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THEOKRITOS KOUREMENOS / THESSALONIKI

Aristotle’s argument against the parallel between
the Timaeus cosmogony and geometric diorypapuoto
(Cael. 279b32 — 280a2)

In Cael. 1.10 Aristotle attacks those who think that the cosmos always
exists but set out a cosmogony as if they were ol T& dtaypappoto Ypé-
QoV1eG, 1. . not because they believe that the cosmos did come to be but
merely in order to enhance understanding and for the sake of instruction
(Cael. 279b32—-280a2):

fv 8¢ Tiveg Pondelay EMXELPOVOL PEPELY EQLVTOTG TAOV AEYOVTOV & -
@BapTov HEV elval Yevopevov 3€, ok EoTiv AANONAG Opolmg Yép oot
TOTG T SLALYPAPUOTO YPAPOVOL KOl COAG EIpNKEVAL TEPL THG YEVESEMG,
oVY, G YEVOUEVOL TOTE, GALY dLdacKaAlNG XAPLY MG LOAAOV YV®PL-
Lovtov, domep TO SLAYPOUILOL VLY VOLEVOV BEACUUEVOVG.

Commenting on this passage, Simplicius notes that Aristotle argues
against Xenocrates and other Platonists who took the Timaeus cosmogony
as a fictional account (In Cael. 303.34/35 Heiberg).! The Timaeus cosmo-

"' In De animae procreatione in Timaeo 1013A6—B4 (= Xenocrates, fr. 68 Heinze)
Plutarch attributes this interpretation of the Timaeus cosmogony to Xenocrates and
Crantor as well as to those who adopted the views of Xenocrates or Crantor on the
creation of the world-soul in the Timaeus: OpoA®G 8¢ TévTeg 0DTOL XPOVY PEV ofov-
TOL TNV YOXMV U yeyovévor pund’ elvar yevntiv, mhelovag 8¢ duvdypeig Exey, eig
0g avadvovio Bemplag Eveko TNV 0VCLOY AVTHG AdY® TOv ITAd TV YLyvopévnv
VTOTIOEGHAL KOl CVYKEPOVVOHEVNV' TOL & QDT KOl TTEPL TOD KOOHOV SLOLVOOVEVOV
¢nicToc0on pev dGidiov dvta kol dyévntov, 10 & @ TPOT® GVVTETOKTOL KoL 8101~
KeTTal Ko TapaBely 00 p&dlov Op@VTa TOTG HNTE YEVESLY ADTOD UATE TAV YEVNTIKOV
cOvodov €& dpymc mpolvmoBepévolg TadTNV TNV 080V TpomécBat. Speusippus also
took this view of the Timaeus cosmogony according to a scholium on Cael. 279b 32—
280a2 in Cod. Paris. Graec. 1853 (E) (= Speusippus, fr. 61b Taran): 6 Eevokpdng kol
0 Irmebownmog émiyelpodvieg Pondiicot 1@ MAGT@VL EAeyov GTL 00 YEVNTOV TOV
Kkoopov 0 ITAatov €86&alev aAld dyévntov, xapLy 8¢ d1d00KoAlaG KOl TOD YV@-
ploot Kol TopooThicot a0To dkpiBEotepov EAeye T0VTO YEVNTOV.
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gony, argued the Platonists, does not entail that the cosmos came to be, just
as 1o Sraypappoto of the geometers do not entail that geometric objects
come to be. As a geometer constructs a triangle (cf. Euclid’s EL. 1.1)
simply in order to elucidate how a ‘platonic’ geometric object that always
exists is constituted by its component parts (lines or planes respectively),
similarly the Platonists set out the Timaeus cosmogony in order to explain
how the always existing cosmos is constituted by its elements (Simpl. In
Cael. 304.3— 15 Heiberg):?

00TOl 0DV YEVNTOV Kol GeBupTOV AEYOVTEG TOV KOGHOV TNV YEVEGLY
oVY, OG &md xpdvov eooct detv dikodely, AAL €€ VTOBECEMG eipnpévny
d1dookadiog xapLv ThHe TaEemg TV €V aDTQ TPOTEPMV T€ KO GLVOE -
TOTEPOV. EMELDN YOP TOV €V TQ KOCU® TO LEV OTOLYETH €0TL, TO OE €K
TV 6ToLYEI®V, OVK AV PASLOV Yv@VoL THY ToOTOV SLopopdy, kol Gmwg
€K TOV ATAOVOTEPWV YLVETOL TO GOVOETO, TOV PN AvadDoavTo Th EmL-
volg T oOvOeTar €ig T0 ATAG Kol oKOTOOVTO, TG, €l T0 ATAL Ko’
obTd N, &€ apyfig &’ adTAV OV €yeyovel T0 6OVOETO, BoTEP £TL TV
SLOYPOUUAT®V 01 LOONUOTIKOL THV GOV DTV {NTodVTEG T¢L GVVOETH
elg 10 AmAd Gvodbovot, kol OTwg €€ Ekelvmvy €YEveTo Av, elmep €€ Gp-
xfig £ylveto, okomodoLy, olov 6Tt 1O Tplymvov £k TPLdV eDOEI®V KOTH
YOViOG GUVTIOELEVDVY, O 8€ KOPOG £k TETPAYDVOV EE KOTH YOVING KOl
YPORHOG BAL 0DYL Kortd To Eminedo cLVTIOEPEVOVY.S

2 That for Simplicius geometric objects are not subject to generation is evident from
his rejoinder to Aristotle (In Cael. 305.10—12 Heiberg): €nl 3¢ t®v padnudtov, K&V
&dOvatov 10 YEveoly elval oYMUATOV, AAAL 810 TO GLVVTAPYELY GEel TO ATAA TOTG
GUVOETOLG TIPOG VOBEGLY OVK EGTLV ABDVALTOV 1) YEVESTLG.

3 Cf. Proclus, In primum Euclidis elementorum librum commentarii 77.15—78.8
Friedlein (= Speusippus fr. 72 Taran): §jdn 8¢ 1@V Taloudv ol pev mhvto BewpnLoTa
koAelv Nélwoay, Ag ol Tept TNeVOITTOV Kol “Ap@ivopov, NYobHEVOL Tolg Bewpn-
TIKOG EMLOTAROLG OLKELOTEPOLY ETVOIL TNV TOV Bewpnudtwv Tpocnyoplay § THY TdV
TPOPANUATOV, BAA®DG TE KOl TEPl AIBLOV TOLOVUEVOLS TOVG AOYOVG. 00 YOp €0TL
YEVeDLG £V TOTg Aidlolg, MoTe 003E TO TPOPANLA X Dpoy £l TOOTOV GV ExOL, YEVESLY
EnoryyeAAOpHEVOV KoL TToinoLy ToD PAT® TPOTEPOV GVTOG, 010V 1IGOTAEDPOL TPLYDVOL
cbotaowy, 1 TeTpaydvov dobeiong evbelag dvoypapnv, 1| OEcLv evBeiag TPOg TA
300£vTL oMpei®. dpelvov oDV eact AEyely, 8Tl Tavta TadTd £6TL, TG 88 YeEVESELG
aDTAV 0D TOINTIKADG GALL YVOOTIKAG OPAUEV DOOVEL YIYVOLEVO AapPBAvOVTEG TG
Gel fvta, doTe Kol TAVTo BE®PNUALTIKDG EPODUEV GAA’ 0D TPOPANHOTIKDG AapuBd-
vecOait. What is implicit here is Plato’s memorable comment on the tension between
the nature of geometric objects and the means employed for their investigation: as he
explains in Rep. 527al — b8, the geometers necessarily rely on constructions in order to
obtain knowledge about geometric objects which are, though, exempt from coming to
be and passing away (cf. below, n. 30). For a sane discussion of this passage see M. F.
Burnyeat, Plato on Why Mathematics is Good for the Soul, in: T. Smiley (ed.), Mathe-
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Simplicius’ interpretation of the term oSwdypoppo as a geometric
construction is widely accepted in discussions of Aristotle’s objection to
Xenocrates and the other Platonists; modern scholars, moreover, tend not
to distinguish a geometric construction from the diagram that represents
the construction (the lettered diagram is one of the most pervasive features
of Greek geometry).* On this interpretation oi T&r StoypaupoTe. ypéi-
povteg are ‘those who produce geometric constructions’ and thus the
Platonists, whose reading of the Timaeus cosmogony Aristotle attacks in
Cael. 1.10, likened the Timaeus cosmogony to a geometric construction.
The term dwdypappe, however, is never used in Greek mathematics for a
construction or for a diagram.’ Aristotle uses it either for a geometric
proposition or for its proof. He uses, moreover, the cognate verb ypdow not
only in the sense ‘to draw’ but also in the sense ‘to prove a geometric
proposition’. ol T droypdppoto Ypdeovteg should, therefore, be under-
stood as ‘those who prove geometric propositions’ or ‘those who carry out
geometric proofs’.® Thus the Platonists, against whom Aristotle inveighs in
Cael. 1.10, likened the Timaeus cosmogony not to a geometric con-
struction but to a geometric proof.

1. The meaning of dudypoppa and ypdow in Aristotle

That Aristotle does not use the term Sdypoppo for a geometric
construction, or for the representation thereof, can be clearly seen from
Met. 1051a21-30:

eVPLoKETOL € KOl T SLOYPAHUULOTO EVEPYELQ” dLOLPOVVTES YOp ELPL-
oKkovowy. €1 8 AV dinpnuéva, eovepd &v AV vOv § Evumtdpyel Suvapet
... Ol TL &V NIKVKAL® 6pBN KaBOAOV; 816TL €ty Too TPELS, 1§ Te BAo1g
Vo xai M €k pécov émotobelon opon, 180vTL dHAOV T@ EKETVO €15OTL.
AoTE PaVEPOV OTL TOL duvdypiel Gvta eig Evépyelo AYOLEVO EDPLOKETAL.

matics and Necessity (Oxford 2000), 38 — 41 (in 41 n. 58 Burnyeat relates Rep.
527al — b8 to Proclus’ report about the views of Menaechmus and Amphinomus on the
nature of geometric propositions as well as to Cael. 279b32—280a2).

4 See e. g. S. Leggatt, Aristotle: On the Heavens I and II (Warminster 1995), 209
and J.J. Cleary, Mathematics and Cosmology in Aristotle’s Philosophical Develop-
ment, in: W. Wians (ed.), Aristotle’s Philosophical Development: Problems and Pro-
spects (Lanham 1996), 208/209. Neither Leggatt nor Cleary distinguish a geometric
construction from the diagram accompanying it.

5 Cf. R. Netz, The Shaping of Deduction in Greek Mathematics (Oxford 1999), 36.

6 Commenting on Cael. 279b34, Leggatt (above, n. 4), 211 translates tolg tot diot-
Ypéppoto Ypopovot as ‘those who construct geometric figures’ but notes that it might
also mean ‘those who prove their propositions’.
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D

Fig. 1

In Met. 1051a21-30 Aristotle illustrates a philosophical point (that
actuality is prior to potentiality; see Met. 1051a4/5) with the proof of the
proposition that an angle in a semicircle is right.” He points out rather
cryptically that an angle ADC in a semicircle (Fig. 1) is right because DB
= AB = BC, two of these equal segments (AB, BC) make up the base of the
semicircle and DB is erected on AC at right angles (31611 €&tv {can Tpeic,
N 1€ Pdoilg dVo kai M €k péEcov €motabelon Opbn, 1dOVTL dHAOV TA
ékelvo €160T1): he means that, if in Fig. 1 DB is erected on AC at right
angles, then DB = AB = BC?® so that the triangles DAB, DBC are isosceles
and, therefore, the angles a are equal;’ each angle b, however, is a right
angle because DB is constructed on AC at right angles so that a = R/2'°

7 This proposition is the first part of Euclid’s EL. 3.31. Aristotle alludes to a pre-
Euclidean proof reconstructed in T.L. Heath, Euclid: The Thirteen Books of the Ele-
ments (New York 1956; reprint of the Cambridge 21926 edition), vol. 2,63/64; cf.
Heath, Mathematics in Aristotle (Oxford 1949), 73/74; J.A. Novac, A Geometrical
Syllogism: Posterior Analytics, II,11, Apeiron 12 (1978), 26—33 has argued that
Aristotle presupposes the Euclidean proof; see, however, Th. Kouremenos, Aristotle on
Sylloggistic and Mathematics, Philologus 142 (1998), 232 n. 50.

DB, AB, BC are radii of a circle.

? Two of the four angles a are base angles of the isosceles triangle DAB and the
other two are similarly base angles of the isosceles triangle DBC: the base angles of an
isosceles triangle are equal (El. 1.5) and, since the isosceles triangles DAB and DBC
are egual by construction and have all their angles equal, the four angles a are equal.

19 The interior angles of a triangle are equal to 2R (El. 1.32). Since the sum of the
interior angles of the isosceles triangle DAB or DBC is b + 2a, it is 2a =R, forb =R,
and thus a = R/2. The application of the theorem about the interior angles of a triangle
is alluded to in An. Post. 71a19—21 (cf. Kouremenos [above, n. 7], 235/2236): 6t pev
Yop TV Tpiymvov £xel dVoiv 0pBals Toag, TPoNdel: OTL O€ TOdE TO £V TA NUIKVKAL®
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and, since ADC = 2a, ADC is aright angle (the result holds for any angle in
the semicircle because all angles in the same segment of a circle are equal;
see Euclid El. 3.21). The proof depends on drawing DB in Fig. 1 and, when
Aristotle says that the geometers obtain T dtoypdppata they seek by
‘dividing’ (eLploketol 8¢ Kol TO SLoYPAULOTE EVEPYELQ” dLoiPODVTEG
yap ebpiokovoly), he means that T dvoypdppoto are obtained via con-
structions like drawing DB which divides the triangle ADC in Fig. 1 into two
triangles DAB, DBC.!! The division of the triangle ADC or the perpendi-
cular DB is potential (vOv 8’ évumdpyetr dvvapel) and thus has to be
actualized or drawn by a geometer. It is, however, clearly a means by which
the geometers obtain a dudypoppa, the end of geometric inquiry, and thus
this term cannot denote the drawing of the perpendicular DB in Fig. 1.!2

In Met. 998a25-27 t0 Swypdppoto are geometric propositions from
among which Aristotle singles out those he calls the ‘elements’, i. e. those
fundamental dwaypdappoata whose proofs are implicit in the proofs of all or
most other daypappozo (cf. Cat. 14a35—-b2):

Kol TV SaypopptaTov TodTo oTotyelar AEYopeY @V ol amodeifelg
EVOTaPYOVOLV €V TOIG TAV BAADV ATOdEIEESLY 1| TAVTOV 1| TOV TAEL-
oTOV.

TPLYOVOV EGTLY, GO ETOYOREVOG EYVAOPLOEV. T@ £KETVO €180TtL in Met. 1051a21-30
hints at this step in the proof (éxeivo is the theorem about the interior angles of a
triangle — its proof is sketched a few lines above, in Met. 1051a24-26); see W.D.
Ross, Aristotle’s Metaphysics (Oxford 1924), vol. 2,271.

' See Heath (above, n. 7) 1949, 216/217: “Siroupodvrec,‘dividing up’, is evidently
meant in a non-technical, and even literal sense, and there is no reference to the method
of mathematical analysis. The dividing up is effected by inserting additional lines, etc.
Given a figure in which it is required to prove a certain relation, our ordinary procedure is
to join certain points by straight lines, to draw perpendiculars from certain points to cer-
tain points, to bisect certain angles, to draw certain circles, and the like, all in the hope
that certain relations will then emerge, the use of which will lead to the result desired.”

12 From €i & fv Sinpnpéva, eavepd &v AV vOv 8 évumdpyel duvapel Ross
(above, n. 10), 268/269 concludes that t& drorypdppoto are constructions thus foisting
on Aristotle a bizarre view: by proving that an angle in a semicircle is right a geometer
ultimately seeks to construct something as simple as dropping the perpendicular DB!
Ross argues that to make the construction intelligibly is to see the proof but the
intelligibility of the construction in a proof of a theorem is not contingent on seeing the
proof of this theorem for the simple reason that the knowledge of producing the
construction in question is taken for granted (cf. An. Post. 71a19—21 quoted above, n.
10). Whereas the subject of @avepd &v v is clearly t& dtorypdpparto, the subject and
the object of the participles dinpnuéva and diapodvteg respectively can only be a
particular geometric object on which constructions are carried out (cf. again An. Post.
71a19-21). See also below, n. 14.
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In Met. 1014a35—b3 Aristotle rephrases the point he makes in Met.
998a25—27 but here to daypappoto are undoubtedly proofs of geometric
propositions whose elements, like the elements of the proofs in any other
science, are assumed to be first figure syllogisms:

TOPUTANCLOG 8¢ KOl TO TOV dloYPopUIATOV oTolXela AEyeTal, Kol
OAmg TaL TOV ATOdEIEE@V" Ol YOP TPMDTUL ATOdEIEELS Kl €V TAELOOLY
amodei&eoty Evundpyovoat, adtol ototyela TOV arodeifemv Aéyovor:
eioi 8¢ 10100101 GLALOYIGHOL Ol TPDTOL £K TAV TPIAY S’ EVOC pécov.?

o dwypappoto are, therefore, proofs of geometric propositions in
Met. 1051a21-30 too, for they are what the geometers seek to obtain or
what answers to the question 1 i (e. g. v HuikvkAie 6pon koBdAoL). !
In An. Post. 79a17-22 Aristotle (in)famously claims that all or most
geometric proofs, i.e. all or most dwypdupata in the light of Met.
1014a35—b3, are universal first figure syllogisms (as is also the case with
proofs in all other branches of mathematics).!> It is not, therefore, surpris-
ing that in An. Pr. 41b13—22 he uses a dudypappa to illustrate the need for
a universal premise in syllogistic deduction.

13 Cf. Meteor. 375b16—19: 611 8’ 0¥te KOKAOV 0l6V 1€ vevéoBou Tig {pLdog obte
HeTlov MULKVKALOV TURHA, Kol TEPL TOV GAAWV TAV CVUPBOLVOVI®OV TTEPl QDTNV, €K
100 Sroypdppotog €oton Bewpodot dfjlov. The term didypapya does not refer to the
lettered diagram of the geometric configuration Aristotle describes in 375b19-29 — it
can only refer to the proof, the main part of which is an elaborate synthesis of a locus
problem, that follows in 375b29—-376b22. The diagram of the configuration in question
cannot make one understand that the rainbow is not greater than a semicircle: this
follows only from the proof which presupposes the diagram but is by no means
identical with it.

14 Cf Heath (above, n. 7) 1949, 216. Aristotle’s conclusion in Met. 1051a21-30, i.e.
@dote povepov 0Tl T duvapel Svta gig Evépyelav dydpeva gbpioketal, refers not
to potential constructions actualized by a geometer but to potential proofs (Swoypdppra-
ta) brought to actuality by a geometer through the actualization of potential construct-
ions. For the potential knowledge of propositions see An. Post. 86a23—30: ... 1®v mpo-
TAGEDV TNV HEV TPOTEPALY EXOVTEG ICGHEV TTMOG Kol TNV DOTEPALY KoL EXOUEV SUVALLEL,
otov &f T1g 018ev &L OV TPlymVOV dVoiv OpBais, 016 TG Kol T0 icookedeg &t §00
opBotg, duvdyet, kol €l pn oide 10 icookeleg &t Tpiyovov: 6 8¢ TodTNY EX@V THV
POTOCLY 10 KO0BOAOV 0DSOUADG 01dev, obte duvaper ot Evepyela. wol N pEV
KkoBOAov vonth, N 8¢ kotd LEPOG eig alioBnoty tedevtd. Having potential knowledge
of a proposition means having potentially a proof of this proposition from actually
known premises; cf. An. Pr. 67a9—14: ... el @ 10 B, Tovti 10 A VOpYEL, 10 8 Btd T
avTi, 70 A Tovtl 1@ T DrdpEet. £l 0dv Tig 0ldev &1L 10 A, ® 10 B, dndpyel movti,
01de kol 611 1@ T'. AL’ 008V kwAbeL dyvoely 10 T &t €611y, otov el 10 pev A 0o
opBoi, 10 8 £p’ ® B tpiywvov, 10 8 £¢’ ® T oicBntov tpiymvov. Cf. J. Barnes,
Aristotle: Posterior Analytics (Oxford 21994), 85/86, on An.Post. 71al7.

151 discuss Aristotle’s claim in Kouremenos (above, n. 7).
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As one expects from the context, in An. Pr. 41b13—22 Aristotle does
not, and indeed cannot, regard a construction or a diagram thereof as
belonging to the dudypappo — the latter is conceived as an inference based
on a construction which is taken for granted. In the light of An. Post.
79a17-22, this inference is implicitly tantamount to a universal first figure
syllogism (otherwise Aristotle would not use a didypappa in order to make
a point about syllogistic deduction):

LOAROV B8 yivetor @ovepov €v Tolg diaypappoocty, olov 61t 10D
icookelolg {oaiL al Tpog Th Baoel. ETwoay €1g TO KEVIPOV NYHEVOL Ol
A B. g1l odv {onv Aopfdvor v A T yoviav T B A pn 6ieg déiocag
{oog TOG TOV NUIKVKAL®VY, Kol TAALY Ty T T A PN ndcav tpocAafav
Vv 100 TUANLATOG, €TL & AT oV 000MY TV GAOV YOVIAV Kol {owV
aonpnpévav ioag elvor tag Aowrdg tag E Z, 10 €€ dpyfic aitnoetoal,
g0y U1 AGBN and TV icwv {cmv deatpovpévey ioo Aeirtesdor.'®

Fig. 2

To show that the base angles E, Z of an isosceles triangle are equal
Aristotle assumes that the equal sides of a given isosceles triangle are the

16 That the base angles of an isosceles triangle are equal is demonstrated by Euclid
in EL. 1.5. In An. Pr. 41b13-22 Aristotle presupposes an evidently pre-Euclidean proof
of this proposition; see Heath (above, n. 7) 1956 vol. 1,252—-254 and 1949, 23/24. The
most striking feature of Aristotle’s proof is the use of ‘mixed angles’, that is ‘angles of
semicircles’ (tag T@®v MuikvkAiov) between the diameter of a circle and the circum-
ference as well as ‘angles of segments’ (Tnv To0 TUANLATOG) between chords of a circle
and the parts of the circumference bounded by those chords. In Euclid’s Elements ‘the
angle of a semicircle’ and the ‘angle of a segment’ appear only in 3.16 and Def. 3.7
respectively, both remnants of pre-Euclidean Elements; cf. Heath (above, n.7) 1956 vol.
2, on El. Def. 3.7.
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radii A, B of a circle (Fig. 2); the cord joining the extremities of A, B is the
base of the triangle. The diameters of the circle whose halves are the radii
A, B are subtended by the circumferences of the semicircles I', A
respectively and the radii A, B form with the curvilinear segments I, A the
mixed angles AI', BA which Aristotle calls ‘angles of semicircles’. The
letters I', A are used also for two other mixed angles, called by Aristotle
‘angles of segments’:!” these angles are formed at either end of the base of
the triangle by the base itself and the segment of the circle it subtends. As
itis, E= Al - I" and Z = BA — A by construction but, since the ‘angles of
semicircles’ are equal and the ‘angles of segments’ are also equal, AI' — T’
= BA — A because, if equals are subtracted from equals, the remainders are
equal (this is the third Euclidean common notion): therefore, E = Z.

In this proof, Aristotle points out, one cannot assume only that A" =
BA,T'=A and AT —T" = BA — A. Since the equality of the base angles is
true of any isosceles triangles, it cannot be inferred only from what is true
of the particular configuration in Fig. 2 without captatio petendi: the
equality of the base angles can be shown to hold of any isosceles triangle
only if it is assumed that any two angles of semicircles as well as any two
angles of segments are equal and that, if equals are subtracted from any
equals, the remainders are equal. It is clear, Aristotle concludes from the
Swrypappa, that there must be a universal premise in any syllogism and
that, if the conclusion in a syllogism is universal, it must be deduced from
terms belonging universally (An. Pr. 41b22-26). Given, therefore, his
thesis in An. Post. 79a17—24 that all or most dwaypappata are first figure
universal syllogisms, the equality of any isosceles triangle’s base angles is
by implication the conclusion in a syllogism A a B, Ba I’ |— A a T where
A stands for ‘a pair of equal magnitudes’, B for ‘a pair of magnitudes
which are remainders from equals when equals are subtracted’ and I" for
‘base angles of isosceles triangles’; B a I is, moreover, the conclusion of a
first figure universal syllogism Ba A, Aa T’ |- B a I where the middle term
A stands for ‘remainders from angles of semicircles when angles of
segments are subtracted”.!®

17 For the lettering of the diagram Aristotle presupposes in An. Pr. 41b13—-22 see
Heath (above, n. 7) 1949, 24.

¥ As1 argue in Kouremenos (above, n. 7), 239 n. 74, for Aristotle only the equalities
E = AI' - T = BA — A = Z admit of syllogistic formalization; these equalities are
conclusions from the inspection of Fig. 2 but Aristotle does not think that inferring
these conclusions proceeds through middle terms. A a B, i. e. ‘equal’ belongs to all
‘remainders from equals when equals are subtracted’, translates syllogistically the third
Euclidean common notion. B a A, i. e. ‘remainders from equals when equals are sub-
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The formalization of a geometric proposition as a syllogistic pro-
position A a T, in Aristotle’s terms 10 A Vrépyel mavtl 7@ T, which is
deducible via a middle term B is explicit in An. Post. 94a28—35. The
geometric proposition in question is once again that the angle in a
semicircle (') is right (A)." Although Aristotle translates syllogistically
this geometric proposition as 10 A Odmépyel 1@ I’ without the quantifier
nmovti (cf. An. Pr. 24a16—20) which is required by his thesis in An. Post.
79a17—-24, the absence of the quantifier can be easily explained.?’
According to An. Post. 73b32—74a3 a geometric property belongs to all
subjects of a certain kind if shown to hold of an arbitrarily chosen subject
of this kind: Aristotle’s example is ‘having interior angles equal to two
right angles’ which holds universally of ‘triangle’ if shown to hold of an
arbitrarily chosen triangle. The same must apply to A, i. e. ‘being a right
angle’ and I', i. e. ‘angle in a semicircle’, in An. Post. 94a28—35: A holds
universally of T', i. e. 10 A dmépyel movti T® T or A a T, if A is shown to
hold of a randomly chosen I', i. e. if 10 A drépyet Td T (and if, one must
add in the light of An. Pr. 41b22-26, A is shown to hold of a randomly
chosen I' from a universal premise A a B, where B belongs to the random-
ly chosen I').2! As it is, by translating a geometric proposition in An. Post.
94a28 —35 as 10 A vrmapyel 1@ T without the quantifier movtl Aristotle
simply states the condition for 10 A DmdpyeLv mwovtl 1@ T to obtain:

Su Tl 6poN M &V MpkVKALY; Tivog Gvtog 0pln; Eotw 81 OpON £’ fig
A, fpicelo dvolv oplotv €9’ g B, 1 &v NuikvkAie €@’ fig T. T0D 37 10
A v 6pONY Lrdpyey 1@ T 1f €V @ NUIKVKAL® aitiov 10 B. abtn pev
Yop Th A iom, i 8¢ 10 T 11 B 800 yop 0pOdV muiceia. 100 B 0DV vtog
Nuiocgog 800 dpBAY 10 A 1@ T Ordipyetl (ToVTo 8 AV TO &V NUIKVKAL®
opBNY €ivat). 10010 8¢ TadTOV £6TL TR T NV €lvat, T ToVTO ONUALVELY
TOV AOYOV.

tracted’ belongs to all ‘remainders from angles of semicircles when angles of segments
are subtracted’ translates syllogistically a conclusion that follows from the inspection of
Fig. 2. A a T, i. e. ‘remainders from angles of semicircles when angles of segments are
subtracted’ belongs to all ‘base angles of isosceles triangles’, translates syllogistically
the equalities E = AT' — T" and Z = BA — A which are two more conclusions from the
inspection of Fig. 2.

19 In An. Post. 94a28-35, however, Aristotle presupposes a different proof of this
proposition from the one he alludes to in Met. 1051a21-30; for the reconstruction of
the groofwhich is implicit in An. Post. 94a28—35 see Heath (above, n. 7) 1949, 72/73.

% This absence has been mistakenly viewed as indicative either of careless formali-
zation on Aristotle’s part or of the difficulty to express geometric inferences syllogistic-
ally; see R.D. McKirahan, Principles and Proofs (Princeton 1992), 152.

2 For further discussion see Kouremenos (above, n. 7), 238 —240.
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A

Fig. 3

To show that the angle in a semicircle is a right angle (R) Aristotle
considers an angle BAC inscribed in a semicircle and draws AE, E being
the center of the diameter BC (Fig. 3). The exterior angle AEC of the
triangle ABE is equal to the sum of the triangle’s interior angles BAE,
ABE (EL 1.32) and, since AE = BE (they are radii of the circle), the angles
BAE and ABE are equal (because the triangle is isosceles) so that AEC =
2BAE. In the same manner it follows that the angle AEB is equal to 2EAC.
But BAC = BAE + EAC and, moreover, AEC + AEB = 2BAE +2EAC and
AEC + AEB = 2R (because of El. 1.13) so that BAE + EAC = R and,
therefore, BAC = R. In view of the above, it is the self-evident inference
BAC = 2R/2 = R that is explicitly formalized by Aristotle as a first figure
universal syllogism A a B,Ba T’ |- A a I where A stands for ‘right angle’,
the middle term B for ‘half of two right angles’ and I" for ‘angle in the
semicircle’. Although in An. Post. 94a28 —35 Aristotle does not character-
ize the proof of the proposition that the angle in a semicircle is right as a
durypappa, this passage bears out the above syllogistic formalization of the
geometric proof with which Aristotle illustrates in An. Pr. 41b13-22 the
need for universal premises in syllogistic deduction. Explicitly character-
ized as o1qypoppa, the proof in An. Pr. 41b13-22 leaves no doubt that the
term Sidypoappe means not only ‘geometric proposition’ but also ‘geo-
metric proof” as well as ‘geometric proof” (or rather a fragment thereof, not
necessarily the most important one from a geometric point of view) ‘as a
formal deduction’, i. e. as a first figure universal syllogism.
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If we now turn to the cognate verb ypdom, it does occur at Met. 1078a
14-21 in the sense ‘to draw a figure’ in a geometric proof.”> However, it
also means ‘to prove a geometric proposition’, as can be seen from An. Pr.
64b34 —65a7 where Aristotle offers a geometric example of circular proof:

AAN Emel TO eV 817 abT@V TEPUKe YvopileoBal Ta 8¢ d1” GAlmv (ol
UEV YO dpyoi 81’ aLT@V, TO 8’ VIO TG ApY oG O’ GAA®Y), OTay Un T
S abTod YvwoTov 87 abtod Tig Emyxelph) detkvovor, ot aiteltat TO
£€ dipyfic ... otov €l 10 A deikviorto di toD B, 10 8¢ B dix 100 T, 10
8¢ T me@ukog €in delkvuohot o1 100 A* cVUPaLVEL Yop 0DTO O’ LTOD
70 A de1kvOvor ToVg 0UTe GVAAOYILONEVOVG. OTTEP TOLOVGLY Ol TOLG TOpP-
oAAAAOVG OLOHEVOL YPAPELY: AOVOAVOVGT YOP ODTOL EXVTOVG TOLDTOL
Aoppdivovteg & oy 01dV Te Gmodelat Pn 00CHY TOV TaPoAANA®V.

Although A, B and I' are usually term-variables in Aristotle’s syllo-
gistic, in An. Pr. 64b34 —65a7 they are used as propositional variables** and
the target of Aristotle’s criticism, i.e. ol TOG TOUPUAANAOVG OLOHLEVOL
vpbhoerv, are charged with carrying out a circular proof A |— r |— B |— A:
Aristotle attacks geometers who think that they prove a proposition A
about parallels whereas they actually deduce A from A itself without rea-
lizing it.>* Thus in Met. 1078al14—21 the verb ypdem means ‘to draw a
figure’ in a geometric proof but in An. Pr. 64b34—65a7 it means ‘to prove a
geometric proposition’ (through drawn figures).? Since, therefore, Aristotle
uses the noun diGypoppa either for a geometric proposition or for the proof
of such a proposition, ol t& droypappata ypdeovteg in Cael. 1.10 can
only be ‘those who prove geometric propositions’ or, equivalently, ‘those
who carry out geometric proofs’. If this is so, in their attempt to show how
the Timaeus cosmogony is not at odds with their belief that the cosmos
always exists the Platonists Aristotle criticizes in Cael. 1.10 likened the
Timaeus cosmogony to a geometric proof.

226 8 adtdg AdYog Kol TEPL GPOVIKAG Kol OTTUKAG 008eTépa Yap A dwic A A
QOVN Bempel, AAN | Ypoppol kol &piBpol (oiketa pévtol tadta méOn éxeivav),
KO 1| INYovikn 8 doadTOg, BT €1 TIG OEUEVOG KEYMPLOPEVD TV SVUPBEPNKOTOV
oKOTET TL TePL ToOT®Y | ToladTa, 0VOEV dut T0DTo Yeddog yeboeton, donep 00
6tawv v T Y1 Ypoen Kol modtaioy Off TV Un modioiav: 00 Yap €V TolG TPOTACESL
10 yeddoc.

23 Cf. Barnes (above, n. 14), 108 on An. Post. 72b38.

24 What proposition Aristotle alludes to is by no means clear; see Heath (above, n.
7) 1949, 27-30.

25 That ypapew often has logical import is noted by W. Knorr, The Evolution of the
Euclidean Elements (Dordrecht 1975), 69—75.
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2. Why the Platonists and ol t& dtaypéppoto Yplipovteg are
incomparable

This is also suggested by Aristotle’s argument in Cael. 280a2—10 that
the Platonists and ol t& dtoypappata YpAeovTeg are incomparable:

Tod1o &’ €0Tlv, MOTEP AEYOUEV, OV TO QOTO" €V LEV YOP TH TOLNCEL
TOV SLoYPappdTOV TEVTOY TEBEVIMY glvol Guo 1O adTO cVpPaivel, &v
8¢ 1aic T00TOV AmodelEecty 00 TADTOV, AAL’ ddOvatov: Ta Yop Aapfo-
vopeva, TTPOTEPOV Kol VOTEPOV VTEVOVTIOL €0TLV' €€ QTAKTOV Yop
tetaypévor YevécBol eaociy, Guo 8¢ GTokTov €lvoil Kol TETOYHEVOV
adOvartov, GAN’ dvaykn yéveoly glva Ty xopilovoav kol xpdvov: &v
8¢ 101G dLOYPAULACTY OVIEV TH XPOV® KEYDPLOTOL.

Aristotle argues that the Platonists who adopt the cosmogony in Plato’s
Timaeus and ol T& dtayplppoto ypépovtes are incomparable because €v
T O 0El TV SLAUYPOUUHUATOV TEVTMY TEBEVTWV gTvarl GLo TO DTO G-
Baivet, &v 8¢ TG T00TOV ATOdEIEETLY 0D TOVTOV, AAA’ ddbvartov (Cael.
280a3—5). Aristotle uses the verb notelv with &nddei&iv or cvALOYIONOV
as object in the sense ‘to carry out a proof” (An. Pr. 28a23, 30a10, 44b26)
and what is the case év 11 moufcel TOV draypappdtov suggests that To
Sroypdppoto are proofs, for it alludes to the definition of proof in An. Pr.
24b18-20:

oVALOYIOHOG 8¢ €0TL AOYOG &V @ TEBEVIOV TLV@V ETepdy TL TMV
Kelpévav €€ avaykng cvpPoaivel 1@ todto ivot.

Picking out the articulation of a proof into premises and conclusion,
TEBEVTOV TIVADV ETEPOHV TL TOV KELEVOV €€ Avaykng cuppaivet resemb-
les what is the case év 1fj moifjcel 1OV drarypoppdtov, namely that wév-
TV 1e8EVTMY glvor o T adto cvpPaivet. If this verbal parallel is not a
mere accident, it can only suggest that 1 Toinolg TOV dlaypopldTOV is
not producing geometric constructions or drawing their diagrams but carry-
ing out geometric proofs: Aristotle points out that, if all statements in the
premises of a geometric proof are assumed to be true at the same time
(mhvtov teBéviav eivon Guo), the conclusion is unaffected (10 o010
cupPoaiver).

That M mwoinoig 1@V draypappdtov means ‘carrying out geometric
proofs’ and not ‘producing geometric constructions’ or ‘drawing diagrams’
is also suggested by Aristotle’s emphatic contrast between €v Tfj Toloet
TOV draypappdtov and v Tolg 100tV dnodeiéecty. The amodei&elg in
question are evidently certain proofs the Platonists under attack put forth
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and, if 1| moinoig 1AV draypappdtev means ‘producing geometric con-
structions’ or ‘drawing diagrams’, Aristotle contrasts two incomparable
things: it is, therefore, preferable to understand the phrase in question as
‘carrying out geometric proofs’ in order to obtain a plausible contrast
between comparable things, namely geometric proofs and platonist proofs.
Aristotle argues that, if all statements in the premises of a platonist proof
are assumed to be true at the same time, there obtains an absurdity because
To AapBovopevo Tpdtepov kol Votepov drevavtio €otiv (Cael. 280a5/
6) but the conclusion in a geometric proof is not affected, i. e. there obtains
no absurdity, if all statements in its premises are assumed to be true at the
same time. Since Aristotle very often uses the participle Aoppavopévn to
qualify a statement (npdéToo1g) qua premise (see e. g. An. Pr. 33b36—40,
35a25-28), 1o AapPovopevo can be understood as two statements in the
premises of the platonist proofs he has in mind, the adverbs mpotepov
and Votepov distinguishing the first premise from the second. Being
contrary (bmevavtia), these statements cannot both be true at the same
time and thus the absurdity which, as Aristotle thinks, arises from their
contrariety drives home the fact that each of the two statements in question
cannot be true at the time the other is true.

If in Cael. 280a2—-10 Aristotle argues that the Platonists he criticizes
and ol T draypbpupoto ypheovieg are not comparable because geo-
metric proofs and certain proofs the Platonists put forth differ crucially, in
their attempt to show that the Timaeus cosmogony is compatible with their
belief that the cosmos always exists the Platonists invoked an analogy
between the Timaeus cosmogony and geometric proofs, not geometric
constructions or their diagrams; as seen above, this is exactly what one
expects in view of Aristotle’s usage of the term Sudypoppa outside Cael.
1.10. In Cael. 280a2—10 Aristotle clearly assumes that the Platonists must
be committed to certain proofs in virtue of their subscribing to the Timaeus
cosmogony. His point is that, if the Platonists adopt the Timaeus cosmo-
gony, they cannot hold on to their thesis that the cosmos exists always on
account of the analogy they adduce, for the proofs they are committed to
differ from geometric proofs in this respect: in the premises of the platonist
proofs there are contrary statements which can both be true at the same
time only on pain of absurdity but this is not the case with geometric
proofs.

3. The platonist proofs Aristotle compares with geometric proofs

The premises of the platonist proofs contain contrary statements, argues
Aristotle, because the Platonists assume that what was initially disorderly
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became orderly (Cael. 280a7: €& dtdkTOV YOP TETOYHEVA TEVECOOL Q-
otv). This is a clear allusion to the disorderly motions of the elements
before the order-imposing intervention of the Demiurge (Tim. 30a2 —6):

BovAnBeig yop O Be0g GyaBa eV TavTo, GAODPOV 8¢ pndev elvai
Kotdr dOvapuLy, oVTm 81 Tav Goov fv OpaTOV TapoAoBmdy ovy fovyiloy
Ayov GAAO KIVOOIEVOV TANUUEADG KOl ATAKTOGC, €1¢ TAELV aDTO Ny -
vev €k ThG atatiog, MYNCAUEVOS EKETVO TOVTOV TAVTWG GLELVOV.

Since Aristotle alludes to this passage in order to back up his contention
that two statements in the premises of certain proofs the Platonists under
attack put forth are contrary, he implicitly assumes that Tim. 30a2—6
encapsulates a number of proofs. That a (trivial) explanation of an event
like the establishment of cosmic order by the Demiurge in Tim. 30a2—6
proceeds for Aristotle through a middle term is evident from An. Post.
95b16—23 where the variables A, I and A range over events (see An. Post.
95b13-15):

otov 10 A yéyovev, énel 10 T yéyovev (Votepov 8¢ 10 T yéyovev, Eu-
npooBev 8¢ 10 A- dpy1 8¢ 10 T St 10 £yyDTEPOV T0D VOV £ivat, § EoTLy
apym TV xpoévov). 10 8¢ T yé€yovev, €l 10 A y€yovev. 10D 61 A yevo-
HEVOL EVAYKN TO A yeYOvEVaL. aitiov € 10 I 10D YOp A YEVOREVOL TO
T &véryxn yeyovéval, 100 8¢ T yeyovotog avaykn Tpdtepov 10 A yeyo-
véval. 00T 8¢ AapPdvovTtt 10 HECOV GTACETOL oL £ig GecOV, | el
TOPEUTECETTOL L TO ATELPOV;

Let A = ‘the disorderly motion of the elements for a period up to ty’, I'
= * the desire of the Demiurge at ty to make everything good or orderly’, A
= ‘the orderly motion of the elements after ty’. In Tim. 30a2 —6 Plato claims
that event A happened because event I' happened and that event I" happen-
ed if event A happened. I' is the middle term explaining the connection
between the two terms A and A —if event A happened, event I occurred and,
ifevent I occurred, event A occurred. Events A and A cannot have happen-
ed at the same time. If A and A stand for the statements ‘the elements
moved in a disorderly fashion for a period up to t;’ and ‘the elements
moved in an orderly fashion after t,’ (the action sentences involving the
events for which A and A are used above), one can remove the reference to
to and assume that these statements are true at the same time only on pain
of absurdity because the same thing, elemental motion, cannot be both
orderly and disorderly (in the same respect) at the same time: as Aristotle
notes, the orderly and disorderly state of a subject must be separated by
time, for order comes to be from disorder (Cael. 280a7—9: duo 8¢ Gtok-
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Tov glval kol TeTaypévoy advvatov, AAN’ dvaykn Yéveolv eival TRV
xopilovoav kol ypdévov). By endorsing, therefore, the Timaeus cosmo-
gony and its crucial assumption in Tim. 30a2—6 the Platonists Aristotle
criticizes in Cael. 1.10 are committed to a number of similar proofs, for the
above explanation applies as much to elemental motion in general as to the
motion of each element in particular.

4. The platonist analogy between the Timaeus cosmogony
and geometric proofs

Unlike the contrary statements A and A in the platonist proof, any two
statements in the premises of a geometric proof are true at the same time
according to Aristotle. Let Ain AaB,Barl |- A a T stand for ‘right
angle’, the middle term B for ‘half of two right angles’ and I" for ‘angle in
the semicircle’: as seen above, these are the values Aristotle assigns to the
term-variables A, B, I' in An. Post. 94a28—35 where he formalizes syllo-
gistically the proof that the angle in the semicircle is right. A and B could
not be predicated universally of B and I if they were predicated of all B
and I' at some times and not at others, in which case A a Band Ba I’
might not be true at the same time.?® That these statements are true at the
same time, however, does not mean that they are true now or at another
time. As Aristotle points out in An. Pr. 34b7—11, A holds of all B in a uni-
versal premise A a B not now or at another time but simpliciter (&nAdg).?’
If simpliciter here means that the present ‘holds’ in a universal premise is
timeless, i. e. that the truth of the premise is not relative to a given time,?
A a B and B a I are timelessly true or, in the light of Aristotle’s peculiar
construal of timelessness, true at all times:* thus they are true at the same
time not in the sense that they are true now or at another time but in the
sense that, being timelessly true, they are true at any time.

Thus by pointing out against the Platonists that the statements A and A
cannot both be true at the same time Aristotle in effect points out that these
statements cannot both be always true, unlike what is the case with any two
statements in a geometric proof. Since for Aristotle this brings out the

26 See An. Post. 73a28/29: xartét TOVTOG HEV 00V ToDT0 Aéym & av A U €nl TIvog
HEV TIVOG 3¢ PN, UNdE TOTE PEV TOTE BE U ...

27 8¢t 8¢ AopBévely 10 TovTi DIAPYOV PN Katd xpdvov opicavtog, otov vV 1
€V 108 TQ XPOVW, AAL’ ATADG S TOLOVTMV YOP TPOTACEMV Kl TOVG GVAAOYLO -
HOVG TOLOVUEV, E€TEL KOUTA YE TO VOV AopBovopévng Thg TPoTAcE®G ovk £07Tol
GUALOYIONOG.

28 See Barnes (above, n. 14), 112, on An. Post. 73a28.

29 See R. Sorabji, Time, Creation and the Continuum (London 1983), 125—127.
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untenability of the analogy by which the Platonists attempted to idio-
syncratically square the Timaeus cosmogony with their belief that the
cosmos always exists, the platonist analogy can be fleshed out as follows.
What is always true of the everlasting cosmos (e. g. that the motions of the
elements are orderly) becomes true after a certain time in the Timaeus
cosmogony, as if the cosmos did come to be, but in a geometric proof too
what is always true of non-sensible and eternal geometric objects becomes
true after a certain time, as if these objects were subject to generation. For
Plato geometric knowledge is of what is always true (Rep. 527al —b8), i. e.
about intelligible objects as turns out from Rep. 510d5—511a2. From this
passage, however, it also turns out that geometric knowledge is obtained
via reasoning about sensible instances of the non-sensible geometric
objects: what is always true of the non-sensible geometric objects cannot,
therefore, but become true of the sensible instances of these objects after a
certain time, i. e. after these sensible instances have been produced in a
construction or assumed in a proof or after a theorem about them has been
demonstrated.’*® Thus in geometry what is always true of everlasting
objects appears to become true after a given time, as if these objects were
subject to generation, when a geometer attempts to understand the objects
under study and their relations or impart this understanding to others. By
the lights of the Platonists whom Aristotle criticizes in Cael. 1.10 what is
always true of the everlasting cosmos appears to become true after a given

O Rep. 527al1-b8 Plato claims that geometric knowledge is not of what comes
to be at a certain time and passes away (ToD mOTE Tt YLUYVOUEVOL KOL ATOAAVUEVOL)
but of what is always (10D &el dvtog). That geometric knowledge is of what is always
can only be a particularization of Plato’s thesis in Rep. 477b10/11 (cf. 478a6/7) that
knowledge is set over what is (always, as it turns out from 479¢7-9). Following the
construal of what is in Rep. 477b10/11 by G. Fine, Knowledge and Belief in Republic
5—-7, in: G. Fine (ed.), Plato 1: Metaphysics and Epistemology (Oxford 1999), 217—
220, 1 understand what is always in Rep. 527al —b8 as what is always true, i. e. as
propositions that are always true. What, therefore, comes to be at a certain time and
passes away is what becomes true at a certain time and then ceases to be true: it
corresponds to the opposite of what is in Rep. 477b10/11, i. e. to what is and is not
(true), or to the object of belief (see 478d5—e6; what comes to be and passes away, 10
YLYVOUEVOVY TE Kol amoAADpEVOV, is implicitly characterized as the object of belief in
508d6-9). In Rep. 527al—-b8 Plato contrasts geometric constructions like squaring,
applying an area and adding with the knowledge of what is always true. In the light,
therefore, of Rep. 510d5—511a2 what comes to be true and then stops being true can be
plausibly understood as propositions which, though always true of abstract geometric
objects, come to be true of transient sensible instances of these objects when these in-
stances are produced in a construction or assumed in a proof as well as when a theorem
about them is demonstrated.
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time in the Timaeus cosmogony, as if the cosmos did come to be, but this
is simply an attempt to understand the cosmos or impart this understanding
to others. The Platonists’ belief that the cosmos always exists is, therefore,
compatible with the Timaeus cosmogony. Aristotle objects that the
platonist analogy between a cosmogony and a geometric proof does not
hold for a very simple reason. When a geometric proof is being carried out,
the statements in it apply truly to geometric particulars after certain times,
as these objects are constructed and manipulated by the geometer, but any
two of them can be safely assumed to describe truly the same abstract and
immutable object at any time without any absurdity. A cosmogony, on the
other hand, by definition contains statements about the elements of an
evolving system and pairs of such statements are unavoidably contrary,
which means that they cannot both be true at any time, as if they were
statements about the abstract and immutable objects of geometry, without
patent absurdity.*!

31T would like to thank Dr. Paul Lorenz (Vienna) for his suggestions on an earlier
draft of this paper.








