
SAVING THE APPEARANCES 

'Saving the appearances', oc'etv ra 0atv61deva, is a slogan that, in its time, stood 
or was made to stand for many different methodological positions in many 
different branches of ancient natural science.1 It is not my aim, in this paper, to 
attempt to tackle the subject as a whole.2 I shall concentrate on just one inquiry, 
astronomy. Nor, with astronomy, can I do justice to all the complexities of what 
was certainly one of the central methodological issues, if not the central issue, 
in the history of ancient theoretical astronomy. I have a quite limited aim, to 
examine the foundations, and test the applicability, of a widespread and 
influential line of interpretation of ancient Greek astronomy according to 
which it was essentially, or at least predominantly, what we may call 
'instrumentalist'3 in character-that is, broadly speaking, that Greek astronomical 
theories were devices or fictions put forward purely for the sake of calculations 
with no claims to correspond with physical reality. 

Thus Duhem, one of the chief proponents of the line of interpretation in 

question, distinguished two views of the status of astronomical hypotheses as 
follows: 

On peut, en effet, regarder les hypotheses de l'Astronomie comme de simples fictions 
mathematiques que le geometre combine afin de rendre les mouvements celestes accessibles 
a ses calculs; on peut y voir aussi la description de corps concrets, de mouvements r&ellement 
accomplis. Dans le premier cas, une seule condition est imposee a ces hypotheses, celle de 
sauver les apparences; dans le second cas, la liberte de celui qui les imagine se trouve 
beaucoup plus etroitement limitee; s'il est, en effet, l'adepte d'une philosophie qui pretende 
connaltre quelque chose de la celeste essence, il lui faudra metter ses hypotheses d'accord 
avec les enseignements de cette philosophie. 

Although he recognized some exceptions, the most notable of which was Aristotle, 
Duhem ranged the major Greek astronomers and commentators on the status of 

astronomy under the former head. Their hypotheses were 'pure conceptions'. It 
was not a question of their being true, or even probable ('vraisemblable')-and he 

glosses 'true' by 'in conformity with the nature of things'.5 Their aim was simply 
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and solely to 'save the appearances', interpreted by Duhem as meaning that they 
should furnish conclusions that correspond with the observations.6 It was possible 
for several different hypotheses to save the same appearances: in that case it was 
not a question of choosing between them on the grounds of correspondence with 
physical reality, but merely on the grounds of mathematical simplicity. With 
some modifications and developments, Duhem saw the same fundamental 
methodological debate running through the whole of Western science down to 
Galileo, and indeed on through to his own day. The tradition of the principal 
Greek theorists, including Geminus, Ptolemy, Proclus, and Simplicius, continues 
through Maimonides, Aquinas, Jean de Jandum, down to Osiander, Ursus, and 
Bellarmin.7 Against them were ranged the realists, Alpetragius, the Averroists, 
and so on down to Kepler and Galileo. Nor does Duhem leave us in any doubt 
about his own position, which is that the former view is correct: 'en d6pit de 
Kepler et de Galilee, nous croyons aujourd'hui, avec Osiander et Bellarmin, que 
les hypotheses de la Physique ne sont que des artifices mathematiques destines 
a sauver les phenomenes.'8 

In the course of assessing the evidential basis of this interpretation of the 
main stream of Greek astronomy I shall have occasion to question the way in 
which the alternatives are presented by Duhem. But before turning to the 
evidence it is as well to point out that the 'instrumentalist' line has some 
formidable supporters. Even before Duhem had developed his interpretation at 
length in his articles in Annales de philosophie chretienne, Dreyer had written 
that, by the time of Ptolemy, 'it had . . . become a recognized fact, that the 
epicyclic theory was merely a means of calculating the apparent places of the 
planets without pretending to represent the true system of the world', and 
again that 'it appears from many statements, not only of Ptolemy himself, but 
also of his commentators, that they merely considered the numerous circles as 
a convenient means of calculating the positions of the planets.'9 In his The 
Physical World of Late Antiquity, Sambursky wrote of Proclus, at least, that 
'he takes a decidedly positivistic view and rejects the idea that any reality can 
be attributed to Ptolemy's spheres or segments of spheres.'10 Finally there is a 
particularly clear statement of a Duhemian line, with an explicit acknowledgement 
to Duhem, in Wasserstein's article 'Greek Scientific Thought'. From Plato's time, 
he wrote, 

geometrical methods and procedures become predominant. By this I do not mean only that 
astronomical models are now conceived as geometrical constructions; I mean something 
quite different; namely that like the geometer or arithmetician the astronomer now starts 
from axioms or postulates, or whatever you like to call them, and then deduces a system 
from them. The important point here is this: the geometer is not concerned with the truth 

6 
e.g. Duhem (1908), p.135. 

10 
Sambursky (1962), p.146. Cf. also 7 Duhem claimed Copernicus too for this Dijksterhuis (1961), p.67: 'Among later 

tradition in so far as he commented (Duhem Greek philosophers Proclus is clearly in 
(1908), p.3 74): 'Copernic a essay6 l'hypothese agreement with the standpoint taken by 
du mouvement de la Terre a titre de Ptolemy in the Almagest: the motions into 
supposition purement fictive'. Yet he went which the single planetary motion observed 
on to note, and to blame Copernicus for, is resolved are mere mathematical fictions, 
certain realist assumptions: 'il a voulu faire which exist nowhere but in the mind of the 
davantage ... il a voulu prouver la verit6 de astronomer carrying out the resolution; 
cette hypothese . . ... the only object pursued in framing an 

8 Duhem (1908), p.592, cf. pp.484, astronomical theory is that of making it 
587 ff. possible to calculate the celestial phenomena.' 

Dreyer (1906), pp.196 and 201. 
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of his initial axioms, just as the logician is not concerned with the truth of his initial 
premisses-both are concerned only with the validity of the conclusions that are derived 
deductively from their axioms or premisses . . . Similarly in Greek astronomy the aim was 
not, at least not always, the discovery of a theory that corresponded with fact, with 
physical truth, with physical reality. S4t'Vew r&a q)aw6e^va is not that, at least it is not 
always that, in the dominant strand of the astronomical tradition, even as represented by 
Ptolemy, and before him by Hipparchus, by Eudoxus, and indeed, as we shall see, by Plato. 

After this negative statement of what one strand of Greek astronomy was not, 
Wasserstein went on to define it positively as follows: 'The Greek astronomer in 

formulating his astronomical theories does not make any statements about 

physical nature at all. His theories are purely geometrical fictions. That means 
that to save the appearances became a purely mathematical task, it was an 

exercise in geometry, no more, but, of course, also no less.'12 

Now the instrumentalists present a variety of ancient texts in support of their 

view, but the key witness is undoubtedly Proclus. Duhem's view of Proclus' 

position is clear: 

Tout l'effort de Proclus va a etablir que les mouvements hypoth&tiques en des excentriques 
et des epicycles qui, par leur composition, reproduisent le mouvement des astres errants 
sont de pures abstractions.13 

Les combinaisons de mouvements proposees par les astronomes etant de pures concep- 
tions, denuees de toute realite, elles n'ont pas a e6tre justifiees a l'aide des principes de la 

Physique; elles doivent seulement etre disposees de telle sorte que les apparences soient 
sauvees. 14 

[He sums up] Les artifices geometriques qui nous servent d'hypotheses pour sauver les 
mouvements apparents des astres ne sont ni vrais, ni vraisemblables. Ce sont de pures 
conceptions que l'on ne saurait realiser sans formuler des absurdites.' 

Duhem's discussion of Proclus is liberally interspersed with translations, even 

the occasional Greek phrase, from, especially, the Hypotyposis, and, writing in 

1908, he based himself on Halma's edition of 182016 (Manitius's Teubner came 

out in 1909). The most important passages come in the final chapter of the 

Hypotyposis, where both Halma's Greek and his French translation are extra- 

ordinarily defective.17 Thus Duhem's first quotation from Proclus runs: 'les 

astronomes qui ont presuppose l'uniformite des mouvements des corps celestes 

ignoraient que 1'essence de ces mouvements est, au contraire, l'irregularite.'18 
But the Greek is: 7Td Kvfaotec rTcv ovrpaviwv 6oaX&a a&rroojvat 7rpoOvllqOev'req 

oi repl aorTpovo/Liav ewtvoi eXaOov eavrovt a'riiv Trv ovoiav avTrcv avwcapaXov 
Kai rnaOcGv &avadrTX\ev a'rof7vavre?,19 i.e. 'those who are clever at astronomy, 

" Wasserstein (1962), p.54. (The italics are 
Wasserstein's.) 

12 Wasserstein (1962), p.57. He had just 
quoted the preface to Copernicus' De 
Revolutionibus ('the task of the astronomer 
consists in the careful collection of obser- 
vations of heavenly movements. Since, 
however, no reasoning can help him to 
attain to the true causes of these movements, 
he conceives and imagines any sort of 
hypothesis by means of which these move- 
ments can be geometrically calculated both 
for the past and for the future. It is not 
necessary that these hypotheses be true; it is 
not even necessary that they be likely; it 
suffices that they lead to a calculation that 
accords with the observations') where he 

noted 'suggestive echoes of older doctrines 
or rather shades of older attitudes.' 

13 Duhem (1908), p.132. 14 Duhem (1908), p.133. 
'5 Duhem (1908), p.135. 16 As the footnote (Duhem (1908), p.132 

n.1) indicates. 
17 Thus apart from the many incoherences 

that Halma's Greek text contains, his trans- 
lation completely omits the passage from 
et 6e Kac (sic) (Halma (1820), p.151, col.1 
line 12) to Kat 6taKptacte (sic) (line 21) in 
the Greek. 
18 Duhem (1908), p.132. 
19 Hyp. 236, 12-15, Manitius, Halma 

(1820), pp.150-1. 
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who were eager to show that the movements of the heavenly bodies are regular, 
tended, without realizing it, to show that their substance itself is irregular and 
full of modifications.' Here Duhem drastically misrepresents Proclus' position. 
He implies that Proclus' own view is that the movements of the heavenly bodies 
are essentially irregular, and indeed full of 7rd0Cr: the astronomers did not realize 
this and tried to show that those movements are regular. But it is clear that 
what Proclus is in fact doing is criticizing the astronomers for producing 
theories that conflict with the assumption of the regularity of the movements 
of the heavenly bodies.20 

At this point it is not Halma's Greek text that is the source of the problem. 
Although printed without accents and smooth breathings, his Greek is the same 
as Manitius's. One suspects, however, that Duhem followed Halma's French 
translation, where we find: 'que les astronomes ... qui ont presuppose que les 
mouvements des corps celestes etoient uniformes, ignoroient que leur essence 
est l'irregularite et la variation', that is precisely the same misrepresentation of 
eXaOov as in Duhem.21 

That should already put one on one's guard. But worse is to follow. Proclus 
goes on to mention two different ways of construing the epicycles and the 
eccentrics that the astronomers postulated. Manitius's text (Hyp. 236, 15 ff.) 
may be translated: 'For what are we to say about the eccentrics they go on 
about and the epicycles? [Are we to say] that they are merely contrivances 
[objects of thought] or that they also have existence in their spheres in which 
they are fixed?'22 

He then goes on to consider each of these two possibilities and to raise 
difficulties about both, that is at Hyp. 236.18 ff. and 236.25 ff. 'For if [one is 
to say] that they are only contrived, they have unwittingly gone over from 
physical bodies to mathematical concepts and given the causes of physical 
movements from things that do not exist in nature.'23 This first difficulty is 
then followed by a second (Hyp. 236, 22 ff.) where he attacks the idea of 
putting these objects of thought in motion.24 

20 Even though Proclus allows the move- 
ments of the planets to be complex, he 
insists that they are orderly, cf. further 
below, pp.208 ff. and n.41. It is striking that 
in his later Systeme du monde Duhem gave 
a more accurate translation of this passage 
('ils ne se sont pas apercu qu'ils declaraient, 
[par la], que l'essence meme de ces corps 
celestes etait privee d'uniformite et douee 
de toutes sortes de passivites', Duhem 
(1954), i.104), but in no way modified his 
general interpretation of Proclus. Wasserstein, 
who translated the passage correctly although 
he omitted the important KatL raOduv 
&v&drTewv, also took it that Proclus himself 
held the movements of the heavenly bodies 
to be irregular and indeed that this text 
showed that 'he is willing to regard not only 
circularity but even uniformity as expendable 
assumptions' (Wasserstein (1962), p.56). 
21 Halma (1820), pp.150-1. The one point 

of variation is that Halma's 'leur' (p.151, 
col. 2 line 3) might refer to either 
'mouvements' or-more likely-'corps 

celestes', whereas Duhem opts definitely 
for the former ('l'essence de ces 
mouvements'). It seems more likely, 
however, that it is the heavenly bodies 
(rc(v ovpavlwiv) rather than their movements 
whose substance (ovaiav) is said to be 
irregular and full of modifications. 
22 70TC ayp eKKEVTpOVI OVU Opvkovti Kal 

Trov1 C7rLKVKKXov? TLr 0o?iev; apa Crtvoe6aOat 
l6ovov Kal viroaraawv exetv Tv rats 
ocaipat? arCjv, ev a;t Ev6e6evTat; 
23 el iev 7Yap enrtvoecaOat p6vov, \XeXOaoLv 

&,r6 TrWv OVaoKUV awcI&Trwv eiq LaOnrllarKa&( 
ertLvoac perLoTaa&vre Kat eK TCOV OVK 
6vTwv ev Tr 1tvaoet rTa rCTv VUoLKCoV 

KLvr?aoewv alrt'ac hi,ro6Ltb6vre. 
24 ob y&p, Cref6t6 raZ i enwvoiac iAC,v 

KLvofvLTat, 6ta roTro ol er' avr)jv voovtjevot 
&aTrpe? KaTar &hiOetav &ivwpldXtw 
Kcvov7TaL, 'for it is not the case that since 
they are moved according to our thoughts, 
for that reason the stars that are imagined 
on them truly move irregularly'. What is 
being denied here is not the reason (the 

205 



Proclus then continues by considering the second alternative, the view that the 
epicycles and eccentrics actually exist in the spheres in which they are fixed, and 
here his objection is that the epicycles and eccentrics destroy the ovvexetav- 
continuity or connection-of the spheres: the circles and the spheres are moved 
separately; 'nor do they move these [the circles] in the same way as each other, 
but in opposite directions';25 and they 'confound their relative distances, if 
sometimes they [the circles] are brought together and are in a single plane, but 
sometimes are separated and cut each other. Thus there will be all kinds of 
divisions and foldings-up and separations of the heavenly bodies.' 

Although many points of detail are obscure, the overall structure of the 

argument of this passage seems clear enough. Proclus mentions two possible 
ways of taking epicycles and eccentrics and raises objections against both. 
Where precisely that leaves Proclus himself is a question I shall postpone for the 
moment, because I want to consider how Duhem-and Halma-took the passage. 
At this point Duhem was, to some extent at least, critical of what he found in 
Halma. Thus he disagrees with Halma's reading EK rwCo OLKOVVTrW Cv T? r 0aet 
and suggests that a negative has dropped out: OVK oitKOVT.26 Moreover he 

distinguishes the two theses that Proclus considers much more clearly than 
Halma's translation does. Halma seems to have taken his apa (sic) on p.151, 
col. 1 line 3 as inferential, not as an interrogative. At least he translated: 'il faut 
donc les concevoir comme simplement fictifs et ideaux, ou comme attaches a 
des spheres.' While Duhem keeps 'simplement fictifs et ideaux', he sets out the 
alternatives more clearly: 'ou bien . . . ou bien . ..'27 Yet the important point is 
that in the sequel both Duhem and Halma imply that Proclus opts for the 
instrumentalist alternative. After mentioning the two possibilities very sketchily 
in the passage just quoted, Halma proceeds: 'car puisqu' ils ne doivent etre que 
des conceptions.'28 Similarly Duhem went on: 'ceux qui le pretendent "oublient 

que ces cercles sont seulement dans la pensee".'29 Where they both agree, and 
both misrepresent the Greek, is in this: both take as an assertion what is, in the 

Greek, the protasis of a conditional, where the apodosis sets out an objection to 
the view contained in that protasis. Both represent Proclus coming down firmly 
for the instrumentalist option,30 whereas in fact Proclus raises objections against 
that view just as much as against the alternative, according to which the epicycles 
and eccentrics were held to exist in the spheres in which they are fixed. 

That much should be clear. But it might be thought that although Duhem 
(misled, perhaps, to some extent, by Halma) has misrepresented Proclus' argument 

stars truly move irregularly, but not for 
the reason given) but (as in Manitius's 
translation) the conclusion-they do not 
truly move irregularly at all. 

25 Thus the moon and sun move on their 
epicycles in a sense opposite to that of the 
epicycles on their deferents. Each of the 
planets, however, moves on its epicycle in 
the same sense as that of the epicycle on its 
deferent (cf. Proclus, Hyp. 154, 27 ff.). 

26 Duhem (1908), p.133 n.1 on Halma 
(1820), p.151, col.1 lines 7 f. Yet Grynaeus's 
edition of 1540 already has the negative and 
indeed provides the same text as that in 
Manitius: EK rCiv OVK OTvrWCv v rp OuaVet 

(Grynaeus (1540), p.81). 

27 'Ou bien ces cercles sont simplement 
fictifs et ideaux; ou bien ils ont une 
existence reelle au sein des spheres des 
astres.. .', Duhem (1908), pp.132-3. 

28 Halma (1820), p.151 col.2 lines 7 f. 
Proclus' criticism of the astronomers then 
becomes that they attribute material 
properties to mathematical conceptions! 

29 Duhem (1908), p.133. He fudges the 
criticism of the astronomers that follows: 
'ils font des &changes entre des corps 
naturels et des conceptions mathematiques.' 

30 The structure of the argument, with the 
two alternatives set out with ei liev and ei 
6e, is, of course, much obscured in Halma's 
text. 
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at certain points in the final chapter of the Hypotyposis, the main burden of his 
interpretation of Proclus' position is, nevertheless, one with which we must 

agree. For this question we have to discuss what precisely Proclus' position was, 
and unfortunately one can scarcely say his position was precise. To understand 
his point of view in the Hypotyposis it is necessary first to consider what he says 
at the outset of the work, where he explains its purpose: 

The great Plato, my friend, expects the true philosopher at least to say goodbye to the 
senses and the whole of wandering substance and to transfer astronomy above the heavens 
and to study there slowness-itself and speed-itself in true number. But you seem to me to 
lead us down from those contemplations to these periods in the heavens and to the 
observations of those clever at astronomy and to the hypotheses they devised from these, 
[hypotheses] which Aristarchuses and Hipparchuses and Ptolemies and such-like people are 
used to babbling about. For you desire indeed to hear also the doctrines of these men, in 
your eagerness to leave, so far as possible, nothing uninvestigated of what has been 
discovered by the ancients in the inquiry into the universe.31 

He goes on to explain that he had promised to work on this 'in his own fashion' 
when he had some free time, and that now that he has, he is fulfilling that 
promise: 'Closing my eyes, for the time being, to those exhortations of Plato and 
to the expositions themselves of the heavenly movements both of the fixed stars 
and of the planets which he persuaded us to give the first rank to, I shall proceed 
to tell you the "absolute" truth as believed on the basis of long and endless 

arguments by those who love to gaze at the heavenly bodies.'32 
Proclus thus opens his work with an explicit disclaimer. He cannot here do 

astronomy in the way that he believes Plato to recommend in the Republic, 
'transferring astronomy above the heavens' and there studying 'slowness-itself' 
and 'speed-itself' in 'true number'. What the Hypotyposis contains is quite 
different, because he is led down from such (purely abstract) contemplations to 
such matters as the periods in the heavens and the observations of the 
astronomers. As a good Platonist-as he conceives-Proclus often mentions the 
inexactness of sensible objects.33 Yet that does not deter him from giving a 
quite lengthy account of astronomy in the Hypotyposis, including not only a 
full, if in parts inaccurate, statement of current astronomical theories, but also a 
surprisingly detailed description of the main astronomical instruments and how 
to use and construct them.34 He begins with a statement of the ten main 
problems, such as, for example, the variations in the apparent speeds of the sun, 

31 lX4.-rw vL V' 6 Me'-ya', W' &7aZpe, r6vYye 
Gle XrO2,q tmX6ao0ov &btoZ r&a atOa0i'7aeL 
Xa'peLvPW ev7a KaL T17Vv nXavwAgl'77v 6?!raaav 
o6cdav obpauoiv re irrepaa-rpoiogetv K~rLKE 
r7w a6roj3pa6vri,ra Kai r6 a'ror64xoq bv TC' 
&XnOtwv4 &pLOMI)cT aKorTeZW. av' SeMoualvig 
Ka7t&dyeWL h;t&EIq &ir' hEKWe' 7Ch);v Oeag.dzrwv ek' 
,ra,q b obpavN4 7-a6aca 7rept66ovq KaIam4ac rc.wv 
6eLVCA)V nepl bLapovoJiav lm7pTIUEL( Kat 7d' 

eK odv a6rOZ' Egrj71aavrf /taaC b'7roO&reLc4, 

&c 'Aparrapxol -re KaL 'I"IrapxoL Kai 
H-roXegaZot Kai rTOLOrOT1T7 We 6LaOpvXeWv 
elW,Oaac. iroOe!' 4p 67 Kat' raq roirwv 
bUPoX&lv &KocaaL j.st66v &6tEpeV!VnTrOV Kara 
VvajiwL &iroXLuTew 7rCUw 7roZiq naXamcl 

ItU7I0Pr topQVY W birp Oe.pkt' r(;w bXaw 
irpoOvito' evoc (Hyp. 2, 1-13). The opening 
sentence is, of course, an allusion to Plato, 

Republic 529 d. 
32 pdaa' Ev Tt.p irap6vrt irp6r Aq -rofi 

1HXirwvo qkelv'aq irapaKECX6edELIq cat 
a&r-&' 7a', irepi rcov o'6paviwv Ktctv7'7aCWv 

rcC i1re irXavcZwv Kat rawmjvrrXavwMgv,wv 
on'Haeq, &q EKeWOV ?hAELaq 7irTPec4eVetV 
we7rEtUL'ev, ei pXopai taot Xtwv a&rir?v Kao' 

Pavriv riv 6& .L aKKp.)JV KaE '&ITep&v(,w 
e 06&,v 7r eragCv77vroZi lLXoo uoa.toat -r.v 

o6pav&wv &XtOetav (Hyp. 4, 1-7). The 
reference to the OcXoOedjAoveq (an allusion 
to Republic V) shows that the expression 
ariVTv KaO' &auriv T'v ... &Xi'Oetav is 
ironic. 
33 e.g. in Ti. i.351 20 ff. 
34 See especially Hyp. ch. 3, 42,5-54,12, 

cf. 4, 128,6-130,26 and ch. 6, 198,15- 
212,6, and cf. 72,20 ff., 110,3 ff., 120,15 ff. 
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moon, and planets,35 and he introduces this by saying that he will first identify 
the phenomena that caused astronomers to inquire into their causes: 

They correctly hypothesized that the movements of the heavenly bodies must be circular 
and orderly, even if the circular movement is not the same in all of them, nor unmixed with 
what is not such [i.e. not circular], yet this too is assuredly orderly. For being borne always 
in the same way and according to a single formula and in one absolutely self-consistent 
order would, I suppose, best befit the most divine of visible things, especially for those who 
postulate that all these things are borne round according to reason. For reason is always the 
provider of order in all the things of which it has charge. Clinging to this notion, as to a 
safe stern-cable, they appear with reason already to be vexed at this apparent disorder, 
seeking which hypotheses would show them that the periods in those circles are accomplished 
rationally instead of irrationally, and that they are determined by numbers that befit each 
one instead of being borne round indeterminately and in a disorderly fashion.36 

Once the problematic phenomena have been set out, the bulk of the 

Hypotyposis consists of a detailed analysis of each of these in turn. In the final 

chapter he first of all recapitulates the problems and gives their suggested 
solutions and then ends with the passage Duhem made so much of. It is worth 

noting, first, that the doubts raised in that passage do not relate to everything 
that has gone before. The chief question Proclus poses concerns the status of 
the epicycles and eccentrics. But not all his discussions of the problematic 
phenomena depend directly on those hypotheses.37 More important, it would 
be wrong to assume that the doubts he expresses about the status of the 

epicycles and eccentrics apply also to the doctrine that there are heavenly 
spheres-for example a sphere of the fixed stars.38 Finally his doubts about 

epicycles and eccentrics are the more understandable when we reflect that- 
unlike many other late commentators-Proclus knows very well that they are 

not in Plato.39 

35 Hyp. 6,12-16,16. 
36 TOVTO Jiev 6p0CC bVnoOepevol TOr Tar 

Ktvo7e?Lt TrZCv OELtWv ooJ) 0Wp v eyKVKXMov? 

6Se Kal Tera'ype.vac bTrapXEtv, el Kal TO 

eyKVKXLOV Op rT aivro ev 'rrTav eKelvot;, 

OV6b &tLKTOV irpbOC TO Lan TOLOVTOV, &,h' 

ovv Kat TroVo 7rcvrC TrerCTaylV Ov. TO yap 
&ae Lwaav'rTW Kal KaO' Eva X6yov ?EpeaOat 
Kat aitav T&tLV aVrrT KaO' avT'iv 6boXoyooaav 
irpetrot iv rov TO0Z 0OeOTrTOLC T7syV (avepCov 
l.dALXTa TOl KaTa& VOoV EKEvla tr&Vra 

7reptdyeaOat TLOeLe'VOLt voVq yap del 
Trdteew Xopr7y6'd eaTov aTraatv, otc av 

o7rtaraTt. ravirrt 6e Wconep odaaXooe 
Tneloalaroc ?tEX6pevoL r T vnovoiaq [Kai] 
eLK6TLrw 67 6avoepaLvetv OaivovratL 7rpo 
Trv ?awo#pevrlv raTv7rrv aratlav [Kal] 

qr7TOVVTre?, Trve vbroO9eaet aTroiC &VTl peSv 

hA6ycov Kara X6'yov 7rITeXov#Lva Tra' 
7rept66ovq &7rooivatev <er/> TCWv KVKX(V 

KEKLVWV, &VTi 66 h&opiroT Kal &T&KTWIr 

?epoJIevwv &pwpt.eva &hpL0potl TOL'e 
rTpooarKOvowtv KaTrot: (Hyp. 4, 15-6, 5). 

Note especially 6p0OoC at 4,15. 
37 Thus in one instance (that of the 

precession of the equinoxes) he resolves the 
problem simply by denying that the 
phenomenon occurs (Hyp. 136, 4 ff., 234, 

7 ff.). 
38 Thus in In Ti. he follows Plato in 

postulating a system based on spheres of the 
Same and of the Other (to account for the 
daily movement of the heavens and the 
longitudinal movement of each planet on 
the ecliptic respectively), e.g. In Ti. iii.73. 
27 ff., 123.20 ff., 146.1 ff., 148.1 ff.: the 
substance of which the stars and their 
spheres are composed is discussed at In Ti. 
iii.128, 14 ff. (cf. below p.211 and n.51), 
cf. e.g. 96.6 f. where he says that the spheres 
'fill up' the whole of the heavens. Cf. also the 
references, at Hyp. 236, 18 and 238, 1, to 
the spheres in which the epicycles or 
eccentrics are fixed, in his account of the 
difficulties facing those hypotheses. 
39 This is clear from e.g. In Ti. iii.56.31 ff., 
76.28 f., 96.19 ff. and In R. ii.214, 6 ff., 
227.23 ff. At In Ti. iii.146.14 ff., especially, 
epicycles and eccentrics are again criticized 
as involving either little circles that move in 
a direction opposite to that of the spheres 
on which they are located (which will 
destroy the continuity of the spheres or 
introduce into the heavenly bodies circles 
belonging to another nature, 0vat:) or 
movement round different centres, and 
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Although Proclus evidently has his over-all, and as he believes Platonic, 
quarrel with any kind of 'phenomenal' astronomy, he certainly does not object 
to all phenomenal astronomical hypotheses equally. Thus he shows no signs of 
wavering on the question of the earth being at rest in the centre of the heavens.40 
Nor, despite Duhem and Wasserstein, can there be any doubt about his endorsing 
the view that the observed courses of the heavenly bodies must, so far as possible, 
be explained in terms of circular and orderly movements.41 The problem was, of 
course, to account for the evident complexity of the movements of the planets, 
sun, and moon. His dilemma is acute: he knows there is no Platonic authority 
for eccentrics and epicycles, yet how can the complex movements of the planets, 
sun, and moon be explained without them? In one mood he reiterates the 
Platonic thesis that sensible objects are unstable, adding a contrast between 
human beings-who must be content with approximations to the truth-and the 
gods-who alone grasp the truth itself.42 Then again, in his accounts of Plato's 
astronomy, especially, he certainly acknowledges that the movements of the 
planets, sun, and moon are, to some extent at least, irregular. In In Ti. iii.56, 
31 ff., for example,43 he interprets Plato in the Republic to be saying that while 
the fixed stars are both regular and orderly, and sublunary things are both 
irregular and disorderly, the planets are intermediate between them, irregular 
but orderly, and in that work he attributes the complexity (troutXita) of the 
planet's motions to their souls.44 Yet Proclus sometimes appears to want more 
Proclus objects to the latter on the 
dynamical grounds that it 'does away with 
the common axiom of the physicists', 
namely that every simple movement is 
either round the centre of the universe or to 
or from that centre. 
40 See e.g. Hyp. 28, 7 ff. and 21 ff., In Ti. 
iii.137.6 ff. 
4' This is clear from Hyp. 4.15 ff. (quoted 
above, n. 36). Elsewhere in Hyp. he says 
that the assumption of the regularity of the 
movement of the heavenly bodies is the 
&PXj7 of the whole of astronomy (28.15-20), 
that it is accepted by all astronomers that 
the heavenly bodies move in an orderly 
fashion since they are 'far from mortal 
troubles' (18.17-25-note the first person 
plural at 18.22-cf. 26.7 ff.), and that the 
astronomers claimed to give an account of 
the phenomena that is in accord with the 
'incontrovertible assumptions concerning 
the heavenly bodies' that they all move 
regularly, and that their irregularity is 
apparent and not true, the result of the 
combination of their various movements 
(146.4 ff.). Again in his accounts of Plato's 
astronomy Proclus assumes the orderliness 
(rTt/S) of the movements of all the 
heavenly bodies (e.g. In Ti. iii.5 5. 11 f., 
57.2 f., 90.22 ff., 96.21 ff., 127.7 ff., 
146.2, 147.12, In R. ii 230.22 ff., 231.3 ff.: 
at In Ti. iii.117.19 f. he says it is ju7 0ecLt 
to consider their souls to be irrational); at 
In Ti. iii.56.12 ff. he asserts that not only 
the fixed stars, but also the planets have a 

single, regular (6MaX6dc) unceasing movement, 
even though he later qualifies this by 
introducing an element of irregularity in 
their movements (see below, nn.43 and 44); 
and he criticizes astronomical hypotheses on 
the grounds that they are 'far removed from 
the simplicity of divine things' (In Ti. iii. 
56.29) although the 'simplicity' of the 
planets includes multiplicty (nrhi0oc) 
(In Ti. iii.127.9 ff.). 
42 e.g. In Ti. i.352.5 ff., 28 ff., 353.22 ff. 

Yet at In Ti. iii.122.10 ff. he insists that 
the heavenly region is as immaterial as it is 
possible for any sensible object to be-that 
is, that it is free from any unstable, 
&vt6paaro?, matter, cf. 122.18 ff.-and 
that it is free from the accidental. 
43 Cf. also In Ti. iii.67.2 ff. (the movements 

of the planets are regular eaurai?, but irregular 
rrpo6 &hhXXha), 79.12 ff., 96.21 ff., 147.9 ff., 
cf. In R. ii.230.15-22, 234.26-235.3. 
44 e.g. In Ti. iii.147.2 ff. The planets 

undergo a complex of movements, 
(a) in longitude (Kar& MtCKO?), (b) in latitude 
(KarCa 7TrXtro?), (c) in 'anomaly' (Kar& 
pd0oq, the motion in anomaly, being 
represented by an epicycle, produces vari- 
ations in the distance of the planet from the 
earth, i.e. 'in depth') and (d) axial rotation. 
The resultant movement of (a), (b), and (c) 
is spiral-a mean between purely circular, 
and rectilinear, movement. See e.g. In Ti. 
iii.76.30 ff., 78.29 ff., 95.34 ff., 128.8 ff., 
148.5 ff., In R. ii.232.24 ff., 233.16 ff. 
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than that-to want a determinate and detailed account of their movements.45 
In that mood, even though he is critical of epicycles and eccentrics, he comes 
close to accommodating himself to them in certain passages. There are, then, I 

suggest, certain vacillations in the line that Proclus adopts in the texts in which 
he comes closest to confronting the problem directly. 

This can be seen by juxtaposing some of the passages in question. Take first 
the continuation of a text from the first chapter of the Hypotyposis to which I 
have already referred. 

I shall proceed [he has just said] to tell you the 'absolute' truth as believed on the basis of 
long and endless arguments by those who love to gaze at the heavenly bodies. Nor shall I be 
able to restrain, here, my usual testing of opinions, though I shall use it sparingly, since I 
believe the refutation of the hypotheses will be obvious to you from their very exposition- 
the hypotheses in which they unfold, with pride, the whole of the theory which they 
propose.46 

That looks like a straightforward and outright condemnation, as also may In Ti. 
iii.56, 28 ff.; for instance, where he says: 'Nor do these hypotheses [particularly 
epicycles and eccentrics] have any probability, but some are far removed from 
the simplicity of divine things, and others, fabricated by more recent 
astronomers, suppose the motion of the heavenly bodies to be as if driven by a 
machine.' Yet we may contrast with this the conciliatory tone of the beginning 
of chapter 7 of the Hypotyposis (212.9 ff.): 'Since we said in the introduction 
from what [starting-points] especially those who love to gaze at such things 
have been led to investigate these things, come now, in each case, let us bring 
forward the resolutions of these [difficulties] from these hypotheses, approving 
[eyKpivovreq] some of what they say, but rejecting [or testing, 3aoavioovre] 
other parts.' Even in the concluding section of the chapter (238.21 ff.) he 
criticizes the astronomers for, among other things, not stating 6boa bvvardv 

rpoaevwropioaat, those things that it is possible to grasp, the problems that can 
be resolved, and at the very end of the chapter he again appears to hedge his 
bets in the final sentence of the work: 'Yet one must know this much, that 

among all the hypotheses these are the simplest and most fitting for heavenly 
bodies, and that they have been contrived to discover the manner of the move- 
ments of the stars that are really moved as they appear, so that the measure of 
what is in them may be grasped.'47 Finally, in In Ti. too he says at one point48 
that epicycles and eccentrics are not in vain, since they enable one to resolve 

complex movements into simple ones. 
There are, then, certain unresolved tensions in Proclus' position. There is 

evidence, in both Hyp. and In Ti., of his desire for a simple account, not just of 

45 Cf. the demand at Hyp. 238.13 ff. to 7rpoKeLE'vrrv airrol OeowpLav. 
know the causes of the planes and distances, 47 

Hyp. 238.22 ff. 7rX v roaovirov Lareov, 
'I mean the true causes, such that when the 8rt 7raaowv Trv vwroOeauev at d&rXov6arepaL 
soul saw them especially it might cease all Kat oiKetdrepat OeCot owaucaaaw avrai eiat, 
its travail.' Kal 5rt rtvewv6rIvraat nrpo6 eipeatv rob Tp6inov 

46 
Hyp. 4.5-12. The text continues from rav Ktvwaecv rtwv darepwv Kar' &XOetav 

that quoted above, n.32: ove eviravOa tev OV'Sr KLVOVlCevwv, `unTrcp Kal (paivovrat, 

6erExetv 6vv&aievo? T7rv eLkwvuav elo rCv . vay ev?7raT KaTaXkrTrovdl TO Terpov 7? ev 

6orya&drcwv (36aavov, a7raviq 6e wiLco av&lr avrro6Z. 
xpwj.evo?, elret KaLL Oot KaTaaav7 rt rereittaL 48 In Ti. iii.148.23 ff. At In Ti. iii.65.26 ff., 
6t' avrrwv feoeuOaat rCv Xe-yogvcwvr Tv rov too, his own solution to the problem of the 
bvroOeaewv eXe'yxov, 6e0' at E'KEZVWO sun's movement appears to incorporate the 
KaLXXoJTLdtuevot 7raaoav EXirTTovoa TV r epicyclic hypothesis. Cf. also In R. ii.233.21 ff. 
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the movement of the fixed stars, but also of those of the planets, sun, and moon.49 
Moreover he knows, or at least the end of the Hypotyposis suggests that he knows, 
that the simplest hypotheses are eccentrics and epicycles.50 Yet there are 
problems, not just the lack of Plato's authority, but also the question we began 
with, are they mere contrivances or do they have real existence? Both present 
difficulties. But when he sets out those difficulties, it is not that he intends this 
as a reductio argument, but rather as a genuine statement of &aropia. We should 
now reconsider the nature of the difficulties he specified. Against the assumption 
that the epicycles and eccentrics are real he argues by pointing to complications 
(such as that the continuity of the spheres is destroyed) that are themselves 
realist (p.206 above). But if the epicycles and eccentrics are simply objects of 
thought, then one has unwittingly slipped over into mathematics and one cannot 
account for physical motions by appealing to things that do not exist in nature. 
Now why should Proclus be dissatisfied with that solution? Surely the chief 
problem, on that way of taking the epicycles and eccentrics, is simply that a 

merely instrumentalist account will not do. So whilst he argues against the realist 
way of taking these hypotheses on realist assumptions, he argues against the 
instrumentalist way of taking them also on realist assumptions. Nor is that 

surprising when we reflect that in In Ti. too his standpoint is a realist one when 
he discusses, for example, what the stars and the spheres in which they are 
carried round are made of and concludes that both consist of a special kind of 
fire.51 

Duhem's interpretation of Proclus, I conclude, is open to criticism on three 
grounds. First he speaks quite generally of Proclus' view on astronomical 

hypotheses. But what is at issue in the key passage at the end of Hyp. ch. 7 is 
not the status of astronomical hypotheses in general, but only that of epicycles 
and eccentrics. Elsewhere, Proclus shows no inclination to consider as mere 
objects of thought such assumptions as that the earth is at rest or that the 
movement of the heavenly bodies is, in general, circular and orderly. Secondly, 
as far as the particular text discussing epicycles and eccentrics is concerned, 
Duhem represents Proclus opting for the instrumentalist view, when in fact he 
criticizes both that and the realist alternative. Thirdly, the assumptions at work 
in both cases in that text turn out to be realist ones.52 

II 

Now Proclus is not exactly one of the leading lights in the history of Greek 
astronomical theory: rather he is a moderately intelligent summarizer and critic 
49 e.g. the reference to the simplicity of 

divine things at In Ti. iii.56.29 and 127.9 ff., 
and that to a single regular movement at 
56.12 (see n.41 above). At Hyp. 18.2 ff. 
the Pythagorean preference for the simplest 
hypotheses, on the grounds that they are 
more fitting for divine bodies, is endorsed 
by Proclus himself and in that work he 
distinguishes between the eccentric and the 
epicyclic hypothesis on the grounds of 
simplicity at 76.17 ff. and 148.18. 

50 Cf. also Hyp. 198.6 ff. where he says he 
has given an outline account of the hypotheses 
of those who appear to have furthered 
(KarTpOwKiva0) the inquiry concerning the 

heavenly bodies most. 
51 In Ti. iii.128.14 ff., 28 ff., cf. also 

113.20 ff., 114.15 ff. 
52 Thus his fundamental complaint against 

epicycles and eccentrics is not that they do 
not provide a means of calculating the 
positions of the heavenly bodies ('save the 
phenomena' in Duhem's understanding of 
that phrase)-on the contrary, to judge from, 
for example, In Ti. iii.148.23 ff., he is 
prepared to use them in that capacity. 
Rather it is that these models do not yield- 
what Proclus ultimately demands-a consist- 
ent physical account. 
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of received views. Yet he does at least state and discuss a distinction between the 
view that epicycles and eccentrics are mere objects of thought and the view that 

they have real existence in the spheres in which they are fixed, and that is rare 

enough, indeed quite exceptional, in ancient texts of whatever period.53 The 
other writers whom Duhem and others cite yield no passage in which the general 
contrast between 'instrumentalist' and 'realist' astronomy is debated. There are, 
of course, discussions of, for example, the distinction between uvoatKr and 

PLaOrClaLTLKrf beginning with Aristotle's in Physics B ch. 2, which itself provided 
the starting-point for other analyses, and Duhem, for one, certainly took these 
texts to be relevant to the issue and indeed to provide evidence to support his 

general view. Once again, however, we may have doubts. 
The chief text is the famous passage in Simplicius, In Ph. 291.21 ff., where he 

quotes Alexander who in turn quotes Geminus' summary of Posidonius' 

Meteorologica. Duhem, who quotes the text at length, hails it as the most exact 
ancient Greek definition of the roles of the astronomer and the physicist, and he 
takes the distinction between those two to be one between two independent, 
autonomous, and unconnected inquiries. His view of how that distinction was 

interpreted by the Greeks comes out very clearly in a passage where he summarizes 
the Greek achievement before turning to consider Arabic astronomy: 

Leur genie logique et m6taphysique s'etait appliqu ... a l'examen des compositions de 
mouvements imagin6es par les astronomes; apres quelques hesitations, il s'etait refuse a 
regarder les excentriques et les epicycles comme des corps doues, au sein des cieux, d'une 
existence r6elle; il n'avait voulu y voir que des fictions de g6ometres, propres a soumettre 
au calcul les phenomenes cdlestes; pourvu que ces calculs s'accordassent avec les 
observations, pourvu que les hypotheses permissent de sauver les apparences, le but vise par 
l'astronome etait atteint; les hypotheses etaient utiles; seul le physicien eut et6 en droit de 
dire si elles etaient ou non conformes a la realit6; mais, dans la plupart des cas, les 
principes qu'il pouvait affirmer etaient trop g6n6raux, trop peu detaillis pour l'autoriser a 
prononcer un tel jugement.54 

The astronomer, therefore, on this reading, is not merely distinct from the 

physicist, he is not concerned with physical problems at all. Provided the 

hypotheses allowed the appearances to be saved, his job was done. The subjunc- 
tive used as a conditional in Duhem's penultimate sentence ('eut ete en droit': 

only the physicist would have had the right) is especially remarkable, as also is 
Duhem's conclusion that in the majority of cases the physicists' principles were 
too general to authorize him to pronounce such a judgement. 

But if we turn to the passage in Geminus or to that in Aristotle (on which 

Simplicius was commenting at that point), the contrast drawn between astronomy 
and physics is, in certain respects, crucially different from Duhem's version. In 

Aristotle, as is well known, the mathematician differs from the physicist in that 
he deals with surfaces, volumes, and so on in abstraction from physical objects. 
Optics, harmonics, and astronomy are introduced as 'the more physical of the 

glaOrtraT': whereas geometry investigates physical lines but not qua physical, 
optics investigates mathematical lines but not qua mathematical, but qua 
physical. By implication astronomy does the same. When Aristotle first raises 
the question of whether astronomy is or is not a part of physics, he says it is 
absurd if the physicist should be supposed to know what the sun and moon are, 

53 That is, in the context of astronomy. familiar in other, philosophical, contexts, 
The notion of things that exist merely as notably in debates on the nature of forms. 
objects of thought had, of course, long been 54 Duhem (1908), p.277. 
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but not to know any of their essential attributes, and he remarks that in point 
of fact those who write on nature do discuss such questions as the shape of the 
moon and sun and whether the earth and the cosmos are spherical.55 

The upshot of this passage in Aristotle is that astronomy e7ra/a0orepitet: it is 
one of the more physical branches of mathematics, and some of its subject- 
matter is dealt with also by the physicist. Geminus' position, in the passage 
quoted by Simplicius, is similar, though he is concerned more directly with the 

relationship between astronomy (not mathematics in general) and physics. It is 
the job of physics to deal with the ooaia of the heaven and the stars, their 
56vauJit and quality, their coming-to-be and destruction: it is even in a position 
to prove facts about their size, shape, and arrangement. Astronomy, on the other 
hand, 'does not try to speak about any such kind of thing. It proves the arrange- 
ment of the heavenly bodies by declaring that the heaven is truly a cosmos. It 

speaks about the shapes and sizes and distances of the earth, -sun, and moon, 
about eclipses and conjunctions of stars, and about the quality and quantity of 
their movements ... It needs, accordingly, arithmetic and geometry.'56 
Geminus proceeds to give instances of the same point proved both by the 
astronomer and by the physicst (that the sun is of great size, and that the earth 
is spherical-Aristotle's example). The two approaches will differ, the physicist 
arguing from the ovoia and the U6valptv, the astronomer from the properties of 
figures and magnitudes. When he proves facts from external properties, the 
astronomer is not qualified to judge of the cause, as when, for instance, he 
declares the earth or the stars to be spherical. 'Sometimes he does not even seek 
to grasp the cause' (In Ph. 292.12 f.), as when he speaks about eclipses. 'At other 
times he inquires by means of hypothesis, and exhibits certain ways, by the 
assumption of which the phenomena will be saved'-and the examples given are 
eccentrics and epicycles. Then: 'it will be necessary to go into in how many ways 
it is possible for these appearances to be accomplished so that the theory 
concerning the wandering stars may fit the explanation of causes according to 
the possible method.'57 After mentioning the views of a 'certain Heraclides' to 
the effect that the earth moves in a certain way (a famous crux which fortunately 
does not concern us here), Geminus says that it is not the business of the 
astronomer to know which bodies naturally rest and which move, but he 
introduces hypotheses . .. and considers from what hypotheses the appearances 
in the heaven will follow. But he must take his &pXac (starting-points or principles) 
from the physicist, namely that the movements of the stars are simple and regular 
and ordered.58 

Here too, then, as in Aristotle, the same problem, such as the shape of the 
earth, can sometimes be dealt with by both the astronomer and the physicist: 
the distinction will be between the kinds of argument they use. Geminus further 
tells us (1) that in some cases the astronomer does not even seek to grasp the 
cause, (2) it is his business to say in how many ways it is possible to save the 
phenomena, (3) it is not his business to know which bodies naturally move and 
which are naturally at rest, but (4) he must take his starting-points or principles 

ss Aristotle, Pb. 193 b 22-194 a 12. airTokoi-y rTv irept r?v 7kXav'.evwv 
56 Simplicius, In Ph. 291.26 ff. ioarpcwv inpayareiav. 
57 Simplicius, In Pb. 292.18-20. 6eraeLt TE 58 Simplicius, In Pb. 292.26 f. X7irrT'ov 6c 

reneTXOeTv, KaO' 6aovu 6vvarov rp67rovc avrrC2 pxa& napa TOU 0c5VUKoUV, &raXK a eTvat 
Trafra iLrorexeroOat rTa (pav64eva, waore Kal 6buaXa& Kai Te-ra7yevac KVaa1oet7 TC(v 

OcKLvat Trt KarcT TOrv V6bex6EVOV Trp6rTov aopv . . . 
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from the physicist. (1), (2), and (3) enable one not merely to distinguish between, 
but to contrast, astronomy and physics. So far as these statements go, Duhem's 
view might seem to be the one we should prefer. Yet the introduction of the 
fourth point makes a crucial difference.59 (2) certainly says that the astronomer 
should consider in how many different ways the phenomena can be saved: but 
(4) subordinates astronomy to physics in this respect, that the astronomer has to 
take his apXai from physics, for example the principle that the movements of 
the stars are simple, regular, and ordered. Geminus, following Aristotle, 
distinguishes, even contrasts, astronomy and physics: but he does not say it is 

legitimate to do astronomy divorced from physics. On the contrary, Geminus' 

position is clearly that astronomy presupposes physics. The problem here is not 
that Duhem mistranslates the Greek. He writes, quite correctly, 'c'est du 

physicien qu'il tient ses principes.'60 It is rather that he ignores the point in 

question in his discussion. Where Duhem argues that Greek astronomy was 
concerned purely with the mathematics of their problems, to the exclusion of 

physics, it is clear that Geminus links that mathematical study to physical 
assumptions. Nor are there grounds, in the Geminus passage at least, for the 

subjunctive used as a conditional ('eut ete en droit') in which Duhem implies 
that Greek physicists were not, in general, in a position to provide what they 
saw as sound and adequate principles on which astronomy could be based. 

Two of the main authorities cited by Duhem, Proclus, and Geminus, turn 
out to be frail supports indeed, and the same goes for our source for Geminus, 
Simplicius himself. Like his contemporary, Philoponus,61 Simplicius points out 

critically that the astronomers have not demonstrated their hypotheses and he 
knows that the same phenomena were sometimes explained by different 

hypotheses.62 But that is not to make him an instrumentalist. What he considers 
(in Duhem's terms) as 'fictitious' or 'not real' are simply the irregularities of the 
movements of the sun, moon, and planets. The contrast is between those 

irregularities-which are merely apparent-and the true circular, orderly, and 

regular motions in terms of which (as Plato had suggested)63 those irregularities 
are to be explained.64 Simplicius' realist assumptions come out often enough in 
his discussion of astronomical problems, for example in his reference to the 

problem of the void left between the spheres in his account of the difficulties 
that the eccentric hypothesis faces,65 in his own discussion of what is in between 

59 Cf. also the reference to the heavens 
being a true Kd6oauo at Simpl. In Ph. 291.27 f. 

60 Duhem (1908), p.122 lines 35 f. 
61 Philoponus, De Opificio Mundi iii ch. 3, 

114.24 ff. At iii ch. 4, 117.21 ff. he implies 
that the astronomers attempted to give a 
physical account of the phenomena. 

62 Simplicius, In Cael. 488.25 ff., 492.25 ff. 
But at 32.29 ff. he dissents from Philoponus 
to say it is no cause for reproach (?'yKXr7pa) 
that the astronomers save the same 
appearances by different hypotheses. Cf. 
further below, pp.217 f., on Ptolemy and 
Hipparchus. 
63 Simplicius is, of course, our chief 

evidence for this, e.g. In Cael. 488.19 ff., 
citing Sosigenes, who himself may have 
been following Eudemus. 

64 e.g. In Cael. 422.3 ff., 427.10 ff. Even 

in 488.10 ff. when Simplicius says that the 
'true account' not only does not accept 
stations, retrogradations, and so on (even if 
they appear thus) but also 'does not admit 
the hypotheses' (eccentrics, epicycles, and 
reacting spheres) 'as being such', what he 
has in mind is Plato's stipulation that the 
motions of the sun, moon, and planets 
should be interpreted as simple (&irk&aX, 
In Cael. 488.13, cf. ptaav f&e KVK\ y, Plato, 
Laws 822 a, a passage to which Simplicius 
goes on to refer, In Cael. 489.5 ff.): he 
recognizes, however, that astronomers had 
had to be content interpreting the motions 
of the sun, moon, and planets in terms of 
regular, uniform, and circular movements 
(488.14 ff.). 

65 In Cael. 510.15 ff. 
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the stars,66 and in his recognition that one hypothesis might be preferred to 
another on the grounds that it postulates fewer heavenly bodies.67 Finally his 
lengthy comments on Aristotle's doctrine of the fifth element presuppose that 
both the stars and the spheres to which they are attached are corporeal entities, 
oa3p,ara, consisting of a substance whose special property it is to move in a 
circle.68 

But if the principal commentators cannot be said to support Duhem's over- 
all thesis, it is now time to turn to his interpretation of the positions of the main 
astronomical theorists themselves. Of course the chief problem that confronts us 
is that although we have our Ptolemy, we have none of Apollonius' astronomy 
and very little of Hipparchus and Aristarchus. We have Aristotle's De Caelo and 
Metaphysics A ch. 8, but not Eudoxus or Callippus. So we are bound to admit 
that much remains indeterminate in this question. Yet if we can begin where the 
evidence is solid, we have, at least, our Ptolemy. 

No one can doubt that the second book of the Planetary Hypotheses with its 
tambourines or segments of spheres on which the planets are carried is attempting 
a realist account,69 that is an account of the actual arrangement of physical 
objects in the heavens. But given that Halma only edited and translated the 
section of book I that is extant in Greek, and that a section of what is extant 
only in Arabic was omitted from Nix's German translation,70 it might be 
thought that Duhem had some excuse for representing Ptolemy as an instrumen- 
talist in his articles in 1908. But the situation is more complicated. For one 
thing Duhem seems to ascribe several physical assumptions to Ptolemy. He began 
his discussion: 'Ptolemee attribue a' chacun des astres errants un orbe d'une 
certaine epaisseur, contigue aux orbes de l'astre qui le precede et de l'astre qui 
le suit. Entre les deux surfaces spheriques, concentriques au Monde, qui delimitent 
son orbe, la planete se meut. . .71, and this is strange. He cited Syntaxis ix ch. 1 
as his authority for this, but that chapter concerns merely the order and relative 
distances of the planets, and says nothing about the nature and disposition of 
their spheres, let alone about two spherical surfaces which delimit the orbit of 
the planet and between which it moves.72 Yet whatever the source of Duhem's 
remark, the idea that Ptolemy's astronomy presupposes physical considerations 
is played down in the sequel. Duhem concentrates, rather, on such texts as 
Syntaxis xiii ch. 2 and iii ch.4, interpreting these as support for his general thesis 
about Greek astronomy,73 and indeed a modern Duhemian might still want to 
argue that Ptolemy was a sound instrumentalist in the Syntaxis even though he 
mistakenly adopted a naive realist position in the Planetary Hypotheses. But to 

66 In Cael. 461.17 ff., cf. also 443.27 ff., Duhem (1908), pp.130 f. 
451.10 ff. 73 e.g. 'il faut bien se garder de croire que 

67 In Cael. 509.16 ff. ces constructions mecaniques aient, dans le 
68 In Cael. 435.12-438.26, cf. 428.26 ff., Ciel, la moindre realite (Duhem (1908), 

448.6 ff., 455.29 ff., 477.5 ff., 509.30 ff. p.131). Here as elsewhere it is not clear 
69 See especially ch. 6, 117.8 ff. whether by 'constructions mecaniques' 
70 Nix (1907). The complete Arabic text Duhem means the astronomical hypotheses, 

has subsequently been edited, and the or actual scale models. On the previous page 
missing section of book i translated, by he ascribes to Ptolemy the view that it is 
Goldstein (1967). folly to try to represent the movements of 

71 Duhem (1908), p.129. the heavenly bodies in mechanical devices 
72 He later correctly noted, however, that made of wood or metal: yet in Syntaxis xiii 

Ptolemy refers to the homogeneity and ch. 2 the devices (rtrexvrkuiara) that Ptolemy 
transparency of the medium of the heavenly says may be found troublesome are simply the 
region in Syntaxis xiii ch. 2, ii.533.1-10; astronomical hypotheses themselves. 
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that one must say that although most of the Syntaxis is undoubtedly taken up 
with solving purely mathematical problems, the whole discussion is set very firmly 
in the framework of certain physical assumptions. The two chief instances are 
(1) the use of physical arguments, relating to aiOr]p, in the proof of the sphericity 
of the heavens in i ch.3,74 and (2) the fact that the two main arguments in i ch. 7 
for the absolute immobility of the earth are both physical, namely the doctrine 
of natural places and the absence of observed centrifugal effects on the earth's 
surface.75 

What has impressed modern commentators is the problem that arises from the 
values that Ptolemy adopts for the diameter of the epicycle and deferent of the 
moon, values from which it follows that the apparent angular diameter of the 
moon should vary by about a factor of 2, when the observed variation is much 
smaller.76 But the conclusion drawn from this by Dreyer, for example, when he 

says that 'it had now become a recognized fact, that the epicyclic theory was 

merely a means of calculating the apparent places of the planets without 

pretending to represent the true system of the world',77 is simply not drawn by 
Ptolemy himself. He merely passes over the problem in silence. Even in xiii 
ch.2, when he asks us not to be dismayed by the complexity of the hypotheses 
that he has to use, his standpoint is not one of indifference to the question of 
whether his devices represent the 'true system'. Why, one might ask, should he 
worry over purely mathematical complexity? One might suggest that the source 
of his concern is, in part at least, the implications of those complexities when 
translated into physical terms. Certainly the justification that he offers for the 
hypotheses he adopts is one that appeals to the difference between the sub- 
stance of the heavens and the sublunary region. At Syntaxis xiii ch.2, ii.5 32.14 ff., 
he says: 

It is not fitting to compare human things with divine ones,78 nor to form beliefs cbncerning 
such great things from examples that are so unlike them. For what could be more unlike 
than those things that are eternal and unchanging and those that are never unchanging, or 
those that can be hindered by anything and those that cannot be hindered even by 
themselves? .. . For provided each of the appearances is saved as a consequence of the 
hypotheses, why should it still seem strange to anyone that such complications can come 
about in the movements of the heavenly bodies, when their nature is such as to offer no 
hindrance, but is exactly fitted to yield and give way to the natural movements of each of 
them (even if the movements happen to be contrary) so that they can all penetrate and 
shine through absolutely all the fluid media. 

Thus he does not defend his hypotheses solely on the grounds that they save the 

phenomena: rather he adduces physical arguments from the nature of the sub- 

74The argument is that the heavens are Neugebauer (1957), pp.195 f., and 
composed of the finest and most homogen- Copernicus, De Revolutionibus iv ch. 2. 
eous element, al6r90p: since the surfaces of 7 Dreyer (1906), p.196. 
homogeneous bodies will themselves be 7The imp6rtance of Ptolemy's reference 
homogeneous, and the most homogeneous to the divinity of the objects studied by 
solid figure is the sphere, we may suppose astronomy should not be underestimated. 
that the alOrp is spherical, Syntaxis i ch. 3, The famous epigram ascribed to him (Anth. 
i.13.21 ff. Pal., ix.577) suggests, if genuine, a more 

75Syntaxis i ch. 7, i.21.14 ff., 24.14 ff. than merely conventionally religious element 
76 Indeed the actual values he assigns to the in the spirit with which he conducted his 

least and greatest distances of the moon in investigations and Syntaxis i ch. 1, i.7.17 ff., 
the Planetary Hypotheses (i part 2, ch. 3, clearly states that contemplation of the good 
Goldstein (1967), p.7, cf. Syntaxis v order and proportion of divine things 
chs. 13-18) are 33 earth radii and 64 earth promotes good order in the soul. 
radii respectively, ignoring fractions. Cf. e.g. 
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stance of the heavenly region (which is eternal, unchanging, homogeneous, and 
transparent) to support the possibility of the types of motion he proposes.79 
Here too, then, the influence of his underlying realist assumptions is apparent. 

Apart from xiii ch.2, the other main passage in the Syntaxis that Duhem 
took instrumentally is iii ch.4, where Ptolemy observes, in connection with his 
theory of the sun in particular, that the appearances may be saved on either an 

epicyclic or an eccentric hypothesis. The recognition of the equivalence of these 
two models is, indeed, represented by Duhem as good evidence that all that 
ancient astronomers were concerned with was the mathematics of the problem, 
not the physics. That conclusion is, however, premature. What Ptolemy actually 
says, after noting that both models can be used to account for the appearances 
in relation to the sun, is that the eccentric hypothesis is to be preferred because 
'it is simpler and effected by one, not two movements.'80 That is not as clear as 
it might be, since the 'simplicity' in question might be either mathematical or 
physical or both. The issue would have been settled if Ptolemy had said either 
that the eccentric is superior merely because it is easier to calculate with, or that 
it is preferable because it requires fewer heavenly bodies.81 But the reference to 
one, not two movements would appear to be compatible with either type of 
concern, and if that is the case, one should hesitate before concluding that 
Ptolemy has in mind mathematical considerations alone. That is, no doubt, to 
some extent a matter of debate. Rut the fundamental point remains that to 
represent Ptolemy in general as interested purely in the mathematics of his 
problems cannot be right given first the appeal to physical arguments in i chs. 3 
and 7 of the Syntaxis and second the straightforwardly realist account offered 
in the second book of the Planetary Hypotheses.82 

But Ptolemy aside, how did other ancient astronomers react to the equivalence 
of the epicyclic and eccentric hypotheses, a feature which-as is now generally 
agreed83-was probably known and demonstrated by Apollonius himself? So far 
as Apollonius' own position goes, we simply have no evidence at all. But Duhem 
used a passage in Theon of Smyrna to suggest that Hipparchus' response, at least, 
contributed to the divorce of mathematics from physics in Greek astronomy. 
The information we have from Theon is meagre enough. First in ch.26 he says: 
'Hipparchus says that it is worthy of mathematical84 attention to see the reason 
why the same results appear to follow from such widely differing hypotheses, 
that of the eccentric circles, and that of the concentric, epicyclic ones.'85 Then 
in ch.34, when, following Adrastus, he has shown that each of the two hypotheses 
can be represented as the per accidens consequence of the other, he goes on: 

Seeing this, Hipparchus praised the epicyclic hypothesis as being his own, saying that it is 
more plausible that all the heavenly bodies should lie symmetrically with regard to the 
centre of the universe and be joined together similarly. Yet since he was not sufficiently 
supplied fronm physics, not even he recognized exactly which of the planetary motions is 
according to nature and thus a true motion, and which is accidental and [only] apparent.86 

79I am grateful to Professor G. J. Toomer principles on Ptolemy's part, he subsequently 
for having emphasized this point to me. represents Ptolemy as a pure instrumentalist, 

80Syntaxis iii ch. 4, i.232.14-17. e.g. (1908), p.284. 
ebXo7W'repov 6' hv et7 reptao0fivat Tr Kar' 83 See e.g. Neugebauer (1959), pp.5-21. 
EKKevrpOTrl7ra vbroOeaeLt &rXovarepc, oviaO? 84 #aOr,arLtKIi: a term which does not, of 
Kat vtr6 &uasi, ovxl 6e vMr6 66o KwtqVecv, course, necessarily mean 'mathematical' as 
avvreXov,w'evr. Cf. Duhem (1908), pp.131 f. opposed to 'physical'. 

81 Cf. Simplicius, In Cael. 509.16 ff., noted 8s Expositio rerum mathematicarum 
above, n. 67. 166.6 ff., cf. also ch. 32, 185.17. 

82 Although as noted above, p.215, Duhem 86 Exp. rer. math. 188.15 ff. 6irep KaL 
began by noting some interest in physical avvt6wv 6 "I7rrapxos ernatvwe rT KaT' 
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Duhem, whose translations here were, in the main, accurate enough,87 drew 
some drastic conclusions from the latter passage: 'En prouvant que deux 
hypotheses distinctes pouvaient s'accorder par accident et sauver egalement toutes 
les apparences du mouvement solaire, Hipparque a grandement contribue a 
delimiter exactement la portee des theories astronomiques.' That 'delimitation' 
becomes clear in the outcome, where, referring now to Theon, Duhem wrote: 
'Ces propositions mettent en evidence, selon lui, l'impossibilite oui se trouve 
l'astronome de decouvrir l'hypothese vraie, celle qui est conforme a la nature 
des choses.' 

One may first object that the passage that Duhem goes on to quote as giving 
Theon's view on the subject is in fact one of his frequent quotations from 
Adrastus.88 It was Adrastus who thought that the disagreement among the 
mathematicians was shown up as absurd because both hypotheses save the 
phenomena. Yet Theon himself did not believe that to be the end of the matter. 
On the contrary chapters 32 ff. are devoted to establishing that there is one 
correct account. Although he recognizes that the two hypotheses are mathemat- 
ically equivalent, one account is the true natural, Kara vautvw, one, the other 
merely per accidens, Kara avTul3e37rK6C. The natural account turns out to be one 
in which the epicycle is interpreted as a great circle on a solid sphere, this solid 
sphere being imagined as carried round within two hollow spheres.89 It is only 
possible to say, as Duhem says, that Theon believed that the astronomer cannot 
discover the true hypothesis, by quoting a passage from Theon's preliminary 
aporetic discussion, before he came to give his own solution. Moreover Theon is 
not only a naive realist himself, but he also represents Greek astronomy as a 
whole as founded on physics. This comes out clearly in a passage not mentioned 

by Duhem in which Theon contrasts Babylonian and Egyptian astronomy with 
Greek in just this respect: the former were merely arithmetical and geometrical, 
but incomplete because lacking Ovaotooyia, while the Greeks included the latter.90 

Finally at the end of the treatise Theon quotes Dercyllides to the effect that in 

astronomy certain principles must first be agreed, and these principles turn out 
to include not merely the assumption that the cosmos is orderly, but also which 
bodies are in movement and which at rest.91 

But then what about Hipparchus? Here Theon may well be a very unreliable 
witness: we must bear in mind that he attributes to Hipparchus a preference for 
the epicyclic hypothesis which is precisely the hypothesis that he, Theon, prefers. 
But so far as what Theon says goes, the reason he gives for Hipparchus' prefer- 

erlKvKhov bVTr60eav cu& ovav av arov, 

rmOavwjrepov elvat Xeywv 7rp6o TO rov 

K6oaJovU aOov rT&vra Ta op4&vta aOopp6&rw 
KeWlOaL Kal 6boiklo avvaprlp6ra. ov6e avir6 

pEVTOL, 6&a TO rp7 e0cjW6t&aOat 7ro6 

0voatoho'yta, oavvoi6ev a&Kp3LSc, Tic 4i KaTa 

qfava tv Kal K raTa XiavTa hQr0r )opa 7rv 
nkavw,idvcv Kai TLiS i7 KarT a UVlpepl7KO 

Kal qawotdvvr. 87 Duhem (1908), pp.119 f. (Theon's 
expression S6ta rTO ,L ePw6LtdaOaL &iro 
0cvaLoXo-iac, 188.19 f., would seem to 
mean 'because he was not sufficiently 
supplied from physics', i.e. with data or 
principles or both, rather than Duhem's 
vague 'ne connaissant pas suffisamment la 

Physique'). 
88 See proi at Exp. rer. math. 154.12; 

cf. the reference to Adrastus at 151.20. 
89 See especially Exp. rer. math. 181.12 ff., 

186.12 ff. Cf. also the rejection of eccentrics 
as being remote from what is 'according to 
nature' and rather 'per accidens' in ch. 34, 
188.13-15. 
90 Exp. rer. math. 177.9-178.2, especially 

177.20 ff: dr&vrec pev (i.e. the Babylonians, 
Chaldaeans and Egyptians) avev qvatoXoTyia 
&TreXe'l; TnoLOevoL TaLc LteO66ovu, 6eov t&a 
Kal ucvacLKUsq repL rOVTLOr eLrtUtKotrev Oirep 
ol rrapa TOL '"EAXXraitv aTpokXo'YoaarTe? 
EreetpCjvTO roteiv . . . 
91 Exp. rer. math. 199.14 ff., 200.7 ff. 
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ence is general and cosmological, not purely mathematical. He does not say that 

Hipparchus chose epicycles because they are mathematically simpler-more 
convenient for the purposes of calculation-but rather that he did so because 
'it is more plausible that all the heavenly bodies should lie symmetrically with 

regard to the centre of the universe and be joined together similarly.'92 The point 
appears to be that whereas in the case of an individual planet the eccentric 

hypothesis may save the phenomena, the system as a whole requires several 
different eccentrics, that is several different centres of motion, while on the 

epicyclic hypothesis, on the other hand, the concentric deferents have a single 
centre. The latter is clearly more easily squared with Aristotle's physical 
principle according to which movement must be either to, from, or round the 
centre of the universe,93 and if that was Hipparchus' point, or one of them, 
then it would indeed be mistaken to represent him as a pure instrumentalist. 

Finally we must comment very briefly on the fourth-century-B.C. evidence 
used by Duhem. Here the contrast between Eudoxus and Callippus on the one 
hand, and Aristotle on the other, is usually represented as one between a 
kinematic, and a dynamical, theory,94 and indeed Aristotle's introduction of 
retroactive spheres is to be explained in terms of an attempt to account for the 
transmission of movement from the outermost sphere to the sublunary region. 
Yet while we can be confident that Aristotle made that much of an attempt at 
a dynamical theory, the fact that our evidence for Eudoxus and Callippus is 
limited to their kinematic theories does not of itself prove that they had no 
dynamical theories at all. It is as well to recognize that we simply have no 
reliable information on that point,95 only at best a questionable argument from 
silence.96 Nor do we have any evidence concerning their views on the status of 
the homocentric spheres they postulated, though we may of course advance 
certain conjectures on that question. 

III 

It is now time to take stock of our conclusions, and I must first repeat, with 
the strongest possible emphasis, that for many of the most important figures in 
the history of Greek astronomy we are simply not in a position to pronounce 
definitely on their views either on the status of the various hypotheses they used, 
or on the more general question of the nature of astronomy and its relation to 
physics. Where we do have some evidence, however, whether from practising 
astronomers or from the major commentators, it often contradicts the line of 
interpretation advocated so forcefully by Duhem and thereafter echoed by 
others. So far from the majority of those texts supporting the thesis that Greek 
astronomers were, in general, not concerned with the truth of their hypotheses 
and with whether they conformed to the nature of things, those texts tend to 
provide evidence against that thesis. In the methodological statements of 

92 Exp. rer. math. 188.17 ff., quoted above the concentric spheres model (common to 
p.217 and n. 86. Eudoxus, Callippus, and Aristotle) as the 

93 Cf. Proclus' reference to this 'common hypothesis of the reacting spheres, e.g. In 
axiom of the physicists', In Ti. iii.146.21 ff., Cael. 32.16 ff., 488.9, 493.4 ff. 
above, n. 39. 96 Wright (1973-4), pp.165 ff. has indeed 
94 I should certainly now wish to qualify recently argued that certain features of 

too conventional statements of my own to Eudoxus' system reveal his concern for the 
that effect; Lloyd (1970), p.92. physics of his problems and that his interest 
95 It is noteworthy that Simplicius refers to was far from being purely geometrical. 
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Geminus, Theon, and Proclus, and in the actual practice of Ptolemy, we find 

support for the opposing point of view, that so far from being indifferent to 

physics the astronomer must take his starting-points from the physicist, starting- 
points which include not only the general Platonic assumption that the move- 
ments of the heavenly bodies are regular, uniform, and circular, but also 
assumptions or theories concerning which bodies are at rest and which in 
movement, mentioned among the CapXat by Theon and explicitly discussed in the 
first book of Ptolemy's Syntaxis.97 Indeed the adverse reception of the helio- 
centric theory itself surely tells against the view that Greek astronomers were, in 

general, indifferent to the physical implications of the hypotheses they adopted. 
None of this is to deny that the great strength of Greek theoretical astronomy 

lies in its application of mathematics to the problems of celestial motion-a point 
that Duhem was, of course, absolutely right to emphasize, as he was also in 

drawing attention, in particular, to the influence of Plato. The chief task of the 
astronomer qua astronomer was to work out mathematical models from which 
the observed courses could be derived, and for that purpose Greek astronomers 
often simplify their problems, as Ptolemy, for example, does when he omits 
movement in latitude from his discussion of the planets until book xiii of the 

Syntaxis or when he argues that the earth has the ratio of a point to the heavens 
(i. ch.6). On occasions Greek astronomical assumptions are not merely not 
translatable back into physical terms, but known by their proponents to be 
incorrect. Here I would agree with Wasserstein and others that this is the most 

likely interpretation of the hypothesis we find in Aristarchus' On the Sizes and 
Distances of the Sun and Moon when he takes 20 as the value of the angular 
diameter of the moon. One presumes he knew this value to be grossly inaccurate, 
but in this context any value will do since his aim is to solve the geometrical 
problems of the question.98 Yet the important point is surely this: the astron- 
omers' interest in the mathematics of their problems often did presuppose a 
concern with the physics and often again did not exclude such a concern.99 

To conclude: some of the support Duhem claimed for his general thesis from 

particular texts depends on a questionable, in places I should say certifiably 
incorrect, understanding of them. Where it is perfectly fair to say that the 
Greeks distinguished, even contrasted, mathematics and physics, it is an 

exaggeration to claim they advocated a mathematical astronomy divorced from 

physics or sought to liberate astronomy from all the physical conditions imposed 
on it.1?? Where we may well agree that the astronomers (like other scientists) 

97 In Geminus, too, although it is not the between his own 'physique' and ancient 
astronomer's business to decide which OVautK e.g. Duhem (1908), p.114. So far as 
bodies are at rest and which in movement, attempted dynamical theories go, an 
he takes his starting-points from the important feature of some of the vitalist 
physicist, see above, pp.213 f. views that stem from Plato is their dualism: 
98 See Wasserstein (1962), pp.57 f. and cf. Plato himself identified the moving force as 

e.g. Neugebauer (1972), p.248. an (incorporeal) soul different in kind from 
99 Even though no ancient astronomer was the (corporeal) heavenly body it moves 

successful in giving an adequate dynamical (e.g. Laws 898 e f). 
account of the movements of the heavenly 100 e.g. Duhem (1908), p.129: 'les partisans 
bodies, that did not preclude their being de Ptolemee 6taient tenus . . . d'affranchir 
interested in the physics of their problems- les hypotheses astronomiques des conditions 
a point sometimes obscured by Duhem's auxquelles les physiciens les avaient, en 
concentration on a simple contrast between general, asservies.' Cf. also Mittelstrass 
'mathematique' and 'physique' even though (1962), p.164. 
he was well aware of certain differences 

220 G. E. R. LLOYD 



SAVING THE APPEARANCES 

often simplified their problems and sometimes advanced positions for the sake 
of argument, Duhem again exaggerated in representing Greek astronomical 

hypotheses in general as adopted purely for the sake of calculations. Dynamical 
and other physical factors, as well as considerations of mathematical simplicity, 
could be appealed to in deciding between theories. It was sometimes not just a 
matter of saving the appearances but of giving the true, Kara dvUotv, account, 
and even 'saving the appearances' sometimes meant more than just providing 
calculations that corresponded with the data, but 'saving' the Oauow6Leva by 
relating them to 6vra, with the emphasis on the distinction between the mere 
'appearances' and the underlying 'realities'.101 Duhem represented the major 
Greek thinkers as coming down on the side of Osiander and Ursus against 
Kepler and Galileo, and he thereby joined the controversy that Ursus and 
Kepler themselves engaged in on the nature of Greek astronomy. Yet so far as 
our evidence goes, it would be truer to say that the aims and presuppositions of 
many Greek writers on astronomy have more in common with those of Kepler 
than with those of Ursus-as Kepler himself suggested.'02 The question of the 
emergence and development of this recurrent debate in European astronomy, 
and that of the relevance of this for Duhem's reading of the Greeks, are, 
however, issues beyond the scope of this paper. 

King's College, Cambridge G. E. R. LLOYD 

101 As in e.g. Simplicius (see above, p.214 102 In his Apologia Tychonis contra Ursum 
and n. 64). On the ambiguities of the (Opera Omnia, ed. C. Frisch, Vol. i, 
expression cawbetv ra eawv6d.eva see Frankfurt 1858), referred to by Duhem 
Mittelstrass (1962), pp.140 ff. (1908), pp.574 ff. 
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