. 235. For
W. D. Ross, Aristotle’s Metaphysics, Oxford 1924, pp. 265-266, it is unclear whether the eternal
activity of the sublunary elements «refers to the natural movement of fire upwards, and of earth
downwards, or to the constant tendency of the elements to change into one another, by virtue of
which Aristotle says (De Gen et Corr. 337al-7) they imitate the circular movement of the
heavenly bodies»; the second alternative is adopted by M. F. Burnyeat et al., Notes on Book Zeta
of Aristotle’s Metaphysics, Oxford 1979, p. 145. There are, however, not two genuine
alternatives here because for Aristotle the transformation of e.g. water into air entails the natural
motion of air, unless something prevents it: 10 y&p xo0¢ov yiyverar éx Bapéog, olov € HSatog
anp (tobto y&p Suvduer mpdTov), xol 0N x0bpov, xai dvepyhoet Y edBig, &v un TL xwALY.
gvépyeta 8& Tob x0bpov TO Tod elva xal Gvw, xwAbeton 8, tav &v T Evavtiw Témw N (Phys.
255b8-12).

33. Cf. Phys. 255b8-12, quoted in the previous note. For Aristotle a quantity of water and
the quantity of air it yields are specifically but not numerically the same (GC 338b14-18) and,
since he also posits that two quantities of water from the same fountain are only specifically the
same though strikingly similar (Top. 104a14-24), the quantities of air which at any given time are
produced by elemental transformation in the sublunary sphere are numerically distinct; for the
Aristotelian elements as proper particulars (t63¢ <) see Gill (above, n. 32), p. 84.
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Plato’s explanation of the eternal motion on the cosmic scale: if one explains
the eternal motion at the cosmic level by accounting not for the rotation of a
heavenly sphere but for the forced motion of the sublunary elements as Plato
does, Aristotle can reach the conclusion that the prime mover, which is
responsible for the primary cosmic motion to be accounted for, is a moving
and finite material body (namely the finite quantity of air in the sublunary
sphere). What is more, Plato’s account of the eternal motion on the cosmic
scale entails by Aristotle’s lights that the prime mover is a finite material body
which causes eternal motion in virtue of its different parts constantly causing
individuated but temporally bounded motions - it is not the case that the
entire material body in question acts constantly on what is moved. Aristotle,
however, concludes that the prime mover, which by definition causes eternal
motion, cannot be a finite material body because he has shown in (a) that no
such body can cause eternal motion but (a) clearly holds only for entire
material bodies acting constantly on what is moved (see Phys. 266a21-22).
Ruling out (II-11”) is, therefore, tightly woven into the cosmological argument
in Phys. ©. 10: for, if Aristotle is to conclude that the prime mover cannot be
a finite material body, he must not only rely on (a) but also refute the
hypothesis in (II-1I”) - a finite material body is the prime mover because it
does cause eternal motion in that different parts of it constantly cause
individuated but temporally bounded motions. Since the account of projectile
motion spearheads Aristotle’s refutation of the hypothesis in (II-117), this
account is also an integral part of the cosmological argument in Phys. ©. 10
and is motivated by the fact that for Aristotle this hypothesis is raised by
Plato’s account of the eternal motion on the cosmic scale. What Plato ac-
counts for is the eternal forced motion of Aristotle’s sublunary elements
which, by Plato’s lights as well as by Aristotle’s, is of the same type as the
forced motion of projectiles: thus the implication of Plato’s account which
threatens Aristotle’s conclusion in Phys. ©. 10 can be defused via the correct
explanation of this forced motion.
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